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JANAF Thermochemical Tables, 1978 Supplement 

M. W. Chase, Jr., J. L. Curnutt, It A. McDonald, and A. N. Syverud 

Thermal Research, The Dow Chemical Company, Midland, Michigan 48640 

The thermodynamic tabulations previously published in NSRDS-NBS 37, the 1974 Supplement 
(J. Phys. Chern. Ref. Data 3, 311 (1974», and the 1975 Supplement 0. Phys. Chern. Ref. Data 4, 1 

(1975» are extended by 131 new and revised tables. The JANAF Thermochemical Tables cover the 
thermodynamic properties over a wide temperature range with single phase tables for the crystal, 
liquid, and ideal gas state. The properties given are heat capacity, entropy, Gibbs energy function, 
enthalpy, enthalpy of formation, Gibbs energy of formation, and the logarithm of the equilibrium 
constant for formation of each compound from the elements in their standard reference states. Each 
tabulation lists all pertinent inpu.t data and contains a critical evaluation of the literature upon which 
these values are based. Literature references are given. 

Key words: Critically evaluated data; enthalpy, entropy; equilibrium constant of formation; free 
energy of formation; Gibbs energy function; heat capacity; heat of £.:,nnation; thennochemical tables. 
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1. Introduction 
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Since the inception of the JANAF Thermochemical Tables 
project in late 1959, the ta'bles have been collected together 
to form seven publications [1-7J. The four early publica
tions [4~7] are superseded by three more recent publica
tions [I, 2, 3]. NSRDS-NBS 37 [1] includes all work 
through June 30, 1970. Tables generated in the period 
June 30, 1970 to June 30, 1974 are included in the 1974 and 
1975 Supplements [2, 3]. Tables generated in the period 
June 30, 1974 to June 30, 1976 are combined in this article 
to provide 131 additional tables which are to be used in 
conjunction with the three more recent publications [1,2,3]. 

As of June 30, 1976, there are 1322 tabulations involving 
35 elements and their compounds. The 35 elements are H, 
Li, Be, B, C, N, 0, F, Na, Mg, AI, Si, P, S, CI, K, Ca, Ti, V, 
Cr, Fe, Co, Cu, Br, Sr, Zr, Nb, Mo, I, Cs, Ba, Ta, W, Hg, 
and Pb. 

The JANAF Thermochemical Tables are prepared follow
ing the procedures outlined in NSRDS-NBS 37 [1]. In our
analyses of equilibrium data we give tabulations for the 
2nd and 3rd law results and often list values (in units of eu 
or gibbs/mol) for the "drift." (The gibbs is defined as the 
thermochemical calorie per kelvin.) This is discussed briefly 
on page 5 in NSRDS-NBS 37 [1.]. This drift actually refers 
to the difference, ll.so 298 (3rd law )-ll.SO 298 (2nd law) .ll.so 298 

(2nd law) is not calculated, however, via the usual second 
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5. Complete List of JAN AF Thermochemical 
Tables ................................ . 797 

6. JANAF Thermochemical Tables, 1978 Sup-
plement. .............................. . 810 

law method or the l-method. It is instead derived from the 
slope of the assumed linear temperature dependence of the 
deviations from the mean of the 3rd law heats of reaction. 
Our experience indicates that this method agrees closely, 
but not exactly, with the l·method. 

In the tabulations the Gibbs free energy function and the 
enthalpy are referenced to 298.15 K. Throughout the 
JANAF project we have striven for internal consistency. 
Internal and external reviews, however, do not always 
remove some minor discrepancies. In addition, changes in 
the nomenclature as adopted by Chemical Abstracts leave 
the tables with some out-dated chemical names. Changes in 
the atomic weights, the fundamental constants, and the 
temperature scale also cause minor internal inconsistencies. 
At present we are maintaining the nomenclature within the 
tables while gradually coverting each new or revised table 
to the 1969 atomic weights and the IPTS-68 temperature 
scale. This is not an easy and unambiguous task, as the 
articles appearing in the literature do not always specify 
the standards used. 

Finally, the JANAF Tables are presented in terms of the 
thermochemical calorie. The symbols cal mol-1 deg-1 and 
gibbs/mol are identical and refer to units of defined thermo· 
chemical calorie per kelvin-mole. These units can be con
verted to SI units of J mol-1 K -1 by multiplying the tabulated 
value by 4.184. Similarly, values in kcal moP can be 
converted to kJ mol-1 by multiplying by the same factor. 

793 

Two indices are provided in this article. The index in 
section 4 lists the tables which appear in this article. The 
list is alphabetical by name. Where applicable, the appro-
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priate cross reference for the currently accepted Chemical 
Abstracts name is also included. The index in section 5 is 
the complete index for the JANAF Thermochemical Tables 
as of June 30, 1976. This complete index lists tables which 
are in NSRDS-NBS 37 [1], the 1974 Supplement [2], the 
1975 Supplement [3], and tables which are in this article 
(the latter indicated by an ''''''). It should be emphasized 
that the tables in this article may be new (in which case 
there is no corresponding entry in the previous three publi. 
cations [1, 2, 3]) or revised (in which case the table in this 
article supersedes the corresponding table in one of the pre
vious three publications [1, 2, 3]) . The tables are arranged 
in this article in the same order as given in the complete 
index of section 5. The order is the same as that used by 
Chemical Abstracts in their formula index. 
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Lithium beryllium tetrafluoride (c) 

Lithium beryllium tetrafluoride (~) 

Beryllium monohydride (g) 

Beryllium hydride unipos ion (g) 

* Berylliurn monohydJ:'oxide (g) 

"Beryllium hydroxide unipos ion (g) 

Beryllium dihydride (g) 

'~Beryllium dihydroxide, alpha (e) 

1, Beryllium dihydroxide, beta (0) 

'~Beryllium dihydroxide (g) 

,~ Beryllium rnonoidide (g) 

,\ Beryllium diiodide (c) 

,\ Beryllium diiodide (£) 

* Beryllium diiodide (g) 

Beryllium nitride (g) 

,\ Beryllium oxide, alpha (c) 

* Beryllium oxide, beta (c) 

* Beryllium oxide (0 

,; Beryllium oxide (g) 

Beryllium sulfate, alpha (c) 

Beryllium sulfate, beta (c) 

Beryllium sulfate, gamma (e) 

Beryllium tungstate (e) 

Beryllium Chloride, dimerie (g) 

Diberyllium oxide difluoride (g) 

Diberyllium oxide (g) 

Beryllium oxide. dimeric (g) 

Beryllium silicate (c) 

Beryllium nitride, alpha (c) 

Beryllium nitride (~) 

Beryllium oxide, trimeric (g) 

Beryllium oxide, tetramerie (g) 

Beryllium oxide, pentameric (g) 

Beryllium oxide, hexameric (g) 

Bromine, monatomic (g) 

,', Calcium monobromide (g) 

Bromine monochloride (g) 

Bromine monofluoride (g) 

Bromine trifluoride (g) 

Bromine pentafluoride (g) 

Hydrogen bromide (g) 

Ammonium bromide (e) 

Mercury monobromide (g) 

Bromine mono iodide (g) 

Potassium bromide (c) 

Potassium bromide (£) 
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FILING 
ORDER 

BrK 

BrLi 

BrLi 

BrLi 

BrMg 

BrN 

BrNO 

BrNa 

BrNa 

BrNa 

BrP 

BrPb 

BrSr 

BrTi 

BrW 

BrZr 

Br2 
Br2 
Br 2 
Br 2Ca 

Br2Ca 

Br2Ca 

Br 2Fe 

Br 2Fe 

Br2Fe 

Br2Hg 
Br 2Hg 

Br2Hg 

Br2Hg 2 
Br

2
K

2 
Br 2Li 2 
Br2Mg 

Br2Mg 

Br2Mg 
+ Br2Mg 

Br 2Na2 
Br2Pb 

Br2Pb 

Br2Pb 

Br 2Sr 

Br2Sr 

Br2Sr 

Br2Ti 

Br 2Ti 

Br2Zr 

Br2Zr 

Br 2Zr 

Br 30P 

Br
3

P 

Br
3

PS 

Br3Ti 

Br3Ti 
Br3Zr 

Br 3Zr 

~'; 

TABLE TITLE 

Potassium bromide (g) 

Lithium bromide (c) 

Lithium bromide (0 

Lithium bromide (g) 

Magnesium monobromide (g) 

Nitrogen bromide (g) 

Nitrosyl bromide (g) 

Sodium bromide (c) 

Sodium bromide (0 

Sodium bromide (g) 

Phosphorus monobromide (g) 

Lead monobromide (g) 

.~ Strontium monobromide (g) 

Titanium monobromide (g) 

Tungsten monobromide (g) 

Zirconium monobromide (g) 

Bromine, diatomic (ref stl 

Bromine, diatomic (i) 

Bromine, diatomic (g) 

Calcium dibromide (c) 

Calcium dibromide (9.) 

Calcium dibromide (g) 

Ferrous bromide (c) 

Ferrous bromide (0 

Ferrous bromide (g) 

Mercury dibromide (c) 

Mercury dibromide 0,) 

Mercury dibromide (g) 

Mercury monobromide, dimeric (c) 

Potassium bromide, dimeric (g) 

Lithium bromide, dimeric (g) 

Magnesium dibromide (c) 

Magnesium dibromide (R,) 

Magnesium dibromide (g) 

11agnesium dibromide unipos 

Sodium dibromide, dimeric 

Lead dibromide (c) 

Lead dibromide (Jl) 

Lead dibromide (g) 

Strontium dibromide (c) 

Strontium dibromide (ll) 

Strontium dibromide (g) 

Titanium dibromide (c) 

Titanium dibromide (g) 

Zirconium dibromide (c) 

Zirconium dibromide (ll) 

Zirconium dibromide (g) 

Phosphoryl bromide (g) 

Phosphorus tribromide (g) 

Thiophosphoryl bromide (g) 

Titaniumtribromide (c) 

Titanium tribromide (g) 

Zirconium tribromide (c) 

Zirconium tribromide (g) 

(g) 

(g) 
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CHASE ET AL. 

FILING 
ORDER 

Br4Fe 2 
Br 4Mg 2 
Br 4 Pb 

Br4Ti 

BrqTi 

Br4Ti 

Br4Zr 

Br4Zr 

BrSNb 

BrSNb 

BrSNb 

Brsw 
Brsw 

Brsw 
Brsw 
Brsw 

CNb 

C 

C 

C 

CAl 

CB 

CB4 
CB4 
CBe 2 
CBe 2 
CBr 

CBrF 3 
CBrN 

CBr
4 

CCI 

CCIFO 

CClF 3 

CCIN 

CCIO 

CC1 2 
CC1

2
F

2 
CC1 20 

CC1 3 
CC1 3F 

CC1 4 
CCuN 

cr 

CFN 

CFO 

CF 2 cr + 
2 

CF 20 

CF 3 
CF + 

3 
CF31 
CF 4 

TABLE TITLE 

Iron dibromide dimeric (g) 

Magnesium dibromide, dimeric (g) 

Lead tetrabromide (g) 

Titanium tetrabromide (c) 

Titanium tetrabromide (~) 

Titanium tetrabromide (g) 

* Zirconium tetrabromide (c) 

* Zirconium tetrabromide (g) 

* Niobium pentabromide (e) 

;, Niobium pentabromide (!I.) 

* Niobium pentabromide (g) 

Tungsten pentabromide (el 

Tungsten pentabromide (£) 

Tungsten pentabromide (g) 

Tungsten hexabromide (c) 

Tungsten hexabromide (g) 

Niobium monocarbide NbC O• 98 (c) 

Carbon (ref stl 

Carbon, monatomic (g) 

Carbon unineg ion (g) 

Aluminum carbide (g) 

Boron carbide (c) 

Boron carbide (2) 

Boron carbide (g) 

Beryllium carbide (c) 

Beryllium carbide (ll) 

Carbon monobromide (g) 

Bromotrifluoromethane (g) 

Cyanogen bromide (g) 

Carbon tetrabromide (g) 

Carbon monochloride (g) 

Carbonyl chlorofluoride (g) 

Carbon chlorotrifluoride (g) 

Cyanogen chloride (g) 

Carbonyl monochloride (g) 

Carbon dichloride (g) 

Carbon dichlorodifluoride (g) 

Carbonyl Chloride (g) 

Carbon trichloride (g) 

Carbon trichlorofluoride (g) 

Carbon tetrachloride (g) 

Cuprous cyanide (c) 

Carbon monofluoride (gl 

Carbon monofluoride unipos ion (g) 

Cyanogen fluoride (g) 

Carbonyl monofluoride (g) 

Carbon difluoride (g) 

Carbon difluoride unipos ion (g) 

Carbonyl fluoride (g) 

Carbon trifluoride (g) 

Trifluoromethyl unipos ion (g) 

Trifluoriodomethane (g) 

Carbon tetrafluoride (g) 

lpaek



FILING 
ORDER 

CF 40 

CH 
CH+ 

CHCl 

CHClF 2 
CHC1 2F 

CHC1
3 

CHF 

CHFO 

CHF 3 
CHN 

CHNO 

CHO 
CHO+ 

CHP 

CH 2 
CH 2ClF 

CH2C1 2 
CH2F2 
CH 20 

CH 3 
CH 3Cl 

CH3C1 3Si 

CH3F 
CH 3F3Si 

CH 4 
CIN 

CKN 

CKN 
CKN 

CK203 
CK20 3 
CLi

2
0 3 

CLi 20 3 
CMg0 3 
CN 
CN+ 

CN 

CNNa 

CNNa 

CNNa 

CNO 

CN
2 

CN 2 
CNa

2
0 3 

CNa 20 3 
CO 

COS 
CO 2 
CO 2 
CP 

CS 
CS 2 
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TABLE TITLE 

Trifluoromethyl hypo.fluori te (g) 

Methylidyne (g) 

Methylidene unipos ion (gl 

Monochloromethylene (g) 

Chlorodifluoromethane (g) 

Dichlorofluoromethane (g) 

Trichloromethane (g) 

Monofluoromethylene (g) 

Formyl fluoride (g) 

Trifluoromethane (g) 

Hydrogen cyanide (g) 

Hydrogen isocyanate (g) 

Formyl (g) 

Formyl unipos ion (g) 

Methinophosphide (g) 

Methylene (g) 

Chlorofluoromethane (g) 

Diehloromethane (g) 

Difluoromethane (g) 

Formaldehyde (g) 

Methyl (g) 

Chloromethane (g) 

Trichloromethylsilane (g) 

Fluoromethane (g) 

Trifluoromethylsilane (g) 

Methane (g) 

Cyanogen iodide (g) 

Potassium cyanide (e) 

Potassium cyanide (ll 

potassium cyanide (g) 

Potassium carbonate (c) 

Potassium carbonate (ll 

Lithium carbonate (e) 

Lithium carbonate ell 
Magnesium carbonate (c) 

Cyano (g) 

Cyano unipos ion (g) 

Cyano unineg ion (g) 

Sodium cyanide (c) 

Sodium cyanide (~) 

Sodium cyanide (g) 

NCO radical (g) 

CNN radical (g) 

NCN radical (g) 

Sodium carbonate (c) 

Sodium carbonate (£) 

Carbon monoxide (g) 

Carbon oxysulfide (gl 

Carbon dioxide (g) 

Carbon dioxide unineg ion (g) 

Carbon phosphide (g) 

Carbon monosulfide (g) 

Carbon disulfide (g) 

FILING 
ORDER 

CSi 

CSi 
CSi 
CSi 

CSi 2 
CTa 

CTa 

CTi 

CTi 

CZr 

CZr 

C2 
C2 
C2Be 

C2C1 2 
C2Cl 4 
C2C1 6 
C

2
Cr 3 

C2F2 
C2F3N 

C2F4 
C2F6 
C2H 

C
2
HCl 

C2HF 

C2H2 
C

2
H4 

C2H40 

C2K2N2 
C2Li 2 
C2Mg 
C2N 

C2N2 
C2N2Na2 
C20 

C2Si 

C3 
C3Al4 
C3Cr7 
C

3
Mg 2 

C
3

0
2 

C4 
C4R12Si 
C4N2 
Cs 
C

6
Cr 23 

Ca 

Ca 

Ca 

Ca 

Ca 
Ca+ 

TABLE TITLE 

Silicon carbide alpha (c) 

Silicon carbide, beta (c) 

Silicon carbide (~) 

Silicon carbide (g) 

Disilicon carbide (g) 

Tantalum carbide (c) 

Tantalum carbide (~) 

Titanium carbide (c) 

Titanium carbide (~) 

Zirconium carbide (c) 

Zirconium carbide (i) 

Carbon, diatomic (g) 

Carbon dimeric unineg ion (g) 

Beryllium carbide (g) 

Dichloroacetylene (g) 

Tetrachloroethylene (g) 

Perchloroethane (g) 

Trichromium dicarbide (c) 

Difluoroacetylene (g) 

Trifluoroacetonitrile (g) 

Tetrafluoroethylene (g) 

Hexafluoroethane (g) 

CCH radical (g) 

Chloroacetylene (g) 

Monofluoroacetylene (g) 

Acetylene (g) 

Ethylene (g) 

Ethylene oxide (g) 

Potassium cyanide, dimeric (g) 

Lithium carbide (c) 

Magnesium carbide (c) 

CNC radical (g) 

Cyanogen (g) 

Sodium cyanide dimeric (g) 

CCO radical (g) 

Silicon dicarbide (g) 

Carbon, triatomic (g) 

Aluminum carbide (c) 

Heptachromium tricarbide (c) 

Magnesium carbide (e) 

Carbon suboxide (g) 

Carbon, tetratomic (g) 

Tetramethylsilane (g) 

Carbon subnitride (g) 

Carbon, pentatomic (g) 

Chromium carbide Cr
23

C
6 

(c) 

Calcium (ref Bt) 

Calcium, alpha (c) 

Calcium, beta (c) 

Calcium (~) 

Calcium (g) 

Calcium unipos ion (g) 
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FILING 
ORDER 

CaCI 

CaCl 2 
CaC1 2 
CaC1 2 
CaF 

CaF 2 
CaP 2 

CaP 2 
CaHO 
CaHO+ 

CaH20 2 
CaH 20 2 
Cal 

CaI 2 
Cal 2 
CaI 2 
CaO 

CaO 

CaO 

CaS 

Ca2 

CI 
CI+ 

CI 

ClCo 

ClCs 

CICs 

ClCs 

ClCu 

ClCu 

ClCu 

ClF 

ClFLi 2 
ClFMg 

ClF0 2S 

ClF0
3 

ClF 20P 
ClF 3 
ClF 3Si 

C1F 5 
Clre 

CIH 

CIHO 

ClH 3Si 

CIH4N 

CIH4N0 4 
CIHg 

ClI 
ClI 

ClI 
ClK 

elK 

CIK 
ClK0 4 

" 
~': 

" 
,', 

* 

TABLE TITLE 

Calcium monochloride (g) 

Calcium chloride (c) 

Calcium chloride (i) 

Calcium chloride (g) 

Calcium monofluoride (g) 

Calcium difluoride (c) 

Calcium difluoride (~) 

Calcium difluoride (g) 

Calcium monohydroxide (g) 

Calcium monohydroxide unipos 

Calcium dihydroxide (c) 

Calcium dihydroxide (g) 

Calcium mono iodide (g) 

Calcium diiodide (c) 

Calcium diiodide (9,) 

Calcium diiodide (g) 

Calcium oxide (c) 

Calcium oxide (R,) 

Calcium oxide (g) 

Calcium sulfide (c) 

ion 

" Dicalcium (g) 

Chlorine, monatomic (g) 

Chlorine unipos ion (g) 

Chlorine unineg ion (g) 

Cobalt monochloride (g) 

Cesium monochloride (c) 

Cesium mono chloride CIl) 

Cesium monochloride (g) 

Cuprous chloride (c) 

'Copper monochloride (9,) 

Copper monochloride (g) 

Chlorine fluoride (g) 

Lithium chlorofluoride (g) 

Magnesium chlorofluoride (g) 

Sulfuryl chloride fluoride (g) 

Perchloryl fluoride (g) 

Phosphoryl difluorochloride (g) 

Chlorine trifluoride (g) 

Chlorotrifluorosilane (g) 

Chlorine pentafluoride (g) 

Iron mono chloride (g) 

Hydrogen chloride (g) 

Hydrogen oxychloride (g) 

Chlorosilane (g) 

Ammonium chloride (e) 

Ammonium perchlorate (c) 

Mercury monochloride (g) 

Iodine chloride (c) 

Iodine chloride (~) 

Iodine chloride (g) 

Potassium chloride (c) 

Potassium chloride (~) 

Potassium chloride (g) 

Potassium perchlorate (c) 
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CHASE ET AL. 

FILING 
ORDER 

CILI 

ClLi 

ClLi 

ClLiO 

ClLi0 4 
ClLiO>; 
CIMg 
ClMg+ 

CINO 

CIN0 2 
ClNa 

ClNa 

CINa 

ClNa0 4 
CIO 

CIOTi 

CI0 2 
CIP 

CIPb 
ClPb+ 

ClSi 

CISr 

CITi 

ClW 

ClZr 

C1 2 
C1 2Co 

C1 2Co 

C1 2Co 

C1 2Cs 2 
C1 2Cu 

C1 2FOP 

C1 2Fe 

C1
2

Fe 

C1 2fe 

C1 2 H
2
Si 

C1 2Hg 

C1 2Hg 

C1 2Hg 

C1 2Hg 2 
C1 2K2 
C1 2Li 2 
C1 2Mg 

Cl 2Mg 

Cl 2Mg 

C1 2Mo0 2 
C1 2Na 2 
C1 20 

C1 20Tl 

C1 20 2S 

Cl 20 2W 

Cl 20 2W 

Cl 2Pb 

C1 2Pb 

C1 2Pb 

TABLE TITLE 

Lithium chloride (c) 

Lithium chloride (R,) 

Lithium chloride (g) 

Lithilun oxychloride (g) 

Lithium perchlorate (c) 

Lithium perchlorate (i) 

Magnesium monochloride (g) 

Magnesium monochloride unipos ion (g) 

Nitrosyl chloride (g) 

Nitryl chloride (g) 

Sodium chloride (c) 

Sodium chloride (£) 

Sodium chloride (g) 

Sodium perchlorate (c) 

Chlorine monoxide (g) 

Titanium oxychloride (g) 

Chlorine dioxide (g) 

Phosphorus mono chloride (g) 

Lead monochloride (g) 

Lead monochloride unipos ion (g) 

Silicon monochloride (g) 

Strontium monochloride (g) 

Titanium monochloride (g) 

Tungsten monochloride (g) 

Zirconium monochloride (g) 

Chlorine, diatomic (ref st) 

Cobalt dichloride (c) 

Cobalt dichloride (~) 

* Cobalt dichloride (g) 

Cesium monochloride dimer (g) 

Copper dichloride (c) 

Phosphoryl fluorodichloride (g) 

Iron dichloride (c) 

Iron dichloride (£) 

Iron dichloride (g) 

Dichlorosilane (g) 

Mercury dichloride (c) 

Mercury dichloride (£) 

Mercury dichloride (g) 

Mercury chloride, dimeric (c) 

Potassium chloride, dimeric (g) 

Lithium chloride, dimeric (g) 

Magnesium chloride (c) 

Magnesium chloride (£) 

Magnesium chloride (g) 

Molybdenum dioxydichloride (g) 

Sodium chloride dimeric (g) 

Chlorine monoxide (g) 

Titanium oxydichloride (g) 

Sulfuryl chloride (g) 

Tungsten dioxydichloride (c) 

Tungsten dioxydichloride (g) 

Lead dichloride (c) 

Lead dichloride (£) 

Lead dichloride (g) 
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FILING FILING 
ORDER TABLE TITLE ORDER TABLE TITLE 

C1
2

Pb+ Lead dichloride unipos ion (g) C1 5Ta .. '~ Tantalum pentachloride (c) 

C1 2Si Silicon dichloride (gl ClsTa .\ Tantalum pentachloride (.0 

C1 2Sr Strontium dichloride (c) ClSTa * Tantalum pentachloride (g) 

Cl 2Sr Strontium dichloride (n CISW Tungsten pentachloride (e) 

C1 2Sr Strontium dichloride (g) CISW Tungsten pentachloride (.0 

C1 2Ti Titanium dichloride (c) C1SW Tungsten pentachloride (g) 

C1 2Ti Titanium dichloride (g) C1 6Fe 2 Iron trichlo!'ide, dimeric (g) 

Cl 2W Tungsten dichloride (c) C1 6Mo Molybdenum hexachloride (cl 

C1 2W Tungsten dichloride (g) C1 6Mo Molybdenum hexachloride (gl 

C1 2Zr Zirconium dichloride (c) CISW Tungsten hexachloride, alpha (c) 

C1 2Zr Zirconium dichloride CO C1SW Tungsten hexachloride, beta (cl 

C1 2Zr Zirconium dichloride (g) C1SW Tungsten hexachloride CO 
C1 3Co Cobalt trichloride (g) CISW Tungsten hexachloride (g) 

C1 3Cu 3 Copper monochloride, trimeric (g) CllO W2 Tungsten pentachloride, dimeric (g) 

C1 3FSi Trichlorofluorosilane (g) Co Cobalt (ref st) 

C1 3Fe Iron trichloride (c) Co Cobalt (c) 

Cl 3Fe Iron trichlovide (9.) Co Cobalt (0 

Cl 3Fe Iron trichlovide (g) Co Cobalt, monatomic (g) 

Cl 3HSi Trichlorosilane (g) Co + Cobalt unipos ion (g) 

Cl 3Li 3 Lithium chloride, tvimeric (g) CoF 2 Cobalt difluoride (c) 

Cl 30P Phosphoryl chloride (g) CoF 2 Cobalt difluoride (.0 

Cl 3P Phosphorus trichloride (g) CoF 2 Cobalt difluovide (g) 

Cl 3PS Thiophosphoryl chloride (g) CoF3 Cobalt trifluoride (cl 

Cl 3Si Silicon trichloride (g) CoO Cobalt monoxide (c) 

C1 3Ti Titanium trichloride ecl CoO,+S Cobalt sulfate (cl 

C1 3Ti Titanium trichloride (gl C0 304 Tricobalt tetraoxide (cl 

Cl 3Zr Zirconium trichloride (c) 

C1 3Zv Zirconium trichloride (g) Cv Chromium (ref stl 

Cl,+C0 2 Cobalt dichloride, dimeric (g) Cr Chromium (c) 

C1 4Fe 2 Ivon dichloride, dimeric (g) Cr Chromium (,0 

C1 411g 2 Magnesium dichloride, dimeric (g) Cr Chromium, monatomic (g) 

Cl 4MO Molybdenum tetrachloride (c) CvN Chromium mononitride (e) 

C1 4Mo Molybdenum tetrachloride CO CrN Chvomium mononitride (g) 

Cl 4Mo Molybdenum tetrachloride (g) CrO Chromium monoxide (g) 

Cl40W Tungsten oxytetvachloride (c) Cr0 2 Chromium dioxide (g) 

Cl 40W Tungsten oxytetvachloride (9.) Cr0 3 Chvomium trioxide (g) 

Cl 40W Tungsten oxytetvachloride (g) Cr 2N Chromium subnitride (c) 

Cl 4Pb Lead tetvachloride (g) Cr 203 Dichromium trioxide (cl 

C1 4Si Silicon tetrachloride (gl Cr 20 3 Dichromium trioxide (0 

Cl 4Ti Titanium tetrachlovide (c) 

Cl 4Ti Titanium tetrachloride (.0 Cs Cesium (ref stl 

Cl 4Ti Titanium tetrachloride (g) Cs Cesium (cl 

Cl 4W Tungsten tetrachloride (cl Cs Cesium 0,) 

Cl 4W Tungsten tetraehlovide (g) Cs Cesium, monatomic (g) 
+ 

C1 4Zr ;, Zirconium tetrachloride ec) Cs Cesium unipos ion (g) 

C1 4Zr ;, Zirconium Tetrachloride (g) CeF Cesium mono fluoride (c) 

C1 5110 Molybdenum pentachlovide (c) CSF Cesium monofluovide (,0 

Cl 5Mo Molybdenum pentachloride (,0 CsF Cesium monofluoride (g) 

C1 5Mo Molybdenum pentachloride (g) CsHO Cesium hydroxide (c) 

CISNb ~', Niobium pentachloride (e) CsRO Cesium hydroxide (,0 

CISNb * Niobium pentachloride (~) CsRO Cesium hydroxide (g) 

CISNb 
;, Niobium pentachloride (g) CsHO+ Cesium hydroxide unipos ion (g) 

CISP Phosphorus pentachloride (g) CsO Cesium monoxide (g) 
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FILING 
ORDER 

CS 2 
Cs

2
F

2 
Cs 2H20 2 
CS 20 

Cu 

Cu 

Cu 

Cu 
Cu+ 

CuF 

CuF 

CuF 2 
CuF 2 
CuF 2 
CuH 20

2 
CuO 

CuO 

Cu°ltS 
CU 2 
Cu 20 

Cu 20 

Cu 20SS 

F 

F-

FFe 

FH 

FHO 

FH0 3S 

FH
3
Si 

FHg 

FI 

FK 

FK 
FK 

FLi 
FLi 

FLi 

FLiO 

FMg 
FMg+ 

FN 

FNO 

FN02 
FN0 3 
FNa 

FNa 

FNa 

FO 

FOTi 

F02 
FP 

CHASE ET AL. 

TABLE TITLE 

Cesium, diatomic (g) 

Cesium monofluoride, dimeric (g) 

Cesium hydroxide, dimeric (g) 

Dicesium monoxide (g) 

Copper (ref st) 

Copper (c) 

Copper (~) 

Copper, monatomic (g) 

Copper unipos ion (g) 

Copper monofluoride (e) 

Copper monofluoride (g) 

Copper difluoride (c) 

Copper difluoride (~) 

Copper difluoride (g) 

Copper hydroxide (c) 

Cupric oxide (c) 

Copper monoxide (g) 

Copper sulfate (c) 

Copper, diatomic (g) 

Cuprous oxide (c) 

Dicopper monoxide (t) 

Basic copper sulfate (c) 

Fluorine, monatomic (g) 

Fluorine unineg ion (g) 

Iron monofluoride (g) 

Hydrogen fluoride (g) 

Hypofluorous acid (g) 

Fluorosulfuric acid (g) 

* Fluorosilane (g) 

Mercury monofluoride (g) 

Iodine fluoride (g) 

Potassium fluoride (c) 

Potassium fluoride (~) 

Potassium fluoride (g) 

Lithium fluoride (c) 

Lithium fluoride (~) 

Lithium fluoride (g) 

Lithium oxyfluoride (g) 

f, Magnesium monofluoride (g) 

" Magnesium monofluoride unipos ion (g) 

Nitrogen monofluoride (g) 

Nitrosyl fluoride (g) 

Nitryl fluoride (g) 

Fluorine nitrate (g) 

Sodium fluoride (c) 

Sodium fluoride (£) 

Sodium fluoride (g) 

Fluorine oxide (g) 

Titanium oxyfluoride (g) 

Dioxygen fluoride (g) 

Phosphorus mono fluoride (g) 

FILING 
ORDER 

FPS 

FPb 

FS 
FS+ 

FSi 

FSr 
FSr+ 

FTi 

FW 

FZr 

F2 
F

2
Fe 

F 2Fe 

F 2Fe 

F2HK 

F2HK 
F2H2Si 

F2Hg 

F
2

Hg 

F2Mg 

F2Hg 2 
F

2
K-

F2K2 
F2Li 

F2Li2 
F 2Mg 

F 2Mg 

F
2

Mg 
+ F 2Mg 

F2N 

F2N2 

F2N2 
F

2
Na-

F
2

Na
2 

F 20 

F 20S 

F 20Si 

F
2
0Ti 

F 20 2S 

F 2P 

F2Pb 

F 2Pb 

F2Pb 

F 2Pb 

F2S 

f 2S2 
F 2S 2 
f 2Si 

F
2
Sr 

F2Sr 

f 2Sr 

F2Ti 
f 2Zr 
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TABLE TITLE 

Phosphorus thiofluoride (g) 

Lead monofluoride (gl 

* Sulfur mcinofluoride (g) 

* Sulfur mono fluoride unipos ion (g) 

Silicon monofluoride (g) 

Strontium monofluoride (g) 

Strontium monofluoride unipos ion (g) 

Titanium mono fluoride (g) 

Tungsten monofluoride (g) 

Zirconium monofluoride (g) 

Fluorine, diatomic (ref stl 

Iron difluoride (c) 

Iron difluoride (~) 

Iron difluoride (g) 

Potassium bifluoride (c) 

Potassium bifluoride (£) 

* Difluorosilane (g) 
Mercury 'difluoride (c) 

Mercury difluoride (~l 

Mercury difluoride (g) 

Mercury monofluoride, dimeric (e) 

Potassium difluoride unineg ion (g) 

Potassium fluoride, dimerie (g) 

Lithium difluoride unineg ion (g) 

Lithium fluoride, dimerie (g) 

* Magnesium difluoride (c) 

f' Magnesium difluoride (~) 

;, Magnesium difluoride (g) 

;, Magnesium difluoride unipos ion (g) 

Nitrogen difluoride (g) 

Cis-difluorodiazirine (g) 

Trans-difluorodiazirine (g) 

Sodium difluoride unineg ion (g) 

Sodium fluoride, dimerie (g) 

Oxygen difluoride (g) 

Thionyl fluoride (g) 

Silicon oxydifluoride (g) 

Titanium oxydifluoride (g) 

Sulfuryl fluoride (g) 

Phosphorus difluoride (g) 

Lead difluoride, alpha (e) 

Lead difluoride, beta (e) 

Lead difluoride (£) 

Lead difluoride (g) 

* Sulfur difluoride (g) 

* Difluorodisulfane (g) 

* Thiothionyl fluoride (g) 

* Silicon difluoride (g) 

Strontium difluoride (c) 

Strontium difluoride (t) 

Strontium difluoride (g) 

Titanium difluoride (g) 

Zirconium difluoride (e) 



FILING 
ORDER 

F2Zr 

F2Zr 

f3 Fe 

F3Fe 

P 3HSi 

F3Li 3 

F3N 

F3NO 

F 30P 

F3P 

F 3PS 

F3 S 

F3Si 

F3Ti 

F3 Zr 

F3Zr 

F"Mg 2 
F"MoO 

F4N2 

F"OW 

F"OW 
F40W 

F 4 Pb 

F"S 
F4Si 

F4Ti 

P4Ti 

FlIZr 

F4 Zr 

PSI 

FSP 

F5 S 

FSMO 

FSMo 

FSS 

F6W 

PSW 

F7 I 

Fe 

Fe 

Fe 

Fe 

FeH20 2 
FeH 20 2 
FeH 30 3 
FeI 2 
FeI 2 
FeI 2 
feO 

FeO 

FeO 
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TABLE TITLE 

Zirconium difluoride (~) 

Zirconium difluoride (g) 

Iron trifluoride (c) 

Iron trifluoride (g) 

* Trifluorosilane (g) 

Lithium fluoride, trimeric (g) 

Nitrogen trifluoride (g) 

Trifluoramine oxide (g) 

Phosphoryl fluoride (g) 

Phosphorus trifluoride (g) 

Thiophosphoryl fluoride (g) 

* Sulfur trifluoride (g) 

* Silicon trifluoride (g) 

Titanium trifluoride (c) 

Titanium trifluoride (g) 

Zirconium trifluoride (c) 

Zirconium trifluoride (g) 

;, Magnesium difluoride dimeric (g) 

Molybdenum oxytetrafluoride (g) 

Tetrafluorohydrazine (g) 

Tungsten oxytetrafluoride (c) 

Tungsten oxytetrafluoride (~) 

Tungsten oxytetrafluoride (g) 

Lead Tetrafluoride (g) 

* Sulfur tetrafluoride (g) 

* Silicon tetrafluoride (g) 

Titanium tetrafluoride (c) 

Titanium tetrafluoride (g) 

* Zirconium tetrafluoride (c) 

* Zirconium tetrafluoride (g) 

Iodine pentafluoride (g) 

Phosphorus pentafluoride (g) 

* Sulfur pentafluoride (g) 

Molybdenum hexafluoride (i) 

Molybdenum hexafluoride egl 
... Sulfur hexafluoride (g) 

Tungsten hexafluoride (i) 

Tungsten hexafluoride (g) 

Iodine heptafluoride (g) 

Iron (ref st) 

Iron (c) 

Iron (,0 

Iron (g) 

Iron hydroxide (c) 

Iron dihydroxide (g) 

Iron Trihydroxide (c) 

Iron diiodide (e) 

Iron diiodide (~) 

Iron diiodide (g) 

Wustite (c) 

Iron oxide (e) 

Iron oxide (l\) 

FILING 
ORDER 

FeO 

Fe0 4 S 

Fe 2I 4 
Fe 20 3 
Fe 20 12 S 3 
Fe 30 4 

H 
H+ 

H-

HHg 

HI 

HK 
HK 
HKO 
HKO 

HKO 
HKO+ 

HLi 

HLi 

HLi 

HLiO 

HLiO 

HLiO 
HLiO+ 

HMg 

HMgO 
HMgO+ 

HN 

HNO 

HN0 2 
HN0 2 
HN0 3 
HNa 

RNa 
HNaO 

HNaO 
HNaO+ 

HO 
HO+ 

HO 

HOSr 
HOSr+ 

H0 2 
HP 
HPb 
HS 
HSi 
HSi+ 

HZr 

H2 
H2K20 2 
H2Li 202 

TABLE TITLE 

Iron oxide (g) 

Iron sulfate (c) 

Iron diiodide, dimeric (g) 

Hematite (c) 

Diiron trisulfate (c) 

Magnetite (c) 

Hydrogen, monatomic (gl 

Proton gas (g) 

Hydrogen unineg ion (g) 

Mercury monohydride (g) 

Hydrogen iodide (g) 

Potassium hydride (c) 

Potassium hydride (g) 

Potassium hydroxide (e) 

Potassium hydroxide (~l 

Potassium hydroxide (g) 

Potassium hydroxide unipos ion (g) 

Lithium hydride (c) 

Lithium hydride (l!.) 

Lithium hydride (g) 

Lithium hydroxide (c) 

Lithium hydroxide (1) 

Lithium hydroxide (g) 

Lithium hydroxide unipos ion (g) 

Magnesium monohydride (g) 

t, Magnesium monohydroxide (gl 

... Magnesium hydroxide unipos ion (g) 

Irnidogen (g) 

... 

... 

Nitroxyl (g) 

Nitrous acid, cis- (g) 

Nitrous acid, trans- (g) 

Nitric acid (g) 

Sodium hydride (c) 

Sodium hydride (g) 

Sodium hydroxide (~) 

Sodium hydroxide (g) 

Sodium hydroxide unipos 

Hydroxyl (g) 

Hydroxyl unipos ion (g) 

Hydroxyl unineg ion (g) 

Strontium monohydroxide 

ion 

(g) 

Strontium hydroxide unipos 

Hydroperoxyl (g) 

Phosphorus mono hydride (g) 

Lead rnonohydride (g) 

Sulfur monohydride (g) 

Silicon monohydride (g) 

Silicon monohydride unipos 

Zirconium hydride (g) 

Hydrogen, diatomic (ref st) 

(g) 

ion (g) 

ion (g) 

Potassium hydroxide, dirneric (g) 

Lithium hydroxide, dimeric (g) 
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FILING 
ORDER 

H2Mg 

H2Mg0 2 
H

2Mg0 2 
H2MoO,+ 

H2N 

H2N2 
H

2
Na

2
0

2 
H20 

H202 

H
2

0
2
Sr 

H20 2Sr 

H20 2Sr 

H2°'+S 

H20ljS 

H20 4W 

H2°'+W 
H2P 
H2S 

H2Ti 

H3 N 

H 0+ 
3 

H
3

0
4

P 

H30,+P 
H3P 

HljIN 

HljN2 

H4N2 
H,+Si 

Hg 

Hg 

Hg 

HgI 

HgI 2 
HgI 2 
HgI 2 
HgO 
HgO 

Hg
2

1
2 

Hg 212 
I 

IK 

IK 

IK 

ILi 
ILi 
ILi 
IMg 

INO 
INa 

INa 

1Pb 

lSI' 

ITi 

{, 

'" 

TABLE TITLE 

Magnesium hydride (c) 

Magnesium dihydroxide 

Magnesium dihydroxide 

Molybdic acid 

Amidogen (g) 

Di-imide (g) 

(g) 

(c) 

(g) 

Sodium hydroxide, dimeric (g) 

Water (g) 

Hydrogen peroxide (g) 

'" Strontium dihydroxide (c) 

'" Strontium dihydroxide (I) 

,~ Strontium dihydroxide (g) 

Sulfuric acid (I) 

Sulfuric acid (g) 

Tungstic acid (c) 

Tungstic acid (g) 

Phosphorous hydride (g) 

Hydrogen sulfide (g) 

Titanium hydride (c) 

Ammonia (g) 

Hydronium (g) 

Phosphoric acid (c) 

Phosphoric acid (I) 

Phosphine (g) 

Ammonium iodide (c) 

Hydrazine (£) 

Hydrazine (g) 

" Silane (g) 

Mercury (ref stl 

Mercury (I) 

Mercury (g) 

Mercury mono iodide (g) 

Mercury diiodide (c) 

Mercury diiodide (l) 

Mercury diiodide (g) 

Mercuric oxide (c) 

Mercuric oxide (g) 

Mercury monoiodide, dimeric (c) 

Mercury monoiodide, dimerie (I) 

Iodine, monatomic (g) 

Potassium iodide (c) 

Potassium iodide (I) 

Potassium iodide (g) 

Lithium iodide {c) 

Lithium iodide (I) 

Lithium iodide (g) 

,; Magnesium monoiodide (g) 

Nitrosyl iodide (g) 

Sodium iodide (c) 

Sodi,um iodide (!) 

Lead mono iodide (g) 

Strontium monoiodide (g) 

Titanium monoiodide (g) 
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CHASE ET AL. 

FILING 
ORDER 

IZr 

12 

12 

12 

12K2 

12Li2 
1 2Mg 

1 2Mg 

I 2Mg 

1 2Pb 

1 2Pb 

1 2Pb 

1 2Sr 

I 2Sr 

1 2Sr 

12Ti 

12Ti 
I 2Zr 

I 2Zr 

I
2
Zr 

13Ti 

13Ti 

13 Zr 

13Zr 

I4 Fb 

I 4Si 

I 4Si 

I 4Si 

I4Ti 

I4Ti 

I4 Ti 

I4 Zr 

I4 Zr 

K 

K 

K 
K+ 

KO 

KO 

K02 
K 2 
K20 

K202 
K20 3Si 

K20 3Si 

K204S 

K204S 

Li 

Li 

Li 

Li 
Li+ 

TABLE TITLE 

Zirconium monoiodide (g) 

Iodine, diatomic (ref 8t) 

Iodine, diatomic (t) 

Iodine, diatomic (g) 

Potassium iodide, dimeric (g) 

Lithium iodide, dimeric (g) 

* Magnesium diiodide (c) 

;, Magnesium diiodide ell,) 

x Magnesium diiodide (g) 

Lead diiodide (c) 

Lead diiodide (£) 

Lead diiodide (g) 

Strontium diiodide (c) 

Strontium diiodide (~) 

Strontium diiodide (g) 

Titanium diiodide (e) 

Titanium diiodide (g) 

Zirconium diiodide (c) 

Zirconium diiodide (£) 

Zirconium diiodide (g) 

Titanium triiodide (e) 

Titanium triiodide (g) 

Zirconium triiodide (c) 

Zirconium triiodide (g) 

Lead tetraiodide (g) 

:; Silicon tetraiodide (c) 

* Silicon tetraiodide (1) 

* Silicon tetraiodide (g) 

* 
1'r 

Titanium tetraiodide (c) 

Titanium tetraiodide (£) 

Titanium tetraiodide (g) 

Zirconium tetraiodide (c) 

Zirconium tetraiodide (g) 

potassium (ref st) 

potassium (i) 

Potassium (g) 

Potassium unipos ion (g) 

Potassium monoxide (g) 

Potassium monoxide unineg ion (g) 

Potassium superoxide (e) 

Potassium, dimerie (g) 

Potassium oxide (c) 

Potassium peroxide (c) 

potassium metasilicate (e) 

Potassium metasilieate (1) 

Potassium sulfate (c) 

Potassium sulfate (1) 

Lithium (ref stl 

Lithium (c) 

Lithium (0 

Lithium (g) 

Lithium unipos ion (g) 
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FILING FILING 
ORDER TABLE TITLE ORDER TABLE TITLE 

LiN Lithium nitride (g) Mo0 2 
Molybdenum dioxide (c) 

LiNO Lithium oxynitride (g) Mo0 2 
Molybdenum dioxide (g) 

LiNaO Lithium sodium oxide (g) Mo0 3 
Molybdenum trioxide (c) 

LiO Lithium monoxide (g) Mo0 3 Molybdenum trioxide (0 
LiO- Lithium monoxide unineg ion (g) Mo0 3 

Molybdenum trioxide (g) 

Li2 Lithium, diatomic (g) 

Li 20 Lithium oxide (c) N Nitrogen, monatomic (g) 

Li 20 Lithium oxide (JI,) NO Nitric oxide Cg) 

Li 20 Lithium oxide (g) NO+ Nitric oxide unipos ion (g) 

Li 202 Lithium peroxide ,C c) N0 2 
Nitrogen dioxide Cg) 

Li 202 Lithium monoxide dimeric (g) N0 2 Nitrogen dioxide unineg ion (g) 

Li 20 3Si Lithium metasilicate (c) N0 3 
Nitrogen trioxide (g) 

Li 20 3Si Lithium metasilicate (JI,) NP Phosphorus nitride (g) 

Li 20 3Ti Lithium metatitanate (c) NS Sulfur nitride (g) 

Li 20 3Ti Lithium metatitanate (,0 NSi Silicon nitride (g) 

Li 2OSSi 2 
Lithium disilieate (c) NSi

2 
Disilieon nitride (g) 

Li 2OSSi 2 Lithium disilicate (.0 NTi Titanium nitride (c) 

Li3N Lithium nitride (c) NTi Titanium nitride (0 

NV Vanadium mononitride (c) 

Hg Magnesium (ref st) NV Vanadium mononitride (g) 

Mg Magnesium (c) NV 2 
Vanadium subnitride VN O. 465 

(c) 

Mg Magnesium (0 NZr Zirconium nitride (c) 

Mg Magnesium, monatomic (g) NZl' Zirconium nitride (,R,) 

Mg 
+ Magnesium unipos ion (g) NZr Zirconium nitride (g) 

MgN Magnesium nitride (g) N2 Nitrogen, diatomic (ref st) 

MgO ,; Magnesium oxide (e) N20 Nitrous oxide (g) 

MgO " Magnesium oxide CO N 0+ Dinitrogen monoxide unipos ion (g) 
2 

MgO I< Magnesium oxide (g) N20 3 
Nitrogen trioxide (g) 

Mg0 3Si Magnesium metasilicate (e) 
N2°'+ Nitrogen tetroxide (g) 

Mg0 3Si Magnesium metasilicate (0 
N2°'+ Nitrogen tetroxide (c) 

Mg0 3Ti Magnesium metatitanate (c) 
N2°'+ Nitrogen tetroxide (JI,) 

Mg0 3Ti Magnesium metatitanate (,0 N20 S 
Nitrogen pentoxide (g) 

MgO"S Magnesium sulfate (c) Na Azide (g) 

MgO"S Magnesium sulfate (0 N"Si 3 
Silicon nitride, alpha (0) 

MgO"W Magnesium tungstate (e) NSP3 Triphosphorus pentanitride (c) 

MgOsTi 2 
Magnesium dititanate (c) 

MgO STi 2 Magnesium dititanate (0 Na Sodium (ref st) 

MgS Magnesium sulfide (c) Na Sodium (c) 

MgS Magnesium sulfide (g) Na Sodium CO 
Mg 2 * Dimagnesium (g) Na Sodium, monatomic (g) 

Mg 20 11 Si Magnesium orthosilicate (e) Na 
+ Sodiwn unipos ion (g) 

Mg 20ljSi Magnesium orthosilieate (0 NaO Sodium monoxide (gl 

Mg 20ljTi Magnesium orthosilicate (el NaO Sodium monoxide unineg ion (g) 

Mg 20ljTi Magnesium orthosilicate (,0 Na0 2 
Sodium superoxide (c) 

Mg 2Si Magnesium silicide (c) Na 2 
Sodium, diatomic (g) 

Mg 2Si Magnesium silicide (.0 NaZO Sodium oxide (c) 

Mg 3N2 
Magnesium nitride (cl Na 20 Sodium oxide cn 

Mg 3OSP2 Magnesium orthophosphate (c) Na 20 2 
Sodium peroxide (c) 

Mg 3OSP 2 
Magnesium orthophosphate (lC) Na 20 3Si Sodium metasilicate (c) 

Na 20 3Si Sodium metasilicate (.0 

Mo Molybdenum (ref st) Na
2

0 4S Sodium sulfate phase V (c) 

Mo Molybdenum (c) Na 20 4S Sodium sulfate phase III (c) 

Mo Molybdenum (.n NaZ0 4 S Sodium sulfate phase I (c) 

Mo Molybdenum monatomic (g) Na
2

0 4S Sodium sulfate, delta (c) 

Mo + Holybdenum urtipos ion (g) Na
2

0 4S Sodium sulfate (R,) 

MoO Molybdenum monoxide (g) Na20 4W Sodium tungstate (c) 
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FILING 
ORDER 

Na20SSi 2 
Na 20SSi 2 
Na2S 

Na2S 

Nb 

Nb 

Nb 

Nb 

NbO 

NbO 

NbO 

Nb0 2 
Nb0 2 
NbO Z 
Nb 20 S 
Nb 20 5 

° 
° OP 

OPb 

OPb 

OPb 

OPb 

OS 

OS2 
OSi 

OSr 

OSr 

OSr 

OTa 

OTi 

OTi 

OTi 

OTi 

OV 

OV 

OV 

OW 
OZr 

°2 
°2 
°ZP 

°2 PB 

°2 S 

°2Si 

°2 Si 

°2 Si 

°2 Si 

°2Si 

°2Ta 

°2Ti 

°2Ti 

TABLE TITLE 

Sodium disilicate (cl 

Sodium disilicate (~) 

Sodium sulfide (cl 

Sodium sulfide (~) 

Niobium (ref st) 

Niobium (cl 

Niobium (,0 

Niobium, monatomic (g) 

Niobium monoxide (c) 

Niobium monoxide (~) 

Niobium monoxide (g) 

Niobium dioxide (c) 

Niobium dioxide (~) 

Niobium dioxide (g) 

Diniobium pentoxide (c) 

Diniobium pentoxide (~) 

Oxygen, monatomic (g) 

Oxygen unineg ion (g) 

Phosphorus monoxide (g) 

Lead oxide, red (c) 

Lead oxide, yellow (c) 

Lead oxide (~) 

Lead oxide (g) 

Sulfur monoxide (g) 

Disulfur monoxide (g) 

Silicon monoxide (g) 

Strontium oxide (c) 

Strontium oxide (~) 

Strontium oxide (g) 

Tantalum monoxide (g) 

Titanium monoxide, alpha (e) 

Titanium monoxide, beta (c) 

Titanium monoxide (~) 

Titanium monoxide (g) 

Vanadium monoxide (c) 

Vanadium monoxide 0,) 

Vanadium monoxide (g) 

Tungsten monoxide (gl 

Zirconium monoxide (g) 

Oxygen, diatomic (ref st) 

Oxygen diatomic unineg ion (g) 

Phosphorus dioxide (g) 

Lead dioxide (c) 

Sulfur dioxide (g) 

Cristobalite, low (c) 

Cristobalite, high ec) 

Silicon dioxide (c) 

Silicon dioxide (~) 

Silicon dioxide (g) 

Tantalum dioxide (g) 

Titanium dioxide, anatase (c) 

Titanium dioxide, rutile (c) 
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CHASE ET AL. 

FILING 
ORDER 

°2Ti 

°2Ti 

°2v 

°2w 
°2W 

°2Zr 

°2Zr 

°2Zr 

°3 
°3PbSi 

°3S 

°3Ti 2 
°3Ti 2 

°3V2 

°3V2 
°3W 

°3W 

°3W 

°aW 

°aW 

°aW 
0,+Pb 2Si 

°4 Pb 3 

°4 SiZr 

O,+V 2 

°llV 2 
°sTa2 
°sTa2 
OsTia 

°STi3 
°STi3 
Os V 2 

°SV 2 

°SP4 
°SW2 

°7Ti 4 

°7Ti4 

°aW3 
0gW3 

°lOP4 
°lOP 4 
°12Wlj 

P 

P 

P 

P 

P 

PS 
P2 
P4 
P4 S 3 
P 4S 3 
P

4
S

3 

TABLE TITLE 

Titanium dioxide (il 

Titanium dioxide (g) 

Vandium dioxide (g) 

Tungsten dioxide (c) 

Tungsten dioxide (g) 

Zirconium dioxide (e) 

Zirconium dioxide (~) 

Zirconium dioxide (g) 

Ozone (g) 

Lead metasilieate (c) 

Sulfur trioxide (g) 

Dititanium trioxide (c) 

Dititaniwn trioxide (,0 

Divanadiwn trioxide (e) 

Divanadium trioxide (,0 

Tungsten oxide W0 2 . 72 
(c) 

Tungsten oxide W0 2 . 90 
(e) 

Tungsten oxide W0 2 . 96 
(e) 

Tungsten trioxide (c) 

Tungsten trioxide (0 

Tungsten trioxide (g) 

Lead orthosilicate (e) 

Lead orthoplumbate (e) 

Zirconium silicate (c) 

Divanadiwn tetroxide (c) 

Divanadium tetroxide (0 

Ditantalum pentoxide (e) 

Ditantalum pentoxide (0 

Trititanium pentaoxide, alpha (c) 

Trititanium pentaoxide, beta (c) 

Trititanium pentaoxide (il 

Divanadium pentoxide (c) 

Divanadium pent oxide (il 

Phosphorus trioxide, dimeric (g) 

Tungsten trioxide dimeric (g) 

Tetratitanium heptoxide (e) 

Tetratitanium heptoxide (£) 

Tritungsten octaoxide (g) 

Tungsten trioxide, trimerie (g) 

Phosphorus pentoxide, dimeric (c) 

Phosphorus pentoxide, dimerie (g) 

Tungsten trioxide, tetrameric (g) 

Phosphorus (ref st) 

Phosphorus, red, v (cl 

Phosphorus, white (cl 

Phosphorus (JI,) 

Phosphorus, monatomic (g) 

Phosphorus sulfide (g) 

Phosphorus, diatomic (g) 

Phosphorus, tetratomic (JI,) 

Phosphorus sulfide (c) 

Phosphorus sulfide (~) 

Phosphorus sulfide (g) 



FILING 
ORDER 

Pb 
Pb 
Pb 
Pb 

PbS 

PbS 
PbS 
Pb 2 

S 

S 

S 
S 

SSi 

S2 

S2Si 

S2 Si 

S8 

Ta 

Ta 
Ta 

Ta 

Ti 
Ti 

Ti 

Ti 

Ti 
Ti+ 

v 
V 

V 

V 

w 
w 
w 
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TABLE TITLE 

Lead (ref st) 

Lead (c) 

Lead (0 

Lead (g) 

Lead sulfide (c) 

Lead sulfide 0.) 

Lead sulfide (g) 

Lead, diatomic (g) 

Sulfur (ref st) 

Sulfur (c) 

Sulfur (l',) 

Sulfur, monatomic (g) 

Silicon monosulfide (g) 

Sulfur, diatomic (g) 

Silicon disulfide (c) 

Silicon disulfide (,0 

Sulfur octatomic (g) 

Silicon (ref st) 
Silicon (0) 

Silicon (,0 

Silicon, monatomic (g) 

Silicon unipos ion (g) 

Silicon, diatomic (g) 

Silicon, triatomic (g) 

Strontium (ref st) 

Strontium (c) 

Strontium (,0 

Strontium monatomic (g) 

Tantalum (ref st) 
Tantalum (c) 
Tantalum (l',) 

Tantalum monatomic (g) 

Titanium (ref st) 

Titanium alpha phase (c) 
Titanium beta phase (c) 

Titanium (l',) 

Titanium, monatomic (g) 

Titanium unipos ion (g) 

Vanadium (ref st) 

Vanadium (c) 

Vanadium (0 

Vanadium monatomic (g) 

Tungsten (ref st) 

Tungsten (0 ) 

Tungsten 0.) 

FILING 
ORDER TABLE TITLE 

W Tungsten (g) 
w+ Tungsten unipos ion (g) 

Zr Zirconium (ref st) 

Zr Zirconium, alpha (c) 

Zr Zirconium, beta (c) 

Zr Zirconium (0 

Zr Zirconium, monatomic (g) 

Zr + Zirconium unipos ion (g) 

e Electron gas (ref st) 
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!" 
n ::r ALUMINUM MONoeHLORIDE UNIPOS, ION 

'" ~ ( I 0 E A L GAS) GFW=62,4340 

:IV 

'" ::<' 
ICI gibbol ..... ---- kcallmol 

~ 
T,oK Cpo S" -(G"-"~_){r H"-W_ &Hf' 

0 -2.1 sa 204.522 

< 100 
200 

1L "8 8.011 55~461 55 .. 467 0.000 206.000 

.:"I 300 8 .. 085 55~517 5~.4c7 0.015 ZOb *005 

:z .00 8.404 51.891 55~ 789 0.841 206.314 

~ 
500 8.592 $9 .. 1a8 56.405 1.691 2[)6 .. 604-

!'" bOO 8.708 61 .. 366 51~ 11,)4 2.557 20b.an 
700 6.16t &2.7'4 ~ 7 .. 8 i 2 3.432 207.120 .... '00 ~ .. 8 .. 1 63* S'H 58.500 4.313 207 .. 339 

00 '00 8.883 b4.935 "9.15d $.200 207.515 
'I 1000 6 .. 915 65.87:? :;9 .. 763 6~OqO 205 .. 12:2 
CD 

1100 S .. l1&.2 66 .. 7?1. 60.:;76 b.ge3 205 .. 305 
.!.ZOO 8 .. 966 67 .. 503 60.938 1.878 205~467 

1300 8.<;18<;1 68.222 ~1.,*71 ch 716 205~6n 
Ilo-OU q.O~3 68.889 ':'1,.477 9~6 76 205 .. 859 
1500 9 .. 039 6q~51 1 62 .. 459 lO~ S 78 206 .. 046 

l~')Q 9 .. 068 70~O96 62 .. 9~8 It.4.!!4 206 .. 235 
1100 9 .. 100 70 .. 646 63 .. 3S1 12.392 206 .. 421 
IdOO 9 .. 138 71 .. 167 U.710 13 .. 304 206 .. 622 
lilOO 9 .. 181 71 .. 663 64 .. 118 14 .. 220 206 .. 820 
.::()OO 9 .. 229 12 .. 05 t:..563 15 .. 140 207 .. 021 

Z.l.UO 9 .. 282 72 .. Sst 64 .. ':136 1o .. 0bb 201 .. 22b' 
2.200 9.340 73 .. 019 60; .. £93 16.9<;17 201.436 
aoo 9 .. 402 73 .. 436 65 .. td9 11.934 207 .. 653 
2400 9~ 468 73 .. 8:7 65 .. 972 18~877 207 .. 673 
2500 9 .. 5::6 74_22') 66.294 19.828 208.100 

2600 9 .. 609 74 .. 601 66 .. 607 20 .. 785 208 .. 331 
2700 9 .. 680 74.9t5 66.909 21.749 208.570 
,SOD 9.754 75 .. 3' S 67 .. 203 22~ 7 21 139 ..... 04 
2900 9 .. SeB 75 .. 662 61.41:19 23 .. 7(10 139_917 
3000 9.901 75 .. 996 61.767 24.686 140.435 

3100 '1 .. 974 16 .. 322 68 .. 0:18 25.680 140.959 
3200 10 .. 045 76 .. 640 68.302 2ob.681 141 .. 4138 
:BOO 10 .. 11" 16.0::150 6eD559 27.689 142 .. 024 
j400 10 .. 161 77.253 -:'8 .. el0 28.104 142.564 
3500 10.246 77 ~549 69 .. Q56 29 .. 725 143 .. 110 

3bOO 10.308 77 .. 838 0'1 .. ';:95 30. 7 ~3 143.659 
3100 ~O .. :'66 18 .. 122 69.S.H 31~ 7 87 144.214 
~!:100 10.422 18 .. 3'1'1 69.100 3Z~ 626 144.772 
BOO 10 .. 474 78.610 69.q~5 33~ 811 h!'> .. 33-:' 
'-:)00 10 .. 522 76 .. 936 70 .. 20b 34~'121 145 .. 999 

"tIOQ 10.508 7').1<;6 70 .... 22 35.915 146.468 
4.200 10.610 79~452 TO .. tl:;4 31.034 147.040 
4300 10. b49 19 .. 7(12 70 • .:3.',.2 J8.0S7 147 .. 614 
'-r.OO 10.684 79 ~ 94 7 7l.1.i46 3g~ H4 148 .. 190 
4500 10 .. 716 SO~ 187 71 .. 246 40 .. 214 148 .. 16b 

1,-1>00 10 .. 746 80 .. 423 71.443 41 .. 3C7 149.345 
4700 II} .. 112 80 .. 655 71 .. 631 42.393 149 .. 924 
"'1I00 10.796 eO~882 7'!. ~ d21 43.401 150 .. 503 
0;.900 10 .. 8]6 81 .. Hl';' 72~(}14 44~ 5042 ~ 51.083 
~JOO 10.835 81~323 72.1';18 "'~. 62S IS1.bbt 

51.00 10.850 8~ .. 5~ 8 72~ 379 "6~ 70Q 1 52 ~240 
5200 100864 81.749 12_ 557 .1.7.7<;5 152.817 
~300 to .. an dl .. 9~6 72.733 48~ 682 ~53 .. 391 
5400 10 .. ~85 82 .. l59 72 .. ~O5 49~910 lS3.965 
5500 10.1393 82 .. 359 B~076 51.0'59 154.533 

~600 10 .. 899 82 .. 555 73 .. 24:; SZ.148 155.100 
5700 ~,o. 9Q? 82.7413 7 ~~ .. OS 53.2::!S 155 .. 664 
5800 10.906 82.938 73 .. 57:;, 54.32<; 156 .. 223 
5900 10 .. 901 B3.124 n~731 55 .. 4] 9 156.778 
cGOO 10 .. 907 a3.3C8 B"dd9 50 .. 5~ 0 157 ~327 

June. ]0, 1968; June 30. 1970; Juue 30, 1976 

(ALCL+) ALCL+ 

"Gi" Log Kp 

197 .. 937 -145.092 

1')7.887 -144.160 
195.135 -106.611 
192 .. 306 -84.057 

189.420 -o!:o80996 
186 .. 491 -59.225 
183 .. 529 -50.138 
180.542 -43 .. 942 
In .. 720 -38 .. 841 

174 .. 971 -34 .. 764 
172 .. 204- -31.363 
169 ~424 -213.483 
Ib6.b29 -268012 
163 .. 820 -23 .. Sb9 

160 .. 996 -21.991 
158 .. 166 -20.334 
155~322 -18 .. 859 
152 .. 467 -17.538 
149 .. 600 -16 .. 348 

146.722 -15 .. 210 
143 .. 836 -14&21'.19 
140 .. 944 -13.393 
138 .. 039 -12 .. 570 
135 .. 122 -11_812 

132~19q -11 .. 112 
129 .. 265 -10_'t63 
127 .. 155 -9_925 
126~101 -9 .. 549 
'26 .. 244 -9.191 

125 .. 761 -S_8bb 
'!.25 .. lM -8 .. 555 
124~ 749 -8& 262 
124.216 -7 .. 985 
123 .. 6b7 -7.722 

'l. 23 .. 107 -7 .. 474 
122 .. 527 -7.237 
121.932 -r~Ol , 
121 .. 327 -6 .. 799 
120~ 701 -6 .. 595 

120 .. 062 -6~400 

119 .. 4L3 -0.21"-
118c 748 -6 c035 
118&015 -5 .. 865 
117 .. :380 -5.701 

116 .. 679 -5 .. 543 
115 .. 958 -5 .. 392 
115e226 -5e246 
114 .. 494 -5 .. 107 
113~737 -4.97~ 

!l2 8 976 -4 .. 841 
112~199 -4.716 
111..411 -4.594 
110~ 616 -4.477 
109.604 -4.363 

108 .. 988 -4.253 
108 .. 156- -4.147 
107 .. 321 -4~ 044 
106 ~473 -3~944 

lO5~61o -3.847 

ALUMINUM MONOCHLORIDE UNIPOSITIV£ ION (AIel"; (IDEAL GAS; GfW :: 67,4340 

Ground State Configuratlon {22:] 

S;98.15 ::; [55.47 .!: a.l;) gibbs/mol 

10 kcal/mol ALe L + 

Heat of Formation 

Electr'onic Levels and Ouantum Weights 

S'tate 
[2"; 
[2[0 

W :: [570] crn-1 . -, 
Be :: [O.26lBl em • 

-1 
3.i~ 

o 
( 10000J 

wx ::[2Jcm-1 

a:: [0.00151 cm- 1 

8i 
[2] 

("'-1 

cr :: 1 .. 

re :::; [2.05] A 

295 ~ 10 kcal/mol 

We adopt I..\Hf~ :::; 204.5:!.10 kcal/mol based on that of Alel(g) (V combined with the ionization potential IP(AlCl) :: 9.I.:.!:O.lJ eV 

(215.B:t9 kcal/mol). IP(AICl) is assumed to be equal to the electron-impact appearance potential of AIC1+ measured as 9.4!Q,1<. 

(2), 9.5~0.3(3) and 9.3!O.6 eV (IJ.). Theoretical values include IP::: 9.83 eV from an extended Huckel calculation (5) and from 

a~ ini tio cal~ula tions (..!?. J) ei~her S. 4 eV (direct value) 0[' 9. S eV derived from D{AlCl +). Elec'tr'on-impac't forma~ion of AICI '" 

from AlCl
3 

(.§) apparently yields fragm~mt ions with excess energy; i.e., we. derive the upper limit IP':::'l1.7 eV. 

For' the dissociation process AIC1+(X 2r) .., Al+(lS) + Cl(2 p ), our adopted lIHf o yields D~(AICl+) :: 39!lC kcal/mol. This 

compClres with '1,,31 kcal/mol derived from the tneoretical potential energy curve (£.. 2) which, however, has d maximum of 

"'8 kcal/rool ar'ising from w"1 avoided crossing with another L~ state. 

Heat Capacity and Entropy 

Bonding in Group III monohalides und their ionti was characterized by fl.erkowi'tz <ind Dehmer <..:0 from pho'toelectr'on spectra 

and theoretical calculations (.§. 1). They concluded that ionization remov('.s an electron from an antibonding orbital centered 

r.l:o:i.nly on the metal. This shortens the bond length and enhances the ionic natu!'e of the bond. A decrease in bond leneth is 

observed for BF+(~). predicted for' Alf+ C;p from Rydberg states of AIr, and predicted for Alel"'" from theorwtiCdl calculations 

(.§.. 2). ~ 0 

For AIel" we adoD't r' :: 2.05 A based mainly on the theoreticdl prediction (5, 7;. This may be compared with 2.13 A for 

AIC] and 2.06 A for' A~Cl31:!(.J,). LdCking+data for Rydberg states of AlCl, we esti~at~ we from k{AlCl+)/k{MgCl) :: 1.7 tl'ansfet'red 

from the-tsimilar isoelectronlc pair AIr and Mgr (;,). Be i., calculated f!'om r e , while Q e and wexe are estima"ted by comparison 

wil:h A1F > Alt ilnd AlCl (1). 
The electronic ground state and an app:--oximate value for the 2n level are based on theoretical calculations (.£, 2). These 

suggest that 2n has only a shallow minimum (r'e>3.6 A) or POSSiD~Y is repulsive. They also indicdtE:! the presence of a l'[; state 

having a double minimum above 30000 em-I. We 3.nc)ude only the LfT state. If it is repulsive, Oelr thermodynamic functions are 

upper-limit values. The bias would be quite small even at 3000 K. 

References 
1. JANAF Thl:!l"1"nochemical Tables: AlCl(g), AIC1

3
(g) 6-30-70; AlF .... (g) 12-31-76; A1F(g) , Mgr(g) 6-30-76. 

2. D. L. Hildenbrand and L. P. Thear-d, J. Chern. Phys . .§Q, 5350 (1969). 

3. D. L. Hildenbrand, J. Chern. Phys. g, 5·/51 (1970). 

4. r,. D. Potter, Rept. AD-715567 (avail. NTIS), Appendix 5 (l970). 

5. J. W. Hastie and J. L. Margrave, J. Phys. Chern. 11, 1105 (l969). 

S. M. At:termeyer', G. Das a"d A. C. Wahl, Argonne National Laboratory, unpublished calculat.ions cited in ref. <I)· 
1. J. Berkowi"tz and J. L. Dehmer, J. Chern. Phys, §2, 3l9tj (1972). 

8. R. r. Por"ter and E. F. Zeller, J. Chern. Phys. E, 858 (1960). 
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ALUMINUM CHLORIDE FLUORIDE (ALCLF) 

(]DEAL GAS) GFW=81.4329 

--gibbs/rnol---_ kcal/mol----

T, "K Cpo S -(G"-Wss~¥T H"-W':mII 611l" "'G~ 

u 0.000 0 .. 000 INFI~IT£ -2.900 -111',.65 .... -116.654 
100 '9.039 56 .. 437 77.~J9 -"~O70 -11.6 .. 626 -li7 .. 812 
200 10.509 e:3 ~ 1. bO 66.019 -1 .. 0Q2 -116 6802 -118 .. Q50 
298 11 .. 665 67.586 e7e~ij6 IhOOO -11 7 .000 -119.96b 

300 11 .. b82 67665<:.l 67 .. ~b1 0.022 -1l1 .. 004 -119.985 
400 12.421 11 .. 1 :0 e8.0~? 1 .. 230 -117 .. L95 -120.9'>-9 
500 12.868 73.Q'53 68.961 2.496 -117.389 -121 .. 866 

000 13 .. 149 7t .. 326 69."''''6 3 .. 7'18 -117.597 -122 .. 142 
700 1.3.333 7e .. 368 71...!J50 5 .. 123 -~!.7 .. SU -123.582 
800 ! 3 .. 459 90.t 51 H,,07d 6.463 -116 .. 015 -124.]88 
900 13,,548 8J 67.t.B 7;.006 7.813 -l!8.369 -!25 .. 160 

lOOD 1.3.6l4 9:?- ~ 179 14.007 9 ~ 112 -121.,23) -125.714 

llJO U9~6~ d4.479 74.-:11.11 1 I.) ~ 5? 5 -12:1 ~ 52 3 -126 .. 148 
1.200 • 3. 70;? ij5~bt>9 7'i.7"9 11 ~90t. -121.812 -126.556 
... 300 13.732 !l6~ 767 7C.555 D~276 -122.101 -126.9,+0 
lfo.JO 13 .. 756 tl7 .. 786 77 .. 32.1 ....... t:50 -122.39' -127.300 
l~OO 13 .. 77'5 86 .. 735 78eO~:" 16.026 -! 2.2. .. 682 -1.27.641 

1000 13 0 79' 89.62'1 78.747 i. 70405 -L~2 0974- -, 27.·U~3 
1700 13.80S 90 .. 46' H6 4 11 .. 8 .. 785 -123 .. 267 -128.26-4 
1800 130.9)6 91.251 8D60 .... 8 .. ?Do 266 -l2J~~bO -128.550 
:;''100 13.825 9:'...9<')9 f'Q.oS? .2.1 .. 548 -123 .. 855 -126.819 
2000 13.834 920707 8t.2<,.':::: 2:2 ~931 -124~152 -1290073 

2100 13.841 93.382 II' .. ti1l4 .24.3]4 -124.,450 -129.313 
2200 13 .. 847 94 .. 026 62.3 .. 5 2..5.6<;19 -124.,750 ~129~538 

2300 13.853 94.6'·2 62.d::'o t7 • ..l81.. -1250050 -lZQ.746 
2400 13.859 9'5 .. 2~2 83 •. :.7::1 2d.470 -125.353 -129.9~ 
25()O 13.864 95 .. 798 83.M55 29.856 -12S .. 656 -130.131 

2600 13.869 96 .. 342 84 .. 325 :H~2.r,..? -125 .. 965 -130 .. 303 
2100 13~ 814 96 .. 865 flit" 700 32.6.29 -126~Zn -130 .. 465 
2800 13.879 97.370 e': .. 22i. 34eO!. 7 -195 .. '"193 -129.184 
2900 1:3.884 ',l7.851 8'5 0 e,48 .,5 .. 405 -196 .. 044 -127.419 
JOuO 13,,890 98.32e 96.00?, .36.7'"14 -19600'H -125.052 

3100 13 .. 896 q6~ 763 86 .. 4bo 3~. 183 -196 .. 151 -122.683 
3200 13 .. 903 qq~224 86.d~d 39 .. 573 -l96.207 -lZO.311 
BOO 13 .. 911 9<;1.652 87.2.39 .. 0 .. 964 -196.266 -117.938 
3400 13.919 lOO .. Ofd3 87 .. 1;:111) 42e 3S5 -196.,326 -l1S.56S 
~500 t3.92P: ]OO~47' 81.972 <d.?4e -196c388 -n3.189 

3600 13.938 100.664 88. ;25 45~ 141 -196.452 -110.81l8 
nov 13.949 101 • .24(, 88 .. 669 .. 6~ '535 -196 .. 5\8 -~.OS~430 
3800 13.961 ~ 01 c 6: 8 B9.005 .. 7 .. 931 -\<;16.585 -106 .. 048 
hlllO 13.974 :0] .. 981 89.333 49. "3?.a -196 .. ~53 -103 .. 663 
4,)00 1.3.988 102 .. 335 ag e !>?) ~(l.126 -196 .. 724 -101.2.80 

41;)0 14~OO3 !O2.680 e9.~67 52c 12!' -196~796 -98 .. 896-
4200 !.4.019 tiBc!)lB 90.214 53 s 52t> -1'":16 .. aba -9b .. .505 
4>00 14 .. 036 103 .. 348 90 .. 57 .. 54.929 -196.942 -94 .. 114 
.. 4ilO 14.054 10,.,67' 90 .. ootl S6 ~ 33" -191 .. 011 -91 ~ 118 
.. 500 ~ 4.01'3 103 ... 981' 9!.:So :)7.740 -1'H .. 094 -69 .. 328 

!-
4bOO 14 .. 093 104 .. 291 91 .... 3" :''1 ~ 148 -197elO? -86~931 

"C "7olO 14.114 :;. 04 .. 600 91.715 00 .. 5S8 -197 e 249 -8"' .. 537 ,... 
108\}0 14.135 104.897 '"H.'1tl1 6L911 -1'il7.32B -82w138 '< 

!" .. 9.)0 '.4.1S8 l05~ 18C< 92.253 1:>3 e 3B6 -197 .. 407 -79~ 731 

n 
5(1)0 14 .. 181 105~ 415 92.515 1:>4 .. 802 -1'97 .. 489 -176332 

:r 5100 14 .. 205 ~05 .. 7':if) 02.712 6b~222 -1'17 .. 571 -14~928 It 

~ 
52O';) 14.230 106 .. 0~2 93 .. ~24 tl7 .. 644 -197 .. 655 -72 .522 
5300 1"'" .. 255 '\.Ob~304 Q3.272. eg e Oe8 -191e !42 -100116 

'" 
:'400 1 4. 2. S~ t06~570 9 , .. 5 ~ t. 10 .. 49~ -191 e829 -67.707 

~ 5S00 14.308 106. B3.;l 93.756 71.924 -191.919 -65.298 

C :;1600 14.3::!5 ~O7 .. 09~ 91 .. <,.91 73 .. 356 -1 <)8.011 -62 .. 884 

J 
5100 14.3~? 101."3'''5 94.2<'-'3 74.1<;1 -1980104- -60 .. 473 
~8Di.I '.4.390 107.595 Q4 .. 45Z 16.229 -198 .. 201 -58 .. 054-
5900 1"' .. 411 1(17~ 841 ''''.orr 77 ~ cf:9 -198 .. 302 -55.,639 

< !>IJOO 14,,445 loa ~O6) 94 .d9/j 79~ 112 -19B~401j -530219 

!!.. 
D~c. 31, 1960; S(!pt. 30. 1964; June 30, 1976 

~ 
Z 
!I 
~ 

'" ~ go 

ALe L F 

.... K. 
INF INl IE 
25r.47t1 
129.982 

676938 

87 .. 409 
66.083 
53a267 

44.709 
]e •• 5a ... 
33.981 
30.393 
27.415 

25.0b3 
23.049 
21.340 
19.872 
18 .. 591 

17.419 
16 .. 490 
15 .. 608 
14.818 
14.104 

13,,'+58 
12.866 
12 .. 32:9 
l.l6833 
11.370 

10.953 
10.S60 
10 .. 130 

9 .. 603 
9.110 

8.b49 
9 .. 2.1. 7 
7~ ell 
7~"'"2b 
7~06e 

6 .. 72'1 
6~405 

6 .. 099 
S.,8[}9 
5 .. 534 

5.Z7l 
5.022 
4e 733 
4.556 
4 .. 338 

.... 130 
3 .. 931 
3.740 
3 .. 556 
3~3aO 

3e2.11 
h048 
2 .. 89l 
2 .. 740 
2~59S 

2 .. 454 
2 .. 319 
2 .. 188 
2.0b1 
1 .. 939 

ALUMINUM CHLORIDE fLUORIDE (AIClf) 

Pain"!: Group 

S298.15'" ! 1] gLbbs/mol 

[0] 

[20000] 

[25000] 

(IDF:AL GAS) 

Vibrati_onal Frequencies and D~genel'aci,~s 
1 
~ 

[750J{U 

[200J( 1) 

[550] (1) 

Bond Distance: Al-f" [1.65J It 
Bond Angle: CI-Al-f = [1200:>J 

AI-C] [2 1D] A 

-1:(1 3 5 
Product of the Moments of lnertia: TAI[jIC [1. 11406 x 10 - J g cm 

He.;;t" of formation 

Grw 81.4329 

[-116.7! IS) kcal/mol A L [L F 
15': [-117! l~J Kcal/mol 

We t:ent.a1:ively ddopt ~Hf298 0:- -117 .. 15 kc.:;.l/mol and HaC" 241-z15 xcal/mol based on our- dverClge bond ener-gi(!s for Alr 2(£;) 

and AICI 2 (g) <1-). Mass-spectrometric dd,o (~,1.) yield ll.Hf298 "' -1l.!2.6 and llHdO :: 267 kcal/mol, correspond.ing to an enhancement 

of 26 kcal/mol in tne stability of AIClr(g). Tt~e same o'tudy (.£.1.) indicated stability enhancements of 22 (or- 13) kCdl/mol for 

Alf
2

, 19 kcal/mol for AIClf
7 

dnd 22 .'<cal/mol for A1C1
2
f. See the appropridte tab leg (1:) for further de"tails. 

tdrb<!r' et al. (.~,l) used molecular flow effusion of vapor's of AIF3 dnd AICl) over Al(i) in Al.
i

0
3

(c) to s"tudy l:f'.e redction 

A1Cl(g)+AlF(g)=AlC1[(g)~Al(g). They Calculated Kp (:, points, 1338-1537 K) directly from mass-spectromei.ric ion intensities, 

Using JA}lAf auxilidl""'Y data {.!J, we derive f6Sr"(2nd. law)-ll.Sr°(3rd law)] = O.S!18 gibbs/mol, aHr'2ge = 12t25 <2nd law) or 11.7:1:5 

(Jrd law) and 6Hf
Z98 

= -142.6:15 kcal/mol. These result"s are internally conslstent but", dS in thE' case of AIF2 (~'.:~)' we 

suspect thclt common problems may cause d negative bias in 'l.Hf". The ionizing energy is clmbiguous: 20 eV (1.> or AP+3 eV (~). 

The appearance potenci.al AP(AlClr';') :: 11~.1 eV is biased by '~2 eV, rdls:i.ng sever'al quesl.iorls about lnterpr·e1.d.tion of the data 

(see AIC1 2 "" .!). It is conceivable tha.t A1Clr+ arises from d process othe!.""' than direct iotlizatiofl of A1C1F. 

We conclude from these speculations that the experimenta.l dace! (l,l) are insufficient t"o establiSh the enhanced stability 

of A1CIF. Mass-spectrom0t:ric data indicat:e ver'y li'ttle enhanced stability in BelF (~). in agreemel1t with average bond energies 

sumrnarized on the table for A1C1 2 (~). 

Heat Capacity and Entropy 

the electronic ground state, excited levels, bond distances and bond angle are assumed to be the same as in AIel, dnd AIr:;> 

(.!). Vibrational frequenc:'es are es"timated by compar:ison wi"th AIC1 2 and AH"2 (l). The pd.l1cipal moments of inertia are 

2.342 x 10- 39 23.550 x 10. 39 and 25.002 x 10- 39 g Cil/ 
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ALUMINUM CHLORIDE FLUORIDE .. 
!iI ( IDE A L GAS ) GFW=81.4324 

'" .. 
:'" 
til 

g/bbsimol---~ 

} T,"K Cp' S' -(G'-II"_lfT no-w_ 

~ 
0 -3.020 

100 
200 

.:'" 29 • 12~53~ ~2 .0(.8 1)2'.0'08 0 .. 000 

Z ,00 lZ. 55~ 62 .. 126 62 .. 048 0.Q23 

co _00 13 .. Z98 6.5 .. 841 62~ SSG 1 .. 319 . sao t 3.163 b8 .. 8(.8 63.52.!. 2.673 

~ 
bOO 14eOb( 7l .. itot: 64.630 4~O~6 - 700 • 4 .. 261 73 .. 590 65.751 5 .. 483 

-0 800 He 399 75.503 66 .. 8513 0 .. 916 ..... .00 14 .. 4'H 77 .. 205 1)1 .. 915 8 .. 3H ClIO 10,)00 14 .. 510 1I:i ... 137 68 .. 922 9 .. 8!4 

1100 H~625 60 .. 125 6S.879 11.274 
1200 14.668 81 .. 403 TO. 7tH 12.739 
1300 14 .. 102 82 .. '578 1'1 .. 6 4 9 14.208 
HOO '4 .. 129 83 .. 669 7Z.409 15 .. 619 
LSOO 14~ 751 64 .. 686 1302'50 11 .. 153 

1bOO 14.1E-9 85.638 73 .. 9115 18 .. 602.'1 
nOD \4.784 86 8 5?>4 14.706 20.107 
1:100 14.1'197 a7.3l'9 75 .. 361 2l.S1!6 
1900 14 .. 801 86.UO 16.0)9 ;:l.Ot.6 
.2000 14.8'1 e5~q39 16.666 24.547 

2100 14 .. 825 89 .. 66; 71.267 20 .. 030 
2200 14 .. 832 90 .. 352 17 .. 8",7 27.512 
2300 14.8?-8 91.0 1 2 18 .. 40) 28 .. 996 
2400 14 .. st.:! 9} .643 78.94) !O .. 460 
l500 14.848 9Z .. ,24C; 7'1.-.64 31.96" 

2600 14.852 qz~ B~2 7<;;.967 33.4"''1 
2100 14.t156 q~ .. 3qZ 80.454 34.935 
2800 14.85'1 93 .. 933 80.925 36 .. 421 
290(,1 14 .. 862 94.454 81 .. 3~3 37.907 
30)00 !4.8b5 94 .. 958 81 .. 827 39~393 

3LOO 14 .. 867 95 .. 4<-0 82 .. Z59 ltO.880 
3200 14 .. 86 0 Q5 .. 9l a 82 .. b78 it2 .. 366 
3300 14 .. 871 96 .. 375 5) .. 066 43 .. 853 
34-00 14 .. 873 96 .. 8'9 83.484 45 .. 341 
.1500 14.875 91 .. 250 133.871 46 .. 8?8 

3600 14 .. 977 97 .. 1&69 84 .. 2 .. 8 4883J6 
3100 14.811:'1 9S .. ()'77 e4~b:!. 7 49 .. 803 
3800 14 .. 819 '16 .. 474 84.976 51.2~1 

HOC 14 .. S8' 98 .. 860 85 .. 327 52 .. 719 
4!lOO 14 .. 882 99 .. 2.'31 a5.b7a ~4 .. 2b7 

4100 14 .. 883 99 .. 605 8b.OOt. 55 .. 156 
'0200 14~864 9'i1' .. <;63 86.334 57.244 
.. 300 14 .. 811S 100 .. 3).3 B6 .. 655 58. 73~ 
4"00 14 .. 8~6 lOO .. 6~0 86.909 00.221 
4500 14 .. 86b 100.990 87 .. 277 01 .. 710 

4600 14.881 101.3J 7 87 .. 579 03 .. 1 ~a 
IoTOO 14 .. 886 tOl.038 81 .. 871., 64 .. 681 
4800 !.4 .. 8~8 :!.O] .. 951 S8 .. 1e.'o 66 .. 176 
491)0 14 .. 889 102.258 88.449 01 .. 665 
SIlOO 14 • .I3<.1n 102 .. 559 68.72t1 b9~! 54 

5u)0 14 .. 8<;0 102 .. 854 S9.002 70.043 
5200 14.891 !O3.14l 89~.f.71 7Z~) n 
5300 H.8(H \O3~426 89.S3t) 73 .. 621 
5400 14.892 l('l3c 705 I:jq.796 7 5~ 1 J 0 
55JO 14.892 103 .. 978 90 .. 051 7b .. 5QQ 

• bOil 14.Sn 104.246 '10.302 78.098 
S700 H .. 8 en 104 .. 5' 0 'ilO .. 51t9 19 .. '518 
5800 14 .. 8'1:;> 104 .. 769 '00.792 dl .. 067 
5'iOO 14.894 lQ5c024 <;1 .. 031 82.556 
!:.il.iJO 14.894 !O~ .. 274 91.201:1 84.0<46 

Jun~ 30, 1976 

Po S , 10" ALCLF+ 

.-AHl" AGI" Lot Kp 

64 .. 1'45 

66~OOO 63~198 -ftc.c3Z5 

66 ~OO7 63~UO -46.026 
66.400 62 .. 179 -33 .. 973 
66 .. 791 &1.018 -ZoG 697 

67.111 59 .. 900 -21 .. 819 
61.534 58 .. 659 -18 .. 314 
67.671 51 .. 36'1 -15c67Z 
68.168 56 .. 031 -1) .. 608 
65 .. 896 54 .. 857 -11.989 

66 .. 200 53.738 -10 .. 671 
66 .. 503 S2»591 -9 .. 518 
&6.808 51 .. 420 -6 .. 64$ 
61.112. '50 .. 2260 -7 .. 841 
61.416 49 .. 009 -1.141 

67.717 1t1 .. 771 -6 .. SZS 
&8 .. 019 46~~Hb -'5~980 

66.:321 4S.Z43 -50 .. 493 
68.621 43 .. 953- -5.056 
68 .. 919 42 .. 647 -4 .. 660 

69.216 <\1.323 -/t.301 
69 .. 511 39 .. 988 -3~912 
69 .. a07 3a~ 643 -3 .. &12 
70 .. 099 37 .. 282. -3 .. 395 
10 .. 389 35 .. 906 -3 .. 1~9 

10.617 34m52.1 -2 .. 902 
10.964 33 .. 124 -Z .. 68.1 

1.83<"1 3Z~549 -2 .. 541 
2 .. 394 33 .. 63S -2 .. B5 
2 .. 925 34.103 -2.528 

3 .. 465 3'5.153 -Z .. 521 
4 .. 002 36 .. 787 -2.51.2 
..... 537 31 ~SO~ -2 .. 504 
5 .. 06Q 38 .. 80) -2 .. 494 
5 .. 599 39 .. 181 -2 • ..,.84-

6~12b 40 .. 760 -2.'\74-
6 .. 650 41.712: -2.464 
7 .. 17Z 42 .. 653 -2 .. 453 
1 ~692 43.582- -2 .. -'42 
8.207 .ft/hlt~H -2 .. 431 

8.122 45.39l -2.420 
9 .. 233 46 .. 281 -2 .. 408 
9.742 47.158 -2.)97 

10 .. 2 .. 8 48 .. 02& -2 .. 385 
10 .. 750 48 .. 875 -2.374 

1l .. 25Z 49.71.8 -2 ... 362 
11 .. 748 50.545 -2 .. 350 
12 .. 242 51 .. 366 -2 .. 339 
:!.2 .. 731t 52 .. 18:!1 -2.327 
13 .. 220 52 .. 978 -2 .. 316 

13 .. 705 53 .. 770 -2.304 
14 .. 185 54.55t -2 .. 293 
14a660 55 .. 322 -2 .. 281 
15 ~132 56&065 -2.270 
15~ 598 56.836 -2 .. 258 

16 .. 060 57.585 -2 ~24 7 
16 .. 518 58 .. 31') -2 .. 236 
16 .. 970 S9 .. 0,oo2 -2 .. 225 
17 ~416 59 .. 772 -2 .. 214 
11 .. 655 60 .. 486 -2 .. 203 

ALUHINUM CHLORIDE FLUORIDE UNIPQSITIVE ION (AlCU
T

) UDEAL GASl 

Point Group lC""vJ 

5298.15 = [62.05 :!:. 1.5J gibbs/rno~ 
Ground State Quantum Weight'" [1] 

Vibretiona.l Frequencies and Degeneracies 

«.I, cm i 

[850] (1) 

[170J 0) 

[500J (1) 

GFW ;:; 81.4321.j. 

AHf3 = 64.7 :!:. 30 kcal/mo1 ALe L F;' 

.6Hf'hs.15 ::: 65 1 30 kcalimo1 

Bond Distances: Al-f [L60J A A1-Cl [2.05] A 
Bond Angle: f-AI-Cl::: [laO O } 

Rotational Constant: Bo;:: [0.09596J cm-
l 

Heat of Forma:tion 

We adopt 6Hf
298 

:: 661:30 kCl!I.l/mol based on flHfQ of AICIF (1.) cortsbin{):d with the ionization potential IP(AIClf) ::: 18U23 

kCl!I.l/mol (i.9H eV). IP is estimated by comparison with IP(A1C1
2

) = 7.81:0.9 eV and XP(Alf 2 ) = 8.lt.0.9 eV (.!.). Farber and 

Harris (U reported :" appearance potential of AP(A1Clf+-) ::: ll!l eV which appears to be ser'iously biased. This is discussed on 

the tables for AIC1
2 

(g) and AIClF(g). 

Heat C~....Eacity and Entropy 

We assume the electronic ground state to be linear lEt and neglect excited states (1). Bond distances are estirr.ated to 

be the same ilS in A1C1
2

+ and Alf
2

+ (!). Vibrational frequ~ncies are estiIT,ated by comparison wit"h Alerf, AIC1 2+ and Alf 2+ Cl.). 

The: moment of inertia is 29.169 x 10- 39 g cm Z 

Reference 

L JANAF Thermochert.ical Tables: AICU(g). AlC1
2 
""(g). '+ (g) 6-30-76. 

2. M. FArber and S. P. Harris, High Temp. Sci. ~. 231 
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ALUMINUM 

( IDE A L 

CHLORIDE DIFLUORIDE 

GAS) GFW=lOO.4313 

~--:---"b"'I ... I---_ ----l«:aIImol----_ 
T. "K 

u 
100 
'00 
298 

300 
_DO 
'00 

baa 
100 
.00 
900 

lI.)OO 

liDO 
!Zoo 
1300 
1400 
1500 

HOO 
1700 
1800 
19(}0 
2000 

llOO 
2200 
2300 
2400 
2500 

2&00 
2700 
2800 
2900 
3000 

3100 
HOIl 
HOD 
HOD 
.;sao 

~bOO 

3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
't51l0 

4600 
HuD 
4800 
:"'iOC 
~OOO 

5100 
5200 
5300 
540() 

5500 

50DO 
51;JO 
:lOOO 
59130 
6000 

CpO 

0 .. 000 
10 .. 484 
1. ;~678 
1'5 .. 642 

lSc672 
16 .. 9(:8 
17.7q5 

18 .. 332 
18.692 
18 .. 943 
19 .. 124 
19 .. 251 

t<J .. 358 
19.437 
1 Q .. 49Q 

19.549 
19.'589 

19 .. 622 
~.9~6~O 
19 .. 674 
19.694 
19 .. 711 

19.725 
19 .. 73B 
190150 
19.7!:iG 
19.166 

19 .. 176 
19 .. 783 
190769 
19 .. 7Q4 
19 .. 199 

19.804 
19.808 
19 .. 812 
!9 .. ~15 
19.819 

19.821 
1.9.824 
1.9 .. 827 
19 .. 829 
19 0 8H 

19,. 633 
19.835 
lq~ 8~6 

19 0 838 
19~839 

19~841 

190842 
19_ 843 
11'0844 
19 .. 846 

19 .. 847 
19.84!;! 
19 .. 848 
19~84" 

19.850 

19 .. 851 
19 .. 852 
190852 
19 .. 853 
19.8'54 

SO -(Go-HODS){f 

0 .. 000 INFINITE 
5~ .. g4S 83 .. 640 
6!i~30~ 72~531 

715156 11.':'58 

11.255 
75 .. 955 
79~S3 7 

83 e 13Z 
85 Q 987 
88~500 
90 .. 14Z 
''n.7M· 

94~ 605 
96 .. Z'B 
91~851 

99~298 
100.648 

101 ~9J 3 
!03~ '.04 
'04~ 226 
t05~292 
1006 .. 3002 

107 ~265 
IOS .. lBZ 
10q .. O~0 
109.'101 
110 .. 108 

11l~4d3 

112 .. 230 
112.949 
1'3 .. 644 
ll"~315 

114~964 

11 S~ 593 
116~Z03 

'!.6~194 
117.368 

1l7~"927 

118~410 
BS~99q 

119.514 
120.0H. 

120 .. 505 
"l20~qd3 

12! .. ,,"50 
1..21 .. 906 
1 22~ 352 

222.786 
123~215 
123e 633 
• 24 0042 
124 .. 443 

12.4 .1'136 
12 5 ~22.1 
125.599 
125.970 
126.334 

) 26.692 
'!.27~043 

!2L389 
127 .. 728 
1.28 0 062 

71.1 ~a 
7! .190 
13 .. 023 

74 .. 4 .. 0 
75.090 
71.313 
76.682 
7q .. 9~1 

Sl.d7 
62 ... 22 
83~550 

84.62: ... 
':I5.6foij 

86.b25 
1J7.5t::O 
e8.455 
e9.3U 
90 • .1. 38 

QO.':I30 
(.<1.b94 
'lZ.1t30 
93 .. 141 
93.8.::1 

9"'.""2 
'l5.1.35 
95.158 
96.363 
96.950 

97.52.1 
96 .. 076 
99.610 
99.1ltl 
99.055 

100. ~ 54 
100.042 
101 • .Ll8 
lO~ .. 583 
!02.03a 

\02.4b2 
1,,02~91 7 
l03.!)43 
103.100 
t04.loS 

04.508 
04.960 
05.345 
0'5.122 
06.093 

a6 • .r.~6 
06.613 
07.164 
01.5u9 
07. !:i4B 

108 .. l!~1 
10S.S09 
108.832 
1.J9.j,49 
l0'9 ... ,e,2 

H"-Jr'_ 

-3~5~b 

-Z~bb9 

-1 ~"45 
O~OOI) 

il~OZ9 
1 ~b66 
3.401 

5.H5 
7.061 
8 .. 950 

10~ 8'54 
12: • .,.,3 

1 ... 104 
.. 66644 
18.59l.. 
20.5li3 
22.500 

24~4bl 

26.425 
,d.391 
30.359 
32.330 

3~.301 
H ... 275 
38.249 
4!l.2.24 
42 .. 201 

44.178 
46.156 
4tS~ 135 
50~1l4 

52 .. 0'93 

50'0.074 
:)0.0'54 
5b. O~5 
bO .. Oi7 
d .. 998 

o3~geo 

05.963 
o7.9105 
09&926 
710911 

73~ 894 
75.877 
77 .. 861 
796845 
dl .. 82<:1 

!>3~ e 13 
65 .. 797 
d7 e TSl 
89 .. 765 
91 .. 750 

93~ 7~5 

9'5.71<1 
97.704 
99~o89 

101.074 

103.659 
1l)S.6~4 

1070629 
l0g e 6}4 
111~600 

AlII" 

-238 .. -035 
-23a~'311 
-Ba~59a 
-238 ~aoo 

-2:3SeSQ4 
-2:36.951 
-239.01'4 

-239 .. 191 
-239.314 
-£39~458 
-239 .. 637 
-242:,,382: 

-242.551 
-242.711 
-24.2 .. 682 
-2:43,,048 
-243~214 

-2~3dal 
-243 .. 549 
-21t3.718 
-2."'3.689 
-244 .. 062 

-244~237 

-244.414 
-244 .. 593 
-2" .. 175 
-244 .. 960 

-2 .... S .. 146 
-Z4S .. 338 
-314 .. 940 
-314 .. 815 
-31.4.813 

-314 .. 153 
-3t4~ 698 
-314 .. 645 
-314 .. 596 
-314 .. 551 

-314 .. ~09 
-3\4.470 
-314 .. 1036 
-314 .. 405 
-3J40378 

-3\4.354 
-3t4 .. 334 
-314~317 
-3h~304 
-314~29!) 

-314.289 
-314.2<.10 
-314 .. 292 
-314 .. 301,) 
-314 .. 312 

-3140327 
-314~349 
-314e375 
-314 .. 401 
-314 .. 445 

-3[19 0 488 
-314 .. 537 
-31.4.592 
-314.655 
-314.125 

Dec. 31, 1960; Sept.. 30, 1964; June 3D, 1976 

AGr 
-238 .. 035 
-231 .. 520 
-236 .. 620 
-2'35.609 

-235.590 
-234~49" 
-B'3~366 

-2'32~213 

-231.040 
-229 .. 650 
-ZZB.638 
-221.222 

-225.698 
-224.159 
-222 .. 605 
-221.039 
-219.461 

-217.873 
-216.2=12 
-214.663 
-213 .. 044 
-211 .. 416 

-209.782 
-208.137 
-206.480 
-204.820 
-2:03.154 

-201.477 
-1 qq .. 7q4 
-191.214 
-193 .. 072 
-188.675 

-164.078 
-180 .. 4S1 
-! 76.288 
-11.2.091 
-167.9(16 

-163.713 
-159.527 
-155.340 
-151 .. 153 
-146.968 

-142.787 
-138.601 
-134.416 
-130 .. 229 
-126 .. 049 

-121.,665 
-111 e ba5 
-113.501 
-l09.311 
-105 .. 132 

-100.949 
-96 .. 762 
-92 .. 579 
-68 .. 396 
-64 .. 211 

-80 .. 021 
-15~a37 
-71 .. 645 
-61.459 
-63 .. 268 

ALCLF 2 

Log Kp 

INFINITE 
519.099 
258 .. 567 
112 .. 706 

111 .. 62.7 
128.12J. 
102 .. 004 

84 .. 584 
72.134 
62. .. 792 
55. 52! 
49.659 

44 .. 842 
40 .. B25 
37.423 
34 .. 50b 
31.915 

29a 70.0 
27.804 
.26 .. 064 
24.500 
23.102 

21.832 
20 .. 677 
19 .. 62:0 
18 .. 651 
17 .. 760 

16 .. 9:36 
16 .. 112 
15 .. 398 
14.5500 
13.760 

13.020 
12.326 
11 .. 675 
11 .. 062 
10.485 

9 .. 939 
9.42.3 
8 .. 934 
8.470 
8 .. D30 

7 .. &11 
7 ~212 
6.832 
0.469 
6.122 

S .. HO 
5 .. &012 
5 .. 168 
4 .. 875 
4 .. 595 

4.326 
4 .. 067 
3.SHi 
3.578 
3 .. 346 

3.12.3 
2.908 
2 .. 700 
2 .. 499 
2 .. 305 

ALUMINUM CHLORIDE DIFLUORIDE (AJ.ClF
2

) 

Point: Group l C
2v 

J 

S296.1S :::; [71.1S :t 11 gibbs/mol 

Ground State QUdntum Weight:; (1] 

(IDEAL GAS) 

Vibrational Frequencies and Degeneracies_ 
-1 1 
~ ~ 

(SOO) (1) (910] (l.) 

(520) (1) [2l0] (1) 

(21.10] (1) [260J 0) 

Bond Distances: Al-r:::: f1.63] A AI-Cl :: (L.Ool A 

Bond Angles: Cl-Al,·F ~ [1£0°) f-Al-f::: t.lLO~J 

GFW = 100.14313 

-238.0 ! 1.5 kcal/mol ALe L!- 2 
:; -238.8 t l.!:- kcal/J:lOl 

Pl'oduct of the Moments of Inertia: IA1SIC:; {1.2809 x 10-113 ) g3 cm6 

Heat of formation 

We adopt oHf;98 :; -238.8:!:1.5 kcallmol and 6Ha; :: 380.8:!:3 kcal/mol based on lIHr-
298 

:; D.S'!:l kca.l/mol for 1/3 AIC~ (g) 

.. 2/3 AIF
3

(g) "" AIClf
2
(g). Krause and DouglaG (]) obt:ained thi6 result by an entrainment met:hod which measured enhanced 

volatility of AIr 3 in the presence of AICl r Corrections wet'e made for all the possible dimers .... hich can form in this system. 

The entrainment dat:a esta.blish that aluronul:l fluoride-chloride exchange reactions at's a.lmost therD",oneutral. 

Our adopted <lHf" is compared below with an approximate mass-spectrometric Kp for reaction of AIF2 with AIC1 2 <.~). The 

discrepancy in .:.>Hf" (AICU'
Z

) is -IS kcalhnol if we use 6Hf- " -180 (A1F
Z

) ilnd -71 (A1CI
Z

) derived from the mass-spectrometric 

data (1, 1). The discrepancy disappears if we use tlEf"::-1&5 (AIf::.:) and -67 (AICl;:) derived from .avera.ge bond energies in 

AlF3 and AIC1
3 

(.=!). This favors "the lat"te'!' values of AHf o for Alf2 and AlC1 2 (~), dlthough the disc.repancy might arise from 

the observed ion intensity of AICIF
2
". The signal from AICIF 2+ was very weak dt 40 eV (2), this tligh ionizing energy might 

bias Kp dnd cause considerable fragrnen"tation. We can eliminate AIr i and. A:"C1
2 

by taking th€'. difft:renc€ be1;'<'I(:er: the mass

spect('omet:ic reactions fol"' A1CIE'2 and AIC1
2

F (~.>. This yields [6Hf"(AIClF
2

}-lIHf"(AlC1
2

f)1:.: _1.17 hal/mol which agrees with 

-49.9 kcal/mol fr'om entrainment da.ta (1,'. Thus, we tentatively ascribe the discrepancy to AIF2 (~) and A1C1 2 • 

Source 

q) Krause 

(~) Farber 

a AssuIJing 

b Assuming 

Method f_eaction Range 

~ 
Entrainment 113 A1C1

3
(g}"'213 Alf

3
(g) :::: AIC1FZ(g) 1196-1257 

Mass Spec. Alf2 (g)+AIC1
2 

(g) :.: AICl{g)+AlClf 2 (g) 11.j.91 

:- -1&6 (AH·
Z

) and -67 (AICl
2

) kedl/moL 

-lBO (AU
2

' and -71 (AIC1
Z

) kcal/moL 

Heat Capacity and En"tropy 

DoHr;' 6Hr:i98 C,Hfi98 
kcal/mol 

O.5~1 O.5!l -238.8 

-19. 2 -2!.jO~ 
or -258 

We adopt do e
2v 

structure with bond angles and bond distances assumed equal 'to those in Alr 3 and AICl 3 (~). We assurne a 

singlet elect:ronic ground stdte and neglect excite~ sta"tes. Vibrational fl"€qu.encies are e.stima"ted by comp<lrison of Alfj and 

AICl
3 

with the ~~~ies B':3' BClt
Z

' BC1
2

F and BC1
3 

(.§.. 1). The principal moments of inertia a('e 12.572>:10-
39

, 26.246xlO- 9 

and 38.818 x 10 g 
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ALUMINUM DICHLORIDE (AlCL2) 

(hEAL GAS) GFW=97.8875 

____ gibbs/mol __ _ _ ____ .aVm~----~ 
T,"K 

o 
10;) 
200 
29. 

300 
_00 

'.0 
600 
7.0 
8 •• 
900 

1000 

HOO 
12QO 
131)0 
1400 
1500 

161la 
1100 
1800 
1900 
2000 

2100 
2200 
Baa 
2400 
2.500 

!:bOC 
noo 
ldCO 
2900 
31.1u,; 

}lOO 
321)0 
3300 
3400 
3500 

}bOO 
3700 
3bOO 
BJIl 
.. Ova 

41UO 
4200 
... 300 
"'400 
... 500 

4buO 
<,.Joo 
r,,800 
4901,) 
50.)0 

51UO 
52(10 
BuO 
5400 
5500 

5600 
5700 
5800 
5900 
':1')00 

CpO 

0.000 
g e 4":. 

11 .. 249 
12. ~41.. 

12:.3S6 
12.932 
13 .. 249 

13 .. 436 
13 .. "555 
13 .. 635 
13.691 
13 .. 731 

13 .. 762 
13 .. 7aS 
Bea03 
13 .. BIB-
13 .. 830 

13.83q 
t 3~ 847 
13.854 
'1.3 .. 860 
t3~865 

13 .. 869 
13.813 
, 3 .. 871 
13 .. eao 
D~81l1, 

13 .. 867 
',3 .. 891 
13 .. 895 
13~ 1!'19 
13.904 

13 .. 909 
Dc 9~ b 
13~ 922 
'.3 .. 930 
13~939 

13.94 8 
D .. 95e 
13.970 
13 .. 982 
13.996 

14~O' 0 
14 .. 070 
1'.~043 
14 .. 0bO 
14 .. 079 

14 .. 099 
14.1 J 9 
1'-.141 
14.161 
14 .. 19b 

14& 210 
14.235 
14 .. 26" 
14 .. 28~ 
14e 3 1 2 

14 .. 3~9 
14&;1;,6 
14 .. 393 
14 0421 
14 .. 449 

S" -(G~-H°2:iNl)rr W-U"_ 

0 .. 000 
57 ~302 
t>4 .. 4Z8 
69.1"'6 

09 .. ,22 
72 ~Be4 
15 .. 787 

78.22! 
80.302 
62.1 t7 
83~727 

fl5&l71 

!!6.4B2 
fn.bSO 
ae.1d4 
89 .. 808 
90 .. 162 

91 .. 65'-
92.494 
93.255 
94 .. 014 
94.7"'6 

95 .. 422 
90 .. 067 
96.6B4 
CJ7 .. 27'5 
'H.842 

98.386 
98 .9i 0 
Q9.4 1 6 
99.903 

~OO.375 

00.83) 
0' .272 
01.701 
02.) 16 
02s520 

, 02 .9}1 
}03.295 
103.668 
\01..031 
:04 .. 3f' 5 

l04.731 
105.068 
105.399 
105.722 
\06.036 

lOt .3l,.S 
11)0,.6::' 
'06.948 
1.07.;:040 
107 ~5Z7 

107.808 
~09.084 

loS.355 
!Otl.t:Z? 
IOS.9S4 

109.1") 
109_397 
10'01.647 
109.893 
!10 .. Jl6 

[NF INI TE 
71 .. :';d 
10 .. 244 
69~ 14t1 

69.:"4/;1 
09.639 
70 .. 5&6 

Tl.o6,l. 
n .. 75~ 
7;t8810 
74.624 
7S .. ?as 

76 .. 70ll 
77 .. 507 
78.38t3 
7<;,,2!)8 
7 .... 91>9 

dO.o'..6 
Rl .. ~90 
d 1 .. 935 
£2 .. 552 
83 .. 14 .. 

B3 .. L3 
S4~ 2e,O 
!!4 .. 7d7 
85 .. ':95 
!!5~ 7bS 

86 .. 21;.0 
tl6.71b 
81 .. 1,63 
87.59<0 
R8",J.Z 

ae .. l.. & 
e 8 .. b ~ 3 
9'7 .. 197 
89,,57i 
8Q .. 1J35 

'ilO .. ::'10 
90 .. 637 
90.97:) 
r;; ~ 9 ~05 

'H .. o27 

01 ~ .,,&, 3 
92.251 
92~S53 
92 .. 849 
93 .. d8 

930 4 2.2 
93.701 
93D'7H 
9i. .. 2"1 
94.5u"'r 

04 .. 1t1( 
q'5~~l \:t 
95 .. G~5 
C;~o!:lO 

95.75':" 

<;5.0;01 
tob • .?2!) 
9b .. 45() 
'1600h .. 
96 .. 098 

-3 .. 051 
-2 .. 202 
-1..163 
ocoao 

O~OZ3 
1 ~290 
2 .. 601 

3.q3~ 

5 .. 286 
6~6"'6 
S~012 

9 .. 383 

~ vc 758 
12 ~ ~ J Ij 

13.'515 
14~ 130;;6 
160216 

i 1 ~ 6 62 
19 D 04t> 
20 .. 431 
21 .. 8] 7 
23~ 2 03 

£4 .. 590 
.25.977 
27D364 
28.75? 
)1,).1.:.J 

31 .. 529 
j2.918 
34 .. ~07 
35.6<;7 
37 .. 067 

.H.47d 
39 .. 8~G 
"'1 .. l61 
42.~~4 

44.041 

4-5.441 
46 .. 8)7 
4o .. 2:!3 
49.b31 
51 .. 029 

5Z.4~O 

53 .. 832 
S,5.235 
56.640 
58.0"'1 

59.456 
60.867 
02.21:1{) 
03.695 
b5.113 

e,6.532 
67.95~ 
69.379 
70.807 
72 .. Z36 

73.6e9 
75.104 
7e.5'2 
77.';S? 
79.476 

6H~ .GI" 

-66 .. 763 -66 .. 163 
-66~ 116 -6"1.766 
-66 ~ 845 -b8 .. 785 
-61 .. 000 -69.710 

-cH~003 -69.727 
-~7 .. 105 -70 .. 610 
-67 ~ 338 -11 .. 451. 

-67 ~ 53! -72.256 
-67~744 -1~~027 

-61 ~9!H -H .. 76b 
-66 .. 273 -14 .. 471 
-11 .. 129 -74 .. 960 

-71 5411) -15~330 
-11 .. 692 -15~b15 
-7~.q72 -'15.995 
-72 .. 25. -76.193 
-120537 -7tl .. 572 

-72 .. 820 -7tl .. 832. 
-13 .104 -17 .. 013 
-73 .. 388 -77.2:98 
-73.673 -11 .. 506 
-73 .Glb1. -17 ~ 702 

-74.248 -77.883 
-i4.53d -713 .. 050 
-74.826 -78 G lOO 
-75.120 -78 .. 340 
-15.414 -78.47L 

-15. no -78_586 
-70 .. 006 -18.693 

-1'·5.119 -71.955 
-145e 759 -75 .. 536 
-145 .. 802 -n.113 

-145.841 -70.b89 
-145 .. 895 -6a .. 2b4 
-145.945 -65.836 
-145.9'17 -63.409 
-146.052 -bO.9fH 

-146.109 -56.546 
-146.167 -S6~114 
-140 .. 228 -53.&81 
-!.46.289 -51 ~241 
-146.355 -48 .. 80b 

-146 .. 419 -46 .. 369 
-146.485 -43 .. 927 
-146.553 -41. .48) 
-:!.46 .. 621 -39 .. 035 
-146 .. b91 -36.593 

-146 .. 159 -34 .. 144 
-146.830 -31.699 
-\46 .. 901 -29 .. 250 
-146.972 -26 .. 791 
-147.043 -24 .. 341 

-147.115 -21 .. 883 
-147.! 61 -1~ .. 428 
-141 .. 262 -16.973 
-t41.335 -H.512 
-147 .. 412 -12.053 

-147.4sa -9~591 
-llt7 .. 56b -7.1)3 
-141.646 -4 .. 662 
-~47. 7Zd -2.198 
-147.813 0 .. 270 

June 30, 1961; Sept. 30, 1964; June. 3D, 1972; June 30, 1976 

ALCL2 

lAg Kp 

INFINITE 
148 .. 103 

75 .. 1605 
51.098 

50 .. 796 
38 .. 579 
31 .. 23; 

26.319 
22 .. 800 
20.152 
18 .. 084 
16 .. 31B 

14 .. 967 
13 .. 782 
12 .. 7761 
1l .. 910 
11 .. 157 

10 .. 495 
9 .. 908 
9 .. 385 
8 .. 915 
8.491 

8 .. 105 
7 ~ 754 
1.431 
1 .. 134 
6 .. 8&0 

68606 
6~370 
0 .. 085 
5 .. 693 
5 .. 326 

4 .. 984 
.!,.,,66Z 
4~3bQ 
4 .. 076 
3 .. 808 

3 .. 554 
.3 .. 315 
3 ~OB1 
Z .. S?; 
Z .. 6b7 

Z .. 47Z 
2. .. 266 
2~109 
1 .. 939 
I ~ 777 

1 .. 6l2 
lc474 
1 .. 332 
1 .. 195-
1 .. 0614 

0 .. 936 
0.811 
0 .. 700 
O~5t17 

0 .. 479 

O~374 

0.273 
0 .. 176 
O.QS: 

-ODena 

ALu~nNUM DICHLORIDE (AIC1 1 ) (IDEAL GAS) GfW '" 97.8875 

Point Group [C
LV

] 

S;93.15 ::;; C59.lS ! O.&J giob.s:/mal 

£leci:ronic Le .... elS and 9uan"tum Weights 

State 

~ 2/ 
. 1 
is,, 

-1 
~ 

t OJ 
{ LOOOO] 

[ £5000) 

-Bj. , 

Bond Distance: Al-Cl::; [L .10J A 

Bond Angle: Cl-Al-Cl·::; [120·] 

6Hf~ ::; -56.8 '! 5 kcal/mol 

bHf;9a.15 ::; -57:! 5 kcal/mol 

[1:.30J (1) 

[ 160)0) 

,[ 5701 0) 

Pl'oduct of 'the Moments of Inertia: IAISIe (5,9:::39 x 10-
114

] .-;3 cm6 

Heat of Formation 

ALCL2 

We adopt 6Hf
ZS8 

::; -67.t5 kcal/rr:ol and I.lH80 201. 1.<!6 ).:calJmol; Le.) the average bond energy .uRac/::: ::; 101 kcal/mol is taken 

equal to that of AICl) Cl) . .aHf· is consistent wit:h experimental results of -55:!:3 (.f) and ;:-7h5 kcalimol <1. ~), but there 

Illdy be significant bias in these values. 

Chai et al. (.£> derived /.l,Hf~98 = -66!3 kcal/rnol from study of reactions of Al{c)t) with the vapor' of AlC1 3 in an argon 

carrier- gas. Weight-loss data. (800-1000 K) for Al dnd AIC1
3 

were analyzed assuming five vapor- species (AlCl; AIel'll AIC1 3 • 

A12Cll<J Al:::Cl
5

) in fOUl' simultaneous equilibrium reac"tions. Experimental data were combined with auxiliary data, including 

S· (A1C1
2

) a.nd Kp fol' two reactions, to derive <.IHf- (AlCl
Z

' and Kp foZ' another' reaction involving Al;(:Cl". Despite minor changes 

in S*(AICI
Z
)' uHf* = -66 is still appropriate for t:he AIC1'L equilibt'ium <.~). We suspect. however. that this equilibrium is 

st:rongly dependent: on the other equilibria, particularly that involving AIlClr;{g). 

faC'ber and Hat't'is <1. !!.) repoI'"ted Kp (5 points, 1150-1430 K) for the reaction A1CHg) .. AIC1 3 (g) :::: 2 A1C1 2 (g). We obtain 

(oSr~Ond law)-<lSr·Ord law)] ::; -35.!:10 gibbs/mol, 6HI';98 ::; -36~13(2nd law) or 10.5±9(3rd law) and llHf;98 ~ -70.7:!:S kcal/mol. 

We consider ilHf~ to be a negative limit due to possible:! bidS arising from the ionizing energy, Enet'gy of the ionizing 

electrons was variously reported as 20 eV (!!) Or' a.s 3 eV above the a.ppearance poten'tials <.~), If:?O ell was used. we expect 

AIeL + to be enhanced due to fragmentation of AIC1
3

, The alternative ionizing ener8Y leads to another problem, since the 

auth~rs (1, ~) u,Sed literature values for appearance potentials CAP) of AlCl T and A;C1 3 + but their own value foT' AICI Z -to. 

Their value has a bias of '\.3 eV which is discussed in detail on the table for Aiel:;: (g) (1). We suspect that the mass 

spectl'ometcr ha.d a biased energy scale during the measurments (~. 2.). This WOUld ii'lQUCC negative bias in "the ioni7.i"g energy 

used for AIel'" and AIC1
3 

.... since the AP's were not based on the experimental energy scale. Again we expect A1C1'L'" to be 

enhanced relative to Alel + a.nd A1C1
3 

+. The llH'ge discrepancy in uSr" is symptomatic of a te:!mper.;ltUI"e-dependent e1'ror; we 

expect that bias in Kp is gr't!atest: CIt low T. 
Aver-age bond energiE:s (BE) suggest that MX

n 
(M::::Al, Band X"::F, Cl) does not show the progression to multiple bonding of 

N0
3

, N0:t and NO. Althoug.;" [BE(MX)-BE(!1X
3
'] ::; '\.20 kcal/mol, only U.e mass-spectrometric data of farber et .al. (1-2) yield 

BE(MX
i

»BE(MX
3
). Other data (±.,'?'.l) dod theoretical calculations (~) suggest that BE (HX<::)::..3l:01X J ) , 

Source Method 

(J) JANAF Revi~w 

<]) JANAf Review 

C]) JANAF Review 

(1,~) Farber et al. Mass spec . 

(~,£) Srivast:ava et dl. Mass spec • 

(1) Dibeler et d1. Phot"oionizd'tion 

(l.~) Others Various 

Heat Capaci ty and Entropy 

Species 

HX 

MX
3 

MXi: 

HX::: 
HX Z 
MX2 
MX

2 

Average Bond Energy (6Ha;/n)! (kcal/llloJl. 

AICI
n 

118.il, 

100.8 

101 

102.6 

100.';1(1) 

BCln A1fn BF.~ 

127.1 159.3 279.4 

lO~.S 1I<O.:t lS2.~ 

140 

145,5. 151 

104.0 1!.!7.0 155.0 

102. & 145.5 

103 5 (1,) 13, 4 (;) 

NOn 

150.0 

90,3 

111.0 

The electronic ground state and excited levels ,,-re assumed to be the sarr,e as i~ AIF2 (1)· Vibrational irequencies are 

ca1cul~ted from the eS~irnate~ force cons!ants fr ::: 2.2 :nd fall" ::; 0.13 mdyn/A. ·rreq~encies a.nd force constants are estimated 

from SImultaneous cons.Ldel'atlon of A1C1i: ; Alel,. AIC1£ _ and t~h'i! analogous boron spec!es. Vk assume th"t: frequency changes 

are qualitatively !:Iimilar to those of NO:;: , N0:::. and N0
2 

Thu.s, in going from AICl,? to AIC1(! we expect a large decrease in 

\'3' an increase in \,l<:: and a smdll increase in \)1' By an.;l.logy with BFi <.V, the odd electron of AIC1<:: should occupy an anti

bonding orbital which increases the bond length but: decreases the bond angle I:Ind s·cretchi~g force constant. We I:Issume a 

bond length 0.05 A longer than in AICl(+ (1) and a bond angle equal to that in sr2 (~). T:"1C principal moments of inertia ar'€! 

3.5779 x 10- 39 , 36.941 x 10- 39 and 102.519 x 10-
39 

gem" 
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ALue,INUM DICHLORIDE UNlPOS. ION (ALCL2+) 

(fDEAL GAS) GFW= 97,8870 

T. "K 

o 
100 
200 
'98 

300 
400 
'00 

600 
700 
800 
900 

1000 

1100 
1200 
1300 
1400 
lSOO 

10\)0 
1100 
1800 
1900 
ZOOO 

21110 
2Z0a 
2300 
eltOO 
L~OO 

2600 
2700 
2doa 
,,900 
3000 

"100 
3200 
HOO 
3400 
3500 

3bOO 
3701J 
)800 
39tlO 
<+000 

4100 
4200 
4300 
4400 
45oJO 

"bOD 
~ 700 
4800 
4900 
S()OO 

5100 
52')0 
53IJO 
5 .. 00 
55UO 

5600 
5100 
~800 
5900 
ooao 

~---gibbs/mol---_ 

CpO 

13.'.60 

13.175 
13.778 
14 .. 127 

14.340 
14.478 
14.572' 
14.639 
14.681 

14.723 
14.752 
14.77(. 
14.791 
14.B05 

14.817 
14.827 
14.8)5 
14.84 2 
14.e48 

14.853 
14.858 
1 .... Btl 
1 .... A65 
\4.868 

14. en 
14.813 
!4.S75 
14.817 
14.679 

14.880 
14.882 
14.883 
14.884 
1 4~ B 6S 

l4.686 
14. aR7 
14.888 
14. SP.9 
14.890 

~ 4. 892 
14. BCJ2 
)4.B93 

14~ 89} 
14.894 
14.894 
14.6'94 
14.1'1.9'5 

1"a695 
::" .. 895 
14.8CJ6 
1,4 .. 896 
1.4.896 

14.897 
! 4~ 807 
14.891 
14.8<;7 
l4.S'il7 

S" -(Go-HODI)rr 

64~CB9 

M.!10 
t>S~051 
7l~ 1 C6 

73 .. 761 
15 .. ")84 
71.924 
79 .. 644 
81 s Ie9 

62 e 5 0 1 
In.a73 
85.055 
86~ 1 50 
87. ] ... ~. 

£lB. 1<'1 
89.026 
Bg e '87" 
90.676, 
91.437 

9" ~ 1 62 
92 ~ B:; 3 
92~ 5,' 3 
94e t46 
94. 75~ 

95~ 3~ f 
95.891 
9t.4,S 
96.9"'0 
97.465 

97 ~'?53 
98.475 
98.863 
9CJ.327 
99.75CJ 

lOZ .. l!4 
'02.471 
lOZ.fl:24 
103.166 
, O~ o<;,o~ 

103.828 
104.!46 
104.46? 
104.7t9 
105.070 

105.36'5 
• 05.654 
lOS .. 936 
'I Ce ~ 21 e 
l06.4QO 

'06. 7 58 
) 07.022 
L07.2t.ll 
107sS~5 
1074 ,(V: 

64~oa9 

64.0619 
64 4 614 
t5 .. 6Z3 

t6.70~ 

f.1.Bl 
69.1J61 
70.14) 
71.172 

72 .. 147 
13.012 
B.94~ 
74e lSi: 
7S.S14 

H:~;,29 

77.050 
77.739 
18.399 
79.032 

1'1.640 
eo~ 2;< ~ 
aO.7St:! 
81.332 
81.t)57 

82.364 
82 ~ 85 5 
83.330 
!n.791 
fl4.d9 

8"'.673 
85509b 
85~ 507 
85 .. 9>11 
86.29b 

86.076 
B 1~04 r 
tl7.40B 
e 7 ~ 7 61 
88.106 

88.443 
8S.773 
89.U9to 
99.412 
89.721 

so. 0.<:: ... 
'10.3.:::1 
90~t-13 

90.tI~b 

9l~ 1 79 

9 t ~ ... ~4 
91.724 
9~ • '1'lO 
02.251 
9?~507 

9? 759 
93&007 
93.(:51 
93.491 
93.727 

H"-H~n8 

-3.222 

o~ooo 

0.024 
1.375 
2.112 

4~ 196 
5.6 ~7 
7~O"lO 
8 ~ 5 51 

.1..0.017 

lle 4 88 
~ 2. 9t\ 
14~4 )t\ 

15~'H6 
11.3<;6 

18.877 
20.;59 
21.842 
2.3.?U. 
24.811 

~6. 2<;6 
21 ~ 781 
29 .. 2/>7 
:;Oe 754 
32~240 

33&l"n 
35.214 
~6. 102 
38.189 
3g e 671 

/d~!f:5 

42.653 
44.! "2 
45.e30 
4 7 ~ 1 J 8 

48.607 
50.0g6 
Sl.5f4 
53.073 
54.562 

:'0.051 
:'7.540 
:'9.029 
00.5)9 
el.O(l8 

63.4S7 
64.9B6 
66. L 7t 
01.ge5 
69.4 ~5 

10&944 
12.434 
13.923 
7 5.4 ~ 3 
76.902 

78. )C2 
7'1.85, 
dl.372 
d2.661 
84.351 

kcal/mol----

ilHf' AGro 

113.585 

115~OOO 

115.001 
1 t5.426 
11').836 

116~229 

116.603 
116.950 
117.256 
!' '" .CJ92 

115.304 
1l5~6H 

115.928 
1t6.240 
U6~552 

116.B62 
117.173 
117~484 
111.794 
11S.102 

11 B .409 
I1B.714 
119.020 
llq~3Z4 

!l9.624 

119.923 
120.220 
51.105 
51.659 
52 ~2.Ll 

52.759 
53.305 
53.S49 
54 0 389 
54.926 

55.460 
55.992 
5&0520 
51.041 
57.568 

58.0SQ 
58.601 
59.122 
59.636 
60.1"4 

.!)D.t-53 
61.157 
61 ~660 
62.160 
62.657 

63.157 
63.644 
64.131 
64.617 
65 .. 091:: 

65.574 
66.048 
66.517 
66.950 
61.438 

J12a3ll 

1l2~2q4 

111..321 
llO.l5; 

109 .. 101 
107 _8e3 
106.613 
105 .. 303 
104.142 

103 .. 042 
10) .912 
100 .. 758 

99 ~ 581 
96 .. 379 

97 .. 157 
95.917 
'14 .. 659 
93 .. 363 
92.089 

90 .. 779 
eq .. 456 
880123 
86.773 
65 .. 408 

84.034 
82.646 
52 .. 082 
83.176 
84 .. 25" 

65 .. 313 
86 .. 355 
87.380 
~B ... 387 
89.377 

90 G 358 
91.318 
9Z~264 
93 .. 202 
q4~ 119 

95~024 
q5~920 

96~ aoz 
97 ~67S 
98~532 

99~ 381 
!OOe21S 
101$039 
101$862 
J02~662 

103.461 
!04~ 145 
105 .. 019 
~ OS .. 786 
106 .. 544 

107.294 
106 .. 030 
l08~ 766 
10'; .. 491 
110 ~Z08 

June 30. 19(}8; June 30. 1972; June 3D, 1976 

ALCL2+ 

loR Kp 

-82.326 

-81.806 
-60.626 
-46al92 

-39.140 
-33.6B3 
-2g e 125 
-25 e 571 
-22~760 

-20~413 
-18~561 

-lb~939 
-15a545 
-14.334 

-13~.271 
-12.33l 
-11.493 
-10.742 
-lO~063 

-9.447 
-8.881 
-8.374 
-7.902 
-75466 

-7.064 
-6~ 690 
-6.407 
-6.268 
-6$138 

-6&015 
-5~ B98 
-5~ 787 
-5~bal 

-5.561 

-5~1085 
-5~394 

-5.306 
-5.223 
-5~142 

-5 .. 065 
-4 .. 991 
-4.920 
-4.852 
-4.785 

-4~7Z2 

-4.660 
-4.600 
-">.543 
-4.487 

-4.,1.)4 
-4.381 
-4 .. 331 
-4.281 
-4.234 

-4.181 
-4.142 
-4.0911 
-4.056 
-4.01" 

ALUMINUM DICi-ILO:{IDI: UNIPOSITIVE I01J (A1C1:t ) (IDEAL GAS) GFW 87.8870 

Point Group [ lIHf; :: Jl3.6 :! 18 kc~l!mol ALe L 2 + 
5;98.15 :: [ !: 1] gibbs/mol 

Ground Stdte Quantum Weight" "" (1] 

He<lt of Tormation 

Vibrational Frequencies and Degeneracies 

w, crn- 1 

(390) (1) 

[ 120](1) 

[590](1) 

Bond Distance: Al-Cl::: { .... 05] A 

Bond Angle: CI-AI-Cl::: [lBO a
) (1 = ::; 

Rotationdl Constant: Bo" [0.056573] cm- 1 

6Hf;98.15 ': 115 .t IS kcal/mol 

Wt! delOpt <.IHf;S8 = 115:18 kCdl/mol dnd an ionization potential IP(A1Cl:;-) :: 7.8!:O.9 eV. EJ.ectron-Lrnpdct studies gave 

13.4!0.S eV(l) and 13.lf:!O.7 e~ (~:) 101' "the appear-,wee potential CAP) of A1Cl't+ from AICl 3 . The dnalogous proc;:!5S fOr'+onset of 

BelL frorr! BCl
3 

has been .stud~ ... d by both photoionization (]) dnd electron impact (l). Compa!'ison indica"tes that BCl L fro om 

electron impa.ct <..~) carried an e.xcess energy O:""} of -"'0.9 c.V. We estimate the e'Xcess en~rgy for' ,o..lC1:i:+- as 1.<':tO.6 eV. Thus, 

we 'take AP-I;· = L\Hr~"::1l.2!O.8 eV (L6L3::tlS kcal/mol) fot' the re.'H.::tion r\lC1
3

(g) .j. e-(p;} :: A1Cl./(g) ~ Cl{g) "" 2e-(g). With 

J.t...liAF auxiliary ddtd (.::' this yields il.HfCCAlCl/) " 113.5!18, uHf;98 = llS!:18 clnd IP(A1Cl~) = 160!:LO kcal/mol (7.8!O.9 eV}. 

Electron impact studies ('§'--1) of A1C1
2 

and B(;1
2 

gave appr-::J)dmate appearance po'tentials APCHCl" +) 0:: 1L::1 eV. Tilis is 

~w4 eV gredt.er than OU!' adiabatic IP values. Such a difference could arise from several factors including bias in the 

ionizing-energy scale, bias in 1"h~eshold detect.ion, exc€sti energy in MC1
2 

+ and misassignment of "the ionizatiOn process. The 

stUdies (~-l) make no menti.on of ,t calibrdn"t gas for "the energy scale, Reactive radicals (e.g. A1Cl" frorn a r€!duc:in~ environ

ment) may induce d bias in the en~rgy scale. Consisten"t with this hypothesis, the values reported <Q., 2) for AP(BCl IBC1) a.nd 

+ IBC1~} are '\., and 3-4 eV higher than other electron-impact datil (~, .~). fI.P (,HC1;:: +/MCl
2 ) was obtuined (.§.-1) by a 

current (or initial br-edJ<:) method. We expect this 'to hdve a positive. bias which 'increases as the pr-8ssure of MC1 2 
dec;rea~ies (1)" Elect.ron impact on HC1

2 
should yield a vertical AP corresponding to d nonlinear (e'Xcited) confi.'lll'a"tion of 

... Excitation energies of >1 eV are e)(p~cted if MCl,+ is similar to BF L+ and Alf(+ (~). Alt~I'natively) 
~v (~-2) is a magnitude which !!lay not exc;ude processes such as fragmentation Or' ion·molecular reactions ·of 

) dlmost overlaps with the onset or fo!Cl:? fr'orn i.e., 1<'.30 eV c.~. pho"toienizdtion) or 13.0 .. 13.<: eV (1:! .§. electrOn 

fpom 3C1
3 

anel 13.4:!O.5 eV (1:., 1, electron impact) A1C1
3 

On the other hand, the C.Olnc l.dence of AP(BCl ~ :: 

AP(BCl
l 

+) :: Uil eV (~, ]) sug~e51:S tha-.: the t\,ro ions might b,' ~o;.>ldted, posslbly Vld Be:" ~ BC1
3 

:: BCI" .. BCI L" The duthor's 

(5, 5) did not measure AP(A1Cl ;, but the analoguus ion-molecular" !'eaction is also energetically feasible. In <;urIlJJlary, there 

a~e ~hI'ee plausible. factors whkh muy c.ontribu"te to positive biao :n the observed AP(A1Cl L +) and somt" conceivable alternative 

interpretations of the da"ta (.§.-]). This pr-ecludes use of AP(AIC1
2 

) in calcula'ting MffQ of 

ndstie clod Margrave (19.) used an e:<tended Hiickel method "to calcul,;tte IP(A1C],,) 6.05/?V. result shoclld dpproximat:e 

the vertical IP which we expect a.t ~"9 eV. 

Hecat Ci1Pdcity __ ?_~£.. Entropy 

We assume the electronic Braund state to be linear lr.+ and neglect excited state~ by analogy with 1"lgCl( (::.., )J) d..'1d other 

"tria.t-;mic species having sixteen valence electrons (12.). We estimate the bond distance to be almost the same es in A1C1 3 

O.O!:. A shorter than in AIC1;o (~}. Likewise, we tr-ansfer the stretching fo!'ce constant from ratio 19 , 

from MgCl:t SlJ). Thus, we calculate vibrational frequencies from the estimated force cons"tan"ts i.9, ~rr ::: dnd faIr' 

0.036 mdynlA. The resulting valUes hdve been rounded :"'pTo.'d!'d. Th~ moment of inertia is 49. lJ77 x 
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:T ALUM 1 NU" DICHLORIDE UNlNEG, I 0 " 

( AlCL 2-) 

~ ( IDE A L GAS) GFW=97,8881 
:oIl 

!!-
g gibbs/mol---_ ------ kcalfmol 

!l T, "K Cp" S" -(Go-W'sn)rr HO_H"'_ /u1f' dGI" 

~ 0 -3.100 -1130331 

~ 
100 
200 
';:98 12.584 68.275 08.27;; 0 .. 000 -115.000 -115 .. 963 

.:"'!I 30U 12 .. ~'n 66.353 6!:1 • .27e 0.023 -115 .. 012 -115 .. 969 

Z '00 \3 .. 106 72.055 68.777 le3! 1 -115.650 -116 .. 192 

!3 SuU 13 .. 374 15 .. 0!2 69 .. 738 2 .. 637 -lH •• 30'5 -116.252 

~ 600 13 .. 529 77 .. 4bS 70o~./:7 3.ge2 -11&.985 -116 ~118 
700 t 3 .. 626 79 .. 'S'5a 71 .. 929 5 .. 31"1 -117 .. 685 -11..5 .. 968 

-0 .00 13 .. 69! 81.362 72 .. 999 b.l01 -118 .. 4 19 -115 .. b9b 

..... 900 I3. 7~6 82 .. 997 7"'.OZ;:: !ieon -119.197 -11 5 .. 309 

GIl> LDOO '.1 .. 76B 84 .. 4(.6- 74»993 9 .. 453 -122 .. 546 -114 .. 651 

HOy 13 .. 792 B~. 760 1'5 .. (11 J 10.83) -123.321 -113.825 
1200 13~ 8{! Bb .. 96~ 76c H4 12 .. 2!.2 -!.24 .. 095 -11Z .. 927 
130(} ! 3 .. 8Z6 88.Db7 ncb'" 13.593 -124~87! -11),,965 
1400 13cB31 E!'9.(lQ2 78c3<;04 14.917 -125. (:41 -110~943 
1500 13 .. 846 90.047 79 .. 1 <.0 16.3fl -126 .. 425 -109 .. 86& 

11)00 13s854 qO.Q4~ 7Qs849 17 ~ 7"6 -127.203 -108 .. 736 
1700 l~ .. BbO 91 .. 781 BO~ 52 7 19. t 32 -127 .. 982 -107 .. 557 
1600 13~ 866 92.513 61.174 20 .. 516 -128 .. 162 -106 .. 333 
191>0 13 .. @70 93 .. 323 81 .. H4 21 .. 905 -129~543 -105 .. 065 
aoo 13 .. 874 94.035 82 .. 31:19 2.3.292 -130.321 -103 .. 758 

2100 13 .. 878 q4~ 112 B2 .. "~t,) 24 .. 080 -131.109 -102~411 

2200 1:!I.881 95 .. 357 e3.~08 a.Qt.? -131.896 -101.026 
2300 13.8f!4 95 .. 914 St..037 '-1.456 -132: .. 681 -99 .. 602 
2400 13 .. 886 96 .. 565 ~4e:.,"7 28.844 -133 .. 470 -98 .. L48 
~500 13cB89 97.' ?2 85cOH 30.2~J -1340.261 -96 .. 662 

21)00 13 8 B92 'H .. 671 8'5e:1i5 ';1 .. 622 -L35.052 -95 .. L41 
2700 13.895 , -if:!. 201 BiS.n) 33.011 -135.841 -93 .. 5Q2 
l600 13 .. S'?8 06 .. 707 Q6.42.! 34~401 -20E:.054 -91 .. 181 
2900 13 .. Q02 99 .. 194 S6 .. 853 j.5.1t;1 -Z06.591 -87.012 
30\l0 13.906 99.1!;,t:>6 tn.,]Z 37.181 -207.131 -82 .. 9 .. 1 

HOl) 1.3 .. 91) 100.122 B7 .. 619 38 .. 572 -207.672 -78.791 
noo 13~9n lOO.Sot4 88.075 39.9t;4 -208 .. 216 -7' .. 625 
HOO 13 .. 97" !.OO.992 88.460 "J .3'56 -20S .. 76] -70 .. 441 
3400 13.932: 10) .408 S8.bH 4.2.746 -209.313 -66 .. 242 
3500 13.9"" '.0' .. 6 ~ .2 P9 .. Z00 44.142 -209.864 -&2 .. 029 

HOO 13 .. 952 !02s205 89~ 555 45.5:7 -21O."tU -57 .. 792 
3700 13 .. 964 !.OZ .. "81 89 .. 903 "&.933 -210.971 -53 .. 547 
3800 13 .. 978 102 .. 960 'lO .. .i:::41 .r,.8 .. :DO -211 .. 5211 -49~287 

3900 D~9q3 !O3.3-2: Q00572 .. 9.721:' -212.086 -4':' .. 0:06 
.. 000 14 .. 010 ~ 0'3 .. 671' 90 .. 695 51 .. J 28 -212 .. 646 -40 .. 717 

4100 140 02Q 104 .. 0:::'4 9' olll 52 .. 530 -213.206 -36 .. 415 
42:00 14 .. 04G ! 0,,".362 q) .. 52,) 53.934 -213.7b7 -32 .. 096 
4300 14.071 104.693 91.[;23 55.340 -214.329 -27.76" 
ftltOO 14 .. 095 ~O5.016 c::l2&119 5b .. 7t.S -214.891 -Z3.413 
4500 14 .. 121 10S .. B4 92 .. 4U9 56 .. 15Q -215 .. 453 -19 .. 056 

4bllO loft.14Q lO~.b44 'n .. 6'il4 59.513 -216 .. 013 -14 .. 686 
4700 14.178 105 .. 9&9 92 .. 912 60 .. <)99 -216 .. 576 -10.')07 
4dOO 14.20<; t06~Z48 9J~';l;.b 6'~.408 -217 .. 1 :HI -5 .. 915 
1,,900 14 .. 242 106 .. 541 93 .. 544 63.P.31 -2)7.693 -1 .. 501 
5000 14$276 lOe .. f.l29 'D.H" 65.257 -Z18.257 2 .. 914 

5100 14. 3~ 2 101 .. 1! 2 94';'1.1)6- 06 .. 666 -218 .. 8160 1 .. 346 
5200 1. 4 a350 107.390 94.290 61:1.1) q -219 .. :315 11 .. 785 
5~OO \4e 36q '07.b64 (l4.54U 69.556 -219.'034 16 .. 232 
5400 14.429 107 .. 933 9.1,.156 70.9<H -220.491 20 .. 696 
55000 14.47) 108 .. 198 9'5.021 72 .. 442 -ZZl.fJ4S 2:S~16b 

5601l 14.513 1 06~ 460 <;!5 .. t:b5 73 .. 691 -221 ~605 29 .. 6';'6 
$7';0 140551 108.7 1 7 95.498 75.345 -222.161 34 .. 135 
5800 14 .. bO' !OB.97Q 95 .. 729 1b.BC3 -222.71a 38.642 
59UO 14 .. b4)' 109 .. 220 9'50'>1:'5 78.265 -223 .. 276 43.151 
5000 14.6 0 3 HI9~4e7 96. t 78 79.732 -223.B33 47 .. 673 

June. 30, 1963; June. 30. 1972; June 30. 1976 

ALCL2 -

Lot Kp 

85.003 

94 .. 483 
63.484 
50.813 

4Z.3lB 
36 .. 213 
31.607 
28 .. 00:; 
.25 .. 0507 

22 .. b15 
20~5b7 
18~823 
11~319 
1& .. 008 

l'h853 
13 .. 827 
12s91' 
12 .. 085 
11.338 

10 .. b58 
10.036 

9 .. <1,64 
8 .. 938 
8~450 

7 .. 997 
7~51b 

7~1l1 

6~ 51>2 
6.0"2 

5.555 
5 .. D97 
.(h665 
4.258 
3~813 

3~50B 
3 .. 163 
2.835 
2~SZl 
2 .. 225 

1 .. 94\ 
1 .. 6070 
1.411 
1.163 
0.926 

01 .. 6098 
O~479 
0 .. 269 
0.067 

-0 .. 127 

-D~315 
-Oe495 
-0 .. b69 
-0 .. 838 
-1 .. 1)00 

-1.151 
-1 .. 309 
-1 .. 456 
-1 .. 598 
-l~ 13b 

ALUMINUM DICHLORIDE UNINEGATIVE ION (A1C1 2-) (Ideal Gas) GFW :: ~7. a8al 

Point Group (C
2v

J 

5298.15 '" (58.29 .t 1] gihhs/mol 

uHt'O:: [-113.3.t 25] kcal1!!101 ALCL2-
6HfZ9S.15 :: [-115 .t is] }ceal/mol 

Heat of formation 

State 

1A 
3 1 

"1 'S, 
( OJ 

[ L3000] 

[ 30000) 

Zi 
1 

3 

Vibration"l Freguencies and Degeneracies 
1 
~ 
[1130](1) 

(160](1) 

(460)(l) 

Bond Distance: AI-Cl:: [2.Hl A 

Bond Angle: CI-Al-Cl = [105·] " ::: '2 

Product of the Moments of Incr-tia: IAIBIC £7.5B17 x lO-lllJ] g3 em
6 

We adopt lIHfi98 = -115'!:L5 kcal/mol hased on an esti:uated electron aff:i.nity of EA(AlC1
2

) '" 46.!:i3 lccal/mol O.O!l eV) and a 

chloride-ion affinity of IA(A1Cl) ;:: 116.!:25 kCdl/mol. JAMAf itU)o!iliary data <1) are used in converting from ont: quantity to 

another. If AIX;:: radic41s were ana.logous to X atoms c.l., .V, then EA(AICl f ) should be apPI'oximately equal to EACAlf'l) '" 

:i.2tO.~ eV <1). This analogy may not be justified, since the pertinent orbital!;; are quite ditferent. An electron added to 

AIX
2 

presumably occupies oil molecular orbital centered milinly on the metal opposite the two halogens. We assume that the 

orbital ene!'gy is characteristic of the metal Al and is perturbed relatively little by substitution of Cl for F. This implies 

that EA(AICl
1

) ~ UCAlF 2 ). 

The energy for the self-ionization process, :;:: AlF:;,: = AIF2T ... Alf
2
-, is 6Hro = (IP(Alf2 )-EA(Alf2)] = 5.9~1 eV (].). 

Assuming AIel, is similar, we estioate .f;A(A1C1
2

) "' 1.9 eY. The energy difference bet.ween the I'eactions AlF2 - = AIr + rand 

AlFi :: AU + f is llHf'O = (IA(Alf)-DO(Alf
2
)] = -29 kcal/tocIl (1). Assuming - EA(AIC1'l~ :: :;:.3 eV. 

We adopt the in'termediate _value EA(AlCl:i:) ::: Z.Otl eV but emphasize that all depend on AIF2 (j). 

Heat: C.5paci'ty and En'tropy 

Elec'tronic levels ~nd quantum weigh"ts a.t'e assumed equal to those of isoe~ect:r-onic 5iC1 2 • (.!). Vibf'a~ional frequencies are 

calcula.'ted from the estl.IDdted force constants f
r

:: 1.7~. f
rr

:: 0.07 and faIr :: O.1~6 mdyn/A. Frequenc~es and force constants 

are estimated from simultaneous consider-ation of AIC1
2 

' AIel:;:, AlC1
2 

- and the analogous boron species. We assume that 

frequency cha::ges are quali "tatively simi l<'!.r' in 'the two series AIC1~"'. Alel l , Ale] ~ - and NO~"') NO L , NO, - (1) which have the 

number of valence electr'ons. Furthermor'e:> we eXpect isoelec'tronic SiCl
2 

(!) to provide upper-lirni t freqUencies for AICl,

Thus, in going from AIC1~ to AIel:;,: -, we assume Ii ttle change in v l and v:t but a significant: decrease in '-'3' 

By analogy wi"th SF:;,: (!i, '?), we expect that the odd elec'tron in AICI Z occupies a molecular' orbital centered mainly on the 

metal opposite the two chlo:dnes. This orbital should be antibonding (~) in the sense that addition of an electron !nc!'eases 

the bond length but decreases the bond angle and stretching force constant:. We assume that the bond length is 0.05 A 

longer and the bond angle is ~5' sr.:talle .. than in Alel:;: (]J. The principal moments of inertia a.re 5.5592 x 10-
39

,311.255 K 

10- 39 and 39.814 x 10- 39 g 
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DICHLORIDE ALUMINUM 

( IDE A L GAS) GFW~116 

1Ob1lo1 ... 1---_ 
T,oK Cp' S" -(Go-HtI .. )rr 

G 0.000 0.000 t'liFINITE 
100 11 ~ 445 59.182 81 .. 678 , .. 14 .. (1)4 68e 1 96 75 .. ISSl 

". Ib .. 444 74 6400 74 .. 4()O 

300 Ib~471 14~450t 1£.400 

•• 0 17 .. ~9'2 19~401 :'5 .. v61 
,.0 18.271 8::! .. 412 76 .. :'43 

>00 18 .. &<;18 86 .. 1'S4 "7 .. 811) 
100 18 .. I:Jrq 8'9 .. 689 7'9 .. 304 
•• 0 19~L 73 '92 .. 236 SO.705 
900 19 .. 311 '<4 .. 503 82 .. 168 

lOaO 19.412 CJf,~ 543 83. S05 

1100 19.469 9P'~391 A4.77c. 
1200 19.'548 OO&OQS 650982 
1)1)0 19~594 O'! .. 6~2 87 .. 12'1 
HOLl 1.Q.631 03 .. E5 88 .. 220 
).500 Heb&2 04~411 S9.L;d 

1000 J CJ.687 lOSe 141 90 .. 249 
:;.100 1.9.7Q7 !06~q~S 'Ho19b 
loOO 19.125 lO8.062 n .. 1JZ 
1900 19.140 , Oq .. 12'9 n .. 911,) 

2000 lr,l.75? J 10 .. \4\ 93~ d04-

2:100 19_ 763 111~ 105 9(..605 
ZZO,J 1'1.173 , '.2 .. 025 >:;'io • .;'16 
2300 1'1 10 181 112 .. 904 96 .. 11Q 
2400 19.188 ! 13~ 14& ~6~ 8"o 
2500 ~ q~ 7C;'j '.110&554 97.5':9 

"'00\.1 1'9.80l 115.331 9a~ i 99 
Z7JO P~.I!OI', j 1.6~07S 9a .. d47 
.2t100 19.810 1l6;o 7'H' QQ.4TS 
2900 19 • .e! 5 " 7 .. 494 100.vb5 
3000 ~9.81a ' 18 .. 1 65 !OQ .. t>76 

3100 19 .. 8~2 l' B .. 8!5 ! OI.. • .2.5i 
HOC 19.825 119 .. 445 10' .. 8:0 
:BOO 19.827 120005'5 10Z~353 
34()O ~.9 .. 830 '.20 .. 647 ':.02 .. ~D:3 
::'500 }9.832 121 $222 101 .. 399 

3600 19 .. 9::5 , 2' .. 780 , 03 .. '102 
371)0 19. a~b 122 .. 324 101., .. 392 
.3800 !!:J~8?>8 122~9'S3 i04 4 e71 
3900 19.8'40 l23 .. 36B 10'5 .. H9 
%000 1<;1.842 123.870 lOS .. 196 

4100 1 '1.843 124~ 360 lO6~2") 
.,200 19.944 124 .. tB9 lOfhbl:!O 
43!.W ~9.a46 !Z5 .. 305 ' 07.1137 
1t400 19.8"'1 :25 5 762: 101.';lb 
<.500 19~ BloB !2t:.20B 101.9.36 

'tolO 19 .. 849 126 .. 644 108.351:1 
't70u 1 q~ eso ~27 .. 0n 108.732 
4f1rJO 19.651 '27 .. 48;;1 lO9 .. 119 
4900 ! 9~ 852 ' 2:7.698 lO9.49d 
::1000 l.9~852 !28~29q '.0<;.07'" 

5100 L 9~ 853 126~69Z 1'.0 .. 235 
52.JO 19_a54 129 .. 078 1'.0.5;4 
~300 lq~8~4 129 .. 456 1:!O.946 
5400 ).9.855 ~ 2c:1eS27 11 t .. .i:92 
5500 19.1356 130 .. 191 lU~t;,33 

56;)0 19.1356 UO~54q l:J e..,ol 
5701) 1 '9. S'51 1 30~90'1. '; 2cZ96 
5800 19~ S51 131 .. 246 11.2.02;) 
S100 !~ .. 856 13~ .'566 '1.'.£.<739 
00 .. 1 q~ 6513 ! ~ 1 .. 919 t ~ 3. 2!>l 

FLUORIDE 

8 8 5 9 

wllmol 
Jr-W_ lIHI" 

-}.161 -188 .. 1,20 
-2 .. 850 -!68 .. 65b 
-1.531 -188.856 

O.!)IJO -18'9 .. 000 

0 .. 030 -189.003 
1 .. 735 -!S9 .. JOQ 
3.5'34 -1.69 .. 200 

S .. ::Sf.!. -U9 .. N4 
1 .. 269 -189 .. 398 
9 .. 171 -189 .. 526 

11 .. 102 -189 .. 6Cfl 
!.Js038 -192 5 424 

14.963 -1.92 .. 581 
11).935 -192 .. TH 
1.6.892 -lqZ .. Sql 
2Q .. 8S.r. -1"3 .. 046-
,a.819 -193.202 

i4 .. 786 -193 .. 359 
26.756 -!. 93 .. 5l"l 
.L8 .. 727 -l'B .. 675 
30.10' -193.834 
32.6"75 -193.9 CH 

34.651 -l94 .. 161 
~o.62e -194.321 
35e600 -194 .. 494 
40.'584- -!.94 .. 664 
4': .. 56~ -194 .. 839 

.... 05413 -195 .. 015 

.. 6 ~ 5 23 -195 .. ].94 
43.,504 -264 0180. 
50.485 -264 ... 710 
52 .. 461 -264 .. 638 

54.449 -264 .. 569 
560.431 -264 .. 504 
5d~4!" -2~&443 

o()~ :91 -264 .. 386 
6.2 .. 380 -264 .. 333 

6 .... 36~ -Zb4 .. 2 IH 
o6~347 -26""~Z37 
6&., 331 -264.195 
70 .. ~14 -264 .. 157 
72.,2<;9 -264.124 

7lt .. 293 -264 .. 093 
70.261 -264 .. 066 
7&.2~? -264 .. 043 
80 .. 23b -264 .. 023 
i;Z.221 -264.008 

8;,..206 -263.994 
bb.J 91 -263.Q06 
88~ 11Eo -263.980 
90.1E:t -263.918 
~2.1"6 -263.980 

i4.131 -263.,9135 
96 .. 1\7 -263*9"14 
'111 .. 102 -264~OO9 

100.088 -264.021 
102.013 -264 .. 050 

I Q:".059 -264.016 
106~O4'" -264 .. 111 
lOc.O~O -264.149 
110eO~ b -264&194 
11,,~OO? -2b4 .. 24? 

AGf' 

-186 .. 420 
-187*860 
-186 .. 995 
-\86 .. 054 

-186.03b 
-185 .. 1)29 
-183 .. 999 

-162 .. 950 
-UH .. B84, 
-18D .. 804 
-t 79 .. 703 
-178.401 

-176 .. 991 
-115 0567 
-174 .. 1JO 
-172 .. 680 
-171 ~221 

-169.750 
-166 .. 168 
-166.719 
-105 .. 219 
-163 .. 713 

-162 .. 2:&0 
-160 .. 737 
-151',1 .. 203 
-157 .. 665 
-156 .. 123 

~154 .. 569 
-L53 .. 0n 
-150 .. 614 
-!46 .. 54Q 
-142 .. 467 

-138 .. 395 
-134" 325 
-130.251 
-126 .. 193 
-12.2 ~l31 

-1l8~O64 

-114 .. 005 
-109~947 
-105 .. 8B5 
-101 .. 829 

-91" 776 
-9; .. 718 
-89 .. 663 
-95 .. 602 
-81.552 

-11 ~496 
-73 .. 445 
-69 .. 392 
-65.330 
-61 .. 291 

-57.224 
-53.170 
-49,,118 
-45 .. 063-
-41 .. 009 

-3b .. 952 
-32 ~900 
-28 .. 838 
-24.784 
-20 .. 72.4 

Dee. 31. 1960; Sept. 30, 1964; June 30, 1976 

ALCL2F 

Log K. 
IPiFINITi: 
410 .. 5066-
20~ .. H8 
136 .. 381 

135.Sl1 
101 .. 095 
80~426 

66 .. b4Q 
56 .. 787 
49.393 
43 .. 6038 
38.989 

350 .. 105 
31 0975 
29 .. 2H 
26 .. 951 
24 .. 911,7 

2:1 .. 187 
Zl.6Jl 
ZO.250 
19.011 
17,,896 

lbeS67 
L5 .. 968 
15 .. 1Z8 
14e357 
13~b48 

12~993 
12 .. 385 
11.756 
J.l.044 
1..0,,319 

9,,757 
9 .. 114 
8.621 
a .. IlZ 
7 .. 626 

7~167 
6.134 
6 .. 323 
5.914 
5.564 

5 .. 212 
4e877 
4 .. 557 
4e252 
3.961 

3.082 
3~415 

3 .. 159 
2.914 
2 .. 679 

2.452 
leZ3S 
2.025 
lea24 
1 .. 630 

1.442 
1~ 26i 
1.()S7 
Oe91B 
0 .. 155-

ALUMINUM DICHLORIDE FLUORIDE: (AIC1;ZO (IDEAL GAS) GFW = 116.8859 

Point Group e
2v 

S;98.15 ::. (14.40 t 1) gibbs/mol 

Ground. S'ta'tc Quantum Weight;:; (l) 

lI.HfO ::: -188.4 11.5 kcal/rnol ALe L 2 F 
8Hf;98.1S ;:; -la9.0 j: 1. ~ kCdl/mol 

Heat of Formation 

Vibrational fryguencies and Degeneracies 
-1 1 
~ ~ 

(BliO] (1) 

('+30) (l) 

(160] (1) 

Bond Distances: AI-F = £.1. 63) 

[6/.10] 0) 

[190] (1) 

(220) (1) 

Al-Cl ::. [2.061 A 

Bond Angles: Cl-Al-f '" [120~] C1-AI-Cl = (120
5

] 

(1 '::; 2 

Produc't of the Moments of lOf!rti4: IAIBIC '" (3.SItOS if: 10-113 ] g3 cm6 

We adopt llHf;98 :; -lB9.0!:LS kcal/mol and .uHa~ :; 3111.4.t3 kcal/mol based on AHrisB :: O.S:!'.:1 kcal/mol for 2/3 A1Cl 3 (g) -+ 

113 AIr:1 (g) = AlC1
2
F(g). Krause and Douglas (1) obtained this r-esul t by an entrl'4inment method which measur'ed. enhanced 

volatility of AlF3 in the presence of Alel
J

. Corrections were made for all the possible dimers which can form in this system. 

The entrainment data establish that aluminum. fluoride-chloride exchange reactions ar<e ainost therll'lOneu'tral. 

OUr' adopted Il.Hf- is compared below with an approximate mass-spectroMetric Kp for r'edction of AIr 2 with AlC1 2 (,f). The 

discrepancy in AHf-(A1C1 2F) is -22 kcal/mol if we use ll.Hf- = -180 {AJ.F2 } and -71 (AlCl
2

) derived from the mass-spectrometric 

data (l. 1)· The discrepancy allllOst disappears if we use llHf" := -166 (AIF 2) and -67 (AIC1
2

) derived from average bond energies 

in A1F3 and AIC1 3 (~). This favors the latter values of uHf- for AlF2 and A1CL,1(:i), although the discrepancy mighi: ",rice from 

the. observed ion intensity of AIC1
2
r+. The signal from A1C12i~ was very weak at 140 eV <2.); this high ionizing energy might 

hias Kp and cause considera.ble fragmentation. We can eliminate Alf2 and AICl 2 by taking the difference between the IM.SS

spectrometric reactions for AIClf
2

(!:!.) and AIC1
2
f. This yields (AHf'"(AICH 2 )-.o.Hf-CAIC1 2 Fn :: -1l7 kcal/mol which agrees with 

-49.8 kcal/rnol from entrainment data <1>. Thus, we tentatively ascribe the discrepancy to JliF2(~) and A1C1 2 . 

~ Method 

<'J) Kr~u.se Entrainment 

e.g) farber Mass Spec. 

a Assuming !lHf298 :: -166 

b Assuming aHf
298 

:; -lBO 

Hea1: Capacity and Entropy 

Reaction 

2/3 AIC1
3

(g) + 1/3 AIFJ(g) :: A1C1
2
F(g) 

AIF
2

(g) + AIC1
2

{g:) = A.lf(g) .. AIC1
2

F(g) 

and -87 

and -71 

kcallmol. 

kcallmol. 

Range 6HrT 4Hri9S 6Hf~sa 
T/K -kcal/mol 

119&-1257 O.SH O.Stl -18S .0 

1491 -23.4 
or =~i~~ 

We adopt d C
2v 

structure with bond angles and bond distances assumed equal to those in AIf J and AlC1 3 (~). We assume a 

singlet electronic ground state and neglect excited st.stes. Vibretional frequencies /:ire estimated by comparison of Alr~ and 

AlC1
3 

with the series BF
3

, BClf
2

• BC1
2

F and Bel
3 

(.§., !). The principal moments of inertia are 18.3SSXIO-
39

, 37.47hr:IO
J 

and 

55.830KlO- 39 g ,cm2. 
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ALUMINUM MONOFLUORIDE (ALF) 

(IDEAL GAS) GFW=45.9799 

~---gib"" ... I---~ ------- kcallmol----~ 

T.OK 
o 

100 
200 ,.S 
)00 
400 
500 

bOO 
700 
800 
900 

1000 

1100 
1.200 
1300 
1400 
15oJO 

lbOO 
1700 
1800 
1900 
2000 

2100 
2:200 
2300 
24'.10 
2500 

2600 
2700 
28iJO 
2900 
3000 

3100 
32:00 
:3300 
3400 
3500 

3600 
3700 
3800 
HOD 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
S500 

5 ... 00 
5700 
StiDD 
5900 
6000 

Cp" 

.000 
6.9bO 
7.178 
7.632 

7 ~ b40 
H~031 

B.302 

8.485 
8.013 
d. T,J5 
B. 77~ 
8.828 

8.871 
8.906 
B ~ 936 
8.9(;'2 
8.985 

9.0J5 
9.024 
9.,)41 
9.0S7 
9.072 

~.086 

9.099 
qall3 
9.125 
9.137 

9.150 
9.161 
9.113 
~.185 

9.198 

9.210 
9.223 
9.236 
9.250 
9.265 

9.281 
<;I .29d 
9.)16 
9.335 
9.356 

9.379 
9.403 
9.429 
9 • .:.57 
9.486 

9.!:>18 
;).552 
9.51:19 
9.027 
9 .. 6608 

9.711 
9.756 
9.803 
9.8:') 
g .. 905 

9.959 
LO.Olb 
10.074 
10.134 
10.197 

SO -(Go-Fr._)/T 
eDOD 

43e560 
~a.447 

51.391 

51~444 

53.696 
55.522 

57 ~052 
58.311 
59.5Z7 
bO.5~6 

61.484 

62.321 
63.101 
63~8L 5 
64.47b 
65~097 

65.67.t1 
6b.224 
b6.7 .... 1 
61.230 
67.095 

61:1.138 
b8.561 
68.965 
b9~354 

6q~72b 

70.01)5 
70.430 
10.764 
71 .066 
7l.39S 

71.699 
71.992 
72.270 
72.552 
72.820 

13.082 
73.336 
7.3.564 
73.826 
14.063 

74.294 
74.521 
74.742 
74.959 
1,.17Z 

7S~ 381 
7S~ 50b 
15.768 
75~ 986 
16. J 81 

10.372 
70.501 
76.746 
16.931 
n.1l3 

77.292 
17.468 
77.643 
77.<;\16 
77.9tn 

P.FINI TE 
57.819 
5.l.Qdu 
51.397 

51.397 
51.702 
52:.289 

52.95~ 
53.640 
54.305 
54~943 
5!>.~52 

56.130 
56.679 
57.2Jl 
~7.697 
56.110 

58.621 
59.053 
59.460 
59.S6Z 
60.2"'2 

60.607 
00.959 
61.299 
61.626 
61.943 

62.249 
62.54& 
62.833 
63.112 
63.383 

63.647 
63.903 
64.152 
64.395 
64.632 

64.863 
65.0tl9 
65.309 
65.5.25 
6~.135 

65.941 
60.143 
66.340 
66.533 
60.123 

60.909 
67.091 
67.271 
b 7.440 
61.619 

07.789 
61.95() 
ot:l.12u 
6tl.Zeil 
08.440 

btl.59? 
68.751 
08.903 
69.052 
b9.20J 

W-W's-. 
2.125 

- 1.430 
.1'U 
.0.;0 

.014 

.199 
1.016 

2.450 
Ja311 
4 • .1.78 
5.05;; 
5.932 

6.817 
1.106 
1:I.59S 
9 ..... 93 

lO.390 

J.i.290 
12.191, 
13.095 
14.000 
1 ..... 'iI0Q 

15.IH4 
l6.7l3 
17.634 
ltl.546 
19.459 

20.373 
21.299 
22.205 
23.1.23. 
210-.043 

24.963 
2~.8d';o 

26.808 
27.132 
28.658 

29.585 
.30.514 
3'1..4""5 
j2.377 
.H.312 

34.248 
35.181 
36.129 
37.073 
3tJ.OlO 

38.971 
,$9.92.4 
... D.8eil 
41.8'02 
42.B.)7 

43.716 
... .:..149 
45.721 
40.710 
47.697 

48.691 
.. 9.689 
50.094 
:51.104 
52.72.1 

~H" 
- to3.47o 
- 603.234 
- 63.3,,, 
- 63.500 

- t.3.504 
- 603.7(jj 
- 63.920 

64.155 
- 64.411 
- 0".<)94 
- 65 ~02") 
- 01.916 

- bS~23b 
- 6a.~5S4. 

- 6 Hs81l 
- 69.189 
- 69 .. 506 

- 69.8d 
70.HD 

- 70.455 
- 70~771 

- 71.087 

- 71..1004 
- 11.720 
- 72.035 
- 72.351 
- 72.b67 

- 7c.<}b3 
- 7L29':il 
- 14].(.125 
- 143.019 
- 1 .. 3.,133 

- 143~ld7 

- 143.241 
- 143.2.94 
- 143.349 

14~.402 

- 143.455 
- 143~SOd 

- 143 .. 561 
- 1'03.613 

l43,.6bb 

- 14).118 
- 14).766 
- 143.81& 
- 143~8oS 

- 1"3~918 

- 14).965 
144.013 

- 1"'4.060 
- 144.105 
- 144.150 

- l44.19" 
- 144 • .:JtI 
- ,44.281 
- 14<,..323 

144.365 

144.4-06 
- 144.<046 
- 144.'+~7 

- 144.521 
- 144.507 

Dec. 31, 1960; Sept. )0, 1964; June 30, 1969; 
Dec. 31, 1975 

IIGr 
- 63.476 
- 6~.393 

- tl7.5"4 
- b9.~a3 

o9.6i2 
- 71.630 
- 73.558 

- 75.t>OO 
- 11.370 
- 79.203 
- tH}.<l91 
- 02.510 

- 04.020 
- 85 .... 41 
- dba835 
- 88a2.05 
- 1;9 .. 552 

- 911 .. 879 
92 .. h5 

- 'n~472 
- 94 .. 74:/. 
- 95.996 

- 91 .235 
- 9d .458 
- 99cQg3 

100 .. (\58 
- 102 .. 042 

- 10':' .. 2(;9 
- 10 ...... 367 
- 10 ...... 681 
- 103 .. 311 
- 10:;,. .. 939 

- lJO.5,:,5 
- 99.188 
- 97 .. 810 
- 90 ..... 33 
- 9~.05l 

- 93.607 
- 92.26;") 
- 90.900 
- 89.512 

88 .. 12(:) 

- S6.739 
- 65.346 

d.3 ~9 5 5 
- liZ. S61) 
- in.lbB 

- 79.172 
- 7S.J80 
- 7b.902 
- 15.579 
- 7 .... 18' 

72.183 
- 71.383 
- 69.961 
- 013.579 

07.179 

- 6j.1n 
- 04.369 
- 6~.90Z 

- 61.550 
- e:.u .. 150 

ALF 

LoRKp 
lMl.lIIlTE 

1 .. 2.910 
73.1:!,.HI 
:J1 .. 006 

50 .. 719 
3' •• 131 
).2.105 

17 .501 
24.156 
2.l .. b.H 
19 .. 669 
18.04-6 

10 .. b93 
15 .. 561 
11o-.59d 
13.169 
13 .048 

12.413 
l1 .. b51 
11.3'49 
1.hd9b 
10.10-90 

10.119 
9.('81 
9 ... 70 
..... lS4 
B .. 9lJ 

8 .. 076 
13.448 
8.171 
7.7tH> 
7 .. 426 

7 .. 090 
6.774 
0.<1;78 
6.199 
5.'H5 

5 .. 066 
5.451 
5.2.26 
S .. 016 
4.615 

4.6l4 
4.441 
4.267 
4.101 
3.<:;,,2 

).790 
3.645 
3. ~O) 
.) .311 
.).243 

3.119 
3.000 
Z.Bee 
2.176 
.2.669 

2.5b7 
2.468 
2.H2 
2.200 
".191 

(IDEAL GAS) GFW :: 1<5.9799 ALUMINUM MONOfLUORIDE (A1F) 

Symmetry Numbcr' = 1 

5 298 . 15 = 51.397 .t 0.01 gibbs/mol 

llHfO = -63.48 t 0.8 kcal/mol 

I1Hf2S9.15 -= _B3.5 :!: O.B kcal/mol 

State 

Xll.:~ 

awn 

Aln 

b 3 Z'" 

alr'" 

c 3z+ 
c1 r+ 

":i' crn-
1 

0.0 

27251l . 

4391<9.7 

41l80'<.5 

54282.5 

55023.4 

57755.9 

Hea't of formation 

"i 

Electronic Levelt> and Molecular Constants 

£~ ~ ae , cm-1 

1. 654lJ 

1. 61<76 

1. 61l8S 

1.6391 

1. 6151 

1.6028 

1. 6010 

0.5525 

0.5570 

0.5561l0 

O.5628C 

0.57958 

0.58661 

0.58992 

0.00li9S 

0.001<53 

0.00534 

0.00651 

0.00560 

0.001l57 

0.00458 

-1 
~e~ 

802.26 

827 .8 

803.91l 

786.31 

866,60 

933.66 

938.22 

-1 
~~~ 

4.77 

3.93 

5.99 

1.64 

7.1<5 

4.81 

'S .09 

We adopt lIHf 298 = ~63.5:!:O.B kcallmol dnd D~ = 159.31'1.5 kcalJmol based on equilibrium data analyzed below. Greatest 

weight is given to torsion effusion (l) and 1:ranspo:rt' (~) data for the AI-Alr] system. The adopted value is bra.ckcted by 

the :r'esults of othet' st'.J.dies '11 l, ~) and other reoactions Cl, !). EquilibriLan studies at 11 single temperature yield 

J.Ef 298 :: _62. 8 (~. Knudsen effusion, reaction A), -02.~ (lQ, capilla.ry effusion, reaction B) I and the approximate range 

-60.4 to -64.5 kcal/mol (11, microwave spectra, reaction A). Hildenbrand et a1. (l) found that orifice area affected the 

torsion-effusion pressures of Air from reaction A. rhey der'ived equilibrium pressures from a semiempirical corI'elat:ion 

of datd for the four cells listed. below. Mass-spectrome'tric studies (~) of the AI-AIr 3 system near 950 K indicated thdt 

the vapor consists of AIr with a small amount of Alt 3' The JANAF Tables (11) predict P(Alf) /F(AIF 3) := 80( 9QOK). 34 (lOaD K) 

and 3.5 (lilOO K). The adopted D; = 159.3:H.5 kcallmol is consistent with D~>156.7 keel/m.ol derived from the highest 

obser-ved level in AIr: <]1). The poter.tial eneI'gy curve of this excited state may have a maximum ,()d, l!:.). 

Source Method Reactiona 

(l)BlackburnCl965) Microba.l. A 
- eff. 

(1)l-lildenbrcmd(1963) Torsion eff. C 

Cell 7 
Cell 9 
Cell lSX 
Cell 16X 

P=1.30Pt 
P=l. 72Pt 
P~2 .07Pt 
P~3.13Pt 

(llWitt (l9~9) Torsion eff. 

(1)Blackburn(l965) Micr'obal. 
- eff. 
(~)Ono(l96Ij) DTA 

(S)Sc:menkovich(1960) Transpor't 

(.§,)Baimakov0957) weight: loss 

(1)1<0(1965) Transport 

(~)Hi1denbrand(l96S) Torsion eff. 

A 
A 
A 
A 

Range 

~ 
828-919 

882-931 
856-932 
866-931 
867-929 

No. of 

Points 

a 
a 
~d 

6S
b 

gibbs/mol 

2.5.t2.5 

-2.7.t2.1 
O. 4.t1. 5 
1.0:10.6 
O.5:!:1.14 

8JO-932 Linee 1.6 

948-1005 _8 .4!:4.9 

1250-1330 Eqn. -0.6 

1170-1373 5 -0.2:!0.2 

1287-1349 Bhll 

1199-1348 18 O.8~O.4 

897-926 2\ 1.4:!:l<. ? 

~;98/(kc;al/mol) 

2nd L.J.w 3rd Law 

58. 2!:2. 3 56.02!:0.5 

54.11:2.0 
5:1 .3!l.il 
57.8 !O. 5 
57. 2.t1. 3 

58.7 

1<6.1l1:4.7 

5S.8 

55.3.!0.3 

173 ~S 

33. 6!O ,I.j 

31.l!3.8 

56. 60!0. 2 
~6.9HO.2 

56.8S:!0.1 
56.79!:O.1 

51.4 

54.58:10.6 

56.52 

55.56-:'.:0.1 

56.7=4.3 

31.69:!O.Z 

29.80!0.3 

aReac'tion.;;: A) 1/3 AIF
3

(c) t 213 Al(c) = Alf(g); B) 1/3 A1F
3
(c) ... 2/3 A1C'£) : Alf(g)j 

C) 113 All
3

(g) + 2/3 Ai(l.) = AlF'{g)j .D) 112 BeFZ{gJ ... Al(c) 112 Bdd ... AlF(g) 

b oS :: uSrO(2nd Lalo:) _ nSro(3rd Law). c p :: equilib'!'ium pre.ssure and Pt :: tor.;;ion pressure. 

dOne point reject~d. eAppro'Ximatc values from graphical line. 

Heat capacity I,>nd £ntropy 

6Hf 298 
)(c.e.lJllIal 

-64.31!i 

-53. 73!0. 8 
-63.1J2!O. a 
-63.48:!0.B 
-63.54:10.8 

-63.0!1 

_64. B:!:l 

-62.44 :!:l 

-63 .IJ.Q!O. B 

-60.2!4 

-6Z.77:!:1 

-65 .33!1. 5 

D' o 

160.1 

159.5 
159.2 
159.3 
~59. 3 

158.7 

160.2 

158.2 

159.2 

156.0 

158.0 

161.1 

Elect:::oonic levels dod molecular consta.nts arE' based on the detailed analysis of electronic spectra published by Bar'row, 

Kopp and Malmberg (~). Constants for the ground. stilt€: are confirmed by microwave spectra (~, g, l2.). We omit elect.ronic 

states betwt:en 60000 and 68000 cm- l , inCLUding nine observed levels and one prcdicted level (ll>; these would ha.ve negligible 

effec'ts on the thermodynamic functions. 'rr,e <l.nalysis of Bdrr-ow et d1. C1:..§.) is supported by theore"tical calculations {lJP· 
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ACU,"INUM MONOFLUORIDE UNIPOS, ION (ALF+) 

(IDEAL GAS) GFW=45.9794 

T, OK 

o 
;'00 
200 
,98 

300 
400 
500 

600 
100 
8UO 
900 

1.)00 

1100 
121,)0 
:..300 
.. .:.Oll 
lSOO 

1600 
1700 
11300 
1900 
2J~O 

2100 
~ll.lO 
2300 
2400 
2500 

2000 
2100 
2S00 
2"1,),) 

3.)00 

3100 
32.00 
3300 
341)0 
3500 

::'b\,}V 
:HOO 
3600 
3900 
'toao 

1,.100 
4200 
4300 
4400 
450(1 

460Q 
"'700 
4800 
4900 
SOIlO 

5100 
5200 
5300 
51t00 
5500 

5600 
5700. 
5600 
5900 
&000 

CpO 

7 ~ 44e 

7 ~.c. 5t. 
7 ~ a"q 
s~ 1 33 

8 .. 347 
8~ 508 
S.64l.. 
8 e 773 
!le905 

9~ 046 
9.19b 
q~ 3'5\ 
9 .. 509 
9.6t4 

9 .. 812 
g e 9':J 

J 0.078 
10e 192 
1.0.('<:>2 

10.317 
lOe 4"e 
IOe 506 
lOe552 
10 .. 587 

10.61 ? 
lQ~ 629 
10.6.18 
lOeb4) 
10 .. 6'38 

lOeb3£' 
10 .. 621 
10.609 
lO~ 594 
lO~ 577 

1.0 .. 559 
10.541 
~.O.1Ij2) 

!.O~ 504 
10. 4~t> 

10 .. 469 
10 .. 451 
10 .. 4)'5 
10$ 420 
10.4(15 

10.367 
10 .. 356 
,1.0.341 

10.338 
10 .. 3:'1 
to .. 324 
JO .. 319 
10 .. 3~" 

10.310 
10.30B 
10.,306 
::0.,301. 
10 .. 304 

gibbs/mol---~ 

~.., -(G"'-Uo1S«)(f 

5".570 

!'2.6!6 
5t..81<; 
56 .. 591 

58.100 
Sq.399 
60.,l.4 
61.570 
62.50! 

63.356 
~4.1S0 

64.8.<:)2 
65.591 
':'6.252 

6C.8S1 
61.oI.fiO 
68.052 
68.600 
0<;" .. ' 26 

69.630 
10.Dl. 
70.580 
71.021: 
71.460 

7:1 .87~ 
72.276 
72.6t3 
73.036 
73.3<:)7 

73.746 
74 .. 083 
74.4'0 
74.77.6 
75.033 

15 .. 1?' 
75.620 
7SoQO! 
76.174 
16.440 

16.696 
76.9~O 
77 .. ,06 
77.416 
1 7 0n70 

77.898 
7s.ln 
78 .. 340 
78.554 
7A.1h3 

18~96a 
7Q.1.68 
79.365 
7ge5~a 

79~ 14 7 

19.933 
80~ 1] 6 
80.295 
80.471 
80.644 

57.570 

52.570 
52.be1 
53.4.:,.0 

~ 4.0-;5 
54.7e:.! 
55 • .;!:. 
56.0"~ 
56.c .. 3 

~1.'"15 
'57. '00 
'5S.2.B\l 
':>E .. 11t1 
59.2!:l4 

59.7!.1 
t: O~ 151 
60.514 
f.O.9tlZ 
61..:no 

f, ~ .751 
"2.126 
62 .. 4d4 
f. 2. ~ ~\J 
63.u,1 

t3.4'i1'+ 
63.61£ 
6f..i.21 
U •• ./,.22 
64 .. 7i S 

05.001 
t>~ • .£ao 
"'5 .. ~51 
65 .. B) 7 
66.01.::. 

b6$~2g 

l'>~. ~76 

66.8./. 7 
('1.054 
67.,a5 

':.70512 
61.7.:!?· 
6 1 0<}51 
""S.lo3 
68.372 

68.517 
6['1 .. 777 
68.914 
69.10d 
69.358 

t9.S .. 4 
t;g e 121 
t'il0'il01 
70.1.1b4 
7Q.251:1 

70.429 
-'O.59ti 
70.763 
70692~ 

11 .. 081 

~----kcal/mol---_ 

HO·~H"ftlll 

-<::e 106 

0.000 

!l.014 
0.779 
1 .. 578 

2e403 
3.246 
4.104 
4.975 
5.1358 

6.756 
7.668 
S.".;;S 
9 .. 5:8 

10.4<)7 

11.471 
l.Z.4!'>9 
U.4el 
14.474 
15.499 

16.532 
11.514 
IIJ.621 
19.674 
LO.73: 

21. 1n 
22.£151 
23.917 
2t..9ft 
Lt>.0l.5 

27.] oa 
l8.l71 
<::9.233 
30.:?93 
31.?51 

32.408 
;'3.463 
3~.516 

35.5fB 
~Q.617 

37.66') 
3/,i.Hi 
39 .. 755 
4a~ 7~a 

... 1 ~ a?9 

42.819 
43.<;;17 
44 .. 955 
':'5.9<;1 
47 .. 02t.l 

46.060 
49.0<)4 
50 .. 127 
51.159 
52 .. ! 90 

53.212 
54.252 
55.293 
56.3' or. 
~ 7 .. 344 

6.Hr' o.Gf" 

163e962 

16'5.400 

165.40'5 
165.683 
le5.94S 

166.1 '11 
166.420 
166.625 
1M.193 
164.3913 

164~5a7 

164.188 
\65.003 
165.?30 
165.411 

165.7?5 
165~9';;2 

166.272 
160.561 
'.?6e860 

167.166 
167.419 
167 ~ 796 
168.120 
168.4044 

168.770 
169.097 
iOO.015 
\OO .. t:04 
101.192 

101.777 
102 .. 362 
l02 e 944 
J()~.522 

104.099 

l04.b11 
105.241 
~05 .. B07 
106.371 
106.930 

107 .. 486 
108 .. 039 
108.589 
10'1.134 
109.675 

llO.214 
110.749 
111 .. 279 
111.S06 
lIZ .. 327 

112.845 
113.359 
J 13.868 
114.31Z 
1:'4 .. 810 

115~364 

115 .. 853 
116.336 
L16 .. S13 
ll. 7 .. 282 

151 ~4 79 

157 .. 430 
154 .. 730 
151 5 961 

1-49 .. 141 
146.280 
143 .. 389 
1"'0.474 
137 .. 726 

135 .. 049 
132 .. 354 
}29 .. b43 
126 ~916 
lZ4~170 

121.408 
118.630 
115 .. 837 
113 .021 
110.202 

1075359 
104 .. 504 
101.636 

qB.754 
95 .. 855 

92.945 
90 .. 022 
57 .. 918 
87 .. 475 
87 .. 013 

66.530 
66 .. 030 
85.511 
84 .. 912 
84 .. 419 

a3 .. 8S1 
83.263 
82.662 
82 .. 046 
SI .. 41~ 

aO .. 7b6 
80 .. 111 
79 .. 440 
76.15B 
78 .. 058 

77 .. 351 
76.627 
75 .. 896 
15 5 159 
74 .. 403 

73e639 
72 .. 865 
72 .. 0B2 
71 .. 289 
70 .. 483 

69 .. 675 
68 .. 853 
68 .. 02b 
67 .. 189 
6b .. 343 

Junl! 30, 1968; Dec. 31, 1975; June 30, 1976 

A L F + 

t..,.", 

-115.435 

-114 .. 687 
-84 .. 54.) 
-66.422 

-54 .. )24 
-45~6 71 
-39 .. 172 
-34.112 
-30 .. 100 

-26.83Z 
-24.105 
-21 .. 795 
-19~81Z 

-18.092 

-16.5a .. 
-15~251 
-14.065 
-13.001 
-12 .. 042 

-11.173 
-10.382 

-Cil .. 658 
-8 .. 993 
-6.380 

-7.813 
-7.287 
-6.862 
-6.592 
-6.339 

-6 .. 100 
-5.87b 
-5.6b3 
-5 .. 462 
-5.2.71 

-5.090 
-4 e nS 
-4 .. 75 .... 
-4 .. 599 
-4 .. 448 

-4.305 
-4 .. 1b9 
-4 .. 038 
-3 .. <;112 
-3 .. 791 

-3 .. 675 
-3.5b3 
-3.456 
-3 .. 3~2 
-3 .. 252 

-341.56 
-3.()b2 
-2.972 
-2 .. 8135 
-2.8Q1 

-2 .. 719 
-2 .. 640 
-2~5b3 

-2.489 
-2.417 

ALUMINUM MONOfLUORIDE UNT?QSITIVE TON (AlFi-) 

Ground State Configuf',n:ion [' L*] 

5;98.15 :: (52.57 ! 0.22) gibbs/mol 

We :: [925] cm- 1 . 

Be 10.557 J cln-'" 

Heat of formation. 

State 

(22:+] 

(2T]1 

[21:+] 

(2jJ] 

(IDi:AL GAS) 

(l.,eXe 

a 0 
e 

[ 50001 

[200001 

[ 33000J 

::: [5.5] cm- l 

(0.005] crn- 1 

:.! 
[2) 

[-4] 

III 

1,1 

Grw ::" l15. 9.,911 

iJHfC; :: lOll !: e kcal/mol 

..'!Hf?98 15 :: 165.4 t 6 kcal/mol 

a ::: 1 

re. " [lo60S] A 

We adopt l64:!:e kcal/mol based on "the ionization potential I?(Alr) 9.B6:!O.2b I:!V ("i27.5!6 kcallmol). Barrow, 

Kopp and Malmberg (1) used. the observed ddtd for er to predict that, to a good approxilTk,tion, IP(AIf) ~ To{Alf, 3d) "" 

lP(Al) 3d). This gave IP(AIF) :: 79335 cm- 1 (9.84 eV) which th~ author'S 0) rQunded to 80000 cm- l (9.9? eV). We adopt 

an intermediate value corresponding to oHiO::: 151.1 kcal/mol, This yields ;,; ::: 70!5 kecil/mo} for AIFf(g) - Al+(g) + f(g). 

lP(A1F) :: 9~86:!:0.25 eV is consistent with electron impact data which gave "the following values fof' the appearance 

pot:cntial of Alf from AH: B,9.!O.6 <.~), 9.01:1 (1), 9.2 (::) , 9.5!:0.5 (~), 9 to 10 (~). 9.71:0.3 (2), 9,7!O.5 (~), 9.9!O.3 

(~) and 10.l:tO.3 eV (~). 

!i~_at Capaci_~~..nd Entropy 0\-

We assume ""["he ground-st<.ltl:! configura.tion to be the same as observed fer' Bf (9) and the isoclectronic AID and 

AIr (-hQ). Theoretical calculatlons for' AlCl* (~J) pt'edi.ct the same ground sta.te; ~hey also suggest 

1S either- repulsive or has a shallow potential minimum at a much longer bond length. We assume !he state. in to be 

nonrepulsive and estimdte excited state lev4:ls equal to those in AIO nO). Comparison with AIel suggests tnat should be 

:in the Pdnge ~OOO-lSOOO cm- 1 • Our thermodynamic func"tions would be up;r-limit values if the 2n strlte were repUlsive. 

A L F ; 

Bonding in Gr-oup ITI monohalides and their ions was characterized by Berl<owitz and Dehmer (1.1) from photoelectron spectra 

dnd theoretical ca.lculdtions. They Conc1..uded thdt ioni.:'.dtion removes an electron from an antibonding orbital centered mainly 

on the me"tal. This shor"te-ns the: bond length .and enhances the ionic nature of "the bond.. "

for Bfi- (!'Z) and predicted by theoretical ca1cu1<1t:ions for A1C1-t (l.:!: • .!.Q). By analogy with 

in bond l.ength is 

dnd 31" C.~), we expect 

have vibrational and rotational constants similar to those of the Rydberg excited s!a"tes of AIr (1, .1Q). Our adop"ted const<lnts 

are approximate averages from the Ryd~erg states. ThE~ adopted bond length is 0.05 A sho!'ter than in ground st.dte A)f; d 

similar differ~nce is observed for Bf . 
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~ -c 
!" 
n 
:r ALUMINUM FLUORIDE o X IDE (0 AL F) • iii (IDEAL GAS) GFW'61,9793 

'" • :'" 
0 

J!lbl>rl""'----!!I. kcallmol 

!I T,"K Cpo S' -(G·-H· ... )rr U"'-w .. IIH" <loG!, 

:: 0 .000 cODa INFINiTE - 2~578 - UB .. 3~1 - 136.391 
100 7."'45 4~s 144 b5~4N - 1.874 - B8 .. 4B& - UEh892 

:- 200 9.563 5.l~552 !>7.b68 - 1.0.23 - U8~n7 - 139.1.91 

.:"I 
,.S It.un 5b~6<j3 56.t'93 .000 - 139.vOO - 13<'!.3~7 

;Z 300 11.212 56.7t>2 5bsb93 s021 - 139.0\110 - 139.300 

0 400 12.307 bJ~ 149 57~147 1.2';;1 - 139.1<1)3 - 139 .... 52 
JOO 13.0.2J. 02.977 58.038 2.40.9 - 139.29:; - 139.509 

~ 600 13.495 6S~ 396 59.068 3.191 - U9.1oc!1l - IH.541 - 700 13.817 6 7 ~ 502 60.126 ~.16J - 139.553 - lH.5S0 .., 
8GO 14.0",5 69.363 .01.166 b • .557 - 130;.70" - 139.5.,0 

""C '00 14.20'; 11.027 62.1n 7.910 - 139.902 - l.J9.5vB 
CD 1000 14.332 72.531 63.133 9.398 - 1402.6.b3 - 139 .. 209 

1100 llo.~25 734901 b'-~051 10.636 - 142.050 - .. 36.921 
1200 140.1098 75.160 &4.9£5 lZ~ia2 - 143.035 - 13d.5)0 
1300 H .. 555 7b.322 054151 13.735 - H3 .. ,110 - IHI..l74 
Hao 14 .. 601 77 • .l.tO) 66~551 lS~ 19) - H3~+v7 - LH.179 
1500. 14.63'; l'9~4tl b7.30d 10.655 - 1't-3.595 - D7.371 

1600 14.670 79 4 357 68.032 16.120 - 143.784- - 13c. .. (bO 
1700 14.696 80 .. 247 6S.725 19.588 - 143.915 - 13b.510 
ldOO h.71d 81.088 69.38a 21.0$9 - 144.168 - db.On 
1900 14 .. 7J1 81.884 70.oJ,S 2'::.512 - 144 .. 104 - 135.bl7 
2JOQ 14.153 82 ~ tM 1 10.b31 24.0Db - 1"4~5b2 - 135.151 

2100 14~ 700 8l~ 361 1l.2~b 2$.4(i2 - l~"'. 702 - 13,-,.671 
a 00 1.4.778 g"'~04d 71 ~ 794 2.b.96.Q - 1 .. 4.960 - 1;4 .. 1.,J3 
2'300 14.1!:t9 84~ 705 12. ;41 2d.oIt3r; - 145.172 - 133e\)90 
2'400 14~ 198 85.335 72.609 29.917 - 1 ... 5.3,,1 - 133Q 192 
2500 14~S06 8').939 73.380 H .. 398 - 145.5910 - L32.b8J 

2.0;,00 14.at4 80.52J 73.874 32.S79 - 1 .. 5.($10 - 132.10l. 
2700 14.820 57.)79 74.353 34.300 - 140.02:9 - Ul~63Z 

2800 14.d26 In~61.8 14.811 35. iJ~3 - lL5.600 - BO.lo5 
2900 14.1;)31 8dd38 75.2bd 37 .. 3<5 - H5.b24 - 127Q215 
3,)00 14.d36 ad~ 041 75.105 38"S'.hl 215.:'''10 - ll'l.lC)d 

HOO 14.640 8'101213 76.130 ",0.2"3 - 215.~!)9 - 2.21.1..:0 
3200 14.844 89. SQ9 7b.544 4l.117 - liS.53l 110 .. 014 
HOO 1"'.848 90.056 1~.94o 43 .. 241 - 21!;).5u/) - llS~Q£9 

3400 14>~ 9 51 '106499 77.339 10,. .. 7~b - 215."'a5 - Hl.QS7 
3')00 14.!!54 90~93Q 17.721 4b.ZH - 21~.4bO - 108 .. ':1<03 

3&00 1"48560 91.3 .. 8 18.093 It7.717 - 2l5.Io;'Q - 1')S~Q'il6 

HOG 24.1159 91.755 78.1057 .t,9 .. ?J3 - 225 0 010,37 - JJ2.8S5 
3900 llt.St.l 9Z~ 152 713 .. IHl 50.61;19 - .H5 .. 4ld - 99 .. 611 
3900 h • .sb3 92:~53e 79.1~9 52 .. 115 - 215.'>'<'0 - 9b.h9 
4JOe l/h86~ 92.91.."- 19.499 53.601 - 215.417 - 93.7.:8 

4100 14.S67 'H~2al 79.83:> ,5 .. 1.48 - 2H.4lb - 90 o t.IJS 
4200 14.869 9::J.639 60.155 5b .. 6)5 - 215.41.1 - EI1 ~ 0'0'" 
43ao 14.d71 93.989 80.473 j8.1.?.;! - 2J.!1 .. 4U - ~4.bJv 

't-400 14.812 91t.331 &0.784 59 .. b09 - 215.1t3C - 81.557 
4500 14.873 9~.bb5 8i.0dt) bl.Q~6 - 2).5 .. ", ... Z - 78~ 516 

4bOO 14.675 94~99Z 81.387 62.5oit - 215."'56 - 7501070 
H,JO llt. IHtI 9;~ 312 iH.oSO 0 .... 01'1 - 215.'1<15 - 72.';'';2 
4'800 i.4.817 '}~. b25 61.90.7 05 .. 559 - 2l5.497 - o~.3t3b 

"''1(10 !4.iHd 95.932 82.249 67.041 - 2l~. 511 - G>thl39 
5000 14.iH'1l 96~233 dZ.5lb 61:1.534 - 2l!).S!Jl - 03.297 

5100 14 4 880 9Q~j27 d2.198 10.0.22 - £15.5,,5- - b(Jsc::'l 
5200 I4.tlSl 96-~l:!lb 83.0t.4 11 .. 511 - 2).5.b22 - :H.2\.1o 
5300 Ilt.8S2 91dOQ 83.320 72 .. 9~9 - ,215~bb5 - 51t.1.57 
5400 H.ea3 97.)78 83.584 14 .. "'87 - 215.712 - 51 ~ ill 
5500 li ... S63 '.H .. cH d3.il3? 75 .. 975 - 115.704 - 48.064 

5600 14.1:184 97.919 SIt.Odb 77 .. O+b4 - 215.02.2 - 40,.012 
5700 14.885 9a~ 183 84.331 1t! .. 952 - 2l5.8b4 - 41.90..-
saoo 1'o.tHi5 9d."t42 84.573 aO.ft"l - 2l5.9~3 - 36.9OQ 
5900 14.6dO ~d~690 8ft.o10 ol .. '14!9 - Z.l.b.U28 - 3~01j~ 1 
&000 14.8tJ.7 98.94b 65.0lt" 83.4018 - 2lb~109 - ,,2 .du2 

Dec. 31, 1960; March 31, 1964. Dec.. :31. 1915 

ALFO 

Log Kp 
INFHdTE 
3Q3.!J">9 
1.52.10.)7 
loJ2.15Z 

1.11.524 
1b.193 
60.919 

50 .. G2.~ 
"03.5609 
3&.1.21 
33.dl1 
30.1031 

H.b(H 
'!:i.a.:. 
i3~U" 
1l.50~ 
ZO.iJl5 

18.700 
17.55,j 
16.5<'1 
15.599 
H.169 

1 .... 0lo 
1,;.3.31 
12.704 
!.2Q1l9 
1l.5~<:; 

!l.lO9 
L.;) .. b55 
lu.1bH 

9.587 
9.0<100 

o_.53~ 

l'J.vt:llt 
7.6to 
761~tI 

00803 

6.42'J 
beOlS 
5.740 
5 .... .2'" 
5.U:1 

"'o!:!.H 
4.5&1 
4.301,) 
It.OSl 
3.813 

3.SSb 
3.3t;>1:> 
3.159 
2.959 
2.767 

l.!:)H,;. 
2.40.1,-
2 • .23:; 
2.uoS 
.1.910 

1.751 
1 0 6.;J':i 
l."to~ 

103':d 
10195 

(IDEAL GAS) GFW :: 61. 9793 ALUMINUM FLUORIDE OXIDE (OAlf) 

Point Group (C-...J 

5 29B • IS '" (56.69 j: 1 or 1.1) gibbs/mol 

Ground State Quantum Weight:: [1J 

£.HfO :: -138,4 l' ~ or '1 kcd/Klol A l F 0 
")Hf2S8.15 :: .-139 t 4 Or 7 ked/mol 

Vibrat:ional Frequencies and Degeneracies Bond Distance: a-Ai:: (1.61) A AI-F :: (1.63J 
-1 -1 1 
~ ~ ~ Bond Angle: O-AI-F:: [lBO~) C1 ,. 1 

l575H1) J88 (2) 1022 (1) Rotational Constant: Bo:: rO.1811212) cm-1 

Heat of Form ..... tion 

We adopt 6Hf 298 '" -lJ9.t:q kcal/mol and 6Ha~ " 293. 2!q kcallmol. derived from effusion data for reaction A (1). This 

reaction is analyzed below a.long wi'th limi'ted equilibrium data for three oth~r reactions. The latter .eire in. satisfactory 

agreem(!nt with reaction A. Dissociation energies calculated from our adopted values (.§,) are 13.9 kcalfmol larger "than those 

of the corresponding diatomic molecules; i.e., DOUA1-D) :l: 133.5".1"4, D;;COAI-F) :: 173.2!q, or il.Hro '" 13.9.1"5 kcalhnol for 

the reaction OAIF(g) + AUg) ~ A1F(g) .. AlO(g). These values sUEgest that O::.AI-F has enhanced stability! cO'rlsistent with the 

observation of this reaction (~.> hy mass-spectrome"tric sampling of flames containing aluminum species. We assign ll.He the 

alternative uncertainty of t.7 kC41/mol in case OAIF is nonlinear. Farber and Srivastava (~) emph4sized that t..Hf" is much too 

negative to be compatible with the alternative arrangement Al-O-F. 

Source 

C.fJ farber (1963) 

(l.l)Srivast.ava( 1971) 

(~)rarber (1975) 

Method 

Re4ction effus. 

Mass spec~ 
Flame mass spec. 

Flame mass spec. 

Ra.nge 

Reactiond 
T/K 

22~28c 
151,10_1923-

2250 

2250 

No. of oSb 

Points gibbs/mol 

a -22.1"28 

8 -" 

6HI'29a/{kcal/mol) 

2nd laW" 3rd law. 

113.t25 

107.1.1:3.2 

91. O-!1. & 
d 

-10.2 

-11 . ., 

"Reactions: Ann AH'3 (g) .. 1/3 AI Z03 (a) = OAIF(g}; B) Alf(g) + A1 20(g} ,. OAlF(g) .. 2Al(g); 

C}AIF(g) .;. AIO(g) :l: OAlF(g> .. AHg); D) Alng) .. H
2
0(g) = OAIF{g)· .. H

2
{g). 

b 6S :: lISr"Onct law) - t,SreUrd law) 

c j converted to IPTS-68 assuming published values to be IPTS-4 B. 

uHf298 
kcal/mol 

-138.9t3 

-l~J. 6!:7 

-135.h6 

-133.0t6 

dAnalysis based on relative ion int:Ensities corrected OJ do::> follows: HO.Un",,66 at 1773 K and HAlf)=120 at 1923 K. 
Values of Kpwere not measured, 'thus precluding 3rd-law-analysis. 

Heat Capacity and Entropy 

Snelson <..~} observed in!rared spectra of OAlf, OSF, OBCl and QBRr isolated in inert gas matrices. He proposed line.ar 

s'tructures for OBCl and DBBr based on agreement of observed and C!alculated shifts in isotopic frequencies. Isotopic shifts for 

Oaf were consistent Iolith linearity but were less com::lusive. LacJdng isotopic data, Snl!lson (.§.l assumed OAlf to be linear. 

For- triatomics having 16 valence electrons (either BAB or SAC types), a linear ground state is predicted by Walsh's corre

lation (1) and related semiempirical. calculations (~). These correlations derive mainly from. cOII..,.lent 'tri.o.toll'lics in whieh the 

central atom. is c~rbon or some less electropositive E!lcm>!!!%lt. Ionic tri.o.tomics can be.have diffeI"entlYi e.g., ·t}-,c alkaline 

earth difluorides change from lineal' (BeF 2' ~) to bent configurations (CaF 2' SrF 2 and Bc\F 2' 2). OAlF is isoelect:ronic with 

,md intermediate between MgF2 and Si02 . Elec'tric deflection data indicated Si02 to be linear (!,Q). Data for M.gf:;! (.§.l are 

contradictory, indica.ting either a linear or Slightly bent ("..LSe·) structure. This comparison with SiOZ and MgF 2 favors 

linearity of OAIF but does not rule Oyt .!I slightly bent s'tructure. 

We 4dopt 'the lineal" structure O=AI-F with an O-Al disunce slightly shorter than in AID (~) and a.n Al-f distance equal 

to that in AlF3 (.§.). We assume the ground-state configuration to be lz:+ and. neglect excited states which should be relatively 

unimportant (.!!). Vibrational frequencies are those assigned by Snelson (.§) from a comparison of derived force coosl:ants for' 

CAlF and OB>: molecules. Values of \1 2 .and \lJ are from IR spectra in an argon matrix. Snelson (E.) IJsed a stretching· force 

constant transferl'ed from Alr
3 

in order t.o es1:imate \)1 :: 675 cm- l . Although a weak ·absorption was obserllec! at 6B7 em-I, this 

band was not assigned C!) to "'I becduse it was not COT,clusively C!ssociat:ed wi"th \)2 and ·"3' The moment of inertia is 15.295 x 

10-39 g cm'2. 

We estimate the uncertainty to be .... 1 gibbs/mol in the entropy and Gibbs-energy function of linear OA1T. If CAlF were 

nonlinea.r with an angle of 160. , S" would change by -+3.8 (298 K) and +2.1 (~OOO K) gibbs/mol, while. the Gibbs-energy function 

would change by -+2.9 gibbs/mol at 2000 K. 
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1. M. Farber and H. L. Petersen, Trans. FAraday Soc. 59. 836 (1963). 
2. R. D. Sriva.s'tava and M. fa.rber! J. Phys. Chem. 75)1760 (1971L 
3. M. farber, Space Sciences, Inc .• Monrovia, Cal iT. , p-ersonal commun., D(:c. 5, 1975, 
'-I. H. Tarber a.nd R. D. Scivastdva, submitted for publication in Combust. Flame. 

~: ~~N~~eI~~~~o~~~i~:;p:a~~~~: S, A~~{fi9;;)~1~~5 ill ~~oa~' (~~~~~~) 6_30_75; BeF 2( g), AU 3 (g) 

7. f. .. D. Walsh, J. Chern. Soc. 1953, 2265 (953). 
8, J. W. Rab41i.'!lis 1 J. M. MCDonald, V. Scherr .and S. P. McGlynn, Chern. Rev. 1l:. 73 (1971). 
9, V. calder. D. E. Mann, K. S. Sesha.dr-i, M. Allavena and D. White, J. Chern. Phys. ll. 2093 

10. M. KalJfman, J. Muenter and W. Klemperer, J. Chel'll. Phys. ~, 3365 (1967). 

6-30~70. 

(l959). 

AL F 0 

CD 
NI 
o 

n 
:z: ,. 
'" IT! 

IT! .... ,. 
!"'" 



ALUMINUM DIFLUORIDE (hF 2 ) At F 2 
( IDE A L GAS) G F W = 6 4, 9 7 8 3 

gibb:!l/moi---~ kc:al!mol------

T,"K cp' S" -(G'-If'_I(T w-w_ b .... 6Gr 
"'" Kp 

0 DeOM o~ooo l>tFINlTE -2.750 -lb5~546 -165 ~546 INFINITE 
100 S ~ 551 52 .. 661 '72.Q6J, -1.940 -165 .. 537 -166.5b9 364.036 
100 9 .. 514 5S .. 9132 64.081 -1 .. 021 -165 .. 760 -161.~33 183 .. 072 
19. lO .. 9bO 63.120 63.!.i.O O .. QOO -!66.000 -the .357 123 .. 409 

300 10 .. 979 63 .. 1.88 63d21 0 .. 020 -166 .. 005 -168 .. 312 122 .. 659 
'00 11.844 66 a 473 63.563 1 .. 104 -166.230 -169 .. 125 925406 
'00 12. .. 420 6Q.183 64 .. 420.- 2.:nq -166~453 -169.824 74 .. 2:30 

.00 12 .. 601 l't .. 463 t.S ..... l:' 3.b42 -lob- .. t-a! -110~"11 b2.09b 
7>0 13 .. 058 73 .. (.77 6b .... .:.6 4 .. 9}6 -166 .. QZ3 -171 .. 090 53 .. 417 
bOO 13 .. 7.39 15 .. 233 67."i.9 0 .. 251 -167 .. 191 -111 _669 't6 .. 898 
900 13.36C;: 7f .. 800 68.316- 7 .. 562 -lb1.ft.96 -172.,210 H .. 8UI 

1000 13 .. 46~ 18 .. 2l4 69 .. 290 6.924 -170 .. 374 -112.532 :3 7.107 

11,)0 ! '3 ~ 538 79.501 70 .. 11:>1 ';'Oe274 -170 .... 675 -172 .. 731, 34 .. 319 
1200 13~59~ RO .. 68! 70 .. ':iH9 11 .. b31 -110 .. '974 -172 .. 908 31.~91 
1300 13 .. b40 81.111 71.177 12 .. 992 -171 .. 27~ -173.056 29.093 
HOI> 13.076 fll .. 78.t, 72 .. ':126 llt .. 358 -171~'514 -113 .. la,:z 27 .. 035 
1500 13 .. 705 83 .. 126 13.243 15.727 -111.87'5 -113 .. 286 25 .. 240 

A ::'0" ! 3 .. 129 IF.~613 73 .. 92& 17 .. 099 -172 .. 177 -173.371 23 .. &$2 
1700 U.750 85~446 74 .. 5 ti\) 18.473 -172.430 -173 .. 436 22.297 
",soo ',,~ 161 8t. .. 2~:' 75 .. 2\10 19 .. 8109 -172. .. 184- -)13 .. "84 21 .. [)64 
! 900 13 .. 181 136 .. 918 15 .. b'}6 21 .. 226 -173 .. 090 -! 73 .. 514 19.959 
2000 13.194 81 .. b85 7{) .. 3tiZ .22.bOS -173.397 -173 .. 528 18.962 

2100 1.3.804 88.3S6 7t..937 23.985 -173~706 -113 .. 530 18.059 
2200 13~ a!4 89.000 71 .. -.70 25 .. 3b6 -lT4~017 -173.514 1 7~237 
2300 U.B2~ 69 .. 6' 5 77.~aj 26 .. 746 -174~32S -173.481 16.484 
2400 13 .. S3! 90~ 203 78.482 28.130 -174~643 -173 .438 15.19"" 
2S00 13 .. 838 90~ 766 7a~9b2 2<;,,514 -1746959 -113.384 15.157 

,."" 13 .. 845 91.311 7q~4Z7 .;'Ia~ &98 -1755277 -173 .. 313 1 .... 568 
2700 13 .. !l5J <H.833 79.~Tl 32 .. 2E3 -175 .. 596 -173 .. 232 14>e022 
2800 13 .. 8'>A 92.337 ftO .. 3!3 33.668 -245 .. 327 -112.3D9 13.4.9 
2900 13 .. 86'5 92~ 824 SO. 73'0 35.054 -2It5e:388 -U9.699 12.789 
3QQO ~ 3 .. STl 9;'.294 8'\ .. 1"1 ~6,,4-41 -245 .. 4'51 -lb7 .. 090 12.112 

3100 13 .. 879 9:3.7 .. 9 8 1 .• 54:!1 3L829 -2455514 -16--4 .. 416 11.59& 
3.200 !3 .. to8 7 94 .. 190 81 .. 934 39.217 -245 .. 5090 -161 ~ SbO U~055 
3300 13 .. 896 94 .. 617 82 .. ~lZ 40~OO6 -245 .. 647 -159.24) 10.54& 
3400 • 3 .. ~O<j 95 .. 032 S2 .. 6S0 41.9'>6 -245 .. no -156.625 10.068 
3500 13.915 95.435 83.u39 "'3~3a1 -245 .. 786 -154.002 9 .. b16 

3600 t3~926 95.527 S3db-} "4c 1'79 -245 .. 657 -151 .. 376 9 ... 190 
3700 13 .. 937 Q6 .. 20Q 81~?3Q "'t)$113 -l-45 .. 92:Q -\46 .. 15"3 5 .. 150 
3800 13 .. 950 96.581 84.003 tt7.567 -246 .. 004- -146.124 8.404 
3900 ~. 3 .. 91':13 96~943 Rt...3tl9 4S~963 -246 .. 079 -143.495 8 .. 041 
4000 l311978 91.297 84 .. 707 50~3bO -246 .. 15b -140.8605 7.b96 

'>11)0 13 .. 99"3 91.b42 95.018 5l .. 7SB -Z4O~235 -138 .. 234 7 .. 369 
4-200 14 .. 010 97.980 85 .. 323 53.15B -246 .. 314 -US .. 597 7.056 
40300 14.027 98.310 85 .. 021 S4~56C -2"""6.394 -132 .. 959 6 .. 758 
44()O 14 .. 045 98.632 S5 .. c;..i3 55.Qb4 -246.476- -130 .. 318 6 .. 413 
4500 1".065 98.948 86 ... 200 57.;'1'::9 -246.5.60 -127 .. 680 6.2.01 

!- 4600 14 .. 0SS q9~258 86.481) 58~ 777 -Z% .. t.43 -125 .. 036 5 .. 941 

'" 4700 14 .. 106 99.56J 86_755 60 .. 1S6 -246 0 731 -122 .. 396 5~691 ,.. 
.:,.aoo 14 .. 1.26 99$959 81' .. 025 O.i ~ 5<;8 -2 4 6.U8 -119 m 747 5 .. 452 '< 

!i' 4900 14.'.51 100~ 140::: 81 .. 2'1(1 {)3.QU -Z.c.(h901 -1.11 .. 09'" 5 .. 223 
5000 14.175 100$436- 91.550 645 4 28 -24b.999 -114 .. 447 5 .. 002 n ,.. 
5100 14.199 100.711 87 .. 805 65 .. 847 -241 .. 092 -111 .. 797 4 .. 791 II> 5200 14.224 100.993 as.056 67.268 -247 .. 198 -109ml41 I,.m587 

~ ~BOO '""' .. "250 'Ol~n4 85.30) bfJ .. b92 -247 .. 296 -106 .. 465 ~.391 ,.. 54UO 14 .. 276 101.530 Sa.545 1a~U 8 -247.381 -103 .. 829 4 .. 202 

~ 
5.500 14.302 101.797 88.784 71.547 -241.491 -10] ml72 It,,O:W 

Cl 5600 14 .. 32Q lO2m050 eQ .. 019 12.918 -241 .. 59Q -98 .. ~06 3 .. $;44 

J 
5700 14 .. 351 102 .. 304 89~249 74.413 -247 .. 7013 -95 .. 845- 3 .. 675 
5800 14.385 102.554 89~477 75 .. 850 -241.622 -93.178 3 .. 511 
5900 14 c 413 102.800 89.100 H .. 2GO -247 .. 940 -90.513 3.353 

< M~OO 14.441 103~l)lo3 89~ 9 2.i. 711.13Z -248.063 -87 .. 843 3 .. .200 

!!- Dec, 31, 1960; Se.pt. 30. 1964, June 30, 1972; June :30, 1976 

~ 

if 
~ 

-0 .... eo 

ALUMINUM DIFLUORIDE (AIF 2) (IDEAL GAS) GfW ::: 64.9783 

Point Group fC 2v J 

8'298.15;: [53.12 ? 0.5J gibbS!ClOl 

Electronic Levels and Quantum Weights 

~~E_~ ':.i' cm-
i 

£1 
2Al [OJ 2 

2Bl [20000] 

28
2 

[25000J 

Bond Distance: AI-I";: (l 65J A 

Bond Angle: f-Al-f:= (120") 

6HfO :;: -165.5 ! 10 kcal/mol 

l!.Hf2.9B.lS -: -166 10 kcallmol 

Vibrat~onal frequencies and Degeneracies 
1 
~ 
[730](U 

(290)(1) 

[880J(1) 

Product of the Momer:ts of Inertia: I",I8IC:: [3.3688 x 10-
115

] g3 cm
S 

Hea"t 0.1' formd"tion 

ALF Z 

We terlta"tively adopt t..Hf
298 

::: -166.t.lO kcal/mol which corresponds t:o an dverage bond energy. llHd O/2 := 140 kca,l/mol, similar 

to that in A1f
3
(g) (1,.). llHf" is a. compromise ben .. een discr-epan"t results (-180 and -151 keal/mol) f'roIn two ma.ss-spectrome"tric 

equilibria a.nalyzed below. In our opinion there h3 rossible cause to suspect Kp for eit.her reac'tion. The large -entropy 

discre pancy .C6S) for reaction B s.uggests ,\temperature-dependent bias in the mass-spectrometric Kp (~). If both AIF2 and AIr3 
were deternuned from the intensity of A1F2 CIt different ionizing energies, then we expect ll.Hf O (.§.) to De a positive limit. 

Redction A was studied twice by molecular- flow effusion of AJf
3
(g) over "the system AIU)-A1 20 3{c). 'The edrlier study (3~'~) 

yield.s t.Hf2s8 '" -188 or -179 kcal/tnol, depending on the ionizing energy. Unfortunately, the ionizing energy in the first case 

is Cimbiguous. We conclude that ~Hfo is quite dependent on ionizing energy. In addition Kp and llHf o may .. be affe;ted by bi~s 
in the ionizing energy scale or related problems. These aN! discussed in more deta.il on tables for Al: 2 • A1CI 2 and A1C1 2 (.!). 

We believe that ll,Hfo (~,.:~) may be a negative limit:. 
The later study (2) of reaction A yields AHf o ::: -180 kcal/mol. Internal evidence (~) gives us no reason 'to susgect this 

v-alue. The possibility of nega"tive bias is suggested. howe.ver, by inference from average bond energies (see A1C1 2 •. J..:.' and by 

using b.HfO :: -180 to derive lIHf() of other species in ['elated mass-spectrometric s"tudies. Effects of alternative values of 

6HfO(AIF2) are discussed on the tables for Alf
2
-, Alf

1J
-. AlfZO. AICIF, A1Clf 2 , and A1C1 2 f (~). Only for AIClF 2 and AlC1 2 "F do 

we have I'eIia.ble, independent values of l!.Hf". These a.re consistent with LHifC>(AlF 2 ) ::. -166 instead of -ISO. Althougb an 

alternative explanation is conceivable (see AICIF 2 , !). we choos~ lIHfO (Alf 2 ' :: -166 kcal/mol. 

lonizing No. of Range 6S
b hHr'hsf (kcal/mol) l:.Hl7"']ga !\Ha 'O/2 

Source Reactiona Energy 1 eV Points ~ gibbs/mol 2nd Law 3rd Law - - -kc,""lImol- -

(l) Uy (19.72) A AP+(2 or 3) 1 t~ 5 3 - 1 (, 7 5 il.O:!.l. 7 31.022.6 24.S±0.9 -180. ~ 147.0 

(2'2.) farber (1971) A AP+ ..... 2 1588 25.8 -179.2 146.5 

(2-.,.=t.) Farber (1971) 20(or A?+3) 1408-1633 3.6:!O.6 22 .S:!:O.9 17.0:!:0.8 -lS8.0 150.9 

(~) Ehlet't (1951<:) 1243-1301 -76:'!:lO -lJhl3 SO • 2~ 3.7 <-151.2 >132.4 

aReactions: A) 2A1F<g) :: AHg) -I- AIr 2(g); B) Alf
3
(g) + AlF(g} ::: 2AIF 2{g)· boS tlSrO(2nd lawl_llSrC (3rd law). 

Heat Capacity and Entropy 
The electronic ground state is that pr-edicted for sr

2 
by theoretical calcula.'tions (6); it" is consistent with serni

empirical calculations (2) fo'!' Br
2

, Alr
2

, BC1
2 

dnd Ale1
2

. We esdmdt~ excited s"ta't"es Of-BF 2 a't ~~30000 (
2B

I) and '1.-40000 (25 2 ) 

by assuming that approximate theoretical calculations (6) have I'l. bias similar- to cUldlogous calcul<ttions (~) of N02 (~). 
Dissociative electron-dttactunent datd <lQ.) yield '\,4300a-cm- l for Bf

2
{2 B2 ), confirming "the estimation method. We use 8f2 (2 81 , 

to estimate a crude correlation-energy correction for A1f
2

(2Bl ) (2). Dissoci"tive electron-attachment data <g) for A1F 2 (202 ) 

are approximate; "they yield "'20000210000 (ll.Hf o ~ -156) ot' '\,2S000~lQ()OO cm-
1 

(t>Hfo ::: -150). 
Vibrational frequencies are calculated from the estimated force constants fro :: 4.25 and f(),/t.

2 
::: 0.25 I1ldyn/A. Frequencies 

and force ccnst:ants a.re estimated from simultaneous considera.tion of Alf2;", Alf2 , AIr 2 - (..!) <md 'the analogous boron species. 

We aS5UIt.e "that frequency changes are qualitatively similar to those of t-IO/. N0 2 and NO Z-' In going ft'Onl A1F/ "to A1F 2 , 

we expect a large decrease in \)3' an increa.se in v
2 

and some increase in v l · 8y <lnalogy wi"th Sf 2 <..t), the odd electron in 

Alf2 should occupy an antibanding orbital which increases t:he bond length but decreases the bond angle and stre"tchi.ng force 

constant. We as~urn.e a bona length 0.05 A longer than in Alf
2

+ (l) and a bond angle equal "to t:hat in 812 (§). The principal 

moments of inertia are 1.783 x 10- 39 , 12.B82 x 10-
39 

i!nd 14.665 x 10-
39 

gem:? 

References 
-;. JA.."lAF Thermochemical Tables: AlClA,(g), Alfj4-(g), Alf,-(g), Alflj.-(g). Alf20(g), AIClfCg), A1Clf 2 (g), A1C1 2F(g) 6-30-76; 

2. ~~F~~) u;:-;~-;:; s~t~~~~~v:- !~~7~: F!~~~r:2~i~~6~~m~:gsci:3~~6~27 (1972). 

3. M. Farber and S. Po Harris, E'igh1:e.m-p. Sci. 3,231 (971).-
M. FaI'ber, R. D. Srivastava and O. M. Uy, Space Sciences, Inc., Rept. No. AFRPL-TR-70-97, Contract: F04611-69-C-0094. 

July, 1970. 5. T. C. Ehlert and J. L. Margrave, J. Amer. Chern. Soc. 86, 3901 (l964); T. C. Chlet't, personal commun .• Aug. 13, 1964. 
6. C. Thomson and D. A. Brotchie, Theoret. Chim. Acta 32-;-101 (973); HoI. Phys. 28, 301 (1974). 
7. J. W. Hastie and J. L. Margrave, J. Phys. Chern. 73,ll05 (lS69). -
8. R. A. Gangi and L. Burnelle, J. Che.m., Phys. 55,843 (971); 49, 561 (1968). 
9. G. D. Gillispie, A. U. Khan, A. C. Wahl, R. !':- Hosteny and M:-Krauss, J. Chern.. Phys. 63, 342~ (1975). 

10. P. W. Hdrland and J. L. Franklin, J. Chern. ?hys. 61, 1621 (1974). -n. r. P~tty, ,T. L. Wang. R. P. Steiger, P. W. Bar-lane;;- J. L. franklin and. J. L. Margra.ve. High Tei:rlp. Sci. :i., 25 (973). A L. F 2 

&.. 

~ 
:I> 
'TIl 

.... 
:::c 
m 
::a 
:t o 
n :::c 
m 
:t 
~ ..... 
;! 
all ..... 
m 
~ 

..g ....., 
CO 

"" C 
""CII 
""CII ..... 
m 
:t 
m 
:z .... 

CO ..., .... 



!.., 
~ 
n ,.. 
CD 

? 
'" ~ 
C 
a p 
< 
It 
.:'i 
z 
!" 
,1.1 

00 
'I .. 

ALUMINUM DIFLUORIDE UNIPOSITIVE ION (ALF 2 +) 

(IDEAL GAS) GFW~64,9778 

~---g:ibbs!mol---_ kc::il/mol----_ 

T,"K 

o 
100 
200 2., 
!lOO 
400 
SUO 

,00 
700 
800 
900 

1000 

1100 
1200 
1300 
1400 
1500 

It:lOO 
1700 
1800 
1900 
2UOU 

2100 
<'zot} 
2300 
, .. 00 
2500 

2600 
2700 
2800 
ZgOO 
3000 

3100 
3200 
~JOO 

3"toJ{j 
3500 

3600 
.3100 
?900 
3900 
.. ouo 

4100 
4200 
4300 
4400 
.. 500 

4bOO 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
SSUO 

SouL) 
HOD 
5t!OU 
5'.i1iJO 
~ooo 

CpO 

Us 778 

1167';18 
~ 2 s 68 8 
1 3~ 2 B6 

13a688 
13~ 964 
14~HO 
14 .. 302 
14.407 

14.488 
!4.551 
t4 .. bO! 
14.641 
1 4 .674 

14.701 
!4.123 
14 a 742 
14.7Si! 
1.4.772 

4.194 
4 .. 7~5 
4.804 
4.812 
4.819 

14.8:?S 
14. fl'3' 

836 

14.84'5 

4.846 
4 .. 852 
4.855 
4.858 
4~ 860 

14.863 
\4.865 
14.8t-7 
14 .. 669 
14.610 

14~ 87( 
14.8B 
\4~ El15 
14.876 
}4.877 

14 .. Bre 
14.880 
14. aP-l 
1('.681 
t"' .. se? 

14.883 
~.4 .. ~B4 
J4.881 
14.8fl5 
1-4.886 

• 4.8>37 
14.61'17 
14.8BS 
14~8P"l 

14& 889 

S" -(GO-w~IUJ)rr W-WJ9&I 6.Hf' 

57 ~ 167 

57.240 
60.16 4 
63.664 

66.124 
e.8.256 
70.134 
71 .. 8! 0 
73. ~23 

74 .. 100 
75.961, 
71 .. 130 
7a e 214 
H.225 

80& 11; 
8J .06'5 
IH ~907 
82.705 
83 .... 62 

84.183 
"' .... 87J 
e5~ 529 
E6.15'l 
At-sUI, 

81.345 
b7 .90~ 
68.444 
88.905 
8':j .. 4c8 

89.955 
90 .. 427 
90.864 
n.3?? 
91.758 

92.176 
~2.'HI4 
92.980 
93R36t 
.;n.743 

94 .. 110 
9<'.468 
9<'.8l8 
'15.160 
~S~49S 

95.822 
96.! 42 
96.45!: 
96.162 
97.063 

97.357 
97.61.6 
n.930 
98.208 
98.481 

98.1<.C. 
99.0! "3 
99.212 
99.S't 
"99 .. 777 

'57.161 

57.167 
57.1;141 
58.5&4 

59.62-'1 
60. r)9 
6' .172. 
bl.Bo 
63.174 

ht- ... .35 
67.,38 
66.004 

68.7';5 
':>9.43:> 
70.104 
70.741 
7!.36 1• 

7 ~ .95 7 
72.529 
73.080 
n~6l2 
74.; 26 

74.1!l.::3 
70;.105 
75.571 
71;;.024 
76.'-64 

7/:.692 
17.307 
77.7i.2 
79.106 
78. 4 90 

7S.B64 
'<;.22'1 
7q.~~6 

79 .. 9:'4 
1)0 .. £75 

~O~f.08 

.'IQ.'t.h 
8 1 .253 
6' .. 505 
31.671 

52. I TO 
82.4~4 

82.752 
93.035 
83 .. 313 

83 .. !>-!j5 
e 3 ~ 8 5 3 
84.11 6 
84.374 
A4~628 

,,4.!:I7d 
8Scl24 
85.)05 
85.603 
85.837 

-2.,,604 

0.000 

0 .. 022 
1 .. 249 
2 .. 550 

3 .. 900 
5.283 
b .. 6S0 
8 .. 11.3 
9.54"9 

lOG994 
12 ~44f, 
13~q(l" 

15 .. 366 
H,~83? 

18G300 
19~ 772 
21.245 
22.720 
2"~ 197 

25.67 10 

21.153 
28 .. bJ3 
30 G J ~ 4 
31 .. 59tc 

B.07e 
34 .. 561 
36 .. 041. 
31 .. t;2d 
39 .. 012 

40 .. ('<;7 

4<0 ~953 
46.439 

.. 7 ~925 
4 9 ~ "tIL 
50 .. S9f;! 
5 2: ~ 3: a 5 
!:>3~ 871 

55~ 359 
56~ 846 
5d .. 333 
59~ 821 
,,1.309· 

6Z .. 796 
64 .. 281. 
0) .. 712 
o7o2E:O 
08.749 

70~237 

Boo72S 
73.2'''-
7'06102 
760191 

77.679 
T9 .. 16~ 
dO .. 657 
al .. 1<'6 
63 .. 6:.";4 

20,,919 

22eOOO 

22.006 
22.3b1 
U.72:!. 

23~017 
23.420 
23 .. 741 
24 .. 023 
21.ne 

22 .. 029 
22.321 
22 .. 615 
22~90f1 

23 .. 201 

23 G 491 
2:L783 
24 .. 073 
24.302 
24~6'50 

24.934 
2~ .. 218 
25 .. 502 
25 .. 7B3 
26 ~062 

U,.336 
21:, .. 6]4 

-42.'522 
-4) .. 9S8 
-41 .. 457 

-40~927 

-40 .. 3QQ 
-39.813 
-]9 .. 349 
-36 .. 827 

-38.308 
-37~791 

-37 ~276 
-36 .. 763 
-36.255 

-35 .. 141 
-3'5&242 
-34~ 140 
-j.4~241 

-33e 746 

-H~25J 

-32~ 7b5 
-32 .. 219 
-3i ~ 797 
-:H .. 320 

-30e 84 7 
-30~379 
-29~915 
-29 .. 451 
-29 .. 005 

-28~ 559 
-28 .. 11 7 
-27 .. 66.2 
-21 .. 254 
-26 .. 835 

June 3D, 1968; June 30, 1972; June 30, 1976 

IlGf' 

19.931 

19 .. 918 
11, .. 170 
18.)30 

17 .. 4j S 
16 0 448 
15 .. 4.29 
14.373 
13.470 

12 .. 629 
11.161 
10 .. 870 
9.956 
9.021 

8 .. 065 
"eG93 
6.102 
S .. 096 
4.075 

3.037 
1.9a7 
0~9Z8 

-0.14-6 
-1 .. 235 

-2 .. 332 
-:? .. 440 
-3.72:8 
-2.351 
-0 .. 995 

0 .. 34'5 
1.670 
2.976 
4~265 
5.542 

6.80S 
6.049 
9.282 

10.500 
11.704 

12.894 
14,,017 
15 .. 241 
16.1,.06 
17.547 

16 ~6a3 
19,,803 
20,,918 
22.027 
23 .. 117 

24.199 
25~ 216 
2b,,342 
27" 397 
28 ..... 44 

29.489 
30 .. 519 
31 ~ 546 
32 .. 562 
33.511 

A LF 2 + 

Log Kp 

-14.610 

-14 .. 510 
-10.4H 
-8 .. 012 

-6 .. 345 
-5 .. 135 
-4 .. 2L5 
-3 .. 490 
-2.94't 

-2.509 
-2 .. 142 
-1.827 
-1.554 
-L.314 

-1.102 
-0.9L2. 
-0.141 
-0.566 
-0.445 

-0.316 
-0.197 
-0.088 

0.013 
0.108 

0.196 
0.278 
O.29! 
0.177 
0.072 

-0.024 
-0.114 
-0.197 
-0 .. 214 
-0.346· 

-0 .. 413 
-0.475 
-0.534 
-0.588 
-0.03'! 

-0 .. 081 
-0 .. 733 
-De 775 
-0.815 
-0.852 

-0.688 
-0 .. 921 
-0 .. 952 
-0 .. 982 
-1~01 0 

-1.037 
-1.062 
-1.086 
-1 .. 109 
-1~130 

-1.151 
-1.110 
-1.189 
-1.20b 
-1e22.3 

ALUMINUM DIflUORIDE UNIPOS!nVE ION (Alr2~) (IDEAL GAS) crw:: 64.9778 

Point Group t D""h} 

S298.1& = (57.17 .!: 1) gibbs/mol 

Ground State Quantum Weigh"t = II] 

Heat of formation 

Vibrational fr-equencies dnd ~enerac1es 

w, em 1 

[570J CU 

[2'10J en 
[lOOOJ (l) 

Bond Distance; Al-f':: (1.60] A a'= " 

Bond Angle: f-A1-r = (180·) 

Rotationa.l Constant: Bo:- [0.17330] cm-
l 

lIHf; ::: 20.9 ~. 15 kcal/mol 

8Hf29S.1S = 22 .!: 15 kCul/mol 

+ ALF2 

We adopt lllU
29B 

= 22.:15 kcal/mol and an ionization potential IP(AlF
L

) = 8.1:10.9 eV. Electron-impact studie~ (.1, 1) gave 

15. 2.!.0_ 3 eV for the appe<",H'ance potential CAP) of Alr'2"'" from AI?' 3' The analogous process for onset of Bf:;:: + from aF 3 has been 

studied by both photoionization (1) dnd €l.:-:,tron impac"t (~). Co;nparison indicate: that 3F 2+ from electron impact (.t:) carried 

dn ex.cess energy (E:"') of ~~O.li to "'0.9 eV. We estimate the excess energy for al; 1.O!.0.5 eV. Thus, we take AP-r:'" = Mire 

l4.2!.0.b eV (3:n.S.!.14 kcal/mol) lor' the reaction AlF
3

(g) + e-Cg) ::: Alf2+{g) -I- r ... :te-{g). With JANAr auxiliary ddt a (.?) 

this yields u.HfO(AU
i

+) '" "hiS, lI.Hf~S8 '" 22:15 and IP(AH2 ) ::: 187!20 kca1/mo1 (6.1:~.9 eV). 

El~ctron-impdc"t studies of Alf2 g.;tve approximate appearance pctentitil~ AP(A1F 2 J = 9.!:1 (~), IO!1 <..§) and 11~1 eV (1)· We 

dismiss "the last value (1) due 'to possible bias analogous to "that of A1C1 2 (g) (~.>. ElectrOn impact on Alr" should yi.eld a 

vertical AP corresponding 1"0 d. nonlinear (excited) configuration of AIr:;::+-. Th~oretic/3] calculations for the linear "l. E1 state 

of BF2 (..!!> sugges't dn exci't:ation energy of .... 1.1 /2V at a bond angle of 120". Extended Hucke} calculations for Ai?;: (3!) suggest 

"'1.4 eV at l30~. Thus, ...... e combine r" :: }.2:0.5 eV with the ob".erved AP values <1,§) to get IP(AlfL) :: 7.B·tl.2 and 

B.B.!.1.2 eV. These are consistent with "the adopted value. 
The eKt~mdli.'d Huckel calcula:tion (1) gave IP(AlF

2
) 7.8 f.!'J at d bond an;le of 130·, This result should dpproximate the 

vertical IF which we expect <1t '-"'9.3 eV, 

Heat CaDaci ty and Entropy 
We assume the electr·onic groun.d sta.te to be 11:+ and neglect ~xcited states, "We expect th~ ground stdt:e to be linear by 

<l.ndlogy with other triatomic species having sixteen va.lence electr-ons <1.Q). Although conflicting data (?) suggest tha.t 

isoelec"tronic Mgf? is either linear or slightly nonlinear, recen! Raman data (.:h.P favor d linear strtlctur-e, We estimdte "the 

bond dista.nce to be sligh"tly shorter than tha't in AlF3 and 0.0; A shorter than that estimated for Alf2 (~). We transfer the 

str'etchinz force constant: from Alr
3 

and the r.;i"tio fr/fo "" '1..-13 A- 2 from Mgf 2 • This ratio is a coro:proITIise between very diff!rent 

value.s of '"'2 observed for MgF2. in the gas <.~) and r:ldtr'ix. (1]) phase;. ThUS, we ccJ.lculate vibra.tiondl frequencies for AI!'2 

from the force constdnts f = 11.9, f = 0.2 and f IrL '" 0.14 mdyn/A, The resulting values have been rounded downward. The 

moment of inertia is l6.lSr x 10-39 ~r . c: 
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ALUMINUM DIFLUORIDE UNINEG. ! 0 N (ALF 2 -) 

( IDE A L GAS) GFW=64.9789 

____ gibbs/mol ____ 
i«:aJ/mol--

T. "K Cpo S" -(Go-Wu.)(f HQ-W'2IIe 'Hr "Gf" 

0 -2~ 1t::6 -21'5~081 
100 
200 
29, 11.! ~ 6 t2.125 n~:25 0.000 -217~OOO -217.513 

~OO 11.130 62 ~ 194 62~~LO 0 .. 02 1 -211 ... 0l3 -Z\l.,'H() 
'00 !2.01)Q 65.525 62.574 1.1 SO -217~720 -217.656 
500 '1.2.552 68.267 63.446 2.411) -218 .. 425 -217.560 

600 12.906 70~ Sf'9 e4.44~ 3.6f1~ -219 • .!.39 -217.321 
700 13.146 n.5Qg 65.472 4~9B6 -2195867 -216.95q 
000 13.310 74 .. 365 66 .... 7r;, Q.311 -22.0s624 -216~493 
900 13.428 75.940 1',7.441 7.648 -221.422 -215.929 

,000 13.514 77.'3'59 68.363 d.996 -224 .. 769 -215.092 

IlOO 13.580 78.650 6>;.241 10.3'51 -225 .. 582 -214.0d4 
1200 13.63! 79.834 70.07") 1.!..71 ! -226 .. 374 -213 .. 003 
1300 13.671 aO.'ilZ7 70~d68 : 3.076 -227.167 -211.856 
HOD 13~ 703 dl.941 71~623 14 e 445 -227 .. 961 -210.649 
1500 13.7ZQ 82 .. 688 72. '~43 15 ~ S 1 7 -22.8 .. T'!.6 -ZOQ.38S 

l ~OO 13.7'50 63 e774 i).J30 17.!9} -229.552 -208~067 

i.NO 1 3c 76~ 64 .. 608 7·3.681 1 B .. 567 -230 .. 350 -206 .. b99 
1800 13.7b3 8~ .. 30;6 74.:>10 19.944 -231 el50 -205 .. Z8o. 
~ ~OO ~ 3 .. 796 Me ~ }4) 7 .... 919 Zle323 -231 .. 95] -203.827 
iiJuv 13.Bt.l7 86.849 1!:~498 22c 703 -232 c 1S.,. -202.326 

no.) 13.811 Slc5:?3 76.054 24 .. 085 -233 .. 557 -200 .. 186 
1.:200 13.925 813 .. 1bf, 76.S90 25.467 -234 .. 364 -199_207 
.1300 1..3eB2I2 98* 78 1 71.1-.)7 26.650 -235 .. 171 -197 .. 588 
2400 , :'I c S""9 [I'9 .. ~70 17.61)e 2.8 .. ;n-: -2),5 .. 982 -11,5.936 
2500 13.644 d ~ ~ 93!: 7e.I.1:;18 29~ 6J 7 -23b e 195 -194.255 

26000 1358'50 90~478 "7!3s:''::!4 .:!l"eOO2 -231 .. 608 -1'H.535 
noD 13.854 ':;,J ~OOJ 79 s u05 32.c3e7 -238&424 -190~787 
.. BOO 13.659 9~. 505 79.41,.3 :U.773 -308 .. 651 -168.178 
2:900 134 863 91 .. 991 1q~ 867 ~5 .. 15q -309~209 -18:' .. 865 
3000 !?eS68 q2~461 eO.279 3 b ~ 5 4 5 -309 .. 770 -179.535 

3100 13.872 92.916 80~b 79 31~932 -310 .. 330 -175.L83 
3200 ' 3.81b 93~356 81.uo9 3ge 320 -310 .. 893 -!o70.S14 
~300 13~ Bftl 93 .. 7A3 ~, " ... 48 40 .. 108 -:311 .. 45d -166~426 
3400 13.8Sb 94c 1 '>8 B' .017 42.0<>6 -312 .. 026 -162.021 
3500 13.6<;? ,,4*600 '32 .. 176 43 .. .1.65 -312 .. 595 -151 .. 605 

3600 13.tl98 94&9'12 S2.S27 ':"4~814 -313~165 -153 .. 165 
HJ\) 13.905 9S~ .,,73 82.069 46.265 -313 .. 137 -}4B .. 115 
3liOO 13*912 95~ 144 8 3~ 2u 3 41e6':o"j. -314 ... !1.3 -14S, .. 2.41 
3900 13.920 9b~ ~ 0';: 83 .. 52-} '"'<;~ 04 7 -311"0 .. seQ -1)<; .. 764 
4000 13.929 qc~4S:;8 S3~648 ,o~43q -315 .. 467 -13'5 .. 267 

(.100 13e940 ge ~802 84 •• 60 51 ~6 33 -316 .. 041 -130.158 
42.00 13 4 951 97 .. 138 84.465 53 .. 277 -316 .. 629 -1U .. 229 
4300 13.90 <;7 .. 466 B/o _763 ~4 .. 623 -317e212 -121.66e 
..... 00 lJ~976 Cl7.187 85.v5.5 56~O20 -311 .. 796 -117 .. 133 

~ 
4500 D.99J 98e le2 SSe 342 5 7 ~ 418 -318 .. 385 -112 .. 567 

.... 1,.~t)O !4.0Q7 98.41)9 R5.t23 SS .. I3!€ -3l.BD<;73 -107 .. 966 
:r 4700 ! 4~ 023 ge .. 111 85.896 00 .. 220 -319 .. 565 -103 e 398 
-< .. 800 !4.042 99.006 d6_16tl 61 .. 623 -320~158 -gBe 790 
!" 10900 14.061 qq~29t [16.433 b 3~Q2 6 -31.0 .. 753 -9"'"~161 

n 5000 144 Ol:i2 99~ '580 86~6'13 64~t..~'5 -32.1.350 -SIC) .539 
:r .. ~ .. OO 14.104 99.6'59 !U.,.g ... t;l 05 5 844 -321 D950 -84~ 900 
3 5200 11..127 ';)O.!33 87 .... ~9 07. 2 ~6 -322.552 -80.243 

5300 14.1 S'. 00 ~ 403 87.""1;> oS~ 610 -323 ~ 151 -75 .. 578 
:01 ~400 -!4.177 00 .. 667 e7.cdb 1(l .. Od6 -323 ~ 765 -70.903 

~ 55UO l~e 204 00.928 87.921 7: .. 505 -324e375 -66~216 

~ 
~bu(J 14.231 o 1 ~ 1 84 Sf! .. lSl 72,.927 -324~989 -61 e 513 
57UO 14. UO O~ .4~ b 88.:'92 74~ 3 52 -~25.eO'5 -56 .. 804 

III SduO 14.290 01 .. 61::14 8a~t 19 75~ 779 -326.226 -52.08Z . 59-,)0 1.4.321 Ol~ 929 8a.ij4Z 77.21.0 -326~8<;O -47~352 

< 6000 14.351 02.:'70 8<;.\le.3 18.6"-3 -"327.478 -42 .. 609 

!!- June 30, 1968; June. ]0, 1972.; Juce 30, 1976 

.:"'I 
Z 
~ 

~ -00 .... 
CO 

A L F 2 -

log Kp 

159.485 

1'5B.5\)4 
li8.92': 

95 e 095 

79.159 
t:>7.738 
59.143 
52.435 
it 7~OO8 

42~535 
38 G 79) 
35.61b 
32~8e4 
3-0.50t 

2e~42!. 
26.573 
24~925 
23.445 
22.109 

,0 .. 896 
19.709 
18~ 775 
17 G 843 
16.982 

Hula ... 
15.~43 
14 .. 686 
13.856 
13 .. 079 

12.350 
11.666 
11. .. 0;:;2 
10.415 

g eS41 

ge298 
8.7BIo 
6.2<jb 
7.832 
7~ 391 

be970 
6 .. 568 
6e185 
5 .. 818 
5 .. 467 

5~131 
,",edOS 
4e498 
4c200 
3.'HCt 

3 .. 1)313 
3.373 
3 ... 117 
2 .. 870 
2~631 

2 .. 401 
25178 
1&962 
1.154 
l~ 552 

ALUMINUM DIFLUORlDE UNINEGATIV£ ION (AlF
t
-) 

Point Group (C"v] 

S;SS.lb ::: [62.13 .!. 0.9j gibbs/mol 

(ID£AL GAS) 

Electronic Levels and Qua.ntumWei&..I!.J_§ 

State ~i~~ Ei --r;- [ OJ 
3 1 

[ ,,5000) "1 
IB1 (44000 l 

Vibratio:;al Frequencies and. Degeneracies 
-1 
~ 

[730] (l; 
[LaO](l) 

(780)(l~ 

Bond Distance: A1-r '" [1.70J A 

Bond Angle: r-AI-F:: [105-] 

GfW 611 .9789 

AHfo -as. I.!. La kca1/mol A L F 2 
Mlf;9B .15 :; -H7 :!: LD kcal/mol 

a ::: 2 

Pt'Oduct of the Moments of Inertia: IAI3IC'" ['-".S990 x 10-115 ] g3 cm6 

Beat of Formation 

We adopt uHfi98 ::: -ilh20 kcal/mol which corresponds to an e1e.ctron affinity of E/dAl::::) :: SO~8 kca.l/mol (".{.(:!;O.4 eV) and a 

fluoride-ion affinity of IA{AIF) '" n!:"o kc,'l.l/mol. .:IHf" is based on Kp dati::t for the reaction AIF£(g) + r-(g) ::: ?(g) + 

Alf 2 - (g) reported by Srivastavd. et a1. (1). The authors meal;iurcd Kp with a rnolec'Ular--flow-effusion method using il mass 

spectrometer operating in both positive- and negat:ive-ion mode.s. They give three points (1705-1900 K) obtained from study of 

the vapor species over' the systE!m Alf
3

(c)-KF(c}-A1(t). Our analysis gives !nSr·(ind law)-l.l.Sr~(3r'd law)) = -O.2!:4.B gibbs/mol 

and <.\Hr'~~_ ::: i:8.I.l:!:B.BOnd law) or 28.S.tl{3rd law; kcal/mo1. Reducing the third-law uHr· to absolute zero and combining with 

kcal/mol <..~), we derive EA(Alf
2

) ::; 49.7-!:B kcallmol. The uncertainity of .!.8 kcal/mo1 is our estimate of a 

reasonable bound for error in oBI'''. 

Depending on the valUe used for tiHfe{AIF ... ), the above reaction yields 6Hf~9a(Alf2-) = -:i:31 (1, 1), -Ll7 (1;) or -202 

(~, .£) kt:a.l/mol. In contrast:, we derive tlHf;98tA1Ti-) :: -lB1.!.l>5 kCul/mol, independent of L\Hfe(Alf), from lIHr; it: AP - E'" 

l:i'7 kca1 (2) for the reaction Alf
3

(g) + e-{g} ::; Alf"i-(g} + reg}. Depending on IlHf"(Alf
2
J, this yie.1ds EA(Alf'l) :: 0.!'l5 (1 • . V. 

14:t25 <..V or 29.ti5 (~, 1) kcal/mol. Pe'tty et al. (~) measured the appearance pot:ential CAP) and excess "translational energy 

of AIF<:- in the dissociative electron-attachment reaction. E*, the excess vibra"tional-translational energy of the products at 

threshold, was estirna'ted (~~ fran the measured translational energy via an approximate empirical correlation. We estimate !:£~ 

kcal/mol as an approxirr.ate bound for error in E" <.§). The resulting D.Hfe{Alf
J
-) :t -181.';:<:5 kcal/m:ol is inconsistent with the 

two most likely values (-231 and -:un derived from All,,' Bias might exist in either experiment (.§., 1.). It is conceivable 

"that AIF
Z 

- is formed (§) in an excited electronic sta.te. Thus far, electronic excitation hilS been observed '2) in only one 

negative molecular ion, AsF4 -. If it occurs for AlFi -, then nHf- ::: -181!25 N?fers to an e'Xcited electronic state. The 

electronic energy of this sta.te 1oIould bE!' . .,.,l"/GOO"!;9000 or ...... 13000!.sOOO em-I, bas-ed 0(\ the two moM: l.ikely values of !l.Hf 5 (Alf Z-)· 

Such values are not unreasonable, so we cannot rule out electronic excitB.'tion Ci). We conclude that additional data are needed 

to confirm ilBfO(AlF;:-}. 

Heat Capacit:y and Entropy 

Electronic levels and quantum weigh"ts are assumed equal to those of isoe].ectronic SiY2 (1, .§)i however, see the a.bove 

cOlll.1U~nt on excited
4
1evels. Vibrational f!'equencies aN! calculated from the estimated force constant1> fr '" 1.7, frr ::; 0.: and 

fcr./r '" 0.29 mdyn/A. Frequenc~e~ an.d force constants are est~1:I.a'ted fr-om sl.lDultaneous cons1.cerat1.on of AIr/. ' A! ..... 2. AIFJ. and 

the ana!ogous boro~ specl.es. We aSSUl:l~ that frequency cnanges are qualitatl.vely sHnl.Lar 1.n the two seI"':l..es AIFi ' .l\lF£j Alf i -

and NOt. ' N0
2

, N0:l. (~) which have the same number of valence electrons. Furthermope, we expect isoelectronic SiLL (~) to 

provide uppe::'-limit frequenc.ies for Alr
2
-. ThUS, in going from Alf2 to A1F£-, we assume li-rtle change in VI and \)2 but a 

significant decrease in \lJ' 

By a.nalogy wit:h of::: (.§.. ~), we expect 'tha"t the odd electron in AIF2 occupies a molecular orbital centered mainly on the 

metal opposite the 'two fluot'ines. This orbital should be anti bonding (.§.) in the sense that addition of an electron ~r.cI'eases 

"the bond length but decr-eases the bond angle and stretching force constant. We I:!.ssume that the bond length is O. OS A longer 

and the bond angle_~; ISO ~malleI' than in Alr" (l). The principlil moments of inertia ere I,., = 2.8058>:10-
39

, IS'" 11.476x10-
39 

and IC :: 14. 28:!xlO g cm 
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ALUMINUM DIFLUORIDE OXIDE (ALF 2 0) 
(IDEAL GAS) GFW=80,9777 

&ibbi/mol----, kallmol 

T, "K Cpo S· -(Go)-H°z:t8)!T Ir'-H"u. ';HI" 

0 0 .. 000 0 .. 000 I~qNln: -3.424 -264.182 
100 10 .. 102 56 .. 24~ al~(;h,l4 -Z .. 572. -264.419 
200 13 .. 157 64 .285 71.251 -1.3<;5 -2(:04.791. 
2.8 15 .. 150 69.931 69 .. 931 0 .. 000 -265.000 

~oo 15 .. 182 70 .. 025 690-131 0.028 -Z65.0(t) 
.. 00 16 .. 576 14 .. 597 70 .. 51t:; 1 .. 621 -l65.135 
500 17 .. 493 78.402 no 7 .. 7 3.327 -265.232 

bOO 18.098 81 .. 648 13 .. 1B ~ .. l 09 -265 .. 319 
100 18 .. 509 8 4 .. 411 7it .. 55b b.941 -265.412 
BOO IS .. 7q~ Bf: .. Q62 75 .. 954- 8.807 -265.528 
900 19 .. 004- 89 .. 189 11 .. 31)3 lO.M'l -265 .. 683 

1000 19.158 91 ~ 199 78D594 12.606 -268.406 

IHiO 19 .. 276 93 .. 031 79 .. 824 L4.528 -268.554 
1200 !9.368 94 .. 712 80.9'1b 16.4~O -268.702 
1300 19 .. 441 96~2t:6 82 .. 111 18 .. 401 -268 .. 851 
1400 19D~3 97 .. 70"1 83&l74 20 .. 3-48 -269.002 
1500 !9.555 99 .. 056 84.189 .22.301 -26'7.154 

l600 19D601 100 .. 320 85.158 24 .. 259 -269 .. 309 
1700 19. b4l- ~.Ol .. 509 86.055 .t6.221 -269.465 
1800 19 .. 684 102 .. 633 86.'H3 28 .. le7 -269.623 
oIo'1Qa 19 .. 723 103.698 87&826 .:10 .. 158 -2'69.783 
2000 19 .. 761 104.111 8S.b4!) 3.2 .. 132 -269.945 

2100 19.800 J 05~676 89 • .c.33 34.11 0 -210~ 108 
2200 19 .. 839 ' 00.598 90 .. )93 30 .. 092 -270.214 
BOO 19&879 107.481 90 .. <n5 36.078 -210.439 
HOC '9.9!q 10e .. 328 91 .. 633 ~O.O68 -270 .. 607 
2500 19.961 109 .. 142 92.317 42.062 -210.177 

2600 20.00? 109.9;:>5 92 .. 979 44.060 -;?70.<;:47 
2700 20 .. 044 110 .. 681 9;.02.1. 46 .. 062 -271 .. 118 
2t100 ,0 .. 086 III ~4! 1 9'<&243 46 .. 069 -340.699 
2900 20 .. 129 112 ~ 11. 6 94 .. 648 50.079 -340~609 

:3000 20 .. 111 1! 2 .. 799 QS.43S 52.0..,. .... -340 .. 521 

3100 20.2B 113 .. 462 96.006 54.114 -.340.431 
32.00 20 .. 255 114.104 96.501 36 .. 137 -3~O~342 

3300 20.297 114.728 tn~1()2 58 ~ ~ eo '3 -340.254 
:;''''00 20.331 115 .. 334 97.t:30 60 .. 196 -340.161 
3500 ZO .. 317 115~q25 "la .. 144 62~232 -340 .. 079 

3600 20.411 116 .. 499 9!h c4b 04 .. ;1:12 -:B9.991 
3100 20.455 111.059 99~ 136 66.315 -33q.9Q5 
3800 2() .. 4Q Z 111~605 99.615 68 .. 36) -33q.819 
3900 20 .. 529 118 .. 13R 100 .. 083 70.41t.. -339.733 
fttJOO 20 .. 564 118.bSS :!'OO6~4 ... 72.4t:.9 -339.648 

4100 20 .. 599 119.166 100.969 74 .. 521 -339 .. 564 
... ZOO 20.632 1l'1.663 J.O· .. 4?d 76.588 -339.480 
't300 20 .. 664 120sl,4CJ' 101..857 78 .. 653 -Hq.3qij 
44UO' 20.bQ5 120~62'" 102.279 80 .. 121 -339.317 
45.,)0 2D.1(4 ' 21.090 102 .. 69]. .tiZ.792 -33Q.238 

106\)0 20 .. 75? 121 ~5"'5 lO3 .. V96 &4.86t- -339.158 
r.700 ZO .. 780 12~ ... Q02 103D"t9~ 8b .. 942 -HQ.oa .... 
Io-SOO 20 .. 806 122 .. 430 lO3 .. IHilt 89 .. 022 -339 .. 009 
10900 20 .. 831 122 .. 859 lQ4 p 267 'H.1O) -338.937 
5DOO 20.854 ]23 .. 2£10 104 .. 6 .. 3 93 •. 188 -338.868 

SIOa ZOo a11 1.2:.'J~6<;3 10'5.012 95.274 -338.B02 
5.200 20. aqa 124~09q 10'5 .. 375 97 .. 363 -336.719 
5300 20.919 !. 24~497 105. 13~ 99.4'54 -338.080 
5400 20 .. 938 12"'.888 :O~h!.l83 hH.541 -33110.624 
55UO 20 .. Q56 lZ5 s zn 106.42.9 103.641 -338 .. 573 

5600 20 .. 973 125~ 651 106.769 105.738 -338 .. 528 
5700 20 .. 988 12b~OZ2 IOl .. J.tH 107 .. 836 -33B .. 48b 
5eOO 21 .. 00~ 126."387 101.433 lO9.q3~ -338.450 
5900 21.017 126~ 746 101.757 )12 .. 036 -338.420 
bOCO .21.030 121~100 108.076 114 .. 139 -338.3~6 

June lO, 1916 

dGI" 

-264 .. L82 
-263.199 
-263 .. 003 
-262.082 

-162.064 
-21:>1 .. 062 
-2f>O~033 

-258 .. 985 
-251 ~921 
-256 .. 845 
-2:55~150 
-2'54~453 

-25.3 .. 051 
-2S1 .. fllS 
-250 .. 206 
-2485760 
-241.116 

-245.855 
-244 .. 384 
-242 .. 904 
-24}..416 
-23O!f .. 91Q 

-238 .. H5 
-236 .. 902 
-235e379 
-233 .. 851 
-232 .. 319 

-230 .. 776 
-229 .. 227 
-2265843 
-222 .. 777 
-218.717 

-214 .. 658 
-210 .. 602 
-206 .. 5"9 
-202 .. 500 
-198~451 

-19" .. 402 
-190 .. 362 
-186 .. 320 
-182~283 

-178~2"S 

-114.216 
-170 .. 182 
-1.66 .. 150 
-162~121 
-158 .. 098 

-154 .. 070 
-150 .. 052 
-146~O29 
-142 .. 006 
-137 .. 991 

-133.915 
-129 .. 959 
-125.941 
-121 .. 933 
-ID .. ·no 

-1l3~906 

-ID<J1G896 
-103 .. 884-
-10l .. 8713 

-97.866 

A L F 2 0 

(...cg Kp 

INFINITE 
576 .. 531 
267 .. 396 
192 .. 111 

190.914 
1.4.2 .. 638 
H3 .. MO 

94 .. 335 
80~521 
70 .. 167 
bZ511)5 
55 .. 611 

50 .. .277 
45 .. 329 
42 .. 063 
38 .. 834 
36 .. 0-14 

33 .. sa2 
:31 .. 416 
29 .. 493 
27 .. 769 
26 .. 217 

Z" .. a12 
23 .. 534 
Z2 .. 366 
21 .. 295 
20 .. 309 

19 .. 398 
18 .. 555 
17 .. 70b 
16 .. 189 
15 .. 931. 

15 .. 133 
llt .. 383 
13 .. b79 
1,3 .. 017 
12 .. 392 

11 .. 802 
11 .. 244 
10 .. 110 
10~215 
9.739 

9 .. Z87 
8~856 
8 .. 445 
a ~O53 
7 .. 678 

7.320 
6 .. 977 
b~649 

b .. 33'" 
b .. 032 

S .. 74! 
5 .. 462 
5.193 
4 .. 935 
4e686 

.... 4 ... 5 
4G214 
3 ~990 
3 .. 714 
3.5(;5 

ALUMINUM DIfLUORIDE OXIDE (AlF
2
0) (IDEAL GAS) GfW == SO. 9777 

Point Group [C:;'v1 

S;98.15 :: [59.93 ! 3) gibbs/mOl 

CHf; :: -~S4. £ .t 7 kcal/mol 

ilHf29S.l5 :: -255 :! 7 kcalfmol 

Heat of Formation 

ElectI'onic 

Stdte 

Levels and Quantum Weights 
-1 

.£.i~ oBi 
~ 
(2B~ 1 

[ 2B1 

° (2] 

(10000) (2J 

('LOOOO) [2] 

Vibrilti_C?!"!.~1 __ :r:!,_~9uencies __ ~_l!.I1 __ ~generacies 
-: -1 
~ ~ 

(900)(1) 

( 540](1) 

(:<:60)(1) 

Bond Distances: Al-F::: (1.63) A 

[ 900](1) 

[ 240)(1) 

[L70](l) 

A1-0 [L 72] A 

Bond Angles: f-Al-f = [120"] F-Al-O :: (1l0") 

a == r 2) 

Product of 'the Homen"ts of Inertia: !AIaIe '" (3. 71BS x 10-1111 J g3 emS 

A L F 2 0 

We adopt uHf 198 = -265t7 keal/mol and lIHaO ::: 437!:8 kcal/mol based on JANAf auxiliary data <1) combined with .c.Hr~9B :: 

lS.S:!:5 Kcalfmo1 foI"' the reaction Alf{S) + AlfO(g) :: A1{g~ + AIF:cO(g), 2.Hr-- is from our thiI'd-la~ analysis of Kp data reported 

by Uy, SI'iVastavd and Farber (1). They c:alcula"ted Kp directly from ion intensities observed at 1453-1675 K in a mass.

spectrometric study of va.por 5peci~s over the system AIF
3

(g)-A1(O-A1
2

0
3

(c}. Second-law analysis gives ilHr· 2sa = 20.B!tO.8 

kcal/mol and the difference (l\Sr· (ind 1aw)-l>Sro C3rd la:wi] = 3. 4.t0. 5 gibbs/moL Uy et. a1. <1:) a.ssigned lIHr~ (2nd law} an overall 

unceI'tdinty (including contributions from T) of .t5 kcal/mol. 

The adopted »HaC ::: 437 kcal/mol iJ:lplies that A1F"L0 is surprisingly stable. Average bond energies fl"'Om A1F3 (140 kca1/mol) 

and A10, A10't: and A1 20 ("-'liO kcal/ll101) yield an estimate of IlHaO(AlF .. O) :: 400 kcalfmo1. If we attribute all of the differen~e 

to the Al-O "bond, then the AIF 20 d.ata imply an AI-O bond energy of 157 kcal/mol. This enhancement of 37 kcal/mol contrasts 

W'ith the near equality of AI-O bond energies in t:he oxides (]) and hydroxides (§), An analogous treatment of AIFO(g) (J) 

yields an Al-O bond energy of 153 kcal/mol, similar to t:hat in A1F'L0. Existing data for Bf
2

0 and BfO imply band energies of 

..... 166 and ...... 200 icca.l/lOCll compared with values of ..... 130 (B-O) and ..... 190 (6::0) ft'Q1!l the oxides. There are obvious differences 

be "tWeen the Al and B systems which we are unable to rationalize via existing knOWledge of electronic structure. We feel that 

confirmat:ion of the oxyfluoride ca"ta is desirable. 

Beat Capaci1:y and Entropy 

Molecular pilrameters are all estimated by analogy with BY .. O and BF La -+-. Two emission bands due to BF .. O or BF 20 were 

analyzed by Mathews (]). Vibrational analysis of the band with ""00 :: 17171 cm- l gave the t:hree symme"trical stretching modes of 

the lower s't8teo .. Rotationa.l analysis of the ba.nd with Vo =. ::2391 crn- l gave structural parameters including 'the hond length 

9-0 =. lol;O~O.OS A. This value indicates a single bond which is longer than those. of 1.36, 1.L63 and l.:i'O A observed for the 

various bond types in B~03' BO~ and BO. It is not known <.~) whe'ther the two emission bonds have a common lower state. 

Zahradnik and Carsky (~) used semiempirical CNDO calculat:ions to predic"t the elec.tronic transitions of Bf:l:0 and BFiO". They 

favored assignT.\ent of the <2391 cm- 1 tI'ansition to Bf,O"'" and the other transition to either BF.O+ or BF.C. 
1. 1.1. + 

Due 1;0 the lengthened .8-0 bond and the t:heol'~tical results, we ten1:atively attribute both ob::;crved bands "to BF:l0. We 

es"timate the missing vibrational frequencies of BF"l0+ and all those of Bf .. O and EF .. O- by comparison with HBr~, BF3 and C1BF:<: 

We assume. 'that dddition of an electron ca.uses a large increase in v1 and \IS but a smaller increa.se in 'J'L and \IS' 

Vibrational frequencies of AIFZO are estimated from those of Bf'L0 by comparison of AIr), AlFO, AlO and A1"l0 (1) with the 

analogous boron splI:!cies. Electronic levels are crude es1:imates based on calculations or data for the "l4-valence-electron 

species BFZO (~), SF
3

+ (l,'§) and N0
3 

'-.?, 1). Bond angles are assumed "to be 120°, Bond distances are assumed, equal to those 

of Alf3 and A1
2

0 (01). Principal moments of inertia are 12.02& x 10- 39 , 12.512 x 10- 39 and :lit.59B x 10-
39 

g cmd!. 
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ALUMINUM DIFLUORIDE o X IDE UNINEG. 

( IDE A L GAS) GFW=80.9783 

KI"bbs/mol---_ kcal/mol 

T,"K Cpo S" -(G"-ir'DII)rr Ir'-HQu. AMI" 

0 -3~ 3(::4 -310~64Z 
DO 
200 

2" 14.960 bB e 056 fL 8.058 1>.000 -313.000 

300 J 4 .. 992 68 .. 151 66 .. 059 0.) .. 028 -:'13 .. 013 
400 16.42' 72.674 ~6 .. b6b 1.603 -3U .. 6~9 
500 17.3n 7~~4i.8 69.655 },,29~ -314 .. 266 

btlu l f.l. COlo 79~b15 B.2l'} 5.0~1 -31'hS61 
700 '.6.434 6Z .. 4~5 72 .. b41 beaG) -315 .. 458 
800 le~ 735 8'- .. 967 14 .. 030 S .. 750 -31b.018 
'00 18.9:4 &1.187 75.370 1 D.e ~5 -316 .. 135 

1000 19 .. 1H 89 .. 1()3 76 .. 654j. 12 .. 5 ~9 -319 .. 960 

llilO 19.240 91.021 71 .. 0.71$ l'i .. 457 -320 .. 601',1 
1200 19 .. 336 9Z~6q.;: "9.044 16 .. 386 -321.256 
1300 lq~ 41? 94~ 250 80~ 155 Hh323 -3Z1.'905 
HOO 19 .. 473 q5~6q'l.. ~1l~214 20.268 -322 .. 556 
1500 19 .. 52'3· 91 .. 036 82 .. 224 22.218 -323<.208 

!/)OO 19.564 98&ZC;:7 83Gl90 l't.112 -32) .. 863 
1700 IIjl .. 598 q9.4~5 ~4 .. 1l4 4;O.J 30 -324.51<1 
ldDO 19.b27 iOO~b06 84~99'i 4;S.OSI -32~d90 
~ ~OU lq .. 65~ 1..01.661 85.8 .. 9 30 .. 0!:5 -32~. 843 
2QOO 19 .. 6n lO2.b76 86 .. e65 3~.022 -326 .. 510 

2100 \9 .. 691 ! 03.636 a7.451 33.9qll -321.179 
2200 19.707 104. 55~ 88 .. l01 35.960 -321 .. 854 
2300 l'h720 lO5~4Z9 88 .. 937 37.931 -328 ~ 531 
2400 1.9 .. 733 106.?68 8-1 .. b42 39.904 -329.213 
2500 19.7"'3 107.074 90~323 41.871 -329.90) 

2000 19.153 107~a4q 90 e 902 43.852 -330.590 
2700 19.162 l08.5-94 9Jeb21 45.H28 -:nl.2B4 
lSUQ 1 lie 700 lOQ .. :3' ?- 9~G240 47.lI05 -4{1l .. 392 
2.900 1 iii .. 176 110.007 92 .. 841 49.782 -40! .833 
31)00 19~ 18(' nOe678 "9 J~ "'l ... 51.7eO -,,"0'2.278 

3100 19,. 788 lU.)2t ':i 3 .. '191 53.738 -402.725 
3200 19.79) ! 1 J. .<;55 94 e , .. 3 55.717 -403.178 
:3300 19 .. 798 112.564 95 .. 0~O 57 .. 691 -403..631) 
HOC 19 .. 802 In~J55 <;;5.oil3 59.677 -404a096 
35QO 19~806 '13~129 96~113 61.6S1 -404. '5bl 

3000 lQ .. 809 11" ~287 96~610 63 .. 6::8 -405.028 
31DO \9~813 1'4.'00 97 .. 095 e.S.619 --\05 .. 501 
3800 19 .. 81f-. 1I1S.358 91' .. 509 67.601 -405.'H8 
3900 19.819 115.B7? 98e031 6955E2 -406.458 
r.,lOO 19 .. 82 T 116.375- 9S~4.oj4 71.564 -406 .. 942 

4100 J9.82"4 1 L6 .. 864 9~ .. 'ii2b 73.5£6 -407.432 
4200 '9 .. 826 1 ~ 7.342 0;19 5 ;'')',) 7~.5Jq -407 ~ '124 
4300 19 .. 828 , 1. 7.808 9q.7tJ.2 17.512 -408_420 
41.-111) \9 .. 830 J 18.]64 '00.197 79.4<;S -408 .. 'i21 
1.,-500 19~ 532 l' fI .. 710 100~b04 .en~47B -40'9 .. 426-

~ ;"6iX) !9 .. 833 ! tq.!46 ~ 01 cOU" d3.4t-l -409 .. 934 

'"<II HOC ) 9.835 1[9.512 lO!'~393 85.444 - .. 10 .. 450 
::r 4dOO 19.831 1] 9.990 lO~ & 176 87.426 -410 .. 968 
'< 49\)0 19 .. &3t! 12.003~(} H)"2 .. 152: a9~412 -411 .. 490 
!" 5QOO 19~ 53",) l.2C.SOO 1 02~~21 91.395 -4li"Ola 
n 

S::'OO lQ~ 84! 121.193 ::r lO2 eS83 93.379 -412 .. 552 

• 520ll 1'1 .. 842 ~ 2) .. 5 78 l03~.2 j9 9S a 3f:4 -413 G090 
3 5-)00 19 .. 8'3 ~ 21 .. 9Sb '03&5d8 97.'!'48 -413 .. 635 

S .... Oll '.9 .. !'J44 12?~ 317 !03&~H 99 .. 332 -411 ... 185 

~ 
5500 19.545 122.6'7J "!.04.2; 10 UH .. 3]7 -41.4 .. 740, 

5QOO 1'1,,841: 123 .. 049 1 04~6iJ2. lrJ3.301 -415 .. 30! 
C 5700 if'!. 847 123e 4 OO I04.n9 105.286 -415.872 
III ~aoo 19.848 123. i'45 ~0'j&2~O 101 .. 271 -416 .. 447 a SIIOO 1"9 .. 848 124.084 105 .. 566 lU9 .. 2~5 -417.031 . bOOO 19.84q lZ4 e '18 105.818 111_240 -417~620 

< June )0, 1976 !t 
.:'I 
z 
9 
.!" --0 

" 00 

ION ALF20-

ACI" LotIKp 

-308.036 225~ 797 

-308.006 224 .. 382 
-306 .. Z37 161.320 
-30"~ 3J.l 133 .. 01", 

-302 e265 110.100 
-300~1l7 93 .. 71)1. 
-297 .. 80S 61 .. 378 
-295 5 571 71*175 
-293 .. 000 64~O3'5 

-290 .. 2:74 57 eb12 
-287 .. 486 52 .. 358 
-284.6.,5 4iG8S3 
-2en .. 755 Itl .. 984 
-278 .. &18 40 .. 624 

-275 .. 837 31 .. 678 
-272 .. 814 33 .. 013 
-2M .. 75'5 32 .. 753 
-266 .. 658 30 .. 673 
-263.526 l8G?97 

-260.361 27 .. 096 
-251 .. 1M 25 .. 547 
-2'53~931 24~129 
-250~e. 75 22 .. 827 
-247.392 21.627 

-244 .. 075 20 .. .516 
-240.735 19.'1-86 
-236~ 539 lS.4e.3 
-230e643 11 .. 382 
-22:4~ 134 16 .. 372 

-218 .. 807 15 .. -\26 
-212.861 l't.53d 
-206 .. 913 13" 103-
-200&941 lZ~91 7 
-lIQ4.9olo 12 .. 114 

-188~964 11.412 
-182 .. 959 lOIlS(n 
-17( 11 9)1 10 .. 176 
-110.905 9 .. 577 
-164.859 9 .. D07 

-158 .. 803 8 .. 4b5 
-152.732 7.947 
-146.647 7.453 
-!40.554 6 .. 981. 
-134 .. 450 6 11 530 

-} 28. 33l 6.097 
-12.2.20<9 5.683 
-]10.0&9 5 .. 285 
-109.911 4 .. 903 
-103.759 4.535 

-91 .. 589 4 .. 18.2 
-9l.408 3.842 
-85.214 3.514 
-79.017 3.196 
-72 .. S04 2 .. 89.3 

-66.500 2 .. 5~B 
-60e350 2.314 
-54 .. 104 2 .. 039 
-41 .. 856 1 .. 773 
-41 a592 1 .. 515 

ALUMINUM DIfLUORIDE OXIDE UNINEGA'l'IVE ION (AIF:,:O-) (IDEAL GAS) GFW :: 80,9783 

Point Group {C:tv] t.HfO :: -310.6 ~ ';!S kcal/mol A L F 2 0-
3;98.15 ::: (68.06 .t 3) gibbs/mo]. 

Grou.nd State Quantum Weight: :: [1] 

uHf~98 15 :. -313 ! 25 }(cal/mol 

Heat of Forc.ation 

Vibrational Frequencies and Degeneracies 
-1 -1 
~ ~ 

[ 950)(1) 

[ 650H1) 

[ "60}a) 

(900J(l) 

( ;<70](1) 

[300H1) 

Bond Distances: AI-F:: (1.63] A AI-0 -; {L6S] A 

Bond Angles: F-Al-F.:: [lt~.] f-Al-O ::: [nO"] 

o :: [2] 

Product of the Moments of Inertia: IAlB1C (3.11674 >: 10- 114 ) g3 cm6 

We adopt uHf~9a :: -313:!:25 kca.l/mol which cor-responds to the electron affinity EA(A1f"L0) .:: 46:!:"LS kcal/mol O.O±l.l eV) and 

the fluoride-ion affinity IA(AlfO) :: lH l<cal/l1lOl. ilHf" is derived from Kp for reaction A (see below) observed by farber 

et al. 0) with a mass spectrometer operating in both positive- and negative-ion modes. Farber et al. 0) used a molecu1ar

flow-effusion technique to study vapor species in the systems KF(g)-Alf
3

(g)-Al
L

0
3

(C), KF{g)-Alf3Cg)-Al(t)-Al:e03(c)' And KC1(g)

A1F3'g)-Al~03(c). They considered t.he results to be limiting values; we pN!!sume "this is due to very low intensities of AIF"L 0 -' 

The three reactions reported by Farber et a1. are analyzed below using JANAF auxiliary <lata (1). We give inequa.lities 

consistent with the .a.uthors' limiting values. Reactions Band C yield less stringent limits and are not used. Reaction A 

involves AlF .. - 'Which depends on (mr possibly biased · ... alue <:0 of f:,HC(,",lrL·~' Use of the alte:rnati .... e <.\Hf~ (1) based on 

mass spectrometry (l, 1) reduces the discrepancy between reactions A and C from 35 to :n kcal/rool. This may not be significant 

if Band C yield only limiting values. The a1"ternative result frolil A would yield I:A(AlF;t0) '; 61 and IA{AIFO) = 127 kcallmol. 

Rea.ction No. of Range oHr~ge oHf;9B 

Points ~ kcal/mol ~ 

A) AlFOCg} + AIF"L-(g} = AIF£O-(g) i" AlfCg) 1793 ~-"Ll.l ;::_313.6'" or ':'_3"L7.S
a 

B) Alf10Cg} + r-{g) := AIF:eO-(g) oj. f{g) 1753 ~O.l .::-344. B 

C) AlFi:0(g)" C1-(g) :: AU'
2
0(g) .. CUg) 1653-1793 ,=::0.8 ,:,-349.1 

aAssuming (!Hf~98 (AIF"L-) .:: -"L17 or -231.~ kca1/mol depending on choice of 6HC(A1F"L) (1.). 

Hea't Capacity and Entropy 

All molecular pa.ra.meters o!!.l'e estimated .... ia da.ta for SF 20+ (or Bf '[0) dB discussed on the table for Alf 20 (g) (~). We assu~e 
a e

LV 
structure with equal bond angles. formation of the negative ion is assumed to decrease the Al-O bond distance by 0.06 A 

but: l.eave the Al-F dis'tance unchanged. By analogy with AlF) <.~) we assume a singlet electronic gr'ound state and neglect 

excited states. Formation of t:he negative ion is assumed to cause l!\ significant increase in vl ' v s ' and v6" The principal 

mon"~n1:s of inertia are 11.471 x 10- 39 , l'l.57L x 10- 39 and 211.043 x 10-
39 

g cm£ 

Refe)."'ences 

1. 11. Fdrber, R. D. Srivastava and O. M. Uy, Rept. AD-731303 (avail. NTIS), 50 pp. (1971). 

i. JANAf Thermochemica~ Tables: Alf
2
-(g), Alf

2
(g), Alf,<:O(g) 6-30~75; AlFO(g) 12-31-75j Alf(g) 6-30-75; AlF 3 (g) 6-30-70j 

CHg) £-30-7lj Cl-(g~ 6-30-65; r-(g) 11-31-71; F(g) 9-30-65. 

3. O. M. Uy, T. D. Srivatlti!l.va and M. Far-ber, High Temp. Sci. .!, ?'J7 U9n). 
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TETRAFLUOROALUMINATE UNINEG. ION (ALF 4 -) 

(IDEAL GAS) GFW=102.9757 

".""mol -----~ ktal/mol 
T, oK Cpo S' _(Go - H''''llT Hb_W'ue AHI" 6GI" 

0 -4 .. 056 -473.264 
100 
200 
29. t 9~ 636 70~41 '9 70~41 'iI IJ~ 000 -4160.000 -464 .. 601 

300 \9 .. 684 70.54] 70 .. 419 0.0)6 -476.012 -4I!J4 ... 531 
<00 21.719 n~'5C1 7l~219 2~ 115 - ... 76 .. 569 -4bO .. 615 
500 2Z~950 a ~ ~ .r.q7 72~ 7':;';) 4.354 -477 ~on -456 .. 570 

boa 23.774 85.7'55 "'146004 6.690 -477.'356 -452.424 
700 24.232 89 .. 452 76 .... 07 9.090 -418.03<;1 -448 .. 195 
800 24.580 92 .. 712 1'6.29<1 .1.1 .. 531 -478.544 -443 .. ')00 
900 24.82B 95.622 aO~U64 : .... 002 -479.084 -439 .. 531' 

!OfJO 2.5 .. 010 96.248 AI.7?3 ~ 6 .... 95 -4S.2.1'H -434 .. 9)0 

1.I.00 2'5. tl..7 100.638 8 ~~ 30, 19 .. 003 -482.123 -430 .. 17Q 
.. zoo 25& 25~ :';02.63] 84.b95 21.523 -1.8J.252 -425.377 
1300 25~n7 104.SSO 86.354 24.053 -483 & ?83 -420 ~ 532 
1 .. 00 25~ 403 106.736 i37 ~ 7 ...... 26.590 -464.310 -415 .. 646 
1500 25~458 )08.491 3 0 .. 0b9 29.133 -484.851 -410 .. 7Z2 

~ ~oo 25.502 llO.!:'!!) 90 .. 335 H .. 6!H -485.368 -405 .. 164 
17<30 2'S .. 539 111.682 91c ~ .. :, 3<t.2:) -485.92S -~OO .. 169 
11:100 2'5.5P 113.14~ 92.70S 36.7eq -4S6.411 -39S~747 

l'NQ 25 .. 591 , ~ 4.520 93 .. t111 39.3i.,7 -467.017 -390.691 
2000 25 .. 620 115 .. 640 '94~ od6 H.9Qa -481.566 -385 a606 

2100 25 .. 639 ~17.090 <)5 .. 91l,- 44 .. 471 -.r,.S8.lIB -380 .. 497 
2201,) 25 .. 657 118.284 q~c 904 .. 7 ~O36 -4~8.675 -375 e300 
2300 25.671 '!'9.424 CH c oj8 49.6C2 -489.234 -370 .. 193 
2 .. 00 2'5~ 684 ~ 20.51? 98~ 780 52 .. 170 -489.798 -365 .. 006 
2500 25.69~ 12~ .56 I: 99.Q70 5 ... 739 -4<;10.361 -359 .. 798 

26,)0 Z5~ 10t;> 122c'574 \00 .. 532 !>7.30~ -i.,'l().'138 -354 .. '561 
2700 25 .. 7J '5 123.544 10) ~ ~()b 5i. B80 -491.51.3 -:!49.305 
L800 2Sc 724 • 24 .. 4Stl lO2~175 02.452 -561.501 -343.199 
2900 25c 13'!. 125.383 102 .. 960 05 .. 02'5 -56!.822 -335 .. 394 
3000 25.7:8 12(:.255 103.7Z2. 07.5(H! -562. :'49 -3.27.586 

,100 25 .. 7lt4 127 .. 0QQ 104 .. 463 10.112 -562.476 -319 .. 760 
32,JO 25.7(.9 127.q16 lOS~ 1 63 72.7t..7 -562.809 -311 ~924 
3300 25 .. 754 • 28 .. 70Q 1(l5~884 75.322 -563.140 -304 a 019 
~400 25.7S9 ~29 .. 418 !Oe~ 5Q7 77.898 -563.407 -.296.225 
3500 25 .. 763 !30.22O; 107~:c. 32 SO .. 47.:. -563.833 -285.356 

3600 25.167 1 ~O.q50 ~a7 .. d81 S3 .. 0~O -5!t4.181 -2S0e476 
.3700 Z5.710 !:?' ~ .. 65 0 10B.514 85 .. 621 -564 .. 535 -2.72..59/0. 
J800 25 .. 174 132 .. 344 10"~ 132 Bd,,20S --'5~4.a.93 -264.697 
3900 25 .. 777 ~ ~3 .. 01 3 10<;1.7;0 90 .. 78Z -5656251 -256a 79b 
.. 000 25 .. 779 133.666 110 .. 326 93.360 -'Sb'5 .. 623 -248 .. 680 

4:;'00 25 .. 782 134.30'2 UO~"1,)3 95 .. 9'?8 -'565 .. 996 -240.961 
4200 25 .. 784 134.924 1'!.! .. 461 98 .. 516 -566 .. ~73 -233 .. 026 
4300 25.187 13'5.530 112 .. 020 101..0«5 -566.753 -225 ~O82 

"""u 25.789 136.'2~ ]. 2:G561. loJJ.674 -'567.141 -217 .. 131 
4500 25~ 7'91 ' 36 .. 103 !' 3.091. 106.25.2 -567.533 -209.116 

':';.,.""0 25 .. 792 t<n~270 !' 3' .. 611 lOd .. 632 -567.QZa -201.206 
.. 100 25 .. 794 137.824 1~. 4 .. !': oJ 111 .. 411 -568 .. 333 -1'B .. 234 
'>BOO (5 .. 796 138.36d 1 ~ 4.6: 9 113 .. 991) -568~ 741 -18S ... H5 
.. 900 25 .. 797 118.899 11 '5~) ':. bi 1.!.6~ '5 70 -569.155 -177 .. 246 
500(.1 2'5.799 139.42l 1 15.591 119.150 -569.515 -169.248 

5::'00 25 .. '100 !39.932 1~6~Oo3 i2l .. 730 -S70 .. 002 -161..2.r,.2 
5200 25 .. 801 l':'0.4":1,3 !!6~5n 124.310 -510.436 -!53.217 
~:wv 25.802 ' 40.924 ~~6~'dZ 12b .. ~90 -';70 .. 877 -145.188 
5400 2S.804 141~406 '!.l1 .. 4.30 lZ9 .. 470 -5n .. ~2'" -137.159 
5500 2'5.805 14! .880 1: 1 ~ d 7 ~ lH .. O~l -571.780 -129.1!.r,. 

5(;100 25.80b "2.345 l' fI • .3Jj 1.;4 .. 631 -572 .. 245 -121 .. 056 
5700 2'5.807 i·2 • .!'o02 1': 8.129 1376212 -572.1'6 -1JZa996 
5800 2S G 801'! 43.2S0 1).9 .. J loS 13':1 .. 793 -573~lq5 -104 .925 
5900 2S~ B08 43.6<;12 9.':160 142 .. 313 -573 .. 685 -96 ~853 
;:.,)JQ 25.50<;1 4"6) 25 1"'4.9~4 -514.182 -6B.766 

June 30, 1976 

A L F 4 

..... K. 

340 .. 562. 

:BBs410 
251~b66 
199~5b7 

164.7<;5 
139s 933 
121a268 
IOtls 734 

95 .. 054 

85.469 
77 .. 472 
70eo98 
64~8a5 

59~ 842 

55.425 
Sl .. 522 
48.050 
44 .. 940 
42.131 

39 .. ~99 
37~2d9 

35 .. 176 
33 .. 238 
31 .. "'54 

29G 80" 
28.274 
2~h 7BB 
25.27b 
23 .. 865 

22 .. 543 
21 .. 303 
20 .. 138 
19.04~ 
18.00b 

17e021 
16 .. 10t 
15 4 22.4 
14.3110 
13~ 598 

12 .. 844 
12 .. 12.6 
11 ... 40 
10.765 
10.159 

9 .. 559 
8~q85 

8.434 
1 .. 9116 
7~398 

6.910 
6.440 
5~987 
5.551 
5.130 

'to. 124 
4.333 
3~ 9504 
3.598 
3~ 233 

TETRAfLUOROALUMINATE UNINfGATIVE ION CAlflj-) (IDEAL GAS) Grw = 102.9757 

Point Group Td I1HfO ::; -473.3 !: 25 kc.al/D.ol A L F 4 -
S;98.15 70.112! 0.5 gibbslr:101 llfif;98.1S " -476 !. 25 kcal/mol 

Ground State Quantum Weight::: [1] 

Vibrational FreQuencies dnd Degeneracies 
-1 -1 
~ ~ 

622 (l) 750(3} 

210(2) 322(3) 

Bond Dista.nce: AI-F::: 1.69 

Bond Anzle: f-Al-f = 109.4712 0 
0 " 12 

Produc"t of the Moments of Inertia: IAIBle 1.3869 x JO- 113 g3 erne 

Heat of Formation 

We adopt llHf
298 

:: -476!:25 kca1/mol which corresponds to the fluoride-ion affinity IACAIF 3> '" 125'!25 kcal/mol for Alf,,-{g) = 
Alf

3
(g) "" r-Cg). <.lHC is a compromise based mainly on Kp data (7 points, 1130-1485 K) for the reaction 2 AIF 2 {g) oj. Alf2 

2 A1FCg) + A1F",-Cg). Kp data were measured by Srivastava et ill. (],) wit:h a mass spectrometer opera"ting in both positive- and 

nega.tive-ion modes. The autho!'s used a molecular-flow-effusion technique to reac't vapors from Alf3 dncl K3A1FS or KF with 

Al(t). Analysis wi'th JANAF auxiliary diltil C.Z) yields f\.Hr;98(3rd Law) :: -38.2.!2.7 a.nd Mlt'298(2nd law) :: -33.9!.5.3 kcal/mol 

with [!.lSr"Ond 1aw)-<.lSr"Ord law)} ::; -3.3:!:4.8 gibbs/mol. The third-law l.Hr c yields uHf;9S(Alf 4-) = -l<60.lj~25 or -502.4~14 

kcal/mol, depending on the choice of AHf 29S (Alf2 ) :: -1651:10 <.V or -180:!:5 kcal/mol '-f" 1)· 
The difference of 11.; kCdl/mol in uHf a (AIF

2
) causes a three-fold ch,mge (42 xcal/mol) in ;JEf· (AIFlj -) and increases the 

fluoride-ion affini"ty IACAlf
3

) from 109!25 to 15l.!1S kcal/mol. The 1a"tteI' value seems rather large in comparison to related 

species (1, 1): ~112 or'::127(OAlF), 92 or 105 (Aln, .::101 (BF
3

),.::.92 (CBr) and 9B or 103 (3:). 

By cornbining published data for NaAlF'lj{g) with a coulomb-energy calculation, Holm <':i) estimated lACAlF 3 ) = 131 kcal/rnol. 

This re.5ult has an unknown bias due t:o limitations of the calculational model and auxiliary data. Refined lat'ticc energy 

calculations (~) yield halide-lon .affinities IA 87!? (AIel
3

) and eO!? (A1Br
3

) kcal/mol. ilHf'"03Ft,-) -= -421 kcal/ool (§) 

det."'ived from lattice energy yields IA(Er 3) = 90 compared to ~lOl keal/mol fpom muss ·spectro!lietry. COJilparison of stretching 

fopee constants (1.. 2 • .§.) wit'h average bond energies in AIX
3 

and A:"X ll - suggests il slight. but not definitive, pr~ference for' 

IA(Alr
3

) ::: 109 kcallmol. As a. compromise, Wt:! adopt lA(Alf 3 ) = 125.125 d.nd f.lHfi9BCAlfl.j.-) = -476:!:25 kcal/mol. 

Heat Capacity and En1.t'opy 

Vibrational fr-equencies are from Raman spectra of A1F
4

- ob,jerved in molten salt: mixtures of AIF3 with NaF or:<:F (,?). 

Similar spectra were observed in mixtures of AIr 3 with Lif (~). The spec'tr'cl (@) are consistent wi'th Td !;Yr.1me-rry except for sane 

asymmetry in \I) which was attr-ibuted to influence of the ffi€.tal ion. By analogy with SiFt: C.~), we assume a singlet e.lectronic 

gr'Qund state dod neglect excited s"td.tes. The bond dis'tance is that derived from high-temperattl!'e electron diffr-action (1..9) 

of NaAIFIoCg). Within experimen'tal uncer"tdinty, the Alf4 grouping was found to be te"trahedral (2..1.2.). The principal moment 

of inertia is 24.025 x 10-
39 

g cm
2 
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ALUMINUM MONOXIDE (ALO) 

(IDEAL GAS) GFW~42,9809 

----g.ibbs/mol---~ kcallmoi_. 

T. "K Cp~ S' -(G"-WDY)rr W-Wns .6.Hf" dGI" 
o 

loo 
zoo 
298 

}DO 
400 
SOO 

600 
700 
800 
900 

1000 

HOD 
1200 
1300 
1'000 
1500 

1600 
1700 
taCO 
1900 
2000 

2100 
2200 
2300 
':'400 
Z ~oo 

2600 
2700 
2800 
290q 
3000 

3100 
3200 
3300 
3400 
::'':>00 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4S00 
4900 
5000 

5tOO 
~200 
5300 
5400 
5500 

5600 
5700 
'5800 
5900 
6000 

.000 
6.'151 
7 ~ Q5L 

7.381 

7.386 
7.765 
8.066 

8.290 
13.460 
8.b04 
1.1.143 
8.892 

9.057 
9.241 
9.440 
':/.u50 
9.663 

10.463 
10.6j) 
10.783 

IL.I7o 
11.229 

11.26" 
11.284 
11.293 
11.291 
H.2eo 

11.263 
11.239 
11 .212 
Il.182 
1l.l49 

10.982 

10.'=152 
10.923 
10.891 
lCl.tl73 
10.852 

10.034 
lO.Jlb 
10.805 
10.795 
10.788 

10.784 
10.783 
10. Ttl4 
10.189 
10.790 

10.80b 
lU.919 
10.dH 
10.852 
10.312 

.000 
44 .... 59 
49.297 
")2.l69 

~2.2l4 

5'~. 3'12 
56.l59 

,:;>1.651 
Sijc.942 
60.081 
61.102 
6.(.031 

62. aao 
63.6al 
64.430 
65.137 
65.8ll) 

66.453 
67.070 
67.663 
61;i.2J3 
6e~ 182 

69.312 
69.822 
10.31', 
70.7a8 
7l.24b 

71.667 
72.112 
72.523 
-r~. 41 q 
13.301 

73.611 
H.OlB 
74.374 
74.70a 
75.032 

7:,~ 34 5 
7').650 
75.945 
76.231 
76.510 

]{;'.180 
77.044 
77.301 
71.551 
n.795 

71;.tJ33 
78.266 
18.494 
7$.716 
76.934 

7.' 
8.).157 
aO~34B 
8U.537 
80.722 
dO.905 

INf IN! TE 
5B. ~L3 
52.832 
52.169 

S':.169 
52.463 
53.0"il 

53.680 
54.341 
54. ('Hi9 
'5~. 613 
56.709 

56.777 
57.320 

58, 

59 .. 208 
59~ 709 
60.13S 
60.54t;. 
60.94'+ 

61~ 330 
61.70'> 
62.0bb 
62.422 
62.760 

63~ 100 
63.42.6 
63.744 
64.053 
64.355 

64.650 
64.':i3 r 
65~21f;l 

65.4'12 
65.160 

i,6.012 
66.218 
66.529 
66.774 
67.014 

67.249 
67.419 
67.704 
67.':125 
68.142 

68.767 
68.968 
69.165 

69.359 
6q.549 
&9.73& 
69.920 
70.101 

70.219 
10.454 
70.626 
70~ 196 
70.962 

- 2.l00 
- 1.4[}5 

.701 

.000 

.014 

.172 
1.504 

26382 
3.220 
4 .. 014 
4.941 
5.823 

6.720 
7.635 
8. ;68 
9.523 

10.499 

ll.495 
12.513 
13.550 
1.4.605 
15G676 

16.161 
11.858 
18.964 
20.079 
21.200 

22.324 
l3.452 
24.591 
25. II 0 
26.839 

27.966 
29.091 
30.214 
H.333 
32.4')0 

33.563 
34.673 
35.779 
36.88L 
37.982 

39.079 
40~ 113 
41.264 
't2.352 
43~438 

'tit. 523 
4S.60S 
1.6.686 
47.766 
48.645 

... 9.924 
51.002 
52.081 
53.159 
54.239 

55.319 
569400 
57.483 
58.567 
59.653 

tb~431 

1&~6 73 
16 ~ 5 81 
uh'.ao 

16.396 
16.200 
15.'196 

15.777 
150541 
1~o21q 
14.977 
12.112 

ll.831 
11.563 
11.310 
116073 
lO.a5') 

IO~654 
lO~4 1L 
10.306 
1O.L 54 
10.J16 

9.890 
9.112 
9~662 

9 ~557 
9. f.55 

9. 3~4 
9.25,+ 

60.256 
- 60.100 

59.9"t.4 

- 59.793 
- 59.646 

59.503 
- 59.367 
- 59.?34 

- 59.108 
- %.981 
- 58.872 

S8.761 
- 58.b51 

- 5l:1~ 558 
- 58.463 
- 53.114 

58.2 SCi 
- 5d.209 

- 58.132 
- 58~062 
- 57.994 

57.930 
- 57.870 

- 51.814 
- 57.162 
- ~)1~713 
- ')7.667 
- 57.625 

57~5B7 

- 51. ~51 
- 57.519 
- 51.491 
- 57.466 

l6.431 
14.462 -
1l.15fl -
10.169 -

10.130 -
8.07L -
6.063 -

4.091 -
2.169 

.216 -
1.562 
3.220 

'h 74!) 

6.2j5 
1.708 
9.161 

- 10.600 

- 18.993 
- 20.}66 

21.731 
23.093 

- 24.45/• 

- 25.807 
- 270159 
- 77.675 
- 26.5i5 
- 25.358 

- 24.207 
2.1.061 

- 21.920 
20.786 

- 19.654 

- 16.274 
- 15.154 
- 14.039 

- 12~926 

Ll~ 813 
- 10.702 

9.5(}3 
8.489 

1.382 
6.2t15 
5.183 

1.385 
.7<)3 
.305 -

1. 39'9 -
2.,,90 -

)4584 -
h6H 
5.769 -
6.860 -
7.951 -

March 31, 196:?; 
J'LI.ne 30. 1975 

A L 0 

Log K. 
I NF! NITf-

11.606 
13.395 
7."54 

7.380 

1.492 
.677 
.075 
.384 
.704 

.!)42 
1.136 
1.296 
1.430 
1.544 

.1..642 
1.727 
l ~ SJ 1 
1.867 
1.925 

1~977 

2.023 
2~065 

2.103 
2.1H 

2.l69 
2 ~ 19 J; 
2.l60 
1.998 
'1~841 

1.7J7 
1.5(5 
l~ ft.52 
1.:}36 
l~ 227 

l~ 114 
1 ~02 fl 

.936 
.84<J 
.767 

~4U 

.351 

.?92 

.236 

.182 

.130 

~ OB 1 
.033 
~ 013 
.057 
.09'1 

• !'to 
0179 
.217 
~254 

~ 290 

ALUMINUM MONOXIDE (AIO) 

Symmetry NUr.lb~T 

$298.15:: 52.169 ! 0.02 gibbs/mol 

~ 
(]) 

(l. i) 
(}) 

<'~-.§., l) 

(~ • .§.) 
(.:.. §.) 

(~, ..§.) 

c:. . .§.) 

(~t .§.) 

(l) 

{l • .§.) 

c~, :,-.£) 
Heat of forma.tion 

State 

X7T 
A2rri 
3 2 (," 

4 
b 

['z-

" 
21:-

r/z+ 
r 2

11i 
f2 Z+ 

.!i' Clll-
l 

0.0 

52B2. 

20635.2 

3 30.~O, 

(30200] 

[ 31600] 

( 33000) 

( 34700) 

[ 34900) 

[j0187 

45260 

1.17190 

(IDEAL GAS) 

Electronic and Molecular Consta.nts 

'i 
2 

£t!~ ~e-' cm-'" 
1. 517!;! 0.5413 [) 

1. 759 0.5364 

1.6670 O.60tl08 

1.658 0.503 

{1. 7241 [0 50S 1 

(1.724] [0.565] 

[1. 724) [0. 56S] 

(1.72[1.1 (0.565J 

(1.724) (O.!J6~) 

1.7234 0.56522 

1. 8liD O.ll950 

1. 812 0.5113 

Eel cm-
1 

O.OQ!JS 

[ 0.004J 

0.001<!.i7 

0.004 

[0.004 J 
[0.004 } 

(0.004 J 

(0.004 J 

[0.004 ] 

0.001;6 

[0.004 J 

[0.0011 J 

GFW ::: 42.9809 

-1 
~e~ 
979.23 

728.5 

8'/0. 05 

955.S 

[ 820J 

r 8201 

[ 820] 

( 820) 

[ 820) 

817.5 

[ 550J 

i 650] 

43 !: 2 kcal/mo1 

;: 16.4 ! 2 kcal/mol 

~~e~ 
6.97 

4.15 

3.52 

6,1 

[5.0] 

[ S.OJ 

[ 5.0J 

l 5.01 

(5.0J 

',8 

[4. OJ 

l4.0J 

We adopt 

kcal/mol 
= 120:!;2 kcal/mol and ll,Hf 29S :: 16.4!.l' kCal/1!I01 as a compr'omist! between the larger value of DO :: 121. 5~1 

by Dagdigian, Cruse and Zat'o£: (2) and t.ht! somewhat smaller maSS-Spc?tl'ometric va.lues (.!t-.!,;) sUITlITlClriZed below. 

Dagdigian e"t 0.1. '1.) interpI'eted laser-induced fluorescence to ded.vt:! the lower limits D~ ~ll'O.a or 121.8 kcal/rnol. According 

to Dagdigian et al. (]), Drowart derived an upper limit: of ~ 122.1::!O.6 kcal/mol by reinterpreting the absorption edges 

observed by Tyte (d.1). These had previollsly been predissociation in the E-state of the A .... r. system (~), leading 

'to DO .:: 119.9 kcal/mol. We Idck sufficient inforDldtion to judge the 

Interpretation depends on the shdpe of the p.otential energy curve of 
leading 'to D~ ~ 122 .l!O. 6 kc.tllmol (7). 

which Dr'owart considers to be nearly horizonta.l 
(.:~). Theoretical predictions (~) for the E-state yield .a double minimum which ra<OlY not occur in actuality. 

Other reported values of DO were summarized by Dagdizian et al. (.?.>. Several flarr.e-photometric values indY be dismissed 

for reasons cited by frank and KrdUtiS (~). Their recent ·jdta gave D~ values ranging from 115.1< to 118.2 kcal/rnol, depending 

the reaction considered ell). 
Source 

(~) Hildenbrand (1973) 

(J!) Farber (1972) 

<lQ)Burns (1965) 

(l!.:)DrOl,,·drc (IS60) 

tf!-:'.~_~ 

Mass spec. 

Mass Spec. 

Mass Spec. 

Mass Spec. 

Mass Spec. 

Mass Spec. 

dReactions: A) AHg)+02(g):AIO(g)+O{f;); 

b.s S ;lISr C (2nd law) _ 6Sr°(3rd law). 

Heat Cdpaci ty and Entropy 

Reacticnd Rdnge No. of <lSb 
--- ~ Points p:ibbs/mSli-: 

2210-2240 -7!:.~O 

1965-2117 Ie O. 4:!:1. 6 

rna 
1943-2093 16:!::1< 

2327 

2l88-25l1f lSC -3.2!:2.2 

2036_21<66 15 D.I.j!3.1 

~~~2rg~ (kc~;~m~;: 
-11.j1:67 D.l.!:l 

5. 7.!:3. 2 4-.9!:O.4 

26.5 

-69!:8 -121.11-1. 9 

-117.1 

-122!:5 -1l1.j.6.!:1.9 

-115:!:7 -1l6.0!2. 6 

Mif~gfllmo~~ 
18.513 117.8 

D.8:!:3 IHL6 

11. 8:!:6 114.6 

16.4:3 119.9 

20.S:!:11 115.9 

2?h7 113.5 

21. 5!:7 111.;.8 

a) AHg)+SO(g):A10{g)+S(g)j 

c Two points :roej ected. 

C) AHg)+VO{g)::AlO(g)-+-V(g); D) AHg)+O(g);::A'J.OCg). 

ALa 

Electronic levels (Too) and vibrational.rotational constants of the observed states are from recent studies (Z-.§.) which 

supplement or revise the values of Rosen (:!.). Scharnps (~) made t!xtensive predictions of the unobserved levels of AIO and MgO. 

We adopt these estimates since additional data fop MgO C.§) and the F state of AIO (~) confirm tha:t they are reasonably accurate. 

Estimated molecular constants arc derived from isoconfigurationa1 levels whenever possible. We omit: levels predicted to lie 

above 40000 crc-
l 

since they will h<lve a negligible effect. The thcrmodyn~mic functions ilre calcula'ted using fif'st-order 

anharmonic corrections to Q~ ilnd Q~ in the partt.tion function Q::Q1:~ Q;Q~gi exp{-c2~/T). 
References ~ 
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ALUMINUM MONOXIDE UNIPOSITIVE ION (ALO+) A L 0 + 

(IDEAL GAS) GFW=42.9804 

gibb!o/mol---~ ------- kcal/mol----~ 

T.OO: cpo 

0 
laO 
lOO 

'9, l' ~ 91 ':I 

'00 7.921 
400 8.2':10 
500 tI.54.;;1 

8.143 
d.892 

800 9.<)07 
900 9.095 

lUOO 9.161 

1100 9.211 
120<,) <,I.24B 
1300 9.2.16 
1400 9.291 
150:1 9.3U 

if>QO 9.325 
11'00 9.B:" 
1800 9.343 
1900 9.350 
2000 9.356 

2100 9.363 
aDo 9.369 
2300 9.370 
2400 9.384 
2::'00 ':1.392 

2600 9.4UO 
270G 9.409 
2800 9.419 
2900 9.-.29 
3000 9.440 

J100 9.452: 
J200 9.463 
3100 9.476 
HOO 9.488 
3-:'00 9.5')1 

3600 9.514 
3100 9.521 
3800 ':1.541 
3900 9. ')S4 
4000 9,"08 

4100 9.51:12 
.. 200 '] .~9b 
430C) <:I.bO"'t 
4400 9.62] 
4500 9.(') , 

4601) 9.650 
4700 9.664 
4;:100 9.677 
4900 9.091 
5')00 9. T04 

5100 9.717 

"wo 9.13 U 
':i300 9.743 
~400 9.756 
5500 9.1bS 

5600 9.781 
5700 9.793 
,aDo 'iI.1l05 
5<,lOU 9.811 
6000 9.829 

S" -(G"'-H"DI)ff H"-H"2M 6.Hf' 

5~.1 77 

55.226 
57.560 
59.439 

61.015 
62.H5 
6j..57u 
6".~a6 
65.598 

o{>.474 
67.211 
bij.OlP. 
b3.70b 
69~ 3'tS 

69.950 
70.516 
7lc049 
71 c 555 
1.2.QH 

12.491 
7,l.927 

74.494 
74.849 
1':.>.1.92 

S4l 

76.15l 
76.452 
1'b.144 
71~027 

17.:JOl 

N.2b8 
79.489 
79& 706 

79.9lil 
30.125 
80.329 
80.:;'29 
du.725 

90.91 f 
Sl.10b 
tll.291 
81.47) 
81.653 

tHc8Z9 
82.002 
Sl.tH 
ij,z.3 .. 0 
82.505 

~5.177 

55.111 
55.4'13 
56. too 

56.792 
51.4<,14 
513.181 
58.840 
59.46d 

60.0(;.6 
bO.634 
61.174 
6l.bS7 
b2.l77 

62.644 
63.091 
63.5113 
63.92tl 
64.3.21 

6 ... 100 
65.064 
b~.41~ 
b~. 7~3 

66.061 

66.397 
66.104 
b1.00t 
67.289 
b7.569 

bl.341 
68.105 
6$.363 
68.613 
611.858 

69.09& 
69.326 
69.556 
69.717 
69.994 

10.207 
70.414 
10.617 
70.8l1 
1!.OU 

11 .. 203 
11.341 
B.S75 
71.755 
7i.933 

72.107 
1..:.278 
12. '041 
72.612 
72.715 

72.935 
73.093 
D.24!; 
73.400 
13. '5,)1 

.000 231.100 

.015 231.7J6 

.821 238.061 
1.069 238.404 

2.53'. 238.72'1 
3.4l6 239.033 
't.31l 239.3.1.0 
"J.217 239.54j 
6. £30 23 7.106 

7.04f:j 237.444 
1.972 237.680 
8.898 231.916 
9.827 ,238.l51 

10.757 .B1i.3S4 

iJ..bt39 238.615 
12.622 23!:l.84~ 

13.55e. 239.073 
14.491 (39.298 
15.426 239.521 

16.36? 239.742 
17.299 B9.9bi 
11:1.236 240.179 
19.114 240.394 
20.113 .140.607 

21.052 240.~17 
21.993 241.021 
22.934 111.825 
2J.816 172.293 
24~ 820 112.760 

2').764 \73.225 
Zb. HO 113.b9Q 
£1.657 1"4. L 54 
28.605 174.615 
29. !>5~ 17?078 

30.506 175~538 
31.458 17S.9'ltl 
32.411 176.457 
H.366 1 U>.9l6 
34.322 t77.H2 

35.2:79 171.829 
30.238 178.2B7 
37.199 178.742 
38.160 179.[97 
39.123 179.650 

40.0S8 180.104 
41.053 18U.554 
42.020 181.005 
42.969 181.455 
43.95'" ItH.901 

.Io4.9l0 181.341 
45.902 132.190 
46.87b U33.231 
41.851 liB. bTl 
48.821 1~4.105 

49. Bv4 U.l4.538 
50.183 104.968 
!l1.163 L85.394 
52.744 ISS.Slb 
53.726 186.233 

June 30, 1968; June 30, 1970j June 3D, 1975 

WI" Log Kp 

229.085 - 167.92 t, 

22'1.031 - 166.S49 
226.087 - 113.528 
223.053 - 97.496 

SO. 11 7 2l9.952 
21.6.19t1 
;{U.b02 
210.315 -
207.307 -

- 67.681 
58.353 
51.086 
45.301 

lQ4.305 
201.281 -
198.238 -
19~.178 -
19,1~ lQO 

40.592 
3b.b58 
33.321 
]Oa469 
27.98'i 

189.006 - 25.811 
185.899 - 23.1399 
162.179 - 22.192 
119.M5 - 20.604 
176.49,} - 1~a281 

173.341 - 18.040 
1 70~ 1 74 - 16.905 
166.999 - 1';).869 
1b3.814 - 14.917 
IbO.616 - 1' •• 041 

157.412 - 13.232 
lS .... l9<; - 12.4t12 
l5l.Bll - 11.849 
1':>1.087 li.Bb 
150.350 - 10.953 

149.595 - 10.546 
148.62') - 10.164 
! 401:1. 04 I - 9.804 
147.241 - 9.465 
146.428 - 9.143 

145.&0& - ti.R40 
144.767 - 6.5':>1 
143.917 - 6.217 
l43.056 - U.OI7 
142.111:} - 7.7bB 

141.292 - 7.532 
1100.398 7.306 
139.491 - 7.090 
138.')75 6.683 
13 7.645 - 6.685 

1H>.109 - b.495 
135.7!l6 - 6.313 
134.199 - 6.138 
133.835 - !>.969 
132.855 S.607 

5.651 
5.501 
5.355 

us. 8M - '.).215 
lZ7.842 - 5.080 

126.811 - 4.<:.'109 
125.180 - 4.823 
1.24.741 - 4.1(10 
1.2'1.692 - 10.582 
122.636 - 4.407 

ALUMINUM MONOXIDE UNIP05InVE ION (AIO-l') 

Symme try Number::: 1 

5;9B.15 ::- (55.2!3J gibbs/mol 

State gi 
3 rr 101 [ 1. 82] 
lIT r 2000) [L82} 

" [ 300) [1. 70) 

" [12000 J [1. 70) 

" [ 20000J [1. 70) 

Ht!at of Formdtion 

(IDEAL GAS) 

!:.e! cm--

[0.5066 ] ( O.OOI.) 

[O.5066J {0.004 ] 

rD. 5806 ) [ 0.005] 

[0.5806) [0.005 ] 

l D. 5806J [ 0.005] 

GFW ~ ~2. 9804 

J.Hf O ,. 230.2:.:5 kcallmol 

wHf291l.15 :: 237.7:!S kCdl/mol 

-1 
~e~ 

[ 710] [4J 

[ nOJ [4] 

( 820] [5J 

[ 87D} ISJ 

[ 870] IS] 

ALO+ 

llHfO is calculated from 'thdt of AIO (,1) using Hildenbrand's appearance potentLal (!.) of 9.53:!O.1S eV C219.8.'!.3.5 kcal/rnol), 

assuming that it is identiCal with the ionization potential for A10(g) ... AIO+{g) "'" e-Cg). Other r-epo!'ted values for the 

appearance po'tential include 9.510.5 <.~), 9.5.0:1 and IO!l eV {::). These values are contoistent with, but less precise than, 

the adopted value. 

Heat Capaci'ty and r:~tropy "'" ., 

No spectroscopH: data have been observed for AID but Schamps (i) recently prcdJcted elec1:rOnl.c levels and molecular 

constants f("ol!l variational calculi1tions with serniempirical estimates of correlation energy differences. Similar calculations 

were rt<asonably accurate for MgO (5). The predictions for A10+ yield almos't equa1 energies fot' 3Jl and l};+; thus they do not: 

distinquish which is 'the ground st:te. A10+ is isoelectronic with MgO and AlN. MgO has a lZ;+ ground state with the low-

lying 3 11 level at 2600 cm-
l (2, V. Triplet-triplet" bands are observed for' .!\.IN (2, .?) and it is quitt! likely that the lower 

3n level is the ground sta.te (~). We conclude for AIO"'" that 3 rr is very low lying and probably the ground state j it will 

dominate the electronic partition function. 

The adopted electronic levels are minor modifications of 'the predictions of Schamps (5). Molecula.r constants of the 

3rr state are es'timated to be intermediate bet:we~n t.hose of MgO <'V and AIN (~). ~e r'e .3d~pted for' 311 is ~.l;' lange!' than 

that of A1 20 Q). Values of readopted for AIO are also longer than those of thl:!1.r TI and T. counterpar'ts ~n AIO (1,). Values 

of we are based on force-constant comparisons. Other constants at'e based on compdrisons with the observed a.nd culculated 

values for MgO (1. 2)' 
The low-lying electronic levels cause an entropy uncertainty of perhaps 3 gibbs/mol a't 29B K but <1 gibbs/mol at T >2000 K 

Uncertainty in the enthalpy is large (perhaps 1j kcal/mol) at high temperature. The enthalpy at absolute zero is -2.172 

kcal/mol. The ~h~rmodynamic functions are calculated using first-order l:IInhC:lrtr.onic cOr'"r't!ctions to Q~ and Q~ in the partition 

function Q::QtfQ~Q~gi exp (-c 2 (; i IT) . 
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ALUMINUM MO"OX I DE UNINEGATIVE ION (AL 0 -) 

(IDEAL GAS) GFW=42.9814 

libbs/mol---_ lu:al./mol 
T,"K Cp' S' -(G"-H9_)ff H"-Ho_ <1Hf "GI' 

0 
100 
200 ,.6 7 .'tal 50.835- 50.835 .JJ\) - 1;>"" • .,),)0 - f.:Id~340 

300 7.48'1 '.io).ot12 50.835 .014 - t)40.013 - 00.373 
.00 1.878 53.091 51e 134 e 783 - 6".69~ - b9.1.t3 
'00 8.16'i S':'.8&2 51 .. 110 1.50b - bS~3e., 70.90(; 

bOO 8.375 50.391 5l~ 366 l~4!4 60.091 H.9l8 
700 8.S,21 57.b94 53.036 3.Z!:I'iI - bb~1:1l6 - 12 .. 85 .. 
'00 8.oZ8 515.839 S3.b~.i 4.117 - 67 ~571 73.60.7 
'JOO B.709 59.86J 5 .... 52< 4.984 - 08.370 - 74.lbl 

DOO e.711 0<J.7iB 5'0.92) 5.858 - H.739 - 7 .... 821 

llOO 8.821 61.619 5~.49 ... 0.1'38 - 72 ~ ~;:'5 - 75 ~ 091 
1200 8.862 62.389 50.037 7.622 - 73.JjQ - 75 .. 2813 
1300 S.S96 63.099 5b.55$ 8.510 - 7 ... 120 - 75 .. &01'1 
1400 8.924 oj.100 57.045 ge401 74~~d - 15.408 
1')00 8.950 M.Ho 57.513 lOe295 - 75~720 - ]5..502-

1600 8.91< 64.954 51.900 11.1..,1l - 7b~S 18 - 1!:>e460 
1700 8.;;92 b5 ... 9~ 58.38a 12"Oli9 - 17.H1 - 15.31u 
1800 <iI.OIu 00.014 5d.797 12..9.:19 - 76.110 - 75.231 
1900 9.027 66.501 59.190 13.8YI - 7d~9HI 75.050 
2000 9.J45 bfl&q65 59.5e7 14. "{94 79~720 7 ... ti27. 

HOO Q.051 bL406 59.93Q 15.69<; - eo.sod - 7<0.5-02 
2200 9.011 61.826 00.2BO 16.6u6 - .&.1. • .3;:8 - 74~2bD 

2300 9 • ..184 68.231 60.bl' 17.!)ldo - 1;".133 - 73.'H':t 
24JO 9.097 68.618 00.942 18 ... 23 - 0:2.9"01 - 73.S ..... 
2500 <iI.109 e:.S.9<i10 61.257 19.333 - 83.751 - B.U9 

2600 ge 121 o..,~ 3 .. 7 bl.Sbl lO .. 244 - 64.!Jol - 72.696 
2700 9.lH 69~b92 61.656 21.157 - 1:15.373 - 72.220 
ldOCl 98145 70.024 62.142 22.J71 - 155.590 - 70.1;$'74 
2900 9.1'57 7>,1.345 62~419 22.9d6 - 156 .. 1"'9 - 07.859 
3,)00 9.169 70. Q56 b2eb88 ,0.902 - 1~6.1-':4 - 640.$0.)4 

~ 100 9 .. 181 70.957 62.950 24.BZU - 1:;7.2:'0 - 01.131 
3£00 9.194 1!.Z4e 63.105 25.739 - lS7.8U. - Sd.I)"'O 
3300 9 • .207 7l.~H b3.450). 20 .. 059 - 1!)tI.371 - 5:..s33 
3"00 9.221 H.807 03.b95 Z7.5bO - 158.9jO - 52 .... 11 
3500 9.23b 7LOH 1;>3.930 21J.5J3 - 159.4t1ts 49.271 

3600 9.252 12.334 t,'I4.160 .?:9.do.l1 - lC ... .I.047 - .. b.110 
3700 9.26-1 7.2:.5d8 64.385 ';O.:H3 1bO.601 - .10.2.939 
3tlOO 9.236 72. S3b 64.604 H.2dl - It>le161 - 39.7511 
;Boe '1.308 7: •• 077 04. BId 32.211 - 161. 726 - je:>.S47 
4000 9.329 73..,13 65.027 33.14'; - 1~2.i87 - 3.jo.:'32 

/olOO 9 • .loS 3 B.~44 65.232: 34 .. 071 - 1Q2.8<07 - 30.l.J) 
4200 Q.37d 13.769 65 .... 33 ~5.G13 - l6.l1.4v6 - 20005d 
4.3GU ".40~ 71.9"0 05.629 35.953 - 103.966 - 23.599 
.... 00 9."'34 74.2J7 ~~. d22 3b.d94 - Ibilo.~25 - 2(J.3L1 

~ 
4500 9 ... 65 7 ... 419 c:.b.Olu 37.839 - Ib5.0ij£ - 17 .O~3 

J 
4600 Q .. 49a 7".b~B 66.196 )ob.70B - 165.63a - D.745 
4700 9.534 7'..832 66.377 3~. 7 39 - 160.1'10 - 10 ..... 3 

'< .... aoo 9$572 h.o:n 6b.555 40.09 .. - 16b. 7~l 101,.;3 
!" 4900 9.61" 75.231 66.730 oId .. 653 161.3.,)5 3.709 

n 5;)00 9.654 75.42t> 66.902 42.611 - lo7.t1?7 .447 
::r • 5100 ~.6'H 75.617 b7.071 ... 3.5~4 - IbQ."(,,~ 2.909 
:I 5200 -1~ T4t;, 7';,~ 606 61.2jd .. 4.557 - 10d.959- 0.210 

5300 9.195 15 a 992 67.401 45.B4 - l6'il~5JfjI 9.6:'6 
I0I:l 5400 9.d46 7t.>.1 H> 67 ~'>b2 '*0.516 - 17'-1.0.)5b 13.032 • 5500 9.900 1b.357 67.72J 't7.5i.'iJ - 170. oOJ Ib.4':6 :'" 

i 5600 9.955 16.536 678810 4Bdlt96 - 171.1 .. 9 ,9.832 
5700 10.:)12 76.113 b8.029 "9.';'94 - lfl.e.93 d.245 
5800 lOe072 76.687 bS ~ 1 d 1 50.49l:l - 17(:.237 20ebH · 5900 10.133 77. 060 68.330 51. :5Ja - 17":.7dO ;;0.l!)7 

~ 
bJOO 10.190 17.2301 bS.471 j2.525 - IB~321 B.552 

.:"'I 
Dec. 31, 1975 

Z 
~ 

,Sot -'" "I 
QO 

A L 0 -

LooK. 

50~O':l9 

49~~J9 
.,S.J'}!) 
30.9~1 

2.0 .. 203 
.l2..7 .. 0 

20.125-
18.1)62 
Ib.352 

1 .... 'H9 
U .. 712 
12.b19 
1l.1d4 
li.OJl 

10 .. .,07 
9.00" 
9.114 
8~b3.3 
a.177 

1.760 
1 .. 371 
leO.2" 
0.697 
6.3'14 

b.lli 
5.640 
5 .. S).) 
~.!H 
't.7.21 

4. ,;~,( 
4.00::' 
3.010 
3 •. H,9 
3.017 

;;:.199 
t: .. S36 
.2.,,86 
2.lhd 
1.(121 

1.605 
LJ9b 
1.1':19 
l.elO 
.clt) 

.053 

."on 

.3i't 
• .1.09 
.0.20 

- .1;,5 
- .2e>" 
- .3ib 
- .5l7 
- .053 

- .714 
- .S'h 

.1 eOJ5 
- l~ 115 
- 1.222 

ALUMINUM MONOxIDE UNINEGATlVE ION (AIO-) 

Ground State ConfiguT'dtion (1F.+ J 

Si9S.1S ::: [50.all .i: 0.11) gibbs!mol 

(oj !:[9001cm-1 
• -1 

Sf.?; = IO.6tr.O] em 

Heat of formation 

(IDEAL GAS) 

Electronic Levels and QlJ~ntun'. Weights 

State t i • cm-1 &: 
(17) --- m 
[3 Ill (27000) (6] 

\l)~:?Ce = r 5,4) cm- l 

(le = [0.006J cm-1 

GFW :: 11<.9914 

6HfO -62.5 1j kcal/mol 

.lHfi9S.15 -Str..O t 4 kcal!mo1 

::J::: 1 

t:'e ::: (1.62)A 

We adopt ilHf 29B ;: -64,0!.4 kcallmol b&sec. on equilibrium dat:a for AIO(g) ... Cl-(g) " CUE) '"' AIO-'g) 'Obtained using 

effusion-mass spectrometry by S!'ivast<:!va et al. (,!, ~). Our analysis of the data is summarized below. for the process 

AIO-Cg) .... AHg) ... O-{g) we calCulate a diSSociation energy DO ::: lS5.2!.4 kcal/mol; this is cOC'lparahle to'" ~(Alf) :: 159.3.!:1.5 

kcal/mol <.~) a.nd much larger 'thOin DO(AIO) ::: 120t2 kcalJmol (~). The corresponding electron affinity, EA(AIO) = 78.9t~ 
kcal/mol (3.42 eV), is 11.4 kcal!mol less than [A(el) ::: 83.3 kca1/mol <.~). Gaines a.nd Page (~) used a semi-empirical r.:tet:hod 

to predict EA(AIO) ::: 60 .5.nd EA(i30} ::: iJ9 kcal!J:'lol, corresponding to a. difference of 11 kcal/mol. Although this difference 

is comparaole with the experiment",l difference of 9 keal/mol, the values predicted for EA(A10) and £A(BO) are "'10 kcal/mol 
lower than the experimental results (!., l). 

R<'1nge 

Source -ILL 
(.L 1) Srivastava (1972) 2080_2222 

a 6S <>Sr~(2nd Law) _ .lSrSOrd l.dw). 

Heat Capacity and Ent::ropy 

No. of 

Points 

'so 
gibbs/mQl 

-5. 8.!:3. 8 

LoUr 2SS ! (kCal/mol) 

2nd LAw 3rd Law 

-B.hS.3 4.4B:!:1.1 

o.Hf
298 

kcal/mol 

-64.0.!:4 

All of the moleculdI' constant:s are estimated by comparison wi.h AIr and AID (';P, We es-rimate the electronic sta.tes 

dnd 1evels from thl' lo~-lying stdtes of isoelcct:ronic All. The bond distance is uJo:m equaJ to that in AID and sJi8htly 

shorter than that in AIr. Be is c~lcula'tcd from reo We derive 4le :: gOO~lOO crr.- 1 frOm k :: 4.8 mdyn/A estimated from 

k(A1F) ::: 4.23 and k(AIO) :::: 5.68. Similar comparisons of wE!x.e/we and Cle/Be are used to estimate wexe ",nd ill" 

The enthalpy at dbsolute zero is -(.109 keal!mcl. 

References 

1. 

2. 
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2941 (l971). 

M. Tarber, R. D. Srivas'tava and D. M. Uy (Space Sci. lnc., Honrovia, Calif.), Rf<pt. AD-731303 (Avail. NTIS), 50 pp. 
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ALUMINUM DIOXIDE (AL02) 

(IDEAL GAS) GFW=58.9803 

~---gibbslmol---~ -----kcaJ/tnol----
T,OK 

o 
100 
200 
298 

300 
400 
;00 

bOO 
700 
800 
900 

1 )00 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1500 
1900 
2000 

;noo 
2200 
2300 
2400 
2500 

2000 
2700 
2800 
290"0 
30vO 

3100 
3200 
3300 
3400 
3500 

3600 
3100 
3800 
.;I':;lQO 

4000 

·4100 
4200 
4100 
4400 
:.500 

4600 
4700 
4aoo 
49:)0 
5000 

5100 
'S200 
5300 
5400 
5500 

5000 
5700 
5600 
Sica 
6000 

CpO 

.. 000 
7.962 

10.187 
11.bS4 

1l.107 
12.701 
13.332 

13.140 
14.01" 
14.20 .. 
14.340 
14.441 

14.517 
14.57b 
14.023 
14.661 
14.691 

1'o.il1 
1..4.131:1 
14.157 
14.773 
)4.7!HI 

14. SOL 
14.814 
14.821 
1'<.d40 
14.354 

14. doC! 
14.8HZ 
14. S<,lS 
14.~1..5 
14.933 

15.064 
15.090 
15.116 
15.1 ... 3 
I5.ln 

15.200 
15.£29 
15.258 
15.287 
15.317 

15.347 
15 ~ H7 
1S.406 
15.436 
15.4/)~ 

15~494 

15.523 
15 ~ '551 
1 5 ~ 57 ci 
15~ tlOS 

15.0.32 
15.657 
is.bill 
l.S.Iv7 
15~ 7]0 

S' -(G<)-H"UII)(f 

.OVO lNF(to;lH 
47.91:i7 67.91'>1 
54.242 59.632 
58.608 58.608 

sa.oso 
6l.195 
65.102 

6'7.571 
69. Hl 
71.590 
73.271 
14.793 

71;..173 
71.439 
78.b08 
79.693 
aO.705 

81.b54 
62.547 
83.390 
84.1tl8 
tl".~47 

85.068 
136.357 
87.<.H6 
87.047 
88.253 

81::!.!:IH 
13"1.398 
$9.939 
90.1..1>2 
~O.9b8 

91.458 
9l.~33 
92.39 .. 
n.d42 
9:;.278 

'B.702 
9 ..... 115 
9 ..... 51d 
94.911 
95.294 

95.009 
90.036 
96.395 
9&.746 
97.090 

97.427 
97.757 
98.091 
"ld.399 
98.7ll 

q~.018 

99 •. H9 
99.01'> 
9".906 

10J.192 

100."73 
100.750 
101.023 
1·'Jl.291 
101. ,5::' 

sa.bOd 
59.060 
60.002 

61.0b3 
62.149 
63~2.1.5 
64.2 .... 1 
b5.2L2 

66.155 
61.044 
b7.a~9 
68.69 .. 
6'1.461 

70.194 
70.894 
71.565 
72.209 
72.827 

73.-422 
73.99-4 
74.54t> 
15.079 
'5~ 594 

76.a~.2 

76. S14 
71.042 
77.490 
71.937 

78.).65 
76.181 
79.1!:l1 
79.5d2 
79.91>1 

MO.343 
60.1Q9 
81.008 
tH.418 
81.160 

82..094 
82.422 
tl2.743 
83.057 
1;\3.365 

83.661 
83.91)3 
84.254 
Sit. 540 
84.820 

a5~ C95 
d5~366 

85.632 
l:!5.b94 
d6.151 

136.404 
86.653 
80.899 
070141 
tl7.319 

W-ft':dI$ 

- 2~ 712 
- 1.993 
- 1.u78 

.000 

.022. 
1.246 
2.550 

3.905 
5 • .2';13 
0.705 
8.132 
9.~72 

11.020 
1':.474 
13.934 
15 •. N~ 
1O.8b6 

113.337 
19.1310 
21.284 
a.Hl 
2 .... :;39 

25.71d 
.l1d99 
28.681 
JO.164 
:;1.6 ..... 9 

B~U5 

34.623 
):;'.112 
H~602. 

.39.095 

40~5~9 

'+2.0d5 
4';c5d3 
'oS.Od4 
"6. sal 

4il.092 
49.()OJ 
:31.110 
52.t;.l3 
54.139 

55.tl57 
51.t 79 
5d.703 
60.230 
61.760 

03.294 
64.830 
M •• 369 
67.911 
09 .... 56 

11 .. 0:)4 
72.555 
7"0109 
75.605 
17.22: .. 

7I;l.7tl6 
80.350 
81.917 
83. 4~s7 
135.L)59 

AHf' AGf' 
- 4't.'t"'3 
- ....... 5,24 
- 44.147 
- 44.900 

- 44.'.102. 
- 4:..9!:1d 
- 45.046 

- 45.10:> 
- 4S.ldO 
- 45.283 
- 45.432 
- 48ol52 

- 48.302 
- .. 1;\ .... 55 
- .. 8.61..:1 
- 48.761:1 
- 4d.931 

49.09b 
- 49.2.t> ..... 
- .. 9.437 
- 49.&14 
- "'9.795 

- 49.';IbJ 

- ~0.170 
- 50.3Q2 
- 50.Sou 
- 50.762 

- 50.';167 
- 51.176 
- 120.199 
- 120.754 
- 120.711 

- 120.671 
- 120.034 
- 120.599 
- 1.2J.!.l67 
- 120.'.:>35 

- 120.506 
- 120.478 
- 120s4:.2 
- 120.425 
- 120.401 

- 12..:1.378 
- 120.353 
- 1200331 
- 120s 309 
- !20.2ad 

- 1.20.2b5 
120.246 

- 120.226 
- 1l0.20o 
- 1..20.188 

- 120.171 
120.l55 

- 120.140 
- 12u.127 
- 12..:1.1l6 

- 120.10d 
- 120.101 
- 120.098 
- 120.097 
- 120010J 

- 4 .... 443 
- ... 5.018 
- 45.437 
- 45.145 

- 45 ~ 751 
- Iobe019 
- '+6~269 

- 4b • .509 
- 46.137 
- 46.953 
- 41.153 
- 47.151 

- 41.044 
- 46.923-
- "b.7d'! 
- 46.643 
- ... 0.4t16 

- 40.j17 
4b~ 13~ 

- 4S.9<o$ 
- 45.150 
- 45c~44 

- .. 5.3.:7 
- 45.101 
- 44.8b5 
- 44.620 
- 44.373 

- 42.730 
- 39.951 
- 37.105 

- 34dBO 
- Hc597 
- 2.d.B16 
- 20.037 
- 23 • .259 

- 20 ... 15 
17.699 
14~921 

- 12.1 .. '< 
9.311 

0.59b 
3.,,2:0 
1.043 
1.731 -
4~ 504 -

1. £81 -
10.0':"8 -
1.2 ~ 020 -
15.593 -
16~ )62 -

2l~137 -
23~902 -
r:.b~Q76 -
29~444 -
3.2.214 

34.9.::>3 -
:'7.1 .. -) -
.. O~ 52.4 -
43.2~2 -
"'6.0b3 -

JU1'!.e 30, 1968; Dec. 31, 1968. Dec. 31, 1975 

AL 0 2 

Lo&Kp 
r:'F!NIH 

9S.3Stt 
49 ~b52 
.33$532 

.. IJ ~ ).29 
25.143 
.W~22.4 

10.941 
1 .. ~ 59.2 
U~ ~ c17 
11 ~",,50 
Iv.305 

qe)41 

8~ 546 
7.1:1<:00 
7.(81 
b.713 

·o.:jZ7 
5.9~i.. 

5.579 
:lu!.62 
4~977 

4 • .2td 
4.063 
3 • .:379 

3.7\Jo 
3e!l49 
3.H6 
3~vll 
2..7.:17 

2.424 
201Sd 
1.90B 
1 ~ t> 74 
1.452 

1.243 
1 .04~ 

.d:)() 

.b81 

.512 

.352 
0.1.99 
.053 
.(,86 
.219 

.340 

.467 

.~H}4 

.1)95 

.eO-3 

.90e. 
1.0J5 
1.100 
10192 
1.20\J 

1.30S 
1.447 
1.;27 
1.60" 
1.6H 

(IDEAL GAS) GN :: 58.9803 ALUMINUM DIOXIDE (A10
2

) 

Point Cr'oup [D<»h] lIHfO :: -41;,4 :!: 5 kcal/mol A L 0 2 
5298.15:: (59.6 :! 2J gibb~/mol 

Electronic Lev~ls and Quantum Weights 
1 

!:i~ ~ 

o 
[ 15000] 

C 20000) 

Heat of formdtion 

[4] 

[41 

(2J 

Vibrational Freguencies and Degeneracies 

~-:.: 
[680JO.) 

[300JC(') 

l890)(J.) 

llHf298.15 :: _414.9 !; 5 kcal/mol 

Bond Dist.,nce: AI-O,:: [1.62] 

Bond Angle: O-AI-O" [180 0 1 

Rotational Constant: 30=[0.200714] 

C :: ? 

We adopt lIHf 298 ::; _144.9!5 keal/mo1 and C.HdO " 240:!:S kc.,l/mol based on equilibrium data for AHg) + AI0
2

(g) ::; 2A10(g) 

ob"tained using effusion-rn.aS5 spectromet.ry by Farber et: aI, (1, .~). Analyses of the data ere surrunarized below, Comparison 

ern-I 

of ':: 240!5 kcal/mol with DO(A10) ::; 120:!:2 (1) and t:.Ha~(A120) = 2"5!:& (~) suggests that the. Al-O bond strengths are almost 

equal AIO, AI0 2 a.nd A1 20. BO~ B0 2 and B
2

0
3 

are very different in this respect. 

The adopted C.!if~ is confirmed by·a mass-spectrometric analysis of composi1:ions in AI-containing fld-mes. Farber et 03.1, 

(~) reported lIGr
o 

::; 7,'-' kcal/mol for AIO(g) + H20Cg) = A10 2(g) ~ H
2
(p) at 2250.tlOO K. Combining this with JANAr auxiliary 

da.ta (1), we derive t>Hr 29B ·= -1.1 kcal/mol and J.Hf298 " -42.5:t5 kcal/mol for AI0
2
(g). The uncer'tainty is that assigned by 

the authors (~.>. 

Source 

q) farber (1972) 

(1) farber (1971) 

(1, 2) Combined 

Range 

T/K 

1943-2D93 

1563-1983 

16Ei3-2093 

No. of 

~ 

l' 

a 6S ", llSrQ((nd law) _ 6Sr°(3T'd law). 

Heai: Capacity and [nt"ropy 

". 
gibbs/mol 

-1.0.!O.7 

7.7.t6,4 

2. 9 ~ 2.7 

lIHI"'29S1 (kcal/mol) 

2nd Law 3rd La"," 

_2.5.t1.4 -0.35:!-0.2 

14 112 -O.25;!J. 6 

5.1.I!&.1 -O.30!2. 5 

llHfZ98 
kcal/mol 

-44. i3S"!"S 

-44,95.t6 

-44.90:!:5 

Electronic ground and excited states are estimated by analogy with B0 2 • We assume 'that the excited states have slightly 

lower values of To th.;w in 802 (~). We adopt the linear, s.ifTIUT,et:r'ic structure and estim.:rte the bond dist"ance from that of the 

ground state of AI? (~). Vibrational frequencies ar!: rounded values derived from the for-ce cons"tan"ts ff' :: 3.9, frr :: 0,5 

and fa = 0.2 mdynlA. Uncertainties in "these est.im<Hed force constants suggest uncertainties in t"ht:' frequencies of SBO.!lOO, 

300!90 ilnd 890:tlSO cm- l The corresponding uncertainty is :t2 gibbs/mol in the ent.ropy and Gibbs-energy funct"ion. ~ 
The adopted force constants dr-e derived from fAIO and from 0200, BO and AlO. Values of (fr+[rr) = 14.105 and 4.39 l!l~yn/A 

are estimated from FAlO (2'> and from BO:? <2, ..!!., ~) adjusted via the ratio k(Al0)/k(BO). We ildopt (fr+f
rr

) :: 4.!.J mdyn/A for 

Al0 2 and vary frr over a wide range. to see the effect on "3' Values of fa/fr:: 0.07 and 0.03 are obtained f!'om i'AlO (~) 

and 302 (2). We a.dept an intermedidt:e. vdlue of 0.05 foT' A10? 

The aS$ume~ linear structure is consistent with the predictions of Walsh (~) . for A3
2 

mole:!~ules _haVing l~ valence . 

elect.rons and wl.-th known data (:!..Q) for such moleculef;. Lynch ~.!1) postulated a h1ghly bent 1-.1 - 02 species from observ.'ltl..on 

of a weak IR band <!it 1116 cm-1 in an Ar-0
2 

matrix and 1096 em-oJ. in N
2
-0

2
. In these experimen-rs Al was codeposited with A1

2
0 

using a matrix gas containing '"1..21% 02' The weak IR band disdppeared immedidt:ely dUI'ing annealing of the matri:-;. The species 

Al4- - 01 was presumed to be different <ll} from AI0 2 observed mass spec"tt'ometrically •. A rel.atively strong band observed at: 

686 cm- first increased in intensity and then remained fairly constant during annea11ngs. This band was assigned to the 

cyclic dimer of AIC, but it is /!lIsa near our expected value for VI of AI0 2 . This mode should not be active in the infrared if 

Al02 is linear. The moment of inertia is 13.9<+4 x 10-39 g c!!",2 
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ALUMINUM DIOXIDE UNINEGATIVE lON (AL02-) 

(lOEAL GAS) GFW~58,98D9 

T,OK 

o 
00 

,., 
300 
<00 
500 

600 
100 
800 
900 

1000 

1100 
1200 
1100 
1400 
1500 

1000 
1700 
1800 
1900 
2000 

2100 
220(' 
2300 
2400 
2. ~OQ 

21;>00 
lf00 
2t!OQ 
2900 
3000 

3100 
3200 
J30u 
3400 
3500 

360C 
3700 
3dOO 
3'~OO 
4:)0(1 

.:.laO 
4Z00 
4300 
4400 
.:.500 

4600 
4700 
"'flOO 
.. 900 
5000 

5100 
520e 
5300 
5400 
5500 

5600 
5 roo 
5800 
5900 
6000 

.----gibbsfmol - -----kolll/mol--

Cp" so -(G~-W~lI)rr W-HoHS l!.Hr' 6Gr' 

1l.099 

11.125 
1 Z.246 
12.978 

13.463 
D.H3 
14.0l5 
14.194 
14.319 

14.541 
14.. 59~ 
11.,.033 

14.665 
14.6n 
14.714 
14.733 
14.149 

14.703 
14.170 
14.78b 
14.196 
i4. OJ':' 

14.~H2 

1.4.818 
14. tl2l" 
14.830 
14.834 

14.839 
Ift.8'+3 
14d4b 
14.l:I50 
14.853 

14d355 
14.&58 
14.860 
1'+.l:I63 
14~ 865 

1 4 08bo 
14.368 
14.870 
14.tHl 
14.873 

14.874 
14.87!:> 
1 .... 311 
14.818 
14.879 

14.1380 
14.881 
14.881 
14.;$62 
14.883 

14.885 
14.86b 
14.1386 

54.tl4!:! 

54.917 
58.282 
61.099 

63.511 
b5.bl3 
67.471 
69.133 
70.035 

7..:'.005 
73.262 
74.424 
15.504 
16.512 

71.45!:! 
78.348 
79.188 
19.984 
80.740 

61.4bO 
82.141 
82.(;:104 
!:!3.4j4 
S4.038 

S4.619 
85.171) 
85.117 
86.237 
60.140 

!37.227 
B7.696 
86.155 
8a.5gS 
89~02B 

89,447 
I;n.854 
9J.250 
9J.636 
91.013 

91. 31:10 
91. 7 36 
92.068 
'14. 4 30 
92.764 

93,71.4 
94.031 
94.331 

94.626 
94 5 0;;15 
95.198 
95.476 
9? 749 

9b.01 e 
96.,,81 
96.5400 
96.794 
97.045 

:"4.848 

54.8lot! 
5:5.300 
56.1 !:!6 

59.301 
60.303 
61.202 

62.177 
03.04'1 
63~ BBO 
64.672 
65.4<!d 

be. L'JL 
66.843 
67.505 
6tl.l41 
68.7':13 

6',;.3<.1 
69.9;)7 
70.454 
70.9BZ 
71.492 

71.986 
72.404 
(2 ~ 918 
13.378 
73.8D 

74.240 
74.653 
75.055 
75.447 
75.82<,1 

16.201 
70.505 
76.920 
71.2t.7 
77 .600 

11. 937 
78.201 
78.519 
78.090 
79.194 

19 .... 53 
77.786 
BO.073 
80.355 
80.611 

uO.9U$ 
d1.169 
81.43t 
81.1:>09 
81.1)1.2 

8.:'.1 'it 
SZ.43tl 
82.671 
e;: .91 .. 
63.1.47 

.000 - 140.900 

3.780 
5-144 
6.536 
7.941 
9.373 

10.S LO 
12.25'5 
13.707 
1:'.164 
l6.bLb 

25.4Si 
26.928 
28.406 
29. f;ld~ 
31.3c!:> 

35.810 
;7.293 
38.176 

4u.259 
41.7 .. 3 
'd.l28 
44.713 
4b.l98 

47.683 
49.169 
50.655 
52. HI 
53.6.21 

55.114 
:'0.601 
58.0BtI 
5'1.51S 
131.002 

62.S4<j 
e.4.J37 
65. :'2', 
67.012 
68.500 

69.986 
7l~416 

72.964 
74.452 
15.940 

17 .429 
IB.917 
e.O ..... O.? 
ul. 894 
8j.Jd3 

- 140.912-
- 141.:"47 

142.142 

- \42.730 
- 143.325 

143.945 
144.607 

- IH.8Jij 

- 148.49b 
- 149.154 
- h9.IH4 

150.477 
- 151.142 

- 151.dO'i 
- 15.2.479 
- 153.153 
- 153.632 
- 154.513 

- 15 ~.198 
- 15!>.l:!ti9 
- 156.5 b2 
- 157.21:11 
- 157.985 

- 151J.b91 
- 2)9.403 
- 229.530 
- 229.98q 
- dO ..... 53 

- .BO.9Lu 
- .Dl.Hl 
- 231.667 
- 2j.2..HB 
- 232.&31 

- £33.3113 
- 2:j3.d09 
- 234.304 
- 234.801 
- 235.JJ3 

- .u~.tllld 

- 2';6.315 
- 236.8,n 
- £37.342 
- 237.tlbO 

- 238 •. HH 
- 138.907 
- 239.<030 
- 23':1.9e.7 
- 240.502 

- 241.04;: 
241.586 

- 242.134 
- 242.680 
- 2.43.2"2 

- 243.8ll4 
- Z,,4.31u 
- 24.,~943 

- ,l45.3b) 
~ 246.l02 

JUI'lC 30, 1968; Dec. 31, 1968; Ike. 31, 1975 

D9.1J7 

- 139.121:> 
- 138.4.H 

DL5b5 

- l.J6.61<:i 
- 13~.553 
- 1.:.4.402 
- 133.169 
- 131.677 

- 130.0 .. ;1 

- 12t:1.3£J 
- 12(>.5bO 
- 124~ 746 
- IU.8dt> 

- 120.97Y 
- 1l9.0j2 
- 117.0 .... 
- 1L5.0.:-0 

112.962 

- 11".667 
- 106.740 
- 106.5eO 
- 104.39(1 
- 102.176 

99.927 
- 97.6::t4 

94.5'-4 
- 89.694 
- !:I ... b47 

- 19.965 
- 7~.1 09 
- 70.119 
- 65.J15 
- 60.397 

- !>5.459 
- 50~ ~lJ 

- 45.552 
- 40.570 
- 3~.594 

30.5'-16 
- 25.5t:1" 
- 20.55b 
- 15.52:' 
- 10.475 

S.4l.:) 
.3 .. 9 

4.B3 -
9.820 -

L'h92B -

2u.0'<0 -
25.165 -
)0.304 -
35.447 -
4u.603 -

4S.7b9 -
~u.94Z -
50.133 
61.32d -
6t:.5J& 

AL 0 2 

Log Kp 

1J1.9'1(' 

101.3:'3 
75.636 
b0 .. UIl 

49.764 
.. 2.';' • .:1 
31.'>.7L 7 
3l.33~ 
2b.778 

25.IB5 
23.Hl 
21.277 
19.47 .. 
l7.90'" 

lo.5Z~ 

1 'J.3il3 
14.211 
U.23J 
l2.34 .. 

1l.~j8 

10.802 
10.12:7 
9.506 
6.93{. 

O.l,OO 
7.9:)5 
7~H!::! 
6.760 
b.181 

5.03<,1 
S.U0 
4.6SG 
... 190 
3.711 

J.367 
2.'>84 
/...020 
2..274 
1.94~ 

lotdl 
1.331 
1.045 

.771 
.70-:1 

.(.ib 

.4)6 

.652 

.B5'i1 
1.051:1 
1.250 
1.43~ 

1.bU 

1.786 
1.953 
2.115 
2 • .02 
2.424 

ALUMINUM mQXIDI UNINEGATIVr: ION (A10
2
-) (IDEAL GAS) Grw 58. :1809 

Point Group [D<.Oh 1 

= [54.85 -! 1.5] gibbs/mol 

State Quantum Weight:: [11 

6Hf;:::-138.B!.7k:c<l1/mol AL02-
IJHf 2911 15 = _1110.9 !: 7 kcal/mo1 

Bond Distanct:!: A:i.-O:: [1.61] 

Bond. Angle: O-AI-O [180~ J a :: 2 

Vibrational frequencies and Degeneracies 

-1 
~ 

[690] 0) 

(400) (2) 

{1020} (U 

Rotod.tiona] Constant: Bo:: [0.20234) cm- 1 

Hl;!at OJ tOrmd\.~on 

w~ ddopt ilHf 29S '" -140.9:!:7 kcal/mol. bdsed on equilibrium data for' the rEa.ction Al0
2

{g) + O-Cg) :: A10
2

-Cg) + Cl(g) 

studied via effusion-mass spectrometry by Srivastava et dl. <l, 1). Our analysis of the data is Summadl..ed below. For the 

t'€action A10 2-(£) = Al(g) ... O(g) ... O-C£) we derive lIHa~ ::: 300.S!7 kcal/mo1; this is comparable with t.Ha;(OAlF) = 293.2!'-' 

kcal/mol (d) and much lar'ger 'than :::' 240!S kcalimol (~). The corresponding electron affinity, [A(P,102J :: 94.2!:S 

kC<ll/mo] (4.09!O.26 eV), is 10.9 gr~ater than [A(Cll :: 83.3 kealhr.ol (~). 

Range No. of oSa 

Source 1/K ?,oio'ts gibbs/mol 

(_~ ,-Z)Srivastave{ 197 2) 2080-2222 1.1!:li.O 

doSS:: lISrO(2nd law) _ uSr G {3rd Liw). 

I'lHr'; 9 81 (kcdl/mol) 

2nd lAw 

~ 8 . S! 8.6 

3rd l...aw 

-11. 05:!:O. Sb 

lllifiss 
kcal/mol 

-140. B5,!7 

bUnc::ertaint:y derived from the scatter' in cIHro. Estimation of !"'ea:sonable boundS for' bias in Gibbs-energy function 

and Kp yields an iJTIcertainty of ",5 KcalJmol (or "-8 kcal/mol if the ion is nonlinear). Possible bias in the Gibbs

energy func'tion is the dominant uncertainty. 

Heat Capacit:y and. Entr0-.2Y 

AIO; is isoelectronic with OAlf and the related molecules SiO" and MgF
2

. Pertinent structural information is reviewed 

on the tables (~) for OAIF and .'1gf 2 . WI>! conclude thdt OA1F is probably lineal' bur cannot exclude the possibili1.y of slight 

nonlinearity (bond.angJe of '\,1('0°). This conclusion also applies to A10;. We adopt <l linear, symmetric structu~e WiTh a 

bond distance eqUal to that estimated for OA1f and slightly short:er 'than that observed for the ground state of AID (.3), We 

assume the g~~und to bE' 1£:+ based on other triatomics with 16 valence electrons (~, ~). The momen1: of inertia-is 
13.772 x 10- - g 

Vibrational frequencies are rounded values estimated f!'om fr ::: 4.5, frr -:: 0.0 and fa. :: 0 338 moyn/;. The AI-O stretching 

force const<1nt and fa/fr ::: 0.075 are transferred from OAIF (lL Raman spectra (~, ~) of alkaline alumin<Jte solutions (pH>12.9J 

showed a single absorp'tion at .... 630 cm-
1 

assigned to v"!' ot linear OA10-. Other information (5, 6) supports the existE!nce of 

A10; in these highly a::"kd1ine solu'tions. The <!3sie;ned \11' corresponding to (fr+fl"r) :: 3.71.: ~dY~/;., agrees satisfactodJy with 

our independent estimate for the gaseous phdse. 

~ 
1. R. D. Srivastava, O. M. Uy and ~!. farber, J. Chern. Soc.) far<laay Trans. Il.,§!, 1388 (97» 

2. H. Farber, R. D. Srivast.:.va. and O. H. Uy (SpCl.ce Sci. Inc., Monrovia, Calif.}, Rept. AD-731303 (AVail. NTIS), 50 pp. (1971). 

3. JANAf The('m(>chemical Tables: AlfO(gJ, A10
2

(gJ 12-31-75; CI-Cg) 6_30_65j Mgf
2

(gJ, AIO(gJ 6-30-75. 

II. J. i-i. Rabalais, J. M. HcDonald, V. Scherr .and S. P. McGlynn, Chern. Rev, 2l. 73 (1971). 

S. L. A. Carreira, V. A. Maroni, J. ~l, SWdine and R. C. Plumb, J. Chern. Phys. ~, 2216 (1966); J. Phys. Chern. ~, 2057 (1951.). 

6. L. N. Pav]ov, 1. Eremin, T. Yd. KonenkoVd dnd V. r.. Hirono'.', Sov. J. Non-ferrous l1e'tals .,!2(8), 60 (2569); J!20J, 

56 (1959); English t'C'dnsl. of Tsve't. Metal. .::l(8) , 56 (l96S); ::1,(7), 56 (}969). 
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ALUMINUM SUBOXIDE (AL20) 

<I DEAL GAS) 6FW=69. 962q 

glbii<lmol---~ k<allmol 

T, "K CP' S' -(G'-H"_)fI' H"-Ji"SN AlJr 
0 .000 .000 iNFPHTE - 3.12~ - 3l~ I. 04 

lOO lO.196 49~ 064 11.815 - 2.ZiH - 30~S15 -
200 Ll 0 593 56.604 62.531 - i.ldS - 30.951 -
2.8 1l.513 bL.'Hit 61.414 .000 31.200 -

300 12.5l3 oL.491 01.414 .023 - Jl e lO5 -
.00 13.190 65.192 ol.Q14 L.311 - 3l~4H -
500 13~643 M.lal 62.879 2.654 - 31. 7~5 

600 13.'15.2 70.704 63.Q79 4.035 - 32' ~O70 -
700 1401 bt. 72.071 65.098 '5.441 32.423 -
BOO 14~:H e- 74.773 06.191 e..S6b - .52.631 -
900 14.429 76.466 61.240 8.304 - 33.324 

1000 14.512 77.991 68.240 9.751 - 38.957 -

Lloa Ilt e 515 79.317 b9.191 1l.205 - 39.,"40 -
L 200 14.625 BO.648 70.093 12.666 - 39. 92~ -
J.300 14.b6,,+ 8l~a20 70.151 14.130 - 40.401 -
1400 14.69& dZ.908 11.100 15.598 - 40.683 -
l500 14.12l 83.92:3 12.S43 l7.069 - 41.3b6 -

1000 14.143 84.874 73.28:' 18.542 - 41.ti49 -
1700 14.1&1 1j5.766 73.993 io.on - 42.333 
1600 14.776 86.H.? 74. (; 71 21.494 - 4l.aJ.7 -
1900 1,>.181,1 87..r.ll 75.320 22.973 - 43.30't -
lODD 10(,. aDo 1:18.110 1'5. ~44 24.452 - 43.792 -
2100 14.809 S6.B93 16. S44 25.'B2 - 44 • .ld3 -
2200 14.817 89.582 77.121 Z7 e 414 - 44.775 -
2300 14.1;125 90.240 17.671 2B.8'J6 - 45.267 -
l400 14.I33r 90.672 ?'d.214 30.3'9 45.763 -
2500 14.831 9l.471 78.732 3L.86l - 4b~Z62 -
2600 Ut.S4.2 94.059 N.Z34 .. H.34b - 4b.76.? -
2700 14.1:146 92.619 79.119 54.830 - 47.265 
21:100 14.850 '13.15':1 80.190 3b83lS - 1 abo 5ij9 -
2900 14.d'S4 93.6dO SO.b4e 31. ijOO - 1Bb.572 -
3000 14. b51 94.184 fl I.. O.;l9 H.2S6 - 186.5";7 -
3100 H.8bO .;140.071 81.519 40.712 - 186.544 -
3,j'00 14.863 95. J.43 dl.'B7 42.251:1 - 186.533 -
3300 1"0.865 95.600 82.345 43.14"" - 11$6.523- -
3400 14.861 9b.044 32.741 .r.5eZ>! - L86.518 -
3500 14.db? 96.415 63.121 46.1le - lSb.51i -
3600 14.871 96.894 83.504 413.205 - Id6~510 -
)700 14. B73 97.302 -83.1!71 49.bn 1 abo 510 -
HOO 14.131" 97~69d 84.230 51.119 - 1.86.513 -
3900 14.1:176 9d. (las d4.580 52.667 - Id6.516 -
4000 14.817 9d.461 t34.92.lo 54.154 - la6.~i4 -
4100 14.679 9.3.829 !;is. 2 ~1 5'ht,42 - lSb.734 
4200 14.8t10 9~.la'" B5.5B5 51.ll0 - 18b~544 

10300 )4.881 99~ ~J7 &5_ '>los. 58.618 186 .. 5bO 
4400 1 •• 882 "'9~ 880 86.219 bO.l0b - l.s6~578 
"oS00 14.883- 100.214 66.526 61.594 - 1l;;b .. 600 

lobOO 14.8d4- 100.541 Sb.827 b3. 083 - lBb .. bZ'3 
4700 14.885 10U.86L dT.ll} 64.51'J .1.8"6.654 
4800 14.8135 101.175 tH.lt12 6oo0bO l8b .. 697 
4900 14.tl86 101.461 67.b96 67.548 - lSba 723 
500l} 14.81:11 lJl.7d2 87.975 b9~o37 - l8ba 1bb 

5100 llt.l:l81 lu2~077 8d.248 70.526 - lije.8l'3 
5100 14d~a8 l02 ~3 b6 8d.'H1 12.014 - 1a6 .. 86d 
5300 14.889 102.65:> as.7tH 73.503 186 .. 92.8 
5400 14.dd9 lil.,!.92e <1':1.041 74.992 - ltlb.9-14 
5501) 1' •• d90 103 .. 20l .:l9.29t. 7b~ tolU 187.069 

5600 14.890 l03~ 410 89.5"-16 H.-HO 1 a 1 ~ 152 
57UO 14.891 103.733 tl'1.793 19.459 - Id7 .. Z41 
5800 146B(q 103.9'12 '90.035 dO.948 - ta7.3.r.3 
5 .. 00 l4.d'9.<:: 104.247 9<i. L14 ~l.43 r Idl.453 
6000 l'oet:l9l 104.497 90.509 83.90 187 eS13 

Dec. 31. 1960; Sept. 30, 1961; Sept. 3D, 1965; 

June 3D, 1972; June 30. 1975 

,;GI' 
31 ~ 104 
339321 
)5.82l 
?o8.11)9 

38.213 
40.507 
42.734 

44.902 
.r.7.J12 
49.070 
5l.071 
52.Mb 

53.992 
5".295 
56~556 
57.719 
5!:!.971 

61,).129 
6l.256 
62.353 
b3.~l6 
64.475 

b5.498 
bo.497 
b1.4b9 
68.423 
69.362 

10.274 
71.171 
70d8b 
b6~23S 
62.086 

57.'Hb 
53.181 
49.639 
45.495 
41.34Q 

'n.195 
33~O~d 
28~ 903 
24.7';2 
20.b09 

!je 163 
4~Otl 

.137 -

AL 2 0 

Log". 
INFINITE 

72.824 
)9.1ft3 
2'7e919 

n.d3e! 
22~ 132 
Id.679 

Ib.356 
L4.b7a 
13.405 
12.402 
11.S06 

10.127 
10.071 
9.S0e 
'9.020 
8.592 

8.213 
1.87S 
7.571 
7.296 
1.045 

60.816 
6.606 
6~41l 

6.2:H 
6.064 

5~901 
5~ 761 
5.49't 
4.992 
4 ~ 52} 

fo~ 085 
3~b 73 
3.,,131 
2.92:' 
2:.5ti2 

2.258 
1.952 
1.662 
1.3131 
1.12:6 

.87tl 

.641 

.415 

.1~9 

.007 

4.291 - .20:' 
8.4H - .392 

12.583 - .573 
l6.743 - .747 
ZO~e91 - .Q13 

2'5~048 - 1.073 
29.191 - 1.221 
33.355 
..n.5l4 -
41.(,6b 1.656 

"-IS.tHO· 
49.9d7 
54~ 15') 
'.i8.320 
(,.2.487 

-
-
-
-

1.7S<,l 
1 ~ 91 7 
2.0 .. 1 
2.1<00 
Z. lIb 

ALUMINUM SUBOXIDE (A1
2

0) 

Point Group (Dooh ] 

S298 .. 1s = 61.l.!.1.:l.S gibbs/mol 

Ground State Quantum Weight ,. 1 

Bond Distance: AI-O" 1.72 

Bond Angle; AI-O-AI = 180"t3S 8 

Rotational Constant: 3
0

=0.105594 cm- 1 

Heat of formation 

(IDEAL GAS) 

Vibrational Frequencies and ~generacie$ 

.:0:. cm-
1 ~.~ !!l'~ 

[107S] (1) [118J (2) 9940} 

GfW :: 69.9624 

ll.HfO :: -31.1:5 kcal/mol 

6.Hf298.15 '; -31. 2:!:5 kcaI/lllol 

AL 2 0 

We adopt the heat of a'tor.lization llHcl O=2l.!5:S kCcll/mol and IlHf 298 =-Jl .. 2:S kcal/mQl. Four reactions analyzed below yield 

DO values from 24,+.7 to 250.0 kca1/mol. exclUding a mass-spectrometric s'tudy <.~) which may be biased. Analysis of reactions 

A and B presumes D;(AIO)=120:!:2 kcal/lllol <.11.). nte alternat.ive DO(AIO)=.121. StH .. !l:) would change uHa;(A1
2

0) hy +3 (reaction A) 

+1.5 k:cal/mol (reaction 3). Analysis using i'l.lternative reactions which are independent of Ala lea.ds to lower values of 

L\HdO(Al20): 242.7(1), 2.\.10. 7<,,~). 242 and 244 C.~). and 245. 7 kcallmol(~). llHa;=24s:!:5 kcal/mol includes almost the whole rdnge of 

values and also reprOduces the approximate proportions of A1 20(g) and AIO(g) reported <1. ~) over a-A1
2

0
3 

.. - A"iternative thermo

dynamic funct:ions are discussed below. These would increase aHa;;<A1
2
0) by approxim<ite1y 1. 7 to 2.B kcal/mol, depending on the 

mean T of the data. 

Source !1ethod Reactiona Range No. of 6S b bHr298 /{ kcallmol) IlHf298 D' 
0 

~ Points gibbs/mol 2nd l~w 3rd law kca1/mal 

(l) Hildenbrand (l973) Mass sp~c:. A 2104-2256 
(2) B\Jrns (956) Mass spec. A 2327 
(1) Drowart (1960) Mass spec. A 2l88-2S91o 

Mass spec. A 2QJ6-2q66 
(4) farber U972} Mass spec 8 1943-2093 
('"5} Ttlompson (1973) Mass spec. C 1438-1580 
(b) RdO (1970) Knudsen eft. C 1555 
(1) K\Jlifee ... (1969) Knudsen eff. C 1~72-1S76 
(if) Herstad (1966) K.E."'P.C.c. C 1585-2129 
(9) I}e Maria (l968) M3ss spec. D 1313-1511 
cIa) Brewer" (1951) Volatilization D 1~66-l125 

aReactio~: A) 2 A10(g) = A1 20(g)+OCg); B) Al(g)+AlO(g):A1
2
0(g)j 

, 
1 ,. 

11 , 
17 

1 , 
10 ,. 
12 

-1. 6't1.4 

-3. 9.t3.3 
-lO!'7 
-L2~5.5 

-lolo.tl. 9 

12!S 
-1. H1.0 
-2. 2.!:O. 7 

3.9:!:2.7 

C> '1/3 Al(O+li3 A1 2 0 3 (chA1
2

0(,g); D) I.l/J Al<g)+l!3 A1
2

0
3
(c) '" A1

2
0(g). 

-lOt3 

_14t8 
-36H5 
-129dl 

93:t3 

114tl3 
97:!:2 

_5 .. 1.1.:0,7 
-0. 5!1j. 3 

b oS =oSY'-(2nd law)_ll.Sr G (3rd law) C.Combined data from Knudsen effusion and pressure compe.nsation. 

Heat Capacity and EntroDY 

-6.5:0.4. -H.2tS 
_8.3 -35.0t6 
-15.0:1:3.3 -41. 8t7 
-13 .1otS. 2 -1.>0.2.t7 

-126.4:t1,3 -32.0:t5 
95.0tO.6 -35.7.tS 
99.8 -31.0.1:5 
95. 7n. 2 -35.1:t5 
99 .. 3.t1.2 -31.4:t5 
-2.0:tO.4 -31. 6:1:5 
_6 .. Btl. 3 -3D.3.t6 

We tentcl.'t'ively adopt a linear Structure with a low bending frequency. Recent studies indicate 'tha:t \11 and \1
2 

are 

2107.0 
248. a 
255.6 
254.0 
21.j5.8 
249.5 
244.7 
248.8 
245.2 
245.3 
250.0 

unlcnown (12. 13) and tha.t th~ bond angle is quite uncel"'tain (Ilo. 15). Electron diffraction datd. (14) yield a bond distance of 

1.72 Abu;: i;-the absence of \)2' only a range of 1l<lo@ to 180:-fo;: the bond angle. LinevsKy e't al-:- (l§'> derived angles of '\,140" 

and '1.01&0· from the oxygen-isotopic shift of \1 3 for Al 20 isolated in Kr and Ar matrices. A linear structure, ho;.;rever, is more 

consistent with the absence both of an IR absorption due to "I (11. 1:1, !§.-~) and of deflection by an inhomogeneous electric 

field (11). Theoretical calculations (g) which satisfactorily predict: the geometrY,and frequencies of Li
2

0 predict that A1
2

0 

also is quite ionic and linear with a low bending frequency. We estimate \)2=118 cm-J. using fa/fr,,= 0.001 transferred from 

Li20 as suggested by Snelson (.!:!), We "1=4751;75 crn- l from f
r

=3.S9 and f
rr

::0 .. 0:!:0:5 mdyn/A. Theoretical predictions 

(~) are \)1::521, \)2=102 and \13=1057 

The more precise 2nd-law analyses of K suggest that S2000 be changed by '1.0_1.2 gibbs/mol (see OSS above). We feel that the 

da'ta are not sufficiently o;lccurate 'to justify this change. It could be accomplished in thl"ee ways: 1) using \1,=160, 2) u.sing 

an angle of 160· and \12::180, or 3) using an angle of 141<~ and v
2

=300 cm-1 
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ALUMINUM SUBOXIDE UNIPOSITIVE ION (AL20') 

( IDE A L GAS) GFW=69.9619 

-------gibbs/mol---_ ----------------kcal!DU»--- __ 
T,~ Cpo S" -(G~-H°:tl.)n' H"-W_ "Hr 4Gf' 

0 
100 
200 
298 12~ 114 63.573 63.'573 .000 159a450 150.350 

300 1.2~ 729 03.652 63.571 .02 t , 15'1.454 150.293 
400 13.378 67.409 64.081 1.3lt 159.705 141.203 
'00 13.~OZ 10.443 65.060 2.692 159.935 144.050 

600 14.0dZ 72.98(:> 66.174 4.0d? 160.132 1 .. 0.853 
700 l4.273 75. J. 72 67. )07 5.505 !t10~ 2137 137.627 
800 14.406 17.087 68.413 6.939 1.60.385 U4.)JJ2 
900 14. 'SOZ 713.769 69.473 8.3B5 160.397 131.130 

lOaD 14.513 &00521 70.482 9.83'1 155.268 128.249 

L 100 14.627 tH.71.J 71.441 ll.299 155.2ea 125.545 
lLOO l4.6b~ t32.981 72.35l 12.164 l55.307 122.638 
1300 14.103 84. l6 3 f).21S 14.233 l ~5.32 B L20.133 
1'.00 14.719 85.2 ~l, (4.0J6 15.7oJ4 155.j47 11 7.426 
I. 500 1<0.751 %.271 74.IHS ~ 7 .178 t55.364 11"..715 

1600 14.7b'J 87.223 75~ 564 1tl.654 155.30J 1 LZ.OO5 
1700 14.7134 8d.1.l9 76.277 20.132 155.396 109.293 
1800 14.7'J7 88.904 7&.951> 1l.611 15S.411 lab. ,/i4 
1900 It •• sos B9.765 71~611 23.091 l55.423 IOL869 
2000 14.817 90.524 7tl.238 Z4~ 513 155.433 101 ~ 154 

2100 14.825 9l.24!! 78.841 20.055 15 ~~ 4" r '18.438 
2200 14.032 91.'137 7Q.420 77.538 155.447 95.123 

14.b38 9L.:'97 79.'>79 L9~on 15~. (~53 93.0U 
14.343 93.218 80.518 30.505 155.455 90.299 
14.848 93.634 iH.039 31.990 l:'").455 tl7. ,aD 

2600 14.852 9~.41 7 8i. ')1,.2 33.4/5 155.">52 84. B66 
2700 14.856 94.971 tll. 02~ J4.91'JO 155.441 Bl.l4,} 
ddOO 14.1:159 95.?l!:1 82.501 31:>.446 16.620 81.096 
2900 14.862 96.039 82.CJ59 31.932 17.135 83.38B 
}OOO 14.865 96.54} 83.40'. 39.418 11.648 85.661 

3100 14.867 91.U31 83.636 40.905 18.158 81.920 
3200 14.869 91.503 c!.4.255 42.3'H 18.661 90~ 169 
3300 14 ~ 871 97.960 84.664 43.819 L9.1h 92.396 
HOD 14.873 98.404- 85 ... .1(:>1 45.366 19.b77 94.603 
3500 14.875 9a. tl35 65.449 46.853 lO.160 96.799 

3600 14.811 9~.254 85.326 48.341 20.679 98.98b 
3700 1'>.870 99.1:>6(: o6a 195 49.829 21.171 101.151 
3600 l4.879 100.059 86.555 5l.316 21.611 1.03.306 
3900 14.861 100.445 d6.90& 52:.1304 ZZ~ 166 la~~452 
'0000 1'0.882 100 • .82.2 87.24>9 5 ... 292 n»6~4 IiJ7 .~15 

4100 14.883 101.190 87.555 55.181 23.142 lO9~b90 
4200 14~ BEllo lOl.~4B 87.913 ~1. 269 21.629 11l.19Q 
ltJOO 14.885 101. 899 88.234 51'.1.757 24.1l0 113.893 
HOO l4.8So 102..2.41 86. ~40 60a2.46 24.590 II S. 919 
4500 14.886 1 02. ~7~ 88. SSe 6[. T3S 25.064 ! 16.048 

~ 4600 l4. S~7 ,lOl.902 d9.1So 6J. ZZ3 25.538 120.113 

"'CI 
(.70U 14.868 lO]~ 223 89.454 04.112 26.005 L22.154 

:r 41'.100 14.8StI lO3a536 Sq.744 66.2.01 26.469 12~.196 

'< 490D J4.8l:19 103.1:143 90.02Q &7.6'90 26.931 126.236 
!" 5000 14.8<JO 104.144 90.30!! 69.179 27.384 128.252 

n SlUO 14.tl90 104.~.39 '.l0.562 70.668 2:7.834 130.269 ,.. 
• ';200 14.891 lU4.728 90. a52 72.1:;7 28.271 1)2.261 

1-1 
5300 14~891 l OS~012 91e 116 13.646 2b.113 L34.265 
5400 14.t$92 l05.290 91.376 75 • .135 29.145 H6.255 

'" 5500 14.892 ID56563 ',11.0:31 76.624 29.566 D8.228 

~ 5bOO 14.892 lO5.l:I3l 91.383 7B.ll} 29~980 l40.205 

1:1 5700 14. ~93 106.095 92.l30 79.[;'0) 30.388 142. L65 

.~ 
5800 l4~ 093 106.354 92.313 81.092 30.784 l44.127 
5'100 14.894 )'06.609 9Z.612 82.S61 31.171 i"6.080 
6000 14.894 lO6.0?9 92.841 84.011 31.547 148.023 

< 
l!- June 30, 1968; June 30, 1972; June 30, 1975 

.:"I 
Z 
!l' 
~ ->0 .... 
CD 

A L 2 0 + 

Log Kp 

II 0.209 

t09.488 
- dO.42d 
- 67.964 

- 51. )06 
- 42.96':1 
- 36.111 
- H.84j 
- 28.02'} 

- -'4.943 
2l.31Z 

- 20. t 96 
- 18.331 
- lb.714 

- l5.299 
14.051 
\2 ~94l 
II ~94d 

- il.054 

- 10.245 
- 9.509 

8.83b 
- 8.22:1 
- 7.656 

7~ U4 
- 6.b49 
- 6~330 

- 6.284 
- 6.Z4l 

- 6.199 
6.158 
6.119 
6.081 
6.044 

6.009 
- ~.975 

5.941 
- S~909 

- 5.878 

5.8107 
5.818 

- 5.7::19 
- ~~ ·/61 
- 5~ 733 

5.707 
- 5.61'.10 
- 5.655 

5.630 
- 5.b06 

5.582 
5.559 

- 5.53-' 
5.515 

- 5.493 

- 5.472 
5.451 

- 5.431 
- 5.411 
- 5. )9% 

ALUMINUM SUBOXIDE UNIPOSITTV£ TO/\ (A1
2

0") 

Poi"t Group [D.;>:>hJ 

5;98.15::; t63.6!21 gibbs/mol 

G:round State QUi1n"tllffl Weight::; [2] 

Bond Distance: AI-O [ 1. -, 3] A 

Bond Angle: AI-O-Al [lBD~] 

Rotational Cons'tant: BO [0.104378] 

Heat of rarm.ation 

-1 
em 

(IDEAL GAS) 

Vibrational Frequencies anfl Degeneracies 

(450 J (1) 

llOO J (2) 

1900J (l) 

0- '::: 2 

GFW:: 69.9619 

011£0 ::; 158.0 '! 7 kcal/mal A L 2 0 .... 
-.JHf29B.15 :: 159.!j5~7 kcallmol 

JHf'; is !.:alcuLned (1) using Hi1dellbrand's appeilrance poten'ti<i1 (2) of 8.20!:O.15 eV ()89.1!:3,5 keal/mcl). 

'Ne assume that the appearance ionizdtiot'\ potential for A1
2
0(g) -I> Al

2
0+(g) + e-Cg). Othf:!!" values 

reported for th", appearance potential inclUde 7.7!:O.!i (l, ~), 7.9!:0.3 (~). 8.~-!l and 9!1 eV C§). These vdlu~s are consistent 
with, but less precise than, the adopted value. 

.Heat CdPa~i ty and Entropv 

A1 20 is assumed to be linear as predict(:d by the correlation of Walsh (2). We assum,~ thdt t.he bond distance is 0.01 A 
longer than !flat in A1 2 0, which we pr'e5ume to be linea:" (1). 

those of A1 2 0 since 'th.e ion ."las one less bonding electron., 

electrons. The prinCipal moment of inel"'tla is 26.817",10- 39 

The enthalpy at abSolute ZE:r() is -3.195 kCd1/mol. 
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ALUM I HUM MONOXIDE} DIMERle ( AL 202) 

( IDE A L GAS) GFW=85.9618 

gibbs/fOOl ----.---_ kcal/mol--

T. "K Cpo S" -(Go-lr2SlS)rr HO-W_ 6H!" 

G 6000 .000 iNFINIl E - 3.330 - 103.067 
100 9.370 52cS49 H.B61 - 2.501 - 1030144 
200 12.821!:o 606433 67.368 - 1.387 - 103.610 

'" l5.25Q 66.043 66.043 .000 - lO4.0QO 

300 15.286 66.138 66.043 .O.la - 104.1.107 
400 16.786 70.759 bb.663 1.638 - 10"".306 
500 11. 699 14.610 67.1.'118 3.3M - l04~5 71 

bOO 18.276 77.892 69.281 5.1.61 - 104.S .. 3 
700 HI.oS? BOe 740 70.119 1.015 - 105.143 
800 IB.(H9 8].249 72 .. 131 6.894 - 105.496 
900 19.101 85.489 13.493 10.196 - iOS.'il3Z 

lOOO 19.244 870510 74~796 12.714 - 111~507 

1100 19.30:,9 89.349 7th03b 14.0.,4 - 111.934 
1200 19~429 91 ~03b 77.217 16.583 112~361 

1300 19.493 92.594 786341. 18.529 - 112.7SS 
1400 19.5lf3 9lt .. 040 79.411 20~itdl - 113.21.8 
1500 19.565 9;).390 90.432 22.437 - 113.6~1 

1600 1.9.619 960655 81.407 Z4.395 - 114.085 
1100 1'1.b47 97.Slt5 82~H9 2b.3b1 - 114.522 
1800 19.bn 98.969 83.232 28.327 - 114.961 
1900 19.691 100.033 84.086 30.295 - 115.406 
20JO 19.709 101.044 84.911 3Z.Z65 - 115.85" 

2100, 19.72" 102.006 1:15.102 34.Z:n - llb~305 

2200 19~ 737 102e923 8b.464 36.210 - Ub.7/:)2 
2300 19.748 10.}e 801 81.199 38.18" - 117.220 
2400 19.758 104.642 a7~909 40.159 - 117.685 
2500 19~ 767 105.40;,.8 88~ 594 42.135 - 118.155 

2600 19.775 106.224 8ge257 ....... 113 - lllJ.Q21 
aoe 19.782 106.910 ij9.900 46.090 - 119.106 
2!:100 l'L1l:id 107.690 90.522 48.069 - 250.0408 
2900 19.794 l08.364 91.126 50.048 - 258.371 
3000 19.7Q9 109.055 91.113 5Z.021 - 258.339 

3100 19.803 109.70S 92 .. 263 54.008 - 2~6 .309 
3200 19.801 110.334 9.2.837 55.968 - 258.285 
HOO 19.611 110.943 93e377 57.969 - 258.ZM 
3400 19.815 111.535 93.902 ~9 ~ '9 50 - 258.250 
HOO 1~e61a 1120109 94.4l4 01.932 - 25&.23b 

3bOO 19.821 112.667 94 e 913 o3 e 9l'- - 258.,228 
3700 19.824 113.210 95."1-01 65.896 - 25~5224 

3iWO 19.826 113.739 95~ 876 61e87'i1 - 258.224 
3900 19.ij,28 114.254 90.341 b9.8bl - 25&.226 
4000 19.830 114.756 96.795 7l...1:144 - 258 .. ;:35 

4100 19.832 115.246 97.239 73.827 - 258.247 
4200 1ge834 115.724 97.&74- 75.811 - 2S8~260 

4300 19.836 116.191 98.099 77.794 - 2S8.281 
4400 19.838 116.647 98.515 79.718 - 256.304 
.. 500 19.8)9 117 .. 092 98.'923 81.762 - 258.333 

lobOO 19.840 117.528 99.323 83.746 - 25e.36it 
47;)0 19.B42 11 1~955 99.715 85.730 - Z5ti.4u4 
4800 19.643 118.373 lOOe099 67.714 - 258.447 
..,900 19~844 lJd.182 lOOe476 89.699 - 25S.493 
5000 19.845 119.183 10O~B46 91 e683 - 256.548 

5100 19.846 119.576 101.210 93.668 - 2SI:l.b08 
5200 19.847 119.961 101$567 95.652 - 25b.67b 
'HOO 19.848 120.339 lOL.Q17 97.637 - 2513.750 
5400 19~ 849 120.710 102.202 99.b22 - 251).830 
5500 l'~. 850 121.075 102.601 lOI.b07 - 256.920 

5600 19.851 121.432 102.934 103.592 - 259.019 
5700 19.8'51 lll.784 lO3c.26L 105.$71 - 2590124 
50900 19.t152 122.129 103.594 107.562 - 259.242 
5900 19.eS3 122.408 103~'ilO1 10'il.5 ... 7 - Z59.36Q 
boao 19.853 12.l.80.l 104~ Z 13 lU.S33 - Z:59.500 

Dec. 31, 1960; Sept. 30, .1961; Dec, 31, 1961 
Se.pt. 30, 1965; Dec. 31, 1975 

6Gr' 

- 103.0b7 
- 103.960 
- 10.:,..624 
- lOS.OIt4 

105.051 
- 105.)50 

105.581. 

- 105.759 
- 105.861 
- IOS.'HI 
- 106.005 
- 105.619 

- .105.011 
- lO4a363 
- 103.618 
- 102.961 
- 102.215 

- 101.435 
- blO.634 
- 99.802 
- 98.948 
- 98.013 

97.173 
- 96.253 
- 95.306 
- 94.342 
- 93.366 

- 92.3b2 
- 91.345 
- a8~64b 

- 82.586 
- 76.522 

- 70.461 
- 64- ... 02 
- '58.343 
- 52.290 
- 46.234 

- .-.0 ~ 1 70 
- H.116 
- 28.059 
- 21.999 
- 15.947 

9.692 
3.632 
2.228 -
8.290 -

14 .. 347 -
:.w.412 -
2b.4b2 -
1l.525 -
36.5'93 -
44.652 -
50.722 -
56.781 -
62.&52 -
b8.92l -
7"',987 -

81.062 -
81.130 -
93.213 -
99.291 -

11l5.372 -

A L 2 0 2 

Log Kp 

INF INlTE 
227.203 
114.321:1 
16.999 

76.529 
57.5bl 
'+6.149 

38.523 
33 .. 059 
ZS.950 
25 .. H.1 
23.083 

20.864 
19 a OO7 
11.430 
lb.OH 
14.893 

13.850 
12.937 
12.118 
1l.3t),2 
10.711 

10 .. 113 
9.562 
9.056 
6.~91 
8.162 

7.764 
7 .. 394 
b .. 919 
6.224 
5.575 

4.91)7 
4.398 
3 .. 86 .. 
3 .. 3bl 
2 .. ti87 

2.439 
Z.OlS 
1 .. 614 
1.233 

.811 

.521 

.199 

.. 1.13 

.412 

.697 

.970 
1 .. 231 
1 .. 10-1::11 
1 .. 121 
1 .. 95Z 

2 .. 174 
.2 .3St> 
.2 ~ 592 
2 .. 789 
2.980 

301M 
3~341 

3 .. 512-
3 .. 61b 
3 .. lna 

ALUMINUM l-10NOXIDE:, DIMERIC (A1
2

0
2

) 

Point Group [D2h J 

5298.15 ::: [66.04 t:. .. } gibbs/mol 

Ground State Quantum Weight"" (1] 

Vibrational 
-1 
~ 
[ 900)(1) 
[ 250)(1) 

Frequenc ies __ ~_I}g. __ Q~.Kenerac ies 
1 .-1 

r.).cm ~ 

[ SoaHI) 
[300] (l) 

496 (1) 
686 (l) 

Heat of Formation 

(IDEAL GAS) 

Bond Dista.nce: Al-O::: [1.72) 

GFi'J ::: 8~. 96lB 

IIHfO ::: -103.1 ! 10 kcal/mol 

lII--1.fi9B .15 ::: -104 t 10 kcal/mo1 

Bond Angle: O-AI-O;:; (90°) AI-O-AI [90"] (] ::: [~ 

Product of the Moments of rn~rtia: TAlSIe::: (2.1993 x 10-1l1.j] g3 cm S 

We adopt 6Hf
298 

= -l04;~10 kcalJmol and l!Ha~ :: 376!:lO kcal/mo1 based on ma.ss-spectrometric data of Fa"rber et .;1.1. (J). 

AL 2 0 2 

They identified species effusing 'th!'ough an elong"ted orifice from an alul'!\ina cell. "rheir- daHl dr'e ,wdlyzed below along with 

an earlier study by Dr'OW,H'! et ill. <.~)! who used tungsten and molybdenum Knudsen cells, The metal cells caused reduction of 

the VilpOI' species '1, ]). This may no1; be a sel'ious problem, but it probably contributes 'to varia.tion in llHf o values derived 

from different: reactions. Andlysis of AIO vi.a the atomizdtion l"eactioli (1,) yield~j LlHf" values which are bia.sed by '\,6 kcalhllol 

(],). Similar analysis of A1 2 0 2 (1) yields llHf o values which are 5 to 14 kca:i./mol more positive than from alternative 

reactions A and C below. We exclude the atomization reaction because of this p~rallel. Instead Wt:! analyze both studies (1., 1) 
using isomolecular reaction A. We also include alternative reactions B dnd C. B is an isomolecular re(lction derivable from 

the ion intensities of farber et al. (~.>. while C is the association of monomeric Ale into dimer-. Results based on JANAF 

auxi.:.iary data (1) dre sUlTlmarized as IlHf 29fJ and DO(d .... 2m), the dimer dissociation energy. Our uncertainty includes d larg€: 

contribution from possible bias in the Gibbs-energy function of A1 20
2

. 

t.Hf 2SB = -lC4.!lO kCdl/mol is an average from reactions A and B of Farber et ai, C}). Ie corresponds to D';(d-~2m) ~ 

136:.:10 kcal/mo1, Results from Drowart et al. (l) are '\.6 kcal/mol lOWe!'. We would expect D~(d""'2m) to be closer to D~(AI-A)} 

'l.ljOror D;{HO-OH) " 50 kcal/mol if the dlmer stvucture were D:::AI-Al::.O Or' Al-O-O-Al. D;<d .... 2m) is similar to D~(AIO-Al) :: 125 

kcal/mol '1.), 50 we cannot rule ou't the structur-e Al-O-Al=O. Since 'the planar cyclic structure involves four Al-O bonds, we 

would expect aHa~(A1202)!DO(A10) ::: 1.1 if the dimer" and monomer had equal bond eneq;ies. Much lower ratios of '\.2.5 <'ll;'e found 

for the cyclic dime!'!') of Lif and NaT (~). Dimedc A10 yields M!,ao/Do{AlO) ::: 3.l:!:O.1 which agree.s with 3.1 (~) for the cyclic 

dimer (~) of Lio. This cont!'asts with 1.6 for dimt!ric BO (1) which probably has a. non-cyclic structure. 

Range No. of !Sb !\Hr298 ! (keal/mol) C,Hf
29B 

D;;(d ..... 2rn)c 

Source Me"thod Reac"tiond m Points gibbs/mol 2nd Law 3rd Law kcal/nlol 

(l)fl]rber-( 1972) Eft. mass spec. 1d 
1943-2093 -4.2":1.0 _11. 5!2.0 -12.9!:8 -105.7!:10 137.6 

(1)Dl"owaI'"t(1 95 O) Eff. mass spec. 246li_2594 34t23 79!57 -5.6!:l2 -98.4!.14 130.3 
A

e 2281-2466 -29!17 72!39 - 2 • ~:!: 12 -95.2!:14 127.1 
(lJrar-ber(LS72) ~d 191<3-2093 62:!:32 118166 -S.6:;:10 -lO1.0.!l2 133. '3 
(""1 JDt'owor"t( 1960) 2464_2594 24.t24 -72!59 -132.3!:1l _99.5!:12 131.4 - c· 22BI_2466 , -3 l:!: 15 -""O3!:3« -UO.8!:11 -98.0!:12 129.9 

aRedctions: A} A1
2
0(g) ... A10{g) = AlCg) of- A1 2 0

2
(g); B) AL,O(g} 4- AlO,,(g) ::: P.lO(g) .... lI,1202'g); C) 2AIO{g) ::. A1 20 2 (g) 

b 6S :- lIS .. o (2nd law) _ {)'Sr o (3rd law). 

C For dissociation of dimer into two monome.rs; i.e. the reverse of reaction C. 

dUsing a "tungsten effusion cell. 

~Using a molybdenum effusion cell. 

He<1,! Capacity and Entropy 

Proposed structures fol' A1202 include: 1) pld.nar cyclic, 2) metadlul:Iinate (MOMO), 3) per'oxide (/100M) and 4} m<::t:al-bonded 

<aMMO) models. Bond energy comparisons were used to favor the cyClic model (~). Lat~r, the MOOH model was proposed (~) for 

all group TII-A chalcoget,ides, M2X2 • on the basis of the correlation of dimer dissociation energi,",s with n;<x 2 ). New bond 

energy comparisons (..§.) for' all four models led "to the conclusion that MXMX i.s t.he most p13Ut;ible structure for these chalco

genides. This structure has a precedent in metaborates such as Li-o-B:::O (.7). We find, however, that. use of t.Ha O(M 2X2 )/DO{HX) " 

3.1 (see above) brings the cyclic structure into eqUAlly good agreement with experiment for all M
2

X
2 

except B20 2 . Thermo

chelil.ical ~vid-ence does not yield 3 definit.ive prediction of "the structure. 

We assume a planar cyclic structure. with bond angles of 90· and bond distdnces equal to thdt ob~€rved for A1 20 (l). We 

assun:e the ground electronic state to be 1 Z and neglect exci"ted states. Infrared spectra of AI-O species in inert matrices 

include bands at 109& <.§.> and 6S6 cll1- 1 
(1) which wepe tentatively assigned to A1

2
0

2
. We adopt these values and estimdte the 

other fl'eQuend~~9by co~parison with Li 202 (;:) and Li 2 r2 (lQ). principal mom~nts of inert.ia are 7.B59 x 10-
39

,13.254 x 10-
39 

and 21.113 x 10 g cm • 

We also estimate approximate parameters a.nd ca.lculate thermodynamic functions for the structures OMMO dnd MOMO. At 

:WOO K we obtain Gibbs-energy functions of 84,9 (cyclic), BS.~ (linear OMMO), 85.1 (linear HOHO) and 89.9 (ben"t MOMO, MOM angle 

::: 120") gibbs/mol. This is the bas·is of our estimated uncertainty of ~ gibbs/mol for entropy and Gibbs-energy function. 

Recen:tly published thermodynamic funct:ions (~) probably rcpt'esent lower limits for non-lineal:"' AI-O-Al:-O; this possible bias 

is suggested by ne.;..: data for '>\10, A1 20 and FAIO (~). 

~ 

~: ~: ~~e:~~, Re;. DDe~:~~:~t;~a f>~n~u~~/~~n~Y H. J G. Ci~:lH'!~~' j. F~~~~~Y p;~~~s i? ~ H66 2~i gg~~2}. 
3. JANAF Thermochemical Tables: Al(g), 12-31-65; A10(g), AI

2
0(g) 6-30-75; AI0

2
(g), AlfO(g} 12-31_75; Lir(g), Li?F 2 (g), 

Naf(g}, Ni:l.
2

F
2

(g) 12-31-68; LiO(g), Li
2

0 2(g) 3-31_64. 
4. K. S. Seshadri, D. White and D. r:. Mann, J, Chern. ?hys. ~I 4597 (1966). 
5. O. M. Uy and J. Drowart, Trans. fardddY Soc. 22, 1293 (lY"ll). 
6. K. 1'1. Maloney, S. K. Gupta and D. A. Lynch, J. Inorg. Nucl. Chern. 38,109 (1975). AL202 
7. K. S. Seshadri, L. A. Nimon and D, White, J. Mol. Spec"trosc. lQ. 128 (1969). 
8. C. P. Harino and D. Whi"te, J. Phys. Chem. 77, 2929 (1973), 
9. D. A. Lynch (Case io:estern Reserve Univ., Cleveland, Ohio), Rept. NASA-CR-133100 (1\7326102 Avail. NTIS), 138 pp. (1971). 

10. A. Snelson, J. Phys. Chern. 21, 1925 (1969), 
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DIALUMINUf-', DIOXIDE UNIPOSITIVE ION ( AL 202+) 

([DEAL GAS) GFW=85,9513 

oib"'I""--~ ----------kcaUrnol----

T, "K CpO S" -(GC-WZH){T Jf'-Jf" .. ;H/" .6.Gf" 

0 
100 
200 
298 15.6'05 M.Obto 01:1.066 0000 120~OOO 122eS66 

300 15~bH 60.103 68.0b6 0029 12b~OO3 J.22~84S 
.OC 11.0% 72.880 oB.701 10014 l.U"o<3t" 1.2 1 ~ 76l 
'00 17.936 le;,.799 69.940 3 .. 4Z9 126.(;95 120~ 612 

600 18 e 459 80.119 71.307 5 .. 251 12b.1'41 119 .... 12 
700 Itl.SOL 82.991 72.827 7.H5 IZ6.9jj Hdo1l3 
800 19.0)4 85.518 7".259 \1.007 1Z7.110 U6.~06 
900 19.200 IH.770 75.637 10.'920 12.1.1.82 115.626 

1000 19.32:2 89. BOO 700954t 12.840 12iollZ 1l4.1l0 

1100 19.41.4 91.646 76.207 14.783 122..189 113 5 90"t 
1200 19.485 'Bd38 79.398 16.7l1l 122 • .204 113.212 
1300 19.540 94.900 80.531 113.079 122.3)9 112 0455 
1 .... 00 19.5085 96~ 350 81 ~bl 0 20~63b 122.411 111&094 
1500 19~Q21 91.102 8Z ~638 22.596 122 .. 419 110.924 

L600 19.651 98.970 830620 24.%0 122~54t4 UO~ 152 
1.700 19.b7Q 100.162 8io0558 .26_526 1220&07 1.09.375 
IdOO 19 .. 697 101.287 85.451 28.495 122000.8 101:1.598 
1900 19.714 102.352 B6.3[8 .30.465 ll2.722 107 .. 814 
2000 19.729 103.364 87.145 32.438 122~714 107 .. 025 

2100 19.743 104.321 81.941 34.411 122.8l0 106 .. 236 
2200 19 .. 7!H lO5.1e"6 08.707 36.366 lZZ.So2 105.444 
2300 19.764 106.124 89.445 38.302 122..90~ lO ... 656 
2400 19.773 106.965 900157 40.339 12Z~9.H 103.864 
2500 19~ 7 aa 107.773 '90.84b 42.310 1220965 103.062 

2600 190707 lOd.549 91.512 '04.295 12.2 .990 102 • .268 
270e 19.793 109.295 92.157 46.21"t 123.010 lOl.4<P8 
2AOO 19~ 7qq lLJ.015 92.782 48.25.3 - 15.795 102.332 
2900 1'il.804 UO.710 930388 50.233 - 15.260 106 .. 5'tO 
3000 19.806 111.382 930977 52 .. 214 - 14.7.29 110.734 

3I0e 19.012 112.031 94.549 5.r..195 - 14.203 114 .. 901 
3200 F~.816 il2. bOO 95.105 56.176 - 13 ~6dl 119.064 
3300 19 .. 81<;0 lL~.;no 95.040 58.158 - 13.162 123.204 
3400 19.822 113.862 96d 73 oJ.140 - 12.650 127 .. 325 
3500 19.825 114.436 900087 ol.123 - l2.138 1H.433 

HOO 19 .. 627 114.995 97.1d8 !)4.105 - 11.634 1'::'5.534 
HOO 19~5.30 115-05.38 97.671 bb~ CoBS - 11~132 139~612 
3000 19.832 116.067 98.154 68 •• )71 - 1O~ 635 14.1.660 
.3~OO 19.8)4 116.582 9B~020 70.0S'" - 100139 i<t7.737 
4JOO J,<?B36 i! 7.084 9ge015 72.038 9.651 151 ~ 773 

"-lOa 19.836 117~ 574 99.5£0 14.022 9.165- l55~800 
4200 19~ 639 1l.8.Q5Z 9'1.956 H ... OO'S 8.682 .I.S9.S12 
4300 19.841 118.519 100.382 11.9a9 8~ZO'5 163.830 
4400 19.842 118.975 100.799 79.914 7s 730 167.626 
.... '500 19 .. 843 lL':iI.oi-ll 101.208 81.958 7.203 171.810 ... 

b~ 797 4600 19.845 119.657 101 ~609 83.94<- 175~ 790 

J 4700 19.8,,46 12:1.2d4 102.002 d5.9n 6.)39 179.744 
4300 19.847 120.702 102.3tH 81.91l 5.885- 183.100 '< 4900 19.848 1210111 102.765- 89.8% 5 .... 34 187.651 !" 5000 19~849 121 ~ 512 103_136 91.081 ..,.992 191.~!n n 

::r' SLOG 19.650 1210905 10J~500 9;1.866 4.555 195.514 to 5200 19.d50 122..2'H 103.858 95.B51 4.125 19'1e425 
~ 5300 19.851 122.669 104.209 97.836 3.702 203.340 

'" 
'5400 19.652 123.040 104~555 99.821. 3.2&5 207.243 

'II 5500 19.853 123~404 lO4~B94 101.Ii06 2.879 211.133 
!'" 
CI 5600 19.653 1l3.762 105 .. 228 103.792 2.~4dO 21'5.0,24 

5700 19~ 054 12'0.11.3 105.5% 105.711 200S8 218.899 S. S30e 19~ 655 124.459 l05~ 879 107. HZ 1.709 222.780 p 5900 19.855 1Z4.198 106.197 109.748 1.HS 220.b47 

< 6:)00 19.856 125.132 106.509 Ill.7H .960 230.509 

!!- June 30, 1968; D~c:. 31, 1975 

." 
Z 
9 
.!" -..g 

" III 

A L 2 ° 2 
+ 

Log Kp 

- 90.063 

- 89.493 
- 01':>.527 
- 52.120 

- 43.496 - 36.895 
- 31.?:H 
- Za.OH 
- 25.010 

- 2Z .. 643 
- 20041~ 

- 18~905 

- 11.436 
- 16 .. 162 

- l.,.~O'f.b 
- 14 .. 0bl 
- 13.186 
- i.2.4Ql. 
- 1l.~95 

- 11 .. 056 
- 10.475 
- 9 .. 945 
- 9 .. 458 
- 9.01.0 

- 8 .. 596 
8.213 

- 7 .. 987 
9 .. 0.29 

- 8.061 

- 8.lVl 
- 8.l.3l 
- ~.159 
- 6.184 
- 8.?07 

- ~.U8 
- Bel ... 7. 
- 06203 
- tI.279 
- B~.292 

- 8e305 
- 6.~!6 
- 6.32.7 
- 8 • .336 
- 8.344 

- 8.352 
- 8.350 
- 6.304 
- 8.310 

d.J74 

- 8.J1d 
- 1:1.382 
- B.:"HJS 
- 8.,,80 
- 6.390 

8.J9£ 
- 8.393 
- 8e395 
- t!.396 
- 1:1.396 

DIALUMINUM DIOXlDE UNIPQSITl1.lE ION (A1
2

0
2 

+) (IDEAL GAS) GfW = 8:'.9613 

Point Group [ 

5299.15 = [ "'- U] gibbs/mol 
.JIi:; '" 125.:; t 16 kcalfmol .~ L 202 + 

GT'ounq Sta.te Quantum Weight:: [2] 

Bond Distance: A1~C:: (1.75J 

Vibrational F!'eglleflcie~ and D~generacie5 

~ "'), crn~l ~. crn- 1 

( 84(]](l) 

(230) (1) 

{'170!(l) 

[290) (l} 

C 460J (1) 

(5 t.0] (1) 

Bond Angle: O-AI-O::- [90·J Al-O-Al :: [90-] OJ = [ 
Product of the Moments of Inertia: f 2.4397 x 10-114 ] 

H",at of Formation 

I.IHf29S.15 :: 126 ! 16 kcal/mol 

We adopt £lHf298 126tlS kC<iI/rnol derived from the ioniz6tion potential 9.9-':0.5 eV (219.3:1;12 kca1/mo]) for' 

A1 20 2 (g) -~ "'(g) ~ e-Cg). We assume that the ioniZdtion potential is equal to the appea.rance potential measured 

by Dr'owart et (1). Their vdlue is confirmed by Filrber- et. aI, (Z) who found I\P = IO!l eV. "Hf- is based on JANAF 

allxili,>r'y data (1) for' A1 20 2 (g) .:wd includ<:!s the uncertainties inher~nt in the Pr'op€::-ties of 'this specie~,. 

The adopTed IlHf
o 

corresponds to DO :'" 128~lb kcallT.'lol for the dissociaTion .A.1
2

0
Z 

(g) .... AlO· (g) + AIO!g); this is 

comparable to DO = 136!lO kCdl/mol (~) for A1 20 Z (g) ... 2 A10Cg). Likewise, we obtciin DO :: 46:!:16 kcal/mol for 

~(g) .... Al+(g) ... AI0 2 {g); t:1'.!S is com~dr'cibl€ to DC; :: 3B'!5 kCdllmol (~; foT' A10+(g} ... Al+(g) + O(g). 

::- :r86!15 kcallmol for Al,,02 (g) ... A] (g) ~ Al(g) ... 2 O(g) is C!onsideN.bly lress than 4Hd O(Al
2

0
2

) 376,10 kcallmol (~). 

Hreat Capacity dod En'troE[ 

Uncerta.inty about the structure of A1 20, (g) carT'ies over into th~ positive ion. We a.~i:sum~ 'that both have the planar 

cyclic form. wi th band anB.1e~ of 90~, cd t"houg,h other structures (l. A1
2

0;:>' g} cannot be ruled Ot,lt. 'rhe bond dis1:ance in 

the ion is taken to be 0.031\ longer than t,,6t assiJmed for the neutral moLecule (}). This presumes that the everall bandin~ 
in the ion is weaker than in the neutra.l :nol02cule. Vibrational frequcncies are estimdted 'to be somewhat lower than in 

A120Z (]). We assum>:! the gr'ol.lnd electronic state to be doublet, d'-l~ to the odd numbeT' of electrons, and neglect excited 
stdtes. 

The enthdlpy at absolute zer'o is -3.413 kcal/mol. 'rh<:! principal moments of iner'tid <ire 8,13SX10- 39 , 13.72:<10- 39 and 
-39 2 21. 86x}O g em • 

R.::fe t~ellg~§ 

1. J. Drowart, G. DeMaria, R. P. Burns and M. G. Inghram) ,1. Chern, Phys. lL 1365 (l960). 

2. K. farber, R. D. Srivastdva and o. M. Uy, J. Chern. Soc., FaraddY Tl"'<ln;. I .§.l, 2,.9 (1972). ~ 

3. JANAf Ther-mochemical TableD: A1 20 2 (g), AI0
2

(g) 12-31-75; AIO(g), A]O (g) 5-30-75; Al(g) 12-31~5S; A} (g) 6-30-65 

AL 2 O2 
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ALUMINUM OXIDE, ALPHA (a:-AL203) 

(CRYSTAL) GFW=101.9612 

_---.ib .. _'---~ 

T. "K 

o 
100 
200 
298 

300 
400 
,00 

baa 
700 
dOO 

'00 
lOOu 

1100 
1200 
1300 
1400 
1 ~oo 

L600 
1700 
1800 
1900 
2000 

Cp' 

.000 
3.')11 

12.220 
18.685 

18.981 
2.2..965 
25.366 

Zb~ e9q 
17.946 
2d.713 
29.317 
Z~.!l21 

30~ 260 
30.653 
.H.OOS 
31.329 
31.618 

31.874 
32.100 
37..3QO 
32.480 
32..6'50 

so -(GO-H' ... )rr 

• 000 
1.024 
5~ 945 

12.\ 75 

~2.292 
l8s348 
23.752 

2e~512 

32..751 
36.535 
39s953 
43.069 

45.932 
4u,,582 
51.050 
53.360 
55.531 

57.580 
~9.520 

61.360 
63.Ul 
64~ 782 

!NF I~ IT[ 
24 .. 1 <;0 
l3.71l 
12.l75 

12.175 
12. q14 
14.600 

Ib .. 5'?l 
18 .. 552 
ZO.S6B 
22 .. 535 
24.4}5 

26.261 
28.012 
29.69(') 
31.299 
]G.843 

34.326 
35 .. 751 
31.113 
38.445 
39.721 

____ ~.""Imol----~ 

w-w .. 
2.395 

- 2.3l7 
- t.553 

.. 000 

.035 
2.150 
4.516 

7.l..CfIt 
9.939 

12.174 
15.611 
18.634 

21.635 
24.68.10 
1.1.168 
jO.885 
H.032 

37.207 
4U.406 
4~.bl6 

46.8oS 
50.l22 

"HI" 

391.594 
- 398.769 

3'>'9.9]4 
- 400~500 

- 400.506 
- 400 .. 056 
- 400.589 

- 4oO.411 
- 4OoJ.213 
- 400.009 
- 399.1:151 
- 404.800 

- 404.573 
- 100't.3L 7 
- 404.035 
- 403.132 
- 403 .... 09 

- 4'J3.067 
- 402.709 
- 4\)2..331:) 
- 401.9(:>0 
- 401.512 

l1GI" 

397.59 ... 
392.332 

- 385.429 
- 318.178 

- 318.040 
- 370.519 
- 362 .. 989 

3S5.485 
- 348.01.1 

340.569 
- 333.148 
- 32~ .. 375 

- 317.445 
- 309.537 

301.649 
- 293.783 
- 285.942 

218.122 
- 270.,323 
- 2.&2.544-

254.1d9 
- 247.051 

AL 2 0 3 

Log Kp 

!NF IN! H: 
857.441 
421.177 
271.212 

215.402 
20"::.442 
158.602 

l2.9.4S5 
108.654 
'H.039 
ilO.S99 
11.Ul 

b3.0H 
Sb.37.1o 
50. HZ 
45.862 
41.662 

'31.990 
H.7~1 

3l.S'71 
29.307 
26.9<}7 

2100 J2.dZO b6.H9 40.952 ~3.395 - 401.174 - 239.341 24,'106 
2200 32.9<110 67.9119 42.143 56.686 - 400e tbq - 231.045 23.012 
2300 )3.160 b9 •. HW 43.296 59.993 - 400.352 - 223~963 21.291 
21;0'0- ---33-.-ff5 - - - -'10-:195- -- - -4-4-.-41 i - - - - -63:11"ii- - -----3-99:92.3 - - -: - 21'6: Yo-ow - - - - -19; 691 
2500 )3.510 12.1'59 4~.4q5 66.660 - 39~.",q6 - 208.(:.65 18~242 

l600 
2700 
2000 
29-00 
3')OQ 

33.690 
33.560 
34.080 
)4 •. WO 
31,..'BO 

73.477 

17.l87 
18.354 

46.546 
4 7 ~ 507 
48. SbO 
49.5/,1 
';)0.406 

10.0l0 - 399.052 
130398 - 396.!)99 

- 536.953 
- 535.950 

B~06'5b 534-.933 

201 ~ 03 7 
- 1?3.431 
- l64.181 
- 11106,)0 

15Q.05l 

Dec. 31, ~~~~;3~7Pi97;~'J~~~ljo~a~~531. 1964; 

16.899 
15.051 
14.376 

ALUMINUM OXIDE, ALPHA (U-AI
Z

0
3

) ( CRYSTAL) Gf',o1 :: 101.9612 

,jHfO = -397.6 ~ 0.3 kcal/mol A l 2 0 3 
S298.15'" 12.175 ! 0.02 gibbs/mol 

Tm = 2327 !' 6 K 

Heat of Fot'ma'tion 

llHf 298 •H =: _liOO.S :!: 0.3 kcal/mol 

~Hm~ '" 26.55 t: 1.0 kcal/mol 

The adopted t'lHf
c is from calorimetric heats of combustion measured by Mah (]) and HOlley and Huber <1.). Early 

measurements of 'the hCdt of combustion 'of Al were seriou$ly bia.sed (2)! but the sources of bias were minimized in later 

studies. These studies yield C.Hf~ values of -400.5 ! 0.25 (}), _40C.S ! 0.3 (.?,J, -399.2 ! 0.3 (]), and -402 .t 2 or 

-ll.00.6 ! 1.4 (~) kca1/mal after conversion to the present: atomic weight of Al. 

llHC rndy be compared with vdlues of -401.8 '!: 1,5 kea.l/mol and -\i05.2 .t 1.5 keal/mel derived f['om equilibrium data 

involving gaseous Ale1 3 (~) and cI'ystal1ine Alf 3(.§.). respectively. Third-law analyses of the data give uHr a C29S.lS K) 

81.4 .!: 1.0 kcal/rnol (entropy discrepdncy of 5.0 ~ 1.2 gibbs/mol> for A1
2

0
J
(c) + 6HCl{g) ... 2A1C1

3
{g} + 3H

2
0(g) and 

~Ht"<>{29B.l5 K} = 99.3 !' 0.6 kcal/mol (entropy discrepancy of -0.6 .!: 0.6 gibbs/moll for 2Alf
3

(c) + 3H
2
0(g) .... A1

2
0

3
(C) + 

6HFCg), The value ft'om 'the Jatter' reaction may be biased by the formation of aluminum oxyfluorides (2). 

Heat Ca.pad ty and Entt'opy 

Cp· is from Ditt:lars a.nd Douglas (!) who tabulated functions from 0 to 1200 K. These functions were derived from 

Cp· ddt.a. {l3-380 )() measured earliet' (~) on the Calorimetry Conference Sample and new enthalpies (323-1173 lO measut'ed 

(1P on NBS Standard Reference Material 720. Entropy and enthalpy wet"e obtained from Cpo based on Si3 ::; 0.0016 gibbs/moL 

Ditmdt'S and Douglas (~) derived an enthalpy equation for the range up to 2251 K by inclusion of high-temperature 

enthalpy dat" (1173-2257 K) fr-o:;"; West and Ishihara (lQ). We adopt Cpo as ca.lculated 1"1"'00 this equa.tion but modify the curve 

slightly above 1700 j( in order to mdke the extr4po1ation above Trn more suitable. The literature contains ma.ny other 

mea.surements of Cpa or H- above room temp-eratu['cj the thorough cOlJlparison of Ditmars and Douglas (~) included some twenty 

of these studies. 

The adopted functions <Lt'c confirmed by mo!"e recent stUdies, for example. enthalpy data up to 1300 1< (11, g) .and up to 

Tnt (}2-1.§). The new liquid study (12) included crystal enthalpies which deviate by .!: 0.5\ <2071-2203 K) and +0.9:!:O.5\ 

(2221-2304 K). 

Melting Data and Sublimation Data 

See A1 1 0 3 Ct). 
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ALUMINUM OXIDE, DELTA (&-ALZ03) 

(CRVSTAl) GFW=lOl.9612 

&I1>bol""---~ -----lu::aJimol------

T."K Cpo S" -(Go-II" ... )rr H"'-H"_ Mlr AGf 
0 

'00 
lOO 
298 1'il.r.52 i2.100 12.100 ~OOO - 3qa~30O - 375. 'lISS 

100 19~ 550 ll.22 i 12.100 .036 - 398.30S - 375.811 
400 23.b54 l8~459 12~ 923 2.214 - 3';16.392 - 368.296 
'00 26.127 24.024 lit.596 4.713 - 396.251 - 300.788 

bOO 21.70t: 28.937 16.587 7.41.0 - 398.005 - 353.318 
100 28.184 33.294 18.bb9 10 .. 238 - 397. 71~ - 345.aQl 
800 29.574 31.19l 20.t4S 1.3.151 - 397 ..... Zt" - 336 .. 510 
900 30.197 40.712 22.771 lOe 141 - 39L181 -331.160 

1000 30.1lob 43.921 24.728 lq.193 - 402.04l - 323.468 

1100 31.168 4c.B70 26.603 22.268 - ltOI.723 - 315.628 
llOQ 31.513 49.59q 26 ... 12 25.4.25 - 401.376- - 301 .. 817 
1300 31 .. 938 52:~ 141 30.141 l8ebOl - 401.002 - 300.034 
1400 31.7..69 54.520 31.198 ll.SU - 400. bDS - 292.281 
1500 32.561 560.151 33.38S 35~ 053 - 400.l88 - 284.560 

1(>00 32.B30 58.8607 34.915 38.;24 - 3'}9.751 - 216.865 
1700 ;3.0b3 60.865 36.38; 41 .. 6t8 - ]99.297 - 269.198 
1600 ]3.269 6Z.761 37.H1 44.'H5 - 39'LElla - 261.557 
1900 :33.1054 64.564 39 .. 158 48 .. 211 - 398.]51,. - 253 .. <,144 
2000 33.b29 M.les 40.472 5l.6Z6 - ]<}7 .868 - 246.359 

2100 33.80'5 61.930 It1.741 54.9<,17 - 397.312 - 2]8.196 
2200, 33.Q60 69.507 42.<';61 5d.3S7 - 396.868 - 231.258 
2)00 34.155 11.021 "'''.1')4 61.193 - 396.)52: - 223.737 
l40"; 34.330 7.2.475 45.304 65.211 - ]Q'j .. 829 - 216~241 
2500 34.'H5 73.883 _4t:.~ 419 68~6obO - 3QS~29ilo - 2086777 

l600 34.101 75~241 47.502 TZ.lZO - 394~ 15Z - 201.323 
2700 34.696 7&. ::'~4 48.554 15.6001"1 - 394.191 - 193.897 
2600 35.102 7J .821 4<;1.577 19~ 1 00 - 532~ 44'1l - 184.827 
2900 )5.329 79.0602 50e 572 8Z~bZl - 531.344 - 112e4]2 
3000 ]5.566 SO .. 2b4 51.5"2 8& .. L6& - 530.223 - 160e012 

JW1e 30. 1975 

AL 203 

lag K. 

17S~S83 

213.163 
201.229 
L57.700 

1l8.69b 
lO7.9'n 
92~477 

80.411 
10~b94 

62~ 709 
56. obi 
50.440 
45.621 
41.4600 

17~tH8 
34.608 
31.7'57 
29.210 
l6.nl 

l4.85l 
lZ.q7l 
2l.Z60 
19 4 091 
18.251 

16.'123 
15eb95 
14 e 42b 
12.<;95 
11.661 

ALUMINUM OXID£, DELTA (6-Al;?0J) 

Si98.15 ~ (12.l.!:1l gibbs/mol 
Tm:eC230S)K 

Mea t of Forma tion 

{CRYSTAL) Grw :: 101. 9612 

I.lIHo ; [-395 ... .!U kcal/r:lol A L 203 
6Hf298.1S :: -398.3:tl kcal/mol 

JH:n"' :: i22. J J kcal!m.ol 

uHf" is calcul",ted from that of a-A1 20 3 (1) usin@; dHr;78 :. -2.7!O.1J. kcal/mol for the ir!'eversible process 6~a. This 

yields li.Hr;98 '" -2.:l kcal/m.ol hased on our adopted functions. YokQkawa and Kleppa (1) determined lIHr'" for the two crystalline 

forms from the difference in their heats of solution in a.n o)(ide melt at 9?S K. DTA studies by Gani and McPherson {l} gave 

i!.Hr-'" -'= -2.8tO.5 kcal/mol. Assuming T '" '\,1400 K, we deri ... .;: uHr;98 ~ -1.9 kcallmol. This confir-ms the calorimetric result, Both 

sdmples of 6-A1
2

0.1 had been obtained by rapid quenching from high temperature, one <1.) fl:'om combustion of A1 4C
J 

d.nd the other 

(j) hy d plds4Id me thad. 

Heat Capacity and Ent~ 

Cp· is assumed to he 3% 14I'ger than that of a-AI Z0 3 '1) by comparison with the observed v."lues for !(-AJ 203 '1> and the 

adopted values for r-A1203{J). S" is selected such that ll.Gr·(r: .... 6)<:0 below Tm and tiGr·(o .... cd<O at T ,::,2400 K. 

Marchidan et al. (!±) measured enthalpy data (573-1177 K) fo[' a sample designated only a.s TA-600 alumina. They attributed a 

transition at '\,993 K (720'C) to the il'reversiblc. process n"'o. Thi& temperatur'c corres]?onds roughly to processes designated 

as either (y or Tl} ... e or '( .... 15 by Lippens and Stegget'da (,§,>. DTA ddta of Alevra ct a1. (~) showed an endotherm near "}50~C sub

sequent to 'the dehydrdtion of hydt'oxide samplesj how-eifel', TGA data indicated th"'t the resulting dlumina still retained con

siderable wat(!r at this temperature. The enthalpy data (~. 1003-1177 K) are 4. ?to. 3% larger than those of n-A1 20 3 (1) and 

]?resul'llably cot-respond to aro. alumina. containing a significant amount of water. The o-A1
2

0
J 

used in £;.Hf'" studies was presumably 

essentially anhydrous. Thus, we "mit t.he. enthalpy data (.=!.) on the presumption that they are larger than those of our standard 

~t:ate Which is anhydrous o-A1 20 3 . 

Phase Data 

The stable cryst:alline form is coruncul'l (q-al'.J.I'ninal. Del tea-al umina is one of several structurally related, metastable 

forms, These occur in "active alumina" and are much studied (~) due to their importance in adsorbents and cdtalysts. Lippens 

and Steggerda (.?' sUlnJbd["ized the Classifications of ~t<l.stable forms, their crystill structures and conditions of fOl"'ITl\i.tion by 

dehydration. Mixtures of the closely ["elated 6- 4nd 8-aluminas are dlso formed by I'",pid cooling of droplets of mol ten 

<11umina following their passage through a flame (1). There is some controversy (.§.) over the X-ray data and unit-cell dimensions 

Qf 6-A1
2
0

J 
fOl':'l:\ed by the two methods. Recent data (,§,) for 8-A1

2
0 3 (.§.) suggest il simildr' controversy. Delta-dlumina belongs 

to the I'nearly anhydrous" I high-tempera.ture classification C..§.J based on the temperature of 600· to 900· at which it forms during 

dehydration. The ir:r>eversible 'transitions o-...9(+a)-+(l are thermally activated at tempeI'<ltUI'C5 of 800·-1050·C for the first step 

(1. §) d.nd 'l,,1200·C for the final step (.§). 

Mel tint Data 

The hypothetical melting point of metastable a-phase is cdlculated as the temperature ",t which "Gr·(o ... i)-'=O. ilHm"' is the 

c:orr-esponding difference in uHf-. 

References 

1. JAMAr Th~rlJlOchcmical Tables: Al
2

0 3 (c, (1), A1
2

0 j (c, d, A1
2

0 3 (c, '() 6-30-75, 

2. T. ¥okokawd and 0. J. Kleppa, J. Phys. Chern. §.,!, 3246 (1961l)j J. Arner. Chell. Soc. §!, 3246 (1964). 

3. M. S. J. Gani and R. I1cf'herson, Ther:nochim. Actd 2, 251 (1973). 

4. D. I. Mal':'chidan, L. Pandele dnd A. Nicolescu, Rev. Roum. Chim. E, 1493 (1972). 

S. B. C. Lippens and "J. J. Steggerda in "Phyaical a.nd Chemical A:;;pects of Adsorbents and Catalysts," B, G. Linsen, Ed .• 

Academic PJ:'€ss, New York, 1970, pP, 171-21l. 

6. V. Alevr.a. D. Ciomirtan and M. Ionescu, Rev. Rouln. Chim. 11, 1379 (1972). 

1. M. Plummer, J. Appl. Chem. !! 35 (195B). 

8. G. Y"aJllaguchi, r. Yasui and W.-C. Chiu, Bull. Chern. Soc. Jap<1n ~. 24-B7 (1970). 

AL 203 

c... 

~ ,. 
"ft 

-I 
:::a:: 
m 
::u 
3: o 
n 
:::a:: 
m 
3: 
n ,. 
I"'" 

~ 
~ 
m 
Y' 
.... 
..0 ...... 
CD 

U\ 
C 
.." 
.." 
I"'" 
m 
3: 
m 
:z 
-I 

CD 
W 
...... 



~ 

J 
~ ... 
? 
~ 
1CI 

J 
~ 
.:"f 

~ 
~ .... 
-0 ..., 
CD 

ALUMINUM OXJDE, GAMMA (y-ALZ03) 

(CRYSTAL) GFW=101.9612 

----gibb5fmol---~ ------kcal/mool--
T,QK Cpo S" -(Go-H"D,,)ff HO-Wne 6Hr 

0 
100 
200 
296 19.173 1l.500 12.500 .000 - 396~OOO 

300 19.813 12.623 120 SOU .031 - 3qt>~OO'j 

400 24.044 ld.964 13.337 2.251 - 3q6~055 
500 26.558 Z4~ 621 lS.039 4~ 791 395.874 

baa 28. t63 29.1.:>15 17.0bL 7. ~D2 - 395.553 
100 29.2')9 34.043 1"'.171 10.407 - 395.245 
aoo 30.0b3 3 a~ 005 21.287 H.374 - 394~909 
900 30.695 41.584 23.341 16.413 - 394.b15 

1000 31.223 44.646 25.336 19.510 - 399.425 

1100 31.682 41.8',', 21.248 22.655 - 3<,19.056 
1200 32.(J94 50.618 29.01:11 2 5~ 845 - 39B~6'J6 

1300 32.465 ':13.20.2 30.83tl 29.073 - 3'018 .. 230 
1400 32.8Dl ~5. 621 32.523 32.336 - 391.780 
1500 33.101~ 5f.89" 34.139 35.632 - 3<,11 ~ 309 

1600 33.372 60.039 3~. 692 38.956 - 396~t!18 

1700 33.009 62.010 37.184 42.305 - 396.310 
1800 33.81 a 03.997 38.621 45.617 - 395~768 

1900 3' •• 007 65.830 40. uos 49.068 H5.Z57 
2000 3' •• 185 &7.57<,1 4i.340 52.478 - 394~71c 

2100 34.363 69.25l 4/.63'.1 55.<,105 - 39 / •• 164 
2200 34.54l 10.<.15'. 4)·.<377 5'1.350 - 393~605 
.? .100 34. 7t 9 72.393 45.083 62.813 - 393~O32 

2400 3 f •• 891 73.875 46.252 66.29{, 39l~452 

2500 35.085 75.303 47.)96 69. H} - 391.!:f63 

2600 35.213 76 0 083 48.496 13.311 - 391.261 
2700 35.412 7d.ola 49.55, 16.MS - 390.649 
2800 35.6B? 79.3!t 50.595 80.406 - 528.844 
2<;100 35.911 l:lU.S68 51.607 8;.98, - 527.680 
"-JOO 36. t53 tH.789 5~. 593 H.53a - 526.501 

Dec. 31, 1965; Jun~ 30, 1972; J\.:ne 30, 1975 

AL2 ° 3 

~Gr Log Kp 

- 373~715 273.984 

- 373.637 212.195 
- 366.164 200.062 
- 358.709 ! ')6. 79! 

- 351.303 127 .962 
- 343.948 lor.385 
- .336. £;,44 91.961 
- 329.379 79.96'0 
- 321.771 70.324 

- 314.031 62.392 
- 306.320 55.788 
- 29a.i>41 50.206 
- 290.996 45.427 
- 283~3rl7 4L2d9 

- 275.803 37.674 
- 208.260 34.481 
- 260.140 31. 658 
- 253.253 29. [3 { 
- ;>45.796 26.8,9 

- 23<3.363 2 t •• 807 
- 230.'}SQ 22 ~'}44 
- 223.574 21.244 
- 216.217 19.684 
- 208.893 11';.261 

- 101.583 l6.945 
- 194.301 lS.728 
- 185.379 14.469 
- 1.73.134 13.0"8 
- 160.925 li.n3 

ALUMINUM OXIDE, GAMI"',A (y-A1
2

0
J
). (CRYSTAL) GFW :: 101. 9612 

SZ9B.15 :: [12.512) gibbs/mol 

Tln :: t 2290J K 

~HfO:: {-393,l:tl.S] kCal/mol AL203 
Mlf29B.lS :;. -3.96.0.t1.5 xcal!mol 

6Hm° :: [18.77] kcal/rnol 
Heat of Formation 

lIHf" is calculated from that of a-AI Z0 3 ()) using GHr 97B " -5.3 kcallrno1 for the irreversible pr'ocess y .... Ct. Yokokawa and 

Kleppa (1) determined llHro for t:he two crystalline forms f!'om the difference :in their .'1eats of solution in an o:x:ide melt at 

978 K. This yields Mir 299 ::: -4.5 kcal/mol based on our adopted functions. DrA studies by Gani and McPherson (lP gave 

(IHrO{Y·J-Q.) ':: -5.8".:1.6 kcal/mol. Assumine T '" '\,1400 K, Wt! derive .IlHf'298 :: _4.14 kcal/mol which confirms the calorimetric resuLt 

(1)· Ya.rn.ada at dl. (!.!.) used dynamic, adiabatic calcrimetI'Y 'to measure £ll-lr
773 

':: 12.6:!:1.1 kcal/mol for A1
2

0
3

'H
2

0 (c , boehmite) 

.. A1 20 3 (y) + E 20CgL Using enthalpi~s from (.: •. .!:) and. 'lIHfZ98 (boehmite) ::: -472.0 kcal/mol (2,), we d€rive lI.!-ir-
29B 

':::. I7.54:!:l.J 

kcal/mol and ilHf 29S (y-Al;>03) :: -396.7.!:2 kcal/mol. This gives independent confiI'lnat ion of 6Hf" • 

We adopt iIf-lf29a(Y-Al203) '" -396.0:!:1.5 kcal/mol and I'lHr29S (Y-+U) :: _1.1.5 kcal!mol. These value!;> derive (~) fr-om the highest 

ignition temperature priol" to the appe.arance of a more st:dPle phase (K- or a-A1
2

0
3

) in the sa.'l'Iple. This sta.ncia"!'d state should 

involve maximum a.ttainable crystal development and minimum residual water. y-alumina shows much variability depending on its 

thermal history. Lower ignition ternperat:ures gave values of .JHr"(y-~cd more negative by as much as 2.~ kcal!mol (~). Other 

reported values of t.Hro (-y.,.ctl J including -14.5 to -7.5 (l) I -7.1 C§), -11.0 (.:U and _7. B (~) kcalJmol, tend te be skewed 'toward 

more negdtive values. These values correspond to less Stable sa.mples. presumably with more residudl wa'ter- and less well 

developed crystal structure. This is consistent with uHl"'298 :: -388:!:2 kcal/mol obset"'ved (~) for p' -A1
2

0
3 

which is nearly 
amorphous. 

Heat Capacity and Entropy 

Cpo is assumed to be !t,7;: larger them that of u-A1 20 3 (1), Structural and ['elated chaI'dcteristics (~) sugge.st: 'that 

CpO{y»Cp"Cd which in turn is '\,2.2% larger (;h, .:) tr.an CpQ(aL Our estimate is derived from Marchidan et ill. (!Q) who 

measured enthalpies (1003-1177 K) which are 4.7:!:O.3% la.rger than those of (1-A1
2

0
3

• 5° is estimated such tha't o.Gr~{y-+-cd<a 

at T.::2400 K. This is consistent with observed stability r-el.nionships (~, ~). 

Mdf'chictan et al. (l,Q) medsu!'ed enthalpy ddta (573-1177 K) for a sample design.:tted only as TA-600 alumina. They attributed 

a transition at '\.993 K to the irreversible process n"'':;' Conte.r.\porary studies (l!) from the same institution lead us to presume 

that the TA-600 sample retained a significant amount of water even above the 'transition. The "low.temperature" forms y and. 

are difficult to distinguish (1); they retain Illore water- {~, .!.!.) than the "high-temperature" forms. This m.:ty e'Xplain the 

unusual enthalpy data dttributed (1.Q) to n-A1 20 3 ; these deviate from c-A1
2

0
3 

by +12.4% at 573 to 520 K and then decrease 

linearly to +3.8'; at 991 K. These data do not seem suitable fer st"nddrd.-state y-Al
2

0
3 

having minimum wate'!' content and 

maximum crystal development. We adop"t instead the constant deviation of +4.7;1:; found at higher' temperature. 

The adopted entropy of 12.51:2 moly be compclred with the vulue !lS~(Ci'""rJ =: 1.56 gibbs/mol estimated by Borer and Gunthard 

ell) for the "defect" spinel structure of y-A1 20 3 , This yields. 5i9S(y) ':: 13:7 Or' 14.3 gibbs/mol a.ssuming Cp~(y)!CpO(c:) = 1.00 

or 1.047 , respectively. The! authors' assumption C}2) concerning the structure of y-AIZ03{~) is overly simplified. 
Phase Dati! 

The stable crystalline form is corundum (Il-alurnina), Gam.:lh'!l-alumina is one of several s"tr-uct:urally related, metastable 

forms. These occur' in "active alumina" and are much studied (1) due to 'th(?ir import3nce in adsorbents and catalysts. Lippens 

and Steggerda (2) summar-ized the cla.ssifications of meta.stable forms, thei":" crystal structures and conditions of formation by 

dehydration. "Low-'temperature" forms y a.nd n have simildr X-rillY diffra.ction patterns. Their nomenclat:ure :is Confused in the 

literature. The term y-A1 20 3 ha~ been applied to either form and as a generic term for all low tempera'ture forms. y and 11 

are often poorly crystallized and difficult to distinguish (~). They retain various amounts of water (~, .hP depending on their 

thermal history. The low-teTllpcI'atur-e fOMlls. are obta.ined. by dehydrating 'temperatures not exceeding BOaDe and change irrever-sibly 

to "high-tempe:rat:ure" fOl'"'ms (5, G Dr It) at" 600 Q to 900~C (~, l.!, 1). 
Mel t ing __ Qata 

The hypothetica.l melting point of metastable y-phase is calculated /!,s the temperature at which [)C .... ·Cy .... g,) O. t,Hm- is the 

corresponding diffeI'lwcc in AHf o , 
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ALUMINUM OXIDE, KAPPA (K-AL203) 

(CRYSTAL) GFW~lOl, 9612 

gibbs/moJ---~ Ir.caJ/mo) 
T,~ Cpo so -(G"-H~II,.)rr HO-tr:ne MH' 

0 
'00 
200 
298 19.300 12. BOO 12.800 ~ooo - 397.300 

300 19 4 399 12.'HQ 12 ~800 .036 - 397.306 
.00 2:.'-470 19.10'9 13.617 2~ 197 - 391.4Q9 
500 25.92 .. 24.032 15.219 4.on - 397.288 

600 Z 7 ~ 4~ 1 29. SOb 17.252 7.353 - 391.062 
700 28.56 t 33.829 19.317 La.iSS ~ 396.794 
ROO 2'1.345 31.696 21.377 l3.05S - 396.528 
900 29.962 41.189 23.368 lb.021 - )90.307 

1000 30 ~417 44.374 25.330 19.044 - '.01.1.91 

Lioa 30.926 41.300 27.196 22.114 - HIO.897 
lLOO 31 ~ j,2 7 50. OOB 28.985- 255227 - 400.574 
DoO 31 ~ 690 52.530 30.700 2B~3 79 - 400.22'. 
If.OO 32.016 54.89l 32.345 3l.Sb4 ~ 3'19.1352 
lSOQ 32~H4 51.l10 33.923 J4~ 181 - 399.460 

1600 32 • .,15 59.20 ... 35.438 38.026 - 399.049 
1100 32:.130b 61.186 36. e.95 to} .295 - 398.620 
ttiOO 33.011 6:'.067 38.297 44.536 - 398.179 
1'-:100 33~ 195 64. 8~ 7 39.648 ... 7.897 - 397.729 
2000 :H.368 66.564 40.952 51.225 397.269 

2100 33.542 68.196 42.210 54.570 - 3096. 79~ 
2200 33.716 69. -r61 43.427 57.933 - 396.322 
2300 33 ~ 890 71.26, ..... bOS b1.313 - 395.832 
2400 34.0b3 72.709 45~ 74b 64.711 - 3'1"'~335 
l.SOO 34.(.'.7 14.103 46~ 653 6e~ 126 - 394.830 

2600 34~ 431 1,:).450 47.927 71.560 - 394.3l2 
2700 34~ 62 5 76.753 48.971 75.013 - 393.784 
2BOO 34.830 78.016 4CJ.98S 78.486 - 53.2..06 ... 
2900 35.055- 19.242 50.913 8i.9S0 - 530.966 
3000 35.290 ijO.435 51.93b 65.491 - 529.892 

June 30, 1965 

A L 203 

.Gl" .... Kp 

- 375~ l64 275.003 

- 37:5.027 Z73.Z07 
- 3b1.576 2QO.tl]4 
- 360.128 15 7 ~412 

- 352.717 128.411 
- 34S.H6 LlJ7.8ll 
- 338.017 92.3(.2 
- 330.71b 60.309 
- 323.070 70.601 

- 315.2740 62.639 
- 307~505 56.004 
- 299~762 50.395 
- 292.047 45.591 
- 284~362 4L5432 

- 276.702 37.796 
- 269.068 34.0591 
- 261 .... 57 31. 745 
..:. 25J~815 29.202 
- 246.319 2£,,..916 

- 2:38.783 24.850 
- 2:3L~210 22.975 
- 223. 77S 21.263 
- 216~3 03 19.691 
- 208.860 l8.259 

- ZO[.4213 16.932 
- l'H.OZ2 1 ~ ~ 10S 
- 18<0.972 14.438 
- 112.5CJ6 13.007 
- 160.253 ll.&r4 

ALUMINUM OXIDE, KAPPA (K-A2
2

0
3

) ( CRYSTAL) 

gibbs/mol 

Heat of formatiO:l 

Grw r: 201.9612 

..IHf;::: [-394.1.4!1l kCd.l/mol 

ilHf298.1S :. -397.3!1 kcal/mol 

6Hm
e = [21. 8] kcal/mol 

A L 2 0 3 

edit" is calcula'ted fr'oxn t:hclt of a-A120a(.!) using hHr978 '" -3.G kcal/mol for the irreversible process ,,"'(1. This yields 

t1Hr 298 '" -3.2 kcal/mo1 based on our adop,tcd func:tions. YokokaWd and Klt!ppa (.3) de'terrnined i\Hr- for the two crystalline for:ns 

f):,om the differcnt:~ in their heats of soli..rtion in an oxide melt ilt 97B!<. Yamada et i:ll. (~) derived :lHf
298 

:: -397!:1 kc."l/mol 
from the same data. 

Heat CaPdcity and Entropy 

Cp· (380 to 1110 K) WClS measured by Takdhdshi et al. (~) using a dynamic, adiabatic -calorimeter with an open-'type 

container for the sample. Reproducibility of the data Was reported to b~ wi'thin ~1.5% up to 1100 K. We represent the observed 

da,ta, ~y a Cp" curve which is 2.2% larger than that: of 0-.'\1 2°3 (1). Deviations fI'om the adopted curve p.xcee:d 1.0% for only 

3 of t:he 39 points (~); i.e., -1.6% (1)00 KJ, +1.1.4% (993.B K) and +1.3% 0070.8 K). Takahashi et <'11. '2.) prepared their 

';-A1 203 by dehydration of tohdite (Al 20 J
"1/5H

2
0) dt BI+O"C under a vacuum of 10- 5 t:or!' , 

SOl is selected arhitra.ri:::'y so that .'.Gr"(K-+Cl) = a near Z400 K. This is consistent with the view that I<;-phase is unstable 
with t"espect to a-phase at all 'temperatures below Tm. 

PhaOie Data 

The stable crystallin'l! fOl'm is cOr'undul1\ (a-alumina). Kappa-alumina is one of several structut'dlly related, metastable 

for·ms. These occur in "active d2umina" and <:Ire much studied (~} due 'to their importance in adsorhents dnd cdtdlysts. Lippens 

dnd Stegg~!"da (.§.) summarized the classifical:ions of metas'table forms, their crystal structures and conditions of formation by 

dehydration. Okurniya et iiI. f§) receo'tly published an extensive s"tlldy on "the formation and str\.lc'tllral relations of K-Al
2

0
3 

dnd i t5 precursors >(' -A1 2 0J and tohd i te. Kappit-dlumina belongs to the "nearly anhydrous", high-temperature classification 

(~) based on its format jon temperature of 900
0 

to 1000«( (somewhat lower in vacuo). The ir'r-eversible trdr:sition K--Ct is 

therr.l<llly <ictivated at '\.l2QO·C (?,. ~). Thermochemical studies Cited in 'this table presume that the samples of K-A1
2

0
J 

were 
essefl"!:ially anhydrous. 

Mel1: inB Da ta 

The hypo'thetical melting point of metastable >:-phase is ca1cula'ted as 'the 'temperature at which ilGr·(" .... U=O. I'l.Hm~ is the 
corresponding difference ill llHf~. 

B-efet'ences 

1. JANAr Ther-mochcmcdl·Tables: A1
2

0
3

(u) 6-30-75. 

2. T. Yokok;J.wa and O. J. Kleppa, J. Phys. Chern. 2!, 3246 (1964). 

3. K. Y<!..I!!ada, r. Fukunaga, Y. Takahashi and T. Mukaibo, Del1ki Kagilku~, 290 (]973). 

4. Y. Takahashi, K. Yamada, T. rukl.ln.3ga dnd T. Hukaibo, Denki Kagaku:1. 287 (1973). 

S. 8. C. Lippens and J. J. Steggerda in "Physicdl and Chemical Aspects of Adfiorbents a.nd Cdtalysts". B. G. Linsen, £d., 
Academic Press, New York, 1970, pp. 171-'21l. 

6. M. Okumiya, G. Yal:ldguchi, O. Yar.'l.dda and S. Ono, Bull. Chem. Soc. Japan~, 418 and 1557 (1971), 
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ALUMINUM OXIDE (AL203) A L 2 0 3 

(LIQUID) GFW=101.9612 

gIbbs!mol---_ -, 
T, 'K Cpo S" -(Go-Ho ... )rr H"-H"IMI &111" 6GI" Loo Kp 

0 
100 
ZOO 
19. lS~S8S ts. ')41 Ui.S~l .. 000 - la3~lLo - 3&3.286 26~.Z95 

300 1S~981 18.658 lacS41 a035 - 3B3~716 - 363.159 264.561 
.00 22.965 24~ 714 19.340 2.1'50 - 183~866 - 356.275 1.94.6909 
.00 25.1b6 30.11B 20a 9bb 4.576 - 363.199 - 349.382 152. US 

.00 2b.!i99 34~ 887 22.8"H 7.194 - 363.631 - 342.514 124.161 
'DO 27 .Q46 39.117 24.918 9.919 - 383.422 - 33S.016 104.803 
,00 28.713 42.901 2th 933 12.174 - 383.119 - 328.871 89.81,3 

900 ZQ.317 46. :H9 28.901 15.6>77 - 383.061 - )22.087 18.213 
1,000 29.82.1. 49.43S 30.BOl La.c34 - 388.0 La - 314 .. 951 68.932 

UOO 30.260 52.296 32.626 21.638 - 3a7.18Z - 307.658 61.126 
ll00 30.653 54.948 34.317 24.684 - 387.526 - 300.385 54.708 
1300 31.006 57.416 36.056 l7 .. ?be - 3137 ~245 - l'n.U4 49.280 
1400 3la329 59.726 37.665 30.865 - 3Bb~941 - 285.905 44.632 
1..,00 31.61 6 blaS91 39.2Q9 34.032 - 3S6~618 - 278.701 40 .. 601 

1600 31.874 6).946 40.6'91 31a207 - 366.277 - ZH.517 31.087 
UOO 4b.OOO 6ob~ 735 42.142 4t.SOl - 38 ... 516 - 2b4 0 ]98 33 0991 
t800 46.000 69.364 43.'582 46.401 - 382 .. 768 - 251.380 3l.ZS0 
1900 46.00Q 7l.851 45.005 SL.007 - 31:11 .. 021:1 - 250.463 Z8.~U. 0 

2000 46.000 74.211 ""6.401 55.607 - 37<j1.196 - 243.639 26.624 

2LOO 46.000 76.455 47.785 60 .. 207 - 317.572 - 23(h898 24 .. 654 
2200 4b.OOO 78.595 49.131 04.801 - 375.858 - 230.241 22.872 
€~ YQ ____ ~_6_._0_0_~ ____ ~2!.~'; 9 ____ J_U_._'!..~~ _____ 2-?,.!t.91 ___ : __ U_ "!.,,-l ~IL __ = _ U}-,,9.!t6 ______ H~f 8 

51~ 761 14.001 - 372 ~449 - 2170148 190174 l400 46.000 
Z'S(HY 46 0 000 

2600 46.000 
2700 46.000 
2800 4b.OOO 
2900 46.000 
3000 lob. 000 

3100 46.000 
3200 46.000 
3300 46. 000 
3400 46.000 
:HOO 46.CJOO 

3bOO 46. 000 
3100 46.000 
3600 46.000 
3900 46.000 
4000 46.000 

8l.597 
64.41S SJ .. oH TR.Ml - 310 .. 1'5") - 2lQ.llQ 

8b.279 54.216 83~207 - 369.075 - 2040347 
a8~015 ·55.494 87.607 - 367~400 - 196.046 
89 .. 688 56.686 92.407 - 504 .. S"52 - 190~ l'tl 
91~ 302 57.85.2 91.001 - 502 .. 368 - 178.Q53 
920662 '5 B~ 993 101.601 - ;00.192 - t&1 $835 

94.370 bO.l LO 106.207 - 498.02:1 - 1;6.791 
95.831 61.20) llO.B07 - 495.858 - 145.819 
97 .. 246 620274 1.150.401 - 493 .. 10l - 134.914 
98 .. 619 63 .. 323 1Z00007 - 491.554 - L24.078 
99 .. 95"3 64.351 124.607 - 489 .. 409 - J.13.303 

lOl~Z49 65.358 129.207 - 487.272 - 102.580 
10'(:.S09 66.345 133.807 - 485 .. 141 - 91.9l7 
L03.736 67.313 138.407 - 1&83.016 - 81 ~ 327 
104.911 68 .. 2b2 143.001 - 4S0~894 - 70.162 
lO6~O95 69~ 193 1470607 - 47S~1a2 - 60.299 

Dec. 31, 1960, Sept. 3D! 1961; Ma.rch 31, 1964; 

June 30. 1972; June 3D, 1975 

lS.4ll 

l70lH 
16.0)1 
14~841 
D.4-B6 
l2~ZZ 7 

11.054 
9.959 
8.'9:;,5 
1.916 
7 .. 075 

6~2Z7 

5.430 
4~677 
3 .. 967 
3 .. .295 

AWMINUH OXIDE (AI Z03 ) 

S298.15 = 18. S~l gibbs/mol 

Ttn :: 2327 .t 6 K 

Heat of Formation 

(LIQUID) GFW ;:: 101. 9612 

LlHf29S.15 :: _383.710 kcal/mol 

o.Hm· ::: 26.55 :!: 1. 0 kca1/mol 
AL 2 0 3 

llHf· is calculated from that of the crystal by a.dding llHrn c and "the difference in (H2327-H2ge.lS) fo!:' crystal and liquid. 

Heat Ga.p,,"cit:y and Entl"'opV 

Enthalpy da"ta for the liquid include those of Shpil1rain et al. (1, .!., 2326 to 3104 K), Sheindlin et 8.1. (~j 2350-2800 K), 

Kantor et: a1. (~, 2., 2337 to 21+80 K), and approximate values of West and Ishihara: (§.. 231.15 to 2ij9S to. The latest study,!, 1) 
is "the most extensive. It sa:tisf4ctot'ily resolves .the discrepancy in Cp· which was repol'ted earlier to be 47. 7 (~) or 3!.J. 6 (~) 

gibbs/mol. The new data (1:, 1,> yield 46.0 gibbs/mol, assUl"ning Cp· is independent of temperature. Although Shpil!rain et a.l. 

(1, l) derived a Cp· which dec(,eo5ses linearly with increasing temperature, this does not significantly improve the fit of the 

enthalpy data. The apparent ... alue of the tEmperature coefficient of Cp 8 is very data dependent; it changes sign on omission of 

the point at 2326 K 0323 K, IPTS-4S}. 

We adopt Cp· = !.j6.0 gibbs/mol. C01tI.p41"'ed to our adopted funct:ions, the enthalpy data deviate by <:1:1.0% (1" 1), -0.9 to 

-O.U: (l. equation), +2.4 to +0.2% <'~, ~) and +2 to +5% (.§.,. We assum.e a glaSS tra.nsition at 1600 K, below which Cpo is taken 

to be the same as for A1
2

0
3
(c, a). The entropy is calculated in 4 manner analogous with llHfo. 

Melting Data 

TIn = 20S4!:'6·C was recommended by Schneider- (.:U as the result of a cooperative measure.aent of the melting point by 

nine gl"'OUpS in seven countries. We adopt'this v41u!!:. It is confirmed by several recent studies (e.g. !-!.5.P; however, Nelson 

et a!. (11) suggested the possibility that Tm may be somewhat different in an oxyg!!!O atmosphere than in inert gases or vacuum. 

AHm· is the difference At 'I'm between the adopted enthalpy fits of A1 20 3(t) and A1 20 3{a). Reported calorimetric values of 

AHm.· include 25.73:1.3 {1:, V, 25.9 (.:!), and 25.3.10.6 {~,.§.} ked/mol. 

Sublimation clnd Vaporil:cltion Dt9.ta. 

Vapori:tat:ion of A1
2

0
3
(a) a.nd A1 20 30) has been studied by severa.l methods 'll-!!L Additional references aI'e cited by 

Fa.rber et &1. (l!!) And Burns (1.§.). VaporiUttion is considered. 'to be congruent but the vapor composition is complex '1::. 1.§.). 

Atomic lipecies predominate below Tm, but molecular species (e.g., AIO and A1 20) become increasingly important a.t higher 

temperatures. For the crystal the average vaporization coefficient is a ~ 0.3 (E. ~-l§)· 
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BORON HVDR I DE o X IDE ( H B 0 ) 

( 1 DE A L GAS) 6FW~27. 8174 

~---oibbsl ... I---- Il<0l/ ... , 

T.'K cp' s· -(G'-H"_)lT U"-H",.. Mil' 

a .000 .000 iNFlllilTE - 2 .. l8B - 47.2.~7 
100 6.96 .... 4-,).309 5S .. 249 - 1 ...... 9 ... - 47 ~255 
200 7.469 4'i.240 49.139 .. 780 - 47.300 

'08 86427 .... 8 .. 400 46.400 .. 000 - 41.400 

'00 8m445 40.452 46 ... 00 .Ol6 - 47.402. 
.00 ~.lQ3 5l.003 48.110-2 .905 - 47.5:Hi 
SOD 10.003 53.157 49.415 l.871 - 41.700 

baa 10.598 55.034 50d'ild 2.902 - 47 .. l:l71 
700 11.11b 50.70d 51.011 ; .. 98/:1 - 48 .. 041 
800 116 ~jJO 56.223 51dll9 5.123 - 4t1.l03 
900 lL .'1'65 S~.6'1l9 52.609 0.300 - 48 .. 355 

1000 12.307 6J.887 53.]13 7.514 - 4d .499 

1100 12~bOJ 6Z. 075 54.111 8. ha - 48 .. 639 
1200 12.859 63.1.83 54~ 821 J.O.OH - 48~ 716 
1300 136079 64.22.1 55* 505 i.l.330 - 4e~913 
1400 U~2'69 05.197 5th 163 12.648 - 49~051 
I~OO 13~ 434 60.118 50.7'ilb 13.983 - ... 9~ 196 

1 boa 1).571 bo.9110 57 .. 406 15.334 - 49~345-
1700 13. 701 67.817 57 .. 994 1b.698 - 49.501 
1800 13.810 68.1',,03 513.562 18.074 - 49.663 
1900 13.906 69.353 S9~ 110 19.460 ... q~B.H 
2000 13 ~ 990 70.0608 ;:'9.&41 20.855 - 5v.002 

Z1.00 14.064 70.752 60.154 22.257 - 50.179 
2200 14 .. 1JO 11.408 60 .. 650 23.667 - 50~361 

BOO 14.189 7.2,,038 61.132 25 .. 0H - 50~5dta 

2400 14 e 2 .... 2 72:eb43 61.599 lbo.505 - 50.141 
2500 14~289 B.US 6;2e052 U.931 - 50.327 

2600 14~H2 73.7Sb b2~493 29.3t>3 - 504521 
2700 H~310 74.'328 62~9Z1 30.798 SOe719 
2800 1",".405 14.B51 63 .. 33d 32~ 21b 56~918 
2900 14~4,n 7Se357 63.744 33~679 - H.ll9 
3000 14~4bb 15.847 04 .. 139 35.1.24 - !>7 .. 112 

3100 14.492 70.322 6dt.5ZS jo.51,? - 57.527 
3200 14.51 ., 76.7dl 64.900 38.022 - 57 ~ 7 34 
3300 14~ 540 71.229 65.201 39.475 57.944 
3400 14.561 71.004 65 .. 626 40.930 - 58.150 
3500 14.581 7tl.08~ 65.976 42.3i31 58 .. 370 

3600 14.600 1t1 .. 497 66.318 43 .. 84& - 5d.;,o1 
3700 14~b1. 9 18 .. 898 bO w b51 45.307 - 58.S0b 
3800 i4.b36 79.268 00.980 "t6.170 - 59.0.£7 
3900 14~654 7'1.668 67.jJO 46.234 :59.251 
4000 14~671 8..:r.039 67.614 49.701 - 180.b55 

'0-100 14.1)813 80~402 67.92.2- 51.1~9 lbOeo5'<:: 
4200 14.106 SO.756 68.223 5Z .. 636' - 180.64'" 
4300 14.724 ,91.102 1;>8.518 54.110 - 180.64 9 
4400 14.141- tH.44! bS.60a 55.563 - 180.652 
4500 14.11)2 81.772 ,6Q.093 57.058 - IbO.0!)6 

~ 4600 14.7li3 8".097 69.372 StJ.5)b - 180.0.01 
." 4100 L4 .. S04 82.415 o9.odt6 60.015 - 11:10.669 :r 4dOO 14.627 8l.727 69.915 61 .. 496 - 180eon '< 
!" 4900 .14 ~ 851 ij) .. OB 10.180 til.9tH) - 18Q.601 

5000 14.671 6..$.333 70.440 o4.4e;.1 - 180.b9l:\ n :r 5100 14 .9,)4- 83.628 70. b90 Q5.95b - 1t1-0.HI ... 
l! 5200 l4 .. Q,4 83.9[8 70.947 6T.44!;1 - 1 til). 72.3 

5300 14.965 84.203 71.1.95 61:1.9 .. 3 - 180.135 

'" 
5400 14.991:1 9'>.483 7l.43d 10 .. 441 - 180.75u ... 5:>00 15.03dt a ... 758 71.67d 71.94L - 180.702 

;" 

J 
5600 15.011 85.029 71.914 13.4 ... 7 - leO.777 
5100 15.111 8S.2'H 12.1'01> 74.957 - lo0~ 190 
5300 15.153 85.560 72s375 16.470 - 1030.aO" 
5~OO 15.197 85.819 72.MB 1T.9sr - LcJO.6i.r.. 

< 6000 15~244 86.075 12.623 79 .. 509 11:10.827 

~ 
.:'I 

Dec. 31, 1960; D.:!c. 31, 1964; i)ec. 31, 1975 

if 
~ -00 .... 
Oil 

RHO 

IIGI" LogKp 
- 47.l1t7 lNl-lft.lTE 
- 48 .. 019 lu4 .. g4~ 
- 48.757 53.£79 
- 49 .. 4Slt JO • .:!5J. 

- 1t9.468 30.031 
- 50 .. 13& 27e39.1 
- 50 .. 107 22 .. 190 

- Sl.]t.5 li:\ .. 710 
- 51.933 1b.21"t 
- 5,2.479 1.t,.H1 
- SJ.OOit 12 .. 871. 
- 53.51.2 11.b<;l5 

- 54 .. 007 lO~BO 

- :i4.4tj/j 9.924 
- 54.900 9 .. 21tu 

55.419 e .. oSl 
- 55 .. 869 8.140 

- St.. 309 7 .. Q91 
- 56 .. 13'9 1.29.r.. 
- 57 .. 101 6 .. 'ltItO 
- 57.573 6.622 
- H.'Hb 6.B5 

- ~8 .J7u 6 .. 075 
- 5d.756 5.837 
- 509.13 ... 5e619 
- 5945J1 54418 
- S<,I ~ 755 ~s224 

- 59.688 5.0j .. 
bv .. 012 "'.bSt; 

- 60.1.H 4.b94 
- 60.240 •• 540 

60.3'07 4.390 

- <"0 s 4 ... 5 4s"::61 
- 40 .. 530 ..,. .. U .. 
- 00.618 4 .. 015 
- 60 .. 691 3 .. 902 
- 60.77u 3.195 

- 604834 3.093 
- 60.893 3.597 
- 60.9'0-5 3.505 
- 6(J.996 3.4,ld 

5~.tl92 haS 

- 55.649 2.977 
- SZ.dOI 2.74fJ 
- 49.758 2.$,9 
- '0-6.715 2.3lG 

'd.613 2.121 

- 40.6l6 1..930 
- 31 .. 5130 1.141 

34~ 534 1..572 
- 31.495 .l. .... 05 
- 28.449 1.'::44 

- 25.401 1.089 
- l~ .359 ~940 

- 19.,)11 .790 
- 10.209 .658 
- D.nT *5.25 

- 10.118 •. H7 
7.129 .;n:. 
4.<1d2 .15 .... 
1.034 .1.i.3tl 
2.014 .073 

BORON HYDRIDE OXIDE (HBO) 

Point Group C.nv 

S299.15 = (ita.1i t 0.5] gibbs/mol 

Ground Stat:e Configurd'tion (It+] 

Electronic Levels 
-1 

l.i' ern gi 
--0-- III 
(30000) (3J 

Heat of Formation 

a.nd Quantum Weight:s 
-I 

ti' em gi 
~ f6J 

(liODOO] [31 

Vibrational 

(IOtAL GAS) 

Frequ1!ncies and Degenera.cies 
-1 
~ 

[ 2802](U 
757 (';?) 

1622 0) 

GF"W '::. 27.B17~ 

6HfO" -1.O1.2!: 3.0 ked/mol Bli 0 
bHf298.15::! _10.4 !: 3.0 kedl/mol 

Bond Distances: H-B:: (1.171 

H-O :: [1.19] 

Sond Angle; H-3-0:: r 1£1;0· 1 (3 :: 1 ..J.. 
Rotational Constant: Bo = (1.3l1111)cm 

We calcula.te :.\HC from a selected v<slue (-117.95 k,cal/mol) for the he",t of formation of DBO(g) by combining this value 

with :.::ero-point energies and reldt:ive enthalpies (Hi9S-E'O) for MBO, D
2

, DBO dnd H
2

. All dI(lCi12dry ddta are from JANAf (1.) 

unless otherwise indicated. The zero-point energies are estimated as one-half the sum of the vibration.,l frequencies. 'the 

vibratioh6l frequencies for D80 a.re taken from the matrix-isolation results of tory and Porter (1,). We assume that DBO and 

HaO have simild.t' str'uctures, dnd we calculate the rel.ative enth.alpy for DBQ as (!-l29S-E;) :: -2.27 kcalJmol. D"t<s for D2 Are 

taken from a NBS compilation (]). 

The selected value of uHf- for DBO is obtained from the results of a J:nass-spectromet:ric study (,!:, ~) of the reaction of 

D(g) with 8 20 3 (0. The thermal results which were initially reported (~) for d. study of the reactions (A) D
2

(g) '" 6
2

0
3
(t) = 

D80(g) ... DOBO(g) and (Bl D20(g) ~ B
2

0 3(0 ::: 2DOBO(g) are unrelidble due to erroneous equilibrium constants. Second-law he4'ts 

for these 'two reactions have been reported in revised form in ;'I, l<t'tcr publication (-?). Appdrently, no attempt was ma.de in 

this St.udy to perform calibrdtion experiments which would. have allowed the ion intensity data to be conVel"t<eo to absolute 

p<lI'tial pressut'es; thus, precluding", thir-d law analysis. We combine their- second-law vdlucs (~) for ~Hr at 129[, K for r>e

dctions (A) ar.d (B) to give uHr129S ::: 13S.tll kcal/mol for the process: 2D
2

(&) ... B
2

0
J

{t} :; 2DBO{g) t DZO(g). Corrected to 

298.15 K this value is lllll.l kCdl/rnol which le",ds to .1Hf
29S

(DBO,g) _l<7.95:!:2.3 kcal/mol with 6Hf 29S (D
2
0,g} :: -S9.SGl!:0.02 

kcal/mol (~) and tiHfZ9S(BZ03.l) ::: ~299.~6.! 0.6 kcal/mol (1). 

Comparison of values for 'the :stretching force constants in HBO, 9H
3

(.§.), BO, and 8 2°2 (1) suggests a similarity in the 

bonds of these molecules. Using ni9S(H-B) :: 15 29S (BH 3 ) :: 87,9 kcallfllol and D298 (B::O) ::: (Diss(BO) ... 15;SS(B 20 2 »!2,,202 kcaJ./mo1 

eli, we Calculate 11 heat of atomization for HaO of 289.9 kcal/mol. This cQrresponds to D.1ifi9S(HBO,gJ = _45.4 kcal/mol which 

lends suppor't to the ex?erimentd1 flleasuremen'ts of Farb(H' et a1. (~. ~). Previous JANAF eStimates (2) of .::Hr o via bond energy 

calculations led to results which were too positive due to the use of an inaccurate value (168 kcal/mol) fo'/;' DQ of 8=0. A 

recent ab-initio LCAO-MO-SCF investigat:ion (~) of HSO yields l!.Ha. :: 232.2 kcal/mol; however, this va.lue does not include a 

cofltribu'tion from correlation effects (~. ::!.2.) and thert!fore is too low. 

Heat Capacity dnd Entropy 

The B::O stretching (\13) and bending ('.1 2 ) frequencies for the isotopes !-lllBO and HlOBO have been r.ieasured in a 10101-

'temperature· argon matrix (1). These values are co!'t"ected for the natural isotopic abundances of boron, The H-8 stretching 

frequency (\)1) is calt;:ulated from an estilnated for-ce cons'tant by the valence force method (lQJ. The stretChing force constant 

Kl is estilllilted from the ratio Kl/KD/t1t" ::: 17.1l7 which is the value we calcl,lla"te for DBO fI"'Cm the measured frequencies of 

Lory and Porter (1). These workers <.~) used a slightly different value fat' K1 dnd obt4lned 4 value for "V 1 which is roughly 

SO cm-
1 higher than our result. We believe our estimdte is probably more nearly correct, since it agrees m\Jch better wIth 

the H-B s'tretching frequency (2808 em-I) observed fat" S!-!3 (~). HO calculations show that 'the pattern of valence orbitals for 

HSO is similar to that in HCN (1) i:lnd Hep Cll, l§L The ordering is substent,{ated by the photoelectron spectra <JJ} which 

have been observed for HeN <snd HC? This suggests that the ground .!Ind excited electronic st:ates fo:::, these isoelectronic 

molecules are quite similar. We assume thd.'t the ground state configuration is 12:+ by analogy with those for HeN and HCP q). 
We also include three triplet levels which are estim.stf<:d from those observed for He? (!.J and predicted for HOI (11). 

There have been no medsurements repor1:ed for HBO which provide direct experimental inform.!ltion on its structure. However, 

the mi11imeter'-lolave spectr", of the related species HBS (l::.) have been observed. These r-esults show that 'this molecule is 

linear and has a B::S bond length which is O~Ol A less than that f~r as (1). We assume il similar decrease in re(B=O) for the 

H80-EO p6ir, and Wtl obtdin f'eCHB=O) = 1.19 A with t'e{B::O) = 1.20 A <]). The H-B bond length is .;lssumed the same as that for 

HBS '.ll~. Ah-initio cdlculations (~) of bond lengths fol' HBO by an optimization procedure pr'ed::ict values only slightly ~ower 

(""0.01 A) than our estimates. We l'Io'te that bond. lengths computed by t:his procedUre dre norma.lly slighT;ly l<:'lwer (""~.005 A) than 

the true value~ as indicated by 'the results for HC? C1.§.) and HBS <.l2,). By analogy with HBS (~). we assume H30 to he linear. 

This as:;umption is in agreement with pr-cdictions fl"om the Walsh dia.gram (.!!) for HA3 mol.ecules with ten val~nce electrons. In

direct evidence available froom prod.uc't rule calculations (~) also tend to support a linear configuration. The momC!nt of in

ertia i:; 2.0671 x 10- 39 g cm2 
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B 0 RON H Y D RID E a x IDE U NIP 0 S, ION (H B a + ) B H 0 + 

(IDEAL GAS GFW=27,8169 

T,"K 

o 
100 
200 
2 •• 

300 
400 
500 

bOO 
700 
800 
900 

IJOO 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
11300 
1900 
2000 

2100 
lZOO 
2300 
2400 
2500 

2600 
2100 
2800 
2900 
3000 

HOD 
3200 
3300 
3400 
3500 

3600 
3700 
3600 
3900 
4000 

4100 
10200 
""300 
't-400 
4500 

4600 
<troo 
4800 
4900 
sooo 

5100 
5200 
5300 
5400 
5500 

5600 
5700 
5800 
5900 
6000 

CpO 

6~ 304 

8.122 
9.250 

10.041 

1O~ 711 
11.282 
11.167 
12.181 
12.534 

12.637 
13.099 
13.328 
13.529 
13~ 707 

13.865 
L4.001 
14 .. 1310 
Ilt.249 
14~35Z 

14.446 
14.530 
14 .. 606 
14.615 
14 .. 737 

14.793 
14.843 
14.888 
14.929 
14 .. 965 

14 .. 991 
15.026 
15.052 
15.075 
15 .. 095 

15 .. 113 
15 .. 129 
15 .. ).42 
15 .. 154 
IS.IbS 

15.174 
15 .. 181 
15 .. 188 
15 .. 193 
150198 

15.201 
15.204 
15~20b 

155208 
155209 

15.209 
15~21 0 
15~ 209 
15.209 
15.208 

15.207 
15.206 
15.204 
15.203 
1.5.201 

-g1bbs'mo.------ ~----kcal/mll)l----

S" -(G"-W2H)(f H"'-MoSM 

51 ~ 2 55 

51.307 
53.831 
55.982 

57.874 
59.569 
610108 
62 .. 519 
63.82.1 

65.030 
66.159 
61 .. 216 
68.211 
69~ 151 

700041 
70 .. 886 
71 .. 690 
12 .. 457 
73.191 

75.215 
15.838 
76 .. 438 

77.011 
77.577 
18.117 
78.041 
79.147 

19.b38 
80.ll5 
80.576 
81.028 
81 .. 405 

81 .. 890 
82.305 
82.108 
83.102 
83.466 

83.g60 
84.226 
84.563 
6.4.932 
85.274 

a5.608 
85.935 
805255 
Sb.5b9 
80.876 

87.177 
87.472 
87.762 
88.046 
88s325 

88.599 
8d.li69 
89.133 
89.393 
69.648 

51 ~,z55 

!H.Z5b 
51 .. 593 
52 .. .261 

53.042 
:'3.855 
54.601 
55.462 
56~234 

56.979 
51.b91:1 
5S.390 
59.056 
59 .. 698 

bO .. 317 
60e914 
61.5490 
e2.048 
62~51;i1 

63.10& 
63~614 
045104 
64.580 
65.043 

65.4'92 
b5.930 
b6.355 
66.770 
o7s174 

61.%8 
67~953 

b8 .. 329 
61:J.695 
69.054 

690405 
09.148 
70.084 
70«412 
70.134 

71 .. 0::'0 
11..359 
7l .. 66~ 
71.9bO 
72.252 

12. S39 
72~821 

B.on 
73.369 
73 .. 6.36 

n.S99 
7 .... 157 
14.411 
74 .. 061 
74~907 

1~ .. 149 
7SdN7 
75~622 
7S~a53 

76.081 

.. 000 

~Q15 
.. 695 

1.861 

2 .. 899 
40000 
5 .. 153 
0.351 
1.587 

8 .. 856 
10.153 
lls .... 7lt 
12m!US 
145179 

15 .. 558 
16 .. 9;2 
185359 
19s 178 
21 .. ,z06 

22.046 
24 .. 091 
25 .. 5'54 
21 .. 018 
280489 

29.965 
31 .. 447 
32 .. 934 
H .. 425 
35 .. 919 

37 .. 417 
36.919 
40 .. 423 
41«929 
43 .. 437 

44 ~ 948 
4b.4()O 
47 .. QH 
49 .. 4138 
51.004 

525521 
~4 .. 0)9 
55.558 
57.077 
56 .. 596 

6;) .. 116 
6l ~6)b 
6,.157 
64» 67B 
()6.19t) 

67 .. 719 
69 .. 240 
70 .. 161 
72 .. 282 
7).803 

H.32'i' 
u)~a44 

18.365 
'9.885 
81.405 

MIl" AGF Log Kp 

283 .. 830 

ZIB .. 836 
264 .. 169 
28-4 .. 523 

284.856 
285 .. 197 
285 .. 550 
2e5~916 

28b~291 

286 .. 071 
2.81 .. 054 
281 .. 438 
281 .. 822 
286 .. 201 

288.,576 
268.947 
2S9~313 

289.676 
290 .. 036 

290 .. 393 
290 .. 1:.7 
Z91 .098 
291 .. 4-4~ 
286 .. 400 

ZB6e746 
267 .. 093 
.287.438 
2.tl7.78J 
288 .. 126 

208.468 
288.808 
289.147 
.289.'&03 
289.817 

290.148 
290.416 
290 .. 804 
291.127 
no.z08 

110.!:!iil 
17l.3b6 
171 .. 910 
112.450 
172 .98b 

173«521 
174.051 
174.578 
175.102 
175 .. 621 

1760138 
176.652 
177.102 
177.b66 
178.170 

1180069 
179.1b3 
179 .. 654 
IbO .. 142 
180.625 

279.431 - 204.833 

279 .• ,1dJ9 - 203.549 
277.880 - 151 .. 820 
27b .. 264 - 120.155 

2H· .. 5H - 1uU .. 016 
272.842 - S5~i.85 

Z:H~05l - 74 .. 04~ 
269.218 - 6S.l75 
2b7.3't4 - :)1:1 .. 428 

205.430 - 52.736 
263.483 - 41.987 
261.50, - .. 3 .. 90,2 
259.4910 - 40.51J,9 
2570456 - 37.511 

255.394 - 34.885 
253.3J9 - 32~565 
Z5L.2J.l - 30.500 
.1::49.075 - l8.650 
24boQ,29 - 20.9.13 

244 .. 705 - 25 0 1013 
2&,.2 .. 593 - 24 .. 1.,)98 
240 ~386 - Z2 .. 642 
238~116 - 21 .. <:009 
236 .. 056 - 20 .. ·636 

2.340035 -
232.00) -
.229 .. 955 -
227 .. 900 -
225~827 -

22.3 .. 742 -
221.6~O -
219~541 -
217.1033 
215.301 -

213.175 -
211 .. 03.2 -
20~ .. 883 -
20b.720 -
206.096 -

19.I>U 
18 .. 779 
11 0 949 
17 .. 175 
16 .. 451 

15 .. 174 
15.138 
1<t .. 540 
13 .. 91b 
U0444 

12 .. 941 
12 .... b5 
12.014 
11.584 
11.293 

207 .. 600 - 11»(1)0 
208.495 - iLl. 649 
209.371 - 10 .. 641 
210.235 - 10 .. 442 
211.0d-5 - 10 .. 252 

211.9,,9 -
212.7t.>J -
;::1.3.579 -
214.382. -
215.177 -

21.!:I .. 9b6 -
216.74Q 
217.508 -
d8.Zo0 -
219.014 

21~. 745 -
220.470 -
2210197 -
221 .. 910 -
222 .. 014 -

10.009 
9 .. 893 
9 .. 7Z5 
9 .. 502 
9 .. '1-05 

9 .. 255 
'J .. 109 
tI~96'i1 

6.dB 
ti.70j 

8~ ,,6 
8.454 
8.H5-
&.22:(' 
8: 1J9 

JUlie 30, 1968; Dec. 31, 197~ 

. 
BORON HYDRIDE OXIDE UNIPOSITIVr: ION O-iBO ) (IDEAL GAS) GN = 27,8169 

Point GI'OUp {C .......... ] 

S;9S.15 :: (51.26 !: 1.5J gibbs/mol 
~HfO :: [282.6 !: 12.01 kcal/mol B H 0 + 
ll.H~i9B.l5 ,. [283.3 :!: 12.0) kcal/mol 

Electronic Levels and. Quantum Weights Vibr'ational frequencies and Degenerllcies 

'-'l, cm 1 Sta'te 

~ 
A 2

Z-t 

a2 E+ 

Heat of Formation 

ti' Cm--'" 

o 
[ 6000J 

( 40060] 

~ 
[to] 

(2] 

I1l 

Bond Dis-cances: H-B -= [1.19J A B-O = [1.25] A 

Bond Angle: H-B-O = (180)° " :: 1 

Rotdtional Const"nt; Bo::: i2.22858) cm- 1 

[2559 ](1) 

[ aOl)(2) 

[1617](1) 

The: mw+ ien has been detected milSS spectromt::tr'ically by Sholette and ?orter (~) and Farber' and Frisch (1). However, no 

appedrance potential data have been reported for' the ion. Kt'O"to et a1. (~.> recently attell'.pted to measure the photoelectron 

spectrum of HBO by passing water vapor over heated boron. The spectrum showed no bands which could be defir:itely assigned 

to HBO monomer, Ur::fortunately, the region of their spectrum ( ...... llo_15 eV) where the firs'!: photoelectron band of HaD would be 

expe.cted to lie. shows a. broad band which also appeared :in th~ spectrum of HBS above l150"C. Kroto et al. C-':') have assigned 

this band to diborane, ,We believe the 1-IHO band may well be hidden under this broad band. 

We employ Koopmans' theorem (~) to obtain the ionization potential (Ip) of HBO as IIJ.3 eV from the one electron orbitel 

energies reported hy Thomson .'Ind Wi6hart (~). A comparison of Koopmdns' theorem IP's for the related specie.s HBS (§.), HeN 

(~), and Her (~) with experimen1:al value~ (!!, ~) shows that the theot'etic.11 calcul"tions correctly predict these ionization 

potentials to within about !O.IJ eV. We adopt 6Hr~ = 329.7
6

=9 kcal/mol for the ionization precess HBO{g) + e- ,. HBO+(g) + 2e-

at 0 K, and we. obtain 8HfO(HBO+,g) ::: 282.5!:12.0 kCdl/mol when the former value is combined with {IHfO(HBO,g) ::: -lo7.2!J.0 
kCdlhnol (~). ,:,Hf

Q 

at 298.15 K is 2S3.S!:12.0 kcallmol. 

Hea.t Cctpacity and entropy 

E),:tensive ah initio MO calculations (.§.) reported for HBO show tr...at the highest occupied o['bital is of fl-symmetry and is 

localized mainly on the oxyger. atom. The WalSh diagram (lQ) foI' HAS molecules pr-edicts that this orbital i6 bonding. We. 

would expect therefore that the ion is less strongly bound than the parent molecule. FoI' HeN which has the. Sd1ne orbital 

ordering.as HBO <..~), ionization (ll) OCCIlI'S with a 2.2% inc'!'edse in 'the H-C bond length and a. 4.7:1: increase in the C:::'N bond 

length. We assume a. similar increase in the bond lengths of HBO (i.) upon loss of the bonding electron. A lineat' configuratior. 

is assumed by analogy with that for- HBS+ (~). This assumption is supported by predictions from the Walsh diagram (!2.). The 

moment of inertia is 2.2783 x 10-
39 

g cm
2 

The enthalpy between 0 K and 299.15 K is -2,172 kcal/mol. 

All vibrational frequencies are calculated from estimated [crce const.!l.nts by a valence force method (l~). The force con

stants are estima.ted from those for IIBO (8) by cOlllparison with the chunges in the force constants for HeN (8) produced on 

ioniZation (9). The electronic States an~ levels are estimated from those observed for isoelectronic ions ~BS+ (6), HCN+, and 

HCP" (9). w: estUnate the uncertainties in our calculated frequencies I!S .!50 cm- 1 which introduces an el'ror' of o;ly about 

!:O,l gibbs/mol in the value of S298' The uncertaint"~ in t~e electronic levels contribute the majority of the error in the 

entropy. We predict that the e.nergy separation of the 2n_L z states is small. Th\J~;,:it is possible that the ground state is 

2.{; <:IS is "the CilS~ for 'the isoclectronic ions CO~ und N; (Q). If the ground state is 2I.;. then our entropies should be cle

creased by roughly 1.5 gibbs/mol at a.ll tempepatures above 299.15 K. The enthalpy is much more certain than the entropy. 

Below 2000 K the uncert.ainty in our relative e.ntha.lpies probably does 110t exceed ... few ca.lories. The uncertainty increa.s:e~ at 

higher' temper'atl..Jr't!s and is about 1.0 kca.l/mol a.t 4000 K. All excited sta.tes are expected to be linear as observed for liBS 
<lJ. 
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ORO N HYDRIDE o X IDE U N I NEG. I D N 

( IDE A L GAS GFW=27.8179 

-----gibbs/mol---_ ilcal/mol 
T, "K Cp' S· -(CO-w_Jrr H"-H":rh MIl" 

0 
100 
200 
298 8.413 54.241 54.2/0.1 .0;)0 - 58.430 

300 8.423 54.29] ':I4e24l eOl6 - 55.4 .. 1 
400 ge030 50.797 54.519 .B87 ~9.091 

500 9.706 5t1.!:Hi5 55.236 1.825 - 59.779 

bOO 10.334 bO.712 5b.000 2.621 - bO.41b 
100 lO.8ts2 62.347 56.791, 3_8d<; - 61.106 
800 11.342 63.831 57.580 5_')01 - 61.1:148 
"00 11.121 65.190 ')l:j,dSl 6. 1 S..., - b2.5Zl 

1000 12.0:33 6~.4"'1 59.099 7.343 - 63.1d7 

1100 12.289 67.600 59.819 8.559 - 63 .. £154 
1..200 12.501 6d.679 bO.5l] .;l.799 - t><+.520 
1300 12.b75 69.687 61.1tH U.OSS - 65 • .1.93 
1400 12.1:127 10~032 oJ..8.22 12.333 - o5.1S10 
1500 12.95'.) 71.521 62.440 13.623 - 66.551 

1600 13.067 12.361 63.034 14.924 - 67.253 
1100 13.165 73.156 63.606 16.236 - b1.9H 
11;00 13.254 73 .. 91 L 64.158 11 ~5 5 7 bij.611 
1900 13.336 74 .. 6)0 b4~690 1I~ ~8l:l6 69.392 
2000 13.'012 H.316 65 • .20~ 2:).224 - to.US 

2100 13.483 15.972 65.702 21. ~65 - 70.S"9 
2200 13.551 76.601 66.183 2.: .• 920 - 11.586 
2300 13.616 77.205 66.649 24.218 72.328 
2 .. 00 13.678 77.16b 67.101 25.643 - 73.074 
2500 13.73':1 78.345 b7.S40 21.014 - 79.213 

2600 13.797 78.&85 67.Qb6 28.391 - H.9t.8 
21QO 13.8~4 79.407 68.)80 29.113 - BO.70S 
2800 13.910 N.912 611.783 31.162 - 81 ... 52 
2<100 13.963 80 .. ,,",01 69.175 32.555 - 82.196 
3000 14.015 du.815 69.557 33.954 - 82.'145 

3100 14~O65 51.336 6<1.930 35.358 - 1:13~669 
3200 14~1l3 81.783 10.293 36.1~7 - 8/t.435 
3300 14.159 132.218 70.b48 38.161 - 85.181 
3400 14.203 8.2.641 70.994 39.599 856921 
3"00 14.245 83.054 71.333 41.021 5b.bB 

3600 14.265 8::'.455 71.b6it 42.4<+8 - 87.416 
3700 14.323 53.847 1l.IiS8 43 .. 1:17d - 8/l.165 
3(100 14.359 !l4.230 72.305 105.313 - 88.911 
3900 14.393 !:I .. ~b03 12.616 46.750 - 89.659 
'-000 14.425 84.968 12~920 48.l.'11 - .211.585 

4100 14.455- 85.325 73.218 49.635 21 Z~l 02 
4Z00 14.4tl3 1;1':1.613 73.511 H.OS2 - 212~ol9 
4300 l"~ ,09 86.014 13.798 52.S:l2 - 213.138 
4400 14~ 533 !:Ib.348 74.0n S3.\tlt~4 - 213.659 
4500 l4~ 556 86~615 74.355 55.436 - 114.l~0 

!- 4600 14.576 86.995 74.bZ7 ~6.S'}5 - 214.703 ... 4700 1lo.595 87.309 7't~ 893 5do.J54 - 21 ~.2.2.8 ... 4S00 14.612 B7.b1b 1')0155 59.til" - 215.755 
'< 4900 14.&28 87.916 75.413 61.276 - 21il~2 64 
~ 5000 14.6"'2 SS.lI4 7':1.666 62.739 - llb.!:!I) 
n ... 5100 14.655 8t1.S04 75.915 604.20'" - 217.347 

~ 5200 14.66b 88.788 76.159 65.67u - 2.1.1.8S2 
5300 14.(:'70 a9~06S 10.,,>00 67.131 - 21&.loZO 

lU 
5400 14.684 ~<I. ).42 7b.td7 bd~bJ~ - 218.961 

CD 5500 14.692 89.612 76.871 7V.O 7 .. - 219.502 ,. 
5000 14~699 89.876 77.101 71.S"'" - nO.049 

C 5100 14.704 90.13 7 77.321 13.014 - 220.59Q 

2- 5800 14.708 90.392 77.550 74.',.1;15 - 2n.152 

.? 5900 14.11Z 90.64 .. 77.710 75.95b - nl.701 
6000 14.115 90.8':11 71.9S7 77 ~421 - 222.266 

< 
~ 
~ Dec. 31, 1975 

Z 
9 
!'» 

'" ..... ... 

( H B 0 - ) B H Q -

!lCI" LoR Xp 

- 60.739 44.523 

- 60.753 ~4 .. 2"9 
- 01.427 33.502 
- 61.n3 27.071 

- 62.298 .:!.!.on 
bl..""6 1~.5Zb 

- 62.691 ll_lZ8 
- 02.763 15.241 
- 62.153 H.7lS 

- 62.679 1Z.45~ 

- 62.5<+1 li.3~O 
- b2.3~O 10.411.2 

62.1u5 9_695 
- 61.813 <,).006 

- 01.473 8 .. 397 
- 61.090 7.b54 

bO .. 6b1 1.3bl.> 
- 60al03 6. 9l ~ 
- 59.100 o. ~~4 

- ~9.1 bu 1>.157 
- :I1:1.5!:!lo 5.t32u 
- 51.960 5.509 
- 570331j 5.0::21 
- 56.501 4 .. 945 

- 55.638 4.617 
- !'.I.e..6dS 4.421 
- 5 3~ 7ll 4 .. 1-Jl 
- 52.105 ;1.912 
- 51.b18 3 .. 7b~ 

- 50.024 3.569 
- /tQ.S .. 5 3~3j)4 

- 10-8.442 3.208 
- 10-1.318 3_04tZ 

Itb_l74 2_81D 

- 45eOUio 2.732 
43.815 I.: .58t! 

- ':"2.60S 2 ~450 
- 41.3dO 2.j1~ 

- 37.<ldo7 2_01:, 

- 33.6"1 1.fB 
- 29.276 1.524 - 24.908 1 ~2bo 
- 20.517 1 ~u20 
- 16.132 .783 

- 11.122 .551 
7.31.J3 .3"u 
2.813 .131 
1.562 - .070 
0.015 - • .l63 

10.460 - ~ .. 4 ... 
14.9'f9 - .62.8 
19.433 - .601 
23_9<:2 - .968 
2a~432 - 1.130 

3L.937 - 1.2ti~ 
37.403 - 1.430 
41 ~9-.l5 - 1.5dol 
'to. ~jo - 1_12'" 
51.0~O - 1.B61 

BORON HYDRIDE OXIDE UNINEGATIVt ION (HBO-) (IDEAL GAS) GrW ::; 27.8179 

Point Gro-.lp C
s 

5298.15 :: [5~.2 t 2.0J gibbs/mol 

Ground Stdte QUdntum Weight :: (21 

~HfO '= I -57 _~ 2l<] kcal/mol B H 0 -
DHf-ZSg 15 ::: r -S8.~ !: 211 J kc.al/mol 

Heat of formation 

Electronic Levels and Quantum Weights 

'i' cm-
l ~ 

o (2] 

( 10000J (2 J 

Vibration.!l frequencies and DegeneI'aci(!s 

-1 
~ 

[2000] (l) 

(1000) (1) 

(1500) (l) 

Bond Distances: H-8::; [1.25J A 

Bond Angle: H-B-O·::- 123 0 

B-O [1.37) A 

Product" of Moments of Inertia: IAIaIc [9,0890 x 10-118 ) g3 cm S 

Tnt! identification of the ~IBO' radical has been made from observations of its electr'on spin resonanCe (esr-) spectra which 

was measured '1, 1) in Y-irradiated polycrystalline potassium boror,ydride. This assignment is confirmed by the facc "that 

hyper-fine coupling constants calculated by INDO (1) and UHr (~, .§.) methods -.:!re in reasonable agreement with the spectral da:ta 

(1)· No experimental me<'lSUl'~ment of the electron affinity ([A) has been repDrtcd; hNo'ever, recent MO cal.:::uld:tions (.£) predict 

that the value is small. We note that" these calculations predict incorrectly the relative stabilities of HBO and HBO- dnd 

therefore clt'e of no use in the establishment of the absolute value of I:A. This inversion in "the predicted stabiliti(!s of the 

r-adical and parent molcc:ule most likely arist!s from the neg,lect of correlation efft!cts. 

We estimate !!.Hf~ fpom a consideration of bond-energy schemes. for' the dissoc:io!!.tive process HBO-{g> = HCg) -+ SCe) ... O-CgJ, 

we assume nHa; :: IIHa; (HBO) ::; 289.4 kc".l/mol (Z). This <'1tol1'.ization energy gives 1)HfO(HBO-, g) :: -81.0 kcalimol which we be

lieve is an upper- limit since the unpaired electron in HBO- is .sntibonding (~) and consequently, one would expect OHa,"(HBO-)< 

6Ha
9

(HBO). A lower limit of liHfo can be obta.ined from a consideration of the H-B bond dissociation energy. It is very 

unlikely that D;<H-BO-) < D;<H-CO) which is equal to lu.1 kca1/mol. Using this value for D~(H-BO-), we obtain 1'lHf;<HBO-,E) " 

-33 kcal/mol wi1:h lIHf~(ii,g) = 52.103 kcallmol (2.) and lIHf;CBO-, g) ::; -71.0 kcal/mol <.~). We ddo?t an aVCr<lge (-57!c2l{ kcal/moU 

of the upper and lower limit values. Our adopted uHf" value corresponds to "n [ACHBO-) of O.tj2~1.0 eV. 

Heat Capacity and Entropy 

The bond lengths at'c those reported by Thomson (~.>. who performed an lNDO c",Iculation in which the bond leng1:hs were 

dete:r-mined by mi:<irnizd:tion of the "tot-cd e-nergy. The esr spectrum (!, ..?> of HBO- is consistent wi'th a bent stl"(Jcture, Catton 

f.!"t al. (1) obtained bend angles of 1"21" and 125
0 

from the p:s patios deduced from estimated and observed anisotropic components 

of the hyper-fine. tensor's. A similar calculat:ion (l) for HCO and HCN- led to bond angles which agreed with independent" values 

to within j:5
G

• We adopt a bond angle of 123!5~. HO calculations (~) (iivc an angle of 129 Q
• However, the energy minimization 

procedure with the INDO method generally over-estimates th~ angle as evidenced by the results for HCO (lQ) and HeN <.L ~). The 

individual moments of inertie d!'e; I
A

:: 2.5500 x. 10-39 , IS'" 2.4015 x 10- 39 , and Ie = 0.11<81< x 10-39 g c.m 2 • The enthalpy 

between 0 K dnd 299.15 K is -2.397 kcallmol. 

The electr-onic levels and quantum weights are t"ken from those for HCO (Z), which is isoe!ectronic with .. HBO-. The 

vibrational frequencies are estimated. by comparis.on wi1:h the corresponding values for HEO, HBO , HCO and HCO (~.>. 
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BORON HYDRIDE SULFIDE (HBS) 

(IDEAL GAS) GFW=43.8780 

gibbs/mol---~ .kcaIImol 
T.QK Cpo SO -{G"-II"_){f H"-Ir_ aHt' 

0 .. 000 .000 INFINITE - 2.220 lZ~Ul 

100 6 ~969 4] .. 127 :SS.3H - 1 ~5Z5 12 .. 263 
200 7.610 48.095 52 .. 11.6 .. 804 12 .. 229 

"8 8 .. 79] 51.351 51 .. 351 .000 12.000 

300 8.815 51 .. 405 '51.351 .. OLb 11 .. 995 
<,00 9 .. 814 54 .. 093 51 .. no .. 953 110163 
500 10.671 56 .. 386 52 .. 422 1 .. 982 10.492 

600 11 .. 290 58 .. 390 53.253 3.082 9 .. 910 
700 11 .. 779 6-0 .. 168 54 .. 116 4 .. 236 9 .. 391 
800 1Z .. 181. 61.768 54,,914 5 .. 435 4 .. 127 
QOO 12 .. 519 63 .. 223 55 .. 611 6 .. 670 '0 .. 252 

1000 l.2: .. 805 64.557 56 .. 620 7 .. 937 4 .. 370 

1100 13.0109 65 .. 789 57 .. 398 9 .. 230 4 .. 481 
1200 ll .. 256 66 .. 934 58~11tb lO~546 4.601 
1300 13 .. 1036 68~OO2 58.863 11.881 4.717 
1to.OO 13.590 b9 .. 004 59 ~ 552 U~232 4 .. 8)7 
1500 13.723 69.94b bO~Z14 H· .. '598 4.963 

1600 t3.S38 rO.835 60 .. 850 15.97b 5 .. 095 
1700 13.939 7l~677 61.-463 17~365 5.233 
1600 14.026 72 .. 477 62.052 16.1b3 5 .. 319 
1900 14.103 73.237 62 .. 621 20.170 5 .. 528 
2000 14.171 73.962 o3~ 170 21 .. 584 5 .. 682 

2100 14.Z30 74.655 63.701 23.00'+ 5 .. d41 
22.00 14.28-4 15.318 6 4 eZ14 2'11-.430 6 ... 003 
2100 H.3ll 75.9510 64.711 2:5.860 6 .. 170 
2400 H.H3 16 .. 56$ 65.192 21.296 6 .. Hl 
.2500 14.412 17 .. 153 b5.659 28.135 - 11 .. 903 

2:000 14e~46 77.719 6b~ 11Z 30.178 - 12 .. 074 
2700 14e47S 78 .. 264 66 ~ 552: 31~6l4 - 12 .. 24105 
2aoo He501 78 .. 791 66 e980 BeOn - 12 .. 4Li1 
2900 14 e 534 19.301 67e~9b 34 e 525 - 12~ 590 
3000 14 .. 559 79.794 67 .. 80L 35 .. 98.0 - 12 .. 763 

HOO 14.583 gO~27Z b8~19S 31.437 - 12 .. 935 
3200 14.606 SO.735 68.580 38.897 - 13 .. 109 
3300 14~629 8le 185 68 e 955 40.358 - 13 .. 2B3 
3400 14~b51 81.622 6ge 321 41~8l2 - 13 .. 458 
)500 14c674 82.047 6geb79 43~288 - 13 .. 634 

3bOO 14 .. 097 82.461 70 .. 028 44 .. 757 - 13 .. 809 
3100 H .. 121 82 .. 864 70 .. 370 46 .. 228 - 13 .. 981 
3dOO 14~ 747 83.257 10.704 41& 101 - 14 .. 1602 
3900 14 .. 714 83~b40 71 .. 031 49.117 - 14 .. 339 
4:100 14~80J 8 ..... 015 71 .. 351 50~o56 - 135 .. 69.-. 

4100 14 .. Bl4 84 .. 360 1l~66-4 52~138 - 135 ... 639 
4200 14$867 84 .. 138 7l~;nl 53 .. 623 - 135 .. S82 
'4JOO 14 .. 904 85 .. 08q 72~ 212 ~S4111 - 135 .. 525 
4400 1"' .. 943 8'5 .. 432 12 .. 567 56> .. 604 - 135 .. 4b8 
4500 14.<;186 85 .. 768 72 5 857 58 .. 100 - 135 .. 410 

to-600 15 .. 032 86~09a 73 .. 141 59~601 - 135 .. 3"'8 
.ft700 15$08.2 86 .. 422 73 .. 4Z0 61 .. 107 - 135 .. 286 
4800 1'S$1l6 db .. 740 73 .. 694 62 .. 1.>1.8 - 135 .. 22:1 
4900 15s 194 81 .. 0j2 73~9b4 b4 e 134 - 135 .. 15" 
5000 15 .. 256 87 .. 360 14~229 65 .. 657 - 135 .. 084 

5100 15~323 87~ 063 74 .. 489 67.186 - 1355012 
5200 150393 87.1161 74.745 6B~ 111 ,... 134 .. 934 
5300 15e<+68 BSe255 74e997 70~2615 - 134 .. 852 
5'"'00 l5~ 548 86.S45 75 .. 2"'0 7l~81.5 - 134 .. 767 
55~O 15.6)2 58.831 15 .. 490 73cH .. - 134 .. 676 

5600 15.120 89.113 75.731 74&942 - U4 .. ~61 
5700 1S.SU. aq~39l 75~968 7b&518 - 134.4CiO 
5800 15 .. 910 89.668 76.202 18 .. 105 - 134 .. 1H 
5900 16.011 89.941 76 .. 432 79.701 - 13 ..... 258 
6000 !th 11 5 90.211 76.b60 al~307 - 134 .. 138 

Dec. 31, 1975 

B H S 

~GI" Lo&Kp 
12 .. 137 INflNLTE 

9 .. "94 - 20.749 
6 .. 704 - 7.325 
4 .. 036 - 2 .. 95& 

3 .. 98b - .2 ~90'" 
1 .. 381 - .75$ 
~987 .431 

) .. 226 1 .. 175 
5 .. 350 1.610 
8 .. 693 2 .. 315 
9 .. 256 2 .. 248 
9 .. 805 2.143 

- 10 .. 3 .. 5 2.055 
- 10 .. 810 1~980 

- 11 .. 388 1$914 - 11 .. 896 1 ~8S7 
- 12.398 1.806 

- 12~ aa8 1 .. 1&0 
- 13.311 1.71.9 
- 13 .. 847 1.681 
- 14 .. 31..2 1 .. b46 
- 14 .. 170 1.61'+ 

- 15~Z.21 1 .. 5S"" 
- 15.663 1 .. 556 
- 10 .. 099 l .. 530 
- 16 .. 52b 1.505 
- U.83Q L~472 

- 17 .. 033 le<t32 - 17 .. 220 1 ~3'i4 
- 17~404 1 .. 358 
- 17 .. 515- le3l4 
- 17 ~ 74,5 L .. 293 

- 17 .. 910 1.263 - 113 .. 061 1 .. 234 
- 18 .. .219 1 .. 2\17 
- Ui .. ]04 1 .. 180 
- 18 .. 510 lalSo 

- lS .. blt5 1.112 
- 18 .. 176 1 .. 109 
- 1.8 .. 902 1~087 

- 19 .. 028 1 ~O66 
- 16 .. 997 .. 929 

- 14 .. 032. .. 748 
- ll .. QoZ .. 51b 

8 .. 101 ..... 12 
5~1l9 ~255 
2 .. 176 .10b 

e 783 - .. 037 
3 .. 7 ... Z - .. 11ft 
6.699 - .305 
9 .. 656 - .431 
12~b08 - ~S51 

15 ~ 564 - ~6b7 
18 .. 515 - .. 71tf. 
21 .. 4>64 - .. b6S 
24.413 - .988 
2.7,,363 - 1.081 

30 .. 304 - 1 ~ 183 
33~249 - 1.275 
j6~ 1.90 - 1.364 
39 .. 128 - 1.449 
42c070 - 1.5lZ 

(IDEAL GAS) GFW :: ~3.8780 BORON HYDRIDE SULfIDE (HBS) 

Point Group C.,.", lIHfO::: (12.1! 10.0] kcal/rnol BHS 
S298.15 ;:; ($1.35 ! 0.11 gibbs/mol 

Ground State Configuration lIE""] 

Clectronic Levels and Quantum Weights 
1 -1 
~ ~ ~!! 

OJ {35000] (1] 

[25000] (3) (37000J (2) 

c.Hf;9S".15 = {l2,0 1: 10.OJ kcallmol 

Vibrational rreguencil!!s and Degeneracies 

'"', cm-1 Bond·Dista:nces: H-B::: 1.1692 A 

271>2(1) B-S '" 1. 5S94 A 
(715)(2) Bond Angle:: lBO" 1 

(30000) (6) (lIOOOO) (6] [1156](1) Rotl!tional Constant: Bo= 0.64359 em-I 

(31000J [3l 

Hea't of Formation 

The transient thioborine molecule, HBS, ha.s been identified by Kirk and Ti.rnms (1) in the mass spectra of 'the products 

formed by the high temperature (llSO-1300"C) reaction of hydrogen sulfide on crystalline boron. The best yields of HBS were 

found at low pressures «1 torr) but even under these conditions the half-life is relatively short «3 min) (1, .U. No 

experimental measurement of its heat of formation has been r-eported. 

We estiJrtate ~Hf" from a consider4tion of bond-energy schemes. A comparison of the values for the H-B stretching force 

constants in HBS (K :: 4.021 X 105 dynes/em} and HBO ex ::: lI.OBO x lOS dynes/em, 1) suggests that the H-B bonds in these two 

molecules are quite similar. Assuming D29B (H-BS) " D29S CH-BO) = 99.5 kcal/mol (;!), we calculate t.Hii9~{HBS,g} :: 10.7 kC41/mol 

with lIHfi9S(H,g) !: 52,103 kc",l/mol and lIHfi98{BS,g) :: 58.1!~.O kcal/mol (lL 

A comparison of force constants also suggests that the H-B bonds in EH3 (~) dnd the 8!:S bond in BS (p are similar to 

those in HBS. Using D29B CH-B) !: D29S (BH 3 ) = 87,9 kcal/mol and D
298

'8::S) :: D
298

(B5) = 141.0 kcal/mol, we calculate lIH4
29B 

:: 

228.9 kcallmol which leads to lIHf 29S (HBS,g) :: 22.3 kcal/lr.ol. All bond dissociation energies are derived from JANAF data (~). 

A value for t.Ha 298 can also be obtained f'l:'om the results of MO calculations on HBS. Thomson (~) has shown th4t disso

ciation energies obtained from MO calculations when combined with estimates of 1:he molecular extra correlation energy OiECE) 

give l'eliable 4tomization energies. The change in the relativistic energy between the isolated atoms and molecule is .!!.ssumed 

small. It is reasonable to assume that the contribution to the atomiza1:ion energy from correlation effects would be similar 

for the isoelectronic molecules HBS and HBO. We estimate the MECE for HBO as 56.5 kCdl/mol from the difference in the experi

nenta1 lIHa" (~) and the reported Hartree-Fock dissociation energy (!). This value of MEeE when added to the computed disso

ciation energy of 191.7 kcal/mol (2) for HBS gives t.Ha
298 

:: 248.2 kcal/mol which corresponds to t.Hf
29S

CHBS,g) :: 3.0 kcal/mol. 

We believe these three estimates of liHf", 10.7, 22.3, 3.0 kcal/mol) to be equally probable i therefore, we adopt the mean 

value of 12.0 kcal/tnol. An uncertainty of :!:lO.O kcal/mol is assigned which covers the range of possible values. 

Heat Capacity and Entropy 

The' microwave measurements on HBS by Pearson and McCormick (~.> have shown 'that the molecule is linear in its ground 

st.ate. They observed the millimeter-wave spectra for eight isotopic species and evaluated structural parameters by the substi

tution method. We. adopt their mean values for the !i-B and B:::S bond lengths. The moment of inertia is lj .J~91 x 10-39 g cm 2 

S.uns <1nd Maki <.£> have observed the v1 vibrational fundamental (2742 em-I, in the high-resolution infrared spectr<!!l of 

gaseous HBS. Frequencies (v l ' were recorded for four isotopic species. The value of \11 (2742 em-I) is corrected for the 

natural isotopic abundances of horon; the correct'ion for the sulfur isotopes is negligible. Values of "2 and \/3 are calculated 

from force constants hy a ... alenc~ force method (~). The B::S stretching force constant (K :: 6.9 >:: 105 dynes/em) is estimated 

from the value for BS 0< " 6.7 x IDS dynes/cm)by comparison with the B::O stretching force consto!lnts for BO and HBD (3). The 

bending force constant (KD :z: 3.2 x 10-
12 

dynes/em) is taken ;!qual to the value for HBO (2). Sams and Haki (!) also ;erformed 

a detailed force field calculation on HBS which gave \1
2 

'" 635 cm-1 and v
J 

:: 1191< cm-1 for Hl1a32 s. Results of a similar 

calculdtion on HeN led these worke.rs to conclude that their \1
2 

values were probably much lower ( ..... 50 cm- l ) than the true 

values. They suggested a better estimate of \1
2 

for HBS as 690t30 cm- 1 . Pearson and McCormiCk (~.> estimated \1
2 

:: 6S0 Ctl- l 

from the t-doubling constan't det:ermined from their microwave measurements. These latter two values support out" selection of 

\)2 :: 715 em-I. Photoelectron spectrometric results (121 1J) have led to predictions of \>3 ::; 1100 cm- 1 from t.he Changes 

observed in vibrational frequ~ncies produced upon ionization. We believe our ca.lculated frequencies are l,mcertain 'to no more 

than t50 CIl'l-l which 4r.tOlJnts to an error in the value of S298 of to.l gibbs/mol. 

Evidence is available which suggests that the ground state configuration and excited states of HaS are sioilar to those 

for the isoelectronic molecule HCP. Theoretical calculations (?, g) predict the S4r:1.e ordering of valence orlHtals for these 

two molecules. This orbital order is corroborated by the results (1.Q, 11, and .11) of photoelectron spect:t'oscOpy where the 

similarity (1) in their PE spectra has been noted. In "ddition, we note that the Zeeman paral:l.eters recently reported for 

HBS and HCP ;; PearSon et al. (1.::) are nedrly identical. Ws assume the same ground state configuration (lE+) for HBS as 

that for HCP (l), and we estimate 'the electronic levels by ",nalogy with those ohserved for He? 
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(IDEAL GAS} GFW ::: ~J.S175 BORON HYDRIDE SULFIDE UNIPOSITIYE ION OIBS +) 

Point Group C<ev 

S2'3S.15 :; {53.S3 ! 0.1] gibbs/mol 
t:.Hf; :; (26S.t.i i ll.O} kcal/mbl B H S + 
6Hfi9S.15 ::: (270.0 .!: 11.0) kcal/mol 

Electronic Levels and Quantum Weights Vibrational Frequencies and Degeneracies 
-1 St:a-.:e 

x~rrl../2 
:2:~!2 
s1r+ 

Heat: of Formation 

~ 

1300J 

~9599 

38069 

~ 

Bond Distances: H-B '" [1.192) A B-S [1.680) 

Sond Angle: H-B-S '" 180 8 

Rotational Constant: 13
0

:: {O.586951 cm-1 

~ 

( 2550)(1) 

(76~)( 2) 

973 (U 

Kroto et: a1. (P and Fehler iwd TUrner <.~) have independently measured the sal.! A photoelect;ron spectI'a of HBS(g). The 

reported values of 11.U.!:O.03 eV <,!> and 11.12 eV (1) for the first adiabatic ioniution potential are in excellent agreement. 

We adopt: an average (1J,..115.!:O.03 ~V) of these 'two IP vo/l,lues, and we assume .6Hr" '" 256.3
2

:!:O.7 kCdl/mol refers to the ionization 

process HBS(g) '" e- .... HSS+(g) + 2e- at 0 1<. The latter value yiE:llds AHf;(HBS'" ,g) = 268.4-.!:11.0 kC41/Jnol when combined with 

uHfO{HBS,&) = 12.1:!:10.0 l<:cal/mol (}). The Adopted OHfO value is placed in brackets to emphasize the unceI'tainty in the es1:i

ma,'ted ilHf" value {~.> for HBS. llHf~ at 298.15 K corres,?onds -to 210.0.!:1l.O ked/mol. 

Hea.t Capacity ana Entropy 

Extensive ab initio MO calculations (~) recently reported for HBS show that the highest occupied orbital is of n-sywne.try 

",nct is locali;;:.ed mainly on the sulfur atom. The shape of the first photoelectron band in the HBS sp~ctra {.!. 1) suggests tha't 

this orbit.,l is bonding. The bonding nature of this IT orbi'tal is also predicted from the Walsh diagram (§) for HAS molecules. 

As do consequence, we wo'Uld expect the ion to be less strongly bound than the parent molecule. Tn 'tht! related species HCN (§.) 

which hAS the same orbital or-dering as HES (~), ionizdtion (]) occurs with a 2.2%: increase in the H-C bond: length and 011 4.7% 

increase in the C=N bond length. We a.ssume a simila.r incre",se in the bond lengths of HaS (~) upon ionization. If t:he ion 

wa.s nonlinear, one would. expf!ct 'to find &. vibrational spacing in the photoelectron spectra of HBS which could be associated 

with the bending frequency of the ion. No frequency ,,"s low as 764 cm-1 has been obseroved (1, 1); thus, it is likely that HBS+ 

is linear in its ground state. This prediction is supported by the Walsh dia.gram (,2'. We aSSume that the ion is linear. The 

!:loment of iner'ta is 1j.76S8 >; 10- 39 g cm 2 . The enthalpy between 0 K dnd 298.15 ~: is -2.37<1 kCdllmo1. 

The progression in the first photoelectron band of the HBS spectt'a has been r-epor'ted as 955!:140 c:m-1 <::!.> and 990 cm-1 (~,. 

By compd.rison with changes observed in vibrational frequenci.es on ionization of' HeN and HCP (~j !), the vibration.!!.l mode 

excited is most certainly th~ B=S stretching ft"equency. \.13' • We adopt the average (973 em-I) of these two values:. The values 

of VI .!wd '.)2 are calcula:ted from estimated force constants by a valence force method !.~). The two force constants are 

e.stimated from those for HCN"<'~), HeN dnd HBS (.!). We estimate the uncertainties in our frequencies are no greater than ~SO 
cm-

1 
Io'hich corc'espol1ds to all error- in the value of $298 of only .to.12 gibbs/mol. 

The electronic states and upper levels are tllken froo. the photoelectron spectrometric study of Kroto e't ill. (1). Relative 

term val~es for the A
2z''' and .8

2
2:'" states are c~lclJ1ated as differences in the reported adiabatic ionization poten1:ials (.!). 

Fehler and Turner (~) h~lIe e~timated the ground state splitting to be .... 300 cm- 1 from the observed pea.k wid.ths in the first 

band of the HBS photoelectron spectra. We adop't this result since it compares favorably with the splitting ( .... 278 cm- i ) 

obseI'ved fot' the 211 state of the isoelectronic molecule CS+ (IO). Relative. term values for the two 2E states calculated from 

th~ adiabatic ionization potentials of fehlcro and Turner <',?,) :;I'l'!e within a.bout 160 cm- l with the values adopted here . 

Fehler and TUrner (,?) have also reported a pho'toelectron band at 17.9 eV whi~h was not observed by Kro'to et al. (]). This 

band could not be d.efinitely assigned. to HBS·. If this state does exist, it lies above 50000 cm-1 and has a negligible 

effect an the 'thermodynamic functions of the ion. We prefer not to include: it. Kroto et ~l. (],) have interpreted their photo

electron roesul'ts in terms of a linear configuration for t:he three observed states of HBS+. Thus, we feel our functions are 

not'significantly influenced by the use of the ground state vibrat.ional frequencies and rotational cons'tan't for the excited 
states. 
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53.,.B4 
- 52.i70 
- 51.283-
- 50~ H3 
- 49.'>4" 

- ..:.8 .... 85> 
- 47.509 
- 46.'311 
- 45.493 
- 44.458 

- 43.'>03 
-.: 42.329 
- 41 •. 2.36 
- 40.13L 
- 39.i.HQ 

- 37.1:1 13 
- }c.722 
- 3S.S6J 
- ]4.384 

33.197 

- 32.000 
- 30.70'1 
- 29.569 
- le.Hl 
- l70tal 

- 25.1j56 
24.!'Ol 

- 23.33 7 
- 22.068 
- 20.793 

Lo&Kp 

INFINITE 
bl.9a9 
35.302 
26.253 

,6.13.3 
20./HI.:. 
17.5'>.2 

15.211 
13.b,21 
12.31)2 
11.367 
10.559 

9.8:'0 
9.25Q 
d.735 
0.287 
7.695 

1.5'>6 
1 • .2H 
6.'}S6 
b.70l 
i-..."+71 

6.21)1 
5.945 
5./;>(:2 
5.324 
5.04'1 

4~ 793 
4.554 
4.3':H 
4c 121 
,.92'5 

3.23a 
3.0(11 

2.943 
2.806 
2.615 
2.549 
2.42,"1 

2 ~ 314 
2.203 
.2~ 096 
1 ~99J 
1.3-,15 

1.199 
1.70d 
1.619 
l ~ 5 34 
t.4:>1 

1.371 
1 ~ 294 
1.219 
1 ~ l41 
1. J77 

1 ~009 
.'143 
.i:l19 
.IJl 7 
.757 

BARIUM MONOBROMIO£ (BaBr> 

Ground State: Configul"'ation 2E'" 

8298.15 :: 64.6 ! 0.1 gibbs/tElol 

STATE 

X z/.:+ 

[A 'IT] 

(B 21:) 

C1 2TI1I2 

Cz 2n312 

193.2 cm- 1 

Be = (0.040521 cm- l 

Heat of FOI"l'Uation 

(IDEAL GAS) 

E1-ectronic Levels and Quantum Weights 

£i' cm-
1 

(13000 ] 

(13500 ] 

18650.9 

19192.5 

iii 

['J 

[2J 

~A.T~ 

OZz 

E', 
(r 2nJ 

(G
1 

2AJ 

{H 2Z1 

00 X :: 0.42 em-I .. 
cr. (0.000113] cm- l 

.!.i' em-I 

25670.9 

26865.9 

( 25000] 

[ 29000) 

(30000 J 

re [2.97] A 

GfW '" 217.244 

ll,Hfo :: -24.3 1: 10.0 kcal/mol 

lIHfi98.15 ': -26.~ ! 10.0 kcal/mol 

&i 

['J 

[ OJ 

t2J 

The selected value, lIHfO :: -24.3 kcal/rrol, is obtained from an analysis of spectroscopic data. H~rzberg (1) suggested 

DO :: 2.8 eV for Ba81'(g) which was deriv",d from a linear Birge-SponeI' extrapolation of the ground state vibrational levels. 

OUr:' adopted vibrational consta.n1:s. give DO = 2. 7Li ~V by a similar extrapolation. Bas~d on the ionicity correction developed 

by Hildenbrand (ll, this vdIue adjusts to 4.14 ell (gS. 5 l<:callmol' which is adopted. Gaydon (~) has c1o\l.med that the spec

troscopic data for BaBr(g) aN: insuffici~nt to obtain", reliable IfOxtrapolation. However. out' adopted value for DO gives 

DO(BaBd/DO(BaBl'2) :: 0.48 which is quit~ consistent with values of this ratio for other alkaline earth halide ,systems (!!). 
l!.Hf298 corresponds to -26.4 kca.l./mol. 

Ionic model calc.ulations (2,. £) have led to 0; values of 4.9 eV (2) and 3.76 cV (.§.J. The latter t'e.suH: is believed to 

represent a mil",imum value: for DO' Two ether experillkin:tal values fat' DO' which brackeo't the sEllected va.lue, have been reported. 

Flame studies (1) gave DO :: 3.79 eV, and chemiluminescence (!P from reaction of Sa. a.toms with Br
2 

gave a lower limit: to DO 
of 4.54 eV. We assign an uncerta.inty of ! 10 kc.al!mol to l!.Hf; to include the possibility that these studies are correct. 

Heat: Capacity and .Entropy 

The value of r~ is obtained frort. that for gaseous BaBr2 (,2,) with I'e(BaB:r>!r
e

{BaBr
2

) = 0.96. This value for the ra'tio 

is calculat~d from bond lengths (:=.) fa;, Sevl':<:t'al other alkaline earth halide syStems. Two other estimates (2.. &,) of re agree 

with the ddopted value to within 0.05 A. The rotational constant is ca.lculated from the estilllate.d value for reo The value 

of O::e is 'obtained from a Horse potE:.ntial function. The moment: of inertia is 6.9088 X 10- 38 g cm2 . 

The vibrational constants are taken from the compilAtion of ROSen (.!,Q) and are corrected for th~ ttatural isotopic 

a.bundances of the ele~nts. The observed electronic llfOVE:ls for BaBl'(g) a.re from Rosen (1:2). Also included are A, B, P, G, 

and !i states. Their e.nE:..r-gies are estima.ted by analogy w-ith those for SrBr(g) '.2->. 

Refe!'ences 
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3. A. G. Gaydon, "Dissociation Energies and Spectra of DiatoJ:lic Molecules." Chapman and Hall, Ltd., London, 1968. 
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6. K. S. Kl"'asnov and N. V. KarasE:va, Optics and Spec'tr'OscoPY li, 14 (1965). 

7. A. N. Khitr'ov, V. G. Ryabovil, and L. V. GUI'vich, Teplofiz. Vys. T~mp. 11, 1126 (1973>-

8. N, Menzinge:r, Can. J, Cht:.m. 21, 1688 (1974). 

9. JANAr Thermochemical Tabhs: BaBr2 (g) and SrB:rCg), 12-31-7[1. 

10. B. Rosen, Ed., "SPlfOctroscopic Data Re.lative to Diatomic MoleculE:s," Pergamon Press, Nl!w York, 1970. 
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Barium Dibromide (Ba3r2l 

(Crysta I) GFW ~ 297, J 48 

--gibb5/mol---_ 

T. "K Cpo SO -(Go-U".,,}(f 

0 
100 
200 
298 1 B~ 407 35~50G 35.500 

'00 18.-116 3';.614 35.500 
.00 18.933 40~983 36.229 
500 19.4'.),J 45.263 37.&22 

oeD P~.961 48.855 39.202 
100 20.463 51.912 40.809 
aDo 21.000 5:".740 42.380 
900 21.517 51.244 43.8'15 

1000 22.034 59.536 .r.,5~ 34& 

.------kcalJmol 
H"-W':ml 'I'f 

.000 - 161.100 

.D34 - IB1~111 
1.'.102 186.205 
3.82L 188.081 

5.792 - 168.103 
1.IU" - 187.886 
9.Ba8 - un.~42 

12.014 - 187.447 
14~ t 92 - 187.103 

~!Q9_ . ___ 2}_ •. 5_5_t_. _~h~~? ___ ;~ ... _U't. _____ l~~ ~.?L __ :_J_!UL·J)~.(L 
1200 23.0b7 63.646 48.061 18.702 lSB.322 
IlOO 23. '>84 65.513 49.33) 21.034 - IS1.861 
1400 24.101 67.280 50.552 23.419 - 187.330 
1500 24.6l8 68.960 51.12" 25.854 186.737 

BaBrz 

~Gr Log Kp 

- 176.384 129.293 

- 176.354 128.474 
- 173.301 94.687 
- 169.59 /, 14.129 

- 165.892 bO.42t 
!62.210 SC.644 
158.550 43.314 

- 154.917 37.61 q 
151 ~ 3(0 33.071 

- 147.5b5 29.316 
- -143-:' 84-0- -- - - -26 :191 
- 140.151 23.561 

136.501 21.309 
- 132.B92 19.362 

BARIUM DIBRO~lDE {B,)Br
2

) (CRYSTAL) GfW = 197.148 

!~HfO ::: Unknown B A B R 2 
S29B IS = (35.5 LO] gibbs/mol c,Hf 298 .1S :0 -181.1 ~ O.ll kcallrnol 

Tm = 1130 '! 2 K .1.Hrn" ::: 7.6"- t 0.15 kcal!mol 

D.HS~29S.1S = 79.5 !: 2.0 keal/mol 

Heat 0.£ formation 

The selected value is based on results obtained from solu'tion calorimetry perfor'med in aqut!ou5 iicid m<::dia. Ehrlich et 

a1. el) reported medsurement5 of 'thE.' heat:s of solution of Ba(c) and BaBr
2

Cc) in HBr • 555 H
2
0. These r-esults lead to ClHf 29B 

(Ba,Br", c) ::. -161.1 !; 0.1,. kcal/mol when combined I,.;'i'th the mo,s1: recent thermal data (~, ~) for a.queous HBr. This value is 

adopted and is essentialLy th<1.L (-181.0> which has been selected by NBS (~). 

Two independent c.alor'irnetric values (in kcal/mol) of -180.7 ($) and -181.7 (6) br-dcke't our adopted value. Th'2:se values 

based on r'esults of early heat of solutio" measurements (~, ~)-WhiCh are combined with a:lf;98 (8a
t2

, aq) = -128.5 kco.l/moi 

(!:) and dHf 29S (Br-, aq) ::;: -29.039 ! 0.035 kcallmo1 (.?). Use of the newly der'lved value (See 3aO(c) l:a])le) for 6..Hf e of Ba+ 2 

(aq) makes these values less negative by O.S kcal/mol. 

Heat Capacity and Entropy 

Cp· data needed to define 5 298 are una:vail"ble, The adopt:ed value S298 :: 35.5 .t 1.0 gibbs/mol is a compromise between 

several estimates, JANAF (7) entropies for the othe!' three barium dihalides sUf,gest a vdlue of Si98 near 35.3 gibbs/mol for 

the bT'Qmjde, Application of the Berthelot pr'inciple (!) to 'the p!'ocess SrBl'Z(c) + Ba(c) = BdBr?(c) t Sr(cl gives 5
298 

= 36.7 

'.t 1.7 gibbs/mol. Literature ~stimates which were considered ar>e in gibbs/mol 35.0 (~). 35.5;!: 5.0 (~), and 38 (lQ). 

The adopted Cp~ data are obtained from JANAF CUI've fits of the !'elative enthdlpies (825-1l30 K) reported by Efremova and 

11atizen (~). for 27 enthalpy points the aVeT'dge deviation of the fit is .!:O.4%; the maximum deviation is -1.0\ at 9«7 K. Two 

points (1129 and 1130 K) are ot'litted from the fit, since these points presumably involve pre-melting effects. The derived 

value of CPigs = 18.!;]. gibbs/mol is supported by the vdIue OS.'1S gibbs/mol) obtained from the process 3aCl.
Z

(c) + 2KBr (c) ::: 

BdB~2(c) + " KC1(C) with 6CpG = O. Reldtive enthalpies (487-1126 K) reported in equation fo!'rn by Janz et ttl. (~} suggest d 

somewhat lower vdlue (17.8 gibbs/mol) for Cp- at 298.15 K. Their smoothed enthalpies show deviatic.ns from ou!"' adopted ones 

tha't. ar'~ generally less than .!:O,3~ but show maximum deviations of 'V~I.O% at 500 K and 900 K. TI,e enthalpy measurelTlt:nt of 

Dworkin and Bredig (~) lit the melting point (Tm ::: 1130 K) is roughly 1\ lower than that which is adopTed. The values of Cpo 

above Tm are Obtained [rom thli! adopted enthalpy equation. 

Melting Data 

See 3aBr Z(l) table for details. 

tiea t of Sublim(!t ion 

ili-ls· is the difference in the values of liHf"' foI' the gas and crystal at 298.15 K. 
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Barium Dibromide (BaBr 2 ) 

(Liquid) GFW - 297.148 

.... "'1 ... ,----
T,"K CpO S" -(G'-If'_){f 

0 
100 
200 
298 la~407 41c 135 41 e 135 

JCO lB.41b 41 .. 249 41 ~ 135 
400 18.933 46.611 4l o e6';' 

5CO 19 .. 450 so.Sqa 43025& 

600 19 .. 961 54.490 44~ 837 
100 2C.IoB3 ~)7 .. 606 4b.443 

BOO 25.060 60.375 4S.015 
9CO 25.060 63 .. 327 '>905% 

1000 25.060 65.96? 51.067 

BaBrz 

kcallmol 

lr-H" .. 6Hf" ~GI' lAg Kp 

0000 - 174 4 520 - 171~484 125.101 

.034 - 114.531 171 .. 465 124.912 
1.902 - IBL.6l5 - 168e 975 92.324 
3.82l - 181.501 - Ib5~a3l 72.485 

5~ 192 - 161 .. 523 - 162~b93 59.261 
L814 - 181.306 - 159 .. 574 49.821 
<;l.BSS - 181.162 - 1560417 42.748 

12.394 - 180.487 - 153.431 37.258 
14.900 - 179.815 - 150.461 32.883 

! ~99 _____ 2_5_._t!~Q ____ ~~.!! ffi § _____ 5_2_e_~g _____ 1] ~ ~.!tb~ ___ -_)_ ~!:.~!:. ~ ~ ___ ~ _ J ~J_.}-,~. ~ _____ ~?! n§ 
IlGO 2560bO 70 .. 5;6 53~943 19.912 - lS09~d·2 - 144.318 2b~2S4 
1300 255060 7Zs542 5S~297 22.'tld 179.897 141 .. 325 23.759 
1400 25.060 Hs3'il~ 56~5q6 24.924 - 179 .. 245 - L3S~3a3 21.603 
150C 25.0bO 16 .. 128 51 4 841 2L430 - t7S~S81 - l3S~46e 19.141 

1600 25.060 17.745 59~o35 29.936 - 177o':HO - 132.631 l8.117 

1100 25 .. 060 19.2b5 60.un 32.442 - 171o.B6 - 129 .. 827 Ib~690 

1800 2'5 .. ObO 80.697 61 .. 281 34~948 - 176.564 - 127 .. 059 ~ 5. 427 

19CO 25~ObG 82 .. 052 62.339 37.454 - 115.900 - 124.325 l4.301 

2000 25.060 8;.331 63.357 39.CJ60 - 175 .. 2'50 - 121.630 13 .. 291 

2LCO 15 .. 060 84.560 64.338 42.466 - tN.bib - 118 .. 964 12.381 
2200 25.060 8S.7H 05.284 44 .. 912 - 201.359 - 115 .. 102 11.434 

Hg~- --- -};-:-~~~ -- --~~~~6~----~-~-:-~-:-6 -- -- -t~: ~~!--- ::--~-~-}:-}!} ---: -U~:~{-i------l~=H~ 
2500 25~ObO S8.q2~ 67 .. 1j133 52 a 490 - 205a198 - 102.667 8.975 

l6CO 25a060 d9.912 06.160 54~996 - 204.593 - 98 .. 578 8.266 

2100 25 .. 0bO 90.858 69~,)61 H.5J2 - ZQ4sJ43 - 94 .. 512 7.650 

2800 25 .. 060 91.169 10.338 60~:)O8 - 203~54q - 90.464 7 .. 061 

2900 25m060 92.649 11.092 62.514 - 2030102 - 56.433 6 .. 514 

3000 25.060 9].4<;16 7l.BZ5 65.020 - 20la rOl - 82.417 6.004 

Dec. 31, 1974 

BARIUM bIBROMIDE (BaBr
2

) (LIQUID) GfW = 297.148 

S298.15 =- [41.135] gibbs/mol 

Tm = 1130 !: 2 K 
llHfi98.15 <:; -171.J..520 kCd.l/1OO1 BABR2 
llHm· 7.64 ± a ,IS kcal/mol 

Tb = 2304 K ('.Hv· = S 3.3 kcallmol 

Heat of Formation 

lIHf" of the liquid is obtained from thdt of the crystal by addition of t.Hrn· dnd the difference in the values of 

(Hi130 ~ Higa) for the crystal and liq:.lid. 

Heat Capacity and Entropy 

Cp~ for the liquid is taken equal to 2S .06 gibbs/mol above the assumed glass transi'tion temperature of sao K. The 

constant value of Cp" is derived from a curve fit of the relative enthalpies (113 11 - 1963 K) reported by Efremova and Matizen 

(l), FoX" 11 enthalpy paints the <!Iveragc deviation of the fit is :!:O.3%; the maximum deviation occurs a.t 1386 K and amounts 

to -0.7\. Out' adopted value for Cp" i:s supported by the enthalpy measurements of DwOrkin and Bredig (1) who found Cp· CO 

25.6 gibbs/mol. A considerably higher value (31 gibbs/mol) for Cp-(t) is obtained from yet anothe.r entha.lpy study (],>; 

however, 'these latter metlsurements extend over a relatively short te:nl'erature intoervsl ('\0100") above Tm and a:r:,e probably 

insufficient to accurately establish Cp· of the liquid. Cp~ da'ta below the glass transition are those of the cl."ystal. 

The value of 5298 is obtained in a manner analogous to that of the heat of formation. 

Melting Data 

1'11l is the value determined in two independent drop-calori!l:etric investigations (1,1). Nine other reported values for 

Tm lie within 11· of the adopted ra1ue. These other values are 1126 K (l-§) , 1119 K (.§" 2), 1128 K (.!p, lind 1120 K (,2-.!.J). 

~Hm" is calculated as the difference between JANAr values for the enth~lpies of the liquid and cr-ys'tal at Tm. Our value 

for t.Hrn· is in excellent agreement with another drop-calorimetric value (t.Hm" = 7.63 kcal/mol, 1,) and is further supported by 

a value (lIHm
a 

'" 7.7 y.cal/mol, !!.) obtained by dynamic differential calorimetry. Other published values include in y.cal/mol 

7.76 !: o.oa <1:), 7.'25 !: 0.19 (1), 7.15 t O.~ (~), and 7.0 (2)' 

Vaporization Data 

Tb is the temperature at which l>Gr~ = a fer the process BaBr2 (t) = BaBr2 (g). ,lHv· i's the corresponding difference in the 

lIHf- values fo:::, the gas and liquid at Tb, Petersen and Hutchison (11) calculated Tb :: 2122 K from their measured vapor 

pressure data which covered the range 1115 - 1321 K. This value is considered somewhtlt uncertain due: to the rather long 

extrapolation. 

ReferenC:es 

1. R. I. Efremov<'li and E. V. l1.atizen, Izv. Sib. Ot:d. M:.ad. NauY.: SSSR, Set". Khin. NauY.. (1), 144 (197D). 

2. A. S. DworY.in and M. A. Bredig, J. Phys Chcm. §2, 697 (1963). 

3. G. J. Jan:::, T. J. Kelley, and J. L. Pel'ano, Trans. F'al"addY Soc. Jl. 2718 (1963). 

4. H. H. Em.ons and B. Loffelholz, Wiss. Z. Tech. Hochsch. Chern., Lcuna _ Herseburg,§, 261 (l951.J.). 

5, M. Blanc, Compt. rend. ~, 2012 (1959). 

6. E. D. Eastman, D. D. Cubicciotti, and. C. D. Thurmond in "ChemiS1:ry and Metallurgy of Miscellaneous Materials: 

Th~r!l".odynamics,f> L. L. Quill, Ed .• National Nuclear Energy Series IV-l9R, McGraw _ Hill Booy. Co., New Yor}':! 1950. 

7. !i. H. Emens, Z. Anorg. Chern. 11.1, 114 (1963). 

8. R. Riccardi, C. Sinistri, G. Y. Campari, and A. Magistris, Z. Naturforsch. 1.2.e, 781 (l9.,O). 

9. G. Kellner, Z. Marg. Chem~. 137 (1917). 

10. G. Kellner, J. Chern. Soc. 112, 469 "(1917). 

11. H. Schinke and f. Sauerwald. Z. Anorg. Chern. 304, 2S (1960) 

12. D. T. Peterson and J. F. Hutchison, J. Chern. Eng. Data ll, 320 (l970). 

B A B R 2 

% 
c» 

2 
IA 
m 

~ ,. 
!"" 



Barium Dibromide (Ba9r2 ) 9aBr2 
( I dea I Gas) GFW 297.148 

Kibbs/mol---~ kcal/OPOI 
T."'K CpO S" -(G"-H"DI,(f 8°_H"'.,. 4Ht' fiG!" I...ogKp 

0 .000 .000 INF INI TE - 3.6~6 - 97~635 - 97 ~ 635 INFINITE 
lCO 12.108 67.411 93.59l - 2.612 - 97 ~6 7S - l02~ 320 223~bZ 1 
200 13~321 7b.341 82 ~ 9b8 - 1.~ 325 - 98clb7 - l06~ 787 116.b92 
29B 13.6)0 81.729 SI.129 .000 - 101.500 - llC.5b8 81.048 

300 13~t'>33 81.813 81.729 .025 - lOl~520 - 110.623 80 .. 589 
400 13.751 85.754 82.266 1.395 - lO9~1l2 - 112.1.l6 61.257 
500 13~806 88.829 83.2:82: 2.TH 109.528 - 112.a24 4'il.31-5 

600 13.839 91..349 84.423 4-.1'56 - llO.139 - 113.424 H.llS 
700 13.657 9~.48" 85.569 $.541. - 110.559 - 113 .. q~Z 35.:574 
800 13.870 95.335 S6.b7b 6.927 111.103 - 114.386- 31.249 
900 13.676 96.'969 87.731 8.315 - 11l..5ltb - U ..... 769 21.870 

1000 13.66'- 98.432 88.129 9.103 - 111.992 115.103 25.15t 

1100 13.889 QC).756 89.672 tl.091 - 114~440 - liSa 191 22 .. 868 
1200 13.892 lOO.9f.14 90.564 12.480 - 114~944 - 115.243 2'0.989 
1300 13.895 lOZ .. 07b 91..407 D.IHO - 115~425 - 115~24a 19.115 
1400 13.897 lOl~ lOb 9Z a ZOb 15.2.59 - llS.89C - llS.217 17.98b 
1500 D.899 lO4~O65 92 a 9bS Ib.649 - 116.342 - US.154 16.778 

1600 13.900 lO4~9bZ 93.687 18.039 - Jl6 .. 787 - US.ObO 15.717 
1100 13 .. 901 lOS. 60S 94.37b 19.429 - 117.229 - "1.l4.938 14.116 
1800 13.902 10b.599 95.033 20.619 - U1.673 - lI4.792 13.9lS 
1<,100 1'3.903 lO? 3S1 95.662 l2.210 - 118~124 - 114.616 13.184 
2000 L3.904 106.064 9b.264 23.6\)0 - 118 .. 59C - 114~423 12.504 

Z 100 13.904 10E!.742 96.842 24.990 - 11<;.072 - 114 .. 203 11.865 
2.200 13.Q05 109.389 97.398 26~38i 152.930 - 112~ 133 11.199 
f ~99. ___ J).".'t<L ~. _.!! Q!. QQ 1. _ .. J}.".'!.:}'! _____ ~ 1: 111 .... -. _t5_l·_~ t! ~ ___ : _ up_· .8JJ .. _. _.t (.h 2 ~ § 
2lj.DO 13.906 110.599 "16.448 29.1602 - 153.66) - 109.046 9.930 
2500 13.906 111.167 98.946 30.5'52 - 154.1ib 107.178 9.310 

2600 13.906· 111~712 99.426 31.943 154.626 - 105.291 S~ 850 
HaO 13.907 112,~237 99.891 33.334 L55&191 - L03.364 S.308 
2600 13.907 1l.2~ 743 lOO.341 34.724 - ISS.813 - 101.453 1.919 
2900 13.'YC7 1l3.231 lOO~ 711 36.115 - 156.461 99.499 1.498 
3000 13.907 113.702 101.Z00 37.50& - 157.195 - 97.523 7 .. 105 

3100 13.907 11'..155 101.611 38.896 - 1'57 .952 - 95.521 6.734 
)zoo 13.90a 114.600 102.010 40.281 - 158.742 - <;I3 .. 49'} 6.385 
3300 13.908 11 S~028 IGZ.398 4L.b78 - 15<;1.562 - 91.444 ()~O56 

3400 13e<;lOS llS~443 102.716 43.069 - 160 6 407 - a9~ 369 5~ 145 
3500 13.908 115 e 846 103.14, 44. ~60 l61.272 - a7.U,'.) 5.449 

3600 13~90a 116~ 238 L03.502 45.550 - 16,(e152 - 65 ~ 138 5.169 
3700 13.908 114.619 l03~ 851 47e241 - t63.0 4 2 - 82c988 4.902 
3800 13.908 lH,~9qO 1G4.1'il2 48.632 - 163.940 - SO.e12 4~64B 
3900 13.908 117.351 104.525 50.023 - 164.B41 - 76.6ll .... 405 
400C 13.909 111~703 1u4.850 51.414 - 165 .. 743 - 76»391 4.174 

4100 13.909 I.1d.041 11;5.168 52.805 - 1t;,6.(4) - 74e 147 3.952 
4Z00 13.909 11&.38.2 L05.478 54.195 - 167.541 - 71.879 3.140 
4300 13.909 118.109 105.732 55~ 586 168 .. 433 - 69.590 3.537 
4400 13 .. 909 l19.029 106.060 ')6.977 - 169.318 61.279 3:.3"'2 
4500 13.909 11Q.342 106.371 58.368 - 110~197 - 64.952 .3 ~ 154 

4bOC 13.909 119~b47 106~656 59.159 - 171 .. 068 - bl~602 2.974 

~ 4700 13.909 119 5 946 IOb.93b 61.150 - 171.931 - b()e.2~ "3 2.801 
48CC 13. <;109 120.239 107.210 62~ 541 - 172.787 57 ~a51 2.634 

~ 4900 13.909 120 • .52b 107.479 b3~'il32 173~b34 - 55 .. 446 2~473 

'< 5000 13.909 120e 607 107 ~ 7lo3 65e323 - 174~473 - 53 .. 026 2: ~ 318 

!" 
5100 13 .909 121.082 lO8~OOl 66.113 - 175.306 - 50~591 2.168 n 5200 13~<jI09 121...353 LOa~ 256 68.104 - 116.129 - 48.137 2&023 :r .. 5300 13.909 121.b18 106.505 69.495 - l16.945 - 45.66b 1 .. 883 

ii 5400 13 .~O9 12 t .. ars. l06.75J 70~ 8 66 - r 17. 754 43d83 .1..148 
5'5000 13.909 tn.D] 108.991 72.277 - 178.556 - 40~680 1.616 

i: 5600 13.909 122..383 109.228 73 e668 - n9~353 - "3a~170 l.49C 
:'" 5700 13.909 122.63·;; lO9~461 75~O59 - 180.144 35.640 1 ~ 367 

C 580e 13.909 122.&71 109.690 76.450 - 160.926 - 33.096 t.247 

e. 5900 13.909 123.109 109 5 916 77d841 - 181.708 - 30.542 l~ 131 

~ 
6000 13.909 123~ 343 110.138 7Q.232 - 182.'082 - 27.977 a .. 019 

< 
!i- Dec. 31, I97!.!. 
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8ARWH DTBROHIDE' (BdBr2 ) 

Point: Group :: C2v 
529B.15 = [81.7 ! 2.0] gibbs/mol 

Ground State Quantum Weight:: [I] 

(IDEAL GAS} 

Vibrational Freguencies and Degenet'(!.cies 

Q,), cm- 1 

[160] (1) 

(28'l 0) 

C2:lJl OJ 

GfW " 297.1lJ8 

effie, '" -97.6 ~ 3.0 kca1/mol BABR2 
.:.Ht29B.lS:: -101.5 t 3.0 kcal/rnol 

Bond Distance: Sa-Br == 2.99 0.03 Bond Angle: B!'-8a.-Br:: (150dO)-

Product of Moments of Inet'tid: IA1S!C (3.71757 x 10-112 ) g3 CQ6 

Heat of Formation 

The heat of formation is calculated from the selected value for the heat of vaporization (lIHVigS = 73.0!.!. t 0.24 kcal/moU 

and the adopted value fot' afit e 
(f.). The selected value of ~Hve is obtained from a third law analysis of the vapor' pressures 

for' the liquid 0175-1321 K) reported by Peterson and Hutchison (1. 1..). These measurements were made by the Knudsen effusion 

method on a sample of anhydr-ous BaBI'2 which had been prepared by dit'ect union of high purity elements. The second law c~v~ 

=- 73.1 Kcallmol is in 4gf'eelllent: with the third law va.lue; thus, the ent!'opy deviation is small (dSv; Ond law) - uSv; (3rd law) 

:; 0.5 !: O. a gibbs/mol). The dominant vapor species is assumed to be the dihdlide monomer. This assumption is suppot'ted by 

the. fact tha.t negligible concentrations of polymeric spl;cies have been obServed for some of the other alkaline-earth diha.lides 

by use of mass spectrometry (see CaRr
2 

(g) table (.§)). 

A third ldw analysis of a single sublimation preSSl..lre repoI'tt!d by S1:ocJ.: and Heynel':l.dnn (3.) leads to t.Hf"(g) = -101<.3 

kcallmol. This result suggests a possible uncertainty in the adOpted value for il.Hf- of as much as :!: 3 !ccal/mol. This also 

brings our value in agreement with the selection (-lOS kcal/moU of NBS (~). 

Hea t Capacity and Entropy 

Exper-imental ~vidence which has been presented in fa.vor of a linedr or nonlinear s'tructure for BaBr
2 

is conflicting. 

Electron diffr<1ction analysis by Akishin and Spiddonov (~) showed B.aBI"'2 to be linear (leO 't 30~). Later studies by Klernperer 

et al. (S, 7), using electric quadrupole deflection of molecular beams, have .~hown that this molecule possesses a pel'maJ')(~n't 

dipole m~me;;t and therefore must be bent:. A simple explanation of the observed trends in t:he geometries of the a.l.kaline~ 
earth dihalides as established by the electric deflection experiments (~, '!...) has been presented by Hayes (~), and it appears 

quite likely that BaBr'2 is probably bent. The bond angle is arbitrarily taken to be greater than that fol' BaC12 (100'", ~) 

but less than that for 6<5I] (170", ~}. The bond distance is that measured in 'the gas pha.~e by an electron diffraction study 

of Akishin and Spir-idonov (~.>. The,individual moments of inertia are: IA::: 2.2868 x 10-.:;7, 18::: 2.21335 x 10- 37 , and 

Ie = 7.31448 x 10- 39 g crn
2 

The vibrational frequencies are calculated from estimated force constants by the valence force method (10). The stretching 

force constant (K ::: 1.117 )t lOS dynes/ern) is taken equal to that foL' BaSI' (~). The ratio of the stretching ~ bending force 

constants is estimated as 125. This value for the ratio is to he compared with that for BaF 2 (93, ~) and BaC1 2 (119, ~). 

The uncertainty in the adopted value for \)2 is believed to be no g!'eateT' than:! 20 em- l which corresponds to roughly 1 gibbs/mol 

in the value of SZ9f 01:he!' sets (l:!-12.) of estima.ted vibrational frequencies compare fdVON.bly with OUr'S; the ma.ximum 

devl",tion is 35 cm- in vJ. (1:..~). The ground state quan'tum weight of one is assigned by analogy with that for BaC12(~)' Our 

fl'ee energy functions differ by roughly 2 gibbs/mol in the range 29B-2000 K from those given by Brewer ,e1: a1. (!l-.). Howe .... er, 

their value~ dr'e be.sed on <l linear structure fo!' the bromide which now appears to be incorreC!t. 
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BARIUM MONOHYDROXIDE ( BAD H ) ::II'" ... 
1I ( IDE A L GAS) GFW=154.3474 

"" ... 
:"" 
CJ ~---"'bbslmo'---~ kod,lmol 

J T.'K Cp" so -(G"'-8°2ll.){f HG_HG:Jh AHf" 

0 .000 eOOO {NfWrH: - Z~561 - 53&.000 

~ 
lOa 7 ~ 373 50.1.,.43 69~235 - 1 .. 879 - 53.431 
200 9~b7 2 $6.259 61.391 - 101126 - 53.835 
298 11.079 bO .. 416- bO.4l6 ~ooo - 54.1.20 

:-a 300 J.l.097 600.465 60.416- .021 - S4e 1~5 

Z 400 11 ~ 797 603.764 60.86t 1 .. 169 - 54~401 

? 
500 12. L74 66 • .,61 61~ 72Z 2 .. 36~ - 54 .. S26 

WI 000 J 2~ "OB ba.703 62.704 2s.599 - 5!>~43D 
~ 700 12.~Bl 10.629 63.702 4.84<;1 - ;'5.832 .... 800 12.731. 7Z.31<;l 64.b75 b.tH - 5th353 
00 '00 12 .. 671 73.627 65.610 7.395 - 5th 769 ..... 1000 
ClIO 

1:'.008 75.190 6b.501 8.689 - 57.151 

1.100 13.141 76.43b 61.346 9 .. 996 - ')9.590 
1200 13.269 71.585 b8.l54 1l.311 00.050 
1300 13.391 7~665Z 613.921 12.650 - 60.484 
1400 13.S07 79.648 69.65oZ U .. 995 - 60 .. 8ge 
ISOO 1.3.61.5 60.584 fO.3!:J.O 15a351 - 61.2'n 

1600 13~lla 81.466 7l~O17 16 ~ H8 - 01 ~b 79 

1700 13.810 82.301 7l~ b51 18e095 - 02 .. 059 
1800 13a910 83.093 72~270 19 ~481 - b,? ~439 

l't'DO 14aOOO 83 .. 848 1Z ~ 860 20~876 - 62 .. 824 
2000 14.089 84.5b8 73 .. 421 l2 ~2el - &3.(:19 

2100 14~178 85 .. 258 73.914 23.694 - 63.6.28 
noD 14.Z6b 85.919 T4.S0l 25.11 r - '1704iO 
2300 14.355 86.555 75.013 20.5 .. 8 - 97 .. 061:1 
2400 14.446 87.168 15.507 27.988 - 97.980 
2500 14.5038 87.160 75.9tl5 29.431 - 96 .. 347 

2600 14.633 88 0 H2 76.4109 30~ 895 - 98.765 
2700 14.729 8~. tiel> 76.899 32..363 - 9'1 .. 235 
2800 14.82~ 89.423 77.331 33.841 - 99.754 
2900 14.928 89.945 71.763 35.329 - 100 •. 315 
3000 15.030 90 • .tt53 78.177 Job.a27 - 100 .. 917 

3100 15.1H 90.948 76. ~61 3a~ 33~ - 101 .. 552 
32UO 1~.239 91.430 78.975 )q~854 - 102.216 
:noo 1').344 91.900 79.360 H~36j - 10.2. .. 903 
3400 15.450 9l.360 19.136 't2.92Z - 103 .. 606 
3500 15.555 92. S09 aO.l0; 44.413 - 104 ~ 325 

3600 15.660 93.24<;1 8v.462 4b.o:n - 105.0109 
HOO 15.764 9}.679 60.813 47.605 - 10')., 77e 
3I;WO 15.86b 94.10l 81.157 4-,1.1Se: - 100.50b 
3900 15.9b7 94.515 81.495 50.178 - 107 .. 231 
4000 16.00.6 94.920 81.825 52.380 - 107~9-49 

4100 16.1bl 95 .. 318 ij2.149 53 .. 991 - 108.6'50 
4200 16.255 0,15.709 62.4b8 )5.612 - 109.357 
4300 10.346 96.092 82.180 57.242 - 110~O45 

4400 16.043} 96.469 83.087 58.681 - HO .. 719 
4500 16.51/:, 96.!B9 83.38B 60.526 - 11l .. 3Bl 

4600 1b.5'J6 9L203 B3.685 0.2.184 - 112.02t! 
4701) 11;;.612 97.561 83.'Hb 63.641 - 112 .. b03 
4800 Ib.744 ·H.913 d4.203 65. !:ol B - 113.283 
4900 16.812 98.258 84.545 67~1'H, - 113.890 
SODa 16.876 98~599 84.823 686880 - 1l4~4tl5 

5100 Ib.936 'HJ..934 85.096 TO.~71 - HS~061 

5200 1&.991 99.203 85.305 72.2b7 - 115.631 
5300 17.043 -,19.587 85.632 7J.9b9 - 116 .. 19~ 
5400 17.091 99.906 85.8n 1".).076 - 116.7't3 
5500 17.134 100~220 86.1':>0 17.3S1 - 117.2Idl 

5600 17.114 100.529 66.4Vo, 79.103 - 117~811 

5100 17.210 100.834 db.oS4 so.sa - 111$.332 
5800 1.1.242 101.133 81'.:..901 02.545 - lld .8't4 
SgOO 17.211 101.428 B7.145 8 ... .2.10 - 1l~.350 

6000 17.29b 101.719 d7.H5 85.999 - 119.8413 

June 30, 1975; Dec. 31, 1975 

BAH 0 

~GI" 

- 53.000 
- 54 e 371 
- 55.L45 
- 55 .. 724 

LogKp 
INFiNITE 
U8.828 

01,).2:59 
.. Oe847 

- ~5.134 

- 56.231 
- 5o.b43 

- 56.948 
- '57 .. 111 
- 57.326 
- S7.422 
- 51.47.;) 

- 57.28b 
- :)7.056 
- 56.1tj9 
- 5b.489 
- 56.160 

- 55.606 
- 5~h421 
- ~5.02b 
- 54.603 
- 54.161 

- 53.698 
- $1.969 
- 49,916 
- "t 7~ 835 
- 4s.740 

- 43.62:7 
- 41.497 
- H.3S0 
- :f7 .. 1Bl 
- H~995 

- 32.787 
- 30.559 
- 26.308 
- Z6.039 
- 2.3.741 

- 218433 
- 19.100 
- Ib.746 
- 1-4.377 
- 1l.9b1 

9.519 
7.1S4 
".112 
2.2:>'.1 

.21t> -

/...71)1 -
;'.207 -
78722 -

106247 -
128185 -

15.339 -
17.a-i9 -
20.:,76 -
23. O~l -
2586053 -

2b.Z~4 -
30.867 -
33.490 -
36.120 -
38.700 -

40~602 

30.723 
24.759 

20.743 
17.850 
15.661 
13,"44 
ll.561 

lldS.2 
LO.391 
9~54 7 
b.Bl& 
B.182 

6.b81 
6.261 
5.9113 

5.588 
5.165 
40743 
4.350 
3.999 

3.61>7 
3.3,9 
3.u11 
L.b;)L 
2.549 

l • .3L! 
2.007 
L.ST5 
1.614 
1.4~3 

1.301 
l.llS 

.963 

.806 

.b55 

.511 

.372 

.23,>, 

.11': 

.011 

.129 

.242 
.35<. 
.457 
.559 

.b~7 

.15i 

.b"'4 

.'B) 
1 ~ U1 "J 

i..103 
LltJ.J 
1 ~ 20i 
1.338 
1.1012 

BARIUM MONOHYDROXIDE (BaOH) 

Point Group (Ca:.v) 

5i9S.15 ::; (50,11 1: 2J gibbs/mol 

Electronic Le ..... els and Quantum Weights 
-1 -1 

£i' em gi ti' cm gi 

(IDEAL GAS) 

Vibrational Frequencies and Deger.eracies 

Grw ;; 154,3474 

7.0 BAH 0 
-51.! .12 7.0 

Bond Distance: 3a-O::[2.17J 

O-H:: [0.95J II 

--0- m "TITI5Ol!2 J 
[11800] (4] [205001 (2) 
(13500] (2] 

-1 
~ 

[ 459](1) 
( 1I31](2) 

[ 3650]{l) 

Bond Angle: 8a-O-H:: [180") 

Rotational Constant: B :.:[ O. 22204 ]cm- 1 
q :: 1 0 

Heat of Formation 

The adopted lIHfO(BaOH,g) '" -53.0~7.0 kCallmol is based on an assessment of dissociation energies derived from Knudsen-cell 

mass-spectrometric measurements of Stafford and Bel'kowitz (1) and of Newbury (1) and from flame spectral work (i-E,). 
The results from a third law analysis of the 3vailo!!.ble experimental data aI"e tabulated below . 

Rxn. No. of Temp. t.HI'2S8,kcal/mol Drift lIHfZ'36 a DOb 

Investigator No. Points Range,K 3rd Law gibbs/mol kcal/rnol kcal/mol 

Stafford and 1755-1785 115.23!:3.55 -83.6 -51. 58!.:6 102.8 
Berkowitz, (ll 1785 62.11 -55.82 108.1 

Newbury (2) - 1851 77.33 _53.67 10l,!.8 
Cotton and Jenkins{S) 4 1570-1800 2.1I0.!:2.39 7.3 _6!.1.70 115.9 

Rxn. No.1: BaO(C) +- BaO(g) +- BlO(g) = 2BaOH(g) ... 0,5 02(g) Rxn. No.3: BaO(c)'" 0.5 H
2
(g) = BaOH(g) 

'Rxn. No.2: 2BaO(g) +- H20(g) = 23aOHCg) ... O(g) IOcn. No.4: Ba(g) '+ H
2
0(g) "" B<'lOH(gl ... lJ(g) 

aAuxiliat'y data from the JANAf Thermochemical Tables (2). b DO is calculated for the reaction BaOH(e} = Ba(g) +- OH{g). 

Ryabo\l'a "nd Gut'vich <.~) considered 'the reaction Ba(g) ... H 20Cg) = BaOH{g) ... H(g) to be dorninar.t <!Ind derived DO (as defined 

in the table <tbove) = llU:8 kcal/mol. Sugden and Schofield (.=!.) considered the reaction Ba(g) +- 2H 20(g) ;:" Ba.{OH)2(g) ~ 2HCg) 

to be dominant. Ca'tton and Jenkins (,2) found both 'the mono- and dihydl'oxide to be present in significanT amounts in fuel

rich hydrogen-oxygen-nitrogen flames and derived D~ -= 11l1!:5 kcal/mol. Cotton and Jenkins (.E.) recalculated the work of Ryabova 

dnd Gurvich (~) and of Sugden and Schofield (~) considet'ing both BaOH and S.,(QH) 2 1:0 be present and oht:ained re!calculated 

values of DO 110 and 114 kc:al/mo1, respectively. Ryabova et al. (,§,> made further measure:nents, considered BaOH as dominant, 

and reported DO :: 109!:3 kcal/mol. The D~ calculation from the third law ana.lysis of Cotton dnd Jenkins (.§.) data above, Using 

.!1uxiliary dat;:!. (2) is about :1 kCill/mol higher than theirs. Applying this correction to 'the values from RyabovB and Gurv'ic:h 

(1) and Sugden and Schofield (~) as recalculated by Cotten and Jenkins (2), gives D~ 112 and 116 kcal/mol, respectively. 

The Vd1ue of D~ ::; l09!3 kcal/rnol give:n by Ryabova et .,.1. (2) is an average of four calculations with two sets of molecular 

constants assumed for BaOH. The va.lue has not been recalc~lated with the present auxiliary data but probably it: would be 

hi8her. 

The dissociation ene!'gies dedved fror:l flame spectra are higher, as a group, than those derived from the Knudsen cell 

mass spect:rome<:f'ic measurements. The ratio of DO (monohydroxide)/D;;Cdihydroxide) I where DO of the dihydroxide is defined by 

the reaction BaCOH)2(g) ::; BaCg) + 2 OH(g) and is 209.6 keal/mol C,2). is dpproximately 0.53-0.55 for the flame spectral measure

ments and O.!lO for the average D; :;: lOS. 3 kcal/mol for 'tr.e knudsen-cell mass spectrome'tric measurements. Th€ ra'tio for the 

bal'ium mono- and difluoride <y) is 0.51, and the ?'a.'tio for the other' alkaline earth halides fall in the 0.40 to 0.51 range (2) 

with <in average close to 0.46 (.!!.). The similarity of 'the halides and hydroxides, particuld.!'ly 'the fluoridlOs, has been estab

lished U:.) !-.DJ. 0;::: 105.3 kcal/mol is a.dopted from which is calculdted llEf; :: -S3.0!7.0 kcal/mol. 

Heat Capacit:y dnd En'tl'ODY 

The molec:uldf' configuration is assumed to be linear in .:!cc:or-dance with the prediction of Walsh <Q) a.nd the evidence 

that gaseous alkali metal hydroxides are linear (.!2.-]2). The ground state is assumed to be 2(1- by analogy with Bdt and BaCl 

(2). The electronic levels at'e estimated from t:he observed band spect~a <l§.-lQ) .;'Ind the comparison with Bat a.nd BaCl <2.1. 
The Ba-O bond distance is estimated to be slightly larger, 0.02 A, than the Ba-r distance (2) after no'ting the close 

simila.rity in bond dist:ance of the alkali metal fluorides and hydroxides. The O-H bond distance is t:hat: in w;:I,ter (2). The 

moment of inertia is 12,5063'X10- 39g em2 • The 803-0 stretching frequency, 1J.69 em-1 , is estimated to be the same as in Bar (2, 
11). The O-H st:retching frequency. 3650 cm- 1 , is estimated from the alkali hydroxide series. The bending fr'equency, 431 em-I, 

is estimated by assuming 'that the ratio of the bending force const",n!: to the stretChing force const~nt is 0.022, which is 'the 

average ratio found in the alkali metal monohydroxides by Acquis7a <J.nd Abt'il.ffiowit.z (ll, l.?,), 

The entropy in the pr'esent 'table is lower by 1.25 gibbs/mol at 29B K and 1.77 gibbs/mol at 1000 K 'than thdt proposed by 

JCl.ckson <l.!,)j the vibrational frequencies and electronic levels iidopted hel'e differ from those of Jackson ell). The :nomen't of 

inertia in Ja.ckson (l.!) appt:!a.rs 'to be in 
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BARIUM MONOHYDROXIDE UNIPOS. JON (BAOH+) 

(IDEAL GAS) GFW=154.3459 

~~~~gibbs/mol~~~_ -kdlll/mol~~--_ 

T, '1< Cpo s· -(GQ-H":o,,)fT HCI_HODjl 6Hr ~Gr 

0 -2 .. 587 b4~ 3d,) 
100 
200 
298 11.10 .. 59 .. 011 59.011 O~OOO 64 .. 746 1>2 .. 056 

300 11.121 59c 140 59~On ueD21 64c 151 b2~ 040 
400 11",614 62~ 445 59 .. 517 l~ 1 71 64e974 61 .. 100 
500 12 .. 186 65clZ5 6u .. 319 2 .. 313 65.0"6 6,).119 

'00 12.417 61 .. :?1)9 61.362 3 .. 6U4 64 .. 941 :)~.146 

700 12.58d 69 .. ('96 62 5 361 4.654 65~O35 5& .. 170 
800 12.7306 70. ~87 63.336 0.121 65.013 57.171 
900 12.675 72: .. ["95 64.271 7 ~ 4.11 65 .. 094 56 .. 210 

1000 13.OU BeS5t! 65.163 dc696 650119 55.218 

1100 13.144 75 .. 105 66 .. 011 10 .. 003 63 .. 268 54.414 
1200 13_271 76.25 .... 66.617 11*324 cd .• 3.;) 53.00S 
1300 13.392 77 .. 321 67 .. 585 12~Q57 63 .. 307 52 .. 717 
1 4 00 13 .. 505 Id .. 318 68 .. 316 14~OO.2. 63~,"52 51.981 
1500 13.61J N~2~3 69~O14 15~ 358 63~552 51.1:)9 

1600 13.laf 8J .. IH 69.682 los 724 63~661 50~32 7 
l1JO 13cl9b SO. )68 7u.322 13.0-;'9 63~no "9.492 
1t100 13.1:177 01 .. 159 70 .. 93') l'o .. 4b3 63 .. IHl 40 .. 6"-8 
1900 13.952 62.511 71.525 Z,}.874 63~99q 47.799 
20LlO 14.020 83 .. 229 72 .. 092 22 .. 273 64.d)95 46.942 

HOD 14.J61 83 .. 914 ?2.639 23.675 64 .. 174- 46.u83 
2200 14 .. 137 d4.571 73 .. 161 25 .. uB9 30 .. tl77 46 .. 446 
2300 1 ..... 189 85 .. Z00 73 .. 076 26 .. 505 31 elO2 47.149 
2~OO H~235 B5.8J5 74 .. 169 27.;J21 31 .. 267 41 ~ 844 
2500 14.218 86 .. 387 74 .. 646 29 .. 352 31.375 "'0 .. 5:'1 

2600 14.317 86e948 7'5.109 3Je 782 31 ~423 49.2J.6 
2:100 14.353 d7 .. 489 75.557 3Z.~ 21e. 31 .. 416 49 .. 9uI 
2SLiO Ilhltl6 88.ul1 15 ~99,;; 33$653 31 c,,53 50~ 58b 
2900 146416 ed .. 517 76.416 35~O93 31.241 51.277 
3000 14 .. 443 ij9 .. u06 16 .. 82.7 36 .. 536 3hOdZ 51 ~ 910 

3100 14~469 89 .. 480 77.228 37 .. 981 30~d:l:IO 52.b6b 
3200 14.493 89~940 77 .. 618 39 .. 429 30~o4Z 53.374 
3300 14.514 906386 77 .. 99d 4Ue6aO :W~374 54 .. LJ90 
3400 14.53 .... 90.820 78 .. 369 42 .. 33, 30 .. 1)78 54 .. 811 
3500 14 .. 553 91 .. 241 78 .. 731 "'"e7d7 2~6 7b2 55 .. ~44 

3600 14 .. 571 91 .. 651 19.084 45 .. 243 29 .. .t.t3u 560.286 
3100 14~581 92.051 7ge429 46.701 29.v~4 ~ 7 • +.13 b 
3300 14~602 92.440 79 .. 166 48 .. 160 2a~ 731 57,.797 
3900 14 .. 616 n~820 6010096 49 .. 62l 29 .. 313 ~8 .. 560 
",GOO 14 .. 62'1 93.19.J 611,.419 51.083 28 .. 011 ~9,..:i44 

411.10 1 .... 641 93 .. 551 dO.735 52 .. 547 .2.1 .. 651 60.132 
4200 14.653 ~3.904 81.u44 5 •• 011 27.293 bU~929 

4300 14 .. 663 94 .. 249 81.347 55 .. 477 26 .. 938 61 .. 735 
4400 14 .. 673 94.586 81 .. 64,. 560 ~ 944 21).509 62.545 
4500 14 .. 663 94 .. 916 61.936 5864i.2 20 .. 244 03 .. 3601 

4H10 14~ 692 95 .. 239 82.221 59 .. 881 25 .. 906 64 .. 199 
470J 14 .. 700 95 .. 555- 82~502 61#)50 25 .. 575- 65 .. 035 
4800 14.10d 95 .. 865 tl2.777 62 .. 1121 25 .. 251 65 .. 878 
4900 14.116 96~1 b8 83.047 64.292 24s9,5 o6~ 726 
5000 14 .. 123 ~6 .. 4b5 83.313 65 .. 704 24 .. t.23 67 .. 51:10 

5100 14 .. 72.~ 96$757 83.573 67.236 24~J2L1 68 .. 444 
520;) 1 ..... 136 97 .. 043 63.1:330 68 .. HO 24 .. ';2.4 6';'.:HO 
5300 14 .. 142 97.324 84.082 7').183 23.735 70~ l~S 
5400 14.147 'f7a599 84.329 71.6:';6 2.3 s 452 71 .. 0b4 
5500 14 .. 153 97 .. 810 84.,~73 73~133 23s174 11 .. 9~O 

5600 l4~ 758 9tl.136 84.813 7fo.~6{)9 22 .. 9>.11 72.837 
5700 14~ 763 9/j .. 3';17 85.04'9 7t ... 085 22~ 634 73 .. 731 
5800 14 .. 167 98 .. b54 65.28L 77 .. 561 22~372 14.632 
5900 H .. 712 98 .. 906 65 .. 510 79 .. 038 22 .. 114 75.534 
6000 14 .. 776 99 .. 155 85.735 80 .. 515 21.861 7(;..442 

!}(!,c. 31. 1975; June 30, 1976 

BAH 0 + 

lot: Kp 

-45~4rl9 

-"'5.;''1b 
-33.3&3 
-Zb.27b 

-21 .. ,44 
-HI.i6I 
-:'5.624 
-13.650 
-12..J60 

-lO.I;Hl 
-9.763 
-8 .. 016 
-8.115 
-7.454 

-6.IH4 
-0 . .363 
-5 .. 9..;7 
-5 .. 1098 
-5 .. 1Ju 

-4.796 
-4.6110 
-4.48u 
-4.357 

-"1- .. " .. 3 

-4.137 
-4 .. 039 
-3a94b 
-3 .. 064 
-3.706 

-3 .. 713 
-3 .. (:>45 
-3.582 
-3 .. 523 
-3~46& 

-3 .. 417 
-3,.369 
-3 .. 32'" 
-J.282 
-3~2"'2 

-3.2~~ 

-~.170 

-3.13d 
-3 .. 1v7 
-3 .. 071;1 

-3.050 
-3 .. 024 
-3 .. 000 
-2.970 
-2 .. 954 

-2.933 
-2 .. '913 
-2 .. 6~4 
-2 .. 076 
-2 .. li59 

-2 .. 843 
-2 .. d21 
--': .. 810:: 
-2 .. 796 
-2.71;1.4 

BARIUl1 MONOHYDROXID£ UNlPOSITIVE TON (BaOll+) (IDEAL CAS) 

Point Group [Cu.>yJ 

S~98,15 [59.07 ?OJ eibbs/mol 

Ground St<lte Quantum Weight ( 1] 

Hea't of_Jar-mation 

Vibrational frequencie~ dnd Degeneracies 
-1 
~ 

[ 460](1; 
[430JO; 

[ 3650](1"; 

Bond Distdnces; fla-O:: [[.17] A O-H :: [0 96] A 

Bond I'.ngle: &'!'-O-H [leO G
) a:: 1 

Rotat:ional COrlstant:; Bo = [O.2t20] <:111- 1 

GfW :: 154.3469 

llHf; ;: 64.38 .! IS.0 kcal/mol BAH 0 + 

uHf;98,15 61.!,75 _. 15.0 kCdl/w.ol 

The ionization potenttd.l of BaOH(g; was deduced by Kelly and Padley (1,; 'to be 5.L5~O.l <!v. These authors quantitatively 

exa.mined the t.ata1 positive ion concentrations produced from Sa aqueous sal't additives in fuel rich, premixed H;- .. 0" ~ Nt: 

flames. Using current JANAr auxiliary datd (:t;, we f'ecalcula't"e the ionization potential to tit! ~.36 ev. 

Jensen (_~; determined the heat of reucti~n Mire; = 6~10 kCdl/mol for Ba(g; '" OH(g; :: BaOE"'(g; + e- in a"tmospher-ic pres:;ur~ 
Hi .. 0L .p. Ni flames using the microwave cavity resona.nce method. This value WCilS cdlcl.ll03.ted assuming a bent mo1ecule for BaOH ; 

The value is not. significantly changed, wi 'thin t:he uncertainty, by the change in the configu1;'a"tion. Using auxiliaf'Y data Cl;, 

we derive a.n ionization pot.ential of 4.83 ev, which is not in good agreement with tile value derived from the dd1.d of .i(elly and 

Pudl.e-y {.l;. 
',.;Ie adopt an ioniz;dtion potential of 5.09 ev 017.38 kCul/moL which is an averaR€ of the above two s1:udies {1,3;. This 

ledch, to !.IHf; = 64.38 kcallmol and oHf;sa - 64.7~ kcal/lllOl for BaOHt(g~. We assLgn ar, uncertainty ot :1:l5 kCdl/mol.-

For compdrison, the ionization pot~ntial of Baf(g; is 11.83 ev (i."i Whil; that of Ba(g~ is S.Ll ev (~;. The dVoE!!'age of 

'these two values is very close to the ionization potential adopted for BaOH . 

Hed t C<1paci ty and Entropy 

The molli.'cu1ar configuration is dssumed to be linear', since expel;'imental evidence indicates that" the ga.seous alkali metal 

hydroxides are lineal' (f,-~,£,2;. In addition, WalSh. {!; had predicted that BA.,l-J molecules Ol = hydrogen atom; ~ith ten or less 

valence electrons (BaOH has eigh't valence electrons; will be linear in their ground state. The molecule B.aOH 1s isoelec-

t:r'onic with CsOH. 

The bond d1ssocidtion energy for BaOH+ (DO:: lOB.:i' kcal/mol, ~. ~; fOI' the pI'Ocess BaOH"(g~ '" Ba+(g; t OH(g; is nearly 

the sallle as tha't for BaOH (DO:: 105,3 kca1/mol, l;. This suggest's that the bonding in these two molecules is quite similar. 

the bond distances are assumed to be the same dB those adopted fo[' BaOH(g,l). The moment of inert"ia is 1".606:;: x 10- 39 

The vibrational frequencies are <lssumed to be siroilu:r"' to those adopte.d for SaOH(g,1.;. The gr-ound stdte qua.ntum 

weight is 2ssumed to be the same dS that of CsOHCg,l;. The enthalpy change betwee.n 0 and I'98.lS :< is -~.587 kcal/rnol. 
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BAR I U" D I H Y D R a x 1 DE, A LP H A (a - B A ( 0 H ) 2 ) BAH202 

(CRYSTAL) GFW=171.3548 

..... _1--_ kca.l/mol 
T. oK Cp. S" -(G"-H":18I11)rr "O_H"", lIur .&Gr Loa Kp 

0 
100 
200 29, 24.290 25~600 25.600 cOJO .226o.17J 205."t35 bO~~hltl 

300 24.330 25.150 25.600 .045 - 226.Hd - 205.301 1It9~ Sbt:> 
400 2b.920 33.145 26.591 2.622 - 225 .. 713 - 198."'20 lOtl.HZ 
500 28.3bO 39.321 28.531 50392 - 225.285 - 191.049 83 ... 170 

~ Q12: ____ ~~.!] }_O _____ '!! '!. ~!? ____ } 9~ }_d} _______ ~ ~ flf> ___ .= _ 5-]·_~~_'''-t?..L __ -.: _!!;j ~ .. d;_9 _____ _ ~I ~?~~ 
100 30.300 49.111. 33.089 11.258 - 224.371. - 178.328 55.071 
BOO 3i.c210 53 .. 280 35c30u 14 c 336 - 223 .. 1J31 - 171~186 40.930 
900 32.240 57 .. 019 37.562 17.512 - 22.Ja1l4 - lb5.322 40.146 

1000 33.210 60.,,60 39.682 20.184 - 2;(.2.321 - lSS.Oil42 H.1.H 

Dec. 31. 1975 

BARIUM DIH'fDROXIDE, ALPHA (a-Ba(OH)2) (CRYSTAL) GFW " 171.351.i8 

llHfO :: unknown BAH 202 

5 298 . 15 (25.6 21gibbs/mol tiHf298.15 _226.17.t 1.5 kcal/rnol 

TIl! :: 681.15 1 K aHrn~=4.00 0.30 keal/mol 

Tt 521 2 K (~-a) lIHt C Unknown 

Hea t of Forma t ion 

The adopted OHf 29S =-226.17t1.5 Jcc"l/rnol is obtained from the heat of formation of the liquid (1) minus the heat of 

melting .,nd the enthalpy diff~t'ence of the" liquid and the crystal between 'the melting point .,no 298.15 K. Using auxiliary 

d.,ta (P, our second and third Idw analysis of the dissociation pressur-e equa'tion of Kondakov e·t 301. (~) for the react:ion 

Ba(OHl 2 (c)::BaO(c)+H20(g) is given below. 

Temp. Rdnge K 

559-682 

.1Hr298 , kcal/mol 

2nd Law 3rd Law 

Drift" 

gibbs/mol 

1<6.4 3S.04:t1.53 -13.5.!;Q,2 

lIHfi9SCSa(OH)2' c)* 

kcal/mol 

-226 .84~? 

"'lIHfi98 is calculated from the "thirrl law value for .1Hr 298 . 

While this is/in good agreement: with the adopted va.lue, there is an inconsistency in the measurements of Kondakoll et al. (1) 

for the crystal and th~ liquid and the adopted heat of nel'ting. The liquid state dissociation pressures are in good agreement 

with ot:her measurements (see the Ba(OH)2(t) table '1») and are judged more relie.ble than the solid state measurements. The 

adopted value for the alpha crystal is also in good agreement with -225.8 kcal from another recent evaluation (~). 

Heat CapA6ity and Entropy 

The heat capacities at 298.15 K and above are derived from the drop-ice-calorimet.er enthalpy measurements of Powers and 

Blalock (1. l/25-t>81 K) cOl"l'lDined with a graphical comparison of the he..,.t capacitie.s of Mg(OH)2{c) and Ca.(OlD 2(cH.!>. From the 

information referenced in the Transition Data Section below, it is concluded that the a-form is maintained on cooling to 

273.15 K. This JANAF Table is os single-phase alpha-crystal tahle. 

The cldop'ted entropy, S298 = {25.6.!2J gibbs/mel, is c<!Ilculated from Kelleyis additive entropy constants for cations and 

anions (~), 

Melting Data 

Seward (~) determined a melting point of 408:!:1 DC and a cryoscopic heat of fusion of 34Q0:t100 cal/mol. Powers and 

Blalock <.~.> chose a melting point of 395~C where they ·found 6H.m '" 24 cal/g (4113 cal/mol) by drop calorimetry. However, their 

enthalpy measurements show <1 possible melting range of 395 to 421 8C. {At the adopted temperature of melting, ~OB8CI our 

smoothing of Powers and Blalock's experimenta.l en'thalpies (~) leads to lIfim = 11051 cal/mol}. Kondakov et al. observed barium 

dihydl'o~ide to mel1: at 692 K (ca, 409 D C) while investigating the dissociation pressures of the crystal and liquid states. 

Michaud <l.!) 'determined a melting point of 140BH~C and A cryoscopic heat of fusion of 37201.:200 cal/mol <.!p. From a consider

ation of all of these data a melting point of 6aLISH K (40Bt1 8 C) and A heat of fusion of 1I000t300 cal/mol are adopted. 

Transition Data 

Hichaud has observed a ~ to a crystal transition, on heating anhydrous barium dihydroxide, at 2S0°C (1) and at: 246°C 

<.~) by both thermal and dilatometric techniques. In the absence of water vapor I the high "temperature a-form is maintained on 

cooling to room temperature (1). This "metas"table" state has been confirmed by others (~, lQ), and x-ray diffraction and infra

red absorption studies t"urthe:r establish the eltistence of two crystalline forms (~. lQ>. This present JANAF Table considers 

only the a-form. A transition 'temperature of 521t2 )( (248:t2 f1 C) is adopted, 

~ 
1. JANAf Thermochemical Tables: Ba(OH)2(£)' 12-31-75; BaO(c). 6_30_74j H20{g). 3-31_61j Hg(OH)2(c.)~ 12-31-75; Ca(OH)2(c)' 

12_31_75. 

2. 9. V. Kondakov, P. V. Kovtunenko, and A. A. Sundell Zh. fiz. Khic. ll, 190 (1964), 

3. W. D. Powers and G. C. Blalock, U. S'. Atomic Energy Coram .• ORNL-155J(19511). 

II. U.S. Nat!. Bur. Std. Tech. Note 270-6, 1971: 

5, K, K. Kelley in Chap. 13, D. R. Stull and H, Pl'ophet, "The Characterization of High Temper~ture Vapors," J. L. Hargrave, 

Ed., John Wiley and Sons, New 'fork. 1967, 

6. R. P. Seward, J. AJJJ.. Chern. Soc. §I, 1189 (l9l.1S). 
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BARIUM DIHYDROXIDE (BA(OH)2) 

(LIQUID) GFW~171,3548 

~---glbbsl_I---~ ______ ~m~------~ 

T."K 
a 

100 
zoo 
Z9b 

'00 
400 
'00 

CpO 

2-'1.290 

2"".330 
26 .. 920 
:n~ 100 

so -(Go-Ho ... )" 

2<;1."83 

29 9 634 
31.Q28 
43.199 

29.483 

29~ ¥s .. 
30 ..... 7 .. 
32c 4 51 

HO-8°3$lll 4Uf" 

.000 - 223 c 2cO 

~04.5 

.2 ~622 
5~b 14 

- 223~2!'>3 
- 222~d03 
- 222.093 

&Gf' 

- 203 ~6d3 

- 203.562 
- 197.0b4 
- 190~69b 

~§g ---- ~{-:+g-~ ----~~:~~ ~ ----~-;-: -!-~-~-- ----d: f1~-- --:- -~-}~ ;~~~ -- -~ -{{~-:~-~{-
aoo 33.700 59 .. bJa 39.908 15.1dlo - .ll9 s "?3 - 112:e51S 
qOO 33.700 63 .. 008 "'2,,325 19.15.. - 21$.562 - Ib6~699 

1000 33.700 67 .. 158 44 .. 634 2l.!l24 - in .. o7l - liJlO .. 984 

BAH 2 0Z 

!no Kp 

li-;9.301o 

l'r8~.294 

101 .. 07u 
tH.35:1 

61.201 
--55;?!l 

47.12':11 
40.480 
35~la3 

1100 33.700 70.370 46cB3Q 25 .. 894 - 2U1.BOO - L5~hlb2 30.826 
lZOO :n.l00 13.303 "S e 91b Z9~lo40 - ZHla002 - 149~411 27.2.lZ 

~-~~~ --- -~ t{~~- ----fj~~~~- ---~~~~~~- --- --~~~~~!---~- ~-~-!-:-i-~~- --~- a~:: i~~------}ti~~ 
1500 33~700 50~8Z'3 54.573 39$314 - 21S~59ob - 13.2~542 19.)J..l 

1600 33.700 d2.9q8 5i&eZS2 42~744 - 21'". .. 807 - 127.033 17.3;)': 
1100 33.700 85_041 Ste9lS 46.114 - 21 .... 0ld - 121 .. 569 15.b.29 
18"00 33~ 100 8b~9b7 59 .. 416 49.4S4 - 213.2&7 - llOe 153 14 • .l.OJ 
1900 33.100 SIl.7eQ 60 .. 971 52.1354 - UZ.528 - 110.718 12. HZ 
2000 33.700 90.HT t>2.405 5b.224 - 211.81.5 - 105.443 Ll.52Z 

Dec. 31, 1975 

BARIUM DIHYDROXIDE (Sa (OM) 2) 

5298.15 ';" [29. '-'53 J gibbs/mol 

Tro = 6B1.15 !: 1 K 

Td = 1325 K 

Hea't of formation 

(LIQUID) GF'W = 171.351+8 BAH202 

1l.l!fi9a.15 -223.26 t 1.0 kca1/mo1 

ll.Hm° ':: 1.1.00 f 0.30 kcal/mol 

The adopted lIHf
298 

" _223.26!l.O kcal/mol is the ave('age of values derived from the third law analysis of dissociation 

pl'essu1'e meHsurernents of Tamaru and Shiomi <]) and of Kondakov et aI, (1). Auxiliary data used in the analysis are from the 

JANAf Thermochemical Tables (~), Johnston (~) has also determined pressures for the dissociation reaction Ba (OH) 2 (t) 

BaO(d + H
2
0(g). 

t.P.r O 

No. of Temperature '" Investigator Points Range. K 2nd Law 

Tamaru and Shiomi (]) 788-1018 32.1 

Kondakov et a1. (1) Equation 682-993 314 .0 

Johnston (~) 11 918-1263 34,11 

·nHf
299 

is calculated from the third law value fot" c.Hr 298 . 

kqal/mol 

3rd Law 

31.1.5S'±O.t<8 

34,37 .!:O. 21 

33, 86~O.3B 

Drift 
gibbs/mol 

2 .BfO. 5 

0.4 

-0. S:!:O. 5 

ilHf
29S

(O" 

kcal/mol 

-223.35t1 

-223.17 to. 7 

-222 .66.!:0. 9 

The heat of formation derived from Johnston' s measurements is in good i!l;greement with the adopted value but is not: averaged 

in because} as indicated by Kondakov et: al. (~), the measurement:s aY'e believed less accurate. 

Heat capacity and Entropy 

Cp~ is bl.'lsed on the enthalpy meaSUl.'"'ements of Powers and Blalock (~) and is assumed constant: at 33.7 gibbs/mol 

the range of 450 to 1600 K. A glass transition is assumed at 1450 J( beloW' which Cp~ is that of the alpha crys'tJil. The 

entropy at 29B.15 K is derived from the value adopt:cd for the alpha crystal. 

Decomposition Da.ta 

Td ;- 1325 K:is calculated as the temperature at which L\GI"~ :: 0 foT' the reaction BaCOH)2{t) BaO(c) + H20{g). Auxiliary 

da.ta used in the calculations are from the JA.."lAF Thermochemical Tables (~.>. 

References 

1. S. Tamaru and K. Shiomi, Z. physik. Chem. Al71, 221 (1935). 

2. B. V. Kondakov, P. V. Kovtunenko, and A. A. Bundel, Zh. fiz. Khim. l!. 190 096~). 

3. JANAF Thermochemical Tables: BaO(c), 6-30-7I4j H
2
0(g), 3-31-61. 

14. J. Johnston! Z. physik. Chem. §1. 330 (1908), 

&, w. D, Powers and G. C. Blalock, U. S. Atomic Energy Corom., ORNL-1653 (1954). 

BAH Z02 

c... 
l> 

~ 
"l1'li 

-1 
J: 
m 
lIIlI 

3: o 
n 
J: 
m 

~ 
n 
)0 ... 
;: 
a:I ... 
~ 
-0 ..... 
CIO 

c.n 
c: 
"V 
"V ... 
m 
3: 
m 
Z 
-1 

CIO 
UI 
W 



~ .., 
~ 
~ 

9 BARIUM DIHYDROXIDE (BA(OH)2) 

... 
( IDE A L GAS) GFW=171.3548 

~ 
:lit 
III 
::" gibbsJmol---- kt3lJmol a 

J T. "K Cpo 6~ -(Go-H"BII)!f W-H~D8 6HI" AGr' 

G .000 .000 IfIIF lNl TE - 3.9b/) 141.907 - 1f.t7.967 
100 10.839 ::'9.)33 89.662 - 3.033 - 11.06.893 - 147.433 

~ 
200 15.14 .. 6d.402 16.879 - 1.695 - 149 .. 40.2 - 145.72.7 
29B 18.464 15~2b3 75.263 .000 - 149.752 - 143.1:10.'.5 

:"I 300 la.~~tl 15.376 75.264 .034 - 149.756 - 1 ... ].768 
400 19.609 8J.901 16.00d 1.9'S7 - l"t9.960 - 141.169 

Z 500 20.50b 8S.403 71.451 3.970 - 150.283 - 139.601 

~ 
ouO e..u5C 

~ 
20.938 89.182 79.099 - 1'.:.0 .. 769 - 137.521 

100 2l.lb 1 92.435 BO.778 8.100 151 .. ,,)51 - D5."n - sao Zl.~44 95.293 82.417 10.301 - 151.4 ... d - D3.0l .. 

-0 900 21.314 97.846 83.992 12.469 - 151.739 - 130.691 .... 1:)00 22.079 10;)0158 85.495 14.6603 - 1524024 - 12d.336 

Qo 
1100 22.B8 IJ2.,nS 86.9l5 10.884 - 154.30.2. - 12~~ 7~9 

1200 22.58':1 104.229 131;;.261 19.131 15 .. ~ b2 7 - 1.23.149 
1300 22.1327 1060.047 89.584 21 .... 02 - 1:>4.923 - 120.513 
1'000 23.051 107.747 90.621 23.696 - 155.195 - 111.B51 
1500 23.259 109.344 92.003 20.011 - 155.451 - 115 .. 1l;l0 

1600 23 ... 52 110.852 93.1;,5 28.341 - 155.b9{) - H2.4!:!9 
L 700 l3.6Z9 !lZ.279 94.219 30.701 - 15,.933 - 109.779 
1800 23.790 113.634 9?2bO .:H.012 - 150.171 - 101.05!;1 
1900 23.936 114.924 90.262 35.459 - 150.415 - L04.3a 
2000 24.013 1160156 97.226 37.859 - 151:..67.2 - lOle~76 

2100 24.195 117.B3 9(1.155 40.273 - 156.94~ -id~bl.3 

2200 24.307 llt3.461 99.053 42.698 - 190.597 - 94.812 
2300 24 ... 09 119.544 99.921 45.134 190.72.7 - 90.455 
2400 ~4. 502 lZ.J.5E:l5 100.760 47.580 190.918 - 86.090 
2500 24.:"87 121.587 101.573 50.03'. 191.111 - IH.121 

2000 248b64 122.553 102.362 52.497 - 191.4t11 - 17 .334 
2100 24.736 123.48') 103.127 54.961 - 191.d51 - 72.937 
2t100 24.601 124. 38~ 103.870 5,.,,44 - 19~.27"" - bd.5.o::7 
2900 2 .... tl01 125.257 104.593 59.927 - 192.758 - 1:>4.095 
3000 24.·ne:. 126.101 10'5.295 62.416 193 • .281 - !)9.6S1 

:'100 24.96-' 126.919 105.9130 04.910 1"1:J.d:'9 - 5~.1b8 

3200 75.014 12'. llZ 106.60;.1 67.40'-1 - 194.411 - 50.706 
3"300 25.057 12d.4a2 107.297 69.912 - 195~ 110 - 46.203-
3 .. 00 25.097 129 •• Dl 107 ~931 12.420 - 195~790 - 41.od2 
3500 25 ol35 12<;.959 108.550 74.932 - 191.>.467 - 37.139 

3600 25.169 130.(;.08 109.155 77.447 - 197.202 - 32.514 
370'0 25.201 13l.358 1U9.145 79.966 - 191.934 - 2:7.'h1 
3600 25.231 132..03U 110.323 82.481 - 19d.e.70 - 2j.3e7 
3900 25.259 132. bS6 110.88S 85.012 - 199~ .. 25 - 1 d. 1t:J7 
4000 25.285 1330326 1118441 87.539 - lOO.180 - 1 .... 125 

4100 25.310 133.950 lll.9H2 90.069 - .WO.9.lb <;1.4(:''0 
4200 25.333 134.561 lJ..2.513 92.601 - 20i~b93 4.1t:!4 
4300 2').354 135.157 113.032 .,5.135 - 202.449 .086 
<0400 25.314 13S.740 113.542 91.612 - 203.2,)1 4.1';>20 -
4500 25.393 136e 311 11".042 100.210 - 20.30952 9.357 -
4600 25.411 136.809 114.532 102.750 - .204~697 14.112 -
4700 25.42d 137.'015 115. 013 105.292 - 20, .43~ 18.tl70 -
4800 25 c 443 137§951 115.4S!> 1 Ol~ 1330 - .lub.174 23.656 -
,,'lOa 25 4451:1 l38.476 115.949 110.381 - 2.0b.905 2d.44td -
5000 2:).472 138.990 116.405 112.927 - 207.632 33.2 5~ -
5100 25.41:16 139.'+95 116.653 115.475 - 20Q~354 3d.Obo -
5200 25.498 139.990 117.293 llti.025 - 209Qub'i 4.2.9<.0 -
5300 25.510 140.<;76 111~7Zb 120.575 - 209.7tH 47.181 -
5400 25.522 140.953 118.151 123.127 - 210.48!:) 52.03 .. -
5500 25.532 1.41.421 118.570 125.679 - 2li.191 57.::.2.3 -

%00 25.543 141.~dl lla.9t12 U6.2J3 - 2).1.892 62.410 -
5700 25. 5~2 142.333 119.3tld 130.788 - £12.568 07.)1:' -
5800 25.562 1"<2.778 119.787 1.l}.343 - .<::13 • .2(12 72.l:J5 -
5900 25.570 143.215 120.11:11 13:.:..900 - 213.972 77 .16.2 -
6000 2').519 143.645 120.5613 138.458 - 214.058 32.10.1 -

Dec. 31, 1975 

BAH 2 0Z 

""" K. 
I~FINrH: 

322..lJ.~ 
159.243 
lOS.42b 

1;) ... 149 
11.459 
61.051 

50.092 
.. Z.,lltl,) 
36.336 
31.730 
id .. 04B 

2"".980 
2?.'tlo 
20.2:00 
18.:;90 
16.702 

15.365 
l ... !lJ 
12.999 
12.000 
11.1JO 

lO • .:!tf.4 
9.419 
9.595 
7.d40 
fel 44 

0.5<)1 
5.904 
5.34~ 

4.030 
.. .346 

.).1:191 
3.~b-' 
3 .. )::>u 
;: .079 
2.319 

1 ~ 97 d 
1.6S} 
1.-J4~ 

1.052 
.712 

.5;)4 
~ Z4 .. 
.004 
.230 
.454 

~o7v 

.818 
1.077 
1.lo9 
1.454 

1.oJ2 
1.tlO:' 
1.'l10 
;: .130 
2.21.it> 

2.4';b 

2.5tH 
20.122 
~ .850 
/..991 

{IDEAL GAS} GFW :: 171.351.1.8 BARIUM DIHYDROXIDE (Ba (011) 2) 

PoinT; Group [C
2v 

1 

S298.H :: (75.3 .!. 3.0) gibbs/mol 

Gl"ound State Quantum Weight :: (11 

t.HfO:: _147.97 t 9.0 kC!al/mol BAH 2 O2 
6Hf298 .

1S
:: _11<9.7& ~ 9.0 kCil1/mol 

Vil:>rdtional Frequencies and Degeneracies 
-1 1 Bond Distances: Ba-O::: [2.34J A O-H '; [0.96] A 

(~i3]Tl) t3~5~j(2) 
[64)(1) [431](10) 

(390H1) 

Bond Angles: O-Bl!-O:: [95~1 B,,:,-O-H:: [180") a:: 2 -1173 5 
Product of the Moments of lnert~a: IAIB1C :: [6363.1658J x 10 g em 

Heat of forma .. tion 

The adopted 6Hf
29S

(Ba(OH)2,gJ :: -11.:9. 75t9.0 kcal/mol is derived from the Knudsen-cell mao;s-spectrometric equilibr'ium 

study of N€wbury (J). Tabulated below arc the re::;ults of a second and third laW' analysis of this study (lY, the Knudsen-cell 

mass-spectrometric work of Stafford and Berkowit:z (1), and the flame-spectral work of Cotton and Jenkins (§.l 

Rxn No. of Temp. lIHr298 , kcal/mol Drift llHf
29S

(g)b DOC 
0 

Invest i,,,g"--a-".occ" ___ _ No. Points Range. K 2nd Law 3rd Law gibbs/mal kcallmol kcal/mol 

Staffo::"d and Ber.kowitz(2) 
Newbury (1) -
Cotton lind Jenkino; (1) 

Reaction 1. BaQ(d .,. H20{g) 

~ 
41.1 a 

Ba(OH)2(g) 

1485-1727 '15.37:!:1. B 2 
}428_1899 39.0S!O.l7 
1~70-1800 23 .04±2. 98 

Reaction 2. Ba(g) 4- 2H
2

O(g) 

Two points rejected by a sta'tistical test. 

b • .o.Hf
298

(g) is Calculated from the third law !!Hr 298 using auxiliary data (.:!,.). 

DO is the dissociation ene:t:>gy for the r'eaction Bd.(OH)2(g) ::; Bd(g) 4- 20H(g) 

-6.7 tl. 7 _143.42t2.5 203.3 
O.O:!:O.l _11.19, 75:!:O. 7 209.6 
8. StO.O _153.96!:1I.0 213 .8 

Ba{OHl
2

(g) .f 2H(g) 

In addition to 'the three inves'tigations above
j 

dissocia'tion energies as defined in the "table above) havt! been de-

~ived from flame spectra by Ryabova and Gurvich (§.) and by Sugden and (f). Ryabova and Gurvich (~) believed the 

dominant reaction to be Ea(g) "'" H
2

Q{g) " HaOH(g) .. l1(g), but they also considered the possibility that the reaction Ba{g) 4-

2H
2
0([:) :: Ba{OH)2 ... 2H{g) was dominant and derived D~ :: 205<;20 kca1/mol. Sugden and Schofield (~) considered the dihydroxide 

to be "the dominant product and derived D~. :: 229!12 kcal/mol. Cotton and Jenkins (}) found both B,JOH and Ba(OH)2 to be 

present in significan't amounts in fuel-rich hydrogen-oxygen-nitro@;en flames and derived D~ -= 213;!:5 kcal/mol. Cotton and 

Jenkins C.~) l':'ecalcula'teo the work of Ryabovi:! and Gurvich (~) und of Sugden and Schofield (.£) considering both BaOH c1rld BaCO)-ll2 

"to be present and obtained I"ecalculated DO values of 20B and 71? kcal/mol, respectively. 

The third law analysis of the data of Cotton and Jenkins (~) a.bove combined wi'th current JM1P.F Thermochemical Table data 

(.:) ledds to D;':: 213.8 kcal/rnol which is 0.8 kcal/mol higher than t:he 213 kcal/mol derived by Cotton and Jenkins (~). 

App1yir,g this difference to the vdlues of Ryl!bov<i and Gurvich (2) and of Sugden and Schofield (§.) ... s recalculated by Cot'ton 

and Jenkins (1) gives DO :: 208.8 and 212.8 )ccal/mol, respectively . 

The dverage of the diO;SQciation energies from the f La.me-speCtr·d1 measurements (208 _ B, 212.8, .and 213.8) and the dis

sociation energy from the Knudsen-cell mass-spec'trorr,etric work of Stafford and Berkowi'tz (203. 3) is 209.7 kcal/rnol which 

happens to be in agre~ment with th~ 209.6 kcal/mol calculated from l-!ewbury's data. 

llHf
29S

(BaCOHJ
2

,g) = _149.75:9.0 kcal/mol is adopted bl:cause of the excellent agreement in the second a.nd third law 

hedts of re<l.ction from Newbury's d'3.1:a (J) and because of 'the larger uncertainty associa'ted with dissociation energies derived 

from flctme spectra. 
The heat of dissociation list~d by Jackson '(.§.) leads to tJ.Hf 298 (Ba(OH)2,g) = -151.22 koa1/mol. Another recent compilation 

(.!.Q) lists Mlf?9B :: -11.>0 keal/mol. 

Heat Capacity and Entropy 

The analogy between gctseous mono- and dihydro-xides ,Jnd gaseous mono- and di}!dlides, particularly the mono- ilnd di

fluorides, has been recognized '1" Z-~J. The O-Ba-O bond anglt: is .;!.ssumed to be the same as the F-Ba-f bond angle (~) j the 

8a-0-o4 bond anglt: is considered to be linear' as in BaOH(~). The Ba-O bond distance is estimated to be Slightly larger, 0.02 A, 

than t:he Ba-f dist.ance in BaF
2 

(.!) after noting the close simi.larity in the bond d:ist".nce of the alkali metal fluor:ides and 

hydroxides. The O-H bond distance is taken to be the same as in water <.~). 

The vibration.:;.l frequencies are assumed to be the samE: as in Bar2 (.!) <O-Ba-O symmetrical and asymmetrLcal stretch, 

and bend) and as in BaOH (~) (O-H stretch dnd Ba-O-H pend)_ The""three principal moments of inertia .9.!'e IA 29.7952 x 10-
39 

IS:; 17.7916 x 10- 39 , and IC:: 12.0036 x lO-39 g em 2 . 

Jackson (,2.) has used a different molecular confi£uration and different vibr<l.tional frequencies to estimate 5:298.15 = 
78.045 gibbs/mol. We assign an uncertainty of !3 gibbs/mol to the adopted entropy. 
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BERYLLIUM MONOBROMIDE (BEBR) 

(IDEAL GAS) GFW=88.91618 

~-----gibbsjmol---_ -kcal/mol 

T, 'K Cpo sO -(G~-w.,)rr H"'-H"_ IIMI" 
0 .000 .000 INfiNITE - 2.144 29.960 

100 6~ 966 4b.6QO 6le 180 - 1 ~449 30.H2 
lOO 7.280 51.589 55.29l .740 30.297 
2% 7.791 54.594 54.594 .000 28.107 

300 7 ~ 799 S4~642 54.594 .014 28.698 
400 BGi78 56.942 ~4.905 .6 L5 24.939 
500 8.4<?4 58.795 55. SOit 1.646 2' •• 825 

bUD 8.585 60.346 56.185 2.497 24.690 
700 6.6")1b 6l.678 56.871 3.361 24.536 
800 8.176 62..845 51.551 4.235 24.366 
900 8.S:)? b3.882 58.198 5.116 24.181 

1000 B.884 64.816 58.814 6.0D2 23.977 

1100 8.9U 6t5.664 59.399 6.892 23.753 
I ZOO a~954 b6.442 59.954 7.186 23.506 
1300 8.982 61.160 60.481 ij.683 23.238 
1400 9 .. 006 61.827 60.9S2 9.532 22.949 
1500 9.021 68~ 449 6\.459 L0 0loS4 22.636 

1600 9.047 69~ 032 &1.915 1l.HIB 19 .. 547 
1700 9.065 69.581 62.350 1...:: .. 293 19.301;. -
1800 9~ 083 70.100 tl2.7M 13 .. 201 19.058 -
1900 9.099 70.591 63.165 14.l10 i B.80S -
2000 9.114 71.058 b3.548 15.020 18. ~54 -

2100 9.129 n.503 b3.916 150933 t8.296 -
2200 ?H3 11.928 b4.211 .1.60846 Itl.034 -
2300 9.157 72..335 64.613 17.761 17.767 -
2400 9d70 72.725 64~943 t6.677 1 7 ~496 -
2500 9.1&3 B.lOO 65clbL 19.595 n.Z21 -
2bOO 9~ 196 13."-60 ('5.570 20.514 16.942 -
27QO 9~ 209 13~ 807 65.869 210434 16.659 -
2800 9~ 222 74.1.42 66.158 22.3'506 - 54 0 057 -
2900 9.235 74.466 be.439 Z3 .. 179 - 54.696 -
3000 9.2'-t8 74.1BO 66 .. 712 24.203 - 54.736 -
3100 9 .. 261 ;5.083 bo .. 917 25.128 - 54.711 -
3200 9 0275 75.3.77 b7.235 26.055 - 54.811 -
3300 9~288 75.663 67 .. 486 26.983 - H.&60 -
3400 9.302 15."940 67.131 21 .. 913 - 54.904 -
3500 9.H7 76 .. 210 67.'969 28.S44 - 54.950 -
3600 9.332 76~4H 6li.20l 29.776 - 5-'t.9QQ -
3700 9·.348 1b."f2.9 68 .. 429 :;0. HO - 55.051 -
3800 9 0304 76.978 68.650 31.6'.b - 55~ 1 01 -
3900 "'.381 77.222 6as 867 32.583 55.165 -
4000 9.400 7?s460 69.079 33.:'22 - 55.229 -
4100 9.419" 77~692 69~ 2 86 34 .. "tb3 - 55~2q1 -
4100 9.439 77.919 b9.489 35s40b - 55~3 70 -
4300 9.460 78.141 6'9.bS8 36.351 - 55 4 448 -
4400 9.482 78.359 69.882 37.298 - 55.532 -
.. 500 9.50b 78.573 70s073 38.247 - 0;.5.623 -

!-" 4600 9.530. 78.782 70.260 39.19q 55.720 -
;J 4700 q.556 78.<"<87 70.444 "00.153 - 55.824 -
'< 4800 9.5B4 79s188 70.624 4l .. 110 - 55.93b -
!" 4900 9.612 79.38b 70.80i. 42 .. 070 - 56 0054 -

5000 9.642 79.581 70.974 43.033 - 56.lBO n .... 5100 9.673 79.172 He 145 43~9qq - 5b~ 315 .. 
5200 9.706 J"i.900 71.313 44.968 - 56.456 liI 5300 9.10';.0 8Q~145 11 .. 471 45.940 - 56.601 

'" 
5 .. 00 '-1.775 80c328 71.640 46.91b - 56.765 

~ 
,500 9.IHl 80.507 71.799 41s895 - 56 0 932 

C 56Du 9.849 .!:IO.b85 n.956 48 .. 878 - 57 .. 107 

III 5700 9 0eS8 80 .. d59 12. III 49.865 - 57 .. 290 

.!i saao 90928 81.032 72.263 50.855 - 51,.41:11 
5900 9.970 81.202 12.413 51.850 - 57.080 

< 6000 10 .. 012 81.370 12056l 52. S49 - 57.B81 

?- Dec. 31, 1961; Sept:. 3D, 1951.4; June 3D, 1975 

.:"I 
Z 

" ~ -'" .... 
CO 

BEBR 

4GI" Log Kp 

29~ 960 INFINI H: 
26.299 - 57~47b 
2Z~2'7t - 24.336 
18.534 - l3~ 58 5 

18.47L - 13.456 
15.827 - 6.648 
13.562 - 5.ne 

11.322 - 4.124 
9.106 - 2.64'3 
0.912 - 1 .. 868 
4 .. 742 - 1 .. 152 
2.593 - ~5t.r7 

.41;,6 - ~O93 
1 ~b41 .<99 
J .. 725 ~426 
5.789 .. 904 
7. S32 1 ... 141 

9.173 l .. BS 
11.598 ! .1,.9l 
13 .. 409 1.1/:.28 
15.206 j .. 149 
16 .. 990 1.857 

18.761 l.'i52 
20.520 2.038 
22.264 2.116 
23~99B ZeUI5 
25.123 2 .. 249 

.21 .. 434 2.306 
29.136 2.358 
2Q .. 1l'9 2 .. 320 
.2.8.826 2.ll2 
27.934 2e035 

7.7 0 042 1 .. tJ06 
2be 144 1 .. 18b 
25 .. 248 1.672 
24.351 t.565 
23.453 1.464 

22.550 1.369 
21.bSQ 1.279 
20e llt6 1.193 
194838 le li2 
IB s 935 1.()35 

18.029 .961 
17 .. 118 .691 
16~ 203 .824 
1~ .. 290 .. 759 
14e375 .698 

13 .. 459 .639 
I.Z.539 .583 
1l.617 .529 
10 .. 691 .417 
9.761 .421 

8~ 834 .379 
7.905 ~ 3.32 
6 .. 961 .287 
bo031 ~244 
5.089 .<?:O2 

4.l45 .l62 
3.1<;lS .123 
2.241 .064 
.1..291 .()48 

.338 .012 

BERYLLIUM HONOBROMiDE (BeBr) 

G!'o'.lnd State Configuration 2E+ 

S298.15;; 54.6 :!: 0.1 gibbs/mol 

Heal: of Formc.tion 

we 

". 

(IDEAL GAS) 

Electronic Levels and. QUantum Weights 

State ~i~ Si 

X2 2:+ 

Al ~nl/2 26353.2 

A2 lnJ/2 26550.2 

B[ 2 l } t 27000] (2) 

C{2rrl [ 40000] [ oj 

7H.06 cm-1 
wcxe ::: 4.30 cm- l 

o:t ::: 1 

GF"'iJ = S8.91618 

riHfO :: 30.0 .t 10.0 kcalfmol 

[dUi98.1S;: 28.7 .!: 10.0 kcal/mol 

[0.62155] cm- 1 (Ic:: [0.005285] cm- l I'e "; [1.83) A 

BE B R 

No thcrmochemical measurenent of the heat of formation has been made. 'l'".r.e selected value. &if;(BeBr,z} :: 30.0 .t 10.0 

}ccal/mol, is obtair:ed from an analysis of spectroscopic data. The adopted values for the grou;"\d state vibrational constants 

give n; ::: 3.64 1 eli by a linear Birge-Sponer extrapola.tion (_~). Based on the ionicity correction developed by Hildenbrand (1.). 

t.his value adjusts to DO :: 3.27 2 eV (75.46 kcal/rnol) which is adopted. Mlf 298 corresponds to 28.7 kcal/mol. 

Ionic model calc.ulations (~, §.) and bond energy correlations <.§) have led to D; values of (in eV) 1.1 (~), 4.1 (~), I'lnd 

2.1 (~). The latter value which is based on a Rittner potential (1) is believed to represent: a minimum va.lue for D~. 

Additional support foI' the adopted value of .6Hf" is provided by a comparison of values for the ratio D29S{MX>/dHa2SS(M.X2) for 

the alkaline-earth halides <,,~L We find DigSCBeBr)/c.H.ai9S(BeBr2) ':: 0.!;1 which is quite consistent with values Of this ratio 

fa!' othel' alkaline-earth halides. 

Heat Capacity and Entropy 

We estilTlate re ("0 be 0.08 ; less than tha.t for BeBr 2 (~). This estimation is made based on the ohservation tl\.at the ratio 

l'e(HX)/re 01X<) is near' 0.96 for several alkaline-earth Mlides (~). The valUE!: of Be is calculated from I'e. The value of 

Cte is obtained from the other consta.nts by assuming a Morse potential function. The moment of inertia is 4.503!tXIO- 39 g cm 2 . 

The ground state vibrational constants are taken from the results of a recent vibl'ational analysis of the A2Il~X21: system 

by Reddy e't <1.1. (!). Other va.lues (~) for these constants are slightly different than ours, but we consider them to be less 

acclJrate. It should ~lso be noted that the values for wexe "tabulated by Rosen (~) for the ground and first excited states have 

been ina.dvertently reYersed. The electronic level for the A12rrl~2 state is al.so taken from Reddy et al. (!). The doublet 

splitting of this state is aSSumed to be 197 em-I as was observed in the emission spectrum of BeSr by Reddy and RaQ <l:.Q, l!). 
We also include", B21, level at 27000 cm-1 and 8. C2Il level at If 0000 ern-I. TheSe levels are es"timated by analogy with those for' 

Ca8r. SrBr, and BaBr (!). 
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BERYLLIUM DIB"OMIDE (BEBR2) BE BR 2 

(CRYSTAL) 6FW=158.82D18 

~---g;"""moJ -------kaal,lmol 

T, "K Cpo S" -(Go-H°:tll)ff HO-Mo ... AH!" 'Gf" Log Kp 

0 
100 
lOa 
298 15.1aO 24.000 24. 000 ~OOO - 85.000 - 80~ 026 5ge lOZ 

300 15G~HO 24.01:la 24.000 002<,1 - 65.011 - 80.bOO 58.117 
400 16.880 28.794 24.633 1.664 92.055 - 77~6b7 42.435 
sao 17.1;lSO 32~ 67'0 25.8M 3e<'t05 - 91.701 - 74.lLO 3.2.394 

600 18.550 35.996 21.283 5.2.28 - 'H.308 - 70 .. b28 25 .. 126 
700 19.050 38.tl95 28~73'i1 7.109 - 90.892 - 67~215 20.985 
800- --- 19:-44-0-- -- -';J:-~b5- --. 30:-J-7T------9;034-- -:'---9-0-.-';58 ~---=:- -t.3~81T - -. -Tf;4~b 
900 l'1.750 B.77) 3l.557 10.'994 - 90.013 60~564 14~707 

1000 20.020 45~tl6S 32.Bd5 12.982 - B9.565 - 57.315 12.520 

ltOO 20.270 47.76 , 34.1S4 14.997 - 89.116 - 54 .. 11Z 10.751 
1200 20.520 49.5bZ 35.365 l7.016 - 88.669 - 50.'950 9.279 
1300 20~710 5l~Z 14 36.521 19.101 - 8 1:1. 2Zl - 4 7~ 824 8.040 
1400 21.000 5.2 .. 7&2 31.626 2l.lS9 - 87.715 - 44 .. 134 6~983 

1500 21.2~O 54.219 38.685 23.)02 - 87.330 - 41.676 6.072 

Dec. 31. 1961; June 30) 1965; June 3D, 1975 

BERYLLIUM DIBROHTDt (BeBr 2 ' ( CRYS'l'AL) GfW = 158.82018 

Hf~ :; Unknown 

8298.15'" {24,Q:!:l.O) gibbs/mol 

Tm ::: 7811:15 K 

il.Hf 298 ,lS ::: (-8S.0-!3.0J kcal/rnol BE B R 2 
Mtm" ,. [2.3S:!:2.0] kcal/mol 

Ts :: 752 K' {to monorner} .Mfs298.15 = 30.2 ! 1.0 kc:alfmcl 

Hea~ __ '?t formation 

A direct measuremen't of the heat of formation has not been made. l\n est:i.ma te of uHf" is obtained by d method suggested 

by Vivian PaT'ker <}). Biltz and Messerknecht (1,' have me.asured t:he heats of sol1..ltion of BeCl 2(c) and BeBr2 {c) in aqueous 

Hel (18.69\). Samples (~) of 'the dihalide.s were prepared from reactions of BeO-C mixtures with the ha.logens at elevated 

ternyerdtures. }.o'e Clssume that: the two dihd.lides had simil.ar structures, i.e. a foN'll. lIHf 29S (BeB"2' in 18.7t Hel) is estimated 

as -1110.1 kc.,lImol by combining llH so1n of BeC1 2 (c) with tlHf 29S (Cl-BeC1 2 ,c) = -117.3~O.B kcalfmol (~) and twice the difference 

in llHf29B(HCloS,8H20} and llHfi9S (HBr os.aR 20) which is -21.2 kcal/mol (2.). The heat associated with the interchange of the 

aqueous anions is assumed to be negligible. Combination of the estimated value for lIHf 29S {BeBr2 • in lB.n He}) with OH so1n 
= _55.7 kcal/mol (3,) gives 6Hf 2sa (BeBr

2
,c) " _84.4 kcal/mol which is essentially the v",lue adopted by NBS (§.). Subsequent 

measurements by Biltz et a1. (2' in less concentra'ted HCl(1.4S\) solutions lead to 6Hf 298 equa.l to _85.6 kcal/mol by a 

similar route. We adopt an average value of -85.0 kcal/mol but et'lphasize thdl: the uncer-tainty in lIHf o is much gt'eater- than 

that indicated ( ..... 1.0 kcal/ll1.oU by the agI'eement of these two results. A combined total uncertainty of '!3.0 kcal/mol is 

believed to be more realistic, 

Heat Capacity and Entropy 

No low-temperature heat capacity OT' high-temperature enthdlpy measuremen'ts have been reported. We estimate CP298 ::: 15.78 

gibbs/mol from the reaction BeF2{c) -+ 2LiBr(c) " BeBI"?(c) + 2L'if(c) by assuming 6Cp· = D. Compar-ison of this value with Cpo 

data for a,p-BeCl;? (!:) suggests that our estimatE i.s reasonable. Cp" data above 298K are estimated graphically by comparison 

with those for cr, ~-BeC12 and MgC1 2 (:!.). 

Severa.l me'thods of es'timation predict that the value of 8i98 should lie near 21.i.O gibbs/mol. Applica.tion of the Berthe.lot 

principle (~) to the process Sr-Br 2(c) +- Be(c} = srCC) + BeBrl(e) and additive entropy constants (~) giVE!: values of 21.j,l and 

24.0 gibbs/rool , respectively. A graphical comparison of the standard entropies for other alk.aline-car'!:h dihalides (.::,) suggests 

values for S29a in, the range 23.5-24.5 gibbs/mol. Literat.ure estimates have included (in gibbsfmol) 29 {!.9.} and 22 (l!:). We 

adopt 5 298 :: 24.0:!l.O gibbs/mol. 

Mel~t!!~_~~-! 

The reported melting points for BeBr2 shoW an unusual amount of scatter. V<5.lues of TIn include 761 K (11), 763 K CQ). and 

779_781 K (~). Se.rnenenko and Naumova (~) reported encountering difficulties in handling BeBr, due to its hygroscopic 

nature and susceptibility to oxidation by tJ:'acc.s of oxygen. These factors could account for the discrepancies in the Tm. 

values. We: tentatively adopt the highest value of 7B1 K (~) bu't believe that nn is more unccr-tain ('\,15-) than the accuracy 

(t5·) claimed in their temperature measurements. 

A thermal analysis (~) of Be8r2 up to 'temper.,tures near the :nelting point showed no polymorphic modifications. Also, the 

interpretation of etectron-diffraction patterns fol" freshly sublimed BeBr2 indicated that it is :isostructural with t.he a form 

of BeC1 2 . Thus, we estimate ll.Hm° = 2.35!2.D kcal/mol from LlSm~ '; 3.0 sibbs/mol .... hich is calculated for a-BeCl 2 (~). 

Sublimation Data. 

ttHs 29B is obtained from an analysis of the sublimation pressures reported by Rahlfs and Fische'(' <]1). F\Jrther details 

of the analysis arE given on the gas-phase table. The value of Ts is the temperature at which ~G approaches zero for t.he 

process BeBr2 (c] '; BeBr2(g). Ts .has been measured as 7145 K (!1) , The good <!Iigrecment between the c~lculated dnd observed 

values of 1's is believed to indicat"e the ?resence of only small a,mcunts of dimer in the saturated vapor of BeBr2 near the 

melting point. However, this conflicts with other evidence which is discussed on 'the gas-phase table. Our results show 

that Ts< Tm which implies th4t the liquid phc!lse is thennodynamic~lly uns'table under ordinary condit-ions. 
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BERYLLIUM DIBROMIDE (BEBR2) BE B R 2 

(IDEAL GAS) GFW~168.82018 

-----gibbs/mol---~ kcal/mol~----

T. 'K Cpo S" -(Go-H"JIII)tr 11°_8"_ .tr.lU' 6.Gr" log Kp 
JM IN! rf 
121.209 

64.903 
';6.021 

o 
lOa 
200 
2.0 

300 
.00 
'00 

.'JOO 
9~661 

11 ~~o6 
12.742 

12~ 755 
n.340 
13.144 

bOO i't.023 
faa 14.218 
300---- 'l-lo"::r~fi 

900 14.4b1 
1000 l4.S3? 

tWO 
1200 
1300 
1400 
1500 

IbOO 
110Q 
1800 
1900 
2000 

noo 
2200 
2300 
Z400 
2500 

2600 
2100 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3000 
3100 
3300 
3900 
4000 

.... JOO 
4100 
4JOO 
4400 
4S00 

IobOO 
4100 
4t100 
4900 
5000 

5100 
5200 
5300 
5400 
5S00 

5600 
5100 
58LlO 
5900 
bOOO 

14.59(> 
14.<&43 
lolt.67'i 
14.709 
H.7J3 

14.753 
l4.769 
1 r,~ 784 
14.79b 
140800 

l4.f;a5 
!4.oZ3 
14. BZ9 
14.d3S 
14.841 

1 oIt. h45 
14.849 
l4.ti5) 
14.857 
H.8bD 

14~ 862 
14. AbS 
110.867 
14.669 
l4.all 

14.613 
14.815 
14.616 
14.87~ 

l't.879 

14.880 
14.88l 
14.882 
1,,*.663-
14.884 

L4.885 
14.8d6 
14.686 
14.867 
14.IHHI 

14.8138 
lihS89 
14.890 
14.890 
14.891 

14 ~ 8'ill 

.000 
52.99l 
0.;).522 
6';.439 

65.518 
69.272 
12.29'5 

INfINITE 
7b.09!l 
66.579 
65.439 

65.439 
05.947 
<:>6.924 

- J.()87 
- 2.310 

L.ZU 
.000 

.02'0 
1.330 
2. ()tl6 

- 51 ~:'60 
- 516461 
- 51 ~6 71 
- 54.800 

- 5 .... 816 
- 62.189 
- 62.2l0 

51 ~ 560 
- 55~461 
- 5q~394 

- 62e7B3 

- 62.832 
- 63.992 
- 64.440 

45.173 
34.964 
2:cs.Lb7 

14.827 bll.Olb 4.01'5 - 62:.261 - 64.880 Z3.633 
71.005 69.165 '5.487 - bl •. H4 - 65.313 20.3'12 

.. --7S:'91Y--" Yo-.-;rt;i -- ---- b: 911-" ------Ci.-f7~ - --:-- 65~-;i3-f-- ---17:959 
110.610 71 • .324 8.)58 - 62.449 - 66.154 Ib~Ob4 

a2.l3S 720330 9 0 80d - b£~539 - b6~5bO 14§541 

S3.~26 
84.196 
85.972 
1;:11.061 
88.071 

89.028 
d9.92J 
90.76S 
9i.567 
n.326 

93.0.)49 
93.738 
q4.)97 
95.029 
95.b34 

9b.216 
96.177 
c:!1.317 
'J7.338 
9B.342 

98.829 
99.301 
'19.759 

100.202 
lClO.b33 

101.052 
lOl."t60 
iCH.B57 
102.243 
102.620 

102.967 
103.346 
103.696 
lIH.038 
1Q4.373 

lOA. '100 
105.020 
105.333 
105.b40 
l05.Q,,*1 

106.236 
100.525 
l06.8.0<;1 
101.1.181 
107~360 

lOl~b28 
107.892 
108.151 
108.406-
108~656 

73.286 
14 .. l93 
75. 0~4 
7S.373 
76.653 

71.3'97 
780 lOB 
78~ 188 
79.4'+0 
80.065 

80.667 
81.2·45 
til.SO) 
a2~ 34 L 
82.861 

83.303 
IB.8S0 
84.3l1 
84 .. 118 
85~222 

8S.653 
B6.012 
d6~4ao 
86.an 
tn.264 

87.641 
d8~OO'il 

88.3b9 
88.11'9 
89.062 

89.397 
89 .. 72~ 
90.046 
90.360 
'>10.668 

90.969 
91.265 
'H.555 
'H.S39 
92.118 

920392 
92.661 
92.925 
<;I~. 185 
93.1,,40 

93.6'H 
'13.938 
94.181 
94.420 
94.655 

1l.2tt5 
12.717 
14.l93 
15.662 
11.135 

18.609 
ZOo aas 
21.5063 
23.04£ 
24.522 

20.003 
27 .. 485 
28.967 
30.450 
31.934 

33.419 
34~903 

36.388 
37.874 
39.360 

40.846 
42,))2 
43.819 
... 5.306 
40.79'3 

48.280 
49~ 167 
51.255 
52.143 
'54.230 

55.lI8 
57.206 
58.6~5 

60d 83 
6l.61l 

63. i60 
64.648 
660131 
67.625 
b9. L 14 

7a.bO) 
72.0<"12 
13.581 
75.070 
76.559 

7d.048 
79.537 
81.026 
82.515 
64.005 

- b2.b4S 
- b2c116 
- 62.92'9' 
- 63.102 
- 63.297 

- 66.271 
- bb.3Qe 
- 66.529 

66.665 
- 66.B07 

- 66.953 
- 67.!OS 
- 67.263 
- 67.426 
- 67.595 

- 67.768 
b7.947 

- 139.162 
- 139.Q99 
- 139~:H9 

- 138s'H12 
- 13/;1.926 
- l38.814 
- U8.825 

135.780 

- 138.740 
- 13B.104 
- 138 c b74 
- 138~649 

- 138Gb3Z 

- 138.621 
- 1..1'0.&11 
- 138.620 

138.633 
- 138 G b55 

- 138.686 
- 138.127 
- 136.779 
- 13S.tl4l 
- 13B~913 

- 138~998 

- 139.093 
- 1)9.201 
- 139.321 
- 139.453 

- 13Qs5'?8 
- 13q07~" 
- 139.924 
- HO.107 
- l40.301 

66.951 
- 67 a 3101 
- 67.111 
- !:Is.oeo 
- 6Sa430 

- b8.666 
- b3~ 832 

68_973 
69.103 

- 69.230 

- 69.341 
- 69 • .,.58 
- 69.559 
- 69. 6~4 
- 69.745 

69.826 
- 69.904 
- 68.664 

66.353 
- 63.847 

6 I ~343 
- 5tj~836 

- 56.336 
- B.837 
- 51.H8 

- 48.839 
46.344 

- 103.81og 
- 41 ~349 
- 3e w 859 

- 36.367 
- 33.812 
- 31.374 
- 28.880 
- 26.387 

23.892 
21.395 

- 16.900 
- lb.400 
- 13.898 

- 11.400 
8.900 
b~391 
3.aaa 
1.376 

1.134 -
3.652 -
6.113 -
8.689 -

lL206 -

Dec.· 31, 1961; June 3D, 1965; June 30, 1975 

13.303 
12~ 2b5 
11.3il4 
10.628 
9.910 

9§3S1 
8.849 
8.374 
7.949 
1.565 

1 ~21 7 
6.900 
6.610 
6.3403 
b .097 

~.a69 

5.bS8 
5.375 
5.000 
4.651 

4.325 
4.0UI 
3.731 
3 • .t,.6l 
3.206 

2.9b5 
2.13'1 
2.522 
2.31'7 
2.123 

.i..Q3Q 
1.703 
1.5",5 
l.434 
1.282 

1.135 
.995 
.501 
.131 
.601 

.489 

.374 
4264 
.157 
.055 

.044 
• !lra 
~2B 

~ 32 2 
.4Ud 

(IDEAL GAS) GFW:: 168.82018 BERYLLIUM DIBROMJ:DE (BeBr,,) 

Point Group D""h 

S29B.15:: 65.4 !: 0.5 gibbs/mol 

Ground S"t,J:te Quan"tum Weight::: (1] 

QHfO ::: l-S1.6:!:I..i.O} kedl/mol BE B R 2 
6fif;9B.1S :: (-S!l.8~4,OJ kc",l/mol 

Heat of formation 

Vibrational Frequencies and Degenerdcies 

-i 
~ 

(227) (1) 

no (2) 

1010 (U 

Bend Distance: Be-Br:: 1.91 ! 0.02 A 

Rotdt..ion<Jl Constant: Eo':: 0.02897 cm- l 
Bond Angle: Br-Be-Br :: 180 0 

Rahlfs and Fischer <1,) have T'eported meaSUrements of the sublimat.ion pressures (624-695 lO and va.po!' densitiet; (736-799 K) 

fOl" BeBr 2 • Both measuI'ements wer'e complici!IIted by significant Y't!action of the dibrornide with the qua!'tz apparatus. Assuming the 

reaction to be 2BeBr Z (c) + SiC2 (c) ::: SiBrl>(g) + 2BeO(c), Rahlfs and Fischer (.1) corrected their measured tot<tl pressure for 

the paI'tial pressure of the tetrabromide. ReSults of a second and third law analyses of their datd. at'E: tabulated below. 

MEASUREMENT No. Of Temp. Range uHs 298 , Kcallmol Drift .lHf;9a(BeBr
2

• g)d 

Sublimation Pr~ss\Jresa 

Vapor Densities~ 

Total Pressur-esC:: 

Points K 2nd Law ~ ~ Kcal/mol 

" 621.!-69S 

736-799 

31.0 30.2~O.1. 

23.9 33 .l.j!l. 0 

Pressures assigned to monomer. 

-l.OzO.S 

l2.4!9.0 

One point rejectEld due to failure of a statistiCdl test. 

Pressures corrected for dimeI'. 

-5l.j.8 

-51. 6 

d Third Law Values based on ('Hf 298 (BeBr
2

, c) .:: -95.0 !: 3.0 kcal/mol. 

The vapor density l1ledS1.H"ement:s (V predict about SOl dimerization at tempeT'atures near the melting point (Tm:: 781 K). 

This value appearS to be unusually high when compared with dirnerization data Which are available for BeC1
2

, HgBt'2' MgC1
2

, and. 

Mgf"2 (..?). Mass spectl'al studies of these alka.line-earth dihalides show the presence of only small am.ounts Cl-5:0 of dirr..er 

in the saturated va.pors up to temperatures near their ruelting points. EleC'I;ron-diffraction experimen1:s on BeBr
2 

vapor are 

also inconsistent with high concentrations of d.imer. It is quite like.ly that the monomer and dilJler pressures. rcpot'ted by 

Ra.hlE:; and Fischer (1) from their vapor density measurements are unreliable. Thus, we choose to adopt .l.Hf
298 

:: -54.S 

kcal/mol rather than 'the average value (-53.2 kcallmoll of these two results. The sublimation pressures <]) are assigned 

solely 'to the monomer p~nding resolution of the dimeri2:ation problem. Also, JHf- (g) is pldced in brackets to emphasize the 
uncertainties in .lHf· (c). 

Heat Capacity and En'tl'Opy 

Information a.vailable on the strllcture of BeBl'2 tend to indicate that the molecule is linear. Electron-diffraction 

patterns (1. !:'..) for BeB%'2 vapor have been successfully interpt'eted in terms of a linedr configuration. BUchler et a1. <.§), 

using elec'tr-ic quadruplE! deflec'tion of molecular beams to detect permanent dipole moments in molecules, have shown that for 

the gaseous alkaline-earth dihalides the linear· form is favored by a light meta.l-heavy halogen combination. The matt'ix

isolation spectI"um (~) of BeBrz shows the two infrared-active vibrations which would be expected for a linea.r molecule. We 

adopt the lineal:' configl..lration. The bond length is taken from the electron-diffraction studies of Akishin Cl, !!.). The 

:noment of iner'tia ioS 9. (; 803XIO- 38 g Cr:i
2 

The asynunetric stre tching (\13) and bending (\12) fr-equencies have been abs~I'ved in the Illdtri)(-isolation spectrum of 

BeBr 2 by Snelson (~). The adopted frequencies arc gds-phase values which were estimated by Snelson (§.) from 'the matrix 

data. The infra.red-inactive syometrical stretching frequency (VI) is calcula.ted from an es'timated force conStant by .a 

simple valt;;nce force field appt"'Qxirnation {l'. The stretching force constant (K::2.1l-30XJ.0 5 dyn't!s/cm) is assumed equal to th~t 
for Bear (1.). L.iterature estimates of VI include (in em-I) 230 (§" !!) dnd f09 (,2>. l'he gI'ound 5td'te qU<5nturrt ","",eight of one 

is assigned by analogy with BaCl
2 

(~). 

Brewer et al. CJU have tabula.ted free energy functions for BeBr? up to 1500 K. Their values are consistently lower 

thQn ours by o3.bol1t 2,5 gibbs/mol. These diffeT'ences ar-e due entirely to 'the higher bending f.":'equency (v
2 

:: I/.I)/) em-I) which 

was used by Brewer ct a1. <'V. This estimated value is now known to be incorr'ect. 

:R:ferenc..£..2. 

1. O. Rahlfs and W. fischer, Z. Anarg. Chern. 211, 349 (1933). 

2. JANAF Thermochemical Tables: Be 2 Cl .. (g), 0-30-65; Hg 2 Brl, (g). 6-30-7l.j; Mg
2

Cllj (g), 12-31.-69, Mg
2
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n BERYLLIUM MONOHYDROXIDE ( B E 0 H ) 
,... 

( IDE A L GAS) GFW=26.01958 .. 
? 
'" ~ gI."'-' _____ keallmol 

CI 
T. "K Cp" S" -(GO-H· ... )rr H"-W_ AHr ~G~ 

S. 0 .000 pODO INFINITE c 2.217 - 21 .. 160 - 27.160 

,!I 100 7 .. 004 41.565 57.386 - 1.562 - 21.201 - 28.0S6 
200 1.964 'tb.bSa 50.8ba .S.2 - 27 .. 249 - 28.9060, 

~ 
298 9 .. 159 50.007 50 .. 061 .000 - 27 .. 400 - 29.690 

:- 300 9.179 50.12-'!- 50.067 .017 - 27.403 - 29.104 

~ .... 400 10.113 52~899 50.439 .984 - 27 .. 576 - 30.-"5 
500 10.793 55.233 51.111 2 .. 031 - 27.749 - 31.142 

:z 
600 U.293 51.447 52.020 3.131 - 21 .. 91.3 - )1.805 

~ 100 llabl8 59.018 52.896 4.2.86 - 28 .. 0711) - 32.441 

~ '00 11.992 bO.599 53.161 5.470 - 28 .. 2:39 - 33.054 
900 I.2 .. ZbO 62.027 S4.b02 6.66) - 28.406 - :H .. 6"S 

00 
1000 12.4'i5 63.331 55.410 7.921 - '::8 .. 581 - 34.218 

.... llOO 12 .. 70b 64.532 Sb.18b 9.181 - 28~ 707 - )4.773 ao 
1200 12.890 b5~64b S6~928 10."'61 - .1:8 s 9b1 - 35.310 
1300 13 .. 0b7 66.68.5 57 ~639 11 .. 15'9 - 29.UU - 35.830 
140·00 13.221 67 .. 659 .58.320 13.074 - 29$412 - lb.333 
1500 13.361 6S.576 58.974 14.It03 - 29 .. 661 - 3b.819 

1600 13.486 69 .. 442 59.601 15.746 - 32 .. 685 - 37.209 
1700 13.599 70 .. 263 60.205 17.100 - 32 .. 858 7 37 ~480 
1600 13.701 7l~O44 60.785 18.465 - 33 .. 034 - 37.7504-
1900 13.79.2 71.181 61.34$ 19.840 - H~213 - 36.011 
2.000 13.875: 72.496 61.885 2l.ZZ3 - 33.395 - 38 .. 260 

2100 13.950 73.175 b2."06 22.614 - H .. 581 - 38 .. 498 
2200 14.017 B .. 82b 62.911 24.013 - H .. 773 - 38.728 
2300 11t.078 74 .. .;,.50 63.399 25.418 - 3l s 968 - 38.947 
2400 14.134- 75~05L 63.872 26.828 - 34~170 - 39.158 
2500 Lit.ld'" 75~b29 04.331 26.24'ot - 34 .. 380 - 39.365 

l600 14.230 7be 16b 6.;,..776 29.665 - 30\.593 - 39.557 
2100 14.212 76~724 65.209 31.0'110 - H~IH2 - 39.744 
l800 14.311 77 ~ 243 65.629 32.519 - 106 .. 0b8 38.816 
2<100 14.346 71 .. 146 66.039 33.952 - 106.048 - 36.411 
3000 14.379 78.233 66.431 35.:HiS - 106.033 - 34.012 

3100 14.408 18.105 06.B25- 36.8.28 - 10&.019 - 31.614-
3200 14.It36 79~ 163 67.204 38.270 - 106 .. 009 - 29.212 
3300 14.461 79.608 61.573 39.715 - 10thOO) - 26.812 
3400 14.485 ao.olto 67.933 41.162 - 106 .. 003 - 24.413 
3500 14.507 80.460 68.285 42.612 - 100.007 - 22.015 

3600 14 .. 528 80~a69 68.629 404.063 - 10b.017 - 19.612 
370D 1455-48 el~267 6B.965 45.517 - LOb~033 11 • .213 
3800 14.506 Bl.tl55 69.2944- 4b~973 - 106.056 - 1"1-.812 
3900 14.584 62.034 69.616 48.431 - 10b~085 - 12.409 
4000 14.601 82.403 69.931 49.890 106~IZ3 - 10.009 

4100 14.6J.7 82 .. 761t 70 .. 240 51.351 106 .. 169 7.607 
4200 14.633 83 .. 117 70.54.2 52.613 - 10b • .222 5.20.2 
4)00 14 .. 6q9 83.461 10 .. 838 54 .. 211 - lOb .28S 2.793 
4400 14.664 83.796 11.129 55.743 - 10t.h351 .. 381 
.. 500 14.678 84~12B 11.414 57.210 - lO6~439 2e021 

HOD 14.693 84 .. 4Sl 11.694 S8 .. 679 - 106.532 4.434 
4100 14 .. 708 84.761 11.969 bO.llt9 - 100 .. 635 6 .. 846 
4800 14 .. 122- 85.01b 72.239 bl.bZO - lOb .. 748 9 .. 263 
4900 11,..731 855380 72.504, b3~093 - 10b~a1Z: 11 .. 680 
5000 14.752 85~678 12.765 64.509 - 101 ... 008 14 .. 102 

5100 14.766 85~970 Hs021 66.0,,3 - 101.156 16 .. 52:8 
5200 14.182 a6~257 7:3.272 01.521 - 101.315 18.948 
5300 14 .. 797 8b.539 73~S20 6geOOO - 107.4Bb 21.38 .. 
5400 14.813 S6o.8lb 73.164- 70.480 - 107.669 23.812 
5500 loft.al8 6 7 ~ OB8 7At .. 003 71.9b2 - 107.864 2b .. 250 

5600 14.845 87.355 loft.2ltO 13.4'106 - 108~O72 2.8.689 
5700 14§661 81.018 7 .... 412 14.931 - 10a.291 31..1.35 
5800 14.818 87.876 74§ 701 70.418 - 108.522 33 .. 587 
5900 14.896 88.131 14.926 77.901 - 106e lb6 30 .. 035 
6000 14.913 lid.3el 75.148 19.391 - 109 .. 021 38 .. 1,.90 

Doc. 31. 1960; Sept.. 30, 1963; June 30, 1975; Dec. 31, 1975 

B E H 0 

WgK. 
!NFINITE 

61.31b 
H .. !>8~ 
21 .. 103 

.H.MO 
16 .. 6)5 
13.61.2 

11 .. 585 
10 .. ll8 

9 .. 030 
8 .. 170 
7 .... 18 

b.909 
b.43l 
0 .. 02"" 
5 .. 612 
5 .. 365 

5 .. 083 
4.819 
4 .. 584 
4 .. 372 
4 .. 181 

lteOO7 
3 .. 647 
3 .. 101 
3.566 
l .. lt41 

3.325 
3.211 
3.030 
2.74-4 
2.476 

2~219 

1.995 
1.716 
L,569 
1.375 

1 .. 191 
1.017 

etlS.? 
.69S 
.541 

.. 406 

.. 271 
~142 
~O19 

- .. 098 

- .211 
- .. 318 
- .422 
- ~ 52 1 
- .. 616 

- 6708 
- 6796 
- ..se2 
- .964 - 1.043 

- 1 ~ 1.20 
- 1.194 
- 1 .. 266 
- 1 ~335 
- 1.402 

BERYLLIUM HONOHYDROXIDE (BcOH) (IDEAL GAS) GFW -:; 26.01958 

Point Group [C=v] lIHf; = -27.2 10 kcullmol B E H 0 
5 Q

298 . .1.5 = [50.07~2] gibbs/mol 

Electronic Levels and Qua.ntum weights 
6HC 298.15 -27. ~ '! 10 kcal/mol 

Vibr.,.tional Frequencies and Degeneracies 
-1 

.!i~ &i 
o f2] 

[300001 [~] 

Bond Distance; 8e-O = (1.38] 

Bond A.1"lgle: Be-O-H. = (180)0 

Heat of Fc:::'mation 

-1 
~ 

[1266] (1) 
[606J (2) 

(3650) (1) 

O-H -:;·(0.96) A 0=1 

Rota·tional Constant: BO = [1.29312)CJll.- l 

The adopted f.,Hf 298 = -27.4ilO kcal/rr.ol, which corresponds to D~("Be-OH) ::: 113.9~10 kcal/rno1, ts de.rive.d from third law 

analysis of Knudsen-c~11 mass-spectrometric studies and Knudsen-cell weight-loss studies of several BeOH(g) producing reactions 

(.!-l). The results are tabu.lated below. The ed-rlie:::, Knudsen-cell mass-spectrometric measurement by Hildenbrand et al. (~) 

had indicated a minimum a.bsolute value for- lIHfi98(BeOH,g) of -2~1:l0 kcal/mol. 

!nves t igator 

lnami and Ju ()) 

Inami and Ju (~) 

Ko, GI'e.cinbaurn, 
and Far-ber (l) 

Reaction No. of 

Points 

Temp. -t,H1'296' 3r-d Law 

Range K kcal/mol 

2422-2485 9.73:!;O.93 

2422-2 1.85 O.82tO.59 

2472_2485 75.56:1:1.3 

21.121-2485 12.09:!:l.B 

]425_251B 22 .1l.!:2.1 

2107-2356 106.o1..tl.40 

Drift 

gibhs/mol 

-13 .Oi2.0 

6.21:5.5 

-5. hI' 

3.6i2S 

-21. 3.t8.6 

5.h!. 7 

(A) BeO(g)-+-OH(ghBeOH(g)"O{g) (D) Be
2

Q(g)-+-H(g):BeOH{g)-+-Be(g) 

(B) Be
2

0( g) ';'OH( g) = BeOH( g) "SeQ( g) CE) BeCl{ g) +Ol-i( g) :::BeOH( g) "Cl( g} 

(C) ~-BeO(C}-+-H(g)=BeOH(g} (f) Ct-BeO(c)-+-O.5H2(g)~BeOH(g) 

Auxiliary heats of formation used in the analysis are from curlent JANAr Tables (~). 

-l!Hf 298 
kcal/mol 

'17.2 

37.3 

16.1 

29.0 

27.1 

39.4 

The average t..Hf 29S CBeOH,g) from the tl.easut"'ements of Inami and Ju q, 1) is _27.l> kcallmol. The D29S {Be-OH) of 115 

keal/mol fl:'om t..Hf 298 of -27.4 kcal/mol appeaT's mO're reasonable than do D
29S

(Be-OH) of 127 kcal/mol from the llHf
29B 

of -39.4 

keel/mol, derived from Ko, Greenbaum, ar:d F!!rber (1) above. This is based on a compar:.son of the trends in DO values of the 

a.lkaline earth monofluorides and monochlorides .,.nd in the adopted DO values for the other alkalinec earth monohydroxides (.§.). 

The analogy between gas~ous rnonohydroxides a.nd monohalides, par'ticularly the monofll.lqrides. has already b~en recognized (E.-~). 

Accordingly, llHf 29S (BeOB,g)::-27,4.tlO kcal/mol is adopted. 

Heat Capacity and Entropy 

The molecular configuration is assumed to be linear in accordance with 'the prediction of Walsh <1.9) and the evidence 

that the gaseous alkali metal monohydroxides are linear (l1-ld). By analogy with Bet" I!lnd BeCl (~) the ground state is assumed 

to be 2 Z" and the first excited sta.te is estim~ted at 30000 em-I. " 

The Be-O bond distance is estimated to be slightly l.,.rger, 0.02 A, than the Be-F" bond distance (~.> after noting the close 

similiarity in bond distance of the alkali metal fluorides and hydrox.ides. 'I'he O-H bond distance is thCit in water (S). The 

moment of iner"tia is 2.1646XI0-39 g cm1 . -

The 8e-0 stretching frequency, 1266 crn- 1 , is es"timated to be tht:! same as the Be-F stretching frequency (~. ~). The O-H 

stretching frequency, 3650 ern- 1 , is estimated from the .... lkali metal hydroxides series. The bending frequency. 606 cm-1 , is 

est~"I!ated by assuming "that the ratio of the bending force constant to "the stretching force constant is 0.022, which is the 

average ratio found in the alkali metal monohydroxides by Acquista and Abramowitz (1. ~). 
The ent!'QPY in the pre~ent table is higher by 1.83 gibbs/mol at 29BK and 1. 76 gibbs/mol at 1000 K than that proposed by 

Jackson (~); the moment of inert:ia as calculated by Jackson (~) appears to be in er·ro:r. 

Rt'fel'~nces 

1. Y. H. loami and F. Ju, Philco-Ford Corp., Aet'onutron1.c Div., Report U_4307, Contract: F 01l611-68-C-0012, Feb. 1, 1968. 
2. Y. H. Inami and F. Ju, Philco-Fot'd Corp., AeI'onutl"'onic Div., Report U_4352, Conn'act r 061l11-68-C-0012, May 1,1968. 
3. H. C. Ka, M.A. Greenbau.m, and M. farber, J. Phys. Chern. 71, 1815 (1967). 

~85~3!Hi!~~~bI:n196~: :Po TheaI'd, [. Murad, and r. Ju, PhITco Corp., Aeronutronic Div., Report U-306S, Contract AF 04(611) 

5. ~~~~~, T~~~~~~~7m~~:~ , T~~~~~: 6:~6~~ 4 ; 9~~~; ~l i 2 ~;i: j~; . B!O~~;~~; C!~~( ~ ~: a~gO~~~~ ~ , ~~bH ~:~: g i 2 _.; ~=~ ~ ~"I ~~F~:~ ~(f ~~3 i=;~~63 ; 
6. ~~C~~g~~h;~~~~!; :fi~(l~ ~~3~~;~~r, J. Chern·. Phys. 31, S30 (1959). 
7. J. Berkowitz, D. J. Meschi, and N. A. Chupka, J. Chem. Phys. 33, 533 (1960). 
B. r. E. Stafford a.nd J. Berkowitz, J. Chern. Phys. !1O, 2963 (19S"G). 
9. D. D. Jackson, IAwrenCe Livermore l.dborator-y, UniV. of Calif., R~por't UCRL-51137, Contract No. W-7!10S-:Eng.~48, Dec. 8, 197} 

10, A. D. Walsh, J. Chern. Soc. ~, 228B (1953). 
11. N. Acquista, S. Abramowitz, and R. Lide, J. Chern. ?hys. 49, 780 (lS68). 
12. R. L. KlJczkowski a.nd R. Lide, J. Chern. Phys. ~. 3131 (lSbS). 
13. f:. Acquista I1nd S. Abramowitz, U, S. Nat1. Bur. Std. Report 9905, July, 1968. 
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BERYLLIUM MONOHYDRaXlDE UNIPOSITIVE ION (BEOH+)BEHO+ 

(IDEAL GAS) GFW=25.01903 

_____ gihbs/mci_ kcai/mol----
T,""K CpO s· -(GO -W2Jl1I)rr HO-I£':J.H MIl" 6GI" l...og Kp 

0 
lOO 
200 
298 '9.l!"1 41$.711 4fj.1l1 .000 181.635 178.2bZ - 130~66<:i 

)00 9.201 48.7ce .. S.711 • Ol 7 UH~Ml 178.Hl - 129.848 
400 10.138 "J..551 .. '9.084 .987 181..966 177.058 - 96.740 
500 lO.8llo 53.890 49.818 2.036 1B2.291+ 175.1'H - 70.839 

,00 11.310 55.908 ~O.665 3.144 1620628 H4.lfo) 63.546 
100 lL.bn 51 • .081 51.546 4.294 18~.963 173.075 - 54.036 
'00 12.004 5?9263 52.41.4 5.430 163.299 111.638 46.tlt19 
900 L2.210 6Q.6'H 53.255 6.694 183.630 I1().J.62 - 41~3l1 

1000 12.50 .. 6l.99S 5""O~5 1 .. 933 lS3e953 1b8.649 - 36e858 

1100 12.713 6).200 %.842 9~ 194 184.204 167.103 - 3.:1.200 
1200 12..902 0.4.314 55.585 10.414 18'0.561 165.529 - 30.H7 
1300 1L012 65.354 56.297 1.l.713 1840845 1&3.932 - 27.559 
1400 13 • .226 66.32 s 56.979 13.038 16S.il2 162.313 - 25.3.38 
1"00 13.365 61.245 57.633 14.1018 IB5.3bO 160.67b - 2J."I0 

IbOO 13.490 6S..l12 55.261 IS.761 Hi2.a32 159..l00 - 21.1'32 
1100 13.602 68.933 58.865- 17.116 183.156 157.607 - 20.262 
1600 13.704 69.714 ~9.446 16.481 l£U.478 lSb.O>}') - 16.953 
1900 13.195 70.':"51 60.006 19.856 18.3. T9e. 154.565 - i 7. 719 
2000 13.617 71.167 60.5"'7 21.240 184.111 153.018 - lb~121 

2100 13.952 7l e S4 b 61.0;;'9 22~631 184~4l2 151 .. 450 - 15 .. 16.2 
2200 14.019 72.49b 01.5l4t 24~O30 IB'fe127 1"'t9.d7tl - !4e6S9 
noD 14.080 73.121. 02.062 25.435 185.029 148.289 - 14.091 
2400 14.1.35 -/3.121 62~53b 20~ 84to 185.324 146.688 - 13.35d 
2500 14.186 74~2 99 62.995 28~.262 185.612 1105.068 - 12.682 

2600 14.2)2 14.851 63.440 29 .. 683 lS~. 894 143.4",) - 12.057 
2100 14.273 7Se394 63.813 31 .. 1:)8 160.172. 1 .. 1 .. 805 - 11 ... 78 
2600 14.312 75.914 64.294 32.537 115.413 lH.264 - 11.026 
2900 14.347 76.417 64.703 33.910 115.930 142.101 - 10.7.t5 
3000 14.379 76.904 65.102 35.406 116.443 143.076 - 10.423 

3100 14.408 11.376 65.490 36.846 116.953 143.9,)2 - 10 .. 149 
3200 14.43f, 11. 834 65.8b9 38.28S 111.460 H4.818 - 9.891 
3300 14.461 78 0218 66.2.)8 39.733 1170963 145.665 - 9.641 
3400 14.484 78 ~ 710 66.599 41 .. 180 US~460 litb.49b - 9.417 
3500 14sS0S 1ge131 66.951 42 .. 629 118~953 147.312 - 9.1'i9 

3600 14.525 79.540 67.295 44.061 119~439 141l~ 11,9 - 8.992 
3700 14.544 79.938 61.6.31 45.535 119.919 148.90b - 8 ~ No 
)800 14.561 60.326 67.9bO 46.990 120.3':13 149.685 - l:I .. b09 
3900 14.577 50.104 &8.282 .,,5.447 120~a60 150.450 - 6.431 
4000 14.592 61.01 .. 66.597 49 .. 905 12.1.3i 7 151.200 - 8.2t:.l 

<0100 14.606 131 s434 b8~906 51~365 121. 76~ 151.940 - 8.099 
4200 14 .. 619 6l.1B6 69.206 52~ 82b 122.210 152.b72 - T.944 
4300 14.&32 8Z.130 69.505 54.289 122.643 153.396 - 7.796 

!-
4400 
4500 

110.&43 82.461 69.196 55.753 123.06b 154.104 - 7.6S4 
110.&54 8Z.796 10.061 51.218 12L",11 154.803 - 1.518 

"a ,.. 4600 110.664 63.118 70.301 58.684 123.819 155.496 - 7 .386 
'< 4700 
!" 4dOO 

14.074 83.43'0 10.6)0 60e15Q 124.270 15e:..1l9 - 7.2~2 
14.683 63.143 10.906 61.618 124 .. b50 15b~a5S - 1.142 

n 10900 ,.. 5000 
14.b91 64.046 71.171 63.087 125.0L8 157.511 - 7 ~Ol6 
14.69'i 84.342 71."'31 646556 125.374 158~ltn - 6~'i14 .. 

ii 5100 
5.200 

14.707 8.r,.6H H.bS1 66.027 125» 717 156.836 - 6.81,)1 
140714 84.919 71.939 67.498 126.049 !5g e 476 - 6.103 

:III 5300 

~ 5400 
5500 

14.121 6':>.200 12.186 b8 e 'HO 120.367 100.122 - 6.603 
14~ H7 850475 12.430 10.442 lle:..673 1bO.751 - 6.506 
14.733 85.745 12~bTO 71.915 1.2b .. 96S 161.380 - 6.413 

C 

J 5600 
5100 
5800 

14.73q S6.011 72.906 13.3SQ 121~245 lo2.00Z - 0.322 
11o~ 745 86.212. 13.136 74.663 127.512 162.623 - 6.235 
14~ 750 86.528 13.366 16.338 127 ~ 765 163.240 - 001.51 

< 5900 14.755 8b.780 13.592 77.813 128.005 163.Sftb - 6 .. 069 

2- 6000 14.160 !no02S 73.814 79.289 12:8.231 H>4~449 - 5.990 

.:"'I 
z June 30, 1968; Dee. 31, 1975 

? 
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BERYLLIUM HONOIWDROXIDE UNIPOSITIVE ION (BeOH+) (IDEAL GAS) 

Point GI'Oup (C"",,] 

529B.15 [48,7 1.5] gibbs/mol 

Ground State QuantUJ't', Weight [lJ 

Bond Distance: 8e-O::; [1.38J A 

'Bond Angle: Be-O-H [BOo 1 

Vibrational frequencies and Degeneracies 
-1 
~ 

O-H [0.96J A 

= 1 

Rotationdl COl1s'tant: Bo = [1.293'1] 

Heat of fo'('mat:.~~l}. 

Gf'..l' 26.01903 

lIi-lf~ ::; 180.39 12.0 kcal/mol BE H 0 + 

~Hf298.15 lB).63 12.0 kcallmol 

Using mass spectrometric techniques, Indmi and Ju (1) determined the appecll;!nCe potent:ial of BeOH(g) to be 9.0~O.5 ev 

(207.55:!:11.53 kca1/moU. In the same s'tudy, Porter (.?) was reported to have said thdt th~ appearl!nce potential of d. metal 

hydroxide is t!xpected to be about: the s~me as the corresponding fluoride. Ii, this case) the appearance potenti~l of BeF(g) 

is 9,1 ev (..!), which is within 0.1 ev of the vdlue foT' BeOH(g), It 1s also interesting to note that the ioniza.tion potential 

of Be(g} is 9.32 ev (~). 'h'e adopt the experimentally deterIT'ined appeaf'dDce potential of 9.0!:0.5 ~v which refers to the 

process BeOH{g) .. e- BeOH.j.(g) + 2e-. Using auxiliary data (ll, we calculate {lJ-lfo ::: 1aO,39~:2.0 kcal/mol fol' BeOH.j.(g). 

This leads 'to ClHf 298 :: 11l'1.63!:12.0 kCdllmol. 

Heat Capacity and Entropy 

The molt:cula.r configuration is assumed to be linear since e'Xpe~imental evidence indicates that: the gaseous alkali 

metal hydroxides aI'e linear In addition, Walsh (7) hdd predic'ted that BAH molecules (H:::hydrogen atom) with te.n 

or less valence electrons has 5 valence electrons) wi~l be linear in their ground ~tate. The molecule BeOH-+ is iso-

electronic wi l.h LiOH. 

The bond dissociation energy for BeOH+(D~ = 121.2 kcal/mol, l) for the process BeOH4- Cg ) :: Be.j,{g) OH(g) is fairly 

close to tndt for B€O!UD~ 113.9 kcallmol. ]). This suggests iJ similar bonding in these two molecl~Jes. dis-

tances .!Ire assum<2d 'to be the same as those adopted for BeOH(g,~). The momen"'t of inertia is 2.1GlJ5 x 10- 39 g The vibI'<l-

tiol1dl frequencies .;tl'e assumed 'to pe similar to those adopted for BeOH(g,l). The ground state quantum weigh"!: is o!ssurned 'to 

be the same as that of LiOH( g.}) . The ent:hal py change between 0 and 298.10 K is - 2.281 kcal/mol. 
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BERYLLIUM DIHYDROXIDE, ALPHA (a:-BE(OH)2) BEH2D2 

(CRYSTAL) GFW=43.02698 

_----g.i'bh!ofmoi---_ 

T. gK Cp~ S" -{G"-H"s..)(f 

o 
100 
200 
'98 15~ 703 12.800 11.800 

~ QQ ____ 1~ -,,1-33 _____ l.? d!:2 L ___ -+5:_8_0_0 __ 
400 19.814 184029 13»"'13 
500 22~226 22.12.0 14.Sb2 

.00 
700 
800 
900 

1000 

Z3~ 754 
2",.546 
25 .. 692 
26e386 
26 .. 985 

26.920 
30.bb7 
He042 
314109 
39.921 

1&.529 
18.286 
20.048 
21~ 716 
23 .. 452 

_____ kcalJmol ____ ~ 

HO-ff"ua "HI" 6Gi" ...... Kp 

.000 - l15_800 - 195 .. 0Z.l. 142 .. 951" 

__ ~Qgjl ___ .:-__ 2J_~'!..!!Q:! ___ :_ !~!.!!I!'}. ____ )_ ~t! 'H? 
1.823 - 215.85"" - 187.906 102.667 
3.932 - 215 .. 679 - 180 .. 936 79.081 

6.235 - 215 e 373 - 1,74.015 03 .. 385 
8.667 - 214.993 - 161 .. 150 52.181 

11.195 - 214.564 - 160.346 43 .. 605 
13.800 - 214~lO2 - 153.595 37.298 
16.469 - 213m61tl - 146.898 32..104 

Dec. 31. 1966; Dec. 31, 1975 

BERYLLIUM DIHYDROXIDI:, ALPHA (u-Be{OH)2) CRYSTAL GF'W ,. 43.02698 

t.HfO :; unknown B E H2 0 2 

S298.15 [12,8 2.0] gibbs/mol .1Hf;98.1S -215.8 0.5 kc<'!.l/mol 

Td (35'-'] K 

Heat of FOr'mation 

Bear' and Turnbull (],) measured 'the heat of solution of a-BeCOH)2 and Be in 22.6% Hf(l!Iq) at 2l·C. Combining these results, 

adjusting to 25·C, dod correcting for 'the small Hf concentration differences in the two systems, we calculat~ lIH1"298 :;" _79.]6 

kcal/mol for the reaction Se(c) -+ 2H
2

0CtJ ::. Be(OH)2{o,c) + H2(g). Using auxiliary data (1, ~), we derive 6Hf 298 :: _215.8 

kcal/ mol foI' u-Be(OH)2' Since this adopt"ed value is caloril:1etrically determined and based on well characterized samples, we 

assign an uncertainty of to.S kcal/mol. 

Parker (!!) recen'tly reviewed dato pel''taining to the heat of formation of the beryllium hydroxides. Her analyses weI'e in

tended to give additional support to the thermochemic~l val\les chosen for BeO(c), Our interprc'tation would differ slightly 

due to the fact 'th,,!'t our .oJ;[- value for BcOee) is different (by 0,3 kcal/mal at 299.15 K) from that adopted by Parker (.:). 

Discussed in her review were the heat of solution studies by Fricke and Wullhorst (2) (involving BeC and a.-Be(OH)2 in 11.59% 

HF] and Matignon and Marchal (§., ]) [amorphous Be(OH)2 in 30% HF). In addition there is also an cadier study by Mulert (~) 

involving amorphous Be.(OH)2 in 20% Hr. All these studies are in fair agreement with our adopted value for CHf 298 , These 

ldtter studies are 'thought to be less reliable, however, due to incomplete charact(!rization of the beryllium cOr:lpounds. 

Heat Capacity and Entropy 

The heat capacity is assumed 'to be identical to that of 'the ~-pha.se. The entr-opy difference be1:ween the c: and ~ phases 

may be obtained from the solubility data of Fricke .and HUml':le <.~). Both crystalline forms of Be(OH)2 were dissolved in va'l'ying 

concentrations of aqueous NaOH. By relating the quantities dissolved, we calculat.e (,G 303 :: -0.5 (~O.2) kcal/mol for the 

proceSs cr-Be(OH)2 :; !3-Be(OH'2' Using auxilicu'Y data (1), we find CS 303 ::- -O.B gibbs/mol, from which we calculate and adopt 

5
298 

:; 12,8 gibbs/mol for cr-Be{OH}Z' We assign an uncertainty of ~2 gibbs/mol to reflect the possible error in this calcu

lat.ion of l>SjOJ. 

Phase Data 

The structural information for u-Be(OH)l via X~ray techniques is not complete (1.. ~. 12, l!.). A tetragonal unit cell 

has been suggested by Guillemat and Lecocq (ll) without supporting cata. Bear and Turnbull (l). following this suggestion and 

using their x-ray da.ta, calcula"ted a crystal density which was consistent with the two experimentally deterlr.ined values of 

Fr-icke and Severin (11, helium densitometry and a pycnornetric method). This lends sl:pport to the premise th"t a-Be( OH):2 has 

a tetragonal unit cell. The alpha phase is metastable, 

Decomposition Data 

Td is calculated as the temperature at which l!Gro is zero for the reaction Be(OH)2{(1,c) BeO{u,d" H20(g). 
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BERYLLIUM DIHYDROXIDE, BETA (!l-BE(OHl 2 l BEH 2 0 2 
(CRYSTAL) GFW=43,02698 

Rlbbs'mo'---- ual,lmol 

T, 'K Cpo S" -(Go-Ho..drr HO-WJ:IIIIII ""i" J1Gf" lnoKp 

a 
100 
200 ,., 15 .. 703 12.000 12.000 .000 - 216.500 - 195~~83 143.293 

~QQ ____ l.~ .:01-8] _____ l{ ~Q~ 1 ____ 1~_· _0_0_0 ________ ! 9-?~ ___ .:-__ 2)_b_e_~ ~ ___ -: _ ~ ~ ~!' ~~ j. _____ t ~~!..!! ~ 
<tao 19.814 17.229 12.61) 1~B23 - 21b .. 50!>. - 188#286 l02~875 
500 22.22& 21.926 !.fto06Z 3.932 - 216.379 - 181.2.30 19 •. .21.8 

bOO 21.754 
100 2't.84tb 
800 25.692 
'00 Z6.3!H> 

1000 26.985 

26 .. 120 15.729 6.235 - 210.073 
Z9.867 17.oIf86 8.b67 - 215.693 
33.242 19.248 11.195 - liS.2M 
36.309 20.976 13.S00 - 214.802 
39.121 22.652 16.469 - 21'1-0318 

Dec. 31, 1960; Sli.pt. 3D, 196); Dec. 31, 1%6; 
Dec. 31, 1975 

- lH.;!35 63.465 
- 167.290 52.230 
- 160.406 43.821 
- 153.575 37.293 

146.798 32.083 

BERYLLIUM DIHYDROXIDE. BETA (~-Be(OH)2) ( CRYSTAL) GFW ::: l13.02698 

l'JHfO '" unknown BEH Z02 

5298.15 ::: Cl2.0 :!: 1.0) gibbs/mol jHf298.15 _215.5 0.5 kcal/mol 

Td (366] K 

Hedt of Formation 

Bear and Turnbull C.!) measured the hCl!lt of solution of ~-Be(OH)2 and Be in 22.6% HF(aq} at 215 C . Combining these results, 

ildjusting to 15°C, and correcting for the small !iF concentration differences in the t!.lO systems, we calculate 1I~Hri98 =- _79.89 

kcal/ttol for the re.!!ction Se(c) + 2H 20{O = Be(OH}2(~'c} -+ H,,(g). Using duxiliary dat.., (1.. 1), we derive nHf 298 -= -216.5 kc.all 

mol for ~-Be(OH)2' Since this ddopted value is calorimetricallY de'termined and based on well chaI"l!Icteriz.ed samples, we assign 

an uncertainty of 1:0. S kcal/mol. 

Parker (~) recently reviewed data per''t8ining ~o thEe heat of formation of the beryllium hydroxides. Her analyses were 

intended to give ~dditional support to the thermochemical values chosen for BeO(c). QUI" interpretation would differ slightly 

due to the fact that our lIHC value for BeQ(c) is different (by 0.3 kcal/mol at 298.15 K) from that adopted by Parker (~). Dis

cussed in her review were the heat of solution studies by Fricke and Wullhorst <.~) (involving SeQ and ~-Be{OH)2 in 11.59% HfJ 

and Ma:tignon and Marchal (2., J..J [amorphous BC(OH)2 in 30% HfJ. In addition thc::-e is also an earlier s'tudy by Mulert (!) in

volving amorphous Be(OH)2 'in 20% Hr. These lat'ter three studies are in fair agreement with our adopted value for OHf 298 but: 

are thought to be less reliable, however, due to incomplete characterization of the beryllium compounds. 

Fricke and Severin (~) and Baur and Lecocq <lQ) me<'!;sured the decomposition pressure of water vapor over p-Be(OH)2' 

Fricke and Severin (~), obser .... ed <'!I decol'.'lposition 'temperature of lOS~C at a pressure of 100 mm Hg while 84ur and Lecocq (l,Q) 

observed 223"C for the equilibrium with satu!'.ated water vapor at 210.2 atCi. We r-educe the Idtte.r data to a. standard sta"te 

value 6G~95 = -3028 cal/mol for the decompos'it:ion reaction BC(OH)2(~'c) -= BeO(a,c) + H20(gL The thiI"d law analyses for 

these two decomposition s'tudies are given below where 6!-if298 refers to the heat of formation of ~-Be{0!-n2' 

Source 

Fricke and Severin (~) 

gaur .5nd Lecocq (19) 

~ 

"8 
496 

method 

Kp 

Kp 

----kcal/mol----
lIHr298. uHf 298 

15. 27 ~-2l8. 5 

14.88 ::-218.1 

These values are within 2 kCdl/mol of our' adopted nHfi9a value. The difference may be due to the formation of metastable BeQ. 

Fricke and Severin (~) .reported t:hat BeQ had a distorted lattice which would suggest a 6Hf o value more positive than -1145.4 

kcal/mol. Thus, we conclude that these "two studies (~, lQ) are consistent with our adopted value but are not sufficiently 

definitive for further consideration. 

Heilt: Capacity and Entropy 

The heat capacity is estimated from that for Hg(OH}" by subtracting the v.!lues foI' HgO(c) and adding thOSe:! for BeO(n,cH3). 

The entropy is es'timated to be 5 298 = 12.0 gibbs/mol. This value is a compromise of values suggested by two different paths. 

Additive entropy constants of Kelley <'11) yield S298 ': 13.20 gibbs/mol whereas a comparison of €l!tropy differences fol' the 

alkali mfttal and alkaline earth chlorides and hydroxides suggest values in the range 10., to 1'1.10 gibbs/mol. Our adopted 

value is the same as that: selecte.d by NBS (~). 

Phase Data 

Bear and Turnbull (1:) and Seitz et al. (11), using x-l"ay powder teChniques, determined that fl-Be(OH)2 has an or'thohombic 

struc'ture, the t-Zn(OH)2 structure. The ~-5tructure is the stable crystalline form for Be(OH)2 where~s the a-structure is 

metastable. 

Decompos i t ion Da ta 

Td is calculated as the temperature at which llGr" is zero for the l'caction Be(Ori),< ~,c) 3eO(a,(':)" H20(g). 
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1I ( ! D E A L GAS) GFW=43.02698 

~ 
a ~----gibb$/mol-----_ ~----kcalJmol 

J T. oK Cpo ,~ -(Go-W'sss)rr H'-if"na 'Hf' 

< a .000 .000 I NF I Nl TE - l~OOB - 160.l'tl 
laO 1.7(:'0 43.980 66& 9bb - 2~l9B - IbO.894 

~ 200 H~ 75b 50~51a 57.180 - lcl3Z - 161.365 

."'1 
298 15~ 151 55.893 55~893 .000 - 161.700 

Z lOa 15c20a 55.987 55~893 ~O28 - 1(;,1.105 
'00 17c385 00.684 ~6.519 1 .. 466 - 161.911 

!> 500 18.791. 64.125 57.lbb 3e<tBO - 162.031 

Co> . 600 19.773 48.2103 59.225 5.411 162.097 
100 20.512. 11.348 60.740 7.42b - Ibl.U4 

>0 600 21 .. 112 74.128 62.242 9.506 - 162 .. 151 
"'I 900 21.626 16.6..,.5 63 .. 70S H.b"'b - 10,2.156 
0> 1000 22.080 78.9 ... 1 65 .. 116 13.631 - Ib2.l56 

1100 22.489 61.071 66.471 16 ~ ObO - 16Z.156 
1200 22'.85'9 83.044 67.171 1"5 .. 328 - 1b2 .. 159 
1300 23 .. 194 84.887 69.017 20 .. 631 162.169 
1400 2:3 .. 497 aj)~b11 70~213 22.966 - 162.168 
1500 ;;0 .. 770 88.248 71 ~3&2. 25 ~329 - 162.222 

1600 240017 899790 72 ~466 21~71<l - 1&5.0,,0 
1100 24.240 91.253 73.52l:l 30.132 - Iblt .. 975 
1800 24~441 92.644 74.552 3Z.~66 - 104.9(5 
1900 24~b2Z 93.9n 75.539 35.019 - IM.alb 
2000 24.785 95.238 76.493 37 .490 - 164.828 

2100 24.<133 96 .. 451 71.414 39.916 164.184 
2200 25.061 91 .. 614- 18.30b 42. .. 416 164.146 
231)0 25.188 '98.131 19.170 44.989 - 164 .. 1l1 
2400 25.2QS 99.805 80 .. 005 41.~H3 - 164.684 
2500 25.398 100.840 80.82.0 50.048 - 164 0 666 

2600 25.489 10l.!D8 81.6l0 52.592 - Ib ihQ52 
2700 25.572 102.901 82.317 55.146 - 164.b45 
28UO 25.648 l03 .. 133 a3~ 123 57.107 - 235.611 
2900 25.118 104.634 83.64"1 60.215 - Z3S~435 

3000 25.71H lO5~501 84.557 62.850 - 235.199 

3100 25.840 l06~ 353 65.246 65.431 - 234p96b 
3200 25~ 895 107.1H B'S-c'H9 68.018 - 234.739 
3300 25.945 lO1.972 66~575 10.610 - 234.519 
3400 25.')91 10a.747 87.216 73.201 23<t .. 3Q6 
3500 26.034 109 .. 501 61.842 15.808 - 234~lOO 

3600 26.073 110 ... US 88.454 76.413 233 .. 902 
3100 26.110 11 O~9,O 89.052 8L.023 - 233.113 
3800 26.145 111..047 89.638 83.6'35 233.533 
3900 2t.~171 112.326 90.211. 86.2.51 - 233 .. 362 
4001) 26.Z0b 112 .. 990 90~ 772 88.a71 - 233.201 

4100 26.234 113 .. 637 'iH.322 'H.~93 - 233.051 
4200 Z6~ 260 11 ... 270 91. B61 94.117 ,- 232..912 
4300 26.28S 114.6a8 'il2 .. 389 96.745 - l3Z.783 
4400 26.308 1l5.492 92.907 99.374 - 2:>2 .. 666 
4500 20.329 116.084 93.416 102.006 - 232 .. 565 

4bOO 26.349 11b .. 663 93.915 104.640 - 232~ir7 ... 
4700 26.368 111 .. 229 94.405 107~216 - 232~397 

41:100 26.3-66 117.185 94.696 109.914 - 232.,332 
4900 2b ~403 118 • .329 95.359 112a553 - HZ.lSI 
5000 26.419 lUo863 95.82,"- 115.194 - 232 .. 244 

5100 26.434 11'i1.3,86 9t..2S1 117.831 - 232~212 

5200 26~44q 11'1.899 96~ 730 120.481 - 232 .. 213 
5300 26~4.e.2 120 .. 403 97.172 123.121 - 232c219 
5400 26~415 120.898 91 .. 607 125~7H - 232.240 
5500 26.487 1210384 96.035 128 ... 22 - 232.275 

5&00 26 ... 9"1 121e 861 980456 131.071 - 232.327 
5700 Uh510 Il2..331 98~8H 133.722 - 232.391 
StlOO ~ba5l0 122.792 99 .. 279 136.373 - 232.472 
5900 26_530 123~245 99aQSl 139.02.6 - 232.567 
6000 26.540 123.691 100.018 141.679 - 232.617 

Dec. 31, 1960; Sept. 30, 1963; De.c. 31, 1966; 
Karch 31, 1967; Dec. 31, 1975 

BEH 2 02 

6Gf' 

- 160.1"'1 
- 158.701 
- 156.31.9 
- l53~ 169 

Lo& Kp 
INFINITE 
346.842 
170 .. 818 
112 .. 116 

- 153 .. 720 
- i51~02.5 

- 148.288 

- 145.532. 
- 142 0 708 
- 140.002 
- 137 c 231 
- 134~462 

- 131.692 
- 128.923 
- 126.153 
- 123.382 
- 120 .. 609 

- 111.756 
- 114.801 
- 111.852 
- 10li.904 
- lu5.96L 

- 103.018 
- 100.018 
- 97~139 
- 9"'.198 
- 91.2e.8 

- 88.3<::8 
- 85.393 
- 81.351 
- 75~839 

- 70~ 3ltZ 

- 64.854 
- 59.361 
- 53 .. 890 
- 48.422 
- 42.95111 

- 37 a 4'17 
- 32a045 
- 26. 59~ 
- 21 ~152 
- 15.715 

- lO~2a:z 
... ~849 

.. 583 -
(;>.005 -

11.427 -

16.853 -
22~270 -
Z7 .690 -
33 .. 103 -
38 .. 518 -

43.936 -
49sH4 -
54.769 -
60.175 -
65.,94 -

n.OOb -
76.426 -
61 s850 -
67.265 -
92.685 -

111 .. 985 
B2 .. ~jJ,6 
64.817 

53.010 
44.57'" 
38.2.47 
33.324 
29.387 

26.165 
23 .. 480 
2L.208 
19.261 
17.573 

1~.OS5 
14.759 
13.581 
12.521 
11.519 

10.721 
9.942 
'9.230 
8.518 
7.919 

7.425 
b.912 
bal50 
5~n5 

5.12 ... 

".512 
4.055 
3.569 
3.113 
2a682 

2.216 
1.893 
1.530 
1.185 

.859 

.548 

.252 
.030 
.. 298 
.555 

.801 
1.036 
1.261 
1 .. "'76 
l.b84 

1.883 
2s014 
2.258 
2.435 
2.606 

Z.711 
Z s 930 
JsQ8lt 
3.233 
3.376 

(IDEAL GAS) GFW :: 1<3.02698 BERYLLIUM DIHYDROXIDE (Be(OH}2) 

Point: Group'" [C""'h] 

S29S.15 :: [5&.89.! 3.0] gibbs/mol 

Ground State Qu~ntum Weight '" (l J 

~HfQ '" -160.1 ':!: 9,0 kc",1/rno1 BE H2 0 2 
lIHfi9B,IS '" -161.7 :t 9.0 kcal/mol 

Vibrational frequencies and Degeneracies Bend Distances: 8e-O:< [l.ll2] A O-H'" (O.96]A 0' '" 2 
-1 1 
~ ~ Bond Angles: Be-O-H ': (lBO"') O-Be-O '" [HOC] 

[570](1) (36S0J(2) 
[34SJ(2} (606)(4) 

Rot&tional Constant: 13
0 

'" [0.22198] cm- l 

(1530)(1) Heat of Forrna'tion 

The equilibrium reaction BeOCa,c) + H20(g) '" Re(OH)2Cg) h.!s been studied by several investigators (l-.§.>; all inferred 

that 3e(OH)2 was the major product, but there was no direct proof of this. A second and "thiT"1j law "nalysis is given below. 

tlHr 29S ' kcal/mol* drift: llHfi98'" 

~of pts. Range. K 

1338-1653 
1576_1839 
1472_1873 

2nd Law 3rod Law gibbs/mol kca1/mol 

S"tuart and Price (1) 
Young (:2) -
GrossweIner ;,.nd Seifert c.~.> 

Blauer et a1. (14) 
Brewer' and Elliott (5} 
!1orize et al. <.§) -

15** 
7 

24·· 
11 

eqn 

1673 
1567-1806 
1527_1583 

40.66:.tO.70 
42.25!1.1<6 
42.23!O.17 

1.11. 76.tO. 26 
I4l.S8!0.43 
112.(7!O.69 
41. 09!1.47 
35, :/?6.tO.82 
4'" .12!4 ,4 

37. 7 

*bHf298 is the heat of form6tion for Bc(OH)2(g) as derived from the third law llHr298' 

CHr 296 refers to the reaction BeOCu,c) + H
2

0Cg) " Be{OHJ
2

(g) 

*·One (or two) point{s) rejected due to a st:atistical test. 

O.7.tO.l,i 
-O.4!O.9 

Q.O.l:O.7 

-l.a!2.5 
-20.t1J4 

_6.9 

-161. 74 
-161.92 
v161. 23 
-161.81 
-168.21./ 
-159.38 
-165.80 

Three of these studies (.!-lJ were conductf!d under similar conditions. E.ach of these investig<'ltions (l-l) v8ried the' 

H20Cg) flow rate without a detectable change in Kp vdlues, However, one study (1) used a considerably larger flow rate than 

the atheY'S (;h. 1)· The r~aidence times in all cases were quite comparable, Bl<'!.uer et a1. <.::) studied the same system using 

mole-cul.!.r flow effusion teChniques. They C'epol'ted a larger varL~tion of Kp with surface c1rea, operated at: pressures near t:h~ 

upper lirni"ts of the molecular flow regime, and encountered unexpected variations of th~ blank experirnen'ts with sample size. 

Erewer and .Elliott <.?) also studied the same system but details of the sample eU:'e not avaiLable and tr,e results show consider

able drift. Baur and Lecocq (2) cited a study by Horize et al. (.§.). No details are given <'Ind the 'results "roe presented in 

equation form. It is p!'esu.~ed thd1: the results were obtained in the vicinity of 1673 K. 

We adopt uHf 298 = -161. 7 kcalfmol for Be(OHJ 2 (g) which is an average value of three studies (l-~J. We dssign dn uncer

tainty of .t9.0 kcal/mol. The rem.ainine studies are in reasonable ~gI'eement with our a.dopted value (an.d its uncertainty). 

As is suggested by Blau~r et .11. (~)t the '!"esults of the transpiT'inion studies are greatly affected by surface effects. The 

larZer {lHf value derived fl'om Blauer et al. (.::) is due to a conside.r;,.tion of sample si~€ dnd surfaCE: effects. Thus, it: is 

possible that the earlier studies (];, 1. l) had not achieved equilibrium. 

Hildenbr3:nd et .11. (~) ex.amined "the BeD-H 20 system at: 2300 °c ml!s5-sp~ctrolllet.r'ically i'!.nd detected BeOH and Be(OH)Z. 

They repor'ted a mdximum value for' the equilibriu::n constant for the reaction BICO(g) + H
2
0(g) = Bc(OH)2{g). From this maximum 

value, we calculate 6Hf 298 2. -161.3 kCdl/m::ll for Be(OH)2(g). This gives additiondl support for' our adopted value. Qualita

tive support is found by comparing the dissociation ene!'gies of BeOHCg) and Be(Ol02(g) into Be(g) and OH(g); "the ratio foT' 

th!!! mono- to dihydroxide dbsociation is Ol3.9/256.1) :: 0.445; a vdluc which is consistent: with similar ratios for the other 

alkaline earth hydroxides <!lod halides. 

Heat Cap&ci ty and Entr0..2Y 

The analogy between gaseous mqno- and dihydroxiclc5 and gaseous mono- "nd dihalides, paC'ticular-ly 'the mono- a.nd di

fluorides, has been recognized (~-.!l.). The O-:3e-O angle is "ssumed to be the sClme CIS the F-Ee-f angle, (ll), i.e. 160~; t~e 

Be-O-H dngle is assumed to be linear as in MgOE(g) (ll). The Be-O bond distar.ce is €'.st:imated 'to be slightly larger, 0.02 A, 

than the Be-f distance in SeF2 (11) afte!' noting the close similarity in the bond dis"tance of the alkali metal fluorides and 

hydroxides. The o-H bond distance is ta,ktm to be: the same as in wdter (11}. The moment of inertid is 1.26096 x 10- 39 g cm~ 
The vibI'.rtional frequ~ncies a:re estim4ted to be the same as in Ber2 (g) <O_Be_O sYlIHl'le'tI'ical and antisymmetI'ical stretch 

and bend) and as in BeOH <]2) (O-H stretch dnd Be-O-H bend). 

Jackson (11) has used a different mol€cul.:!.I' configuration and diffepent vibr"tional frequencies to estimate 3 298 
59.076 gibbs/mol. We as:sign an uncertainty of :t3 gibbs/r:;ol to the adopted entropy. 

Cne vibr'dtional frequency, ol.f9 cm- l , lo'a.S reported by r"r-ber et dl. (~) based on infr.l!lred spectral data. We do not 

adopt this value fol:' the fOllowing reasons. It is within 21 cm-1 of .an adopted v4lue and will not drastically chdnge the 

entl'opy. For consistency '..!e estimate all the vibrt!ltional frequencies foI" the alkl!!line e6rth dihydroxides in the same manner 

since the resul't of farber et al. (~) is the only re.po'I'ted value. 
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BERYLLIU," MONolonlnE (BEl) 

(IDEAL GAS) GFW=135.91668 

.----gibbs/mol--__ kcal/mol----
T, OK CliO S" -(Go -Ho:p3)rr Hg-H":ns 6.1If" "G~ 

0 .000 ~()IJD }NFIN1TE - 20174 40.500 .. 0.5-00 
laO 6.983 48.642 63 • .0\]0 - 1.419 40.821 36.699 
200 7.464 53.602 57.It04 0760 40.812 32 .. 564 
29, a.OOl 56.6Be 56.688 .000 4;).629 2.8.5"6 

'00 S.009 56.738 56.689 .Ot5 40.625 2!:l.411 
400 8.353 S9 .. 093 57 ~OO1 .83 .. 38.420 24.527 
500 8.561 60.9Bl 57.620 1.681 33.001 2l~571 

600 6.td4 62 ~ 5S5 5e~ 315 Z~544 32.874 19.297 
700 8 ~ 185 63.902 S9.019 3.418 n.n6 11~045 
800 8etlSO 65.080 59~ 104 4.300 32.563 14 e 816 
900 8.900 66.125 00.361 5.188 32.361 12 ~ 609 

1000 8.939 H.OeS oOe985 b.OSO 32.181 10.422 

HOD s~ 9 72. b7.918 61.577 6.975 31.959 a~257 
1200 9.000 M.l0a 62.139 1.e74 31.114 0.113 
1300 9.024 69.422 62.611 6.175 3)..449 3.990 
1400 9.046 10.091 63.US 9.679 31.160 1 ~689 
1500 9.066 fO.116 1.>3.6bO 10.564 30.849 .193 

1600 9. 08, '7l.302 64.119 11.492 27.761 Z.ln 
1700 9.103 11.8S3 64.558 12 ... 01 27.519 4 .. 035 
13CO 9.119 72.H4 64.978 13.312 27.274 5.sas 
1900 -; .135 'f2.867 65.380 L4.Z25 27.024 1.120 
lODO 9.151 73.336 65.761 t5.1.39 2fh 770 9.5'+3 

2100 9.166 13.783 060138 16.055 26.513 - 1l$3S2 
2200 9.lBG ~4 .220 66.495 16.973 26 ~ 2 SO - 13.119 
noD 9.195 74.618 66_839 17.891 25.984 - 14.932 
,400 9.209 75.010 67.172 18.811 25.714 - 16.705 
2'>00 942.23 75.366 07.'093 19.733 15.438 - 16.468 

2600 9.237 75.748 67.803 20.656 2~.159 - 20~21a 
2700 9.251 16.091 08.104 21.580 24.87(;' - 21.956 
2BOO q.265 76.434 66.396 22.506 - 46.440 - 22..579 
2900 9.279 76.759 66.078 23.433 40.479 21.125 
.DOO 9.294 77.074 ofl.953 24.302 - 4b.520 - 20.812 

3lClO 9.309 17.319 69.220 25.2.92 - 46.560 20~Ol e 
3200 Q.3Z4 71.675 6'90480 260224 - 46.600 - 19 .. 159 
3300 9.340 71.902 69.732- 27.157 40.043 - Ui.300 
340Q 9.357 70.241 69.978 28.092 - 46.688 - .I. 7.44Z 
3500 9.374 76.512 70.218 29.028 - 46.7H - 16.582 

3600 9 ~ 392. 78.717 70.452 2.9.967 - 46.782 - 15.71& 
3700 9.410 79.034 70.681 30~907 - 46.533 - 14~a57 
3900 9.430 19.285 10.90'0 31.849 - 46~8a/:!. - 13.991 
3900 9.4'::>0 19.531 71..122 32.193 - 46.946 13.1.22 
4000 9.4H 79.710 71.335- :H.139 - 47.009 - 12.251 

4100 9.493 80.004 71.544 34.687 - 47.076 - IL3SS 
4200 9.'>17 80.2:n 11.148 35.631 - 47ol41 - lu0516 
4300 9.541 80.458 71_948 36.590 - 47~224 9.642: 
4400 9 4 566 oll.677 72.14'" 37.546 - 4 7 ~307 8.708 
4500 9.592 80.892 12.33b 38.504 - 47 .. 396 7 ~890 

!- 4600 

"" 4700 ,.. 
4800 

'< 4900 l" 50uO 
n 

9.619 81.104 72.524 39.464 - .. 1.492 7.012 
9.647 81.311 72.709 40.427 - 47~594 6.133 
9.676 81.514 72 .. 890 401.394 47.704 5.248 
9~ 706 81.714 73 .. 068 42:.363 - 47.820 4.361 
9.737 81.910 73.243 43d35 - 41.94"" 3.471 

510e :0-
lD 5200 
1I 5300 

9.769 82.103 73.415 44.310 - 48.076 2.581 
Q.802 82.2Q3 13.584 lt5.289 - 48.217 1.692 
9 .. 835 82.481 73.750 .r,b~271 - 48~366 .793 

5400 

'" 5500 
~ 

9.870 82.665 73.9H 47.256 - 48.S23 .10b 
9~905 a2.b46 74.074 108.245 - 4B .. bd<;l 1.007 

5600 
C 5700 
!!. 5800 
ICI 5900 . 

6000 < 

9~940 83a025 74.233 49.231 - 48.863 1.911 
9.977 83~201 74 .38$ 50.233 - 4't~045 z.a22 

10.013 a3.H5 74.542 51.232 - 49.236 3.736 
10~O51 83.546 14.6'13 52.235 - 49.436 4.647 
10.08S 83.716 74.842 53~242 49.6104 5.564 

~ 
.:"I Dec. 31. 1961; Sept 30. 1964; Dec. 31, 1975 

z 
? 
.!" -'" 'I 
CD 

BEl 

Log "'. 
lNFlNJTE 

- 60.205 
- H.584 
- 20.924 

- 20.741 
- 13.401 
- 9.429 

- 1.029 
S~322 

- h048 
- .3.062 
- 2..276 

- 1.0'+1 
- 1.113 
- .671 
- • .295 

.028 

.291 
~ 519 
.114 
.888 

1.043 

1.11:11 
./..30b 
1.419 
1.521 
1.615 

1.699 
1.777 
1.102 
10037 
1.52.1 

1.411 
1.308 
1 • .2l2 
1.l2! 
1.035 

.. 954 
~618 

.~O5 

.735 
a670 

.607 

.547 
• 490 
.435 
.383 

a.H3 
.L85 
.239 
0195 
.152 

.111 

.011 

.033 
- .004 
- .u40 

- .075 
- .1iJa 
- .141 
- .172 
- .203 

BERYLLl UM MONO lODI Dr (Be I) (InIAL GAS) Gr .... :; 135.91669 

Gr-OlJIld Stdt~ Configur-ation 2 I+ 

5298.15 :; 55.69 ! 0.05 gibbs/l1wl 
tlHf~ ::: 40.!J :!: 10.0 kcal/mol BEl 

t.l 611. 7 Cm-~ 
• -1 

Be 0.4406 em 

Bedt of rormation 

Elec"tronic Levels and Quantum Weights 

State ~i~ z'i-

x2 z+ 

23541 

2.1898 

WeXe '" [3.36J cm~~ 
a e (0.0042] crn 

ilHf298.15 :; 40.5 !: 10.0 kcal/mol 

o :; 1 

re ~.132A 

No thermochemical measurement of "the h,eat of fONnation has been made. The selected value. M1t"O(8(tI , g) :; 40.S kc:alfmol, 

obtain.ed from an analys LS of spectroscopic data. The adopted values for 'the ground state vibrational constant1:; give 

'" 3. 4 1" eV (78.73 kcal/rnol) via. a linear Berge-Sponer ex"trapola'tiol'l (1,). Based on the ionicity correction developed by 

denbI'and (3,)) this value adjus'ts to DO 2.707 eV (52.113 kcal/molL We adopt DO 62.4~10.O kcalhnol which corresponds to 

llHf; :; 40.!i:!.10.0 kca1/mol. 

Support fo," the. ddopted D; value is p,"ovided by dn examination of the trends in the dissociation energies for all alkaline 

earth monohdlides dnd d comparison of the vdllJes for the ratio D29S(MX)/6Hd29a(MX2) fer tht! aJ,:<aline earth halides (~). For 

the beryllium iodides thi~; ratio is 0.44 which is consistent with the values of this !'3t:lo ior other alkaline 8il.!'th halides. 

Heat Capacity and "Entropy 

The ground s'tate vibrational and rotational constants are derived from spectroscopic studies by Murty and RdO (~, ~, .§.) 

The repor'1:ed va.lue for w x. (1.6 cm--
l

) appCdf'S to be inconS-1s-:ent with the vaLues obtained for' o'ther alkaline ea.rth rnonohalides. 

By a comparison of (WeIW:X:) and Xe)Jl!2 values, we estimate wexe = 3.36 cm- 1 dl"ld adopt t.his vCl.lue. The reported Bo value is 

conver'ted to Be by using a calCUlated value for nc' We cdlculate tIe fI'om the relation :: 13.2 dS sugg~sted by 

Cdlde!' and Ruedenberg (2.). rniti,dly we"use th-e Bo v.alue in this relationship and then to consistent values 

fo[' Be and u e • We calcu1a"te r'e = 2.132 A from Be' This corresponds loIell with the 2.12 A Be-l distance for BeI
2

(g) obtained 

via the electron diffraction study of Akishin et a.l. (8). Tl"le moment of inertia is 53.5 2 'X 10- 40 b cm? 

The electronic levels are also from the study by ~\.1rty dnd Rao (.::\ ~, .§). The possibility of 'additional levels (2n and 

21;") nedt' lSOOO cm-
1 

is suggested by il. comparison with Cal, SrI, dnd Bal (~). Including these levels does not change the 

entropy at 298.15 K but does increase the entropy at 5000 K by 0.7 gibbs/mol. 

-Ee fer'ences 

l. 

2. 

3. 

A. G. 

D ..... 

JANAf 

Gaydon, "Dis~;ociation Energies and Spectra of Diatomic Molecules", Chapman and Hall, Ltd., London, 196B. 

Hildenbrand in "fl..avances in High Te.mperatuI'e Chemis'try", Vol. 1, Ed. by L. "Eyring, ACddemic Pr~5s, New York, 1967. 

Thermochemical Tdbles: BeI 2 (g), 12-31-75; BaI(g), SrI(g>, and C<lI(g)J 6-30-7,'-1/. 

'. P. S . 

;. P. S. 

5. P. S. 

'. G. V. 

B. P. A. 

Murty and P. T. Rao, Curro Sci. l,!, la'/ (1969). 

Murty and P. T. Rao, Curro Sci. 2.§., 537 (l969). 

Hurty and P. T. {(dO, Proe. Roy. lr. Acad •• Sect. A 21, 71 OE72). 

Calder dnd i<. Ruedenberg, J. Chccr',. Phys . .::i, 5399 (1968). 

Akishin, V. P. Spiridonov, dnd G. A. Sobolev! Dokl. Akad. Kauk SSSR, l-.J.!l.. l:'3'l (l958). 
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BERYLLIUM DIIODIDE ( BEl 2 ) BEl 2 
(CRYSTAL) GFW~262.82118 

gibbs/mol---_ !tcal/mol 

T."'K Cp~ so -(Go-Mo •• )fT II"-If"_ "HI" "GI" .... ". 
a 

100 
200 
298 1&~48Z 28 .. 800 28~800 ~ooo - 45 .. 100 - 44.731. 32 .. 1~9 

300 lb~522 28 .. 902 26 .. 800 ~aH - 45 .. 100 - 44.728 3Z .. 58~ 
400 18~372 33.926 29 G .Ion l~ 781 - 48 .. 9&1 - it4~lt6b 2"'~295 
500 19.512 He 157 30 .. 798 3~680 - 59 .. 089 - 42 .. 387 -18 .. 528 

bOO 20.12:2 41.173 32~333 5.664 - 58 .. 544 - 39 .. 099 14.242 
100 20.427 44.899 33~910 7 .. 692 - 57 .. 981 - 35 .. 902 11.209 
866 ---- 20-:' 64wZ- - ---41;'-641- - -- 35:"4Y9- - - - - - -9:'146 ---::. - - -SY .. -42<i -- -.: - -:3Z:7ffs- - - - - - -8:956 
900 20.625 50.083 3& .. 951 11.819 - 56 .. 871 - 29.731 1 .. 221 

1000 20 .. 982 52.286 .38 .. 376 13 .. 910 - 56 .. 331 - 26 .. 151 5.846 

1100 21 .. 113 54 .. 292 39 .. 733 16 .. 015 - 55~ 197 - 23 .. 819 it- .. 732 
1200 21 .. 219 5fhlH 41.024 18 .. 132 - 55 .. 278 - 20 .. 935 3eti1.3 
1300 21.299 57 .. 8)6 42~253 20.258 - 54 .. 173 - 18.093 3 .. 0""2 
1400 21.353 59a41b ..... 3~ 423 22.391 - 54 .. 288 - 15.290 Ze361 
1'500 21.382 6J .. 891 44 .. 539 24 .. 528 - 53 .. 824 - 12..523 1 .. ,,25 

Dec. 31, 1961; June 30, 1965; Dac. 31, 1975 

BERYLLl1.JM DIIODIDE (BeI 2 ) (CRYSTAL) Grow = 262,82118 

6UfO = unknown BEl 2 
= t28.B !: 1.0J gibbs/mol 

.! 15 K 

Heat Of forma:tion 

llHf2sa.15 = [_1.<5,l;t 5.0] kcal/mol 

tlHmo :: (5.0 t 3.0] kcal/mol 

ilHS 298 .
15 

:: 29.8 ~ 2.0 kcal/mol 

A direct measurement of the heat of formation has not been made. An estimate of l>Hf o is obtained by a. method suggested 

by Vivian Parker ()J and used in the BeBr 2 (c) table (~). Bill:z and H.esserknecht (~.> have measu:r-ed the heats of solution of 

B€C1
2

{c) and BeI
2

(c) is aqueous HC1(1S.69%). Samples (.:!) of the dihalides were prepared from react:ions of 9€O-C mixtures wit:h 

t:he halogens at: elevlited temperatures. 'He assume t:hat: 'the two dihalides had similar struct:ures, i.e. the a-form (orthot'hombic). 

6Hf;98 (Be:I
2

, in lB.7% HCU is estima'ted .as -109.1 kcal/mol by combining uH so1n of BeC1 2 (e) with 6Hf;9B (0-&C1 2 (c) '" 

-1l7.J!:O.Bkedl/rnol C.U dnd twice the difference in .. Hif29S OfCl.SH
2
0) and llHf;980-J!'SHZO) which is -51.3 kcal/mol (§). 

The heat associated with the interchange of the aqueous anions is assumed to be negligible. Combination of t:he estimated value 

for Il.Hf 29S (3eI
2

, in 18.8% Hen with 6Hsoln = -62.5 kcal/lllOl (.:P gives uHf;98 (BeI 2 ,C> ;; -46.6 kcal/mol which is within 

0.6 kcal/mol of the vdlu~ suggested by NBS (Q). S~bsequent ITk?l'lIsurements by Bilt:z e't al. (2' in less concentrated 

HCICl.48%) solution leads to OHf·
29B 

:: -1.:.3.6 kc.;.l/rnol by a similar rou'te. We adopt: an average value of _45.1 kcal/rnol but 

emphasize that the uncertainty in liEf- is much greater than indic-ated (3 kcal/moU by the closeness of thes~ t"wo values. 

An uncertainty of .!5.0 kcal/lT.ol is believed to be mb::-tl rl:!dlistic. 

Heat Capacity and Entropy 

No low temperature heat capucity or high-temperature enthalpy measurements have been reported. We estimate 

Cp"298 = lS.1dl2 gibb.s/rr.ol from the reaction BeC1Z{c,a) + 2L.UCe) :: BeI 2 (c) + 2LiCl(c) by assuming lICp· = O. Similar results 

aY'e obtained using Bef 2 CC). Cp 8 val ues above 2':)8.15 K are assumed to pd!'allel "those for a- ~C12 <,?). 

Application of the Berthelot: principle (A.) to the process BaI
2

(c) + Be(c) - Bedc) -+ aeI2{c) suggests S29B = 26.8 gibbs/:noL 

A gra.phical compurison of the standard entropie~ for other alkaline-earth dihalides (1) indicates that thi~ value is reasonable. 

Other estimated values are given by additive entr-opy constants (2" 27.1.j gibbs/mol), Brewer (lQ, 31.0 gibbs/mol)', and 

Brewer et a]. <g, 25 gibbs/mol) 

For additional information on the heat capacity and entropy, refer to the heat of formation discussion for guseous 

Fk!I2 <..?). 
Mel'ting Data. 

See Bel](O table for details (2). 

Phase Data 

Semenenko and Nliumovi:l (ll.) studied the BeI
2 

crystal modificutions by thermal dod 'X-ray techr.iques. The study was 

complicated by the e-,:,t.rerne hygroscopicity, high vapor' p:::'eSS1.lre3 near the melting point, a.nd susceptibility to oxidation on 

heating by tr-aces of oxygen. As stated by Semenenko and Naumova (ll), 'the sequence of polymorphic conversions dnd the 

character of the resulting modifications of Bel
2

• which are lar&ely dependent on the heating and cooling conditions, parallel 

those of BeC1
2 

(1-2)' They detec'tcd thermally transi'tioJ:$ at 290°C, 370·C, 470·C, and a melting a.t lj90·C. However, this data 

does not: appear to be fully consistent in terms of crysta.llographic structU1"'es with that proposed by Johnson, Staritzky, 

and Douglas (l.!!) and Hesserknecht and Biltz (12). These lat'ter works suggested two structUI'es with a transition at 350"C. 

We assume the similarity with BeCI Z with'" transition in the vicinity of 350 - no·c. F1.lrther t;'tudy is necessdry to 

:resolve all possible phiH~es and thei r' structures. 

Sublimation Data 

See EeI
1

(g) ta.ble for details (I). 

~ 
1. V. B. Parker, private communic<l'tion, Natl. Bur'. Std. J March, 1975. 

2. JANAf Therrnochemicdl Tables: BeBr
2
(c), 6-30-75; BeI

2
{O and Be1

2
(g), 12-H-7Si BeC1

2
(C,o), 6-30-7~. 

3. W •. Biltz and C. l1esse'!'knecht, Z. Ano1"'g. Chern. l:!.!., 157 (1925). 

I.j. C. Nesserknecht: and W. Biltz, Z. Ano'!'g. Chern. ~. 152 (1925). 

5. U.S. Natl. Bur. S'td. Tech. Note 270-3, 1968. 

6. U.S. Nat1- Bur. Std. Tech. No'te 270-6, 1971. 

7. w. Biltz, K.A. Kla"tte, and L. Rahlfs, Z. Anorg. Chern . .l§.§.. 339 (1927). 

8. N. N. Drozin, Zhur. fix. Khim. ~, 879 (1961), 

9. D. R. Stull and H. Pr-ophet in "The Charclcteriza'tion of High Tel!lperatu,"e Vapors," J. L. Margra.ve, Ed., John Wiley and 

Sons, Inc., New 'fork, 1966. 

10. L. Br'!:!wer, L. A. Bromley, ? W. Gilles. and N. J.. Lofgren in "Chemist?"'y and Metallurgy of Miscellaneous Materials: 

Thermodynamics," L. L. Quil ; Eo., National Nuclear Engery Se?"'ic$ IV-1SB, McGI'aw-Hi1l Book Co., New York, 1950. 

11. :... Brewer, G. R, Somayajulu, and E. Broackett, Chern. Revs. §,l, III (1963). 

12. K. N. Semenenko and T. N. Naumova, Russ J. Structural Chem. 4, 59 (1963) 

13. O. N. Kuvyrkin, O. N. Breusov, A. V. Novoselova, and K. N. Semcnenko, Zhur. fiz. Khim. ~, 343 (1960). 

11.1. R, L Johnson, E. Star"itz}r;y, and R. H. Douglas, J. Amer. Chern. Soc. 1!, 2037 (1957). 

15. C. Messerknecht and W. Biltz, Z. anors;. allgem. Chern. ~, 152 (1925). 
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BERYLLIUM DIIODIDE (BEIZ) BEl 2 
(lIQUID) GFW=262.82118 

----gibbs/mol--- ---- kcallmoJ--
T, OK Cpo S" -(Go-K':o.){f H"-H<I. AHf' AGI" Log Kp 

0 
100 
200 
298 16.482 30~ 832 30~531 Gooa 42.633 - 102.810 3l~"2" 
300 Ib.522 30.93Jo. 30.832 ~O:.H - 42.b)4 - 4;(:.811 31 .. 231 400 27 0000 35.955 31.504 1.780 - 46.495- - 4.2.611 23.391 500 27.000 41 .. 980 33.019 io~4ao - 55~622 - 41.031 11.935 

600 27.000 
100 21.000 
aOO----27:o1fo--
900 27 .QOO 

1 JOO 27.000 

46.902 34.935 1 • .1.60 - 5".501 - 3t!.193 13.912 
51.0~4 36.'150 'i.sao - 53 .. 332 - 35.562 11.103 

- -!i;:670-- - -)1f.""if4-4-- -- ~ -[2:580--- -:..- - -':;i.-fia - --:.: -- ~Y.l-06--- --- -9 :044 
51.850 40.812 15 • .260 - 50.9 .. 9 - 30.191il '~479 
60.695 42.71"" 17.980 - 49.79" - la.o22: 6 .. 255 

lICO 27.000 
1200 27.QOO 
1300 27.0JO 
1400 27.000 
1500 21.000 

63 • .268 410 .... 68 20.680 - 48 .. b65 - 26.500 5 .. 217 
65 .. 617 46 .. 11~ 23.38Q - 47 .. 563 - 24.600 4~4ao 
67.178 '<7.717 20 .. 080 - 4oel.tBI.t - 22.12q 3 .. 621 
69.779 49 .. 222 28 .. 180 - 45~ .32 - 2D .. 9~2 3 .. 269 
11 ~61it2 50 .. 655 31 .. 480 - lt4 .. 405 - 19.Z30 2 ~802 

Dec. 31, 1961; June 30, 1965; Dec. 31, 1975 

BERYLLIUM DIlODIDE{BeI
2

) 

8298.15 = (30.832] gibb:s/mol 

'I'm :: 753 ! 15 K 

To :0. 759.l! K (to manomet') 

!t~~! __ '?J:_Xorrr..a tion 

(LIQUID) GFW :: 262. 8l'llB 

<1.Hf;98.15 :0. [-4{.633) kcal/rnol 

uHm- [S.O'! 3.0] kcal/mol 

Hiv· = 22.300 kc:al/mol 

The heat of formation is obtained f['om that of the crystal by adding ~Hm- and the difference between 

H753 H298 for the crystal and liquid, 

Heat G.@.2.acity and EntrOIJY 

The hedt capacity is estimated by comparison .... ith the mea.sured value for BeC1
2 

(1). A glass t"ansition 

is assumed at 400 K below which the heat capacity is that of 'the crystal. The entl"opy is obtained in a 

manner ilna}ogous to th;'lt used foJ':' the heat of formation. 

Melting Data 

'Rdhlfs and Fischer' (~) reported a melting point of 753 K. Semcnenko and. Naumovd (~.), using thermal analysis 

tecrlniques, implied a melting point of 763 K. SinCE! this latter 'Idlue was derived from d thermogrcl:tn, it is pr'obable 

that 'this value represents a maximum, ... i1:h the true melting point somewhat loweE'. ';.k adopt Tm "" 753.!:15 K. 

We estimate the heat of melting, lIHm" :: 5.0!:3.0 kcal/mol. This estimate includes a contribution for melting 

(based an the entropy of melting for' Ocher alkaline earth dihalides) and il: contribution for a pha.';e transition. 

There is no experimental data available per'taining to the heat of melting, 

Vaporization Data 

Tb is the tempeY'dture at which <1Gr
G 

:: 0 for th~ p!'oce5~ &T
2
(0 BeI

2
(g). Df-iV e is the cooresponding difference 

in the C1Hf- values for the liquid and gas at Tb. 

Refer~p.~ 

1. JANAf Thermochemical Tables: BeC1
2
(t), 6-30-55. 

2. O. Rahlfs and W. Fischer, Z. Anorg. C11em. 211, 349 (l933L 

3. K,N, Semenenko ..,nd J:N. Ndumova, Russ. J. Structural CheJl' .. ~, 59 (1953). 
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BERYLLIUM DllODIDE (8El2) 

(IDEAL GAS) GFW=262.82118 

..... /mOI---- ______ katl/mol 

T, gK cpo S" -(Go-H"u • .){f HO-R"_ "HI" 

0 ~ooo .000 INFINITE - 3~ l5B - 14.936 
100 10.661 56 .. 513 80.155 2.424 - 14~d""l 
200 12.373 64.557 70.827 - 1 ~l54 - 14.987 
2.8 1..3.131 6<>.049 6Q .. 649 .000 - 150300 

JOO 13.142 69.130 69.649 .024 - 15.307 
400 13.660 13.587 70.111 1.366 - 19.57b 
500 14.JO~ 16.674 71 .. L73 2s751 - 30.21B 

bOO 14 • .231 79.2:109 12.3lL 4 .. 103 - 30.2lt5 
l qQ ____ 1 ~:} _8_6 _____ lih '!:~L _ _1.?.!' !t_b} _ ______ ~!: ~ ~~ ___ -=-___ 3_0_ "_2_ ~~_ 
ODD 14.495 83 .. 364 14.585 7.039 - 30.336 
900 14.'57 .. 65.096 75.660 6.492 - 300./004 

1000 14.032 Sb~b3'" 76~&a2 9.953 - 30.488 

1100 1.4.6077 SS~ 031 77~b51 1l~418 - 30.594 
1200 l.'t.711 a9 .. 310 78.570 12 .. 888 - 30.722 
1300 14.739 'lIO .. 4tSS 19.4.r,2 14 .. 360 - 30 .. 871 
1400 14.7&0 91.581 80.270 15.835 - 31 .. 044 
1500 14.178 91.. bOO 81.059 17.312 - 31 .. 240 

1600 14.793 9).555 cH~810 18.791 - 34.2h 
1700 1.4.805 %.452 82.528 20.211 - 34.343 
1800 llt.816 95.298 83.214 21.752 - 34.477 
1900 1'0.825 90.100 63.871 n~l34 - 34.6l.7 
2000 14.832 96 .. 860 84.502 24s 717 - 34 .. 762 

2100 14.8)9 97.554 85 .. 108 20.200 - 346911 
2200 H~S4J,. 965275 a5~b91 1.7 .b8S - 3Sc 069 
2300 14.649 9d s 935 a6~25l 29 .. 169 - 35e.232 
2400 14.854 99.567 86 ~ 794 30e65"o - 35e 4 OO 
2500 14.858 100.173 87s317 32.140 - 35.575 

2.bOO H.S6.!. 200 .. 7St> 87~82.3 33~62b - .35.1:'5 
2700 14.8bJ,. 101 .. 317 88.312 35.112 - 35*941 
21;100 14~8b7 101.857 8S~786 36.599 - lO7e162 
2900 14.869 102.319 69.l46 38.080. - lO7elOl 
3"o0 1.4.872 102 .. 883 89.b'il2 39~!in - 107*056 

HOO 14.874 103 .. 3 71 90~ 1Z6 41~O60 - l07 .. 007 
3200 14.876 103.843 90.5"7 42.547 - t06 .. 9bO 
3300 14.871 104*301 90~957 44.035 106.917 
3400 14.819 104.1<t5 91~ 356 45.523 - 1066878 
3500 14.880 105.177 'H~745 47,,011 - 10b .. 842 

3bOO 14.861 105 .. 596 92c 124 48~499 - 106 .. 812 
3700 149883 100.003 929493 49.987 - 101'.1 .. 787 
3800 1 ..... 884- 101:..400 92$8;4 SlG47S - lOo&168 
3900 H~885 10& .. 181 93 .. 206 52.'ilE>4 - 106e754 
4000 H.SBo 107 .. U,"t 93~551 54."052 - 106 ... 748 

4100 14.8al 107 .. 531 93.887 55.941 - 10th 748 
4200 l'hcS7 107 .. 1390 94 9 216 57 ~430 - 106 .. 756 
4300 14.8S8 108 .. 240 9't&538 5e~918 - 106 .. 773 
4400 J,4~6a9 1.06 .. ,a3 94.854 60 .. 407 106e 799 
4500 1"0. sag 108 .. 917 95.163 61.896 - 106eti34 

4600 14.890 109.245 93 .. 465 63.385 - 1066879 
4700 14 e 891 lO9~505 95~ 102. 64. a74 - 106 .. 933 
4BQO 14c891 109.878 96.053 o6~363 - 10b e 999 
,,900 14.1392 110.185 96 .. 338 67 e8S2 - 107QQ75 
SOGO 14.892 110 .. 486 9b~ blB 69~ 3"'2 - .1.01 .. 162 

50100 14.893 LlO .. 781 96.89) 10~a31 - 107&261 
5200 140893 111.010 976163 12.$320 - 107 .. 313 
5300 14.893 111.354 91.428 13.809 - lO1~491 

5400 14.894 t11.632 97 .. 608 75.299 - 101~632 

5500 14c 894 111.906 97 c 94"o 7b~ 7as - 107 .. 781 

5600 14.894 112.1710- 98& 196 76.278 - 1.07.942 
5700 14.895 112.438 98.lt43 79 5 767 - 108 .. 116 
5dOO 14.895 lll.697 98.687 81&,257 - 108.302 
5900 14.895 llZ .. 951 98.927 8.2.746 108 .. 502 
6000 14.896 113.202 99~ 162 84.236 - 108.714 

-
-
--
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
--
-
-
-
-
-
-
-
--
-

-
-
-
-

Dec. 31. 1961; June. "]0, 19b5; Dec. 31, 1975 

BEl 2 

6GF LogICp 

14~936 INF1Nl iE 
19.0.21 41.571 
23.157 2 ~.305 
27 .. 110 19 .. 612 

27.183 19.803 
30.945 &.60 0 908 
320775 14 .. 326 

33.285 12.12'" 
33.789 10.5",9 
j4~Ta-6--- -- -9~36b 

34.716 8.44~ 

35.257 7.70S 

35.129 7.099 
360190 6 .. 591 
36 .. 639 6 .. 160 
37.077 ~ .. US 
37.503 5.4b4 

37.833 5.1&6 
38.056 4.1:192-
38 .. 210 4~641 
38.",17 +.426 
36.679 4.2.2.7 

38 .. 869 4.045 
39.055 3.880 
39.230 3 .. 728 
39.399 3.586 
39.565 3.459 

39.720 3.339 
39.669 3.2.27 
38.90l 3 .. 036 
36.464 2 .. He 
3"t.031 2..41'9 

31.599 ;;; .2.2.S 
29 .. 165 1 .. 992 
26 .. 734 1 .. 110 
2.4.30b 1 .. 502 
21.878 1..366 

19.450 1 .. 181 
17.026 1 .. 006 
14 .. 600 .. 840 
12 .. 171 .b82 
9.75t .. 53.3. 

7.325 .390 
4.898 .255 
2.474 .126 

.049 .. 002 
2 .. 380 - .. 110 

4 .. 806 - .228 
7.231 - .. 336 
9~b64 - .440 

12.097 - .540 
!4~531 - .635 

16.904 - .. 727 
19~396 - .. 815 
21 .. lB9 - .. 901 
24.282. - .. 983 
26 e 723 1 .. 062 

29 .. 168 - 1 .. 138 
31.621 - 1 .. 212 
34.077 - 1 .. 284 
306.530 - 1 .. 353 
3tl.9~9 - 1 .. 420 

BERYLLIUM DI10DIDE (BeI
Z

) (IDEAL GAS) GFW :: 252.82118 

Point Group Dc>h uHfO :: -14.9 ~ B.O kcal/mo1 BEl 2 
S29S.l5 :: (69.6~ :!: 0.05] gibbs/mol 

Ground State Quantum Weight: :: [1J 

VibratioTldl rreguen.- iE'S and Degeneracies 
1 

Bond Distanc~; 3e-I:: 2.::"2 ~ 0.05 A 

Bond Angle; I-!3e-l ':: lBO" ! lO~ 

Rota'tional Constant: Bo:: 0.011078 crn.- 1 

Heat of Forma'tion 

~~---
[160J 0) 

(1751 (2) 

873 0) 

uHf 298 15 :: _15.3 !: B.O kcal/m.Dl 

Rahlfs and Fischer (l) have reported measurements of the sublimation pressures (578-703 K, 9 pts) for Bel 2 , The 

m.easur-ements were complicated by reaction of the diiodide !.iith th~ quartz apparatus. Assuming the reaction to be Be1 2 (c) + 

Si02 (c} :: SiI 4 (g) + 2BeO(c), RcJ.hlfs and Fischer (.!) ccrrec"tE:d their measured total pressure for' the partidl pressure of "the 

tet!"'diodi<:l.e. A second and "third law analysis of "their corrected ddta yields t.Hs 29B :: 29.81!0.2<:l kcal/mol (3rd law) and 28.34! 

0.74 kcal/mol (lnd law) with a drift of ".2!1.1 gibbs/mol. '.\e adopt M!S298 :: 2"9.B!?O kcal/mol. We hi!ve ilssumed negligible 

dim-r:r formation. lIHf 29B '" _15.3 kcal/mol for Bel?{g) when the adopted M1S 298 value is added to "the llHf'298 valut! for BeI 2 (c). 

The d':"'if1: could be reduced by further adjusting the free energy functions for the crystal. Th-ese functions may be 

changed by altering the Cpo values and/o':"' the Si9g Value. Such changes would yield value.s which are Unreasonable when compared 

to other alkaline e(!rth dihalides. Note alsa that d similar sublimation study for BcC1 2 (.!:) gives J! drift of -1.3!.2.E 

gibbs/mol. We 'tent<'l.tively aSsul1\<! the dr'ift is due "to the data I'.!!thcr than eu':"' choice of functions. 

Hedt: Capac:i ty and Entropy 

Electron diffrac'tion patterns for Bel
2 

vapor" (l, ;' h.,ve been interpreted in terms of a line.!.!' confi.guration, with the 

latter s'tudy reporting the 3e-1 bond dist.'!lnce as 2.12 A. Otr,er studies also suggest a linear molecule, For example, the 

electric deflection of mdS5 spectromet:dcal1y detected molecular beams (~) showed that all the beryllium dihalides dt'e linear. 

Snelson (.§.) observed the infrared spectra of in the spectr-al range ~OOO-200 cm- 1 using a matrb:: isolation technique. 

Assuming <l linear geometry, \.1
3 

WilS as!::>igned as 673 Snelson (.§.) estimatea it value fot' \1 2 based on force constant values 

for' the other three beryllium dihalides. The values of "Ill were ca)culated using a simple valence force field approximation. 

We adopt the two estimated and one medsured vibrational f;cquency as repor-ted by Snelson (~). The ground state quantum weight 

of ?ne is assigned by analogy with BaC1 2 (~). 

Brewer: et: al. (2) have tabulated fr'ee energy functions for BeI 2 up to 2000 K. Their- values are consistently lower thdn 

ours due primarily to their use of a h:igher bending frequency (v 2 :: 395 em-I). 

~ 
1. 0. R.ahlfs and W. Fischer, Z. Ano!"'g. Chern. 211, 349 (1933). 

2. JANAf Thermochemical Tables: BeCl 2 (t), 6_30_6~. 

3. P. S. Ahishin and V. P. Spir-idonov, Kristallografiya ~. 472 (1957). 

4. P. A. Ahishin, V, P. Spiridonev! and G. A. Sobalev, Dokl. Akad. Nal.Jk SSSR ~, 1134 (1958). 

5. A. Buchler, J. L. Stl!uffer, and W. Klemperer, J. Amer. Chern. Soc . ..!!!, "544 (196~). 

6. A. Snelson, J. Phys. Chern. 21, 250 (1968). 

7. L. Br.ewer, G. R. Sornoyajulu, and E. Brackett, Chern. Revs. E.l, III (1963). 
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BERYLLIUM OXIDE, ALPHA (,,-BEQ) BEO 

(CRYSTAL) GFW=25.0116 

----wbhs/moJ - ~------kcaVmoJ----_ 

T,"K Cpo 5" -(Cg-lf':nuJ)!f HO-W... AHr" 6Cr Log Kp 

o 
100 
200 
'98 

300 
_DO 
SOD 

600 
700 
'00 
900 

1000 

1100 
L200 
DOD 
1400 
1500 

IbOO 
1100 
1800 
1900 
2000 

.000 

.630 
3.384. 
6.109 

6.15? 
B~ 068 
9.302 

10.126 
10.713 
L l.15l 
11.494 
11.77'0 

12.0Ll 
12.217 
12.40;) 
12.567 
12.721 

12.865 
l3.uOl 
13.13l 
13.257 
13.378 

2100 13.<o'ilE> 
2200 13.&1l 
2300 13.724 
2406----r3". -8-3-';--
2500 \3.<;143 

.000 

.l97 
1.401 
3.291 

).329 
5.361 
7.323 

I.' 
13.499 
14.724 

l5s 858 
16.912 
17.897 
18.62.2 
19.69'> 

20.520 
21.304 
22.05L 
22~ 705 
23.448 

I'-IFlfIIIJE 
tt.. ell 
3.766 
3.2'H 

1.291 

t •• 804 
5.534 
6.273 
7.002 
7.714 

6.404 
9.069 
Q.711 
lO~ 329 
10.925 

11 ~499 
12.053 
12. 'JSS 
13.105 
13.605 

.617 

.662 

.412 

.000 

.Ol.l 
c 729 

15 601 

2:.516 
3~619 
4.714 
Se846 
7e010 

8~lOO 

9.411 
10.6.102 
1l.S9l 
13.155 

L4.435 
l5~ 72 t! 
11.03'> 
iB.354 
!9.68e. 

- 144.572 
- 144.914 
- 145.209 
- 1105.400 

145.402 
- 145.479 
- 14').476 

- 145.421 
- 145.339 
- 1405.238-
- 145.130 
- 145.019 

- 14<,.913 
- l44.815 
- 144.124 
- lIt4. Q44 
- 144.515 

- 147.273 
- 147~1l4-

- 146.949 
- 146~ 160 
- 146~bD7 

~ 144.572 
- 142 ~ 85 L 
- 140~667 
- 136,,]96 

138.353 
- 135.969 
- 133.615 

- 131.247 
~ 178.891 

126.5:"9 
- 124.2lS 
- 121.901 

- 119~ 594 
- 117.Z97 
- Ll5 .. 007 
- 112.725 
- 11.0.448 

- l08~096 

- 105 .. 652 
- 103.218 
- 100 .. 793 

98.318 

I NF INI f[ 
3ll.200 
153. 7i. 4 
101.447 

100.790 
7,+.301 
51:1.403 

47.807 
40.242 
34.512 
30.164 
26.b41 

23~ 761 
21..363 
19.334 
\7.597 
H •• 092 

1'-':.765 
13. ~~2 
12.')32 
11.594 
10.750 

2.4.103 14.0B9 21.030 - 146.428 - 95~910 <,l~9S8 
24.7)4 14. 559 22:~3S5 - 146.247 - 93~ 51'2 9.296 
25~341 1').014 23a752 - 14th061 - 91~l80 8.664 

-g:-928 - ---T!r.-4-~rf-- ---zs:Tjo ---:.- Yi;;;.-a1i ---:-- 8s-:-i9Y - - ----a: 686 
26~495 15.661 2:6.519 - 145.661 - 86.426 7.555 

2600 14.051 27.044- 16.306 27.918 - 145.486 - 84.051 7.066 
2700 14.157 27.576 16.713 29.329 - 145.286 - 81.698 6.613 
·faco -- - -14~T6Y - --2e:593-- - -1"1: -1-1-1- ---- -3"0:150---:' -"2Yc-.Tf4----.:---18: 24(f -- ----6:-;:67 
L900 14.367 28.595 17.498 H.llH - 215.656 - 73.321 5.526 
3000 l4.411 29.084 J.7.876 33.&23 - 215.193 - bfh422 ",.98S 

HOO 
3200 
3300 
HOD 
3500 

l4.51"4 
1' •• 676 
14.718 
14~ 879 
14.980 

Z9.560 
30.024 
3Je478 
30e920 
31.3')3 

Dec. 

18.245 
18.606 
16.959 
19~ )04 
19.643 

35.075 
36.518 
)8.011 
39.493 
f.0.966 

- 21 ... 722 
- 214~245 

- 2D~16l 
- 213.275 
- 212.781 

- 63. ~ ... O 
- 58.b66 
- 53.814 
- 48.91'5 
- 44~152 

1950; Sept. 3D, 1963; June 30, 1971; 
.31,1974; June 30, B75 

4.480 
4.007 
3.504 
3.1it8 
2.757 

BERYLLIUM OXIDC, ALPHA (a-BeQ) (CRYSTAL) Grw :: 25.0116 

S298_15 :: 3.291 ct 0.05 gibbs/mol 

1't: :::; 231) 1: 15 K (a .... ~) 

ClHf; :: -144.6 ! 0.8 kcal/mol 

uHf29B.1S :: _lEoS,11 ! O.B kcal/mol 

':'H't° 1. 50 :!: 0,11 kcal/rnOl 

Trr,:: (2821.2 !: lOO}K (~ .. n lIHln o t1B,895:!: loS] kCal/mol 

Tm ~ 2780 ! 100 I< (a .... t) lIK'l1.° 20.3!: 1. 5 kcal/mol 

Heat 0tJ'g!!!l~tion 

Parker (1) thoroughly reviewed the data dS of 1969 and selected _14!-..4 ~ 0_8 kCi'l.l/mol. She later revised (.!' this vdlue 

to -145. 7 .~ 0.5 kcalfrs-.ol due to new Bf-solution cdlorimet:ry on Bef2 (amorphous) performed by Kilday et al. (~). Vd1wes of 

uHf" fron Pdr<'·.er's rt!vised analysis (1) a'l.'e summarized below. We ddopt -145,4 !. 0.8, T'ather than the ['evised selection, as a 

compromise between the: indirect results based on BeCc) and those based on B(!F
2
(am). The latter depend. on CiHfQ for' :-If(n H20). 

Use of the JANAF uHf'" (~) in place of the NBS value (]) caus,::!; a chd.nge of -+-0.9 kcal/mQl in the results based on Bef2 (am). 

Recen't data for' HI-" suggest that the change could be even larger. 

Direct D~terminations of ilHC Indirect Det(!I"minat:i.ons of lIHf o 

kcal/mol Source kCdl/mol Source 

-136.2 Mielen::..\. von Wartenbcrr.; (1921) -144.9 tl:eumann et al. (1934,1932), uHc & I'lHf of Be gN
2 

-134_4 !1oose & Parr (1924) -141.1 Smirnov & Chukrt!ev (1958), Emf da:ta 

-145.3 Neumann et dl. (1934) -11>5.7!1.5 Kilday et a1. (1959), Thomson et a1. (1962)01 

-1!J7.3 Roth e't til. (1939) -11+3.9!:1.5 Kilday et al. (1969), Armstrong Ii. Coyle 096S)b 

-1l!-3.1 Cosgro .... e 6: Snyder' (1953) -145.11-0.6 Kolesoll et a1. (1959), Bear [. Tur-nbull (l$65)b 

-1~6.2, _145.65, -11j5.65, -145.3!.0.6 Kilday et al. (1969), Bear r. Turnbull Cl965)b 

-144.7(_1"'5.6)~ _llj4.::'(_1"'5.lj)d~1.2 Kilday et d1. (1971), Churney b Armstrong (l969)c 

aftel-solution calorimetry of geO(c) dnd BcCe). DHf_lSolutiofl calorimetry of BeO{C) dnd 8e(c)_ cHf-soluticn calorimetry of 

Beak) and BeF
2

(arn) and i\Hf e of the latter. d Values in parentheses bdsed on ClHf o of Hr<n H
2

0) fr'orn NBS el) instead of 

JANAf (,::). 

Hea.t Cap.acity and Entropy 

The adopted Cpo and Sa below 298 K are taken f!"otn FUt'uXawd. and Reilly (.§.) who lllei3Sured Cpo from 15 to 370 1<. The author's 

give a detailed comparison with the earlier da;:a of Grnelin (.§., 5 to 75 K) dnd Kelley (~, 56 to in )0. Grodin's results 

dtiv,iat<:o by roughly +20% from 15 to 75 K <:md Kelley's resu2ts devia.te by about +-50% .]t 5& X, "B1 <tt 200 X and +2% at" 200 K. 

The deviations of Kelley aI"'€ probably due to the sen3itivity limit of his calorimeter and to non-standar-d-state effects of 

finely powdered BeD. 

The adopted Cpo dbovt! 29B :< is frOll1 a constrained fit of the Cpo dara (.§.) .:md enthalpy data of Victor dnd Douglas 

(1, 323 to 1173 K), Conway and Hein (~, 2161 to 2365 K) and Shpil'rain et al. (lQ, 2023 to 2708 KJ. The latur data show no 

evidence of transition even though they extend more than 300 0 above Tt '" 2373 K. DevLotions of the data <..!P fr-om the adopted 

enthalpies ar'e <:.:0.151; dbove 373 K dnd -0.4% at 323 1<. Deviations above 2000 K are -0.3 to +0.8% (~) and _1.8 to -+0,4% (.lQ) 

excluding the point at: 2265 K (.lQ). Enthdlpy measurements not used in the fit deviate by -2.1 to -+-2.9% CQ, 1142 to 2697 K), 

-17!:8% (g, 2273 to 2523 K), -2_110.8% (ld, liDO to noo K) and +0.4 to -o_H (~, 353 to 1128 K). Cp~ data from the cooling

rate method (lJ) deviate by <2% (1300 to 1700 K) but by _5% at 2000 K. 

'I'ransition Data See. BcO{~, c:). 

Mel tin? Data See BeO(tL 
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Beryll ium Oxi de', Beta (/3-BeO) 

(Crystal) GF"W = 25.0116 

T,OJ{ 

o 
100 
200 
29' 

300 
400 
'DC 

bOO 
100 
800 
900 

1000 

1100 
1200 
1300 
1400 
15CO 

1600 
1700 
1800 
l.'~OC 

2000 

____ gibbs/mol ___ ~ 

CpO 

6.109 

6~ 153 
8.068 
9.302 

10.128 
10.1\3 
11.151 
11.494 
11.714 

12.011 
12.217 
12.'tOO 
12.567 
12.721 

12.8&5 
13.001 
13.132 
B.ZSl 
13.]18 

s" -(GO-W'II!JI)(f 

3.9&5 

4,,003 
b.-OSS 
7.996 

9.771 
ll.319 
12.639 
H.l13 
15.399 

16..532 
11 .. ~d36 
18.572 
19.4n 
ZO.36I'J 

21.195 
21.979 
22.726 
23.1t3~ 

2"0.122 

3.965 

3.965 
4.232 
.... 794 

5.476 
b.ZOS 
6.941 
1.&17 
8.388 

9.078 
9.H4 

10.3B5 
11 .. 003 
11.599 

12.1..73 
12e 727 
13.262 
13.11'9 
14.219 

_-----~mrul-------
H9_W ... 

.000 

.011 

.729 
1.602 

2.576 
3.blq 
4.714 
$.846 
7.010 

8.200 
9.411 

1,.0.642 
li.891 
13.].55 

14.'t3!i 
15.728 
17.035 
1.8.350:. 
19.666 

&HF 

- 14;.800 

- 143.802 
- 143.679 
- 143.676 

- 143.821 
- l/o.;.I~<) 

- 143.639 
- 143.530 
- 143.419 

- 1"3.313 
- 143e215 
- 143alZ4 
- 143~044 

- 142 a 975 

145.673 
- 145.$14 

145.349 
- 14S.1.S0 
- 145.007 

"'GF 

- 136.997 

- 136.955 
- 134.658 
- 132.352 

- 1.30.OSZ 
l:U.lt>~ 

- 125.488 
123.ZZ5 

- 1,.20.915 

- 118.736 
- 1l6.~Ob 
- 114.294 
- 112 .. Qe.9 
- 109.859 

- 107.515 
- 105.198 
- 102.632 
- 100.1t1ft 
- 98.127 

BeD 

Log Kp 

100.422 

99.17Z 
73.574 
57.851 

41.311 
">9.859 
34.282 
2'1.923 
26.439 

230591 
21.219 
lq.213 
11.495 
l{h006 

14.694 
13.524 
12.485 
t 1.557 
10.123 

2100 13.496 24~t78 14.7&3 21.030 - 144.828 - 95~7Sf. '15969 
2200 13.611 25.408 15 • .233 22.385 - 144.647 - 9L455 9.2&4 
2)00 13.724 26.016 15.669 23.152 - 144.461 - 91.131 8.659 
i {; 66 - - - -1 Y. -8T4- - - - -it;; 652: - - - - n.-. Tff --- --l S: I ~o ---:. -T4-4-.-ifi - - -.: - - B 8: BU, - - - - - --8':-08 S 
2500 13.943 27 .. 169 16.562 26.519 - lit4eOSl - 86.511 7.563 

26CO 14.051 27.7!8 16.980 27.9113 - 143~886 - 8'0$210 7.079 
2700 14e157 2B .. 250 17.388 29.32'1 - 143a666 - 81.919 6~631 

{~99 ____ )_~_·_2_t:.L ___ ?!h!~J ____ J3_·J_I!.~ __ ~ __ '19.!J.?9 ____ -_ })_"!. ~~!.'! ___ = __ J~~:?_2_a _______ ~~!?:! 
2900 14e3b7 2:9~Zb9 IBel7Z HeiSl - 214.056 - 73~671 50552 
3)00 14.471 29~158 18.550 33.623 - 2Ue593 - 66 .. 845 0;.015 

3100 lit. 514 30.2H le.ne 35.075 213a122 - b4~030 4.51't 
3200 14.676 30.699 19.281 36.~B6 - 212 0 645 - 59.226 4s045 
3300 14.778 31 ~ 152 1'9.633 38.011 - 212.162 - 54.439 30605 
34CO 14 e 879 31 ~ 595 l<:l.'H9 39.49; - 211.b75 49 0666 ?-.193 
3500 14.980 32.027 20.317 40.986 - 2L 1.181 - "'''.'HZ 20804 

June 30. 1971; Dec. 31, 1971J. 

BERYLLIUM OXIDE, BETA (~-BeO) 

S29S.15 :: [3.965] gibbs/mol 

Tt '" 2373 t 15 K (a .... ~) 

Tm::: [2821.2~lOO] K (~ .... t) 

Heat of FOr'!l",.ation 

(CRYSTAL) GFW :: 25 .0116 

6HfZ9S.15 :: [-1'-'3.8] kcal/mol 

t.Ht:" :: 1. 60 ! 0.4 kcal/mol 

lIHm" ::: [18.895!:1.5] kcal/mol 

lIHf" is obtained from that of BeO(o., c) by ..,ddition of flHt", since the differ-ence of (H 2373 -Hi98) for c:- and ~-phdses 

is zero according to the adopted functions. 

Heat Capaci ty and En'tropy 

Cp" is taken to be the same as that of BeO(n. c). Enthalpy data for ~-BeO (1) extend from '1377 to 2501 K. a range 

too short for obtaining an dccura'te Cp~ curve. The enthalpy data deviate from the adopted functions by -0.2 to +1.4\. 

Other enthalpy data (1-::) show no obvious transition to ~-BeO; this suggests that experimental uncertainties masked the 

transition 0[" that these samples failed to transform. S· is obtained in oil manner' analogous to that of uHC. 

Transition Data 

Studies of X-ray diffraction ('§'-1) , optical properties (E., !), thermal expansion (1,1.), thern'ldl analysis (]2-1!!) , 

enthalpy .<.J) , a.nd dCCNpitat:ion of single orystals (§., ~, l§) indicate the existence of a reversible transition near 2100"C. 

~-BeO is 'tetragonal with a structure related to rutile (~), .while a-BeQ is hexagonal close-packed with a wurtzite-type 

structure C.1.§., 11)· 

Tt is lower on cooling than on he"ting. Earlier studies g","ve tempera'ture differences of about IiOe (.li. 11)'. 50" (1) 

and 90" (l.':!.), but e. recent DTA study (19.) ga .... e Tt va.lues on cooling which were only ..... 15 .. below 'those on heating. Tt:;:, 2107 

!: 7"C (IPTS-68) was proposed as d. DTA standard temperature because it is reproducible and rela'tively unchanged by oxide 

impurities (12). Reported values of Tt on heating include 2l00'!:lO"C (1), 2l07!7"C <1.Q.), 209S"C ('!'V, 207SHS"C (U'>. 
20SQ-'2l.00"C (1), 2l00-2250"C (I), 2144t"lO·C (1!:.) and 20S.0'!:2S"C (§). We e.dopt '2l00t.1S"C. 

BE a 

Reported values of lI.H't- include 1.3S~O.1 (1). 1.40~O.25 QQ), 1.25 !: 0.25 (1E.) and 0.9StO.3 kCl!Il/rnol (]1). The first valUE" 

is from enthalpy da.ta. and the others are from thermal analysis. I'1: is not clear why the transition fails to appear' in two 

o'ther enthalpy studies (1. 1), We adopt <'.Ht- :: l,6tO.4 kca1/mo1 derived from the difference between the enthalpy data for 

~-BeO q) and the JANAF enthalpy for' a-BeO. 

Mel ting Data 

See BeO(t). 
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Beryllium Oxide (BeO) BeO 

(L i qu i d) GF\1 = 25.0116 

-----gibb:s!mol---~ kcal/mol--
T, OK Cpo S" -(GQ-H":&lI#Jf]' H"-W!:1118 &HI" <1Gf' Log Kp 

° 100 
200 

2.' 6~ 109 8 ~ 56 a 8.588 .000 - 129a 710 - 12'<.2.8'5 9t .103 

JOO 6.153 8.626- B~ 588 ~Oll - 129.112 - 12<;'~251 90.517 
400 B.068 to .67S B.SSS 0129 - 1?9.788 - t22.411 :;'0.685 
500 9.302 12.620 9.416 1.002 - 12<:i.78S - 120.573 52¥ 102 

600 .1.0.128 1 <..393 1 O~ 1 OD 2.516. - 129.731 11 a. 135 {.3.249 
100 lO.l'l} 16.::;'01 lu¥8jO 3.619 129.64B - 116.908 36.'500 
'00 lIdSl 17.46l 11.569 4.114 - 1.2:9.548 - rl5.096 31.443 
900 11.4.94 18.795 12.299 5.846 - 12~.439 - 113.2<;15 27.512 

1JOO 11.174 20.021 13.,)11 LOIO - 129.329 - 111.501 24.:370 

1100 12.011 21.155 13.100 8.200 - 129.223 - 109.730 21.801 
1<:.00 12.211 22.209 14.366 9.411 - 129.124 - lC1.962 19.663 
1300 12.-.,00 23.194 15~ DD7 10~ 04? - 129~O34 - 1 O(:,~202 17.854 
1400 12. ~6 7 24.119 15~(:,26 ~ 1 ~ 891 - 12B~953 - 1.J4~45D 16.305 
1500 12.721 24.991 16~221 13.155 - 12B~884 - 102.102 14.964 

1600 12.865 25.817 16~ 195 14.4305 - 13l ~5S2 - 100.S8C 13.180 
1700 13.001 20.bOl 17.349 15.128 - 131.423 - 98.966 12 ~ 723 
UWO 13.132 27. 3/~8 l1.S84 11.0'~ - 131.259 - 91.061 1l~78S 
19(10 13.257 2d.061 18 • .,.01 18.35"0- - 131.0'ilO 95.166 10.947 
2000 19.000 29.036 18.909 2Crw254 - 13D~348 - 93~296 10.195 

2100 19.000 29.963 19.413 22.154 - 129.611 91.460 9. '518 
2200 l':l.COO 30~ /:14 7 19.9l3 24.05"0- - 128. S81 - 89.661 a.'W1 
2300 19.000 .31.691 2D~407 25.95 ... - 128.1b8 - 87.S93 8.352 
2400 19.000 32.500 20.894 21.8'>4 - 127.457 - 1:16~ 1St. 70946 
2500 19.000 33.27b 21.314 29.75 .... - .. 26.755 - B4~4S2 1.383 

2600 19.000 )4.021 21.846 31~654 - 1264059 - 82.711 6."58 
2100 19.000 34.138 22.310 33.55r,. - 1254310 B1.120 6.566 
;:~Qg ____ L9_._0_QO ____ ~:}2!.':!Z2 _____ 2L·J_63 _____ ~2.!~~~ ___ : __ t9_"_·3..lL ._: __ I~~}§_6 ____ _ J?! n~ 
2900 19.000 36.096 23.215 37.3'>4 - 194.793 - 7 .... 210 5.'.>93 
30De 19.000 )6.140 23.655 39 .. 25<- - 193.871 70.068 5~ ID4 

3100 19.00C 37.363 .U •• 087 41.154 - 192.953 - 65.959 4.650 
3200 19.000 37.966 2 .... 511 43.054 - 192.0J8 - t-l~ e 14 4 • .226 
BOD 19.000 38.551 24.928 44.954 - 1'>11.128 - 57.821 3.829 
3400 lQ.QOO 39.l18 25.337 46.654 - 190.223 - 53 .. 196 3.458 
3500 19.000 39.609 25.739 4B~ 754 - 189.322 49.79Q 3.110 

3bOC }9~DOO 40.2J4 26~ 233 5:) .. 654 - 18b~427 - 45.822 2.7tJ2 
HOC 19.000 40.724 26.521 52 ~ 55 ... 161,538 - 41 ~ 674 2.473 
3800 19.000 41.~ 231 26.901 S4.454 - 186.656 - 37.949 2. t83 
3900 19.000 41.725 27.275 56.354 - 18S~17Cj1 - 34~ 046 1~9V6 
4000 19.000 42.206 21.642 58.254 - 134.910 - 30.168 1.648 

4100 19~O('O 42.675 28.003 60.154 - 184.046 - 26.312 1.403 
4,zOe· 19.300 43.133 28.358 62~ J54 - lS3.194 - 22.475 1.17C 
4JOO 19.000 43.580 28.701 63.954 - 182.348 - 18.654 .948 
4400 19.000 44~Oll 29.050 6').654 - 181.511 - 14~859 .13B 
4500 19.000 44.444 29~ 38 1 67.754 - laO.bEl" - 11 ~ as 1 .538 

4600 L9.000 44.861 20:;.119 69.65,< - 279.866 7.311 o.h·8 
470e 19.000 45.270 30.045 71 .. 55 .. - 179.058 3.580 .166 
4S0C 19.000 45.610 30.367 73.454 - l1tl.261 ~ 147 - .007 
4900 lq~OGO 46.062 30.61:13 75.354 117.473 3.8'54 - .172 
500(/ 19.000 46.41,5 30.995 77~254 - 176.697 7 ~ 549 - .33C 

Dec. 3}, 1960; .Sept. 30, 1963; Dec. 31, 1971; Dec. 31, 197'1 

BERYLl.IUM OXIDE (BcO) 

S;9B.15 :: [B.5881 gibbs/mol 

Tin:: [282}.2<;100) K (~ ... .e) 

Tm :: 2780.t:lOC K (0: .... 0 

l-!~_'!~ __ 2.£...!:2..l'rnat ion 

(LIQUID) GFW:: 25.0116 

aHfi98.15 [-129.710] kcalfmal 

aHm- [18.B9S!:l.S] kcal/mol 

.:JHm· :: 20.hl.5 kcal/mol 

tlHf" is obtained from that of (I-BeO by adding 8Hm
e 

and the differ~nce of m27S0-H29S) for 0. and liquid phases. 

H~at Cap<l.ci ty and Entropy 

Cp~ is taken to be 19 gibbs/mol based on the lower t" ... o of three enthalpy points (2867-3159 K) measured by Shpil'rain 

et al. (],). The uppeI' two points yield 210,9 gibbs/mol, which is too large in our opinion. CaI'lier enthalpy data (£, 1) 
.are inadequate for deriving Cp~. Below the dsswned glass transition at 1900 K, Cp· is t<1ken to be tho; same as that of the 

crystal. S· is calculated in a. manner- analogous to that of lIHf~ 

Melting Data 

Conflicting evidence suggests thdt the melting points of (1- and ~-Be.O are quite uncertain. Schneider's review (~J listed 

six values (TmI·C, IPTS-4B, with dates in pa.rentheses): 2410(1916), 2I,S2(1956), 2508(1937), 2557(1930), 2570(1948) and 2573·C 

(1913). Subsequent 'I'm values include 21<301:10 (i), 2560~lO (§.), 2441<!3Q (.!.), '251<7!:9 <,£), ?450~30 and 2~70~30aC (~). The 

r'epor-ted values fall roughly into two groups near 24S0"C and 2560·C. Three. entha.lpy studi.es (1-1) avoided the region from 

2113S·C to 2547~C. Pdrt of 'the conflict arises because, in most cases, the measurem~nt of Tm of ~e.O was only an incidenta.l 

B EO 

part of !h~ s1:!)dy. Such values are lI'IOre likely to be in er'ror dl.Je to temperature measurement, detection ;f ~~lting, impurit:ies, 

volatiliz.ation and reaction with the surroundi.ngs. The <'l.ctual discrepdncies may be even larger' than they appear, since. one of 

'the higher Tm values seems to refer' to (I-B('!O which should melt '\'40~ below ~-BeO. Enthalpy data of Kandyb-a et d1. <.~) suggest 

that their sample may have relTklined as a-BeO, yet they reported Tm :: 25l>7!:9"C. In contrast Tm :: 21J30!:lO~C WdS found for 

~-BeO by Lat'ta et al, (2.); their theMndl analysis showed both Tt <'lnd Tm. 

The conflict is epitomized. by the two most recen-t values of Tm, 2430:!:1O-C (.§) and 2560~lO~C (~). These s'Cudies (,?, .§.) 

seem to be more satisfactory than theiI' pre.decessors yet at least one of them has il large bias. 'they ag.ree (2, ..§.) on 1m for 

At 20 3 , Ho and Ta but differ in opposite directions for BeO and U0
2

. Non-stoichiometry could explain the lower Tm(0
2

) reported 

by Riley (§.>, but analogous evidence fo~ BeD is lacking. ,11.[; d compromise, we ddopt Tm(a) "' 250'''C :: 2780 K i!lnd calculate 

Tm(~) == 25qS-C :: 2821.2 K from oGr- :: 0 for BeO(~) ... BeO(t). 

.t.Hm"(il) :: 20.3 kcal/mol is calcula'Ced by difference from enthalpies (2857-3159 K) of Shpil'l'ain et al.<l) and the JANAF 

enthalpy for a··BeO. We assume that BeO( t) r-everted to a-BeQ unG that [:I-Bea did not: form during the drop calorimetry (ll. 
Mlm~(~) :: 18.895 kcal/mol is calculated from BeO(~) ... BeO(O at the correspondinf; Tm using the adopted tables. Enthalpy data of 

Greenbaum et a1. (l) gave ,1nll'l ". 19.3 kcal/l':'ICol (phase uncertair.} even though both th-e crys'Cal and liquid cldta hav(! larr,8 negativ(! 

bias. Ohta and Sdta C.~) derived '-:'Hm '" 7.6.!:2.1 kcal/mol f~om liquidus ddta in the bindry system BeO-Th0
2

. This can be discounted 

along with other binary data (lQ, .!.:1,) due to the ul'lcertainty in Tm. 

V d.oori zat:iQ£1 __ J?~~ 

The vdPor over- BeO is composed ffidinly of tI'imer, tetramer ,J,nd individual atoms, along with minor amounts of several other 

molecules. 
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Beryll ium Oxide (BeO) BeG 

( I dea I Gas) GFW ~ 25.0116 

----gibbs/mol----_ -------kc-a.I/mol-----

T, "K CpQ f:'" -(GG-fr'nl)(f I-F-H"1IM aUf" 

o 
100 
zoo 
298 

300 
400 
500 

600 
700 
800 
900 

lDoe 

1100 
I2ea 
1300 
1400 
1500 

1600 
llCO 
1800 
1900 
200e 

210e 
22iJ(I 
nco 
2400 
2500 

2600 
2700 
2800 
2900 
30tO 

3Ice 
3200 
'3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
.. "sCQ 
4400 
4~OO 

4600 
4100 
4BOO 
4900 
soeQ 

5100 
5200 
5300 
5400 
5500 

5600 
5 fOO 
5aoo 
5900 
6000 

.000 
6.951 
6.964 
7.046 

1.049 
L253 
7.510 

7.751 
7.969 
8.146 
6.294 
S.425 

8.552 
8~ 689 
8.849 
9~040 

9 0 270 

9.'543 
9.B'S5 

10.205 
10.584 
10.984 

11.393 
11.802 

12~923 

13.235 
13.507 
13.737 
13.923 
14.067 

14.169 
14.234 
14.264 
14.263 
14~ 235 

14.18" 
14.113 
14.027 
13.929 
13.621 

13~ 706 
13.587 
13.465 
13.342 
13.219 

13.098 
12.979 
12.863 
12.750 
12..042 

12.538 
12.439 
12.34"-
12.254 
12.169 

12.0B8 
12.012 
11.941 
11.874 
11.811 

.000 
~9.591 
44.415 
47.207 

47.250 
41i.304 
50.950 

52~ 341 
53.553 
54.629 
55.598 
5b.47~ 

57.287 
58.037 
58.739 
59.401 
60.033 

60.639 
6\.2.Z1 
61.800 
62.3e.2 
62.915 

63.461 
64.000 
64.534 
65.061 
65.581 

or... 094 
66.599 
67.095 
67.550 
68.055 

68.518 
68.969 
69.407 
69.b33 
70.246 

70.blt7 
71.034 
71.409 
11.773 
72.12 4 

72.464 
72.793 
73.111 
73.419 
73.717 

14.007 
74.237 
74.559 
74.823 
75.080 

15.329 
75.571 
75.1:107 
16.037 
16.261 

76.480 
76.693 
76.902 
77 .105 
71.304 

INFINITE 
53."16 
41.847 
41.207 

41.207 
41 ~4B5 
48.019 

48.626 
'.9.245 
49.852 
50.438 
50.998 

51.534 
52.04S 
52.533 
53.000 
53.448 

5'3.879 
5 ... 2.94 
54.695 
55.064 
55.462 

55.829 
56.189 
56.540 
56.8S4 
51.221 

57.553 
57.SH 
58.1'99 
58.514 
58.824 

59~129 
59~ ;,.30 
S9.726 
60.017 
60~ 303 

60~ 5 65 
60~ 862 
61c 135 
61.403 
61 ~667 

61.920 
62.181 
02.'.31 
62.677 
62.919 

03.151 
63.391 
63.621 
63.847 
64.069 

64.287 
64.502 
64.713 
64.921 
65.l2:' 

65.326 
65.523 
65.718 
65.909 
66.097 

20076 
- 1.382 

.6B1 

.000 

.013 

.121 
1.465 

2.229 
3.016 
3.822 
4.6 / ... 
5~4aD 

6.329 
7.191 
8.061 
8.962 
9.877 

100817 
lL76.7 
12.71:19 
13.829 
14.901 

16.026 
17.185 
16.386 
19 0 075 
20e90C 

22.208 
23.545 
24.908 
26.291 
27.oSlI 

29.103 
30.524 
)1.949-
33.376 
34.801 

36~222 
37.637 
39.044 
40.442 
41.829 

43.206 
44~ 570 
45.923 
47~263 

48.591 

49.907 
~ 1. 211 
52.503 
53.763 
55.053 

50.312 
57.561 
58~ 800 
60.030 
61.251 

62.464 
63.669 
64.866 
66.057 
61 ~ 241 

32.029 
32.366 
32.576 
32.600 

32 .600 
32.519 
32.388 

32~232 
32.J'::>8 
31.810 
31.668 
31.450 

31.216 
30.965 
30.701 
30,427 
30.147 

n.tlo 
2.&.q4~ 

26.805" 
26.694 
26.614 

26.'568 
26.'.553 
26.573 
26.623 
26.700 

26.804 
26.SI30 

- 43.956 
- 43~546 

- 43.125 

- 42.694 
42.259 

- 41.824-
- 41.392 
- 40.966 

- 40~550 

- 40~ 146 
- 39.757 
- 39.382 
- 39.025 

- 38~687 

- 38.366 
- 38.070 
- 37.793 
- 37.531 

- 37.304 
- 31.092 
- 36.SI03 
- 36~ 735 

36.58e 

- 36.465 
- 36.362 
- 36.262 
- 30.221 
- 36.182 

36.163 
- 36.103 
- 36.183-
- 36.222 
- 36.279 

~Gr Log Kp 

37..029 INFINITE 
30.490 - 66.63'5 
28.517 - 31.162 
26.510 - 19.433 

U •• 473 -
24.440 -
22.436 -

20.459 -
18.511 -
16.567 -
14,690 
12.815 -

10.963 
9.13? -
7.324 -
5.535 
3.767 -

2.096 -
.'538 -

l.Oll 
2.551 
4.092 

5.625 
7.158 
8.689 

- lC.2n 
- 11 e 761 

- 13.299 
- 14.844 
- 15.287 
- 14.2606 

13.2606 

- 12.281 

8.464 

7.538 
6.629 
5.727 

3.086 
2.221 
1.360 

.512 

.331 -

1.112 
2.005 -
2.836 -
3.660 -
4.486 -

5.307 -
6.120 -
6.940 -
7.752 -
8.567 -

9.380 -
10.194 -
11.012 
11.621 
12.63;:' -

19.285 
13.354 

9.807 

7.452 
5~ 719 
1 •• 531 
3.567 
2.BOl 

2.1 re 
1.663 
le231 
.864 
.549 

.286 

.069 

.123 

.294 
• 447 

.:'85 

.931 
1.028 

1.118 
1.2.02 
1.193 
1.015 
.966 

.866 

.-{72 

.655 

.604 

.529 

.458 

.392 

.329 

.271 

.216 

.164 

.116 

.069 

.025 

.016 

.056 
• 093 
.129 
.163 
.196 

.227 

.257 

.286 

.314 

.340 

.366 

.391 

.415 

.438 

.460 

Dec. 31,1950; Sept. 30,1963; Dec. 31, 19711 

BERYLLIUM OXT DE (BeO) 

SYm.IDetry Number :< 1 

S298.15:: 47.207! 0.1 g:ibbs/Jnol 

Sou~_~ 

'1.) 
(1-_~) 

(1) 

(~-1) 

(1} 

(~) 

(~) 

(~) 

(],' .:':) 
q, .:.} 

(~) 

Heat of Forlnation 

State 

X 1r"' 
3n 

A 'n 
'"+ 

'. 
D 1. 

'L
IZ

IZ'" 

000 

[ !1000) 

9234.8 

[160001 

21197. 

( 37000] 

[ 35000) 

38918. 

( 40000 J 

38956 . 

[47000 ] 

(IDEAL GAS) GFW :: 25.0116 

.-jHfO : 32.03 1: J kcal/mol 

~Hf298.1S :0 32.6 1: 3 kcal/mol 

Electronic and Molecular Constants 

"i £eJ 
1. 3310 

[1.463 ] 

1.46::'7 

[1. 362) 

1. 3623 

[1.49] 

t l.~S} 
1.49 

[1.49) 

( 1.49) 

[ 1.49] 

-, 
E~ 

1.6510 

[1. 366J 

1.3561 

[1. 576 J 
1. 5758 

[1.311 

£1. 31) 

1.31 

[1.31] 

[1. 31] 

[1. 31) 

-1 -1 
£e~ ~ 

0.0190 1487.3 

[0.0163] 1130.S 

0.0163 1144.2 

IO.OlS} [1370] 

0.0151.1 1370.S 

[0.011 [1082] 

(0.01l [1082] 

0.01 1081.5 

[0.01 J 1012.2 

(O.oll [1082] 

(O.OlJ [1082] 

-1 
~e3e~ 

11. 83 

8 0

' 

8,42 

[7.8] 

7.75 

(s.} 

\:'3.) 

9.1 

'0" 
[9.1 

{9.] 

We adopt DO :: 104. Z "":. 3. and C;¥.f 29 B :: 37..15 !. ?; kcal/mol based on 'tl,.fO mass-spcctrorootric: studi.~s (~) gl analy7.~d below. 

The adopted values correspond to the average of the two results for reaction A and also to the avet'age for reaction B. 

BE 0 

Improved agr-eern.ent betw~en reactions A and B is due to recalculation of Kp of reaction B using the current table (~) for 

3~0(a). Our analysis :.;hould be compared to the ana:i.ysis of Br'ewer a.nd Rosenblatt (12.), using "functions based upon calculate;d 

levels. " 
The controversy elver DO of alkaline earth oxides has been reviewed In detail (19.-11.). Uncertainty in "the electronic 

paroti"tion function ;f BeD due to triplet states now l1> much r(!c!uced (1.). Gaydon (ll> derived spectT'Oscopic values for DO of 

91 and 111 kcai/mol fr'om the X i'lnc! A states) respectively. DO ':: 101 kca1/mol wa:i derived (.11) by fitting an electr'Onegativity 

potential function t.o the X state . 

Source 

(~lChupka( 19"59) 

(~)Theard(l964 ) 

(~) Chupk.!! (19 5 9) 

(~)Theardo.9S4) 

J"let"hod 

Knudsen mass spec. 

Knudsen mdSS spec. 

Knudsen lIl(!lSS spec. 

Knudsen mass spec. 

Reaction
a 

A 

E
e 

Be 

Range 

~ 
2100-2474 

2380 

1914-2304 

2380 

No. of 6S
b 

Points gibbs/mol 

1. 6~2. 3 

0.71:0.9 

~Hr298J O::callmol) 

2nd Law 3rd L(!Iw 

·8. IJ!:5 -11. 9~3 

-lS.3d 

l07.:'h2 10S.9:!:3 

104. S~3 

OHf 298 D~ 
kcal/mol 

30.6 106.2 

34.5 102.2 

:n.9 10l .. 9 

33."3 103. S 

UReac"tions: A) BeO(g) + O{g) =- Be(g;) 4- 02{g); B) J3eOCg) :< Be(g) -+ O(g). b 6S =. fiS;Ond Law) - 6S;(3rd La.;';). 

cReca1culated as .in (..@.) assuming F
Be 

:: Po and JANAF values for BeO(a) :0 Be(g) "" O(g). 

Heat Capacity and Entropy 

Electronic levels (To) and vibrational-rota'tional constants of the obseI' ..... ~d stateu are f"('om Rosen <;p. field (~) 

concluded "that ca.lculation:;; <1, .§.-2) of the isoconfigurational Aln - 3n separat.ion should be a.dequate for- estimating 

low-lying 3rr sta"tEO. The adopted separation of 1200 cm- l is consistent with analys,ls (1) of perturbations. We estimate 

at 15000 cm- 1 by assuming tha.t it lies 5200 ! 4000 cm- l (.!-]) below the isoconfigurational B state. Other predicted states 

and their vibrational-r'o1:ational constants are estiJf:.ated in isoconfigura"tional groups by comparison with MgO, CaO, srO a.nd 

BitO (.=!). Comparisons aN facili "tated by listing the states in the isoconfigurational order of ligO (~). Our thermodynamic 

functions correspond to an "effective" ground state with 1<e<2 ins"tead of g '" J or 6 (:!,Q. 11). This com?arison is only 

dPproximat~ s~nce our functions are calculated using first-order anharmonic corrections to Q; and Qt in the partition function 

Q :: Qt 1 Q~ Q~ gi ex-p(-c 2 .<:/TL 

Sublimation and Va.poriza.tion Data 

Mass spectra (l!.. ~) at 1900- 21.100 K showed the vapor to consis t mainly 0 f Be, 0, (BeO) 3 and~ (DeO) 4 wi th small amoun ts of O2 , 

Be
2
0, BeO and other polymers of BeQ. Tetramer, trimer and p".entdmer' become dominant a't higher temperatures • 
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Calcium Monobromide (CaBr) 

( I dea I Gas) 

T, 'K , 
1 GO 

3:)0 

1100 
11.00 
1 ?-GJ 
1"O() 

\"JO 

l:llOL) 

"':100 

'"10l) 

4':'[}J 

... SUU 

'0000 
£."700 
4tlGO 
.!.QOO 
:,JOO 

'>,)00 

-:;600 
:'7CO 
5/jOI,) 
<;~[,o 

6000 

Cp' 
.000 

7.543 
8. ,<)9 
C\. 69~ 

8.f.qt-l 

:;. oJ21 
C,040 

S.0')7 
'l. U73 

9. 'j"" 
9.ICl3 
(,1.11 g 

\'.\::'2 
').14(, 

9.1d 
'1.\n 
c -l '13 

9. Zi C 
1.£2'< 

9.29<;: 

<;;.3::' f' 
9. Jb() 

<). 3Q~· 

9.4\3 
Q. '.7':.1 

'7.':>-':1 
<1, '5 70 
<;'.6?'; 
Y.679 
9.739 

C).'ll):? 
9. '\(,<; 

<,.0:-8 
I 

lu .... 9~ 

10. ?oe 
! 0.!:-70 

lO.""J 

11. J:jJ 
11.1? ." 
11.214 
II.30f· 
11.3 e 7 

11. "dP
ll.576 
11.667 
11. 75t: 
1l.844 

GFW 119.984 

gibbs!mol---~ _____ kcal/mol __ 

S" -(G<'-H"DR)rr ""-W'lS5 6Hr' 

.000 
"1.457 
56.99R 
60,·<-16 

60.47J 
6:<:.'H? 
(.,4,':)10 

66.597 
67, C)78 
"'"1.17;:1 
70.23Q 
71.190 

12 • Ij S ~ 
72.>l'd 
n.':'::.!· 
74.242 
74,87: 

15._00 
1(" •. J\'. 
rl.,) J7 
77.0.13 
11."04 

77. 95'~ 

79. 'l:,li 
";IO.2t! ~ 
80.w24 
EO.C)';") 

-'Ii. .i15 

?-l • ...,jjr 
"1.8Q>.) 
,,2.11:15 
;::2,47 j 
&2.7'.;<' 

32 .~3) 

$4,317 
b .... ')73 
i34.;'I1 r, 

p ~. 05 ~ 
tlS.':H 

8~. '.ll 'J 

c5.7106 
6:',973 
I3c.1 ~(:) 
1"1).416 

!:lu.f-34 

I.i 7. <o~Q 

b7.;;,81 
87.891 
88.093 
M .• 2'i3 
eb.491 

PH'INlTE 
67.912 
(.1.204 
foO.416 

01. 1.11. 

62.1.1" ,; 
62.08l 
0.594 

t ".5 iO 
66.1 J6 
f.L6S3 
b 1 .171 
01. t-64 

68.1',3 
~ t;. S~-J 

h':l.blO 

'" 

• ~,:,2 

an 
IH.! 

11 

1.(.. ~l.(, 

74.564 
74.7<;7 

70.40" 

n.Ohl 
71.24>;-
77.lo?i--

77.604 
77.18tJ 
n."9'B 
7l:l.124 
H.292 

- 2.3'55 
- 1.645 

.84} 

.GOO 

2.672 
3. :'61:\ 
1.,.46t 
5. ~6 7 
6.270 

I]. ,52 
14,469 
1'5.J.c,0 

2::'.6'.;; 
'_?603 
27.51'.:2 
ze.. ~2 7 
29.'<"93 

30.47<; 
31 

33.44[ 
3 ...... 51 

3,).464 

~lJ. Sr;4 

4u.64b 
.:.t.lll 

44. '}~.2 

.. 6. O~C 
"7.15B 
1,.8.215 
49.401 
,0.530 

51.r;I:iC 
';2.S34 
5J.<l96 

Dec. 31, 1974 

9.B61 
9.11'" 

- 10.042 
- li.806 

- 11.618 
- 1 ?69t1 
- 15.899 

- 16.102 
- 16.30(, 
- 16.6'-8 

t 7 .,':48 
- 17. 700 

- 1l'J .204 
20.!:t41 

- 2U.806 
- Zl.ub9 
- 21.332 

- 21. ~9'" 
21.1::55 
~9.00'" 

- 59.041 
- ')9.056 

- '">9.l ~~ 
5'f.165 
,)9.201 
5'1.25':. 

- 5'1.302 

- 59.3'37 
- !)9.41!.i 
- 59.467 
- 59.~64 

59.653 

- 59.75(, 
- 5'1.868 

60.000 
- 60.]47 
- 6;).313 

- 60 ... ·99 
- 60. 70b 
- 60.<;36 
- 61.191 
- 61.4&9 

- 61.771 
- 62.100 
- 62.454 
- 62.833 
- 63.Z3<} 

- I"J.!.. 669 
- 64.123 
- 64.tlO} 
- 67.> .10':' 
- 65.027 

- 66.172 
6~. 736 
61.318 

- 67.917 
- 6!L~31 

69.}59 
- 69.198 
- 10.448 
- 71.106 
- 11.775 

&Gf" 

9.~6l 
- 13.1;40 
- 17 ~84S 
- 2l ~434 

... 94 

- 27.96 .. 
- 29.'1,6 
- 3l.d27 
- 33.670 

35.471 

37 .231 
- 38.7s:. 
- 40.294 
- 41. 7~ .. 
- 43.2.54 

- 44.707 
- 46.143 
- 46.d8/, 
- 46.2U9 
- 45.533 

- 44.d55 
- 44.174 
- 43.491 
- 4<:.807 
- 42.120 

- 41.432 
- 40.7,;-l. 
- 40.049 
- 39.J5J 
- 38.655 

- 31.952 
- n.2.4T 
- 36.540 
- 35.1327 
- 35.1ull 

- 3<o.~!;16 

- 3;;.651:1 
- 32.92~ 
- 32.1 d3 
- 31.437 

- 30.01:12 
- 29.919 
- 29.14'=1 
- 28.309 
- 27.~i.13 

- 26. HI5 
- 25.H7 
- 25.l6':' 
- 24.j3:j 

- 23.497 

- 22.&50 
- 21.791 
- ZO.9tl 
- 20·(1<01 
- 19.148 

18.246 
- \703,,9 
- 16.402 
- 15.405 
- 14.519 

BrCa 

log Kp 

lliF INl TE 
30,247 
19.50 ... 
15~ HI 

15 .b~d 
1 ).071 
11.3S1 

1 D. lb6 
9.343 
b.b'!5 
6.178 
7.7;" 

7.391 
1.Otl4 
b.774 
6.523 
6.31..12. 

6.l01 
5.932 
5.692 
5 •. 31S 
4.9-r6 

4.008 
4.388 
"'.133 
~.89a 

3.682. 

3.403 
3.291) 
3.1<:6 
2.966 
2.8!0 

2.676 
2. .544 
2.421) 
2.3uJ 
2.1.,.2 

2.wes 
1.900 
1.894 
1.8';." 
1~ 1lB 

1. 636 
1.551 
1.452 
r s4J9 
1.3'00 

1.273 
1.208 
Ll ... 6 
I.DoS 
1.v27 

.'171 

.910 

.d63 
~i311 
• (61 

.71o! 

.b04 

.618 

.5H 

.5&.9 

CALCIUM HONOBROHIDE (CaBr) (IDEAL GAS) GFW = 119.9B!~ 
Ground Stdte ConfiguI"':n:ion 2r+ 

S298.15 :: 60,1~2 .!" 0.05 gibbs/mol 
Hfe = -9.S 1; 10.0 ked/mol B RCA 

HCl!t of Forra.a.tion 

w 
e 

STATE 

X 2[+ 

Al 2111/2 

A2 2n
312 

B 2"1: 

C1 2 nl !2 

C2 2T13/2 

284,55 cm- l 

<.lHf 298 . 15 :: -11.8 ~ 10.0 kcal/l'tlOl 

El~ctronic Levels and Quantum Weights 

'£i' cm-
l 

15922,5 

159S5.8 

16.180.0 

25311<.0 

25537.5 

£i STATE 

D 2]; 

E 24 

[r 2n] 

(G 211 ) 

[H 2.n 

WeXe::: 0,86 ern-I 

11' cm- 1 

30190.6 

3394'2.2 

&i 

l 35000] (4) 

[ 35000] (I.r] 

36798.7 ( 2) 

a = l 

Be ~ (0.09637] cm- 1 u
e 

:: {O.OOO~8'3J C!I",-l r'e (2.561 A 

'" -9.9 'kcal/mol, is obtained from an -analysis of spectroscopic data. Tr.e adopted values of 

constants, we. and (.lex.e , give DO :: 2.90 cV for CaBr(g) by d. linear 8irge.-Sponcr- extrapolation. 

3a;;;ed on the ionicity correction suggested by Hildenbran.d (1), this value adjusts to 3.50 >:..V (SO. 78 kcal/mol) which is adopted. 

The dcopted value fot'DO giVes DO (C.lBr)/D.j(CaBC'2) = 0.li3 which is quite consistent with Ya.lues of this l'atio for o"ther 

alkaline earth halide systems (1). Al:.o, Hildenbrdnd (1. ~) found that the iO!'.ici"ty par'ame.ter brins,s the.rmocr,emical and 

spectroscopic dissocidtion t:ner-gies for Caf"(g) and CdCl(g) into reason<J.Cle agl':'ee.mo:::nt. lI.Hf298 corresponds "to -11.8 kCdl/mol. 

Tonic model cd}cula"tions havE:. l~d to 0; values of 5.29 eV (1) and 3,4 eV (2.), The latter' result is believe.d to represent 

a minimum. value for DO' Two other experiment.:!l values for DO' which bracket "the "elected value; haVe also be~n r-I;porte.d. 

rlame studies (2) gave DO ': 3.29 eV and chl::milurninescencc (~) from t'{:!dction of Ca atoms wit:h B!'2 gave a lower' limit to DO of 

[ •• 22 I:!.V. WI2: assign an uncertainty of! 10 kcal/mol to l.l.Hf; to includr:: the possibility that these studies art<: co I't'r::ct , 

He;)t Capacity and Entropy 

Thr:: value of r-e is obtain'l:l.a from that foI"' gas<s:oul.; CaB!'; (~) with r
e

(CaBrl/r
e

(CdBI'2) !': 0.96. The value of this ratio is 

calculated from bond l;nzths (1) for' sevr::ral othr::r alkaline earth halide systems. Our adopted V"alu(!.for re is SUppol't'l:l.d by 

an estimate (re :: 2.6 A) of Krasnov and KaI'3seva (&) while another ~s'timated value (~) is only 0.14 A i-'lrger' than ours. The 

r'otational constant is calculated from thE< estimated value of I'e' The value of a
c 

is obtained f'['om a Morse potential function. 
The moment of inertia. is 2. 90l,.5 X 10- 38 g emf. 

The vibra.tiona.l constants ar'o:: thos(:: rec~ntly c1~t~rminE:.d from a complete vihrat:ional analysis of the 0 21: _ X 2 Z system 

by Shah (±Q). Tho::st: two values are cO!"'t'ected for the natur'd1 isotopic abundances of Br. The elcctI'Onic levels with the 

ex.cl::.ption of those for tht: D, F. G, Hnd H states are from the compilation of Rosen (1.1). Th(: D s't.:st~ energy is fr'om Sh;1h 

(12)· Tho:: two doubll::.t states (r and G) are e!.itimated by analogy with those for SrBr (E,). Recently, Reddy et a1. 

reported observing a new system of bands in 'the visible emission spectrum of CaBr which w,,"s associated wi'th 22 _ A 

tr'ansition. The upper st<1te of this sy$tem is assigna::d the H 21: st.dte by analogy with SrBr'. 
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MAG"ES!U" MONOSROM!DE (MGBR) 

(IDEAL GAS) GFW=104,209 

gibbs/mol ------~ kcal/mol 

T,"K Cpo S" -(Go-H"' •• ){f H~-H"18$ 6111" 
0 ~ 000 .000 iNF INITE - 2~290 6~611 

100 7 e Z35 4q~ 88 1 b5~ 777 - 1 ~569 oe399 
200 6~ lOb 55.192 59. zas .B19 6~ 116 
298 8.51tl 58.5Lt. 56. ';)16 .000 8 ....... 1 

300 8.523 Sd.S6q 58.517 .Olf" 8.459 
_00 8.71b bl.051 58.65'" .879 - l2.330 
'00 d.B20 63.006 59.4<;16 1.756 - 12.53b 

600 6.B85 64.b21 60.2l9 - l2.763 
100 6 .. 9L9 bS.495 60.949 53' - B.OtZ 
800 8.962 61.190 6l.65b 4.4Z 1 - 13.291 
900 8.989 68.241 62.331 5.325 - 1l.603 

1000 9.011 69.l<;l5 62.910 6.225 - 16.012 

1100 9.031 70.055 63.576 1.1Z7 - 16.423 
1200 9.049 10.841 64. L49 I;lsQ31 - 16 .. 797 
1300 9.06';) 11.5bo b4. (;092 8.936 - 17.191 
HOC 9.080 12.239 65.207 9.8~4 - It7 .. 987 
1500 9.095 72.66b 6~.697 10.152 - 48.029 

loDO 9.l09 73.453 66.164 11.663 - 48 .. 010 
1700 9.123 74.000 66.609 12.574 - 48. III 
1600 9.136 74.527 67.035 13.~d1 - 40.150 
1900 ~.149 75.022 67.442 }4.401 - 4S.168 
2000 9. t62 75.4'11 67.833 lS.H7 - 4S.U6 

2100 9.17:. 75.939 68.208 16.234 - 4B.264 
2200 9.18d 76.366 63.569 17.152 - 4!!.300 
2300 9.200 70.775 68.911 18.071 - 48.337 
2400 9.212 71.166 69.253 18.992 - 41l .. 312 
2 SOD 9 .. 225 n.543 69.577 19.914 - 48 .. 408 

2600 9~2j 7 77.905 6'1.890 20.837 - 48 ~ It4 '3 
2100 9.250 1/j.254 70. L94 ll.761 - 48.418 
l800 9.262 7~.590 70~486 22.M7 - 48.513 
2<;00 9.275 78.915 70.773 2: 3 ~ b 14 48 .. 547 
3000 ':I.l88 79.230 H.0fi.9 24.542 - 48.563 

3}00 9.302 79.535 71.318 25.472 - 4B.619 
3200 9.315 7".830 71.580 .l6.4J2 - 48~ 657 
3300 9.330 SO.U7 71.834 27.335 - 48.69'5 
3400 9.344 80.396 72. 082 28.268 - 48.136 
),00 '1.300 80.667 72.323 19.203 - 4B .. 779 

3600 9.376 8';.931 72.559 30.140 - 48.824 
HOD 9.J92 I.H.i.88 72.788 31.019 - 4d.an: 
3600 9.410 81.439 73.013 32.019 - 48.924 
HOD '9. ;,.29 81.684 73.232 3':.9&1 - 48.979 
4000 9.448 81.922 736446 33.904 - 49 .. 039 

4100 9.469 62.156 13.656 34.850 - 49.10" 
4200 9.'t90 82.3S .. 73.861 35.79a - 4q~113 

4300 9.513 11.2 .. 608 74.0{;>2 36.7 .. a - 4q~Zloq 

4400 96 ~3 1 62.821 14.2.59 lI.H)! - 49 .. 330 
4500 96563 B3.042 74.4~1 38.656 - 49~41a 

4buO 9.sa9 83.25l 74.640 39.614 - 49 .. ')13 
4700 9.611 83.459 74.826 40.514 - 49.615 
... aoo 9.647 8.l-.6bl 75.008 41 ~ 53 7 - 49~ 7 25 
4900 9.677 t33.861 7~.lB6 42.503 - 49 .. 843 
soao '1.70'1 6 ... 056 75.362 43.473 - 49.969 

5100 9.742 84.249 75.534 44.4",5 - 50.105 
5100 9.777 84.439 75.704 45.421 - 50 .. 250 
7300 9.813 !;I4.bZS 75.870 46.400 - 50e-'104 
~400 9.1:150 84.809 76.034 47.384 - 50c561 
5500 9.888 84.99(1 7b.l':15 48.370 - SOc 742 

5600 ge928 650.168 76.354 '09.361 - 50~927 

5700 9.968 87.345 10,.510 50.356 - 5l ~ 123 
5800 1O~010 d5.SIS 16.664 51.355 - 51 ~32q 
5900 lO.O'S3 85.690 76.815 52.358 - 5L.548 
6\.100 10.097 85.359 7Eo.965 '33.365 - 51 .. 779 

June 30, 1956; June 3D, 1975 

B R M G 

6Gf' Loo Kp 
6~611 INF (NITE 

- 10.516 22.984 
- 14.618 15.913 
- 18.140 13.291 

- l8.200 
- 20.664 
- 22.723 9.932 

- 24.741 9.012 
- 26.717 8.]41 
- 28.657 7.829 
- 30.559 

32.243 

- 33.845 6.72"-
35.413 6.~50 

- 3b.947 b.211 
37.971 5.928 

- 37.255 5.428 

- 36.536 4.991 
- 3~.S12 4.604 
- 3:'.069 4.260 

- 34.361 3.952 
- 33.633 3.615 

- 32.904 3.424 
- 32.110 3.196 
- 31.435 2.9$7 
- 30.700 2.796 
- 29.964 2~ 619 

- 29.2Z4 2 .... 56 
- 26.466 2.306 
- 27. 7~5 2.166 
- 27.001 2.035 
- 26.25Q l.9l3 

- 25.513 1.799 
- 24.768 .1..692 
- 24.022 1.591 
- 23.271 1.496 
- 22.524 l.406 

Zl.772 1.322 
- 21.019 l.242 
- 20.26'" 1.166 
- 19.512 1.093 
- 18.756 1.025 

- 17.999 .959 
- 17.240 .897 
- 16.479 • 83B 
- 15.71" .7!H 
- 1 .... 948 .726 

- 14 ~ 1 a 1 .67" 
- 13.411. .624 
- iL.640 .516 
- ll. B66 .529 
- 11.089 .485 

l.03l • 442 
9.531 .401 
8.743 .361 
7.960 .322 
7.1.07 • 285 

6.376 .249 
5.574 • 21-'1 
4.777 .160 
3.969 .147 
3 ~ i.e 7 .US 

MAGNESIUM MONOBROMIDE (MgBr) (IDEAL GAS) 

Ground Sta"te Configuration 21;+ 

S298,15 :: 58,:'2 t O.OS gibbs/mol 

Electronic Levels and ~ntum Weights 

!-!~at of fonnation 

We 

State 

X2 l;+ 

2ITl/2 

B! 

C[ 2!J 

373.2 cm- l 

Be 0.16241 cm-1 

25765,2 

25876.3 

t 26500] 

39285.9 

wexe :: 1.34 em-I 

0e :: (0.00079] crn- l 

&i 

GF''' :: 104.209 

lIHfa :: -6.6 t. 10.0 kca1/rnol 

,JHfi98.1S :: -8.4 .t 10.0 kcal/mol 

re = 2,36 0.10 A 

No thermochemical measurement of the heat of formation has been ma.de. The selected value, t.Hf;(MgBr...g).::: -5,6 ! 10.0 

kcal/mol, is based on dn andlysis of spec'troscopic data. Her'zberg (.!) obtained the value DO ~ 3.35 eV from p!'edissociation 

which sets in above v = 3 of A
2

l! state. Gaydon (1) recommended n; = 3.2 !: 1.0 e.V wl1ich was obtained from a linear' Birge

Sponcr extrapolation of the ground state vibrational levels (v, 0-6). Our adopted vibroat:ional constants give this same value 

by a similar extrapolation. The linear Birge-Sponer DO value adjusts to '3.03 eV (59.'19 kcal/mol) when corrected for the 

ionic character of the Mg-Br' bond by the method suggested by Hildenbrand (~). This adjusted nO vdlue is adopted and 

c-or'r'esponds to uHfi98 of _8.4 kcal/mol. 

Two lower- values oj' DO have been repor'ted from results of ionic model calculations C~, ,?,). Margrave (~) calculated 

an ionic binding energy of 135 kcal/mol which gives DO (Mg3r, g) = 1.75 eV. Krasnov and Karaseva (2.1, using a Rittner 

B R M G 

potential function (.§.>, found DO = 2.39 eV which probably represents a minimum value for DO' Tn addition, we find Di9s (MgHr)/ 

lIHa
29S

(HgBY'2) := 0.44 which is quite consistent with values of this ratio for other .alkaline-earth halides (]). This 

consistency provides further support for our adopted results. An estimated uncertainty of .!: 10.0 kcal/mol is believed to be 

realistic. 

Heat Capacity dnd Entropy 

Values for the ground stdte vibrational constants and bond length are taken from the. tabulation of Rosen (!!). The 

adopted value of re which was obtained from a rotational analysis of the (0,0) bands of the A
2

n:_X
2

]; system by Patel dnd 

Pa'tel (~, lQ) gives r e (MgBr)/r
e

{MgBr 2 ) '" 1.01. COmpdr)SOn of values foY' this ratio for several alkaline-earth halides (,?) 

shows that re(HX)!~e(MX2) is generally slightly less than one ('\.0.96). This sugges"ts that the uncertainty in reCHgBr) may 

be as high as 0.1 A, assuming I'e for MgBC'Z is Co!'r-ect (.,?). The value of Be is calculated from reo Cle is obtained from the 

other constants assuming d Morse po'tential function. The moment of inertia is 1, 7235 It 10-
38 

g cm
2

. 

The electronic levels except for the two upper most: states are from Rosen (~). We estimate a 2l: state to lie at: 26500 

cm-1 by analogy with those observed for CaBr and SrBr (.,?). The assignment of the level at 39285.9 cm- l is rather uncertain. 

Rosen (~) has assigned this level c1S 8. elf[ state. Very recently, Reddy and Rao (:!J:) observed that the bands were sinsle

headed, and they attributed the system to a e2 ]; - X2
l; transition by analogy with that: for MgF. Comparison of the observed 

spectra for MgCl, CaBr, SrB1", and SaBr(l) suggests yet another dssigrunent. It appcdrs liJo:ely that the observed level 

near ~OOOO cm- l arisen from a. n2z_x2 r. transition, and the c2n state, estimated to lie near 30000 em-I, has gone unobser'ved . 

We tentatively adopt the assignment of Reddy and Rao <l!). However, thermodyn4l1lic func:'tions based on the alternate a.ssignments 

a1'e not significantly different from those adopted below 4500 K. 
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Strontium Monobromide <SrBr) 

( I dea I Gas) GFW , 157.524 

----glbbslmo'---_ ---------kcali .... 
T,"K CpO s· -(G'-U'_J!f H"-""'_ 6UI' 

c .000 .o.co INFINITE - Zelt15 - 19.266-
100 7.906 53.177 70.681 - 1.6'10 - 195195 
20C 8.611 59.529 63.812 .856 - 19.536 
29B 8.809 63.011 63.01 I .000 - 21.300 

300 8 ~ a II 63.0b5 63.011 _016 - 2i.H2 
400 8.895 65.613 63.358 .902 - 25.205 
SOO 8.942 67.604 64.015 1.194 - 25.454 

600 8 .. 974 69.231 64.15:; 2.690 - 25.144 
700 B.'7Q8 70.622 65.495 3.569 - 26.083 
800 9.018 7l.6Z'So 66.213 4.490 - 26.418 
900 9.036 72.888 66. sn 5.392 - 27.101 

1000 9.053 73.841 b7.~44 fr.291 - 27.547 

llCD 9.068 14.105 68.1$7 7.203 2q~916 

Ilea 'lI e oe). 7S~"-t94 68~ 736 8s 110 30~ 31JO 
1300 99091 7f~~222 696284 9.019 - 30~bB3 
1400 9.ill 16~ 897 69.804 9.93() - 31 ~06t-
15CO 9.125 71.526 70.298 10.£142 - 31 ~44S 

!bOC 9~ 140 78.115 10.768 11.155 - 31.629 
ll'OG 9.154 ra~6 70 11.217 12.610 - 64.163 
1600 9 .. 110 1Q~ 193 71.646 13.586 64.821 
190C 9 .. 187 79. b~O 72.056 14.504 - 64.859 
2000 9.205 aO.161 72.450 15.423 - b'o.898 . 

2100 9.226 60.611 72.828 16.345 - b4~939 

ZZOO q ~ 2lt'il 81.041 73.191 17.266 - 04.982 
BOO 9~274 81.452 13.':142 18.195 - 65~02S 
l4CC 9.303 81.548 13.819 19.123 - 65 ~oao 
2500 9~n5 82~229 74~ 206 20~O55 - 65~!37 

2600 q~ 311 82~ 595 74.521 20.991 - 65~202 
2700 '1.411 82..949 14.827 21.930 - &5.271 
2800 9.455 83.29Z 75.123 22.$73 - 1)5.305 
2900 9~503 83.625 15.411 23_621 - 65.466 
3000 9 .. S55 83.9lt8 15.690 24.714 65.583 

310e 9~b11 84.262 75.961 25.132 - 65. 7l<~ 
3200 9.1)71 84~568 16.226 26.696 - 65.876 
3300 9.735 64~ 867 76.483 27.666 - 1),6.056 
3400 9.802 65.158 lb.734 28.643 - 66.261 
3500 9.613 ~5. 443 76.979 29.627 - 66~493 

3600 9 .. 947 85.723 77.218 30.618 - 66.75'1 
3700 10.024 /j5.'996 17.451 31.616 b1~046 

3800 lO~ 10 .. il6.265 '71~680 32.623 - 07.310 
3900 10.187 86.528 77 ~903 33.631 - 67 ~ 727 
40eO 10.212 8b.7a7 76.12l 34.660 - 6S.1l'::l 

4100 lO~ 359 .\:17.0">2 18.336 35.692 - 68.544 
4200 10.447 87.292 18.547 36.732 - 6.9.00~ 
4,00 10.'538 87.53') 18. '753 37.781 - 69.499 
44CO 10.629 87.783 76.955 38.840 - 70.027 
'oS00 10.722 68.023 79.154 39.907 - 70~5a9 

!- 4600 10.815 88.259 79.35C 4Q.Cj84 - 71.183 

"D 
"'700 10.909 88.49) 79.542 ">2.070 - 7l.806 

::r 4800 11.003 8B.724 "9.731 43.166 - 1'2~460 

...: 4900 11.098 88.951 79.916 44.271 - 73.140 

:' 500e 11 ~ 192 89.177 SO.099 45.385 - 13.844 

n 5100 11.286 89.399 80.280 46.509 - ?4-.572 ::r ... 5200 11.360 69.619 80~457 47.642 - 15.321 

~ 5300 11.473 89.837 dOe632 48.7as - n.087 
5400 11.566 90.052 80eB04 "'9.937 - 76.670 

'" 5500 11.6~7 90~ 265 80.975 51.096 - 77 ~b67 ... 
=" 5&00 11.HB 90.">76 131.142 52.269 - 78.474 

CI ~700 11.837 90~6B5 61.308 53.448 - 79.292 

!!. 5800 11.925 90.an 81.471 54.636 - 80.115 
5900 12.012 91.096 Bleb33 55.d33 - 80~94:' P 6QOO 12.097 91.Z99 tHe 79l. 57.038 81.71'5 

< 
!. 

.:"I 
Dec. 31, 1974 

:z 
!l' 
~ 

-0 .... ... 

BrSr 

6GI' .... K. 

- 19~2b6 I~F INTTE 
- 23.329 50.986 
- 21.353 2t;l.SB9 
- 30~93b 22.611 

- 30.996 22.560 
- 33.437 18.269 
- 35.466 IS.502 

- 31.443 13.638 
- 39.367 12.291 

41.2H 11.266 
- 43.041 10 ~452 

44.7e8 9. rsa 

- 46~3e1 9.215 
- 47.860 8 ~ 711 
- 4-9.3CS 6.289 
- 50.126 1.919 
- 52.118 7.594 

- 53.483 1.305 
- 53.919 6 •. 932 
- 53.279 E>.469 
- 52.636 6.055 
- 51.993 5.682 

- 51.347 5.344 
- 50.699 5.036 

50.0<08 4.156 
- 49.3~6 4.498 
- 4B.141 4.2&1 

- 46.01:13 4.042 
- 47.425 3 ~ a39 

46.761 3.650 
- 46.095 3.474 

45.426 3.309 

44.7S1 3.t,)5 
- 44.072 3.010 

43.389 2.B74 
- "'2.6~9 2.745 
- 42.002 2.623 

- 41.299 2.507 
- .. a.sss 2.397 
- 39.S~8 2.293 
- 39.139 2.193 
- 38.403 2.098 

- 37.655 2.001 
- 36.896 1.920 
- 36.125 
- 35.342 
- 34.S"t8 1.678 

- 33.7"'1 1.603 
- 32.919 1.531 
- J2~ 086 2.461 
- 3l.238 1.393 
- )o.:ns 1.328 

- 29.500 1.264 
- 28.60a 1 ~202 
- 2 7 ~ 701 1.142 
- 26.783 1.084 
- 25.846 1.027 

- 24. B'1a .91( 
- 23.933 .9t8 
- 22.955 .865 
- 21.%2 .814 
- 20~ 958 .763 

(IDEAL GAS) GFW " 167.524 STRonTIUM HONOBROMIDE (SrSr) 

Ground State Configuration 2;;+ 

829B.15 :: 63.0 .!: 0.1 gibbs/mol 
OHfO:::- -19.3 !: 10,0 kcal/mol B R S R 

Heat of Formation 

Electronic Levels and Quantum Weights 

We ::: 

Stat~ 

X 21: t 

Al 211l/2 

A2 2!l3/2 

8 " 

Cl 2nl12 

C2 2n3/2 

D 2 Z 

216.5 cm- l 

11.!699.4 

15000,7 

15352.0 

243103.7 

24665.8 

28958.2 

~i State 

E 2;; 

fl 2rrl12 

f2 2TI3/2 

Gl 20 3 /2 

G2 2u 5 / 2 

H't 

Be '" [0.054924] cm- 1 
We"'e '" 0.51 cm-

1 

c
e

'::: [0.000171] crn- 1 

-1 
':'i~ 

32052.5 

33131. 7 

33215.0 

34257,0 

31.!287.9 

34357.7 

(1 ::: 1 

I'e " (2.71] A 

<.'lHf29B.15 '" -21.3 .t 10.0 keal/mol 

ti 

the selcC1:ed value, lIHfO ::: -19.3 kc::a1/mol, is obtained from an analysis of spectroscopic data.. HerZberg (~) suggested 

DO::: 2.8 eV for SrBr(g) which was derived from a linear Birge-SponcI"' extrapolation of the ground s'tate vibrational. levels. 

Later, Gaydan (3,) claimed 'that this value is unreliable and suggested that the true value ntay be mueh higher. The adopted 

ground state vibr"tioI)al constants give D~ = 2. au eV by a similar extrapolation. We note that JANM' analyses (~) of the 

spectroscopic and thermochemical data for Srf<g) and SrCl(g) show that the ionicity corrections of Hildenbrand '.':) bring the 

Birge-Sponer extrapolations into reasonable agreement with adopted nO values. Ba.sed on this correction for SrBr(g), we obtain 

DO" 3.76 eV (86.7 kca1/mol) which is adopted. The adopted value of DO corresponds to uHf 298 " -21.3 keal/mol. We dlso find 

DO (SrBr)/O;(SrBr2) ;:: 0.46 which is quite consistent with vd.lues of 'this ratio for other alkaline eat"th halide systems (~L 
Ionic model calculations: (.§., 2.) have led to D; values of 5.01 eV (.§.) and 3.53 eV (2,). The latteT' result is believed to 

represent a minimum value for nO' Two o'ther experimental values for DO' which bracket the selected value) have been reported. 

Flame s'tudies (!) gave DO '" 3.4 cV, and chemiluminescence (~) from reaction of Sr atoms with Bt"2 gave .:t lower limit to DO of 

Ii.l eV. We assign an uncertain'ty of .t 10 kCal/mol to o.HfO to include the possibility that these studies are cot'rect. 

Heat Capacity and Entropy 

The vdlue of re is obtained frOltl that for gaseous SrBr:t'~) with r e 'SrBrl/l"e(SrBr"2) :: 0.96. This value for the ratio is 

C"lcu~"ted ff"oJ;! bond lengths (~) for several other alka.line ear'th halide systems. Our adopted value for' re agl"ecs .. wi'th that 

(2.74A) estirn.ated by Krasnov and Karaseva. (2.), while two other estimated values (~, lQ) li~ somewhat higher ( .... 0.2 A). 

The rotational constant is ca.lculated from the estimated value for 1", The value of a is obtained from a Morse potential 
38 2 e: e function. TM£' moment of inel't"ia is 5. 09S3XIO- gem. 

The vibrational constants and first seven electronic states and levels are taken from the compilation of Rosen (~). 

The E state energy has been measured by Reddy and Rao (g), while the F,G, and H s'tate energies at"e due to Reddy et al. (~), 

The five upper most states were asso~iated with transitions between the excited states of Sl'Br, and their dssignm&nts (:!2) 

were made by analogy with the observed spectrum for SrClCg). 
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ZIRCONIUM TErRABROMIDE (ZRBR4) Be 4 Z R 

(CRYSTAL) GFW=410.836 

~---Ribbs/mol---~ kca)jmol 

T. "K Cpo S" -(Gc-WB$)rr f{"-Hc
29IJ dHI" dG!" ..... Kp 

0 .000 .000 INFINIH: - 6~ 731 - l7~.492 - 175.492 INf-INITE 
100 22.317 24.695 lU.b05 - 5.391 - 115.700 - 175.260 ltH.OH 
200 27.743 42.1 SB 56.373 - 2.837 - 116.014 - 1 7t<r~ (OJ L<Hl.9:0-r 

29' 29.829 53.702 53.702 .000 - IS! .800 - 173.339 121.060 

'DO 29. 8~6 53.887 5).103 .055 - un.au - 173.28S 126.238 
400 30.900 62.630 54.888 3.097 - 195.683 - 167.510 9(.526 
500 31.460 69.588 57.156 6.216 - 195.181 - 160.50& 70.157 

!:9 9 ____ }J."_8_LQ. ____ 7.2: '! J~ f ____ 5_C:l_"_l.2]. _____ .. :!-! ~ ~ ~ ____ -___ t9_'!. !..'!.~I!. ___ =_!.?2.! E }_8 ______ ~?!. '! '2 ~ 
100 32.200 80.300 62.316 12.581 - 193.756 - 146.891 45.661 
800 32.480 84.61B 64.841 15.821 - 193~041 - 140.244 38.313 
900 32.760 68.460 67.256 19.0133 - 192.343 - 133.6136 32.463 

1000 33.040 91~926 69.552 22.313 - 1916642 - 127.205 21~801 

Mar'ch 31, 1962; March 31. 196L!; June 30, 1975 

ZIRCONIUM TE'fRA3ROMTDE (ZrBr4 ) (CRYSTAL) GN=410.836 BR4ZR 

S2SB.15 [53 Hl.O] gibbs/mol 

IlHf~ "" [_175.51.:2.0J kcal/mol 

11Hf
2S3

•
1

::. :: -HI.ad,S kcal/mol 

'I'm 723.!1 K t.Hm ~ ::: unknown 

Is :: 628.5 K I'IHS
298

.
15 

::: 27.7!O.3 kcal/mol 

Heat of [ormat.ion 

Turnbull (1) measur'ed the heats of reaction for the dissolution of the zirconium tetrahalides in caustic and in water. 

The reported heats of reaction and the corresponding reactions may be combined to yield the following: 

ZrBr4(c) ~ '4NaCHaq) "" ZrClL«c) + 4NaBr(aq), jHr 29B ::: _8.10;!: O.9.kcal/mol 

Zr3f"'4{c) .. 4 Cl-{aq) = ZrC1I1(c) .. 4 Br-(aq), lIHr298 "" _9.83 :!: 0.6 }ccal/mol 

U~ing auxiliary data (~, ~), we calculate lIHf 298 ::: -182.67 and -181,02 kcal/mol for' ZrBr 14 {c) from these two reactions. We 

adopt a mean of t.hese two values, llHfi9S = -181.1:1 kcalJmol, d.nd assign an uncerta.inty of.!: 1.5 kcal/mol. This same value was 

suggened by NBS <],). 

Heat Capacity and Entt.:'..2£.Y 

There are no heat capacity and enthalpy data reported in the Literature for Zl'Br 4 (c). The adopted heat capacity values 

arl:"! estimated S6 as to give reasondole trends in comparbon with ZrCllj and Zt'Ilj and to be. con.sistent with the. existi.ng 

sut>limation data. 

The crystal data compilation of Donnay and Ondik (~) tabulated both ZrC1 4 and ZrBr 4 as cubic structures. Thus, the 

adopted hea't capacity values \\re estima."ted so as to parallel "those for ZrCl 4 . The. heat capacity vdluec. below 300K d!"'C cal

culated by $\unming contribut.ions due to hindered. tr'arlsl.d.tions, libt"'dt:ions, dnd inter'nal vibrations of the crystal. The 

pa:!'ameters used in the calcula.tions are determined by a correlation with corresponding paramete('s for ZI"'C14(~) dnd a 

consideration of the sublimation data for ZrBr\ (~). The high temperature heat capacities are obtained graphica.lly. 

Mel t ir.g DB t<] 

The melting point wa.s observed by Rahlfs dnd Fischer (2) to be 723 1 K and by Nisel'son (!) to be 12J~O.S K. 

Sublimation Data 

The sublima.tion data. is "tl"eated in the ZrBrt,(g) table (..§.), The heat of sublimdtion is adopted as lIH298.l5 = 27,7 .!. 

0.3 kcal/mol. The sublimation temperature, Ts, is calculated ,:1S that temperature for' which ilGr" :: 0 for the process ZrBr'4 (c) 

ZrBrl./(g). Since Ts is less th,l1l Tm, the liquid phase is thermodynamically unstable. at a pressure of one atmosphere. 
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ZIRCONIUM TETRABRaMIDE (ZRBR4) B R 4 Z R 

(IDEAL GAS) GFW~410,836 

T. OK 

100 
zoo 
298 

}OO 
400 
;00 

.----gibbs/r.n03---_ 

Cp~ S" -(GO-H"UIIII)(f 

.000 
H~3!l5 
2.3.255 
24.538 

24.553 
25.083 
2':>.343 

~aoo 

14~ 603 
69~411 

9q~031 

99~ 1 1:19 
100.335 
11l~q63 

INF [NIlE 
ll'~. 833 
101.Z49 
99.037 

99.038 
100.008 
101.856 

----------------kcaJ/mol----~ 

H"-If"_ 

- 5.<'164 
4.523 
2.356 

.000 

.045 
2.S31 
~.053 

&Hf' 

147.025 
1470132 

- 147.ij3J 
- 154.1.00 

1 S4~ 132 
- 168.749 
- 168.644 

~Gf' 

147.025 
- 151.683 
- 155.979 
- 159.155 

- 159. 1 e~ 
- 157.864 
- 155.1')7 

..... Kp 
[NF INI TE 
331.50] 
L70.445 
li6.664 

1l~. 906 
d6.253 
67.019 

7.S9/l - 161:1.555 - 152.466 :>5.536 bOD 25.46<> U6.59d l03.93!;1 
'105- --- '2Y.-s-f<i -- -120:534----106-.-035 - -- -To: i 49- --:.- -fb-i.-4Q4 -- :-149-:' ""''-'ff- ----4-b:j 67 
800 25.b38 123~954 108.0b6 
900 25.678 12(,.976 llD.D02 

lODO l5. 707 119~683 111.837 

HOO 
1200 
1300 
1400 
1500 

1600 
1700 
HIOO 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2700 
2800 
z<}oo 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4':>00 

4600 
4700 
4800 
4900 
5000 

sleo 
5200 
5300 
5400 
5500 

5600 
51CO 
')800 
5900 
6000 

25.129 
2':>.146 
25.758 
25.769 
25.777 

25.784 
25.189 
25.794 
25.798 
25.301 

25.804 
25.801 
25.809 
25.1H 1 
l5.813 

25.814 
25.816 
25~ a17 
25.818 
25.8lQ 

25.820 
25.821 
25.822 
25.8ZZ 
25.823 

25.823 
25.824 
25.821t 
2? 825 
25.825 

2'j~ 826 
25.821:. 
2~. 826 
2'5.821 
25~827 

.?5.tl27 
25.8':7 
25.828 
25.828 
.1:5.828 

25.828 
25.328 

829 

25.829 

25.82'1 
2:5. d29 
25.829 
25~ 8JO 
25.830 

132 ~ L34 
134.314 
Db.43'S 
n8.34' 
l'.0 .. l22 

141.18(:, 
1"'3.349 
144.824 
2",6.218 
147.5 /12 

148.801 
150.001 
151.1.48 
152.24 r 
1::'3.300 

154.3l3 
155.287 
156~Z26 

lSL132: 
1.58.007 

158.854 
1':>9.614 
!60.468 
161.239 
16L .968 

l62.715 
t63.42) 
164.111 
164.782 
165.436 

166~074 

166.696 
167. ~04 
167. ~97 
16!:!.478 

169.046 
169.601 
170.l45 
170.617 
111.199 

171.711 
l72.212 
172.70.r. 
113.181 
173.661 

174.1.26 
l74.583 
11~. 033 
11':>.474 
115,.908 

113.573 
t 15.214 
l16.168 
118.2'02 
119.642 

llC.975 
122.245 
123.45q 
124.621 
125.734 

126.803 
l27.83Q 
128.819 
129.712 
130.693 

131.582 
132.442 
1)3.275 
D4.082 
L34. St.5 

135.625 
136.364 
1,J7.0S2 
Ll7.78l 
138.462 

139.126 
139.713 
140.405 
141.021. 
1.'tl.623 

1-4l~212 
142.7dd 
14 3 ~)S I 
143. <H)l 
14 .... 442 

144.910 

146.495 
146.984 

141.463 
147.9)5 
l48.397 
148 ~ 852 
14q~299 

j 49~ 7Jd 
1.50.11'0 
150.595 
151 ~013 
is 1.424 

12.710 - 168.loS8 147oll4 40.192 
15.276 - 10B.450 - 144.458 35.079 
I7.d4b - 1686469 - 241.790 30.-1138 

20 ~ 41 7 
z.2. 9CJ 1 
25.566 
28.143 
30.120 

33.298 
35~8 n 
38.456 
41.03£ 
43.616 

"'6.1<;6 
46.176 
51.357 
53~ <;38 
56.519 

sq, 

64.264 
66.846 
69.428 

72.010 
74.592 
77.n .... 
79.1')6 
82.338 

84.920 
87.:003 
90.085 
92.668 
95.250 

97.B .. d 
100.415 
102.998 
10~. 581 
10801 t 1 

110.746 
113dZ9 
1154911 
118.494 
121.071 

123.660 
lU ... 24) 
128.826 
l3144C6 
133.Q91 

D6.574 
139.157 
1.e.1./40 
144.3<'3 
146.906 

- 168.519 

- 169.239 
169.2t8 

- 169.211 
- 169.216 
- 169.236 

- l1)9~267 

- 114.316 
L 14.369 
114.424-
1 i'4.461 

- 174.539 
- 174.600 
- 114.664 
- 174.728 
- 17'0.194 

- 114.864 
174.934 

- 175.008 
- HS.OB2 
- 1'75.160 

- 175.240 
- 115.3t9 
- 115.403 
- 175.4613 

115.510 

- 175.665 
- 175~757 

- 17'.).850 
- 175.945 
- 176.043 

- l76.142 
- 176.243 
- 317.506 
- 311~ 715 
- 31 r .932 

- JI!:l. 15~ 
- 3ld.388 
- lIS .624 
- 318.869 
- 319.117 

- 3l9.371 
- 31CJ ~631 
- 319.893 
- 320.161 
- 320.434 

- 139.121 
- 136.)93 
- 133./)40 
- 130.d<:l4 
- 128.152 

lZ5.4U 
- 122. b72 
- 119.931 
- 117.196 
- 114.461 

- l11.nl 
l08.~04 

105.623 
- l02.d40 
- 99.6S7 

- 96.870 
- 93. a85 
- 90.892 

87.898 
- 94.905 

- 61.905 
- 78.905 
- 75.907 

12.903 
69.894 

- 66.887 
- b3.877 
- 60. d62 
- 57.844 

51o.8.U 

- 51.813 
48~ 789 

- 45.763 
- 42.13.6 
- 39.709 

- 36.617 
- 33.640 
- 29.'>129 
- 23.93l 
- 17.933 

- 11.9':,-( 
5.929 

.O!;ll -
6. 0':16 ~ 

12.123 -

L8~143 -
24.115 -
30.213 -
30.249 
42.283 -

27.641. 
24.1:141 
22.467 
20.433. 
l6.672: 

17.130 
15.7H 
14.562 
13.461 
l2.508 

ll.on 
1u.809 
10.055 
9. 36~ 
ti.7l9 

6.624 
6. LdS 

5.n ... 
5.3d'i 
5.027 
"'.6S/J 
4.364 

4.061 
3~ 713 
3.500 
3.241 
2.9% 

2~ 3':6 
2.ll) 
1.929 

1.743 
t. ~64 
1.363 
1.067 
.784 

.51.;> 
.249 
.004 
.247 
.482 

• 7J~ 
.'il7 

l.Ud 
1. 343 
1.540 

March 31, 1962; March 31, 1961.>; June 30, 1975 

(IDEAL GAS) Gf',oI :: 1410.836 ZIRCONIUM TETRABROMIDE (ZrSr 't) 

Point Group::: Td t.Hf~ :: _147 .. 0 !. 2.0 kcallmol B R 4 Z R 
::: 99.04 :!: 0.1 gibbs/mol 

Stute Qu,mtum Weight::: (lJ 
.6Hf298.15 :: -1S4.1 :! 2.0 kcal/rnol 

Bond Distance: 

Bond Angle; 

Vibrational frequencies and Degeneracies 

-1 

Zr-B:o :: 2.44 ! 0.02 

8r--Zr'-Br- :: 109 0 28! 

to.) em 

223 (1) 

60 (2) 

315 (3) 

72 (3) 

r.;:: 12 

Produc't of the Moments of Inertia: IAIBIC 9 .. 34SSXlO-1ll gJ cm 6 

Hea t a f forma t ion 

The heat of formation for ZrBrlj(g) is calculated from the heats or formation and sublimation of ZrBr
4

(c) at 298.15 K. The 

adopted lIalue for the heat of sublirna'tion, llHs;98 ::: 27.7 .t 0.3 kcal/mol, is bast!d on the mean of the 3rd law results fpom the 
following sublimdtion data. 

In analyzing the vapor' pressure data for the four subli:ndtion studies (1:, £, l, ~), cOr'r'ections_ w~re made for- non-ideality 

by means of !:he equdtion dGo/T ::;. -Rln p - Bp/T. The Bertholet equB'ticn of state and the critical constdnts Tc ::: 305.15 K and 

pc:: 42.9 atm, as repor-ted by Nisel'son and Sokolova (~), are used to c<llculate B. 

Source 

Rahlfs and Fischer' (1) 

Schldfer dnd Skoludek (~) 

Ber-donosova et 0.1. (],) 

Nor-man'ton and Shelton (~) 

~ 

static 

static 

effusion 

~s 

15 

'qn 
17 

E~qn 

l'ange K 

5J8~533 

494_520 

489-506 

't00-500 

JHS 298 , kCdl/mol dr'ift' 

gibbs/mol 2nd law 3rd law 

27.851:0.24 

2B.59 

28. B7~O.12 

26.32 

27.78!O.09 -O.1!O.4 

27.65 -1.7 

?8 031:0.12 -1.51:0.2 

27.S0 2.2 

",HfZge(o!I) 

kcal/mol 

-153.92 

-15!.J .04 

-H3.57 

_15't .1>0 

For the heat of sublimation, w~ ddopt the mean of the third law results and assign dn uncertilinty of to.) kca1/mol. Combining 

the adopt:ed MlS 2ge value with tht! heat of formation of ZrB"q(c), uHf 298 " -181 .. 7 ! ).0 kcalimol (.§.), we ca.lculate fiHfi98 :: 

-154.0 kcal/rnol for ZrBrlj(g) and assign an uncer'tain'ty of ~ 1.3 kcal/mol. 

Heat _~~_2acity and Entropy 

The adopted vibrational frequencies are from the work of Clark et al. (2, !. ~), who recordttd the Raman spectra of ZrBr'1> in 

the vapor ph'lse (380-<J20·C). These studies by Clark et al. (2, !, Y!.) indicated Chdt ZrBrl.,. is a tet!'dhedral monOlller 

in the vapor phase. Shiruanouchi, in his compilation 01 moleculclr vib:r'ational frequt!Dcies (12) ,also adopted the values 

of Clark et 03.1. (l, ~, ~) for ZrEr 4 {g)· Rahlfs and fischer (1), 'through vapor density measurements, had earlier concluded that 

ZrBrt; was rnonomer'ic in the vapor phase. 

Berdonosov et: a1. (11.> refterenced an elec;ron diff:-action study by Chcrkasov (ll) which showed that, in 'the vapor' phdse, 

the Zr-Br internuclear' clistanct:: WdS 2.44;:0.02 "f>... We adopt 'this value. The individual moments of inertia are IA::IB:::IC 

2.1064:<10-
37 

g em 2 

Much litcr-atur-e has been published on the int€I'-rela'ticnships between fo?""ce constants and vinI'dtional frequencies. Since 

the majority of these articles ar'e based on estimil1::ed frequOfnC)eS, they will not be fUr'ther discussed or referenced. The saDle 

situation is tl"ue for' therroodyn<tmic tabu1dtions of Zr'Br 4 (g). One exception is thdt Clark et 13.1. (2.) ca.lculated thermodynamic 

pl"opertics based on their experimental vibrational frequencieo;. Their "tabulation is vet'y similar' to ours in the ranee 

lOO~lOOO Kj the difference in entropy being less than 0.02 gibbs/mol in this range. 

Ref~rences 

1. O. Rah1fs and W. Fischer, Z. ana:::,£. .. allgcm. Chern. lQ, 349 (]93J). 

2. H. L. Schlaf"'r and H. Skoludek, Z. Ilcktrochetn. ~) 367 (1962). 

3. S. S. Berdonosova, fl. I. Tsirel'nikov, and A .. V .. Lapi't&kii, ifestn. Kosk. Univ. Ser. rr, Khim. lQ. 26 (1965). 

4. A. S. NO):'IDdn'ton and R. A. J. Shelton, Trans. F'ardday Soc. i.§., 33 (l97Q). 

~. L. A. Nisel'son and. T. D. Sckolova. Russ. J. Inorg. Ch(!m. 2., 1382 (1962). 

6. JANAF Thermochemical Tables; ZrBr 4 (c), 5-30_75, 

7. R. J. H. Clark, B. K. Hunter, and D. M. Rippon, Chern. Ind. (London) 1971, 78"/ 09711; Inorg. Chern. g, 55 (1971). 

8. R, J. H, Clark dnd D. 11. Rippon, J. Mol. Spectrosc. ~. 1>79 (1972). 

9. R. J. H. Cldrk and D. M. Rippon, Advan. Raman Spectt'ose. 1,493 (1972). 

10. T. Shimanouchi, J. Phys. Chern. Ref. Dat.:.~, 259 (J.974·)' 

11. S. S. Berdonosov, D .. H. Be.r-donosovil, A. V. Lapitskii, c.nd L. G. V1asov, Russ. J. lnorg. Chern. i, 277 (195J). 

12. :r. A. Cherkasov, Diploma Thesis, Moscow Stdte University, 1961 {us referenced in (gn. 
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Niobium Pentabromide (NbBr S ) 

(Crystal) GFW· 492.4264 

"bbol""---~ 
T,"K Cp' !;' -(G'-w ... )rr 11"-11" .. 

100 
ZOO ". 35c3~O 61 ~850 b1.850 ~ooo 

300 35.350 62.0~9 ~ 06 5 
4";0 35.350 72.Z;\b J.6QC 

sao 35.3?C RO.12'" 65.856 7.13~ 

kcallmol 

MIt' 6GI" l.o& Kp 

- nZ~9:10 - 121 ~t:>22 tl9.J.52 

- 132~92B - 121.551 eB.~50 
- 150.592 - 114.095 to2.H8 
- 149.blC1 - lO5.(J55 45.'HQ 

--- ------------ ----------------- - ---- ----- ------ ------ ----- ------- "'- ----_. ---------
,CO 35.350 P.oG571 08.781 IO.o7C - 149.188 - 96.156 35.025 

700 35.350 92.021 11.721 14.205 - 148.520 - 87.371 27.279 
,00 35.350 9">.741 74.%5 11. He - 147.869 - 1B.btW 21 ... 94 

Dec. 31, 1~7!j 

NIOBIlfM PENTABROMIDE (NbBI's.) (CRYSTAL) GFW :: 1l.92.1.i261< 

l!,fifO :: unknown B R 5 U B 

S298.15 = {61.85tl.5] gibbs/mc>l 

TIn = 527 1: 3 K 

nHf298.1S -132.9 3.0 Jccal/mol 

Heat of Formation 

aHm' :: 5.74 t 1. 5 kcal/mol 

b.HS Z9S •15 26.880 kcal/mol 

The adopted value for the heat of formation of NbBr
5 

ee), b.Hf29B :: -132.9 t 3.0 kcal/!!lOl is based on the stud.y of t:he 

direct: bromnation of N'b(c) by Gross et: al. (!). 

Shchukarev et a.l. <'V studied the hydl'olysis of NbBrS (e). Usin~ the experimental'results reported by Shchukarev et al. 

e.g) and auxiliary data (~, .§.), we ca.lculate, bHfi98 = -135.5 1: 1.2 kcal/mol. Schafer and Heine (~) also det:ermined the heat: 

of formation of NbBr
S 

(c) via. calorimetric measurements of the heats of solution of Nb(c) and NbBr!; (c), in hydrofluoric acid. 

Using their data and a1,.l:riliary results (~J .§.), we calcula.te flHf 298 :: -131.86 ! 1.0 kcal/mol. TheSe two solution re5ults 

(1., 1) are in r-easonable a.greement: with the adopted value. The direct bromination (.1:.> is thought to be the more relia.ble. 

Heat Cap4ci ty and Entropy 

The heat capacity and entropy are estimate~ in comparison with NbC1S(c) (~) • 

Kelting Data 

Ref~'(' to 'th~ NbBl'S (t) table for de"tails (!!). 

Subli.ll\4tion Data 

The heat of sublimation, lIHSiss' is the difference between the uHf29B values for NbBrS(g) and NbB'rs(e). Two sublimation 

studies are summarized in the N"bBrS (g) table C.~). 

As there is no low temperature heat capacity data reported in the literature, the entropy at 298.15 K is calculated 

from the equation 685 29 8 = Sigs(g) - S29S(c); 5 298 (g) :; 107.35 gibbs/mol as given in the NbBrS(g) table (~) 4Ild l!.SsZ98 = 
lIS.5 gibbs/mol as suggested by comparison with NOelS and 'faCl s (~). 

References 

1. P. Gross, C. Hayman. D. L. Levi, and G. L. Wilson, Trans. Fa.raday Soc. i§" 318 (1960). 

2. s. A. Shchukarev, E. K. Smirnova, 1. V. Vasil'kova. and N. 1. Borovkova, Russ. J, InoX"g. Chern. 1, 625 

3. H. Schafer and H. Heine I Z. Anorg. Allg. Chem. ill. 258 (1967). 

4. JANAF Thermochemical Ta.bles: NbClS (c), TaC1 S (c), NbBrS (t), and NbBr5 (g), l2-31~ 74. Nb 20 S ' 12-31-72. 

S. U. S. Hatl. Sur. S"td.. Tech. Note 270-3, 1968. 
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Niobium Pentabromide (NbBrS ) 

(Liquid) GFW - 492.~264 

T,'K 
o 

100 
2.)0 
29, 

5J:.l 

~--- .. 1>"'/mol--
Cp' S" -(G~-H":aM)rr 

:;5.350 65.469 65.l.,d9 

35. S5e 65.7003 e'.489 
53.71.0 18.3'JO 67.038 
51.71;0 90.177 70. '5j~ 

H"-Hcna 

.JOO 

.0"'5 
4.541 
0.;.1319 

----- kal/mol-___ _ 

"HI" "G!" 

~ 130.276 - l20.Ud} 

- 130.304 - llO.019 
- i47.')27 - 112.~'iIL 
- 1 .. 4.569 - 104.712 

~Q2 ____ ~J_<t3_~ ____ ~::i'!.~Q2 ____ .!_"_·}.!_tG. ____ _ !:-:,!p!L __ : __ t'!..2_~3~~~ ___ = __ (n~~j._5 _ _ _ 
70:) .. 6.470 106.801 7!Lb99 19.611 - }40.430 - 89,6.27 
auo 4'3.167 lt2.N2 82.599 24015'" - 138.831 - 82.4dJ 
'tao B.127 Ill.on bo.2]4 2t1.,OC - l.n.56S - 75.~)l9 

Dec. n, 1974 

Br
5

Nb 

logKp 

rltl~oa 

81.· • .:F~ 
61.735-
45.790 

35.341 
-ii;9a3 
LZ.SH 
1 s.3.3d 

NIOB:tuH PENTABROHIDE (NbBt'S' 

3298.15:: [65.1.>1:191 gibbs/mol 

Tm ::: 52'7!:3 K 

Tb : &3lo.6 K 

Heat of Fo~rnation 

( LIQUID) GFW '" 492.4264 

,jHf298.15 ::: -130.27& ked/mol 

oHm"", 5.74!:1.S }cCd.I/mol 

lIH ..... ::: 18 .100 kca,l/mol 

The heat of formation of NhBrS(t) is calculated from that of NbB!'5(c) by adding :1Hrn-, the heat of melting, and the 
enthalpy difference (H 527 -Hi9B) between the ct."'ystdl and liquid. 

Heat Cilpacity dnd E1ltropy 

The heat capacity is assumed to be identical with th4t of NbC1S(O (~) including the assumed glass transition a.t 350 K. 

The entropy ."t 298.15 K is calculated in .,. :nd.nner analogous to that used for JHfiga 

Mel ting Datd. 

The adopted melting point, Trn ::; S27 ~ 3 K (2S"'-C), is based on the studies by Nisel'son et al. (.!) and Berdonosov et al. 

(!). The melting point was det~rmi1\ed by Nisel'son et 41. (~) from cooling curves, Tr.t :: ~55cC. Berdonosov et al. (3.> 
detcI"mined 'the mel ring point by thr.ce met:hod's: Tm;:: 252.0 ! I.ScC based on an an4lysis of their vapor I?r~ssu['e data, Tln :: 
255 .t 2·C based on visual observation, and Tm :: 254 !: 1°C based on cooling curves. 

The he",t of melting is chosen 1:0 be uHm" :: 5.74 1: 1.5 Kcal/lUol, This value is consistent: with the vapot'ization data and 

the thermodynamic functions we have adopted. The entNpy of meIring, JSm- ::: 10.89 gibbs/mol is somewhat: lower t:h.an antici

pated, based on the e:xpected similarity with NbC1 S and TaCl
S 

.5S far as condensed phase dimerization is concerned (!). 

Vaporization Data 

Tb, the nOI't'lal boiling point:, is calculated as that 'ternper.atul'e for which 'the Gibbs free energy approaches zero for t:he 

process NbBr 5(t) :: NbBrs(g)· tiHv~ is calcul.ated as the difference between the uHf" values fot.'" NbSrS{g) and NbB~5{l} at 'I'"b. 
Two vdporization studics arC surnroar3.zed in the NbBrs'g) t<1ble. 

~ 
.:... L. A. Nisel'son and J. D. Sckolova, Russ. J. Inorg. Che.m. ~, 1117 (19(;14). 

2. S. S. BeMonasov, A. V. I...apitskii, and E. K. Bilkev, Ru.ss. J. Inorg. Chern . .!Q, 173 (lS6S). 

3. JANAf Ther'f.l1oche:mical Tables: NbC1
S 

(t), 12-31_74. 
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~ .. 
::r 
'< Niobium Pentabromide (NbBr

5 
) !'" 

n 
::r ( I dea I Gas) GF'1 = 492.4264 ... 
11 
::a 
~ 
CI ~---glb"'I"""---~ Ileal/mot 

!l T,"K CpO s· -(G"-H"_){T HO-}f',.. Aiit' <>Gf" LogKp 
.!I' a .000 .000 r'fFINI1E - T~on - 91.149 97.H9 J."iFINITf 

< 100 22.936 17.112 132.111 - s~ 500 97.476 - 101.130 222.331 

~ 100 2B.355 ~5.651 110.055· - Z.BBl - 969287 - 105.683 115.485 
29, 30.068 107 .. 3',8 101.348 ~ 000 - 1D6.020 108 .. 308 79.392 

:-s 3CO 30.087 107.534 107.348 .056 - 106.058 - lO8G321 78.911 

Z 400 30.193 116.299 108.539 3.104 - 124.208 - 105.33'5 57.552 

? SOD 31.141 IV.212 llO.80b 6.203 - 123.';130 - 100.650 43.994 

~ ~.9.9 _____ 3J_._3_3_~ __ 1~§.!.~91l ___ JJ}_·_l~L _____ ~ :!.)]'L ___ -_JXl!..~'?L __ = __ Jp.,J1Ll... _____ !"! ~_':!l!~ - 700 31.455 133.748 tl5.938 \2.467 - 123.318 - 91.439 28.5413 

-0 '00 31.533 137.954 118.433 15 .. 617 - 123.112 - 66 .. 894 23.738 .... 900 31.589 i.4la671 120.612 18.713 - 122~B56 - 82.382 20.0(15 

CD 1000 H.627 145.002 123.067 21.934 - 122.609 - 77 .8~6 17.024 

1100 3l~65b 1<,.8.017 125.2.01 25~O98 - 122.374 73.438 14.591 
1200 31.678 150.773 1210219 2a~265 - 122ol"t9 66.99B 12.506 
1300 31.695 153.309 129.129 11.434 - 121.936 64.516 10.656 
1400 31.709 1550 658 l. 30.941 34.604 - 121.133 - bO.173 9.393 
1500 31.720 157.846 132.663 37.715 - 121.544 - 55.764 8.1l8 

1600 31.729 159.894 134.302 40.9"8 - 121.368 - 51.40'. 7.021 
1700 3!.736 161.818 135.664 44.121 - 121.209 - 4Lo35 6.1l47 
1800 31.742 163.632 131 ~ 3'n .. 1.295 - 12.1.161 - 42.679 5.182 
L900 31.748 165.348 138.785 5').,,09 - 120.944 - 38.324 4.40a 
2000 31.752 166.977 140.154 53.6.-.4 - 120~643 B~982 3 ~ 71 3 

2100 31.756 168.526 141.469 56~ 820 - 120.762 - 29.6'r·l 3.0aS 
22DO 31 ~ 760 'la.OJ) 142.733 'i9 5 996 - 120.7D6 - 25.30-4 2.514-
2300 31.163 111.415 1436949 61.112 - 120.675 - 20.966 1~992 

2400 31 0 765 L12.767 145.122 bf>o 348 - 1.20.612 - 16.629 1.514 
2~OO 31.168 1746064 146.254 69.52'5 - 120.700 - 12~295 1.015 

26CQ 31 ~ 770 175.310 141 ~348 72.702 - 120.764 7.956 ~669 

2700 31.771 176.509 148.406 75.879 - 120.675 'L619 ~29:? 

2800 31.773 177.664 149.430 79.056 - 127.348 .844 - ~O66 

2900 31 6 175 178.179 150.423 82..233 - 127.210 5.422 - .409 
3000 31.77b 1-/9.857 151.366 i15.4!1 - 127.210 ').995 .728 

3l0a 31.777 180.d99 152.32.2 d8.588 - 127.1 .. 8 14.'571 - 1.027 
3200 31.776 181.<')0 r 153.230 91.766 In.08'5 19.141 - 1.3J7 
330C 31..779 182~ 8S5 154.114 94~944 - 127.027 23.705 - 1.570 
31000 31.780 la3~8 34 154.97') 9B~ 122 - 126.969 28.272 - 1.817 
3500 31.781 184~ 7S5 1556e12 101.300 - 126.916 32.840 - 2.051 

3600 31.782 la5~651 156.62<;1 11)4.47A - 126.365 37.402 - 2.271 
3700 3l.7a2 lab.~21 157.425 1"J1.bS6 - 126.1315 41.903 - 2.419 
3600 31 e 783 18L369 158.202 110.835 - 126.769 46.526 - 2.676 
3900 31.784 U:l8.195 lSa.'160 114.013 - l26. '26 51.090 - 2.863 
4000 31.784- la~.999 l59.701 117.191 - 126.685 55.641 - ).Oloe 

4100 31.785 1 B9~ 184 1606 4 26 120.370 - 12.6.646 60.198 - 3.2')9 
4200 31.785 19a.~'jO 161.134 123.548 - 126.bl0 64.756 - 3. He 
4300 310785 191.298 161 082' 126 ~ 727 - 126.577 69.315 - 3.523 
44CO 31.766 1'92.029 162.S05 129.905 - 126.546 73.S72 - 3.669 
4500 31.786 192.743 163.169 133.084 - 126.517 76.42-'t - 3.809 

4600 31.781 1'113.442 16.3.&19 13o~263 - 126.491 fJ2.980 - 3~ 942 
470C 31.181 194.125 1b4.457 139.4-.1 126.467 87.536 - 4~a T1 
4800 31.78"' 194.H4 105.082 142 0 62:0 - 120.448 92.082 - 4.193 
4900 31.163 195.450 165 0 695 145.799 - 126 ... 30 '1Q.639 - 4.310 
5000 31.788 196.097. 166.291 148.918 - 126.413 101.193 4.423 

5 Loa 31.7138 1%.722 lbb.6tH l52.lS6 - 126~402 105.738 - 4.531 
5200 31.788 197.339 107.461' 155.335 - 291.360 112.344 - 4.722 
5300 3J.769 197.944 168.036 15S~ 514 29L419 120.114 4.953 
540C 31 ~ 789 198.539 161:1.595 161.69:- - 291.487 IZ7.8T2 5.115 
5500 31.789 199.122 169.145 164.812 - 291.561 US.blt7 5.390 

5600 31.789 199.b95 169.686 168.051 - 291.64 ... 143.408 - 5.597 
5100 31 ~ 789 200.257 170.211 171.230 - 2'11.73'5 151.182 - 5.797 
5800 31.79G 200.810 110.740 174.409 - 1.91.029 15,s.957 5~q9C 

5900 31_790 20l.354 171.254 171~5S6 - 2ql~913 166.727 6~ 116 
6000 31 ~ 190 201.688 111.760 ld06H7 - 292.':i44 114.491 - b.35f. 
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NIOBIUM PENTA8ROHIDE (NbBX"'S) 

Point Group D3h 

5298.15" l07.35 t 0.75 gibbs/mol 

GX"'ound State Quantum Weight" (1] 

(IDEAL GAS) 

Vibration"l frequencies and Degeneracies 

~, cm- l ~. cm.:r-

23'-'.00) 

178.0 (1) 

( 28&.9)(1) 

(357.5J (2) 

119.0 

67.0 

[106.2j{l) 101.0 

a·;; 6 Bond Distance : Nb-Sr :: 2.1l- 5 to. 02 ~ 
Bond Angles: Sr* - Nb - Er'" = 120~ Sr* - Nb - Sr·· -= 90" 

( .. - equatorial .... - axial) 

Product of the Moments of Iner"ti,,; IA1S1C;; 1.856xlO-110 g3 cm & 

Heat of Formation 

(2) 

(1) 

(:2) 

GFW " 1l-92.1I-264 

':'HfO = _97.15 t 3.0 ked/mol BRstls 
uHf29B.l5 " -106.02 !. 3.0 keallmol 

Sr .... -Nb - Sr·" l80~ 

The vapor pressures over' NbB1:'5(c, t) have been n:easured by Alexander and Fairbrother (~) and Berdonosov.et al. (~). 

A second and third law a.nalysis of their data is given below. The heat of formation fol" NbBrS(g) is derived from the sub-

1ill'lation data of Berdonosov et al. '.3.}. OUt' third law analysis of their data gives llHsi98 ::: 26.8B kcal/mol which leads 'to the 

adopted value, t.Hf
298 

::: .:.106.02 kcal/mol for NbBrS(g). The sublimation data of Alexander and Fairbrother (!.) is not acceptable 

it leads to a large entropy drift, _45 .! 6 gibbs/mol. 

The heat of melting is chosen as 5.74 kcal/mol so as to givof: re".sona.ble entropy drifts for the vaporization dati:!. 

[;Hr 298 • kcal/mo1 drift 

NbBrS(c) = NbB!'S(g) method ~ ra.nge, K 2nd Law ~~~ gibbs/mol 

Alexander and :alI'brother (!) static 4 480_S17 50.821:2.9£0 27.7hl.S7 _Il-St6 

Berdonosov et al. '3.) static l2t- 418_5210 21. 21hO.16 26.SStO.04 _O.B,!O.3 

NbBt'S(t) NbBrs(g) 

Alexander and Fairbrother (!) 

Berdonosov et al. (!.) 

Heilt Capacity and Entropy 

static 

static 

26 

1" 

528-635 

529-606 

21.1.07!:O.13 210.26:!:O.06 

24.80:!:O.27 24.231:0.09 

... One point rejected due to a statistical test. 

-'0.3to.2 

_1.OtO.5 

Monomeric NbBrS(g) was shown by Spiridonov and Romanov (:" ~). using electron diffraction techniques, to have a trigonal 

bi~yramida~ structure of D3h symmet['y: all the Nb-Br bond lengths being equal wi"thin experimental unce['t4inty, Nb-Br = 
2.4b.tO.a2 A. Skinner and Sutton (.:!.) earlier used e1ectI"on diffraction techniques and had suggested the same structure although 

a s.quare pyramidal structu['€ was consistent .... ith their experimental results. We adopt the results of Spiridonov and Romi\nov 

(::, ~). 

A normal coordinate treatment ~f NbBr 5 (g) in. the Urey-Bradley force fields was perfor-mecl by So (.:) using 'the reported 

vibrat"ional frequencies of Beattie and Ozin (~). This work by So (2.) ..... as intended to check the corrcc"tness of thc reported 

fur;damental frequencies and predict t:!lose unobserved frequencies (<:.)3' w4 wS}' Beattie dod OZin (5) h<l(d reco!'ded the gdS 

phase Raman spectra of niobiUlrl and tantalum chloride and bromide. We ad~pt the results of So (2.> which support the work of 

Beattie and Qzin (~). 
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CALCIUM MONOHYDROXIDE (CAOH) 

(IDEAL GAS) GFW=57 0874 

T, "K 

o 
100 
200 ,9' 
300 
.00 
'DO 

bOO 
700 
SOO 
900 

1000 

1100 
1200 

1600 
1700 
lBCe 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2(>00 
2700 
2300 

3100 
HOG 
3300 
3400 
)500 

)000 
.3100 
HOC 
3900 
4000 

4100 
4200 
4jOO 
4400 
4500 

4"00 
10 700 
10800 
4900 
5000 

SlOO 
5200 
':>300 
5400 
5500 

5600 
5 roo 
5800 
5900 
6000 

CpO 

.000 
7.205 
9.169 

10.b65 

10a6B6 
11.505 
i 1.905 

12.25 .. 
12.463 
12.038 
LZ.191 
12.947 

13.090 
13.225 
13 .353 
13.471 
13.581 

13.682 
13.774 
13.B59 
13.936 
14.000 

1 ...... 074 
14.136 
14.194 
14.250 
14, ~J3 

14.355 
14.406 
14.457 
14~ SOu 
14~ 559 

14.6011 
[4.664 
14.7li> 
14.713 
14.tl30 

14.gB!! 
14.947 
15.00 r 
15.\)68 
15.131 

15.194 
15.257 
15.321 
15.386 
1:5.450 

15.514 
15. ~ 10 
15.642 
15.105 
15.167 

)5.028 
15eB88 
15.94& 
16~004 

16.(J59 

16.113 
16.16b 
10..216 
16.265 
16 •. H2 

-gibbs/rml---~ 

1)' -(G"'-H"~I!I)rr 

.000 
~6. 725 
52.283 
56.2SZ 

56.31 a 
S'1.51e 
62.137 

64.346 
66.251 
b1.921 
69.425 
70.1Bl 

72.022 
73.161 
74.231 
75.225 
76.158 

77.037 
77.870 
18.659 
79.411 
80.128 

80.613 
81.40.9 
S~. 09/j 
62.704 
83.281 

83.6 .. 9 
84.391 
8<0.916 
8~.424 

85.917 

86.395 
!:IO.S60 
a7.312 
81.752 
88.161 

88.bOO 
8 ... ~006 
8'1.406 
89.798 
9J.IB1 

90.,555 
90.9<:2 
91.282 
91.635 
91.981 

92.322 
92.656 
92.985 
'D.308 
<J3.626 

93.938 
94.246 
94.550 
9 .... 848 
9~a 142 

95.432 
95.718 
95.999 
96.271 
96.551 

rNFINIH 
64.6b" 
57.185 
56.252. 

56~Z52 

SO.682 
57 .~19 

58.478 
59.455 
60.412 
61.331 
62.210 

63.046 
63.842 
64.601 
65.325 
66.016 

b6.67d 
67.312 
67.921 
68.50e 
69.069 

69.612 
10.136 
10~&43 

11.133 
n.607 

1Z.067 
12.514 
12.947 
13.369 
'73e 779 

14.170 
74.567 
'74.947 
75.317 
75.678 

16.031 
76.371 
76,714 
17.045 
17.369 

77.681;) 
f7.991;) 
18.301 
7t1.600 
78.894 

79.t82 
79.465 
19.7it3 
BO.017 
60.Zfl6 

80.551 
80.811 
81.061 
81.320 
61.5613 

tll.au 
B2.055 
tj2.293 
02.52l; 
82.159 

-
-

~---.-kcalJmol---

H"-truA 6.MI" 6.Gr' 

2~49) - 45 ... 10 
l.B4 - 45.672 

.9130 - 46.050 

.000 - 46.3~8 

.OlD - 46 •. 143 
1.133 - 46.S69 
2.}09 40.754 

3.521 - 46.92l 
4.757 - 47.018 
6.012 - 47.567 
7.2~4 - 4].91Q 
8.512 - 41).301 

'J.873 - 48.739 
1l.lS9 - 51.006 
12.518 - 51~ 198 
LL86(l - 51 ~JSo 
15 a ZlZ - 51.572 

If..515 - 51 ~ 150 
17.948 - 51.938 
19.330 69 ~O13 
20.72.0 - 88.973 
n.1l7 - B8.933 

23.521 - H8.895 
24 a 932 - 88.861 
2b~3.r.,1i - I.lti.829 
n.771 - 88.805 
29.198 - 88.781 

3.).631 - 86.776 
32.069 - SS.175 
33.512 80.785 
.3'~ .9&1 - ali.BOl 
';6.414 - flS .~44 

- d6.896 
- eli!.90b 

40.au5 89.0:'7 
4,z.280 - 8901 07 
43. no - 89.3JO 

<0:;'.246 - 89.4~8 
46.737 - 89.6 .. 2 
48.235 - 89.852 
.... 9.139 - 90 .. 091 
51.249 - 90.35d 

SZ.1b5 - 90.654 
54.268 90.981 
55.816 - 'H.J38 
57.352 - 91 .. 7£5 
58.89 .... - 92.144 

60.'+42 - n.~91 
bl.996 - 93.068 
63.551 - 93.514 
b5.125 - 94.10d 
66.698 9 .... 668 

68.276 - 95 ~2 55 
69.864 - 9-;.866 
71.456 - 96.501 
73.053 - nol58 
14.65b 'H.63~ 

1&.265 - 98.532 
77.879 - 9'1.'U.5 
71)*498 - q9~975 

e.l.122 - 100.720 
82.751 - 10161077 

- 45."10 
- 46.b74 
- 47.529 
- 46.190 

- 4d.202 
- 46.187 
- 49.310 

- 49.615 
- 50.265 
- 50.704 
- it ~076 
- 51.407 

- 51.697 
- 51.793 
- 51.851 
- 51.89'0 
- 5L.923 

- 51.941 
- 51.946 
- 51.261 
- 49.165 
- 47.012 

44.919 
- 42.889 
- 40.BOO 
- 38.711 
- 3b.b2(> 

- 3 .... 539 
32.4~ ~ 

- 30.367 
- ~8.27tl 
- 26.1<;2 

- 2: .... 102 
- 22.012 
- 19.918 
- 17.822 

15.721 

- \3.b1b 
- 1.1.507 

3.012 
.870 

1.279 
3.431 
5.003 

7.764 
9.',111 

120408 
14.31~ 

t6.593 

Itl.a27 
21.067 
23.320 
2::'. ~c9 
21e870 

30.159 
32.405 
34.783 
.H.lt2 
39.4>5 

Juae 30, 1970; June 30, 1975; Dec. 31, 1975 

C A H 0 

-
-
-
-
-
-
-
-

-
-
-

-

-
-
-
-
-

~Kp 
L~fll"dTl: 

10.<::.000 
51.937 
215.325 

15.115 
26.656 
U.S'.)7 

II;1 .. l45 
15.7J0 
13.8:)2 
12.41)3 
11.23::' 

10.,,11 
9.433 
a.117 
8.101 
? .:'6 ~ 

7.0':15 
t'I.67t! 
6.U4 
5.05S 
5.144 

4.681 
4.201 
3 .. 671 
3.525 
3.20.<: 

2.903 
2..1.>27 
2.310 
2.131 
1.908 

1.b99 
l.5J3 
1.319 
i.1<tb 

.90": 

.827 

.baO 

.540 

.40b 

.Z8l 

.161 

.045 

.065 

.HI 
.2.12 

.310 

.404 

.!:>54 

.6<1-1 
• 72 ~ 

.807 

.865 

.96~ 

1.030 
1.107 

1.1.77 
1 • .245 
.1..311 
1 ... 7~ 
1.437 

CALCIUM MONOHYDROXIDE (CaO/i) 

Point Group [C'At J 

SZ98.15 :; (55.25 !. 21 gibbS/mol 

(IDEAL GAS) GFW = 57.0874 

fl.Hfo = _45.41 !. 5 kcd/mol C A H 0 
lIHf298.1S = _46.31;. ! 5 kcal/mol 

f.lectrQnic Levels and Quantum Weights 
1 

~ ~ 

Vibrational frequencies d.nd Degener·d.cies 

w, cm-1 

[2J 

[HOSO] (2) 

[16610J (2) 

(18050} {~] 

Bond Distanc:e: Ca-O :; (2 .03) A 

Bond Angle! Ca-O-H [ 160 J' 

Rotation.!l Constant: So = to.31B81) em 

Heat of Formation 

O-l-l (0.961 A 

(567] (1) 

t 466] (7) 

l3650J (1) 

1'hl:! adopted ,;,HfO(CaOH,g) = -45.!111:5 kca1/mol is based on .!n oIlssessmen't of D; values derived from flame spectra of CaOH, 

SrOH, and BdOH. Cotton and Jenkins (1) found both the monohydroxides and dihydroxides of the alkaline earths to be present 

in signific",ot amounts in fuel-rich hYdrogen-oKygen-nitrogen flames. They determined equilibrium constants for the reactions 

l'Hg) + H20Cg) = MOH(g} .. H(g) dnd M(g) + 2H 20(g) :: M(OH)2{g) .. ZIHg) dnd derived DO values. In e.!l"lier work, Ryabova and 

Gurvich (1.) hdd considered CdOH to be the dominant cOT:lpound. and Sugden and Schofield (l) had interpreted Ca(OH)" as dominant. 

Cot 'ton and Jenkins (ll have recalculated the work of these last two investigations, considering both CaOH and Ca(OrD
2 

to be 

present. Ryabova et a1. (~) and Kalff and A1kemade <.:§.) have made additional measur€:rner.ts. The vdrious D~ values are summat'-

ized below. 

_________ -"DO. kC<lllll'lol CaOlHg) Cae g)'" DIHg) 

As Recalculated by As Corrected for CUI'rent 

Reference As Published 

lOOtS 

Cotton and Jenkins (1) 

99 

JANAF Auxili~t'y Data(6) 
Ryabova and Gurvich (2) 
Sugden and Schofield T3) 
Co'tton and Jenkins (l)
Ryabova et al. (4) -
Kalff ,'wd Alkemade <2.) 

10'1 !:S 
94!:3 

102.4 

102 
105.5 

97. &d 

"'An i!ipproxi~ate correction of +3.5 kc~l/rnol is made, 2 kC<il/mol assumed frol'!' .. the Cotton and Jenkins type cdlculation for 

~~~n~r:~~~~~ia~; ~~~~ i:~~ ~g~ ;~~;~;i ~~~A~';a~~~!/~~Lindicated by the recalculation of Cotton and J!:!nkins' work (1) 

The ddtd andlyses for BaOH(g) and Ba(OHJ 2 (g) indicate t"hilt flame-spectral datd tend to give high disso{:iation energies. 

reI' Ca(O!·!)2(g), the lowest value of D~ (HO-Cd-OH) was adopted. (~). Similarly, D~CCa-OH) :: 97.5 kcal/mol is adopted. 

The ratio of the dissociation energies of the alkaline t!urth rnonoh6.1ides to those of the cor-responding dihalides C'ange 

from 0.140 'to 0.51 with the ratio for the calcium fluorides being 0.47 (~). The similarity between the halides and hydroxides 

has been established. (l-lQ). The ratio of the adopted values for the dissociation energies of CaOH{g) and C.a(OH)2(g) is 0.47 

where DO of ti)e dihydroxid~ is defined by the r€d.c-rion Ca(OH)2 = Ca(g) + 2(OHJ<g) and is 205.6 kcal/mol. 

llllfO (CaOH, £) = -45.41 t 5 kcal/mol and is calcu.la'ted from 'the adopted d issoc ia t ion eneq;y. 

Heat Capacity i3.nd Entropy 

The analogy between gaseous monohydrox.ides and monohalid~s, particularly the rnonofluorides, has been recognized (2-1.9). 
The molecular configuration is assumed to be linear in accordance with the prediction of Walsh (11) and the evidence that 

gas<;:.ous alkali me'tal hydroxides dr-e lint!ar (.ll-~). The ground s'Cate is assumed to be 2i;.j. by analogy with Caf and CaCl(E.) . 

Tnt! electronic levels are estimated from the band c;pect.rd observed by James and Sugden (l§.), Gaydon (16), Zhitkevich et al. 

(17) and Vdn del' Hurk et al. (18). and the comparison with Car and CaCl(6). 

- The Ca-O bond distance is~stimated to be slightly ldrger, 0.02 A, ~han the Ca-I-' distance (~) af'tt!r noting the close 

simildrity in bond distdnce of the alk,!1i met.,l fluor'ides dnd hyd.roKides. The O-Ii bond distdnce is thdt in water" (6). The 

moment of inertia :LS 8.77S9XIO-39 g cm 2 • -

The Ca-O stretching f:r-equeocy, 587 em-I, is estimated to be the same as the Car stretching frequency (§.. lQ). The O-H 

stretching frequency, 3650 cm- l , is est.i.mdted frooll", the alkali hydroxide series. The bending frequ~ncy, tJ66 cm- l , is estimated 

by assuming that 'the ratio of the bending fOr'ce constant" to the s'tI'etching force conB'C3nt is 0.022, which is the aver<!!.ge ratio 

found in the .alkali metal mcmohydroxides by Acquistd. and P.bramowitz ClQ, 12). 
The entropy in the present table.-J."l>-lower by 0.20 gibb/moJ at 298K and 0.25 gibb/mol at lOOOK 'than that proposed by 

Jackson (~) j the data relevant to the calculations are nearly the samE.'. 
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~ 
"'CII :r 
"< 
!" CALCIUM MONOHYDROXIDE UNIPOSITIVE ION 
n 
:r ( IDE A L GAS) GFW=57,0869 • ii 
"" • :"'" gibbs/mol---~ ~-----kcalJmoi 

CI T,°l( Cp' S' -«.""-H"'"..)(f i{"-HQftS AliI" 

a 0 

~ 100 
200 

< 298 10.707 54.922 54.922 .000 88 .. 213 

!i!- '00 10.727 54.986 54.922 .020 !:HI~217 

.:-a 400 11.535 58.191 55.354 1 .. 137 88049.2 

z: 500 11.986 6()o823 56.193 Z .. 315 S3 .. 806 

~ 600 12.269 63.035 .57.154 3 .. 529 d9.138 

~ 
700 12.41'6 64.943 58.134 4.167 1)9.479 

'00 12.6",,8 06.620 59.092 6 .. 023 89 .. 487 
900 12.8(15 68.119- 60.013 1.296 89.642 

00 1000 12.953 69.476 60.892 6.584 89 .. 749 

'lI 
CD 1100 13.095 10.717 61.730 9.886 89.808 

1200 13.230 II.st.) 62.527 11 .. 202 813.038 
1300 13~ 356 12~n7 63~2e7 12.532 88.344 
\400 13 .. 474 13.92l 64~ ou. D.a73 aS~653 

1500 13~ 583 74.85"- 64 ~ 7 03 15 .. 226 8S.96S 

1600 13 ~6a4 75.734 b5~ 165 16 .. 590 89.271 
1100 13.775 16.566 06 ~ 000 17 .. 963 d9.592 
laoo 13.859 77.356 ob.bOq 19.1lt') 53.01"> 
1.900 11.935 78.108 0.7.1'115 20.73"t- 53.551 
2000 14.004 78.824 67.758 22.131 501t.088 

2100 14.0b8 79.509 68.302 23 .. 535 54.621 
ZiOO 14.1l5 Gu.16S 6t:1.826 24.945 55.iS.!. 
2300 14.111 SO.794 69.333 26.3foO 55.678 
24.00 14.225 81.398 69.823 27.7dO ~6.19B 

.::500 14 BZ68 61..'1180 70.298 2<"1.205 ~b. 710 

2600 14 .. 3013 &2.5 .. 0 10.758 30~b33 57.Z13 
2100 14.344 83 .. 081 llB20" 3l ~066 57.705 
2800 14.378 a3.b03 71.638 33.502 58.185 
2900 14.408 64.108 72.059 34 .. 942 58.051 
3000 1 .... 431 S""'~ 597 12.469 36.384 59.100 

3100 1 ... 463 6;.011 72.B66 37.829 59.B1 
3200 14.467 85.531 73.257 ]9.216 59.941 
3300 14.509 85 .. 977 73.635 40.726 60.32/,i 
3400 14..529 86.410 74.005 4£*176 00.692 
3500 14.548 86.832 74.365 43.632 61.1)30 

3600 14.5b6 Es7 ~242 h.B? 45.068 bl.B8 
3700 14.5S2 81.041 15.0bl 46.5'+5 bl.61 T 
3800 14~598 68 .. 030 n.397 48.004 bl.8o.5 
3900 14 .. 612 86 .. 409 75.72b 49.464 6Z .080 
4000 14~ 625 86 .. 719 16.048 50.92.6 62.261 

4100 14~ 638 69.141 16~ 363 52.389 62.408 
4200 14.649 B9~494 16.671 5,j.854 62.521 
4300 14 .. 660 69.838 16 .. 97 j 55.3L9 62~597 

4400 H.670 90 .. 17b 71.<.'70 56.766 6Z~636 

4,00 14.680 90.505 77.500 58.253 62.6'0·1 

'0600 14.689 90.628 17 ~ 845 59.722 62.612 
'>700 t4.69a 91.14"- 78.125 61.191 e.4!.540 
4800 14.106 <"11.4~4 78.399 62.661 62.4"ttl 
4900 14 .. 713 91~ 757 76.6b9 64..132 62.313 
5000 i4.720 92.054 76 .. 933 65.604 62.147 

5100 14.7n 92..34.6 79.194 61.070 bl.949 
5200 14.733 92.632 7':.1.449 66.549 61.12Z 
SJOG H.740 92.913 79~ 701 70.023 61.406 
5400 14~ 145 935188 79~ 9 .... 8 71.497 oL.163 
5500 14.151 93.459 60.191 1Z .972 60~8H. 

5bOO 14.756 93 .. 725 aO .. 430 14.447 60.541 
'5100 l'''~ 761 93e 986 aO.bob 75.9Z3 60.186 
5800 14.7b.6 94.243 I:!O.S9a 17.400 59.810 
5900 14.770 94~495 Sl.In 76~d7b 59.416 
6000 14.174 94.743 61.351 80.35'0 59.002 

Juue. 30. 1970; Dec. 31, 1975 

(CAOH+) C A H 0 + 

tJ.Gr Log Kp 

8~s2.70 - 62.5,) ... 

65.251 - 62.s.l.05 
~4. 222 - 46.017 
S3.lZ0 - 3b.33, 

81.952 - 29.651 
lW.127 - 25.204 
79.4tB - 21.114 
78.2,z} - 18.995 
76.948 - lb.lSl7 

75.604 - IS.OB 
HoS2~ - 13.57'0 
73.391 - 12.338 
1l.Z29 - 11.2.76 
11.046 - 10.351 

6 9~ 840 - 9.540 
6d .. 616 - 8.821 
68.054 - 8.263 
6ci.S1S - 7.922 
69.667 - 7.013 

10 .. 433 - 7.330 
71.!7<fr - 7.()70 
71.890 - 6.631 
72.585 - 6.010 
13.256 - 6.404 

73.908 - 6 .. 213 
74.540 - 0.03'> 
75.155 - 5.866 
75.155 - 5.709 
1thHl - 5.561 

76.903 - ,.422 
11.'051 - 5.2<;10 
77.998 - 5.1b6 
73.528 - 5.048 
79 .. 048 - 4.930 

79.558 - "t.630 
SIl.Obl - 4.729 
80.551 - ,..633 
dl.O~4 - 4.542: 
81.527 - 4.45'0 

6,2.008 - 4.J11 
82.485 - 4.292 
1S2 ~ 960 - 4~216 

836432 - 4~ 144 
830902 - 'to075 

B'1-.379 - '1-.009 
04.853 - 3.946 
85.328 - 3.885 
85.805 - 3.~27 

86.28 .... - 3.771 

ot:..772 - ~ .. 1la 
0" .258 - 3.6001 
al.756 - 3.1)19 
88.ZS0 3.~72 
dB.755 - 3.527 

896263 - 3 .. 464 
89.180 - 3.442 
90.]04 - 3~403 

9Q.dll - 3.3650 
91.3608 - 3.326 

CALCIUM MONOHYDROXIDE UNIPOSITIVE ION (Camt) (IDEAL GAS) 

Point Group (C
cov

] 

S298.15 = (54.92 2.0] gibbs/mol 

Gr-ound State Quantum Weight [1] 

Vibrationi!ll Frequencies and Degeneracies 
1 

Bond Distances: Ca-O :: [2.03] A 

Bond Anglt!: Ca.-O-H '"' [lBO O
] 

Rotational Constant: Bo::: {O.H8S] cm-
1 

He ... t of Format..ion 

~ 

[ 580](1) 
[1060]( 2) 

[ 3650](1) 

O-H = (0.96] A 

GFW = 57.0869 

lIHf; = 87.65 15 kt::al/mol (AHO· 

llHf298.1S 88.21 15 kcal/mol 

The ionization potential of CaOH(g) was deduced by Kelly and Padley (.!.) to be S.9!:O.1 ev. These authors quantitatively 

examined the tote.l positive ion concentr.!l:tions produced from Ca aqueous salt addit:ives in fuel rich, premixed H2 + 02 +- N2 

flames. Usir.g current JANAF au:xili.'!lry data (.3.), we recalculate the ionizatior. potential to be 5.79 ev. 

Jensen (~) deter'rnined the heat af r-edcrion llHl'O "' 3S!:10 kcal/mol foT' Caeg) oj. OH(g) :: caOH+(g) -+ e- in atmospheric pressu~c 
HZ ~ O

2 
+ N

Z 
flames USl.ng the mlcrowave caVity .... csonance method. This value ..-as calculated assuml.ng a bent molecule for CaOH 

the value is not significantly c.hanged, lo;ithin the uncertdin'ty, by the change in the configuration. Using auxiliary data (.r) , 

we deri .... e dn ioniz~:tion poterrti41 of b.75 ev, which is in good agreement with the value derived from the data of Kelly and 

Padley (.1). 

We adopt an ionization potential of 5.77 ev (133.06 kcal/mol) which is a .... erage of the above two studies (!,}). This leads 

to lIBfO = 87.65 kca1Jmol and 6Hf;98 = 88.21 kcalJrnol fo1;' caOH+Cg). We assign an uncertainty of !15 kcal/mol. 

Fol' comparison, the appe<!!!'a.nce potential of Caf(g) has been reported as 5.8,;0.3 ev (':'), 5.5!O.3 ev <.::) and 6.0,:0.5 ev (~). 

These values are all very similar to the ionization potential adopted here for' CaOH(g). In addition, the ionization poten.tia.l 

for Cd(g) is 6.11 e .... (.2.). 

Heat Capacity and Entropy 

The molec.ula.r configur-ation is assumed to be lineal', since expeT'llnental evidence indicates that the g~se.ous alkali met"-l. 

hydroxides do ... e linear (~).§.'..?I~:' In addition, Walsh (1.~ had pr~dicte~ that. BAH molecules (H = hydrogen atom) ~i~h ~en or less 

valence electrons (CaGH has e.J.ght valence electrons) vnll be l.~near J..n the~r ground state. The molecule eaOH IS ~soelec

tronic with KOH. 

The bond dissociation energy for CaOH+ (D; = lQS.il kcal/mol, .3.) for the process (aOH+-(g) = Ca--+(g) + OH{g} is fairly close 

to that for CdOH (DO = 97.5 kcal.Jmol, l'. This suggests a similar bonding in these two molecules. Thus, bond distances are 

assumed to be the Stlme dS those dodopted for CaOH(g,l). The moment of inertia is 6.779 ){ 10-
39 

g cm
2

. The vibrational fre

quencies are .assumed to be similar to those adopted for CaOH(g.l'. The ground state quantum weight is assumed to be the same 

"s that of KOH(g,l). The enthdlpy change between 0 and 298.15 K is -2.501 kcal/mo1. 

Refel'ences 
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H(g), 6-30-74; CaOH(g) and Ca(OH) .. (g), 12-31-75. 
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CALCIUM DIHYDROXIDE (CA(OHl 2 l 

(CRYSTALl GFW=74.0948 

&lbIlo/ .... ---~ 

T."" Cp" S" -(G"-II"_)rr H"-H"_ 

0 .000 .000 INF INIT€ - 3.384 
lOa 7 ~ 771 '4.111 35.160 - 3~ 10. 
200 lb~390 12D41Z 21.716. - 1.849 , .. 20.910 19.930 1 'i.930 .000 

300 lO.980 20.060 t9.'i1I30 .03'1 
.00 23 .. 520 26.487 20.189 2~179 

500 2"'01FtO 31.B91 2:2.464 4.703 

CAHZ0 2 

~ 

41U" 4GI" Los K. 

- 233.59"'- - 233.594 INflNI iE 
- 23S.GGJ. - lld~lt5" it'i1l9 G idS 
- 2:35.581 - 2.21 ~b30 .l42.l4:Io 
- 23S.6t10 - 214.74.& 157.413 

- 2]5.679 - 214.0.17 lSb.348 
- l35.ftSi - ZOl .. bZO H3 .. 438 
- 2350.133 - 21l0.69Z e7.722 

600 25.680 36.495 24.44'5 1.2.30 - 23"" .. 7l.2 - 19l~M.Z 70.b07 
100 26."0 4Q.S13 26.4bO 9.831 - 234.236 - 181.061 5th.ft05 
800- - - - 2 i-.-f.fo- - -- -;;i; ~092- - - - ;r8~.-4-" --- --12:51'8--':'- -:i 34:0 5&; - - -:. -lliif. Yfs--- -- -~9: 26 ~ 
900 27.730 ¥7.JZ3 30 .. 3650 H.26.2 - 23J~.e..fiI1:# - J.71~642 "'Z~166 

1000 Z8~200 50.2:70 lZ.210 16D059 - l33~Hl - 166.988 3b~495 

Dec. 31. 1911; Dec. 31, 1975 

CALCIUM OIHYDROJ(IDE (Ca(OH)2) (CRYSTAL) GfW :: 711.0948 

'::'11fO :: -233,59 1: 0.3 kc<!lImol C A H2 0 2 

5298.15 19.93 t 0.1 gibbs/mol lIHf298.1S -235.69.1 0.3 kcal/mol 

1.:.1 794,8 K 

Heat of fOr!D.ation 

Taylor and Wells (1) measured heats of solution of Ca(OH)2(c) and CaO(c) in dilu'te Hel and obtained llHr" L98 :: 

-IS.ShO,l ked/mol for caO(c) + HZ0(t) = Ca.(OH)2(c) which lead!;: to bHfi98(Ca,(OH)21 c) :: -23S.BS!O.3 kcal/mol using 

t.Hf 29S (CaO, c) = -151.79%0.21 kcal/l'l'lOl (1) .snd ~Hfi9a(H20, t) = -68.315 ked/mol (~). This value, -23S.68:!:O.3" 

kcal/mol, is adopted in the tabula.tion. They also measured directly the heat of hydration of Cao to Ca(OH}2 and found 

6Hr298 " -15.43:1:0.1 kca1/mol which lea(js to t.Hf 29S (Ca(OH)2' c) ::. _235.53 kcal/mol. Both measure.ments a.re in 

very good agreement. Liter-ature .e.Hr- data (~, ~. 2., 2. !) determined by 'these two methods ~ere within the limit of 

-lS,LUO.3 kca.l/mol which is in good agreement with the value adopted, 

JANAF an.alyses of dissociation pressure data (~. !.Q, 11.' fOr Ca(OH)2(c) ... CaO(C) + H20(g) are listed below. The data. 

of Hal stead dond Moore (~) and of Tamaru and Shiomi (lQ) are in good agreement. but the pressures reported by .Johnston (ill 

are too low due to faih.N to rea.ch equilibrium. The hea.t of formation derived from third law .1.Hr of Halstead" and Moore (!) 

or Ta.maru a.nd Shiomi <.!Q) is in gOOd agreement with the va·lue adopted. However,- the decomposition of Ca(OH}2 ma.y yield non

sta..ndard state CaD in the final prod.uct which was shown in a similar decomposition of Hg(OH)2' See Hg(OH}Z table (1) for 

details. 

Investigato!: Method. Temp (K) 

Halstead and Hoore <.~) Static 535-776.5 

T4II\i!lru and Shiomi (12:) Static S9l1-776.S 

Johnston {1l} Static: 663-8011 

Ca(OH}2(C) li: C4.0(c) + H
2
0(g) 

No. of 6Hri9l.~' kC41/mol 

~~~ 
1" , 25.52 

26.48 

26.92 

25.7S:tO.lS 

25.90:!:0.07 

25.16.1'0.210 

"*3rd law 6Hr· is used in the calculation. 

Heat Capacity and Entropy 

Drift AHf 298 'Ca(OH)2' c)* 

eu (keo'll/mol) 

O.2:tO.ij -235.34 

-0.81:0.3 -235.ij9 

-0.5.1:1.0 _236.35 

The low temperature heat capaci.ties up to 300 K are tak.en from the a.diabatic calorimeter measurements (19_330 K) of 

Hatton et &1. ell). Above 300 K, the hea1: capacities are based on the heat conduction caloriJueter measurements (310-610 K) 

of Kobayashi ell) joined. smoothly at 300 0 1< with the low temperature heat cap4cities (g> an~ on a graphical comparison of 

the Cp V5. T cuZ"'ve adopted for Hg(OH)2(c) (~). The ent"t"opy, 5 298 :; lS.93:!:O.1 gibbs/mol, is derived from the adopted low 

temperature heat capacities, ba.sed on oS. T3 extrapola1:ion to obta.in S· :; 0.070 gibbs/mol a.t 20 !( (!V· 

Decomposition Oato!: 

Td = 794,8 K is ca.lculated as the "temperature a.t which oGro = 0 for the reaction Ca(OH)2 (d '" C",O(c) + H20(g). 

Auxiliary"data are from the JANAF Tables CI). 

Under a pressure of 1000 bars, Wyllie and Tuttle (~) found that Ca(OH)2 melts congruently at 1108 K. 

~ 
1. K. Taylor and L. S. Wells, J. Res. Nat!. Bur. Std. 11, 133 (1938). 

2. JANAF Thermochemical 'tables: CaO(e), 6-30-73, Mg(OH)2(c)' 12_31_75; BZOC·g}, 3-31-61. 

3. U. S. Natl. Bur. Std. Tech. No'te 170-3, 195B. 

If. J. Thomsen. Thermochelllische Untersuchungen I. 247 (lSB3). 

5. H. Bertheolot, Ann. Chim. Phys . ..!!" S31 (1875). 

6. w. A. Roth and P. Cha.l1, Z. Elektrochem. l.I!., 185 (928). 

7. T. Thorvaldson, W. G. Brown 4nd C. R. Pe.a.ker, J. Amer. Chem. Soc. g, 2681 (1929); g, 80 <l930)j g, 910 U930}. 

8. H. E. Schwietz an-d E. Hey, Z. Anorg. Chern. W, 396 (1934). 

9. P. E. Halstea.d and A. E. Moore, J. Chern.. Soc., ~; 3873 (1957). 

10. S. Tanmru and K. Shioftli. Z. Phys. Chern. 161, 1l.21 (1932). 

11. J. Johnston, Z. physik. Chern. g. 330 (1908). 

12. \I, E. Hatton, D. L. Hildenbrand, G. C. -Sioke and D. R. Stull, J. Amer. Chem. Soc. !l, 50Z8 (1959). 

13. K. Kobayashi, Science Repts. Tohoku Univ., First Ser . .!:!, 153 (950); Chem. Ahst. ~, 332 (l9S2). 

Ill. P. J.' Wyllie a.nd O. F. Tuttle, J. Petrol. 1:. 1(1960). 
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CALCIUM DIHYDROXIDE (CA(OH)2) 

(IDEAL GAS) GFW=74.0948 

-------oIbl>s/mol----
T, "K Cpo S" -(G'-W_lrr Jr-W:tM 

0 .000 .000 INFINI fE - 3.654 
100 9~ e03 5>.596 81~b09 - 2.801 
zoo 14~47t1 6l..BlS 69.755 - 1.588 
Z96 17.555 6&.231, 66.234 .000 

300 17.595 68.3 .... 3 08.235 .OJ3 
.00 19.199 71.61,.9 68.947 l.adl 
500 20.079 78.037 70.339 3.849 

bOO 20.(.;27 81.749 71 .. 940 5.88b 
700 21.026 84.960 13.575 7.969 
600 21.360 87. 790 75.n~ 10.089 
900 21.&61 90.324 76.723 1.2.240 

LOOO 21.95<,1 92.622 78.200 14.422 

1100 22~ 238 94.728 79.608 16.632 
1200 22.504 96.674 80~ 950 18~ 869 
1300 "-2.755 980485 82.230 21.132 
1400 22.'>188 10J.180 83.452 23.419 
1500 23.205 101.174 84 .. 621 25 .. 129 

160e 23.40 .. 103.218 85.741 28.0::'9 
1700 23 .. 586 La .... 702 86.815 30.40Q 
1800 23.752 106.055 87.846 32.176 
1900 23.904 10 7.344 88.839 35.159 
2000 24.042 108.573 89.795 37.556 

2100 24.1.61 l0ge 149 90.717 39.967 
2200 24.281 UO~67b 91ebOti 42.3d9 
2 ~OO 24.38S 111.958 92.470 4 ... 623 
240,:) 24.480 112.998 'H~303 41 • .2b6 
2500 2 ... 567 113.999 94~ 1.11 49.71~ 

2600 24.1)46 11'0.9604 94.895 52.179 
2700 24.7tH U5. 89~ 95.<>56 54.()4d 
2800 24.185 He..796 96.395 57 • .ll3 
2900 .24. ~46 117.666 97.11:.1 59.604 
3000 24.902 116.510 97 a B12 62.092 

)101) 24.954 11'1.327 98.4<;l3 64.585 
3200 25.002 120.120 99.157 ~1.0S.2 
DOa 25.046 120.890 99.80 ... 69.585 
3400 25. Qt!7 121.638 100.435 72.0'11 
3500 25.124 122.366 101 ~O51 14.002 

3bOO 25.1bO 12.3.075 10! .653 77.110 
3100 25.192 123.704 102.242 19.634 
3800 25.223 124.437 10£.017 d2.155 

25.251 125.092 103.380 (14.676 
25.216 12;'.732 lO3.93J 67.205 

4100 25.302 126.3Se l0lo.47!) tl9.7'':' 
4200 25. '!.2b 120.9bb 104.996 ~l.265 

.... 300 25.347 127 .5b2 105.516 ~4~ By 
4400 2:5.368 128.1':'~ 106.024 97.335 
':'500 25.387 128. Hb 106.522 9':)081.2 

4600 25.405 129 • .274 107.010 102~4lL 

4700 25.422 129.820 107.490 104.953 
4800 2S ... 3!l l3\).356 101.961 107 ... 96 
4900 25.4,3 130.080 10il.423 L lO~O41 
5000 25.467 131.395 10b.877 112.557 

5100 25.461 131.899 109.324 1150134 
5200 25.494 132. ,94 109.763 117.61:13 
')JOO 2S.S06 132.880 110.194 120~2 H 
5400 2~. 51 1 133.357 110.619 lU.78" 
5500 250528 133.625 111.031 125.337 

5600 2 5 ~.5 .,9 134.2.85 lll.448 127.B90 
5700 d.548 134,73"{ 11l..8'JZ IJO.444 
5800 25.558 135.162 112.2:'1 133.000 
5900 25~ 561 135.619 112~643 lH~5So 

6000 2 ') ~ 5 7 ~ Ub.aita 113e03J 138.11.3 

Dec, :U, 1975 

kcaJJmol 

&11/" 
- 110401.60 
- l44.994 
- 145 .. 6.22 
- 1'>5.'716 

- 145.981 
- 146.175 
- 14o oid3 

- 146 0 352 
- 100·6.402 

14&.179 
- 141.006 
- 1l.tls214 

- 141.581 
149.121,-

- 1'1-9.182 
- 149.S33 
- H9 .. 880 

- 149.925 
149.9b4 

- 186.891 
- 186.714 
- 166.532 

- 186.352 
- IBb.118 
- 186.007 
- 165.646 
- 185.b94 

- lBSe5:>.:: 
- 18:-.423 
- IuS.109 
- 185.2Ll 
- U:l5.132 

- 18S.IH2 
- 18~.O3' 
- 1854026 
- IB~4042: 

- id5.0Bb 

- Itl5.161 
- 185.2t:.9 
- lrl5.409 
- 1a~.587 
- HiS. {99 

- Idb.048 
- !!:lb.335 
- 186.660 
- 107.022 
- 181.425 

- 1~7 .f362 
- US8~339 
- 188~/j51 

- lEl9.HS 
- 189.'ilt1G 

- 190.~97 

- 191.244 
- 1'H.<:iIZZ 
- 192.b30 
- 193.363 

- 19 ... 125 
- 194 .. \,)09 
- 19:'.716 
- 196~S44 

- 191.)"'1 

CAH 2 0 2 

6GI" .... Kp 
- 14"'~i6G INFINiTE 
- 143.394 313.38& 
- 141.534 1504 .. 661 
- 139.4 .. 4 102.215 

- 139.404 101.556 
- L37.179 74.951 
- l.H.9l!i 58.971 

- 132 .. 635 4& .. 31.1: 
- l3u.344 40 .. b9~ 
- 128 .. 019 34.913 
- l25.&60 30.51 ... 
- 123a274 26.941 

- 12u.860 24.013 
- 118~262 .lJ.."'.eI 
- 115 .. 635 19.441 
- 113.010 11.M2 
- 110 .. 317 16.0132 

- 107~7'1-4 14.717 
- 105.10':' 13.512 
- lOl.1d4 12..358 
- 91.060 II ol64 

92 .. )4B 10 .. 091 

- 87.642 9§121 
- 82.9 4 0 8.2:40 
- 7t>.258 1.436 
- 73 .. 574 6.700 
- b8.903 60024 

- 64.23:2. 503'19 
- 59 .. 569 4.822 

:, ... 9l1 4 .. 280 
- SO.l5I 3.H7 
- .. 5.001 3.322 

- 4009~1 loBS7 
- 3/;>.303 20419 
- 31e65b 2. ~O96 

27 ~OlO L ~ 736 
- 22 ~ 3bO 1 ~396 

- 1 7 ~ 709 1 ~ 07::. 
- 13.05';) &111 

6.397 .403 
3.1411 .. LlO 
.92~ - ~ 051 

~ ~ 597 - ~ 29 6 
10.275 - .535 
14~9bO - w 7bO 
190651 - .916 
24~351 - 1 ~ lti3 

29.068 - 1.361 
33.11:19 - 1.511 
38.5£u 1 ~ 154 
... :;.2~9 - 1.929 
48.010 - 2.099 

52.782 -
5 7 ~ 5 55 -
6i.354 - 2. .5071 
61.15.) i..Hi:! 
71.971 - 2.8uO 

76.198 - 2.'19-' 
Sl.b"!4 - ,J.lJO 
86.505 - J.2.&O 
91. ~ 317 - 3.3.'15 
9u~.204 - 3. ~J6 

CALCIUI1 DIHYDROXIDE (Cd{ 0B):2) (IDEAL GAS) Grw ::: 71J .091J8 

Point Group (C 2v ] 

5 298 ,15::: (69.2 !: 2.0] gibbs/rnol 

Ground State QUdntum Weight: :< (l) 

~ S.O kCl!ll/mol CAH Z 02 
-1IJS.ge ! 9.0 kca1/mol 

Vibrational frequencies and Degeneracies 

Bond Distances: Ca-O:: [2.12] A 

Bond Angles: O-Ca-O :: (135"] 

Product: of the Moments of Inertia: 

Heat of Formation 

-I 
~ 

[484](1) 

(163]( 1) 

[ 554](1) 

(3650]( 2) 

(466](11) 

O-H ::: (0.961 

Ca-O-H :: [lBO~ J 

IAIBIC:: [1261.5621] x 10-117 g3 crn 6 
" 2 

Dissociation eneI'gies, D~. for the reaction Cd(OH)2(g) :: Ca{g) + 20H{g) fl.ave been derived from flatle-spectr'a1 measu!'i!ments 

(1-1). Ryabova and Gurvich (]) belicved the. dominant reaction to be Cd(g) + H20(g) "" CaOlHg} "" IHg), but' they also considered 

the possibility th.at: Cd(g) -+ :2H 20{g) " Ca(OH)2(g) ..jo 2H(g) was the dominant reaction and derived DO ::: 2QO!2Q kca1/lwl. Sugden 

and Schofield (2) considered the dihydroxide to be the dominant product and derived D~ = 217-:!:12 kcal/mol. Cotton and Jenkins 

(~.> found. both eaOH .'!End Ca(OH)2 to be present in significar.-r a.mounts in fuel-rich hydrogen-oxygen-nitt'ofien flames and derived 

DO = 203.8~5 kcal/mol. Cotton and Jenkins <.~) recdlcul<lted the work of Ryabova and Gurvich C]) and of Sugde.n and Schofield 

(1) considering both CaOH and Ca(OH'1 to be present and obtained the recalculated DO values of 199 and 201 kcal/mol, 

respect i vely. 

A third law analysis of the experimental equilibrium const:d.r'.ts "tabulated by Cotton and Jenkins <..~) using current JANAf 

".tu"xiliary d.."td (~) leads to DO = 210.4 kcal/mol which is 6.6 kcal/mol higher than the 203.6 kcal/mol derived by Cotton and. 

Jenkins (I). Applying this diffe:'cnce to the data of Ryabova and GUI'vich (1) and Sugden and Schofield (l) as recalculated by 

Cotton and Jenkins (l) gives D~ ;: 205.6 and 207.6 kc.al/rnol, respectively. 

for Ba.(OH)2{g) ('::'), t.he corrected dissociation energy of Ryabova "nd Gurvich (~), DO = 208.8 ;':'callmol, is in better agree

ment with the "adopted" value of 209.6 kcal/mo1, base.d on good Knudsen-cell mass-spo:!C"trometric measureffil~nts, than a;re:! the 

cO!'I'ec1.ed dissociation energies of Sugden and Schofield Or' Co"tton and Jenkins (~). We adopt DO = 205.5 kcal/mol for the 

dissociation of Ca(OH'2 from which is calculated lIHf'; = _141<.161:9.0 kCdl/mol. 

The heat of dissociation listed by Jackson (~.> leads to ll,Hf?9S(CaCOH)1,g) :: -142.65 kcallmol. Another recent compilation 

(~) lists lIHf 299 ::: -130 kcalll1lolo 

Heat C"..Qdcity and Entropy 

The analogy betw"en gaseous rnono- and dihydroxides and gaseous mor.o- and dihalides, ya::-ricularly tlte mono- dna difluoI'ides, 

has been recognized (.§.-!). The O-Ca-O bond angle is assumed to be the same as the f-Ca-F bond angle (~) j the Cd-~-H bond 

angle is considered to be linedr as in CaOH (~). The Ca-O bond distance is estimated to be s:ightly larger, O.02A I than the 

Ca-F bond. distance in Car 2 {~) after notinr. "the close similarity in the bond distance of alkali metal fluorides and hydroxidt!!;. 

The O-H bond distance is taken to be t:he same as in W.ater (;:). 

The vibrational fr€q1)encies are estimated "to be.the same as in CaF; (~) (O-Ca-O synunetricdl and asymrr.e1:rical S1:rt!tc~, 

and bend) and as in Cd-OH (II) (O-H stretch and Ca-O-H bend). The thr'ee principal moments of inertia are I
A

=25.2623 x lO-.l9 

1
3

:::23.1017 x 10-
39

, and Ic~2.1616 x 10- 39 g crn 2 

Jackso<1 (~) has used it -differ~nt molecular configuration and different vibra"tional frequencies to estimate S2'38 ::; 6i.l.!>30 

gibbs/mel. We assign oln uncertainty of ~2.0 to the adopted entropy. 
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Calcium Oxide (CaO) CaO 

( [dea I Gas) 

T. OK 

c 
100 

cd 

3 ..; ~l 
4()1 

;0O 

1GG 
0'10 
"·"j0l 

:JI)J 

! l;"1J 
l20J 
iJvJ 
1",00 
I,)JJ 

LouD 
170J 
!o"jj 

F):);:J 

2(JJ:.J 

210) 

i400 
':>500 

;:(100 
L-J0J 
300,) 

-,100 
3200 
33'J0 
-~4 ":J 

"0.500 

cOO 
70)0 

000 
9;:)0 
:lOO 

41';0 
<'200 
'.JOO 

4;'0,1 

4000 
;'7J:.J 
!":lJa 
(.9Q(j 

'jUDO 

5300 
",i 4 u::" 
S':iCJ 

~0rc 

J 700 
'ju..!,j 

':i'iJO 
r.,,J..;,) 

CpO 

.U0G 
b.'164 

7.201 
7.7".7 

7. 7c:, 
;'.1,.7 
.':..)C:tl 

j.'lc4 

~. 1:79 
".7 c ~ 

'.S7:) 
'I. ~('J<J 

':'.20 ... 
q.3 .... 1 
'7.1:-31 

'1."';>1 
:J.2:.;,t 

1" 
11. f..; ;, 

£.11':1 
Z • .,n<: 
J.e"', 
1. 

1_.21-\7 

i ... ~,H' 

!::,r5 .. 

15.ldl 

5. ·)S~ 

1 ... 6:'9 

J.4.511 

ll. 

13.,;\1>.., 
13 ... '.1 

3 • .,:;:5 
3. "3 ~.? 
3.Z!.5 
;.:14 
;,127 

'1.0.:,5 

12.<)1:, 

12. 

Grltl 56.0794 

. -glbbs/Rlol---- kt-'ltl./mol----~ 

So -(Go-H"%!I#}(f H"-W'%IllI AHr 

.J,)J lr'-lf - ,;.1 .. 0 10.lo';! 
10.883 
10.700 
lLl.500 

.. 4. /,03 - 1.4 l,5 
1.9.494 .nl 

:'2."","' .000 

5;::,';) S .014 10.(''>b 
10.3')0 
Iv.lU 

I->D.712 
t>1.748 
<l<:. "dl 

':':;..33 i 
",4.;'13 

o:".J .. " 
1'5.7"37 
11-.3';3 

i)"i.21ic 

61:>,['''-1:> 

Q<'0-.10 

t<J.<'f!<J 

71.70;' 
72.2t2 

fL. 1'> 
73. 6~ 

7"'. '-16 
7:". lO 
74. 31 

!';. ;0 
75. 14 
n. flo!.. 
71. 
17. til 

77. <JJ 
7fl.120 
r 6 • ~ 1 e 
703.9e ... 
79.l.7':> 

FI.~3o 
79.9tl'< 

,=",.963 

;1 
.j2.1Jfj 
Q,,- ... 11 

82.{.ld 
2,? ':'37 
R3.19J 
n.,-;,? 
)13."70 

~.;. ': l':" 
84.1'.4 
i34,jt<J 
04.59J 
F;4.SU'> 

,? 11 
393 1.03Y 

';/ •• ,)71 
<'4.71:>1 
":' ... ).:. 

')6.1.;7"
'j'::.6<J3 

57.d! 

"i9.3 .. .: 

:'<J.fo(J2 
:,u. 2~5 
&J.673 

ti.87-J 
"2.;:f,1 

, 
.,3. 3'.>S 

'" ~. II 2 
L" •• J60 
:,4.40] 
t"4~ 7.'11:'. 
'>'.u(:,9 

!l S •• ~ ';15 

6/.01.6 
ttl.tJ7 

6t1.)l;:l4 

l;o.bt;o 

6<; • .,.4:" 

bS. ')9~ 
(.7.9,.i;> 

70.1013 

fG.9,Jj 
71.1,,, 
71. JS j' 
71.:;7,. 
71.B7 

?"t.d 9.937 
3.J51 9.7':;0 
".'::23 4.23b 
5.103 d .859 
~. 'lB9 8.420 

'J.l:az 7.942 
r.ff;'" 
;':.uS? 
-;.021:. 5.HO 

10.577 "'.£Jb,) 

1 1 • 5:> ~ '< .7 at.. 

l<..1GC - 32.2]1 
15.1;44 - 3.2 .u42 

1] .J)1 - 31.81,., 
1 c.26c 31. S33 

- 31.2}4 
- 30. b57 

?2. ~ 57 30.466 

i 3.t 6t: 30.047 
25.113 - 2"'.600 

- 29.151 
- 2b .f;,sq 

';: ... 580 - 2o~22'" 

? l.lOt 

35.bbt 
37.20B 

0. 7 22 
0.227 
1.721 
.;).21)4 

... 674 

4t.13 i 
47.576 
£.0;..('("& 

SO.4-27 
<:1.::>3" 

5!.Z30 

57.)50 
5v.7u<, 

bJ. (49 

61.h:' 
62.713 
6 ... u31.. 
bc..3<'6 

6o.6:ie 
67,<;;5 7 

0<;.253 

- 2~.B36 

- 25. ~41 
- 25.799 
- 2S.U96 
- 24.937 

- 24.824 
- 24. J57 

24.740 
- 24.768 
- 1.l, .644 

- 24.965 
- 25.132 
- 25.343 
- 25.Son 
- 25.d91 

- 2b .224 
- 26. ~95 
- 27 .()Ol 

27.441 
- 27 .Q12 

28.<.U:. 
- 2R .'>3H 
- 29.491 
- 30.06b 

!2.33~ 71.~3C - 30.663 
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Gct> Log Kp 

1 J. 7 b':; ll~t-I Nl TE 
B.o14 - 19.193 
6.927 - 7.50~ 

5.11S - 3. Bl 

::'.084 - 3.hd 
3.31J 1. BvB 
1. 5<1<' .092 

.1 c.15 

.16:' 

.;)70 

.92; 

... 32 

10.332 
- 11.sa7 
- 12.717 

1.3.1:>3 
- 15.1 

- 14.009 
13.7'50 

lZ.6<,0 
- 11 .94~ 
- 11.000 

10.1'-11 
':1.338 

tI.~vl 

7.otH 
c.SH 
o.Ob8 
5.)17 

4.:)61 
3.819 
3.09.2 

.975 

.2S8 
•. HI -

1.003 -
1.731 -

2.H7 -
3.060 -
3.1.::3 -
4.385 
~.04d -

5.115 -
h.3b3 -
7.050 -
7.731 -
6.415 -

9.106 -
9.dJO -

lu.500 -
11.215 
11.937 -

lL.6e.4 -
1 ::'.4J3 -
14015.::: -
14.909 -
15.677 

.l.JJd 

.':>51 

.921 
i.HO 
! .4tJt:J 

1.5td 
1.60b 
1.-;:"<;' 
1.d<J9 
1.062 

1.906 
1.Y"4 
l.do;4 
l.b!;!? 
1. ~J;l 

1.3-.10 
1 •• do 
1.0:>1 

.'I2u 

.Bib 

.5;7 

.4;l~ 

• .3t!7 

• )2~ 
.tol 
.iU~ 
.153 
.104 

.OS~ 

.. v 17 

.J.2.3 

.J60 

.J95 

.liS 

.15) 

.272 

.2'17 

.321 
• :'4~ 
.36b 

.390 

.41.2 

.'*J3 

.454 

.474 

.4;14 

.514 

.::'B 

.552 

.57L 

(IDEAL GAS) G:rw S6 0794 CALCIUM OXInE (CaO) 

Symmetry Number = 1 77 !: 5 kcallmo1 

s298.15 -: 52,1.186 t o. gibbs/mol :: 10.5 ! 5 kcal/mol 

Source St'ate 

~ 
~,l~ 

5) 3 E+ 
AIr.\-. ;r.+ 
l' ,'-
1 " 

C l~: 
Sf[ 

B lIT 

0.0 
8225, 
B612. 

( 10000] 
11549. 

( 210001 
( 21000] 
[ 23000J 
[ 23000) 
( 23000] 

28772. 
( 24000) 

25913 . 

Electronic an.d 

£i !:e~ 
L827 
2,097 
2.092 

[1.906] 
1.906 

(? .00) 
[2.00] 
(2.00] 
[ 2.00] 
[2.00) 

1.989 
[1.95J 

1.950 

(0. 40~9 J 
0.40592 

[0.359 J 
(0.369 ] 
[0.369 J 
[0.369 ] 
[0.369 ) 

0.3731 
[0.3882 ] 

0.3882 

-1 
~-e..1. em 

7:33.[1 
556.2 
545.7 

[719 ] 
HB.9 

[ 550] 
[ 550) 
[ 550) 
[ ~50) 
[ 5501 

560.9 
[581] 

581.0 

We adopt :: 9I !: 5 and tlHf 29B :: 10.5 ~ 5 kcal/mol based on mass-spect'rometric ddta (~, ~) for four reactions ilnalyzed 

below. We give or ">" for lIH" and DO values which may be biased due to our' duxiliar'Y data. JANAr differences in "Hf; 
for WC 3 -W0 2 and Mo0 3 -MoO? (2,) lTIdy be bidsed by up to -3.5 and +1 •• 1 kcal/mol, respectively, 1eading to bias of the opposite 

in D~ valu~s dc!"ived from reactions Hand C. Adjustments for this possible bias would improve the agreement in D~ but leave the 

mean value almost unchanBed. Kaltf (.~) used spectrometry of CO-N
2

0 flame~i to derive D~ :: 86.5 !: 4.5 kcal/mcl. This valu.e 

becomes '\.89.5 kcal/mol when adjust:ed to be consis'tent with JANAf r~ee eneq~y functions. Our adopted DO :: 91 ! 5 is similar to 

'that of Rosen (~) and is comparable with other selected values (~, ~), considering the difference in fIJnctions for CaO. 

The controversy over DO of alkaline ear'th oxides has been reviewed in detail (~.' ~l~-U)' Uncertainty in the electronic 

partition function of CdO due to t:oiplet stdtes now is much reduced (l). Schofield's criticism (~) of fla?tle studies is 

supported by new evidence for importance ot hydroxides (~, ~, .!2)i 'thus, we dismiss higher flame values for DO (.!2." Valid 

criticism (~) also causes us to dismiss higher D~ values derived from vaporization data. A linear Birge-Sponer' extrapolation 

yields a very low etitlmatt! for D~, just oS it does for the alkali ha1id~s (!2), unless XlI: fails to dissociate to an excited 

state dtom as predict4:!d (,!2, .!.). 
SOUr't:::: 

(!) Drowart{ 1964) 

(2.)Co1 in(l9611)c 

Method 

Knudsen mass spec. 

Knudsen mass spec. 

Knudsen mass spec. 

Knudsen mass spec. 

Reaction U 

A 

Range 

~ 
215B_211l0 

2328-2334 

2393-21110 

2180-2385 

No. of 

Points 

6S
b 

gibbs/mol 

-2. 3!:9. 7 

67 

12 !8~ 

l.dl 

nHr29S 1 (kcu1/i'!wl) 

2nd Lc"1w 3rd L.aw 

2lJ..!22 

209 

85!100 

3l!72 

29.4.t3 

51.9!3 

s5.8!3 

27.9!:6 

llHf 298 D~ 

kc;]l/mol 

12.7 S8.8 

>6.5 <95.0 

<1!).5 >85.9 

S.6 -95. ae 

aReactions: A) Ca(g) + 02{g) CaO(g} O{g); B) Ca(g) • W0
3
(g) CaO(g) + W0

2
(g); C) Ca(g)'" Mo0

3
(g) CaO(g) + Mo0

2
(g); 

D) Cu(~) + SO{g) CaO(g) + S(g}. 

bas IlSr c (2nd Law) _ t.Sr~(3I'd Law). 

CIon intem,dties and D~ reported (~) ,'!t 2180 l< are discrepant by '108 kca1/mol; we use ion intensities. 

Heat Capilci t:i:'_ and E~ 

Ele~t'ronic l~vels (To) and vibrational-rotational constants of the observed states dr-e from (.!" ~, ~ .• ~,2.). The long-

sought a IT and A' n states of CaO, SrO and BaD were characterized by Field (1) using a new method for' assignment of 

perturbations. This study resolved the long-::;tilndin.g controversy over low-l;ing electronic levels and confi!"med tha.t: Xl!+ 

is the ground state. We es1:i.mate the other potentially low-lying state (3L:1-) at 10000 cm- 1 by assuming th.3.t it lies 1500 ! 

1'l00 cm-
l ,.!.. ~) below the isoconfigurdtional A state. Other predicted states and their vibra'tional-r-ot:ational constants are 

estimated in isocon.figurational groups by comparison wi'1:1) BcD, MgO. SrO and BaO(.~). Comparison~ are facilitated by listing 

the states in the isocontigurationa.l order of MgO(~). Rotational analysis of d band neaT' 5470 A was a't"tf'iouted (~) to CaO, 

but' we question this assignment. Our thermodynamic fu.nctions are calculated using first-order anharmonic corrections to 

Q; and Q~ in the pa!"tition function Q = Qt ~ Q; Q~ gi exp(-c
2

t
i
/T). -
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~ .., 
~ Dicalcium (Ca 2 ) 

n (1 dea I Gas) GFW . 80.16 ::r ... 
l'I 
lOll 

~ ~ .... ----
C a T,"K Cp· S' -(G"-H· ... )rr H"'-w .. 

!I 0 ~QOO .000 INF INITE - 2.~15 

< 
100 B. t>41 51.403 69.1046 - 1. e04 
200 9~ <lb ';7.598 b2.133 ~907 

~ , .. 9.152 b1.219<;1 61.289 ~ooo 

.:"4 '00 9.1lt5 61.345 61.2eq .011 

Z 
400 8.699 63.918 61 ~b43 .910 
500 8.270 65.811 624296 1.158 

!3 
!'" 

bOO 7.941 &7.289 b3.0Ct;! 2 .. 568 
700 7.716 b8.495 63.7.)9 3.350 .... .00 7.5'52 b9.514 64.373 4 .. 113 

.a 900 1.433 10.391 64.994 4. SbZ 

..... 1000 7.344 11.115 &5.574 5 .. 601 .. 
1100 1. :2'76 7l.B7Z 66.116 6.332 
1200 7.226 12.503 MobZ2 7.057 
1300 7.1a6 13.079 61.097 1.177 
1400 1.15" 73.611 bl.543 8 .. 494 

1500 7.128 7 .... 103 61.96"- 9.208 

1600 7.101 14.563 68.363 9.920 
1700 7.01:19 74.993 bS.740 10"b30 
1800 7 ~ 0 75 75.398 69. Qqq ll~ 338 
1900 7.062 75.780 69.4101 12~O45 

2000 7.05Z 76.142 6q~r6r I z ~ rso 

2100 1.043 16.486 70.07a 13 .. 455 
2200 7.035 16.813 70.371 14.159 
2300 1.029 17.12ob TO. bob'!- 14.802 
2400 7.024 17.425 10.939 15~505 

2500 7.020 77.711 7l~20'5 Hh267 

2600 7.(116 77.987 71.460 16 .. 969 
27{)O 1.014 78.251 71.707 l7.b70 
2800 1.013 78.506 71.945 18.312 
2900 1.012 18.753 12.176 19 .. 073 -
3000 1.013 18. Q90 72.399 19 .. 1704 -
-noo 7.014 79.220 72~015 20~475 -
3200 7.011 19.443 72.825 21.171 -
:3)00 7.020 79.659 73.029 21 .. 87'i -
3400 7.024 79.869 73.221 2Ze581 -
3500 7.029 80~O72 73 .. 420 23el84 -
3600 7.035 8Q.270 73.607 23.987 -
3100 7~ 042 aO.463 73~ 790 24~ b91 -
3800 7.050 60 .. 651 73e90S 25.395 -
3900 7.059 80.834 14.142 26 .. 101 -
oCt 000 7.068 81.013 74 .. 311 20.,807 

4100 7.019 81.1R8 74.477 27.5104 -
4200 7.090 81.359 7~.639 28 .. 223 -
"t3011 7.102 81~ 520 74.797 28.932 -
"t400 7.11 4 81.689 74.952 29.M-3 -
4500 1.128 81.849 75 .. 103 30.,355 -
04600 1.141 82.006 15.252 31.069 -
4700 1.! 56 82 .. 100 75.397 31.784 -
"tsoo 7.170 A2.310 15.539 32.500 -
4900 7.18b 82.458 15.679 33.218 -
5000 7 .. 201 82 .. 604 75 .. 61b 31.937 -
5100 7 .. 217 62.746 75 .. 951 34.658 -
5200 7.233 82.ll87 16.083 350"380 -
5300 1.250 83.025 76~ZlZ 3&.105 -
5400 7.2bb 83.1bO 1'6.340 3&.830 -
5500 7.283 8362q4 76.465 37.5S8 -
5000 1.,300 83 .. 42'S- 76.588 38.287 -
5100 7.317 83.555 76 .. 709 39.018 -
5800 7.334 83~682 76 .. 828 39.751 -
5900 7 ~ 351 83.807 16 G 946 40.",85- -
bOOD 7.368 83.931 77.061 101.221 -
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Ca2 

.al/mol 
MIl" <l.GI" Log Kp 

82.787 82& 797 I/totF INITE 
83 .. 130 18~ 152 - L12.~1l2 
82.943 74 .. 431 - 81 .. 3;4 
82.660 70~309 51.538 

e2~ .f;,53 70.23Z - 51 ~ 164 
82.272 66.147 - 30.141 
I.n ~ 828 62.167 - Z1cl73 

81.336 58.281 - 21&lZ9 
80.812 'S4.~79 - 11 .. Q09 
79558'9 50.,613 . - 13~&a2 

78.b34 47.272 - 11.479 
77.563 43.dot4 - 9 .. 562 

76.378 40.5028 - 8.05.2 
71.519 37.6,29 - b .. 853 
10 .. 799 34.834 - 5.1356 
70.076 32.095 - '~OlO 
69.350 2Q.407 - 4.za5 

b8.622 26.768 - 3.656 
67.892 24 017S - 3.108 
6.628 22.9861 - 2.791 
6.919 2"'~b39 - 2.8304 
7.214- Z6.307 - Z.8H 

7.513 21.990 - 2~913 

7.817 2g e 069 - 2 c 949 
s .. 130 31 ~40i - 2 G984 
8 .. 453 33~12b - 3G01& 
8.787 304.8bo - 3.0~8 

9.137 3b.bie - 3.078 
9 .. 50b 38~384 - _h107 
9 .. 894 40.166 - 3.135 

10 .. 307 41.9b2 - 3.162 
10.750 43.771 - 30189 

11 .225 45.597 - 3.215 
11.735 47.438 - 3~2~O 

12 .. 287 49.294 - 3 .. 2b5 
12 .. 881 51.U9 - 3.289 
13 .. 522 53~Ob3 - 3.313 

14.215 54.915 - 3.337 
14.9b1 56~9Q8 - 3.36i 
15 .. 1b'5 58.860 - 3.385 
Ib.621j1 bO.d34 - 3.409 
17 .. S53 &2.832 - 3.433 

18 e 540 6".a~4 - 3.457 
19.591 1;.6.902 - 3.481 
20 .. HO 68.911 - 3.506 
21.891 71.013 - 3~530 

23.141 73.198 - 3.555 

24 .. 453 75.354 - 3.560 
25 $830 17 .539 - 3.60& 
27 .. 272 79.753 - 3.631 
28.114- 81.998 - 3.6157 
30 .. 33'5 84.275 - 3.b8~ 

H o 95lo> 8b.584 - 3.710 
33.628 88.924 - 3.137 
35~353 91.297 - 3.1'65 
37 ~ 125 93.702. - 3.792. 
38 $948 9&.141 - 3.820 

40.811 98.0.14 - 3.849 
42.112. 101.122 - 3.877 
40t ~651 10396b2 - 3.900 
46 ~623 10b.236 - :;.935 
48.625 108.84"+ - :;.965 

DICALCIUH (Cal) 

Ground State Configuration lEt 

529a.lS :: 61.29 ! 0.2 gibbs/mol 

(IDEAL GAS) 

Electronic Levels and Quantum Weight 

State 

XTif 
~i~ 

o 

Alz:: I9~OI 

iii 
1 

GJ'W :: 80.16 

boHf; ::: 82.79 -! 0.7 kcallmol 

boH 296 . lS = 82.66 :!: 0.7 kcal/mol 

The contribution of the ground state vibrational levels is approximated by direct sWUJlIation of the following-

levels (in cm- I ): 32.27, 95.1~, 155.79, llij.22, 270.113, 324.!t2, 316.19 , 42&.74, 41.'3.07, 518.18, 561.01, 601.74, 640.19, 

616.~2. 710.43, 742.22 , 771.79, 799.14, 824.21, 8117.18, 867.87, 886.31j, 902.59, 916.62; 92S.1f3 , 938~02. 

We '::: 

B. 

Heat of Formation 

65.09cm-1 

O.Oll60cm- 1 

"'eXe:: 1.11 cm-l. 

(le :: [O.OD016}CIll-1 

U :: 2 

re 1I,28A 

Hamada (l, 3.) investigated the emission spectra of Ca and concluded that the spectra suggested the presence of Ca 2(g). A 

dissociat'ion limit ",as reported, D; ~ 4.15 kcal/mcl. This interpreta'tion was later supported in studies by E'spenhain et dl. 

i].) and Weniger (~). Balfour'and Whitlock (l!) examined a.t high resolution the absorption spectT'um -from calcium vapor in-a. 

King furnace .at 2300 K. They observed 249 levels involving five vibrational states and estimated; by -extrapolation, a 

dissociation energy, DO::: 2.69 :!: 0.11 kcal/mol. (A linea'!' Birge-Sponer e1ll:trapolation using the values of we and c..leXe 

tabulated above yields 2.53 kcal/mol for DO.) We adopt ClHf 298 = 82.13 :!: 0.7 kc.al/mol for Ca. 2 which is calculated from the 

DO value suggested by Balfour and Whitlock (.!2.). 

Brewer (~) tabulated a value of' liHS;'S'8 :: 79 :!: 1 kcal/mol for the- process_2CaCc) :: Ca2(g). This value was quoted later 

by Verhaegen e't a1. (!). Mellor (E) calclJ.lated a value of 66.0 :t S.2 kCill/mol for the same process. This latter calculation 

was based on'Lennard-Jones potential paramet:ers which were estimated via approximate relations based on pV! data for gases. 

These aHs 298 values.are actually 6Hfi98 values for Ca 2(g). Brewer's valu@ (~) is, in good agreement with our adopted value 

(within lJ kcal/mol) whereas Kellor's value (13) is roughly 16 kcal/mol less positive. 

Heat Capacity and Entrop¥ 

The m.ol.ecular data are from the spectr-oscopic s'tudy·of Balfour and Whitlock: (15). The value of !Ie is calculated from 

the reported values of Be' we' and Welte' a3suming a Morse potential.. The absolute -;ibrational numhering in the All.: state is 

not known (~) so the Alt: .. Xll,g separation is_ not known E!.Xactly. We adopt the value 19!.J01.Ocm-1 which is actually the v'- 0-

transition value. Treatment of Ca 2(g) as an harmonic oscillator or an anharmonic oscilliltor gives,heat capacity values which 

appear unreotsonably large ( .... 24 gibbs/mol at 600010. Thus 1:he heat capacity lIalues are generated using a summation over 

26 vibrational levels of the ground state. 

There are four studies reported in .the literature which incorrectly assign bands to gaseous Ca 2 (!, ~! !, !.Q). The 

more recent work by Kovalenok <£) also Nlfer5 to the observation of Ca.? bands. However, this article could not be obtained 

for review. ThE matrix isOlation studies of Williams (!!) and Francis and Webber (.!2) also suggested t:he presence of Cal. 

Other comments on Ca 2 are given in Liberale and Wenign (g> and Saetzold (~). 

Re.ferences 
1. H. Hamada, Phil. Hag. ~, 50 (l93l). 

2. H. Hamada, Nature 127, 555 (l931). 

3. R. f. Sanford, Pub!. astron. Soc. Pacific g, 325 (1940). 

1.1. A. S. King, PubI. ,,"stron. Soc. Pacific ~. 6 (19lJ2). 

5. L. Brewer, UCRL-2S5I1, Fe.bruary, 1955. 

6. G. Verhaegen, r. E. Stafford I P. Goldfinger, and M. Ackerman, Trans. Faraday Soc, ~. 1926 (1962). 

7. H. Espenh.sin, H. J. Kusch, olInd W. Loahte - Holt'greven, Z. Astrophys. g. 77 (965); Chem. Abstr. g. l0870e (19S5). 

8. S. Weniger, Proceed.ings of I.A.U. Colloquium on Late-type S'tars, ed. M. Ha.ck, Trieste, 1966, p. 25; as reference by 
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9. G. V. Kovalenok and V. "'. Sok010v, Izv. Sib. Ot:6. Akad. Haul< SSSR, Ser. Khim. Nauk, No. II, 118 (10967). 

10. G. V. iCovalenok aod V. A. Sokolov, Izv. Vyssh. Ucheb. Zaved., Fiz. g, 27 (1966). 
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Cobalt Dichloride (CoCI
2

) CI 2CO 

(Ideal Gas) GF\~ = 129.8392 

~---gibbsJmol----, -----kcal/mol----_ 
T. OK 

o 
100 
200 
798 

300 
4CO 

'00 

Cp" 

.000 
12.333 
13.192 
14.250 

110.256 
14.491 
14.655 

bce 1 oCt. 78 7 
700 14.913 
soc 1:'.031 
900 15.139 

1000 15.233 

1100 15.311 
1200 15.374 
1300 15.421 
1400- ----C5-... -S-s-
15CO 15.419 

11':.00 15.494 
1100 15.502 
1800 15~505 
IQIJO 15.505 
2000 15.502 

2100 1';.491 
22CO 15.492 
23('0 15.481 
24CO 15.482 
250G 15.476 

nco 15.475 
nco 15.473 
2600 1 '>.471 
2900 15.471 
3000 1 'j.473 

3100 15.47';0 
nco 15.418 
3300 15.482 
34(')0 15.487 
3500 15.493 

3600 15.500 
31('0 15.507 
380[' 15.':>15 
3900 15>.524 
4000 1S.533 

4100 

15.561 
4400 15.511 
4SeQ 15.581 

4600 15~591 

"100 15.601 
48(,0 15.610 
4900 15.620 
50G(I 15.630 

5100 
52eo 
5300 
54{\C 
5500 

560e 
5100 
5dOO 
S%C 
1)000 

15.639 
15.M8 
15.657 
15~666 

15.614 

15.683 
15.690 
15.096 
15.10'5 
15.712 

S" -(C"-H":a:t){T 

.000 
56.5ao 
6'5.113 
71.316 

n.404 
7').5"<2 
78~ 7q.r. 

81.478 
63.167 
S~. 7b6 
67.543 
89.143 

INFINJH 
B3~b25 
72~6;)7 

71 ~ '316 

71.316 
11.679 
72 e 948 

14.153 
15.367 
76.544 
17 .669 
78.138 

HO_W'_ 

- 3.650 
- 2.705 
- }.319 

.000 

.026 
1.465 
2.923 

4. ,9,) 
5.860 
7.316 
B.S86 

10.40S 

AHr 
- 22.711 
- 22 ~592 
- 22~449 

- 22.400 

22.400 
- 22.405 
- 22.454 

- 22 ~ 543 
- 22.662 
- 12.910 
- 23~ 091 
- 23.320 

90.599 79.751 1!.932 - 23.601 
91.934 80.712 13.467 - 23.960 
93.166 61.623 15.001 - 24 .... 18 

-94: 311-----6-2-.-489 ---- -I &:551- ----- --i.-,-.-51 0-
95.378 83.313 16.097 - 2S.362 

q6~377 

91.317 
96.203 
qq.041 
99.£137 

100.593 
101~ 314 
102.002 
102.60. 
103.293 

103.900 
104.484 
105.047 
105.590 
106.11-4 

10.&.622 
10,.11 3 
107.589 
IJ8.C52 
1 06~ 50 1 

10e.937 
109.36;;-
109.110 
1100179 
110. ')12 

110.956 
II t. 33.0 
JII.696 
lll: .054 
112.404 

112.747 
113.082 
113.411 
113.733 
114.048 

114.358 
11'4.662 
114.960 
U5.253 
) 15.540 

115.823 
Ho.lOO 
110.373 
l16.642 
11Q.906 

84.0<16 
84.849 
as.S66 
66.253 
86.913 

BL546 
88.15t.. 
88.743 
89.309 
89.856 

CJO.)85 
90. S'l6 
CJl.3CJ2 
91.872 
92.338 

93.656 
94.07~ 
94.481 

94~ 876 
95.262 
95.639 
96.006 
96.366 

96.711 
'17.060 
'17 ~ 396 
':11. 72~ 
98.048 

98.364 
98.673 
98.977 
~9.275 

99.507 

99.95"" 
100.136 
100.413 
100.635 
100.952 

101.215 
lOI.,t,74 
101.729 
101.979 
102.226 

19.646 
21.196 
22.146 
24.2'97 
2~. 847 

27.391 
28.947 
30.496 
32.044 
3345n 

35.140 
36.687 
38.234 
39.781 
41. 329 

"tZ.B7b 
"t4e42':' 
",.,.972 
47.520 
49.069 

50.619 
52.169 
53.720 
55.272 
56.$2'J 

58.379 
59.933 
<ld4"t89 
63.046 
64.603 

69.282 
70.843 
72.406 

13.909 
75.534 
17.099 
76.665 
80.232 

81.800 
83.369 
84.938 
B6.508 
6B~ 079 

- lS.tl:)l 
- 25.'H7 

30.013 
30.402 
30.'35 

31.06B 
) 1.4:.)4 

- 31.742 
32.0£13 

- 32.421 

- 32.172 
- 33.1:?1 
- 33.473 
- 33.621 
- 34~ 183 

- 34.543 
- 124.023 
- 124.051 
- 124.0B1 
- 124.116 

- 1240153 
- l24.195 
- 124.2'tO 
- 124.29(' 
- l24.345 

- 124.403 
- 124c467 
- 124.535 
- 124.607 
- 124.bt!6 

- 124.107 
- 124.855 
- 124.947 

125.046 
- 125.148 

- 1,,5.255 
- 125.368 
- 12S."tB1 

125.612 
- 125.142 

- 125.877 
- 126.019 
- la.1M 
- 126.320 
- 126 .... 80 

~ ___________ Dec. 31, 1973; Dec, 31, 1971.! 

AGr 
- 22.717 
- 23.551 
- 24.sn. 
- 25.634 

25.6'54 
- 76.740 
- 27.81 a 

- 2B. S6] 
- 29.'Bl 
- 30.946 
- 31.939 
- 32.91l 

Lot Kp 

IN!" INl fE" 
51.410 
26.856 
ll.le 790 

18.689 
14.610 
1 2 ~ 159 

104521 
9.345 
8.4$4 
1.7'56 
1.193 

- B.8S7 6.727 
- 34.173 6 4 333 

_:: __ }.?.!'A5JL _____ :!t.2~2 
- 3&.::'00 ').698 
- 37.308 5.436 

- 38.095 5.203 
- 38.863 4.996 
- 39.548 4.802 

40.063 4.603 
40.564 4.433 

41.048 4.712 
- 41.516 4.124 
- 41 s 966 3.9aa 
- 42.404 3.861 

42.927 1.144 

- 43.236 3~634 

- 43.632 3.532 
- 44.014 :.' .415 
- 44.385 3.345 
- 44s 744 3.260 

- 4!:i.090 3.119 
44.589 3.045 

- 42.106 2.78'" 
- 39.621 (.547 
- 31.139 2s319 

34.652 2.1'34 
- 32.16'3 1.9\)0 

29.678 1.7J7 
- 27.188 1. ')24 
- 24.698 1.349 

22.207 I ~ i64 
19.714 1.026 

- 17.220 .875 
- 14.720 .n! 
- 12.725 .~94 

9.124 .462 
7.22"1 .336 
4.719 .215 
2.211 .099 
.29~ - .013 

2.809 -
5.321 
7.833 -

10.349 -
12.870 -

1'.>.369 -
17.910 -
?0.441 -
22.967 -
25~500 -

.120 

.224 

.323 

.419 

.511 

.601 

.687 

.770 

.851 

.929 

(1DEAL GAS) GFW" 129.8J92 COBALT DICHLORIDE (CDCl
l

) 

Point Group D""h tiHfO::: -?2.7 t 2.0 kcal/mol CL2CO 
829a.15 ::: [71. 3 ~ 2.0} gibbs/mol 

TbCto monomer) ';: 1360 K 

lIHfi96.15 ::: -22. I.! : 2.0 kcal/mol 

llnV'· :: {34. B] kcal/mol 

r;Hs" ::: 52.3 !: 1.7 kcal/mol 

S~:t= a ( :~ 
It .. : [nO] [B] 

4 TIg ( 2408) (aJ 

Bond Dis'tance; Co-Cl '" 

]-lea! of for'mation 

and Quantum Weights 

State 
/,:!:; -

" g 6 
"n g 

g. 
2.117 A 

1 
.£i~ 
[ IOlo25) 

[11.!197 ] 

[ 21270] 

Bend Angle: 

Si 
(4] 

(8J 

[8J 

CI-Co-Cl 

Jibrationi:!.l F(,tl9Uenci~_~ _~~o;LQ_~K~!leracies 
-1 
~ 

(325J (1) 

'31.J..5 (2) 

<>93 0) 

laoS Rotational Constant: BO::: 0.05305 crn- 1 

c.Hf
Q 

is calculated from llHs~ ::: 52.3 ~ 1.7 kcallmol by addLtion of lIHf 298 (COC1
2

, c) ::: -71.!.7!: 0.3 kcal/mol (p. The adopted 

vdlue for llHs· is based on results of a second and third law analysis of extensive sublimation d"ta reported by Hill et a1. 

(2). These studies included both Knudsen-effusion and to!'sion-effusion measurements which were per-formed in platinum-10, 

rhodium effusion ce~ls, Orifice diameters of the. cells var'ied from 0.051!! cm to 0.161.!:' cm. 'rhe extent of dimerization 

('1.1-2\) was also determined from lnass !:lpectremetric measurements, and the rr.easut"ed vapor' pressures were correc't:ed to represent 

equilibrium pressures of the monomer. Results of our a:1alysis of sixty-four vapor pressure points measured in five different 

cells are given below. Derived lIHf values show no significant trends with orifice size; thus) a mean value of the five results 

is adopted. Also included in this table is a value for ClHf which was obtained from an analysis of equilibrium data (3) for 

CoO(c) <I- C1 2 (g) CoCJ 2 Cg) + ~ 02(g), 01"10'1 C])' has not reported sufficient information to allow a small correction ~o be made 

for dimcrization; even so, his results still give a value fel' I'IH.f (-27.1 kcal/molJ which agr-ees fairly well with "that adopted. 

Temp. Range No. of 6Hr
288

, kcal/mol Drift -lIHf
2sa 

K~K~!'_~!"!~ Method Point~ 2nd Law _~~Q~ ~_ kcalimol 

(2) Knudsen-Cell A 680-800 13 52.3S!0.U O.lj~O.5 
(2) Knudsen-Cell B 697-811<. 11.!(a) 51.9 52.2!l'!:0.10 o.s'!o.1.! 
(2) Knudsen-Cell C 715-810 10 52.9 52.11.!!.:0.16 -0.9.!:O.9 

·(2) Torsion-Cell A 759_834 10 56,7 5Z.38:!:O.52 -S.4:!3.2 
(2) Torsion-Cell B 71.!5-824 15 55.0 52.30'!:0.17 -3.4.!:0.4 
c]) Transpiration 1323-1523 Equation 15.5 3lJ.77t7.1 12.7 

(a)1''-1o points reject:ed due to failure of a statistical test:. (bJlli-jf29S(CoO, c) ::: -56.82 :!: 0.10 kcal/mol (p. 

22. It !O.!.i 
22,42:0.!.i 
22. 6tO. 5 
22. 3:tO. 8 
22.:' ~o. 5 
2Z .l!:2. 2 (b) 

Other vapor pressures for CoC1 2 (c, t) have been rr.easured by stat:ic (.=±) and transpiration (3., 2) me'thods. In all three 

studies the presence of l:I. sm.a.ll amount of d:'mer in "the saturat.ed vdpor was not considered. JANAr pressures based on (a) 

selected values of the heats of sublimation and vaporization for the monomer' and dimer, (b) the mass spectrometric value of 

2I1Hs(monomer)- 6Es(dirr.er) ::: -38.99 kcal/mo1 (see Co
2
Cl4 (g) table) <:it :;;98 K, and (c) adopted entropies for the condensed and 

gaseous species a!'e compared with the obser-ved total pressures in the table given helow. 

Investigator 

Maier (I.!) 
Haier (ii) 
Kulkarni ond Dadape (5) 
Schafer and Krehl (6)
Schafer and Krehl (:§) 

Method 

Stdtic 
St:<lt:ic 

Transpiration 
Transpiration 
Transpiration 

Proc~_~~ 

Sublimation 
Vaporization 
Vaporization 
Sublimation 

Vaporization 

Temp. Range 

906-997 
l022-l2S6 
1015-114;; 

975-1010 
1019,-1073 

Mole. fraction Dimer 

~~ 
0.051-0.086 
0.062-0.092 
0.090-0.092 
0.057-0. 09J 

0.092 

P c<llc /P obs 

--~ 
0,0'13-0.156 
0.198-0.816 
0.531-0.743 
0.875-1.096 
0.825"-0.883 

Our predictions agree reasonably well with the transpir'i'ltion data of Schafer and Krehl <§.), while the static measurements 

of Maier (!:) show significant deviations from OUl:> pressures, particularly at: 'the lower temperatures. We note t:ha't JANAr 

analysis (~) of Maier's vapor pressures for BaC1 2 , A1Cl
3

, and FeC1
2 

indicate th~ existence of temperature dependent errors in 

his measurements; thus, the results for CoCl
2 

aN probably not reliable. Also, the transpiration dat:a of KUlkarni and Dadape 

(.3.) show similar discrepancies. 

Heat CBpac.:i ty and Entropy 

Measurements of 'the infrared (1-~) and electronic (.!..Q-±1) spectra of both matrix-isol<:!ted and gaseous CoC1
2 

have been 

interpreted on the. baSis of a linear structuT'€ of D=h syJl1JTletry. This structure is adopted, and the Co-Cl bond length is taken 

'to be equal to the. value determined by Tremmel et a1. (1]). The 8.ntisyrnmetric stretching fT'equency (\13) is that obset'ved in 

the infrared absor'Ption spectra of gaseous CoC1 2 by Leroi et a1. (l). This valtJe has been confirmed from results of two 

infrare.d matri-x :isolation studies (l!. ~). The doubly degeneJ"'ate bending frequency ( .... 2) was observed by Thompson and Carlson 

<..~) in the infrared spectra of CoC1 2 isolated in an argon matrix. The infr'<H'€d-inactive symmetric stretching frequency (vI) 

is estimated by comparison with similar data for FeC1
2 

0) and NiC1
2 

(~). Some additional support for this value is providea 

by calculations of DeKock a~d Gruen <g). Assuming a linear model, they calculated VI :: 332 cm- l from \1
3 

= <>93 cm- l . Also, 

Clifton and Gruen (li) observed a vibrational spacing of 332 cm- l in the fluorescence spectrum of argon matrix-:isolated COCl
2 

which may be \\. A similar assignment for NiC1 2 was recently proposed by Gru€n et: a1. (1:.:±) based or. observations of the vibra-

tional spacings in its fluorescence spectrum. 

The electronic spectra of CoC1 2 have been extensively investigoJ.ted both in the gas phase (1.2., ]d, and 1.£) and in various 

matrices {~, Q, ~, and 1..:0. Unfortunately, most of the results are conflicting and difficult to interpret. It is not certain 

whethe'r the ground stdte configuration is i,¢, or ~jl.:. Theoretical arguments based on a ligand-field model (11., .lJ?) favor the 

former, but recently Level' and HOllebone (,lg) interpreted the electronic spectra of CaCl
2 

in tern.s of an "orbital angular over

lap" model and preferred the la'tter ground state configur¢tion. Other problems associ.'I.ted with band ass"ignments in the CoC1
2 

spectra have been dealt with by Smith (..!!), The adopted states and levels comprise one of two sets of .;Issignments proposed by 

LeVer> and Holleool1e (JJ). The alternate functions deri.ved frum their second set of assignments (1.2) suggest that 'the adopted 

entropies may be biased by as much as +2 eu at 298 K and +0.2 eu at I.!OOO K. functions based on 'the assignments of Smith (l!P 
agree wi'th those adopted to bett.er- than 1 eu at all temperatures. 

References: See C0 2Cl!;(g) table. C L 2 Co 
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ZIRCONIUM TETRACHLORIDE (ZRCl 4 ) 
(CRYSTAL) GFW=233,032 

gibbs/mol ---~ ------- kcaJJmol 

T, <tK Cp" S" -(G"-W:t5II'I}/T HO-W_ IIHI" IIGI" 

.000 ~ooo INF-IN ITE - 5 6 951 - 23 .... 5'B - 234.598 
100 IS.6 l ,C 16.d52 66.682 - 4.9d3 - 235.228 - 227. 5413 
lOO 25.d80 32.445 45.905 - .2.692 - 234.915 - Zl9.952 
298 28.630 43.360 43.360 .000 - 234.350 - Zll.725 

300 26.660 43.537 43.36l .053 
400 29.970 51.91:12 44.503 2.991 
5CO )0.76e 58.759 46.699 6.030 - 233.001 - 198.456 

qqQ ____ .11.!'_=t"-o _____ ~'!.!.'!f.Q ____ !!J~J_9} _______ '!!. ~~Q ___ ::-_.?)_Z_._3)~) ____ '= .! 11 .!.?J.?_ 
ruo ;1.620 69.28:3 5t.724 1Z.294 - Z3L.615 - 184.884 
300 32.260 13.56& 54.192 15.499 - 230.9l!l - 118.257 
900 32.660 77.389 56.56l 18.145 - 230.211 - 171.716 

1000 JJ.040 80~850 58.13l0 22.030 - 229.503 - 165.256 

Dec. 31, 1960;, June 30, 1951; Dec. 31, 1963; 

Dec. 31, 1969:; June 3D, 1975 

(L4 ZR 

Log Kp 

INF IN! TE 
491.305 
240. '.i53 
155.931 

154. d72 
H2.247 
80.745 

69. Fl4 
--5-'-.-fij 

48.69d 
'+1.698 
36.117 

ZIRCONIUM TETRACHLORIDE (ZrCll<) ~ CRYSTAL) Grw " 233.032 

6Hf;; " _23L:,43!O.li kcal/mo1 C L 4 Z R 

S298 ~5 ':: 43.36!:O.7 gibbs/mol 

1m = 7101"2 K 

Ts = 609.05 K 

Heat of Formation 

LlHf 298 . 15 '" -231<.18!:O.4 kcal/mol 

llHm' '" 1213 kc"l/mol 

,\l!s298.1S = 26.42!O.l? kcal/mol 

(;al'chenko et al. q) d~termined heat of formation of ZrCli.J(c) by the direct chlorination of" highly pure Zr metal in 

a bomb calorimeter. Complete chlorina'tion of 'the metal was accomplished as indicated by 'the ab:sence of unredcted me'tal and 

of lower' chlorides. They reported JHf 298 (Zl'"'C11<' c) :: -23'-'.11!0.28 kcallrnol. 

Gal'chenko et: al. (1) had also earlier de'ter'mined the heat of formation of ZrCIJ,,(c) by a similar technique and repoT'tE!d 

_231:.35 1. 2.1 kcal!mol. Gross lOt al. (.£) measured calorimetrically the chlorination of Zr(c) .. /ith liquid chlorine. His I'esults 

lead 'to aHf 298 = _23<1.7 .t O.li kcal/mol foI' ZrClli(c? We adopt llHf 29B :: -234,35 ~ 0.4 kcal/mol which is d weighted mean of 

these three studies. This adopted '1alue is identicdl 'to that suggested by NBS (:!.) • 

Less !'eliable studies leading to 6Hf 2gs values have be€:n reported by Siemonsen and Siemonsen (.:~), and Beck (~). 

Equilibrium studies by Hildenbrand et: a1. (1) dnd Horozov and Korshunov (.,?) suggest uHf
298 

values 1-3 kCd.l/rnol less negative 

'thaD our adop'ted value. 

Heat Capaci'ty and Entropv 

Todd (~) measlJrt!d 'the Ie:.; 'temperature heat capaci'ties fl"om :'2.6 to 296.7 K, and m.:o.de <In extrapolation to 0 K which yielded 

an entropy of 6.] 2 gibbs/mol at 51 K. We adopt the meCisured hea't capacities, but miik~ our own extT'apol~ti.on to 0 K, based on 

the ratio of the measured heat capdc.ities of Zrf I4 (lQ), Tif't<g> and TiClI4<~) from 6 to 50 K. This extrapolation gives SSO :: 

6. 7SS!0. 7 gibbs/mol which is adop'ted. Coughlin and King (g) measur-ed high 'ternper-dture enthalpy data from 335.9 to 566.a K 

by drop calorimetry, Their da.ta dre smoothly joined with Todd's low temperature heat capacities. 

Melting Data 

The melting point, Tin ': 71012 K, has been observed by Rahlfs and Fischer (14), Palko e't a1. (~), and Denisova et al. 

(.l§, 12)· Nisel'son (~) observed a melting temperature of 708.7 K. Heat of melt:ing ddta may be extracted from Palko et al. 

(]2) and Denisova e't <11. (J:£, 1.2). A weigh"ted averagc LlHmo :: 12!:3 kcallmol is adopted for the 11ea1; of mel'ting. 

Hedt of Sublimat:ion 

Severa l sets of sublimation studies are surr.marized belDw, using a second and third an.alysis. 

flHS 298 , kcal/mol drift 

Source Method ~ range, K 2nd law 3rd Idw gibbs/mOl ------- --- ---
Rahlfs dnd Fischer (l.:.) static 11 535-507 27. 3 6~O.lI3 26.31!.0.13 -1. 9!O. 8 

Palko et 0.1. (l.§.) s'tatic (diaphragm) SOa 503-575 25. n:tO.20 "26.39!O.17 1.1!O,3 

~;tdti.C (cap. bridge) "b SSO_689 25. ShO. 28 26.40!:O.15 0.8 !:O. II 

runaki and Uchin1.ura (~) Zlass BouI'don gdge egn 503-603 26.L9 76.33 0,3 

Denesovili et: a1. (..hE) stdtic 17 c 625-709 25.S1!:O.34 26.42!:O 11 1. 3:tQ, 5 

KhodE!ev clnd Tsirel'nikov (20) mass spec. eqn 373-1;.48 27, l' 26.66 -1. 2 

Safronov et a1. (~) eqn 376-1.193 26.59 26.1.010 -0.1.1 

'(a) 3, (0) 2, (c) 1 poin'ts rejected due 'to failure of ,1, sta"tistical test. 

A mean of 'the "third law values, LlHs
o 

298 " 25.42!O.l2 kcal/mol, is adopt:ed. The sublimation tempel"ature, Ts, is obtained fI"'01lI 

tht! Gibbs free energy crossover between t:he crystal ,,-nd ga.s. Since Ts is lower than Tm, thO:! liquid phase is thO::rffiodynamically 

unstable at: normal conditions. 

In analyzing tht, vapor pressures for the sublimation studi.es, corrections were madE! fOr non-ideality by means of the 

equation t.G~/T :: -Rln p -Bp/T. The Bertholet equation of state and the critical const:ants Tc = 776.65 K and pc :: 57.1< atm 

as determined by Nisel'son and Sokolova (Q) are used to calculate B. 
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Z IRe 0 N I U M T E T RAe H LOR IDE (Z R C L 4) 

(lDEAL GAS) GFW=233.032 

T. "K 

100 
200 
298 

300 
400 
500 

~---Cibbs/mol---~ 

Cp' 
.000 

16.'920 
2l.469 
23.478 

23.502 
24.426 
.24.901 

S" -fG"-H"'ZIII.n 
."000 

65.552 
18.858 
87 e 859 

ea~ 004 
94.908 

IOQ.414 

[!ilFINITE 
l01~204 
aq~q54 

87.859 

87~ 659 
S8.794 
qO~586 

-----kcal/mol---__ 

W'-W'B&IIi 6Hr 
- 5~392 

- 4a Ib 5 
- Zel19 

eOOO 

.04) 

2.445 
4.914 

- 201.t>13 
- 207.990 
- 20B.022 
- 207.9)0 

- 201.928 
- 207.809 
- 231.691 

~GI" 
- 201~6Jj 

205.180 
- 202.342 
- 199.572 

199.520 
- 196~B5 

- 193.9dO 

9.9.9 ___ . .2..5 ..... U'L __ 191 ... :tjlL. ___ U.'t.~l~ ______ 1.j'';J-''t ___ -__ <'Qlt.~QL __ :.-_J_9J.JOJ...'t.~ 
100 25.34) 108.375 94.667 9.945 - 201.544 - 168.524 
800 25.455 112.261 96.660 12.'>86 - 207.50a - U~5.8lt 
900 25.533 115.210 98.':>64 15.035 - 201.501 163.098 

1000 25.589 U7.963 LOO.371 17.592 - 207.521 - 18G~3ae 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2700 
2800 
2900 
3000 

310U 
3200 
3300 
3400 
350Q 

3600 
3700 
31:100 
3900 
4000 

4100 
4200 
',300 
4100Q 
4500 

4600 
4700 
4800 
4900 
5000 

~ 100 
5200 
5300 
5400 
5500 

5600 
')700 
5BOO 
5t100 
boeD 

25. c31 
25. Co) 
25.666 
25.106 
25.724 

2'5.137 
25.148 
25.757 
25. )65 
25.771 

25.177 
2').782 
25.786 
25.190 
25.194 

25.797 
25.799 
25. aoz 
25. a04 
25.806 

25.607 
25.809 
25.610 
25.812 
25.813 

25.814 
25.615 
25.816 
25.817 
25.8lB 

25.819 
25.819 
25.820 
25.820 
25.821 

25.821 
25. an 
25.9ZZ 
25. a23 
2':).823 

25.824 
25.824 
25.824 
25.825 
25.82'5 

25.625 
25.826 
25. a26 
25.626 
Z5~a26 

120~lt04 

122.635 
124.691 
126~ 5'>5 
128. )b9 

130.030 
131.590 
133.062 
134.455 
135.777 

137.034 
138.23-4 
139.360 
140.477 
14}.530 

1"o2.5"oZ 
143.516 
144.454 
l't5.359 
I46~234 

147~OBO 

147.900 
148~ b>;4 
149.464 
1:'0.213 

150~9""O 
151.047 
152.336 
153 ~OOO 
153.660 

154.297 
154.920 
15~.527 
15b.121 
156.101 

157.269 
157. 624 
15B.3b7 
158.900 
159.422 

159.933 
160'.434 
160.926 
161.409 
161.883 

162.346 
162.B05 
163.25'" 
163.6~6 

164.130 

l02~083 

1 03~ 104 
105.241 
106.699 
lOS.CS5 

1C9 ..... 05 
110.665 
11l.669 
113~021 
114.126 

lI5.1S7 
Ilb.20d 
111.190 
1.18~ 138 
ll<il.053 

1 L9.937 
120.792 
l21.621 
1.22."'21, 
123~203 

123.960 
124.695 
125.410 
126.106 
126.785 

127.445 
lL8.U90 
126.71Q 
129.333 
129.933 

130.520 
131.0'13 
l31.6S5 
132.204 
U2.142 

133.269 
133.1S5 
lj4 6 292 
tJ4.789 
135.276 

135.155 
LJ6 • .::.24 
136.686 
l37.13'" 
In.5BS 

lJd.023 
138.454 
138.877 
139.294 
139.705 

20.153 
22.711 
25.265 
27.655 
30.426 

32.99q 
J5.574t 
38.149 
40.125 
43.302 

45.879 
48.457 
51.036 
53.b14 
56. tq4 

58."173 
&1.353 
b3.933 
66.513 
69.094 

71.67"0 
14.255 
76.836 
79.411 
81.998 

Sit.SSC 
-57.l6l 
69~ 143 
92.324 
94.906 

97.<088 
100.070 
l02.t52 
105.234 
101.916 

110.398 
112.980 
115.562 
1l6.l4~ 
120.727 

123.)09 
125.892 
12~.474 

131.057 
133.639 

136.221 
1313.80':' 
14 L.381 
Pd.969 
146.552 

- 207.571 
- 206.503 
- 208.4)3 
- 2.08.316 
- 208.333 

- 20a .304 
208 • .("85 

- 208~2S2 

- :208.291 
- 208~316 

- 208.352 
- 213.407 
- .213.46b 
- 213.530 
- 213.598 

- 213.(;.69 
- ;1:13.7lt5 
- 213.827 
- -20.913 
- 214.004 

- n4~ 102 
- 214.205 
- 214.314 
- 214.427 

214.':>48 

- .2l4.672 
- 21 .... 1303 
- 214.':131 
- 215.0H 
- lIS.V .. 

- 215.372 
- 2159526 
- 215.682 
- 215.8 ... 2 
- 2.160006 

- lLo .170 
- 216.338 
- 357.665 
- 357 c940 
- 358.222 

- 358.509 
- ;J58. SOl 
- 359.100 
- 359.402 
- 359~70q 

- 3bO~Ola 

- 360.:'32 
- 360.646 
- 360.965 
- 361.286 

- 177.672 
- 114.<399 
- 172.102 
- 109. }09 
- 166.519 

- 163~ 134 
- IbD.94S 
- 158.163 
- 155.37:> 
- 152.591 

- 149.t!Ob 
- 146.840 
- 143~Sll 

- 140.761 
- 137.749 

- IH.7U 
- 131.676 
- 128./::133 
- l25.590 
- 122.545 

- 119.494 
116.441 

- 113.3133 
- UO.321 
- 107.262 

- 104.191 
- 101.120 
- 98.049 
- 'il4.969 
- 'H .8S8 

- 88.804 
- 85.118 
- 8Z.625 
- B.523 
- 16.428 

- 73.324 
- 70.£13 
- 66.424 
- 60.348 

54.0276 

- 41:1.18-} 
42.l00 

- 36.012 
- 21,1.913 

23~ 606 

- 17.1;)99 
- 11.539 

5.459 
.661 

b~ 796 

Dec. 31, 1960; June 3D, 1961; Dec. 31, 1963; 
Dec. 31, 1969; June 30. 1975 

C L 4 Z R 

IAtK. 
! NF INI TE 

446."oZi 
-'21.10Q 
146~290 

145.350 
107.4'}1 
84.788 

____ 29.« 99J 
5d~ 860 
5Q.761 
4 .... 462 
39.424 

H.300 
31.853 
28~ 933 
26.430 
24.2.62 

22.36S 
~O.69J 

19.204 
17.IH2 
16.674 

15.59! 
14.501 
D.6/.>5 
12.820 
12.042 

ll.3'!4 
lOc 058 
10.0ltO 
9.465 
8.927 

8.42.4 
7.9503 
1.509 
7.091 
6.098 

6.32::' 
5.973 
5.b39 
5.322 
5.021 

4.734 
4.4600 
<c. I'}')! 

3.950 
3.71;( 

3.41$4 
3.265 
3.024 
2.6-J2 
Z.H2 

2.005 
1.769 
1.485 
1.211 

.946 

• .091 
.44it 
.206 
.02';' 
.248 

(IDEAL GAS) GfW 233.032 ZIRCONIUM Tr.TRACHLORIDE (ZrCl ll ) 

Point Group ::: Td 

S298.15:: 87.66 t 0.1 gibbs/mol 

Ground State Quantum We ight = [11 

-207.61 ! 0.5 kcal/mo1 ' C L II Z R 

::: -207.93 !; 0.5 kcal/mol 

Vibrational Frequencies and Oe-.8!=_~~~ 

Bond Distance: Zr-Cl:: 2.32tO.02 A 

Bond Angle: Cl-Zr-Cl:: 109- 2B' 

Product of the Moments of Inertia; 

Heat of rormation 

-1 1 
~-- ~ 
377 (l) 

9a (2) 

l.i18 (3) 

113 (3) 

12 

lAIB1C 6.03177 x 10-
112 

g3 cm 6 

The heat of formation of gaseous ZrCl 4 • flHf 298 :; -207, 76.!O.!:I kcal/mol is calculated from the hedts of formation and 

sublilnation of the crystal '1:). 
Hi1denbr<ind et a1. (~) determined the equilibrium c.:onstants by the transpiration rnethop for the r'caction: 

Zr0 2 (c) t 4 HCl(g} ZrCll.j(g) -+ 2 H
2
0(g} 

Second and third law analyses for' their data ape given below. The heat of formation derived from this stUdy is in fair agree-
ment: with the val.1..le adopted. 

~ ~ 

10 

Il 

lIHr· 298 kcal/mol 

~!L_!< 2nd law 3rd law 

drift 

gibbs/mol 

1171-1373 28.9l1:tO,l.i4 29.l6~O.15 O. 17!:O. 3l.i 

1169-1374 310315!:Q.60 29.8S!0.28 -1.19!0.47 

l!.Hf
296 

.. 

kcal/mol 

_205.80 

-205.11 

1Hfi98 ('tofers 'to the heat of formation for ZrCl",{g) and is calculdt:ed from the third law <lHri98 

results, using JANAf auxiliary data (.!) 

Heat CapaCity and A~J:~S?:p.y 

The adopted \>ibrational frequencies are frOITl the work of Clark et al. (~. ~). who recor-ded the Raman spec"tra of ZrC1
4 

in 

the vapor phase (3S0-1!.20oc). These studies by Clark et al. (l, ~) indiCated that ZrCl", is a te"trahedral rnonom~r in 'the vapor 

phase. Shima.nouchi, in his compilation of llIolecular vibrational frequencies (~), also adopted the vdlues of Clark e't 0.1. (1,1) 
for ZrCl!j(g). Pontrelli (.§.) 6150 oDserved, in the Raman spectra a.ll foul' fundamental vibrational frequencies (376. 99, lI18, 

and 110 em-
l

). These values are in e::.:cellent agreement with those of Clark et al. (.? • .2,). 

Other experimental studies involving th.e vibrational frequencies ar'e as follows. Wilms hurst (.§.J observed one furida:nental 

vibrationa.l frequency (421 cra-
1

) in the infr:'dr'ed spectrum of 2rC1 4 vapor, while Buchler' et 03.1. (7) found the Sdme fundamental 

mode at tl23 ern-
l

. Delwaulle and Francois (8) observed the symmetric stretching vibration (383 em-i) frol:\ the Raman spectI'a of 

ZrCl ll in PCI 5 and POCI 3 · Bobovich (~) repo;ted the symmt:!tric stI'etching vibration (315 cm- I ) from a par-tially polarized band 

in his .~am.an spectrometric studies. .. 

Spiridonov et al. (lQ) measured the bond distance Zr-Cl::2,32:!:O.02 A in the vapor phase by election diffrac:tion. The 

molecule was also found to be a regular tetrahedl'on. Th~ SaJUC hond distance was also reported by Lister and Sutton ell) and 

Kimura e"t al. (]2l. Rahlfs and Fischer (11), through va.por density measurements, h.:!d earlier concluded that" Zl"C1
4 

was monomeric 

in the vapor phase. The individual moments of inertia are IA=IS"IC"'SlI .1I9l.i2XIO- 39 g cm 2 • 

Much literature has been published on the ioter-relil"tionships between force constants and vibrational frequencies. Since 

the majority of these articles are based on est.imated frequencies, they will not hI!! furt:her discussed or referenced. The same 

situation is tI'ue for thermodynamic tabulations of ZrC11.l(gL Or.e exception is that Clark e't a1. (~) calculated thermodynamic 

properties based on their experimen"tal vibrational freQu~ncics. Their tabulation is ident.ica1 to ours in the range 100-1000 K. 

~t~~~nces 

1. JANAF ThermOChemical Tables: ZrC1 4 (c), 6-30-75; Zr0
2
(c), 12-31-65; HCHg), 9-30-6l4; H

2
0(g}, 3-31-61. 

2. R. J. H. Clal'k, 5. K. Hunter, and D. M. Rippon, Chen:. Ind. (London) 1971, 787 (1971); Tnorg. Chern • ..!..!. 56 (1971). 
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Ni0bium Pentachloride (NbCI 5 ) 

(Crystal) GFI,/ ~ 270.1714 

gibbs/mol---~ 

T, .;oK Cpo 1>' -{Go-HoDI)rr H"'-H.":na 

0 
100 
200 
2gB 35.350 51.160 51.160 .000 

CI
5

Nb 

kl£:al/mol 
~Hr AGf" L.oK Kp 

- 190.600 - H>3.535 119.674 

300 355350 51.379 51.11';>1 .Ob5 - 190.583 - 163.307 119.013 
~Qg ____ )_5_._3_~Q. ____ £t~2~§ ____ P}_·_5_'!..I ______ ~!~99. _.::-_J_~9_~!~'<: __ . _ :. ~~:7:!!!L8 _____ _ ~'!!.E? 
500 35.350 69_436 55.166 1.135 - )88.933 - 145.(-.95 (>3.68, 

baa 
700 

35~ 350 
35.350 

15.681 
Bl.BI 

SB.Q97 
bl.037 

10.670 - 188.195 
14.205 - 187.490 

Dec. 31. 1974 

18 49.9,,5 
40.\70 

NIOBIUM Pr.NTACHLORIDE (NbCl S ) ( CRYSTAL) GFW ::: 270.171~ 

6Hf~ ,. unknown C L 5 N B 

S298 15 = (51.16:!;l.OJ gibbs/mol 

Tm = l178.9 ! 1.5 K 

He,-,.t of FOI'mation 

lIHf 298 .15 = -190.6 :: 1.0 lccal/mol 

,\Hmo:::: 8.097 t 0,23 kcal/mol 

6HS 298 ::: 22.500 kcallmol 

The adopted value for the heat of format:ion of NbClS(c) is r.Hf 298 .:: -190.6 :t 1.0 kcal/mol and is based on the study by 

Gross et al. 'l}. This value was determined from measurement!;> of the heat evolved in the reaction Nb(c} + 5/2C1 2 (t) ;0 NbCls(c). 

Schafer and Kahlenberg (~) also determined the heat of formation of NbClS(c) via calor-irnc1:ric measurement of the he,-,.ts of 

solution of Nb(c) and NbC1 5(c) in hydr-ofluoric acid. Their procedure consis1:ed of five steps; four were determined experi

mentdlly and one ""as based on literature data. Using their da:ta and \'!.u:dliary results (2.), we calculate t.Hf 29a .:: -190.0 :t 

1.0 kcal/mol for NbC1
S
(c). This value is in good agreement with our adopted value. Shchukarev et al. (~) determined .." 

M1fi98 value (rom a heat of hydrolysis for NbCl!:.{c). A recalculation of 'this data, using current auxiliary tiHf Z98 ddta for 

Nb 2 0 S {c) (.!.2>, H20(0 '2,), and HCHg) (!.2.), yields uHfi98 = -191.8 t 0.7 kC81/mol. 

Three compilations on Nb species suggest.ed a similar or closely rela.ted fiHf 298 value for NbC1 5 'c) (~. ~. !); in particular, 

'the NBS Technical Note 270 Series suggested -190.6 kcal/mol (~). 

Heat capacity and Entropy 

Keneshea et al. C§.} measured the saturation entha.lpy increments above 29B.iS K for the condensed phases of NbC1 S in a 

drop calorime'ter up to the cI'itical point (aO~!3)O. A figure presented by Keneshea et it!. (~) indicated roughly 30 data 

points, the lowest occurring at approximately 360 K. The differences be'tween the saturation and s'tandard enthdlpy increments 

for the crys'tal phase are negligible, so that the heat capacity values which we adopt are those which are derived from the 

repor"ted enthalpy equation, (HT-H Z9S ) '" [-10.53 + 3.535xlO- 2T] ! 0.07 kClI.l/mol. This eGuation is reported to a'pply 'to "the 

temperature region 298.1S _ 1.178.9 K. 

Schafer and Kah1enberg (:!) estimated the heat: capa.city of NbC1S{c) to be giViI!!D by Cp" ;:. 38.0 - 3xl0 5T- 2 gibbs/moL for 

the crystal range 29B.15 _ 1.178.9 K, these estimated Cp" values vary from 34.63 to 36.69 gibbs/mol. These values are in fair 

agreement with th~ adopted VAlues and were estim"ted by compArison with ZrClq(c) and HfCll.4(c). Araosov (~) also estimated the 

he~t capacity of NbCl s based on Neumann and Koppe's rule, Cpo ;0 26.71 t 3S.2xlO- 3T -gibbs/mol. These latter values vary 

between 37.20 and ~3.57 gibbs/mol over the region 298.15 - 478.9 K and differ significantly from "those Cp" values derived 

from the experimental data of Keneshea et Ill. (~). 

As 'there is no low temperature heat: capacity data reported in the literature, the en"tropy of NbCl S (el \'!.t 298.15 K is 

calculated from the equa'tion aSs 298 ;0 5 298 (g) - S29a(c); S298(g) ::: 96.56 gibbs/mol as given in the NbClS(g) table (~) and 

LlSs 298 ;0 45.1.j0 gibbs/mol as obt:ained by }t;cneshea et al. (§) based on their evaluation of the available vapor pressure data by 

a modified 1: approach. 

Hel tins Data 

Refer 'to the NbCl:;(:) table. 

Sublima"tion Data 

The ht!at of sublil'llation, It.Hs 2SS1 is the difference between the .cHfiss values for NbC1S(g) and NbCl~{C). Four sublimation 

studies are summarized in 'the NbC1 S(gJ t",ble. 
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Ninbium Pentachlnride (NbCI
5

) 

(Liquid) GFW = 270.:714 

T, "l( 

o 
lOa 
,00 ,9, 

~---gibbs/mol---_ _ ____ kcal/mol _____ _ 

Cp" S" -(GQ-}("""a>{f H"-WSM ~Hr 6.Gr 

'35.350 t.2.373 62.373 aOOO - 184.836 - 161.11 .. 

C 15Nb 

Log Kp 

118.100 

300 35.350 6l.592 62.314 .065 - 1134.819 - 160.967 111.2601. 

~g~ ----~ 1 ~ {~-g-----~~:-~~ 1----t {~{-;-} ------~ ;~I t---~ -i-:-~-:-~-~-} ---~ -f n:i §% --- ---~-i-:-kg 
-----------------------------------------------------
baa 
700 
,00 

49.3;0 
46.410 
43.161 

96.290 
103.685 
l09~ bBD 

11.494 
15.584 
79.484 

14.a7B 
19.611 
24.157 

-178~2Z4 

- 17th.260 
- 174.634 

Dec. 31, 1974 

- 139.392 
- 133.080 
- 127.026 

50.773 
41.549 
)4.702 

NIOBIUM PENTACHLQRIDE (NbC1 S ) 

5298.15::: [62.3731 gibbs/mol 

Tm. ::: 418.9 t 1. 5 1< 

Th ::; 520.9 K 

Heat: of Form.,.t:ion 

(LIQUID) GfW := 270.1714 

uHf29S.15 :: _19<1.836 kcallmol 

llHm e 
=: 8.097 :!: 0,23 kedi/mol 

t.Hv~ :;: 12.Lt£5 kcal/r;101 

The hea! of forma.tion of NbC1 S( t) is calculat.ed from that of NbC1S(c) by adding D.Hm-. the heat: of melting, and 'the 

enthalpy difference (H478.9-H29S) between the crystal and liquid. 

He","t Capacity dnd t:!1'troPy 

C L 5 N B 

The liquid phase heat capacity values are derived. from the enthalpy equation reported by Kane.shea et <11. (E.). The 

equation is used for t.h~ region 1f18.9 - 600 K, i.e. that region in which the saturation heat capacity and th~ heat capacity 

at ~onstant pressure are essentially 'the same in value. This equation is used also to extrapolate to 700 K and to an assumed 

glass transition temperature at. Tg ::: 350 K. Below Tg the heat: capacity values are those of the crystdl. Si98 is obtained 

in a. manner analogous to that used for 6Hf 29B • 

Hel Hog Da'ta 

The adopted value of Tm is tha't reported by Keneshea et: 03.1. (~). This value, 20S.7-C or 478.9 K. was obtained by visual 

observ4 tion on four different samples in evacuated capsules. Other values for Tm. reported in the Ii terature are: 

205,3 t. l.S·C (~), 20il.8~C (~). 20G.8 1. O.3"C (~), 20~.5eC(3.), and 20to.7'"C (!). Earlier determinations of the mcl'ting point 

have been summarized by Schafer and Pietruck (.!.) and Heyer e't a1. (~). 

The adopted he<l"t of fusion, lIHm" :: 8,097 .t 0.23 kcalhnol. is calculated as the difference at 1.1.78.9 K in the enthalpy 

eqUAtions for NbC1 S':') and NbClS(c) as reported by Keneshea et al. (~). Heyer et_al. (~.>, from an examination of the 

NbC1 S-NbOC1 3 system, reported a value of 8.30 t 0.4 kcal/m.ol for 6Hm'". Voitovich et al. (~) studied the NbCl S ~ S2C12 

system and calculated .oHm 8 
::: 8.15 kcal/mol. These tkl'O latter valu>'!!s are in excellent dgreemenf: with our adopted value. 

Johnson and Cubicciotti (~). in their study of t:he orthobaric d!!!nsities of NbC1 S ' discussed the possible molecular 

behavior of NbCl S. The eXplal14tion served to explain the large entropy of melting, 6Sm e 
::: 16.91 gibbs/mol. Based on currently 

available information, they suggested that between the melt:ing point and about 650 K the substance changes from a dimel'ic solid 

to a monomeric liqUid. This change was suggested t"o manifest itself in the unusu.ally large volume change (27!:2\. ~) and 

entropy of fusion and in the in'ler:se curvature of 'the liquid density curve just" above the melting point. for additional 

references, refer to the NbCls(g) table. 

Vaporization Data 

Tb is calculated as that temperii'ture for which oG; :: 0 for the process NbCl s ( t) ::; NbClS(g). ZlHv'" is calculated as the 

difference between the j.Hf'" values for NbCls(g) and NbC1S{t) at Tb. Seven vaporiz.ation studies .are summarized in the NbC1S(g) 

table. Sheka et al. (~) studied the vapor-liquid equilibrium in the NbC1 S-POC1 3 system and measured a boiling point (at 760 nun) 

of S21.7 K for pure NbCl s ' The vaporization studies discussed in the NbClSCg) table "lhich included the boiling point yielded 

norlllal boiling points (p = 760 nun) in the range 519,2 _ 520.6 K. The normal boiling point should be lower than our calculated 

Tb which corresponds to f :: 160 1D4'I. 
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Niobium Pentachl0ride (NbCI
S

) 

(Ideal Gas) Gf"N = 270.1714 

~---gibbsJmol - ~----kC81/moll~---_ 

T, "K 

o 
100 
200 
2<8 

300 
400 
500 

bOO 
700 
'00 
900 

1000 

1100 
1200 
1300 
llooa 
1500 

1600 
1700 
(aoo 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2100 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4-000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5600 
5700 
5800 
5900 
6000 

Cpe 

.000 
19.2S1 
25.671 
28.451 

28.485 
29~ 782 
30.457 

30.846 
31.088 
31.249 
31.361 
31.41.,2 

3l.502 
31.548 
31.585 
31.613 
31.631:: 

31.655 
31.671 
3l.bB4 
31.696 
31.105 

31.714 
31.721 
31.721 
31.733 
31e 137 

31.742 
31.746 
"31.749 
31.752 
31.755 

31.757 
31.160 
31.762 
31.164 
31 ~ 765 

31.767 
31.768 
31.770 
31.711 
31.772 

31.173 
31.774 
31.775 
31.776 
31.717 

31.718 
31.778 
31.719 
31.780 
31.780 

31.781 
31.781 
31.7$2 
31.7,,2 
31.793 

.H.783 
31.784 
31.784 
31.784 
31.765 

so -(GO-Wzl'lt)rr W-HO_ 

.000 
10.114 
fJ '5 ~ 115 
96.'557 

96.733 
105.128 
111.853 

II L444 
122.218 
126.381 
130. Dba 
133.317 

136.376 
139.11Q 
141.646 
143.9B8 
146.170 

148.212 
150.132 
151.942 
153.65b 
155.282 

156.829 
156.305 
159.115 
l.61.065 
162.361 

163.605 
ll'l4.803 
165.958 
167.072 
168.149 

109.l90 
170.198 
111.176 
172.124 
1 '73.045 

173.939 
i 14.810 
175.657 
176.482 
177.287 

i 1'8.071 
P8.ij37 
179.585 
180.315 
HIl.029 

Ull.1Z8 
182.411 
183.080 
183.735 
184.377 

185.007 
185.624 
186.229 
186.823 
187.401 

lS7.q?9 
i86.5-4Z 
UI9.09'S 
189.6~6 
190.172 

INFINITE 
119,136 

9g e 086 
96.S5 r 

96.558 
<;;1.693 
99.875 

102.351 
104.856 
107.292 
109.622 
111.!335 

113.932 
115.918 
117.801 
119.589 
121.289 

122.909 
124.,,54 
125.931 
121.346 
128.702 

130.005 
131~258 
132.465 
.133.629 
1"34.752 

135.838 
136.889 
1"31 ~907 
138.893 
139.651 

140.780 
141.684 
142.563 
143.419 
144.252 

145.064 
145.856 
146.630 
147.384 
148.122 

146.843 
149.548 
1 so. 238 
150.913 
1'51.575 

152.222 
152.858 
153.480 
154.091 
154.690 

15 5~219 
10;5.856 
1'56.424 
156.981 
l'57.529 

15£1.068 
156.597 
159.118 
159.631 
160.136 

6.296 
4.962 
2.614 

.000 

.053 
2~974 

5.989 

9.05t: 
120153 
15.271 
18.402 
21.547 

24.66'1 
27.8 ... 2 
30.999 
3':'.l59 
37.321 

40.466 
43.652 
46.620 
4'i1.9a9 
53.154 

5/).330 
,)9~ 502 
62.674 
65~647 

69.021 

72 0194 
75.369 
18.544 
81.719 
84.694 

86.070 
<Jl.245 
94.422 
97.5Q8 

100.774 

103.951 
107 ~ 128 
110.)05 
113 .... 82 
l16.651il 

119.836 
123.013 
1260191 
12<;~368 

132.5"'6 

135e 724 
138e902 
142~ 080 
145~2 5 7 
145.435 

151 ~ 614 
154e 792 
157c970 
161.148 
164.326 

167.505 
170.683 
173.861 
177e040 
180 e ll8 

__ nee 31 J 974 

IIHI" 

- 167 ~655 
- 168~251 

- 169 .. 280 
- 16S~lOO 

168.096 
- 167.849 
- 167.519 

- 167~310 
- 167~042 
- 166 ~ 784 
- 166.533 
- 166.292 

- 166~061 

- 165~842 

- 165 .. 633 
- 165~ 435 
- 165 ~ 251 

- 165 .. 060 
- lQ4~92') 

- 164~769 

- 164,,67.? 
- 164~S79 

164~ 50':' 
- 164 .457 

164 .. 56b 
- 164.696 
- 171.192 
- 171.150 
- 171~1l5 

~ OBI 
~ 1 01 
.140 

.115 

.218 

171.422 
- 171,,482 
- 171.544 
- 17L609 
- 171~673 

- 171.737 
- 336.173 
- 336.911 
- )37.052 
- 337.199 

- 337 .. 350 
- 3"H.509 
- 337.669 
- 337.836 
- 338.007 

dGI" 

- 1 67.655 
- 10.3.615 
- 15g e 060 
- 154 e 570 

- 154.48b 
- 149.986 
- 145.<;50 

- 141.170 
- 136.835 

132. ,39 
- 128.272 

124.,)36 

- 119.821 
- 115.628 
- 111.4~2 
- 10'7.291 
- 103.l45 

- 99.009 
- 94. d81 
- 90.16d 

86.655 
- 82.553 

- 7B.456 
- 74.300 
- 70.2.&3 
- btl.l68 
- 62.073 

- 57.973 
- 53.SH 
- 49.647 

45.309 
- 40.973 

- 36.635 
- 32.298 
- 27.9bl 
- 23.622 
- 19.292 

- 14.951 
10.61" 

6.2:82 
1.941 
2.391'> -

6.132 -
11~069 -
15.':'09 -
19~ 760 
24.095 -

28.441 
32.791 -
37.132 -
41.486 
45.831 

50 .. lI;N -
56.595 -
64~155 -
71.724 -
19.300 -

86.869 -
94.,,"38 -

102 .. 029 -
l09~604 -
117.192 -

CISNb 

Loo Kp 

173.813 
113.303 

112.543 
61.949 
63.620 

51.421 
4£.122 
36.208 
31.149 
27.1,.08 

.!.3.806 
21.059 
18.731 
16.1:+9 
15.0Z8 

i3.524 
12.1';hl 
11.0l1 
9.968 
9.021 

8.165 
1.387 
6.670 
6.025 
5.426 

4.873 
4.361 
I:!.S1S 
3.415 
2.<)85 

2.58) 
2.2.06 
1.8!>2 
1.!>lS 
1.205 

.91..18 

.027 

.3Sq 

.'Hb 

.783 

.981 
1.170 

1.351 
1.525 
1.691 
1.850 
2.003 

2.151 
Z.379 
2.645 
2.9u3 
3.151 

3.390 
3.621 
3.845 
4~ 060 
4.209 

NIOBIUM PENTACHLORIDE (NbC1 S ) 

Po int Group D3 h 

S29B.IS::: 95.S6:!:O.15 gibbs/mol 

Ground State Quantum Weight ":" [1 J 

(IDEAL GAS) 

Vibrational F'r~quencies and Degeneracies 
1 . 1 
~ ~~ 

394.0 (l) 

317,0 (1) 

[4l4.1]{l) 

tl43.5J(l) 

(492.4) (2) 

179,9 (2) 

54,1 (2) 

HS.O en 

Bond Distiince: Nb-C1 2.2B!O.02 A Q":: 6 

Bond Angle: Cl oi _Nb_Cl 1t
::: 120" Cl ... -Hb-C1 ... • '" 90" C1 ..... -Nb-CI" ... :: 180~ 

(. equatorial ""':= axial) 

Product of the Moments of Inertia'" IA1SIC :: 1.053xlO-llly,3cm6 

Heats of fOl .... lI.ation 

GI'W -:; 270.1714 

n:Jf~ = -157.71:2.0 kcal/mol 

lIHf 298 ,l5 = -16!Ll.!:2.0 kca.l/mol 

C L 5 N B 

The vapor pressures over NbCI 5 (c) and NbClS(t) have been measured by seven investigato:rs. The reported vapor pressures are 

corrected for vapor non-ideality by medns of the equation IlG'"/T :: -Rln p - Bp/T. The Berthelot equ;,.tion of state and critical 

constants Te ::0 803. 5!2K and Pc " J.; 8.2 atm.· reported by Johnson et al. (~, ~) are used to calcula'te B. The corrected vapor 

pressur'es are used to calculate t.Hri98 by both s-econd and third law methods. By means of comparison, Nisel'son et al. (~) 

measured the orthobaric densitif;!s of NbClsCt), a.s did Johnson et al. (E,', and reported Tc :; 807 K and Pc :: 46 atm. 

NbC1.s(c) NbC1S(g) 

Opykhtinil. and Fleisher (.!) 

Tarasenkov and Kornandin (~) 

Alexa.nder and FairbI'other (l.) 

Schdfer and PoleI''t (.,) 

NbClS{t) := l-wC1S(g) 

Opykhtina and Fleisher (!:.) 

Tarasenkov and Komandin (3.) 

Alexander and rairOl"'Other (i) 

AinscQugh et .301. (~/ 

Hart and Meyer (~) 

Johnson e"t a.l. (.!Q> 

m~t:hod 

transpiration 

static 

static 

flow 

transpiration 

static 

boiling pt 

static 

boiling pt 

static 

bo i.1ing pt 

.. One point is rejec"ted due 'to statistical test. 

ra.nge, K 

373_Tht 

446_Tm 

402_Tm 

351-384 

Tm_503 

Tm-S06 

504_::'20 

Tm_528 

516-530 

544_59 1• 

503-594 

.oHr29S ' kcal/mol dr-if"!: 

nP_,,_--2..!§. 2nd law 3rd law gibbs/rr.ol 

Eqn. 20.711 72.28 3.6 

tgn. 19.20 22.41 7.0 

7"" 22.02!O.30 22.59!O.09 1.5:.:0.7 

25 n.7l.!:O,lO 22.S2!O,03 -O.StO.3 

Egn. 

Eqn. 

Eqn. 

13 

Eqn. 

,," 
10 

H.42 

l·3.!.JI 

15.08 

16.55 

16.73 

16.70 

0.3 

_3.4 

3.2 

16.982.0.05 le.9hO.Ol -O.hO.l 

16.55 16.76 0.2 

16.45:.:0.08 Hi,79:z0.03 0.5:10.1 

16.1.).21:0.01./ lS.7StO.01./ O.6.!:O.1 

The adopted va.lue for lIHf 2S8 of NbClS(g) is -16S.1:t2.0 kcal/mol. This value is based on a rounded mean of the third law 

results for both the sublimation and vaporization s'tudies and the appropriate tlHfi98 value for the crystal or liquid. 

Reznit:-skii (~) measured th~ heat: of chlol:"'ination for' Nb(c) and report:ed 6H
680 

:: -l69.1!1.O kcalhnol for the reaction Nb(c) 

+ 5/2 C1 2 (g) ::: NbClS(gL Using auxiliary data. for Nb(c) and C1 2(g) (g>, \ole calculate lIHfi98 -:; -170.1:!:l.O kcal/rnol for NbClS(gL 

Heat Capa.ei ty and En"tr'opx 

Monomeric NbClS(g) was shown by Spiridonov and Romanov (~, 32), using electron diffraction techniques. to have a trigonal 

bipyrou;;idal structu!'e of D3h symmetry: all the Nb-Cl bond lengths being equal within experimental uncertainty, Nb-Cl := '2.28 

:.: O. '2 A. Skir.ner and Sutton (]2l earlier used elt!ctron diffraction techniques and had su&gest:ed "the same structure although a 

square pyramidal st:ructure was consistent with the experi.mental re8ults. We adopt the results of Spiridonov and RO!!'«J.nov 

(~_~, 3..2.). 
A normal coordinate t.rea"t:m~nt of NbCI 5{g) in the Urcy-Bradley force fields was performed by So (32) using the repoI'ted 

vibrd.'tional frequencies of Beattie and Ozin (~). This work by So (~) was intended to check "the correctness of the reported 

fundamental frequencies dnd predict those frequencies o:.rhicn had not been observed {<a3 • "'lj' and '-(5), The calculations of So (~) 

suggested that the (.,)5 value reported for NbClS(g) was incorrect. Beattie and Ozin (~) had I'ecor'ded the gas phase Raman spectra 

of NbCl S ' NbBr S ' TaC1 5 and TaBr S a.nd has assigned (l.:s only in the case of NbCl S ' It was noted that this a.pp~ared only very 

weakly in the spectra. We adopt the results of So (~) which SUPP0T"t the work. of Beattie and Ozin (~) except foI' 'the Ws 
assignment. 

There are many references in the literature "to sp<E!ctroscopic obae.T'vd"tions OR and Rarnan) of NbC1
S 

in the solid state, in 

organ.ic solvents, and in matrices. Many problems ariSE! in any attempt in rela.ting the observed spectra. Niobium pentachlor'ice 

was shown to be dimE't"'ic in the solid pha.se (~). The-roe dl"'e also indica"tions that NbCl S is dim€ric in solution (!2.. ~. ~). 
Or. the bdsis of these freqUencies and the adopted structure, we calculate 8298.15:: 96.561:0.75 gibbs/mol, WciS also 

calculated by So (33.). This compares to a va]ue of 90.29 gibbs/mol calcul.;lted. by Gaunt and Ainscough (~) and 95.52 gibbs/mol 

by W~rder et al. (~). 

References 

Refer to NbCl S(Zl tdble. 
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Tantalum Pentach!oride (TaCI
5

) 

(Crystal) Gt'"W = 358.212 

~---"'bslmo'---~ 

T, "" CpO ,,- -(GO-H":D.)(f HC-W'Df 

0 
100 
200 
29B 35.350 53.000 53.000 .000 

CI5Ta 

kcallmol 

&HI" &Gr tog Kp 

- 205.300 - 178.42b 130~790 

300 35.350 53.219 53.001 ~065 - 205.283 - 178.21:>0 l29.802 

~~g ----j~: i{-~- -- --}t:-}~ ~- - -- ~~~~{i- ---- --¥:-f~~-- -~- ~-g-~-:-i}!- -- -~ -:-~6:~~! -- --- -~-~:-~-~! 
600 
700 

35.350 
15.350 

77.721 
83.171 

59.<,37 
62.677 

10.670 - 202.<;129 - 152.189 
14.205 - 202.235 143.H8 

Dec, 31, 1971.: 

55.435 
44.893 

TANTALUM PENTACHLORIDE (TaCl S ) ( CRYSTAL) GFW ::; 358.212 

lIHf; ':: unknown C L 5 T A 

5298.15 :::' [53.0:1:1. 5]gibbs/mol 

'I'm::409.7!;1.5K 

IIHf29S.15 ::: _205 3 :!: 1.0 kcallmol 

cHm" :: 9.4 ~ 0.5 kca.l/mol 

6Hs 298 15 ::: 22.5 kcal/mol 

HCdt of foC'mation 

Gross C't ",1. (~) measured the heat evolved in the redction Ta(c) .. 5/2 C1 2(l) ::: Tael S ',:::)' Using their datd for 6 runs 

we calculate uHf;9B ::: -205.6 keal/mol for TaClS(cL Gal'chenko et a1. (4, ~) also determined the heat of l"edction fo:" the 

direct chlorination of TiI(15 runs involving 2 samples). They reported 6)-{f29S ::: -20!l.05~O.18 kcal/mol. We adopt an inter'll'.cdiate 

value, 6Hf 298 ;: -20S.3!:1.O kcal/mol, b9 sed on these two studies C~, ::. ~). 

Schafer and Kahlenberg (!.) determined the heat of formation of TaClS(c) Vid cdlol'imctrlc measurements of the heats of 

solution of Ta(e) and TaClS(c) in hydrofluoric acid. Their procedure involved eight steps and r~s~lted in uHf
298 

" -205.0 

!: 0.3 keal/mol, Tili::; is in good 3greero.ent with our adopted value. In the case of NbClS(c) (TaClSCC)] the IlHf 298 value 

derived from the data of Schafer <'!Ind Kahlenberg (.l. ~) :s O. I) kcallmol [0.3 kcal/mol] more positive than tha't derived from 

'the d<'!l'ta of Gross et al. '2J. 

Heat Capacity and Entropl. 

The heat capacity for TaClS'C> is a551.lmed to be the sal"e as that for NbC1 5(c) (_~). We adopt S298 :: 53.0 :! 1.5 gIbbs/mOl 

in order to reproduce the sublim."tion and vaporization data, Schafer and ](ahlenbel:"g (!. ~) assumed il similar relationship 

based on a ccmp<1rison with the corresponding values fol:" the halides of Zr-, Hf, and U. 

Melting Data 

Refer to the TaCl
S 
(l) table. 

Sublima'tion D,'5ta 

The heat of sublimation is discussed in the TaCl~(g) table(_~). Seven sublimation studies are analyzed and lead to a 

third law result af lIHsi98 22.5 kcal/mol. 

References 

1. H. Schafer and F. KahlenbeI'gj Z. anot"g. allgem. Chern. ~, 2l.:3 (l9se). 

2. H. Schafer- and F. Kahlenberg, Z. anot."'g. u. dllgem. Chern. ~, 291 (1960), 

3. P. Gross, C. Hayman, D. L. Levi, and G. L. Wilson, Trans. faraday Soc. ~, 318 (1960). 

4. G. L. Gal' chenko, D. A. Gedakyan, B. I. Timafiev, S. M. Skura.'tov, T. 1. SeN!!bI'yakova, and G. V. Samsonov. Dokl. Akad.. Nauk 

SSSR 170, 132 (1966). 

5. G. L. Gal'chenko, D. A. Gedakyan, B. 1. Timofiev, Russ. J. Inorg. Chem. ,!2, 159 (1968'

S. JANAF Thermochemica.l Tables: NbClS(c), TaC1S{g), 12-31_74. 
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Fantalum Pentachlnride (TaCI 5 ) 

(Liquid) GFW - 358.212 

T, OK 

o 
100 
200 
298 

~---gibbsJmol----. k<:al/fIJOl----~ 

CpO S" -(G"-Wall)rr H"-H"28I'I 6.Rt" I>Gf" 

35.350 64.086 64.086 .000 - IQ9.414 - 115.845 

C 1 ,- fa 
:J 

Log Kp 

128.898 

300 35.350 64.30'3 64.086 ~065 - 1'19.397 - 175eb99 127~9'17 
400 ~3.14C 16.987 65.635 4.541 - 197.608 - 1679996 91.71:19 
50b----s-f:-7-6-6"-- - --8S ;=1'74-- - -6'f. Tff- ---- -"9:819- -----Y9-5-.-085 -- -.: -r 60: 881( - - - -i6:32i, 

600 
700 
aoo 

49.330 
46~ 470 
<03 ~ 167 

<;lA~002 

105.398 
III ~ 392 

73.201 
17.296 
Bl.19b 

~ ---- -- - -----
1'>e877 
19.671 
2 .... 1:.7 

Dec. 3~, 19'/4 

- 192' .836 
- 190.883 
- 189~2M, 

- l54.2M 
147e<.;lQ5 

- 141.985 

56.1'11 
46~lOb 

38~ 7SB 

TANTALUM PENTACHLORIDE (TaCl S) 

5;98.15 ::: (64.085) gibbs/mol 

'lTh ::: 4e9.7 1.5 K 

To ::: 506.9 K 

!:teat: of Formation 

( LIQUID) GFW' :: 358.212 

liHf29B.15 ; _199.4111 kcal/rool 

1Hm°", S.4 ! 0.5 kc.al/rncl 

uHv~ '" 12.573 kcal/mol 

CL5TA 

The /'l&"l"C of form.arion of TaCl S( 0 is calculated from "that: of TaClS(c) by adding "Hm", the heat of melting, and tile enthalpy 

difference, (Hl<89.7-H29S) between the cl':'ystal and liquid. 

Heat Capacity and Entropy 

The liquid phase heat capacity is assumed to be identical to that for NbC1S(t) {~l. As in the case Qf NbC1S(O, there is f!. 

glass transition assU!'llcd lit: 350 K. 5 29B is obtained in a. manner' analogous to that used for llHfi98' 

Helting Dat:a 

We adopt: 'I'm::t 478.9 ! 1.:' K (215.5
G

C) based on the work by Scha.fer and Pietruck (2lS.5"C, !), Sheka et al. (215.5"C, ~), 

and Voitovich et al. 016.7-C,.:!). Earlier repori:ed melting points range between 204~C and 221"C and haviI! been summal'ized by 

Schafe.r and Pletruck (1' . 
The adopted heat of fusion, 6Hm~ ;;: 8.4 .t 0,5 kcal/mol, is based on the o!I.nalysis of the S;2C1

2
-TaC1

S 
system by Voitovich 

et a1. (2). A similar study on the S2C12-NbClS system (~) yielded a heat of melting for NbCl
S 

which was ..wiJ:hin 0.063 kcal/mol 

of the result determined by drop calorimetry (::"'. The discussion of the molecular behavior of Wbel
S 

{t) (::) is assumed to 

a.1so apply 'to taCI S : that is, between the melting point and .... 650 K, the subs"tance Changes from a dillJeric solid to a monomeric 
liquid. 

Vaporization Data' 

Tb is co;l1culated as tha't 'temper-ature for which e.G; = 0 :Ol' the process TaClS(t) ;:: TaCIS(g), nHv" is calculated as the 

difference be'tween the ClHf" vah.jes fat' TaCl£,(g) a.nd TaCl!j(t) at Tb. Three vaporiz.a.tion studies are summarized in the TaC1
5
(g) 

t'able (.::). Sheka et aI, (3.' studied the vapor-liquid equilibrium. in the TaC1
S

-POC1
3 

system ~nd measured a boiling point (at 

760 mod of 507.3 K for pure TaCl s ' The v.s,porization studies dis~ussed in the TaClS(g) table which included the boilit:.g point 

yielded normal boiling points (p = 760 mm) in the range 506.0 - 506.9 K. The nOI'mal boiling point should be lower than our 

calculated Tb wh)ch corresponds to f ;:: 760 1Ml. 

~:....:::.~erences 
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Tantalum Pentachlnride (TaCI
5

) 

( I dea I Gas) GF'I,.' " 358.212 

----gibbs/mol-----. -----kcalJmol-----. 
T,"" 

o 
100 
ZOO 
296 

300 
'00 
500 

bOO 
700 
'00 
900 

1000 

1100 
1200 
1)00 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2::l00 
2400 
2500 

,,600 
2700 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
:3500 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 

" roo 
4S0D 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5600 
5700 
5800 
5900 
6000 

CpO 

.000 
19.805 
26.070 
28.713 

26.745 
29.953 
30.575 

30~ 931 
31 ~ 153 
31 ~ 30 0 
'3l~ 401 
31 ~475 

31.530 
31.572 
31.604 
31.630 
31.651 

31.669 
31.683 
31.695 
31.705 
11.714 

31.721 
31.726 
31.733 
3l.738 
31.743 

31.741 
31.750 
31.153 
31.156 
31.15') 

Jl~7bl 

:31.763 
31. '76'S 
31.767 
31.768 

31.170 
31.111 
31.772 
31.773 
31.774 

3l.17Q 
31.780 
3/..781 
31.761 
31.782 

31.182 
31.783 
31.783 
31.764 
31.7B4 

:n.784 
:n.785 
31.185 
31.765 
3!.786 

S" -(GO-H"uI)rr 

.000 
71.767 
87. roo 
98~615 

98.8'53 
101.30'1 
114.066 

119.675 
121.~461 

128.031 
132.324 
13'5~63b 

138. E:-3q 
14 1.38.(. 
\43.913 
L"'6~ 2 56 
148.439 

150.482 
152.402 
154.214 
155.92& 
157.554 

159.102 
160.577 
161.988 
163.339 
164.634 

165.879 
167.078 
168.232 
16'1.347 
1/0.423 

171.4t>5 
172.473 
173.450 
114.399 
175.320 

176.215 
117.085 
177 .932 
176.7513 
179.562 

180.)47 
181.112 
181.860 
182.591 
183.305 

184~003 
I64.687 
185.356 
186.011 
186.653 

187.283 
187.900 
18S.505 
109.099 
i 89. 682 

190.255 
190.816 
191 B370 
191.911;, 
192.448 

INFINITE 
l22~ 1 81 
101.232 
98.615 

98.676 
99.820 

102.0\1 

104.505 
107.023 
10'9.469 
11l.807 
114.027 

116.130 
1IS.112 
120.010 
t2l.S02 
123e506 

125.129 
126.677 
128.157 
129.574 
1;0.933 

132.237 
1 '33 e 492 
134.70i 
135.866 
136.991 

138.078 
139.130 
140.149 
141.137 
142.095 

J 43 .. 026 
143.931 
1 4 4.810 
14~.661 

1"'6.501 

147.314 
148.101 
148.881 
149.636 
150~374 

151.096 
151.801 
1S2.492 
153.168 
t 53.829 

154.478 
15'5.113 
155.736 
1 '56. 348 
156.947 

157.536 
15S.114 
158.682 
159.239 
159.788 

160.327 
160.857 
161.378 
161.891 
te2.396 

W-H"_ 

- 6.422 
- 5.041 
- 2.706 

.000 

.053 
2.995 
6.025 

9.102 
12.201 
15.330 
18.465 
;1:1.609 

24.160 
27.'H5 
31.074 
34.235 
37.399 

40.565 
43.133 
46.902 
50.072 
53.243 

56.415 
59.Sa1 
62.760 
65.934 
69.108 

72.282 
75.451 
18.632 
81.808 
EV •• qa4 

Ba.HO 
91.336 
94.'512 
97.68'1 
lOO.86~ 

l04.042 
107.219 
110.396 
113.574 
116.751 

119.929 
123.106 
126.284 
129.462 
132.639 

135.811 
13$.995 
142.173 
145.351 
14a~530 

151.708 
154.986 
158.064 
161.243 
It.:,~ 421 

167.599 
170~17a 
113.956 
177.135 
180.313 

Dec, 31. 1&74 

Mir' 

- 182c379 
- 182.'116 
- 182.995 
- 182 ~800 

162.195 
- 1a2.SloG 
- 182.266 

- 181~CJ9~ 
- 181. 734 
- 181.480 
- l81~Z2B 

160.983 

- 180.147 
- 180~522 
- IBO.301 
- 180.102 
- 119.902 

- 179.70S 
- 179.519 
- 179.342 
- 179.179 
- 179~035 

- 178.901 
- 178.769 
- 17B e 690 
- .I7a.611 
- 178.555 

- 178.5t9 
- 178~511 
- 178 .. 53"-
- 178eS6S 
- 178.680 

- 178.81$ 
- l7a.998 
- t 61.947 
- 185e138 
- 188.339 

18S.545 
- 186 .. 158 
- 188.976 
- 189.201 
- 189 .. 433 

- Ul9.66S 
- 189.911 
- 190.1S6 
- lCJO.405 
- 190.660 

190~915 
- 191 .. 174 

191 .... )6 
191.701 

- 191.965 

- 192.229 
- 192~496 

192.165 
- 193.03" 
- 193.304 

193.573 
- 193.644 
- 370.261 
- 370.531 
- 370.804 

~Gf" 

- 182.379 
- 178.460 
- 173.946 
- 169."'-4 

- 169.462 
- 165.056 

160.715 

- 156.430 
- 15£ .. 190 
- 147.969 
- 1103.817 
- 139.615 

- 135.556 
- 131.,",57 
- 127.371 
- 123.313 

119.264 

- 115.227 
- 111.200 
,... L07.189 
- 103.1 al 
- 9 Q ol67 

- 95.1'il9 
- 91.217 
- 87.230 
- 83.261 
- H~290 

- 75.319 
- 11.352 
- 67.360 
- 63.412 
- 59.4'-"1 

- 55~464 

- 51.482 
- 47.380 
- 43.115 

38.<.i52 

- 34.51 .. 
- 30.293 
- 26.012 
- 21.717 
- 17.420 

- n.110 
8.813 
4.499 

.110 
4.149 -

8.483 -
lZ~624 -
170161 -
21.517 -
25~B66 -

JO.232 -
34. ~9B -
38.961 -
43.330 
47~720 -

52.100 -
56.'t83 -
61.311 -
68.746 -
76.198 -

CI
5

ra 

Log Kp 

INF INl TE 
390.067 
190.01;1 
124.279 

123 .... 53 
90.l83 
70.l4B 

Sb.980 
.. 1.~16 
40.429 
34.923 
30. ~2b 

2b.9J2 
23.942 
21.414 
19.250 
l7.371 

15.739 
i4.296 
13.015 
U.S69 
10.tU9 

9.908 
9.062 
8.289 
7.582 
b.9J2 

6.331 
5.776 
5.259 
4.779 
4.330 

3.910 
3.516 
3.136 
2.711 
2~42b 

2.099 
1.789 
1.496 
1.217 
~ 9 52 

~699 

.459 

.Z29 

.008 

.202 

.403 

.596 

.781 

.960 
l~lH 

1~.l96 

1.454 
1.bv7 
1.754 
J.~ 896 

Ze033 
2.166 
2.310 
2.547 
2.775 

(IDEAL GAS) GFW = 358.212 TANTALUM PENTACHLORIDE (TaCl S) 

Point: Group D3h 

5298.15 " 98.6810.75 gibbs/mol 

Ground State Quantum Weigh'! = (1 J 

ll.Hf; " -182.4 1 2.0 kcal/mol C L.S T A 

6Hf298.15 ';: -182.6 :.'.: 2.0 kcal/mol 

Vibrationa.1 Frequencies and Degeneracies -. 
~,~ 

~06.0 (1) 

324.0 0) 

[377.2](1) 

[112.1](1) 

Bond Distances: Ta-Cl 2.27fQ.Q2; 

Bond Angle: CI"-Ta-Cl" 120· Cl "'-Ts-Cl"· 90" 

(" :; equatorial ... ,.. '" axial) 

-1 
~,~ 

[458.0] (2) 

18C.9 (2) 

53.9 0) 

127.0 (2) 

6 

Cl·" -Ta-Cl""· 

Product of the Moments of Inertia: IAIBIC::: 1.02S7xlO-lll g3 cm6 

Hea.t of Formation 

180· 

The vapor pressuf'es over Ta.ClS(c) and TaC1 S( 0 have been measured by eight investigators. The reported vapor pressures are 

corrected for vapor non-ideality by means of the equation l..G"/T = -RlnP-SPfT. The Bel"thelot equation of state and ·critical 

constants Tc :: 767 K and Pc :: 43 atm r-eported by Nisel'son et 31. (§.) are used to calculat"e B. The corrected vapor pressures 

are used to calculate IlHri9B by both second and 'third law methods. 

TaClS(c:) :; TaC1S{g) 

Opykhtina and Fleischer (~) 

Td!'dsenkov and Komandin (3.) 

Alexander and fail"brothcr (~) 

Shchukarev and Kurbanov (.?) 
Schafe:r- and Po1ert (2.) 

Saeki et al. (~) 

Brink .and Stevenson (~) 

TaCl 5 (t) ::; TaC1
5

{g) 

Alexander' and Fairbrother (.:!) 

Ainscough et a1. (~) 

Saeki C:t al. (!) 

method 

transpiration 

s-tat-ic 

static 

membrane 

flot...! 

static 

'transpil'ation 

std:tic 

boiling pt. 

static 

,. One point rejec'ted due to II statistical test. 

r~ 

393-'I'Jn 

301_1175 

1I12-Tln 

42S-Trn 

350-385 

363_Tln 

431-413 

Tm-Sll 

502_513 

490-505 

~ 
Eqn 

Eqn 

10· 

Eqn 

17 

Eqn. 

" 
,. 
Eqn 

Eqn 

IlHr29B kcal/mol drift 

2nd law' 3rd law gibbs/mol 

23.12 22.ij6 -l..5 

20.63 22.26 ~.3 

22.94 :e:0.09 22.7S!:O.03 -O.~tO.2 

23.46 12.67 -1.7 

22.7SfO.06 22.53::!:O.02 -O.6::!:O.2 

22.:n 22.53 0.6 

21.90tO.20 22.S9'!O.Oa l.S!O.1> 

17.171:0.13 16.79.t0.Ol -O.S.tO.3 

16.73 16.62 -0.:2 

17.17 16.66 -1.0 

The adopted value. for lIHf 298 of TaC1S(g) is -182.8:t2.0 kcal/mol, This value is ca.1culated using the rounded mean 'third law 

result for the sellen sublimation studies. 6Hs 29B "; '22.5 kcal/mol. The rounded mean t:hird law result for the three vaporization 

studies leads to a nHf 298 value for the gi;ls which is 0.1 kcal/mol more positive. 

Heat Ca.f)dcity a.nd Entropy 

Monomeric TaCl S (g) was shown by Spiridonov and Romanov (~, ~), using electron diffraction teChniques, to have a 

trigonal bipyramid~l structure of D3h symmetry: all the Ta-Cl bond lengths being Equal within exper-irr,ental uncerta.inty, 

Ta-Cl'" 2.27:!O.02 A. Skinner and Sutton ,~) earlier used election diffraction teChniques and had suggested the S<lme 

structure although a squdre p;rrO:f!Iidal structure was consis'tcn't with their experimental !'esults. We adopt the results of 

Spiridonov and Romanov (:!2.. ~). 
A normal coordinate treatment of TaC1S(g) in 'the Urey-Bradley force fields was performed by So (~) using the r'eported 

vibrat.ional frequencies of Beattie and Ozin (:!2.)" This work by So (.!:!) was intended to check the correctness of the reported 

fl..<ndamt;!ntal frequencies and predict: those frequencies which had I'.ot: been observed (w
3

, w
4

, dnd :.oS)' Bea.ttie and Dzin (!2.) had 

recorded the gas phase Raman spectra of NbC1 S ' NbBr 5 • TaCl S ' and TaBr
S

' We adopt the results of So (~) which support t:he WOI'k 
of Beattie and Ozin <.!2.). 

There are many referenc~s ~n the literature to spectroscopic observations (IR and Raman) of TaCl
S 

in t.he solid state and 

in organic solvents. Many problems BI'ise in·any att~pt in relating the observed spectr'a. Tantalum pentachloride was shown 'to 

be dirneric in the solid phase ':!..!:.), while t:here are indications that: it: also dirner'ic in solu'!ion (g, ~, ~) 
RefeI'ences 
--~ Opykhtina and N. A. fleischer, Zh. Qbshch. Khim. 7, 2016 (1937). 

2. D. N. Taransenkov and A. V. Kornandin, Zh. Obshch. l<him.-10, 1319 {l940}, 
3. K. H. Alexander and F. Fairbr'other, J. Chem. Soc. {Londo"fIT 1949, S223 (1949). 
l1. J. B. Ainscough, R. J. W. Holt, and F. W. Trowse, J. Chern. ~ (London) 1957, 1034 (l:357}, 
5. S. A. Shchukarev and A. R. KurDanov, Vestn. Leningr. Univ. 17, No. 10, Scr.-fiz. i Khi.m. No. 2., 144 (l962L 

;: ~: ~;~~!~1~~~nw.\)of~r~:e~~i!~~~~: ~~darig~~, S~~~!~V;S3~u~r(i96~~~rg. Chern. ~. 574 (1954). 

8. Y. Saeki, R. l1atsuzaki, M. Yanai, a.nd K. Funaki, Kogyo-R'agaku Zdsshi 71, 350 (1968). 
9. J. H. Brink and t. D. S1:t:ve:nson, J. Chl::m. Eng. Data 11., 143 (197{>. -

10. H. Skinnlbl"' and L. Sutton, Trans. Faraday Soc. 36, 568 (1940). 
11. A. Zalkin and D. E. Sands, Acta Cryst:allog. 11-;-515 (l95S); 12, 723 (19S9). 
12. G. L. Carlson, Spectrochim. ·Act.a 19A, 1291 (DI63). -

i~: ~:~: ~:t~~~:~ ~: ~: ~~I~~~~,Js~~~~c~~~: ~~~d~~l,~9 ~~~~7~:965) . 
15. v. P. Spiridonov .:lnd G. V. Romanov, Vestn. Mosk. Ui1lv., Khim. 23, 10 (1968). 
16. V. P. Spiridonov ".nd G. V. Romanov. Vestn. Mask. Univ., Khim. '7Ii', 65 (1969). 
17. 1. R. BeattIe and G. A. Ozin, J. Chern. Soc U..ondon} A 1959, 16"9T (1969). 
lB. S. P. So, J, Mol. Struct. ~, 311 (1973L ---
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FLUOROSILANE ( S I H 3 F) 

GFW=50,1084 (IDEAL GAS) 

____ .. bbslmol ___ ~ 

T, OK 

o 
100 
lOO 
198 

'00 
400 
500 

.00 
700 
aDo 
900 

1000 

1100 
1200 
1300 
1400 
1 sao 

1600 
1700 
1800 
1900 
21100 

2100 
22:00 
2300 
24oJO 
2500 

2000 
2700 
laoo 
2~OO 

3000 

3100 
:J2(J() 

3300 
,400 
3500 

3bQO 
.,700 
3800 
3900 
IoJOO 

4100 
4200 
10300 
4400 
1t500 

4600 
.. 700 
4S00 
4900 
~JOO 

51UO 
52;00 
5300 
5400 
5500 

5bOO 
5700 
5800 
5900 
6000 

CpO 

0 .. 000 
7&963 
8.948 

Il.Z80 

tl~326 

13 .. 668 
15 ~ 590 

17~ 156 
lS~447 
19~ 5) 6 
20.401 
21 ~135 

21 ~ 145 
22.253 
22 .. 680 
23.039 
23 s 344 

23.6OL 
23~ 827 
24.020 
24.187 
24 .. 3?-2 

24.460 
24 .. 513 
24.672 
24.71',,1 
24 .. 640 

24 .. 910 
24 .. 91t. 
25.031 
25~083 
25.)30 

25~ 113 
25.2J2 
2'5.24e 
25 .. 2.81 
2'56311 

2 5~ 338 
25.364 
2'5.38B 
<''Sa410 
25.4::'0 

25.449 
25.467 
25.483 
25 .. 4'1Q 
25.5)3 

25.527 
25 .. 539 
25.551 
25.562 
25.573 

25.56'3 
25 .. 592 
25.601 
25 .. 610 
25e617 

255625 
25.,(:')2 
25.639 
25 .. 645 
25.652 

S~ -(GQ-WSSl&}{f 

0 .. 000 
41.252 
52.q6~ 
56.q52 

57.022 
&0.611 
b3.~n5 

bc .. S60 
6geb05 
12.11.0 
74.492 
16.6,1jO 

1.9.124 
80.639 
82 .. 437 
64 .. 132 
65.132 

81~2q 

89 .. 665 
90.052 
91 .. 355 
92.600 

93.790 
94.931 
96.0n 
91.077 
QB60(W 

9"'.065 
1 OO~001 

'00.91 b 
~ 01.195 
l02~b46 

103.411 
:04.27' 
105.041 
105.802 
106.5:>5 

101.248 
107 ~q43 
:* 08~ 62'0 
109.279 
109 9 923 

110 9 5'51 
111 ~ 165 
111~ 764 
112.3'50 
l!2.'n' 

3 .. 484 
4s013 
4.511 
5 9 098 
5~ 615 

U6 .. 121 
116 5 618 
!17 .. 105 
111 ~'5 84 
118.054 

116.51 b 
11 B~ 969 
1!9.415 
119c 8'54 
120.285 

l"lFWITE 
65eOt2& 
'51.905 
56.952 

56~<,l5:; 

51 .. 426 
58.394 

5'9.560 
60.802 
6? .. 063 
63.315 
64~543 

65.7 .. 0 
6"'59113 
685 029 
610.120 
70.17" 

11.194 
72sU:J1 
73.136 
74.061 
74 .. 957 

75.d26 
76.6{)9 
77.467 
78~2el 
79.053 

79~8U4 

80.535 
tn~2"'7 
81e9411 
82.611 

S;.'76 
83.92D 
S4~ 540 
85~ 162 
85.763 

86.349 
1?6.9,,4 
~7.4a& 

86.036 
88.575 

89~ 1 u4 
J;'I9~622 

90.130 
9:0.629 
91 .. 117 

915?97 
92.0td 
92 .. 532 
92 .. 997 
q3,.4~5 

93 .. 675 
94.}o"l7 
9"'.733 
9S .. 15i.. 
95.5b4 

95 .. %9 
96~-369 
96 .. 162 
91 .. 1 !lO 
91. ~.32 

-----kcalimol-----
W-H"D8 

-".613 
-ls81S 
-0.988 

0 .. 000 

0 .. 021 
1 .. 214 
2:.14Q 

10- .. 380 
6.162 
8 .. 0t2 

10.059 
12 .. 131 

14.262 
16.483 
lS.nO 
21.017 
23 .. 336 

25 .. 68<4 
28.056 
30.448 
32.859 
35 .. 285 

H .. 7?S 
40~ 117 
42 .. 639 
45.111 
47e591 

50 .. 078 
52 .. 573 
55.(\7-3 
57e579 
e;,O.(l89 

02 .. 605 
p5~J24 
61.61,7 
70.113 
72..703 

75.235 
77 c 711 
80 .. 30Fl 
tl2.848 
85~390 

tl7~934 

90.480 
9) .. 027 
95 .. 516 
98.127 

100.619 
103~232 
105.187 
108 .. 343 
111l .. 89<J 

113 .. 451 
116 .. 016 
H8.516 
121 .. )36 
123 .. 6<;7 

120 .. 260 
12a~822 
lJl .. 366 
133 .. 950 
13b .. 515 

~Hr 

-fn .. 753 
-68eS08 
-89.214 
-90~OOO 

-90 .. 015 
-90 .. (:c95 
-91 .. 224 

-91 eolS 
-91.900 
-92 .. 092 
-92 .. 213 
-92 e l7S 

-92.303 
-92.291 
-92.212 
-92~23'5 

-92 .. '95 

-92 .. 151 
-11)4.113 
-104~027 
-11:)'3.931 
-103 .. 841 

-103 .. 158 
-103 .. 671 
-1030585 
-l03~'502 
-l03 .. ~25 

-103 .. 349 
-103.278 
-103 ~211 
-103 .. 147 
-103 eoa'1 

-103 .. 032 
-1 OJ ~9a3 
-102 .. 938 
-102.896 
-102. B62 

-194.193 
-!94.61'l 
-194 .. 552 
-194~443 

-194 .. 338 

-194.23::1 
-194~]47 

-194.059 
-i'n .. 918 
-193 .. 903 

-193~e~? 
-193.170 
-19~.TlO 
-193 e 1b57 
-1<J3 .. 610 

-193 .. 569 
-1'n.532 
-193.501) 
-193~416 
-193.456 

-193 .. 443 
-193.435 
-193 .. 433 
-193.437 
-193 ~4lt5 

6Gr 

-67 .. 753 
-f!1 .. 4-it8 
-86 .. 138 
-~4""60 

-84 .. 426 
-132 .. 4-56 
-so .. 332 

-18 .. 116 
-75 .. 840 
-7"3..534 
-71 .204 
-68 .. 867 

-66.5.24 
-64 .. 1ao 
-61 .. 839 
-59 .. 498 
-57 .. 159 

-54 .. 8.28 
-52 .. 386 
-49.349 
-46 .. 314 
-43~28Z 

-40 .. 257 
-37 .. .236 
-34.217 
-31 .. 200 
-28.194 

-25 .. 183 
-22 .. 1S0 
-19 .. 118 
-16 .. 173 
-13.181 

-10 .. 19b 
-15189 
-4 .. 194 
-] .. 206 

1 .. 7a1 

7 e034 
12.639 
18 .. .242 
2~s837 
.29 .. 435 

35 .. 024 
40 .. 617 
46 .. 2010-
'51 .. 788 
'57 .. 374 

e.2.9bO 
68.544 
74e123 
19 .. 104 
85 .. 275 

90 .. 859 
96 .. <.34 

102 .. 015 
101 .. 582 
113 ~l sa 

118 .. 734 
124 .. 313 
129 .. 884 
135 .. 456 
141 .. 027 

Dec. 31, 1960; June 30, 1976 

F H 3 S I 

Lo& Kp 

INF (NlTE 
191~1l8 

91t5128 
61.911 

b1~504 
45~052 

35~IB 

28~454 

23~b78 
20~088 

17~2'H 

15~05:! 

13G217 
U"bS9 
lO~39b 

9~28e 
8 .. 3213 

7 .. 489 
6~ 735 
5~992 
5~.327 
4.130 

4e190 
3 .. 699 
3.Z5i. 
2 .. 841 
2.4-65 

2.~ 111 
l~ 795 
le497 
1 .. 219 
Oa960 

O.71a 
0 .. 49l 
DellS 
O~077 

-o~ 1.12 

-0.427 
-0.141 
-1.0",9 
-1 .. 336 
-1~608 

-1.867 
-2 a 114 
-2.348 
-2.572 
-2.186 

-2 .. 99! 
-3 .. 181 
-3 .. 375 
-3~ 555 
-) .. 721 

-3.894 
-4 .. 053 
-4.207 
-4 .. 354 
-4 .. 496 

-4. b34 
-4 .. 166 
-4.894 
-5.018 
-5 .. 137 

fLUOROS1LANE (SiH3f) (IDEAL GAS) Grw = 50.lOBIl. 

Point Group c3v 
S29£1.15::: 56.95 .! 0.2 gibbs/mol 

Ground State Quan'tul'n Weight::: (1] 

Vibrational frequencies and Degeneracies 

~ ~ em! 

2206(l} 2209(2) 

991(1) 

815(1) 

961(2) 

72£1(2) 

Si-F :: 1. 593 A 

H-Si-F '" 108.50" 

aHa = [-aa :!:: 5) kcal/mo1 

aH29a .15 ::: -90 ± 5 kca1/mol 

Bond Distances: Si-H:: 1. II.B6 A 

Bond Angles: H-Si-H;:; 110.Li3° 

Product of the Moments of Inertia: IAIB1C = 3.40:35 ')( 10-116 g3 em
6 

Heat of Formation 

There are no reporte.d experimental studies leading to the heat of formation of SiHaf{g). We estimate this value via a 

linear interpola'tion between the established uHf29B values of SiR4(g) and Sif4{g)(1). The reasonableness of "this approach 

has been demonstrated by Lapidus et al. (1) I Hunt and Sirtl (1) I and Seiter and Sirtl (~). Lapidus et a1_ (1) examined 'the 

trends in the thermodynamic properties of halogenated silanes and methanes. Hun't and Sirt1 (~) and Seiter and 5i!'tl (~) 

studied the chlorina'ted silanes and proposed a linear llHf relationship within the sequence SiH4 {g) to SiC11«g). 

Heat Capacity and Entropy 

F H 3 S I 

The adopted vibrational frequencies are from the gas phase infrared spectt"d of SiH3f and SiD3F as documented by Robiette 

et: al. (.§.). Except for wQ. and "'51 these values are within :!:3 cm- l of those suggested in the compilatioOn by Shimanouchi (.§.). 

In pd!'1:icular, based on earlier work, Shimanouchi <.§) suggested (1)4 ~ 2196 cm- l and IllS .; 956 cm-l The work of Robic'tte et al. 

(~) is judged 'to yiel.d more accurate frequencies than the earlier WorK, 

The adop'ted bond angles and bond distances dI'e obtained from the microwave SPf;ctra study on SiH3F and various isotopic 

derivatives by Kewle.y et al. (1). This work is deemed more accurate than earlier studies (!-ll). The individual moments of 

inertia are CdlcuL'1ted toO be IA : 0.997 x 10- 39 g C1/!2 and IB = Ie .; 5.860 x 10-
39 t cm 2 

Refe1'ences 

1. JANAF ThermoChetr.ical tables: SiH ll (g) and Sir I< (g), 6-30-76. 

2. I. I. Lapidus, L. A Nisel'son, and A. L. Seifer in "Therrnophysic31 P:::-operties of Gases and LiquidS," No. 1~ v. A, 

Rabinovich, rd., Israel Program for Scientific Translations, Jerusalem, 1970, pp. 102-135 [Translated from Russian). 

3. L. P. Hunt and t. Sir"tl, J. Electrochem. Soc. 119, 17101 (1972). 

ij. H. Seiter dnd E. Sit-tl, Z. Naturforsch. 2la, 1956 (1965). 

5. A. G. Robiette, G'. J. Ca .. twright, A. R. Hoy, and 1. H. Mills, Mol. Phys. 22. 5Li1 (l97l). 

6. T. Shimanouchi, J. Phys. Chern. Ref. Data 1:. 189 (972). 

7. R. Kewley, P. M. McKinney. and A. G. Robie'tte I J. Mol. Spectrosc. ~, 390 (1970). 

8. A. H. Sharbaugh, V. G. Thomas, and B. S. Pritchard, Phys. Rev, ,Zi. 64 (1950). 

9. B. Bak , J. Bruhn, and J, Rastrup-Andersen, J. Chern. Phys. 11. 752 (953). 

10. B. Bak, J. Bruhn, and J. Rastrup-Andersen, Ac'ta Chemica Scandanavica ,§" 459 (1954). 

11. C. Newman, J. K. Q'Loane, S. R. Polo, a.nd H. K. Wilson, J. Chem. Phys. ~, 855 (1956). 
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MAGNESIUM ~,ONOFLUORIDE (MsF) 

(IDEAL GAS) GFW~43.3034 

T. "Ii. 

o 
~OO 

200 
298 

'00 
.00 
'00 

000 
100 
ti.OO 
900 

1;)00 

1100 
~ 2)0 
.1.300 
1400 
1500 

1000 
1100 
L800 
!. ~Oll 
lOOO 

2\00 
2200 
2300 
2':000 
2500 

2600 
2700 
2SiJD 
~900 
3000 

3100 
noo 
3300 
,,400 
E'JO 

3600 
3700 
)800 
3900 
.. 000 

4100 
42.J0 
4300 
"400 
4-500 

H.OQ 
4700 
.. tWO 
"900 
5000 

Hoa 
5200 
5300 
5 .. 00 
:'500 

5600 
5700 
58,)0 
5900 
iOOO 

~---I!:ibb$jmoi 

Cp~ go -(G~·-W::tS'II.)!T 

o~ 000 
6.965 
7.26 1. 

7~ 784 

7 ~ 793 
B~l n 
8.420 

8.583-
6.695 
B .. 776 
B ~ A 3? 
8.885 

6.924 
8.957 
6.985 
q~009 

9.031 

9.0S1 
9.010 
9.088 
9~ 1 0'" 
9.120 

9.135 
9 .. 1.49 
9.163 
9 .. 177 
9.1'11 

9.204 
<J .. 217 
9 .. nD 
9.243 
9.256 

9~ 2 68 
9 .. 281 
9 .. 294 
9.307 
9. ~20 

9.314 
9.3l.,6 
9 .. 3t:02 
9 .. 376 
90.?91 

9 .. 406 
9.422 
9.439 
9.45e 
90 4 13 

9.492 
9~ 5' 1 
9.531 
9.5<;1. 
9~ 573 

9.59!' 
9.618 
9 ~64'. 
q~ 666 
9.691 

9.718 
9.745 
9 .. 772 
9~ 801 
9.S~O 

0.000 
44. 9~4 
49 .. 8' 1 
52a 814 

52 .. 862 
5:" .. 159 
')7.012 

58~ '>62 
59.694 
61 .. 061 
62 .. 09d 
63 .. 032. 

63.880 
64 .. 659 
65.376 
66.043 
6c e b66 

61.249 
67.798 
bBa 31 7 
6B.809 
69.276 

69~ 722 
70.' 1.7 
70.5'54 
70 .. 9 4 l., 
71. 319 

7J.1::>8(1 
72.028 
72. 36 ~ 
72e 687 
73.00] 

73~ 304 
73G'599 
B .. 8PS 
74.162 
74.432 

74~ 69 ~ 
74~9'51 

75 .. 200 
15~4"4 

H~6~1 

'75.913 
16~140 

76 .. 362 
70.579 
76 .. 792 

77 .000 
77.205 
71.405 
77.602 
77~795 

77.98 
7 8~ 11 
7S .15 
76.53 
78.11 

7S.8ee 
10;.060 
79.230 
79. ~C!1 
19.562 

5 2~ b 1'+ 

:,2s!:l14 
53~ 124-
S~~ 72 3 

<;4.403 
'55.095 
::'5.769 
~6 ... !-b 
')7.1.)32 

57.016 
58.171 
5 e~ 09 B 
59.199 
59.6r:. 

"0.132 
60.5e.7 
60.98:: 
61.38.2 
61 ~ 765 

620134 
6? .. 481i 
('2.830 
63. ~ Q 0 
<:-3~ .. 79 

63. "fda 
t<4.0d6 
/:;4.37Q 

64~ 0::) 1 

64.9 ~O 

6 5~1. 95 
65.453 
65.7:14 
65.9 .. 9 
66.1 sa 

66 .... W 
c6~o't7 

bo.db'>' 
61.0t6 
67.298 

61.907 
6801'.)! 
68.292 

68.479 
68.0::,3 
6::1.6"->3 
69.02() 
69.19;) 

6~.)o:' 

69. ~31 
e9 .. e96 
69.b:>tl 
70. u17 

70. '. 74 
7Q.3l.~ 

7Q.'-dl 
10.b..'!,) 
70.77"0 

D£c. 31~ 1960: JUlle 
Dec. 31, 1975; 

-kcal/mol----_ 
HO-H"'n. 

"2.ll<3 
-1.4"'8 
-0.740 

0.000 

0.014 
0.B14 
J.e>44 

2.495 
3.359 
4.233 
5.114 
.:;..000 

6.891 
7.785 
8.682 
9.582 

10.484 

1.1.388 
12.294 
i.3.202 
14.111 
15.022 

1:'.935 
16.849 
d.U5 
180662 
19.601 

20.520 
2l.441 
22.364 
23.287 
24.212 

25.13a 
26.066 
26.995 
27.925 
2b.856 

29 .. 189 
30~12~ 

31 ~658 
32.5<;5 
33.533 

)4~413 

35.415 
36~ 358 
31.302 
38.249 

39~! 91 
40 .. 141 
41 ~ 0<;9 
42~05:; 

"'3.010 

4J .. 96& 
.. 4.929 
45.692 
4c~ 657 
... 1 ~ d;: ') 

"de 795 
... 9.768 
:lD .. 744 
51 .. 123 
5L~ 704 

&"1" 
-56.4q2 
-56.299 
-56.502 
-56a600 

-56.604 
-56.803 
-57 .. 018 

-57a252 
-57.507 
-57 .. 791 
-56.109 
-60.584 

-60 .. 942 
-61a323 
-61.731 
-92.528 
-92.519 

-92.629 
-92 .. 679 
-92.729 
-92.718 
-92.821 

-92.876 
-92.926 
-92.914 
-93.02~ 
-93.073 

-93.123 
-93.174 
-93 .. 224 
-93.215 
-93.329 

-93.383 
-93~439 
-93.496 
-93~551 

-93 .. 620 

-9) ~687 
-93 ~ 758 
-93 .. 833 
-9~. 912 
-9,!,,997 

-94 .. 08~ 
-94 .. 166 
-94~290 
-94.401 
-94 e SZV 

-94.647 
-94 ~ 18:'1 
-94.929 
-95~084 

-95c24a 

-95~4-24 
-9S~610 
-95 ~807 
-96 e 017 
-96.23d 

-96 .. 472 
-96~718 
-96 G977 
-91 ~251 
-(11 ~ 53B 

1964; MBrch 31, 1967; 
30, 1976 

&G!" 

-56~492 

-58~52d 
-60~S03 

-62 .. 194 

-62 .. 833 
-64 ~880 
-66~ S 74 

-68 .. 825 
-70~ 732 
-12 .. 604 
-74 5436 
-16 .. 051 

-71 .. 581 
-?9~07e 

-80~540 
-81 .. 492 
-30 .. 701 

-79 .. 909 
-79~11l 

-76 ~313 
-n~510 
-76 .. 705 

-75 .. 899 
-75.08B 
-71t,.275 
-73 .. 463 
-12.64& 

-71.828 
-11.008 
-70~188 
-69 .. 362 
-b8.539 

-67.711 
-66 .. 8B3 
-66 .. 052 
-65.211 
-64 .. 384 

-63 .. 546 
-62.107 
-61 .. 867 
-61 .. 028 
-6O .. J 82 

-59.336 
-5B e 4S9 
-57.631 
-56 .. 782: 
-55 .. 926 

-55 .. 066 
-54 .. 204 
-53.337 
-52.470 
-51.599 

-50 .. 729 
-49.847 
-48.9';'2 
-48 .. 082 
-47.191 

-46 .. 297 
-45.395 
-44 .. 497 
-4~.587 

-42 .. 680 

FMG 

Log Kp 

INflN.ITE 
127.913 
66~443 

46.030 

45.174 
35~449 

29.231 

25.069 
22.084 
19.834 
l8.016 
1.6.621 

15.414 
14.402 
13.540 
12.721 
11.758 

1 O~915 
Ilh170 

9.508 
8.916 
8 .. 382 

7 .. 899 
7 ~4S9 
1 ~OSS 
6.690 
6 .. 35t 

6 .. 038 
5~ 748 
5~478 
5 .. 227 
4~993 

4 .. 774 
4~56b 
4 .. 314 
4.192 
4~020 

3.858 
3 .. 7i.l4 
3 s 55B 
3~420 

3~28B 

3.163 
3 .. 043 
2~929 
2~820 

2~ 716 

2,.61«> 
2 .. 521 
2.429 
2 .. 34() 
2. ~2.55 

2 .. 174 
2.095 
2~019 
1 .. 946 
1.875 

1 .. 807 
1.741 
1.617 
1 ~615 
1..555 

MAGNESIUM (IDEAL GAS) 
2.0 kCcll/mol F M G 

52.814 0.02 gibbs/mol _56.6 !"" 2.0 kcal/mol 
Elec"tr-onic Levels and Molecular Constan"ts 

Sta.te Tz+"-
~~~+ 
CL L+ 

~i' cm-;' bi-
2 

!.:e~ Q~ .£e~ 
1. 7498 
L 7lJ85 
1. 7183 
1.5986 

-~':e~ 
719.56 
7lJ3.89 
759.94 
920.77 

~!:.e~ 
ll,9} 
3.95 
5.57 
5.01 

Hea't of fcrmc:n:ion 

We adopt D29S {Mgf} ;;: 110.7!2.0 kcal/mol from whit.h we calculate ."lHf
29S 

(Mgf,g) :; -56.6!2.0 kcal/mol. The selec'ted 

vdlue of D298 is derived from a third law analysis of three sets of lTldSS spectr.al-equilibrium data repo-::-ted by M\lrad et al. 

(l) and Hildenbrand (1). Our .analyses are summarized below. Also inCluded in the analysi.s are independ~nt mass spectrome"ter

equilibrium measurement.s on t-':gF(g) by Ehlert (1) and "Ehlert e"t a1. (.:;) 

No. of Temp. Range OHr2 98' kcal/ mol Dl'i ft ')Hf 2 9 8 c D; 9 0 

Sour'ce Reaction Points K 2nd Law 3rd La;.; eu kcal/mol kCal/mol 
Murad et a1.(1/ --(-A)- --- 1546_15;5" -,-.-,- 5.6b~1.3 -O.4t26 _5?':'~2.0 ---

Hildenbrand(2) Set" (8) 1280-1345 22.1 25.8HQ,7 2.9:!:8.7 _Sli.3!0.a 
- Set (B) 1ll13-1493 24.3 "26.56:!:0.2 I.S!3.? _5S.S!0.7 

Ehler-t:(3} -(B) 5 1205-1253 -90.0 -31.5!2.1 47~18 _S3.5!1.5 

~~i:~:~:{ :i:~*~ ~~~ ~a g~~=g~~ _~~:~ -l~~:~~i:~ =~~:;!~~ =~L~~~:g 
Rea.ctions: (A1Tl(g) t Hgr{g} TH(g) '-I- MgCg) (BlMg<g) Mgf

2
(g)::: 2Mgf(g) (C)Al:\(g) ... 2HgCgl = Alf(g) ... 

111.6 
llO.to 
110.0 
107.5 
107.0 
107.5 

2MgF( g) 

~one peint r~~~~~~~(~~~ = t~gi~il:r:g;!(~) statistic-.al test:. ~ 
Free-energy functions (EEn for' TIr(g) dr'e cdlculated h'om spectral dil.ta "tabulated by Rosen (~)j n:r for THg) are ta.ken 

~from the compilat ion of nul tgren (.§.). 

~Third Law Va.lues; all dDcillary ilHf 238 from JANAF "Thermochemical Tclblc (~) e.xcept for T1 and Tlr (~). 

We dismiss the measuremem:s of Ehlert (1) and J::hlert et" a1. (~) since our analyses show that their equilibrium datd most 

likely cont<lin temper'ature dependent cPr'ors. furthermore, their' results (~) ~) yield DQ values which c!r'e less than "thdt pre

dicted by the Rittner ionic model. KrClsnov dnd Karaseva (~) hdve applied this potential function to <ill the alkclline earth 

monohcllides and found that it- establi.shes a low!2!!' limit for n°. RecilJe:ulation of their r~sults '-~) for MgF using a. more 

I'ecent vcllue for the electron affinity of r- (~) Di9S CMgrJ .~ 110.lJ kcal/mol. A1?plication of this ionic model to HgF 

is justified since the spin dtonsities calculated fr'om the [SR spectra (lQ) of matrix-isolated MgF show that the molecule is 

indeed highly ionic. 

Trends in the well-estdblished valut::s of the ratio D29S(IiX)!ilHdZ9i.l(MX2) for the ma~ority of the alkdline ea!'th halides (~) 

sl.lgees"ts a value for :1r.r/MgF2 which is less than or equal 'to 0.45. This sets the upper' limi"t of D29B (MgF) at III kcal/mol 

when llHa 29s CMgf 2 ) ~ 2,,6.7 kCdl/mol (..§.). If Mgf 2 (g) is lineal:' then "the maxlJnum D296 value incredses to 112.6 )(cal/mol,suggest-

ing d possible uncertainty in the adopted DO of !2 kca1/mol. Our adopted results give 

Our selected t:hermochemical D298 value converted to 0 K is 4.76 cV (109.8 kcal/mo 

consldered but believed less reliable .are (all in eV) 4.0 (g), 5.0 or ".7 (ldl, dnd 4.2 (;.~). 

have neen der'ived from linear 3irge-Spcner extr-spolations of the ground s"tate (X2~+) and 

vdlues 

levels. We obta.in DO = J.2
2 

eV from a linear Birge-Sponer' extrapolation with our adopted ground st,3.te vibrational constants. 

This villue adjuCits to 3.59 eV when corrected fo'(' the ionicity (~) of the Mg-f bond. The co:"rected D; value is 1.2 eV less 

than the thermochemicill reSUlt. This discrepancy is mos"t likely due to the use of an inaccurat"e value for the anharmonic 

constant, "'eKe' in the BiJ;""ge-Sponer extt'apola"tion, The use of lower reported values (E, 12) for wexe brings the spectr'o

scopic and thermochemical D; values into much better' agreement but" leaves the thermodynamic functions for MgF unaltered (See 

Heat CdPdcity end Entropy section for further discussion). In addition, Singh et a.L (Q) have employed <I method to fi"t an 

electronegative potential ene('p'y function to th~ experi.lnental potential energy curves which yields D; = ll.ll!j eV. This value 

agre~s with our results within probuble error limits. 

ijea"t Cdpacity and Entropy 

The electronic levels c:;.nd vibrational-rotational constdnts are taken from the compilation of Rosen (S). Values of these 

constants have been tabulat.ed for Mg.2l<f" and are corrected for the natural isotopic abundances of magnesi\.l~. The value of a 

listed by Rosen for the c
2

r+ ~;tate is incorrect. The t'otationdl cons"ta.nts are based on an analysis (~) of the ro1;ational e 

structure the bcllld!> of the A-X, B-X, and C-X systems. Earrow and Beale (.!::.) used the ?ekeris re}ation <11.) 'to calculate 

wexe values from their spectroscopic C:t='s. These wexe values we!'€ cOl7lbined with ClGi/? Va. lues t"0 give we' These estimates 

of (1.\~ ".nd Wel(e differ somewhat from those obtained from a vibrational analysis (~) of band head measurements. However, 

thermodynamic functions ca1cuL"2ted with the uIternate set of vib';ationdl constants are not significantly different from those 

adopted here. The uncer"tainty in the wexe values is larg" , probably n<'lar .!l em-I, Observed el~ct~OI:ic levels (~) above 

50000 cm-1 are not included since these have il negligible effect. The partition function Q = Q .. ~.Q~QQgi exp(-CZ{.i/T) is used 

to calculate the ther'Tnodynamic funct"ions with firs1.-order <lnharmonic corrections included for 
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MAGNESIUM MONOFLUORIDE ( M G F + ) FMG+ ::r UNIPOSITIVE ION .. 
? ( IDE A L GAS) GFW=43,3029 
• 
~ 
CI ~--~~glbbsl ... ' ---~_ ----kcai/mol 
III 

1 T,'K Cp' s· -(G·-n· ... 1rr HO-W:t1MI AUf" AGI" Log Kp 

0 
< 100 

l!- zoo 
29. 7eH3 5l ~.r.,38 51e438 eCOC 122e440 115 .. 168 - 64 e ",Zl 

~ .... 
300 7e802 51. .. 4081 51e438 .014 LlS.LZ3 83<0061 

Z 
122~445 -

400 a~ 267 53.795 51. 750 ealS 122~747 112 .. b3b - ble542 

~ 500 a~ 812 55.695 52.354 lc61l 123 .. 051 UOcQ7S - '1-8e1l4 

~W bOO 9.533 57.363 53.052 2.58b 1230379 10704.108 - 39 .. 138 - 700 lO~ 37'" 58~ 895 53w 779 3.581 123.751 104.165 - 32 .. 109 

-0 .00 ll .. <200 600335 S.c. .. 509 4 .. 601 12lt.170 102 .. 024 - 27 .. 872 

.... ODD lleStH 61.695 550233 5 .. 816 124 .. 623 99 .. 229 - 24.096 

CD 1000 12 .. 347 6.2.973 55.944 7.030 112 .. 972 90 .. 5b4 - 21 .. 104 

1100 12~ 593 64.163 56 0 637 Bon8 1.23 ~4 70 93~898 - Hi.bj6 
1200 12.6Sl oS.Zo2 51.311 9 .. $42 123.9~" 'iIl.lS7 - 10 .. 607 
uoo 12.'H2 M.273 57.962 lO~804 l,z ......... oa Sti..438 - H.bbS 
1400 lZ~t,05 67.199 58~ 589 H.QS3 94 ..... 57 86.135 - 13.4 .... 0 

1500 12 .. 189 68.047 59s19Z 13 .. Z83 95.232 05 .. 514 - 12 .. 459 

1600 1l.~55 oS.827 59.770 1"0.490 95.9/:!.O 8 ..... d4Q - Li. Sd9 
1100 11.720 69.544 &0.324 15.674 96.705 84~ 123 - lO.MI5 
1800 11."95 70.208 60.855 16.635 97.405 tl3~ 3b2 - 10.121 
2900 11 ~.21:17 70.82':" b!.3M 17,.974 98.0B3 8.2.5i)3 - 9.4'H 
2000 11 .. 098 11.398 61.851 19,.093 98.738 81 ~ 730 - 8.9.11 

2100 10.930 71.9)5 bZ.H9 20~ 194 99.313 80 .. 801 - 8 .... 15 
.nOD 1'b.7al 72.440 6.2.7b7 21.279 99.992 79 .. 907 - 1.9"-4 
2300 10.650 12.916 63.1'18 22 .. 351 LOO.596 79.0<04 - 1.5U 
2400 10 .. 5)5 73.367 63.6013 23 .. 410 10l.lbO H.!)93 - 7.111 
2500 10 .. 436 73~ 795 64~O12 2:4~45S 101.763 77~llS - 6a 74Z 

Z600 10.350 74.203 64.396 25 .. 49t! 102. ~ 329 7b.1Z.2 - b.399 

2700 10~276 74.592 e:.4~ 7600 26.529 lO2.BBb 75~ 1,)4 - 6.019 
2800 10.213 74~ 964 oS.124 27.5,3 lel3.435 74~063 - 5.781 
290Q 10.159 75.322 65.4b9 28.572 i03 .. 975 13.001 - ~~502 

300e. lO~l13 75.665 t>5.804 29.585 104.507 1l.92B - 5~240 

3100 10 .. 075 15.996 66.127 30 .. 595 105.033 70.S::U - 4.9~4 

3200 10 .. ;)4) 10.:Ub 66.,(,,40 31 ~600 105.552 69.721 - 4.162 
3300 lO~O17 16sb24 606.144 32 .. 603 106o .. Ob5 bH.594 - 4.5lt3 
3400 9. :;196 76.923 67.039 33~b04 106.573 1::17.453 - 4.31b 
3500 9.980 T7~212 67.326 34.603 107.013 66 e 294 - ",.1..,0 

3600 9.968 17 ... 93 67.604 H.bOO 107.567 b5.123 -
3700 9.959 17.766 67.875 36~ 597 108.050 /;l3~ 938 -
3dOO 9 .. 954 18~o32 MI~139 JL592 108~5ja 62.740 - 36608 

HOO 9 .. 952 18.290 68 .. 390 38.587 lO9.011t 1)1.525 - 3.448 
4000 9.952 18.542 68.b47 J9~5a3 109 0 482 6'0.30" - 3.295 

.. lOa 9.955 7B.788 68.891 "to.578 109.943 59.007 - 3.1 .. 9 
4200 9.'960 79.028 69.130 4J. .. !:>7"t ! 1D.397 57.819 - 3.009 
10300 9 .. 9&6 19.2b3 69.363 .. 2.570 110.843 5b.5bj - 2.tl75 
4400 9,.975 79.492 69.590 "'3.567 11l.2t1l 55.291 - 2.747 
4500 9.'985 19.716 69.813- 44.565 111.710 54.019 - i!..6Z .. 

4600 9.q97 79.936 70.030 45.564 HZ"!' 31 52.7.33 - 2.505 
4700 10.010 aJ~ 151 70.243 46.56"t 112.542 51 .. 437 - 2.3'Yi!. 

4800 10.02S SO.362 70.452 47.566 112.943 50.135 - 2.2133 
4900 lO .Q40 80.569 70.656 48.569 113.33't 48.822 - 2.178 
5000 10.057 SO.772 70.857 49.574 113.714 4'1.501 - 2 .. 076 

5100 10~07" dO.911 71~o53 50aSe1 114.ut.l'o "t6.101l - 1.'HS 
5200 10.093 81.167 71.2"06 51.5~9 114.442 "t4.b37 - 1 ~rld4 
530Q lO.1l.2 Sls3S9 71.435 52.599 IH~789 43.4'i8 - 1.794 

50400 10.132 81. ,lta 7l~¢20 >3.612 115.124 42.14" - 1.70b 
5500 10.152 81.734 7l.SDl ~4.6.2b 115.44::; ... O~ 791 - 1.621 

5600 lO0174 61.918 7l~981 55.642 115.754 39.4~1 - 1.539 
5700 10~ 195 82.0,)98 72.157 56 .. 6bl 116.050 38.069 - 1.460 
5800 10.211 82.215 72.330 57.651 11b.333 36.694 - I ~383 
5900 10.240 82.450 72.500 5S.704 11b.600 37.3d - 1.3J8 
600a 10.263 82.622 12.608 59.729 116 ~d53 33.937 - 1..236 

Dec. 31. 1975 

(IDEAL GAS) GFW :;: 43.3029 MAGNESIUM MONOfLUORIDE UNIPOSITIVE ION (Mgf+) 

Ground State Configuration [I t +J t.Hf~ ::: 121.1 .!: 11 0 kcal/mol F M G + 
S296.15 :;: (51.4 :!: 2.0] gibbs/mol 

Electronic Levels and Quantum Weights 

State 
-1 

State 

xrT 
.!i~ 8i- ;y-0 [1] 

'n t 2600J ['J 
3n 

hIn t 3:'00] [2J '. 3 • , [ 150001 [3J Dl~ 

Heat of Format ion 

-1 
.E.i~ 

( 20000] 

[ 28000] 

( 29000) 

[ 30000J 

,gi
[l] 

[3J 

[6] 

[2J 

I'IHf298.15 :;: l22.~ j: 11.0 k.~a.l.!mCl 
w ::: {718.5) ern-
e. -1 

wexe ::: [ll.,SO} em 

J ::: 1 

Be:;: (0,51621J cm- 1 

a :::(0.001l.£3Jcm-1 
e • 

re " (1.75 lA 

MgY+ ionization-efficiency curves obtained from mass spectral observations on the HgF
2 

(1) and I1gF
2
-Al {1.1 systems are 

of the 'two-process type. Evidence (1, 1.) has been presented which shows tha.t the low-energy portion «13 eIJ) of the. c\J.rve 

arises from the dir-cct ionization (A) of MgF{g), These curves also show an inflection point at higher enerr;ies ("'Ill eV) 

which has been interpreted (.!-~) as due to the onset of the dissociative ionization (3) of MgF
2
{g}. The appearance 

po'tentials (A) which hdve been observed for these two processes from measurements on val'ious Mgf 2 systems are tabulatec] 

below. 

APt eV 
Investigator ~ Sys'tem (A) Direct Ioniza'tion (3) Dissociative IoniZation 

Berkowit:z and Marquart (!.:) 

Green et al. (::!) 

Ehlert et al. <1,) 

Murad et il.1. (~l 

Hildenbrand <'§.l 
Hildenbrand (3) 

(A)-MgF(g) '" e- -). MgF+Cg) ... 

1962 

1961.1 

1984 

1966 

1968 

1968 

2.-

MgF 2 
Mg£2 

MgF 2-Al 

MgF 2-Tl-Pd 

MgFZ-Cu 

MgF
2 

7.8!O.3 

8.0:!:0. b 

7.5:1:0.3 

13.5:0.4 

13.6':0.3 

13. hO.ll. 

7.&:1:0.5 13.S'!l.Q 

(3) MgF
2
(g} + e- .... Mgr+(g) '+ F<g) + 2e-

Both sets of A? data show the nOI"'l1lal scatter ('\.0.5 eV) expected for such measurements. The mean value (7.7:!:0.'4 eV) of 

'the four AP's for the direct ionization (A) is supported by the spectroscopic ionization potenti.,l of 7. b8 elJ (2.). We 

adopt uHr; :::- 177.5 6 :1:9 kcal/mol (7.7 eV) for process (A), and we obtain uHf; (Mgr+ ,gl :::- 12l.Ltll.O keal/mol when the t.Ht'O 

value is combined ,with lIHfO OlgF,g) :: -56.S:!:2.0 kcal/rnol qp, The fragmentation process (B) is likely to involve unknow~ 

kine1:ic energy factorS and would not be ~xpected to yield as reliable !>lif o value as obtained from direct ionization. Hojol

ever, the mean value (13.S 8 !O,5 eV) of the four AP's for process (B) leads to dHfo Cl'lgr'" ,g) = 121.5!13.0 kcal/rnol which is 

in I"emarkably good wjth the llHC value fl"om direct ioniz<ltion (12},1 kC<tl/mol>. This implies thdt 'the excess kinetic energy 

of the fragment Mgf'+ is small. 'lIHf~ COr'I'ected to 298.15 K is 122,1l1l. kc~l/mol. 
Heat Capacity and 'EntrDpy 

The bond dissociation ener~y for I1gF~ (D; ::: 10S.6 kcal/mol) is nedrly the same as that for Mgf (DO::: 109.8 kcal/~oJ. 1) 
which :i.mplies that the bonding ~n these two mol,;cules is quite similaI'. Thus, it is reasonable to assume that 're(Kgr ) '" 

re(Mgf), We adopt the lr.E:asured I'e value. (1.75 A) for MgF (~). Be is calculated f[,cm the adopted value for I"e' The value 

of we is obtained from Badger's rule (~) which is writ'ten in the. form w~ ::: 3.159 x 106/1J(re-di~}3. Molecular data (~) for 

Naf, MgF, and MgO are used to determine the constant d
ij

. Sdrrow and Caunt (!.Q) have shown th.it the product XeV-\: is fairly 

cons't.'!nt withjn d groUp of similar molecules. w~ assume X
e

(!1gF+) ;:' xeCHgf) since 1J\(/1gy+) :: \l\{Mgf). These estimates of 

we and "'e)!:e are only slightly different from those observed for Mgf qp. u e is obtained from the other constants 4SSU:tl:::ng 

a Morse poten'tial function. The moment of ine:-tia is 5.4-221< ){ 10-39 gem'. 

Novikov and Gurvich ell) ha ... e obseI"ved a band system in the emission spectt'um of MgF near Sll.OOO clll- l . An analysis of 

vibrational St:ructure showed that: the systtc'(TI did not belong to any of those known for Mgr, and "they (.!.~) assigned it to the 

transition of Mgf+. Btmd systems have app'!!ared in the absorption spect!"a (11.. ll) of Mgf wllich are now known to al"ise 

fI'om AI? A comparison of the vibrational constants reported by Novikov a.nd Gurvich (g) with those for Alr (~) strongly 

Suggests that this system is 'the SlZ_Xll.; transition of AIF. Barrew (~) has cOlIle to the same conclusion. 

Mgf+ (8 valence elec'Crons) is isoelectronic with the alkaline earth monoxides. We estima'te the electronic states .:tnd 

levels for Mgr+ by analogy with those for these isoelect.ronic mQleculcs (~), particularly MgO. The In_3 n spli't1:ing of I1g0 

has recently been reported as 9QO:!:200 cm- l (~). We believe tha.t our adopted elec"tronic entropies represent minimal values. 

Pl"'oD.;:ble upper' limits for the electronic contriburions can be established by dec['easing th€' two lowes!" rriplt!t levels to 1000 

crn- l (3 rO and 5000 cm-
1 

(3r.) dnd neglecting the other excited stat.es. This increases the entropy to 55.1 and 78.6 gibbs/mol 

at 1000 K and ll.OOO K, I'espectively. The enthalpy is much more unccr'tain, approaching !:3.0 kC<1l/rpol at tempera'tut'es in excess 

of 2000 K, The ent'halpy of the J.o.'] between 298.15 K and 0 K is 2.14~ kcalJmol. 
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SULFUR MONOFLUORIDE (SF) 

(IDEAL GAS) GFW=Sl.0584 

T,"I< 

o 
100 
200 
2.0 

'00 
400 
500 

bOO 
700 
.00 
900 

1000 

110'0 
1200 
1300 
1ioOO 
1500 

1EoOO 
HOO 
leoo 
1900 
2000 

2100 
noo 
2300 
2400 
2500 

.2000 
2700 
2800 
2900 
3000 

3100 
3200 
.3300 
:;",00 
3500 

3600 
3700 
3800 
3900 
4000 

~lao 
1',.200 
4300 
1,."'00 
4500 

",bOO 
4700 
4800 
f,.~OO 

5000 

Sloe 
5Z00 
5.300 
5400 
5:'00 

5600 
5100 
5800 
S900 
600.30 

CpO 

0.000 
1.170 
1.<H13 
8.401 

8.407 
8. b!1 
8.737 

8 .. B!3 
B.B6l-
8.902 
8.931 
8.955 

8~9704 

8a9q~ 

9.001 
9.020 
9.033 

9.04~ 

9.056 
9.00 
9~017 

9.0S7 

9.097 
9.107 
9.11b 
9.12b 
9.135 

9 .. 144 
9.1'53 
9.162 
9 .. 172 
9.181 

9 .. 190 
9.200 
9.209 
9 .. 21'1 
9.ll,<} 

9 .. 239 
9 .. 250 
9 .. 261 
9 .. 272 
9.284 

<)'.296 
9.308 
9 .. 321 
9 .. 3).(. 
9 .. 348 

9.362 
9.377 
9.392 
9.407 
9 .. 423 

9.439 
9 .. 456 
9.473 
9 .. 491 
9 .. '509 

9 .. 527 
9.546 
q.565 
9.585 
9.604 

---g.lbbs/mol----_ 

S' -(G"-W'3N)n' 

0.0000 
45c30'5 
50 .. ~39 
53 .. 815 

53 .. 861 
56 .. 311 
58.254 

5'9 .. 854 
61~2q 

62 ~ 403 
63.453 
64~ 3 Q b 

65c250 
66~032 
66.752 
1',7 ~420 
b8~043 

6Bc626 
69.175 
69.~93 
70.) 83 
10 .. 649 

71.093 
11 .. 516 
71.921 
72 .. 309 
72.682 

136041 
73~38b 
73~7\q 

71.~ 041 
14.352 

74 .. 653 
74.945 
75 .. 226 
75 .. '503 
75.170 

U-.031 
76 ~284 
76~ 531 
76.171 
71.006 

77 ~236 
77.4£>0 
77.679 
17.893 
18 .. 103 

7&.309 
78 e 510 
18.708 
78.902 
79 .. 092 

79.27Ci 
19.46'? 
79~b": 
79.8:-0 
79.9CJ4 

80.166 
80.334 
80.501 
flO.664 
60.626 

l~F l:>IlTE 
60.971 
'54.512 
53.815 

53.81S 
54.141:1 
54.782 

55.498 
56.22v 
56.920 
57.50~ 

58a2,3 

58.824 
':)CJ.393 
')<;.931 
60.",43 
60.'>'29 

6~ .• 392 
bl.834 
t.2.256 
62.660 
63.048 

63a 4 21 
63~ 119 
64.125 
64.458 
64.719 

65.090 
65.3'H 
b5.o82 
65.965 
66.240 

66.506 
b6~ 765 

t7.730 
b7.<;63 
68.185 
68.403 
68.615 

68.t:!22 
bq~025 

69.224 
69.-418 
6q~eO~ 

b9~ 790 
to9.979 
10.159 
70.336 
10~ 509 

10 .. b79 
10 .. 846 
1!.O!O 
71.172 
11 .. 331 

71."1:11 
7\.6<,1 
7!.7<iZ 
71 .. '-:/41 
12.068 

---""'Umo,----~ 

H"-ff':noe il.Hr 

-2 .. 265 2.943 
-1.567 3.130 
-0 .. 1307 3.147 
o~ooo 3.100 

O .. O~ t 
0.Bb8 
1.736 

2..614 
3.498 
4.386 
5.218 
66!7;Z 

7~069 

7.%1 
8.861 
<;.166 

10.671 

11.515 
12 .. 4 80 
13.3a~ 
14.2'9'3 
15.201 

1601H 
17 .. 021 
17.932 
18.844 
19~ 151 

20.671 
21_5S~ 
22_5Q2 
23 .. ~19 
2"'-.336 

25 .. 255 
.26.114 
27 .. 095 
28 0 016 
213.936 

29. B62 
30.766 
31.712 
32.638 
B .. 5f:6 

34.l,~5 

35.425 
36 .. 351 
37.211'0 
38.224,. 

39.159 
.. 0.0'16 
41.034 
41.974 
42.916 

43.659 
44.B04 
fo.5.7!O 
46.698 
1t7.t-48 

46.600 
49.554 
SO.5!Q 
51.461 
52.427 

30099 
2 e 461 
1.994 

1.598 
1&251 

-12.113 
-12.097 
-12.086 

-lZ.079 
-12.073 
-12.010 
-12.069 
-12.010 

-12.071 
-12.074 
-12.079 
-12.084 
-12.090 

-12.096 
-12 .. J06 
-12.115 
-12 .. 125 
-12_136 

-12.141 
-12 .159 
-12.!.12 
-12. ISS 
-12~200 

-12.213 
-124229 
-12 .. 244 
-12 .. 261 
-12.278 

-12.2C}4 
-12~313 

-12.330 
-12.349 
-11.367 

-12.386 
-12.405 
-12.424 
-12~"'44 
-12 .. 463 

-12.462 
-12.'301 
-12.521. 
-12.540 
-12.559 

-12.578 
-12.596 
-12.614 
-12.632 
-IZ.649 

-12 .. 661 
-12.683 
-12' .. 699 
-12 .. 714 
-12.729 

~GI" 

2 .. 943 
0 .. 931. 

-I. ~282 
-3.448 

-3.488 
-!-~b49 

-?~623 

-9a506 
-u ~307 
-14 .. 349 
-14.630 
-14.'911 

-1,5.196 
-15~416 

-15.761. 
-H •• 045 
-16 .. 331 

-16 ~614 
-H .... 898 
-17 ~182 
-11 .. 464-
-17 .. 741 

-18 .. 032 
-18 .. 313 
-18~595 
-18 .. 6U .. 
-19.157 

-19 .. "'36 
-19 .. 718 
-20~OOO 

-20~27Ei 
-20eS5? 

-20 .. 835 
-21.U3 
-21 .. 392 
-21.667 
-Zl .. Q45 

-22 .. 220 
-22.494 
-22 .. T6'i 
-2:3-e046 
-23.316 

-2.3 .. 592 
-23 .. 864 
-2"'~131 
-2~.409 
-24 .. 61:10 

-24.953 
-2'5.2:24 
-25 .. 4,q5-
-25" 761 
-26 .. 034 

-26 .. 303 
-26 .. 570 
-26~83-9 
-2'7 .. 108 
-21.376 

-2/'.641 
-27.910 
-26.176 
-26 .. 448 
-28 .. 710 

June 30, 1976 

F S 

Leo Kp 

INFINI TE 
-2 .. 0)4 

1 .. 401 
2.5,2'1 

2~541 
3.087 
3.332 

3.463 
3 .. 530 
3 .. Q20 
3.S53 
3.259 

3.019 
2 .. 819 
2.650 
2 .. 505 
2 .. 3"19 

2~2:b9 
2 .. 172 
2.08b 
2 .. 009 
l .. 'n9 

1 .. 877 
1 .. 619 
1 .. 161 
1 .. 119 
1 .. 675 

1 .. 634 
l e 59b 
1 .. 561 
1 .. 528 
1 .. 498 

1 .. 469 
1.4lt2 
1 .. 417 
1.393 
1 .. 370 

1 .. 3lt9 
1 .. 329 
1 .. 310 
1.29~ 
1 .. 27~ 

1 ~25a 
1 .. 242 
1 ~221 
1.212 
1 .. 199 

1 .. 186 
1 .. J,. 73 
1.161 
1 .. 149 
1 .. 138 

1 .. 1.21 
I oJ,.l 1 
1 .. 107 
1.097 
1 .. 088 

1.079 
1 .. 070 
1.062 
1 .. 05,,-
1 ~04b 

SULFUR MONOfLUORID£ (Sf) (Ideal Gas) GFW 51.0581< 

Ground State Configuration 2n3/2 

S298.15 ;: [53.8 .t 0.2) gibbs/mOl 

liHfO '" 2.9 ! 1. 5 kcal/rnol 

lIF.f298.lS = 3.1 :!: l.S kcal/mcl 

Electronic Levels and Quantum Weights 

St~'te .!i~ &i 

X 2 IT3/2 2 

X 2JTl12 398 

A :z IT312 21J991 

A ITl/2 25601 

tied'! of formation 

We = [830 20] crn- l WeXe (1).7 O.IJ] cm-1 

Be 0.551J27 t 0.0005 cm- 1 a 0 
e 

[0.0041] cm-1 

CJ" 1 

r e 1. 5967 0.001 A 

Hildenbrand (1) has investigilted the iscrnolecular- reaction CS 2 'g} .j. 2SFCg) " Cr
2
{g) .. 2S

2
(g) by mass spectrometry. The 

va!'ious moleeula!' specie.s wer-e found to be farmcd as products of the :,eaction of gaseous Sf 6 wi th graphite at temperatures in 

the range lll36-1611 K, This study employed three dif"fercnt t!ffu&ion cell configurations which were used to optilT.ize the 

reaction conditions, and ion abundances for each species were mCi:lsul'cd at 2 eV above their appearance potenti.s.ls in order 

to eliminate fragmentation effect:s, We ana.lyze the reported equilibrium data by the second and third law methods with the 

t'€sults being presented below. 

Series Cell Configuration 

1'10 cell/e liner/packed. 

with C cloth 

C cell/wound Pt wire 

C celll?t pi:l:ptit'ion/ 

pack-ed with C cloth 

and P1: wire 

No. of 

Points 

Temp 

Range. K 

1529;1611 

l\Hr19B , kcal/mol 

2nd Law 3rd Law 

_11.6 -16.2 

!O.3 

11.>30-1564 6.8 -16.0 

!1.8 

1 .. 78_1588 _J'l.:2 _15.8 

'!l.~ 

UThird law values with JANAF auxiliary IlHfi98 ddtd (~.>. 

Drift 

-2.9 

-15.1 

.tS .0 

13. S 

!!! .0 

t.Hf;9S(SF,g)a 

kcal/mol 

3.2 

n.? 

3.1 

!2.0 

3.0 

:t1.6 

The three cell configurations used by Hildcnbrand (.!) yield almost identical third-law nHf Q values. We adopt the mean 

value of 3.1:!:1.5 kC<:Il/mol. This value· corresponds to a DO of 81.2.t2.0 kcal/rnol which is close t.o the averag-e bond encI'gies 

(80.0 kcal/mol) for Sfl.> and S1'3 <.~.>. Other reported DO values include 96.9 kcal/mol (}) and.:: 76.1 kcallmol (~). The former 

value is based on Ho:r-tr-ee-foch binding energies <1.) which were combined "tit:h an estitlldte of the extra molecu2<l1l' correlation 

energy. This estimate: now appear's to be abol.lt 2C% too high. The upper< limit value for D~ was obtai.ned from predissociation 

obscrved in t:he A 2n state by Di Lonardo and Trombetti (~). 

Heat Capacity and Entropy 

The electronic states and levels (To) ar-e taken .from the recent compilation of Barrow <.~). His results were de::,ived from 

the spectral measurements of Di Lonardo and 1'rombetti (':'l. Further confirmation that the ground state is inverted 2]1 is 

providErd by the results cf an analysis of the gas-phase electron resonance spectra by Carrington et a.l. (.§.). The rotational 

constant (Be) is calculated from 'the microwave data (Beff ) of Arna~o and ~irota (l). Other values far Be de1:cI'mined from 

EPR (.!!) measurernQnt:s and from a rotational analysis (.::.) of the A IT - X n bdnd system agree with the microwave reslJl1:s but 

arc less precise. The v~lue of re is cd1culated from Be' The moment of inertia is 5.0~99 x 10-39 g cm 2 

The ground state vibrational constants h.ave not been dE<te~incd exp~l'imentally. O'Hare (~) computed Hari:ree-fock total 

energies for the ground states of NF, ~ir, PF, and SF and derived spec'troscopic constants for each monofluoride by a 

Dunham analysis. He ~djusted the computed values for' sr for differences found between calculated and exper-iro.ental data for 

the other three monofluorides. We adopt his p:oedicted vibra'tional constants alor:g with his computed value fo!' 0e' We 

do not: include the rotationa.l and vibra:tional constants (~, ~J for the A 2J[ stat:e since they hav(! a negligible effect. 

Thermal functions have been previously reported for SF by Wilkins (1) and O'Hare ClQ). These two sets of functions agree 

reasonably well, and presumably they are both based on a ground state qu.s.ntum weight of 2. Our entropies are consistently 

highlll:' than the literature. d.ata (~, lQ) at all tempe.ratul:'cs by roughly l.o - 1.5 gibbs/mol. This increase cart be attributed 

pri..."'larily to the entropy contribution fr'Om the X2]11/2 state which lies .!It 398 
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SULFUR MONO FLUOR 1 DE UN I P 0 S. I 0 " ( S F + ) 

(IDEAL GAS) GFW=51.0579 

~----"'bs/ ... '---~ _____ k_'------, 
T, ~K Cpo S' -(Go-H°,..)rr H"-W_ "HI" "GI" 

0 -2 .. UQ 235 .. 578 
100 
'00 ,., 7 .. 511 53 .. 846 5 3~ b4b V .. OOO 237 ~O70 229 .. 0U. 

'00 7.579 53 .. 893 53.1:140 0.014 237.076 2ZS .. 97b 
400 1 .. Q70 56 .. 130 54 .. 149 0 .. 7f:l2 23& .. 667 226 .. 247 
500 B .. 249 57.940 54" 732 1 .. 604 236.835 223 .. 596 

bOO 8 .. 440 59~462 55~39b 2 .. 439 23b .. S94 220 .. 945 
100 8 .. 574 &0.77'" 56 .. 073 3.290 231 ~O15 2)&.30) 

'00 8 .. 611 61 .. 925 56.7310 4.153 224 .. 117 214.349 
900 8 .. 741<- b2 .. 95". 51,,309 5 .. 024 224 .. 609 213 .. 099 

1000 80801 63.875 5"'091'+ 5 .. 901 225.!OO 211 .. 794 

1.100 S .. S4S 64.116 '58 .. 549 0 .. 784 225 .. 590 210 .. 439 
1200 6 .. 889 65.469 5q»O~b 1.671 22ob o Q81 209 .. 040 
1.300 8.926 6b~ 2:0J 5<).615 8.$61 226 6 572 207 .. b02 
14110 8 .. 961 e6.S64 60 .. :":;'0 9~45b 221~Ob3 206.Hit 
1500 8 .. 9g6 t1~483 60.5S1 lO~ 353 221 ~ 554 2()4 .. blO 

!WO 9 .. 032 foB. 065 61 .. 031 ll. .. 255 228 ~04b 203 .. 064 
17\)0 q~068 68_6:"4 b!.4bl 12.160 228 ~540 201 .. 489 
~dOO 9 .. '1.06 6<).133 6~e&B .. 3 .. 0c9 229 .. 035 L99 .. 882 
],.9")0 9.145 69.626 62.261:1 13 .. 981 229 .. 532 198 .. 2.51 
ZOOt) 9.}85 70.096 1:l~ .. 64B 1'o.89a 230 .. 03! 1.96 .. 591 

2100 9 .. 226 70.546 6:l.\Jd 15.818 Z30~531 19.10 .904 
2200 9.268 70_976 1'>3.305 16.743 231.034 193 .. 198 
2300 9 .. 310 71.369 63 .. 705 17 .. 672 231 .. 539 19! .466 
Zlt.VO 9.3'52 7:!..1Bb 64, .. 1)3,,+ 18&605 232 .. 0,+7 189 .. 714 
251)0 9 .. 394 72 .. 166 64~ 351 19.542 232&556 187.94-0 

2600 9~ 436 720538 64~o59 200 4 64 233 .. 070 186 .. 144 
2700 9.477 72 .. 8'14 64 .. 958 .21.4;9 233.566- 184 .. 329 
lSOl) 9.518 13 .. 140 65 .. 247 22 .. 119 234.104 182 .. 494 
Z9Q;O 9 .. 5'58 "'3 .. 575 b5.529 23 .. 3~:! 234 .. 625 180 .. 643 
3000 9 .. ')96 73 .. 89Q 6~. a02 24 .. 290 235 .. 141 118 .. 173 

3100 9 .. 6% 7"0.214 66~ 069 2~ .. 2~2 23'5 .. 613 l7b .. 884 
3200 9 .. 671 74 .. 521 66~ 3L.1l 26 .. 2l7 236 .. 200 174 .. 'H9 
3)00 9_706 14 .. 819 66~ 5 d 1 276 le6 236 .. 1'30 173 .. 057 
31t,)O 9.740 15 .. 109 66 .. b.27 28.158 2370262 171 .. 122 
3500 9.713 75 .. 3q2 67e 061:J. ,9~D4 231 .. 195 169.167 

3600 9~ 805 150-668 67 .. 303 31).113 238.33\1 1b7 .. 199 
3700 9a836 75 6 q)1 6)'~533 :HoOS5 238.866 16584e17 
3&1,)0 9_9606 76 .. 200 67.756 32 .. 060 239 0405 163~<20 
3900 9 .. P:~4 76 .. 456 61 .. 917 :'.hOeS 239.945 161 .. 205 
.. ilOD 9~922 76., 107 68.:1 92 34 .. 059 240.466 159.183 

"t100 9 6 948 16 .. 953 68 ... <,.03 35 .. 052 241 .. 028 157 .. 142 
4200 9.973 17 .. }93 68~6iO 36.049 241.572 155 .. 090 
4300 9 .. 998 77 .. 428 68 .. 61.2 H .. 041 2420118 153 .. 025 
4 .. 00 1O .. ()22 71 .. 658 6q~01O jS.048 242.663 150.946 
4500 10.045 770883 69.205 3900~2 143 .. Z0g 146 .. 656 

"bOO 10.0n 78.104 oo;~396 ... 110051 243.757 1046.752 
10-700 10 .. 0B9 18 .. 321 69.584 Itl_065 244 .. 305 144 .. 637 
10-800 \0 .. 1]0 7S .. 5~4 69 4 768 42 .. 075 244.853 142 .. 510 
:"<).00 lO~13"l. 78&742 69c':l49 4.3.0E7 245.40") 140 .. 317 
5000 10 .. 1S~ U~ .. 947 70~:" 27 4-'te 101 245.954 136 .. 223 

5100 10 .. 111 79~146 70.302 45 .. 111 2400505 136 .. 063 
S2U\) 10 .. 190 19 .. 346 70 .. 414 46 .. 13'5 2470057 133 .. 895 
5300 10 .. 210 7t< .. 540 704 6 .. 3 41.15'5 2't7.610 131 .. 113 
5 .... 00 10 .. 22g 79 .. 7:11 70 .. 8.1.0 4de I 77 248.161 129 .. 521 
5~OO 10 .. 2"'7 79 .. 91 q 70 .. 973 49.201 248.116 127 .. 316 

5600 10.2b6 80~104 7 1 .:t J5 $0.221 249.269 125.106 
5700 10 .. 284 IJO .. 28b 1!.:'94 51 .. 23 4 249.823 122 .. 884 
5dOO 10.302 aO .. 465 ""~ .... 50 SZ.2t?3 250.3H 120.654 
5900 10 .. 320 SO .. ~4~ 7' .o\l5 53.315 Z50.934 118 .. 408 
&000 10 .. 338 eO .. 81S 11 ~ 757 54 .. 341 251.488 116.161 

June 30, 1976 

FS+ 

Log K. 

-11)7 .. 880 

-166 .. 809 
-123 .. 61 b 
-97 .. 734 

-80 .. 479 
-68 .. 157 
-SS .. 557 
-51 .. 70'.8 
-46 .. 286 

-41 .. 810 
-38 .. 07l. 
-34 .. 901 
-32.117 
-29.812 

-27.737 
-25.903 
-24.269 
-22.80 .. 
-2.1 .. 482 

-20 .. 284 
-19 .. 192 
-18.193 
-17.270 
-16 .. 430 

-15 .. 647 
-14.920 
-14.244 
-13 .. 614 
-13.0.24 

-12 .. 410 
-1l .. 951 
-11 .. 401 
-11 .. 000 
-10.563 

-lO~150 
-9.159 
-9 .. 387 
-9 .. 034 
-8 .. 697 

-8 .. 316 
-s.cno 
-1 .. 718 
-7.498 
-7 .. 229 

-6 .. 972 
-6 .. 726 
-6 .. 489 
-6.26: 
-6 .. 042 

-5 .. 831 
-5 .. b21 
-5 .. 431 
-S .. 242 
-5.059 

-4 .. 88-3 
-4 .. 71Z 
-4.546 
-4 .. 366 
-4.23: 

SULFUR HONDfLUORIDE UNIPOSITIVE ION (sr+) 

Ground State Cortfigur.e.tion (3 Z] 

5298.15 " [53.8 .t 2,.2) gibbs/mol 

(IDEAL GAS) 

Electronic Levels and Quantum Weights 

He.at of Formation 

State !.i~ &i 
~ 0 tJJ 
[alb,] 

l bIll 

( B3 n1 

w:(838Jcm-1 
• 1 

Be :: [0.55686) cm-

[ 8000) [2) 

tl!oSQOJ (1) 

[ 30000] [6J 

<J.) x ::; [~. 6} clII- 1 

e e -1 
Ile :: [0.0044] cm r. 

arw :: 51.0579 

aHfO :: 235.6 :!: !.j.. 0 l<.callmol 

aHf298.15:: 237.1! 4.0 kcallmol 

a " : 
t 1. 593 J A 

The electron-impact appearance potential (A. P.) of sr+ from SF has been measured by Hildenbrand (.!) as 10.09:1:0.1 cV. 

Normally, this measured A.P. would be id.entical 'to the vertical ionization potential (l.P.) of SFi however, formation of 

SF"'" involves the loss of an antibond.u;.g electron which appedrs to be sit.uated primarily on the sulfur atom (I.P.(S) = 
10.36 eV, 1), Thus, the geometrical changes produced upon ionization should be minimal, and therefore, the me.asuI"'ed A.P. is 

prob.sbly very close to the true (adiaba .. tic) ionizdtion potential, as suggested by Hildenbrand (1). We employ the e)fp~rimental 

J.P. value as t.he he<j.t of reaction~ lIHr o 
,. 232.6a~2.3 kcal/mol, for the process Sf(g) .. e- " SF+(g) + 2e~ at 0 K, and we 

ca.lculate t.Hf~(Sr+,g) = 235.S±4.0 kcal/mol by combining the value of cHrO with lIHf;<SF,g) = 2.h1.5 kcal/mol(~). Independent 

values of I. P. include 10.0 eV (..=!) and S. 9 eV (.§.). Both of these. values were obtained from semiempirical moleculdr orbital 

calculations and are in excellent agreem.ent with the results adopted here. 

Earlier electron-impact :n:udies which can also De used to derive tlHf" of sr+ have been previously analyzed by O'Hare and 

Wa.hl (§). We do not reanaly..z.e these results since their analysis (§) has shewn t.hat the data are seriously in error. 

Heat Capacity and Entropy 

As discussed in the hed.'t of formation section, one would expec~ that the bonding in SF" is probably not very different 

f!'om that in SF, since 'the ionizing orbital is antibonding. Additional support for this is provided by the fact that the bond 

dissociation energies (DO) fot' sr"" (87.4 kcal/mol) lind Sf (81.2 ](cal/mol) are very similar. In addition, SF+ is isoelectronic 

with PF, and one might therefore expect that the molecul;,r characteristics of these two isoelectronic molecules would be quite 

sinilar. We estimate the vibrational and rota1:ional constants to be intermediate between t.hose for SF (3) and PF (7). By 

analogy with other 'twelve valence electron molecules (2), we predict that 'the ground state is Jr. and exp:ct several-excited 

states to exist below 35000 cm.- I . The two singlet levels are estimated i!'om 'those observed for NT dnd 02 C.), We also i.nclude 

a triplet level at 30000 em-I based on 'that observed for PF (2). We assume that the vibrational and rotational constants for 

the excited states are identical with those for 'the ground state since a comparison of the constants (:0 tha"t are available 

for the var-ious states of NF and PF shows that they aI'e. not significantly different. The uncertainity in our value of S298 

is estimated. as !2.2 gibbs/mol and arises pri1Darily from the effect of the ground state. quantum weight. If "the sr+ ground 

state is singlet, then our entropy vah.li:l at 298.15 K shoul.d be decreased, by 2.18 gibb$!mol. The elect:ronic contribution to 

the entropy from the estimated excited states is negligible below 2000 K but incr>ease$ to 0.4 gibbs/mol at 4500 K. 

The moment of inertia is 5.0265 x 10-39 g crn 2 , and. the enthalpy between 0 K end 29B .15 K is -2.119 kcal/mol. 
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/ 
D I FLU 0 R 0 S I l A ~'E ( S I H 2 F Z ) 

(IDEAL GAS) GFW=68.0988 

-""''"'/moI---_ kt.allmoi--

T."K Cp· t;' -(Go-w ... lrr Ji"-Jr.., MIl" 

0 0.000 OeOna INFINI TE -2 .. 8b5 -186 .. "JbZ 
100 ,- B .. Hle:. 51.108 12 .. 320 -2 .. 061 -167 .. 676 
200/ ," 10.211 56 .. 025 63.721 -1 .. 1:9 -1819 .. )38 
IPS 12 .. 970 62.624 62 .. 62lt 0 .. 000 -16Q.OOO 
I 

hOD 13.021 62 .. 104 62.624 11 .. 024 -189 .. 012 
_00 15 .. 467 66.799 63~160 1 ~453 -189 .. 554 
500 17.346 70.4f,1 64.265 3.0<;8 -189.959 

.00 18.788 73.751 65 .. 577 10 .. 906 -190 .. .249 
100 19.921 76.142 66 .. 962 6.1:145 -190 .. 450 
,aD 20.82b 7Q .. 463 66»357 B.S84 -190.583 
900 ZI .. 558 61 .. 960 69 .. 732 .11 .. 005 -190.E>62 

1000 .f 22a 155 840263 71 ~O71 13.192 -190.7DZ 

g~g! 22 .. 644 86.3QS 72 ... :l!i9 15 .. 432 -190.715 
23 .. 049 88~386 B.6a 17 .. 7la -190.705 

Doe 23.366 90.245 14 .. 830 20 .. o",o -190 .. 685 
140·0 23.66q 91.989 15$994 22 .. 393 -190 .. t.58 

"00 23.908 930630 71~!15 24.772 -190.631 

.!bOO 24.11l 9.5.180 7Sb]9b 27 .. 174- -190aHH 
1700 24.285 96~64"7 79.239 29.594 -202 .. 560 
1800 24.435 9B~03q 80 .. 245 .12 .. 030 -202 .. si:; 
1900 2'h564 99.364 91 .. 217 34 .. 450 -202."3 
lilac 24.677 100.627 82~156 36 .. 942 -202 .. 373 

2100 24.176 tOl.833 a3~Ob". 39.'11 5 -2D2.304 
,200 24.8&3 102.98S P3~944 4l .. S97 -202.237 
2300 24 .. 940 104.095 84.790 44.387 -202.171 
2400 25.008 '.05~! 58 85.623 ':"6.865 -202.108 
2500 25 .. 069 10b.leo e6.425 49 .. 389 -202 ~O50 

2600 25$124 :!.07.1b4 87.203 51.896 -201 ~ 994 
2700 25 .. 173 ' ,o8.114 67 .. 900 5'>- .. 413 -201.941 
2800 25~..?).1' 1 094 030 8B~b97 5b~ 933 -201 .. 891 
HOO 2'5.'-251 l09 .. '"iI] 5 B9.413 59 .. 456 -201 .. 946 
31)00 2S .. 29? 110.772 90.111 bl.984 -201.a05 

3100 25 .. 326 111 .. 602 90 .. 7'11 64.515 -201 .. 760 
3200 25 .. 356 112.401 91645~ 6T~049 -201e133 
3300 25.384 1 !3 .. 187 G201ul 09 .. 586 -201 .. 704 
HOO 25~409 ~.13 .. 946 92 .. 7 ~2 72 .. 126 -201 .. 678 
3500 25 .. 432 114.662 93~ 349 14.668 -201.659 

3600 2'5- .. 453 '.15 .. 399 93 .. 951 77 ~212 -293 .. 604 
3100 25 .. 413 116aOC)7 94 .. 5'tO 79 .. 759 -293 .. 495 
3800 25 .. 491 '.:!.b~77b 9'5 .. 1"17 82 .. 301 -293 .. 390 
3900 25 .. 508 11 7 .. 439 95 .. b81 6'+ .. 857 -293 • .2;93 
4000 2S~ S,?4 118 .. 085 96.233 rH."lJS -293.200 

HOO 25~ 539 118.115 '10 .. 773 1j9 .. 9b2 -2113 .112 
4201) 2'5 .. 552 119 .. 3;~ 97 .. 303 92.516 -2q3~030 

4300 25 .. ')65 119 .. 932 Q7.822 95.012 -292 .. 951 
4400 25.577 120~ 520 9B~ 332 97 ~ 629 -2.92~S8tJ 
4500 25 .. 588 121.095 9B.831 100 .. 181 -292.813 

l- 4bOO 25~'5q8 t 21 .658 9q.321 1~2. 746 -292.750 
." HOI) 25 .. 608 \22 .. 208 99.B02 105 .. 301 -291 .. b94 ::r 4800 25 .. 617 122.747 100 .. 27:' 107 .. 868 -2.q2~b41 
'< 4-~OO 25.625 123.276 100 .. 739 110.430 -292 e 594 .. 

SCOD 25 .. 631. 123 .. 793 10! .195 112 .. 993 -292 e552 
n 
::r 51.00 Z5.6.t.l 224.302 10L.6.;,3 115 .. 557 -2925515 .. 52:00 25 .. 6 4 1':1 124 .. 799 !.Ol.O83 HS .. l21 -292 .. 483 jiI 5300 25 .. 655 125.288 t02.517 120.686 -2Q2 .. o/j.55 

:00 
5401) 25 .. 662 ~.25. 7b1 !O2~943 123 .. 252 -29Z~434 .. 5500 25 .. 668 126 .. 239 103 .. Jb2 12'5 .. 819 -2.9Z~416 

='" 
a 5600 25 .. 674 12e.70t l03~ 713 12.8e 3B6 -292.405 

5700 25.679 127 .. 155 104.181 130 .. 954 -ZQ2.398 a 5800 25.684 127.602 \04e581 133.522 -292~397 

.Q 5900 25 .. 6139 1.28 .. 041 104e975 1.36.090 -292 .. 4{)2 

< iJ.OaO 25.694 12a~413 105~ 363 13B6660 -292.410 

lL Dec. 31, 1960; June 30, 1976 

.:"I 
Z 
9 
~ ... 
-0 
'I 
CD 

F 2 H2 S1 

~GI" ..... "P 
-186 .. 90£ INFIf\llTE 
-166 .. 247 407 "Q43 
-L84t .. 513 201 .. 092-
-182 .. 581 133 .. SlSe 

-192 .. 5042 132.981 
-180 .. 298 9a .. S1O 
-117 .. 936 77 .. 776 

-175 .. 502 63 .. '127 
-113 .. 0lb 54 .. 021 
-170.530 46 .. 586 
-168 .. 016 40 .. 600 
-lb5~4ge 36 .. 170 

-162. CH7 32.381 
-160 .. 455 29~2.23 
-1'57 .. 935 2.6 .. 551 
-155 .. 417 24 .. .262 
-152 .. 898 22 .. 2:17 

-150~38b 20~S42 
-i47 .. 765 18 .. 997 
-144 .. 545 17.550 
-141.32~ 16 .. 256 
-138 .. 109 15 .. ()92 

-134~aqq 14~039 
-131 .. 692" 13.082 
-128.'t-Se. 12.l09 
-125~282 11.408 
-122 .. 080 lO~673 

-llS .. S86 9 .. 993-
-115.691 9.365 
-1120496 8.781 
-109 .. 302 8 .. 237 
-106 .. 116 7.131 

-102.929 1 • ./!.5b 
-996138 66812 
-96.551 6 .. 394 
-93 .. 36b 6 .. 002 
-90.179 5.631 

-84 .. 736 5 .. 144 
-18 .. 936 4 .. b63 
-13 .. 136 4 .. l0b 
-61 .. 346 3.774 
-61 .. 55.1 3 .. 363 

-55.165 2.973 
-49 .. 975 2. .. 600 
-44.188 2 .. 246 
-38.406 1.'iOS 
-32 .. 623 1 .. 584-

-26.840 1 .. 2.75 
-21 .. 058 0 .. 97'1 
-15.279 0.b96 
-9 .. 499 0 .. 424 
-3 .. 129 0 .. 163 

2.050 -O .. £iBB 
7 .. 821 -O .. ll'll 

13 .. 606 -0.561 
19 .. 371 -0 .. 784 
25.147 -0 .. 999 

30~q2.3 -1 .. 207 
36 .. 701 -1.407 
42 .. 472 -1.(.00 
46.241 -1 .. 787 
54.013 -le~67 

DIFLUOROSlLANf. (SiH 2 F 2) (IDEAL GAS) GFW " 68.0986 

Point Group C
2v 

llHfO" (-187 !: 5J kcallmol F 2 H 2 S I 

S298.15 " 62.6 !: 0.5 gibbs/mol 

Ground State Quantum Weight " [1] 

VibI'ational Frequencies and Degenera.cies 
-1 -1 1 

.~ ~ ~ 
2246(1) 

980(1) 

859(1) 

32'2(1) 

7300) 
2251(1) 

730( l} 

981(1) 

903(1) 

~Hf298.15 ;: [_189 t 5) kcallmo1 

Bond Distances: Si-H" 1.471 A Si-f" 1.5767 Q = 2 

Bond Angles: H-si-H = 112.02" F-Si-r .:: 107.93· 

Product of the Moments of Inertia: IAIB1C':: l<.8l48 x 10-
115 

g3 cm
6 

Heat of Formation 

There are no reported experimental studies le4ding to the heat of formation of SiHZF2(g). We. estimate this val.ue via i1 

linear interpolation between the established 6Hfi98 value.s of SiHt<.(g) and Sir~(g) (.!.). The reasona.bleness of this approach has 

been demonstrated by 14pidus e"t al. <.~). Hunt and Sirtl (.1), .and Seiter and SirtI (~). 

Heat capacity and Entropy 

The adopte.d vibrational frequencies are fran:! the ga.s phase infrared' study of Cradock et a1. (.§.). Two frequencies 

(c.l
s 

and '""6) were quite uncertain and were discussed in tCI'!!I.5 of a strong Coriolis in"teraction.. 

These frequencies appear quite reasonable when a. compaI'ison of the dihalosilanes and dihalomethan.es (halogen is fluorine, 

chlorine. dnd bro:ninc) is ma.de (1. ~), 
The adopted bond distances and bond ang1E::!l are obtained from the microw4ve spectrum study by Laurie (2). The individual 

mOlllents of iner-tia a.re: IA = 3.1+017 x 10- 39 g cm2 , IB ;;: 10.751+8 x 10-39 g CD:l1 , and Ie;;: 13.1606 x 10-
39 

gem"" 
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MAGNESIUM DIFLUORIDE (MGF 2 ) 

(CRYSTAL) GFW=62.3018 

gibbs/mol---~ 

T."K Cpo S" -(G"-H"nl){f 1r'-H"2O$ 

0 .000 .000 '''<FINITE - 2.369 
10D 5.192 2. ~54 24.417 - 2.192 
ZOO H.bbS 8.379 14.950 l.314 
Z98 14. no 1.3.684 13~6B4 .000 

300 14.144 U.175 13.685 .027 
400 16.368 18.255 1' •• 2dlt 1.588 
500 11.360 22..020 15.465 3.£ 71 

600 18.002 25.245 to.sn 5.047 
700 18 .... 46 28.055 18.240 b. a 11 
aDo 18.·175 30.540 19.625 B.732 
900 l~.O31 32.767 20.964 10.623 

1000 19.239 34.7d3 2i!.~ 246 1 Z ~ 53 7 

1100 19 0 41& 36.625 23c47l llh,410 
l~Oo 19c569 3tl.321 24.639 16c419 
1300 19.707 39.893 25~ 752 HI.30) 
1400 1'11.832 41.J58 2b.8l5 20.360 
1500 19.949 4l~ no 27.831 2l.34Q 

F 2 M G 

kcaVmol 

"HI" d..Gf' Log Kp 

- 267.163 - 267.76) INF INI TE 
- 268.435 - 204.394 571.632 
- 268.8l9 - 2bO.260 284.420 
- 268.100 - 256.006 1 Bl.b57 

- 268.698 - 255.927 166.443 
- 268.521 - 251.695 lJ7.5?O 
- zoe.2l:1l 247.515 10S.188 

- 268.012 - 243.,81 88.654 
267. HZ - 239.304 74.714 

- l.67.462 - 235 .. 263 64 .. 211. 
- 267.208 - 231.253 5b.l~6 

- Zb9 c 098 - Z21~08q 4'11.630 

- 2686859 - 222 .. QOl 4'<.286 
- 268.bH - l18c 7 H 39.837 
- 268.426 - 214.583 3,p.015 
- 298.600 - lO9.9b9 JL778 
- 298.019 - 203~b58 29.673 

- - - .------- - --------~------------- -- ------ ------ -- - --' --- -- - -- -------------.------ ---
1600 20.058 
Doa 20.162 
11100 20.2&2 
1900 20.358 
2000 20.45l 

44.021 28.803 
45.241 29.734 

30.628 
31.41:17 

48a 54l 32&314 

Dec. 31, 1960; June 
June 

24.349 - 297.431 - 191.386 
2b.360 - 296.835 1~1.152 

28.382 2.96.232 - Le4.9~4 

30.413 - 295_621 - I1t!.78f:l 
3244-53 - 295.005 - 172~6S4 

1964; March 31. 1960; 
1975 

26.962 
24.574 
12 .45b 
20.565 
lac 867 

MAGNESIUM DIFLUORIDE (MgF 2 ) <CRYSTAL) GFW :; 62.3018 

!'.:ifO :; -257.8 :!: 0.3 kcal/rnol F 2 M. G 

8298.15:; 13.68 .t 0.05 gibbs/mol 

Tm = 1536 ! 5 K 

Heat of _~9_~~ti.on 

llHf298.15 :; -268.7 ! 0.3 kcalimo1 

bHm- = 14,03 .t 0.1 kcal/mol. 

uHs298.1S ::; 9S, ° .!: 0.5 kcal/mol 

RudzitiR et ,,1. <.!> used fluorine bomb calori:!letry to stUdy t:he heat of combustion of " highly pure (99.91 mrle \) 

sample of magnesilL'lI. Six combustion experiments were performed, and the sole combustion pt"oduct was identified as MgF2 by 

x-ray diffr<:tction. Values for the completeness of combustio!1 ranged ft"om 98.4 to 99.99\. Corrections fol' the unburned 

magnesium were based on analysis performed by hydrogen evolution. This study gave 

which is adopted. The quoted uncertainty is twice the combined standard deviation 

and from the analytical and Calibration data. 

c) ~26B. 7!O.3 kcal/mol 

More uncertain values for l!.!if" derived ind.irectly from reaction calorimetry {l, 1.), high-temperature equilibria (~), and 

e.m.f. 's of sDlid electrDlyte galvanic cells (.§., ~) are tabulated below. The original data are reanalyzed with the use of the 

most. recent auxiliary data. These sources are included in the table. 

Temp. 6Hr 298 lIHf29S(HgF21 c) Drifta 

Referoence Method Reaction ~ kcal/mol kcal/mol 

Reacti.on 
( .. U Calor-imetry I'1g (OH) 2 (c) + 2 (HF· Q. 5H

Z
O) =MgF 2 C c) +H

2
0( .n 3~ [). 9 -30.85 -268. 1.,;1. 0 

Reaction 
{l> Calorimetry I'1g (c)'" 2 (HF' 80H 20) ::<Mgf 2 (c) +H2 (g) 293 _109.46tO.7 -2fi3.Hl.O 

(!!.) Equilibda MgF 2 (c) +H 20( g) =MgO( c)+ 2HF{ g) 1173-1373 S1. SBtO.9 b -26B.O:!l.5- 4. StD. 3 

(2) e.m. f. AIF3 ( c )+1. 5Mg(c)=Al(c)+1. SMgf 2(e) 720-860 -41. 5:!:O. 2b -268, 3tl. 6 -1. 5 

(~) e.rn.f. AU 3 (c}+l. 5Mg( c >=Al{c)H. SMgF 2( c) 750-900 _qO. 6:!:O. 2b -267,7H,8 1.8 

a lISr°(2nd loa .... ) _ OSl"o (3rd Law) 

Third Law Values 

c lIHf"(H'F, aq.) consistent with JANAF value for Hf(g)j also, ¢c(Hf, ~q.) taken froTT. r-eference 9. 

Auxiliary ()Hf 29B Values (kcal/mol): Mg(QH'2(cl, -Z21.0tO.5 (2); HF·4.5 H
2

0, _76.6tO.lc; H
2
0(O,-68.31S (~); HF·SOHZO. 

_76.B:!:O.lc; H20(g), -57.7979 (2); MgO(c), -pn.7+0.l5 (2); Hr(g>. -65.14tCl.2 (2); Alf
3
(c) , -361.0tO,3 (2" 

Wi th the exception of the older calorimetric measurcments of Wartenberg (1'>. these resul ts are in reasonable agreement with the 

directly measu['ed LlHf· value C.;p. 
Heat Capacit:y and Entropy 

Todd (12) meaSIJt'ed the low-temper'a'ture heat capacities (5l\.2_2~6,S 10 by adiabatic calorimet.ry. These Cpo data l!x"trapolate 

to 14.71 gibbs/mol a"t 298.15 K. Integration of th~se CpOIS gives S29S=13.6B gibbs/mol when combined with $Sl '" 0.539 gibbs/mol. 

The latter value is c<t1culated ft"or.l a combination of Debye and Einstein functions which fits all the e>:perirnental Cpo nata with 

an average deviation of t 1.0 %. 

Relative enthalpies (Hj.-Hise) have been measured (1.;11.3-1516 K) by 'the "drop" method (g' on a portion of the same sample 

used for the Cpo study (!.Q). Gravimetric "nulysis for 11g as HgSOll indicated 8 MgF 2 purity of 99,87 wt. 't. However, premelting 

effects which appear in the experimental enthalpies about 80° below the melting point: suggest th~t: the sample was probably 

somewhat le;;s pure. Insufficient infonnation is :reported to attempt to correct fol" the impurities. High-temperiltu!'e heat 

capacities (300-2000 K) are derived from the. measured enthalpies (g) by curve fitting with orthogonal polynomials. The curVE: 

is constrained to join smoothly with t:he low-temperature Cp~ data near 298.15 K. Th['ee enthdlpy points which appear to involve 

pre-melting are not inc~uded in the fit. Also, ... e omit the enthalpy point at 1.;12.3 K which shows an usudlly large positive 

dev ia t ion (+ 2.90 from the adopted curve. The maximum dev ia t ion of the seven enthalpy poin ts used in the fit is -0.5 \ and 

occurs at 1032.7 K. Th!:! older heat ca.pacity measurCJll.ents (288-1273 K) reported by Krestovnikov and Karetnikov (.!l) are 

considered less reliable and are not: included in our evaluation. 

Mel dng Data 

1'm is the value rneasuI'ed by "drop" calorimetry (IJ). Melting point detel:'1Tli.nations (1529 and 1531.> K) on two commercially 

availabl,e milt.eI'ials which had been further purified by hydrofluorio"tion (11) suggest an uncertainty in the adopted 'l'm value 

(1536 K) of t 5 K. Other liter-l!.ture values include 1525 K (~) and 1528 K (15). 

t.H:!lD is calculated as the difference between JANAF enthalpics for the liquid and crystal at 'I'm. Other reported values for 

lIHme are 13.9 (l.!) lind 13.15 kcal/rnol (~). 

Sublimation Data 

Sec MgF2 (g) table. 

References 

See MgF 2(O table. 
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MAGNESIUM DIFLUORIDE (MGF 2 ) F 2 M G 

( L I QUI D) GFW=52.3018 

~---gibbs/mol---_ kcal/mol 
T,"K Cpo S" -(G"-W'a.)rr W-W'_ AHr "Gr Log Kp 

100 
200 

'"' 14~ 710 21.504 21.504 ~ooo - 256.297 - 245.934 160.275 

300 14.144 21. 595 21. ~O4 .027 - 256.295 - 2105.370 179. LL6 
,00 t6. JoS 26.074 22.104 1.'5S8 - 25&~llB - 242.420 132.452 
500 17.360 29.84Q 23.285 3.277 - 25'.>.81d - 239.021 104.476 

6UO ltJ..v02 33.064 24.652 5.047 - ?55.bOI) - 235.67b 85.845 
700 18.446 35. tl74 26.059 6. S 71 - 255.331) - l32.31~ 12.551 
.00 l8.175 38.360 27.444 8.732 - 25'5.059 - Z29.115 62.591 
900 19.031 40.586 28.763 10.623 2'>4.80'5 - 225.887 ~4.653 

1000 22.687 42.{')O3 30.06& 12.537 - 256.695 - 222.506 48.629 

1100 22.687 ':'4. fb,) 31.305 14.806 - 256.1ZL - 219.11.;. 43..534 
l200 22.687 46.7)9 32.5LO l7.074 - 255.576 2l5.171 39.2~8 

noo II ~ 68 7 48.555 33.67(; lq~343 - 255~Ob3 - 212.480 35.71l 
l400 22.687 ~O.l36 34.199 21.612 - 284~945 - 208.744 32.58b 
1500 L2 .687 ~l. 901 35.881 2.hS80 - 26'1.085 - .1:03.330 2<J~625 
-------- -.. -. _. ---- - ---- -------------- -- - ------ ---- ---- ----- -- ---- - -- -- ------- -- - ---
1600 22.687 
17JO 2l.681 
1800 22~b87 

190'.l 22.687 
1000 22.687 

2100 (2.687 
2200 22.6'07 
2300 22.667 
2400 22.687 
2500 L2eb67 
---------------

.2600 22.607 
2TOO 22.6d7 
2soo 22.6b7 
1900 22.687 
3000 22.667 

53.266 36.922 26.149 - 28).228 - 197.976 21.042 
S ... /)41 37.925 26.0l0.I.8 - 282.314 - 192.672 24.710 
55.938 38.t!90 30.636 - 261.525 1I:!7.422 22.7:'6 
51.lM 39.81<; 32.955 - 280.(;0 16 - 16l.217 20.960 
51!. 328 40.716 35.224 - 279.831 - i71.055 19.348 

5'1.435 41.581 37.493 - 21<::1.990 - l71.940 11.894 
60.490 42.417 39.761 
61..'199 43.225 42.030 
bl.404 44.001 44.299 
63-.)90 44.763 46.5607 

- ------ -- -- --------- -- ----.--- -- ----------- ------- - ---- --- --- -----
64.2130 45.497 48.2036 - 2H.I:I.!3 - 146 0 911 
6:'.136 4b.2Q4 51.105 273.998 - 142.007 
65.962 .. 6.900 53.373 213.176 - 131.136 
66. 1~8 47.511 55.642 - .0.2:.351 - 13L_289 
67.527 48.2B 57.91 1 - 271 e 543 - 127~417 

Dec. 31.1960; June 30,1964; M<5rch 31, 1966; 
June 3D, 1975 

12.34'.1 
1l.4QS 
1u.704 
9.970 
9.287 

MAGNESIUM DIFLUORIDE (MgF
2

) 

529B.15 = 21.504 gibbs/mol 

Tnt = 1536 ~ 5 K 

Tn = 2536 K (-to monomer) 

Hea't of formar.ion 

( LIQUID) GfW ,. 62.3018 

UHf 29B •15 ". -256.297 kcal/mol 

ar.rn" 14.03! 0.1 kcal/mol 

lIHv" ,. 65.5 kcal/rnol 

The v.;11ue of 61".rn° and the difference between (Hlli-Hi9B) for the crystal and liquid are added to ~Hfe{c) to give ,1HfC(t). 

Heat C.apacity and Entropy 

Naylor' CJ) has' measured relative enthalpie.s (1539_1760 K) fo!' the liquid by "drop" calorimetry. These l'esults give 

a Cp-Ct) equal to 22.6B7 gibbs/mol. This value is used in the temperature range 1000-3000 K. Below 1000 K, the i1ssumcd glass 

trilnsirion tenpel"ature, Cp· is that of the crystal. Si98 is obtained in a. manner an~logou5 to that of the heat of ;formation. 

Mel ting Data 

See MgF 2 (c) table. 

Vaporization Data 

Tb is the temperature at which ~G'r''' for the process Hgf
2
(t) :; Hgf

2
(g) approaches zero. :JHv~ is the difference between 

the t!.Hf
o 

values for the sas and liquid at Tb. Sever'",1 methods (~-.z) predict an insignificant amount of dimer hl%) in the 

saturated vapor below 2000 K. 
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MAGNESIUM DIFLUORIDE (MGF 2 ) 

(IDEAL GAS) GFW=62 :3018 

_~gibbs/rDOl---~ kca.l./mol-----

T, "K CpO so -(G"'-W2I8)rr H"-fF_ 6.Hf" ~G" 

lOa 
200 
298 

300 
400 
SOD 

600 
700 
800 
900 

1000 

1100 
1£uO 
1300 
l'tOO 
1500 

1600 
1700 
l~OO 

l~OO 

2000 

2. LOO 
2200 
2300 
2400 
2501) 

21:>00 
2 fDa 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

JOOO 
37l!O 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
't500 

4600 
i,700 
4800 
4900 
5000 

5100 
~200 
5]00 
5400 
5500 

5600 
5700 
5<.100 
5<100 
bUOO 

~ 000 
B.967 

10.452 
11. ';)34 

11.551 
12. 27~ 
12~ 744 

13.045 
13.248 
D.389 
13.'+90 
t3.565 

13.622 
13.666 

13. 
13. (52 

iJ.77Q 
13.766 

13.820 

13.8.lt! 
D.835 
13.842 
13.847 
13.852 

13. S:;b 
13.860 
13. :364 
1.3.867 
13.81u 

13.812 
l3.875 
L3.877 
13. d79 
13. SSO 

13.8a2 
13.tH13 
13~ 8.e15c 
! 3.iHlb 
i 3. a87 

13.888 
13. d89 
l3.890 
13.d91 
13.892 

l3. d93 
13.894 
13.894 
13.895 
13.896 

U.896 
13.H97 
13.897 
13.Sq,g 
13.d98 

1.3.8913 
13. d99 
IJ.099 
13.900 
13.900 

.000 
50~ 198 
56.892 
61.280 

61.'351 
64.782 
67.575 

69.92.7 
71.95,," 

?a.037 
1».225 
80.320 
8l.336 
82.284 

830173 
84.008 
94.7'i6 
85.543 
86.251 

36e926 
8-1. :'69 
88.184 
88.773 
89.3)9 

89.882 
90.405 
90.909 
91.396 
91.866 

92.321 
92.761 
93.188 
93.603 
94.005 

95.147 
95.507 
95.859 

96.202 
96.537 
96.863 
9-'.183 
<;7.495 

97.800 
98.099 
qs. )92 
q 8~ 6 7 a 
9B.959 

99.234 
99.504 
99.169 

100.028 
100.283 

100.534 
100.760 
10i.021 
101.259 
101.493 

11\IFINITf 
70.762 
62..303 
61.280 

& 1.280 
&1..743 
62.638 

63.662 
64.106 
65.725 
06.704 
67.638 

69.525 
69~ 366 
70.169 

72.349 
7].Ola 
7 3~ 643 
74.250 
74c 833 

75.3':13 
-(5.932 
76.451 
76~952 

77.437 

71G'Y05 
78.356 
18.797 
79~ 224 
19.637 

80.039 
80.4)0 
80.810 
81.180 
a 1 ~ Sid 

81.893 
82 •• b6 
82. S71 
82.898 
d3 • .n 7 

83.530 
fU.B36 
84.135 
84. toLe 
84.715 

8 th99& 
S5.27t 
65.542 
S~. S07 
86.067 

t!6. J2J 
86.513 
86.820 
87. Q62 
tl1.300 

87.534 
87.765 
d7.99l 
86.21 .. 
Btl. 433 

- Z.88L 
- 2~056 
- 1.082 

~ooo 

.. 021 
1.216 
2.4!;o8 

3.759 
5.014 
6.406 
7.751 
9.104 

1 0~463 
11.S28 
13.196 
14.568 
15.942 

17.JUl 
18.696 
Z(l.075 
21.455 
22.837 

24.219 
25.602 

29.156 

31.141 
12.527 
33.913 
35.300 
36.067 

38.074 
39.46l 
40~ 849 
42.236 
43.624 

45.012 
46.401 
47.1139 
49.118 
50.566 

51.955 
53.344 
54.733 
5b.122 
57.5tl 

5".901 
60.290 
61.679 
63.069 
64.458 

68.627 
10.017 
71.407 

72.796 
14.186 
75.57& 
76.966 
7d.J56 

173~275 
- 173.299 
- 113~587 

- lB.700 

- 173.704 
- 113.893 
- 174.090 

- 174.300 
- 174.5l9 
- 174.7aa 

175.080 
- i 71.531 

- 209.392 
- 209.';'26 

- 209.462 
209.499 

- 209.539 
- 209.579 
- 20ge621 

- 209.666 
- ?09.71J 
- £09.761 
- 209.811 
- 209.865 

- 209 0 921 
- 20ge979 
- 210.039 
- 210.102 
- 210.170 

- l10.240 
- llO.315 
- 210.3<13 
- Z10.477 
- Z10.566 

- 21.0.660 
- 210.760 
- 210.861 
- 2L O.98l 
- 211.103 

- 211.234 
- 2it.3D 
- 211.521 
- 211.680 
- 20.849 

- .nZ.028 
- 2i2.220 
- 2lZ.424 
- 212.tAO 
- 21.2.870 

- Zl3.l13 
- 213.311 
- cU.642 
- 2l3.929 
- 214.231 

- lIlt.SSl 
- 214.886 
- 215.237 
- 2l5.607 
- li 5.994 

- 173.275 
- l7 t •• Ol2 
- 114.750 

175.196 

- 17').206 
- I75.678 

176.101 

- 176.485 
- 1.16.830 
- 177.143 
- L17.420 
- 117.481 

- 171.462 
177. 409 

- 177.325 
17b.731 

- 174.396 

- 112.061 
- 169.721 
- 161 ~ 382 
- 165.038 
- 16.l.691 

- 160.34b 
- 157.995 
- 155.642 
- 153.290 
- 150.935 

- 148.~74 

- 146.214 
- 143.853 
- 141.465 
- 139.122 

136.151 
- 131.0.380 
- 132. OOb 
- 129.627 
- 127.248 

- 124.864 
- 122.400 
- 120.091 

111.70b 
- HS.310 

- 11l.915 
110.516 

- 108. li2 
- 105.705 
- 103-.29S 

- 100.880 
- 98.461 
- '16.036 
- 93.610 
- ',11.178 

- 8S.7it9 
- 86.302 

83.853 
- 81.409 
- 78.949 

76.486 
7't.Ol4 

- 71.544 
- 69.063 
- 66.580 

Dec. 31, 1960; June 3D, 1964; March 31, 1965; 
June 30, 197~ 

F 2 M G 

LogKp 

INF {N! rr 
380.3i6 
190.958 
128.422 

121.637 
95~9d6 
16.974 

64.285 
55.209 
46.393 
43.083 
38~ 788 

35.258 
32G311 
29.IHl 
27.589 
2~.409 

23~ 502 
ll.819 
20.323 
18.984 
17. He 

16.687 
15.695 

13G 195 

12.489 
1l.S35 
11.229 
10 ~663 
lOG 135 

9.641 
9.lH 
8.742 
$.332 
7 ~94b 

7.580 
1.2_15 
6.907 
6.596 
6.300 

6~019 

,.751 
5.495 
5.250 
S.OI1 

4.793 
4.578 
4.373 
4.175 
3.965 

3.803 
3.621 

3.137 

2.'185 
Z.838 

2.425 

f"AGNESIUM DIFLUORIDE (HgF2 ) 

Point Group e2v 

(IDEAL GAS) 

Si9S.15 " 61.3 :!: 0.5 (or:!'; 3) gibbs/mol 

Ground State Quantum Weight:: (1] 

V ibra'tional freguencies and Degenerdc ies 

:::c l cm- 1 

508 (1) 215 (1) 875 (1) 

GfW' :; 62.3018 

IlHf~ -173.3! 0.8 (or.!: 4) kcal/mo1 1= 2 M G 

ClHf?9S.15 '; -173.7 1: 0.8 (or:!: 4) kcal/mol 

Bond Distance: Mg-F = 1. 77 1. 0.02 A Bond Angle; t"-Mg-F" 158· " 2 
.?roduct of Moments of Inertia: IaIBle 1.0335XlO-

1l5g
3

crn
6 

Hoed t of Forml'!. t ion 

The value of lIHSi98 is added to I'IHf 298 01gF2 , c) '; -2G8.7:!:0.3 kca.l/mol to give llHfis8{g) " -173."I1:0.S kCd1/mol. I'IHSi99 

is selected from the results of a third law analysis of twenty sets (!:.-!) of vapor press.u.re data for Mgf'2(c,t). These 

measurements coveT an extended temperature range ("-'12 00 Q) and include the use of r.lanoilletI'ic (.!:, '::), Knudsen effusion (1, .§., ~) • 
torsion~effusion (~-i), and mass spectrometric (~, 1,) methods. Results of our analysis of these da'ta are tabulated below. The 

amount" of dimer present in the saturated vapor is predicted no't to exceed 1% below 2000 K by several methods (l. i. 2-1,). 
Temp. Range No. of 6Hs"(or v), kcal/mol Drift -llHf298 (MgF'2' g)d 

SOURCE REACTION METHOD i< Points 2nd Law 3rd LaW" ~ kcal/mol 

Ruff dnd 

LeBoucher (1) 

Gunther<j) Set 1 

Berkowi tz (l.<ld 

Marquart '1'> 
L=tyne (~) Set 

Hammer dnd Set 1 

Pask (~, i) 

Greenbaum. Set 1 

et a1. (2) 

Hilden- Set 

brand (~) 

A 

A 

!1d.nornetr-ic 

Knudsen 
Effusion 

Mass Spec 

Manometric 

Manometric 
Knudsen 
Effusion 

Torsion 
Effuo>ior. 

1934-2129 

1337-1480 

1440-1530 

1284-13':'7 

1450 

2155-2327 

20B7_2JS7 

1451-1533 

lSS8-1613 

1413-1518 

1539-1614 

1273-11+33 

1373-1513 

131.10-1500 

131.18_11<82 

1324-1465 

1376_1517 

1345-1515 

134'--1520 

Equation 

Equation 

" llb 

11
c 

Equation 

9S.2 

93.7 

91.3 

100.3 

91. 4d 

82.9 

84.8 

98.7 

81.9 

92.S 

80.6 

72.7 

76.6 

97.1 

98.3 

96.7 

98.9 

97.9 

96.9 

82,5!:1.0 -3.3.!:3.4 

9 1;. 6.!:O. 7 

95,0.tO.4 

0.6!:2.6 

2,5-:2.9 

94.81:0.3 -i.j .1";1.9 

93.9 

82,40.:0.03 -0.2 

82 .53!O. 2 -1.0 

9S.3 !O.5 -2. 3.!J. 5 

82.9!:O.'2 0.5.:4.2 

95,30;0.6 l. 7!2. 3 

82.8.!0.3 1.4.!1.6 

90.6.tl.4 13.2:!:1.0 

91.0.t1.0 lO.0!:O.8 

95 .8tD. '2 -1.lj. 

96 .O!:O. 2 -1.6 

95,7 .to. 1 -0.7 

9S.6':!:0.3 _2.2 

95.7!:0.2 -1.5 

95 .6!:0. 1 -1.0 

173.8!:1. 5 

17'-'.11:1. 0 

173, 7tO. 7 

173. 9:!:0. 5 

IH.B 

173. 9:!:O. 5 

i73. 9:!.Q. 7 

173.4!:0.8 

173 .t.t.0. 7 

173. 4!:0. 9 

173.5:!:O.8 

178.1!l:7 

177.71:1.3 

172. 9-!O. 5 

172. 7!O. 5 

173,O:!:O.4 

J 73.l:!:O. 7 

173.0tO. S 

2,73.1:!:0.lj 

Green et al.(~) Mass Spec 1241_1492 f.Quation 93.9 95.4'!:O.2 1.1 173.3'!:0.5 

Reactions: (A) Mgf2 CO " MgF'2{g); nn MgF:?(c) = Mgf2 (gJ. 

i!Second law value by slope mt:'lhod. bOne point rejected due to failure of a st:atistical test. 

c Two points l'ejected due to railt.a'e of i) st.J.tistical 'test:. dThird law value based on eHf
29S

(MgF
2

,c) := -25B.7!O.3 kcal/mol. 

These dat:a are in agreement on .li-lS 298 '; 95.01:0.5 kcallr:lol. We adopt thi~i value but assign dn al'te>rnate uncertainty (:!:4) to 

ilHf o to include the possibility tha.t MgF 2 is linear (see below). 

Heat Capacity and Ent!"opy 

Considerdble confusion exis'ts as to whether Mgf 2 is bent or linear. r:lectr ..... diffraction (g). electric deflection (l?). 
matrix-isolation Ra.mdn (~) and infrared (12, n, 11) spectral studies, and MO cdlculations (~-l§., ~) predict a linear con

figuration. Other tna'trix-isolation IR studies (.!2. l!) and MO calculations (l~, ~) favor the nonlinear' structure. Isotopic 

shifts (liP in the matrix fI'equencies suggest that tht! most probable value of the apex a.ngle is 158-. An energy minimum has 

been reported. at 140" with a CNDO approKimation (12). Unfortunately, the lIapor pressure data are not sufficiently precise to 

be of use in the selection of a structuI'e. The entropies of these 'two forms differ by only about 1.5 eu at temperatures in the 

range of the vapor pressuf'e data. We tt!ntatively adopt a bond angle of 158" but <lssign an alternate! uncertainty C.t3 eu} to 

S298 'to include the possibilhy tha."t the dngle is HoQ. The Mg-F" bond length is t:aken from the electroll-diffI'action studies of 

Akishin et dl. ell), The individualllloments of inertid art!: I
A

:: 1.9327XIO- 38 , IS: 1.9Ql<7X10- 3S , ,:wd Te = 2.B07X10-
40 

g crn 2 

The symlTIe:!tric stretching fr-eq:.Jency is a compror.lise betw~en the krypton matrix infrared (v, = 47B c.'U-;' • .!2) and Raman 

::: 545 ern-I, 11) valueS. Also, an inter-medi;te value CY2 = 21':' ern-I) is selected for the b;nding frequency from the 

gds-phase lIulue (270 ccr-,-l) of Snelson (ll) and tha't C!.6!l em-I) which was observed 1n 'the high temperature ("'2000 K) 

infrared spectrum (~) of the vapor. "'3 is the gas-phase value 'that WdS estimated by Snelson (.!1) £I'om fre(!uencies meaSUl':'"ed 

in three mdtrices. The krypton frequencies for \1 2 and \1
3 

reported by Honn et a.1. (l2) and Lesiecki and NibleI' (31) agree Quite 

well with those of Snelson (All. Also, the results bf Hdl.lge ct al. (.31) provide further support for the adopted v3 value. If 

Mef'2 is assumed to be linear a.nd \/2 is reduced to 165 em-I, then our free energy functions are decreased by 2 .. 1 eu dt 296.1S K, 

1.5 eu at 1000 K, and 1.0 eu at 2000 K. These a1terna~e functions are also reasonably consisten't with the reported vapor 

pres~iur~ data. Previously published free energy functions (l!) for MgF 2 (g) which wt!T"e based on a linear str'ucture are several 

units (2-5 eu) too Ibw due to the use oj" dD incorrec't bending frequency (470 em-I). 

Refer'ences F2MG 
SOle Mgf

2 
(el tab:'e. 
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MAGNESIUM DIFLUORIDE UNIPOSITIVE ION 

( IDE A L GAS) GFW=62,3013 

----gibbs/mol----~ ------ kcaljmol 

T, "K cp· S' -(GO-IIO_lrr W-JrW'! "HI" 
G 

100 
200 
298 12.535 c:.l.bll bl.t!:o1l .000 1101 ~4e7 

30c 120 5~4 61.74'1 61e671 .OZ3 141.494 
400 1.$0330 65.47ob 62.174 1.321" 141.905 
500 13.800 6d.~05 63.147 2.679 142.311 

600 14.095 71.049 64~2,a 4.015 IIt£.703 
700 14~289 13.237 605.386 5.495 143.v75 
800 14.422 75.155 66.491 6.931 14.3.417 
900 1'0.51-7 76.ilS9 67.550 8.376 l't3.12.4 

lOCO 1'0.567 78.393 68.5:'9 9.833 141.872 

1100 14.640 H.7t1o 69.517 11.295 14:2.137 
l.200 14.081 81.061 10.427 ll~ 161 142.315 
1300 14.11j 8.2.238 71.291 14.231 142.58Q 
1400 14. 13 do 83.329 12.112 15.703 HZ.40 .... 
1500 14.159 64.346 72.894 Uol18 02.968 

1600 14,776 85.300 73.640 18.655 113~529 
1700 14.791 a6~ 196 74.353 20.133 1l't.089 
leOO 14.803 61.042 15.031." ll.b~:' 114~b4 7 
1900 14.813 67.842 75.681 23.094 11 S.lOS 
2000 14.822 88.602 7b •. ;tlo 2'<.576 115.160 

2100 1't.d30 8':3.326 76.911 26.058 116.311 
221)0 }I •• 836 90.01h 77.'-'97 27.542 116.862 
Z3C1O 14.64.3 90.67!> 76.0S$ 29.026 117.411 
2400 14.648 91.307 16.!)95 30.510 117.957 
2500 14.854 9lG9D 79.115 31.995 1l&~500 

2600 14.6~9 92.496 79.61f:l 33.461 lJ.ge041 
2100 14.864 93.057 dO.!iHi 34.9b7 1l-}.5tiO 
2tlOO 14.8td 93.59& !;lO.S78 3b.454 120.118 
Z90C 14.615 94e 11'1 81.030 3J.941 120.652 
3000 14.880 94.c24 61.481 39.429 121.182 

3100 14.886 95.111 IH.9U "C~ 911 l.Cl. r09 
3200 14.893 95GS95 8£.333 42."06 12Z:.233 
3300 14.900 96.043 52.141 43.896 122.154 
H')O 14.908 96 .... 88 83.139 .. S.lSb U3.27D 
3500 14.916- 'J6.no 83.527 46.877 123.781 

3t>QO 14.926 97 ~ 340 tl3.905 4B.369 124.207 
370O 14.936 97.750 1:14.213 49.862 124.786 
)dOO 14.946 98.148 84.633 51 ~35b lZ~.Ie'::84 

3900 14.958 98. 5~b 84.985 '32.852 U:S.774 
4000 14.970 91:1$915 85.121:1 54~34tl 126.250 

4100 14.91i3 99.285 65.604 55.846 126_131 
4i200 ).4 e997 9'1l.b46 8~.993 57 c 34~ 127.199 
4300 15 •• )12 99.999 86,311, 5B~845 127.659 
4400 15.02d 100.345 86.629 60~34 7 1.28.110 
4500 15_044 100.6S3 86.938 61.651 128.5S2 

4&00 15.061 101.013 67.240 63~356 lZ8~985 

!- 4700 1').079 101.337 87.5307 64.8b3 129.408 

"III 4800 15.097 101.655 137.828 66 .. 372 129.8.:.1 

::r 4'100 15.11b 101.9b7 61:1.113- 67.882 130.2.22 
'< 5000 15.13b 102.272 88.393 09.395 130.612: 
!" 
n 5100 15.156 102.572 88.eo!;! 7C.9J9 130&990 

::r 5200 15.170 10Z.867 a6~ 93 S 12.420 Ul.~51 .. 5300 150191 11)3.156 1i9.2(14t 73 e 945 131.712 

:I 5400 15.2.19 103.440 S9.4e>5 75~466 132.053 
5500 15.24l,. 10 ~~ 120 89.122 H.9dS. 132..3ttQ 

:011 

~ SeOO 15.263 103.9Q4 89~97 ... 18.514 132.693 
H00 15.285 1;:; .... 265 9a~222 tW.041 )32.992 

til 5800 IS.307 10 .... ~)31 90~467 81.571 13,.218 

!!I. 5900 15.HO 104.193 90.701 83.103 133.547 

.0 
6000 15.352 lO5~050 90.94 ... 84 .. 637 133.600 

< 
~ De~. 31, 1975 

.:"4 
Z 
? 
.!" 
-0 
"<I 
00 

(M G F t) F 2 M G + 

oGr' .... K. 

13o~387 - 101.440 

138.367 - 100.800 
1.31.263 - 14.<;97 
13().O?b - 59.470 

134.,107 - 49.0t!'1 
13L415 - 4l.b54 
132.011 36.064 
13U.5b7 - H.lOt> 
129.271 - 26.252 

121.997 - Z~ .... 31 
120.700 - 23.07!:> 
l25.386 - 21.079 
124.535 - 19.441 
125.363 - lfJ.l6/;! 

120.190 - 17.,,::37 
1.26.960 - 16.3.D 
lV.706 - 15.50b 
128.417 - 14.711 
lZ'>I.099 - 14.).01 

129.749 - 13.503 
13Ll.31t$ - 1~'.95.t: 

L30.9t!l - 12.446 
lH.55d - 11.980 
13t:olU - 11.5 .... -; 

132.6 .. 8 - 11.150 
1::13.161 - 10.719 
133.652 - 10.43,£ 
134.130 - 11.1.108 
U4.51;1Z - 9.d04 

135.020 - 9.51':.1 
135.'041 - 9.2.% 
135.845 - d.997 
1.3b~237 - b.757 
136.t>1l - 8.530 

136 .. 912 - 8.315 
In.317 - S~Ul 

131 ~6!l1 - 1.'11 7 
In~96<t - 7.131 
LHl.L13 - 7.555 

13t:1~ 566 - 7.ldt> 
138;.&'09 - 1.,225 
139 .. 1lZ - 7.071 
13<;1 .. 385 - 6.923 
139.634 - 6.1tl2 

139.677 - 6.04b 
140.109 - b.51!) 
140.336 - ~.3'10 

140.S?0 - 6 • .209 
140.7:;'0 - 13.152 

140e948 - Oe040 
141 ~ 146 - 5~93Z 
141 .. :n .. - 5~d~b 
141.50~ - !'J5127 
141.&79 - 5~630 

1.:.1 .. 8.:.6 - 5 .. 530 
H-.? .. Oll - 5.445 
142 ~ 16,2 - 5.357 
142.314 - 5.21£ 
142~45b - 5~lS9 

MAGNESIUM DIHUORIDE UNIPOSIrlvE LON 01&[2"") (IDEAL GAS) GfW 62.3013 

Point Group [Dooh 1 

8298.15" {61.7 ! 3.0) gibbS;fJt01 

Ground State Configur.ation ( n) 

t.HfO ::; 11<0.3 t 5,0(or't"9) kcallmol F 2 ttl G + 
M1fi98.15 :: 141.5 :! 5.0(or'!9) kcallmol 

Electronic ~ ... els and Quantum Weights 

Stat~ &i 
2rr 0 
Zn [ 20000} 
, E r 250001 

Vibr.;l.tional Frequencies and Degeneracies 

w. c:rn- l 

Bond Distance: H£-F = (1. 9S 1 A 

Bond Angle: F-Mg-F "' (180]· 

Rotational Constant: BO;:: (0.11668J crn- 1 

He.). t of forlTla t ior. 

( SOOHU 

1200](2) 

{800]( U 

The HgF/ ion has been identified as an important spe:cies in the vapor rn.ass spectra of the HgF,(1.-2l, MgF'Z-Tt-Pd (~), 
<Ind MgF 2-C-u (~) s1stems. The observed appearance potentials CAP) fo1' this ion are tabulated below. 

Source Ye!ar AP, eV 

Berkowitz and Marqudl't{.!) 1962 13.51:0.4 

Green et al. (~) 1964 13.6 

MUr'ad et 03.1. <::} 1965 It< .O:!:O. 5 
Hildenbf'and(~l 1968 13.5 
Hi1 denDr,l.nd (l) 196B 13. 3JO. 3 

These results show the normal scat:'ter expected for such rncdSuremcn'Cs; the largest de: ... iation is 0.7 eV. We adopt an a.verage 

value of 13.6~O.2 eV (3lJ.52:!t<.6 kC:al/mol), and we assume tha'C this v.alue refers 'to "the direct ionizdtion process I1gf
2

(g) ... 

Mgr 2+(g) + 2e- occurring dt 0 K. Combining the selected A? value with llHf~(Mgf2.g) ~ -173.3!:O.B kcallmo1 (~). we obtain 

(HgF,+,g) = IIJ.O.3~5 kcallmol. To\; JHf~ Value at: 29B.l:' K is 1 11].5 kcallmoi. An alternate IJncertairlty of!9 kcal/mol is 

to cover 'the possibility 'that the Hgf
2 
molecul~ is linear (.§.). 

Heat Capaci ty and Entropy 

A comparison at the atomization energies (llHa~ in kcal/mol) for Hgf 2 C21<,s, .§.} and Mer2'" (107.7) suggests weaker bonding in 

"the ion r'elative to the neutral molecule. One might therefore expect that the fundamental fr-equencies of Mgf
2

"" would ~~ 
somewhat less than those for- Mgfr We assume a slieh't decr-e.,3se in the three vibration"l frequencies of Mgr2{~). HgF

2 
(fifteen valence electrons) is isoe1ectronic with the molecules B02' N

3
, NCO, and N20~. By analogy with the ground states (2) 

these isoelectronic molecules, we assume that 'the r;round state foI' ligf
2 

+ is 2IT . We dlso include two excited states 

and 2;;) which would be expected to exist based on those observed for' a0
2

{.§). 

Accor'ding to the diagram of Walsh CJ), MgF Z'" is predicted to be linedf'. This prediction is support'.::!d by the fdct that 

several ot:he~ fifteen ~a1enc~ electl'on molecules (B0 2 • N~O, ~20"', a~d N3l ~re now known.to.be lineal' in their ground states. 

We adopt a 1.1nea.r c()nf~gurat~on. D..Jc to the weaker bondlng Hl Mgf
2 

t'elat~vc to MgF
2

, ~t 1S r-easonab1e 1:0 assume that 

r (MgF 2 +) > r (Mgf 2 ). We assume a. 10 % increase in. the bond lengt:h for Mgf" (~), The selected S'tI'uctUI'1! and bond length 

c~r!"espondS t:~ a moment of inertia of 2.3990XIO-
38 

g cm 2 , The enthalpy bet~een 298.15 K and 0 K is 2.967 kcal!mol. 
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&\ SULFUR DIFLUORIDE ( S F 2 ) ... 
( IDE A L GAS) GFW=70.0568 !'I ,.. 

~ 
kcaJlmol--

CI 
gibbs/mol---~ 

£II T. "K Cpo SO -(Go-H"_){f H"-H°::t!IC <iHf" 

.? 0 o~ooo 0&000 INt=INITE -2.682 -10~419 

-< l.IlO 8.265 51 .. 442 70~ 251 -1.881 -10.477 

0 ~OO 9~ 501 57.535 62~ 50q -O.QQ5 -70 .. 684 . 2 •• 10.133 61 ~ 5bS 6J .. 565 0.000 -10~900 

.:"" 300 10, .. 7!>3 61 .. 632 61 .. 566 0 .. 020 -70.904 

z: .00 11 0686 64.862 &2.000 1.145 -71 .648 

? 500 12 .. 307 67 .. 54!. 62.846 2 .. 347 -12 .. 191 

~ ;>0 12.117 69.s24 6; .. .&25 3.5<>9 -12.628 
700 12.'995 7l.80b 64.62.7 4.886 -72 .. 992 
BOO 13.188 13 .. 555 65.810 6.195 -86 .. 374 

-0 900 13 .. 328 75.117 66~ 759 1.512 -86.~6l .... 1000 13.432 16 .. 521':. 67 .. 667 8 .. 860 -8b .. 349 
CD 

1100 13 ~ 511 17 .. 810 68~ 531 lO .. 2C7 -86 .. 337 
1200 13.512 18.9Sg o9~354 11.561 -86.324 
1300 13~ 620 80.077 70~ 131; 12.92J -86 .. 312 
1'1-00 13 .. 658 81.088 70 .. 804 14,285 -865302 
1500 13 .. 690 82 .. 031 71~59b 15.652 -865294 

Hn)O 13.716 62.916 72et!70 11.023 -86 .. 286 
dOO 13.738 B3 .. 748 72.9ll l.8.395 -86 .. 2S'\ 
1800 13.756 84.534 73.550 j, 9~ 770 -86.278 
1900 13.771 65.218 14.148 21.147 -86 .. 275 
2000 Dc 785 65.985 He 122 2.2.5;4 -865216 

2~OO 13.. 796 86.657 75.27~ 23.903 -Bb .. Z79 
2200 13.806 87 .. 299 75.807 25.2 E4 -66.283 
2300 ' 3.8' 5 87.9' :3 76 6 320 20.665 -66.290 
2400 13.823 a8~ 501 7o o d15 la.Ot.7 -86.29';1 

2500 13~a29 89.066 77 •• d4 29.429 -86~311 

loi)O 13.83S 89 .. b08 77.757 :'0 .. 812 -86.325 
270,0 13~ 84\ 90.'.31 78.206- ~2..196 -86.340 
2600 !3.846 90 .. 634 78.041 33.581 -86.357 
2900 13.850 9\.120 79.0bll j. .... 965 -86.376 
3)00 13.854- Ql.S'?O '79.473 3b .. ~·H -96 .. 401 

Hall 13.851 92 .. 044 79.d71 .. n.7:6 -86.425 
32\)0 ~.3.Bn 92 .. 484 AO.25d 39 .. 122 ~86 .. 4'53 
3300 13. BfA 92 .. 910 80.035 40.508 -86.482 
34()() \3..6£>6 'n.!? .... 81.002 "'1.B~5 -36 .. 513 
3500 \3. St-q 93 ..... 26 81.. ~bO "03 .. 281 -86 .. '549 

3bOO 13.671 ';" .. 117 81.109 44.668 -ab.584 
3700 13.813 01,14 .. 497 82.050 46 .. 056 -86.623 
HOD 13.B15 94.861 820362 .. 7.443 -96 .. 664-
3900 !3.ST7 95.228 92.707 48.B31 -96 .. 708 
401)0 13.8 .... 6 95 .. 57Q e).Olit 50 .. 218 -86 .. 7'54 

HOD 13.880 95.<;122 B3 •. 535 Sl.60f: ~86.802 

4200 1:0.881 90* 256 83 .. 038 52.994 -86 .. 853 
4~OO 13.883 96.5a3 tl3.936 54.363 -66.904 
4'>00 13.684 96 .. 9132 84.227 55 .. 771 -8b.961 
.. SilO 13 .. 885 <;7 .. 214 84 .. 512 ~7.15Q -67.019 

4bOO 13 .. 886 97 .. 511~ ~L. 791 ';>6.548 -87 .. 078 
4700 ~ 3 .. 887 '01.8' 8 8~.Ob5 59.931 -87.140 
"oS00 13c 686 99 .. 1 !O 8') .. 334 61 ~ 325 -87 ~ 205 
"'900 1 ~ .. 8flq 98 .. 397 85 .. 598 62. e 714 -!H .. 272 
5000 13e890 Q6.617 85.1:157 b"'~ 1 03 -878342 

5100 13 .. ~l'n 98.QO:2 86.11l o5e 4 Q2 -87 .. 414 
5.200 13.991 Q9~22Z 86.3t!1> b6.Bel -87 ~48B 
:I3JO n .. B92 9<:1 .. 487 66 .. 605 68~?70 -87.5fl4 
5400 13 .. 59) c;l9 .. 746 86 .. S40 09.660 -87.6103 
5500 13.993 1 OO.OOt 87eOd3 71.049 -131.724 

5000 13 .. 8114 100 .. 252 97.310 12 .. 438 -87 .. 809 
SHtO l~ .. M4 1GO .. 41S 81.5 ... 5- i }.E!28 -87.89; 
5800 13 .. 895 100 .. 739 87.771 75 .. 2J 7 -81.'il63 
5900 13.896 \00.9 7 1 87 • .;19£ 76.607 -88.073 
~JOO 1 ~6 99b !Ol.Z!O M.ll! 77~'llt;6 -B8.167 

JUlle 30. l'i76 

F 2 S 

dGI" Lot: Kp 

-70,.419 INF HUH 
-71 ~ 255 155 .. 128 
-71 .. 958 78 .. 632 
-72.530 53.170 

-72 c 546 52 .. 850 
-13 .. 040 39 0 9D7 
-13~325 32 .. 050 

-73~'S09 26.776 
-73 .. 602 22 .. 980 
-74 e936 20.471 
-73.506- 11 .. 850 
-12 .. 079 15& 153 

-70& 654 14~038 
-69 .. 227 12 .. 608 
-67 .. 801 1l~398 
-6b~ 3 78 lO~362 
-64.,956 9 .. 464 

-63.534 8&678 
-62.111 7.985 
-60.692 7 .. 369 
-50;1.208 6.817 
-57.847 6e321 

-56.428 5.873 
-55 .. 005 .5.404 
-53 .. 593 5 .. 092 
-52~lbO 4~ 750 
-50~ 138 4.435 

-49~H4 4.145 
-47.891 3eS76 
-46.469 3&627 
-45.041 3~394 

-43.017 3~11S 

-42.191 2.974 
-40 .. 763 Z .. 784 
-39 .. 336- 2.605 
-37 e90S 2."36 
-36 .. 475 Z .. .278 

-35.043 2~12.7 
-33 .. b10 1~985 
-32 .. 176 1.851 
-30 .. 746 Ie 723 
-2.g e 305 1 .. 601 

-27 .. 811 1 .. 486 
-20.432 1.375 
-24~992 1~Z70 
-23 .. 552 le170 
-22.110 le074 

-20 .. 609 0 .. 98.2 
-19 • .221't 0.1394 
-17~718 0.809 
-l~ .. 327 0.728 
-!4 .. 883 Oeb51 

-13 .. 434 0.576 
-u .. 978 0.503 
-10.526 0.434 
-g e 075 0&367 
-7.617 06303 

-0.158 0.240 
-ite 701 Oe180 
-3e2'+O 0 .. 122 
-1 c 71:l4 O.Obo 
-0&316 0&011 

SULFUR DIFLUORIDE < SF 2} (Ideal Gas) GfW 70.0568 

Point Group C
2V 

5298.15 = (6l.57 !: 0.02] gibbs/rnol 

Ground State Quantum Weight = (1] 

Vibra1.iooal Frequencies and Degeneracies 

tlHfO = -70.4 :!: 4.0 keal!rnol 

t.Hf29S.l5 = -70.9 :!: 4.0 kcal/mol 

F 2 S 

Bond Distance; S-l-' 1.5920a! 0.00008 A C! '= 2 

Bond Angle: f-S-F = 98.197 :!: 0.011· 

~l 
[940 .t 20)(1) 

(357;t 2](1) 

[809 .t 1O]{l) 

Product of Moments of Inertia: IAIBIC = 3.51797 x 10-
11S 

g3 em
6 

Hea.t of formation 

We calculate llHf o from a third law analysis of two sets of equilihrium data for the gaseous isornolecull!1r reaction S + SF2 = 
25:. The equilibrium data are obtained from ion currents reported in a mass spectrometric study (.V of the !:I.olecular species 

formed from the reaction of gaseous SF6 with graphite. We do not include in the equilibrium constarrts a proportionality 

constant inllolving ion multiplier gain and ionization cross sections since Hildenbrand (~) has recently demonstrated that tht!se 

factors tend to cancel for iso:nolecular reactions. Results of our analyses ;:lre presented helow. 

Series Cell Configuration No. of Temp. uHr 298 , kcal/mola Drift 

Points ~ange. K 2nd Law 3rd Law ~ 

C cell/wound Pt wire 11;36-1564 3.1 10.63 5.0 

C cell/Pt partition! 

packed with C cloth 

and Pt wire 

1479-1598 7.7 

.to.7 

10.87 

!O.9 

aHeats calculated froom ion current analogs of the equ.ilibriurn constants. 

bThird law values based on JANAF du:dliat'y llHC data (1). 

~ 2.3 

2.1 

-!5.0 

-l'IHf
298

(SF
2

,g)b 

kcal/mol 

70. "!7 

!'II .0 

70.96 

!I+ .0 

The two cell configurations used by Hildenbrand '.1.) yield nearly identical third law l:.Hf o values; thus, we adopt the 

r'ounded average of -70.9.!:4,O keal!mol. Our adopted JlHf c value corresponds to a heat of atomization (lIHao) and average bond 

dissociation energy (DO' of 172.9 kcal/mol dnd 86.14 kcal/mol, respectively. In addition, the p'I'imal"Y bond dissoc:iat:ion energy 

of SF 2 is calculated 'to be D~(SF-f) = 91.7 kcal/mol. suggesting that the individual S-F bonds dre sOll'.ewhat: stronger than that 

in t:he SF (81.2 kcal/mol, 1,) radical. This increase in bond strength is predicted by MO ca.lculations (1) dnd has b~en 

qualitatively accounted for in terms of the valence-state model (}) of covalent ·bonding. 

Two addit:ional pieces of information exist which provide some support for our selected oHf o value.. Kinetic studies (~) 

on -rhe dissocidt:ion of SF
3 

indicate that DO (SF
2

-FJ .:: 72 keal/mol. We calculate D~(sr2-n :: 67.3 }ccal/mol from JANAf data (1), 
indicating that our heats of formation for SF

3 
and Sf:z are consistent with these kinetic results. Di Lonardo and Trombetti (~) 

ob'taiOled DO(Sf-f) = 92.2.!:12 kcal!mol from electron-impact threshold measurements on the COS!F and SF 6 systelns. This value is 

to be compart:d with our calculated value of 91.7 kC;:ll/mo1. 

Heat Cdpaci ty and Entropy 

We adopt molecular data which refer to an average ground st«te structure for SF 2 . These results are based on microwave 

measurements and force field calculations performed by Kirchhoff et al. (§). Earlier microwave spect:'oscopic observations (1) 

on "the isotopic 34 5F2 species support the assignment of the spectrum to the difluoride and confinn its 4ngular structure. The 

individual moments of inertia a.re: I
A

:; 1.2273 x 10- 38 , IS'" 9.1359 x 10-
39

, and IC:: 3.1371+ x 10-
39 

g cm
2 

A recent review on the chemistry of the lower sulfur fluorides includes a discussion on the vibrational spectrum of SF, (8~. 

The only observed vibrational frequency (830 em-I) which has so far been attributed to the difluoride appeared as a shoulder to 

I! band at 810 cm- l in the infrared spectra of d mixture o~ S-F compounds. The band at 810 cm-
l 

has been assigned (.§.) to the 

S-f equatorial stretching ft'€quency of F
3
SSf. We prefer not to adopt the 830 cm-

l 
frequency as a fundamental since the band 

cannot be positively identified as due to Sf
2

. Foul' sets (E.. 2-ll) of estimated frequencies have been reported. We believe 

that the best estimates are those of Kirchhoff et al. <.§) which we adopt. These frequencies were obtained from force field 

calculations and include corrections which were made to account for the differenci!!s found between predicted and observed 

fundamentals for the related molecules or l • 502' SiF2 , and CF 2 . By analogy with other- even electron S-F species (~), we 

predict that the ground state is singlet and t:hat there are no low-lying electronic levels which would contribute to the 

partition function. 

Our thermal functions essentially update those reported by Wilkins (lQ). Another- set· of functions which cover a t'o!Ither 

short (0-2000 10 temperatuI'1'! interval has been reported by O'Hare (l!). We believe, however, tha.t his estimate ("'2 :: 523 em-I, 

g> of the ~nding frequency is too high based on that observed for S02(v 2 = 517.7 em-I, 1), indicating that his en'tropies are 

probably too low by as much liS 0.6 - 0.8 gibbs/mol. 

References; 
~ Hildenbrand, J. Phys. Chern. 72. 897 (973). . 

2. JANAF Thermochemical Tables: S(g), 6-30-71; Sff(g>, SFI+{g), SF3 (gJ, a.nd SFCg>, 6-30-76; r(g), 9-30-65; S02(g), 6-30-6l. 
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DlfLUORODISULfANE ( F S 2 F ) 

( IDE A L GAS) GFW=102.1168 

----gibbs/mol---_ Ilcal/mol 

T,OK CpO S" -(Go-w ... )!T H"-H~_ Mil" 

0 0 .. 000 O~OOO INFINITE -3.488 -19.68, 
100 10 .. 076 56 .. 3Z5 82 .. 640 -20631 -79.84S 
200 13~486 64 ~411 71 .. 631:1 -1.445 -80 .. 146 
298 \5 .. 784 70 .. 2&0 70 .. 200 O~OOO -80 .. 410 

300 15.IH1 70&)59 70~L60 01.029 -80 .. 415 
400 17 .. 202 75.1 j 6 70~ <;lOO 1 .. 686 -51.726 
500 18 .. 020 7<7.050 12.148 3.451 -82.644 

bOO 18 .. 525 82e)83 73. 58~ 5.2BO -83.361 
700 lB.aS:! 85.265 75~O51 7. i 50 -83 ~ 942 B" 19~cr77 fH.198 76~4$9 9.047 -110.561 
'00 19 .. 236 90 .. 055 77 .. 873 10 .. 963 -HD.lq1 

1000 19.35! 9Z.08B 79 .. 195 12.9'13 -1.10.234 

llOO 19 .. 439 9).936 80 .. "to52 11,.833 -110 .. 072 
tZM 19.506 95~631 ,91*647 16.780 -109 .. QIO 
1300 19.55Q 91.194 82 .. 784 IB .. 733 -109 .. 750 
1400 19.6Q1 98~ 645 9:9*806 200691 -109 .. 593 
1500 19.635 99 .. 9119 8"~ 897 2:2 .. 653 -109 .. 438 

1600 19.bc3 101.267 85~ bOO 24.61.8 -109.284 
1100 19 .. 687 .~02 2461) Bh~ tl2l 26- .. 58b -'.09 .. 132 
1800 19 .. 706 103 .. 586 87 .. 7.2:1 28.5 ~5 -108.985 
1900 19.723 10 .... 651 88 .. 5&5 30.521 -108 .. 831 
2000 19 .. 738 105 .. 664 89 .... 13 32 .. 500 -108 .. 693 

2100 19.750 106 .. 627 <:10 .. 210 34.4'14 -108.553 
2200 19.7bl '.07 .. 5 4 0 90.97& 3b.450 -106.414 
2300 19.770 108.424 91.717 30.4.26 -108.219 
HOO 19.776 1[)<:? ~6b 92.431 4\).404 -108 .. 145 
2500 19.785 110.01'4 <"13 .. 121 4.2 .. 382 -108 .. 014 

2600 '!.Q.192 110685Q 93 .. 788 44.361 -107 .. 886 
2700 1 q~ 79a 111 .. 597 q4~43-4 46.340 -1~)7. 760 
2aoo 19.803 '-120317 95.060 48.320 -11)1 .. 631 
2900 19 .. 808 113.0!Z 95 .. 667 50,) .. 301 -101 .. 5l-b 
3000 19 .. 812 lL3 .. 663 96 .. 256 520282 -107.4013 

3100 19 .. 8J 5 !.l 4 .. 333 96 .. d29 54.263 -107.283 
:)200 19 .. 819 114 .. 962 91 .. 3&6 5Q.245 -107.172 
3300 19.8n 115.512 97 .. 9.l& S8.227 -lO7~O61 
3400 19~ 52!:> llb."!.64 9B .. 455 60 .. 209 -106 .. 954 
3500 lqe828 llb~ 739 98c jt>9 6.2.192 -106 0851 

3600 H .. 6"30 117.2<;7 99 .. 411 blt .. 175 -106 .. 147 
HOO 19.832 117 .. 841 99 .. 900 b6.15S -106 ~650 
381)0 19.834 118 .. ':510 100 .. 438 68.141 -106 .. 553 
)<,100 19.836 1.]8 .. 885 1 00., 9tH· 10 .. 125 -106 .. 460 
4000 1ge838 119.)87 101 .. 360 1.2.109 -lab .. 368 

4100 19.1'139 1) <> .. 871 101 .. 800 14· .. 0112 -106.280 
,,"200 19.841 • 20.355 102 .. 241 16.016 -106 .. 195 
4300 19 .. 842 !20 .. B22 102 .. 6r:.8 78.0£,1 -106 .. 110 
4400 19.844 121.216 103 .. 0d6 80.045 -106.032 
.. 5GO !Q.fl45 121.724 \03 .. 495 82.029 -105 .. 955 

~ 4-600 19.846 1226160 !'03.b~b 5 ..... 014 -105.819 
4100 "!.Q.B4 7 122 .. '>a7 "l04.£89 ~5.999 -105*80b 

~ 4BOO 1 <jI~ BioS 123.005 104 .. 675 87.983 -105 .. 737 
"< 1,.900 19.849 123.414 '.O5~O53 39*9t:8 -105.670 
!" 5000 19~ 650 123 .. 815 105 .. 42"- 91 .. 9~3 -105.607 

n 5100 19a851 124.208 '!.O'5~ 789 9:.938 -105.546 :0-
Il 5.200 19.852 124.594 !06 .. 147 95.92:! -1fl5 .. 487 

ji 5300 19.8S2 124 .. 'H2 lObc499 "7.909 -105*429 
51,00 19.B53 • 25.343 lOb .. <::!44 99 .. 8<;4 -105.377 

XI 5500 19 .. 854 
II 

125 .. 101 107 .. 184 leH.879 -105.326 

:" 56110 19.854 !26 .. 06S 107 .. 516 103.8f:5 -105.279 
CI 5100 19~ 8'55 126 .. 416 107 .. 846 105.a50 -105 .. 235 

! 5800 IQ.S5b ]26 .. 162 108 .. 169 107. B:-b -105 .. 191 
5':}OO 19 .. 856 121.L01 108 .. 487 109.821 -105.151 ,0 6000 19 .. 857 127.435 108 5 800 11 ... 801 -105 ~1l4 

< 
l!- June 30, 1976 

~ 

J 
~ 

'0 .... 
CD 

F2 S2 

dGI" LogKp 

-79 .. 662 INFINITE 
-80 .. 819 170~629 
-81 .. 613 89 .. 248 
-82 .. 363 60 .. 374 

-82.375 60 .. 010 
-8.2.950 45 .. 322 
-83 ~ 146 360.344-

-83 .. 178 30 .. 296 
-83 .. 052 25 .. 930 
-85 .. 1t27 23 .. 338 
-8, .. 295 19.964 
-79*181 17 .. 30S 

-16.086 15 .. 117 
-13.001 13 .. 295 
-69 .. 930 11 .. 15.0 
-66.813 10 .. 439 
-63 .. 83Q 9 .. 300 

-60.792 S.3Q4 
-57.766 1 .. 426 
-54 .. 751 6 .. 648 
-51 .. 739 5 .. 951 
-48 .. 738 5.326 

-45 .. 747 4 .. 701 
-42~ 757 4.2~S 
-39~7U. 3 .. 780 
-3~ .. SOQ 3 8 351 
-33 .. 830 2.'957 

-)0 .. 865 2 .. 594 
-27 .. 906 2 .. 259 
-24~955 1 .. 9,,"8 
-22 .. 000 1 .. 658 
-19 .. 054- 1 .. 388 

-16 .. 112 1 .. 136 
-13.173 0 .. 900 
-10 .. 239 O .. b79 
-1 .. 3113 Q .. lj.69 
-4 .. 377 0 .. 273 

-1 .. 448 0 .. 088 
1 .. 471 -0 .. 087 
4.398 -0 .. 253-
7 ~312 -O~410 

lO~236 -0 .. 559 

13~146 -0.701 
16.059 -0 .. 836 
18 .. 969 -O .. 9blt 
21 c6n -1 .. 087 
24~ 184 -1 .. 204 

21.686 -1 .. 315 
30 .. 588 -1.422 
:B.4se -1 .. 525 
36.395 -1 .. 623 
39 .. 288 -1 .. 717 

42~185 -1 .. 808 
45 .. 066- -1 .. 895 
47~980 -1.Q78 
50 .. 672 -2 .. 05.9 
53 .. 766 -2 .. ·l..3b 

5b .. 662 -2 .. 211 
59 .. 550 -2 .. 283 
6.2 .. 442 -2 .. 353 
65 .. 323 -2.420 
68 .. 221 -2.485 

DIFLUORODISULFANE (S2f:2) (IDEAL GAS) GFW '" 102.1169 

Point Group C2 t.HfO::: (_79.7 .1 10.0) kCltl/mol F 2 S2 
6Hf298 .lS =- (-80.4 :t 10.0J kcallmol 8 298 .

15 
,. 70.26 :!: 0.02 gibbs/mol 

Ground State Quantum Weight::: {1] 

VibI'4tional Frequencies ,,-nd Degeneracies 
-1 i 
~ ~ 
717.0(1) 162.5(U 

611O.6(1) 

319.8(1) 

Heat of FOI'mat:ion 

S80.S0) 

301.0{l) 

Bond Distances: S-F 1.635 0,01 A S-S l.B88 0.01 A (J '" 2 

Bond Angles: f-S-S:: 108.3 .! 0 5" Dihedral'" 87.9 :!: 1.5" 

Product of Moments of Inertia: IA1e1c = 7.33050 ]( 10-
1114 

g3 cm
6 

No direct exper:im-enta.l measurement of t.Hf- is available. We estimate a value from bond energy considerations. From a 

comparison of bond lengths a.nd force constants for FSSf (1) and Sf4 (~), we expect that the S-F bond energies in FSSF would be 

quite similar to those for the axial S-F bonds in SFi!' We assume D;<FSS-F) ::: DO(SF 3 -f)axial " 73.6 kcal/mol whic:h leads to the 

adopted value of tlHfo(SlF
2

,g) " _79.7 kcallmol. We use auxiliary heat of formation data from JANAF (.!) and estimate the 

uncert.,.inty in t:.Hf" as l:lO.O kcal/mol. A previous estimate (-53.S kcal/mol) has been reported by O'Hare (:.:.) who derived this 

va.lue by 4 procedure identical with that used here. llHf" at 298.15 .K corresponds "to -80.4 };;calJmol, and the atomiZation energy 

is calculated from tlHf" to be 2~7. 9 kcal/mol. 

rSSF is isomeric with SSF
2 

(1). Qualitative evidence has been presented (.!.) which indicates that SSF 2 is the more stable 

isomer. From our estimated free energy data, we predict it. Gibbs energy change for the isomeriz.ation reaction FSSF{g) :: SSFZ(g} 

of -15.1.1 kcal/mol at 296.15 K, indic4ting that SSf
2 

is subst,mtially more stable than rssr. This conflicts with 1:"e!lative. 

stability predictions based on results from two independent MO studies (.§., §.l. These semiempirical (CrolDO/2) calcul"tions 

indica.te that the instability of FSSF relative to SSF
Z 

amounts to only about Z.O kCi:ll/mol. If we assume that these MO 

ca.lculations are correct, we calculate that. D~(rS-Sf) ::- n;(S-:SF 2 ) by roughly 7.0 kcallmol. This seems very unlikely in 

view of what is known (1) about the S-S linkages in the two isomers. OUr adopted r~sult:s give DO(rS-SF) '" a5.S kcal/mol which 

lies between that for SSF2(90.4 kcal/rnoU a.nd S20 (79.9 kcallll!.ol)<'~.l. 

Heat Ca.pacity and EntI'Qpy 

The structural da,ta. and vibrationa.l frequencies are taken f.roll! the recent review of Seel (1) and at'e ba.sed on reliable 

experi.m;ntal rneasurements. We note that: the nole;ular chdra.ctcristics of FSSF are ~nusual inothat the S-S b~nd length 

(l.SSB ~) is much shorter than that in HSSH(2.05 A, 1) and nearly equal to those in S2(l.S8~ A). SSf2 (1.860 A), and S20 

(1.S84 A)(3). In contrast, the S-F bonds are longer than those in lIIOSt: S-F species <"1.<1.58 A~ J) and ne4rly as long as the 

axial S-F :onds (1.646 A, ]) in SFI.!' Rationale (!) has been presented to expla.in t:hese unique-molecular features in terms of 

double bond (F-S=S"!"-F) formation. The individual moments of inertia are: I A ;: 3.2678 x 10-
39

, IS = 3.01490 x 10-
38

• and 

Ie = 7.3514 x 10- 39 g cm 2 

We assume that there is no free internal rotation in the molecule, and the contribution fror.'! the torsional oscillation 

(\14 "" 182.5 em-I) is included in the vibrational partition function. Extended. Huckel calculations (2) show that the potential 

barrier' to internal rotation is high ( .... 40 kcal/mol), providing some justification for our treatJnent. We estimate that the 

uncertainty in our entropies above 2000 K should not exceed 1.0 gibbs/mol. The UV spectra <.~) of FSSr revea.l no e:.ccited states 

which wou·ld be significant in our calculations. Since S2F2 has no unpaired electrons. we predict: that "the gt'ound state is 

singlet. 
Our 'thermal funct:ions essentially e.xtend those repor'ted by Brown and Fez (!!), Other published func-cions (!!.. 1) are 

ba5ed on esti.;nated vibrational frequencies and are ccnsidered leSS reliable . 

RefeT'ences 

1. F. Seel, in "Advances in Inorganic Chemistry and Ra.dioche~istry," Vol. 16, H. J. Emel~us and A. G. Sharpe, eds., 

Academic Press, New York, 1974. 

z. 1. W. Levin, J. Chem. Phys. ~, 5393 (1971). 

3. JANAF Thcrmochl!!;mical Tables: S2(g), 12-31-65; F(gl, 9-30-65j SSFZ{g) and SF 4{g), 6-30-7 6; S20(g), 9-30-65. 

4, P. A. G. O'Hare, Argonne National Laboratory, ANL-7315, Contract W_3l_109_Eng_38, July, 1968. 

S. A. L. Companion, Theoret. Chim. Acta. 12, 269 (1972). 
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THIOTHIONYL FLUOR I DE ( S SF 2 ) 

( IDE A L GAS) GFW~102 .1168 

____ gibMJmol ____ 

T. "K CpO so -(G<>-H"' ... )fI' H"-H°:JM 

0 0 .. 000 0 .. 000 INFlhITE -3~27q 

J.OO 9.176 57.014 81~ 580 -2.457 
200 12,574 64~436 7l~267 -l .. Jt:-b 
29. 15 .. 088 69 5 960 6<:;.9./)0 00000 

'aD 15w125 7000'53 69.96D 0 .. 029 
;00 16.70.? 1 4 01'.>40 70 .. 575 1 .. b2<Eo 
500 17 .. 655 78 .. 478 71 .. 71:12 3 .. 348 

bOO 18 .. 252 81. 75~ 1! .. 178 5.145 
700 18~ 643 84.598 14.6l.l 6.991 
"00 18 .. 911 a7~J06 76.019 ~ .. 870 
900 19 .. 10~ 89 .. )45 77.378 10.711 

lallO 19 .. 24J 91.365 1S~677 12.68B 

HOO lQ .. '!4b "93.204 19 .. 915 14.618 
1200 19 .. 428 94.891 81.094 16 .. 551 
1300 19 .. 491 96 .. 449 825216 19 .. 5(13 
1400 19 .. 543 97 .. 895 fn~2.fS5 20 .. 455 
lSOO 19 .. 584 q9.245 64.304 22.411 

lbOO 1".61B 100 .. 510 a 5~ 2 HI 24 .. 371 
1700 1'9.647 101.7[10 86.210 26 .. 3H 
IHOO 19 .. 671 102.824 87~102 28.300 
1900 19~ 691 103.888 67.957 3cJ.268 
2000 19.708 't04 .. 8Q9 88.779 ;'2~ Z3S 

2100 t9 .. 723 lO5eS61 8q~!;!70 H.210 
2200 19 .. H6 lO~e716 qO~ Be: 3b., S3 
aoo 19.71tS , 07 .. 656 91 .. Llb6 .31:1.157 
2400 19~ 7!>8 108.497 91e 775 40.D3 
.::500 1 q~ 767 109.301 9Z e "bO 42.109 

260.10 [<;1.715 I !O.O79 9:.123 44.066 
2700 1 q~ 1e2 T !O .. S25 'n~1b5 46 .. 0t4 
2/jOO 1 '9.788 11'.545 94oJt:l7 46.0042 
2900 19079" 112.239 94 0 99! 50.02' 
3000 19 .. 7q9 112.910 95~511 '52. .. 001 

3100 19.803 113~560 9.f..l"t6 5,3.981 
3200 l'h80e l!4 a U9 '16 .. 700 S5.9t2 
3300 19. all 114.798 976240 57.94!' 
3400 lq. 8) 5 115.390 07.765 5~ .. 9Z4 
3500 19.818 \'1S .. 9t-l,- 98.;::77 61 .. 906 

36JO 19. 82~ !H.522 (;j8.77b 63 .. 8S8 
3700 19.824 l17~O65 99.~td t:.5 .. B70 
3aOO 19.821 !11.5q .... 99 .. 738 61.65-2 
3900 19.829 118.109 100.203 t:.9.8~5 

4000 19.832 lIB.611 1006657 11.818 

'0100 19,,834 " 9.101 101.101 13 .. 802 
4200 19.837 119 .. 579 !Oi.535 75.785 
r.;h)u !q.6~Q 120~O~C 101 .. 9010) 77 .. H9 
"''''00 19 .. 841 1.Z0"S()2 102.316 19.153 
4500 '9.844 l20 .. 948 10261034 IH.137 

4eQO 19. S"6 121~ 384 103.; 84 83 .. 722 
r,.700 19.84e 121.61 ' 103.575 85.706 
4SilO 19.851 122.229 103.960 87 .. 691 
10900 19.653 '22:.638 104.3;1.7 89.676 
;'OilO 19.B!::6 12'~.O~9 '0"' .. 707 'H.6t:~ 

~100 19.859 123.432 lOS.070 9).648 
5200 19.862 173 .. 618 105~ 427 9S .. 634 
5300 19 .. BbS 124 .. 196 105 .. 716 91 .. 620 
5400 1'9.868 12 4 .56B 106.122 99~607 

5500 19.87] 124.9.32 106.4601 lcJl.5q4 

50.00 19.875 125~1':;O l06~ 794 103."8] 
5700 19.879 125*642 101.121 lO5.5bQ 
-:'800 19.883 125.-:188 lO7~4"4 107.557 
5900 19.887 lZ6~378 107.761 109.5"5 
6000 19.8<;1J J 26.662 lQ8 .. 0 73 111~5 34 

June 30, 1916 

F 2 S 2 

------------------------------

1«:aI/ ... , 
AHf' "GI" ..... "0 

-95~OO3 -95 .. 003 INFINITE 
-95 .. 204 -qb.242 lID .. 336 
-95 ~5q9 -'17.129 106.137 
-9'5.940 -'H.I!1)4 71 .. 692 

-95~946 -91 .. 815 11 .. 256 
-'97 .. 316 -98.350 53~ 736 
-98 .. 217 -9B .. 496 43 .. 052 

-99.02.6 -<18 .. 465 3'5 .. 846 
-99.631 -98.274 30.683 

-126.268 -100 .. 531 27 .. 478 
-126.119 -117.319 23 .. b47 
-125.969 -94.193 20 .. 586-

-125.817 -91.026 18 .. 085 
-125.663 -87.861 10 .. 003 
-125 .. 510 -84 .. 121 14 .. 21t3 
-125.359 -81 .. 590 12 .. 737 
-125 .. 210 -18.472 11 .. 433 

-125.061 -15 .. 359 1D ... 294 
-124.914 -72 .. 257 9 .. 289 
-124 .. 770 -69 .. 166 8.398 
-124.626 -6& .017 7~60! 

-124.485 -63 .. 000 6 .. 864 

-124.347 -59.933 60~237 

-124.211 -5b .. 865 S .. c.49 
-124 .. 078 -53 .. 808 5 .. 113 
-123.94 6 -ISO .. 755 4.622 
-123.817 -47 .. 708 4 .. 171 

-123 e 691 -44~666 3 .. 755 
-123 .. 566 -41 .. 630 3.370 
-123.,445 -38 .. 601 3 .. 013 
-123.326 -35 .. 570 2 .. 66\ 
-H3 .. 211 -3Z .. 'S4f. 1 ... 371 

-123 e095 -29 .. 527 2 .. 082 
-122.985 -26 .. 510 1 .. 811 
-122.61'$ -23 .. 499 1 .. 556 
-J 22 .. 769 -20 .. 485 1.317 
-12:2.t61 -17 .. 462 1 .. 0n 

-122 .. 564 -14$416 0 .. 679 
-122 .,,68 -B .. 473 0$616 
-122.312 -8 .. 475 0 .. 481 
-122..Z80 -5 .. 483 0$ 301 
-122 .. 189 -2 .. 48" 0 .. 136 

-122 .. 100 0 .. 506 -0 .. 027 
-122~011!> 3 .. 497 -0 .. U2 
-121 .. 932 6 .. 484 -O .. HO 
-1.21.654- ~ .. "'b9 -0 .. 470 
-1.21 .. 711 12 .. 455 -!loM5 

-121.701 15 .. 4}4- -0 .. 733 
-J 21.629 18 .. 414 -0 .. 856 
-121 .. 559 21.3<;12 -0 .. 914 
-121.492 24 .. 316- -1 .. 0137 
-lZI .42e 21 .. 346 -1..195 

-121 .. 366 30 .. 321 -1 .. 299 
-121 .. 306 33 .. 300 -1.400 
-121 .. 24S' 36 .. 2Tl -1.4<;16 
-121~lq4 '39 .. 241 -1..588 
-121 .. 141 42 .. 212 -}..611 

-121 ~O93 45 .. 166 -1 .. 7b.3 
-121 ~O46 48.151 -10846 
-121 .. 000 "1 ~ 121 -1 ~926 
-120 .. '157 54.079 -2 .. 003 
-120 .. 911 n 8 054 -2.018 

THIOTHIONYL FLUORI DE C S2 f 2) (IDEAL GAS) GFW ,,; 102.1168 

Point Group oHfO ::: (_95.0 :!: 10.0J kcal/mol F 2 S 2 

5298.15 ::: 69. :!: 0.10 gibbs/mol 

nectronic LI!!ve1s and QUantum Weights 
1 

.fi~ &i 
[11 

34000 [11 

c.Hf299.IS ::: (-95.9 t 10.0] kcallmol 

Vibrational frequencies and Degenera.cies 
-1 1 
~ ~ 
760.5(1) 

n9.5(1) 

411.2(1) 

330.0(1) 

692.3(1) 

27t1 ,0(1)' 

Bond Dist4nces~ 5:;S::: 1.860 :!: 0.015 A S-f::: 1.598 .!: 0.012 A <:7 :: 1 

Bend Angles~ S:.S-F '= 10i.5 'Z 1.0" f-S-Y::: 92.5 1: 1.0" 

Product of Moments of Inertia: I",TS1C:: 5.9557 X 10-11
1.< g3 emS 

Heat of Formation 
No direct experimental measurement of oHf o is available. We estimate two values from bond energy considerations, Seel 

<]) hos presented a. detailed discussion on the bonding in S2' 820' and SSF 2 and has shown from bond length and force constant 

coI'relations that the 8::5 linkages in these molecules are very similllr. We assume that D;{S::Sf2 ) :: (DO{SZ) .. D~(S'l0»)/2 :: 

9Q:!:10 kca.l/mol which gives t.HfO(SSF
2

.g) = _9t1.7tlfJ kcal/mol when the value of V; is combined with t.HfOCSF 2 ,g) ~ -70.1.ul< kcal/mol 

and l!Hf~(S,f,;J '= 65.751:0.01 kcal/mol (1). From a comparison of bond lengths and force constants (1, .!) for the S-F bonds in 

SSF
2

, OSf
2

, and SFij' we W'ould expect that the mean s~r bond en.ergies for these molecules are probably not too different, 

Values {~) for DSF
2 

and SFI.j. are 83.1lo kcal/mol dod 80.0 kCdl/mol, respectively. Using DO'S2F-F) :: 81.5"t2.5 kca1/mol, \ole 

calcl..tlate c,Rr
O 

:: 163.0 kcallmol for the dissociat.ion process S2[2 :: S2-+2F which Lea.ds to (;Hf~(SSF2,g) " _95.5:t5.0 kcallmol. 

These two estimates are in reasonable agt"ee~ent and we choose to adopt the value of _9S.0!:l0.O kcal/mol. The heat of 

atomization (uHaO) is calculated from our adopted 6Hf o value to be 263.2 kcal/mol which is close to the value of 262.0 kcal/mol 

predicted by CNOOI2 HO ctllCulations and energy partitioning methods (,::.). 
Pub~ished estimates (1 • .2" and §.) of t.Hf" Dased on bond energy schemes similar to those used here include in kcal/mo1 

_921'7, -80.2, and -65.~. Wilkins f.§) ass\lHIed that the mean S-F bond energy for SSF 2 was 60.0 kcal/mol and obtained ~Hf" = 
_86.4 kcal/mol. We believe tho!!.t this estimate is in error. RecalCUlation of his data gives uHf 

0 
:: -91.6 kcal/mol which is in 

much better agreement with our results. 

Heat Capacity and Entropy 
The structural data and vibr'ation~tl frequencies are taKen from the recent review by Seel (1) and are based on reliable 

eX!j)erimen'tal measurementS. Since SSF'2 'has no unpaired electrons~ we predict that the ground state is singlet. The ultra

violet spectra (];) show absorption peaks at roughly 34000 cm- 1 and 42000 em-I, suggesting the e.xistence of a.t least two 

excited states. We do not include the level near 142000 em-I since its effect is negligible. The individual momen"ts of inertia 

I
A

:: 2.7530 x. 10- 38 , IS = 2.1012 X 10-38 , and IC::: 1.0296 x 10-
38 

g cm
2 

OUr' 'thermal functions e.ssent:i",lly extend those 1."e:porte,j by Brown and Pez (.:?). Other publishecl. func'tions <.§., ~) are based 

an older set of vibrational frequencies (!) and include a bidS due to incorrect analysis of the SSF 2 structure, a/Harels 

analysis {.?> of the structural da'ta :Fesulted in a value for the product of the moments of inertia whieh is about 7% lower 

tha.n our results. In addition, he assigned SSF 2 to point group C2V and used a~symm.etry number of two I'ather than the correct 

value of one. The moments of ine.rti;, used by Wilkins (!) are in units of amu A2. not g cr:l
2 

as assumed. 
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SILICON 

( IDE A L 

DIFLUORIDE (SIF 2 ) 

GAS) GFW~66,0828 

~~~~gibbs/mol---~~~ kcaUmol~~~~_ 

T, 'K 

o 
,00 
.£00 
20, 

'.0 
.00 
500 

"0 
70. 
dOO 
'00 

1000 

1.1.00 
.. 200 
UOo 
1400 
1500 

1600 
! 700 
!,QOO 
tqao 
2IJOQ 

2100 
2,,00 
2300 
241,)0 
25JO 

2bOQ 
2700 
21:1130 
';:900 
300Q 

3100 
3200 
3300 
3400 
3500 

3000 
3700 
3800 
J90a 
':"0,;)0 

"'101) 
'0200 
4300 
4400 
0:,.500 

"toGO 
... 700 
10800 
1',.900 
5000 

5100 
52110 
5300 
51t00 
5500 

5600 
57UO 
5800 
5900 
t.IJOQ 

CpO so -(G"-W~)rr w-w.. 6.Hr' 

o~ooo 
8~ 2 qa 
9~476 

10.63B 

10.658 
'-1.5al 
12 .. 214 

12.64 0 
12 .. 931 
13.1~1 

13.285 
1 3~ 396 

13 .. 4BO 
13 .. 545 
1. ~e'591 
D~b3'? 
13~672 

13.700 
13.724 
13 .. 744 
13 .. 160 
13 .. 715 

3 .. 187 
3~ 798 
3.807 
~.81b 

3 .. 823 

13 .. 830 
!:t .. 8:!e 
13.942 
1.3 .. 647 
13.6'52 

13.856 
13.863 
1.3 .. 868 
13.674 
13~81q 

13.6Bb 
13 .. 8'33 
13 .. 900 
13 .. 908 
13.911 

13 .. 9?7 
13.938 
13.950 
13~ 963 
D~<;l77 

13 Q 992 
14.008 
"14 Q 026 
14~ 045 
14 .. 065 

14 .. 086 
14~ lOa 
14 .. ~ 32 
1' •• 156 
!.4 .. 16Z 

0 .. 000 
51 c185 
57 ~ zqz 
b! ~ ?Q7 

!;1.3U 
64~561 

61 .. 220 

~9.4IH 

71 .. 459 
1'3.199 
74~ 1So 
76.162 

17.442 
'78.618 
79.705 
60~114 
e~ .656 

82 .. 539 
83c 37~ 
84~156 
84~ 89'9 
855605 

86~278 

86.9\9 
IH~533 

88.121 
eB~685 

B9~227 

89 .. 7.t..9 
90.2.52 
90.736 
91.203 

';1 ~662 
92.102 
'iI2~"529 

C":iZ."9"'3 
93.345 

C:;l3 .. 736 
(j4 .. 117 
94~467 

9"'.8"'9 
"91).201 

95.5.45 
95.880 
9ce2/j8 
96.529 
<;)6 .. 843 

'Ho151 
97.452 
97.747 
98.036 
QS.320 

'.:la.599 
~6.813 

99.1"'1 
9.::1."'06 
'19 .. 61'::6 

'=J9.i:J22 
OO~ 1 73 
00.421 
00.66, 
00.906 

rNF !r~r TE 
6g e 9"6 
62.233 
b1.;::'97 

61.2.;17 
6! ~ 7i.. 7 
62e 501 

b ~e 53b 
64e ~dO 
65a5U1 
66.t...!>O 
67.3:;.2 

6!ie2.t2 
6g e !.Bl 
69aSll 
70 .. 554 
11.203 

71.940 
12.568 
73.210 
Be t:lOS 
74.378 

74~ 92 9 
75 ... 59 
75.971 
76 .. 405 
76~'743 

71~403 

77 ~d52 
76c;(:8b 
78.707 
79~1. 16 

79 c 5~ .. 
79~900 
80.276 
aO~o"'3 
8!. .. OOO 

81 .. 340 
el .. 68tJ 
82.020 
8Zc;. .... S 
S2.602 

82.972 
830215 
U.572 
83 .. 863 
34. i. .. e 

84.427 
84.101 
84 .. 970 
85 .. 234-
85~492 

85.747 
6'5 0 9 ... 1 
860242 
86.403 
B6~7d 

t!6 .. 954 
IP.lB4 
87 .. 410 
87.cD 
87.852 

O~OOI) 

DeD20 
1.134 
2 ~326 

3 .. 570 
4.850 
bo154 
7 ~4 75 
SQ809 

0.153 
L.505 
2 .. 662 
4 .. 224 
5 .. '589 

i.6.'158 
10.329 
19.7(j! 
21 .. 018 
22.455 

23.B33 
25.2! 2 
20&5'12 
27.974 
,,9.356 

30e 738 
32 .. 122 
j~e505 

34.890 
3e..?1'5 

37.660 
39 .. 046 
.. O~ ... 33 
41.820 
43.206 

<,4.596 
45 .. 985 
47.374 
48.765 
50.1 '56 

516'548 
5269"2 
5 .... 336 
;15.732 
51.129 

~I:i. 527 
5:J.qz7 
61.329 
b2~n7. 

64 .. 136 

05.545 
be. 95'S 
68.361 
69.781 
7i.~ 198 

72.618 
74~040 

"'5.465 
70.s93 
78.325 

~140.29q 

-140.256 
-1400349 
-140.500 

-140.503 
-140.666 
-140.825 

-l40.961 
-141.131 
~141e2Cjq 

-14J .466 
-141.641 

-141.924 
-14? .014 
-l42.215 
-142.425 
-1.","2.640 

-142.611 
-lS!i~1l2 
-ISS. 310 
-155.50<J 
-155.709 

-155.'H1 
-!.56~1l5 
~156.32.0 

-156.526 
-1'56.735 

~156.946 

-157.1'57 
~157 .. 371 
-157 ~ 586 
-151 .. 804 

-158.023 
-1'58.2-44 
-158~466 

-158.690 
-158.9}6 

~251 .. 1.04 
-2'51~234 
-251.366 
-251.500 
-2516635 

-251~773 

-:?51.910 
-252.048 
-252 .. 189 
-2.52.32'1 

-252..470 
-252.613 
-252.754-
-252.897 
-253.039 

-253.182 
-253e 324 
-iS3 ~465 
-:?S:L6Q8 
-253.749 

-253e890 
-254.031 
-254.171 
-254~ 311 
-254.449 

AGr' 

-140.299 
-141 .. 213 
-142~141 

-142.990 

-143.006 
-}43.815 
-144 .. 584 

-1'05 .. 321 
-146 .. 031 
-litb.121 
-147.388 
-148 ~031 

-148 .. 608 
-149 .. 282 
-'49.819 
-150.461 
-151 ~026 

-151 .. 518 
-152 .. 006 
-151 ~S2} 
-151 .. 622 
-lSl.410 

-151.192 
-1'50 e 963 
-150 .. 72.3 
-150.475 
-150~220 

-149~954 
-149~681 

-149.400 
-14Q.1l0 
-148~a18 

-P .. 8~515 
-14~ .. 202 
-!47 ~885 
-141.561 
-141.230 

-144.635 
-141~616 

-138.112 
-135.750 
-132.178 

-[29.80B 
-126.831 
-123 .. 849 
-120.868 
-117.879 

-114 .. 891 
-111.898 
-10B.901 
-105.902 
-102.904 

-99.900 
-96.890 
-93.819 
-90 .. 872 
-87 0 851 

-84.835 
-a1.813 
-78.791 
-75.172 
-72.744 

Dec. 31, 1960; Sept. 30, 1963; June 30, 1968; Dee. 31, HilS; June 3D, 1976 

F 2 S I 

.... IC. 

INFINI TE 
306 .. 622 
155.32.5 
104 .. 815 

lQlh1.80 

78 .. 571 
63 .. 197 

52~ 933 
45.593 
40 .. 062 
35 .. 791 
32 .. 353 

29 .. 538 
27~18e 

25 .. 197 
23 .. 488 
22 G OOlio 

20 .. 105 
19 .. 542 
18 .. 434 
17e440 
Ib~S45 

15 .. 135 
14~997 

14~ 322 
13.703 
13 .. 132 

12 .. 005 
.. 2 .. 116-
11 c o61 
11 .. 237 
10 .. 841 

lO~470 
10 .. 122 

9.794 
'1.465 
9~193 

8 .. 781 
8 .. 368 
7 .. 918 
7 .. 607 
7 ~255 

6~ 919 
&.600 
6 .. 295 
6.004 
5 .. 125 

5 .. 4t59 
5 .. 203 
4 0 9S8 
4 .. 723 
4' .. 498 

4 .. 2t!l 
4 .. (172 
3 .. 971 
3.678 
3 .. 491 

3.311 
3 .. 131 
2.969 
2 .. 801 
2 .. 650 

SILICON DIfLUORIDt: (SiL ~ , (IDEAL GAS; Grow :; 56.08<11 

Point Growp :: Ci.V 

5;98.15:: 61.30 !". 0.10 gibbs/mol 

Heat of formation 

I'63}0 

44109 

62£80 

~ 

Bond Dj:3"t03nce: Si-F":: 1.591 A 

Bond Angle: f-Si-F = 100· 59' 

0"::: "i 

Product of the Moment o of Inertia: IAIB1C -= 3.~0014 x lO-llS £3 emS 

-140.3 !' 3 kcal/mol 

15 :: -140.5 t. 3 kcallmo1 

855 (1; 

3450; 

an <L 

Hargrave, Kdnadn, and Pedse '1; have reporte.d some approxima'te equilibrium constant"s for' the reaction Si(c~ ... Sill/- (g; ::: 

~ SiF:::(g;. These ~e!'e calculated from yields of polymeriz.ed products dnd d knowledge of the total system pressure given in 

U. S. Pdtent: No. ;::,840,5~B (1959;. The da'ta are subjecte.d to a "third L:tw andlysis using the present JANAF functions <.?) a.nd 

yield <11Ir;98 = 9"i.1l0 kcal/rnol, which gives JHf;9S(Sif Z ' g; :: -147:!:5 kcallmol. 

Ehlert and Margt"'dve. <.r; ha.ve re.por"ted equilibrium constants for three reactions determined Dld!>S spectromet"ically. 

A. CaF~(c; + Si{g; Ca.(g; 04-

3. CaF:i:(g; + Si{g; :: Ca(g; • 

C. 2Ca.F(g;" 5i(g; :: iCa(g; '+ 

M. Farber <.li; has determined ~qui1ib!'iul!l constants mass spectr'Ophotometf'icdlly for the reaction 

D. Sifll(g;· SHg; = ~ STr:i:(g;. 

A :'nd and 3rd law analysis of the datd is shown helow. 

Reaction 

A 

Range K 

1395 - 15 .. 3 

1395 - 1543 

1395 - 1543 

uHr;98 kcal/mol 

~-!-AIo! 3rd law 

80. ~ ! 14.1 9B.0 3.0 

-9.£ 14.1 -18.0 3.0 

Drift 

gibbs/m::>L 

4.6 9.7 

-5.6 ! 9.6 

-18.6 7.5 -33.6 l.a -10,2.t 5.0 

~Hf298 (g;. 

kcalfmol 

-1l10.1 .!: 3 

-140.7 :! 3 

-141. .!: 3 

1782 

Points 

l' 

12 

12 

10 -:i:.l 1 1. 4 -3. I: 0,3 0.7 0.8 -1110.7 !: 0,3 

f..IH.f~98(g; is calcula.ted from che third IdOl ilHr;98 using auxiliary data (~;. 

We adopt tlHf;98(SiF~.g"; = -140.S~3 kcallmol. 

Using JANAF values {~;. <1HaO :: 1:83.581:5 kca1/mol is calculated for "the p!'oces5 Sifi(g; 

diilO(SiF
2

,g";./IlHaO(SiF 4 ,g; (.£) is D.SOL. 

Heat Capdci ty and tn-rropy 

Si (g; '+ ~ F(g;. The ratio 

'the electronic levels are adopt:ed from the ultraviolet spect;'al work of Khal1tl<l, Besenbruch, and (~;, R<l.o 

(.§;, and Gole et al. (.§.~. The vibra"tl.onal assignments of VI "" B~S cm- 1 (symmetric stretch; and 1.'3 ;:: 87~ (asymmetric 

stretch; of Khanna e"t a1. (1; are adopted. These assignments iH'e supported by the argon matrix studies of Milligan and 

Jac:ox (~;, the neon matrix dnd the argon mdtriK measurement.s of liastie, Hauge, and Margrave {l~. and the excited state 

microwave worK of Shoji, Tanaka, and Hirota (.1..Q;. The bending frequency assignment", \I::: ::: 3lJS cm-
1

, is adopted from the 

ultrdviolet and r.1icroW"ave study of Rao dnd Curl (l1.;. This assignment is also confir'lTled by Mi.lligan and Jacox (~;. 
The gas phase geometry was established by Rao et al. (:1.1; froom microwave spec1;!'d. 
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TR I FLUOROS 1 LANE ($ I HF3) 
(IDEAL GAS) GFW=86,0892 

T,"K 

o 
.. 00 
200 
2.8 

300 
400 
500 

'00 
700 
800 
900 

1000 

!lOO 
1200 
1300 
1400 
1500 

1600 
1700 
l800 
1900 
2000 

2100 
nQO 
2300 
2400 
2500 

2bOO 
HOg 
2800 
2900 
3000 

3100 
3200 
HOO 
,"00 
3500 

3bOO 
3700 
3600 
3900 

.4000 

4100 
42:00 
4300 
440,0 
4500 

't6GO 
4700 
4800 
49{)O 
5000 

5100 
5200 
5300 
5'+00 
5500 

,b;;)O 
5700 
S800 
59()O 
bllOe 

~---,101"", ... 1---~ 
CpO 

O~OOO 
9 .. 085 

12.259 
15.173 

15.224 
17.60b 
1<h34Q 

,20.599 
21 .. 538 
22.257 
22 .. 8}7 
23 .. 263 

23 .. 621 
23.913 
24.153 
Z4~ 352 
24.520 

24 .. &61 
2lt~ 781 
24~ 885 
24 .. 974 
25~0'51 

25 e 119 
25 .. 176 
25 ... 231 
25~277 
2'5 .. :JlQ 

25e 356 
25 .. 38Q 
25 .. 419 
25 .. 446 
25 .. 470 

25~492 
25 .. 513 
Z5~531 
25 .. 548 
25 .. 564 

25.578 
2:5 .. 592 
2'S~604 

25.615 
25~626 

25.636 
25861.5 
25.65"3 
25 .. 661 
25.669 

25.676 
25 .. 662 
25 .. 688 
258694 
25.6099 

25.705 
25.709 
25 .. 11' 
25.118 
25 .. 722 

25 .. 726 
25~ 130 
25.7:n 
25.737 
25.740 

S" -(Go-H"_)fT 

o~ooo 
53 .. 511 
60.792 
66 .. 242 

66.336 
71 ~058 
"'SG 184 

18~a77 

82: .. 070 
a5~OOl 
87 ~656 
90 .. 084 

92 .. 319 
94.387 
9be 311 
98.10", 
99.194 

101 .. 391 
!02.S80 
104.300 
105 .. 647 
lOb .'1)30 

!08.154 
109 .. 324 
110.445 
111 .. 520 
112 .. 552 

113 .. 546 
114 .. 504 
115.427 
1.16.320 
111.183 

He.OlB 
U6 .. 828 
119.614 
!20 .. 116 
121.11. 7 

121.837 
122 .. 538 
!.Z3.221 
123.686 
124.~n5 

125.169 
125 .. 11;5 
126.389 
12:6.919 
127.556 

128 .. 120 
128 .. 672 
129 .. 213 
12:9.743 
130 • .262 

30B 771 
31.270 
31.760 
32.240 
3,zs 712 

133.176 
] 33 .. 631 
134e019 
l34~5'9 
~ 34 .. 951 

INFINI TE 
17 .. bS9 
&7 .. 535 
t6 .. 242 

~6."""'2 
66 .. 870 
68 .. 129 

69 .. 6014 
71.101 
12.716 
74.231 
75.691 

77 .. 1 ~7 
18 .. 402 
79.762 
B 1.009 
82.206 

83 .. 355 
8 4 .4600 
85 .. 523 
66 .. 547 
87B5J4 

88 .. 487 
89 .. 406 
90 .. l99 
91.:ol 
n .. 996 

92.80b 
Q3.59,2 
<;4 .. 355 
'i05~097 

95 .. 81'1 

90e52Z 
97 .. 206-
rH~b73 
98~ 524 
9<; .. 159 

99 .. 779 
1 0Cl~ :'85 
100e977 
101 .. 556 
102.112 

l02 .. 1b7b 
103.219 
l03~ 151 
104 .. 272 
t04e 783 

1.05 .. ,,85 
105& 776 
106.259 
106 .. 733 
101.198 

1..07.65b 
108.105 
lOS .. !l47 
lOS .. 9IH 
I09.40d 

l09§tl21i 
lTO.,,42 
1 ~O.6"t9 
111.050 
111.445 

_---k<allmo,----_ 
If'-If"_ 

-3 .. 237 
-2~4J 8 
-1c)49 

0.000 

0.026 
::'&675 
3~ 521 

5 .. 526 
7e637 
9s8za 

!.2:.083 
14 .. 368 

lCe 732 
19~110 
21.513 
23 .. "9~q 
21b .. :3e3 

2a~ 842 
31.314 
33 .. 798 
36.291 
38.192 

.. 1.300 
43.815 
,,"6 .. 336 
48§8f:l 
51 .. 391 

53 .. 925 
56 .. 462 
59.003 
01.546 
64 .. 092 

06.640 
t:>9 .. 190 
11*742 
74.Z'16 
76 .. 852 

19 .. 409 
81.q66 
84 .. 5Z7 
67.088 
89.650 

92 .. 213 
'14 .. 777 
97 .. 342 
99 .. 9D8 

102.475 

105 .. 042 
101~610 
llO .. !18 
112 .. 7't7 
11. 5 .. 317 

11 7~6a7 
U.O~45a 
1Z3~029 

1.2 5.601 
128 .. 1 n 

130 .. 7405 
133.3B 
135 .. 8<;1 
138s465 
1"1 ~03 8 

"HI" 

-2.85 .. ZIH 
-285 .. 958 
-286 .. 522 
-,287 .. 000 

-261 ~008 
-267 .. 370 
-29T .. 622 

-297 .. 788 
-281 .. 891 
-267 ~952 
-267 .. 919 
-287 ~965 

-261 .. 976-
-267 4 956 
-287 .. 934 
-267 .. 911 
-281 .. 892 

-287.,819 
-299m 865 
-299 .. 813 
-299 .. 759 
-299.706 

-299 .. 655 
-299.605 
-299 .. 557 
-299 .. 512 
-299 .. 471 

-299.ltH 
-299.395 
-299 .. 362 
-299 .. 333 
-29Q .. 30a 

-299 .. 285 
-29g e 267 
-299.253 
-299 .. 242 
-299 .. 237 

-';.91.195 
-3'H .099 
-391 .. 006 
-390 .. 921 
-390.838 

-390 .. 16\ 
-390 .. 686 
-390 .. 618 
-3'10.555 
-390 .. 495 

-390 .. 439 
-390 .. 39" 
-390 .. 343 
-390.301 
-)90 .. 264 

-390.231 
-390 .. 203 
-390 .. 178 
-390 .. 159 
-390 .. 144 

-390 .. 134 
-390 .. 129 
-390.128 
-390 .. U2 
-~90 .. 141 

<loG" 

-285.291 
-283 .. 894 
-281.607 
-279 .. 09Q 

-279 .. 041 
-276 .. 327 
-213 .. 535 

-270 .. 101 
-267 .. 843 
-264 .. 977 
-262 .. lCll 
-259s227 

-256~3S1 

-253.476 
-2'50 .. 604 
-247 .. 733 
-244 .. 862 

-241.996 
-239 .. 021 
-235 .. lt-It5 
-BI.STO 
-228 .. 296 

-224 .. 729 
-221 .. 164 
-217 .. 598 
-214 .. 034 
-210 .. 476 

-206 .. 916-
-203 .. 358 
-19<;1.&1)2 
-196~243 
-192 .. 696 

-!S9 .. 142 
-185 .. 586 
-1132 .. 034 
-178 .. 482 
-174 .. 928 

-169 .. 119 
-162 .. 952 
-156 .. 785 
-150 .. 628 
-144 .. 01,.64 

-138.310 
-132 .. 152 
-125 .. 995 
-119 .. 844 
-1135692 

-107 .. 540 
-101 .. 390 
-95 .. 240 
-89 .. 091 
-82 .. 950 

-76 .. 8~ 
-70.,654 
-64.50~ 
-58.,371 
-52.225 

-46 .. 077 
-39 .. 930 
-33~1aa 
-27 .. ~51 
-21 .. 508 

Dec. 30, 1960, Junt'. 30, 1976 

F 3 H S 1 

LooK. 

INFINITe 
620.449 
307 .. 726-
2.0 ... 578 

203.281 
IS0.978 
119 .. 562 

98 .. 603 
83.624 
72 .. :588 
63.647 
56 .. 654 

508 932 
46.164 
4Z .. 130 
38 .. 673 
35.&76 

33 .. 055 
30.128 
2a~587 
26.671 
24 .. 947 

23.388 
2.1 .. 911 
20 .. 616 
19 ..... 91) 
18 .. 1,00 

17 .. 393 
16 .. 46! 
15.595 
14 .. 189 
1,,",,038 

13 .. 33" 
12 .. 615 
1Ze05& 
U .. 473 
10 .. 923 

1.0 .. 267 
9.625 
9 .. 017 
8.441 
7 e593 

7 .. 373 
6 .. 877 
6 .. 404 
5.953 
5~522 

54109 
4~1l5 
4.3)6 
3~9H 
3 .. 626 

3 .. 291 
2 .. 969 
2 .. b60 
2~36t2 

2 .. 075 

1~ 198 
1 .. 531 
1 .. 273 
1 .. 024 
0 .. 783 

TRlfLUOROSlLANE (SiH.f 3) (IDEAL GAS) GF'W '" 86.lJ892 

Point: Group C3v 
~HfO :; (-2BS :t S1 kcal/m.ol F 3 H S I 

S298.15; 66.24 j: 0.2 gibbs/mol 

Ground State Quantum. Weight: '" [1] 

Vibrational Frequencies and Degeneracies 
1 -1 
~ ~ 
2316(1) 

8SS(l) 

425(1) 

9980) 

841f(2) 

306(2) 

Si-F :; 1. 5624 A 

F-Si-F :: 108.28· 

t.Hfi98.15 = (-287 z 5J kcal/mol 

a = 3 Bond Distances: Si-H:: 1.1t46B ;., 

Bond Angles: H-Si-F:; 110.64* 

Product of t:he Moments of Inertia.: IAIB1C = 2.7263 x 10-
114 

&3 emS 

Heats of Formation 

There are no reported experimen'tal studies leading to the heat of formation of SiHF3 (g). We estuate this value via. a. 

linear interpolation between ·the established dHf 298 values of SiH4 (g) and Sir~(g)(]). The l.'"'easonableness of this approach ha.s 

been demonstrated by Lapidus et .1.1. (1'1 Hunt: and Sirtl <..!), and Seiter and $irtl (.:.;. Lapidus c"t al. (V compar"'tively 

examined the thermodynamic properties of halogenated silanes and methanes. Hunt and Sirtl (]) and Seiter and Sirt1 (1.1-) studied 

the chlorinated silanes and proposed a linear ~Hf relationship within the sequence SiH4(g) to SiClto (g). 

Heat Capacity and Entropy 

The adopted vibrational frequencies are from the infrared gas phase studies of Buerger et al. (~, .§.). These values are 

all within .tl cm-1 of the suggested values in the compilation by Shimanouchi (1), as derived from Newman et Ill. (.§). 

The adopted bood angles and bond distances are obtained froll. the microw,,"ve spectrum study of six isotopic species of 

HSiF'3{~). Earlier work by Sheridan and Gordy (1.Q) and Heath et a1. <.! .. !> is in good a~r<eem.ent with these vaiues. The Moments 

of inertia are c#!lculated to be IA = IS = 11. 509 x 10-39 g cm 2 and Ie = 20.231 x 10-
3 

g c.m
2

. 
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SULFUR TRIFLUORIDE ( S F 3 ) 

( J D E A l G • s ) GFW=89,0552 

-----gibbs/mol---_ kcal/mol 

T,"K Cpo SO -(G"-H"_.)n H~-H"_ AHI" 

0 O~DOO 0.000 INF!H! TE -3eO~5 -119~257 

100 6~ 5 '56 54.561) 7o e 873 -2.229 -119~651 
200 11~ 333 61.346 67.533 -1.237 -120010'1 
'9S 13.173 66.341 6(:c3l,.7 0.1)00 -120.440 

300 13.813 66.432 66.341' 0.026 -120.445 

'". 156588 70.666 660912 1.501 -121.224 
'00 16 .. 76':' 74 .. 260 66 s 033 3.123 -121.1S() 

.00 11.554 71.411 6q .. 30+J. 4.81,2 -122&137 
700 16 .. 088 80.160 70 .. 695 0.626 -122 .. 429 
000 18.463 62.601 ?2~ 033 8.454 -135.725 
900 IS .. 734 8"'.1'92 73.331 10.315 -135.616 

1000 18 .. 936 B6.771 140578 12 ~ JC~9 -135~501 

1100 19~ 089 S8.S89 75~ 771 14.100 -135.380 
1.2L10 19.208 90.2!'i6 1'6~ 909 16.016 -135.254 
1300 1<; .. 302 91.797 77.996 17 .9~1 -135.128 
L400 1<; .. 378 93.230 7q~034 19.815 -135.001 
1500 19~440 q4.56q SOcu25 21.816 -134~875 

1600 19 c 49\ 95 .. R26 60.914 23.763 -13"'.149 
1700 19~ 533 '71.009 81.883 25. 7~ 4 -134.624 
1800 19~569 q!< .. J 26 82 .. 154 27.669 -134~502 
1900 19~ 599 99 .. 18'5 83 .. 591 29.628 -).34.379 
2000 19 .. 625 100.'.':!1 B4e 396 31.589 -134.259 

21JO 1'>1.648 101 .. 1"9 85.172 33.553 -134 6 143 
2200 1'9.668 1020064 85~ 919 35551<; -134.029 
2300 ! '9~ bBS 102.938 86 .. 640 37.4B6 -B3.916 
2-1tOO 19 .. 700 103.776 S7 .. 331 39.455 -IH.801 
2500 19~ 7;:!- 104.5£11. 1'18 .. 010 "1 .. 426 -133 .. 101 

,600 1g e 725 105.3'54 B'3.66" 43.3se -133.597 
nOll 19~ 736- !Of;.OQ9 1!9 .. 295 45.371 -133.496 
2800 lq~ 746 lOt. .. 817 89 .. 908 -It7.31,5 -133.391 
2900 1 9~ 755 107 0510 90 .. :'03 49.320 -133 .. 302 
3000 19 c 763 1 oe~l 80 9 1 .. 081 51.296 -133.212 

3100 19.771 '08.826 91.6 ... 3 53.273 -133.121 
3200 19 .. 778 109.456 92.Ho 55.2'50 -lB~036 
HOD 19c 16S 1 to .. 0601. 9(.122 57.128 -132.953 
HQO 19.791 ' 10.655 93.241 5'h207 -132 .. 812 
3500 19~ 797 111.229 9'3.1 .. 1 61.1 117 -132.791 

3000 19.804 111.7f17 94 .. 2 .... 0 03.167 -132.121 
noa 19~ 810 112 .. 329 94* 122 05.141 -132.652 
3800 19 c 8H H2 .. 9SS 0;5.192 67.129 -132.583 
3900 t9~ SZ3 I! 3. 373 950652 69. ~ 11 -132.52.0 
4000 lC).829 113.815 900101 71.00;;3 -132~457 

4100 19.636 114.304 %.541 73.01'6 -132.399 
1t200 19.643 114.842 '>16.911 '5.060 -132.343 
430,)0 19~ 850 U5 .. 309 ,>7.392 77.0"5 -132.289 
~"JO 19 .. 857 115 .. 166 Q7.804 79 .. 030 -132.2100 
4500 19.fH::'5 116 .. 212 '>IS.20d 81.01b -132.193 

<- /P600 19 .. 873 ! 16.649 98.605 83.00) -132GI47 
':'700 ~." 6 as? 1: 7.016 98~993 64.991 -132~105 

'" .:.aoo 19 .. 8QO 117~495 99 .. 374 8o G '9BO -132~065 =- '-900 19.899 117.905 99 .. 74!! tl8.969 -132.029 '< 5000 19~ 90Q 118.307 100 .. 1 t '5 90~'960 -131.995 !" 
n 5100 19 .. 919 U8a 702 100 ... 16 92.951 -131.964 =- 5200 19.929 119.088 100.830 94.'>143 -131.935 It 5300 1 '9. '9~9 ! '9.468 101..l78 96.937 -131.907 iii 5400 19~950 119.841 101 ~ 520 98.931 -131.884 

'" 
5500 ~9. 961 120.201 10~ .. 8S1 100.927 -nl~8b2 

It 
:'" 5600 19 .. 972 120.567 102.! 88 102.923 -131.844 

g 5700 1.9.ge4 120 .. Q21 lO2.~B 104.921 -L31.827 
5600 19.996 121.266 lQ2.8)4 1'16.'120 -131 call a 5900 206008 121 ~61 0 103.:"49 lO8eno -131.199 

.!l' ::'000 20 .. 021. 12' .947 103.4$9 IlDe92Z -131.789 

< June 30, 1976 

~ 
.:-a 
z 
!l' 
.!" 
.0 .... 
01 

F 3 S 

dGI" Lot K. 
-119 .. 257 INFINITE 
-118 .. 715 259 .. 451 
-117 .590 12S~4'H 
-116.279 85 .. 235 

-1 U, .. ZS4 64 .. 691 
-114 .. 7'-;6 bl .. 12:2 
-113 .. 127 49~4t,.e 

-1l1~364 40 .. 564 
-109 .. 520 34 .. 194 
-108.9.28 29 .. 758 
-105 .. 585 25 .. 639 
-102 ~254 22~348 

-98*937 19 .. 657 
-95 ~628 17 .. Hb 
-92~329 15 .. 522 
-89 .. 042 l..3~ 9QQ 
-85.764 12 .. 4<;16 

-82 .. 494 11 .. 269 
-'79$2)1 10 .. 186 
-75~ 979 9.225 
-72e729 8 .. 366 
-69 .. 486 7 .. 593 

-be ~2 54 6~a95 
-63 .. 022 b .. l6;' 
-.59~ 791 5.bSZ 
-56 .. 571 5 .. 152 
-53 .. 362 ,," .. 665 

-50c150 4 .. 215 
-46~ 942 3.800 
-43 .. 141 3 .. 414 
-40 .. 537 3 .. 055 
-31.343 2 .. 12:0 

-34 .. 149 2.401 
-30 .. 951 2 .. 11 .. 
-27.770 1 .. 839 
-24 .. '58l 1.58Q 
-21.391 1.336 

-16 .. 213 1 .. 10b 
-15 .. 034 0 .. 888 
-liooBS4 0.b82 
-9 .. 683 0.487 
-5 .. 503 D030l 

-2 .. 333 o. L24 
0.840 -0.044 
4 .. 012 -0 .. 204 
7 .. 180 -0 .. 357 

10.3107 -0.5Q3 

13 .. 513 -0.642 
le0679 -0.776 
19.846 -0.904 
23.014 -1 .. 026 
26 .. 174 -1.14 .. 

29.333 -1.257 
32.503 -1.366 
35 .. 665 -1.411 
38.821 -1.571 
41.984 -1.668 

45.148 -la7b2 
48.301 -1.852 
'He468 -1.939 
54.620 -2~O23 
57.785 -2 .. 105 

SULFUR TRIFLUORIDE (SF 3) (IDEAL GAS) 

Point Group 

S298.15 '" (66. 1. 5) gibbs/mol 

Electronic ~vels and Qua.ntum We'ig~ts 

o 
[25000 ) 

Si 
(2J 

[2] 

Bond Distance: S-f = [1.58] A 

Bond Angle: F-S-f = (97,5]" 

GFW " 69.0552 

b.HfO :::; -119.3 ! 8.0 kcal/mol 

tlHfisa.1S ::: -120,4 :t 8.0 kcal/mol 

Vibrational F!'t!guencies and DegeneracieE> 
-1 -1 
~ ~ 
(90010) [890](2} 

[500l{lJ [ 375]( 2) 

G " 3 

Product of Moments of Inertia: !A1aIc:::' [2.1535 x 10-
114

] &3 cm
6 

Heat of Formation 

Our oHfO of -119,3.t.8.0 kcal/mol is'calculated from the primary bond dissociation energy for SFlj of DO(SF 3-FJ ;: 80.0!3.0 

kcal/lllOl with JANAF (1) uHf" data for reg) and Sf
4 

(g). The value of D~ is taken to be equal to one-fourth the heat of 

atomization of SF
4

(.!.). We calculate the heat of atomization (611<10' and average bond dissociation energy (DO) for SF J to be. 

21.;0.1 kcal/mol and 80.0 kcal/mol, respectively. 

Several pieces of information a!'e available which dre relatively imprecise bu"t do SUppOI't our assumption that DO(St"3- f ) 

6.HaOCSF
4
)/4. Batt <:V has reported the results of shock-tube experiments on the dissociation of Sfl.; over the tempcI'",ture I'ange 

1650-1950 K. Rate cons1;ants based on spectroscopic measurements were correlated with the Rice-Ramspt!I'ger-Kassel (RRK) theory. 

This study strongly suggests that DOCSF 3-F) = 79.0.t~.O kca1/rnol. 

Electron-impa.ct thr-e:shold measurements for SF 3 freE!! SF 4 have been reported by Hildenbrand <.~) and G}emser et a1. (~), 

The nedsured appearance potentials (A.P.) are in good agreement: and indicdte A.P.{SF3 +/Stlj} ::: 12.67!:D.l e\!. Cmr.bining this 

value with an upper limit for the ionization potential of SF 3 n. P • .:: 9.25 eV. ~). we obtain a lower 1 imi t for DO (SF 3-FJ of 

78.9 )(cal/mo1. 

Two upper limi1: values for D~SSF3-n can h'e h'btained from th::"eshold measurements by Harland and Thynne (~.J on dissociative 

a.ttachment in SF
6 

and SF1;. We cotiliine their A.P. {r-/SFljJ ':: O.20!0.OS eV with th~ electron affinit'y of F(C-A. ::: 3.399 eV, I} 
to obtain DOCSf

3
-F'}':: 83.0 kcal/mo1. In addition, their A.P.'s (il for the formation of F- from SF 6 by two distinct processes 

are combined directl~ to give D~(SF3-FJ 2 8Q."1 kcallmcl. 

The A.P. of SF;,! fr-om S1:"6 hl!ls been measur~d by electron-i.mpact c.~, 1) and phOtoelectron spectroscopy (~). These "three 

'threshold values are in agreemen't with A.?{SF:/ISf
6

J ::: 19.9 1 !C,1 eV. AssuIT'.ing the ioniz.a."tion process to be SF6 Cg; + e- '" 

sr/(g)~3r{g}+2e-. we combine the mean A.P. value with I.P.(Sf)": 9.25 eV (.§) 'to obtain 6HfOCSF 3 ,g) .:: -96.3 kcal/mo;. This 

result conflicts with all of the other available inforlWtionj thus, we dr'e led to conclude that the forma.tion of Sf3 fr'om Sf6 

prObably involved a la.rge amount of kinetic energy. 

Hea't Capacity and Entropy 

F 3 S 

The vibrational spectra dnd structure of the gaseous Sf 3 radical have not been reported. Gibler et a1. (~) hdve 

determined the crystal s'tructure of the salt (SF
3

]+(Bf
4

)- and recorded the solid c;tdte Raman spectra. The structural datd show 

that the cation has C
3V 

sy=etr-y with an average bond angle of 97.5°. We adopt this struc'tlJl"'e and bond angle r;:ince they agree 

with w~at one might e'lCpect bdsed on results for the related pr
3

(1.J molecule. The x-ray data (~) also shoW" that t'e(S-F) ::: 

1.491 A for ~r3'+ which is the shortcs1; S-f linkage that has been reported so far. We t!xpect I'e(S-fJ fo!"' SF 3 to be larger t.han 

that for' SFS since the additiondl unpaired electron should increase the repulsiVE: interactions. Some supporting evidence for 

this is prcvided by the trends found in measured S-f bond lengths (l) for the species SF6 , and SF. As tt'.e number of 

non-bonding elec"trons increases in this seI'ies, the value of l"'e(S-n also inc:r;ases. We I'e for SF J to be 

interme~i.ate be"tween those [or Sf
6 

dnd SF
2 

.. Our adopted value re(S-F) ;: 1.5S A is close to the average S-F bond length 

(1.596 A) in SF~a) dnd
2

an estimdte (1.59 A) made by Wilkins <.1.9.), Tt'.e individual moments of inertia. are: I A :. 1.7806 x 10-
36

, 

I
B
"I

C
:::L0998xlO g cm • 
The vibrdtional frequencies are cstima"ted to be intermediate between those for Sf J + (.2.) and Pf:; (1), Our frequencies dgJ:'ce 

reasonably well with those by Wilkins (lQJ fr'om estimated force CO<Lstants. The largest deviation between the two 

sets of frequencies is 169 in \)2. Batt <'V has detected IR radiation in emission at 11.0-17.6\.1 in Sf4 /Ar mix.tures which 

were shock-hea"ted to temperdtures above 'ObO K. He attributed this radiation 'to SF 3 ~hich supports the assignment of at least 

one fundamental in "the region 79lj-909 cm- l . We include .:in excited level at 25000 cm-':' by analogy with t:hose obser·ved for 

srI.! + (.§). We do not include a level predicted to lie near 40000 cm- l since this would not .:lIter our '"thermal functions. 

Functions for SF 3 have been previously reported by Wilkins (12) over an extended tcrnper<a.tor'c pa.ng-e (0-5000 K), Our 

entropy values are cor.sistently lower than his dlitd, but not excessively so. The difference in the values of S;9B is 0.67 

gibbs/mol, and this d.ifference increases to 0.74 gibbs/mol a"t 1000 K and therea ftel:"" r'€!l1'.<:t.ins constant. 

~ 
1. JANAF Thermochemical Tables: rCg), 9-30-65; SFlj{g), SL(g), S:~(g), and. SF(g), 6-30-76; r-Cg), 12-31-71; PI3 (gJ, 12-31-59. 
2. J. T. Bott:, J. Chern. Phys • .§.:i., 181 (1971). 1:> i 

3. D. L. Hildenbrand, J. Phyu. Ch(!m. 12, 897 (l973). 
4. O. Clemser-, A. Muller, D. BOhler', and B. Kr-ebs, Z. Anorg. Allgem. Chem. 12.Z., 184 (1968) • 
5, f. C. Fehscnfeld, J, Chern. Phys. i.:., 43B (1971). 
G. ;> W. Harland and J. C. J. Thynne, J. Phys. Chern. 12., J517 (:..971) . 
. ,. V. H. Dibeler and f. L. Hohler, J. Res. Na'tl. Bur. Std. ~, 25 (l9t>fl). 
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~ 
n =- SIL'ICON TRIFLUORIDE ( S I F 3 ) • 
~ ( IDE A L GAS) GFW=85.0812 
:IUf 

~ 
Ie gibbo/ .... I---_ kCIII.ilmol----

J T. "K Cpo S" -(G·-H· ... )rr ff'-H"_ t.Hf" 6Gf" 

~ 
a 0 .. 000 0.000 INFINITE -3.202 -258.768 -258.168 

100 9 .. 250 54.636 78 .. 61d -2.378 -2"'9 .. 051 -25a .. 33~ 
::- '00 12 .. 145 62.195 60 .. 694 -1 .. 300 -259 .. 303 -257 .. 521 

.:"I 298 14~251J 61 .. 454- 67~454 O.i)OO -2S9~5iJO -250.004 

:z 300 14 .. 285 67 .. 543 67 .. 455 0 .. 026 -;:59.504 -256 .. 586 

0 400 15~85b 71 .. 881 68a035 laBEl -259.634 -25S.SIJ'iI . 500 16 .. 932 75 .. 54Z 69 .. 180 3 .. 181 -25r.J.766 -254 .. 559 

~ 
'00 17 ~6bO 16.b98 71J~510 4.913 -259 .. 850 -253~510 ... 100 1S~ 162 en .. 460 71 .. 681 6.705 -259 .. 919 -252 .. 447 ,.g 
800 16 .. 511 83.910 73~Z34 8 .. 540 -25~ .. 9tJ.3 -2:)1.377 ..... 900 16 .. 776 80. .. 101 74e~S45 lu .. 406 -260 .. 043 -"'50 c 29t:. CD 

lJtlO 18 .. <;168 5~O.O95 75 8 S02 12.293 "'ZbO.107 -2lt9 .. 211 

noo 19.115 89.910 77.00:' 14.198 -260 .. 176 -24& .. 118 
1200 19 .. 23() 9l .. 5Jr,) 18 .. 149 10 .. 115 -260 .. ':49 -,i:47 .. rJlu 
1300 19~320 ~3a122 79.242 la.OIt) -Zbll.BO -245 .. 912 
1400 19.393 94~S'S6 8\.1.285 19 .. 919 -.2bO~.lt20 -244 .. 8.)0 
1500 19 .. 453 95 ~ 8~6 tH .. Zi3Z 21.921 -200.519 -2't3~ 619 

1600 19.502 'H.lS:! BZ .. 235 23 .. ($69 -26ll .. oZ9 -2't2 .. :;54 
L700 19 .. 543 98.3')1 S).14S 25.821 -1.72~ 142 -241.314 
1800 196576 99.455 84 .. 023 27.778 -.272.818 -2:;)9 .. 465 
BOO B .. b07 100 ~514 b4 .. 8b3 19 .. 737 -272 .. 895 -231.blu 
2000 19.633 101.521 d5.61l 31.699 -272.914 -235 .. 74(1 

2100 ,l!}.654 102.47<'/ 0'6.449 33.663 -273 .. 0:54 -233 8 8fH 
2200 19.673 1 u3~ 39/0. IH.198 35~6)O -273~lH -232..1)21 
2300 19.090 104 .. 269 &7 .. 922 J1~591) -,z73 .. 2l2 -230 .. 149 
2400 19.70S 105 .. 107 88 .. 620 39 .. 568 -213.309 -ZZ8~274 

2500 19.118 105.'H2 d9.29b 41.'539 -273.399 -Z2lh397 

2600 19.729 lu~ .. 685 lj'h950 43 .. 511 -2n~"91 -224~514 
2700 19.739 101.430 90.584 45.484 -273~SS6 -222.0;':6 
2dOO 11/.14b lOd.He 91 .. 198 47 .. 459 -273 .. 6&2 -220 .. 73<;1 
2900 19 .. 157 1 Od~B41 91 .. 795 49 ~434 -273.781 -219 .. 844 
3000 19.7604 109.S11 92.374 51 .. 41u -,273 .. acss -216 .. 954 

3100 19.171 11..}.159 92.938 53 .. 381 -213.989 -215.U54 
37.00 19.777 IN5767 93 .. 48b 55 .. 3b" -274 .. 097 -213.148 
3300 19.153 111 .. 396 94*019 57 .. 3.,2 -214 .. 208 -Z1lal43 
3400 19.7SB 1l1.~9a& 94.539 5ge321 -274~321 -~.J9.333 

3500 19.793 lll~ 560 95 .. 046 6iG300 -2:74 .. ~38 -2')1.41 a 

3600 19.191 11:; .. 11B 95.540 b3.279 -366.511 -203.2 .. 3 
HOO I9.an 1136bQO 96 .. 022 6S .. 2S .... -366.540 -l';'th 708 
3800 19.005 114~1 as 9&.494 07.2.40 -366~565 -1'H·.l7a 
3900 19.606 IH.703 96.954 t)9.220 -36&.59& -189.63Y 
4JOO 19 .. 811 115 .. 204 0:17.404 71 .. 201 -366.628 -185 .. 097 

4100 1:;.814 115~694 97 .. 644 73 .. 182 -3bb.obo -ldO .. 562 
42:00 19 .. S11 116 .. 11t 98 .. 275 15 .. 164 -366& 7 05 -17b .. 012 
4300 19.1319 1160.637 96.b96 77 .. 146 -36b.7"5 -171.479 
4 .. 00 19 .. 1322 111 .. 093 99 .. 109 79 .. 128 -366~ 792 -1&6 .. 939 
4500 19.814 111.538 99.514 til ~ 110 -30b~639 -162.395 

4600 19 .. 826 1t7 .. 9?4 ~9~qll 83..093 -3&6 .. !l.89 -157.8S2 
4700 19 .. 828 lLa~4()1 100.299 65 • .:175 -360,&9 .. 4 -133 .. )1l6 
4800 19 .. 830 118.818 100.661 67 .. Q56 -367 .. 001.1 -HS .. 75tf 
ft:;OO 19 .. &32 119 .. 221 10i .. 055 69 .. 041 -3b7.060 -144 .. ,210 
5000 19.tl34 119~o.28 101.423 91a025 -367~lZ2 -139.b606 

5100 19 .. 635 lZ0~020 101 .. 784 93 .. 008 -J61 .. UUl -135.117 
520D 19~ 837 12J.4£16 b)2~138 9(' ~ 9Q2 -3b7~.25b -131.1.561 
5300 19.,'B9 120 .. 1&4 102 .. 486 96 .. nS ·367 .. 327 -12b.OU? 
5400 19.840 121e154 102 ~82f.1 ~d$959 -361.402 -121.401 
5500 19 .. 942 121.5U lO3~165 ItlO.94~ "'307 .. 479 -lib .. 9u4 

5600 19.844 121.876 103.496 lu2~928 -367.560 -112 .. 343 
5700 H.84!') 122.227 .. 03.821 1114 .. 912 -:;b7~644 -1')7 .. ?02 
5800 19 .. 847 122 .. 572 H14~14Z lC>b .. S91 -361~ 131 -103 .. 223 
S900 19~ 1:149 122.912 lO4~457 1\)8 .. 862 -)67.821 -98.610 
6000 19 .. d50 123 .. 2"'5 1u4 .. 767 110 .. 867 -3617 .. 915 -94 .. 1ub 

Sept. 30, 1963; Dec. 31, 1969; J\loe 30, 1910, June 30, 1976 

F 3 S I 

u..Kp 

INFINI TE 
5br. .. 5ge 
281 .. 406 
IBtI.09b 

lSog9l3 
139.047 
111 .. 260 

92.341 
76 .. ~1 7 
68.673 
6\.1 .. 7BiJ 
S4 .... 6S 

49 .. 297 
44~98~ 

41.342-
311 .. 215 
35.51Jlt 

33 .. 131 
3l~ iJ23 
29 .. 1)75 
27 .. 331 
Z5.7bl 

24 .. 341 
23.";49 
21.~b9 

21l~ 7tH 
19.792 

18 .. 872 
18 .. 021 
11 .. 1:.29 
16, .. 493 
15.81.15 

15.1e;.1 
14.551 
13.990 
l.J.'t-S6 
12 .. 952 

12.339 
11.731 
ll.lbl 
1.) .. 627 
10.113 

9 .. bl5 
9.159 
S.115 
0 .. 292 
7.Sd7 

7 .. 500 
7.129 
&.173 
b.432 
6.105 

5.190 
5.481 
5.19b 
4 .... He 
4 .. b45 

~.3~4 

4.133 
3.890 
3.655 
3.42b 

SILICON TRIFLUORIDE (Sir 3; (IDEAL GAS; GFW,: 85.0Sll 

Point Group" C3V 
S29B.15 ,,(67.1151: O.Ob] gibbs/rool 

!l.1-{fO " -i::S8. 77 ! :! kcal/mol 

l>Hf;S8.1S = ~259.5 ! i:: kcal/ll'lol 

Heat of formation 

Elect:ronic Levels and Quantum Wei~h...ll 

St~te .!i~-l &i 

[X ~Al) [21 

[ LBll lj,~120 (;::) 

Vibationl';l.l Frequencies and Degeneracies 
-1 
~ 

an {l 

406 (1 

954 (2 

~SO (:i; 

Bond Distance: Si-F" [1.561 A 

Bond Angle: F-Si-F = [109- a'l 

Product of the Moments of Iner'tia: IJ\IBI c ::: 2.513511 X 10- 1111 g3 erno 

F 3 S I 

The adopted oHf;9B (SiF 3 ,g; = -259.51:z kcal/mole is derived from the mass spectr'ophotometric equilibrium constants 

determined by farber (~,; for the I'Caction Sif",(g; .. SiF:c:Cg; = l: SiF
3
(g;. Our second and third law analysis of the ten points 

in the. 1590 to 17B'L K range, using auxilidI'y data Q,; gives IlHr~9a ::: 7.~8:!:O.19 kcal/mol (second hw~ and llHr;98 = 7.58:!:O.0I4 

kcal/mol with a drift of 0.06 :!:O.ll gibbs/mol ('third law";. The third law heat of reaction leads to the adopted heat of 

foromation. The average of £1Hf;98 (SiFi:,g; and ilHf 29B (SiF4 , g~ (J) is -263.2 kcal/molj this is in reasonable agreement with 

the adopted value in view of the trends shown in the llHf~98 values of .HXn molecules: C-H. C-Cl, C-F • . 4.1-Cl. 41ld AI-F (~). 

The adopted value is alsO consistent with the total pressure data above the silicon-magnesium fluoride system observed by 

Layne <.~). The value of .... Hf .. '" -235!20 kca1/mol, derived by McDonald et a1. c.~~ fI'om ~ppeiiroance and ionization potentials 

and by Wang, Margrave, and Fra.nklin (!!; from appearance potentials and translational energies, ary:.ears to be ton positive. A 

lat.er paper by franklin (12.; suggeSTS that the assumption of the fruction of active vibrations 3S d constant fl'.ay have caused 

a bias of 15 kcal/mol or more in the derived heat of formation. 

<.I!1fO = -:C:SS.77 kcal/mol corresponds to 6Hao - lj,20.51 kcal/mol, using auxiliary data <1~. 

Hea t Capacity and Entropy 

The electronic levels are those tentatively aSSigned by Wang, Kr'ishnan, and Margrave (~) froom emission spectral 

observations. The vibrational frequencies are from Milligan, Jacox, and Guillory {.§.; derived from matrix-isolation 

UV and. IR spectra. They also determined 'the angle betwel!n the Si-f bonds and the three-fold dxis 'to be 7l:!::;':· which is 

consistent wi'th the adopted tetrahedr-al F-Si-F bond angle, Theoretical calculations (1, ~) indicdte that the F-S-F bond 

angle should be somewhat less 'than the tetrahedral angle. Calcula'tions based on a bond angle of lOS- decreases S~9B by 0.029 

gibbs/mol. As suggestt:d in Milligan et 0.1. (§). the bond length is assumed to be the Si-F bond length in SiHF 3 <1.;. 
The proincipal moments of iner-tia. are- lA := IB '" 1.10806 x 10- 38 g cm' and Ie '" L.0471B x 10-

38 
g -

Refer-cnces 
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MAGNESIUM DIFLUORIDE, DIMERIC (~IG2F4) 

(IDEAL GAS) GFW'124,6036 

.----gibbs/mol---_ -----kcaIJmol--

T. "K cp' s· -(Go-W:mI)!T H"-WUft M{J" 6.G(' 

~ooo 
100 13.305 
200 21 ~"26 
296 25~~93 

JOO 25s 749 
400 27. 969 
500 29.195 

&00 29.926 
100 30. }92 
600 30.706 
900 30.9Z6 

1000 31.086 

UOo 31.206 
1.200 31.29d 
1300 31.370 
1<000 31.426 
1 '500 31.474 

1600 31.513 
1100 31.544 
laoo 31.571 
1900 31 ~ 594 
2':>00 31 ~ b13 

2100 ~H.630 

2200 31.645 
2300 31.657 
2400 31.66d 
2500 31.678 

2bOO 31.667 
2700 11.695 
2300 31.702 
2900 31.70tl 
3000 31.714 

3100 31 ~ 719 
3100 31.723 
3300 ~H .128 
3400 31.732 
3500 31.735 

3600 31. Btl 
HOO 31.741 
3800 31.744 
3~OO 31.747 
4000 31.74'1 

4100 31.751 
4200 31.153 
""300 J1.755 
4400 31.751 
",,500 31.759 

4600 H.76D 
4700 .H~ ToZ 
4800 31.763 
4900 31.764 
5:100 31.165 

5100 31.767 
5200 31.768 
5)00 .H.769 
5400 31.770 
5500 31.771 

5600 31.711 
:. 700 31.712 
51300 31.773 
'5900 31.774 
6000 31~174 

.VOO INFINITE -
59.11ti lJJ.199 
7l.a75 82e 154 -
BO.~21 80.5.21 

d-0.680 130.521 
88.42~ 81.562 
94.810 83.593 

100.203 85.923 
104.854 88.303 
10B.93 .. 9D~b32 

llZ.564 92.671 
115.831 95.007 

U8.800 97.031 
1.21.519 98.965 
124.027 100.796 
126.354 102.541 
12B.524 10"0_(02 

13().551 lO5.1!:io 
132.408 107. JOO 
134.212 108.749 
135.980 110.131:1 
137.601 111.471 

1390144- 112.752 
140.&1~ 113e9B~ 
142.0Z2 115.174 
L43.370 li6.321 
144.66) 117.429 

145.905 118.51,)0 
147.101 119.538 
148.25 .... 120.543 
149.367 12:1e518 
150.442 122 ... 64 

151.4132 123.3<l3 
152.489 124.271 
153.465 125.141 
154.412 125.994 
155.332 126.81'9 

150.226 121.62 .. 
15i.OGlE;. 128.408 
157.943 129.17:" 
153.767 129.923 
l59~571 DO.6510 

160 •. H5 1310369 
16l.120 132.:)68 
161.867 132~ 7'>2 
162."H 133.423 
163.311 134.079 

164.009 134.722 
164.692 135. 3~Z 
16~. 3E;.1 135.971 
166.016 136.$77 
166.658 137.172 

167.287 137.751 
167.903 138.330 
168.509 D8.8<il4 
169.102 139.44d-
169.6SS 139.993 

170.258 140~520 
110.820 141.054 
171.37] 141~572 

l71~'H6 14Z.0d2 
172.4:"0 142.58.10-

55053 
4.10)8 
2.336 

.000 

.048 
2.745 
5.b09 

d.568 
11.::.86 
14.ob"fl 
17.124 
20.S2~ 

,,3.939 
27.065 
)cO.l ~8 
33.338 
}6.4d4 

39.013 
42.186 
45.942 
4'J.lOO 
~2.2:bO 

55.422 
58.586 
61.751 
64.918 
6S.01;l.S 

H.lS3 
14.422 
11.5~2 
030.763 
83.934 

d7.1J5 
90.278 
9J.450 
96.623 
9~.1q6 

102c970 
lOQs144 
1.)9.31d 
112.493 
115.608 

1 L80843 
12.2.018 
125.193 
1213.309 
131.545 

134.12.1 
IH.d97 
141.073 
144.249 
147.426-

150.602 
153.779 
l56.9:;;b 
160.i 3:1 
163.310 

166.487 
169.664 
l12.841 
116.019 
119.L96 

- 409.141 
- 409.694 
.- 410.61ob 
- 410.700 

- 410.70:Z 
- 410.773 
- 41.0.807 

- 410.6~O 
- 410.92.0 
- 411~047 
- 411 5 238 
- 415~ 7 ... 5 

- 4.1.6.019 
- 416.341 
- 416.720 
- 417.8t12 
- 477 .. 5:'''; 

- ... 71.1.27 
- 416.<;104 
- 416.580 
- 416.,(08 
- 475.1;156 

- 475 .. 648 
- 4H .. 3",," 
- 415.043 
- 47'0.746 
- 4]4.457 

- 474.111 
- 413.890 
- lt73~612 
- 413.341 
- .... 73.080 

- 412.82.} 
- 472.574 
- 472.33 .. 
- 472. .. 10..) 
- 4?l.8t!4 

- 471.674 
- 471.478 
- 471~294 
- 4?l.n5 
- 470.970 

- 410.S3~ 

- 470.H(, 
- 470.(>15 
- 470.:d5 
- "'070.475 

- "'010.«-31 
- 470.~23 
- 410 ... 33 
- 470.469 
- 470 .. 530 

- 470.620 
- 470.737 
- 470.882 
- 471.059 
- 471.Zbb 

- 471.50T 
- 47l.ldO 
- 472.085 
- 4725427 
- 47.2~60lt 

De\:.. 31, 1960; June 30, 1964; lUrch 31. 1966; 
Dec. 31. 1975 

- 409.l"i-l 
- 401.212 
- ';'04.4.l0 
- ltOl.1..59 

- 401.100 
- 397 §b.!:l7 
- )94.'60::.0 

- 391.429 
- 3d!S.iti4 
- It:llo.931 
- 3tH.b~6 
- 317.993 

- :.H4.201 
- 370a392 
- 361:>.547 
- 361.713 
- 353.4.25 

- -.l45c164 
- 336.916 
- 328.6<')5 
- 320.4d6 
- 312.2";3 

- 304.1 ..... 3 
- 295.959 
- 287~8G9 

- <.79.679 
- 271.5'>9 

- 2.63.44lt 
- b5.345 
- 2.41.200 
- 219.114 
- 231.112 

- 2£3.049 
- 21'r~991 

- 206.952 
- 198.906 
- 190.JJ71 

- ).ij,2.847 
- 114.627 
- 166.d09 

ISS.610 
- lSD.7'l1S 

- 142.198 
- 134. tSOO 
- 126.801 
- 118 .. 605 

!lO.8U 

102.819 
94.8GB 

- 86.830 
18.S"0 

- 70.647 

- 62.. b67 
54.658 
40.653 

- 38.600 
30.855 

- 22a845 
- 14~823 

Ca81Z 
1.214 
9.2:H 

-
-

F lj M G 2 

Log Kp 
i!\lf INlTE 

tld9 .. 'iol 
.... 41.9~O 
;::.94.u57 

2<;12.2:01 
217.395 
11Z.506 

142 .. ~7t1 
121.197 
10~.lSo 
92.679 
82.610 

1<"h348 
67 .. 't58 
tt1.0";2 
50.466 
51.494 

47.141 
.. 3s314 
.>9 .. ,".)9 
36 .. 664-
34.1.26 

31.050 
29.401 
27.3,,"0 
.25s468 
23.740 

22 .. 14~ 
2u.tlb9 
19.300 
18.025 
16sl:U6 

15.725 
14.684 
1.>.700 
12.78& 
11."19 

llslOu 
10.32 7 
9.594 
6.89':1 
b.Z39 

70&12 
LOi4 
6.4,,5 
5.9J1 
5.j82 

4.l:Sd5 
4.409 
3.953 
.,.5lb 
3.u97 

£.6>;14 
2.300 
1 e932 
1.S13 
.1.226 

.fl92 
a56ti 
.l57 
.04S 
.336 

r1AGNESIUM DIflUORIDE, Dn~ERIC (Hg
2

F!j) (XD£AL GAS) GfW := 124.&036 Fq MG 2 
?o~nt Group [D

2h
) 

5 2-9B.15 :: (aO.5 ~ 5.0) gibbs/mol 

Ground Stdte Quantum Weight:: (1J 

5.0(or!9) kcallmol 

_1~lO. 7 .! S.O(or.!:3) 

kcal/L101 

Bond Distances: Mg-F:: [1.77] A 

Bond Angles: ~'g-f'".Hg:: [90l e 

F-Hg_F' = {13S]" 

Product of Moments of Inertia: 

Heat of Forma.tion 

Vibr-at ional Frequenc ies and Degenerac ies 

-1 
~~ 

5SS (1) 

353 (l) 

[ t.OO){U 

(SOB Hi) 

-1 
~ 
[ 735](1) 

[220](1) 

[ 240}(l} 

[ 200](2) 

Hg-F' :: t 1. 9SJ A 

r'-Mg-F' :: (90)0 

(f' :: Ring Fluorine) 

LAIBle [B.5873XIo- 113 J E3 cm 6 

-1 ':S... __ C?~ ___ 

487 (:1) 

r 220](1) 

747 (1) 

450 (U 

Berkowitz and Marquart (ok> have found appr-oximately 1% dilll.er in the equilibrium vapor over Ke;F
2

{c) at about 11100 K by 

mass spectrorn.etr'Y· Ind~pend!':nt measurements which arc discussed els!':where (See MgI
2

(g) table> suppor't their rc.sul'ts. Berkowitz 

and Marquart ( .. P I'eport:~d a s,"cond law (\Ht'll.>4Q of 30 kcal/mol for' the reaction l1gr
2
(c) .. Mgf

2
(g) :: Mg

2
F

l1
(g) .. This v.alu€ 

correc:ted to 298.15 K gives uHr"" = 31.7 kcal/mol which leads to ilHfi98{Kg2F4,g) :: -410.7 kcal/mol. The corresponding heat of 

dimeriZation at 298 .1S K is -63.3 kcal/mol. Berkowi'tz and Mi1.rquart q:) also reported approximate absol.ute pressures for 

Mgr 2 (g) ,,:nd Mg"f4 (g) at 1'.29 K. A third law analysis of these I't'ported pressures gives LlHr
298 

of -69.5 kc.al/mol for the 

p2:'ocesS" 2Mgr;t(g) = Mg,f4 (y,), or tiHf298(M"g2fLo,gJ :: _416.9 kcal/rnal. We prefer the second law l'esult (llHfo::-410.? kcal/mcl) 

since the less negative (-53.3 ].cedI/mol) heat of dimerization is more consistent ;.;it:h the dim'2!rization ~ner'gie5 fo:(, the alkali 

metal fluor-ides (~). The uncertainty in ')iH
o 

is estimated as ."!: :'.0 kcallmoij however, we also include an alternate uncertainty 
[=9 kcal/mol) to cover- the possibility that Mgf

2
(g) is linear \ .. ?). 

!:l~_~~ __ f~.i?i3citv and Entropv 

The dimer is .assumed to have d bridge-bond strl..lctuP€ of D2h syntm€try similar to tn<J.t suggested by Thompson and Ca.rlson (l) 

for the eimers of several trdnsition metal dichlorides. The two outer Mg-f bond lengths a!'e assumed to be the same <lS that for 

MgF 2 (1), T.'1e fo-.[r' ring Mg-F' bond lengths are assll.'TI.ed to be 10% longer. The. four atoms which lie in the ring form a square. 

The F'-t1g-f bond angle is estjm~ted as 135~. The individual I:loments of inertia ar't!; IA ~ 9.0.lj5BXIO- 3B , 13::: 7.831.;.0>::10-38, 
c!.nd IC :: 1. 2l18xlO- 38 e; cm 2 

This planar bridge-bond str'ucture will h.ave six Rall1an (3Ag + 28
1g 

+ 2B
2g

) and six infra.re.d (2B
1u 

i- 23
2u 

2B3u) dctive 

fundamentals. The Raman spectra. of isolated in an dr-gon matrix h"s Dee]} recorded by Lesiecki a.nd Nibler (lJ). They 

assigned two bands observed a"t S85 and em-I to \1 1 and \.0
2

' respectl.V8J..Y, of lo"fg
2

F
4

• Lesiecki and Hibler (~) ,-using a 

standdrd high-low frequency separ-a"tion method and a dia!:,;onal force fl.eld, calculated vI.: as 50S cm- i . The other three Raman 

active fr-equencies {\'o3' "';,' and vs) dre estimated by analogy I-i"ith 'those for MgF
z 

and NdZY
Z 

(..?). Four of "the six infl"ared 

a.ctive fl..lndamentdls have Deen observt:!d and assigned by Lesiccki dnd Nibler (~.>. These frequencies ;.;ere recorded in an ,arr,on 

matrix. ResuleS of thr.:e indepe.nden't infrared studies (.!§.-2> conducted with v<'\rious mdt:rices support these assignmel}ts. The 

other two infrar~d active fundamentals (\.IS and v 10 ) are estimat:ed from "the bending frequency (\.12 ::: 215 em-I) for MgF
Z 

(~). 
Following the obBervdtions mdde by Thompson and Carlson (2), doll the estimated frt:quencies are taken to lie above the bending 
frequency of the rnonomer. 

~ 
1. J. Berkowitz dnd J. R. Marquart, J. Ch~m, ?hys. 22., IBS3 (1952), 

2. JANAf Thermochemical Tables: Mgf
2
(g), 6-30_75; 

3. K. R. Thompsen lind K. D. Carlson, J. Chem. Phys. 
,12-31-68; K2 F"2(g), 6_30_69. 

4379 

!>. H. L. Lesiec:ki and J. W. Nibler, to be published. 

5. R. n. Hauge, J. L. Margrave, a.nd A. S. Kart-1'an, J. Chern. Soc" Faraday Tra.nsactions TT 21, 1082 (1975). 
6. A. Snelson, J. Phys. Chern . .!.Q, 3208 ()956). 

7. D.1:. Mdnn, G. V. Calder, K. S. SeShadri, D. Whi"te, and M. J. Line.vsky, J. Chern. Phys.~. 1138 (1957). 
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( S F 4 ) ::r SULFUR TETRAFLUORIDE • §i ( IDE A L GAS) GFW=108.0536 
iIIIII 

~ 
a oib"'lmol---~ _---kcal/11lO1 

a T."K Cpo S" -(GQ-W' •• }{f H"-:H"_ 6U,. 

.!l' 0 0.000 0 .. 000 INFINITE -3.772 -180.899 
< 100 10 .. 185 56.343 65.527 -le91S -181 .. '599 

~ 2.0 14 .. 969 64 .. a99 73.1tH -1 .. 65e -182.13D 
290 18 .. 546 71 .. 590 7l.S89 0 .. 000 -182 .. 400 

.:"I '0. IB .. 600 71 .. 704 71 .. 590 Oe034 -182: .. 404 
Z '.0 20 .. (H2 77 .. 3qe 72..350 2.019 -183.058 
!I' 500 22 .. 348 82 .. 231 7~.856 '-oJ Be -183 .. 44L 

~ 600 23.265 86 .. 393 15 o bQ7 b~412 -163. b78 
100 23 ~ 87'- 90.028 71.413 8 .. 831 -183 .. 821 .., BOO i4.29'S 93 .. 245 1q.i95 11 .. 240 -1'~6 .. 969 .... 900 24w597 96.125 BO.9i':l 13.666 -196.713 

CO IJOO 24-.819 qa .. 729 B{~572 16 .. 157 -196.453 

1100 24.987 101 el02 8t..150 18eb48 -19b~la9 
1200 25 .. 117 103 .. 2e2 BS~b55 21 .. 153 -195 .. 922 
1300 25.219 105 .. 2'H 81.089 23 ~670 -195.t'.i6 
1400 25w~02 107.169 fl8.4S7 26 .. 1<H, -195 .. 391 
1500 25 .. 368 1 08 .. 9! 7 69,11;.4 28 .. 7~O -195"J21 

1600 2'5 .. 42.3 J 10 .. 556 91.013 31 .. 270 -1 94~ 8t15 
noD 2:5 .. 469 112 .. 0QCl 92.206 33 .. 8)4 -194~ 606 
i8CD 25.509 113c556 93.354 36 .. 363 -194.351 
1;1l0 25.541 , 14 .. 936 94.454 38 .. 916 -194 .. 096 
2000 25 .. 569 116 .. 246 95 .. 511 41 .. 471 -193 .. 840 

ll()O 25.593 U 7 .. 495 96.526 44 .. 029 -193~600 
2200 25 .. 614 llB .. 6a6 'n.S09 '1-6 .. 590 -\''3 5 351 
23\.JO 25.03?- , 19 .. 825 98.1054 49~ 152 -teHaHa 
2.400 25 .. 649 120 .. 916 99.366 51 .. 1It: -192 .. 883 
2500 2'3.663 \21 .. 963 100.251 S45282 -192~652 

'-bOO 25 .. 616 122 .. 910 lOI.J.05 505849 -192 .. 425 
<:100 25.687 123 5 939 lOI~933 59.-417 -19Z~201 
2800 25 .. 697 ~ 24 .. 814 10?B136 bl .. 9Bb -191 .. 981 
2900 25 .. 706 125 .. 776 103.515 64 .. 5'5e -191 .. 76b 
3000 .2 5 ~ 11 5 126c04 7 '.Q4.Z 71 07 ~! 21 -191 .. '551 

3100 25 .. 722- 127 .. 491 105 .. 007 69 .. 699 -1'H B 348 
3200 25 ~ 729 '1.28 .. 301 105.722. 72.272 -191.146 
BOO 25 .. 135 129.099 106.419 74 .. 645 -l'"~Oeq41 
31000 2 5~ 141 12'9.8f7 !07el)91 71.4]9 -190$ 152 
3500 2'5~74b "30 .. 014 !'07~ 756 79~q<;3 -190~5b4 

3000 Z5~ 751 13] .. 339 108.403 82.568 -190 e l7E> 
l1'lO Z5~ 7'55 132 .. 0..,5 10'9.033 85.143 -190 .. 196 
3800 25 .. 759 ! 32 .. 732 lO~ .. 64S 1:;7 .. 119 -190 .. 018 
HOO 25.763 133 .. 401 110 .. 246 90.295 -189 .. 847 
'000,)0 2r; .. 16~ 134 .. 053 110.8:'5 0}2 .. 872 -189 .. 677 

4100 25~770 134 .. 689 1J 1.409 95.446 -ts9 .. 514 
4.Z00 Z5~ 773 135 .. 310 lP~971 98 .. 02:5 -}89 .. 355 
4300 25 .. 77S 1.35 .. 911 1)295£1 100 .. 603 -189~197 
If. 4 00 255178 13e .. 509 1'_3 .. 05<; 103 .. 181 -189 .. 048 
4500 25~ 1'60 I :t1 .. DS9 1.' 3 .. 587 105 .. 758 -186 .. 902 

4600 25 .. 763 !"37 .. ~SS l' '~l 1,) .. 106.3;'1 -188 .. 758 
HOu 25 .. 7a~ 138 .. 210 !.] 4~b11 110 .. 915 -186 .. 621 
'+!:f.OO 25c 767 U8.753 US.l08 113.494 -168.486 
4:;l00 Z5 .. H9 139 .. 284 !~ 5.590 116 .. 072 -168.358 
5000 25 .. 790 139 .. 805 E6 .. 015 11 B .. 651 -188.234 

'HOO 2'\. .. 792 140 ... 3] 6 1] 6~546 121~230 -186 .. 114 
5200 25 .. 794 140 .. 61 7 l ~ 7 .. 007 123.810 -187 &9'97 
5300 25 .. 195 14' .. 306 U1.4t61 126.389 -187 .. 68'5 
5~OO 25 .. 796 14~ .. 79J 111 .. 901 128 .. 9t-9 -187 .. 719 
5500 25.198 142 .. 264 1l8~346 131 .. 548 -187 .. 67~ 

~bOO 25 .. 799 142 .. 129 1'8. .. 711 134 .. 128 -}87 .. 519 
5100 75.800 143 .. 185 !.lSl.Wl 1J6.7C~ -181.486 
56VO 2').~Ol 1'::3 .. 6,4- ~>~9 .. b19 13"h2138 -167 a 395 
5900 25 .. 602 144 .. 015 120.030 141 .. 868 -}87 .. 310 
e.OOO 25.603 144 .. 509 120~<.j4 1 44 ~44q -187. 2ZQ 

Sept.. 30, 1965; Dec. 31, 1969; June 30, 1976 

F 4 S 

dGI" Lo. Kp 

-180 .. 899 INF INI TE 
-lla~798 390 D 763 
-17'5. Tb8 192 .. 070 
-172 .. 580 126 .. SDS 

-172 .. 520 12.5 .. 680 
-169 .. 182 926437 
-165&668 720413 

-1620088 59 .. 04{) 
-158 .. 453 49 .. 411 
-156.092 42 .. 642 
-150 .. 997 36 ... 667 
-1.45 .. 932 31 .. 893 

-140.894 27 .. 'i93 
-135 .. 877 24.747 
-130 .. Se2 22.003 
-125 .. 910 19 .. 655 
-120 .. 957 11 .. 623 

-116.02l 15 .. 848 
-111 .. 100 14 .. 283 
-106 .. 199 12 .. 8910. 
-101 .. 305 11.653 
-96.427 10aS37 

-91.5606 9 .. 529 
-86 .. 112 8 c 614 
-al c868 1 .. 719 
-71.037 7 .. 015 
-72 .. 215 6.313 

-61.402 5.6b6 
-62 .. 596 5.0b7 
-57.804 4.512 
-53 .. 011 3 .. 995 
-48 .. 235 3.514 

-43 .. 461 3 .. 004 
-38 .. 693 2 .. b43 
-33 .. 933 2 .. 241 
-2111.115 1. ~815 
-24 .. 425 1.525 

-19 .. 618 L195 
-14 .. 940 0 .. 882-
-10 .. 204 0 .. 587 

-5 .. 481 0 .. 307 
-0 .. 749 0 .. 04! 

3 .. 968 -0 .. 212 
8 .. 687 -0 .. 452 

13.403 -(I.681 
lB.ILl -0 .. 900 
22 .. 816 -1 .. 108 

27 .. 518 -1 .. 307 
32 .. 219 -1 .. 498 
36 .. 918 -1~6al 
41 .. 617 -1~S'56 
46 .. 304 -2 .. 02" 

'50 .. 989 -2 .. 185 
55 .. 685 -2.34{) 
60 .. 371 -2~489 
65 .. 046 -2 .. 633 
6'9.730 -Z~ 771 

74 .. 413 -2 .. 904 
79 .. 090 -3 5032 
83~ 16b -3 .. 1;6 
68 .. 43.2 -3.216 
93 .. 110 -3~392 

SULfUR TETRAfLUORIDE (SF lj) 

Point Group CZv 
S;98.15 ::: 71,6 ! 0.1 gibbs/mol 

(IDEAL GAS) GFW ::; 108.0536 

ClHfO ::; -190.9 :!: 5.0 kcallmol 

L\Hf 29a .15 :; -182.4 ! 5.0 J;.cal/moJ 

Ground S'tate Quantum Weight ::: 1 

Vibr-ational Frcquencies and Degeneracies 
1 1 1 
~ ~ ~ 

Bond DilStdnces: s_rtl':;: 1.545tO.003 ~ s_ru" 1.546.10.003 A 
Bond Angles: r"'_S_ffl:" 101.55 :!: O.~· rtl'_s_f'"'''::; 87.al t O.S~ 

891. 5(lJ 

558.4 (1) 

353.0(1; 

228.0(1) 

li 15.0(1) 

728.0Cl) 

532.5 (l) 

867.0(1) 

233,OU) 

F·"-S-F"''' ::: 173.07 :!: O.S· ( .. - equatorial - ax.ial) 

Product of Moments of Inertia: IAlaIe::; 6,7227 x 10-
114 

g3 cm
6 

0":: 2 

Heat of formation 

Data. on uHr· published prior to 1970 have been l"eviewcd by O'Hare et aI. C .. p. We l':'eanalyze this earlier work together 

wit:h more recent studies; our results are presented below. Unless otherwise indicat:ed, all auxilia:r:>y data are taken from 

JANAF tables {..£}. We also include in the table fot' those reactions inVOlving the formation of HF fiHf o values ~hich have been 

derived in previous analyses (ll~ 11., ll)· 
Source Method ~ 

oHr" (T, K) 

kcal/mol 

-101.!. 8 (29B)b 

-:uHf;9S(SF to ,g), kcallmol 

From (Ref.) This WO'rk 

<.~) Calorimetric Sf 4 (g; +2H
2 

(g) :;:I.4Hf( t)+S (c) lSS.2(1l., 1.U ~ 
J';4.0 lS8.5(U) 

(~) Calorimetric Sf 4 (g)-+3H
2

0 (t):;4HF(aq)+H
2

S0
3 

(aq) 179.0 (h!) 

(2 -..§,J Appearance Potentialsd SF 6 (g) :SF I.! (g)"2F(g) 145. O.!:I.4. 6 (0) 

C.~) Appear-ance Potentialse NSF
3

<g)+f(g)::SF ll (g,>+N(g) 17.5{O; 

(Q) Appearance Potentials f SF
6

(g):::SFIj(gJ+2F(g) 116.2(0) 

aAuxiliary oHf;98 data in kcal/mol: NSf
3

(g), -85.2.t0.S(1)j fiFO), -72.37(1, lQ). 

bResu.lts reduced with Hf PVT and calorimetric data from (lQ). 

CHydrolysis data una.va.ilable; uHr@ v~lue from (11) /!!djusted for changes in lIHf
o 

of HF{aq). 

dIon Processes; SFe,(g)+e-::SF
lI
+(g)+2F(g)+2e- - Sf

4
(g)+e-::;SFI.4+(g)+2e-

.!:6.0 

180.1) 

l81.6.!:5.0 

151.8 

210.4 

e Ion Processes: SF
l
,{&)+e-::SF

3
+(g)+fCg)+-2e- NSF3{g)-te-::;SF3+(g)+N(g)+2e 

f Ion Proce-5ses: SfS(gi+-e-'" Sfq(g)+F-(g) SFs(g)+e-::;Sfs-(g) SF6 (g)"e-:SFs-fg)+r(g) 

All of these studies are relat:ively imprecise, suggesting the need for an unequivocal r-edete['mination of "'Hf". Both 

calorimet:ric results (1, ~) are bdsed on lfIe~~ur-ements made with impure samples ('" 98% SF4 , and suffer from the additiona.l 

uncertainties in"tr-oduced by the formation of HF. The ionization processes involve unknown kinetic and excitation energies, 

evidenced by the widely scattet"'ed results. The first t.hree t!.llf· "Blues listed above are reasondbly consistentj th\.lS, we are 

led to adopt their' mean value of lIHf~<l;){SrL"g) ::; -182.4 kcal/mol. The estimated uncer'"tainty is :!:S.O kcal/mol: Our llHf· value 

corresponds to a heat of atomization 

respectively. 

Heat Cdpacity and Ent.ropy 

and average bond dj~sociation energy (DO) of 320.1 kcal/mol and 80.0 kcallmol, 

Detailed structural data. determined by electron diffraction (~) and microwave spec'troscopy (12) show good agreement. We 

arbitrarily adopt the micT'Owave daTa which indicate that the SF q structure is a trigonal bipy!'amid with two inequivalent sets 

of fluorine atoms •. The inequivdlence of the fl\.lorines is also support"ed by nuclear resonance (ll, 11.) and x-!'ay photoelectron 

spect"roscopic (11. • .!j,) studies. The individual momen'ts of inertia are: I A ::: 2,6069 x 10-
38

, IB :: 2.0SliS x 10-
38

, and 

Ie ::: 1.2552 x 10-3B g cm 2 . 

F 4 S 

VaI'ious spectl':'oscopic methods have been used to stu.dy the vibrational spectrum of srI!." These studies include crystal (l.QJ, 

liquid (1)) I and gas (~1) phase Raman and gas (11 - 11) phase a.nd argon matrix-isoliltion (1.iJ infrq,I'ed spectra. The measured 

frequencies show good agr'cement but various interpretations of t:he observed spectra have b€en present.ed. We choose to ddopt 

the results of the latest interpretation by Levin (lQ). It should be noted that the vibI'ational assignments are immaterial for 

the purpose. of evaluating 'the thermal functions since none of 'the fundamentals are degenerdte. 1':0 calculations (12' predict 

u singlet: ground state with no excited states lying at energies which would be significant in the s"tatistical caLculations. 

Our thermal functions cssentially extend and update those r'eported by O'Hare <'1]) but ar-e. in disagreer:tent with other 

literature d3ta (1..§., ],1). The functions rcpoT'ted by Radhdkrishnan (1.£) aTe based on an incoI"rect structure and older 

vibr'a"tional frequencies (11.). The set. of fr-e.quendes used by Wilkins (1.1) are very similar to ours but his mom-cnts of ineI'tia 

appear unredlistic. We conclude that his thermal functions (12) are eM'oneous. 
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SILICON TETRAFLUORIDE (SIF 4 ) 

<IDEAL GAS) GFW=104.0796 

gibbs/mol~~-~ kcal/mol 
T,"I< Cp' S' -(GD-H":ne)(f H"-W ... l>1Ir' 

0 0.000 0 .. 000 INFINI T~ -3~670 -364 .. 661 
100 9 .. 9'14 52~ 714 a.O~ 995 -2 ~62e -365 ~l13 
200 145'550 61 c 144 69.072 -1 ~ 5 SS -385&71 t 
2.a l7.59b 61 .. 554 67.55 .. 0 .. 000 -3815 .. 980 

300 17.644 61 .. b63 f,7 ~5:;'4 0.0:3 -385 .. 984 
.00 19 .. 91J 73.062 bd~2 75 .l. ~915 -36b .. 149 
500 21.421 77 .. 673 69 .. 70S 3.984 -386 .. 238 

bOO 22,.486 BJ ~679 7.1,,37,. b .. ! 83 -386 .. 271 
la. 23.233 B5~ 205 73 ... 03 0 .. 411 -386 ~210 
,aD l.3 .. 765 £\8 .. )44 7.r,.&~6 lO~ e22 -3€H:..251 
900 24.154 91.167 7ce 478 13.219 -366 8 218 

1000 24. ~4b 9? ~ 727 7B~077 15~650 -386 5181 

1100 24.610 96 .. 008 19.6u8 18 .. 106 -386 s 144 
12()O 2 ... 845 98 .. 223 81.071 ;;'05582 -:'HUh107 
1300 24·.963 1 OD ... 2J 7 157.1,.68 23.07"" -~B6 .. 07Q 
14JO 25.095 1.0('.073 83.cOZ ;; 5~ S7B -366 .. 051. 
1500 25.187 ' 03 .. 807 e5~079 2d .. 093 -3Sf: .. D31 

1600 25.262 105 .. 435 86.31,'11 3 O~615 -386~02b 
1700 25.?Z5 ~.06 .. 9b9 )?7 .. 472 33 .. ~ 45 -198 .. 020 
~ 800 25 .. 319 108 .. 418 B8~ 590 15 .. 6BO -391 6 919 
19110 2:5. 4 24 !O'1 5 791 99.675 38.220 -397 .. 937 
2~OO 25 .. 463 ll1 .. 096 90 .. 7) 4- 4-0~764 -397" 591 

21110 25e4'97 11.2 .. 340 91..715 4'3.31'3 -397 .. 6;3 
2200 25.526 lU .. 526 92~o 7'1 "'5.86'" -397 .. 823 
,,300 25~ 552 114~6b2 9:;~611 4B~418 -3975789 
2400 25.$15 U5 .. 750 94 .. !:I!. 0 50.974 -397 .. 759 
2500 25.594 ll6 .. 194 95.:Hll 5:s532 -397 .. 133 

2=»00 2.5.612 ll!' .. 798 9b~224 5C' .. D93 -)97.708 
2100 25.628 116.165 91 .. 0"1 58 .. 655 -391.686 
2800 25.b42 11? .. 6<n 97 .. 1:134 61 .. 218 -391 .. 6b1 
ZgOO 25.655 :l2() .. 59S 98 .. 603 b3 .. 1'83 -397 .. E:>52 
HH1·Q 25 .. 667 121 .. 467 99~ 35, 66~349 -397 .. 642 

3100 2'5.677 122 .. 309 lOO .. [)7d bd s 917 -397.632 
3200 25 .. 681 123~ 125 1.0CI~ 780 710 4 85 -391 0 026 
HOC 2S~695 !23 .. 915 101.475 74.054 -397.027 
HOC 25.10) ) 2:'.682 t02 .. 1"'o 70 .. 624 -391 .. b29 
3500 25.111 125.428 102~~0\ 79.1'15 -3q7.636 

)600 25 .. 7t7 .126 .. 2 '52 103 .. 439 81.H6 -489 .. 606 
:HI,)O 25~ 123 12E. D S57 !.04~Oo3 b4.338 -469 .. 521 
)800 25 .. 729 12"1 .. '543 104.671 86.911 -489.439 
3900 25.734 126 .. 211 l05~ £0:. 7 tP1.484 -489 .. 364 
4Da-O ZS.719 ,28.B63 105 .. 840' 92.057 -48g e 291 

4100 25.144 129.4QS lObe'-!' 7 94.632 -4-8G1.2Z3 
:'2\)0 25.71.,.8 130 .. '-19 U)6 .. 974 91 .. 20.6 -4SQe 1 59 
4300 25.752 ! 30 .. 125 107~ 52':) 99.781 -489 .. 096 
4400 25 .. 755 :31 $3:'.7 108e054 t02 .. 35b -.:.aQ e042 

~ 4500 25.7!)9 131 e 8 Q 6 ~08.~77 t04.932 -488.988 

.". .. 600 25.762 132~462 109.0':1.0 lO7e508 - ... e8.938 ::or io700 25.765 , 33 .. 0i.6 \09 c 594. l,0.085 -488~B94 '< 
!I' 4800 25 .. 168 133 .. '558 l' 0 .. 087 il2.b6t -4!HI.852 

10900 25 .. 170. ~ 34 .. 090 110~ 57 2 115.236 -488.815 n SOOO 25.773 ' 3'-.610 l! 1 ~O47 217 .. 825 -488.782 ::or 
'" 5100 25 .. 715 '1..35.121 1. 1 '. ~ 51. .. UO.393 -486.152 11 5200. 25.717 135.621 :!.l1 ... <H,3 l22.Gl70 -48B .. 727 

11<1 5300 25.779 !36.112 1'2.42.:. l.25.51.8 -488 .. 704 

~ 5""0 25.781 :'36 .. 594 11.2~b~7 12tJe:i.26 -488 .. b86 
'5500 25 .. 783 1:n .. 067 11.35303 .I. 30. 704 -488 .. 674 

10 
:5600 25. 78~ !.37 .. SJ2 1.1:) .. 7::11 133.283 --488.665 9- 5700 25 .. 181 137.QS8 '!. J 4~.:.::'3 1035.861 -486 .. 6b1 

.? HOO 25.7E!a 138 .. 43'1 l' 4.50d 131:1.440 -1.S/$.6SQ 

< 5900 25.790 138 .. 878 111. .. 97b 1 .. 1 .. 019 -488 .. 063 

l!- 6000 25 .. 791 139.311 li5 e 318 ,:,.3.598 -48lf~67! 

.:"'i Dec. 31, 1960; Sept. 3D, 1963; June 30, 1976 

Z 
? 
!" ... 
00 ... 
lID 

F 4 S I 

<loG!" Log K. 

-384 .. 661 INFHUH 
-)82 e3l"" 835.546 
-379.165 414 .. 332 
-315 .. 891 275 .. 535 

-315 .. 829 213.791 
-372."-15 203a 4 78 
-368.971 161.2.71 

-36S",5H 133 .. 138 
-362.053 113 .. 038 
-358.597 97 a 964 
-355.140 8C'h2.40 
-351.690 7l)~8b2 

-348~2"3 69.190 
-344~ 799 62~ 796-
-34) ~357 57 .. .387 
-337.918 52.75\ 
-334 .. 419 48 G 7 34 

-33) .044 ","50.218 
-327 .. 501 42~lO3 
-323.356 39.26~ 
-319.211 36 .. 718 
-315.065 ]"'.4-29 

-310.928 32.359 
-)06.790 30~477 
-302.651 28.758 
-298.516 27.18{'-
-l94~3S3 25.735 

-Z90~248 24.398 
-286.114- 23 s 159 
-281.983 22~OlO 
-271.848 20 .. 939 
-213 .. 725 19.942 

-269 .. 59"- 19.0Gb 
-265.4bl 18.130 
-261 .. 331 17 .. .307 
-257 .. 200 16~S33 
-253 .. 007 15$802 

-24b.h78 14.975 
-23q~932 14 .. 172 
-233 .. 185 13.41::' 
-Z2tl .. 450 12 .. 6913 
-229.705 12 .. 0D~ 

-212 .. 971 11 ~3SZ 
-206~233 10. .. 731 
-199 .. 494 10.139 
-192~762 '7 .. 575 
-186 .. 0.28 9 .. 0.35 

-119c297 8~ 519 
-172&5&5 8.0.24 
-165 .. 83.2 1~551 
-159 .. 10.2 7 .. 0.96-
-152 .. )78 6 .. 660. 

-145.653 th242 
-138 .. 916 S .. B39 
-132 .. 190 5.lt5.! 
-125 .. 474 5.01S 
-118 .. 1'.5 4 .. 716 

-112 .. 013 4 .. 372 
-105 • .285 4~O31 

-98~5bO 3 .. 7l4 
-91 .. 844 3 .. 402 
-8S .117 3.100 

SIl.ICON TETRAFLUORIDE (Sif4 ; (IDEAL GAS; GFW :: 101< .0796 

Point Gt'Oup :: Td ~HfO = -381<.66 ! 0.:;:0 kcallmol F 4 S I 

S;96.15 = 57.55 .!: 0.10 gibbs/mol 

Ground State Quahtum Weight:: [11 

uHf;98.lS :: -385.98 !; 0.10 kcallmol 

Heat of Form"."tion 

Vibrational FI'eguencies and Degeneritcies 
-1 -J 

~ ~ 
SOO.s(L 10[8.6(3; 

:::S4.'iO; 388.7(3; 

Bond Dista.nce: Si-F:; 1.55~ !: 0.002 

Bond Angle: f-Si-F:: 109- :tB' 

12 

Product of the Homents of IneI"'t'ia: lA1S1C':: 8.31538 x 10-114 &3 emS 

The adopted oiif~98(Sirl+' g'; ::: -38S.9B.!:O.iO kcal/mol is the result of measurement of 'Ch(! direct combindtion of the elements 

i.n ¢ bomb ca1orimeteI' by Wi.se et d1. (I; and. is the value roecomJl',encied by CODATA <.~). Bousquet et a1. (1; determined 

uHf;98 = -385:t4 kca,l/mol, also by fluorine combustion calorimetry. which is less precise but i~ in agt'ee"lrlent wi'th 'the adopted 

vdlue. An aver-age result, uHf;98 :::: -37r..4!O.l+ kCdl/mol, by Voroh'ev ct al. (.=.t'; from the re~ction of Sif4 (g; dnd Na(c; and 

from two rat:her involved hellt of solution schemes, is not: used. 

Using JANAf dWlCilia.ry values (!!.;, uHdO :; 5511,75d kcal/mol is calCUlated fo'!" the process SiFI.j(g; :: 3i(&; + 4f(g;. 

Heat Cdpacity and Ent:ropy 

The four fundamental vibrationill frequencies ar'e adopted fr'om the \>l':!.pOr-phdse Raman sp(!ctral investigat:lon of ClaI'k and 

Rippon (~;. Jones et al. (2; photographed the Raman spectroum of the liquid dnd assigned values of 800, :::68, 1010, and 390 cm-
1 

to th~ four fundamental vibrational fr"'quencies. Yos't; et el. (f; deter'mined only VI at: 800 cm-
1

. ShimanOllchi (2; references 

four articles including that of Jones i!t al. (2; and has seltlct:ed BOO, £'68, 1032, and 389 cm- I • All of these .:i$signments 

in good dgreement. .. 

The interatomic distances fI'om el~ctron diffraction studies were found 'to b; J..555!O.OO? and l.53!J!O.003 A for Si-f 

and F ••. F, respectiv;ly, by Bea,&ley et: al. (lQ; and 1.S5:':~O.002 and 2.534.!;O.003 A by Hagen and Hedberg (.JJ). The value of 

Si-[ = 1.55~!O.OO::: A is adopted. because it: is in a.greement with the F .•• F dist:ance and the tetrahedral bond angle. The 

three prir.cipal moments of iner'tia are: If>.:: IE = Ie = :l.O~602 'X 10-
38 

gem:!. 

Our calcu1a'tio:) of S;96 :: 67.5S:!O.10 gibbs/mol ag,:"ees with the value r-ecommended by CODATA <.!.;. 

Refel~nces 

L S. S. Wise, J. L. Margrave, H. M. redeI', and W. N. Hubbard, J. Phys. Chem • .§1.. 815 {l963;. 

2. lCSU-CODATA Task G!"oup, "CODATA Recommended Key Values for 1975," COD.liTA Bulletin No, 17, 1976. 

3. J. Boufiquet, ,1. Carre, P. Claudy, J. Etienne, P. Provencal, J. Thourey, and P. Barberi, J. Chim. Phys. Physicochim. 

BioI. .62, 106~ (1972',. 

1>. A. F. VOr"ob'ev, V. P. Kolesov. and S. 11, Skuratov, Zh. Neor-gan. Khim. 2" 1402 (1950~. 

S. JANAF 'T'hermochemical Tables: r(g;, 9-30-65; Si(g;, 3-31-67. 

5. R. J. H. Clark ":'."'ld D. M. Rippon, J. Mol. Spec'tl:'Osc .. '!~, 479 U9n;. 

7. E. A. Jones, J. S. Kir'by-SllIith, P. J. H. Woltz, and A. H. Nielsen, J, Chern. Phys. 11, 24i: (1951; 

8. D. M. Yost, E. N. Lassettre:. and 3. T. Gross, ..r. Chern •. Phys.~. 3:CS (1936;. 

9. T. Shimanouchi, NSRDS-NSS 39, 191L. 

10. B. Beagley, D. p, Brown, and J. M. F!'tleman, J. Mol. S'truct • .li. 337 U973;. 

11. K. Hage:n and K. Hedberg, J. Chern. Phys • .§,1, 1549 (l9·/3~ . 
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CD 

ZIRCONIUM 

(CRYSTAL) 

T,"K Cpo 

0 .000 
100 10 0 060 
lOa 20.210 
298 24.160 

300 24.131.0 
400 27 .120 
500 28.610 

600 29.630 
700 30 .. 350 
800 30.930 
900 31 .. 51() 

1000 32~O50 

TETRAFLUORIDE (ZRF 4 ) 

GFW=167,2136 

gibbs/mol---_ 

S" -(G~-Ha2IN)rr H"_HC> .. 

.000 INFINITE - 4.182 
5 .. 481 lt3§ 591 - 3.Sll 

15.991 21.166 - 2.235 
~~eOZ4 .l5.0l4 .000 

25.117 25.024 .046 
32': 663 26 .. 029 2.653 
38.883 27.996 5.444 

44.1':15 30.264 8.359 
48.820 32.591 1l.3bO 
52.911 34. B81 14.424 
56.587 J7 .. 092 17 .. 546 
59~ 936 39 .. 2[1 20. US 

JAZR 

kca.l/mol 

Alii" 6GI" J..,.Kp 

- 455.441 - 455~441 INF 1""lrE 
- 45b.672 - 448.146 q80~ 133 
- 457.022 - 440.613 481.480 
- 456.600 - 432.'595 H1.101 

- 45b. 79~ - 432.445 315~O36 
- 456.349 - 424.391 231 .. 816 
- 4';>5 .. 823 - 410.463 Ui2 .. 036 

- 455~250 - 40B.b44 148.848 
- '054.657 - 400.922 125 .. 174 
- 454.058 - 393.28B un .. 441 
- 453.450 - 385~ 729 93~666 
- 452~830 - 378.231 82.b64 

I:..!. Q.'L ___ !~.! .?~6}_ .. ___ ~~ ~ Q!' ~ ____ ~ }.!'_l}J __ ____ n~:2'?~ ___ = __ 4~S~2_.}_ ~L __ :: _ J I9.tltO-" ______ L."! ~~?2 
1200 33.050 65.Sb8 43~172 Z7eBS - 452.411 - 363.385 bOe18l 
1300 33.550 
1400 34.000 

69 .. S:n 45. 021 30.56'::> - 451a5tH - 355.999 
71 .. 039 46~ 191 H_9~6 - 450 .. 1L'9 - 348.679 

Dec. 31, 1960; June 30, 1961; Dec. 31, 1963; 

June 30, 1969; June 3D, l.975 

~geB49 

54.431 

ZIRCONIUM TETRAFLUORIDE (ZrF l<) (CRYSTAL) GFW= 167.2136 

6Hf; :: _455.44 .!: 0.25 kcal/mol F 4 Z R 

5 298 ,15 2S.0211:!: 0.05 gibbs/mol C.Hf29a.15 = _456.80 ! 0,25 kcal/mol 

Tt (u -Jo B) " 723K aRtO Unavailable 

TIn :: 1205 .t 2K o.Hm° :t 15.35 .!: 0.10 kcallmo1 

Ts = l179K 

lIHS 29a .15 56.80 Iccal/mol 

Heat of Formation 

The heat: of formation of zi('conium tetra.fluoride was measured by direct combination of the elem.ents in a bomb calor'imeter' 

by Greenberg, Settle, FcdeI'~ and Hubbard (1). The reported value .1Hfi9S(Zrf4, c) = _1.j56.80 t 0.25 kcal/mol is adopted. 

Heat Capacity and Entropy 

The low teD'lpeC"ature heat capacities in the temperature range 5 to 307 K were determined by adiabatic calorimet:ry by 

Westrum (l). Using these low temperat:ure Cp· data the value of 8 29B is derived as 2S.024 !: 0.05 gibbs/mol based on 

Si.o = 0.007'1 gibbs/mol. 

McDonald, Sinkt!, and Stull <.~) measured the high temperature enthalpies of ZrF4 (c) at t~rnperatures 283.9 - 1225.8 K in 

a copper block drop calorimeter. Smith, Miller, and Taylor (~) used a Bunsen ice calorimeter for the enthalpy measurements 

in the temperature range 273-1150 K, These two set:s of enthalpy data are not in good agreement. It is possible that the 

discrepancies are due t:o the difference in crystal structure of the samples uSl'!!d (see "Transition Data" for more information) 

In o('der to join smoothly with the low temperature heat ca.pacities at 298 K, the high temperature heat capacities. derived from 

the en'thalpy data of McDonald, Sinke, and Stull (1) are adopted. The Cpo values ahove 1200 K arc obtained by smooth ext:rap

olation. 

Fontana and Windnd '-~) also measured the enthalpy of ZrF4 in t:he range 773-1350 K. Their reported average heat capacity 

in this range ",nd their reported enthalpies are consideI'ably lowe(' than those adopted. 

T":r>ansition Dat:a 

Gdudreau '2.) p('csented evidence that ZrFI,j has thre~ crystal structures (a., ~, a.nd a) and one amorphous form. Chrl!tien 

and Gaudreau C.§) found that Zrf'4 Cc) has an a ("tetragonal) and p (monoclinic) form lOiith a transition temperature of Tt =723K. 

The crystal data compillltion of Donnay and Ondik (2) tabulated two monoclinic structures for ZrFIJ; one of which~ was specified 

as the ~ form while no oention was made of a tetragonal i"OI'm. 

The ZrF4 sample employed by McDonald, Sinke, and Stull (~) for ent:halpy m.easurement was prepared by dissolving hafniwn

free zirconium me'tal in 1.i8'; aqueous Hf, dnd the resulting solution was evaporated to dryness. The crystalline product: was 

heated slowly to 773K in .." platinum boat in a slow current: of .tnhydrous HF. X-ray diffraction showed only crysta.lline ZrF~. 

Wet analysis indicated Sl<.6i Zr (theory Sl<.55) and 44.9% F (theory l<5,45). DJ.e to the above facts we.are uncertain whether 

'the sampl!!! pr'!!!pared is a mixture of 0. dnd ~ forms or a pure ZrF4{~)' Smith, Miller, and Ta.ylor C.~) obtained their ZrFlJ s<'IJUple 

f('om the Odk Ridge Nationa.l J..aboratoI'ies, Oak Ridge, Tenn. Since the :net hod of preparation of the compound is unavailable from 

'the report:, we do not know what kind of sample they used for measurement. 

Because of the above unresolved situation, we emphasize that: t:his ZrF l< (c) ta.ble is not str'ictly a cr, ~-cotlbined phase 

'table. However, the differences in the calculated functions are probably not significant. 

M~lting Da'ta. 

Tm and tlHm° are taken froJ:). McDonald, Sinke, and Stull (~). The values were obtained under conditions greater than one 

atmosphere, Fontana and Winand (~) reported a heat of melting of 1l.B1"!:2,40 kcal/mo1 (under pressore). 

Sublimation· Ddta. 

The sublimation temperature eTs) is calculated as the tcmpeT'atore at which the Gibbs free energy change of the process 

Z1:'~4(c) = Zrfl«g) approdches zer~. The difference ben.teen ..... Hfi98 for Zrf 4 (g) and ZrF4 (c) at ln9 and 298,15 K is litis· dnd 

uHsi98' r-espectively. Since t:he sublimation temperature is lower thdn the melting point, the ZrFIj. s'..lbli.'!les before it melts. 
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1. E. 

2. ~ 

I. R. 
4, D. 

5. B. 

G. A. 

Greenberg, J. L. Settle, H. N. Feder, and W. N. Hubbard, J. ?hys. Chern, .g, 1168 (I96l). 
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ZIRCONIUM TETRAFLUORIDE (ZRFlj) F 4 l R 

(IDEAL GAS) GFW=157.2136 

T.'K 

'00 
200 
298 

CD' 
~ODO 

13~ 653 
18.119 
20.aS7 

JOO 20.'127 
400 22.603 
~oa 23.5'13 

bOO 24.705 
100 24.603 
sao 24.873 
900 25~Ob5 

1000 25.205 

!loa 2~.310 
Ci66---- 25:3"9Y-
lJOO 2'Je"'55 
1400 25.506 
l500 2~"~4B 

1600 25 .. 582 
! 700 25.610 
11:1.00 L5.634 
1900 20:..054 
2000 25eb71 

2100 25.686 
2200 25.699 
2300 25..710 
2400 25.720 
2500 25.729 

2bOO 25.137 
2100 250744 
2800 25.750 
2900 25.756 
3000 25.761 

HOD 2~e 765 
3200 2~. 770 
3300 25.773 
3400 25.177 
3500 25.180 

3600 25.783 
370a 25.765 
3800 25.78B 
3900 ZS.790 
10000 ZS.192 

4100 25.1Q4 
4200 25.796 
4300 25.198 
4400 25.799 
450Q 25.80l 

4600 2: 5. 802 
4100 25. a04 
4800 25.805 
4900 25.606 
5000 25.801 

'HOD 25.808 
5200 25.809 
5300 25.1:110 
5400 25.81L 
5500 25.812 

5600 25.812 
5700 2!>. eD 
~800 25&!H4 
5900 25~814 

bOOO 2~.B15 

gibbs/mol~~~_ 

SO -(G"-H"DII)/T 

.000 
57.560 

76.468 
82.740 
61589'1 

92.2511 
96.022: 
99.32b 

102.261 
10".916 

16. 
16~ '339 

76~ 339 
77 ~ l83 
18.8lb 

80.711 
e~.635 
64~519 

66~J31 
68~ O?-9 

~~--Iu:al/mol 

H~-W_ l1HI'" 

- 4~ S27 
3 ~ S3 S 
l ~925 
.000 

.039 
2.223 
4~5]7 

b.929 
9.37l 

U.845 
14 e 343 
16.8'56 

- 398.98b 
- 399.596 
- 399.9l2 
- 400. 000 

- 400.000 
- 399.979 
- 399.930 

- 399.880 
- 399.846 
- 399 ~ 83 7 
- 399 .. 853 
- 399.899 

~Gr 

- 398.986 
- 39b. B76 
- 394.014 
- 391.095 

- 391.039 
- 388.053 
- 335.078 

- 38Z.11Z 
- 319.J.53 
- 376~l99 
- 373.244 
- 370.266 

Log Kp 
I ~FJNlfE 
667.375 
~.30. 559 
28Q.680 

284~872 

21.2.02Z 
168.318 

139.184 
llfJ.317 
102.773 
90. (>36 
80.926 

107.323 89.703 19.38Z - 399.':114 - 367.311 12.980 
-[0-9.-529- --- 9 r:i -64- - - - - -2L.-'He -- -::. - 4cio-.9T8- - - -~-364: Zqi, - - - - - -,;{ :3;; 7 
1l1.564 92.7"'9 24.460 - 400.886 - 361.2 .. '0 60.731 
113.453 94.161 21.008 - 400.857 - 35S~196 5:'.'H7 
115.214 95.506 .;>9.561 - "'OO~a42 - 35')&148 51.74:" 

116.864 
llB.4! 5 
119.8S0 
llL.Z6b 
12Z~ 583 

LB. B36 
125.031 
126.174 
127. Z6B 
LZ8.316 

129.j27 
1.30.299 
131.235 
132.U9 
133.0l2 

133~85 7 
U4~675 

135.468 
136.237 
116~965 

137.711 
D8.411 
139.105 
139.715 
140.428 

1'>1.065 
141.6S7 
142.294 
1"'2~887 
143.466 

144.034 
144.586 
Ftt5.132 
145.664 
14b.18S 

146.696 
l4 7.197 
141.669 
146.171 
He.blt5 

l'i9.110 
149.561 
150.016 
150.457 
150. !;!., 1 

96.190 
98.017 
99.l'H 

100.317 
101.198 

l02~ 43 7 
11l3.43J 
l04~401 
10~.131 
106.2Z9 

IC7.M8 
107.940 
1 Oa~ 755 
109.5'-6 
UO.314 

lU.D60 
Ill.785 
112.491 
113.178 
113.841 

114.500 
115. l31 
115.159 
116.366 
116~960 

111.540 
118.107 
liB.b63 
119.207 
119.739 

120.261 
1Z0.773 
121.215 
121.167 
1Z2.250 

Ill. 7Z~ 
123.190 
123.b'tB 
lZ4.098 
Il4~ 540 

1.t4.97'o 
125.402 
Il5.8U 
l26.23b 
126.643 

32~1l8 
)4.617 
J7.239 
N.804 
42.370 

H.938 
47 .. 501 
50.078 
52.649 
55.222 

51.795 
60.369 
62~944 

65.5L9 
68.095 

10.671 
13.249 
15.825 
70.,,+03 
aO.981 

8].559 
86.137 
88.116 
91.295 
93.874 

96.453 
99.033 

101.612 
104. L'n 
106.772 

l09~352 

11 L.933 
114.513 
117~09.c, 

119~o74 

122.255 
12~~ 836 
127elp17 
lZge998 
nZe579 

135.160 
137~ 742 
140.323 
142.904 
145e486 

- loOO.B43 
- ",00.858 
- 400.890 
- 400~934 
- 4'JO~ 994 

- 4al~06'9 

- 40th l63 
- 406.262 
- 406.361 
- 406.416 

- 406.569 
- 406.70'5 
- 406.824 
- ",,06.949 
- 407.079 

- 401.211 
- 401 .. 3'+8 
- 407 .. 489 
- 407.&33 
- 407.183 

- ,,07.935 
- 408.093 

40B.254 
- 40S .. 42l 
- 408.590 

- 408.765 
-' 408.943 
- 409.124 
- 409.312 
- 4.Q9 .. 502 

- 409.696 
- 409.695 
- 551.25.10-
- 5'5l.~65 
- 551.881 

- 552 .. 217 
- 552.555 
- 552.901 
- 553 .. 257 
- S53.b19 

- 553.989 
554.366 

- 554.748 
- 555~ 136 
- 555.534 

- 352~ 104 
- 349.055 

- 336.852 
- 333~615 
- 330~313 

- 327~010 
- 3l3~102 

- 320~387 
- 311~Ob8 

- 313.748 
- 31D~4!8 
- 307~09,", 

- 303.756 
- 300.417 
- 291.074 
- 293~ 725 

290 5 369 

- 2.87 .. 011 
- Z83.652 
- 280.284 
- 276 .. 920 

21'3.542 

- 270 .. 166 
- 266 .. 78Z 
- 2b.3.392 
- ZbO .. 003 
- 256.611 

- 253 .. 210 
- 249~B05 
- 2';'5~nl 

- 239 .. 341 
- 232.9bS 

- 276.594 
- 220.197 

213~ 801 
- 201.408 
- 200~997 

- 194 e 519 
168.157 

- 181.129 
115$300 

- 168.859 

Dec. 31, 1960; June 3D, 1961; Dec. 31, 1963; 

June 3D, 1969; June 30, ISiS 

48.095 
44~ 814 
42.011 
39 .. 449 
31.143 

35~05 7 
33.142 
31.381 
29.778 
28.Z98 

Z6e"J31 
25.6b'5 
24.489 
2.3~394 

2l.~31Z 

2l.4l5 
20. SiB 
19.674 
18.8BO 
18.131 

11.424 
16. 75~ 
16~ 120 
15.518 
14c946 

14 .. 401 
13~a8Z 

13.381 
12c914 
12."63 

12:5030 
11 .. &16 
11 .. 188 
10~b75 
LO~ 183 

9.710 
9.255 
8 .. 816 
8.394 
1~987 

7e594 
1.214 
6.848 
6.494 
6.1.51 

(IDEAL GAS) Gf"..i :: 157.2136 ZIRCONIUM TETRAfLUORIDE (ZrF 4) 

Point GPoup :: Td ,:\Hf; -= -399.0:!O.8 kc::al/mol F 4 Z R 

S298.15 ; (76.3!:l.Ol gibbs/mol 

Ground S tate Quantum Weight: :: III 
.)Hf298.l5 :: -400.0!:0.!:I kcal/mol 

Vibrationdl frequencies and DegeneraCies 
·1 1 
~~ 

[630J (]) 558 (3) 

[180] (2) 190 0) 

Bond Dis'tance: Zr-f:: 1.94!O.02 A 

Bond Angle: f-Zr-F:: 109~ 2SQ 

(J:: 12 

Products of the Moments of In(\rtia: IAlaIe:: 3.1731.:7XIO-1l3 g3 emS 

Hea'L.Q.L forma t ion 

The vapor pressures of Zrfl,;(c) in the tCr:lperature r.:tnge 617_1150 K were determined by many investigators \..ising various 

me"thods, Based on the repor't:ed vapor pressure data, the corresponding heats of sublimation dr'e evaluated by the second dnd 

third la\>J methods. Using the thi:t:'d law llHs 298 and .:.Hf 298 (Zrfq , cJ = -456.8 kcal/mol, the heats of fO('lll.a:tion at 298.15 K 

fo!:' Zrf4 <g} are evaluated, The results are p:t:'esented ir; the table below. The values of .lHfjgs(Zrr .. , gl listed in the 

last column of this table dre in excellent dg:-eement which indicate that the estimated missing vibrational frequencies .... 1 

and \)2 are :-easonable. The heat of formation at 298.15 K for Zrf!o(g) is adopted as -400.0 kCdl/mol. 

No. of 

Investigator Method Tempcra"tur~-,--_.!S Points 

1. Laut:er (l946) unavailable 950-1150 eqn 

2. Sense et 13.1. (19SI<) tNnspiration 617-881 14 

3. Sense et a1. (1957) transpiration 

4. Cantor (1958) qUasistatic 

900-lISa 

710-809 

7ijB_849 

735_825 

29 

15 

10 

5. Hildenbr'dnd-Thedrd (1961) torsion/effusio.'? 

6. Hildenbrand-Theard (1961) torsion/effusion 

7. Galkinetal. (1963) 

8. Akishin et al. (l963) 

9, rischel"' et a1. (l95l1) 

10. SidoI'oV et 03.1. U96S} 

Hea.t Capa.city and E.'1tt"op¥ 

Knud5en-~ffusion 720-825 

mass spectrDmetry 700-900 

"bell me'thod" 1000-115Q 

mass spectrometry 769 

eqn 

uHS 2981 kcal/mol 

2nd law 3rd law 

56.49!O.12 :'6,93 

SO.57.!O.OS 57,13 

50, 61j :to. 13 

56.111O.6( 

55.Bl.!L44 

52.59.!O.39 

51. S3.!0. oS 

59. 2 5~2. 31.1 

5].38:r:O.12 

57.24 

56.65 

57.05 

57. 09 

54.79 

57.30 

56.89 

57.58 

drift 

gibbs/mol 

0.3 

~3. i+ .to.l 

_3.3!:O.1 

O. S!.O. 6 

L5.!"LB 

5.7 :.:0. S 

Ij .1!:0.1 

_2 .4:!:2. S 

-0. b 

lIHf
O 

298 

kcal/mol 

-399.97 

-399.S7 

-399.56 

-1,;00.15 

-399,7S 

-399.71 

-1<02.01 

-399. SO 

-399,91 

-399.22 

The molecular' structure of Zt'FIj(g) has been studied by electron diffractio~ by Spiridonov <Q}. The configuration was 

found to be a regular te'tr-ahedron with interatomic distance Zr-? = 1.9" ! 0.02 A and F-Zr-f bond angle -::: 109.1;7° which are 

adopted. .. 

E:m.ploying the estimated interaction coefficients and interatomic distance Z('-f '" 1.BS A, Godnev, Aleksandrovskaia, and 

Rigin" (~) calculated three vibrational frequencies for Zrf4 (g) as '.1 2 '" 150 - 200, and \I'l .: 180 .!: 230 c.'<l-l. Buchler, 

Berkowitz, and DugZ'8 (11) observed the infrared spectra of some group IV halides and assigned \1
3 

"; 668 and \)4 -::: 190 ::!: 20 cm-1 

for ZrfL,(g). The frequen<:y \'3 has also been reported as 670 em- l (.1.::,). In studying ma'trix isolated 'ZI"f4' Haus;e et a1. (l§.) 

found d. strong infrared band at 669.0 cm- l in an argon matrix and 677.0 cm- l in a neon matrix; both of which wer'e attributed 

to the "'3 stretch frequency. The values of "'3 and \!4 adopted here are. those reported by Buchler, Berkowitz., and Dugre (1l.). 

The adopted \1 1 is obtained by correlating the corresponding frequencies of the tetraf:i..uQr'ides of C, Pb, St'\1Ti and Ge with 

their respective interatomic distances. Y2 is calculate~ from \\' '-'3 and v,< using the rela.tionship (ll) \I~"'~::: j(lt~!) where 

f and Zr arc gram atomic weights of fluorine and zirconium, respectively. Vibrational frequencies (535,178, 66B, and 190 c.m-1 ) 

were suggested by Godnev et· al. (ll) who also critically examined the sublimation data in order to ach.ieve internal consistency. 

These values are in good agreement with our a.dopted values. The three principal moments of inertid arl:!: IA :: IS :: 1C = 
3.166 X 10- 38 g cl'll2 
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::r SULFUR PENTAFLUORIDE ( S F 5 ) • !i (IDEAL 6 AS) GFW=127.0520 
:ou 
~ 
g ~-~-g:ibbs/mol~~~_ kcal/mol a T,OK Cp' S' -(G'-H' ... )IT no_wIN MIl" 
II 
< 0 0 .. 000 0 .. 000 INFINITE -4 .. 627 -231 .. 119 
0 100 11 .. 355 57 ... 107 95.216 -3 .. 75f -232 ~ 144 
::- '00 19 .. 571 68 .. 230 79.;), S3 -2 .. 185 -233 .. 321 

.:"I 
,.e 24.444 17 .. 053 77 .. 053 Q .. OOO -z:n .. 420 

Z 300 24.~P.O 71 ~ 204 77 .. 053 0 .. 045 -233 .. l,lO 

0 400 21.136 84 .. 653 78.051 2.641 -233 ... 849 
500 2S.l'] 2 90 .. 882 80.012 5 .. 435 -234 .. 009 

~ 
600 29 .. 500 96 .. 183 82 .. 277 8 .. 344 -234 .. 031 

00 
700 30.069 100 .. 777 S4~ 599 1l .. 324 -233 .. 985 
600 30 .. 452 104.8; B 3~. 879 14 .. 352 -246 .. 9"+1 .... 900 30.723 108.422 S9 .. 1.l7f:. 17.411 -246 .. 516 

CD 
~ooo 30.920 ~ 11.669 91.17S lO~4q4 -246 .. ()87 

1100 31.0606 114.623 93 .. 175 23 .. 5<;4 -245.660 
1200 31 el 1'12 111 .. 332 '1<;.077 26 .. 706 -245.234 
1300 3l~273 119.831 96.8B~ 29 .. 829 -244 .. 813 
1400 31.348 122.152 'I S .. (1)9 32. .. %0 -244.391 
l500 3't.411 1,;4.317 '1..00.251 36 .. 098 -243 .. 984 

1600 31 .. 466 126.346 10'1. .. 819 39.242 -243.576 
nOO 31.515 128.255 :'..03 .. :319 Ot2 .. 3f:ll -243 .. 171 
1800 31.561 130 .. 056 10"' .. 755 .. 5 .. 5"'5 -24Z .. 772 
1900 31 ...... 05 131 .. 765 106.132 48 .. 704 -242 .. 373 
2000 3l .. b48 133.387 107.45"> 51 .. 866 -241 .. 979 

2100 31.690 134 .. 933 108 .. 721" 55 .. 033 -241.569 
22uO 31 .. 132 136.408 109.95L 58 .. 204 -241 .. 103 
2300 31.175 137 .. 819 ! 1 ! .. 132 61 .. 379 -240 .. 818 
2400 31 ~ 611 1'39 .. 17? 112 .. 273 64 .. 55CJ -240 .. 436 
2500 31 .. 86] !40 .. 472 113.375 07 .. 743 -240 .. 058 

26-00 31c904 1,41 ~ 123 114 .. 44l 70 .. 931 -239 .. 681 
2100 31 .. 94B 142 .. '127 115 .... 7,,> 7"~ 124 -239 .. 305 
2800 31 .. 992 144~ 090 116.41(, 77.32'!. -2)'6 .. 931 
2900 32 .. 03f:. 145 .. 214 111 .. 447 80 .. 522 -238 .. 559 
3000 32.060 146 .. 300 118.391 83 .. 72 6 -238 .. 192. 

HOO 32.124 147 .. 353 l' 9. 308 86 .. 938 -237 .. 82.2 
321)0 32.168 \48 .. 314 lZOa2ill 90~ 153 -231.457 
3300 32 .. 21 1 '49 .. 364 121 .. 070 93 .. 372 -231 eO'H 
3400 32.254 150~ 326 121m91t. 96 e 595 -236e 727 
3500 32.297 151 ~262 122m Hi. ':.19 .. 823 -23b~368 

3600 32 .. 339 152~172 123.54(, l(H .. 054 -236 .. 006 
3700 32 .. 381 153 .. 0:59 124 •. B2 106.290 -235.649 
3800 32 .. 422 .153 .. 923 125 .. 099 10g e 530 -235 .. 292 
.1900 32 .. 462 154 .. 70E: 125 .. t:l49 11l~775 -234 e9)9 
'tGOO 32.502 15S~588 l26 .. SB( li.bc023 -234 .. 585 

"100 32 .. 54! 156 .. 3<H 127 .. 300 119 .. 275 -234.234 
't200 32.519 157 .. 176 128 .. 00(. 122 .. 531 -233.885 
10300 32.611 157.943 :! 28 .. 689 12.5~ 791 -Z33~53b 
4400 32.655 158 .. 693 129m 363 .. 29 .. 054 -233 .193 
45i)O 32. bq1 ~5q~,"27 ~.:?-O .. 022 13Z .. 3Z2 -232 ~ 849 

ftbOa 32s1Z7 160 .. 146 130 .. 611) D5~5'i3 -232.507 
4700 32.762 :'60 .. 850 11] e304 ua ~861 -232 e IbS 
ltt!QO 32.797 16} ~ 541 1"31 .. 921 142 .. 145 -231 .. 630 
109(1) 32.S?1 162$217 132.531:} 145s4U.l -231. .. 496 
5000 32.964 :'62 .. 881 ID.l:!9 148 .. 111 -231 .. 164 

5100 32m 897 !b3~ 532 133.12\) 151.q99 -230.534 
5200 32 .. 929 164 .. 171. !.34 ... 31J7 155 .. 291 -230 .. 505 
5300 32 .. 960 164 .. 799 !)4.b77 156 .. 5E5 -Z30~179 

~"'"OO 32.99t 1.65.415 135a~J1 161s8eZ -229 .. 858 
5500 33 .. 020 \66 .. 021 135 .. 981 16:'sI83 -229 .. !i36 

5bOO )3.050 l.b6 .. bI6 i:?6 .. 5,29 168~4a7 -229 .. 220 
5700 33 .. 078 161 .. 201 131 .. 1162 1n~793 -228 .. 907 
5dOO 33.106 16?~771 137 .. 586 175~ 102 -228 ~ 592 
5900 33~133 165 .. 343 138 .... 1l3 17a~41.4 -22e~28; 

6000 33.!.59 168~qoa 138 .. 612 lSlc 129 -227.977 

June 30. 1976 

F 5 S 

lIGI' Log Kp 

-231 .. 719 INFINITE 
-226.045 491.h391 
-223 .. 071 243 .. 760 
-218 .. 001 159.803 

-217.912 158.748 
-212.733 110 .. 232 
-207,,435 90.670 

-202 .. 115 13 .. 620 
-196 .. 173 61 .. 435 
-192 .. 733 52 .. 0'52 
-185.982 45.H3 
-179 .. 279 39 .. 161 

-112.621 34 .. 297 
-H,5 .. 997. 30.232 
-159.,410 26.799 
-152.857 23e862 
-146.332 21.321 

-139.836 19.HH 
-133.363 17.145 
-126.920 15 .. 410 
-120 .. 492 13 .. 860 
-11It.OS5 12 .. 467 

-101'.705 11 .. 209 
-101.337 10.0601 
-9~.987 '11 .. 026 
-SS.655 8 .. 073 
-82.340 1 .. 198 

-7i).037 60 .. 392 
-6'9 .. 149 5 ... b46 
-63 .. 480 ..... 955 
-57 .. 215 4 .. 312-
-50.975 3 .. 714 

-" .. 140 3 .. 154 
-38.516 2 .. 631 
-3;2 .. 301 2 .. 140 
-26.104 1. .. 678 
-19.912 1 .. 243 

-13.130 0 .. 834 
-1~562 0 .... 41 
-1.400 0 .. 081 

f;. .. 743 -0 .. 266 
10 .. 891 -O .. 5~5 

11.020 -0.901 
2J.145 -1..204 
29.2M -1 .. 487 
35.369 -). ... 151 
41..461 -2 .. 014 

41.5S~ -2.2bO 
53.044 -2 .. 494 
59.724 -2 .. 719 
65.799 -2 .. 935 
71.857 -3 .. 141 

77 .. 908 -3 .. 339 
83 .. 970 -3 .. 529 
90.015 -3 .. 712 
96 .. 0-'t3 -3 .. B87 

102.081) -4.056 

1013 .. 111 -4 .. 219 
1145131 -4 .. 370 
HO .. 147 -4 .. 527 
126 .. 147 -4 .. 613 
132.157 -4 .. 814· 

SULFUR PENTAfLUORIDE (Sf'S) 

Point Group [C
4V

] 

(IDEAL· GAS) GFW = 127.0520 

5298.15;: (77.1 :!: .2.0] gibbs/mol 

Electronic Levels and Quantum Weights Bond Dis tances: • • 

uHfo ;:: -231.7 j: S.O ked/mol 

t.Hfi98.15 ;:: -233.1+ :!: 5.0 kcallJItOl 

Vibrational Frequencies and Degeneracies 
-1 -1 S-F"* :0 (1.56] A 8-,""" ;:: [1-1.46] A 

Bond Angle: 

-1 -1 -1 
~ ~ ~ .£i~.&i .!i~ .8i 

(2"] [2S000) [2] 

{ 10000] ( 2] [ 300QO J [ 2 ] f*-S-F* :0 [901· r*·-s-r* :: [95]· 

{ 20000] (2J C* - equatoria.l ... - axial) 

Product of Homents of Inertia: IAIB1C:O (1. 2.559 'X 10-
113

] &3 em
6 

Heat of formation 

(195](1) 

[530)(1) 

[461 ](1) 

o :::: 4 

( 434)(l) 

[269](1) 

(348J (1) 

(596](2) 

[3sa)(2) 

{242H2} 

No direct determination of IlHf· has been Itadc. Several studies have been reported, however, which permit the "pr'imary bond 

dissociation energy ,of Sf
6 

to be established within re<1sondble limi'ts of uncer>tdinty. 

Bott a.nd Jacobs <..p used an uH:r<,!violet: absorption technique to monitor SF 4 concentrations in shock-heated (1550-2050 K) 

Sf
6

/Ar mixtures. They interpreted their dissociation da"ta in terms of classical unimolecullill' l"ellction kinetics and found 

DO (SF 5- n '" 75.9 kcal/mol. J-':ore Nocently, Modica (1) performed similar shock experiments and <l.nalyzed equilibrium data for 

8f6/Ar, SF
S

C1!Ar, and Sfs/!i2 systems with a thermochemical equilibriwn computer program. With MlfC;CSF4 , g) ::: -172.2 kcal/mol. 

Mod.ica (?) adjusted the value of 11Hf" for SFS to bring the calculated and experirne-ntal SF 4/HF concentrations into good agree

ment:. The results suggest .t.HfO{SF
S

' g) :: -241.7 KcalJmol which corresponds to O.j(SF5-f) ::: 65.2 kcal/C"lol. We aroe not able to 

analyze these shock tube. equilibrium data but pre$ulTI.l:I.bly the DO value should be <tdjusted for the changes in £lHf o of SF 4 (1) • 
The electron-impact appearance potential (A.P.) of r- fran SF 5 has bee.n reported as appl'Oxirr.ately zero by Harland and 

Thynne (!!) and Curran (.§.). In addition. Curran (..§) measured the kinetic energy of the negative ion and found K.E. (Total) :0 

O.23!:O.05 eV. Combininz these results with the electron a.ffinity (E.A.) of f of 3.399 eV(].) , we obta'in an uppeJ:' limit value 

for· DO(Sfs-F) of ~ 3.2 eV (73.1 Kcal/mol). Another upper limit value is suggested from "the results ob'tained by electron

impac"t (~. 2.) and dissociative electron tr'dl1sfer (2) measurements. These studies have shown that the A.P. foI' SF; from SF6 
is 0.5 ell. We use an LA. value of 3.4 ell (2, §) for SFS ' and we obtain DO(SfS-F) --=- 3.9 e.1I (89.9 kcallmoD from the measured 

A.P. by assuming that: the kinetic and excitation energies of" the products are zero. 

The A. P. of sr; from SF 6 has been ext.ensively st.udied by electr'on-im~act (~-ll), photo ionization (.lV, and photoelectron 

(P.E.) spectrometric (ll-li) methods. The A.P. values show considerable scatter (>1 eV) with the electron-impact results 

(~-.l:!) being consistently higher ('\00.5 eV) than those deterrnined oy photoionization <11.) and P.E. (g, l~)· We assume that 

the latter measurements are. more accurate and adop't A.P. (SF;) equal to 15.12 eV. Using the ionization potential foI"' SF5 as 

~ 12.5 ell q~), we calculate a lower limit: for the primary bond dissociation energy of D~(SF5-F) ..::. 70.8 kcal/mol. 

All of the derived DO values are subject to an uncerta..inty of several kca1hllol. We choose to adopt: DO(Sfs-F) ;:: 75.0~ 

5.0 kcal/mol from which we calculate :lHfO(SF
S

' g) :0 -231.7:!:b.O keltl/mol with JANAF auxiliary data for SF6 and r (1). We note 

that: "the average bond dissocia.tion energy for Sf6 is 77.4 kcal/mol (].) which suggests thiSt "the primary bond dissociation energy 

is close to the value "that: we have selected. ~Hf;98 is equal to -233.4 kcal/mol. The heat of 6.tomiuftion (uHaO) and average 

bOnd dissociation energy (DO) for Sf5 are 389.3 xcal/mol and 77.9 kca1/rnol, respec'tively. 

Heat capacity a.nd Ent!'Opy 

Two plausible structures exist for' the SF 5 free r.'Jdical. Wilkins Ql) proposed a structure similar to that found for 

Pf S (D
3h 

sYlI'.metry). 0' Hare C.;!JP pt'eferred a strucure which consists of a regular 'tetragonal pYI'amid (C 4V symmetry). similar 

"to that assumed for the halogen p~ntafluorides (~). Infrared and Ra.man spectra q~. 19) for salts of SF:S favor a slightly 

distort:ed tetragonal pyramidal s'tructuN for "this anion. We adopt: this s"tructure a.nd a.ssume th<l.t the axial S-F hond length 

is 0.1 ;, shorter than the equatorial S-F bond. The latter bond length is taken equal to that found for SF 6 (1)· The bood 

angles a.re those proposed by Dru11inger and Griffiths <'1Q) for the SfS anion. The individual moments of ineI't:ia are: 

I
A

" 3.0475 'X 10- 38 dnd Ia:: Ie;; 2.0301 >c 10- 38 g cm
2 . 

The vibrationa.l frequencies are those observed by Drullingel' and Griffiths <'~Q) for An independent set (.li) of 

frequencies show good agreement with "those adopted here excep"t for the assignment of vS. et 81. (l~) assumed a 

double coincidenCE: between viJ (435 cm- 1 ) and 1,)6 as found in the case of ClFS ' We estimate four upper electronic levels by 

analogy wi t:h 'those obseI'ved for SF~ <1...':). We assume that the ground state and upper levels are all double'ts. 

Our thermal functions essent:ially extend those rcpOI'ted for SfS" (£.Q) but are significantly different from 1.iteratuI'e data 

(12. JJ~) for SF
S

' We believe tha"t our statistical calculations are based en ItlOl'e reliable estimates, particularly the 

vibrational fI'equencies. If SFS has D3h symmetry, then our value of 5 298 should ·be decreased by roughly 0.~7 gibbs/mol. Tl'.e 

elec.tronic entropy contribution due to the estimated excited le.vels is insignificant below 3000 K. At 4S00 K, t:his entropy 

contribution is 0.36 gibbs/mol. 
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SULFUR HEXAFLUORIDE (SF6) 
( IDE A L GAS) GFW~146.0504 

~---~bbs/mol---- kcal/moj---_ 
T, "It Cp" so -(GO-HQ-.)[r N°_H"_ IIHI" dGI" 

0 o~ooo 0.000 INFINI TE -4 ~ 04 '3 -268.360 -288 .. 360 
100 9~ 2 54 51.303 B5~543 -3m224 -2BI1.190 -282 .. 615 
200 H,~44B ole 7'58 71.570 ~l a962 -2'"11 aOZ} -274 4 922 
298 23~ 1 74 6'90651 69cc51 O~OQO -291 a 700 -266.858 

300 2302'78 69.795 69$652 00043 -291~10q -266~ 104 
40. 270813 77 .. 162 70~o25 2 .. 615 -292.546 -258.293 
500 30 .. ~16 8~ .. 100 72~ 000 5 .. 5~O -292 .. 910 -24~ .. 619 

bOO 32~521 89 .. 468 14~'i"1 B.7I6 -293.157 -2,,"0 .. 998 
700 3) .. 154 94 .. 580 11.38S U .• 034 -293.192" -232 .. 216 
80. 34~ 609 99 elitE> 79cb2d 15.455 -306.194 -224.847 .0. 35 .. 223 10"3.260 FJ2~.2:07 18.949 -305.767 -214~ 703 

1000 35 .. 676 106 .. 996 84 .. ::'02 22.494 -305.317 -204~blO 

LLOO ;6. 020 UO .. 413 86.104 26 .. 060 -304 .. 650 -194 .. 563 
Il00 36 .. 286 113 .. 559 88.813 29,,695 -304.370 -184.555 
1300 36 .. 49b 116 .. 472 90 .. 830 3).3~5 -303.864 -174 .. 569 
1ltOO 36 .. 664 1 !<1.1 83 (",12 .. 159 36 .. 993 -303 .. 394 -164 .. 662 
1500 36.801 121 .. 717 94 .. 60b 40.661 -302.901 -154 .. 769 

l,OOO 36 .. 914 124 .. 096 96.";16 ,."'t .. 353 -302 .. 408 -144~911 
1100 3"T~OOe 126.137 96.073 :'8.049 -301 .. 915 -135~OaO 
.LJOO 37~O67 128.4'55 9q~702 SI.754 -301 ..... 26 -125.286 
'900 31 .. 155 130 .. 462 101.2bQ 55.466 -3006936 -115 .. 510 
2000 37 .. 213 132. ,69 102.777 59.184 -300 .. 450 -105.761 

2100 37 .. 262 134.186 !Q4 .. Z29 1)2.908 -29'9.966 -96 .. 045 
2200 37 .. 306 :'..35 .. 920 105.031 /:lb.!!»? -299.490 -86 .. 344 
2300 :37 .. 344 137.579 106~9B'" 10 .. ,69 -299 .. 016 -76 .. 664 
~400 37.377 139.169 tOB.292 74 .. 105 -29B .. 547 -61 eGOS 
2500 ~1~406 ~.""0 .. 696 10'1.558 17 .. 644 -298.084 -51 .. 371 

2600 37 .. 433 142 .. 163 11 0.784 til.586 -2'H .. 625 -47 .. 750 
2700 37 .. 4~6 143 .. 511 111 .. 973 SS ... 331 -297 ... 16Q -38 .. 146 
2600 37 .. 471 144.9"39 113 .. 12b 89 .. 071 -296.719 -.28.566 
2900 )7 .. 496 146.255 114.2.46 neB26 -296~275 -18 .. 990 
3000 37 ... 513 147.526 11'5.334 96.576 -295 .. 840 -9 .. 445 

3100 37 .. 526 \486756 P6.:'n 100 .. 329 -295 .. 404 0.096 
3200 37 .. 542 149.948 l! 1 .. 4';:2 lQl.· .. OSZ -294 ... 979 9.623 
3300 37 .. 555 15\ .. 103 118 .. 420, lO7.8"?7 -294.557 19.133 
HOO 37 .. 566 ~ 52 .. 225 1 ~ 954~3 1U .. 593 -294 .. 141 28 .. 635 
3500 31aSH 1153 .. 314 t20e3~1 115 .. 350 -293 .. 134 38&126 

3bOO 31 .. 587 154 ... ·P3 121.Z61 119 .. 108 -293 .. 328 47 .. b05 
3700 :37 .. 5% 155.403 122.lc:l5 1.0:2 .. 867 -292 .. 932 $7 .. 0b6 
3800 37.604 156 .. 405 123~O82 126 .. 627 -292 .. 540 bIb.525 
3900 37 .. 612 157.382 123~949 130 .. 388 -292.157 75 .. 960 
... 000 37.619 158~314 124 .. 797 l)4a 150 -291.776 85 .. 402 

4100 31 .. 625 159a2b3 125 .. 626 137 .. 912 -291 .. 404 94.822 
4200 37 .. 631 160 ... 170 126.438 141 .. 67'5 -2n .. 038 104.240 
4300 37 .. 637 161 .. ()5& 127.233 1";5 .. 438 -290 .. 615 113 .. 651 
4400 37 .. 642 IbJ .. 921 128 .. 011 1109 .. 202 -290 .. 324 1;Z3 .. ()47 

l- '+500 31s641 162 .. 761 1. 28.774 15l .. 9-b1 -28'9~915 132 .. 435 

"a 10000 ,.. 
4100 

'< ... 800 !" 490(J 

37 .. 652 163 .. 5~5 129.522 15b .. B2 -289.632 lltl008n 
37 .. 656 164*404 nO .. 45o, j,60 .. 491 -289 ... 298 151 .. 194 
37 .. 6bl 105.191 130&916 164.20 -288 ... 967 160 .. 566 
J7 .. 66i! t6!i .. 974 13100682 1(;ld.029 -288 .. 645 169 .. 933 

n 3:)00, 31 ... 668 \66~735 
::r 132.376- 171 .. 79b -288 .. 329 17Q .. 282 

CO 5100 
~ 5200 

37 .. 671 167.481 133.051 175 ... 563 -2.138 ... 019 188 .. 623 
37 .. 675 168 .. 212 113.726 179~330 -281 .. 715 197 .. 979 

5300 ". 5400 
!to 5500 

37 .. 618 168.930 Ol&~3S3 183 .. 098 -287 .. 416 201 .. 316 
37 a 681 109.634 135 .. 029 186 .. 866 -287 .. 127 216.638 
37 ... 683 170.326- 135~ob5 190 .. 634 -286 .. 841 22:5 .. 970 

IC 5600 a 5100 
ICI 58GO 

37_686 171 .. 005 13b~290 194 .. 402 -286 .. 565 235.296 
37~ 686 171.672 136.905 19& .. 171 -286 .. 294 24" .. b11 
37 .. 69l 172 .. 3.21 137.510 201 ... 940 -286 .. 026- 253 .. 92it 

5~OO < 6000 
!!. 

:37 .. 693 "l.. 72 .. 972 138.100 205 .. 709 -285~ 767 263 .. 219 
?-1 .. 6'1'5 17"!.605 136 .. 092 ?09 ... -;7B -285 .. 5l5 212 .. 527 

.:'" 
Dec. 31. 1960; Sept. 30, 1965; Jwle 30, 1976 

z 
p 
~ 

.0 ... 
CD 

F 6 S 

Log Kp 

[/'iF INlTE 
017 .. 655 
300~421 
195.012 

194 0 29lt 
141 .. 125 
109 .. 134 

81.183 
72.520 
6). ..... 25 
5" .. 131 
44 ell1 

38.656 
33 .. 612-
29 .. 351 
25 .. 705 
22 .. 550 

19 .. 794 
17.366 
15 .. 212 
13.287 
11 .. 557 

9.995 
8 .. 577 
7.285 
6.102 
5.015 

4 .. 0H 
3.068 
2 .. 230 
1 .. 431 
0 .. 688 

-0 .. 007 
-0..657 
-1 .. 267 
-1.841 
-2 .. 381 

-2.890 
-3 ... 371 
-3 .. 826 

-" .. 257 
-4.666 

-5.0$4 
-5 .. 424 
-5 .. 176 
-6&112 
-6.432 

-6 .. 738 
-7 .. 031 
-7 .. 311 
-7 .. 579 
-7.836 

-6.083 
-8 .. 321 
-8.549 
-8.768 
-8 .. 919 

-9.183 
-9 .. 319 
-9sSo6 
-9 .. 150 
-9 .. 927 

SULFUR H£XArr..uORIDE (Sf
S

) 

Point Group 0" 

S;98.15:: 69.7 :!: 0.-1 gibbs/mol 

Ground State Quantum Weight:: 1 

(IDEAL GAS) GfW' :: 1116.0S0~ 

kcal/mol 

-291.7 :!: 0.:; kcal/mol 

Vibr'ational Frequencies and Degeneraci~b Bond Distance: S-f = 1.564 0.01 A 
-1 1 1 

~ ~ ~.£!!! 

773.5(1) 

61fl.7(2) 

Bed!. of formation 

9!.J 7. ~ (3) 

615.5(3) 

525.0(.3) 

31<1.0(3) 

Bond fuigle: f-S-F:: 90" 

Product of Moments of 

IAIBIC 2.9405 x 
3 6 

& ere 

The calorimetr-ic measurement of GHf" by direct combination of the element:s has been the subject of numerous investigations 

(.!-.§). 0' Hare et a1. (1) performed six cOlllbus"tion e'Xperiments on a sample of rhombic sulfur which contdined 60 ppm oxygen as 

t:he major- impu!'ity. The sulfur (-...Q.S gr'OI.rn) was burned in 5-6 atmosphcr'es of fluorine which had a purity of 99.97%. 

Spcctrometr'ic and gas chromatographic ani:l.lyses of "the pr'Oduct gases indica.ted that the sale combustion product \<las Sf6 . We 

adjust their result: (uHf 298 = -291.77t.O.~4 kCd1/mol) to corr(:!spond to a.n atomic weight of sulfur equal to 32.06, and we 

obtain 611f;9a'SF
s

' g) = -29L7
3

:!:0.24 kcal/mol. Th(:! rounded value of -29L7:!:0.2 kcal/mo1 is adopted in this tabulation. 

Less extensive measurements (3 determinations) by Schroder and Sieben Cl} on a por1:ion of the same sample used by O'Hare et: al. 

(.:!) gave I.\Hfi9a{Sf6) g) :: -2"31.1.i kCdl/mol which provides confir-na"tion for our selected value. 

Other reported uHf" values which are consistently less negative than the value selected here include (in kcal/mol) 

-291.0!0.3 (1), -288.S.t0.7 (~), -288.5:!:O.7 (]) and -262.0 (§). The fluorine used by Leonidov et ... 1. <.~) contained 

0.J3 wt. % oxygen, and this impurity may be responsible fo!"" their low results. Gross e"t aL (~) studied the sulfur' fluorJooiticn 

re.:tc"tion in a glass dpp6rat"w and .;!lsQ dPplied their teChnique to titdnium. Their reported ll.Hf" value for' 'fir4 is in 

satisfacto'rY dgreernent (~O.8 kcal/mol) wi"th JANAF da.ta. (2). Insufficient information has been reported (~) to resolve the 

discrepancy in the case of Sf5 . 

Our ad.op"tcd uHf'" value is essentially "the same as that recently selected by NBS (..@). The E!dr'liel:' NBS selection (~) of 

-289.0 kcal/mol ba.sed on the work of Gros,; e1.. al. (~, ~) is unreliable. The heat of dtomization ''-\H!O) and average bond 

dissocation energy (DO) for SF 6 are 1<64.3 kcal/mol and 77.1, kcalJmo1, respectively. 

Heat Capa£ity and Entr'opy 

The Pr'?cuct of the moments of inertia is calculated for a structure in which the fluorine atoms lie d1. the corners of a 

regUlar oc:tahedran. This stl'ucture belongs 1.0 the highest: symmetry point group 0h (0 ::: 2~) and is consistant with observa

tions made from electron diffraction (lQ-]~'?). Raman (ll-!§) and infra.red (l§.-~) studies. The bond length and angle are fr"'Om 

the electron diffrac"tion work of Ewing and Sutton (lQl. Earlier and less precise work (,11, 11) led to I' e (S-F> values which 

are only slightly dif fer'ent from the adopted value. The individual moments of inertia are: IA :: Ie = Ie ::: 3.0865 x 10-
38 

g cr.? 

The Sf
6 

molecule has been extensively characterized by vibrational spec1:l"'OscoPY. Weinstock and Goodman (~) reviewed 

wOr'k prior to 19£5.. More recent studies include gas-phase Raman (j2, 1.1'_), llldtrix-igolation R.J.maJ;\. (l2), and gas-pha::;,~_infraI'ed 

(l§.-)~.§). These spec"tr'oIDetric result.s are in good a.greelt,en't; thEl largest deviation arising in 1:he Raman and infrdred. inactive 

fundament.a.l "\)6' wei~~tock and Goodl1ldn (11) obtained v6 :: 349 crn- l from the combina.tion (2 + 6) band. Claassen et al. (11) 

reported "'5 = 347 cm ~ f!'om the overtone 2\'6 band, and Iiolze'r and Ouillon (.!.:!) have directly observed this f01':'"bidden 

fundamentttl in the collision-induced Ram.w spectnr at 336 em-I. Rosenbel'g and Birnbaum (..?Q) recorded the far-infrared 

absorption spectrum of gaseous Sf
6 

and aStlign~cl it. band centered at 173 cm- 1 to ""5-\16' This difference band gives \I~ ::: 352 cm-
1 

with v5 :::'525 cm- l Cll) and suppor"ts the higher value for \15' All frequencies used in this tabulation except for' 

infrared active (v
3 

dnd. "4) funda~ntdls are tdken from "the \<lork of Claassen et al. OJ). Values fo!"' the infrared a.ctive 

frequencies arc from Abra.mowitz; and Levin (]&). Recent MO calculdt...ions '11.) predict a singlet ground state with no low-lying 

el!:!ctronic leve.ls. These predictions are supported by the x-ra.y emission (11) and absorption <1£. ll' spectra of gaseous .S:F6 · 

II detailed description of the electronic properties hdS been presented by Gianturco (1J!). 

Kelley and King (~) aIldlyz.ed Cp· da'ta (13-230 K) peported by Eucken dnd ·Schroder (1§) a..,d obtained S298 " 70.3:!:O.7 

gibbs/mol for the gas phi:l.se. This va1ut! is in rea~onable agreement with the spectroscopic result (69.7"!:O.1 gibbs/moll. Our 

thermal functions essentially extend and update those reported in the literature (!., ll, 11). 
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co MAGNESIUM MONOHYDROXIDE ( M G 0 H ) 
? 
'" 

( IDE A L GAS) GFW=41.3124 
;t 
11:7 
a gibbs/mol---- kcallmol 

.!I T. oK Cpo s· -(G~-H":U8)rr H"-If'noll "HI" "Gf" 

< ° .000 ~ooa INFINITE - Z~.l6 - 38.500 - :.lS.5bO 

'" 100 1.130 44~8a5 62.193 - 1~7.H - 38.743 - 39~ 715 
:- 200 B~ 794 50GZ67 54.995 .942 - 39.166 40~b42 

-" 298 1O~Z8b 54.098 54.098 .000 - 39~377 - 4l~219 

Z 300 10.307 54.162 540098 ~O19 - 39.3d2 - 41.,zH 

? 400 11 .. 209 57.262 54.515 1 .. 099 - 39.619 - 4l.B11 
500 11.742 59.825 55.328 2 • .2 ... 9 - 39.826 - 4,(: ~ 333 

_w 
bOO 12.01:14 61.999 56 .203 3~441 - 40.030 - 42.817 

..0 
700 12.3J2 61 .. 881 57.220 4.66-2 - 40.242 - 43#264 

" 
800 12.534 65 .. 541 58.158 5 .. "06 - 40.475 - 43 ~ 681 

CD 900 12.112 61.028 59.Qb) 7.168 - 40 .. 137 - 44.066 
1000 12.671 68.316 59.928 8.448 - 4}.149 - 44~23a 

1100 13 & 031 69.610 60c 753 9~ 744 43.-U6 - 4 .. ~335 
1200 13d76 70~ 750 61e539 11.054 - 435145 - 4"'.~O3 
1300 13.310 71 ~ BI0 62.289 12.378 - 44a074 - 44~445 

1400 11.434 7Z.S01 63.005 13.716 - 74 .. 790 - 43~981 

1500 u.~ 'j48 13~ 732 63 .. 689 15.0b5 - 14~ 157 - 41.781 

1600 13&652 74.610 010.344 16.425 - 7it.In - 39.586 
1700 13& 748 15.441 64.913 L 7.795 74.682 - 3 7 ~.389 
! SOo 13.834 16.229 65.576 19.114 74.643 - 35.197 
l.'iOO 13~ 943 76.979 66.15} 20.562 - 7'1,.602 - 33~OO6 

ZOOo 13.<J84 17~694 1:>6. He ;!1.QS6 H.562 - 30.819 

2100 14~ 049 70.378 67 .. 255 23 .. 358 - 7 ..... 522 - 28.633 
2200 14_108 19.033 67 .. 716 24.166 - 74~4B3 - 26.40:0.7 
2300 14~ 162 7c,l.66l 68~z7q 26.160 - 74.444 - 24~Z65 

2400 14~ 211 80.265 b8.1M 27.598 - 14.40b - 2.2.084 
2500 14.256 80~ 846 69.236 29.022 - 14.373 - 19.907 

2600 14.296 81.406 69.695 30.449 - 740339 - 17.726 
21QO 14_ 334 81.947 70.UC} 31.881 - 14.309 - 15.550 
2800 H.,368 82.469 70.570 33.316 - 74.281 - L35317 
2900 14 .. 400 82.973 70.969 34.154 - 14.255 - 11.198 
3000 1'>.429 83.462 71.397 36.196. - 74.234 9.026 

3100 14 ~45b 83.936 71.193 37e640 - 74.216 6.S53 
3200 14 .. 482 84.395 12.180 39.087 14.2Q2 4.681 
3300 14 ... 505 84.841 72.5~7 40 .. 536 - 74.192 2.509 
3400 14.52B S5-.l14 n .. 925 H.988 - 74.18'7 .335 
3500 14.:'49 85.69t. 73.284 43.442 - 74.188 1.83:5 

.3600 14.569 86.106 13.634 44 .. 898 - 74~ 1 ~4 4.009 
3700 14~ 588 B6~505 13 .. 977 "0.356 - 74 .. 206 6~ 183 
3800 ]4.607 a6~895 746311 47 .. 815 - 14 .. 221 6~357 

3900 14.625 87.274 11.0.639 "'9 .. 277 - 74 .. 253 10~ 526-
4000 14~643 81.645 74a960 50 .. 740 - 74.288 12 .. 101 

4100 14.660 S8.006 75.273 52 • .2u6 - 74 .. 331 H~817 

4200 14.677 880360 1!J. sSl 5.3 .. 672 - 74~J8Z 17 .. 0!';2 
4300 14 .. b9~ S8.706 75.88~ 55 .. 141 - 74.4.:.3 19.230 
'i-400 H.7ll. 89~Olt4 76.177 56.011 74 .. 513 21.409 
.... 500 H.12Q e9~ 374 76.461 58.083 - 74 .. 593 23.591 

4600 14.746 89.698 76.751 59.557 - 74.684 25 .. 177 
4100 14.1610 90.016 71.030 61.033 - 14.785 .21.961 
4800 14.781 Q05.lZ7 77 .304 62.510 - H.898 30 .. 150 
4900 14.800 90.632 17.573 63 .. 989 - 7S.0n 32~337 

5000 h .. B1B 90.931 77 .. 837 b~.o:o.10 - 75.l!)a 34~529 

5100 1~. tl37 91.224 76.09t> b6 a 952 - 1~ .307 36.12.3 
S2ao 14.8'57 91.513 78.352 6B .. 437 - 15.469 38 .. 920 
5300 14.870 'ill. 796 18 .. 603 69 .. 924 - 75~642 41.128 
5400 14.597 9Z.()74 78.850 11.4L2 - 75.&30 43.326 
5500 14.'H 1 n~348 1"1.092 12 .. 903 - 16.032 45.537 

5600 14.938 92.1617 19.332 14e 396 - 16 .. 2108' 41.141 
5700 14.960 92.681 79.56.1 15 5 891 - 76.418 49.901 
5600 14~gez 93.142 79.799 77 .. 36a - 1&.724 52.164 
5900 1.5.005 93.39B 80.027 18 a aa1 - 16.985- 54.412 
6000 15.027 <Jo3.b50 80~252. ao .. 3S9 - 17 • .261- 50$037 

Dec. 31. 1960; June 30, 1967; June 3D, 1975; Dec. 31, 1975 

H M G a 

Log Kp 

INFINLTe 
86~ 191 
44~412 

30 .. 214 

30.037 
zz ~e44 
18.50lt 

15.596 
13~507 

11.933 
10 .. 701 

95068 

8~809 
6 ~08 T 
7~472 
6.866 
6.087 

5 ~1007 
",.801 
4.273 
3~ 791 
3.368 

2$980 
2.62.1 
Z .. 306 
2.011 
1 .. 140 

1~490 
1.259 
1.Oi+4 

.844 

.658 

.463 
.. 320 
.166 
.022 
.115 

- .243 
- ~365 

- ~o:o.a 1 
- .. 590 
- • 094 

- .. 193 
- ~ 887 
- .971 
- 1.Ob3 
- I.Hb 

- i..1Z5 
- 1.300 
- 1 .. 373 - L.44,2 
- 1.509 

- 1.574 
- 1 .. 636 
- 1$69& 
- 1 .. 153 

l .. ~O'i' 

- 1.B6~ - 1 ~ 'illl) 
- 1.966 
- 2 .. 0l6 
- 2 .. 063 

MAGNESIUM -MONQHYDROXIDE (MgOH) 

Poj nt Group [Ccoy 1 

S298.15 :: {5l1.10 ! 2} gibbs/mol 

(IDEAL GAS) 

Electronic Levels ",nd Quantum Weights 

~i' em 1 &i 
o , 

(27000) [ll J 

Vibrational Frequencies and Degeneracies 

Bond Distance: Mg-O:: (1.77) A 

Bona Angle: Mg-O-H = {lBO~l 

w. cm-1 

t 7lB) (l) 

[(92) (2) 

(3650) (1) 

Rotation'll Constant: BO " [0.lI9192) cm- l 

Heat of Formation 

O-H (0.96] A 

GFW " ,.1.3124 

tlHfO:: (-38.56 j: 9] keal/mol HMGO 
ilHf299.1S :: (_39.38 j'; 9] XCiiI/mol 

From observations made during a flame spectra study of the bend dissociation energy of magnesium oxide, Cotton a,nd 

Jenkins (1) concluded that D~ (Mg-OH) is less than 90 kca.l/mol. The and-logy between gaseous lnonohydroxiaes dnd monohalides 

has been recognized (~-~). Hildenbrdnd (&.) has found that the rat.io of D~ (Mg-f)/D;(F-Mg-f) is 0.45; current JAr-fAr values (2) 

give 0.lI48. From the latter ratio and current JANAr data (2.), O;;(Mg-Oli) :: 8'<-.lI9 kCdl/mol is derived. Adding the difference, 

-16.1 kcalimol, b~'tween D;(tlg-f) and Do(Ca-f> (.7) to DO(Ca-OH) = 97,5 kca1/mole C.Z) gives D~{Hg-OH) " 81.lI kcullmol. The 

average DO(Mg-OH) = S2.9:!:5 kCil]!mol is adop'ted from which l\i-ffC;CMgOH, g) -3S.56d kCal/mol is derived. 

The value of D;;(Mg-OH) :: S5:!:S kcal/mol derived by Bu1ewiez. and Sugden (~) from flame. spect:"/3 studies appears to be taO 

low.. 

Heat Ci:lpaci'Cy and Entropy 

The molecular configuration is assumed to be linear in accordance with the prediction of W<'!.lsh (1,), the evidence that 

the alkali meta.l monohyd::'oxicles are lineal" <lQ-ll), and t.he ESR spectr>Uffi study of MgOH in a.rgon and neon matrices frOr:l which 

Brom and w'e1tner (Q) concluded that MgOH is probably linear' with a 21: grolJnd state. The analogy !.lith Mgf and I1gC1 (1) also 

indicates a ground state, which is 

U1trdviolet emission spect.ra near 3800 A were observed for MgOH and HgOO by pesic and Gaydon (l::'.) tlnd by. Brewer and 

Tr<!ljmar (12). Erom and j,.1eltner ell) observed .E<Dsorption spectra ox 118GB in an argon matrix in the 3100-3700 A r;'lnZe. From 

these observations and from the comparison with MgF and HgCl, the fir~t excited state at 27000 cm- 1 is estimated. 

The Mg-O bond distance is estimate.d 'to be Slightly larger, 0.02 A, than the MgF bond distances (.2,) after noting the 

close similarity in bond distance of the alkali J:lctal fluoriden ,.,nd hydre:ddes. The O-H bend dIstance is thi:\t in water (7), 

The moment of inertia is 5. 6901X10- 39g cm 2 • -

The Mg-O stretching frequencYt 718 cm- l , is estimated to be the same as in HgF (2., 2). The O-H stretching frequency, 

3550 cm- 1 , is estimated from the alkali hydroxide series. The bending frequency, 492 cm- 1 , is estimated by assuming "tha't 

the r'a:tio of th~ bending force const.ant to the stretching force constant is 0.022, which is t.he average ratio found in the 

alkali metal monohydt'oxides by Acquista and Abralilowitz (~, g). 
The entropy in the p1"esent table is lower by 0.20 gibbs/mol at 298 K and 0.25 glbbs/mol /'lit 1000 K'thal1 that proposed by 

Jackson (5); the data relevant to the calculation are nearly the same . 
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MAGNESIUM MONOHYDROXIDE UNIPOSITIVE 

( IDE A L GAS) GF~~41. 3119 

gibbs/mol---_ kcal/mol 

T,"K CpO s' -(C'-H'",),.. ll"-U"'HS ~1I1" 

0 
100 
200 
2.8 lO~329 5.2& 751 52 ~ 751 .000 13 9.btiO 

'00 10 .. 350 52 ~ 815 52.752 ~Ol9 139.68 ... 
400 11 .. 245 55.921 53.110 1.103 139.94'1 
'00 ll .. 110 5~.498 53 .. 986 2.256 140.2'>1 

000 12.106 60.675 54.92.;. 3.451 140.537 
700 12.349 62 .. 561 $5.883 't.674 140.SlJ 
800 12 • .547 61,&223 56.824 5.919 HZ.GBB 
900 12 .. 723 65& 711 57.730 7.183 141.325 

1000 12.8a6 67.060 58.597 8.463 139.411 

1100 13.039 68.295 59.423 9.1b0 139.6Z0 
1200 13 .. 162 69 .. 436 60.210 1l~071 139.809 
noo 13 .. 316 10.497 60.961 12.H6 139.977 
1400 13 .. 439 71.488 61.678 B.7H 109.159 
1500 13.552 7.2 ~419 o2.3b'i- 15.083 UO.290 

10.00 13 .. 6'56 H~297 63.020 16.444 110.82.2 
1100 13.751 74.1.2:8 63 .. b49 17.814 1l1.358 
1500 13 .. 837 74.91b 64.253 19.194 1l1.d'ol:5 
1900 13.916 75 .. 667 64.834 20.581 112.4.H 
2000 13 .987 76 .. 362 65.394 21.917 112.971 

2100 14.051 77 ~ Obb &5 .. 934 23.319 113.507 
2:200 14.HO 77 ~ 121 bb.455 24 .. 7B7 114.043 
2300 14.164- 78 .. 350 6b~95a 26 .. 200 114.579 
2400 14 .. 212 78.954 67.446 27.619 115.114 
2500 14.257 7'i1.5)5 67.91B 29 .. 043 115.645 

2600 14.29B ao.095 b80375 30.470 116.174 
2700 14.335 80 .. 635 68.819 31~902: 11b.102: 
2800 14 ~ 369 81.157 69.251 33.337 1170227 
2900 14.-\00 81. b62 b9~610 34.776 Il7.149 
3000 14e429 8.2.150 10.078 31).217 1100267 

J 100 14 .. 455 82.624 7Q.'H5 37e661 lLd.71:12 
3200 14.480 Sl.083 70.8e2 39.108 119.293 
3300 14.502 83 .. 529 71.239 40 .. 557 119.199 
3400 14.5.23 83.'962 71.601 "2.009 1200301 
3500 14.542 84.384 71.966 43.462 1200796 

3600 14 0 560 B4.794 1.2.317 44.917 121.265 
:3700 14.577 85.193 72.659 40 .. 3-74 L21.7b7 
3800 H·.593 85.582 72.994 1t7.S12 lll.HIt 
3900 14 .. 607 85.961 73.322 "9.292 1l2.713 
4000 14.bl1 tl6.331 73.6lt3 50.754 1230173 

4100 14e633 66.092 73c956 524216 123.62:4 
4200 14.645 87.045 74.264 53.680 124.067 
4300 14.0656 87~390 74.565 55.145 12.4.499 
4400 14.667 67.727 14.660 56 .. 612 124.923 

~ 4500 14.616 88.056 15.150 58.079 1.25.333 

'V 4600 14 e 686 68.379 75e434 59.541 1250734 :r 
'< 4700 14~6'H 86.695 7S.713 61.016 126.123 

!" 4S00 110.702 69 ~OO5 75.987 602 .. 406 126.500 

n 4900 14.710 89.308 16.255 63.95b 120.d65 

:r ·5000 IIt.717 89.605 7b.519 65.428 1.27.215 

III 5tao 14.724 89.897 1b .. 7'"19 66.900 127.552 ~ 5(00 14.731 90.183 77.034 6S.373 127.81b 

:III 5300 14.737 90.463 77.285 69.846 128.18b 
III 5400 14.143 90 .. 739 77.531 71.320 128.480 ,. 5500 14e 748 91.009 77 .. 774 12.794 1.28.759 

C 
5t100 14.754 91 ~275 76.013 74.27(1 129.022 9. 5700 1to.759 91.536 78.248 75 .. 745 129.269 

.? 5aOO 14 .. 7b3 91 .. 193 76.479 71.221 1296500 

< 5900 1 .... 768 92.045 18.701 16.698 129.H3 

l!-
6000 t.r,.~772 92.294 78.9.31 80.175 1290908 

~ JiJJlfl 30, 1968; Dee. 11, 1975 

Z 
!:J 
~ ... 
'" "'I 
00 

ION (MGOH+)HMGO+ 

6GI" IAgKp 

136.752 - 100.242 

136.734 - 9g eblO 
U5.H1 - HoL49 
13 ... 620 - 58.842' 

133.4{)6 - 108 .. 615 
132.265 - 101.295 
231.024 - 35.79~ 

1-':9.752 - 31.508 
128.636 28.113 

127.54-1 - 25.3"1 
12(,.44-0 - 23 .. 028 
125.320 - Zl.Ob8 
124.b66 19.40.1 
1l5~ 713 - lB.31() 

126.721 - 17.309 
127.101 - 16.","11 
12s.b46 15.b.20 
129.563 - 14.903 
130*4'.)0 - l'or .. 255 

131.309 13.606 
132.14b - Uo.1Z1 
132.957 - 12.634 
133.745 - 12.1.79 
H4.50S - 11.759 

135.254 - ll~3b9 

135.9"17 - 11~OO7 

13b.680 - i.O~608 
IH.3c9 - 10.352 
138.035 - 10~05t> 

138.685 - 9 .. 17""/ 
139.317 - 9 .. 515 
139.936 - 9.268 
140.540 - 9 .. 034 
14 1.12b 6.812 

141.702 - tl.602 
142.2:63 - 6 .. 403 
1"2.812 - 6.214 
143.343 - 8 .. 0B 
143. Sbb - 7.660 

144.379 7 .. b9~ 
144.879 - 1.~39 

145 .. 310 - 7 .. 306 
145.850 - 7 .. 2'04 
146.321 - 1 .. 10b 

11o-b.786 - 6.974 
h7.239 - b .. i:llt7 
IH.6!lb - 6 .. 724 
148.121 - 6.607 
148.550 - 6 .. 493 

146.972 - 6 .. 38.t, 
149.38q - 6.21q 
149.806 6 .. 177 
150.204 - b.019 
150.606 - 5.985 

1$0.998 - 5 .. 893 
151.392 - 5 .. 1$05 
151.775 - 5.119 
152.161 - 5~6J(> 

152~5l5 - 5.SSt! 

MAGNES1UM MONO!1YDROXIDI: UNIPOSrTIVE ION (HgOH~) (IDEAL GAS) 

Point Group [C=v] 

519S.15 {52.75 2.0] gibbs/mol 

Ground State Quantum Weight r 1 J 

Vibra'tional Frequencies and Degenera.cies 
1 

Bond Distance: l'1g-0 = [1. 77] 

Bond Angle: Hg-O-H " {180" J 
Rotational Constant: flo":;" (0.4919] cm- l 

Hea.t of Formation 

~ 

( 7QOJ(1) 
(490)( 2) 

( 3650)(1) 

O-H (0.96 J 

GN" 1.11.3119 H M GO· 

llHfO" [139,01 15.0) ked/mol 

lIHf;9B.lS [139.68 15.0] kc"l/rnol 

The heat of formation of HgOH+{g) is estimated b4sed on trends suggested by the alkaline earth monohydroxide uniposi"tive 

ions. The estimate is based on the close agrt!cment of the appl!!!arance potentLl1s of the 81kdline ctlrth monohydroxides and the 

corresponding rnonofluoride (.1). In addition, the ionization potentials of the alkaline earth elements are fairly close to the 

appeaZ"'ance potential of the monohydroxide. We adopt, as the ionization poten'ti.al for MgOHCg), a value of" 7.7 ev (177.57 

kcal/rnolJ. This value is identical to the appearance po-ccntial of Mgf(g,.!). The ionization potential of Hg(gJ is 7.65 ev <.~), 
which is very close to our' adopted value. 

The adop"ted ionization potential of 7.7 ev refers to the process MgOHCg) '+ e-" HgOH""(g) -I- 2e-. Using auxiliary data (:)), 

we calculate lIHf~ " 139.01:!:l5.0 keel/mol for MgOH-+(g). This leads "to C,Hf 298 "" 139.68:!:15.0 kcal/mol. 

Heat Ca.pacity and Entropy 

The ,"lIoleculaZ"' configuration is assumea to be linear, since experimental evidence indicdtes "that the f,d$eOUS alka.li 

metal hydro'Xides are: linear (.;bl,~t~)' In addition, Walsh (..?> had predicted that BAH ll'.olecules (H " hydrogen atom) with t(:ln 

or less valence electrons (HgO»+ has a valence electrons) will be linear in their ground state. The molecule HgOH+ is 

isoelectronic with NaOH. 

The bond dissociation ene~gy for MgOH-+ (DO" 81.7 kC<'11/mol, j) for the process HgOH+{g) = Mg-+(g) -+ OH{S) is essen"tially 

idl!!ntical to th<!lt for HgOH <DO" 82.0 kcal/mol, 1). This suggests a similar bonding in theSe two l!Iolecules. Thus, the bond 

distances are assumed 'to be the same as "thos~ adopted for I1g0H(g,J). The moment of inertia is 5.690 x 10-39 g cm2 . The 

vibrationa.l frequencies are assumed to be similar to those adopted for NgOHCg,l). The ground state quantum weight is assumed 

"to be 'the same as that of NaOlHg,.V. The enthalpy change between 0 and 298.15 K is -1.435 kcal/mol. 
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STRONTIUM MONOHYDROXIDE ( S R 0 H ) ::I" .... 
~ ( r D E A L GAS) GFW=104.5274 

=-
~ 
ICI gibb5!mol---~ keal/mol 

a T, "K CpO S" -(GO-Ir2tI)rr W':"'W:na &HI" 

!1 0 ~ooo .000 P,FINITE - 2~559 - 4BallO 

< 100 1.324 49.030 67 ~611 - L.8SS - 48.456 
200 9.549 54.776 59.856 - l .. OH - '1-8.852 

~ 29, 10.984 58.891 58.891 .000 - .. 'laLZO 

.:"" 30u 11 .. 003 58.959 58.891 .020 - '1-9.125 

:z 400 11.732 62.235 59.333 1.161 - 49.346 

!=' 
500 12.126 610.900 60.1SB 2.356 - 49.565 

y 600 12.3740 67.134 61.165 3.582 - 49.809 
700 12.556 69.056 62.156 4.629 - 50.093 -- 800 12 .. 711 70.743 f>3 .. 12d 6.092 - 50.429 

...0 900 12.855 72.248 64 .. 059 7.310 - 50.99l ....., 1000 12.995 73.610 64.947 tI.6b3 - 51.371 
a 

1100 13~ 130 74.855 65.792 9.9b9 - 53e671 
1200 13.259 76.003 66.596 11.2a9 - 53 .983 
1300 13e3S" 77. 0~9 67.361 12.621 - 54.291 
1'-00 13.496 18.065 66e 090 13.965 - 5'+.590 
1500 13.603 79.000 btl.7&1 15.320 - 54e900 

1600 13 .. 702 79.881 69.453 16.685 - 55.20c. 
1700 13 .. 793 80.714 70.091 18 .. 060 - 88.01:5 
!SOO 13.S77 81.505 70.703- 19.444 - tl6.033 
1900 13.955 82.258 7l.zn 20.635 - ti7.992 
2000 14 .. 028 82.975 7leS5S 22.234 - 87.952 

2100 14 .. 091 B3.661 12 .404 23 .. 6ltl - 1;17.915 
22011 14.162 84.319 72.931 25.054 - 87 .. 863 
2300 14 .. 225 64.950 73.44Q 20.4',,l. - 87.85:; 
Z .. oO 14.287 85.55b 73.932 27 .899 - 87.a35 
2500 14 .. 347 8b.141 14.409 29.330 - 87.8l5 

2600 14 .. 408 86.705 74.87l 30.76ij - 81.823 
.2700 14a46B 81.250 75a319 32.2l..2 - 87.836 
2800 14 .. 530 87.777 7~h 755 33.662 - 87.863 
2900 14.592 88.288 76.178 35.119 - 87.908 
3000 14 .. 655 S8.H14 7b.590 36.580 - 81.971 

3100 14 .. 720 89.265 76 .. 991 38 .. 049 - 8S.051 
3200 14.786 89.73 .. 77.362 39.52" - 68.168 
3300 14 .. 854 90.190 71.763 41.006 - BS.3D4 
3400 14 a 923 90.634 76.135 42 a 495 - 88.,HO 
3500 14.993 91.068 78.499 43.991 - 88.661 

3600 15.0b4 91.4<;11 71:1.8510 45 • .r..94 - 88~S97 
3100 15.136 91.905 79.201 47.0010 - 89.161 
3800 15s209 92~309 79.5"1 .. 8.521 - d9.461 
3900 15a282 92. 70~ 79.873 50~Olt5 - 89.800 
4000 15~ 355 93.093 80.199 51.577 - 90~ 177 

4100 15.428 93."73 80.518 53.117 - 90.592 
4200 15 .. 501 93.846 80.831 54.6&3 - 91.047 
'dOO 15 .. 514 94.,211 81.138 56.217 - 91.541 
4400 15.M5 94.570 ai.1t39 57.7713 - 9.2.073 
4500 15.716 9/f..923 81.735 59.346 - 92. .. 643 

40600 15a 785 95.269 82.0~5 60.921 - 93.250 
4700 15e 953 95.609 82.311 62 e 503 - 93.893 
4800 15 .. 919 95.'144 ~2.591 64.091 - 94~569 
40900 15 .. 984 9& • .272 82.861 650.681 - 95.Z7tJ 
5000 16 .. 0 .. 7 96.59b 83.138 67.288 - 96.017 

5100 16e 107 'ib.(jj14 83.405 68.896 - 96.785 
5200 16 .. 165 91.228 83.668 71).509 - 97.518 
5300 lb.2.21 97.536 83 a 921 12.129 - 98.39b 
5400 16 .. 215 n .. 840 54a182 73.75't - 99.;!35 
5500 Ib .. 326 98.139 8"'.,,+3~ 75 .. 364 - 100.09010 

5&00 16 .. 375 '111 ... 34 84.650 11.019 - 100.971 
5100 16.421 98.724 84.924 78.659 - 101.8b2 
5800 16.465 99.010 85.164 eO.303 - 102.7o')b 
'5900 Ib .. 506 99.292 85.40.2 81.952 - lU3.b81 
6000 Iba545 99.569 85.635 63.604 - 104.605 

June 3D, 1975; Dec. 31, 1975 

H 0 S R 

&Gf" Log Kp 

- 48 .. 110 INFINITE 
- '1-9 .. 469 lOBol15 
- 509334 55~OO3 

- 50.994 31&380 

- 51.00.0 .n~15a 

- ~1.599 21i&192 
- 52~L37 ,a .• ld~ 

- 52 .. 629 19 .. 170 
- 53 .. 017 lCh~)11 

- 53.482 l'holl 
- 53.825 13.010 

5~.119 ll~b"!() 

- 54 • .265 10.71;'12. 
- 54.305 9 • .t:!"O 
- 54.320 'h132 
- 54 .. 311 8.4i't:1 
- 5<0.279 7.9v!;l 

- 5';'.229 1.407 
- 53.253 6.8"b 
- 51.206 6.217 
- 49.101 5~655 

- 41.119 5.149 

- 4S.07rl ... 691 
- 43.039 4.276 
- 41.Q02 3~S9b 

- 3t! .. 9b4 3~548 

- 3thq3Q 3~228 

- 34 .. 892 l~933 

- 32.857 2.b60 
- 30.820 :'::.406 
- 200761 2.169 
- Z6 .. 74(. 1.949 

- 24.699 1~ 741 
- 22.655 l.S47 
- 10.b05 1.365 
- 18.552 1.1<;13 
- 166492 1.030 

- 1 ..... 21 .870 
- 12 .. 354 ~7.:;O - 10.273 .591 

8.186 .4j9 
0 .. 090 .,j33 

3.981 6212 
1.864 .091 

.266 - .Q14 
2 ... 06 - .120 
4 .. 559 - .221 

6.728 - 6320 
8 .. i09 - ... 14 

l.l.1.D3 - .5v6 
13 .. 309 - .S94 
1~ .. 532 - .b79 

17.773 - .162 
20.025 - .1:142 
;i..2.29/J - .'119 
24~ 579 - .995 
,,6.882 - 16006 

29.196 - 1.139 
31.52"1 - Is20q 
33.818 - .1..271 
lOa,H2 - 1.342 
J8 .. b21 - 1.4\)7 

STRONTIUM MONO.HYDROXIDE (SrOH) 

Point: Group (Co:nv1 

3298.15:: [56.89 !: 2] gibbs/mol 

(IDEAL GAS) GfW ; 101<.627£0 

llHfO :: -48.11 :!: 5 ked/mol H 0 S R 

flHfi98.15 ::: _49.12 :!: 5 kcal/mol 
Electronic Levels and Quantum Weights 

-1 
ti' cm gi 

V~brational Frequencies and Degenc!'dcies 

w, em 1 
--0-- (21 
[ 11<700) 

( 15100] 

[2J 

[2J 

( 498J(1) 

(438](2) 

[ 3650](1) 

Heat of formation 

(16000J [2] 

Bond Distance: S1'-O:: (2.10] A 

Sand Angle: Sr-O-H:: (180"] 

Rotational Constant.: Bo :: [0.251101 crn- l 

O-H:: (0.96] A 

o :: 1 

The adopted l'lHfO(Sr-OH,gJ :: -48.11:!:5 kcal/mol is based on an a.ssessment of D; values der-ived fro:n fldllle spectra of CllOH, 

SrOH, and BaOH. Cotton and Jenkins Q) found both the alkaline earth rnonohydroxides and dihydr-oxides to be present in 

significan't amounts in fuel-rich hydl'ogen-oxygen-nitrogen flames. They determined equilibrium constants for 'the reactions 

!1(g) + H20{g) :: MOH(g} + ?Hg) and M(g) + 2H 20(g) ::: !'1(OH)2(g) + 2H(g) and derived DO v..,lues. For DO(Sr-OH), Cot'ton and Jenkins 

(1) gave 103::5 kca,l/mol. Ryabova and Gurvich (1,) considered SrOH to be the domina.nt compound ",nd reported n; = 95:!:8 kcal/mol . 

Sugden and Schofield (1) interpreted SrCOH)2 as dominant. Cotton and Jenkins (!) have recalculated the work of Ryabov,," and 

Gurvich (1) and of Sugden and Schofield (1) considering both Sr-OH and S['(OH)2 to be present and have obtained the recalculated 

DO (Sr-OH) values of 96 and 101 kce.l/mol, respectively. Gurvich et dl. (:!) m",de further measurements, interpT'eted SrOH as 

dominant, and reported Do(Sr-OI-D ::: 93!:3 kcal/mol. klff and Alkemade (.§.) chose flame conclitions to minimize the dihydroxid'e 

farnation and determined D;;CSr-OH) ::: 100.1 kca1/mol. 

A "third law analysis of t:he experimental equilibrium constan'ts tabulated by Cotton and Jenkins (1) using current JA1'lAF 

auxiliary data (2.) leads to D~ (Sr-OH) ::: 103.7 kcal/mo1 which is 0.7 kcal/r:i.ol higher than the 103 kcal/mol given by Cotton 

and Jenkins (1). Applying the cOt'rec'tion to 'the value of Ryabova and GuI'vich (1) and Sugden and Schofield (~) "-8 recalculated 

by Cotton and Jenkins (:l:) gives DO(Sr-OH) :: 96.7 and 101.7 J.:ca1/mol, respectively. 

Because the corrected dissociation energy of Ryabova and Gurvich was near' the adopted value for Ba(OH)2(g)(1), their 

corrected value was adopted for Sr(OH)2(gH2). While their corrected value fo;;' BaOH(gHl) is not as close to the adopted 

value as is the dihydroxide case, it is nevertheless the neares: one, and therefore D~(Sr-OH) = 96.7 kcal/rnol is adopted. 

The ratio of the dissociation energies of 'the alkaline e.!l.t'th monohalides to those of th-e corresponding dihalides range 

from O.~O to 0.51 with the ratio for 'the strontiwn fluorides being 0.49 (1'. The similarity be'tween the halides and' hydroxides 

has been established (!-.!l). The ratio of the adopted values fat" the dissociation energies of SrOH(g) and Sr(0i'{)2(g) is 0.49 

where DO of the dihydroxide is defined hy the reaction Sr(OHl 2 (g) :: Sr(g) + 2 OH(g) and is 1ge.6 kcal/mol (2). 
.1HfO(SrOH,g) ,:: -48.l1:!:5 kCal/rnol is calCulated from the adopted dissociation energy. 

Heat Capacity and Entropy 

The analogy between gaseous rtlonohydroxides and monohalides, particularly the monof1uorides has been recognized C!-l!). 
The molecular configuration is assumed to be linear in accordance with the prediction of Walsh (12) and the evidence that 

the gaseous alkali I:\etal hydroxide are linea.r (~d-ll). The ground state is assumed to be 2;1:+ by-:nalogy with SrF and SrCl 

(2). The electronic levels are estimated from the band spectra observed by James and Sugden (1.§.>. Lagerqvis't and Auldt (::!2) I 

Charton and Gaydon <l1.>. Zhitkevich et al C~). and Van del' Hurk et a~. (l.,Q), and the comparison with Srr and SrCl (2)-

The Sr-O bond distance is estimated to be slightly larger, 0.02 A, than 'the Sr-F dist",n.ce (1' af'ter noting the close 

similarity in the bond distance of the alkali metal fluorid~s and hydroxides. The O-H bond dis'tance is 'that in water (7), 

The moment of inertia is 11.1472X10- 39 
& cm 2 , -

The Sr-O st.retching frequency, 498 cm-1 , is estimated to be 'the same as t:he Sr-F stretching frequency (1., .!!). The O-H 

stretching frequency, 36.50 Cl:l- l , is estina'ted from the dlkali hydroxide serie-s. The bending frequency, 438 em-I, is estimated 

by assuming that the ratio of the bending force constant: to the stretching force constant is 0.022, which is the average ratio 

found in the alkali metal monohydroxides hy Acquista and Abramowitz (ll. 12,). 
The entropy in the present table is lower by 0.06 gibbs/mol at 298 K and 0.10 gibbs/mol .'lot 1000 K than that proposed by 

Jackson (g); the data relevant to the calculation are· nearly the same. 
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STRONTIUM MONOHYDROXIPE UNIPOS. ION (SROH+) HOS.+ 

(IDEAL GAS) GFW=104.6269 

gibbs/mol------~ kC1lll/mo.l----~ 

T,"K Cp' S" ~(Go-Ho ... )rr HO-H<>_ aut' AGF .... ". 
0 -2 .. 572 16 .. 190 

100 
200 
29' 1l.O31 51 .. 585 51.585 1) .. 000 16 .. 673 13 .. 70t -54 .. 025-

300 II ~O55 57e653 :51»585 0 .. 020 70 .. 678 73 .. 683 -53 .. 678 
,00 1l .. 168 00.943 59 .. 029 1 .. 166 76.958 72 .. 04). -39 .. 690 
500 1.2.15) b3ebllt SSeSa7 2.363 77 .. 239 71 .. 532 -1l.2bb 

600 lZ.391 65.852 59 .. 867 3 .. 591 17 .. 495 7(;.366 -.25 .. 631 
100 1l .. 570 61.777 bO~862 "'.840 17 .. 708 695159 -21 .. 59l 
800 12 .. 722 b9 .. 4t:.5 61 .. 834 6 .. 105 77 .. 870 &7 .. 925 -18 .. 55& 
900 12 .. 964- 7U .. 97Z 62.767 le384 11 .. 806 66 .. 692 -16 .. 195 

IJOQ 13 .. 00Z H .. 3H 63.657 B~677 77.924 65 .. 451 -14.0304 

1.100 13.116 73.580 ~.503 9 .. 984 1b .. 121 64 .. 308 -12.117 
1200 1.3 .. 264 H .. 7.28 65.308 11.304 76 .. 307 63 .. 226 -1l .. 515 
1300 13.386 75 .. 195 66.074 12 .. 6317 U& .. 496 62 .. 128 -10 .. 445 
1.""00 13 .. 500 76.1<.ill 6& .. 8u5 13 .. 961 16.6$8 bl .. ul6 -9 .. 525 
1'500 13.&06 71 .. 7<.6 61 .. 502 15,.336 76 .. 882 59 .. 890 -C.oo 726 

1600 .1.3.103 713 .. 601 68.1-69 16* 1'02 17~O76 ,S .. 750 -d~025 
1100 13 .. 793 79 .. 4~1 6S .. StH ttl .. on 410 .. 699 5>8 .. 504- -7 .. 521 
1800 13.815 80.232 69 .. 420 19 .. 40.0 45 .. 239 59 .. 301 -1.2ilO 
1900 13 .. 9"9 60 .. 9134 70 .. 009 20~S52 45 .. 176 bO .. Ob8 -6 .. 9.)9 
lOOO 14.011 <11 .. 701 TO c S?6 ZZ .. Z50 46 .. 312 6U .. 606 -6 .. 6 ... 5 

2100 14 .. 079 82:.'387 11 .. 122 23.6'53 "'6 .. 844 61 .. '517 -b.402 
2200 14 .. 135 63 .. 0.lt3 7l .. b"'t9 25 .. 0bb 41 .. 370 b2 .. 2u3 -6 .. 179 
BOO H.lIn 83 .. 67Z 7Z.lS8 26.452 47 .. 892 62 .. 865 -5 .. 914 
2400 1 .... 234 84 .. 277 12 .. 6'51 2.7 .. 903 48 .. 405 0.3 .. 507 -5 .. 783 
2500 14 .. 216 84 ... 859 73 .. 128 29.32.8 43 .. 906 64 .. 124 -5 .. b06 

2600 l4j· ... H6 65.4za 73 .. 590 3<). 755 49 .. 395 045124 -5 .. 441 
2700 itt .. 3St 85 .. 9()l 710.038 32 .. 191 49~a09 b5 .. 304 -5~2Bo 
2600 14.364 86.it63 74~473 33.628 50.326 65 .. 867 -3 .. 141 
2900 14 .. 415 li6.989 14 .. 896 35.068 50 .. 702 66 .. 416 -5 .. 005 
3000 14.442 87 .. 478 75~307 36.511 .51 .. 175 66 .. 948 -4 .. 877 

3100 111· .. 468 87 .. 952 75 .. 708 37.956 51 .. 56.3 &7.407 -It .. 1Sb 
3200 14 .. 492 a8.H1 76 .. 097 39.40o!t 5L .. nZ 01 .. 973 -';'~e.42 
3300 14 .. 513 86.858 1'6 .. ~17 40 .. 655 5Z .. 251 68 .. 471 -'-'8535 
3400 14 .. 534 69 .. 291 76 .. 848 42.307 52.545 68~957 -4 .. 432 
3'500 U~552 89.1t3 71~209 43.761 52.804 69.436 -4 .. 336 

36QO 11, 8510 90 .. 123 71.563 45.Z18 '53 .. 024 69 .. 90B -/h 244 
3100 14~586 90 .. 5:22 71 .. 907 ltt.'le675 53.l04 70 .. 375 -4 .. 157 
3800 14 .. 601 90.9lZ 71$10245 48.135 53 .. 3t,3 70.639 -ft .. 074 
3900 ltt~615 91.291 78.574 49.595 S3~438 71 .. 296 -3 ~995 
40013 14.628 'H~661 76 .. 897 51~05S S3 .... d7 71. .. 752 -3 .. 9'20 

4100 H~o'tl 92 .. 023 19.213 52.521 53 .. 't93 72 .. 2100 -3 .. 849 
.,.200 14.652 92 .. 376 79~522 53.986 51 .. 454 72 .. 667 -3.71:11 
4300 14 .. 663 92 .. 120 79 .. 825 55.451 53 .. 3(1.9 73 .. 126 -3~711 
4400 11.,.673 93.058 80.122 5b.91S 53 .. 240 73 .. 586 -3.655 

!-
4500 14 .. 682 93.387 60 .. 413 Sa.38b 53 .. \.165 74 .. 0048 -3 .. 596 

"U .,600 14 .. ')91 93~1l0 80$698 S9~655 52 .. 8';'9 74~5Za -3 .. 541 
:.- 4700 14 .. 100 94 .. 026 80 .. 979 61,.32" :)2 .. 590 74.994 -3 .. 487 
'< 4800 14.708 9';'.336 81~254 62.795 52. .. 293 75 .. 1t74 -3 .. 436 
~ 4900 14 .. 715 94 .. 639 81 .. 524 64 .. 20.6 51 .. 957 75 .. 958 -3 .. 3$6 
n 5000 14 .. 12.2 94 .. 'H7 8l.. 789 65 .. 1.38 :51.585 76 .. 451) -3~31t2 

:r • 5100 H .. 719 95 .. 27.8 82. .. 050 61 .. 210 51 .. 118 76 .. 95"- -3.,298 
3 5200 14 .. 735 9'5 .. 514 82 .. 306- 68.684 50 .. 141 n~4bl -3~.zSb 

'5300 14 .. 141 95.795 82$558 70.157 50 .. 276 77 .. Q8'" -3~l16 • 54-00 lIt.TIt? 96 .. 011 SZ .. 805 71 .. 632 49 .. 7113 78.508 -3 .. 177 • 5'5QO 14.752 96 .. 341 83 ~ Olt9 73.107 49.265 7'i~045 -l .. Hl ;to 

CI 5baO 14 .. 1'511 96 .. 607 83 .. 289 74~56Z 48 .. 1'l6 79.59Q -3.106 
9. 5700 H .. 163 9!'h86B 83 .. 525 7b.056 48~16S 80 .. 146 -3~on 

a 5800 14.761 9111125 83 .. 151 77 .. 535 4,1 .. 593 t10 .. n3 -3 .. 0.1 · 5900 14.712 97 .. 379 83 .. 986 19 .. 012 47 .. 003 tn~290 -3~OH < 6000 14.776 91.626 84~2U 80 .. 489 46.40U 81 .. 875 -.!.-;6Z 

~ De~. 31, U75; Juee 30, 1976 
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STRONTIUM MONOHYDROXIDE UNIPOSITIVE ION (SrOH
t

) (IDEAL GAS) 

Poi!,)t Group £ C""vJ 

S298.1S [57.59 2.0) gibbs/mol 

Ground Sta"te Quantum Weight [1] 

Heat: of Formation 

Vibrational Frequencies and Degeneracies 

(1.)1 cm- 1 

[I,lSO]O) 
(430](2) 

[3650](1) 

Bond Distances: 5r-0 [2 1] A O-H (0. 96j A 
Bond Angle: Sr-O-H :: [180 0 J 
Rotational Constant: Bo;:: [0.2511] cl."I- 1 

GFW lOI~.5269 

.MIfO 75.J9.! 15.0 kcallmol HOSR+ 

!;'Hf'29S.15 ~ 76,67 15.0 Ji;c<).l/mol 

The ioni7.ation potential of Sr-OIHg) was deduced by Kelly and P",dley '1) to be S.S5.tO.l ev. Using a rota"ting single probe, 

these authors quantitatively examined the total positive ion concentrations produced from Sr aqueous salt solutions in fuel 

rich, premixed H2 '" 02 + N2 flames. Using current JANAF auxiliary data (.?) , we recalculate the ionization po'tential to be 
5.75 ev. 

Jensen (1) determined the heat of reaction tJ.HrO :: 25.tBkcal/rnol for Sr(g) + OH(g) :: srOH+(g) + e~ in atm.ospheric pressure + 

H2 ~ 02 ~ N2 fld1Jles using 'the microwave c<!I.vity resonance method. This value WaS calculared as;)'ulIling a bent molecule for SrOH ; 

the value is not significantly changed, within the uncertainty, by the I£:hange in thl:! configura tion. Using auxiliary data (~). 

we derive an ionization potential of 5.28 ev. which is in fair agreement wit:h the value derived from the data of Kelly a.nd 

P~dley (~). 

We adopt <in ionization potcn1:ial of 5.39 ev (l24.30 kcal/mol) Which is an average of the above two stucties (1,3). This 

leads to t.Hfa :: 76.19 kcal/mol and t.Hf 298 :: 76.67 kcal/mol for SrOH'" (g). We assign an uncerta.inty of .:t1S kcal/rnol.-

In comparison. the ionization potential of SrF(g) is 5.03 ev (3) while thi'.lt of Sr(g} is 5.692 ev (~). Note that the 

average of these two values is very close to our adopted ioni~ation potential. 

H(!;at Capacity and En'tl."OPY 

The molecular configuration is assumed to be linear, sir.ct! experimental evidence indicates that 'the gaf;eous alkali metal 

hydroxides are linear (~.2.§,,2). In addition. Walsh (~) had predicted that B.>\'1-I molecules (H :: hydroge.n atom) ~ith ten ot' less 

valence electrons (SrOH has eight valence electrons) will be lineal' in their ground state. The molecule SrOH is isoelec

tronic with RhOH. 

The bond dissocicltion energy for Srmt (no:: 103.7 kcal/mol, ,?. ::) for the process St'OH+{g) :: sr+(g) .. OIHg) is fairly 

close to that foI' 5rOH (DO:; 96.7 kcal/mol, !.). This suggests that the bonding in these two molecules may be quite simila'r. 

Thus bond distances are assumed to be the same as those adopted for SrOH(g,Z). The moment of inertia is 11,11./72 x 10- 39 
g 

cm'2. The vibrational frequencies are assumed to be similar to those adopte~ for SrOH(g~~). The ground state quant~ weight: 

is assumed to be the :o;ame as 'that of KOHCg.3.L The enthalpy cnange between 0 and 298. IS K is -2,572 kcal/mol. 
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MAGNESIUM DIHYDROXIDE (MG(OHl 2 ) H2 MG 02 

(CRYSTAL) GFW=58.3198 

g;bbo/mol---~ _----kcai/OiOI 

T,'K Cpo s· -(G'-H· ... )(f H"-H"J:M 6H1" AGr Log Kp 
0 .000 ~ 000 INFINITE - 3 .. 137 - 218.642 - 216&S",2 INF {NIlE 

100 5.167 2:e335 21s Q48 - 2 .. 56.1 - 219~6B - 21.3.301 '90.6.169 
200 13.592 d~686 16~667 - 1.596 - 220~ 769 - 20<).452 225 .. bOO 
298 18.463 15~ 115 lSm1l5 ~ooo - 221 .. 000 ~ 199.21&2 146.0b3 

300 18.536 155230 15.U~ .. 034 - 221 ~OO3 - 199 .. 121 145 .. 064 
400 21.918 21 ... 0bl 15.688 2 .. 069 - 220.987 - 191 .. 831 1:04.811 
500 23.809 2b~ 1 77 11.446 4 .. 36b - 220 .. 762 - 1846563 80.,673 
- - - -- -- -- -- - -- -- - - - ----- ------- --- - -- - - --- - --- -- -- - - - - --- -- - - - - - -- - -- - - - --- ---- ----

600 24.<;10.2 
100 25.784 
BOO 20.429 
000 2b.971 

1000 27.450 

)0 .. 627 19.280 6 .. 808 - 22:0 .. 444 
3lt .. 5oftO 21.1,86 9 .. 347 - 220 .. 078 
38c02:6 23~O11 11 .. 959 - 21'jl .. ~95 
41~ 171 24s916 14.630 - 219 .. 311 
4450)8 26.b87 17 .. 351 - 221 .. 054 

D1i:c·. 31, 1960; De.c. 31, 1966; Marcil 31, 1967 
Dec.. 31. 1975 

- 1'77 .. 354 64 .. 601 
- 170 .. 199 53 .. 138 
- 103.102 ~4 .. 5S1 
- 156.050 37 .. 894 
- 14tJ.859 32.533 

MAGNESIUM DIHYDRoxtoE: (Mg(OH)2) ( CRYSTAL) GF"W 58.3198 :'2 MG 02 

3:298.1:1 :; 15.11 gibhs/mol 

Td :; 542.2 K 

tlMfO::' -218.84 .!: 0.5 kCdl/mol 

lIHf 298 .15 :; -221.0 j: 0.5 kcal/mol 

Heat of Formation 

The adopted value is an average of -221.10 and -220,86 kcal/mol obtAined from t.Hr 29S ': 9.08 and 8.94 k:cal/mol for the 

dehydl.'ation reaction Mg(OH)2(c) '" HgO{c) + H20(O. Auxiliary cl~ta arc from JANAf ell) and Natl. Bur. St;snd;'l'ds (d.::) 

Tables. -The 'twe values c-orl'espond to naturally occurring brucite and to synthetic Mg(OH)2 prepared from MgO by hydra'tion at 

l77~C under a steam. pressure of about 9 atm, The enthalpies of reaction are derived from studies of Taylor and Wells (1-) on 

the h~ats of solution of v.at"ious samples of Mg(OH)2 and MgO in aqueous HC1. These studies show that: the heat: of dehydration 

is quite dependent Oil the n.ature of .the 11g0 saJ1Jplej· e.g., v.elues for synthetic HgCOH)2 v",ry monotonically from 9.79 to 8.B4 

kcal/mol for Mga ignited at ternperat:ures from 450 to lI.i2S·C, I'espectively. The .authors ascI'ibe this difference primarily to 

increase in particle she at the higher ignition tell:lperatur~s. 110re recent work '..!2) suggests th.a:t the difference is causE!d 

by crystalline disorder rather thAn particle size alone. We have adopted the results at: 11<2S"C since they are reasonably 

consistent with the high temperature samples on which the JANAF heat of formAtion for MgO is based. The uncertainty is esti-

mated as :0.5 kcal/mol. 

Shomat:e and Huffman (1) have confirmed the heat of solution of }!gO (ignited at lOOO·C) within about' 0'.3 kcal. Their 

value may be combined with 'the heat of solution for syn1:hetic Mg(OH)2' deter'mined under similar conditions by Torgeson and 

Sahama C.~), to obtain t.Hr" '" 8.85 kCdl/mol for the dehydration reaction. At the other extreme, the heat of solution data of 

Giauqlle and Archibald (!) lead to lIHr~ ::: 9.74 kcal/mol; however', this value corresponds to MgO ignited at: 350·C. The I1g0 

sampl~ was microcrystal.line and had significant excess Cp~, as suggested by Giauque and Anchibald (~) and later confirmed by 

datI! of T. H. K. Barron et 1!1. (5). Giauque and Archibald (4) intentionally used the micrQ{!rystalline IeI'm which would be 

s:iJnilc\r 1:0 the product in their decomposition pressure measu;ements (190 and 212"C). Thus, it is not surprising that third 

law analysis of their decomposition pressures yields essentially the sl'.une heat of forma'tion as their sollJtion data (see 

summary below). Decomposition data at higher pressures h"ve been reported by W. S. Fyfe (.§), D. M. Roy and R. Roy (1), G. 

C, Kennedy (!), G. M. Zhabrova and B, M. Xadenatsi (1)t and L. G. Berg and 1. S. Rassonskay,,- (10). These data do not signi

ficantly affect the ht:!at of formation, however, because of uncertainties in the .attainment of equilibrium and in reduction to 

standard state values. 

Source 

Mg(QH) 2 

Sample 

Temp. of MgO 

Formation, "e 
Heat of Dehydration 
lIHr298 .15 (kcal/mol) 

1. Taylor [, Wells 0) Brucite 11.125 9.08 
- Synthe1:ic 1425 S. 84 

Synthet:ic 1000 9.18 
Synthetic 450 9.79 

2. TOr'geson (3) - Shomate (2) Synthetic 1000 8.B5 
3. Giduque.\. Archlbald (4) - Synthetic'" 350 9. 7~ 

Kp data - Synthetic'" 190, 212 20.10·· 
·Prepared by re.,ct:ion of KOH with HgC1 2 (dQ) at 2l0 8 C, rather than by hydt'ation of MgO. 

uFor Mg(OH)(C) -; MgO{c) + H
2
0(g) rather than Mg(OH)2(c) :; MgO{c) ... H

2
0(O. 

Heat Capacity ,md Entropy 

lIHC298.15 

-221.10 
-220.86 
-221.20 

>-221.Bl 
-220.B7 

>-221. 74 
>-221.59 

The low temper4t:ure heat capacities are from the measurements (22-321 K) of Giauque and Archibald (~) who used a syn

thetic, macrocrystalline sample: of mdgnesiuEIl dihydroxide prep.ared by re.acting l<OH with aqueous MgC1 2 .s.t 210°C. The en1:ropy 

is derived from the heat capacities starting with Sio ,. 0.027 gibbs/mol from a '7"3 extrapolation. 3 299 = 15.11 gihbs/t)ol 

compares f~vorably with 15.09 gibbs/mol given by Giauque and Archibald (~). The drop c.!lorimeter enthalpy measurements (350-

699 K) of King et aI, (1]) ar-e used to derive heat capacities above 298.15 K, They used a ground sample of na1:ural brucite, 

which analyzed 98.77% Hg{OH)2. Their published da'ta .sre corrected for impYri1:ies and to one atmosphere total pressure. The 

low .and high 'temperatu'I'e heat capacit:ies were joined smoot:hly by lJIat:nema'tical curve fitting techniques. Heat: capacities 

above 700 K are obt4ined by extrapolation. 

The reference temperature for the enthalpy measurements (393-567 K) of Lashchenko ,,-nd Kompanskii (ll) is uncert:ain. 

Their values appear to be near those of King et: 031. <Q) up 1:0 around 550 K; above 550 K -cheir values average abou"t 5% 

lower than 'those of King e1: a1. <JJ), 
Decomposi1:ion Data 

Td = b42. 2 K is calculated as 'the tempera ture at which llGr· ::: 0 for -the reaction Hg{ OH) 2 (c) MgO{ c) + H20( g) . 

Auxiliary data are from the JANAF Tables (Q'. 
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MAGNESIUM DIHYDROXIDE (MG(OH)2) 

(IDEAL GAS) GFW=58.3198 

----g1bbs/mol----, kcal/mol 
T, "K Cpo S" -(GQ-W_).IT UO-H"u. boHI" 

0 sOJO .000 INHNI TE - 3 • .,.59 - 134.964 
100 9 5 303 50.113 16.404 - 2.629 - 135.741 
200 13.519 57.828 (:)5.285 - 1.4'H - 136.464 
Z9B !6~6oJ5 63.65" 03.854 cO..10 - 136~8aa 

300 16 e .:Jt,.9 63.957 63.854, .. DH 136.806 
400 18.443 69.016 64 .. 532 1.794 137.002 
500 19.500 73.25't 65.664 $.695 - 137.23$ 

bOO lO.un 76.874 67.405 5.0.131 - 137.:'11 
700 lO.bi6 aJ".OZ4 68.986 7. 72~ - 1-37.500 
600 21.081 82.812 70.545 9.H4 - 137.640 
900 21.440 35.3)0 72.049 11 ~'Y40 - 137 .. &01 

1000 21.111 81.592 -/3.491 14.100 - 140~ 105 

1100 22 ~ OdO 1)9 a l)81 14.869 16.293 - 140.219 
1200 22~370 '11 a bI5 76.185 ltl.510 - 140.4b5 
1300 22~ 639 93.411 77.442 20.766 - 140~669 
1400 22.868 95.103 78.044 23.043 - l7l.25it 
1:;00 23.111 90..691 79.795 25 .. 343 - 1n.OdS 

1600 23.326 98.189 80.69S 27.666 - 170.917 
1100 23.517 99.609 81.957 30.00S - 170.7",1 
1600 23.690 lOO.958 82.976 32.368 - 170.5&4 
1900 23.846 102.243 83.95c> H.746 - 1711.363 
2000 23.991 103.'>70 8<0.902 31.138 170 .. 203 

2100 24.121 104.64'" 85.814 39.543 - 170.024 
2200 24~ 239 105.769 86.696 41.961 - 169~847 

nOD 2"te347 106.849 87.549 44.3<Jl - 169.6b9 
2400 24e 44 5 107.887 86.314 .. 6.$31 - 16CJ~495 

2500 24.534 10B.iHI? 89.175 49.2BO 169~3n 

2600 24.616 109.851 69.952 ~1. 13 1 - 169.100 
2700 24.6'''1 110.781 90.706 5 .... 202 166e99-} 
2800 24.75'1 111.b80 91.439 SO.675 - lo8~84l 
2900 24.822 li2.550 92.152 ~q.154 lo8.bo8 
3000 24 .. 879 113.393 92.646 61..639 - 168.542 

3100 24.933 114.Zl0 93.522 b4.130 - 168.399 
,3200 2'i-~9B2 115~D02 94.181 66.b~6 - 168 .. 264 
3300 259027 115.711 9 .... 824 b9d26 - 166.136 
3400 25 ~Ob9 116.519 95.451 71..631 - 16e~015 
3S00 2 5 ~ loa 111'.246 '16.064 74.140 - 167.902 

3600 25~ 144 111.954 96.662 76.652 - U7.798 
3700 25.111 11S.644 97.247 79.168 - 167~70'" 
3600 25.208 11'1.315 97.&'1~ tHobBS - 167.blb 
3900 25 .. 238 119 .. 971 98.378 84.210 - Ib7~540 
4000 25.265 120.610 9B~926 !lo.135 - l.b7e475 

'0100 25 .. 290 1.2l~234 99.463 89.263 - 167.421 
4200 25.314 121.844 9'1.968 91.193 - 167.378 
4300 25 .. 336 122 .. 440 100.503 9...,.326 - 167.347 
4400 25.351 123.02.2 101.009 960.600 - 167 .. 329 
4500 25.,H7 lB.592 101.504 9g e 391 - Ib1 .. 3;;:4 

~ 

:l! 
4bOO 25~ 395 124.150 101.990 101.936 - 167~331 
4700 25 .. 413 114.6<;il7 102.468 10 ..... 476 - 107.354 

"< ~800 25.429 12S~132 i OZ9 936 107.0l8 - 167.390 

!" .. 900 25.445 US.756 103.397 109.562 - 167.440 

n 5000 25.459 126.211 103.849 112.i07 - lo7~5ub 

:r 
5100 25.~473 126.'175 104.294 114.6~'" - 107.5t18 III 

~ 5200 25.486 121.270 10<te 131 117.202 - 161.685 
5300 25.499 121.155 105.101 119.7')1 - 10le 796 

:aoo 5400 15.510 128.23Z 105.584 122.301 - 107.9.29 .. 
:'" 

5500 25 .. 521 128.700 106.000 12,+.853 - i6t1.015 

tJ 5600 25.532 129.10.0 10b.409 127.400 - 108.241 
III 5700 25.542 12'il·.t:.12 106.812 129.959 - 168..42"-

1 5800 2S.552 130.056 107.209 132.514 - 168~625 
5900 25~5bl 130 .. 493 107 .. 600 US.OIO - 1613 .. 845 

~ 
bOOO 25.569 130.923 107.965 .l37.&26 - Ib9~Oa4 

:'I 
June 3D, 1967; Doe. :n, 1915 

Z 
!) 

.!-' 
-0 
'I 
ClO 

HZl'i G 02 

"GI" ..... Kp 
- 134.964 INfiNITE 
- 1.33.947 292 ~ 741 
- LH~976 144.216 
- 129_593 94 .. 994 

- 129.549 ·H.3lb 
- 127.0tl8 o9043!i 
- 124.573 5".451 

- 12l.029 4 ... 449 
- 119.460 37 .. 297 
- 110.1:175 31.929 
- 114.269 i: 1 ~ 148 
- 111.<003 ,2.48300 

- 10d.~93 21.575 
- lOS.704 19 • .251 
- 102.799 17 .. 282 
- 99.396 15.Sn 
- 94.2:70 lJ~735 

- 89.l58 Ud18 
- 114.050 100SOS 
- 78.957 9.581 
- 13.872 8 .. 491 
- 61$.798 7 .. 51t1 

- 63.732 o.~33 

- ~8.674 5.82'1 
- 53.b25 5.091:> 
- 48.51:1" ">."t.2.4 

43.552 3.807 

- 38.520 3.238 
- 33.5UO 2.712 
- 28.487 2.223 
- 23 ... 11 1.709 
- 18.469 1.345 

- D."t69 .95rJ 
S.47!:l .579 
3.483 ~ .231. 
1 ~505 - ~O97 

6."i-Ba - .405 

11 .... 1.1. - ec9b 
16.451 - .912 
21.429 - 1 ~"':32 
'::,6.397 1.~79 

31. • .370 - 1.714 

36.3c41 - 1.937 
41.309 - 2 • .1.50 
46.Z7t1 - 2 .. 352 
51.244 - 2.54> 
56.,z12. - 2.730 

ololBb - 2.907 
66.153 - 3.01b 
71.U3 - 3.231S 
7b.088 - 3.394 
!H .. OS6 - 3~.s43 

<'0.030 - 3 .. 081 
91.001 - 3.825 
95.9t17 - 3.958 

100.9:5-4 - 4.086 
105.939 - 4 .. .210 

110.918 - 4 .. 3.29 
115.909 - 4.444 
1.20 .. 891 - 4 .. 550 
125.693 - 4.t>63 
130.886 - 4.76b 

MAGNESIUM DIHYDROXIDE (MgCOH)Z) (IDEAL GAS) GF"I\' 58.3198 H2 MG0 2 

Point Group {C2v J .1Hf~ _13:0.96 8.0 kcal/mol 

S298.15 (63.9 3.0] gibbs./mol lIHf298.15 _135.80 8.0 kcal/mol 

Ground State Quantum Weight:: (1] 

Vibrational Frequencies and Degeneracies 

Bond Distances: 

Bond Angles; 

Hg-O :: (1.79) A 

0-11g-0 :: (158 0
] 

Product of the Moments of Iner'!ia 

Hea:t of Fo:t"'m;,.tion 

-1 
~ 

(508) (1) 

[215) (l) 

(876) (l) 

(3650) (2) 

[492) (4-) 

0-11 :: [0,96] A 

/1g-D-H" (180~] () = 2 

IAIBIC :: CI09.502li) x 10-
117 

g3 ern 6 

Alexander, Ogden. and Levy (1) determined the temperature dependence oi the equilibrium constant for the reaction MgO(c) ~ 
H20(g) :: MgCOH)2{g) in the range of 1650 to 2020 K by measuring vapor densities,using a transpiration technique. The data 

8I"e presented graphically and are. represented by a linear equat.ion. With auxiliary data from the JANA: The!'moch~rnical Tables 

<1,), analysis of "the equation yields a second law IlHr 298 :: 67.1 keal/mol and a 'third law llHr 2S8 " 61>.70 kcal/mol with a drift 

of -1.3 gibbs/,mol. From the third law heat of reaction, the adopted lIHf 298 == -136.80 kcal/mol is calculated. An uncertainty 

of :!:8. 0 kcal is assignt!d to illlow for the unc.ertainty shown in the vapor density measur'ements and for the uncer'tainty in 

'the entropy. 

The heat of dissoc.ia'tion lis 'ted by Jackson (~) leads to cHfiss 01g(OH)2,g) = _140.74 kca1/rnol. Anothel:' recent compila

tion (2) lists 6Hf
298 

:: -134 kca1/mol. 

Based on the adopted llHfi98 ., -136.80!8 kCdl/mol. DO" 1B8.6 kcal/mol is ce.1cu1.,ted for 'the reaction Hg(OH).,{g) " Mg(g) + 
20H(g). , 

Heat Capacity and Entropy 

The analogy between gaseous moJ'lO- and dihydroxides dnd gaseol..ls mono- dnd dihalides. pdrticularly the mono- and difluorides, 

has been recognized <1-.§). The O-Mg-O bond angle is assumed to be the same as the F-Mg-F bond angle (1,) i t~e Mg-O-H bond 

i3 considered to be linear as in MgOH (~). The Mg-O bond distance is estil'Ei4ted to be slightly larger, O.02A, than the 

MZ-F distance ir. Mgf2 (1) after noting the close simil.l!t'i"ty in the bond dis1:ance of the alkali metal fluorides and hydroxides. 

The O-H bond dist ... nce is taken to be the Sd1lle as in water (~). 

The vibrational frequencies are estimated to be the same as in HgF
2 

(1) (O-Mg-O symmetrica.l and asymmetrical stretch, 

and bend) and AS in HgOH (1,) (O-R stretch a.nd Hg-O-H bend). Th-e three principa,l moments of inertia. are IA :: :'9.1441 x 10-39 

I3 = 1B.8406 x 10- 39 , .snd Ie :: 0.3036 x 10- 39 g cm2 . 

Jackson (2) has used a different molecular configuration and different vib't"'~tional frequencies to estimate S298 = 63.829 

gibbs/mol. We assign an uncertainty of :1:3.0 gibbs/mol to the adopted entropy. 
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STRONTIUM DIHVDROXIDE (SR(OH)2) H 2 0 2 SR 

(CRYSTAL) GFW=121.6348 

-gibbs/mol ----_ ------- kc.alJmol--------

T.~ Cpo S" -(G'-If'_){f fr'_Hc_ IIH1" .loG/" LogKp 

0 
100 
200 
2.8 17.900 23.200 23.200 .. 000 - 231.570 - 210.8405- 15 ... 553 

300 17~9bO 23.311 23~200 .033 - 2He~n - 210.717 l53c507 
400 21.140 28.913 23.943 1 ~ 988 - 231.684 - 203.140-0 111.319 
SOD 24.320 33.912 25~4;O 4 .. 261 - .23i.540 - l':l~. Tbe db~Oub 

600 21.490 3d.6as Z7~2tJ7 6~851 - 231.1",,7 - 1B9 .. 844 69.151 
700 30 .. 670 43.162 2'9~Z20 9 .. 759 - 230.510 - 18).007 51.131 
8"00 - - - -')"3 -. -a'~rQ- - - -~'47: 4b?r - - - 3"1 :Y3-)- - -- --12: 9 dS- --:.- -iiti.-b36 - - -.:- 171-. iY9-- - - - -48; i 57 
900 31.030 51.635 33 .. 269 16 .. '5029 - 228.695 - 169 .. 657 41019B 

1000 40.210 55.101 35.310 20.391 - 227.278 - 103.110 35.661 

Dec. 31. 2975 

STRONTIUM DIEYDROXIDE (Sr{OH}2) 

S298.15::: [23.2:t 2] gibbs/mol 

'I'm '" 7B3.1S .t 15 K 

Heat of Formation 

( CRYSTAL) GFW ::: 121.6348 

<'lEf 0 :; unknown H2 0 2 S R 

t>Hf298.l5 ::: -231.57 2.2 kcal/mol 

t.Hm° = 5.021.1 !: 0.50 kcal/mol 

The adopted lIHf
298 

= -231.57.t2.2 kcal/mol is obtained from the heat of fOr'rnd"tion adopted for the liquid (1) minus the 

heat of melting and the enthalpy difference of the liquid and t.he crystal between the melting point and 29B .15 K. The dis

sociation pressure measurements by Johnston (1.) and by Tamaru and Shiomi (1) span the meH:ing point, but 'there is not d 

definite break in the log P vs liT curve at ~he melting point. The temperatures of the dissociation pressures determined by 

Sana (!:) are all below the melting point. For second .snd third law analysis. using auxiliary data from the JANAF Thermo

chemical Tables (.!.), the dissociation pressures below the melting point dre considered to pertai.n to the equilibrium 

Sr{OH)2(c} = SrO(c) + H
2
0(g). 

No. of Temp. 
Investi,g.a tor Poin'ts Range. K 

Johnston (1) 703-776 

TamaNl and Shiomi C.~) 10 667-782 

Sano (!:) 613-7ijJ 

"'l!.Hf 298 is calculated ft'o]]) the third law 6Hr296 value. 

llHr 29S ' kcal/mol 

2nd· Law 3rd Law 

lB.7 31.65:1:1.06 

26.0 31. SO!O.42 

26.0 31.27!O.75 

Drift 
gibbs/mol 

17.5:t1.4 

4.9j;O.3 

7 .GtO. 2 

ilHfi9S(c)· 

kcal/mol 

-230.9:1:1. 9 

-230.8.!:l.Z 

_130.6.t.1.6 

These three third law velues for 6Hf 298 (c). are in excellent agreement, are in reasonable agreement with the adopted value, 

and. are closer to another recent evaluation of -229.2 kcal/mol (.§.) than is the adopted value. The route taken to derive the 

adopted value is presently preferred because dissociation pressure measurements of the liquid are judged to be better than 

those of the solid. 

Heat Capacity and Entropy 

The heat capacities are d~rived from a curve fit of 'the drop ice calorimeter enthalpy moeasurements of Powers and Blalock 

(E., 51+5-783 K), extt'apolated and forced through zero relative enthalpy at 273.15 K. The change in heat capacity with 

temperature is larger than it is for the other alkaline earth dihydroxides (1). There appears to be no definite exp14nation 

for this. The purity of the SI'(OH)2 sample, as indicated by total 4lkalinity, did change more during the enthalpy measure

ment than other samples in the SdIl'Ie report (2). The total alkalinity of the Sr{OH)2 sample changed from 99.80 to 94.1% 

while for Ba(OH)2 the change was lOO.ij to 99.61%, fa!' NaOH the change was 99.97 to 99.Lt6X, and for KOH the change was 100.00 

to 96.68% (2,). The known existence of crystalline a.llotropy in some of the alkaline earth halides and hydroxides suggests 

this possibility for' Sr(OH)2 c:ryst"al also. 

The adopted entropy, Si9s = (23. 2:!:2] kcal/mol, is calculated from Kelley's additive entropy cotista.nts for ca.tions and 

&nions (2). 

Mel tinE Data 

From their drop calorimetry, Powers and BlalOCK (!) selected a melting point of 183.15 l:< where they derived c.Hrn° '" S.2-3 

kcal/mol. Our smo01:hing of thif!!i~ ddta ledds to the ddopted Mm- = 5.024!O.50 kcal/J:wl. Brcic and Jernejcic (~.> determined a 

melting point of 771 K and Berggren and Brown (~), 723 K. The latter dihydroxide sample cont.ained 5 mole percent SrC03 " Ttn 

= 763.15:t15 K is adopted. 
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STRONTIUM DIHYDROXIDE (SR(OH)2) H2 0 2 SR 

(LIQUID) GFW=121.6348 

gibbs/mol---~ IwIlJmol 
T,"K Cpo s· -(G"-Ii"u.){f HC_H"_ &Hf' AGf' LegK. 

° 100 
200 
20' 1 7 ~ 900 25.989 25.91:19 .000 - 2lBeISOO - 20d.907 153.133 

300 1 7 ~9bO 26.100 25.990 .033 - l28a~1J5 - 20tl~ 7d4 152.099 
400 21.1'00 31.702 lb.732 1.981:1 - 226.914 - 202.0do llO.H~ 
500 .U •• HO 360.761 28.239 4 .. 261 - 228.770 - 195.390 t!o5.4>J5 

600 37.700 43.122 30.1.72 1.170 - 227."SS - 18t!~~H7 bB.711 
100 37.700 48.933 32.448 1l.Slo0 - 225.959 - 182~4t9b 56.970 
dOC - - -- )Y.Y 00 -- - -~f3 ~ 96 -e - - ---3-4-.-8-30 - - - - -15-:31.0- ------if 4;5;; [- --:.- I:i6-.Ylff- - - - -;; a ~ I d7 
900 37.700 ~d.40B 31.20B 19.080 - Z.D.314 - 110.432 .... 1.381 

1000 37.700 b2.31iO 39.530 22.850 - 222.0419 - 104.621 ,)5.'770 
._-----------

1100 n.700 65.973 41.173 2b.b20 - 22;':~b¢8 - L5a~63l 31.557 
1200 37 ~ 700 6~.25"" 43.929 lO.390 - 2.21.::IiO - 153~O86 21 ~dtH 
1300 31.700 72 • .271 1t5.9Q.,. 31t~ 160 - .ll9 c 991 - 147e455 llt.789 
1400 37.700 75.065 1t7.972 31.930 - 218.679 - 141e924 22.15~ 
1'500 37.100 71.66b 49 .. 866 41.7,)0 - 217 c31i16 - 136.10-60 1ge08Q 

1600 3 7. 7JO 80.099 51.681 45.lt70 - ;n6 .. 111 - 131.U-o 17.912. 

Dec. 31, 1975 

STRONTIUM DIHYDROXTDE (Sr(OH)2) (L!QUID) GFW 121.63ll8 

Si9B = (25.9891 gibbs/mol 

Tm 783.15:! 15 K 
t.Hf298.15 = -nB.e ! 1.7 H2 0 2 S R 

t.Hm~ = 5.024 !. 0.50 kcal/mol 
Td = 1017 K 

Heat of formation 

The ddopted lIHf 298 = -228.8!1.7 kcal/mol is 'the aveNge of values derived from the third law analysis of the dis$oci<ltion 

pressure measurements of Johnston (1) and of Tarr.aru a.nd Shiomi <.~). The data frem both sources (1. l) span the melting point; 

only 'tJ:1ose data. above the melting point are used for the second and third law analysis of the rea.ction Sr{OH)2(O = SrO(c) 
H

2
0(g} . 

Investi,l!;otoI' 
No. of Temp. t>HI'298' kcal/mol Drift nHfi98' (,OD 

Points Range, K 2nd Law 3r-d Law gibbs/mol kcal/mol 
~ S06-1038 26.5 JO.05!0.2a c 1. S!:O. 4 -229.36.::1.1 Johns'ton (J) 

Tamaru and Shiomi (1.) 860-942 30.9 'lS.93!:0.26c -2. :3!:O. 2 -221.l.23.!:l.l· 
aOne point rejected due 'to failure of a sta.tistical test. 

b6 l-'lf298 (t) is calculated from the third law u!:ir Q value using auxiliary data. fr-orn the JANAF Thermochemical Tables(~). 
cConsidering all of the data as liquid state data. 033-1038 K, 1; 667-9 112 K, l' yields third~ law heats of reaction 

of 29.97~O.1I8 kcal/mol for (l) and 29.01.l!O.16 kcal/mol [0[, (1.) leading to standard state heats of forma.tion at 

296.15 K of -229.27!l,] and -228,3811.0 kc,,"l/mol. respectively. 

Heat Capacity and Entropy 

Cpo is derived from the drop ice calorimeter me"'$Ul"'cments of Powers and Bldlack {~. 1S3-1lB7 K) dnd is ~ssurned cons'tan"t 

at 27.7 gibbs/mol over the range of 510 to 1600 K. A glass transi t ion is as sumed at 520 K below which Cp a is tha t of the 

crystal. The entropy of 298.15 K is derived from the value adopt.ed for "the crystal Cl}. 

Decomposition Data 

Td = 1017 K is calculated as the temperature at which .D.Gr~ = 0 for the reaction SdOH)2(t) S['O{c} + H
2
0(g). 

Au:dliary data used in the calculations .are from the JANAF Thermochemical Tables (1). 

~ 
1. J, Johnston, Z, physik. Chern . .§1., 330 (l908). 

2. S. T~mar\.l and K. Shiomi, Z. physik. Chen-.. API) 221 (l935). 

J. JANAF Thermochemical Tables; SrO{c}, 12-31-72, H
2
0{g), 3_31_61j SrCOH)2(c), 12-31-75. 

4. W, D. Powers dnd G. C. Blalock, U. S. Atomic Energy Camm., ORNL-1653 (195"). 
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STRONTIUM DIHYDROXIDE (SR(OH)2l 

(IDEAL GAS) GFW=121.6348 

gibbs/mol---_ kcal/mol-----

T, "K Cpo S" -(C"-W ... )(f W-W':rM ~1If" ~GI" 

a .000 ~ooo INFINITE 3.B80 - 140 .. 060 140~600 

100 lO~519 57.3L2 abe 990 - 2.968 - 141 .. 521 - H·O~014 

200 15 .. 384- 66.143 74~469 - 1.&65 - 142.101 - 138.388 
29. 18 .. 214 72.880 72 .. 88v .. 000 - 142.399 - L36.'t86 

300 18.250 12.993 7Z .. BBO .. 034 - 14l.403 - 136 .. 450 
400 19.64S 78.457 13 .. 616 1.930 - 142.5M - 134.438 
SOD 20~ 392 82.928 75.045 3.942 - 142.b88 - 132.392 

600 20.856 66,690 76 e bBO b.OOS - 142 .. 821 - 130.321 
700 21.199 89.931 18.347 S.I\)9 - 142.989 - 121;1.225 

'00 21.495 92.782 79.977 10.244 - 143.206 - 126.103 
900 21.775 95.330 81.54:" 1.2.407 - l.It3.645 - 123.933 

1000 22~047 91.638 83.039 14s599 - 143.899 - 121.729 

1100 22~312 99.152 84~ lobI, H.~817 - 146e070 - 119~3a9 

1200 22.507 lOl.70'" t:l5 .. B2v 19.061 - 146.248 - 110 .. 955 
1300 22.808 103.520 87.113 21~ 329 - 146.420 - 114.508 
1400 23.035 105 .. 219 BS.Hb 23.622 - l'tb.5t:1b 112 .. 047 
1 '5QO 23.245 10b.815 89.525 25.'H6 146.749 - 109.573 

1600 23 .... 39 10S.322 90 .. 653 28 .. 210 - l'tb~910 - lO7~091 

1700 23.617 109.7,.8 9L.735 30 .. 6):!3 - 119.040 - lQ3.690 
1800 23.180 111.103 92.773 JZ.993 - 179 .. "'54 - 99.229 
1900 23.929 112.393 93.772 35.379 - 179.209 - 94.17b 
2000 24.064 113.624 94~ 734 37.779 - 179 .. 086 - 90.3::>5 

?laO 249188. 114~801 95 .. 662 40 .. 111 - 178.908 85~902 

2200 24.300 115.929 96.558 42.616 - 178.7..10 - a 1 ~ '" 78 
2JOa 24.403 117. all 97s424 .,5.051 - 178.570 - 77.001 
2400 24~ 496 118.05.2 98.262 47.496 - 176e415 - 72~648 

2500 24.58Z 119.053 99.013 49.Gl50 - 178.,214 - b8.249 

2600 24.660 120.019 99. S60 52.412 - 178.144 - 63.847 
2700 24.131 120.951 LOO.024 5"'.662 - 178.033 - 59~454 

2800 24.797 12l.852 1010367 51 .. 358 - 177.942 - 55e065 
2900 24.657 122.723 102.088 59.801tl - 117.873 - 50c674 
3000 24.912 12.3. ~o6 102.790 62,.,3.29 - 177.824 - 46.291 

3100 24.963 124.384 L03.413 64.823 - 177.812 - 41.906 
3200 25.011 125.118 104.139 67. 3~L - 177.8H - 31.5":3 
3300 25~054 125.948 104~ 189 69.825 - 177.875 - .13.138 
3400 250095 126.696 1()5~422 12.333 177.959 - 28. 7~2 
3'500 25.132 127.424 106 .. 040 74.844 - 178.082 - 24.361 

3600 25.167 12$.133 106~b44 l1c359 - 178 • .245 - 19.966 
3100 25.199 128.823 lO1.23it 79.877 - 178.45l - l5 .. 5tt6 
3800 25.229 12g e 49S W1.all 82.399 - 118.701 - 11.1.58 
HOO 2 5 ~ 251 130.151 108 .. 316 84.923 - 17ih9o;JS b.746 
4000 25 .. 283 1J0~ 191 108~92B 87.450 - 179.342 2.328 

4100 l5.308 131."15 109.469 tl9.9aO - 179.732 L.I03 
'PlOa 25.3Jl 132.025 109.999 92c5l2 - 180.170 6 .. 543 
4300 25 .. 352 132.622 110 .. 518 95 .. 040 - 180. CSC 10.995 
4400 25.313 133.205 111.027 97.582 - 161 .. 189 15 .. 456 
10500 25.392 IH.715 111 .. 526 100.120 - IB1 .. 7b9 19.930 

4600 2504J9 134.334 1I2.01b 102.660 - 182.393 24.4l5 
4700 25.426- 134.8BO 112.497 105.202 - lS3.u62 28.928 
4800 25.44.2 lJS.416 112 c 969 lOl .. H5 - 183.171 33 .. 445 
4900 25.457 135.940 11.3.432 110 • .290 - 184.5.21 37..975 
5000 25.411 136 .... 55 !l3. ddT Ll2.837 - 185.309 .. .;o:c521 

5100 25 .. 464 136.959 11"> .. 335 115.3d5 - 186 .. 134 47..091 
5200 25 e 497 13 7 ~ -'oS'" 114.175 111.934 - 186.991 51.668 
5300 25 .. 509 137~940 115~ 207 120 .... 84 187.879 5b.~14 

5400 25 .. 520 138.417 115.633 123~O35 - 188.796 60.61:11 
5500 25.531 138.U85 1100051 12.5~ 588 - 189.7..19 05 .. 517 

5bOO 25.542 139.346 116.403 128 .. 142 - 190.706 10.162 
5700 250.551 139.798 116.869 130.696 - 191~693 74~ 830 
5800 25.561 140.242 1.17.266 133.252 - 192 .. 700 79 .. 517 
5900 25.569 140~6n 111.661 1]5 .. 808 - 193.722 84.219 
6000 25 .. 51!:!. 1416109 118~04tl 138 • .366 - 19 ..... 159 8d.938 

Dec. 31, 1975 

H2 0 2 SR 

.... Kp 
INFiNITE. 
306.1,30 
151.223 
100.047 

99.403 
73.10-54 
57.8&9 

47.~b9 
40.033 
34.450 
30~C95 

Zo-co04 

23 .. 720 
on ~ 300 
1'0.250 
17.491 
15.965 

L4 .. 620 
13 .. 330 
12 .. 048 
10.902 
9.all 

8.940 
8~O9" 
7.3ZZ 
6 • .016 
5.966 

>~367 

4.S12 
"'e298 
3.819 
3.372 

2.954 
2 .. 563 
2.1.95 
l.alt8 
1.521 

1.212 
.919 
.642 
~.17 d 
.1n 

- .HZ 
- .340 
- .559 
- .768 
- .9otlC 

- 1.160 
- 1.345 
- i.523 

i.Ml4 
- 1.859 

- Z.Oltl 
- 2.112. 
- 2.3.20 
- 2.464 
- 2.0,,)3 

- lc 73t> 
- 2 .. 809 
- 2.9gb 
- 3.120 
- 3.240 

STRONTIUM DIHYDROXJDE (SrCOH)2) 

Point Group [C]v1 

5298.15 '" [72.9 :t 2.0] gibbs/mol 

Ground Sta'te Quantum Weight '" (11 

<IDEAL GAS) 

Vibrational Frequencies and Degeneracies 

Bond Distances: 

Bond Angles: 

Sr-O ;: [2.22] 

O-Sr-O :: [lOSe] 

Product of the Moments of Inertia: 

Heat of Formation 

-1 
~ 

[ 442](1) 

[ 82}(1) 

[443](1) 

(3650)( 2) 

(438J(4) 

O-H :: [0.96] A 

St"-O-H ::; [180 0
] 

IAIBIC::: (3.82143J X 

" , 
3 6 

g em 

GFW '" 121.631.>6 H202 SR 

ClHfO ;: -140.56 i 10,0 kcal/mol 

llHf 29B .15 '" -142.~O !: 10.0 kcallmol 

Dissociation energies, D~ for the reaction SrCOH)2(g) :: Sr{g) + 20H{g) have been de.rived from flame spectral measure

ments <1:-1). Ryabova and Gurvich (1) believed the dominant reaction to be Sreg) + H20Cg) :: Sr-OH(g) + HCg), but they also 

considered the possibilHy that the reaction 5r(g) + 2H
2
0(g) ::: Sr-{OH)2 + 2HCg) was dominant and derived DO '" IBO:t2Q kettl/rool. 

Sugden and Schofield (l) considered the dihydroxide "to be the dominant product: dnd derived DO ;: 215 !: 12 kcallmol. Cotton 

and Jenkins (l) found both SrOH a.nd Sr(OH)2 to be present in significant amounts in fuel-rich hydI"Qgen-oxygen-nitrogen 

ilamE:.s and derived n; '" 202. '2 ! 5 kcal/mol. Cot 'ton and Jenkins (1) reca.lculated the work of Ryabova and Gurvich Q) and of 

Sugden and Schofield (.£) considering both Sr-OH and 5r(OH)2 to be present and obtained the recalculated D~ values of 196 and 

200 ke",l/mol, respectively. 

A third law analysis of the experiment.!!l equilibrium constants tabulated by Cotton and Jenkins (~) using CUI'rent JANAF 

auxiliary data (~) leads to DO ;: 20 11.8 kcal/mol which is 2.6 kedl/mol higher than the 202.2 kcal/mol derived by Cotton and 

Jenkins (ll. Applying this difference to the data of Ryabova and Gurvich (1) and of Sugden and Schofield (2) as recalcuL~ted 

by Cotton and Jenkins (~) gives DO = 198.6 and 202.6 kcal/mcl, respect:ively. 

for Ba.{OH)2{g) (~). the corrected dissoci.:l.tioJ1 energy of Ryabova and Gurvich <':'), DO;: 208.8 keal/mol, is in bett'er 

agreement: with 'the "adopted" value of 209.6 kcal/mol, based on good Knudsen cell mass spectrometric measurements, than are 

the cort'ected dissociation energies of Sugden and Schofield at"' Co'tton and Jenkins (~). We adopt DO ;: 198.6 kcal/mol for t:he 

dissociation of from which lll-lfCi(Sr{OH)2,g) :: -1l>O.66:t6.0 kcal/mol is calculated. 

The heat of listed by Jackson {~.> leads to 6Hf 29a (SdOH)2,g) ;: _1103.82 kcal/mol. Another recent compilation 

C~) lists 6Hf 298 '" -135 kcal/mol. 

Heat Capa.city and Entropy 

The analoZy between gaseous mono- and dihydroxides and gaseous mono- <'!nd dihalides, particula.rly the mono- and difluorides, 

has been rc.cognized (.§.-!p. The O-Sr-O bond angle is assumed to be t:he same as the. f-Sr-F bond angle (~); the Sr-O;H bond 

angle is considered to be linear as in SrOH ''::'). Tho:; Sr"-O bond dh;tance is estima'ted to he slightly la:'ger, 0.02 A, than the 

Sr-F distance in 5rF 2 (~) after noting the close similarity in the bond distance of the alk<'!lli r.r.etal fluorides and hydroxides. 

The O-H bond distance is taken to he the same as in wet:er (,::). 

The vibra'tional frequencies are. assumed to be the same as ~n Srf 2 (~) <O-Sr-O syrr.roetrlcal and asymmetr~cal stretch, <'!Iod 

bend) and as in SrOl-i (~) (O-H stretch and Sr-O-H hend). The three prl.ncipal moments of lnel"tl.d are lA::: 26.7ij29 x 10-
39 

IS ::: 19.35104 x 10- 39 , dnd IC :: 7. 3B81: x 10-
39 g cm 2 

Jackson (~) has used a different molecular configuration and diffe.rent vibrational frequencies to estimate $298 :: 74.057 

gibbs/mol. We assign an uncertainty of :t2.0 gibbs/mel to the adopted entropy. 
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S,LANE 

(JDEAL 

T."K 

0 
100 
200 
2.6 

300 
'00 
500 

'00 
700 
800 
900 

1000 

1100 
l200 
1300 
1400 
1500 

l!>OO 
1100 
1600 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

21:>00 
2700 
2BOO 
2900 
3:)00 

3100 
3200 
3300 
3400 
3S00 

3600 
3700 
3800 
BOO 
4000 

4100 
4200 
<+300 
4400 
..... 500 

4bOO 
4-700 
"'800 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5600 
570U 
SliOO 
5900 
bOOO 

( S I H 4 ) 

GAS) GFW=32.1180 

gibbs/rnoI---~ Ikcal/mol 

Cpo S" -(G~-H"2fI.)rr "0_H"2" ,,"r 
0.000 0.000 TNFI!';l TE -L..519 10.498 
7 ~95! 39.594 56.a32 -1.724 9.711 
8.489 4~ .. 196 4Cj .. 701 -0.913 9 .. 035 

10&236 48 ~ 88 7 4a~tHS6 0.000 B.200 

10~274 48 .. 950 46~d87 iJ.019 8 .. 1El4 
12.302 52c 18ft 44.3 ..... 1.149 7.419 
14.1.36 55e132 50. lin z ~ t" 73 6 .. 801 

15.11,.5 57.B55 51.241 3.9C:e 6.328 
17.14(1 60 .. 390 52 .. ;lc'il 5~6!4 5 .. 9GS 
18.335 62.159 53.521 7.390 5.749 
19.347 64.978 5t..672 9.275 5.596 
20.199 6 7 ~ 062 55.808 11 .. 25 ... 5.511 

20.914- 69.022 56.921 13~ 310 5.486 
2l.5:t;, 70.8b8 58 .. 007 15~433 5.1096 
22.023 12~611 5"1.004 11.610 5 ~ 530 
22.452 7"'~259 60 .. 09] 19~ 835 5.582 
22 .. 81 e 75 .. 821 61.088 .22.099 5.639 

23.130 77 ~) 04 62.0S6 24.391 5.696 
23~ 399 78.714 62_995 26.723 -6.240 
23.63' 800059 1::3.906 29.075 -6 .. 132 
Z3.8?Z 81.342 64.790 31.449 -6.020 
24.009 e2.569 65.0 .... 6 33.841 -5.908 

24~ 163 83.144 66.4t1l 30.250 -5.191 
24.300 64.871 61.293 38.073 -5.688 
24.4;:0 85.954 69~O1:!1 41.109 -5~ 580 
24~ 528 8e~ 996 f.8~ 841 43.556 -5.417 
It..624 81&999 69.593 46.0J 4 -5.319 

24~ 709 88 .. 966 JOe 320 48.481 -5~282 
74.781 89.900 71002/j 50.956 -5.191 
24~ 856 90.803 7' .718 53.438 -5.105 
2 4 .919 9l.671 12039l 55.921 -5.022 
24.976 'iI2.:>22 7'3~04i1 58.422 -4.945 

25.029 93.342 7'.091.) 00 .. 922 -4.811 
25.01'6 94. t3P 1'4.31 t;) 03 .. 4,7 -4.IW4 
25 .. 120 9 4 .910 74.929 65.937 -4.142 
25.159 95.660 75.528 6$.451 -4.684 
25.196 96.390 76.113 70.969 -4.634 

25c130 97.100 76.0<36 73.490 -96 .. 5'50 
25~ 2 61 cor.792 71.246 76.0J S -96~414 
25~290 98.466 77.797 7B.5402 -9t-.2B2 
25~ 317 99.123 78.350 .f1l .. 013 -96.159 
25 .. 342 99.765 78.b63 63~605 -96 ~O43 

25.365 100.39\ 79.381 86.141 -9'5.'132 
Z5~3S6 101 .. 00;: 79.868 a8 .. 678 -'95.829 
25.406 tOl.bOO BOc38o 91.21B -95.731 
l5~ 425 102. 1 84 80.875 93 .. 760 -95 .. 640 
25 6 443 102 .. 756 81d!:>5 96 .. 303 -95.'557 

25 .. 459 103.315 51.ti20 98.S:'S -95.478 
25.415 103.863 82.269 101 ~ ? 95 -95~408 
.2 5~ t.e9 1 o.t. .. 399 8<'.744 103.94'3 -95.342 
25 .. 503 104.925 83.192 lOb .. 4<n -95.282 
;?5.516 J05 .... 40 83.632 109.043 -95.230 

25.528 105 .. 946 6t".!J6 .... lll~59t- -95 .. 183 
25 ~ 5 39 106.442 84~490 114.149 -95 ~ 142 
25.S50 10t- .. 9::!8 84.90<'; 11 b. 703 -95~ 107 
25.560 101 .. 401': 85d21 119~ 259 -9S~079 
25~ 570 107 .. 875 a~. 7;(: 7 121.816 -95~056 

25.579 108 .. 336 86.120 124.373 -95.041 
25&588 108.789 86.520 120:..931 -95.031 
25 .. 596 1 09~ 2::4 86.408 12"h491 -95 .. 028 
25.604 J,09.6-11 87.290 132.051 -95e031 
25.612 1 JOc 102 87.606 U4e6D -95 .. 040 

Dec, 31, 1960; Juntl 30, 1976 

H 4 S I 

tlGf" Log Kp 

IDD498 INF INITE 
10 .. 721 -2 3~ 430 
1l.9bl -13~ D11 
13.575 -9.951 

13 .. 60B -9 .. 91.3 
15 .. 535 -8~488 

17 .. 639 -7,.710 

19 .. 852 -7.231 
22 .. 137 -6 .. 911 
24.459 -6 .. 682 
26 .. 810 -6.510 
29 .. 111 -6 .. 375 

:n .. 538 -~~2b6 

33 .. 907 -b~ 115 
36 .. 272 -6.096 
3S .. ~36 -bsO]1 
40 .. 997 -5.973 

43 .. 349 -Sent 
45 ~S09 -5.8139 
48 .. 86~ -50933 
51 .. 'H9 -5.912 
54 .. 966 -6.006 

58 .. 007 -b~037 
61.042 -0.064 
64$013 -b.08S 
67 .. 103 -bell 1 
70 .. 119 -b.13G 

73~141 -6d<ir8 
16 .. 153 -b.l~4 
7Q .. 163 -0 .. 179 
82.116 -6.193 
85 .. 177 -0.(!O5 

S8e178 -6.217 
91 .. 182 -6.z'21 
94 .. 163 -6.231 
'91~176 -6.,24& 

100.173 -6 .. 255 

105.423 -6 .~OO 
111 .. 033 -6.558 
l16 .. 6)9 -6.708 
122 .. 239 -6.SS0 
127 .. 839 -b~ 9S5 

133.431 -7.113 
139.026 -7e 234 
144 .. 614 -7.350 
150.200 -7 .. 461 
155.787 -7.5bb 

lbl .. 317 -7 ~ b6 7 
16b.9bl -7.164 
112 .. 54!) -7 .. e56 
178 .. 123 -7 .. 945 
183.694 -8 .. 029 

189.231 -8 .. 111 
19"'.854 -8.189 
200 .. 431 -8~2:.j)5 

206.005 -8.337 
2J 1 ~ 5 ao -8~"'O7 

217.155 -8 .... 75 
222 .. 736 -8.540 
228 .. 306 -8., 603 
233 .S80 -80Q63 
239~451 -a~ 122 

SILANE (SiH 4 ) (TDtAL GAS) Grw 32.1180 

Point Group:: Tel uHf~ ': 10.5 ~ 0.5 kcal/mol H 4 S I 
$298.15::: 48.89 1; 0.01 gibbs/mol 

G,,·ound S'tdtc Quantum J..'eignt = [1 J 

Vibrational Frequencies and Degeneracies 
-1 
~ 

2185.7 (1) 

972.1 (2) 

2189,08 0) 

913.28 (3) 

lIHf298.15 8.2! 0.5 kcal/mol 

g :: 12 Bond Distance: Si-H:: 1.4806 -! 0.001 A. 

Bond. Angle: B-Si-H = 109,47122 

Product of Moments of Iner"tia: IA1SIC = 9.36.6 x 10-
11B 

g3 emS 

Heat of formation 

The adopted 

(l,). We havE' taken 

(SiH
4

,g) :: 8.2!O.5 kcal/mol is derived from. the heat of decomposition measurements by Gur:.n dnd Green 

average of the three measurements, liE "" _ 7 ,83 kcal/mol, to obta in aH :: _7.24 kC<11/mol fo:"' the 

decomposition. Some question exis"ts about the final $tatc of. the silicon; we choose to consider it as amorphous and apply"" 

correction of 1 kcal/rnol to convert to the crystalline s1:ate (3) (,the authors chose to neglect this correction). The results 

of Gunn and Green (]) are in good agreen'.ent with the value of t.Hf2518 (SiH 4 ,g) :: 7.B .t 3.5 kcal/mol determined by Br-imm and 

Humphreys (l' from high temperature (SeOge) hea.t of decomposition measurerr.ents. We question t.he earlier negative values for 

the heat ~f formation of SiHlj(g) (!!_~) which range from -8,7 to _14.8 kcal/mcl and the later result of feher, Jansen, and 

Rohmer (~), -11.3 kca1/mo1, because of suspected uncertainty in the final states andlor corrections for the final states. 

Heal Capac i"ty and Ent:r-'opy 
The four fundamental vibrational frequencies and the Si-H bond distance are the result of gas-phase infrared and Raman 

spectral studies by Kattenberg and Oskam (~.>. They are in excellent agreement wit:h values selected from earlier work ']S 

given in the compilations of Janz and Mikawa (~) and Shirnanouchi (lQ). The heat capacity dnd entro?y calculations are based 

tetrahed:::-al structur-e. The S296:: "8. BS:!:O. 01 gibbs/mol is in good agreement with another' t:!valuation (~). 

The three principal rnornen'ts of inertia dre IA=IB=IC = 9.784 X 10-
40 

g crn
2

• ' 
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~ 
"CI Magnesium i'-1on0 i ad ide (Mgl) :r 
'< .. 
n ( I dea I Gas) GFW ~ 151.2095 
:r .. 
~ 
:II .. 
=" glbbo/mol---_ k<allmol 

C T,"K CpO S" -(G'-H' ... )rr H"_flG ... Mil" 

} 0 .000 .000 lNFINITE - 2.341 b~>09 

100 7.447 56~ 127 72~ 533 - 1.b""l 6.497 

< 200 8.377 61 ~61 e 65.833 .843 6.143 

29' B.751 65.042 65.042 .000 5.883 

!i!- 300 8.15'5 65.096 65.042 .016 5 .. 876 
~"4 <00 8.942 b7.blt3 65.388 .902 3.562 -
Z 

500 9.059 69.652 66.047 1.802 1.941 -
!' 600 9.146 71.311 06.790 2.113 2.148 -
.!" 700 9.219 72.727 67.540 3.631 2.372 

600 9.283 73.962 68.267 4.5'56 2.623 -- geo 9.343 75.059 68.9&2 5.488 2.904 

-0 1000 9 .. 400 16.046 6q.622 4!h425 5.339 -
"4 
00 1100 9.45lo 76.94S 70.247 7.3t>7 5.652 -

1200 9~508 77~170 10.840 8~ 316 5~9B5 -
1300 9.5bO 18.533 71.403 9.269 b~339 -
1400 9.612 1'9.243 71.938 10.226 - 37 .. 080 -
'15CO <;1.66) 79.90S 72.447 11.191 37.070 

1600 9.714 80.534 72.933 12.1bO - 37.055 
1700 9.765 81.124 73.398 13.134 - 37.036 -
1800 9.815 81.&84 73.843 14.113 - 37.013 -
1900 9.865 82.216 74.270 15.097 - 36 .. 984 -
20De 9.915 62.123 74.680 16.086 36 .. 952 -
2100 9.965 83.20B 75.014 l7.0S0 - 36 .. 916 -
220(, 10.015 t!3.672 75.455 18.019 - 36.615 -
2300 10.064 84.119 75.822 19.083 - 36.S31 -
2400 10.114 84.5 .. 8 76.116 20.092 - 3b~ 78 I -
2500 lO~ lO4 84~ 962 76.'520 21.1.06 - 360129 -

2600 10.213 85.362 76 0852 .22.125 - 36 .. 672 -
2700 10.263 85.148 77.114 23.148 - 36~fd2 -
2800 10.313 86,.122 77.487 240177 - 36 .. 548 -
2900 10.3bj 8b~485 77.191 25.211 - 36.480 -
30CO 10.414 86.837 78.087 26.250 - 36 0 410 -

3100 le.465 e7~ 119 78.375 21 .. 294 - 360337 
3200 10.516 87 .. 512 76.6'55 28.)4) - 36.261 -
3300 lO.Slb7 87.8)7 78.n9 29.397 - 36 .. 182 
340(] 10.619 68.153 79.195 30.456 - 36 .. 103 -
3500 10.672 88.462 79.451:1 31.52t - 36.021 

3600 10.725 S8.763 79. ?lo 32.591 - 35.939 -
nco 100779 e9~05B 79.959 33.666 35.857 -
3800 lOeB33 89 • .346 80.202 34.7107 - 356713 -
3900 10.889 89.6,28 aOelo40 35.833 - 356~90 -
4000 10.945 6ge904 SOe613 3b.9.21t 35 a 608 

4100 11.002 <JOa 175 80.902 38.022 - 35 .. 527 -
4200 11.059 90~1t41 81.1Z6 39.125 35.446 
4)00 11.118 9C.702 81.345 40.233 - 35.372 -
4400 11.178 90.<158 81.561 41.348 - 35.290 
4500 11.238 91.210 61.712 42.4169 - 35.227 -

4600 11.299 91.458 81.980 43.596 358160 -
... 100 11.)62 91.701 82.185 44.129 - 3~.O96 -
... soo 11.425 91 .. '941 82.385 45.868 - 35.037 -
491)0 11.489 92.177 82.583 47.014 - 34.981 
5000 11.'55" 92.410 82.777 48.166 - 34.934 -

5100 11.b2C 92.640 82.968 49.32'> - 34~691 -
5200 r 1.687 n.866 B3e 156 SO.490 - 34.855 -
5300 11.155 93.089 83.342 51.bb2 - 34.824 -
5400 J 2. 823 9J.~:HO 83~ 52 ..... 52~841 34.800 
5500 11.892 93~ 527 63.704 54.027 - iH.784 -
5600 U.962 93.742 83.861 55.220 - 34.775 -
5700 12.033 93.954 8"t .. CSb 56.419 - 3,&.77S -
5600 12.104 94.164 84.229 57.626 - 34.782 -
5900 12.176 94.312 840399 58.1;140 34.799 -
6::100 12.248 94.577 84.567 60.062 - 34 c 825 

Dec, 31, 197'-' 

lMg 

fiGf ""'K. 
b~3C9 I~F rNI TE 
1 ~ 841 4~O23 
2~ B04 3.064 
1 ~O42 5.162 

7.122 5.188 
11.330 6.190 
14.524 6.349 

17.023 b.201 
1"1.484- 6.063 
21.912 5.986 
24.307 5.'1103 
26.487 5.789 

28.588 5~6ao 

30.65':1 5.584 
32. ?CO 5.497 
34.235 5 .. 344 
34.032 4.958 

33.830 4.621 
33.629 4.323 
33.4211 4.059 
33.231 3.822 
33.035 3.610 

32.8100 3.418 
32.646 3.243 
32.454 3 .. 084 
32 ~ 26t~ 2.938 
32.080 2.804 

31~893 2 ~ 68 1 
3i.111 2.567 
31.532 2 s 461 
31.352 2.:363 
3i.178 2.271 

31.00 .... 2.186 
30.835 2.106 
30.666 2.0:31 
10.498 1.960 
30 .. 336 leaqi. 

30.174 1.832 
30~ o loft 1 ~ 773 
29.857 10711 
19.705 1 ~665 
29.552 1.615 

290401 i ~ 561 
29.2'33 1.522 
29.108 1 .. 479 
28.962 i .. 439 
28.817 1.400 

26.b74o 1 .. 362 
26.536 1 ~ 327 
28.395 1.293 
28.258 1 ~260 
28.120 1 ~ 229 

27 0 989 1 ~ 199 
21cB53 1 .. 111 
27.715 1 ~ 143 
21 ~ '583 1~1H-

27.450 1 ~091 

21 0 319 1.066 
27 0 162 1.042 
21.053 1 .. 019 
26 c 916 o 9 tH 
26.18'5 .. 97b 

MAGNESIUM HONOIODIDE ~HgI) 

Gr'Ound State Configuration 2!+ 

3298.15 :: 65.04 t 0.05 gibbs/mol 

(IDEAL GAS) 

Electronic Levels and Quantum Weight 

State 

x2 :t+ 

AI 2n) 

roe :: 312 cm- 1 

Be = [0,0130) cllI- 1 

Heat of FO:::'Dlation 

':i' cm-
l 

24319 

25294 

we,xe :: [1,09) cm- 1 

Cl
e 

= [0.00062] cm- 1 

Bi 

GFIN :: 151. 2095 

llHf- 0 :: {6. 3 .t 10 J kcal/llIo1 

llHf29fL1S :: (5.9 t 10J kc~l/.ttIOl 

I'e (2.52) A 

1M G 

The adopted t.HC O '" 5.309 1: 10 }:cal/mcl is calculated from a DO vdlue of 510.3 J-:cal/mol (2.35 eV). An approximate vdlue 

of 312 cm-
l 

has been given for (ole (1), A value of tlleXe' 1.09 cm- l , is calculated from an averdge value of Xevl:l calculated 

from data for Cal, SrI, BaI, MgBr, and MgCl <1.,1). A linear Birge-Spaner extra:palation of these I...l
e 

and «leXe data is corrected 

for the ionic Cha1'4cter of the molecule as described by Hildenbrand (1) to· give the adopted value of DO:: 54,3 Y:cal/mol. 

From a considerat~on of ionic bonding forces, Kr"snov a.'1d Karaseva (~) calculated DO ~ 55 ! 10 kcal/mol. 

Using JANAF data, DO (MgI)/Do {Hgl 2 } '" 0. 44 , in reasonable agreement with the ratios found by Blue et al. (§) for the 

alkaline earth fluorides and by Hildenbrand (.§.) for 'the alkaline with fluorides and chlorides. 

ilHf29S.15 ;:- 5.883 .t 10 kcal/mol is calculated from the adopted .'IHfO = 6.309 kcal/mo1. 

Heat Capacity and Entropy 

The ground state vitrrationa1 constants are as given il'. the Heat of Formation section above, The adopt:ed value of r : • • e 
2.52 A is the bond distance in Mg1 2 (2); Margrave (.!P has estima:ted 2.72 A from additive ionic radii. Be is calculated from 

the adopted I'e' and ne is calculated assuming a Morse potential fU!1ction, 

The electronic levels and their d~signation <'Ire those given by Rosen (]). The possibility of additional electronic levels 

near 15000 cm-
l 

is suggested by a comparison with Cat, SrI, and Bal <.V. Including these levels does nat change the entropy 

a't 299 K and increases the entropy at 6000 K by only 0,69 gibbs/rr.ol. 
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Magnesium Oi iodide (Mg[Z) 

(Crysta I) GWF - 278.1140 

tibbs/mol kcal/mol-----

T. 'K 
Q 

100 
200 
29. 

300 
400 
500 

bOO 
700 
800 

Cp' 

17.880 

17.920 
18.740 
19.340 

19.840 
20.250 
20.620 

S" -(Go-if'ZPI){f W-WU:I .6.Ht' 

31.000 31.000 .000 - 81.700 

31.111 31.000 .033 - 31.702 
)6.384 31.714 I.Boa - 91.653 
40.632 33.086 J.773 - 101.913 

44.203 34.649 ~. 733 - 101.;19 
47.2'13 36.24Q 7.737 - 101.101 
50.022 31.'795 9.781 - 100.61:19 

~Gr' 

- 86,j37 

- 86.321J 
- 85.7.20 
- 83.267 

- 79.:>76 
- 75.951 
- 72.385 

_'!9Q ____ 1.9.!_9...5_0 _____ ~'l'!..'!~? ___ ~'J ~_2_(j) ______ l h~~~ ___ ::.-_J9.9_~_ZJ~) ____ -.: __ ~~!!J 1.? ___ 
1000 21.270 54.687 40.121 13.966 - 101.90:;3 - 65.222 

1100 21.570 56.729 4,z. 08~ 16.1C8 - 101.5eD - 61.56t! 
1200 21.860 58.618 43.385 18.280 - 101.124 
1300 22.140 60.379 44.625 200480 100.b66 
1400 22.4tO 62.030 45.810 Vo7C1 - 130.61~ 
1500 22.670 63.585 46~9"''' 24.961 - 129.111 - 4"'.642 

Dec. 31, 1974 

l zMg 

Log Kp 

03.287 

62.890 
40 • .:fH 
36.3')0 

L!:f.9ti6 
23 .. 113 
19.175 

__ J_o_,_lZ'!. 
14,254 

1.~.2 ,l 
10.5:'5 
9.141 
7.859 
1:1.504 

MAGNESIUM DTIODIDE (MgI,,) 

5298.15:: [31.0 t 1.01 gibbs/meJ 
Tnt ;: 907 .t 15 K 

H€!at of jOI'lTl<J.'tion 

(CRYSTAL) GFW ::: 278.1140 

lIHfO ;- unnnown 

t.Hfiss.lS = -87.7 ! 1.5 kcalimol 12M G 

nHm- -= 7.0 ~ 2.0 l:cal/mol 

Mfsi98.15 '" ~9 . .lj ~ 0.8 kcullmol 

Finch .:t al. (.!) measur'€d the heat of solution of MgO(c) 'in aqueous HI and of MgI
2

{c) in the same solvent. Combining and 

correcting for <!. concentration ahaoge gives tlHri98 ::: 111.53 I-:.cal/mo1 fo1' the process MgO(c} + 2iU (O.5m) ::: MgI
2

(c) ... H
2
0{!) 

from which t.Hf 298 (HgIZ'cJ ::: -87.70 .t 1.5 kcal/rnol is calculated. The auxiliary data uSed <:ire llHf
29S

(HgO,c) :: -143.7 kCill/mol 

(1), t:.Hf 29S (H 20,tl :: -58.315 y_cal/mcl (1), and u!H29S OH, O.Sml = -13.lj2 kcallmol. This last value was calculated from the 

CODATA value of -13.60 fol' llHf 29S (I-, aq, std. state) <l.) :: "'Hf~298 (HI, aq, std. state) and the heat of dilution of HI (!:) 

Combinatior. of IlHf296(Mg~2, aq, std. s,1:a.te) -::: -1.11.58 r.callmol selected by Parker (~ ... ?.J with the CODATA value of dHfi98 

(I- , dq, std., st.ate) :: -13.50 kcal/rncl gives t.Hf 298 (MgI:?, aq, s'td. sta'te) ::: -13B.7B r,cal/mol. Further combination wi'th 

the hedt of solution. -50.96 f:cal/rriOl (~), gives lIHf"298 (MgI
2

C) ':: -87.82 I-:.calimol. We d.dopt CHfi9S(MgT",C> '" -87.7 1.: 1.S 

Y .. cal/mol to retdin internal consistency. 

Heat Capacity and Entrop""y 

Cp~ 298 :: 17. S8 gibbs/mol is calculated from the re<1ction MgCIZ(c) + 2I\aI(c} ;:: MgT'](c) .. 2NaCI(c) assuming no net change 

in hedt capacity. Cp:: 21.0 gibbs/mol at'Tm :: 907 K estima:ted from il Kopp's rule value of 7.0 callg atom appears l:'easonable 

in comparison with d Cp VB. T plot fo!' MgBI'2(c) , MgCl'2{cJ, and CaT'}(c) (1). Values of Cp between 298.15 and 907 K are read 

from the graphical comparison curve. The tidopted values lead to HSOO - H
29B 

:: 3.77 kcal/rrol, in reasonable agreement with 

the estill1ate of 4.0 by Brewer et al. (§). 

S298 ::: 31.0 ! 1.0 gibbs/mol is adopt~d from Kelly and Kihg (2). 

Melting Data 

The melting point of 650·C (923 K) quoted in the litel'dture appears to be based on the assumed Value of Devoto and Jeny 

(~). In a study of mel ten electrolytes. BocJ:ris et al. (~), found MgT 2 to be mol ten at 910 K; a graph in the same paper 

infers "that: a Tm = 907 K was chosen. We adop't Trn " 907 ! 15 K. 

Fi'om "the KI/Mg12 phase diagram by Kl~mm e1: al. (lQ), values of lI.Hm- (l1g1
2

) ra.nging from 7 to 9 kcal lire calculated. 

Brewer <g) earlier estimated 5.3 Y.:cal/rnol. We adopt 7.0 t 2.0 Y..cal/mo1. 

Sublimation. Data 

By a mass spectrometric - Knudsen cell technique, Bf;!l'kowitz and Ha:rguart ell) found the sublimation pressure of HgI
2

(c) 

"to be 5.18 x 10-
6 

a"tm at 7Jt.I K and 2.02 x 10-
5 

<ltD: at 757 K. A third law analysis of these two points gives aHs
29S 

:: 49.4 t 

0.8 kcal/mol. The second law analysis of these two points gives 67.5 kC<ll/mol but other data covering an ",pproxim.a:te range 

of 550 to 750 K are shown graphicaUy by Serr.:owi"tz ar:d Hargua~dt (!1) from which they calculate D.HsS50_7SQ ;: 45 y.cal/mol. We 
adopt 6Hs 29S ::: 49.4 t O.S kcal/mol. 

References 

L A. finch, P. J. Gardner, and C. J. Steadman, Can. J. Chelll.!:£, 3447 (1968). 

2. JANAF Thermochemical Tables: MgO(c), 12-31-74; MgBr
2

(C), 5-30-74; HgC1
2

{c), 12-31-65; CaCJ,.2(c) , 5-30-70, 

3. ICSU - CODATA Task Group, J. Chern. Thennodyna..mics.:!., 331 (1972). 

4. U.S. Natl. Bur. Std. Tech. Note 270-3, 1968. 

5. V. B. Parker, U.S. Natl. Bur. Std, R~port 9803, 1968. 

S. L. Brewer, 1.. A. Bromley, P. W. Gilles, and N. L. Lofgren in "The ~emis'try and Metallurgy of Mii5cellaneous Materials, 

Thel":'modynamics," L. L. Quill, Ed, H<:Graw-Hill, New York, 1950. 

7. K. K. Kelley and E. G. King, U. S. BuI'. Mines Bull. 592, 196!. 

8. G. Devoto and G. Jeny, Gazz. chim., ital. ll. 305 (1931). 

9. J. O'M. BOckris, E. H. Crook, H. Bloom, and N. E. Richards, Froe. Roy. Soc. (London) A255, 558 (1950). 

10. W. Klemm, K_ Beyersdorfer, and J. Oryschkewitsch, Z. Anorg. Aligem. Chern. ill, 34 (1948). 

11. L. Brewer in "The Chemistry and Metallurgy of Miscellaneous Materials, Thel'lTlodynamics," L. L. QUill, Ed .• McG!'aw-Hill, 
New YorK, 1950. 

12. J. Berkowitz and J. R. H"'I'qullrt, J. Chern. Phys. 12, 1853 (1962). 

12M G 

'-,.. 
:z ,.. 
"n 

-4 
:c 
m 
;lU 

3r: o 
n 
:c 
m 
3r: 
n ,.. 
.... 
-4 ,.. 
IIlIJ ... 
J~ 

~ 
1.11 c: 
-a 
-a .... 
m 
3r: 
m 
:z .... 

..., 
~ 



~ 

1 
!" 
n 
::r" ... 
11 .. 
;t 
o 
III 

if 
~ 
.:"'I 
z 
!» 

,!o» ... .., .... 
tIO 

Magnesium Diiodide (MgI
Z

) 12Mg 

(Liquid) GFW - 278.1}40 

gibbs/tnol-----_ _____ kcal/rnol _______ 

T,GK CpO s· -(GG-H"ZlPIII)/T 
H9_UQ_ 

"HI' "Gr Log Kp 

100 
200 
298 1 7 ~ 8BO 31.222 37.222 .000 - 8t.BOO - 82 ~l.9': bO.322 

,00 17~920 37~333 37.222 .033 - a1.ADZ - 82.295 59.952 

400 18~ 140 "'2~605 37~ 936 1.868 - a5.753 - 62.309 44.'ll72 

'00 1'l.340 46.854 39.3008 :;.77-3 - 9b.013 - 80.47e ::s~.177 

600 24.000 '50.425 40.87~ 5.733 - 95.619 - 77 .. 41Q Lt3.19b 
100 24.000 54.1t'5 42.507 8.133 - 94.811 - 14.'f38 23.241 
800 24.000 51 • .330 44.1.64 10.,33 - 94.037 - 7l.'\HW 19.555 
_~99 _____ 2_4_._QQ.q ____ ~Q~ J.5} ____ 5}_"_II?L ____ ll_oJX> ___ .:_ ___ 9_~ ~~Q?' ___ : __ .?.!l_._I3J_/j ______ l..~::.?!! 
loao 24.000 62.685 47.352 15.333 - 94.126 - 65.953 14.414 

11UO 24.000 M.913 
1200 24.000 67.061 iJoo---- i4-.000- - ~68:q82---
1400 24.000 70.76l 
1500 24.000 72~416 

1600 
Doa 
l800 
1900 
2000 

24.000 
24.000 
24.000 
24.00C 
2 ... 000 

73.965 
1~.4Z0 

76.792 

48.852 11 .. 73~ - 94.035 
_5_0_._?~"i __ ___ '9..!1}} ____ -___ 't!~~ ~L_ 
51.649 22.533 - 92.733 
52.951 ,24.933 - 122.489 
5 .... i95 27.333 - I21.499 

5SdBZ 
50.519 
57.t)C7 
5f.l.f::>51 
59.654 

29.733 
32".133 
H.533 
36.933 
39~3B 

Dec. 31, 1974 

- 120.510 
- 119.5-23 
- 118.537 
- 117.552 
- 116.569 

- 63.112 
- 60.330 
:--~T§b-O-l--

- 54.443 
- 49.618 

- 44.858 
- 40.159 
- 35.520 
- 30.934 
- 26.403 

12.539 
10.%8 

---976d;; 
8.499 
7.229 

6.121 
5.163 
".3D 
3. ~5a 
2.8e5 

I1AGNES1UM DIIODrDE (MgI
2

J 

S298.15 ::: (37,222] gibbslmol 

Trr. !: 907 !: 15 K 

Tb !: 1255 K 

Heat of formation 

(LIQUID) GFW :: ?7B.lllfO 

lIHf 298 ,15 ::: -81. BOO kcal/mol 

t,Hm~ 7,0!: 2.0 kcallmol 

tJHv~ = 36.126 kcal/;r,ol 

lIHf'" 7gB (MgI Z ' n :::- -81. BOO kcal/mol is ob'tained frem the sum of the heat of fOr'ffiation of the crys'tal, the heat of 

melting, dnd the enthalpy difference of the cr'Ystal and thE: liquid between the m~lting point and 298.15 K. 

Rea t Capacity ahd En tropy 

12M G 

The liquid heat capacity of 24.0 gibbsi!:COl (8 cal/g atom) follows the trend of the liquid heat capacities of the alkaline 

earth chlorides and bromides ~nd the other' alkaline earth iodides. This value is adopted and. assumed constant over a 600 

2000 K range. A glass transition is assulTI:ed at 500 K below which the heat capacity is that of the crystal. 

S29S(MgI 2 ,O ::: 37.222 gibbs/mol is calculated from the crystal entropy in a manner similar to the heat of formation 

calculation. 

Melting Data 

See MgI
2

(c) t.!!ole. 

Vaporization Data 

Tb. 

The 'temperature at which l!.Gr~ :: a fof' the reaction MgI
2 

(e> ::: 

.uHv· = 36.116 kcal/rnol is the calculated difference between the 

is 12SS K, the adopted Tb. 

of form.3tion of the ideal gas and "the liquid a"t 

'. 
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Magnesium Oi iodide (MgI
2

) l zlvig 

(Ideal Gas) GFW = 278.1140 

---gibb>, .... ---- kC3JjmoJ 
T,OK Cpo !;' -(G~-HO_)rr H"-H"'3IIIi Mil' "Gr' Log Kp 

0 .. 000 .000 lNFINIIE - 3.707 - J7. b57 37~657 I/<lF INl IE 
100 12.368 61.220 88.100 - 2.688 37.521 - 41.958 91. 096 
200 13~694 1'0.26d 77.1 .. 3 - 1.315 - 37.<;48 - 46~3~b 500.6-55 
Z':f8 14.250 15.854 75.854 .000 - 3B.300 - !i(J.HJ Jo.876 

300 110.257 15.943 75.655 .02l: 38.309 50.3~4 36~ 105 
400 14.512 60.083 70.417 1.466 - 42.6.55 54.2J2 ,,9.015 
500 14.64 .. 83.337 17.488 2.925 - 53.361 - 56.0b8 2'0.507 

600 14.12:C 86.015 78.t;,92 4.393 - 53.459 - 56.002 20.017 
700 14.767 88.288 7q.~OS 5.868 - 53.576 57.11t. 17.8j3 
800 14.198 90.262 61.019 7.346 - 53.7Z4 - 57.61.2 15.739 
900 14. 8~C 92 .00b 82.198 6.827 - 53.<;IOB - 58.J81j 14.10e. 

1000 14.IBb 93.%8 d3~258 10.310 - 56.2"49 - 5d.35<j 12.754 

1100 14.841 94.983 84.2bl 1l~794 - 56.1,74 - 58.561 1l.635 
96.275 85.2Q9 13.26C - 50.124 - 5b~7"1 10.696 

- - -91 ~;;. 6"5- - - - -8-(:,-.-i Db - - - - -r;. ~ 1'"6-5- - - --- - -5-1.-60 [- - -:: - - ~ff.1r9-7 - - - - - -oj ;<j61 
1200 14.8% 
000-- -Y4-.-i63 
lltOQ 14.86Cj 98.566 805<;58 16.252 - 81.t:;.7Q - 58.552 9.140 
1500 14.873 '79.')92 6f.766 17~739 - 87.593 - 56 ... 7iJ 0.228 

tooo 14.817 100.552 88.535 1').221 - 81. ~ 16 - 54.403 7.431 
1700 14.880 101.454 d9.269 200715 - 87.44l - 52.33:' th 728 
1800 14.883 102.305 69.970 2<..203 - 81.367 - 50.213 b.l04 
1900 14. e8S L03. i 10 9006 .. 1 2..s.691 - 87 • .294 - 4S.d:' 5.546-
2000 14.887 103.873 91.283 25.180 - ,07.222 - 40.1600 5.0.,4 

2LOO 14.81208 104 .59Q 91.900 2Q.66& - 87.152 - 44~109 4.590 
ZZOO 14.61N 10:5.292 92.493 28.J.57 - d?OS3 - 42.06U 4 • .1. 70 
2300 l4.891 105 e 954 93.064 29.t>4e - 87.015 - 40.01, 3.0UZ 
2400 ).4.892 106.5&8 93.615 :noI3~ - 86.948 - 37.'i72 3.4~a 
2500 14.893 107.196 94.146 32.625 - 86 .e~3 - 35.935 3.{41 

2600 14.8'14 107.780 94.b~9 3<0.114 - 86.820 - 3'3.d96 2.649 
2700 14.8'j4 108.342 95.155 35.b03 - 1;16.'160 - 31.d03 2.579 
2800 14.895 108.BB4 95.030 37.093 - 86.700 - 29.d3l 2 • .3ltJ 
2900 H.896 lO9.406 96.102 38.582 - 86.M3 - 2:.7.799 2..095 
3000 14.896 109.911 96.554 40. 012 - 86.589 - 25.77<, '.S7B 

3100 1' •• 8'17 110.400 96.993 4! .S6! 86.538 - .2.3.746 1.674-
3200 14.897 1I0.e73 97.419 43. 051 - l:H,.C,89 - 21.12j 1.484 
3300 14.897 111.33l 97.834 4'0.541 - 86.444 - 19.o9b 1 • .105 
3400 14.698 111."1' 7f> 98.237 46.03 t - 86.403 - 17.6 7~ .1..1.36 
3500 14.898 112.208 98.630 41.52.0 - B6~367 - 15.65!1 .97d 

3600 14. alia 112.627 99.013 49.010 - 86.336 - 13.635 .828 
3700 14.899 l13.036 990387 5e. SOD - 86.310 - 11 .616 .6d6 
3t100 14~ 899 113.433 99.751 51.990 - 8&.2B9 9.:'97 • 5~2 
3900 l4.899 113.£$20 lOO.101 53.480 - 86.215 7.560 .... .25 
4000 14.699 114.197 100.455 54.970 - 8&.268 5.56-4 • .J04 

':'100 l4.QOC 114.565 1CO.794 56.460 - 86 • .::69 3.~43 ol89 
4200 14.900 114.924 1010126 57.950 - a6~278 1 ~S2b .079 
4300 14.900 115.275 Hil.451 59"44D - 86.296 .... 88 - • 0..:5 
4400 1 ... 900 115.t;.l 1 101.76<;1 6(.930 - 66.323 2.508 - .125 

!-
:'500 14.900 115.952 102.081 62.42Q - 86.360 4.5)1 .220 

;p 4600 14.900 116.280 102.386 t3.91Q - 86.407 6.5:'2 .311 
470.., 1,,<.901 U6.60t) 102.685 65.400 t.l6~464 8.51J - .399 

'< 4800 l4.QOl 116.914 102.978 66.890 - 86.534 10.596 .48.:: 
!" 4900 1'0.901 117.221 103~2b6 61.1.380 - 1.16.615 12.620 - .56) 

n 5000 14.901 117.522 liH.548 69.870 - tlb~ 709 14.04Q - .640 
:r .. 5100 14~ 901 117.817 103.825 71.360 - B6.IH5 16.1::169 6714 

1'1 5200 1"<.9u! 118. lab 104.091 72~B50 - 8b~93b 18.100 - .186 
S3(}0 14.901 11 t:!. 390 104.364 74.340 - 81.069 20.HS - .a5S 

:III '.)400 14.901 118.669 10 .... 626 75.1:131 - 87. 21b 22.77..: - .922 .. 5500 i4.9tH l!8.942 104.884 77.321 - 117.319 24.(309 - .98b ~ 

ICI S600 14.902 U9.211 l05d31 78.811 - 1;17.555 26.940 - 1. Q<oB 

~ 
~700 14.902 119.414 lOS.381 80.301 - tH.752 .2e.tN6 - l..lu8 
5800 14.902 119.734 105.632 81.191 - !:J7.962 30.941 - 1.166 
5900 14.902 119.988 1 05~e73 83.281 - 88.189 32..995 - 1.222 

~ 
bOOO 14.902 l20.239 l06. L10 84.712 SI:!.432 "~5 .0<09 - 1.217 

.:"I D~c. 31, 197:J 
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MAGNESIUM DlIODIDE (MgI
2

) 

Point Group:: Da:t:J' 

S791L15:: 75.85 ! 2.0 gibbs/mol 

Ground Sta'te Quantum Wej,gh't :: r lJ 

(IDEAL GAS) GFW :: 278.1140 

lIHfO:: -37,7 1: 2.5 kcal!:tol 

6Hf298 ,15 :: -38.3 .!; ::.~ kcalltnol 

Vibrational frequencies and Degeneracies 

Heat of Formation 

Bond Distance: I1g-1 2.52 ~ 0.03 A 

-1 
~i'~ 

(1251 (1) 

[60) (2) 

[1I231 (ll 

Rotational Constant: Bo:: (0.010459) cm- 1 
Bond Angle: I-l1g-I laO' 

12M G 

AHfis8 (MgI 2 ,g) is obtained from that of the crystal by addition of 6Hsi98 ::: llg.1!. .t 0.9 kCdl/mol. ~ !..he heat of sublimation 

is derived from the sublimation pressure measurements of Berkowi"tz and Marqua.rt (1). See MgI
2

(c) table. 

Heat Capacity and Ent=,opy 

The bond distanc~ is taken from 'the electron diffraction study of Akishin and Spiridonov (2), From an electric deflection 

study of mass spectrornetrically detected molecular beams, Buechler e't a1. (~) concluded that MgI
2 

is linear, The rnomen't of 
inertia is 2.576x10- 37 g cm 2 

The equi;.lity of the stretching force cons'tant or the a.lkaline earth monohalide and the stretching force constant of 

the alkaline earth dihalide has been indicated as a reasonable assumption (.:!.., 2,). The stretching force constant for tfgICgJ 

is calcw.lated, using the valence force model, from the ground state vibrational frequency giVen by Resen (§). The bending 

force constant for MgI 2{g) is taJcen as 0.01 of the st'!"etching force constant. Br€wer e:t a1. (.:!.) used a factor of 0.1 for 

HgI z ; however, a factOr of 0.01 appe,'lI'S more reasonable (1). The adop'tcQ vibl"ational frequencies ar"e calculated fron:. the 

estimated force constant:s. O'ther estimates for \\' \.'2' and 'J
3 

are 132, 199:, 446 (.=!.) and 137, 140, 1.164 (.!!) 

We assign an uncertainty of :! 2 gibbs/O::OI to the entropy to allow for el't'or in estimating the vibrational frequencies. 

R.eferences 

1. J. Berkowitz and J. R. Ha.I'quart. J. Chern. Phys. 11. 1853 (1962). 

'J. P. A. Akishin and V, P. Spir'idcnov, ZhuI'. Fiz, Khim. 11., 1662 (1958). 

3. A. Buechler, J. L. Stauffer, and W. Klemperer, J, Amer. Chem. Soc. ll, 454'> (1961.;.), 

ll. L. BN!wel' , G. R. SOlfu'!yajulu, and r:. BraCkett, Chern. Reov • .£1. 111 (1963). 

S. JP.NAF y:-,ermochemical Tables: Bef2 (g), 6-30-70; MgF
2

(g}, 3-31-66; C~F2{g), 12-Jl-68; SrF
2

{g}, 12-31-72; Bil.F
2

(gl, 12-31-72. 

Cal
2

(g), 6-30-74; 5rI
2

(g), 6-30-711; BaT
2

(g), 6-30-71.1,. 

6. B. Rosen, Ed., "Spectroscopic Data Reldtive to Dia.'tomic Molecules," Pergamon Press, New i'oT'k. 1970. 

7. JAUAf Thermochemical Tdble: MgBr
2

(g), 6_30_74. 

8. K. S. Krasnov and V. 1. Svettsov, Izv. Vyss.hikh Uchebn. Za'.ledenii, Khim, i Khim. Tekhnol. .2., 16i (1963). 
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SILICON TETRAIODIDE (SI14) 14 S I 

(CRYSTAL) GFW=535.7040 

gibbs/mol---_ ____ k""'moI 

T.~ cp' S' -(Go-H"_J{f If"-Wu. 4H'- 6GI" LqgKp 

0 
• 00 
2:00 
298 25.821 61 ~ 100 61 ~ TOO (i .. ODO -45.300 -IoS.S03 Hc514 

t gg ----{-~-:-:-;-~ ----~~: ~~~----~-~-:-i~~ ------- ~: ~)~-----:~}; ~~~- ----::t ~~-:~-~ -----~~! ~~i' 
500 3.J~04G 76.041 64~771 5 .. b36 -74.160 -41 .. 108 18 .. 2.H. 

June 30, 1976 

SILICON TETRAIODIDE (SiII.j.~ (CRYSTAL) GfW :: 535.-704{1 

fiHfO = unknown 

S298.15 = (61.7 ~ 0.8] gibbs/mol 

Tlil :: 393.65 .!: 3 0 K (120"5"C~ 

lIHf 29S .
15 

:: -45.3 ! 4.0 kcal/mol I 4 S I 

lIHm"' :: 4.7 !: 0.5 kcal!mol 

IlHS;9S.-1S :: 16.9 t 5.0 kcalfmol 

Heat of rormation 
Schafer ".nd Heine (h) mea.sured the heats of solu'tion of Si(c; and'SiI 4 (c) in an HF solution containing AgF. For 'the. over

all reaction Sill< (c; +lIAg(c~::Si (c; +4Agl (cO:; , they r't:poI''ted t1Hr;9S=-.13. BO=,:0.44 kcal/mol. Using au'Xi.liary data for AgI C.!), we 

calculdte aHf;9S"'-lIS.3 kcal/mol for SiI
4

(c·;. We adopt this va.lue and a.ssign an uncertainity of :t!t.Okc",l/ool due 'to the over

dll inconsistency in the SiI
4 

thermochecical c4ta. Refer to the S:iT" (g) ta.ble for more details. 

Wolf (1~ studied the heats of solution of SiIlI(c~ and Na2Si03(c~ in caustic solution. The net reaction of intereat 

SiI4(C;+6Na.OH(c;::Na2Si03(c~+4NaI(c~+3HlO(t"; yielded a heat of T'e<tction of D.H!'298 '" -191.511.5 kcal/mol based on the 

appropriatEl combina"tion of results from five solution studies. Using CUI'I'ent auxiliary dat.'!! (~'~~J ~e calculate lIHf;9S:: 

-51.0 kcal/mol for SiI 4 (c~. This data is suspect due to uncert:ainities in how Wolf converted his data fI'Olll N"'2 SiO a 
(c.'!lorimetric solut:ion~ to Na:i:Si03(c~ . 

Heat Capacity and Entropy 
The adopted heat capacity values are from the study of J(uros.swa, et al. (&.~. The data. was obtained from an ddiahatic 

calorimeter of a type used for specific he.st meaSUN:ments and differential the!"'JIll:l.l analysis~ Similar studies on Cr(c~ and 

S-i (c~ wouid suggest uncertainties of the order of 3% near room temperature and 0-10% at 600-70 K. 

There is no low telllper-atUNII heat capdcity data for T<i:98.l5 K. The entropy at :i:98.15 K is chosen from d. consideration of 

the sublimation and vaporization data. Refer to the SiI ll (g~ table for additional information. However, the discr-epancies in 

the various vapor pressure studies are such that a precise estimate of t:hc entropy is no"! possible. 

Melting Data 
l(urosawa et a1. C.f;, using differential thermal dna lysis (DTA~ techniques, determined aHm-:::4.7 kcal/mol, an average of 

eight measurements with a standard deviation of 0.08 kcal/rrol. The same study reported Tm=120.S·C as detel'mioed fro~ the 

cooling curve. McCartY et aL (1) reported Tr.t"'123.S8!O.06-C for 99.998%(mole; pure SHit. Other' studies have listed !:Ielting 

points in the range 120-127"C as reported by KUI'osawa et al. {.§.~. The subli~tion and vaporiza'tion studies of Ba1':'tsch and 

Wolf (..§.~ suggest a melting point of 123.S"C and a heat: of melting of 1+.1.10.6 kcal/mol. Due to the short temperature range of 

neasurement in each condensed phase, pr-ecise melting data is lOot expected. In general, the vapor' pressure studies as discuss~d 
in the 3i1

4 
(g; table <i;. show poor agreement in the vicinity of Tm. 

We adopt: Tm:::120. 5·C and ilHm·:::1I.7 keal/mol as derived from Kurosawa et al (~;. We assign respective uncertainties of 

.!:3.0K and 0.5 keal/mol due to the variances among the various studies. 

Sublimation Ddta 

The heat of sublimation, .:lHs;98' is the diffe1':'ence between the lIHf;9B values for SiI 4 (g; and SiI 4 (c;. Three $uhlimination 

studies dI'e summarized in the Si1 4 (g~ table. 

References 
1. H. Schafer and H. Heine, Z. A.""lor'g. Alleg. Chern. 332, 2& (1964;. 

2. U. S. Nat!. Bur. Std. Tech. Note 270-4, 1969. 

3. L Wolf, Z. Chern. 2,283 (19&7";. 

4. ICSU-COHDATA Task Gcoup, J. Chern. Thermodynamics.:!., 33.1 (1972;. 

s. JANAf Thermochemical Tables: Nd.I(c~, 9-30-53; NaOH(c;, 12-31-70j NU:lSiOJ(c;, 9-30':'67; SiCl4(g~. 12-31-70j SiI 4 (g;, 6-30-76. 

S. T. KuroSilWa., R. Hasegawa, and T. Yagihashi, Tra.ns. Japan Inst. Metals 2.. 229 (1965; j Trans. Ndtl. Res. lnst. Metals 

(Tokyo; 1, L~L (l365~. 

7. L. V. McCarty, L. C. Landa.uer, and J. M. Binkowski, J. Chem. Eng. Data.§., 365-6 (1960;. 

8. K. Bd!'tsch and E. Wolf, Z. Ancrg. Allg. Chern ill, 66 (l97L. 
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SILICON 

(L I QUI D) 

TETRA IODIDE (S!l4) 

GFW'535.7040 

~---gib", ... I---~ ~----k"'Vmol---_ 
T. "K 

o 
~ 00 
200 
298 

Cp. 

25.dZl 

S" -«,,><>"':Ho ... ,rr 11"-8"_ .&..JJ:r 6.Gf' 

72 .041$ 72.048 o~ooo -41~173 -"-4.761 

I 4 S I 

tAli Kp 

32.811 

300 25.660 n~20B 12.0("8 c)~04e -41.182 -44~763 32 .. b24 
400 ~~--Y9-eT98-- --SLS21f--- T:f~TH------ ~3:43"'--- --':48;644 v --~ -=-?;.1)-.-1'(n:5-- ---H: 969 
~oo 4[).18S O;1()~559 15s8';)4 7,,352 -68.3l.9 -43.1Z3 18.849 
------------
•• 0 
TOO 

41.172 91 s 912 
42s159 l04d93 

18.939 
82.121 

lL~420 
15~587 

June 30, 1976 

-66.613 
-64 .. 829 

-38.2 ... 5 
-13 e 6'56 

13.931 
U.50B 

SILICON TETRAIODIDE (SiI 4 ) (Liquid; GFW ::; 535.7040 

5298.15 = n.048 gibbs/mol 

Tm;:: 393.65 ! 3.0 K {120.S'"C' 

Tb : 575.8 K 

Heat of formation 

lIHf 298 ,15 = _ll 1.17 3 kcal/mol 

llHm a = 4.7 ~ 0,5 kcal/mcl 

flHv· !: l1.21.dj kcal/mol 

I 4 S I 

The heat of for-mation of Si1 4 CL is ca.\.culated from 'that of Si1 4 {c; by "'dding llHm·, the heat of melting, and the enthalpy 

difference (H;93.65~H;9!1~ between the crystal and liquid 

Heat Capa.city and Entropy 

Kl.lr'Osawa at al. (1~ measured 'the hiil-a.t capacity of SiI lt from the melting point to the boiling point Lmspecified;. No cldta 

was presen'ted but rather smoothed results were represented by an equation, linear in T. This equation is extra.polated to 

700l( and to an assumed glass transition at Tg "340K. Below 340K, the heat capacity values are tho.se of the crystal. 8 798 is 

obtained in B. manner analogous to that used fol:' llHf;9S. 

Vaporization Da'ta 

Tb is c.alcu.1ated as that t8::!1peratul"e for which lIGr& = 0 for the process Sil4 (t~ 'l: SiI" (g~. fiHv 8 is calculated at> the 

differenCE: between the ilHr values for the ideal gas and the liquid at Tb. The vaporiz"'tion studies discussed in the SiI 4 (g) 

table which a.pproached closely the normal boiling point yielded normal boiling points (p :: 760 mm; of 574.7 K (1; and 

573.7 K C.~). The normal boiling point: should be slightly lower than our calculated Tb wh.i.ch corresponds to f:: 760 llWl. 

Reference 

L T. !<urosawe1 J R. Hasegawa, and T. Yagihashi, Trans. Japan Inst. Metals i, 229 (196S~j Trans. Natl. Res. Metals (Tokyo> 

1, 2L2 0965~. 

2. ~. C. Ander-sen <!lnd L. H. Bel;::, J. Am. Chern. Soc. 12., IIsn 0953~. 
3. K. Uchimu.ra, T. Takum.a, H. Yuizumi, and T. Kunugi, Denki Kagaku n. 876 (l967~. 
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SILICON 

( IDE A L 

TETRAIODIDE (SI14) 

GAS) GFW=535.7040 

~---gibbs/rnol---_ _----ltcalJmol-----

T.1< 
o 

! 00 
'00 
29S 

:ODD 
400 
500 

'00 
700 
800 
-:;00 

1000 

1 :00 
1 ?OO 
1300 
1'<00 
1,00 

,ao 
700 
'00 
'00 
'00 

zroo 
2:200 
nOD 
2400 
2500 

2600 
~ 700 
2900 
2900 
3000 

~ 1 00 
3200 
]?-oo 
3"00 
3500 

3~OO 
3700 
3800 
1 0 00 
4:)00 

10 1 130 

",:"00 
;"500 

r,.~oo 

It roo 
r.800 
,,:'00 
.5aoo 

5100 
5::00 
'Hoa 
5<000 
5500 

5!:100 
!irOQ 
:,i!OO 
5900 
6:)00 

CpO 

'.030 
1a.71:15 
22.418 
21>.037 

2(,..05t> 
2c".704 
25. '.26 

25.333 
25.462 
25.547 
2;.606 
25.648 

25.680 
25.70'" 
25.123 
25.738 
25.750 

2~. 760 
25 .. 769 
25.776 
25.781 
25.786 

25 .. 791 
25.195 
25.798 
2S.801 
25.803 

25 .. 805> 
25.",01 
25 .. A09 
25 .. d11 
25. 8 ~ Z 

25.814 
25. 3} 5 
25 .. a!6 
2$. '111 
25.d18 

25 .. H9 
25.819 
25 .. 820 
2S.dZl 
25 .. 321 

~5~8U 
25 .. 82) 
25.!323 
25 .. 823 
25 .. 824 

25.!J24 
25.825 
25.::125 
2~ .. .H5 
25.d2~ 

25.826 
2'.i.!Jl6 
25.826 
25 .. 827 
250327 

25.827 
25.627 
25 .. 828 
25.828 
25.828 

s~ -(G~-Ho"lII)rr H"-WJ:iIS 
~5 .. 184 
-4.580 

o~ooo 
75~d19 

90~ 197 
9~~506 

"9~ 655 
1 OS.&8:O 
1 1 , ~ 2 5 3 

11~ .054 
'!.zo~ 770 
124 m 17e. 
121.1 a& 
12~. a8S 

! 32.335 
134 e 570 
130 .. 6.:.6 
43:3.535 
140.311 

4~e 183 
5J6: 83 
51633!l 
~2 ~428 

53.1.0-81 

15 .... 493 
:5')6"'67 
15b.400 
157.311 
; ~3.J.. 96 

59.031 
'5 ~. 8 52 
60 .. 647 
61 .4~ 7 
62.106 

~ 62 .8~j 
163 .. 6tlO 
16 ... 28<1 
16':'.960 
165 .. 013 

L6"'~25l 
166.873 
167 ... 81 
~6e .. 075 
16S~655 

16q~223 

169 G 718 
170.32Z 
170 .. 554 
11l.376 

1 13~ 363 
173.837 

174 • .:l0) 
17:.,..7cO 
175.2:09 
175.051 
: 1<!t.Q85 

INFINITE 
n9 w 684 
101 cc,b't 

99.506 

99.506 
lOOa460 
l02.2'6~ 

1 04 ~33d 
~OQ~412 

lOe~425 

llO~345 
112 .. 167 

13 c d91 
15.522 
17.0bl;! 
te.534 
1Q .. 927 

121~254 
12( .. 519 
123~ 123 
lZ4.865 
ll'L994 

127.059 
12.8.063 
129.069 
130.020 
130.937 

13J.~l:I24 

:"32.682 
133 .. 512 
134.H 7 
135.098 

135.951 
iH~~94 

l?>1.311 
t3!:l.009 
13d.o88 

139.351 
) 39.49b 
1""0.627 
1"'\.242 
1.41.943 

142.431 
l43.00S 
143.567 
144.118 
144.657 

145.164 
145.702 
146.209 
146.707 
14'7.195 

141.614 
148.145 
148.b07 
~ ""q.06" 
149.~07 

14q.945 
150.377 
150.801 
151.219 
1~1.~29 

-2 .. 293 
O .. Oq)O 

7 c ;;10 
10 .. 050 
12 .. bOl 
1:),,159 
P .. T2t 

20e 288 
22 .. 351 
2:;; ~ :.2:;1 
2S~ 002 
30 .. 576 

33 .. 152 
35 .. -128 
j8.305 
40 .. 893 
43 ~462 

40 ~04Q 
4d.620 
51 .. 199 
53G 119 
:)0.359 

55 .. 940 
c>le521 
64.1;)1 
06.682. 
69.264 

11.845 
7 .... 42t .. 
77 .. 00B 
79.589 
82 .. 171 

l.1<..-rSj 
67 .. 33::' 
89.911 
92*499 
95 .. 081 

97.003 
10iJ .. Z4S 
102.628 
1 05 ~ 410 
l07 .. QQ2 

110.575 
113.1~7 

11~. 740 
lld .. 322 
!20~ 'JD5 

123~4d7 

126.010 
123.(:;53 
131.l35 
133 .~lB 

136.401 
d8.983 
14L .. 56& 
144.149 
146 .. 732 

June 3D, 1976 

6HI" dGI" 

-25.107 
-lS~225 
-25.775 
-26.400 

-55e 750 
-55 .. 593 
-55~444 

-55~30b 

-55 .. 116 

~55.060 
-54.954-
-'i4~855 

-S4~ 77\ 
-54.098 

-54 e 635 
-(,6 .. 5·lq 
-00.486 
-6oG3oJ6 
-~6~307 

-66 .. 22l 
-b6.1.:17 
-b6~056 

-05 .. 976 
-1:15.900 

-05 .. 825 
-1;:.5 .. 754 
-e:.S .. b86 
-1>5.619 
-05.555 

-6~.494 

-05.435 
-D:'.319 
-65.326 
-05 .. 274 

-151.1 d 7 
-151.042 
-156.699 
-15~. 7Dl 
-1~6 .. 625 

-15e. ... -jl 
-l.56 e 362 
-1'H,~233 

-156.11') 
-15~.958 

-155.061 
-155.150 
-155.635 
-15:l e 523 
-155.414 

-155.305 
-1;'5.203 
-155.099 
-155.001 
-154.'JO'> 

-154.B11 
-154.72:1 
-154 .. 6H 
-1:i4.!:>47 
-154.465 

-25.107 
-29.806 
-34 .. 179 
-38.175 

-38.111 
-]5 .. 8t13 
-33.011 
-30.289 
-21~51b 

-24.757 
-22.(1)7 
-19.264 
-l(;hS2.9 
-13.802 

-11.1)74 
-8.249 
-4.820 
-1 .. 397 
2.019 

5.436 
ti .. 84;' 

12 .. 251 
15 .. 650 
,9.053 

22 .. 450 
25 .. 643 
29 .. 239 
32 .. 027 
)0.009 

39 • .395 
42.779 
46.1eZ 
49 5 539 
52.919 

5805')0 
b4 .. 53d 
70e527 
76 .. 511 
82.485 

jd~~&7 

14 .. 440 
100~404 
11)6 .. 369 
1l2~343 

118 .. 304 
1l4.2:Sb 
.I.3!l .. 216 
U6~174 

142~122 

1 .. 8 .. 012 
154.010-
159 .. 966 
165 .. 914-
171 .. 849 

177 c 786 
18':'c 729 
189 .. ~0 7 
195.~H7 
201 .. 535 

I 4 S I 

Log Kp 

INFII''ilTf 
65.140 
37.349 
27.983 

14 .. 100 
11 .. 203 
9.036 
7.355 
6.014 

4.919 
"' .. ()08 
3.239 
2.580 
2 .. 011 

1 .. 513 
1.061 
0.555 
0 .. 161 

-O.2Z1 

-0 .. 566 
-O.IHb 
-1 .. 1b4 
-1 .. 426 
-1.60.0 

-1 .. 887 
-2 .. 092 
-2 .. 2d2 
-2.459 
-2 .. t-23 

-2 ~ 771 
-2.922 
-:'eOS1 
-3~164 

-)..J040 

-J.S54 
-3 .. dl.i;: 
-it eOSt;: 
-"'~28d 
-4~~07 

-~.nc 

-"' .. 91 .. 
-5.103 
-5 e 283 
-5.450 

-j~621 

-5.171:; 
-5.929 
-/)~Q7't 

-b.2l2 

-Oe345 
-6 ~4 73 
-6 5 59e:. 
-b.1i'S 
-6,.629 

-Q,.9;;S 
-1 6 0'+!I 
-1 ~ 147 
-7.2 .... 5 
-7.341 

SILICON TETRAIODIDE (SiIl.j.; (lDEAL GAS; GFW;: 535.7040 

Point Group:: Td C.Hf(j :: -25.1 .t 11.0 kcalimol 

lIHf~91l ]5 :: -26.1.< :!: 4.0 kcal/mo1 

1 4 S I 

S;9!:!.15 :: 99.51 ~ 0.05 gibbt;/mol 

Ground St<tt:e Quantum Weight:: [l) 

Vibr.\l;tonal Frequencies and Degeneracies 
-1 -1 
~ ~ 

165.9(1; 

57.4(2; 

404 0; 
8$.6(3; 

Bond Distance: Si-I:: 2.43 !: 0.02 

Bond.Angle: I-Si-l:: 109.lj7lt~· 

a ::: 12 

Product of the Homen'ts of Inertia: fAlsIe:: 3.6529 x 10-
110 

g3 cm
6 

Heat of Formation 

The sublimai:ion, vaporization, and decomposition studiO;!s on Si1 4 are summarized in the following table. Th~ ~apor 

pressure dato from the sublimation and vaporization stud.ief; are corrected for vapor non-ideality by me.?n~ of the equation 

tlGo/T :: -Rlnp _ Bp/T. The Berthelot equdtion of state and critical constants 'Ie = S50K and Pc:: 42.1 atJ:'. as suggested by 

Lapid.us et al. q; ar-e used to ca.lculate B. 

refJegn _~of ddtd pts. range. K 

1A 

3A 

3A 

3B 

4B 

5B 

'C 
7C 

"'Ba&ed on 3rd law. 

13 

eqn (flow~ 

eqn (static; 

eqn (s·~dtic; 

10 

eqn , 
cqn 

3113-396 

373-392 

370- 395 

398-425 

399-57::< 

393-573 

1313-1513 

1300-1470 

8Er298 , kcalimol 

~~~-~ 

Hi.214.t0.32 

IB.76 

18.34 

}5,15 

114.95.t0.06 

14.28 

59.09!1.1lj 

59.44 

3rd law 

lB. 8l~O.:L8 

19.08 

19.0S. 

14.94 

14. B2:!:O.05 

14.72 

59. 91.t0. ,6 

59.8 11 

A SiIlj (c; :: Si1 4 {g; B Si1 4 0; SiIt< (g; 

drift 

gibbs/mol 

6.9!:0.9 

0.8 

1.9 

-0.6 

-0. hO.l 

O. , 

O. 6:!:0. B 

0.3 

I.lHf;9S (g;'" 

kcalirnol 

-~6. 48 

-26.22 

-26.21 

-26.23 

-26.35 

-~6. 45 

-30.06 

-29.99 

c SilL; (g; :::. Si(e; + 212 (g; 

The thir'd law 'results of the suDlimacion and vaporization studies (reactions A and B; perhaps imply a better agreement 

a.mong the studies than actually exists. for example, the vaporization studies of ,.o..ndersen dnd Belz (!:.; and UchirnuI'd et 03.1. (2) 

a,e;.ree very well near Tb but diverge by up to 331 as T decredses to Tm. The vapor pressure l'esults of Bartsch and Wolf (~) 
cover' d very small t"empeZ'atuI'e range and lie 10-15% low-er than thost:! of Andersen and Be:1z (.:!.; and Krichevskii et al. <.V· In 

addition, the decomposition studies {reaction C; sugKe~t a ilHf;9S(g; value 3.6 kcalJmol mON: negative than the vapor pressure 

studie<l. 
We a.dopt 6?H 29S (g; :: -26.4 kcalJmol based primdrily on Andersen dIld Belt. (~·i and Krich(!vskii et 03.1. <':{i. Primary weight 

on the Andersen <'inti BeLt. (.:~) study also determi;;ed an app,"oximate S;9S(c; value. We assign an uncertainty of .!:4 kcal/mol to 

include the possibility tha't the decomposition studies (~.2; may be correct. 

Heat Capacity and Entropy 
The adopted vibrational frequencies a.re from the work of Clark and Rippon {~.;, who recorded the Raman spectra in the vapor 

phase {210~C;" The spectral data were interpreted in terms of a tetrahedral structuf't!. This structure is consist~nt with the 

elec'tr'On ~iffI'action data. of Liston and Sutton (~; which suggested a tetrahEldrdl s'tI'Ucture wi'th a Si-I bond distance of 

2.113:!:O.02A. We adopt 'this bond distance. The individual moments of inertia are I A :: IS:: IC -= 3.3180 x 10-
39 

g cm
L

. 

Shimanouchi, in a r~cent compilation of molecular vibrational frequencies (.!.Q;j suggested somewhat differ/int values 

(168, 63, 405) 94 em-I; bdsed on earlier infrared and Raman studies by Delwa.ul1e (l!; and Delwaulle and rranco~s <lV, 
Much literat:ure has been published on the inter--relationships b.r=twcen force constants and vibrational frequencie"s, Since the 

majority of this WQrK was published prior' to the Clark dnd Rippon study (~)l it will root be further disc1.)ssed or referenced. 

The same situai:ion exists for temper-atur'e dependent thermoch~emical tabulations for SiI 4 {g;· 

~ 
1. I. I. Lapidus

l 
L. A. Nisel'son dnd A. L. Seifer' in "Thermophysical Properties of Gases dnd Liquids,I' 

V. A. Rabinov~ck. Ed., Israel Program for Seien1:ific Translations, Jerusalem, 1970, pp. 10't-135. 
t. T. R. Krichevskii, G. f. Ivanovskii, a.nd r:. K. Safronov, Zh: Fiz. Khim. 12., :i:591; (l965~, 
3. K. 3.artsch and r:. Wolf, Z. Anorg. Allg. Chern. ill. 66 (1971,;. 
4. H. C. Andersen and L. H. Belz, J. Ar:,. Chern. Soc. 75, 11826 {l953;. 
5. K. Uchimura

J 
T. Takumil, M. Yuizumi, and T. Kunugi-;-Denki Kagaku E, 676 (1967;. 

6. H. Schafer and B. Morcher', Z. A:'1org. Allg. Chern. 352, In (1967;'. 
7. L Wolf and C. Herbst, Z. Chern. 2._34 (1957;. -
B. R. J. H. Clark and D. /1, Rippon, J. HoI. Spectrosc. ~, 1;79 {l97r;· 
9. M. W. Liston and L. L Sutton, Trans. Faraday Soc. 12, 393 (1941;. 

10. r. Shi.manotlchi, NSRDS-NBS 39, June 1972. 
11. 11. L. Delwaulle, J. Phys. Chern. ~, 355 (19:':<::'. 
1";::. M. L. ~lwaulle and r. Francois, J. Phys. RadiumQ, 206 (l9511;. 
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ZIRCONIUM TETRAIODIDE (ZRI 4 ) J 4 Z R 

(CRYSTAL) GFW:598.8380 

gibbs!mol---~ kcal/mol 

T, "K Cp'" SO -(Go-WSIJIf)/T If"-Ho_ .d.Ur .;(;(, l.ogKp 

~ (JOO .000 I"'FINITE - 1 ~ 21:, - 116.446 - Il6.446 INF IN! TF 
100 24.906 31.440 88.210 - 5.677 - 116.51B - Alb.4il Z~4.415 

200 29.058 50.293 64.958 2.Q33 - 116.656 - 116.241 127.029 
298 30.545 62.206 62.206 .000 - 116. BOO - llb~O!8 85.043 

300 30.56" 6,2.395 62e207 .057 - 11b.802 - Ilb.Oll tl4.515 
400 31.310 71.296 63.415 ~. 152 - 124.674 115.45) 63.081 
500 31.190 78.336 65.720 6.308 - 145.215 - Ill.210 48.610 

bOO 32.170 84.161 68.322 9.501 - 14".486 - 104.478 38.056 
~ QQ ____ !.?: _4_''-0 _____ f! '2 ~!? 9 ____ ! it·5_5_O _____ ~ t ~!'..I ~Q ___ : __ t4_3_oJ.5_'L __ : __ n ~ Sls.L _____ ~Q.._~~~ 

91.359 800 32.180 93.508 73.503 16.004 - 143.030 - 24.958 
900 33.070 91'.385 75.g45 1ge296 - 1"2~ 308 - a4~ 946 20.628 

1000 33.360 100.8S5 78.267 22.b1B - 141 e585 - 78 ~ 609 .1.7.180 

March 31, 1962; June 30, 1964; J'.lne 30, 1975 

ZIRCONIUM TETRAlODIOE (Zr1 4 ) 

S:298 15 ::: [62 2l~l.Ol gibbs/mol 

Tm 772~2 K 

Ts " 705.6 K 

!!~~!= __ 9LJ:'9:nna ti on 

( CRYSTAL) Gf"w :: 598,8380 

,1HfO = [-115. 4!:2. oJ kcallmol 

'~Hfi98.15 :: -1l6.B!l.5 l$cal/mol 

llllm" ::: unknown 

aHs 29S .15 :: 30.21"0.5 kc:al!mol 

Turnbull (J) measured the heats of reaction for the dissolution of the zir-conlum t:etr-ahalides in cau::;tic and in wa."t(!['. 

Tht! reported heat:> of reaction a'nd the COI'T'€sponding reactions mclY be combined to yield the following: 

ZrI 4 (c) + LiNa.C1Cilq) ::: ZrC1 4 (c) ... l<NaHaq), 6Hr298 '" -12.50 kcalhr.ol 

ZrIl.>(c) .. 4CI-C':IqJ :: ZrC1 4 (c) + ~I-{.~q). tlHr298 " -11.97 kcallmol 

lIsing auxiliery data C~., ;:,), we calculate 1'!.Hf 298 '::: _116.52 and -117.05 kcal/mol for ZrI 4 (c) from these two reactions. We 

adopt d. mean of thesE'. two values. t1Hf 298 ;: -116.8 kcal/mol, and assign an uncertainty of :!: 1.5 kcal/mol. The value sugg~sted 

by NBS(~,> is 1. 7 kcal/mol more positive. 

Saell and Shelton (~) refercnced a heat of forma.tion value for ZrT 4 (c). They reported 6Hf 298 .:: -105,9 keal/mol as 

supposedly extracted from Karapet'yant:s and Karapct1yants (i). We tentatively discar.d this value due to the large number- of 

inconsistencies in the reported tabular results of SaclI and Shelton (2). 

Heat Capacity and Entropy 

14 Z R 

There is no hedt capacity and enthalpy data reported in the literature fol' Zr-I 4 (c). The adopted heat capacity values olre 

estimated such that they par-olllel those adopted for ZrCl1j(Q) and ZrBrlj(c) (2) and are consistent with the sublimation da"ta. 

The crystal data compilation of Donnay a:1d Ondik (2) does n01: list the crys'tal structure of ZrI 4 {c) but does tabulate 

beth ZrCll,l clnd ZrBI'lj as cubic structures. The litercltur-c data relatt!d to the crystal structure of ZrIII is not definitive. 

Assuming ZrI 4 (c) also hdS a cubic structure, the adopted heat cap,,-city value are estimated so as to par'allel these for Z1'Cl 4 
and Zr!3r 4 . The values below 300K iH'e calculated in the sarn.e mannel' as for ZrBrltCc) (2). The high 'temperature heat capacities 

are obtained graphically. 

Melting Data 

'the melting point was observed by Rahlfs and Fischer (lQ) to be 772~2 K and by N'isel'son (.!1.) to be 773 K. 

Sublimation Data 

The sublimation da.ta is treated in the Zrllj(g) tabl<! (2). The sublimation 'telJ'.perat:ure, Ts, is calculated from the Gibbs 

free energy <.:!rossover between the crystal and gas. Since Is is less than Th!, the liquid phase is thermodynamically unstable 

at on<! at!l1osphere pressure. 
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ZIRCONIU~ TETRAIODIDE (ZRI 4 ) I 4 Z R 

(IDEAL GAS) GFW=598.8380 

"bli<I ... I---~ k<al!mol 

T."K Cp· S· -(Go-lI"_irr H"-W'_ 6,Hr "Gr Log Kp 

0 .000 .000 [NFINi't'E - 6.288 - 85~259 - 65.259 tNFiNi TE 
100 20~94" 81 ~ 145 12-8.202 - 4~ 106 - 85.3't7 - 90.ZiO 197.153 
200 24~ 1 09 96.881 108 .. 966 - 2.411 - 85 c94D - 94 .. 849 103. &46 
2., 24 .. 997 106.103 lCob.70) .000 - 86.600 - 99 .. 065 72.631 

300 25.001 lO6.BSB IOba 704 .. 046 - e6~6l..J - 99 .. 161 72..239 
400 2:5.355 1l4.107 1(:1.690 2.~67 - 9S .059 - 102.963 56.251 
500 25.523 119.164 109.561 5.Ul - l16.211 - 102.',130 44,,99L 

600 25.616 124.441 Ul.665 7 .. 669 - 116.12() - lOO~284 J6.52ti 
IQQ ____ ;2 _ .. _bX~ ___ !f§.! :!.Q9 ___ lJ.?_D})I) .. _____ ! Q!.~:?~ ___ =-__ lJ_6_ .. _'!. ~~ ___ :: __ SJ.!.d,_4_9 ______ ~Q.'t.1.!l I 
800 25. He 131. B31 115 .. 821 12.803 - 116.031 - 95.0113 25 .. 958 
.00 25.736 134.861 117.177 15.375 - 116e029 - 91 ~3'14 2.2.416 

1000 25.154 137.573 11q.624 17.950 - 110 0053 - aq.766 t q~bl8 

1100 25.708 l400029 121 ~369 ZO~5Z6 - 116 .. 108 - 87.13b l7.312 
1200 25 .. 778 l42 .. 211 113~O18 23~ 103 - 111 .. 045 - 84 .. 447 15eHO 
1300 25 .. 7Sb 144.335 124 .. 580 25 .. 082 - 11& ~q78 - 81 .. 732 13 .. 740 
l400 25.793 146.246 126.060 28.261 - 116.92t1 - 79.022. 12.336-
1500 25.798 148.026 127 .. 466 30.1140 - Ll6 .. 891 - 76.318 11.119 

1600 25~eoz l49 .. 6')l 128.803 33.420 - 1 Lbo 867 - 13.biL lU.055 
1·100 25.80b 151.255 130.01'J 36.001 - 116.856 - 70.908 9.116 
1800 25.809 i52.731 131 .. 2<;6 38.581 - 116.860 - b8.20t> S.l!:!l 
1900 25.811 154.1lb 132.462 41.162 - I1b .. 676 - 65 .. 503 7 .. 535 
2000 25.813 155.450 133.578 43.744 - 116.908 - 62~802 b~8i)3 

l100 25.d15 156.70Q 134~b50 46~325 - 1l6~952 - bO.093 oc254 
22QO 25.817 151 ~910 135.680 48.907 - 122 .. 013 - 51.208 S~6.t13 
2300 25.816 159.058 L36.672 51.488 - l22.080 - 54.2bU 5~ t5b 
2400 25.619 160. 1~7 137.626 54.070 - l.lZ~ 14B - 51.306 4~672 
2500 25.8l0 Itll..2lJ.. 138~ 550 56.652 - 122 e220 - 4-8.357 4.227 

2600 25.8.21 162.224 139 .. ·Hl 59.234 - LZ2~294 - 45~4uL 3.816 
2700 25.822 163. L98 l40.303 61.816 - 122.372 - 42.442 3.435 
2800 25.823 1&4.137 141.131$ 6 lh399 - 122 .. 451 - 39.478 3~O!J l 
2900 2S~ 824 165 .. 043 llo1..946 66.981 - LU .533 - 36.513 2.152 
3000 25.824 165.919 142.731 69.563 - 12l.619 - 33.550 2.444 

3100 25.825 1136.166 143.493 72.L46 - ill. 706 - 30.571 2.1:'6 
3200 25.825 167.586 144.233 14.7Ze - lU.790 - 27.604 1.8t15 
3300 25 .. 826 1686380 144 .. 953 77.311 - 122 ~689 - 24~626 laoH 
3400 25~8U 169.151 145 .. b53 79.89" - 12Z.984 - 21.649 L0392 
35{)0 25.827 169 .. 900 146~H5 82.~7b - 123.082 - 18.663 ls165 

3600 25.8Zl 170.028 1470000 85.059 - 123 .. 163 - 15.68L .952 
3700 25.827 111.335 147.648 d7.642 - 1£30286 - L2.697 .7!'10 
3600 25.828 17Z.il24 148.281 90.224 - 123 .. 3'12 9.704 ~ 558 
3900 25.628 172.695 148.898 92.807 - i23.501 E>.709 ~ 3 7E> 
4000 25.828 173 6349 149 .. 501 q5~390 - 123.612 3.719 .203 

4100 25.828 113.987 150.0~1 .;:110'973 - '23~ 12S .713 0038 
'0200 25.829 174.009 1·50.667 100.556 - 123 .. 842 2.290 - .1l9 
4300 25.829 115.;O 1 1~10231 103.13<; - .1.23.961 5.287 - .269 
'0400 l5.629 115.610 151.783 105.721 - 120ft. 085 5.29.t,. - .412 
4500 2S • .tS29 l1b.l91 152.32.3 10S.304 - 124 .. 210 11.309 - .. 549 

4600 250829 116.9~9 152 .. 8'53 11C.881 - 124.337 14.323 - .681 
4700 2:i~830 177 ~S14 153.371 113.HO - 124.466 17.333 - .d06 
'oaoo 25.830 176.05B 153.830 lIb.053 - 2b5~ 156 21 ~rJ311 - ~ 95 t:l 
4<;/00 250830 178~591 154~379 118.630 - 26'5699!) n.018 - 10205 
5000 l5~81C 119.l12 154 .. 866 121.219 - 2660244 32.999 1.442 

'HOO ':5.830 179.624 155.349 123.602 - 206 .. 498 38.983 - 1.61.1. 
5200 25.830 180.125 1~5~S21 126.385 - 266.162 44.9H - leS<JO 
5300 25.63C l80~b17 156.2ti4 128.9611 - 267~O30 50.915 - l.102 
5400 2S.~ 830 HIL e l00 156.739 131.551 - 2b7.306 '56.~a2 - 2.3U6 
5500 25.831 181.514 157.1d6 134.134 - 26 7 ~ SSt! 62 ~9tl4 - 2 .. ~O3 

5600 25.631 182a040 157&626 136~ 71 7 - 267.876 68. qqz - 2..693 
5700 25.631 L82.497 IS6.058 139.300 - 2.69 .. 170 15.013 - 2.816 
5600 25.831 182.946 158.463 141.884 - 268 .. 467 81.03B - 3 .. 054 
5900 Z5e 631 183.388 156.902 144~4b7 - 2660769 d7 .O6~ - 3.225 
6000 Z5~ 331 183el:l22 .l.5<;;e313 147.050 - 26'1.076 '13.101 - 3~391 

March 31. 1962; June 3D, 1964;, June 3D, 1975 

(IDEAL GA.S) GFW ;;; 598.8380 ZIRCONIUM TETRAIODIDE (Zx-I 4 ) 

Point Group = Td aHfO = -85.3 ! 2.0 kcal/mol 14 Z R 

S29B = 106.10 :!: 0.03 gibbs/mol 

Ground State Quantum Weight ;; (1) 

Vibrational Frequencies and Degener-acies 
-1 
~ 
158 Cl) 

43 (2) 

2511 (J) 

55 (3) 

Bond Distance: ZrI ::: 2.660tO.OOS A 0' ,. 12 

Bond Angle: I-2r-I;;; 109 0 28' 

Product of the Moments of Inertia: IA1S1C':; 6.28I.iBXlO- 1l0 g3cm. 6 

Heat of Formation 

lIHf298.15'; _86,6 !. 2.0 kcal/mol 

The hedt of formation for Zr11.i{g) is c~lculat:ed from the heats of fOr'l1lation and sublimation at 298.15 K. The adopted 

value for the heat of sublimation, aHs 298 ':; 30.2 .t 0.5 kcal/mol, is Das@d on the 2nd and 3I"'d law analyses of the sublimation 

da.ta of Sale and Shelton '1.) and Rahlfs and Fischer (l). Using Knudsen effusion techniques, Sale and Shelton (1) studied 

effusion in a nickel effusion cell for three different orifice l!I"eas. The results were then ex.trapolated to zeI"'O oI"'ifice 

area (refer to last line in the following table;. Other sublimation s'tudies haVE been conducted by R"hlfs and Fischer' (l), 

using a liquid tin tensimcter l and by Gerl",ch et al. (~), using the oscillating quartz fiber m4!:thod. It should be noted 

that the work of Rahlfs and Fischer (1,) covered l!n observed pressure range of 4.0 - 272 nun Hg, which is much wideI"' than 

t'ange covered by Sale and Shelton (!). The adopted lIHs 298 is based, on the mean of the third law results of Sale and Shelton 

00.01 kcal/mol, ]) .and Rahlfs a.nd Fischer 00.32 k.ed/mol, ~). 

The effusion studies (membrane method) by Baev and Shelton (::) are disca~ed due to the h.rge number of discrepancies in 

their tabulated results. 

rn analyzing the vapor pI'€ssures fot' the three sublimdtion studies <1:. l, 1.) I corrections were made for non-idea.lity by 

means of the equation fiG-IT::; -Rln p - BplT, The Bcr-tholet equation of s'tate and the c!'iticdl constants Tc ;;; 959 K and 

pc'" 40.7 abn as determined by Nisel'son and Sokolova (~) are used to calcula.te B. 

lI.HS 298 , kcalhnol 

range, K ~ 2nd law 

':<"ahlfs and Fischer (1) 558-671 15' :n. 33tO. 2lj. 

Gerlach et al <1) 393-453 eqn 26.91 

Sale and Shelton (.V 42£-474A ..... "'" 29.84.:1. 28 

4J2-50aB ..... ,," 30. Bl!O. 57 

436_480C"'* 12 30. 2i.1~O. 76 

423_503 cqn 29.97 

·One point rejected due. to a sta.tistical 'test 

...... Orifice ared (c1!l2 102 ) A::; 0.5364 B;;; 0.20141 C;;; 0.0935 

Heat Capacity and E.ntropy 

3rd law 

30.32:!:O.12 

29.98 

31.22.tO.30 

3Q.86.tO,15 

30. 51~O.11 

30.01 

drift 

gibbs/mol 

_1.62.tO.J8 

7.25 

3.09:!:2.81i 

a.lOtI. 24 

O.n.!:l.66 

0.08 

The adopted vibrational frequencies are from the work of Clark et al. (i. 1.>, who recorded the Raman spectra of ZrI 4 in the: 

1J"apOr phAse (380-~20"C). These studies indicated that ZrI 4 is a tetrahedral ll':ionomer in the vapor phase. Shimanouchi, in his 

compilation of molecular vibrational frequencies (!). ~lso adopted the values of Clar-k et al. '.§.. 1.) for ZrII.j{g). Rahlfs and 

Fischer (~). through vapor densi'ty measurements. hdd earlier concluded 'that ZrII< was monomeric in the v,,"por phase. 

An electron diffraction study of ZrT 4 (g) a't 250-270"C was conducted by ~asorin et a1. (~). This study confirmed the 

tetrAhedral structure and determined the Zr-I bond length to be 2.660!0.005 A. We i!.dopt this value. Other interatomic 

distances report~d in the literature are estimates. The individual moments of inertia at'!! IA :: IS =: Ie :: 3.9756 X 10- 37 g crn~ 
Much literature has been published on the inter-rel.ationships between force const.tots and vibrational frequencies. Since 

the majority of these a.re based on estimated frequencies, they will not be further discussed or referenced. The same situation 

is true for- thermodynamic tabulations of ZrI 4 (g). One exception is that ClarK et a1. <.!!) calculated thermodynamic pt'operties 

based on their experimental vibrational fC'equencies. Their tabulation is very simila.r to ours; the difference in the en'tropy 

being 0.04 gibbs/mel in the range lOO-lOOOK. 

References 
~ S",le and R. A. J. Shelton, :1. Less Common Metals 9, S4 (1965). 

2. C. Rahlfs and W. Fischer, Z. anorg. allgem. Chern. 211,1149 (1933>-
3. J. Gerhch, J. P. KI"'ummc, f, Pawlek) dnd H. Probst~. Phys. Chern. (Fr4nkfurt aJ:: Main) g, 135 (1967), 
4. A. K. Baev ilnd R. A. J. Shelton, Russ. J. Phys. Chern. ::1.. 1340 (1973). 
5. L. A. Nisel'son a.nd T. D. Sokolovil, Russ. J. Inorg. CheC"!. 7, 1382 (1962). _ 
6. R. J. H. Clark, B. K. Hunter, and D. H. Rippon, Chern. Ind.-(London) 1971, 787 (19"71); Inorg, Chern. 11 56 (l972). 
7. R. J. H. Clark and D, H. Rippon, J. Mol. Spec"tI'OSc. 44, 479 (972);:"Ad""Van Raml!n Spectrosc. 1, il-1<3 TI972J. 
8. T. Shimanouchi, J. Phys. Chem. Ref. Data 3, 269 (l97TI. -
9. E. Z. Zasoren, G. V. Girichev, V. P. Spirldonov, K. S. Krasnov, and V. T. Tsirel'nikov, Izv. Vyssh. Ucheb. Zaved., 

Khim. Khim. Tekhnol. ..ll. 802 (1973). 
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Magnesium Oxide (MgO) MgO 

(Crystal) GFW = 40.3044 

---------------------

glbbsl""---~ kalimol 
T, "K CpO S" -(G'-II" ... )rI' H"'-H"_ ~Hr &GI' ..... Kp 

5000 ~ooo INFINITE - leZB - 142~b99 - 142. Mq lMINITE 
100 1.865 • 609 1.2.419 - 10187 - 143~ 154 - 140.918 3070977 
200 6~377 3.369 7 ~ 179 e762 - 143.639 - 138.585 151.438 
298 8~ 869 6.435 00435 .000 - 143_700 - 135.964 '19.67'1 

8.902 6.490 6.4]'5 .016 - 143.101 135.936 99.029 
10.172. 9.2:44 6.802 _971 - 1.43.110 - l33.344 72./;56 

500 10.865 11e597 1.532 2.033 - 143~bb2 ~ 130.156 5/.154 

600 11.336 13.625 6. lSO! 3.145 - 143.596 - 128.183 46.690 
100 1l.6Sl 15.397 9.261 4.295 - 143 .. 528 12S.618 39.220 
800 11.888 16.969 10.126 5.473 - 143.474 - 123.06'5 33.620 
900 12.079 18.380 10.968 6.671 - L.,3.444 1.20.515 ZQ.26S-

1000 12 .. 239 19.661 11 .. 774 1 ~ as 7 - 145~5bO li7.1S6 2 5~ 142 

llOO 12.37'1l 20~ 834 12~ 545 9.118 - 1'.5~55[ - ll5.0L 1 22&851 
1200 lZ~506 2l c 'H7 13~ 281 10.363 - 1-45.557 - 112.235 20.441 
1300 12.622 2Z.923 13.985 11.619 - 145.582 - 10,,".457 18~401 

1400 12.730 23~862 14.657 12.881 - 115.991 - 106.197 16.578 
1500 12~SH 24.744- l~. 300 14.165 - 175.645 - 101.224 14.748 

loGO 12.932 25.575 1S.917 15.453 - 175.2CJ2 - 96.275 13.151 
1700 13.028 26.362 16.508 Ib.151 - 174.932 91.346 11.743 
laOO 13.121 21.109 17.01f' 18& J59 114.566 - 86.440 [0.495 
1900 B.ll;; 27.821 17.62<. 19~H5 - 114.193 - Bl.554 9.381 
20CO 13.301 28.501 lS.151 20.701 - i73.611t - 70.689 8.380 

2100 13.389 29.152 18.659 22~O36 - 173~"2q - 7l~e43 7.4'7 
2200 13."75 29.777 19~ 150 23.319 - 173~O39 - 61~O13 6~651 
2]00 13.561 30.316 19.626 24.730 - 172.643 - 62.202 5~911 
2400 13 .. 646 30.957 20.0136 2b~091 - 112.240 - 57 ~410 5~ 22:8 
2500 13.730 31.516 20~ 53.2 27~460 - 111.833 - ~26635 4.601 

2600 13.814 32~ 056 20.965 2S.SH - 111.420 - 47.$73 4~O24 

2700 13~e'H 32.579 21.385 30.222 - 171.003 - 43.130 3.491 
2600 13.980 33.086 21.794 31.616 - 170.579 - 36.403- 2 ~991 
2900 1'0.062 33.576 22.192 33.018 170.151 - 33.688 2 .. '539 
3000 Lit. 14- ... 34. CSt:> U.580 34.428 - 169.720 28.990 2~ 112 

.H.QQ ___ .J..f!.!l-1.5_. ___ l"!!.~? L. __ '?'?.!'J.?L. ___ .:a~ !.§'! L •. =.j..6.9 ••. 2..tll __ :: __ f~.'!}.9L_. ____ t __ !J'l 
)lCO 14.307 . 34.974 23.326 37.214- - 168.842 - 19.638 1.341 
3300 14.388 35.415 23.685 36.708 - 168.397 14.983 ~992 
3400 14.410 35.846 24.037 40.1S! - 167.950 - IO.HS ~6b4 

HCO 14.550 36.267 24.380 41.602 - 167.'oQQ 5~Hl ~35T 

3600 14~631 %.676 24~716 43.061 - l67.0lob 1 ~O93 .C6b 
3100 14.111 37.CBO 25~O45 44~ 528 - 161;;0.,91 3.511 - .201 
3BOO 14~ 192 31 01013 25.367 46.003 - 166.133 B.103 - 0466 
3900 14.872 370958 25.682 47.487 - 165.674 12.678 - • no 
4000 14.95) 38~236 25~991 48.978 - 16$.215 17.247 - .~42 

Dec. 31. 1960; Dec. 31. 1965; Dec. n. 1974 

MAGNESIUM OXIDE (MgO) ( CRYSTAL) Gf'ioI = 40.301,j4 

S298.15 6.435 t 0.02 gibbs/r.tol 

11HfO = -142.70 t 0.15 kcallmol M G 0 
Mlf298.15 ~ _11l-3.70 :!: 0.15 kcal/mol 

Tn! = HaS !: 30 K c,Hm" = (18. 6:!:4} kcal/mol 

Hea't of fOr1Ua'tion 

eHf· is based on oxygen-bomb calorilnetry of Holley and Huber (.!:.) and HCl-solution caloriro.e'try af SholJlate and Huffman (3.,). 

The repoJ;'ted values of -143.70 j: 0.12 (.!) and -143.81j :!: 0.05 (~.> kcal/rnol become aHf 298 = -1"'3.61 t 0.12 and _11.03.78 :t 0.08 

kC.;l.1/mol when adjusted to 1969 atomic weights. We a.dopt the median value of -1'-I3.70!: 0.15 kcal/mol . 

NBS (~) adopted -l~ 3.81 kcal!:no'l for l!I.acrDcrystalline pcriclas£!, based on the data of Shomate and Huffman (~) con .... erted 

to 1961 atomic weights. Parker (:!.) preferred the data. of Shomate dnd Hu.ffman because Of the inference that their sample 

corresponded :!'lore Closely to the macrocrysta1line s'tandard state. New OHsoln data (~) suggest that excess energy of ,up to 

"\.1.1 kcal/mol arises mainly from disor'<i:er (defects) in MgO rather 'than from. high surf",ce ared and sm",ll pal"'ticle size. Since 

the excess energy is eliminated at T> ..... 1000~C(~.>, it is unlikely tha.t this effect would bias the combustion data of Holley and 

Huber (.!). 

Other data for uHf- were reviewed by Parker (~.>. New medsut'e.m.ents elo:ist for uHsoln of MEO (~) and Hg (~) I but we have 

not attempted to derive ClHf8 becal1se of differences in the final sta.tes of the Solutions. 

Heelt. Capacity and Entro.£Z 

Cp~ below 270 K is· b~sed on data (3-270 K) for single crys'tals measured hy Bd.I"t."'on et al. (~). Values above 270 K are from 

.." cons'trained fit of Cp· (~) and enthalpies (373_1173 K) of fused HgO medsu~ed in it Bunsen ice calorimeter by Victor & 

Douglas (7). S· is obtained from Cpo. based on a negligible extra];(olation 'to absolute Zero. 

M.a';i~um deviations of the Cpo. data (~) from the adopted curve a.rc ::!:l.7\ near 15 K, ~l.ot near 20 K, :!:O.!.l\ neat' 1>0 K, 

and ..... 0.2% at higher temperatures. Gmeli:n (!) later N!poI"'ted smoothed Cp· values (2-320 K) derived fI"'om data for MgO sin'ter-ed itt 

high temperature. These values are in good agreement with t:he adop'ted curve except from 70 to 1"'0 K, where devi<1tions a.r~ all 

positive and l"each a maxim.um of al.m.ost 7\ at 90 !C. Glhelin's values gave 8
2gB 

= 6.50, Le., higher by ''''O.OS gibbs/mol. 

Larger positive deviations in Cp exist at all temperatures (20-301 K) foI' the non-standard state HgO used by Giauque and 

Archibald '~). Their sample was prepared from hydroxide in vacuo at ~~350·C and was not annealed at high tempera.ture. The 

microcrystalline product presumabl.y wO!!-s disordered, leading to excess Cp and 5
298 

" 6,66 gibbs/mol. Limited d~td. of Pdr'ks 

and Kelley (!..2) for fused MgO tend to confirm. the adop'ted curve. 

De ... iatior'lS of the enthalpy data from the d.dopted CUI've aI"C iO.1S," '.?.. 313-1173 K), -0.3 ! 0.3% (11, 402_1799 K), 

.. 0.8 i 0.9\ (g, 370-159110 and -2.8 to +1.0\ (~. equation for 1200-2500 JO. MicrocalorimetI'ic err data (~. 305_45510 

a.gree with th~ ad.opted curve at the mid-tem.pel'atuI."'e bt.lt have a temperatur~ derivative which is too sm""ll. 

Mel ting Data 

See MgO(t). 
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Magnesium Oxide (MgO) 

(Liquid) GF~pi 40.3044 

~---Ribbs/mol------, 

T, 'K 

o 
lOa 
200 
29B 

300 
400 
500 

600 
700 
BOO 
900 

1000 

1100 
1200 
nco 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

CpO 

e~ 869 

8.902 
10.172 
10. Ba5 

1l~336 

ll~ 651 
11.888 
12.079 
12.,239 

12.319 
12.506 
12.622 
12.730 
12.833 

12.932 
13.028 
13.121 
13.212 
13.301 

2100 13.389 
2200 lQeOOO 
2300 160000 
2400 16.000 
2500 16.000 

2600 lb. 000 
2700 16.000 
2600 16.000 
290C 16.000 
3000 16.000 

SO -(Go-Wnl)n' 

11.560 

11.615 
14.369 
16.722 

IB.749 
20.521 
22.093 
23.505 
24.186 

25~959 

21.042 
28~041 
28 .. 981 
29.868 

30.700 
31.487 
32.234 
320q46 
33.626 

34.277 
35.021 
3'5.732 
36.413 
3LObb 

37.694 
38.298 
38.880 
39.4 ... 1 
39.964 

11.559 

li.S6C 
11.927 
12.656 

13.501 
14.385 
15.252 
16.092 
16.898 

17.669 
lB.4Qb 
19.109 
19.782 
20~"t25 

21.041 
21.633 
22.201 
22.748 
23.275 

23.784 
24.278 
,24.760 
25.232 
25.692 

26.142 
26.581 
27.010 
27.42q 
27.838 

~----kt:.llmQl----

HO-H~ue 

~ooo 

0016 
;.977 

2.033 

3.145 
4.295 
5~473 

6.671 
7.887 

90118 
10.363 
11.019 
12.887 
14.165 

15.453 
16.151 
18.059 
19.375 
20.701 

22.035 
23.635 
25.235 
26.835 
28.435 

30.035 
31.635 
33.235 
34.835 
36.435 

fl.Ht' 6Gf 

- 12:7.291 

- 127.298 
- 127.308 
- 1275259 

lZ'f.193 
- 127.125 
- 121.072 
- 127.041 
- 129.l58 

- 129~!4e 

- 129.155 
- 129.180 
- 159.588 
- 159.242 

- 15a~aqO 

- 15B~530' 
158~164 

- 157 ~ 791 
- 157.412 

- 157.:)27 
- 156.380 
- 155.735 
- 155.093 
- 154~455 

- 153.819 
153.187 

- 152.557 
- 151.931 
- 151.310 

- 1210 lOC} 

- 121.070 
- 118.992 
- 116.916 

- 114 .. 855 
- 1120603 
- 1100762 
- lOBo 725 
- 106.508 

- 104.246 
- 101.9S2 
- 99.116 
- 96.969 
- 92050B 

- 88.072 
- 83 .. 655 
- 79.261 
- 74. asa 
- 70.535 

- b6.201 
- 61.890 
- 57.610 
- 53.356 
- 49.133 

44.931 
40 .. 756 

- 36.6C4 
- 32 0 472 
- 28.364 

MgO 

Log Kp 

eBo 115 

88.200 
b5.014 
51.104 

41 .. 83!l 
35.219 
300259 
26.402 
B.1 i1 

20.712 
18.573 
16.764 
15.138 
13 .. 478 

12.D30 
10.755 
9.624 
8.614 
7.708 

6.890 
6.146 
5.474 
4.85q 
4.295 

3.777 
3.299 
2.857 
2.441 
2.066 

38.035 - 150.691 - 24.216 1.111 31DO 16.00Q 400:'08 28.239 
320'0-----16-.-0-00- . -··41:016--- ·~(8-.-63-0 - - - -39: 635- - ---- -f50 ::01't -- - ':--20-;' 2-0-9"- - -- --1":-380 
3300 16.000 41.509 29.013 
3400 16.000 41.966 29.387 
3500 16.000 42.450 29.754 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4BOO 
4900 
5000 

16.000 
16.000 
IthQOQ 
16.000 
16.00Q 

16.000 
16.000 
16.000 
16.000 
16.000 

16.00Q 
16.000 
Ib.OOO 
16.000 
16.000 

42.901 
43e339 
43.7bb 
44.161 
44.587 

44.982 
45.3b1 
45.HIt 
46.111 
4b.'.71 

4b~ 82 3 
4I.167 
4 '0504 
47.634 
48.1')1 

30.113 
305465 
30.80q 
H.141 
31.418 

31.802 
32.121 
32.'+33 
32.140 
33.041 

33.337 
33.627 
33.913 
34.194 
34.410 

41.235 - 149.467 16.161 r.070 
41.835 - 148.863 - 12.127 .780 
44.435 - 148~263 8.118 .507 

46.035 
47.635 
49.235 
50.635 
52.435 

54.035 
55.635 
57.23-5 
58.835 
bO.435 

62.035 
63.635 
(;,5.235 
(;'6.835 
b8~435 

- 147~669 

- 1'+7.081 
- 146.498 
- 145.922 
- 145.354 

- 141t~ 795 
- 144.242 
- 143.699 

143.165 
- 142.040 

- 142.126 
141.022 

- 141~ 129 
- 140.648 
- 140.118 

4. 

·r. (69 -
11.70 ... 

15~ 624 -
19~ 528 -
23.422 -
27.302 -
31.172 -

3'5.031 -
38~ 816 
42.712 -
46.534 -
50.350 -

.250 
~008 

.220 

.43'> 

.639 

~ 8 3 ~ 
t ~ 016 
1.190 
1.356 
1.514 

1.664 
1.608 
1 ~94S 
2.076 
2.201 

Dec. 31,1965; D€'c. 31,1971,\ 

MAGNESIUM OXTDt (MgO) 

S298.15 ;: {1l.5&0] gibbs/mol 

Tm ::: 3105 !: 30 K 

Heat of Form.ation 

(LIQUID) GfW :: 40.30lj4 

b.Hf29S.15 ;: (-127.297J kcal/mol 

Mfm~ :: (18.5:!:4] kcaJ/mol 

D.Hf~ is calculated from that of the crystal by adding AHm- and the difference in (HjlOS-Hi9S) behieen crystal and liquid. 

Heat Capacity and Entr-opy 

Cp" is assumed to be 16 gib'DS/11l01 e'Xcept below the glass transit:ion (2100 K) where Cp·(t) is taken equal to Cp·{c). 

Enthalpy data yield Cp" .:: 19 gibbs/mol for liquid BeQ (!), but there may be a positive bias due to volatilization. S· is 

calculated in a manner analogous to that of lIHf". 

Mel tina; Oa ta 

Documented values for: Tm (in "c, IPTS-1I8) include 2800 !: 20 (~), 2827 :!: 20 (~) and 2852 (::' 2)' We u.dopt the median 

value (~) which becomes Z9n·C :: 3l0S K on IPTS-Ga. 

Calorill".ctric datd for b.Hm~ at'e not available. Kelley (~) derived an apparent tlHm :: IB.5 kcal/mol at Tm :: 2915 K from 

liquidus data for the MgO-Zl'02 binary (I). The old '2.) and new '~. ~) data ~ot" MgO-l:r0 2 imply gros~ non-ideality which makes 

'the system unsuitable for' obtaining t>Rm. Apparent <1Hrn values r-anging from 9 'to SO kcal/mol are obtained from more suitdble 

binary syst:ems (2., 1£) involving CaO, A1 20 3 , (''r 20 3 , Pu0 2 and U0
2

• These values are .50 uncertain t:hat we <lSSUffie C.Hm· ::: 18.6 

iccal/r.'lol ba.sed on (ISm" ;: 6 gibbs/mol. IIBm = 20 kcal/mol was mea5ur'ed calorimetrically for BeO C.!), but the crysta.l is 

hexagonal or tetragonal rather than cubic as in the case o~ I1g0, 

y'aporizClt~~_~~ 

Vaporization rates based or. weight loss at Tm were repor"te.d by Noguchi (~) for I1g0 and six other refractory oxides. 

Vaporization of !'IgO near 2000 K has been studied by Langmuir-torsion (Q). Langmuir--weight-loss <g, E), Knuds~n-mass
spectrometric (l:!), Knudsen-effusion C~) and transpiration (~ • .!!) methods. Vaporization neaT' 2000 K is primarily to the 

elements (~). Kg(e,) dnd presumably OCg) and 02(g), C'dther than to MgO(g). Quantitative interpretation of the vaparizdtion 

species is uncertain. The adopted t:ables C}) predict that MgO(g) is insignificant neilr 2000 K but should become one of the 

s~gnificant components of the va.por near Tm. 
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Magnesium Oxide (MgO) MgO 

( I dea I Gas) GFW ~ 40.3044 

~---gibbs!mol----_ ------------kcal/moI---_ 
T.OK 

0 
IOC 
2GO 
298 

JOO 
400 
500 

bOO 
700 
BOO 
900 

LOOO 

l100 
1200 
1300 
1400 
1500 

1600 
1100 
l BOO 
1900 
2000 

210e 
2200 
2300 
2400 
2500 

2600 
2700 
2800 
2900 
JODe 

3100 
3200 
3300 
3400 
350(; 

3600 
3100 
360C 
3900 
4000 

4100 
4200 
4300 
4400 
45000 

4600 
4100 
4800 
4900 
500e 

5100 
5200 
5300 
5400 
5500 

56QO 
5700 
';)800 
5900 
6.,)00 

Cp~ S" -(G~-H":ull)rr W-H"m. IlHf'" l!.Gr' log Kp 

.000 

7.689 

7.699 
a.313 
9.186 

10.296 
11.421 
12. ~23 
1Z.680 
13.096 

11.605 
11.)38 
lJ .10:' 
10.896 
10.722 

10.332 
10.239 
10.160 

10.OB 
10.036 
9.989 
9.950 
9.917 

9.890 
9.869 
9.852 
9.839 
'1.630 

9.824 
'1.821 
9.821 
9.823 
9 ~ 82 7 

9.8l4 
9.842 
9.852 
9.864 
9.678 

q ~ 893 
'1.910 
9.928 
9.948 
9.969 

9.991 
10.014 
lD~ 0)9 
10.065 
10.092 

10.120 
10.150 
10.160 
10 ~ 21 i 
to. Zit" 

.000 INFINITE 
43.110 :. r ~ 4')2 

41.983 51.1032 
50.946 50.946 

50.993 50.<;146 
53.2aa 51.25!:; 
55.231 51.859 

57.002 52.511 
5e.615 53.324 
60.262 54.093 
62.749 54.802 
63.120 55.620 

64.368 56.360 
65.496 51.0'5 
66.512 57. 763 
67.4)0 ') a ~ 471 
68~262 59.0~O 

6geOZl 59.649 
69& 716 6J~221 

70~ 358 60~ 76 7 
70.952 61.288 
71 ~ SO 1 b1.185 

72eOZ6 62.260 
7ZeS1S 62.715 
72&976 63.152 
73.414 63.570 
73.830 63.972 

74.228 6'_.359 
74e607 64~ 732 
74.'H2 65.091 
75.321 65.438 
75~ £.58 65.773 

75.983 /)6.0'H 
76~296 66.4lJ. 
16.600 66.115 
76.894 67.010 
11.179 67.297 

17.456 67.57'5 
77. 125 67.B4b 
17~987 68.109 
78.242 68.366 
18.491 68.616 

18.733 6B~86C 
78.'HO 69.097 
79.202 69.330 
79~~29 69.551 
79.650 b.;l.779 

79.868 69.996 
80.081 70.208 
60.290 70.4t6 
SO~/.94 10.619 
aOa696 70.819 

80~ 693 71.01'-
81.087 71.20b 
81.27R 7l.}95 
81.46f, 7!. 5'9 
el.l:>~l 71.161 

81.833 7i.939 
S2.013 120114 
III ~ 190 72~ 286 
82.364 12.4'>0 
87. :i36 72.622 

- 2.129 
1.434 
.730 
.000 

1.686 

2.659 
3.745 
4.935 
6.198 
7.500 

8.609 
10.105 
1l.'H4 
12~ 613 
1'3.819 

\4.994 
U •• I"1 
11 ~26:' 
18.3b3 
19.4(,1, 

20.50S 
21.558 
ll.597 
23.625 
24.645 

25.658 
26.664-
21.665 
26.662 
29.656 

30.646 
31..634 
32.620 
13.604 
34.586 

35.570 
3b e 553 
37.535 
36.511 
39.499 

'>0.482 
41.466 
42.4'>1 
43c436 
44.424 

45.412 
46.402 
47.394 
48.388 
49.364 

50.382 
51.382 
52.38:: 
':13.390 
54.HO 

55.408 
56.422 
57.438 
56.458 
::9.48l 

1.4.00" 
14.198 
13 .993 
13.900 

13.S18 
13.522 
13.588 
13.683 
11.652 

- 16.937 
- 16.'ibb 
- 17 • .)02 
- 17.044 
- I7.0B 

- 17.151 
- 17 ~215 
- 17.287 
- 17.367 
- 17.455 

- LT.5'5l 
- 17.658 
- 17.173 
- 17.848 
- 18.033 

- lS~ 1 78 
- 16.334 

18.5"'0 
- 18.617 

l!i.a66 

Dec. 31,1960; Dec, 31,1965; Der.:. 31, 1'3.7ll 

14.004 I NF I N ITf 
lZ.184 - 26.62<;-
10.124 - 11.063 

8.346 - b.li7 

8 ~ 31 t - 6.055 
6.475 3.538 
4.680 - 2.046 

2.904 - 1.058 
1.1 :n - .355 

.637 .114 
2.421 .585 
4.033 ~ 881 

5.60<5 1. It 4 
7.187 1.30g 
e.768 1 ~4 74 
'1.866 1 ~ 54(' 
q.247 1.341 

8.647 1.161 
8.058 1 ~O36 
7.482 ~'HlB 
6.916 .195 
6.351 .695 

5.805 .604 
5.2'>6 .522 
4.712 • 4~. B 
4.172 .380 
3.636 .J18 

1.098 .260 
2.565 .?08 
2.034 .159 
1.SOn .113 

.970 .071 

.439 .03l 

.090 - .006 

.620 - .041 
1.153 - .074 
1.661 .105 

2.215 .134 
2.748 - .162 
3.282 - .189 
3.812 - .2l4 
4.349 - .238 

4. eB6 - _2&0 
5.4£2 .282 
5.963 - .303 
6.5D5 - .323 
1.0'50 - .342 

7.598 - 0361 
8.14~ - .319 
8.696 - .396 
9.246 .412 
9.802 - .428 

10.358 - .4104 

10.91<01 - .45<01 
11.48B - .474 
12.050 - • 488 
12.623 - .502 

13.195 - .515 
13.776 - .528 
14.356 - .541 
14.944 - .554 
15.S31 .566 

(IDEAL GAS) GFW :: lJ.Q. JDI.JtJ. HAG/,;,ESIUJ1 OXIDE (11&0) 

Synun~try Num.b~r = 1 14.0 6 kCdl/mol 

5 29&.15 ;:- 50.9'16 !" O. B gibbs/mol :: 13. 9 ~ 5 kcallmol 

]:l<;;:.ctr·onic and Mol~cu1ar Constants 

SQurc~ Stdtl:: -1 
!:e~ ~~..l-~~ 

~ 
.!;i..:!.-.S-~- £i 

(1) 0.0 1. 749 0.57l1-3 
(2-7) in l2300 ) [1.86«1 [0,5050 ] 
(1)-

A3~t 3503.3 1. B6tJ. 0.5050 
(2-) [lllOOO J (1. 737] [0. SS22] 
(1)- B~!: 20004. 1. 737 0.5822 
(~, J) ,r. [ 28000] (1. 872] (O.50l] 
(~, 1) Dl~ [29000 J [1.8721 [0.501 } 
<1, g, ~) 2977S. 1.872 0.5014 
(~, ]) ',- (30000 ] [1. 872 J [0.5011 
(1) Cil~ :)0004, 1. 673 0.5008 
(lQ, 3, l±) E,' 37684. 1. 8;(5 0.5?i'3 
(;!,1) In [ 37000) [1. 7&8) [0.5615 ) 
<19., 1., ~) F 3~ 37879. 1. 768 0.5615 
(~I ]) [39000 ] [1. 83] [0. S2!.19] 
(.1Q, 1, ~) GIn 3986B. 1. 83 0.521<9 

li~a't of Formation 

-1 
E.~~ 

0.00'::>0 
(0.0040 ] 
0.0040 

t 0.0045J 
0.OO1.!5 

[0.0048) 
[ O.DOllS] 
o .001<B 

(O.0048J 
a .OOl,iB 

( 0.00118J 
(0.O05} 
[0.005 J 
l 0 .005 1 
to .005 J 

~€o.J-S-l!l~ 
785.1 

[664.4] 
6 61~ . l; 

[ 821.;,1] 
824.1 

[637,5] 
[632.5 J 

632.5 
(632.5J 

632.1, 
[53,.1<) 
[ 7}0] 

710 
[ 790] 

790 

~tl2':eJ __ ~_.f!l:'--_: 
5.18 

(l.9] 
J,9 

(4.8J 
4.76 

(S.3] 
[5.3J 

5.' 
(5.3) 
5,' 

[5.2J 
[5.1 
(5.) 
[5.J 
(5.l 

We dCOp't DO '" 80 ! 6 kcal/mol and uHf298 ':: 13. 9 .!: G kedl/mol bas",d on equilibr-ia analyzed b<:!ow. Grea.ttos't w8ight is 

giv<:n to mass-sptlc'tr'ometric data (.!.!) for reactions A and B. WE:: gi.vt:: "<" or "::." for .6H" and DO valul;s \olhich mdy hav(: i!. 

syst",rnatic bias. Th~ JA1MF diffe~{;nc(:: in ClHfi98 for WO j -W0
2 

<.~) may be biased by dS much as -3.5 kcal/rnol, le:ading to a 

posi'tiv{; bidS in DO from !'(:.act.ion B, Mass sp&ctra (.!1) and tra.nspira1:ion data (11) yield an uPPl;r limit to DO; WI:: neglect 

Mg{Otf)2 and MgOH which prob<lbly arE:: important in (11), Cotton and J~nkins (12) conclucitod that hydI'OxidE::s weN. nE:.gligibl~ in 

their H2 -0 2-N 2 flamo=s; Wi; doubt 'this conclusion and prt::.$uIH(:. that r~ac't.ion D yi.t:lds an uppl::r limit to DO' Our adoptt:d v,llu(: is 

comp~rabl!::. with thosO:! of RiChards ~t <11. (2, J) and SNower Ii Rosenblatt t~}, considt!ring the: difference in fun.ctions for MgO. 

Other published Vdlues of D~ are dismissed for reasons cited in critical reviews (~, ~,~), Schofield's criticism (.!.2) 

of flame studies i8 supported by new evidence for importance of hydroxides (~, CaD, g). Inadequate allowance for hyd:-oxides 

ma.y bias d reGent flame result of D; :: BS :. 2.3 kcallr.wl (.!..2.); fl.trthermore, we cannot confirm this n; from the published infor_ 

mation. DO ~ 83 kcal/mol was derived (3.9,) by fitting an electl'oneeativity potential function to X1Z, This state is predicted 

08, 4, 11) to dissociate to excited state O(lD) at !lS.4 kcal/mol. Th~or€ticdl calculdtions (21) support" this prediction. 

L~e<l; si;'ge-Sponer extrapOlation yields q vE~ry low est.imate for D~, just as it does for the alkali halides (!2). unless xlz 

fails t:o dissociate to O( 1 0 ) as p:redicted. 

Sou:'ce Method Rea.ctio..~ Range No. Of 6S b 
1l.Hr i98/(kcalimol) t.Hf Z98 D' 

0 
~ Points gibbs/rnol 2nd Law ~ kcal/mol 

A 20215-2774 12;:11 39.S!:3 15.3 78. 6 ~3 
B 2106-Z22S 23:::15 63.1d ~lO.1 ~83 .8:::5 
C 1950 >1148.7 >5.0 < 8 B. 9 ~ 5 
C 1790-2010 -8:!:3 132tS >148.3!2 >4.7 <89.2:::2 
C 2033··2175 -57~ 32 53.';68 162.8:::8 19.1 71.>.7:::8 
D 1570-23"10 -9!:1 -1l~2 >5.7:t6 >-1. 5 <95.!;:!6 

(lUDrowar'tU954) Knudst:.n mass spC?c, 
- Knudsen mass spec. 

Cl2)Porte.r(1955) Knudsen mass spec. 
(13)Al(:.xar.d~r(1963) T-:oanspiration 
(iii)Altman(l963) Transpira'tion 
(}])Cotton(l%9)- Flame SptlC, 

dRt:dctions: A)Hg(g)+02(g)::: i1g0(g)+O{g); BHofg{g)+W0
3

{gJ = MgO(g)+w0
2
{g); C)HgO(c) = XgO(g); D)Ng{g)+OH(gl :-tga(g)+H(g). 

b 6S ::: ClSr-(2nd Law) - I1Sr Q (3rd Law). 

H",at: Capacity and E:n!£.2..2y 

Electroni.c 11;:vt:1s (To) and vibrational-roLational constants of cbs(;:.r'ved states art: from RosC?n (]) and othl::!, reCent sources 

(!::"~9.). Stat'O:s a.r", lis't«d in th(:;: isoconfiguY'ational orOt:'!' ZiV'=:1l by SChamps and L&f(::bvre-Brion (~). Dtlsignations (~) of tht: no::w 

E, rand G st~tE:S iiT'o::. bast:d on thE:o~tical calcul.nions (~). fir::ld <.V concludr::d that calculations (~_.§) of the isoconfig-

urational A1TI_3 E sbparation should b~ adequate for th(;:. low-lying 3]1 sto:t(:. ThE:. other potentially low-lying statt:: 

(3(;+) is estirnatt::d (=.:) similarly from isoconfiguI'C.tional • Higher estimated levels a.re also based on calCUlations (,::). 

Vibrl:!tion;)l-f'Ota'tional constants dI'e estimated in isoconfigu'r'a"tional groups by comp<:lI"ison with BeQ, CaD, S1"'O a.nd BaD (~). Lc .... -

lying levels and their vibr;)tion.dl-rotational constants cause marked changes in the thermodynamic functions, which ar-e cal

culated using first-order- anhd'!'ffionic corrections 'to Qi and QL in the partition function Q ::: 0t LQiQig. t:xp(-c
2

/:./Tl. 
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~ 

~ 
(Mg

2 
) ...: Dimagnesium ~ 

on ( I dea I Gas) GFW 48.510 ::r = • 
~ ,.. 
~ 
CI -------------gibbsfmol---_ teal/mol 

D T,"'K CpO S" -(GO-W,..)!T W-WSS'8 MIl" 

~ 0 eOOa .000 INFINITE - 2 .. 466 68.836 

~ 
100 8.860 49.1 '39 65.483 - 1.6)4 69.360 
200 8.206 55.120 58.99B .. 776 69.094 
29S 7.656 58~ZeZ 58.282 _.000 68.910 

.:"I ,00 7.651 58.330 58.282 .014 68.902 

:z 400 7.316 60.48Q 58.579 .704 66.424 

!' '00 7.233 62.118 5'9.1.30 1.494 67.870 

!-> 600 7.151 63.426 59.741 2 .. 212 67.2S0 
100 7.100 64.527 60.348 2.925 66.577 - 800 7.066 65.472 bO.931 3.b33 65.835 

-0 900 7.043 66.303 61.483 4.338 65.018 ..... 1000 7.026 67.044 62.002 5 .. 0""l 59.884 
CD 

1100 7.014 67.713 62.ltqz '5.744 58.962 
1200 7.005 68.323 62.953 ~.445 58.029 
1300 6.997 68.884 63.367 7.145 57.023 
1400 6.991 69.402 03.799 1.644 4.766 
1500 6.987 69.884 64.189 6.543 5.061 

1600 6.9B3 70.335 64.55'9 9.24l 5.356 
1700 6.980 10~756 64.911 9.940 5.6'$2 
1800 6.977 71.157 65.2.47 10.638 5.q48 
1900 6.975 11.534 65.568 lid35 6.Z43 
20QO 6.973 7l.S9Z 6'5.615 12.032 6.5'00 

2100 6.Q71 72.232 66.170 12.730 6.836 
2200 6.970 72.556 66.453 135 4 27 7.133 
2300 6.'M9 72.866 66.725 14.124 7.430 
2400 b.961 73.163 66.987 14. B20 7.128 
25M 6.961 73.447 6. 7 .240 15.517 8.021 

2600 6.966 73.720 67.484 16.214- S.326 
2700 6.9605 73.9B3 67.720 Ib.910 B.628 
2800 6.965 H.236 67.948 17.607 8.929 
2900 6.9&4 74.",,81 .f:.8.lb9 18.303 9.233 
3000 6.964 74.717 ,f,8.384 19.000 9.540 

3100 6.964 14.945 68.592 19.696 9.850 
3200 60.964 75.166 66.194 20.)92 - lO~ 164 
3300 6.965 75.381 ~&.q90 21 ~ 069 - lO~481 
3400 6.965 75.589 69.181 21 .. 7B5 - 10~B05 

3500 6.9f:,6 75.790 69. 367 22.482 - 11.134 

3600 6.961 75.987 6'9.548 23.179 - 1l.471 
3700 6.9&a 16.118 69.725 23.1175 - 1l.8l..1' 
3800 6c<HO 76.363 69.897 24.512 - 12.170 
3900 6.<HZ 16.545 70.065 25.269 - 12.533 
4000 6.974 76.721 70.229 25.961 - 12.901 

4100 6.~H7 76.893 70.390 26.6b4 13.296 
4100 6.QaO r7.06i 70.547 l1d362 - 13.696 
4300 6.984 17.21& rD.700 28.060 - 14.112 
4400 6.987 77.3B6 70.850 28.759 - 14.541 
4500 6.99.2 17.543 70.997 29~456 - 14.986 

4600 6.9'i6 71.697 71.141 30.157 - 15.453 
4700 7.002 77.84d 71.282 30 .. 857 - 15~93'S 
4800 7.007 77.995 7[.421 31.557 - 16.439 
4'100 7.013 78.140 11.556 32.258 - 16.962 
5000 7.020 78.281 71.6S9 32.9&0 - 17.506 

5100 7.027 78.421 71.820 33.662 - 18.014 
'5200 7.034 78.5'57 11.946 34~365 - 18e6065 
5300 7.042 78.691 '72.074 35 .. 069 - 19.279 
5400 7.050 Tti.823 'fl.Jqa 3 5" ~ 7 7"0 - t9~ 91 B 
5500 7.059 78.952 -'2.320 36.479 - 20.585 

5600 7.068 79.080 728439 37~186 - 21.278 
5700 7& 077 79.205 72& 551 37 .893 21.999 
5600 7.081 79.328 72.672 38 .. 601 - 22.749 
5900 7.097 79.449 72.766 3q~HO - :?3.530 
6000 7.108 19.568 72.8'98 40.021 - 24.33Q 
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Mgz 

~Gr Log Kp 

68.836 INFINI TE 
M.900 - 141..83~ 

bO.284 - 65.S'{5 
56.19J - 4l.1.90 

56.114 - 40.879 
51.919 - 28.361 
47.8506 - 20.919 

43.910 - 15.994 
40.075 - J o?512 
36.337 - 9.921 
32.698 - 7.940 
29.518 - 6.451 

26.522 - 5.269 
23 ~611 - .. .;iOO 
2D.785 - 3.~9., 

18.995 - 2.'905 
20.703 3.016 

l;Z.428 - 3.004 
-Z4d76 - 3.108 
.(5.939 - 3. L49 
U.lla - 3.188 
29.513 - 3.2lS 

31 .. 321 - ].260 
:'13.148 - 3.2'13 
34.98b - 3.324 
30.834 - 3.354 
38.0696 - 3.383 

40.57 .. - J&411 
42 ~459 - 3.437 
44 .. 354 - 3.462 
"'6; .. 265 - 3.467 
48&183 - 3.510 

50. 113 - 3.S:H 
52.050 - 3.555 
53.999 - 3.576 
55 ~ 963 - 3.591 
51 .. '121 - 3.611 

59.9Q7 3.637 
M.896 - 3.656 
6J.a<;3 - 3.675 
65.894 3.69) 
&7 ~913 3.7U 

b9.9)7 - 3.728 
71.970 - 3.745 
74&OH - 3.762. 
76.0n 3.118 
78.138 - 3.195 

80.213 - 3.611 
82 .. 297 - 3.827 
64 .. 395 - J.B"'J 
86~499 - 3.!:J58 
68.617 - 3.873 

Q"0.738 - 3688S 
92.881 - 3.9010 
'15 .. 037 - 3.919 
€J7 .. 193 - 3.934 
99.369 - 3.949 

101&'.)55 - 3.963 
103. TbZ - 3.978 
1 05 ~q66 - 3.9'13 
105.199 - .... 008 
110.430 - 4.022 

DIMAGNr:SIUM (l1g 2 ) 

Ground St"a.te Confi,gurat:ion lE~ 
SO 

298.15;: 58.28 !; 0.1 gibbs/mol 

(IDEAL GAS> GF"W :::. '-IS .610 

t.HfO '" 68. al< ~ 0.5 kcal/mol 

J.Hf29~.l5 '" 68.91 ! 0.5 kcal!mol 

Energy Levels and Qu~ntum Weight 

State !i' c.m-
1 

~i 

X lEg 

A IE: 26066 

The contribution of the ground :;tate vibrational levels is approximated by direct summation of the following 

levels (in em- l ): 210.97, 72.!J6, 117.02, 158.55, 197.26, 233.31, 266.87, 298.10, 327.21, 3SI.!.'-I2, 379.93, and 1.>04.00, 

We 50.75 cm-1 tileXe ,. 1. 62 ern- l 
~ 2 

Be 0.091619 cm- 1 
Q.e "" 0.003702 cm-1 

I"'e 3.8915 A 

HeAt of Formation 

Balfour and Douglas (~) have examined the absorption spec"trum of the Mg 2 molecule. The dissociation en.ergy, D;, was 

determined to be 3:99 cm- 1 (1.14 kcal/mol) by extrapolating the gY'ound state vibrational levels to the dissociation limit. The 

vibratioM.l levels were observed"to within 25 em- l of the limit. Balfour and Douglas (10) st.a'ted that they believed the 

dissociation eneI'f~Y was in erY'or by less than l' 5 cm~l. Using an accurate RKR potential(Rydber'g-Klein-Rhee) and a calculated 

van dcr W~als constant C6 for the ground state of Mg
2

, Stwalley <g) calculated an improved dissociation energy, D; :::. 403.7 

0.7 cm- l (l.lSLt!:0.002 kcal/mol). We /!ldopt this latter value. DO = 1.154 t 0.002 kcal/mol, which corresponds to t.Hf29S (Xg 2 , 

g) =: 69.360 .t 0.020 ked/mol, using auxiliary JANAr data (!Q). 

A. linear Birl?;e-Sponcr extra.polation using t~e I.!le and roexe va.lues tabub.ted above yields D; = 1.061.1 kcal/mol. A.s expected 

this is in good agreement with the adopted value. The M&2 gas phase spectrtUn had been reported previously in emission by 

Hamada (,!, 3.) find Strukov (2) and in absorption by St:hapitanonda (~), Soulen et: al. (~). and Weniger (!.). Based on the-ir 

spectroscopic studies. Hamada (.!' .?,) and Soulen et at. (~) reported rough dissociation energy values of 6.92 kcal/mol and 

72 ~ 0.2 kcal/mol, respectively. The latter' value was quoted by Verhaegen et 051 (7). Balfour and Douglas (10) postuU!:te 

that Soulen et al (~l were- observing transitions from the ground state "to a l"u st~te. -

Brewer (§.) t<lbulated a value of i1HS 29B =: 53.1< ! 7 kcal/mol for the process 2 Hg(c) .:: Hg2(g). HelloI' (~) calculated a 

vdluo!! of 59.2 ~ ~.Ij kcal/mol for the same process. 'this latter Calculation WetS based on Lenn.,rd-Jones potential p.!Irametel'S 

.... hich were estimated via approximate relations based on pVT data for gases. These 6Hs
298 

values are actually liHf
298 

values 

for- Mg 2 (g). Additional cor.aments on this work are given by Ewi.ng dnd Mellor (~). Brett and Balfour (!2), ",nd Mellor (~). 

Additional COlMlents on t:he RKR potential calcul<!tions or the van del' Waa.ls nature of Hg2 are given by Stwal1ey (~). 

Brett and Chan (!2), and Balfour and Whitlock (~). 

Heat C~J2a.city and Entropy 

The molecul<U' data. are from Balfour and Douglas nO) with adjustments being made for the natural abundances of the 

isotopes. They measured the absorption spectrum of th;-24Mg2 molecule in a furnace containing Mg vapor at 700-8S0·C. The 

observed bands cOITesponded to a. 11.:_ 1 Z transition between oS very weakly bound ground state and a more srt~b1e eJotcited state. 

The original valUE: of re as reported by 851four and Douglas (!.Q) was in error. The corrected value is given by Stwa11ey 

(~). Treatment of MZ 2(g) as an harmonic oscillator or an anhannonic oscillator gives heat cap~city values which appear 

unreasonably large ( ..... 50 gibbs/mol at 6000 K). Thus the heat capacity values are generated using a summation over thirteen 

vibrational levels of the ground state. 

Brewer and Wang (~) synthesized the M"g 2 molecule in solid r4re-gdS (Xl', Ar} 1Tl"."tt'ic,es at 20 K. Their rEsults are 

consistent with those of Balfour and Douglas (!..9.). Jensen (.!.2.) also studied matrix-isolated M&2 and presented COl"ElJ1.ents on 

the study by Brewer and Wang (~). 
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