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JANAF Thermochemical Tables, 1975 Supplemen

M. W. Chase, J. L. Curnutt, H. Prophet*
R. A. McDonald, ond A. N. Syverud

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

The thermodynamic tabulations previously published in NSRDS-NBS-37 and the 1974 Supple
went (J. Phys. Chem. Ref. Data 3,311 [1974]) are extended by 158 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 logarithy
of the equilibrium constant for formation of each compound from the elements in their standarc
reference states. Each tabulation lists all pertinent input data and contains a critical evaluation o
the literature upon which these values are based. Literature reterences are given.

Key words: Critically evaluated data; enthalpy; entropy; equilibrium constant of formation; free energy
of formation; Gibbs energy function; heat capacity; heat of formation; thermochemical tables.
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1. Introduction

Since the inception of the JANAF Thermochemical
Tables project in late 1959, the tables have been
collected together to form six publications [1-6]. The
four early publications [3—6] are superceded by two more
recent publications [1, 2]. NSRDS~NBS-37 [1] includes
all work through June 30, 1970. Tables generated in the
period June 30, 1970 to June 30,-1972 are included in
the recently published 1974 Supplement [2]. Tables
generated in the period June 30, 1972 to June 30, 1974
are combined in this article to provide 158 additional
tables which are to be used in conjunction with the two
more recent publications [1, 2].

An important aspect of this article is the inclusion of
four new elements—V, Nb, Ta, and Cr. As of June 30,
1974, there are 1267 tabulations involving 35 elements
and their compounds. The 35 elements include H, Li,
Be, B, C, N, O, F, Na, Mg, Al, 51, P, S, CL, K, Ca, Ti,
VY, Cr, Fe, Co, Cu, Br, Sr, Zr, Nb, Mo, I, Cs, Ba, Ta, W,
Hg, and Pb.

The JANAF Thermochemical Tables are prepared
following the procedures outlined in NSRDS-NBS-37
[1]. In our analyses of equilibrium data we give tabula-
tions for the 2nd and 3rd law results and often list values
(in units of eu or gibbs/moel) for the “drift”. This is
discussed briefly on page 5 in NSRDS-NBS-37 [1]
This drift actually refers to the difference, ASzus (3rd
law) — ASyes (2nd law). AS:0s (2nd law) is net calculated,
however, via the usual second law method or the 2-
method. It is instead derived from the slope of the
assumed linear temperature dependence of the devia-

*Deceased
Copyright © 1975 by the U.S. Secretary of Commerce on behalf of the United States. This

copyright will be assigned to the American Institute of Physics and the American Chemical
Society, to whom all requests regarding reproduction should be addressed.

tions from the mean of the 3rd law heats of reaction.
QOur experience indicates that, this method agrees
closely, but not exactly, with the Z-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 Absiracts
leave the tables with some outdated chemical names.
Changes in the atomic weights and the temperature scale
also cause minor internal inconsistencies. At present we
are maintaining the nomenclature within the tables while
gradually converting each new or revised table to the
1969 atomic weights and the IPT5-68 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-! deg-! and gibbs/mol are identical
and refer to units of defined calorie per degree-mole.
These units can be converted to SI units of joules per
degree-mole by multiplying the tabulated value by 4.184.
Similarly, values in kilocalories per mole can be con-
verted to kilojoules per mole by multiplying by the same
factor. Vibrational frequencies are expressed in their
wavenumber (cm~1) equivalents.

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
appropriate cross reference for the currently accepted
Chemical Abstracts name is also included. The index in
section 5 is the complete index for the JANAF Thermo-
chemical Tables. This complete index lists tables which
are in NSRDS—NBS-37 [1], the 1974 Supplement [2],
and tables which are in this article (the latter indicated
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2 CHASE ET AL

by an “*”). It should be emphasized that the tables in
this article may be new (in which case there is no corres-
ponding entry in the previous two publications [1, 2]
or revised (in which case the table in this article super-
cedes the corresponding table in one of the previous
two publications [1, 2]). 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 Chem-
ical Abstracts in their formula index.
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Tantalum Monoxide (TaO, g}........oovevivininnn.n. 136
Tantalum Oxide (TaO, g).....ocoovviiiiiiiiinn. 136
Tantalum Oxide (TaO2, g)..oovviviiiiiiiiiiins 144
Tantalum Oxide (Taz0s, €} ovevvveiiiniiiiiiniinnnnn. 156
Tantalum Oxide (Ta:0s, £) vvveeiiiniiiiiia, 157
Tetratitanium Heptoxide (Ti4O7, ¢).vvvevenennnnnns 163
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Tetratitanium Heptoxide (Ti407, ) ovevrieeiininins 16g4
Titanium Dioxide, Anatase (TiOg, €)..oeovvvvevnennns 145
Titanium Dioxide, Rutile (TiO:z, ¢} covvveivineeiins 146
Titanium Dioxide (TiOg2, ) cvovviirriiiiiiiianinnens 147
Titanium Dioxide (TiOy, g)evevviiiiiiiiiiiiinnn, 148
Titanium Monoxide, Alpha (TiO, ¢, a)....c.cce..0. 137
Titantium Monoxide, Beta (Ti0, ¢, 8)......ccoevne 138
Titantium Monoxide (TiO, #)...........oovviiinni.. 139
Titantium Monoxide (TiO, g) ......coooiiiiinnn. 140
Titantium Oxide (TiO, ¢, @)evvivrivniiiiiiiein, 137
Titantium Oxide (TiO, ¢, Blveviiiiiiiiinnn. 138
Titantium Oxide (TiO, £)eeiiiin, 139
Titantium Oxide (TiO, @) ovvviii 140
Titantium Oxide (TiOg, ¢, anatase) .............c..... 145
Titantium Oxide (TiOq, ¢, rutile) ....oovveveinnnnnn, 146
Titantium Oxide (TiO02, €)oo 147
Titantium Oxide (TiOg, g)eevvriiiiiiiiiieiiens 148
Titantium Oxide (Ti203, €)vveriiiniiii s 150
Titantium Oxide (Ti20s, €)evinniiiiiiin, 151
Titanium Oxide (Ti30s5, ¢, @) vvvviviiiiiiiiinennns 158
Titanium Oxide (Ti30s, ¢, B)evriviiiiiiiiieinnnn, 159
Titanium Oxide (TizO035, £)vrvriniiiiiiiiiiiiieennns 160
Titanium Oxide (Ti407, €)ueevviiviiiiiiiiii, 163
Titanium Oxide (Ti407, @)eervrvniiriiiiiiiiiiienns 164
Trichromium Dicarbide (CrzCs, ¢).ivveeininienin. 55
Trititanium Pentoxide, Alpha (Ti30s;, ¢, @)........ 158
Trititanium Pentoxide, Beta (T130s5, ¢, 8).......... 159
Trititanmium Pentoxide (Tis0s, €)ivviviiniiniiiiins 160
Vanadium (V, ref. sh.)ooooviiiiiviiiiiiiiiiiiinnn 172
Vanadium (V, €)eeeriniiiiiii el 173
Vanadiam (V, £)eeeiiiiicciee e 174
Vanadium (V, @).eoeviiiiiiiici e 175
Vanadium Dioxide (VOq, g) oo, 149
Vanadium Mononitride (VN, ¢) ..c.cocooviviininnane. 118
Vanadium Mononitride (VN, g) ...oeeniiiiiniiins 119
Vanadium Monoxide (VO, ¢)..ovviiiiiiiiiinnenn. 141
Vanadium Monoxide (VO, €).voiviiiiiininiiienns 142
Vanadium Monoxide (VO, g) ..o, 143
Vanadium Nitride (VNogss, €} oevvnvrnns e 117
Vanadium Nitride (VIN, €)oo 118
Vanadium Nitride (VIN, ) .cooviiiiiiiiiiiiiicineninens 119
Vanadium Oxide (VO, €} 141
Vanadiom Oxide (VO, €)riiiiiiiiiiiiiiiiieeiieeens 142
Vanadium Oxide (VO, g).voiiiiiiiiiiie. 143
Vanadium Oxide (VOa, 2).vvviviiiniiininienen, 149
Vanadium Oxide (VO203, ¢} oo 152
Vanadium Oxide (VO.O3, ) ooooiiiiniiiiiiniinn, 153
Vanadium Oxide (VoOu, €)erevvnviniciin, 154
Vanadium Oxide (VaOy, £)eiiiiiiiiiiiiiiinnens 155
Vanadium Oxide (V20s5, €ovveviiiiniiiinninen, 161
Vanadium Oxide (VoOs, €)ervniiniviiiiiiiiiiinn, 162
Vanadium Subnitride (VINg465, C)vevrvvriiiniencncnns 117
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5. Complete List of JANAF Thermochemical Tables

Filing

Order Table Title

Al Aluminum (ref. st.}

Al Aluminum (¢)

Al Aluminum (&)

Al Aluminum, Monatomic {p)

At Aluminum Unipositive Ton (g)

AlBO, Aluminum Boron Dioxide (g)

AlBr Aluminum Monobromide (g)

AlBr, Aluminum Tribromide (c¢)

AlBr, Aluminum Tribromide ()

AlBrg @luminum Tribromide {(g)

ALCl Aluminum Monochloride (g)

acr’ Aluminum Monochloride
Unipositive Ion (g)

AiClF Aluminum Chlorofluroide (g)

AICLF, Aluminum Chlorodifluoride (g)

AlC10 Aluminum Oxychloride (c¢)

AlLC1lO0 Aluminum Oxychloride (g)

AlCL, Aluminum Dichloride {(g)

A1C12+ Aluminum Dichloride Unipositive
Ton (gl

AlCIQ_ Aluminum Dichloride Uninegative
Ion (g)

ALCL,F Aluminum Dichlorofluoride (g)

ALCL, Aluminum Trichloride (c)

AlCl, Aluminum Trichloride ()

AlCl, Aluminum Trichloride (g)

AlCluK Potassium Tetrachloroaluminate (c)

AlCqua Sodium Tetrachloroaluminate {(¢)

AlClGK3 Tripotassium Hexachlorcaluminate (c¢)

AlClENa3 Trisodium Hexachloroaluminate (c¢)

AlF Aluminum Monofluoride (g)

air* Aluminum Monofluoride
Unipositive Ion (g)

AlFO Aluminum Oxyfluoride (g)

AlF, Aluminum Difluoride (g)

AlF2+ Aluminum Difluoride Unipositive
Ion (g) :

Ale_ Aluminum Difluoride Uninegative
Ion (g}

AlF 4 Aluminum Trifluoride (c¢)

ALF4 Aluminum Trifluoride (g)

ALF, L1 Lithium Tetraflucroaluminate (g)

AlFHNa Sodium Tetraflucrcaluminate (g)

ALlF¢K, Tripotassium Hexafluoroaluminate (e)

AlFSLi3 Trilithium Hexafluoroaluminate (c)

AlFSLi3 Trilithium Hexafluorcaluminate (¢)

AlFgNa, Cryolite (¢

AlF Nag Cryolite (&)

ALH Aluminum Monchydride (g)

AlH Aluminum Monochydride (g)

ALHO Aluminum Monohydroxide (g)

a1not Aluminum Monohydroxide Unipositive
Ton (g}

ALHO™ Aluminum Monohydroxide Uninegative
Ion (g)

ALHO, Aluminum Dioxyhydride {g)

AlH“Li Lithium Aluminum Hydride (c)

Filing

Order Table Title

AlT Aluminum Monciodide (g)

ALT, Aluminum Triiodide (¢)

AlT, Aluminum Triiodide (%)

ALT, Aluminum Triiodide (g)

AlLiO, Lithium Aluminate (¢)

AlLiO, Lithium Aluminate ()

ALN Aluminum Nitride (c)

ALN Aluminum Nitride (g)

AlNaO, Sodium Aluminate (¢?)

ALO Aluminum Monoxide (g)

aro* Aluminum Monoxide Unipositive
Ion (g)

AlO, Aluminum Dioxide (g)

AlO, Aluminum Dioxide Uninegative
Ion (g)

AlS Aluminum Sulfide (g2

Al,Be0y Beryllium Aluminate (e)

Al,Be0, Beryllium Aluminate (§)

Al,Brg Aluminum Tribromide, Dimeric (g)

AL,Clg Aluminum Trichloride, Dimer ()

A12C19K3 Potassium Nonachloroaluminate (c)

Al,Fg Aluminum Trifluoride, Dimer (g)

AL, Tg Aluminum Triiodide, Dimeric (g)

Al,MgO, Magnesium Aluminate (c¢)

Al,Mg0y Magnesium Aluminate (¢)

Al,0 Aluminum Suboxide (g)

AlZO+ Dialuminum Monoxide Unipositive
Ion (g)

Al,0, Aluminum Monoxide, Dimeric (g)

Al,0 * Dialuminum Dioxide Unipositive
Ion (g)

Al,0, Aluminum Oxide (c, alpha)

Al,0, Aluminum Oxide {(c, gamma)

Al,0, Aluminum Oxide ($)

AIQOSSi Sillimanite (c)

AlQOSSi Andalusite (c)

Al,0.51 Kyanite (e)

AlgBeOy g Aluminum Beryllium Oxide (c¢)

AlgBely Aluminum Beryllium Oxide (£)

Alg0q 551, Mullite (ce)

B Boron {(ref. st.)

B Boron, Beta-Rhombohedral (<)

B Boron ($8)

B Boron, Monatomic (g)

Bt Boron Unipositive Ion (g)

BBeO, Beryllium Boron Dioxide (g)

BBr Boron Monobromide (g}

BBrCl Boron Bromide Chloride (g)

BBrClL, Boron Bromide Dichloride (g}

BBrCl, Boron Bromide Dichloride (g)

BBrF, Boron Bromide Difluoride (g)

BBr0 Boron Oxide Bromide (g)

BBr, Boron Dibromide (g)

BBr,Cl Boron Dibromide Chloride (g)

BBr,F Boron Dibromide Fluoride (g)
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Filing Filing
Order Table Title Order Table Title
BBr,H ‘Boron Dibromide Hydride {(g) BNao, Sodium Metaborate (&)
BBrg Boron Tribromide (&) BNaO, Sodium Metaborate (g)
BBr, Boron Tribromide (g) BO Boron Monoxide (g)
BC1 Boron Monochloride (g) Bo, Boron Dioxide (g)
sc1*t Boron Monochloride Unipositive BOQ" Boron Dioxide Uninegative Ion (g)
Ton (g) BS Boron Monosulfide (g)
BCLF Boron Chloride Fluoride (g) BTi Titanium Monoboride (¢)
BCIiF, Boron Chloride Difluoride (g) B, Boron, Diatomic (g)
BC10 Boron Oxide Chloride (g) B Bed Beryllium Diborate (g)
BC1, Boron Dichloride (g) BZB 4 . . .
e, 0 Triberyllium Diborate (c)
BCJ.2+ Boron Dichloride Unipositive BZC13 6 Bo Dich . . .
Ton (g) 2CLy ron Dichloride, Dimeric (g)
BCL,” Boron Dichloride Uninegative ByFy Boron Difluoride, Dimeric (g)
Ion (gl B,F,0 Diboron Tetrafluoromonoxide (g)
BCle Boron Dichloride Fluoride {g) B,H,O0, Boron Dihydroxide, Dimeric (c¢)
BCl, H Boron Dichloride Hydride (g) B,H, 0, Boron Dihydroxide, Dimeric (g}
BCl, Boron Trichloride (g) B, Hg Diborane (g)
BF Boron Monofluoride (g) B,Mg Magnesium Diboride (c)
BFO Boron Oxide Fluoride (g) B,0 Diboron Monoxide (g)
BF, Boron Difluoride (g) B,0, Boron Monoxide, Dimeric (g)
BF2+ Boron Difluoride Unipositive Ion (p) B,0y Boron Oxide (c)
BF,~ Boron Difluoride Uninegative Ion (g) B,0q Boron Oxide (&)
BY,H Difluoroborane (g) B0, Boron Oxide (g)
BF,HO Boron Hydroxide Difluoride (g) B,0,Pb Lead Diborate (c¢)
BF,0 Boron Oxide Difluoride (g) © B,Ti Titanium Diboride (c)
BF, Boron Trifluoride (g) B,Ti Titanium Diboride (&)
BF X Potassium Tetrafluoroborate (c) B,Zr Zirconium Diboride (c)
BF, K " Potassium Tetrafluoroborate () B,%Zr Zirconium Diboride (#£)
BF,K Potassium Tetraflucroborate (g) B,CL304 Boron Oxide Chloride, Trimeric (g)
BH Boron Monohydride (g) ) B,FH,05  Monofluoroberoxin (g)
BHO Boron Oxide Hydride (g) ByF,HO, Difluoroboroxin (g)
BHO* Boron Oxide Hydride Unipositive BaF304 Boron Oxide Fluoride, Trimeric (c)
Ion (g) B3F ;05 Boron Oxide Fluoride, Trimeric (g}
BHO, Metaboric Acid (c¢) BH 0, Boroxin ()
BHO, Metaboric Acid (g) B.H.O Boroxin (g)
BH, Boron Dihydride () B3H303 Metaboric Acid, Trimeric (g)
3736 * |4
BH,0, Boron Dihydroxide (g) B H.N Borazine (g)
BH, Boron Trihydride (g) B3K603 pi : ;
3 K905 potassium Tetraboron Heptaoxide (c)
BH 303 Boric Acid (c) B,K,0, Dipotassium Tetraboron Heptaoxide (%)
BH404 Boric Acid (g) B,Li, 0, Dilithium Tetraborate (c)
BH, X Potassium Tetrahydroborate (c) B, Li,0, Dilithium Tetraborate (&)
BH, Li Lithium Tetrahydroborate {(c) B Mg Magnesium Tetraboride (c)
BH, Na Sodium Tetrahydroborate (c) B, Na,0, Disodium Tetraborate (c)
BI Boron Iodide (g) B,Na,0, Disodium Tetraborate (¢)
BI, Boron Diiodide (g) B,0,Pb Lead Tetraborate (c)
BI, Boron Triiodide (g) BeH,g Pentaborane (£)
BKO, Potassium Metaborate (¢) BgH, Pentaborane (g)
BKO, Potassium Metaborate (¢) BSKZOlo Dipotassium Hexaborate (c)
BKO, Potassium Metaborate (g) BgLi, 0,4 Dilithium Hexaborate (c)
BKO, Potassium Metaborate (g) BgNa,0,, Disodium Hexaborate (c)
BLiO, Lithium Metaborate (¢) BgNay0qy Disodium Hexaborate (¢}
BLiOZ Lithium Metaborate (g) 88K2013 Dipotassium Octaborate (c¢)
BN Boron Nitride (c) BgK,0,; Dipotassium Octaborate (&)
BN Boron Nitride (g) BgLi,0;5 Dilithium Octaborate (c)
BNaO, Sodium Metaborate (c) By oMy Decaborane (c)
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Filing
Order Table Title
By ofyy Decaborane (§)
BygHyy Decaborane (g)
By 4071 7PD, Dilead Decaborate (c¢)
Ba Barium (ref. st.)
Ba Barium (cJ
Ba Barium { ¢)
Ba Barium {(g)
*BaCl Barium Monochloride (g)
*BaCl, Barium Dichloride (c)
*BaCl, Barium Dichloride (&)
*BaCl, Barium Dichloride (g)
*BaF Barium Monofluoride (g)
*Bar? Barium Monofluoride Unipositive
Ion (g
*Baf, Barium Difluoride (c¢)
*BaF, Barium Difluoride (¢)
*BaF, Barium Difluoride (g)
“*Bal Barium Monociodide (g)
*Bal, Barium Diiodide ()
*Bal, Barium Diiodide (4)
*Bal, Barium Diiodide (g)
*Ba0 Barium Oxide (¢)
*Ba0 Barium Oxide ()
*Ba0 Barium Oxide (g)
Be Beryllium (ref. st.)
Be Beryllium (c)
Be Beryllium (¢)
Be Beryllium (g)
Be Beryllium Unipositive Ion (g)
BeBr Beryllium Monobromide (g)
BeBr, Beryllium Dibromide (c)
BeBr, Beryllium Dibromide (%)
BeBr, Beryllium Dibromide (g)
BeCl Beryllium Monochloride (g)
Beci® Beryllium Monochleoride Unipositive
Ion (g
BeClF Beryllium Chloride Fluoride (g)
BeCl, Beryllium Dichloride (c, a)
BeCl, Beryllium Dichloride (¢, B)
BeCl, Beryllium Dichloride (&)
BeCl, Beryllium Dichloride (g)
BeF Beryllium Monofluoride (g)
Bef, Beryllium Difluoride (c)
BeF, Beryllium Difluoride (¢)
BeF, Beryllium Difluoride (g)
BeF,Li Lithium Trifluoroberyllate (¢)
BerLi Lithium Trifluoroberyllate (£}
BeFaLi Lithium Beryllium Fluoride (g)
BeFHLi2 Dilithium Tetrafluoroberyllate (c)
BeFuLi2 Dilithium Tetrafluoroberyllate (c)
BeH Beryllium Monohydride (g)
pet? Beryllium Monohydride Unipositive
Ion (g)
BeHO Beryllium Monohydroxide (g)

7

Filing

Order Table Title

BeHo® Beryllium Monohydroxide Unipositive

Ton (g)

Betl, Beryllium Dihydride (g)

BeH202 Beryllium Hydroxide (¢, a)

BeH,0, Beryllium Hydroxide (<, B)

Bel,0, Beryllium Hydroxide (g)

Bel Beryllium Monoiodide (g)

Bel, Beryllium Diiodide {(c¢)

Bel, Beryllium Diiodide (&)

Bel, Beryllium Diiodide (g)

BeN Beryllium Nitride (g)

BeO Beryllium Oxide (c, a?

BeO Beryllium Oxide {(c, PB)

BeO Beryllium Oxide (&)

BeO Beryllium Oxide (g)

Be0,S Beryllium Sulfate (c, a)

BeO, S Beryllium Sulfate (¢, B)

Beo“s Beryllium Sulfate {(c, y)

BeQ W Beryllium Tungstate (c)

Be,Cl, Beryllium Dichloride, Dimeric (g)

Be,F,0 Dilithium Oxide Difluoride (g)

Be,0 Diberyllium Oxide (g)

Be,0, Beryllium Oxide, Dimeric (g)

Bezoqsi Beryllium Orthosilicate (c¢)

Be N, Beryllium Nitride (¢, a)

Be N, Beryllium Nitride (4£)

Be 0, Beryllium Oxide, Trimeric (g)

Be, 0, Beryllium Oxide, Tetrameric (g)

Be 0 Beryliium Oxide, Pentameric (g)

Be 0g Beryllium Oxide, Hexameric (g)
*Br Bromine, Monatomie (g)

BrCl Bromine Monochloride (g)

BrF Bromine Monofluoride (g}

Brry Bromine Trifluoride (g)

Br¥g Bromine Pentafluoride (g)

BrH Hydrogen Bromide (g)

BrH, N Ammonium Bromide (c)

BrHg Mercurous Bromide (g)

Brl Iodine Monobromide (g)

BrK Potassium Bromide (c)

BrK Potassium Bromide (£)

BrK Potassium Bromide (g)

BrLi Lithium Bromide (c)

BrlLi Lithium Bromide (&)

BrlLi Lithium Bromide (g)

Brig Magnesium Monobromide (g)

BrN Nitrogen Bromide (g)

BrNO Nitrosyl Bromide (g)

BrNa Sodium Bromide (c)

BrNa Sodium Bromide (4£)

BrNa Sodium Bromide (g)

BrpP Phosphorus Monobromide (g)
*BrPb Lead Monobromide (g}

BrTi Titanium Monobromide (g)
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Order Table Title

BrW Tungsten Monobromide {(g)

BrZr Zirconium Monobromide (g}

Br, Bromine (ref. st.)

Br, Bromine (#£)

Br, Bromine, Diatomic (g)
*Br,Ca Calecium Dibromide (c¢)
*Br,Ca Calcium Dibromide (&)
*Br,Ca Calcium Dibromide (g)

Br,Fe Iron Dibromide (c)

Br,Fe Iron Dibromide (¢)

Br,Fe Iron- Dibromide (g)

BroHg Mercuric Bromide (c)

Br Hg Mercuric Bromide (¢)

Br,Hg Mercuric Bromide {(g)

Br,Hg, Mercurous Bromide (c)

Br,X, Potassium Bromide, Dimeric (g)

Br,Li, Lithium Bromide, Dimeric (g)
*Br,Mg Magnesium Dibromide (¢)
*Br,Mg Magnesium Dibromide (&)
*Br,Mg Magnesium Dibromide (g)
*BrzMg+ Magnesium Dibromide Unipositive

Ion (g

Br,Na, Sodium Bromide, Dimeriec (g)
*Br,Pb Lead Dibromide (c)

*Br,Pb Lead Dibromide (&)

*Br, Pb Lead Dibromide {(g)

*Br,Sr Strontium Dibromide (¢)
*Br, S Strontium Dibromide (¢)
*Br,Sr Strontium Dibromide (g)

Br,Ti | Titanium Dibromide (c¢)

Br,Ti Titanium Dibromide (gJ

Br,Zr Zirconium Dibromide (c¢)

Br,Zr Zirconium Dibromide (¢)

Br,Zr Zirconium Dibromide {(g)

Br,0P Phosphoryl Bromide (g)

Br,P Phosphorus Tribromide (g)

Br,PS Thiophosphoryl Bromide (g)

Br Ti Titanium Tribromide (¢)

BraTi Titanium Tribromide (g)

Br,Zr Zirconium Tribromide (c)

Br,Zr Zirconium Tribromide (g)

Br Fe, Iron Dibromide, Dimeric (g)
*Br, Mg, Magnesium Dibromide, Dimeric {(g)
*Bry Pb Lead Tetrabromide (g)

Br, Ti Titanium Tetrabromide (c)

Br, Ti Titanium Tetrabromide (&)

Bp, Ti Titanium Tetrabromide (g)

BryZr Zirconium Tetrabromide (c)

Br,Zr Zirconium Tetrabromide (g)

BrgW Tungsten Pentabromide (c)

Br W Tungsten Pentabromide (&)

Br.W Tungsten Pentabromide (g)

BrgW Tunpsten Hexabromide (c¢)

BrgW Tunpsten Hexabromide (g)
*Co gghlb Niobium Carbide (c)
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Filing .

Order Table Title

c Carbon (ref. st., Graphite)
C Carbon, Monatomic (g)

c” Carbon Uninegative Ion (g)
CAl Aluminum Carbide (g}

CB Boron Carbide (g)

CBy, Boron Carbide (e}

s, Boron Carbide (£)

Che, Beryllium Carbide (c)

CBe, Beryllium Carbide (¢)

CBr Carbon Monobromide (g)
CBrF3 Bromotrifluoromethane (g)
CBrN Cyanogen Bromide (g)

CBr, Carbon Tetrabromide (g)

cCl Carbon Monochloride (g}
CC1lFQ Carbonyl Chlorofluoride (g)
CClF, Chlorotrifluoromethane (g)
CC1N Cyanogen Chloride (g)

CcClo Carbonyl Monochloride (g)
cel, Carbon Dichloride (g)
CCL,F, Dichlorodifluoromethane (g)
€C1,0 Carbonyl Chloride (g

cely Trichloromethyl (g)

CCi,F Trichlorofluoromethane (g)
cely, Carbon Tetrachloride (g}
CCuN Cuprous Cyanide (c)

CF Carbon Monoflucride (g)

cr Carbon Monofluoride Unipositive

Ion (g)

CFN Cyanogen Fluoride (g)

CFo Carbonyl Monofluoride (g)
Ccr, Carbon Difluoride (g}

CF2+ Carbon Difluoride Unipositive Ion (g}
CF,0 Carbonyl Fluoride (g)

CFy Trifluoromethyl (g)

CF3+ Trifluoromethyl Unipositive Ion (g)
CF T Trifluorciodomethane (g)
Cry Carbon Tetrafluoride (g)
Cr,0 Trifluoromethyl Hypofluorite (g)
CH Methylidyne (g)

cu* Methylidyne Unipositive Ion (g)
CHC1 Monochlorcomethylene (g)
CHCLF, Chlorodiflucromethane (g)
CHCIEF Dichlorofluorcomethane (g)
CHCl3 Chloroform (g)

CHF Monoflucromethylene (g’
CHFO Formyl Fluoride (g)

CHF, Triflucoromethane (g)

CHN Hydrogen Cyanide (g)

CHNO Hydrogen Isocyanate (g)

CHO Formyl (g)

cho® Formyl Unipositive Ion (g)
CHP Methinophosphide (g}
*CH, Methylene (g)

CH,C1F Chlorofluoromethane (g)
CH,C1, Dichloromethane (g)
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Filing

Order Table Title
CH,F, Difluoromethane (g)

CH,0 Formaldehyde (g)

cH Methyl (g)

CH CL Methyl Chloride (g)
CH,CL4Si Trichloromethylsilane (g)
CH,F Fluoromethane (g)

CH,F,Si  Trifluoromethylsilane (g)
CHy, Methane (g)

CIN Cyanogen Iodide (g}

CKN Potassium Cyanide (c)

CKN Potassium Cyanide (&)

CKN Potassium Cyanide (g)
CK,0, Potassium Carbonate (c¢)
CK203 Potassium Cavbonate (%)
CLi, O, Lithium Carbonate (c)
CLiQO3 Lithium Carbonate (&)
CMg0, Magnesium Carbonate (c¢)
CN Cyano (g}

ent Cyano Unipositive Ion (g)
CN™ Cyano Uninegative TIon (g)
CNNa Sodium Cyanide (c)

CNNa Sodium Cyanide (¢€)

CNNa Sodium Cyanide (g)

CNO NCO Radical (g)

CN, CNN Radical (g)

cw, NCN Radical (g)

CNa,0, Sodium Carbonate (o)

CNa, 0, Sodium Carbonate (¢£)

co Carbon Monoxide (g}

cos Carbon Oxysulfide (g)

€o, Carbon Dioxide (g)

co,” Carbon Dioxide Uninegative Ion (g)
cp Carbon Phosphide (g)

cs Carbon Monosulfide (g}
cs, Carbon Disulfide (g)

CSi Silicon Carbide (¢, a)
C51 Silicon Carbide (c, B)
Csi Silicon Carbide (1)

Ccsi Silicon Carbide (g)

csi, Disilicon Carbide (g)
*CTa Tantalum Monocarbide (c)
*CTa Tantalum Monocarbide (2)
CTi Titanium Carbide (c)

CTi Titanium Carbide (%)

CZr Zirconium Carbide (c)

Cir Zirconium Carbide (4£)

c, Carbon, Diatomic (g}

CZ_ Dimeric Carbon Uninegative TIon (g)
C,Be Beryllium Carbide (g)
c,C1, Dichloroacetylene (g)
C,C1y, Tetrachloroethylene (g)
CQCl6 Hexachloroethane (g’
*C2Cp3 Trichromium Dicarbide (c¢)
CyFy Difluoroacetylene (g)

Filing

Order Table Title

C, FoN Trifluorcacetonitrile (g)

C,Fy Tetrafluoroethylene (g)

CoFg Hexafluoroethane (g)

C,oH CCH Radical (g?

C,HCL Chlorocacetylene (g)

C,HF Monofluorocetylene (g)

C,H, Acetylene (g)

C,Hy, Ethylene (g)

C,H,0 Ethylene Oxide {(g)

C K N, Potassium Cyanide, Dimeric (g)

C2Li2 Lithium Carbide (c)

CoMg Magnesium Carbide (c¢)

C,N CNC Radical (g)

CoN, Cyanogen (g)

CyN,yNa, Sodium Cyanide, Dimeric (g)

€,0 CCO Radical (g)

CESi Silicon Dicarbide (g)

C, Carbon, Trimeric (g}

C4AL Aluminum Carbide (<)

*C3Cr‘7 Heptachromium Tricarbide (c)

CaMg, Magnesium Carbide (c)

€40, Carbon Suboxide (g)

Cy Carbon, Tetratomic (g)

CyHy,81 Tetramethylsilane (g)

TN, Carbon Subnitride (g)

Cy Carbon, Pentatomic (g}

*C6CP23 Chromium Carbide (<)

Ca Calcium (ref. st.)

Ca Caleium (a)

Ca Calcium (B)

Ca Calcium (&)

Ca Calcium (g)

Ca Calcium Unipositive Ion (g)

CaCl Calcium Monochloride (g)

CaCl, Calcium Chloride (c)

CaCl, Calcium Chloride (#)

CacCl, Calcium Chloride {(g)

Ca¥ Calcium Monofluopide (g)

Caf, Calcium Difluoride (<)

Cal, Caleium Difluoride (6)

CaF, Calcium Difluoride (g)

CaHo Calcium Monohydroxide {g)

cano’ Calcium Monohydroxide Unipositive
Ton (gl

CaH,0, Calcium Hydroxide (e}

*Cal Calcium Monoiodide (g)

*Cal, Calcium Diiodide (<)

*Cal, Calcium Diiodide (12)

*Cal, Calcium Dilodide {(g)

*Cad Calcium Oxide (c)

*Ca0 Calcium Oxide (¢)

Ca$s Calcium Sulfide (o)

(@]
it

Chlorine, Monatomic (g)

J. Phys. Chem. Ref. Duta, Vol. 4, No. 1, 197§
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Filing
Order Table Title
c1* Chlorine Unipositive Ion (g)
c1L” Chlorine Uninegative Ion (g}
*ClCo Cobalt Monochloride (g)
ClCs Cesium Monochloride (c)
ClCs Cesium Monochloride (&)
ClCs Cesium Monochloride (g)
ClCu Copper Monochloride (c)
ClCu Copper Monochloride (&)
ClCu Copper Monochloride (g)
C1lF Chlorine Monofluoride (g)
ClFLi, Lithium Chloroflucride (g
ClFMg Magnesium Chloride Fluoride (g)
CLF0,S Sulfuryl Chloride Fluoride (g)
ClFO, Perchloryl Fluoride (g)
ClF,op Phosphoryl Difluorochloride (g)
ClFg Chlorine Trifluoride (g}
ClF .81 Chlorotrifluorosilane (g)
ClF, Chlorine Pentafluoride (g)
ClFe Iron Monochloride (g)
ClH Hydrogen Chloride (g)
ClHO Hydrogen Oxychloride (g)
ClH 81 Chlorosilane (g)
CLH.N Ammonium Chloride (e}
ClH NO, Ammonium Perchlorate (c¢)
ClHg Mercurous Chloride (g)
ClI Iodine Monochloride (c¢)
ClI Iodine Monochloride ()
ClI Iodine Monochloride (g)
ClK Potassium Chloride (c¢)
ClK Potassium Chlopide (&)
ClK Potassium Chloride (g}
C1XO, Potassium Perchlorate (c¢)
ClLi Lithium Chloride (c¢)
ClLi Lithium Chloride (&)
ClLi Lithium Chloride (g)
ClLio Lithium Oxychloride (g)
ClLiO, Lithium Perchlorate (c)
ClLiOu Lithium Perchlorate (&)
CiMg Magnesium Monochloride (g)
ClMg Magnesium Monochloride Unipositive
Ion (g)
* CLNO Nitrosyl Chloride (g)
C1NO, Nitryl Chloride (g}
ClNa Sodium Chloride (c¢)
C1lNa Sodium Chloride ()
ClNa Sodium Chloride (g)
ClNao, Sodium Perchlorate (c)
C10 Chlorine Monoxide (g}
ClOTi Titanium Oxychloride (g)
clo, Chlorine Dioxide (g)
ClP Phosphorus Monochloride (g)
* C1Pb Lead Monochloride {(g)
«c1pp? Lead Monochloride Unipositive Ion (g)
Clsi Silicon Monochloride (g)

J. Phys. Chem. Ref. Data, Vol. 4, No. 1, 1975
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Table Title

Strontium Monochloride (g)
Titanium Monochloride (g)
Tungsten Monochloride (g}
Zirconium Monochloride (g}
Chlorine, Diatomic (ref. st., gl
Cobalt Dichloride (c)

Cobalt Dichloride (¢8)

Cobalt Dichloride (g)

Cesium Monochloride, Dimeric (g)
Copper Dichloride (c)
Phosphoryl Fluorodichloride (g)
Iron Dichloride (c¢)

Iron Dichloride (&)

Iron Dichloride (g)
Dichlorosilane (g)

Mercuric Chloride (c)

Mercuric Chloride (8)

Mercuric Chloride (g)

Mercurous Chloride (c)
Potassium Chloride, Dimeric (g
Lithium Chloride, Dimeric (g)
Magnesium Dichloride (g}
Magnesium Dichloride (&)
Magnesium Dichloride (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}

Lead Dichloride Unipositive Ion (g)
Silicon Dichloride (g)
Strontium Dichloride (¢}
Strontium Dichloride (%)
Strontium Dichloride (g}
Titanium Dichloride (c¢)
Titanium Dichloride (g}
Tungsten Dichloride (<)
Tungsten Dichloride (g)
Zirconium Dichloride (¢’
Zirconium Dichloride ()
Zirconium Dichloride (g)

Cobalt Trichloride (g)

Copper Monochloride, Trimeric (gl
Trichlorofluorosilane (g)

Iron Trichloride {(c)

Iron Trichloride (¢)

Iron Trichloride (g)
Trichlorosilane (g)

Lithium Chloride, Trimeric (g)
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Filing
Order Table Title
ci,0p Phosphoryl Chloride (g)
ClqP Phosphorus Trichloride (g)
ClqPS Thiophosphoryl Chloride (g)
Clz8i Silicon Trichloride (g}
C1,Ti Titanium Trichloride (c)
Cl,Ti Titanium Trichloride (g)
ClyZr Zirconium Trichloride (c¢)
Cl,Zr Zirconium Trichloride (g)
*Cl1,Co, Cobalt Dichloride, Dimeric (g)
Cl,Fe, Iron Dichloride, Dimeric (g}
Cl,Me, Magnesium Dichloride, Dimeric (g)
Cl,Mo ~ Molybdenum Tetrachloride (c)
Cl, Mo Molybdenum Tetrachloride (§)
Ci Mo Molybdenum Tetrachloride (g)
Cl, oW Tungsten Oxytetrachloride (c¢)
C1,0u Tungsten Oxytetrachloride (¢&)
C1,0u Tungsten Oxytetrachloride (g)
*Cl,Pb Lead Tetrachloride (g)
C1,81 Silicon Tetrachloride (g)
CluTi Titanium Tetrachloride (c)
C1,Ti Titanium Tetrachloride (&)
CL,Ti Titanium Tetrachloride (g)
ClywW Tungsten Tetrachloride (c)
C1,v Tungsten Tetrachloride (g)
Cl,Zr Zirconium Tetrachloride (¢)
Cl,Zr Ziprconium Tetrachloride (g)
ClgMo Molybdenum Pentachloride (¢)
Cl:Mo Molybdenum Pentachloride (§)
ClgMo Molybdenum Pentachloride (g)
Clgp Phosphorus Pentachloride (g)
Cl.W Tungsten Pentachloride (c)
Cl.u Tungsten Pentachloride (#2)
Cl.wW Tungsten Pentachloride (g)
ClgFe, Iron Trichloride, Dimeric (g)
ClgMo Molybdenum Hexachloride (c)
ClgMo Molybdenum Hexachloride (g)
ClcW Tungsten Hexachloride (c, a)
ClgW Tungsten Hexachloride (¢, B)
Clew Tungsten Hexachloride (%)
Clgw Tungsten Hexachloride (g}
Clyg¥, Tungsten Pentachloride, Dimeric (g)
Co Cobalt {(ref., st.)
Co Cobalt (c)
Co Cobalt (£)
Co Cobalt (g)
co’ Cobalt Unipositive Ion (g)
CoF, Cobalt Difluoride (c)
Cof, Cobalt Difluecride (£)
Cor, Cobalt Difluoride (g)
CoF, Cobalt Trifluoride (c)
Co0 Cobalt Monoxide (c)
CoOuS Cobalt Sulfate (c?
Co 40y Tricobalt Tetraoxide (c)
*Crp Chromium (ref. st.)

Filing

Order Table Title
*Cr Chromium (c)
*Cr Chromium (&)
*Cr Chromium (g}
*CrN Chromium Mononitride (c¢)
*CrN Chromium Mononitride (g)
*Cro Chromium Monoxide (g)
*Cro, Chromium Dioxide (gl
*Cro, Chromium Trioxide (g)
*CryN Chromium Subnitride (c)
*Cr,04 Dichromium Trioxide (e)
*Crzo3 Dichromium Trioxide (&)

Cs Cesium (ref. st.)

Cs Cesium (c)

Cs Cesium (&)

Cs Cesium (g)

Cs Cesium Unipositive Ion (g}
CsF Cesium Monofluoride (c¢)
CsF Cesium Monofluoride (2)
CsF Cesium Monofluoride (g)
CsHO Cesium Hydroxide (c¢)

CsHO Cesium Hydroxide (¢)

CsHO Cesium Hydroxide (g)

csto® Cesium Hydroxide Unipositive Ion (g}
Cs0O Cesium Monoxide (g)

Cs, Cesium, Dimeric (g)

Cs,T, Cesium Monofluoride, Dimeric (gl
Cs,H,0, Cesium Hydroxide, Dimeric (g)
Cs,0 Dicesium Monoxide (g)

Cu Copper {(ref. st.)

Cu Coper (¢

Cu Copper (£)

Cu Copper (g)

Cu Copper Unipositive Ion (g)
CuF Copper Monofluoride (c)
CuF Copper Monofluoride (g)
CuF, Copper Difluoride (c)

CuF, Copper Difluoride (&)

Cuf, Copper Difluoride (g)
CuH,0, Copper Dihydroxide (c¢)

Cul Copper Monoxide (c)

Cu0 Copper Monoxide (g)

Cub, s Copper Sulfate (c¢)

Cu, Copper, Diatomic (g)

Cu,0 Dicopper Monoxide (c)

Cu,0 Dicopper Monoxide (&)
Cu,0.S Copper Oxide Sulfate (c)

F Fluorine, Monatomic (g)

N “luorine Uninegative Ion {(g)

FFfe Iron Monofluoride (g)

FH Hydrogen Fluoride (g)
*FHO Hypofluorous Acid (g)

FHO 48 Fluorosul furic Acid (g)
FH,51 Fluorosilane (g)

J. Phys. Chem. Ref. Data, Vol. 4, No. 1, 1975



12 CHASE ET AL

Filing Piling i
Order Table Title Order Table Title
FHg Mercurous Fluoride (g) F,08 Thionyl Fluoride (g)
PI Iodine Monofluoride (g) F,081 Silicon Oxydifluoride (g)
FK Potassium Fluoride (c) F,0T1 Titanium Oxydifluoride (g
FK Potassium Fluoride (&) F,0,8 Sulfuryl Fluoride (g)
FK Potassium Fluoride {(g) F,P Phosphorus Difluoride (g)
FLi Lithium Fluoride (c) *F2Pb Lead Difluoride (c, «)
FLi Lithium Fluoride (§) *F,Pb Lead Difluoride (c, B)
FLi Lithium Fluoride {(g) *F,Pb Lead Difluoride (&)
FLiO Lithium Oxyfluoride (g) *F,Pb Lead Difluoride (g)
Mg Magnesium Monofluoride (g) F,si Silicon Difluoride (g}
FN Nitrogen Monofluoride (g) *F,Sr Strontium Difluoride (¢
FNO Nitrosyl Fluoride (g) *F,Se Strontium Difluoride (§)
FNO, Nitryl Fluoride (g) *F,Sr Strontium Difluoride (g)
FNO, Fluorine Nitrate (g) F,Ti Titanium Difluoride (g)
FNa Sodium Fluoride (c) Fy2r Zirconium Difluoride (c¢)
FNa Sodium Fluoride (8) F,Zr Zirconium Difluoride (¢)
FNa Sodium Fluoride (g) F,2r Zirconium Difluoride (g)
ro Fluorine Monoxide (g} FyFe Iron Trifluoride (c)
FOT1 Titanium Oxyfluoride (g) FsFe Iron Trifluoride (g)
Fo, Moncfluorine Dioxide (g} F HS1 Trifluorosilane (g)
FP Phosphorus Monofluoride (g) Fali, Lithium Fluoride, Trimeric (g)
FPS Phosphorus Thiofluoride (g) FoN Nitrogen Trifluoride (g)

* FPb Lead Monofluoride (g) F,NO Trifluoramine Oxide (g)
F8i Silicon Monofluoride (g) F,0P Phosphoryl Fluoride (g)

* FSp Strontium Monofluoride (g) F,P Phosphorus Trifluoride (g)

* Fsp* Strontium Monofluoride Unipositive F4PS Thiophosphoryl Fluoride (g)

Ton (g) CH Silicon Trifluoride (g)

FTi Titanium Monofluoride (g) F,Ti Titanium Trifluoride o)
W Tungsten Monofluoride (g) FaTi Titanium Trifluoride (g)
FZr Zirconium Monofluoride (gl Fyr Zirconium Trifluoride (c)
F, Fluorine, Diatomic {(ref. st., g) Fyor Zirconium Trifluoride (g)
FpFe Tron Difluoride (c) F Mg, Magnesium Difluoride, Dimeric (g)
F,Fe Iron Difluoride () F,Mo0 Molybdenum Oxytetrafluoride (g)
Ffe Iron Difluoride (g) PN, Tetrafluorohydrazine (g)
FQHK Potassium Bifluoride (c) F, 0w Tungsten Oxytetrafluoride (c)
FoHK Potassium Bifluoride (&) F,ou Tungsten Oxytetrafluoride (L)
FZHZSi Difluorosilane (g) F,owW Tungsten Oxytetrafluoride (g)
FoHe Mercuric Fluoride (c) *F,Pb Lead Tetrafluoride {g)
Follg Mercuric Fluoride (¢) P,S Sulfur Tetrafluoride (g)
FoHg Mercuric Fluoride (g) F,Si Silicon Tetrafluoride (g)
Foltey Hercurous Fluoride (c) F,Ti Titanium Tetrafluoride (c)
sz‘ Potas§§§m(2§fluoride Uninegative F,Ti Titanium Tetrafluoride (g)
FoX, Potassium Fluoride, Dimeric {(g) iuzr i%vcon%um ;ezpaiiuor%je EC;
FoLi” Lithium Difluoride Uninegative Ion (g) FuIP glg?onlum etra ?orl e) g
F,Li, Lithium Fluoride, Dimeric (g} 5 ccine Pentafluoilde fg
FoMg Magnesium Fluoride (c) FoP Phosphorus Penta;luo?lde (g)
F Mg Magnesium Fluoride (£) EGMO Molybéenum Hexafluor%de e
FoMg Magnesium Fluoride (g) ;6:0 2oi?bde:um iixat%zovidf (e
FoN Nitrogen Difluoride (g} Few %En ::e;egixa?ji:pideg(p)
K Pifluorodiazine, cis- (g) FGQ Tungsten H;xaflzoride (J)
F,N, Difluorodiazine, trans- (g) FBI Iodfne deotafl e ¢ ?
FoNa™ Sodium Difluoride Uninegative Ion (g) 7 ptatiuoride tg
F,Na, Sedium Fluoride, Dimeric (g) Fe Tron (ref., st.)
F,0 Oxygen Difluoride (g) Fe Tron (o)

4. Phys. Chem. Ref. Data, Vol. 4, No. 1, 1975
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Filing

Order Table Title

Fe Tron (£)

Fe Iron (g)

FeH, 0, Iron Dihydroxide (c)

FeH,0, Iron Dihydroxide (g)

FeH 0, Iron Trihydroxide (¢)

Fel, Ircen Diicdide (¢)

Fel, Iron Diiodide (&)

Fel, Iron Diiodide (g)

Fey gy70 Wistite (c)

Fe0 Iron Oxide (c)

FeO Iron Oxide (&)

FeQ Iron Oxide (g)

FeO,S Iron Sulfate (c)

Fe,I, Iron Diiodide, Dimeric (g)
Fe,0, Hematite (c)

Fe,iol?S3 Diiron Trisulfate (c)

Fey0, Magnetite (c)
*H Hydrogen, Monatomic (g}

u* Proton (g)

H™ Hydrogen Uninegative Ton (g)
HHg Mercury Monohydride (g)

HI Hydrogen Iodide (g)

HK Potassium Hydride (¢)

HK Potassium Hydride (g}

HKO Potassium Hydroxide (c)

HKO Potassium Hydroxide (&)

HXO Potassium Hydroxide (g)

HKo® Potassium Hydroxide Unipositive

Ion (g)

HLi Lithium Hydride (c)

HLi Lithium Hydride ($§)

HLi Lithium Hydride (g)

HLiO Lithium Hydroxide (c)

HLiO Lithium Hydroxide (¢)

HLiO Lithium Hydroxide (g)

grio® Lithium Hydroxide Unipositive Ton (g)
HMg Magnesium Monohydride (g)
HMgO Magnesium Monohydroxide (g)
HNgO+ Magnesium Monohydroxide Unipositive

Ion (g)

HN Imidogen (g)

HNO Nitroxyl (g}

HNO, Nitrous Acid, cis- (g)

HNO, Nitrous Acid, trans- (g)

HNO 4 Nitric Acid (g)

HNa Sodium Hydride (c¢)

HNa Sodium Hydride (g)

HNa0 Sodium Hydroxide (¢)

HNaOQ Sodium Hydroxide (£}

HNaO Sodium Hydroxide (g)

HNa0 " Sodium Hydroxide Unipositive Jon {(g)
HO Hydroxyl (g)

HO Hydroxyl Unipositive Ion (g)

HO™

Hydroxyl Uninegative Ion (g)

13
Filing
Order Table Title
HO, Hydroperoxyl {g)
HP Phosphorus Monchydride (g)
HPb Lead Monohydr&de (gl
HS Sulfur Monohydride (g)
HSi Silicon Monohydride (g)
nsit Silicon Monohydride Unipositive
Ion (g}
HZr Zirconium Hydride (g)
H, Hydrogen, Diatomic (ref. st.,
H, K0, Potassium Hydroxide, Dimeric (g)
H,Li,0, Lithium Hydroxide, Dimeric (g)
HoMg Magnesium Hydride (c¢)
H,Mg0, Magnesium Dihydroxide (e}
H,Mg0, Magnesium Dihydroxide (g)
H,Mo0, Molybdic Acid (g)
H,N Amidogen (g)
HoN, Diimide (g)
H,Na,0, Sodium Hydroxide, Dimeric (g)
H,0 Water (g)
H,0, Hydrogen Peroxide (g)
H,0,8 Sulfuriec Acid (&)
H,0,5 Sulfuric Acid (g
H,0,W Tungstic Acid (c¢)
H,0,W Tungstic Acid (g)
H,P Phophorus Hydride (g)
H,8 Hydrogen Sulfide (g)
H2Ti Titanium Hydride (¢}
HyN Ammonia (g)
H30+ Hydronium Unipositive Ion (g)
H 0,P Orthophosphoric Acid (c¢)
H,0,P Orthophosphoric Acid (§)
H,P Phosphine (g)
H, IN Ammonium Iodide (c)
Hy N, Hydrazine (8)
H N, Hydrazine (g)
H,Si Silane (g)
Hg Mercury (ref. st.)
Hg Mercury (2)
Hg Mercury, Monatomic (g)
Hgl Mercurous lodide (g}
Hegl, Mercuric Iodide (c¢)
Hgl, Mercuric Iodide (¢)
Hel, Mercuric Icdide (g)
HgO Mercuric Oxide (c)
Hg0 Mercury Monoxide (g)
Hego I, Mercurous Iodide (c)
HgEIQ Mercurous Iodide (%)
*I Todine, Monatomic (g)
IK Potassium Iodide (c}
IK Potassium Iodide (%)
IK Potassium Todide (g)
Li Lithium Iodide (¢)
ILi Lithium Iodide (&)

» J. Phys. Chemn. Ref. Data, Vol. 4, No. 1, 1975
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Filing

Order Table Title
ILi Lithium Todide (g)

INO Nitrosyl Iodide (g)

INa Sodium Iodide (¢)

INa Sodium Iodide (&)

IPb Lead Monciodide (g)

ISr Strontium Monoiodide (g)
ITi Titanium Monoiodide (g)
IZp Zirconium Monciodide (g)
1, Iodine (ref. st.)

1, Iodine (&)

I, Iodine, Diatomic (g)

I,X, Potassium Iodide, Dimeric (g)
I,Li, Lithium Jodide, Dimeric (gl
I,Pb Lead Diiodide (¢)

IZPb Lead Diiodide (#)

I,Pb Lead Diicdide (g

I,5r Strontium Diiodide (c)
I,8r Strontium Diiodide (&)
I,8r Strontium Diiodide (g)
I,7i Titanium Diiodide (c)

I,Ti Titanium Diiodide (g)

1,2r Zirconium Diiodide (e)
IZZP Zirconium Diiodide (8)
I,2r Zirconium Diiodide (g)
I3Ti Titanium Triiodide (c)
I,Ti Titanium Triiodide (g)

I %r Zirconium Triiodide (c¢)
Iq2r . Zirconium Triiodide {(g)
I,Pb Lead Tetraicdide (g)

IuTi Titanium Tetraiodide (c¢)
IuTi Titanium Tetraiodide (&)
1,Ti Titanium Tetraiodide (g}
I,2r Zirconium Tetraiodide (¢)
I,2r Zirconium Tetraiodide (p)
K Potassium (ref. st.)

K Potassium (£)

K Potassium, Monatomic (g}
x* Potassium Unipositive Ion (g)
KO Potassium Monoxide (g)

Ko™ Potassium Monoxide Uninegative Ion (g)
KO, Potassium Superoxide (c¢)
K, Potassium, Diatomic (g)
K,0 Potassium Oxide (c¢)

K,0, Potassium Peroxide (c)
Kzoasi Potassium Metasilicate (c¢)
K203Si Potassium Metasilicate (%)
K,0,8 Potassium Sulfate (c)
K,0,8 Potassium Sulfate (&)

Li Lithium (ref. st.)

Li Lithium (¢)

Li Lithium (&)

Li Lithium, Monatomic {(g)

J. Phys. Chem. Ref. Data, Vol. 4, No. 1, 1975

Filing

Order Table Title

Lit Lithium Unipositive Ion (g}
LiN Lithium Nitride (g}

LiNO Lithium Nitroxide (g)

LiNaQ Lithium Sodium Oxide (g)
Lio Lithium Monoxide (gl

Lio” Lithium Monoxide Uninegative Ion (g)
Li, Lithium, Diatomic (g)

Li 0 Lithium Oxide (c)

Li,0 Lithium Oxide (&)

Li,o0 Lithium Oxide (gl

Li,o, Lithium Peroxide (c)

Li202 Lithium Monoxide, Dimeric {(g)
Li, 0,81  Lithium Metasilicate (c)

Li 0,81 Lithium Metasilicate (#)
Li,0,Ti Lithium Metatitanate (c)
Li,0,Ti Lithium Metatitanate (§£)
Li,0¢Si, Lithium Disilicate (c)
Li,0g8i, Lithium Disilicate (1)

LigN Lithium Nitride (c)

Mg Magnesium (ref. st.)

Mg Magnesium (c)

Mg Magnesium (§)

Mg Magnesium, Monatomic {(g)
Mg+ Magnesium Unipositive Ton (g)
MgN Magnesium Nitride (g)

Mgo Magnesium Oxide (c)

Mg0 Magnesium Oxide {¢)

Mg0 Magnesium Oxide (g)

MgO,Si Magnesium Metasilicate {(c)
Mg0,si Magnesium Metasilicate (&)
Mg0,Ti Magnesium Metatitanate (c)
Mg0,Ti Magnesium Metatitanate (§£)
MgO, 8 Magnesium Sulfate {(c)

Mgo, S Magnesium Sulfate (&)

Mgo, W Magnesium Tungstate (c)

Mg0 Ti, Magnesium Dititanate (c)
MgO Ti, Magnesium Dititanate (£)
MgS Magnesium Sulfide (c)

Mg$ Magnesium Sul fide (g
Mg,0,5i  Magnesium Orthosilicate (c)
Mg,0,81 Magnesium Orthosilicate (&)
Mg,0,Ti Magnesium Orthotitanate (c)
MgZOuTi Magnesium Orthotitanate (&)
Mg,5i Magnesium Silicide (c)
Mg,Si Magnesium Silicide (&)
MgsN, Magnesium Nitride (c)
Mg,04P, Magnesium Orthophosphate (c)
Mgs0,P, Magnesium Orthophosphate (4§)
Mo Molybdenum (ref. st.)

Mo Molybdenum {(c)

Me Molybdenum (¢)

Mo Molybdenum, Monatomic (g)
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Filing

Order Table Title

Mo®* Molybdenum Unipositive Ion {g)

MoO Molybdenum Monoxide (g)

M0, Molybdenum Dioxide (c)

Mo0, Molybdenum Dioxide (g)

Mo0 4 Molybdenum Trioxide (c¢)

Mo0 4 Molybdenum Trioxide (¢}

M0 4 Molybdenum Trioxide (g)

*NO.HGSV Vanadium Subnitride (c)

N Nitrogen, Monatomic (g)

NO Nitric Oxide (g)

NO Nitric Oxide Unipositive Ion (g)

NO, Nitrogen Dioxide (g)

NO,” Nitrogen Dioxide Uninegative Ion (g)

NO4 Nitrogen Trioxide (g)

NP Phosphorous Nitride (g)

NS Sulfur Nitride (g)

NSi Silicon Nitride (g)

NSi2 Disilicon Nitride (g)

NTi Titanium Nitride (c¢)

NTi Titanium Nitride (§)

*NV Vanadium Mononitride (c)

*NV Vanadium Mononitride (g)

NZr Zirconium Nitride (c)

NZr Zirconium Nitride (4£)

NZr Zirconium Nitride (g)

N, Nitrogen (ref. st., g)

N,O Dinitrogen Monoxide (g)

N20+ Dinitrogen Monoxide Unipositive
Ion (g

N,04 Dinitrogen Trioxide (g)

N, Oy Nitrogen Tetroxide (c)

N,0, Dinitrogen Tetroxide (%)

N,0, Nitrogen Tetroxide (g)

N,0O¢ Dinitrogen Pentoxide {g)

N, Azide (g)

Ny, Sisg Silicon Nitride (c, a)

NgP, Triphosphorus Pentanitride (c)

Na Sodium {(ref. st.)

Na Sodium (c)

Na Sodium (&)

Na Sodium Monatomic (g)

Na* Sodium Unipositive Ion (g)

Na0 Sodium Meonoxide (g)

NaO~ Sodium Monoxide Uninegative Ton (g}

NaQ, Sodium Superoxide (¢)

Na, Seodium Diatomic (g)

Na,0 Disodium Monoxide (c)

Na,0 Disodium Monoxide (#£)

Na,0, Disodium Dioxide {(c)

Na20381 Sodium Metasilicate (c)

Na,0,451 Sodium Metasilicate (&)

Na, 0,8 Sodium Sulfate {(c, V)

Na,0,S Sodium Sulfate (c, III)

15

Filing

Order Table Title
Na,0,s Sodium Sulfate (e, I)
Na,0,8 Sodium Sulfate (c, &
Na,0,8 Sodium Sulfate (&)
Na,0,W Sodium Tungstate (c)
Na,0.Si, Sodium Disilicate (c)
Na,0;8i, Socdium Disilicate (¢}
Na,s Sodium Sulfide (c)

Na,$ Sodium Sulfide ()

*Nb Niobium (ref. st.)

*Nb Niobium (e)

*Nb Niobium (£)

*Nb Niobium, Monatomic (g)
*NbQ Niobium Monoxide {a)
*NbO Niobium Monoxide (£)
*NbO Niobium Monoxide (g)
*NbO, Niobium Dioxide (c)
*NbO, Niobium Dioxide (&)
*Nb0, Niobium Dioxide (g)
*Nb,0¢ Diniobium Pentoxide (c)
*Nb, 0, Diniobium Pentoxide (&)
*0 Oxygen, Monatomic (g)

0- Oxygen Uninegative Ton (g)
oP Phosphorus Monoxide (g}
OPb Lead Monoxide (c, Red)
OPb Lead Monoxide (c, Yellow)
OPb Lead Monoxide (£)

OPb Lead Monoxide (g)

0s Sulfur Monoxide (g)

08, Disulfur Monoxide (g)
03i Silicon Monoxide (g
*OSp Strontium Oxide (c)

*QSp Strontium Oxide (4)

*OSr Strontium Oxide (g}

*0Ta Tantalum Monoxide (g)
*QT1 Titanium Monoxide (c, a)
*QTi Titanium Monoxide (¢, B)
*OT1 Titanium Monoxide (¢)
*QTi Titanium Monoxide (g
*0V Vanadium Monoxide (c)
*QVy Vanadium Monoxide (¢§)
*QV Vanadium Monoxide (g)

oW Tungsten Monoxide (g)
0Zr Zirconium Monoxide (g)
0, Oxygen, Diatomic (ref. st., g)
0," Diatomic Oxygen Uninegative Ton (g)
0,P Phosphorus Dioxide (g)
0,Pb Lead Dioxide (c¢)

0,8 Sulfur Dioxide (g)

OQSi Quartz (c)

O?Si Cristobalite (¢, low)
OZSi Cristobalite (¢, high)
OQSi Silicon Dioxide (¢)

0,51 Silicon Dioxide (g)

J. Phys. Chem. Ref. Data, Vol. 4, No. 1, 1975
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Filing
Order Table Title
*0,Ta Tantalum Dioxide (g)
*0,Ti Anatase (c¢)
*0,Ti Rutile (¢)
*OQTi Titanium Dioxide (#£)
*0,Ti Titanium Dioxide (g)
*0,v Vanadium Dioxide (g)
0,¥% Tungsten Dioxide (c¢)
0,W Tungsten Dioxide (g)
0y 4,¥ Tungsten Oxide (¢}
0y gV Tungsten Oxide (c¢)
0, gg¥ Tungsten Oxide (c)
0,2r Zirconium Dioxide (c¢)
0,2r Zirconium Dioxide (&)
0,%r Zirconium Dioxide (g)
0, Ozone (g)
04PbSi Lead Metasilicate (c¢)
048 Sulfur Trioxide (g)
*0,Ti, Dititanium Trioxide (c)
*0,Ti, Dititanium Trioxide (&)
*04V, Divanadium Trioxide (o)
*0,V, Divanadium Trioxide (&)
O4W Tungsten Trioxide (c¢)
04W Tungsten Trioxide (§)
04w Tungsten Trioxide (g)
0,Pb,Si Lead Orthosilicate (c)
0,Pb, Lead Orthoplumbate {(c)
0,8iZr Zirconium Orthoxilicate {(c)
*0,V, Divanadium Tetroxide (c¢)
*0,V, Divanadium Tetroxide (£)
*0cTa, Ditantalum Pentoxide (c¢)
*0.Ta, Ditantalum Pentoxide (&)
*0Ti, Trititanium Pentoxide (c, a)
*0Tig Trititanium Pentoxide (c, )
*OSTi3 Trititanium Pentoxide ()
*0.V, Divanadium Pentoxide (c)
*0.V, Divanadium Pentoxide (%)
OgP, Phosphorus Trioxide, Dimeric (g)
0w, Tungsten Trioxide, Dimeric (g)
*O7Tiq Tetratitanium Heptoxide (c)
*0,Ti Tetratitanium Heptoxide (8)
OgW, Tritungsten Octaoxide (g)
Og¥, Tungsten Trioxide, Trimeric (g)
014Py Phosphorus Pentoxide, Dimeric (e)
01 4Py Phosphorus Pentoxide, Dimeric (g)
044, Tungsten Trioxide, Tetrameric (g)
P Phosphorus (ref. st.)
P Phosphorus (¢, Red, V)
P Phosphorus (c, White)
P Phosphorus (¢£)
P Phosphorus (g}
PS Phosphorus Sulfide (g}
P, Phosphorus, Diatomic {(g)
Py Phosphovrus, Tetratomic {(g)
P.S, Phosphorus Sulfide (c¢)
P,S, Phosphorus Sulfide (&)

J. Phys. Chem, Ref. Data, Vol. 4, No. 1, 1975

CHASE ET AL

Filing

Order Table Title
PS5, Phosphorus Sulfide (g)
Pb Lead (ref. st.)

Pb Lead (¢}

Pb Lead (4}

Pb Lead (g)

*PbS Lead Sulfide (c¢)

*PbS Lead Sulfide (%)

*PbS Lead Sulfide (g)

Pb, Lead, Diatomic (g}

S Sulfur (ref. st.)

S Sul fur (c)

S Sulfur (&)

$ Sulfur, Monatomic (g)
Ssi Silicon Monosulfide (g)
S, Sul fur, Diatomic (g)
5,81 Silicon Disulfide (c¢)
S2Si Silicon Disulfide (&)
Sg Sulfur Octatomic {(g)

Si Silicon (ref. st.)

Si Silicon (c¢)

Si Silicon (£}

Si Silicon, Monatomic (g)
si* Silicon Unipositive Ion (g)
8i, Silicon, Diatomic (g)
Sig Silicon, Triatomic (g)
Sy Strontium (ref. st.)

Sr Strontium (c)

Sr Strontium (&)

Sr Strontium (g)

*Ta Tantalum (ref. st.)

*Ta Tantalum (c)

*Ta Tantalum (§¢)

*Ta Tantalum, Monatomic (g)

Ti Titanium (ref. st.)

Ti Titanium (e, a)

Ti Titanium (e, B)

Ti Titanium (§)

Ti Titanium, Monatomic (g)

Ti Titanium Unipositive Ton {g)

*V Vanadium (ref. st.)

*Y Vanadium (c)

wy Vanadium (&)

*V Vanadium (g)

W Tungsten {(ref. st.)

W Tungsten (c¢)

W Tungsten (&)

W Tungsten, Monatomic (g)
* Tungsten Unipositive Ion (g)

Zr Zirconium (ref. st.)

Zr Zirconium {(c, a)
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Filing

Order Table Title
Zir Zirconium (c, B}

Zr Zirconium {(£)

r Zirconium (gl

Filing

Order Table Title

7p* Zirconium Unipositive Ion (g)
e” Electron Gas {(ref. st.)

J. Phys. Chem. Ref. Duta, Vol. 4, No. 1, 1975
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Barium Monochloride (BaCl)

‘ . .
{ldeal Gas) GFW = 172,795
i lcal/mot
T.°K €p° s° =P~ B ey T H?—H’en AHE AGE lag Kp
2 IR L0350 INFINITE = Zo36L - 33,612 33.612 INFINITE
195 Tosia $2.806 9,305 - 1.650 - 33.¢55 25,863 78,374
200 8521 58.365 024379 - .43 - 33,819 38,008 41,333
248 &, 708 614790 61,750 L900 - 39,006 %0,02¢ 29.349
300 8,712 61,844 61,790 a6 - 36,304 LRSI 29,180
493 2,937 64,370 62.136 8% - 34,2062 224049 22,975
560 8.904 650349 62,780 1.702 = s4,il3 “3.94d 19,210
500 8,948 670477 63,520 o674 - 35,36C %3733 16,058
700 3.979 890355 64,257 30571 - 3%.81% %7,424 14,808
6ul 9.025 10. 555 £4.572 4670 - 36,393 49,947 13,398
EDB 9.026 71.621 55,653 5.372 - 36.86% 52, 55 12,287
1000 5. 045 72,513 66,2%8 60215 - 37.34n 52,100 11,338
1100 9.063 73.636 66, 408 Tolsl - 3.2 53,356 1v.80
1290 5. 031 T4, 225 s?.ads d4.08% - 40.3%50 54,562 9.937
1390 9.059 14,953 65,032 8,957 -~ 40,844 55,725 9.31068
Lavo 9,119 75,628 AB.551 3.908 - 41.3%3 Su.B51 €.875
1500 SelaZ 164256 69, 44 19,821 - 4l.Ra? 57541 ey
1640 3,105 Te, 849 69,514 11,735 - 42,292 54.000 8,05
1700 5,201 17,436 £5. 962 12,855 - 42,750 63,330 7,717
1820 9.238 17,953 10,350 L3.5¢7 - 43,706 51,023 7,410
1563 9. 282 T8, 433 TC. 800 14,502 - 43.0af 62,010 7.133
2000 9.332 Td.911 1.15% 15,433 - 440135 62.96% 5,680
2100 5.39¢ 19,367 T1.372 164365 - +&.L15 63,894 5,650
2290 §.454 Ty, 808 71.937 1Te3il - lo.4oS 03,51 6.316
2300 90526 89,227 72,288 18,260 - Yo.Ton £2.859 5,970
24900 G.004 8C. 634 12,827 19.217 - 75.1%3 62,191 5,663
2530 LT dleddo 72 2¢.181 - 79.%80 81,676 5. 374
2600 5.117 bladly Zlelse - Bdaubo 63,142 5.106
2700 9,472 AL 781 224137 - wd.se? Syl 45U 4. 856
2800 5.970 A2.tél 2s.12s - Bl.olzv 55.218 4,622
990 10,072 820452 Zas 131 - Bla7i% 55,425 “.603
3000 10eir7 #2.436 25,143 - A2.366 XTI 4olyl
2100 83,172 260166 - 33,034 b6, 779 4auuld
3200 83,500 .20 - 83,726 55,917 3,819
3300 B3ed21 ¢da24% - Be.e37 55,338 3,645
3490 84,136 250308 - Ha.163 54,135 3,560
3500 84,445 300360 - 35,898 53,212 3.323
3630 19,826 84,749 T6.014 Il.464 - B3 52,266 3.173
3750 19.929 65,067 76,255 32.931 - 8t.377 51,302 30430
3800 11,033 #5.340 76,450 33,629 -+ 38,131% 5¢.318 2.894
3960 IL.134 BY.608 76,120 34,738 - BB, 44 496313 2.763
4000 11.233 85,511 Ta. b6l 35,856 = 89,566 . <8,290 20638
4100 11.329 86,169 771,169 36.984 - %0.779 47,25¢ 2,519
%200 tlo421 86,403 17,387 380122 - 90.974 “a. 193 2,606
4300 12511 56,733 77.6C1 35,268 = 91.€5% 43,119 2.293
46060 Lie597 86,995 11,812 40 424 - 92,322 44,026 2,187
4530 11,680 87,200 18, €19 “l.5by - 92,579 42,973 2.085
4660 11,7599 87,518 18,222 424759 - 93,41l «l.503 1.986
4730 11.834 67,172 Ta.423 43,938 - 9%,230 “0.670 .44
4 BuO 1l.906 88,022 To.02v 45,126 - S4.834 35929 L300
. 4900 1.975 88.268 78,315 46,4320 - 35,420 38,365 1.711
BOuu 12,040 .88,.510 79,208 47,521 = $2.549% 37,146 1.626
5100 12,101 8y, 145 79165 43,728 - 96,553 35014 1.5%3
5200 120159 83,985 79.381 45,6l - 97,048 14.821 L.kod
5300 12.213 89,217 79,564 St1.160 - 97,626 33,619 .38
5430 12,264 85, 44e P90 145 32,564 - 98.14] 32,406 1.312
5500 12502 By a7l 74.923 53.613 - yu.é4d 31,143 1.239
5630 120357 b9, aYe 22,160 b4, 846 - ¥9.lal 294954 L.1oY
5700 124399 90.113 RG.273 56,084 - Iu.fls 2u. 116 1.10
5800 12,438 50,326 60,665 370326 - 103,088 27,4065 1,035
5900 12.474 490,542 av.sls S0 571 - L0T.54d 264211 .97
6Us0 12,507 0. 75 20.7d1 59,620 - 100.5%d 24,940 .909
Dec. 33, 1972

BARIUM MONCCHLORIDE (BaCi) {IDEAL GAS) GFW = 172.793 BaCi
sround State Configuration 2° wff = -33.6 ¢ 3 kesl/mol
- = - 1 pi AHF® R kY Pear
5298A~5 = 61.73 = 0.1 gibbs/mel AHA?BB,IS Ju.0 * 3 kcal/mol

Elecironic Levels and Quantum Weights

g, em

% 45t 5.0 2 o % 254710
Al 103511 2 £ 2 27084 .5

10995.3 2 r Y 29483.6
B 1};' 11880, 0 2 & 22 32511 .4

2

c“n 19062.9 2

18450.1 2
wy = 2770y emt g%, = 0.88 cnt 51
5, = (0.98518 + 9,003 fon™" a, = 10.00035 Jen ™t r, = 12.65 £ 0.053 A

is basad mainly on two sets of gas-phase equilibria measurad mass spectrometrically by Hildenbrand (1) and, to a lesser
extent, on the analogous data of Potter et al. {2), Analyses of the mass-spectrometric data {1-3) are summarized below. The
results from Potter et al, (2} and Zmbov {3) are less negative by about % kcal/mol, suggesting the approximate uncertainty in AHE®
From the adopted ¢H{® we derive ‘Ja = 106.% « 3 keal/sol. Independent metheds yield 06 103 ¢ 5 (&), >110 (5}, 106.8 « 2 (B)
and 105 @ 6 keal/mol (B).

Electron-impact data (4) gave Dé(ClBa—Cl) = 115.8 + 3.3 kcal/mol and we use Ml;,o_n(BdCl7) = 219 ¢ 4 kcsl/mol to derive

D% = 103 = b keal/mol. Chemiluminessence from crossed beams of Ba atoms with Cl, gave an approximate lower limit te Dy of 110
keal/mol (5}. Flame studies {6} gave DB T 166.8 * 2 kcal/mol and D5(ClBa—Cl) = 114+ 45 we derive Da = 105 2 § kecal/mol from the

latter value using ““;’om(mclz) = 219 kcal/mol. Ryabova (6) considered the flames to involve BdCl?, BaOHCL, and BaQH as well as
BaCi. Schofield and Sugden (7)) inferred that the flames involved mainly BdC".Z rather than BaCl as assumed in earlier flame
studies. Gayden {8) discounted the values derived from electronic spectra, but Hildenbrand (1) showed that lonicity corrections

bring the Birge-~3poner extrapolation into reascnable agreement with D5

. S Slir"(296.15 K), keal/mol 5@ GUF* (298,15 K) e

Sourge ieagrion qange i, K 2nd_law 3rd_lew gibbs/mol kcal/mol o
(1) Hildenbrand (1970} A 1234-1380 5.7620.0 -2.522.7 -33.52¢2.2 107.2
(2) Porter (1870 A 1567-1702 13.3421.0 -0.2:3.3 ~31.53:2.2 103.8
2) zmdov (1969)° A 9741052 .3 5.9:9.3 -30.2622.2 102.7
(1) tiildenbrand (1970) B 1234-1380 -2.213.9 -34.79:2.5 106.7
(2) Porter (13970} B 15071702 -5.0sH.5 -29.78+2.8 10z.2

% 85 = aSr®(znd Law) - 4Sr°(3rd law).
P Reactions: (A) Balg) ¢ BaCl,(g) = 2BaCligl; (¥) Balg) + AlCL(p) : BaClig) * Allg).

© Jata given in Tadle 7 (1) are assumed to e 10° x Kp insteac of 10° x xp.

_and_Eptropy

tlectronic levels and vibrational constants are taken from the peview of Rosen {$). The level at 10351.1 emd is T,
rather than Te. Vibrational censtants are adjusted [or naturai lsotopic abundances, Bo is calculated from To which is
ostimated by compavison of the bond lengtns of MX,{MsMg, Ca, 5r, Ba and X=F, C1) with those of MyCl, CaCl and

ME (s

Mg, Ca, Sr, Ba). The value of u_ is estimated from the orse potential function.

sef
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4. ». L. Hildenbrand, Int, J. Mass Spectrom, Ion Phys. 4, 75 (1970).
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Barium Dichioride (HaClp}

(Crystal)

= 208

.246

Dec. 31, 1972

b keal/s 1]

T.'K [ § (G ~H2alT  H—~Homn AHP aGE 1oz Kp
Q <000 =000 INFINITE - A.wNs - 235,347 - 23b.34d INF RN HE
o0 13.61% 11.794 44, 136 = .24 - 205,730 - 231.600 440 .5%
200 16.978 22,569 31.172 - 1. 741 - 23%. 511 LR S PR P 215,845
298 17.959 29557 29.9517 DIV - £05.202 - ivi.elz 141,386
EN T 17912 29 6068 29,937 PRER] - 20%. 1494 - 193,639 1641.038
400 18.482 36,914 H.2e9 1.824 - 225,921 - 189,781 163,692
560 1B.a67 39, JTY 3la&29 3. 825 - 206,819 - kB .ui2 Bl .308
Blels] 19,222 w24 54617 33.167 S.02U - IB LG = 132.241 toe 38l
k) 19,654 45,542 340 120 7.471 - 2.7V ~ L18.%81 55.724
843 274148 “8.l49 36,247 F,461 - dJ4. 687 - 1T4. 736 T, 735
Yyag 20, 104 52502 T e 1l1.6903 - EdbabAg = L71.303 41.52%
1900 21.3d4 $2.311 G112 13. 706 - 206,17 - 167.303 3. 564
224354 400453 13,889 - 2ud L8211 ~ db3.838 324472

7 41,745 . 29448,

2% TTTEINRLY T £255

29.600 Ghe 345 Ll 12% 28. 188 = 199,152 - 23.857
294600 66.8%2 L8 .09 3loidd - 198,037 - 149.552 2l 790

1000 25 60 HB8. 802 47,457 4. 088 - 196900 ~ 1%e,357 19,991
1700 2H.600 To.596 48403 37,4449 - 195,777 - 1e3.230 18,414
Ldug 24,000 72.286 50, 361 wde 008 - i94.85] - Lad.173 .00y
1930 2%.600 73.4989 51274 “4Z. 508 = 1930532 - 137.112% 1s.729
FONN] 220 /00 15.407 52.45%3 43,924 - 192,430 - L3%.239 t4coby

BARTU DIGHLORIDE (BaCl,) (CRYSTAL) oy = 208.2u5 BaCl P
HEG = -205.35 + 2 {or :0.6) keal/mo}
S;SS.IS = 28,557 = 0.03 pibbs/mol Ulflgg 15 ° ~205.2 = 3 (or 20.6) keal/mol
Tro= 1198 @ 1 K LIT® = 4.0k & 0.05 keal/mol

Tm o= 1235 = 1 K

= 3.822 : 0.08 keal/mol
uils ) = 86.0 x 1.5 xeal/mol

of Fermation

LHE® is from UBS Technical lote 270-8 {1) and its selection was discussed in detail by Parker {2}. ‘Ihe adopted
o n C c i 5 1

soln of Bale) and Dal.lTKL) in IICL €550 5,73).

(S, B) ave in good ageecment (2), but a rccent study by Vorob'ev et al. {7)

value wasz derived by Lhelich et al. (3) from their measurements of H

tarlier solution data for Ba {(4) and Batl

2
of Ba in JICL (240 and 400 II,‘,O) yields uHif® = -201.8 kcal/mol. The deviation (+#3.4 kcal/mol) {rom the adopted value is
confirmed by direct measurements (7) of .Uf® and ;Hsolr of Ball,(c), yielding -202.1 keal/mol for Ba‘:l,z(c). ALl authors

reported 4ifficulties in obtaining or malintaining Ba and Ball, free of impuritics; this provides cenceiveble reasons for

blas in either of the opposing results. Ye assign an unccrtginty of =3 kcal/mol to include the possibility that
Vored'ev et al. (7) are correct but add an alternative of 0.6 kcal/mel if their data are biased,

Parker (2) rejected LIf® = -219.3 kcal/mol obtained by Siemonsen (8) by direct chlorination and SIf® = -212.0 kcal/mod
which would result from Bal(e) based on ilah's direct combuztion (9). Parker ncted that these more negative values are
incompatible with data for Ba021 Ba(Oil)2 and ‘.‘dCGJ. They are also incompatible with calorimetric data for Ba\;l,‘! noted above

and equilibriuw data as discussed on the tabl

for BaCl,(¢ and g).

Heat Capacity and Intropy

Cp® is based on adiabatic calovis

5%(6 Ky = ©.

try (6-346 K) of Goodman and Hestrum (L0). ©° is caleulated from Cp° using

gidbbs/mol. Cp® above 300 ¥ is from constrained firting of cnthalpy data (3u0-1137 X for a-phase and

phase) measured in an ice calorimeter by Gardner and Taylor (11). The sample studied at high
temperatures was a portion of that used at lew Temperatures. Deviations of the I data {11) from the adopred values are
r 0o Y

<0.1% for most peints but show a maximun for two paints ne

Other enthalpy studies include thosc of Dworkin and Bredig (12), Janz et al. (:3) end Gant (1), Deviations from
the adopted values are about #2% for the swooth values (+1100-2230 X) of (12), *1.3 to +2.9% for the equations {892-1235 X}
of (13), and -1.7 to *6.7% for %I data (V0E-1230 K} of {

to obtain Cp° values which deviate by +4 to +3% (4u3-973

i}. Popov and Gal'chenke (15} used a continuous heating wethod

tion Datg

Tt = 1138 X is.from the enthalpy study of Gardner and Taylor (11). Other cnthalpy studies gave 1193 (12) and
gave 1199 (16) and 1197 ¥ (17>, oe*
enthalpy data (11}, Published values include 4.0t (11), %.10 (12) and 4.15 = 0.16 (13).

1198 K (13), vhile thermal analy

calculated from our adopted fits of the

lielting Data - see BﬂClz(i).
leat of Sublimation - sce BaCl,(g).
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Barium Dicnloride {(Ballp)

S .
(Liquid) GFYW = 208,246
’-“ keal) ]
T.K co* § (G -Hma T W~ Hoem aHF AGe Lo Kp
bl
100G
209
298 17.959 34,302 35,3062 PHUT - lvb. 964 - i8d, 8% 138,432
302 17.772 Fa.h13 34e 302 2U33 - 19B.%%3 = 183,758 137.532
400 18.4d2 39.659 35.314 1.858 - 196.&68% -~ 165, 443 101, 322
520 18.847 43,823 364373 ie725 - 143,584 -~ 182,144 75.617
600 19.222 “7.232 37412 5628 - 19d.£5% - 178,852 b5. 141
0 1Jat5% 53,287 39,471 Tau Tl - 198,501 ~ 11%.567 Q4.6 la
BGO ENTSEY:) 52,963 “0.v92 9. 561 - 198,432 -~ A72.2%6 46T.069
500 26900y S5.005 42993 12a.1lel - 157,654 -~ 169,072 4l.052
1200 26.000 5d. 744 &3 g4 L4 7oL - 146,483 ~ 165.939 38,260
fLlog 26,030 Bia223 45540 17.3¢1 ~ i%8alis4 - [&2.0ub 32.323
1202 .26 63,485 SEs 831 19.981 - l9i.auh - 155.396 29,048
1300 26, 65, 22, i
1400 26,020 Gl 093 2%.10l - L95.%24 ~ 1%5.294 23.930
1500 26.000 65.287 28, 16} = 1Y% Bb4 - 150.216 21.8%5
1600 26,200 70,965 51,489 30,361 ~ 19%. 393 - 147,309 2C.tk2t
1790 26.000 12,541 53,152 32.9¢1 - 193,629 - 19%, 568 Tuo562
18uQ 26.0J0 T4a027 56,271 35.561 - 1¥Z2.861 - 14k.5%14 i7.182
1Nace 26.300 T5.433 55, 468 38,1 &1 - 192,105 - 138.4669 15.952
2000 25 2300 T6.766 56. 386 “wle 761 - 19l.282 - 135,889 the 869
2140 26.000 T8 045 57,387 - 170635 - 1330134 13.85%
2200 26,300 79,244 5d. 353 - 223%.28¢ - 1z.433
3 E 59.23]. S 222e5lu - 11,37}
v 6Ca 150 2 - 241895 - 10694927
2530 284000 32558 LR -1 53,761 - 2Z2uelHd - ti6. 518 laeias
2600 26.030 Bi.56¢ &1.912 Sha 3t = 22Ul 15% - 112.358 Geahh
2100 26,030 de.50Y H2.737 53«61 - 21%9.527 - lud.zl% da 784
2300 26..330 85,314 E Gl. 261 = 2id.962 - 104%.114 det20
2994 Zo .00 Gb.427 b LETRETY - 213.%11 - 100.3922 7.538
3Ju0 2heJ30 al.308 AG.20n tosdol - 21,923 - F2a96F 64990

BARIUIY DICHLORIDE (Ba‘:lz) {LIQUID}

= 34,302 glbbs/mol

. S298.15
Tm o= 1235 2 1 K
o= 23013 K

Ueat of Formation

Slif® is calculated from that of the crysta
crystel and liguid.
for Ca(t) + BaCly(4) + Ba(2) + CaCl,(e).

.
“‘”2
Qim*

Mly®

Fi = 208.246
98,18 = -198.964 kcal/mol
= 3,822 & 0.08 kcal/mwel

< 58.8C kcal/mol

14

by addition of 4lm® and the difference in (Ij,ic- USgo () between
Independent values of dllf® for liquid (and crystal) may be derived from ecquilidrium data (1, 2)

Our third-law analysis is summarized below; it shows that the data of

Feschotte-Ostertag (1) are consistent with the adopted 3If°(e) = -205.2 keal/mol from Ehrlich et al. (ef. BaCl,, ),
while the data of Peterson and liinkebein (2) are more consistent with the alternative &lif *{c) = -201.8 kcal/mol from
Vorob'ev et al. Both are incompativle with &llf°(e) = -21%.3 from direct chlorination and ZHf°(e) = -212.0 derived from
fah's clic value for Glf° of BaClc).
3rd Law
5% Ar®(298.15 K) &lf*(2) A€ (c)
Source Remarks Range ¥ gibbs/mol keal/mol
(1) Feschottc-Ostartag Teasurerent 1273 13.2852.6 -198,3:2  -204
(1) Feschotre-Ostertag via src1, 1273 14.12:1.8 -298.122 -205.4
(2) Peterson Direct measurement 1173-1223 -2.5:8.1  11.57:0.6 -196.5:1 -202
A fe L e @ 5 P
§5 = aSr® (2nd law) - &8r° (3rd law).

Heat Capacity and Entropy

The constant Cp® of 26.0 gibbs/mol is based on enthalpy data (1238-1387 X) measured in an
Smoothed enthalpies of Dworkin and

s than

and Taylor (3). Deviations of the data from the adopted fit are all i

Bredig (4) deviate by +1.2% and those of Janz et al. (§) by +2.7 to 2.1%,

Cp® is taken cqual to that of the crystal from 298 to 800 K, the assumed glass transition. G5°

analogous to that of JHf°.

delting Data

Im is from the enthalpy study of Gardner and Taylor (3).

(5, §) from enthalpy studies and 123 (7) and 1235
the adopted enthalpy fits for liguid and j-phascs.
Vaporization Data

Tb is calculated as the temperature at which Gr® = C for Ed:lQ(E) -

corresponding ciir®.
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Some other reported values include 1233 (4)

is calculated

ilim® is obtained from the d
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ice calerimeter by Gardner

in a manner

ifference in
.22 (5) keal/mol.
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aiv® is calculated as the
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Barium Dichloride (Baliz)
~ 5
(Ideal Gas) GFY = 208.2486
& kealjmot

T, K cp° S (- H T HHo AHP AGE Log Kp
2 2000 2000 INFINITE - 2,506 =~ 1180660 118,860  INFIRITE
100 1.278 64,124 89,352 - 1204062 262, 3%4
292 12,918 12,557 79,081 - 121,098 132,330
298 13,422 11,826 17.426 122 ub4 39,615
fs 13,428 77,909 17,826 065 - 119,202 122,061 88,936
400 13,630 81,433 Ta, 155 1.37%9 - 119,400 123016 57,2313
200 13. 728 B4, A50 79, 361 2.747 - 119,197 123,67y S4.l4l
650 13.742 $7.366 80,492 %0123 - 1204395 1240636 “5.359
0 13 8k6 89,492 81,030 5.503 - 120.80% 125.416 19,125
[ 13,838 9l.330 82,1720 &oBze -~ 1210342 123,921 34,400
ul 13,453 92,969 83,713 3,271 -~ 121.780 126,465 30, 710
Lo 13,864 B4 429 B4, 772 .65 - 122.223 126.963 21,748
1360 13.872 95,751 85,711 11,043 = 124.067 127,220 25,276
1200 13.874 56,958 86, 559 12,431 - 125.163 127,429 23.c08
1390 13,833 98,069 87,439 13.819 - 125,649 127,558 21451
1600 13,846 99, 098 88.23% 15.207 - 126,113 127,731 19,940
1599 13,359  100.05¢ 88,992 16598 - 126,564 127.831 18,0625
1600 13,492 1004953 &9, 712 17,985 - 127.00% 1¢7.501 17,670
1700 13.894  1U1.795 90,298 19374 - 127.451 127,542 16,448
1840 13,896 102,589 9L.054 20, 70%  ~ 127.395 127,959 15,516
1990 13.897 103,340 S1, 681 22,154 - 1284347 127,948 16,717
2000 13.898  106.0%) 92.282 23.543 - 128.815 127,316 13,478
2ley 13,900 10%. 133 52,858 24.933 - 129.298 127,860 13.307
105,378 - 163,159 1264556 12,512
105 596 93 265881 . 11,366

; 166,548 2195 11.21
2500 13.903  107.15% 30,494 i21.489 L. 621
2600 13,903 1G7.7Cu 45,437 3L.84 -~ 164.87) 119. 764 16.067
2700 13,904  108.225 954901 33,276~ L6%.446 118.018 9,533
2800 12,904 108, 731 S8. 150 36,665 - 166,073 1160250 9,074
2900 13,905 199.219 56,786 36,055 - 15607152 114,459 4, 626
3000 13905 109690 97.208 ITakad - 167,478 112.04% 4,206
3100 134905 110.146 S7.618 38,836 - 168,248 110,804 1.812
3200 13,906 110588 LENTE 4U.227 - 169.05% 108.939 7,460
3300 13.906  111.015 SE,4Ch 41617 - 169,852 107,046 7.089
340u 13.906  1li.s31 98,1l 43,008 -~ 170.756 105.129 6. 758
3500 13,906 111,434 99,148 44,399 - 171,642 1030184 6.443
35600 13,907 112.225 99,506 45,785 -~ 172,544 i61.217 6, 145
3T00 13,907 112606 9%, 855 41,180 - 171.456 99,223 TS
3800 13.907 112,977 190s15¢ 48,571 - 174,382 97206 54 5%
3900 13,907 113,339 100.528 9.901 - 175,311 9he1e2 50333
“03 13,907  113e0%l 160l 653 51,352 - 176,242 93,095 5086
410¢ 13,907 114,034 101,170 52,743 - 1174171 91.000 DTS
“200 13.936 114.389 101,480 564,133 - [Td.130 35,89« 4526
300 13,508 114.696 101,784 55,524 - 113:C23 86,760 4,410
5400 13.508  115.0i6 102,081 56,915 - 179.940 84.599 4,200
«500 13,908 11%.329  10z.372 58.3C6 - 180.B32 82.425 4.903
4600 13,908 11S.034 102,657 59,657 - 181.75% 86.227 3.4812
«730 13,508 115,934 102.336 61,087 - 132,852 78,009 3627
4800 13,308 116,220 103.240 524675 - 193,540 15,775 3450
4304 13.%048 116.513 iCdeals &3, 465 - 134.420 73.519 3,279
5000 13,908 116.794  103.742 65,260 - 185.291 T1.249 Acilé
5100 13,908 117.07C  1Ce.lil 66,651 - isb.lb} 68,957 2.955
52un 13.90e  117.340  106.25% 63,341 - 187.00% 664 650 280
5400 13,406 117.605 104,504 69,432 - 187,855 544330 2,451
5490 13,909  11F7.kb6% 104,746 7C. 523 - 184453 61,990 2,509
5503 13,509 118.120 106,990 72.21¢ - 189,524 59,634 2.37¢
5600 13,309 118.370 165,227 73,605 - 190.348 57.268 2,235
5704 13,909 18,617 105.4%9 76,996 - L9i.l66 54 BH7 2,104
5420 13,409 18,438 105,688 16,387 - 191,975 5244435 1.978
5900 13,939 119,096  105.514 71777 - 192.782 50,076 10455
L0060 PI9. 330 106.135 TI.16d - 193,580 47,048 1,736

Dec. 31, 1872

BARIUM DICHLORIVDE (aac12>

Heat of Formati

~
(IIEAL GAS) GFW = 2DB.245 Ball 2
Point Group sz ” ngE = -112.86 = & (or +1,6) keal/mol

S23g,1s ® 77.848 2 1.2 gibbs/mol MfSge 35 = ~119.2 8 (or :1.8) keal/mol

Ground Ytate Guantum Weight = 1

¥Yiprational Freguencies and Degeneracies
1

- - -1
s, emt cn @ 80

Ba ol we gl

255 (1) 136) (1) 265 (1)

Bond Distance: Ba-Cl = 2.82 + 0.03 A
Bond Angle: (1-Ba-Cl = (100" = 207} g7 2

Produst of the Moments of fnertla: 1,1,T. = 11.278 x 107H1% g¥ca

aHf(298.15 X) is calcelated from adf*(e) by addition of ails® = 86.0 ¢ 1.5 kcal/mol derived from third-law analysis of
the vapor-pressure eguation of tiildenbrand et al. (1, 2). The equation (1) summarized five torsion-effusion runs (83 total
points) and is redsonably consistent with five boiling pressures in the mmilgy range measured by Novikov (3). Other vapor pressure
data (8-8) reviewed below are considered less reliable. aHf°(g) is assizned alterpative uncertainties te reflect the
discrepancies in aHf®{c). Iquilibria derived from flame studies (?) yield aHF"(g) = -119.1 = 3 and &Hf®(¢) = -205.1 + 3 kcal/mol,
which confiri the adopted values by an independent path. lass spectra (83 at 1220 K showed that the satorated vapor consists
predominantly of BaCl, with considerably less than 1% of dimer.
No. of &HS® (293,315 X), kcalsmol 5s?
Source Method ___ Poinrs  Range T, K 2nd Law  drd Lew gibbs/mol
(i, 2) dildenbrand (1365) §3® 12351600 85.1 §6.01 ~0.7
(3) Novikov (1954) 5 1588-1710 75 .5ei 2 86,30t0.7 -6.4e2.5
(%) Van Westenburg (19643 3 12uk-1277 78.5:1.8 85,3 20,7 ~5.421.3
(3) von Wartenbury (1922) Boiling point 1 1819 »81
(8) Haier (1925) Statie 4 1343-2487 85,5:3.8 76.6:0.7 6.1:2.7
(7) Sehofield (1971) Flame Kp© 8 21342535 - 9.5:8.7° ~13.522.8° 1.7¢3.7
2 88 = 3% (2nd Law) - A5 (3rd Law). © Pressures obtained from an equation summarizing § runs (23 total points).
c

siir® for Balg) *+ 2 KCL(g) » BaCl,(g) + 2 H(g) ylelds allf’(298.15 X) = 113.1 = 1 keal/mol

ctra of molecules in

Vibrations vy and v, are the values guoted by Hildendrand (3) and derived from IR s

7
matrix isolation (10). The bending mode was not observed; its value was calculated (10) from force-constant correlations as

desc
and
poss

or 2

15)

ribed for BaF, (11). Hastie et al. (17) assigned the bending mode to a band which they observed at 51 em™* in argon
§2 cm™" in necn. This value would reduce §° by about 1.0 gibbs/mel; our assigned uncertainty includes this

ibility., Agreement is better for v, = 255 (g, 10) or 262 em”} (12, in He) and for vy T 28525 (13, gas), 260 (9, 10)

58 em™t

(iZ, in Ne). We adopt the pas-phase value (13) for v
Bond length is from gas-phase electroa diffraction (1) which also gave the bond angle 180° = 40", Later studies

of electric and magnetic deflection of molecular beams revealed a permanent electric dipole moment and suggested a

bond angle of the order of roughly 120°, Hastie et al. (12) estimated an angle of 120° & 10° from relative intensities of v,

and
95.4
95°
I, =

Vy. The matrix spectra (3, 10) were first interpreted to give an angle of 120° but reanalysis by Hemple (1D) gave the angle

°, estimated from the three fundamentals. We adopt 10C° ¢ 20° and pote That S° changes by only 0.2 gibbs/mol in the range
te 120°., The singlet ground state is based on magnetic deflection data {i52. Principal moments of inertia are
25,513 % 1077, 1. = 5w gu & 107°% ana 1 = 8046 x 10779 g om,
ces
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BARTUM MONOFLUDRIDE (BaF) {IDEAL GAS) Grw = 1s6.338%  Baf
Ground State Configuration 22 SHER = -76.5 = 2.0 kcal/mol
N _ . . . .
$39g.15 ° 58.82 ¢ 0.05 gihbs/mol Bif3gy 15 ¥ ~77.0 ¢ 2.0 keal/mol
X . Electronic Levels and Quantum Weights
Barium Monofluoride (BaF) 2  Veights N
State e Al LY State £5, °m g5
. 5% State A 4
X “z 0 2 D “x 4156.8 2
(ldeal Gas) GFW = 156,3384 2 :, 24156
- ATy 11646.8 2 D' ‘¢ 26222.3 H
2.+
wealjmol A tu,,, 12278.2 2 £ 28139.7 2
i 2. F‘z 29411.3 2
T, K cp° § (G -Howe)T  H'~Hciss AHP AGP Log Kp Bk 14062.5 2 G 2z* 31451.9 2
o 000 L000 INFINITE - 2,233 = 76,826 - 76,526  INEINITE cn 19998.2 2 w2t 11582.0 2
100 7.068 S0, 4B2 85.346 - 1.536 - 76.583 - 78.782 172177 20197.2 2
200 7.808 55,602 $9,560 =~ 4763 - 76.798 - 80.895 58.398
. 58,823 . .0 - T - . 864 604 74 - -
298 8.305 2.82 58.823 00 00 82 1 g T 488.3 em 1 ogxg * 1.78 en 1 o1
300 8.312 58, 474 58, 823 Lol - TP.004 - .900 60,393 3, = 0.216% em™t a = {0.00112) em™t ro=2.152 A
400 8,571 61.305 59,153 881 - T7.265 -~ H4.830 46,349 . . E R L] e
500 8.7l 63.235 55, 783 1,726 - T7.716 -~ B6.674 37.885 Heat of Torwation
o 2 495 2.602 8.3 88. 403 32.201 AHf is obrained from a third law anslysis of Kp data for three gaseous dissociation equilibria. The Kp data were derived
s 8. 64,83 604 B - L3600 - . . . -
7gg 8. Biz 66, 194 61,214 3.486 - 18.814 — 90.044 28.113 from observations made on the condensed phase systems Baf, - B (1) and BaF, - Al {2} by the mass spectrometpic-Knudsen effusion
80g 8.907 67.381 61,913 4,315 = 79.3%2 - 91.607 25.026 method, Results of a second and third law analysis of these data are given below. Also included delow are results derived from
900 8.940 68,432 62,580 5.267 - 19.8T1 - 93.i04 22. 609 R . X X R
1006 B.967 69,375 63,213 6.162 =~ B0.352 - 94,550 20.86% two mass spectrowetric studies {2, 3) of the heterogeneous reaction (D), and a value for the heat of dissociation of BaF which
was determined from spectrophotometric studies (5, §) of reaction equilibria in H,-0,~l, flames,
1100 8.989 70,231 63,813 7,060 - 82,834 - 95.750 19.024 — = 277272 .
1200 9.009 71.0L4 64, 360 7.960 - 83.373 - 96.900 17.648 Afirygq, kealimol Drift GHES g (BaF, g)
1300 9.027 71736 64,919 8,882 ~ B3.889 - 93.008 16.476 Investigator Reaction Range, K Points Znd Law 3rd Law ey kecal/mol
100 9. 044 72,405 65,430 9,785 - B4.387 - 99.07% 15,468 . N - S S SE A e SR
1500 2.062 73.030 65,916 10,671 - 84.871 - 100-105 14.585 Hildenbrand (1) A 1418-1512 8 - 1.0 ~6.6:0.5 -3.822.2 -78.081.5
Hildenbrand (1) B 1418-1532 [ 8.5 3.581.1  -3.525.7 -77.3£3.6
1600 9.081 73,615 66,379 11578 - 85,347 - 101,106 13,810
1700 9.102 74,187 68,0821 12.487 - 85,819 -~ 102,076 13.123 Ehlert et al. {2) c 1175-1255 g2 26,0 23.0:0.2  ~2.5:0.9 ~75.6+3.0
1800 9.125 74.687 87,244 13,398 - 86.292 ~ 103.019 12.508 =
1900 9.152 75,181 67,649 144312 - 86,770 - 103.935 11.955 Ehlert et al. (2) b 1175-1255 8 -118.8 -96,%21.1  18.4:3.8 ~74.,922,7
9. 75.652 68,037 15.229 - 87,259 ~ 104.826 11,455
2000 183 i Znbov and Hargrave (3) » u28 1038 -71.3:3.0
2100 9.218 76,101 68,411 16149 - B7.762 - 105,693 11,000
2200 9,259 76,530 €8.770 17,073~ 121.637 ~ 105.308 10,461 Gurvich and Ryabova (4, 5> E 14526 -83.3:8.0
2300 9.305 76,943 69,116 18,001 - 121,988 - 106,557 94935
2400 94357 77,340 69,451 18,934 - 122.392 - 103,791 4,452 Reactions: (A) Balg) + BaF,(g) » 2 Baf(g) (D) 7 BaF(g) - Balg) * BaF,le)
2500 9,414 77,723 689,774 19.872 - 122.848 - 103.007 9,005 (B) 2Bag) + BFy{g) ~ 2 BaF(g) + BF(g) (£) BaF(g) + Balg) *+ F(g}
2600 9.470 78.053 7C.C87 20,817 - 123,356 - 102.204 8.59% (C) Balg) *+ ALF(g) ~ BaF(g) + Al{g)
2700 9. 544 78.452 10,390 21.768  ~ 123.912 - 101,319 8,206 # One point rejected due to failure of a statistical test
2800 9.617 78,801 70. 684 22,726 - 124.517 - 100,535 1,847 s i
2900 9695 75140 20.910 23,651 - 125.162 - 99,665 70511 Auxiliary 8Hf data (all in kcal/mol) (§): Balg), 42.8; BaF,{g), -192.1; BF,(g), -271.42; BF(g), -27.7; ALF(g)
3008 9.778 79,470 71,248 24.665 - 125.846 - 98,776 10196 ~B3.4; Al{g}, 78.0; Fig), 18,86; BaF,(c), -288.9
3100 9864 79.792 71.518 25,647 . 126,562 - 97,8862 6. 859 It is believed that the Kp data for the three homogeneous peactiens {A, B, and C) 4re mwore reliable than those for the
3200 9. 955 80.106 TL, 782 - 264633 - 127.305 - 96,924 6,620 hetersgansous peaction (D) due to the need For a machine calibration constant which appears in the equilibrium expression for the
3300 10.048 B0.414 72.039 27.638 - 128,067 - 95,963 6,355 . ) e i " i i ?
3400 10,165 80.715 72.290 28.648 - 17B.d66 - 94,979 6,106 latter. Ehlert et al. {2) determined this constant from vaperization experiments performed with silver contained in their Knudsen
3500 10.243 81.0L1 72,535 29,667 - 129.634% - 93,970 5.8468 cell. Further support for this helief is provided by the large positive drift that arises in the third law analysis of these Kp's.
1600 10.344 81.301 72.77% 30,696 - 130,427 - 92,939 5. 6462 Also, it is felt that the results obtained from the flape-spectrophotometric studies (4, §5) are somewhat more uncertain than those
g;gg :g-;‘;g 3&-2:2 ;;- gg: ;12- :’I:g - 113}1202;& - :z-:?: g-’;;g derived from the Kp data for the three hamogeneous reactions. Therefore, we choose to adopt a median value QHE)qq(BaF, g)
3800 L0, 554 82,141 73,463 33,865 - 132797 - g9.721 5. 028 = -77,0 ¢ 2.0 keal/mel of the First three results, The adopted value corresponds to a disscciation energy of Di{Ba-f) = 137.8
4000 10.758 82,412 73.683 ° 34,916 - 133.571 - BB,40% 4841 keal/mol (5.98 eV).
4100 16,862 82,615 73.89% 35,997 - 134.334 - BT.472 4663 Gaydon (7) has reported a spectroscopic value for Da of 3.8 eV which is considerably lower than the adopted thersochemical
:ggg :f-::g :i-;;f ;:-;;é 3;-?23 - igi-gii - 22-323 :‘;:i value. The spectroscopic value is based on a linear Birge-Sponer extrapolation of the thirteen known vibrational levels for the
. . . . - . - . . 2.+ 8 X K )
4400 11.171 83,457 Te, 524 39, 303 - 136.538 - 83,963 4.170 ground state (“I ). liowever, Gaydon (7) and later Hildenbrand (§) have shown that the linear extrapolation generally under-
4500 11.272 83.709 74,726 40,425 - 137.233 - 62.76) 4,019 estimates Df whan the bonding in the molecule is partially lenic. Correcting DY{(LBX) for the lonic charaster of BaF with the
4600 11.371 83,958 74,924 4L. 557 - 137.915 - BE.543 3,874 ienieity parameter suggested by Hildenbrand (8), we obtain DE,(B.:-F) = 6.9 eV which is somewhat high. Other values for D(‘) that have
4700 L1489 §4.20% 75,119 42,699 -~ 138,580 - 80.310 3. 734 been reported are 5.9% (L) and 5.68 eV (93, Both of th val the Ri N 1 (103 & {zabl
<800 11 566 84 44b 75310 43,851 - 139.227 - 19,062 3n 600 P 2 (_? oth o ese values were calculated from the Rittner ionic model (10} for polari e
4900 11657 64,685 75,4959 45,012 - 139.857 - 77.803 3.470 fons and show remarkably good agreement with the adopted value.
5000 11.748 84,922 75,685 46,182 ~ 180,470 ~ 76,531 3.345 .
Heat Capacity and Entro
5140 il.838 854155 75+ 889 41361 - l4l.086 - 75,249 2.225% The $pectroscopic data, except for _, are given b se for 13%ar. a_ is cal d from the Mors tentia
5200 11,922 85.386 76,050 484548  ~ 141.645 — T3.949 3.108 ; P °P » 7 e given by Rosen (§l’ or TTba o 18 calculated frem the Morse poten L
5300 12,005 B5.614% 16.228 49, 146 - 142.208 - 72,642 2.99% function. Corrscticns to these data to account for the natural isotopic abundances of barium were found tc be negligible, The
5400 12.085 85.839 Yo 404 50,950 - 142,786 - 71,325 2.887 clectronic states and levels are also taken from the compilation of Rosen (11).
5500 12,161 86,081 16,577 52,163 =~ 143.290 - 49,99 2,781 2
References .
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5800 12,374 86,713 17,685 55,844 - l44.Bl2 - 65,957 20485 3. K. F. Zmbov and J. L. Margrave, J. Chem. Phys. 4§, 3167 (1965)
5900 12,438 86,925 77.250 57.086 - L45.295 - 64,595 2.393 u. L, V. Gurvich and V. G. Ryabova, Teplofiz. Vysokikh Temperatur, Akad, lauk SSS5R 2, 40L (138u).
6000 12.500 87.135 71413 584331 - 145.765 - 83,223 2.303 5. L. V. Gurvich and Vv, G. Rysbova, Teplofiz. Vysokikh Temperatur, Akad. Mauk SSSR 3, 652 {1965).
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Barium Monofluoride Unipositive lon (BaF )
{(ideal Gas) GFW = 156,3378
kealjmol
T.X cp° § ~(G-Hma)T H~Hoam AHP AGP Log Kp
o
100
200
258 Bul%a 57,085 57. 985 - D00 35,900 29,007 - 21307
oo 8,151 57135 57,385 Q15 35,905 29,025 =~ 21.143
%00 8,455 59. 524 57, 409 . 847 36.127 264696 ~ 14,585
300 529 61.433 584029 l.7C2 36,163 28,327 ~ 10.633
&00 8,737 63.016 58.732 2.570 36,008 21.977 ~ 8,005
700 4.809 b%. 369 5%.4%43 3448 36,044 19,832 -~ 6. 129
80¢ 8, 80l 95,549 60,134 4332 35.958 174299 -~ 4,725
$00 3.900 66.595 60,795 G226 35,972 19,962 ~ 3,833
1000 85934 6T.534% 6l.%23 LTRSS 35.984 24627 - 2. 740
1109 8.967 48,388 62,018 7.007 33.996 10.687 ~ 24083
1200 9,005 559169 62582 7.90% 33.9%2 8.351 - 1.521
T 1300 92053 6% 892 63, 117 8. 808 33,933 62219 1.048
1400 9.115 70565 63,625 9. 716 33.938 4. 087 - 638
1500 G197 T 197 64,109 18.632 33.961 L1954 - 2285
1600 9.302 TL.793 84.571 11556 33,998 - .82 - 025
1700 9 k31 T2, 381 65, 0k2 12.493 34.05) - 24319 2298
1800 G587 72,904 65,436 13, %44 344115 - 4961 2542
1900 9. 769 13,428 65,843 Ldaail 34,187 - 64505 » 760
2000 9.978 73,934 66,235 15,398 34,266 - B8.75% 2957
2100 10,205 Ta.426 66,613 16.%07 34, 348 - 10,904 1o 135
2200 L0454 T4 908 68,979 17440 1.074 - 11.839 1=176
2380 10.718 7%5.377 87,2334 18.498 1,385 - 12.431 1181
2400 10,992 75, 839 2T, 679 19.504 1.600 -~ 13.03& 1.187
2500 Li.273 76.293 68,014 20,097 1.818 - 13,8650 i.193
2500 11,556 6. 7L 68.3%1 21.938 24001 - 1hs27% 1,200
2700 11.435 77.182 68,661 23. 008 2. 160 = 14.%01 1,206
£800 12.107 TT.618 68,973 24,205 2.292 - 1%.537 L.213
2909 12,368 8. 047 69,278 25429 Z.%02 - 18.17% 1,219
3300 12.61% 79,470 £9.578 26. 678 2.690 - 165817 1.225
3100 12.842 78.888 65,871 27951 2.561 = 1T.%63 1,231
3200 13.051 T9.299 0. 159 29, 246 2,620 ~ 18:110 1,237
3300 13.238 79703 T0s 443 30,561 2,669 - 18,757 ba 242
35090 13.403 BOe 101 Te. 721 31,893 24709 = 19,408 10248
3564 13,945 80,492 T0.994 33,240 2,746 - 20.0%7 1s252
3600 13,564 B80.87% Tlalb4h 340 601 2,781 - 20.709 1,257
3700 13.761 Bi.25% Ti.528 35,973 2,816 21,383 1.262
3800 13. 83 Bl. 819 Ti.T89 37,353 2,852 ~ 22.016 la2b6
3800 13.89) 81,979 T2.048 38,739 2,891 - 22.612 1a271
4000 13.928 ¥2.331 12.29% 46,130 2,933 ~ 3,328 16275
%100 13,943 BZ2.673 T2.541 “le %24 2,980 - 23.98% 1.279
4200 13.94% 283.011 72,793 42,918 3.03% - 24,643 10262
4300 13.931 83, 33% 13,034 44, 312 3.087 - 25.302 1.2886
4%00 13.90% 83,659 73.272 45,704 3. 146 - 25,9862 1,290
4500 13,867 83.971 13,306 47.093 3.209 - 20.627 14293
4600 13.81% 84,2746 13,737 48,477 3.278 - 27.290 1.297
4700 13. 1562 B4, 572 13,3964 49, 856 3,345 - 27.955 1.300
4800 13,699 84,881 T4.188 S1.229 3. 4ls - 28.620 1.30%
4900 13,629 85,143 74,609 52,596 3489 - 29.288 1. 30%
5000 13,554 85,418 T4, 627 53. 955 3.5861 - 29.959 L.310
5100 13,476 85.685 75,841 55,306 3,03% - 30633 i-313
s200 13,394 B85, 946 75.052 S6. 650 3.708 = 31.303 L.3%s
5300 13,314 86,201 75,260 57,9685 3.780 - 3L.976 1-319
54200 13. 220 B86s 4%9 75,4565 59.312 3.852 = 32.653 i.322
5500 13,140 864690 T5.867 63, 630 3.%20 ~ 33.32% o324
5600 13.054% 86,920 15, 866 61940 3.586 - 34,006 L.327
5100 12.968 B7,157 76,082 63, 241 4. 053G = Jahod 1,330
5800 12.8a3 874381 76,255 64, 534 4,111 - 25,.3¢5 12333
5300 12.799 #7. 0601 To, 445 65,818 4.169 - 36.048 1.335
6300 12.718 87.815 Thea33 67,093 %.223 - 364730 1.338
Dec. 31, 1372
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BARIUM MONOFLUORIDE UNTPOSITIVE ION (8aF') (IDEAL GAS) GFW = 155.3378 BaF
Ground State Configuraticon [12’] AHfS * 35.0 = 10.0 kecal/mol
S3ag. 15 ® L57.1 & 2) gibbs/mol GHFSaq 1g ® 35.9 ¢ 10.0 keal/mol

Llectronic levels and Quantum Weights

State G e &

x 1zt o 1

s 21 ( acon) 3

a Yy 1110001 2

B s 1130007 2

b3 1150001 3

Al 1180001 1

s %z® 120000} 1
e * L5801 et wgx, = 12,061 et PERY .
B, = 10.2371) en”t a, = 10001221 ca ™t v, = 12,0641 A

Heat of Tormation

The appearance potential (AP} of 8aF’ from BaF(g) has been measured mass spectrometricaily as 4.9 eV {1) and 4.8 = 0.3 eV (2).
This 1att%r value has been Confirmed by Imbov and Hargrave (3). Combining these results with &Hfa(BaF, gr = ~76.85 & 2.0 kcal/mol
(1), we obrain SHfS(BaF’, g) equal to 36.5 and 34.7 + 8.0 keal/mol.

Hildenbrand {2} also reported an AP for Baf* from BaF,{(g) as 13.5 ¢ 1.0 e¥. Green et al. (5) obtained an ionizatien
efficiency curve for BaF" which extrapelates (high-energy portion) to 12.3 eV at zero ien surrent. Assuming the process to be
e” ¢ BaF,(g) + Baf‘(g) ¢+ F{g) + 2e”, we obrain dHf&(BaF‘, £) values of 101.3 ¢« 25 and 87.5 kcal/sol by combining the abave pesults
with SHEG(BaF,, g) = ~191.6 ¢ 1.S kcal/mol and GHFG(F, g) = 18.36 = 0.4 kcal/mol ().

The two lower values for Al{fa are preferred here, since the disscciative lonization of BaF,(g) most likely involved unknown
kinetic energy factors. We choose to adopt AHf&(Ba!“, g§) = 35.0 = 10.0 xcal/mol which gives AHf;sB(BAF*, g} = 35,9 & 0.0
keal/mel, The adopted heat of formation corresponds to an ionization petential for Baf(g) of 4.83 eV,

Heat Capacity and Entropy

The disscciation energy of Baf’(Da = 185.4 kcal/mol} is slightly greater than that for BaF(D(') = 137.9 keal/mol (42) whieh
implies somewhat stronger bonding in the jen. Thus, one would expect the internuclear distance (r_ ) for the ground state of Bar”
to be less than that for Bal. Barrow and Beale (6) postulated from a rotational analysis of the I P X?Z* band system of :5rf‘
ar, for Srf” uhich waz some 4% lower than that for SrF. We assume a similar decvease in v, for BaF® and obtain r, = 2.08% A from
r,(BaF) = 2.152 & (4). w, is calculated from Badger's rule (7} which can be written in the form “cz = 3,159 » 105/u(re— di.)3.
Holecular data for CsF (4, BaF (4), and Ba0 () were used to determine the constant d,.. The product x_ui’/? has been shown To be
constant within a group of similar molecules by Barrow and Caunt (8). Since w2 (Baf®) ¥ u*/2(par), we assume x (BaF’Y = x, (BaF)
i with our estimated value for w_. o, is obtained from the other constants assuming a Morse
potential function. The moment of inertia is 11,806 x 107°° £ Cmﬁ.

Bar® has eight valence electrons; thus, the ground state configuration (IZQ) and electronic levels for the A and B states are
estinated from those for the isoelectronic molecule BaS (10). By analogy with the gaseous alkaline earth oxides (11}, Cy ),
and BeS (12), low-lying triplet states are to be expected. The two estimated triplet levels are based on those which have been
observed directly in C, (i), BeS (12), and indirectly (through perturbative effects) in BaS (10). Also included are a 'T state
at 11,000 en™ and a 12 stave at 13,000 cn™Y. These levels are alsc estimated by analogy with those for C,(4) and BeS (i2). It
is believed that our adopted electrenic entropies for Bar” are most likely minimal values. Probable upper limits for the
electronic contribdutions cen be established by decreasing the triplet levels to 1000 ent (311) and 5000 an™t (32) and neglecting
the other excited states. This increases the entropy by 3.8 eu and 2.1 eu at 2000 X and 4000 K, respectively. The enthalpy at
0 K is -2.20 keal/mel.
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Barium Difluoride (Ban)

=y 272
(Crystal) GFW = 175.3368
& Kkealfmod
T, K Cp® s (G —H e}/ T H~H2e AHEP AGE Log Kp
N 300 2000 INFINITE - 3,453 - 284,991 ~ 288.59F  INFINITE
199 10,492 Folan 370126 = Z.998 - 289,237 - 235.067 623,014
209 13,725 164435 24,576 = l.6z# - (u3.115 -~ 280,485 3062937
278 b7.257 24,039 25,339 U0 - 288,900 ~ 275,873 202,953
30y Lfo2yl FESR T 23,3940 <032 - 294,894 - 276,798 2012647
400 180 150 28,243 23,729 10800 - 288.612 - 272.y411 149,057
530 12,750 12e3ul 25.857 3852 - 283,45 - 268,880 117,527
609 19,230 35,514 264310 5a549 - 233,325 - 264,953 964509
739 190636 38,613 28, 199 7h4av¥3 - 238366~ 26lowsl 812530
300 234330 41a6l9 294617 9.4%0 ~ 283,267 - 257.145 T0. 249
200 214,240 3. 317 31.u72 Ll.561 = 287.%85 - 253.271 61503
19uu 22,600 4Le210 32,472 13,764 ~ 2867.621 -~ 249,433 54s 514
t1oe PEICEIS 4da463 33,824 162108 = 299.093 - 245.443 430765
S02337 140835  ~ J83.243 - 241,507 %3, 8%
53,020 22,503~ 236.384 - 231.086 33,959
St358Y 250901 = 2u5,30L = 233,945 $0,527
3.241 28,761 ~ Zd3.,8486  — 230,355 33,564
1o AL BT 310335 - Qd3l108 ¢ 4205812 10981
33.507 ~ 2d2.421 - 223,312 28. TU9
36.480 -~ £9l.593 - 219,857 Loe 4%
39.353 - 280.574 - 216.44) 24,896
2000 25,730 65,643 46, d30 41eb26 - 2804210 - 213.082 23, 262
Dec. 31,1972

BARTUM DIFLUORIDE {(BaF,) (CRYSTAL) GFW = 175.2358 E3aFTE
AHf(') = -288,8 2z 1.0 kcal/mol
5588.15 = 23.0% ¢ 0.10 gibbs/mol AH";ge.ls = -288.9 ¢ 1.0 kcal/mel
Tt = 1240 K (a - ) aHt® = 0.0 kcall/mol
Tt = 1880 K (B - v} aHt" 2 0.63% ¢ 0,200 kcal/mol
Tm = 1641 K AHm® = 5.583 ¢ 0,150 kcal/mol
AHS;SBJS = 96.83 ¢ 0.50 keal/mol
Heat of Fermation
Guntz (1) measured the heat of neutralization of Ba{OH),(aq) with HF(aq) as &H = -34.8 keal/mol at 284 K. We estimate
ACp = 106 gibbs/mol (2) for Ba(OH)z + 60 HZD + 2(HF - 110 HQO) - BAFZ(C) 2 H;O(t) which gives Aﬁrzgs = -33,4 kcal/mol. This
value leads to AHr;gg(B‘irz' @) = -288.3 kcal/mol when combined with AHf;gs(HZO. e} = -68.315 (31, ﬂHf;QB(BA(OH)Z - 660 H;O) =
~237.9 (4}, and AHf;sa(HF + 110 H20J 2 76,81 kcal/mol (§). Petersen {(§) investigated the same reaction but with HF - 200 HZD

and found that 16% of the Bai'7 remained dissclved., After correcting for incomplete precipitation bis final result was

AHZSZ % ~33,82 kcal/mol which gives AHfESB(BaFZ, @) 5 ~288.2 kecal/mol.

In the same study, Petersen (§) measured the heat of precipitation of Esrz from Baclz(aq) with AgFfag) as AHZBZ = ~35.02
keal/mol. We estimate ACp = 108 gibbs/mol (23 for 2(AgF - 200 H?'O) + BaCl2 « u00 H70 - Bai‘z(c) + 245CL(c) which gives Aﬂzge = =344
kcal/mel. Combining this value with AHE;QB(Agcl, e) = -30.37 (73, AHf;QS(AgF . 200 HZO) = -53.398 (7), and :5\1'!!'536(!?2&(3).2 * 400 HQO)
= ~207.938 kcal/mol (4}, we obtain aHf;Ss(Bai‘?,‘ e} = -288.4% kcal/mol. Petersen (6} alsc reported the heat of solution of Baf‘z as
8Hyy,, = 1,88 keal/mol. From this result, we obtain sHEj.(BaF,, c) = -230.3 kcal/mol.

Stephen and Stephen (2} have selected a "best™ value for the solubility of BaF o of 1.614 g/¢ at 298 X which corresponds to
Kgp = 3:1186 x 107%. Using Ac£;93(5a+2, w ag) = -134.02 (4) and AGE5 . (F7, » ag) = -66.96 keal/mol (5), we calculate 46f5g,(Baf,,c)
= -275.45 kcal/mol. Based on the adopted functions, this value gives 8o (BaF,, ¢) = -287.5 kcal/mol.

Two equilibrium studies (10, 11) have also been reported. Second and third law analyses of these data are given below.
aHr keal/mol HES o (BaF,, ©)

Temp Ho. of 298° Drift
investigater Reaction Range, X Points  Znd Law  jrd Law ey kcal/mol
Damange (10} A 1173-1373 3 4%1.0 62.53.4 16.921.0 -267.3
Hood and Woyski (11} B 577-1033 9 5.9 5.8+1.0 ~0.1:0.1 ~273.8
Reaction: (A) BaF,{e) + H,0(g) + 2 HF(g) ¢ BaO(c) {B) HF{g) + 0.5 BaCl,(c) = HCl{g) + 0.5 BaF,{c)

The large discrepancy which arises in the aHf values obtained from the equilibrium and calerimetpic results is not well under-
stood. Domange (10) has measured similar equilibria for CoF,, MgF,, and Caf, which are very consistent with JANAF heats of
formation. Very recantly, Finch et al, (12) attempted to determine the heat of precipitation of BaF2 from Baclz(aq) by dissolving
a slight excesns of NaF. Xw.ray Qiffraction studies of the precipitate showad the formation of BaCif and 542C1F3 along with ﬂan.
We believe the equilibrium results of Hood and Woyski (11} may have peen influenced by the formation of mixed halides. Also, it
seems quite likely that the calerimetric results of Petersen (§) on the precipitation of Bar2 from Baclz(aq) with AgF{aq) would be
similarly influsnced. We choose to adopt AHf;Ss(Ba}‘Z, ) = =288.9 ¢ 1.0 kcai/mol which is a weighted vaiue of the calorimstric
results of Guntz (1) and Petersen (&) on the heat of neutralization of Ba(0H),(aq), the heat of solution of BaF,{c) (§)
and the Ks wvalue obtained from the solubility data of Stephen and Stephen (§). Barany et al. (8) determined the heat of solution
of Bad(c) in HF{aq}, which contained some dissolved silica, as aH < -73.04 kcal/mol, We assume this value refers to the reaction
Bal{c) + 2 HF ~« b.k1 HZD -+ Ban(c) + HZC(L), and we calculate AHfEQQ(BaF2, ¢} = ~790.2 ¢ 2.0 xeal/mol with !\J{féga(&sc, e) = -132.3
keal/mol {§). Thess results substantiate our adopted afif” value.

Heat Capacity and Entropy

Cp below 298 X is based on the low temperature (14-300 X) heat capacities of Pitzer et al. (13). These data show an unusual
leveling off of Cp above 274 K, and values in the range Z74-300 K are obtained by graphical extrapolation of their low temperature
data. 5598.15 is based on the adopted Cp's with Sy, = 0.09 eu.

Relative enthalpies have been reported by Ifremova and Matizen (1%} (757-2053 K) and Krestovnikov and Karetnikov (18) {288~
1273 K). The enthalpy data of Efremova and Matizen (1%) indicate the existence of a second order phase transition at 1240 K. We
adopt their smoothed Cp data in the temperature range 800-1880 K. Cp's below 800 K are estimated graphically by comparison with
those for 3aCL2, C.:F?, and Sr‘i‘2 {8). Cp data for Bdfg(\f)\ are based on a JANAF curve fit of their relative enthalpies (L4¥B2-1596 K).
The rapid rise in the enthalpy near the melting point (1641 X) is assumed to be due to premelting, and these points were noet used
in the fit. The maximum deviation of our adopted functions from those used ia the fit is 0.3%. Kelley (15} has analyzed the
enthalpy data of Krestovnikov and Karetnikov (i5). His smocthed enthalpies are consistently 2-3% higher than those adopted. No
sacond order phone transition was observed. These data are judged to be less reiiable and are not Used in our evalustion.
Transition Data

The transition temperatures are those reported by Efremova and Matizen {1¥). We assume the transition at 1240 X is of the
second order type, since no discontinuity appears in their enthalpy data at this temperature. The hest of the p-y transition is
calculated as the difference between the sdoptod enthalpies for these two phases at 1480 K.

Helting Data Sublimination Data
Sce 8332(1) Table for details. See Ba?',llg) table for details.
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Barium Difluoride (BaF

(Liquid)

GFY =

———-gibbs/mel keal/maot -
T, K Cp° 5 G-/ T  HO—H2es AHP AGE Log Kp
0
130
00
23a 17027 25,967 28,980 - w00 - 279,968 - 26%.699 197, 6dd
LEN] 11,2 2%, %41 W032 - 273,940 - 269.620 196,422
w0 la.150 29,670 1,806 - l5.656  ~ 2664233 145, 463
»00 138, 130 354497 3.852 - 219.531 - 202.3% 116,912
600 19,200 320311 5.549 - 279.571 - 25%.583 G40 546
run 19,090 5 T.493 - 219,390 - 2b5.2435 80,003
40y 29,593 15,0558 Gubsu 7 2T9.e8Y - 252494 59,191
209 2i.200 370913 11.561 - 2PY.031 - 249,686 50,627
1033 22,800 28,413 13,743 - 278,068 - 246.420 53,855
tivu 23,459 54,411 39,765 16,111 - 240,126 - 243,023 48, 284
Laey 21,859 56,447 41,073 13.490 - 279,621 - 239,612 43 .,6%U
1300 23,859 w397 420333 20.3d2 - 279,111 - 236, 3¢2 39. 736
1400 23, 83% Lo. 185 43en4s ?Ye26d - 279.%80 - 233,085 36,335
1509 23,4859 61.811 “ho 103 25,0656 - 214,039 - 229.866 33,491
lesw 23429 EEPE11 U K 7L S, 232250,
1700 23,859 vl 197 w100 33,426 -
1800 252059 LR “lads2 324812 =
lagy 21,454 w?.asl 4E. 520 Jacivd -
EREN 234449 wdl6 !9 49,833 37,564 - 205.3%d - 2i4.gL5 23,408
2100 2354359 654536 Sde 306 39.57C - 27ae8ou - 2L1.L7L 21,517
2230 23.65% 4 51,696 42035 - 307,748 - 206.523 20, 556
2300 23, a3 12,908 32an37 s4.Tal - 307101 - Z282.354 19,228
2400 23445 13.u2b S3. 128 470127 - 306,521~ t9T.813 16.013
2500 25,459 56,173 4%a513 = Jub,.0u0 - 193,245
Logy 2301y 74,535 264973 Sledsy -
2106 25,354 15.335 554729 54.285 -
2300 23,359 16,703 56, 463 5607l ~ iua.Tde - 19830
<433 23,359 P7.540 51175 55,057 - 304,482 - 115,357
ERRS] 23,45% 7,369 ESPRTL 2lae83 - 336.430 - 170942
5394 23,459 19,131 S3.541 63,929 - 306,019 - 166,503 16733
3740 23,59 75 3y 590190 ob.2L3 - 3U3.a45 - 16242370 11,069
5300 234359 ¥D.6é3 55.435 68,600 - 03,7C2 - 1bT7.0sl 104440
ELISY 23455 11.349 bULAST 730986 - 3)3,585 - 13.217 5,049
3500 23,459 82,921 &l.063 15.372 - 303.68% ~ 148.79% 9,291
Dec, 31, 31372

BARIUM DIFLUORIDE (BaF,) (LIQUID) GFW = 175.3388 Ijaffz
Sigg.gs © 28980 gibbs/mol SHES oo 15 = ~279.846 keal/mol
Tm = 1642 X AHR® = 5.583 1 0,150 keal/mol

Th = 2545 X T 8.2 keal/mol

Heat of Formation

4EF® is obtained from that of the crystal by addition of aHm® and the difference between (HLSIJ]- H;gs) for the crystal

and liquid.

Heat Capacity ¢ opy

A glass transition is assumed at 1100 K below which Cp follows that of the crystal. Cp is assumed constant in the
temperature range 1100-350D K and is based on a JANAT curve fit of the relative enthalpies of Efremova and Matizen (1)
for the liquid (16%1-1800 K}. Some scatter was observed in these data at the higher temperatures, and these points were
not inecluded in the fir. The maximum deviation of the observed enthalpies which were used in the fit from those adopted
is 0.29%.

Melting Data

Tm is the value selected by Efremova and Matizen (1) from their relative enthalpy data. Thes

data shew premelting

starting neer 1620 K and complete melting occurring at 1§46 K, Other values for Tm that have bean reported are 1627 (2),

1628 (3), 1627 {4), 1617 (5), and 1593 K {6). The selected Tm was obtained from measurements made on samples of Ba}‘2
contained in steel and molybdenum capsules. There were no indications of any reaction between the sample and container,
Three of the lower values given above were determined from measurements on BaF, contained in either graphite (3, &) or
tantalum (2} crucibles. It has now been estadlished by mass spectroscopy (7, 8) that the alkaline earth diflucrides

can be appreciably reduced Dy these materisls near 1300 K. Thus, we prefer the higher value.

sHR" is obtained és the difference in the adopred functicns for the liquid and crystal at Tm.

Tb is the calculated temperature at which aGr' = 0 for BaF,(f) - Baf,(g). 4Hv® is obtained from the difference in
4HE, for The gas ond liquid. RufFf and Le Boucher (8) derived Thb ¢ 2833 ¥ and sHv = 62.3 keal/mol from an analysis of
their vapor pressures (1360-2206 K).

fremova and E. V. Matizen, Izv. $id. Otd. Akal. Nauk 535R, Ser. Khim.
2. A. S. Dworkin and M. A. Bredig, J. Phys. Chem. 75, 2340 (1971).

(3, 3 (1370).

3. H. Xojima, S. G. Whiteway, and C. R. Massen, Can. J. Chem. 46, 2968 (1368).

u. B, Porter and E. A. Brown, J, Amer. Ceram. Soc. 45, 49 (1962)

5. 6. Petit and F, Delbove, Compt. rend. 254, 1388 (1962).

6. P. £. Hart and A, W. Searey, J. Phys, Chem, 70, 2763 (1286).

D. L. Hildenbrand, J. Chem. Phys. 48, 3657 (1968).

8. J. W. Green, G. D. Blue, T. C. Ehlert, and J. L. Hargrave, J. Chem. Phys, 41, 2265 (1964,
0. Ruff and L. Le Boucher, Z. Anorg. Chem. 218, 376 (1934).
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BARIUM DIFLUORIDEL (Baf,) (IDEAL GAS) GFW = 175.3368 f3af:9
Barium Difluoride (BaF,) Point Group = C,. 8HES = -191.6 ¢ 1.5 koal/mol =
e S798.15 = 71.98 ¢ 0.50 gibbs/mol AH!"ng_l5 = -192.1 = 1.5 keal/mol
(ldeal Gas) GFW = 175.3368 Ground State Quantum Weight = 1
Vibrational Frequencies and Degeneracies
; -1
keal/mal @, em™t
T,°K cp° (G- WeusT H-Hma AHE aGr Log Kp TR
o 000 L0800 INETAITE - 3.262 - 191.600 - 191.600 INFINIIE Lol (1)
106 102217 59.360 B2, 150 - 2,339 - L9L.778 - 192,830 421,429 390 (1)
200 Lh.47L 67,017 T3.137T - 1.226 - 191.871 - 193,797  2ll.71n : . s
298 12,856 71,985 71.985 L000 - 192,100 - L94.666  142.694 Bond Distance: Ba-F = 2.32 « 0.03 &
Bond Angle: F-Ba-F = {95)° g =z
300 12.866 F2 066 71.98% w024 - 192.1402 = 154,681 lale825 N - P . -114 3 6
“00  13.27F  T5.829  12.495 1.333 - 192.285 - 195.517  106.826 Proguct of Moments of Inertia: I,IpIc = (68,8573 x 107777 giem
500 13.490 78.817 T3.471 24613 - 192.¢84 ~ 196,287 85%.797 Heat of Tormation
s0v  13.613  81.288  leas’a 4,028 - 193.246 - 196,955 71,761 HES o (BaF,, g) = -132.1 ¢ 1.5 kcal/mol is obtained from that of the crystal by addition of sfis® = 96.33 » 0.50 keal/mol
. . - 193, - 197, £1,67 N PO . ) :
100 dd.eds 8N ne Ot Rl S S S DA AP The selected sHs® is based on an analysis of six sets of vapor pressure data (1 - 5). The results of our analysis are given below
900 13,775 86,846 17,159 Belal - 194,605 - 198,525 48,208 . M54y, keal/mol . BHES
: - ; Temp. Ho. of 238° Drift 298
1003 13.490  88.297 78,77 ¥-520 195.045 198933 43678 Investigator Hethod Range , X Points nd Law 3rd Law eu keal/mol
. - 1aT. - 199, 559 . ) B
100 :;'3;2 55,613 ;:';gg 100 - i;;';:ﬁ DA i:.zzs Ruff and Le Boucher (1) Dynamie  2061-220% 9 97.0%  86.7020.88% _4.9:0.8  -193.22.0
1300 13,645 91,924 §1.410 13,661 =~ 198,430 - 199,317 33,508 B.P
1400 13.853 92950  82.199 15,052 - 198,550 -~ 199.366 3i.122 Grean et al. (2) Knudsen-  1232-1503 20 96.5  98,17:0.45  1.2:0.6  -190.7s1.5
1500 13.861 93.906 8248 ibeadd - 19%.4%409 - 199,377 29.049 Mass Spec.
1600 13,867 94,891 83,861 17.826 - 139.86&  ~ 199.361 27.231 Bautista and langmuir  1130-125¢ 107 6.4 $7.684C,19 1.120.9  -191.2¢1.2
1700 13,672 95,562 B3l 19,211 - 230,317 - 199.315 25,624 Hargrave (3}
1806 13.876  96.435  £4.5S1 200555 - 200.774 - 199.264 24,192 Hart and Searcy (%) Torsion-  1261-1548 us® 93.2  96.12:0.68  2.120,7 -182.8:1.,7
1900 13,379 97.145  85.6i3 21,987 - 01.260 - 199.148 22,907 Effusion
2000 13.682  9T.497  @6.21v 2335y - 201.720 - 199,023 21. 748 Hart and Searcy () Torsion- 131521492 254 93.7  95.47:0.38  2.060.8  ~192.4sl.y
2100 13,865 98,575 96,783 24,763~ 202.221 - 198.877 20,697 Langnuir
2200 13,837  99.221  87.333 260152 - 236.098 - 197479 15,618 tiildenbrand et al. (5} Torsion-  1265-1550  Equation 9.2 BN.7420.13 0. _18u.2:1.1
2300 13,889 95,838 BT. 864 21540 ~ 235.456 -~ 199,715 18.597 Effusion
2400 13,891 100,429  53.375 20.929 - 236.873 - 193935 17,660 .
2500 13.892 100,996 B, 469 30,319 - 237.3¢3 - 192.137 16,797 aHyg (vaporization
7600 13.894  101.541 B934 31.708 -~ 237.883 - 190.318 13.990 2, 4%, and 39 points rejected due to failure of a statistical test.
2700 13.89% 102,065 89,807 33,087~ 238.47% - 188,476 15.256 ] -
2800 13.896  102.571  90.254 34,487 - 239.120 - LBb. 614 14,566 A weighted value of these six results is adopted
2300 13897 103. 058 30,687 35.874 ~ 259817 - 184,725 13,821 N - -
3000 13.898  103.530  §L.107 370266 ~ 240,561 -~ LBZ.815 13,318 Heat Capacity and Ertropy
The bond length is taken from the high-temperature electron diffraction studies of Akishin and Spiridonov (§). Although
. .5 . . ~ Z41.346 - 180.87 2,752 fens s X . . ) . . -
;;gg :g_:g; ig:_,'za? :lhleg 23_3‘5_: . i‘d.lba - 178.912 llz.zn Akishin and Spiridonov {6} interpreted their results in terms of & linear configuration for Baf‘z, recent electric-deflection
3300 13,900  108.85¢  92.298 4lods6 - 263,020 - 176.924 11717 =xperiments (1) and matrix isolation infrared studies (g, 3) clesrly indicate that Baf, is bent. Calder et al. (2) estimated the
- o 9 . - - 2%3. 3 - « s 24 . . : . . . .
FAPS O Ao G Ol S SR 4 gzesze et e 194 bond angle as 100° from the changes in the bond angles with mass of the central atom for other alkaline earth difluorides. Baikov
: {10) estimated the angle as 115*. We prefer a slightly lower value (95°) than these, since these are indications that other heavy
3600 13.902 106,064 93,355 450606 - 265,713 - 170,794 10,369 s . N N R o
3700 13,952 106545 53,743 06,956 - 246,641 - 168, Tu2 . 565 metal halides have bond angles below 100°. For example, bond angles for PbF, and PbCl, have been reported as 907 (11} and
3800 13,902  106.815 94,082 48,386 - 247.577 - 160.582 9.581 9 : 3% (12), respectively,
v . . 49,717 - 248,517 —- 1b%,4% 3.215 s . N . N - . 5 . A
i:gg :;‘:gg :g;;;; Z:;:? 5?.1“ - f‘q_“q - lléZ.Zl; 8, B6s The symmetric ("L) and antisymmetric (va) stretching frequancies are those observed by Calder et al, (8) in their study of
s 5 infrared spectra of Bai‘7 trapped in a krypton matrix. Other matrix fraquencies in excellent agreement with the adepted ones have
. . N . - - s 4 ~ 160,081 8.533 . . N . . .
4100 13eb00  ROT.BN et AR O et S A been reported by Smelson (3). Further confirmation of the adepted vy is provided by observations of Baikov (33). He reported
4300 13.904  10d.534 95,665 5338 - 225 - 13z 1310 vy = 415 = 7 en’’ which uas observed in the infrared spectra of BaF, vapor 3t 1350 K. The bending froquency (v,) is that estimated
. % 9 - ~ » 5 - . 0] -] N N . N . N - . P
ot RS S A SO S arety e lid A e A by Calder et al. (2). This value is considerably less than that observed by Baikov (10) (v, = 100 cm™l). However, only the high
frequency portion of this rather broad band was recorded. We have used our adopted frequencies in a valence bond calculation with
. . . « 509 - 255.04 - 4H. 79 7. 06% P . . : :
:ggg ll’).:gﬁs igg.’;;f ::‘353 :g.fi;o - f)b.;&‘g - :%'”5 6 a1l the result k/(k&/LQ) = 11.8. This patio of the stretching to bending Porce constants appedrs quite reasonable in comparison with
4860 13,905 110,064 GT.086 622250~ 256,803 - 144,13} 6,562 those for other alkaline earth difluorides (14). Also, ocur adopted frequencies give thermodynamic Functions which show good
- . 354 a0 ~ 257,780 - 14} 773 5,323 Thay s s N . .
oA TS A S e Beaal e i oas compatibility with the vapor pressure data (see Heat of Formation section)
The individual noments of inertia ave: [, = 30.800 x 1073%, 1, = 16,459 x 1073%, ana I, = 12.181 x 107°° g exf.
5100 13,906 £10.907 %7375 bhakbd ~ i9Y.%54 - ha7.0038 5.871
2200 13.906 itia} 77 98.128 &7 8%3 - 2604440 - 134,593 5.657 Reference_s_
5300 13,906 111.%%2 98,377 b5 243 - 2&1.281 - 132.166¢ 5o 458 . .
5¢00  13.906 111.731 98.621 70.63¢ - 262,145 = 129.724 5,250 1. 0. Ruff and L. Le Boucher, Z. Anorg. Chem. 219, 376 (193u4).
5500 13,906  111.957  sd. 861 12.025 - 263,003 - 127.261 5,057 2. J. W, Green, G. D. Blue, T. C. Ehlert, and J. L. Nargrave, J. Chem. Phys. b1, 2285 (1384}
5600 13.907 112,207 99,097 73.415 - 263.858 - 126,765 4,870 3. R. G. Bautista and J. L. Margrave, J. Phys. Chem. 53, 1770 (186%)
5700 13.907 112,453 95,329 74806 - 266,707 - 122,29 4889 W. P.E, Hart snd A. W. Searcy, J. Phys. Chem. 70, 2763 (1586).
i .807 ) N L1897 - 265.550 - 119,788 4514 . N = .
A A A LA A A S e ey L iiran b 5. D. L. Hildenbrand, f. Hurad, N. D, Potter, L. P, Theard, and W, T. Hall, Aeronutronic Report No. U-3183, Ford Motor Company,
6003 13,907 113.167 100,304 16,978~ 267,226 ~ 114,735 4e178 dune, 1965,
8. P. A. Akishin and V. P. Spiridonov, Kristallografiya, 2, 475 (1867).
7. L. Wharton, R. A. Berg, and W. Kilemperer, J. Chem. Phys. 33, 2023 (1953). e
Dec. 31, 1972 &. V. Calder, D. E. Mann, K, S. Seshadri, M. Allavena, and D, White, J. Chem. Phys. 51, 2083 (1368). Ba 2
3. A. Snelson, J. Phys. Chem. 10, 3208 (1956}
10. V. I. Baikov, Opt. Spektrosk. 25, 356 (L967).

11, J. 4. Hastie, R. H. Hauge, and J. L. Margrave, in “Annual Review of Physical Chemistry,” Vol. 21, Ed, by H. Eyring, Annual
Reviews Inc., Palo Altc, Califcrnia, 1970. R

12, J. W. Hastie, R, H. Hauge, and J. L. Margrave, High Temp, Seci. 3, 56 (1371},
13. V. I. Baikov, Opt. Spektrosk. 27, 502 (1968).
ls. JANAP Thermochemical Tables: Baf,(g) dated 6-30-70; MgF,(g) dated 3-31-86; CaF,(g) dated 12-31-68; SrF,(g) dated 12-31-72,
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Barium Monociodide (Bal) Bal
(ldeal Gas) GFW = 264.2445
T,K o [T - T ST L AHP sGr Log Kp
o LG00 <000 INFINITE - Z2.481 G390 - 9.390 INFINITE
100 8.322 57107 T4.408 - 1730 T.ell - 13.5%7 29,672
200 8.743 £3.061 67,404 - .8488 9.T45 - 17.619 19.2%3
298 8.896 66.5%3 660593 « 000 10.138 ~ 21.403 15.689
300 8.897 66,648 66,593 <Glo 10.1%8 - 2heAT2 15.642
400 B.948 6%.2153 664943 =909 12.561 - 25.111 13.720
00 8.979 Tl.215% 574606 1.805 18,338 - 2T.869 12,105
600 J.002 T2.85% 68,347 2,705 18.992 - 2%.502 10. 146
700 9.022 The2bd 69093 3. 606 19.453 - 31.220 B.747
800 9.03% T5.449 69.813 4,509 20.034 = 32.85% 8.977
90 9.055 T6.51% 104500 S.413 20.515 - 3he433 8.361
1000 %.071 TT.470 T1.150 62320 20,995 - 35.9%4 1.858
1100 9.086 T8.33% Ti.T4% T.228 23074 - 37.23) 7.397
1200 94100 73.126 12,346 B. 137 24010 - 38.457 7.004
1300 21158 79855 12.8%6 $.048 24519 - 3%.440 L Y1)
1400 9.129 80,531 T3.417 F.960 25.011 - &0.78% 6,367
1500 G163 8l.ls2 73.913 10.873 25.484 ~ 41,896 6.10%
1600 9.157 fl.7%2 Th. 384 11,789 25.956 ~ 42,374 5.8710
1700 3.172 82.308 T&.836 12.705 264420 - 44,023 5.660
1800 Yel80 82.832 TS.26% 13.623 26.883 = 45.045 5.46%
1900 3.200 83.329 T5.676 144542 27.353 - Ab.04] $5.296
2000 Go2ih 83.802 16,070 15,6853 271.835 - T 014 5.137
2100 4.229 84,252 TH. 4569 164385 28.33% - 4T.960 4,991
2200 Fe243 84,681 TH.814 17,309 §2.202 -~ 47,857 %o T34
2320 F.260 85,093 TT. 165 18,234 62550 -~ 45.987 4,465
2400 F.277 BG.487 7,503 19.1861 624953 - 46.302 4,218
2500 3,295 85,866 T7.830 204089 83,412 - 45,599 3.%88
2600 9.313 86,231 F8.146 21.020 63,927 - 4%.BT7 3.772
2700 9.333 86.5983 T8.452 21.952 6% . 494 - 4%.133 3.57%C
2800 9.35% 86.923 78,749 22,886 65,115 ~ 43,368 3,385
2900 2.378 87.251 79.036 23.823 65.780 - 4%2.579 3,209
3000 3.402 87.570 T9.3186 2%. 762 L6489 ~ 41.76B 3.043
3100 B.%29 87,878 79.587 25704 6T.23% ~ 43,931 2.886
3200 G.557 BB.178 T9.851 Z6.648 £8.015 = 4f.071 2.737
3300 G587 882470 80.108 27.595 68.819 - 3%.18% 2.59%
3400 9.520 88,753 BO.358 28.545 6946647 - 3B.275 2.400
3500 3.55% 89.030 80.8601 29.499 73.489 ~  37.339 2.332
3800 5.591 B9.300 80.839 30.456 Tl.342 ~ 36,380 2.209
3700 9. £30 BP.563 8l.072 31.417 72.202 - 35.398 2.0%91
3800 9,671 89.920 8l.298 32,382 73.065 - 34,392 1.978
3900 S 714 20.072 81.520 33.352 T3.927 - 33.3p2 L.870
4000 9.7460 90.318 81.737 34.325 T4.785 - 32.313 1.76%
4100 9,807 IR 560 Bl:%6% 35.304 T5.63% ~ 3i.238 1.665
%200 9.856 90 197 BZ.157 364287 T6.4178 - 30.14% 1.569
%300 907 91.029 B8Z.361 37.275 77.310 = 29,034 1.676
%00 2,980 ©1.258 82.560 38.268 7B.131 - 27.901 1.386
4500 10.015 Gi.4B82 82,756 39.267 78.939 ~ 26.749 1.299
48600 10.07} 91.T03 B2.948 40271 79.733 - 2%.580 1.215
4700 10.128 91.920 B3.137 41,281 80.513 - 24.3%96 1a134
4800 10,187 92.134 B3.322 42.297 81.279 - 23.193 £.058
4300 10.247 92.345 83,506 43,319 82,031 - 21.975 «980
5000 1G.308 92.557 83.683 4%,347 82,169 = 20.742 =907
5100 10.370 92,757 83,859 45,380 B83.492 -~  19.4%6 -B835
5200 10.433 92.959 84,032 45.%421 84.200 - 18.23¢ JT66
5300 10.4%6 93,158 84.202 4T 467 84695 - 16.958 699
5600 10.560 G93.35% B%4. 370 48,520 85.575 - 15,668 634
5500 10.624 93,550 84.535 49.579 B&. 243 - 14,368 571
3800 10.689 43,742 B4 . 658 504649 86,897 - 13.0%8 4510
5700 10.75%3 $3.931 84.858 51,717 BY.539 ~- 11.733 + %50
5800 10.818 94,119 85,016 52,795 88.148 - 10.397 +392
5900 10.882 9%.306 85,172 53,880 38,785 - 9.051 2335
S000 (Y2 £YY 94,488 85.326 54,972 89,390 - 7.693 +280
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BARIUM MONOIODIDE (Bal) (IDEAL GAS) GFW = 264, 2845 Ba[

Ground State Configuration [ I*} 8HES = -8.39 ¢ 20 keal/mol

» . ) ; 0 N
5298.15 = §6.5% 2 0,05 gibbs/mol AH£299.15 = ~10.14 ¢ 20 kcal/mol
Electronic Levels and Guantum Weights

Y

State 25y om 8y

x %ty o 2

¢ t2n1 17816.3 2

18568.8 2

2.4

D2} 25768, 4 2

PR 26753.3 2
g = 152.2 cmt g%y * 0,29 em™t o =1 .
8, = [0.0250] em™ a, = £0.00008%) cn™® r, = 13.20] A

e
Hest of Formatjon

The sdopted AHfa 2 ~9.3% & 20 keal/mol is caleulated from s D5 valus of 3.37 e¥(77.7 kecal/mol} caleulatad by a linear
Birge-Sponer extrapolation of w, and w x, data (1) with a correction for the ionic character of the molecule as described by
Hildenbrand {2). Other valuss for D(',} in kcal/mol, are 56 (3) predicted from a correlation of binding energies of Group II
&nd Group III distomic hydridss and halides, 71.7 (&) as a lower bound from & consideration of ionic bonding forces, and 66
(5) derived as a lower bound from a consideration of energy conservation and measured reaction threshold relative kinatic
energy from crossed molecular beam axperimants. Dé = 77.7 keal/mel is adopted because the ratio of Dé(BaI)/D&(EAIZ) = 0,47
which ie nesrly the game as the ratio of 0.46 found for a series of mono- and diflucrides (§) and for other alkaline sarth

halide systems. (8. AHf;98 = ~10.14 % 20 keal/mol is calculated from the adopted Aﬂfa = -8.39 & 20 kcal/mol.

Hesat Capacity and Entropy .

The ground state vibrational constants are from the compilation of Rosen (1). The adopted value of r, = 3.20 A was
estimated by Margrave (3) and is a&lsc the bond distance in Ba!z(g) 7. Be is calculated from the adopted LI ig cal-
culated assuming a Morse potential function.

The electronic levels and their probable designation are those given by Rosen (1).

Refsrences
1. B. Rosen, Ed., "Spectroscopic Data Relative to Diatomic Molecules,'' Pergamon Press, New York, 1370.
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%, K. 8. Krasnov and N. V. Karaseva, Optics and Spectrosc. 18, 1 (1865},

5. C. A, Mims, S. Lin, and R. R. Herm, J. Chem. Phys. 57, 3099 (1872).

6. G. D. Blue, J. W. Green, T. C. Ehlert, and J. L. Margrave, Mature 193, 804 (1963).

7. P. A. Akighin, ¥. P. Spiridonov, G. A. Scbolev, and V. A. Naumov, Zhur. Fiz. Xhim. 32, §8 (1958).
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Barium Diiodide (BaIZ) Bal
(Crystal) GFW = 391.1430

T, K p° §  ~G-Hlma)T  H~Hme AHP A6P Log Kp
g 2 Q00 «D00 INFINITE %596 La% 2430 - 144,490 INFINITE
100 14.480Q 20,210 55.530 3.%32 144,561 - 144.30% 315.388
200 17.980 32.210 41.17% 1793 144.608 - 144 .042 157.402
298 18.520 39,470 3%.470 « 000 144.700 - 143 .70 105.364%
300 18.530 39.585 39.470 »33% 144 .702 - 143,733 104. 710
400 19.010 44.981 40,203 1.911 148.719 - 143.254 78.271
500 19.490 494275 414602 3.836 159.229 - 140.895 61.58%
[hidg 19.960 ©52.870 43,188 5. 809 159.258 - 137.223 £9.984
700 20,440 55.983 &4, 799 7.829 159,049 ~ 133,.57Q 41.702
800 20.920 58.743 “6.372 3. 897 158.916 - 129.938 35,497
614235, 158,637 - 126,329 30,677
63.514 158.313 ~- 122.7157 26.828
11G0 22.375% £5.623 50724 16,389 199,941 - 119.023 23.648
1200 22.862 67.591 52,048 184651 159.578 -~ 115.31% 21.002
1300 23.340 590440 53,315 20,361 159,143 ~ 11i.547 18.770
1400 23.809 7i.186 54.530 23.319 1584645 ~ 108.012 16,861
1500 24273 T2.843 554696 250723 158.088 - 104,415 15.213

June 30, 1974

A3
BARIUM DIIODIDE (Balz) {CRYSTAL) GFW = 391.143%0 Ba IZ -
AHfs = -144.5 t 0,6 kcal/mol
3598.15 = 39,47 ¢ 0.1 gibbs/mol AHf;SE.lS = -14%.7 & 0.8 keal/mol
Tm = 984 = 2 K aHm* = 8,34 + 0.13 kecal/mol
AHS;SB.).S = 72.3 keal/ool

Heat of Formation

Ehrlich, Peik, and Keeh (1) derived aHf;SB(Balz, e} = -iuu.7 % 0.4 keal/mol from heat of solution measurements of Ba(c)
and Balz(c) in 0.1 N BI. An auxiliary HI heat of solution value, -12.22 keal/mol, calculated from data in reference (2) was
used in the derivation. This auxiliary value will be changed by incorporation of the accepted CODATA key value of AHngs(I_,
ag. 5td, state) = -13.60 keal/mol (3} in the AHEEQS(HI, ag soluticn)} tadle, so that the above derived heat of formation of
Balz(c) will be approximately -145.1 kecal/mol.

Combining AHf;gs(aa”, ag, std. state) = -128.5 kcal/mol, selected by Parker (4), with the CODATA value for I™{aq, std.
state) (3) gives Aﬂfigs(salz, ag, std. state) = -15§5.7 kecal/mol. Further combination with the heat of solution, ~10.98
keal/mol (3, 11), gives AK[;%(BaIZ, e) = -128,7 kecal/mol. This heat of solution value was based on several sets of data,
one of which was that of Ehrlich et al. (1, 11).

We adopt ~1lMU.7 * 0.8 kecal/mol because of the correlation of AHf;ss(Ba‘z, ag, std. state) with the evaluation of data
for several barium compounds (4). See also the updated discussion in the heat of formation section for BaO{e) (12).
Heat Capacity and Entropy

Cp®(13,08- - 300.17 K) has been measured by Paukov, Khriplovich, and Smirnova (). Our ’1‘3 extrapolation agrees with
their si3 = 0.619 gibdbdbs/mol and Hia - H5 = 6.01 cal/mol, and our smoothing and integration of their Cp data agrees with their
Spgg = 39.47 = 0.1 gibbs/mol which is adopted.

The low-temperature heat capacities join smoothly with a linear extrapclation from Cp;98 = 1B8.52 gibbs/mol to Dworkin
and Bredig's reported Cp of 21.8 gibbs/mol at the adopted Tm of 984 K (¥). This gives H;SU_HESS = 13.88 keal/mol, in fair
agreement with Dworkin and Bredig's drop calorvimeter value of 13.9 keal/mol (7).
Helting Data ’

Dworkin and Bredig (7) report aHm® = 6.3% keal/mol (2%} at Tm of 98% K from drop calorimetry; Emons and Loeffelholz (8}
found 6,050 keal/mol (+ 5%) at a reported Tm of 881 K by high temperature cryoscopy. Hutchison {3) determinsd Tm to be
983 K, while Kubaschewski et al. (10) listed 985 X. We adopt aHm® = 6.3% r 0.13 kcal/mol and Tm = 38% = 2°K,
Heat of Sublimation

AHs;gs ie derived as the difference between the heats of formation of ideal gas and the crystal states at 298.15 K. (8]
References o
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Barium Diiodide (8&12) Bal
{Liguid) GFW = 391.1490
gibbs/ kealfmol
T,°K cp° $°  —(G-Howe)T H—Hoem AnP AGE Log Kp
Q
100
200
298 18.520 43,898 43.393 2000 - 140.029 ~ 140390 102.908
300 14.530 4ae013 43,399 Q34 - 120.031 - 140.391 102.275
“00 14,010 49,409 44,631 1.911 ~ 194,048 - 140.353 T8.686
200 19.490C 53.703 46,230 3.836 - 15%.558 ~ 13B.438 $0.511
600 134,960 57.298 47,617 —- 154,588 - 135.210 %49.250
700 27300 49,227 - 194.379 - 131.99% 41.212
ace 27,390 50.6855 - 153.6l4 - 128.85%2 35.201
C.132.751 - 125,808 30,550
1000 151.890 ~ 122.860 26,4850
1100 27.000 72.61% 55,679 184629 —- 153.031 —- 119.804& 23.803
1200 27,000 Ta. 964 57.190 21.329 ~- 1%2.230 - 1i6.818 21.275
1300 27009 17.12% 58ab64e1 24,029 - 151.405 - 113.900 19.048
1400 21000 19,126 60,034 26,729 - 150.56% -~ Lil .46 17.335
1500 27.000 30.989 61.369 29.429 - 149.712 - 108.255 15.713
1680 27.000 B2.731 6265 32.129 ~ 148,852 - 105.517 14.413
1700 24,900 B4, 363 £3.880 34.829 - 147.990 - 102.83& 13.220
1800 27.002 85.311 55,062 37.529 - 147.13Q - 100.204 i2.166
1900 27.000 37.371 b, 198 4G, 229 - 146.279 - AT.821 11.229
2000 27.000 BB.758 674292 42,929 - 145.4%1 ~  95.084 10390
2100 27.800 90.073 584365 45.629 - 1hd,&20 - 92.584 9. 635
91.329 69,362 48.329 - ~  B8.900 8.831
7 3 51029 8 8,066
$3.729 - B0.958 1312
2500 27.300 94,781 Tza.209 56,429 - 174.45% - 17,045 6. 735
2600 27.000 95.840 73.098 59.129 - 173,664 - 13.165 &.150
2700 271.20C 26,859 13.959 &1.829 - 172.929 - £9.313 5.610
2800 27,000 97,841 Ta. 795 64.529 - 172,249 - 65,487 S.132

June 30, 1974

BARIUH DIIODIDE (Bal,) (LIQUID) GFW © 391.1490 Balz

S298,15 = 43.898 gibbs/mol aHE 0 15 = -140.029 keal/mol
Tm = 984 * 2 K sHm® = 6.34 ¢ 0.13 keal/mol
Tb = 2340 K SHV® = 43,88 kcal/mol

Heat of Formation
AHf;ga(Balz, 4) = -140.029 kcal/mol is obtained from the sum of the heat of formation of the crystal, the heat of
melting, and the enthalpy difference of the crystal and the liguid between the melting point and 298.135 K.
Heat Capacity and Entropy
The 1liquid haat caepacity near the melting point, 27.0 gibbs/mol, was determined by Dworkin and BSredig (1) from drop
calorimetric measurements. This value is sdopted and assumed conetant over a 700-2800 X range. A glass transition is assumed
at 70¢ X delow which the heat capacity is that of the crystal.
S;”(Balz, 2y = 43,898 gibbs/mol is calculated {rom the crystal entropy in a manney similar to the heat of formation
calculation.
¥aporization Dats
The temperaturs at which 46r" = 0 for the reaction BuIz(t) = BaIz(g) iz 2340 K, the adopted Th. Peterson and Hutchison
{2} have extrapolated Knudsen sffusion cell messurements in the 1154-1301 K range to obtain a normal boiling point of 2300 K.
AHv® = %3.88 keal/mol is the calculated difference between the hsats of formation of the ideal gas and the 1iquid at Tb.
See Bal,(g) table for details.
References
1. A. S. Dworkin and M. A. Bredig, J. Phys. Chem, 67, 597 (1963).
2. 'D. T. Petergon and J. F. Hutchison, J. Chem. Eng. Data 1%, 320 {1870).
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Barium Diiodide (Balz) Bal
(Ideal Gas) GFW = 391.1490
- /ol
&l Y
1K Cp §  ~(G-HmelT H'~Hss ARP AGE Log Kp
3 <000 .0DO  INFINITE - 3,761 - 71.335 Ti.335  INEINITE
100 12,663 6B.604  95.221 - 2.662 - Fl.39l 75.978 166,051
200 13.533 77.732 84,431 -~ 1.340 -~ 71.85% 80,393 87.850
298 13,734 83.180 83.180 L000 - 72.400 84,472 61,920
300 13,738 83.265 83.180 .025 - 72.4il 84,546 51,592
400 13,81} 87.228 83.720 1,403 - 16,927 88.351 48.278
500 13.846  90.31% 84,742 2,786 67,979 30,164 39,411
600 13,866 92.841 85,987 %0172 - 83.595 96,543 32,980
700 13.877 $4.979  87.037 5.559 - 89.019 90,837 28.360
800 13.885  96.832 88.148 6.947 -~ 89,568 91,057 264876
200 13,890 98,468  89.206 8.336 -~ 90.01% 91.216 224150
1006 15,894 99.932 30.207 9.725 - 90.46% 91.325 19,959
1100 13,897 101,256  $1.152 11155 - 92.915 91.194 18,119
1200 13,899 102.466 92,045 12.505 - 93.426 91,015 16.576
1300 13,901  103.578  92.890 13.895 - 93.909 90,794 15.264
1400 13,902 104608 93.691 15,285 -~ 94.379 36,536 144133
1500 13,903 105.567  94.451 16,675 ~ 94.836 80,247 13.149
1690 13.90% 106,465  95.174 18,065 - 95.286 89,925 12.283
1700 13.905 107,308 95.863 19,456 ~ 95,733 89.517 11.516
1800 3,905  108.103 96.521 20,866 ~ 96.183 89.202 10,831
1900 13,506  108.854 97.151 22,237 - 96.64l 88.801 10.214
2000 13,906  109.568  97.754 23.627 - 97.113 88.379 9.658
2100 13,906  110.246  98.333 25,018 -~ 97.601 87,928 9,151
2200 13,507 110.693 26.6409 - 131.466 36,231 8566
2300 13997 111511 L. 212799 = 13l.8il 845166 _ 7,998
26007 T TU3LYSY T IR 1037 29.1%0 132,213 82,085 To415
2500 134908 112,671  10G.438 30,581 -~ 132.673 79.988 6.993
2600 13,908 113.216  100.919 31,972 - 133.191 77,871 6.546
2700 13.908  113.741  k01.38%5 33,362 -~ 133.766 75,732 5,130
2800 13.908 114,267  101.835 34,753 -~ 134.395 73.571 5. 742
2500 13.908  134.735  102.272 36,144 - 135.072 71,386 5.380
3000 13.908 115,207  102.695 37,535 ~ 135.796 69,180 5.040
3100 13.908  115.663  103.106 38.926 - 136.561 66,946 5.720
3200 13,909 1i6.104  103.505 40.317 - 137.361 64.686 4,418
3300 13.929 1164532  103.894 41,707 - 138.192 62,403 4,133
3400 13,309 1164947  104.271 53,098 -~ 139.048 60,095 3.863
3500 13,909 117,351 104.63¢ 54,489 -~ 139.923 57,756 3.607
3800 13,909  117.742  104.998 45,880 ~ 140.813 55,399 3.363
3760 13,909  118.124  105.348 47,271~ 14l.715 53,016 30131
3800 17,909  118.494  105.689 48,662 - L42.624 50,606 2.910
3800 13,909 118.856  106.022 50,053 - 143.537 48.171 2.699
4000 13.909  119.208 106,347 Sl.4%4 - L4451 45,717 2,498
%100 13.909 119,551 106,665 52,835 - 145.363 43.236 2.305
4200 12,909  119.887  106.976 54,225 - 146.274 40,731 2.119
4300 13.509 120,214 107.280 55,616 - 147.17% 38.211 1.942
4400 13.909  120.534  107.5377 57,007 ~ 148.078 35,666 1.772
4500 15,909  120.8%6 107,389 58.398 - 148.971 33.099 1.608
4600 15,909 121.152 108,154 59.789 - 149.856 30.513 1.450
%700 13,909  121.451  108.434 61,180 - 150.723 27,913 1.298
PEGT 13,909 121,744  108.708 62,571 — 131.603 25,288 12151
4900 13,909 122.031  108.977 63,962 ~ 152.465 22,647 1.010
5000 13,940 122.312  109.241 65.353 ~ 153,320 1%9.990 -874
5100 13,910 122.587  109.500 66,746  ~ 154,166 174317 .142
5200 13.910  122.357  109.754 68,135 - 155.008 164626 615
5300 13,910 123.122  k1G.004 59,526 - 155,638 11,917 491
5400 13.620  123.382  110.249 70.917 -~ 156.663 9.190 .372
5500 13.91C 123,637 110.490 72.308 - 157.482 6454 256
5600 13,910 123.868  110.7Z7 73,699 - 158.296 3.705 .145
5700 13.919  124.134¢  110.96} 75.090 ~ 159.10% 935 036
5300 13,910 124.376  111.190 76,481 - 159.906 1.848 - .070
5900 13,910 124,616  kll.%15 77.872 - 160.703 4.642 - 172
6000 13,510 124.843  111.637 79,263 - 161.495 T.454 .27
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BARTUM DIIODIDE (Bal,) (IDEAL GAS) GFW = 391.1890 Baiz
Point Group = c2v AHf& s ~71.3 ¢t & kcal/mol
. _ .
S34g.15 = [83.18 & 2,01 gibba/mol aHES, 15 T -T2.4 3 8 keai/mol

Ground State Quantum Weight = [1}
Yibrational Fresquencies and Dsgsneracies

on™t
£1l13 (1)
(261 (L)
£1881 (1)
Bond Distance: Ba-I = 3.20 ¢ 0.033 Bond Angle: I-Ba-I = [170"} g = 2
Product of Moments of Inertia: 1,17, = 2.1187 x 107117 g% oo

AYBC.T
Heat of Formagion

Winchell (1) has reported AH, 4G, and 45 for the vaporization of Balz(l) at 1150 K derived from & mass spsctrometric
Knudasen effusion cell investigation {28 unpublished points in the range of 1018-1278 X). The spsctra showad no avidence of
Bal, polymers; alsc it was concluded that Bal, (&) = Bal,(g) is the important vaporization. Peterson and Hutchigon (2, 3}
used & weight loss Knudsen effusion technique to observe vapor pressures st 1B tsmperaturees in ths range of 1154-1301 X.
Their heat of vaporization, 53.5 ¢ 1.3 kcal/mele, is in good agreement with Winchell's value, 5% £ & kcal/mol.

Qur second and third law analyses of these data follow.

. Drift
No. of Temp. Aﬂvna, kcal/wol gibba/
Invastigator Points Range, K 2nd Law 3rd Law mole
Winchell (1) 3% 1018.1278 62,16 68.07 5.1
Petergon and Hutchison (2) leb 1154=1301 64,35 67,61 2.8
% 1.8 2 0.5 2 X.2

256 calculated at 1019 K and 1278 K from 4H, 4G, and A4S values

given at 1150 K to permit use of Znd law.

one point rejected by statistical tests.
We select AHV;% = 67.6 ¢« 3 kcal/mol and combine this with M‘lf%as(t) = ~140,029 2 0,% kcal/mel to give the adopted Axf;"(g)
=z -72.4% & 4 kecal/mol,
Heat Capagity and Entropy

The bond distance, as determined from an electron diffraction study, is taken from the work of Akishin st al. (&) who
also judged the bond angle to be 180 : 20, The later electric deflection study of Buschler et al. (5) showed that all of
the barium dihalide molecules are bent. Hoting the trend in the magnitude of the bond angle in the alkaline earth-halide
series, we have assumed a bond angla of 170%, The individual moments of inertis are: I, = 42,941 x 10’“, Ig = 42.826 x
1078, and 1, = 1.1520 x 1077 g cm?,

In estimeting the vibrational frequencies, the stretching forca constants for gassous BaF, Baf‘z, Ball, and BaCJ.2 ars
calculated from their vibrational frequencies (§), using the valence force model. The trend in the ratic k(mnohalido)lkl
{dihalide) indicates that k(Bal}/k,(Bal,) = 1 is a reasonabls approximation, an approximation used by Brawer et al. (7). The
stretching forece conatant for Ballg) is calculated from the ground stats vibrational frequency given by Rosen (8). The
bending force constant iz sgsumad to be 0.0l times the stretching force constant (7). The adopted vibrational frequsncias

&re calculated from these estimated force constants. Other sstimates for Yy Vg ang Vas where & linsar meolsculs was assubad,

ars 109, 26, 184 (7) and 306, 37, 178 (8).
We assign an uncertainty of 22 gibbs/mol to ths entropy to allow far srror in the estimation of bond angle and of the
vibrational frequsncies.
Refarences
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BARTUM OXIDIT {Bal)

kealimol

= 0.08 gibbs/mel 2.5 kcal/mol

= 101.% ¢ 2 kcal/wmol

Heat of Formation

) SHE® is pounded from N 1/mol derived by Titz (1) from calorimetri
T, 'K {6 —H )/ ] Loz Kp . . . . - P
. o ialie with Bafc) ane 3al(c). © 40 reixctions yields elle -67.56 47 kesl/mol for Bale) + il
. fe gl b 3
1% Leve . Bal{c) + H (g). Al is 1.3 kcal/mbl less negative than that of 188 lechnical Hote 270-u (23, it
. FERSUIED 54 - N . . . N _
a0 e confirns Farker's for BaD and BaCl, from calorimetry invelvisg anueouns HCL (#-3) dnatoad of
diserepant values Exrlier HOL calorimetry pave SBUT(BAC, ¢) = -132.0 (3, 2) and -132.1

PRI

keall/mol (3.
well of

14y ang Ba (¢

relerred sin both roattions werd

run in the same calorimeter on samples thatr were
yo

arly impertdant ities were a major prodlew in studles of Bal (3,

Direct - of studies

Mab (6} gave -13° 0.7 keal/mol. ustion

£ Fitzpibben et al. (1D

©
of # keal/mol we idle lininy (MgD} in molten 80

suggast that the r ¢ to parti:l dissolution of

tormed in the combustion. Dissolution doin oo stionus on sintered Mgl dizkz. bnt large emoun
(1). Julz led the a

noted carliecr thatl tiwe combustion

5 of Bn{)/ were

formed poth in this case and wIith tue ase of bal crucible thorwy {1} tu dismiss combuztion calor

try

of

solution calorimetey. sult was incommatible with date for BaCl,(sq)

that the combustion value

sepancy existed for 3ro(e).

€y ane ), Bad.{g) and ISJCC(fC);

incomvatidble with equilibrium

SHESBACL,, @) and i (a?
Sate) + 7 HCI(hu. 0 00 = M Q) ¢
~D8 2 ULF keal/mol

tu

) for BJC17£1‘ and ¢

o

uhupcated disvussion. We combi
BCL (850 1,00 with AEFCCHCI . B4 £10
1S

[T o pive SHFU(BaCl., c) @ -
G5 1,00 to give SET(BACL, o

.41 keel/mol (1) For
0.02 kealfmol (18} and

.Y 2 0.5 keal/mol. Thiys

=
'
~

tony ‘Mtily(u} in HE
15) SN (BaCl,) of -235.2 keal/wol based on the geléetion of Parker (2), the slterpative uncertainty of

/mol (A9, The new GHE® for BaCl, (1) yields sHI®(ha®’, ag) = -128.0 + 0.6

oln
confivns the J.

0.0 kvai/mol should now be

sed instosd of 23 Xxca

keal/nol, assuming afl o (6aC c) = kealfmol (many references) and LHFT(E 44y = -29.332 : 0.021 kcal/nol
i6). This is consistent with P noof sHT*(Ba’". ag) ¥ -1ZB.5 koal/mol (27,
2t Copacity and Entropy
3 aen o - . s ©p® ie based on date {1.%-310 €Y of Cmelin ) who reperted ssoothed values only Ln the range b to 400 K. Based on
a5l ol - A R Smelin's prawhe, Wwe have corrected Several typoprsphical arrors and othed (p° above ZW2 K where the §Tattel Incressss
N ety o vapidly. The eatrepy s abtained by integration of aur adopted Gelag 5° = D.0015 ibbs/mol at % K. fhe value 3° = Lb
R $henin - - e 2 0,02 pibbs/mal repuesed by Guelin (17 corrcsponds ro nei K nor 29%.15 K and must be coroneoun.  Cp° data (56-

1

C3° above 300 K L

£ of Anverson {

fer by i,

but average about L.

1py data (351-1238 K of Lancer {14). Thi

. higher from 150 to 260 K.

from constrained £

tting of en

to bias Iron 4 csliveatiog based on Pt and fr purities in the two sauples Information is insufficient to ¢ss the

biss due to minor changes in the cnthalpy of Pt (18). %o apply crud for 27 mele

corrections teo the chacrvad ¢

lz and for sbout 7.8 mole 3 SiQ
sampled and £1.0%

50 in ofe © in the other sample. Devi 5 from

he adepted curve ave =0.9% (firs

2
for -2.0% at w21 K.

sond sample) except

clting Batas
Bal{s).
Subd

iz caleulated as the differa
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Barium Oxide (Bal)

Bal

SL61 ‘L "ON ‘b 'IOA ‘BinQ “joy weys 'sAyd ¢

(o H NEL Z z
(Liguid) GFW = 15%.3394
bt ©cat/n
g
T,°K v § (G ~Hen)T  H—Homs AHP aGP Log Kp
J
1e¢
200
258 113049 24,077 23,077 000 117.502, 112.625 B2.556
308 11.312 23.167 23.077 <021 117,499 112.5%4 BZ2.02%
400 11e¥20 26.%8% 23.524 isi84 117.413 L0975 60.634%
500 12.377 29,201 24,400 2.400 117,475 109.362 47,802
&0C 12.729 3l.48v 25.5%6 B.658 117.702 107.716 319,235
70C 13.001 23,412 2640411 4,942 117.716 106,053 33,111
800 13.242 3%.224% 27.50% b.255 117.837 104.377 28.515%
900 13,455 36. T90 280303 7590 117842 102.693 24,937
1000 13,680 38.22% 29,279 B.9%06 117.833 101.01% 22.076
110C 14852 39.535% 30.152 10.321 119.811 99.133 19.696
1200 14,931 40. 748 30.985 11.715 119.831 97.252 17.712
120C 1%.207 41.878 31.780 13.127 119.814 95.371 16.033
1400 14.379 “22.938 32.540 14.557 119.706% 93,493 146,595
1500 1%.5%43 “©3.93% 33.267 16.003 LI, 687 9L.619 13.349
la.7i4 44330 33.9863 17,468 119,589 89.751 12.259
144000 49,850 34.534 19.006 119,352 87.893 11.299
16000 wb.Tb4 35.283 20,666 1E9.119 86049 10.4%8
lo.0ul LT 629 35.910 22.266 118.897 B&,218 9.687
16,000 438,450 6,517 23.866 113,689 82400 9.004%
16.033 25,466 118,499 B.387
16,008 27.066 151.688 ... 1.705
16000 50. 636 - 151.357 7.051
16,0043 b1.367 30,266 151,046 6,452
16,300 52.020 39.274 31.866 153.87% &7.513 5.902
16 .00 52.648 39.778 33,464 190.721 b4l 81 5:395
163Ul 53.252 %40.264% 35.066 153,625 50.85%4 4.926
16,000 53.%33 40.738 36.668 150.586 57.531 4,490
16,000 54,395 41,200 3B.266 150.596 84.208 4,085
16.000 54,937 4la0h9 39.8656 1504653 50.882 3.707
1350 16.0230 55.462 42,086 4letbb 150,753 47.55%
3200 16000 85,970 $2.512 43,066 150.489 44,224
3300 16,930 : 44,666
0 & bHo266
3500 lea20C 5T.604 43,728 47,866 151.461
3600 lu. 000 57.854% 4,014 4G.4565 151.649 30.846 1.873
3700 15.300 £8.293 %49 .491 51.068 151.930 27,488 1.624%
3830 16.000 58.720 L, 360 52s 666 152,173 26,120 1.387
3900 16000 59.13% 45.221 S4.260 152.431 20.747 1.163
w000 L6300 59.5%40 45,574 55, Bo& 152.685 17.368 + 949
4100 16.000 5%24935 45,319 5T.468 15¢.937 13.581 e T45
4200 16,090 63,321 b 25T 59.066 153,187 10.589 =551
4300 16.000 6C. 697 45.58% 60065 153.432 7.190 =365
%400 16.U00 61065 46.91% 624265 153.67C¢ 3.787 <188
4500 16,000 Hl.a25 47232 63,866 153.903 «378 +0L8
4600 61.778 470945 65,466 1%e.127 3.038 - «lih
4700 $2.121 47,851 67.068 154,344 Het56 ~ -300
4800 02457 &£8.152 b8. 066 156,553 9.881 - « 650
4900 62,787 EEPEL Y 70,264 156,753 13,306 -~ «593
5000 63.111 L8.737 Ti.860 134.946 Lo 137 -~ 132
Dec. 31, 1972; June 30, 1874

BARIUM OXIDE (Bal) (LIQUID) GFW = 163.33%% Bao ;:;
$2g5.15 = £23.0771 gibbs/mol SHfjgg g5 = £-117.502) keal/mol
Tm = 2286 = 15 X aHm® = [18]) kcal/mol
Tb = {3360.6} K aHv® = [70.711 kecal/mol
Heat of Formation
aHE® is calculated from that of the crystal by addition of AHm® and the difference in m%zes‘“iee) between crystal and
liquid.
Heat Cspacity and Entropy
Cp°® of the liquid is estimated as B gibdbs/g-atom by comparison with other oxides. Cp® is taken from the crystal in the
range 298 K up to the glass transition assumed at 1500 K. $* is calculated in a manner analogous to aHE® .
Melring Data -
Foex (1) obtained Tm = 2010°C from a solar-furnace study using Ba0 as its own container. We adopt This result but
increase it by 3° for conversion to IPTS-68. Foex showed that the much lower value (1818°C) of Schumacher (2, 3) probably
resulted from contamination by W0, from tungsten supports of the sample. aHm® is estimated such that aSm® is § gibbs/mole.
Vaporization Data
Unlike the other alkalines-~ezarth oxides, Ba0(c) vaporizes mainly te Bal{g) with traces of Ba,0, and BaZC. Mass-spectro-
metric studies (4) suggest that decomposition to Balg) and 0(g) is not a major contributor even though the observed intensities
of Ba® are almost comparable with those of Ba0®. Tb is the calculated T at which 8G»° = O for Bal(c) = Bad{g); aHv® is the
corresponding c¢ifference in af®.
References
1. Foex, Solar Energy 9, 61 (19€5).
2. E. E. Schumacher, J, Amer. Chem. Soc. 48, 396 {1926},
3. $. J. Schneider, U.S. Narl. Bur. Std. Monograph §8, 1863,
4. JANAF Thermochemical Table: BaO{(g) 6-30-74.
O
o
3;
m
m
P
F

BaO



BARTUM OXIDE (Bal) (IDEAL GAS) GFW = 153.339%8 Bao

561 'L 'ON ‘b joA '2ing }9¥ "way)d sAyd f

. . I A Symmetry Number = 1 AHEL = -29.1 = 2 kcal/mol
Barium Oxide (3a0) Bal 83 = 56.2u9 £ 0.06 gibbs/mol snes = -29.5 = 2 kcal/mol
298,15 : * 0.08 gabbs 298.15 hoE ot Keally
T . 3y 1 Electrornic and Molegular Constants
(Ideal Cas) GFW = 153.3394 N - — = L 4 o
Source State £ r., A B, ¢ a_, cm w_, cn w X,
i & e e . e e e"e
(1-5) xte 1 1.9297  ©0.31261  0.0013%  §69.81 2.1
il kealfmol 1) ajﬂ 17372, 3 2.739 a.e2un 0.001u Hhg. 3 2.0
T, K cp° 5 —(G-Hme)T Wi SHP .oaGe Log Kp [§¥] artp 17568, 2 2,289 0.2244 0.001u ung,3 2.4
¢ .30 L000 INFINITE = 2.1v4 = 29.0e5  ~ 29.065  INFINITE (53 g+ (150001 3 £2.1233 ro.z5e3 .00 459.7 641
100 hi96% 48,298 62.887 — 1.455 - 20.122 - 31.068 67,899 > T -1233 C0.25831 10.00111  [499.7] L1 64
200 70346 53,216  56.352 -  .747 - 29.387 ~ 32.920 35,973 (1, 8, 22 Az 18722, 1 2,133 ©.25832  0.00107  499.7 1.6
298 (203 56.269 56,249 L0080 - 29.600  ~ 34613 25.372 ) 3, [ 220001 3 [2.261 £0.230]  [0.001]  (ug0} (23
300 7,871 56,297 56,249 L0185 - 29,606 - 36.644 25.238 (5> ) [ 220001 5 " " " " "
420 4.232 58,615  56.562 L8210 - 29.875 - 16,287 19.826 . (s) s {24000] 2 v ) " u "
500 i657 60,473 57.165 1.656 = 30.317 - 37.863 16.541 = 1o
8 “x 1210001 3 " i " " "
600 4,601 €2.034  57.851 2.510 - 30.946 - 39.287 14,310 Gy 1y- [ 240001 N " " " " "
700 PN 63,367 5E.546 3.375 - 31.382 - 40.646 12,690 =
400 1766 64,536 59,223 4.268 = 3L.942 - 41.930 11,455 (5) 260001 1 " ' " " "
990 AuH16 65,569 59,572 5.128 - 32.602 - 43.150 10.478 ) [ 320001 5 [2.201 (0.2041 « [ue8) 13.61
1000 #.855 56,500  60.489 6.011 - 32.866 - 46,319 9.686 =
2y 32775. 2 " " E 488,
1100 1,895 67,346 61,076 5.898 - 35.333 - 45.24b 8.990 Heat of Formatic
1200 4.910 68,120  61.630 T.788 - 35,857 - 4b.124 8.400 e )
1300 4,931 68.834  62.157 8.6B0 - 36.359 - 46.959 7,894 We adopt Df = 131.0 ¢ 2 kcel/mol and AKEjg. = =29.5 2 2 kcal/mol based on equilibria and vaporizarion data analyzed
1400 4,950 69,431 62.658 9575 - e @e5 - al.iS6 7.455 below. The results are in excellent agreement, even though 6§ varies widely. DJ is confirmed also by values of 132 =
1500 4967 70,115 63,134 10,470 = 37.319 - 48.519 1.069 ) o
S(electron impact, 17), >131.4(crossed-beam chemiluminescence, 18) and ~131 kcal/mol (flame study, 1973, 7). We have ad-
1e00 OSSO N o4 Lledes T I T el justed the latter value to make it roughly consistent with our free snergy funstions. Less reliable data were reviewsd by
1800 2,025 F1.754 64,638 13,169 -~ 38.71% - 50.628 H.147 Schofield (19). Our analysis supports the conclusions of Brewer and Rosenblatt (Z_o_).b . )
1500 9.052 12243 54,836 14,073 - 390189 - 51.276 5.398 No. of eHrig./ikcal/mol)  &HEro. D)
2000 9. 0806 F2.708  63.218 16-97% - 33.e74 - 51.501 5672 Scurce Yethod React Range T/K Points gibbs/mol  Znd Law  3rd Law keal/mol
2100 129 13,152 65.386 15.890 - 40.17T4 - 52.500 5,464 (7) Kalff(1970) Flame photometric A ~2680-2860 H 19,24 U9, =1l -4.722.5 -29.6¢3 131.0
2200 G184 13,578 65,939 16.806 — 14.047 - 51.848 5.151 8) Colin{186L Knud R 5982083 B 11 el6 oo 6 8120 29153 13
2200 aeld SO S50 00 s S 2-i3t (8) Colin(1964) udsen mass spec. B 1934-2089 11.£10 29.£20  -6.8:2.0 -29.1¢3 130.5
2400 5,362 76,384 66.610 18,657 = 74.79& - 49.798 4.535 (3) Semenov(1872) " L c 1823-1723  Ego. 3.7 108.1  102.2¢1.0 -28.8+2 130.2
2500 Jedhs o TLaTHT 66929 19.596 - 75,263 - 4b.T43 4262 (10} Newbury(1958) Knudsen thermobal. c 1563-1853 17 5.920.3 .5 -29.2:2 130.6
. ; o ¢ 1503-1862 45§ 5.2:0.5 .8 -28.9:2 130.3
2600 3572 15.140 20.547 - 75.138 - el.619 %008 Knudsen mass spec. c 1590-1892 11 5.830.2 .2 -29.3:2 130.8
2700 75.505 21,513 - 76.277 - 46.589 3,771 N n BPR & T581-1917 Y Sl5e0.3 111 us0.5 20252 1306
2800 75,462 22,495 - 76.855 - 45,480 3.550 M PR é 13551510 ) e ls0 y 112.130.8 T25 82 130 3
2900 716,213 68.111 23.697 - 7l.464 - 64.367 3.342 e S . ;
3000 760560 48,387 24.521 - 18.097 - 43.194 3.147 (11) Tnghram(1955) " v c 1530-1758 u -2.826.1  99.210  103.2:1.7 -27.822 129.7
(12} Shchukarev(1957) Langmuir mass spec. c 1173-1473  Eqn. -5, 93.3 4e1.6 -29.622 131.0
3100 10.629  T6.904  68.856 25.570 - 738.T48 - 42.020 2.962 == Snehukarey Langmull mass spe vIIT3-1873 Eqn 8.1 3.3 1015216 -2 131
3200 10,525 11,246 68.919 26,647 - 79.406 - 40.826 2.788 (13) Nikenov(1981) Knudsen effusion c V1140-1470  Eqn. 2.0 87.2 93.820.5 -31.252 132.6
,_;“ 0.06%. gg:%‘.;k ,,,,, ; "f;’f? (11) Blewert(193%} " N c 1526-1800 12 -0.522.5 103.128.1 103.$:1.3 -27.123 128.5
3500 11,977 18,270 69.677 30,077 - gl.34® - 37,121 2.318 (15) Herrmann(1937)  Langn c N1200-1560  Eqn. 16. 124, 101.884.6 -28.2¢3 130.7
(18 Claassen(1933) " c 223-1475 7 -4,521.5  95.922.1 101.921.0 -29.1:2 130.5
3600 12,375 18613 69.920 31,294 - 81.960 - 35.8647 2.176 =20 " + N t 101,91 0
3700 12.791 78.u58 70.160 32,552 - 82,5543 - 34.558 2.061 Reactions: A) Balg) + Cﬁz(g) = BaO(g) + CO{g); B) Ba(g) + S0(g) = Bao(g) + S${g); C) Balle) = Bad{g).
3800 13.222 19,304 70,396 33.353 - - 33.25¢ 1.913 bes o aup® aw) - 43r°(3rd L
3900 13.406  T9.056  70.629 35.197 - - 31.937 1.790 N . 7 (2ad Law) riiErd Law).
«000 112 80.005 70.359 36,580 - = 30.5607 1.672 Heat Capacity and Eniropy
Ele vic level and vi i -rotational constants of the observed states are from Fie and Roser .
100 00,359 T1.085 38070 - se.asz - 29.264 1560 Electronic Jf;ve]s (1) and vibrational-rotational constants of the observed states ave from Field (1) and Fosen (2)
4200 30.715  71.311 39.498 - d4.853 - 27.513 1,452 The long-sought a°ll and A'“T states of CaC, Sr0 and Bad were characterized by Field (1) using a new method for assignment of
4300 BL.0T4 71934 41,020 - a5.176 - 26,552 1.350 rturbations. This study nesolved the long- iy trovarcy over low-lvi erond Yo and comfi .
4000 51,434 T1.1%s 47,580 - 4S.4ng - 25.186 10281 pi,f“\f';at_ons. This study resolved .i.e long-standing controversy cver low-lying e%ef»w“.c 1eve,s«iar.d confirmed (1) that
4500 81,795 Tl.ule 44,193 - 85,675 - 23.614 1.157 %°2" is the ground state (4). We estimate the other potentially low-lying state (') at 14000 cm™ by assuming that it lies
3 = 2500 em " 1 i igurational A state. - predicted states an eir vi i ~rotationa
4800 L6654 £2.150 72,191 45.839 - 85.853 . 22.435 1.066 000 2500 ¢m { §) below the isocenfigurational state Other predicted states and their vibrational-rotational
4100 17.012 BZ.519 72,407 47.52) -~ 85,986 - 21.05%6 .979 constants are estimated in iscconfigurational groups by comparison with Bel, MgO, Ca0 and Sro (8). Comparisons are facilitated
4800 110342 82,880  72.622 49,261~ 36.077 - 19,673 896 by lieting the states i L i £ . or of M . N e frrond ) ot e ffent vt
4900 17.641 83241 72835 500990 - de.izs - e.z292 Tle y listing tl e.s ates in the iscconfigurational order of Mgd (§). Our thermodynamic functions correspend to an "effective
5600 17,908 83.600  73.046 52,768 - 86.143 - 16,907 REN ground state with g = 1 instead of g = € (10, 19, Our functions are caleulated using first-order anharmon:c corrections to
i i s s N colale ot
5100 83.957 73,257 54,571 - B&.124 - 15.521 L5665 Q. and Qy in the partition function Q = Q. 20.0,8; expl-cye;/T).
5200 84.31L  73.466 56,395 - 86,075 - 14.139 594 References :
5300 84,662 13,674 58237 - 36,002 - 12734 .526 1. R. W. Field, J. Chem. Phys. §0, 2400 (1374).
400 2 #5009 73.881 00-05% T Ebesbe o Ml - 460 2. B. Rosen, "Spectroscopic Data Relative to Diatomic Molecules," Fergemon Press, New York, 1970, p. 60.
5500 13,727 85.352  T4.086 i-%62 35.791 ~ 9. 397 3. J. Hoeft, F. J. Lovas, E. Tiem T. Térring, Z. Naturforsch. 25a, 1750 (1370).
4. L. Wharton, M. Kaufmen and b Y a7, & 96233 38, 2705 (1963); 39, 240 (1863); W3, 3406 (1365).
5600 18,790 35.650  714.2v0 63.838 - 85.863 -  8.618 .336 5 JANAF Thermothemcer Tables: i, e 8 5,24;(3@7’ ;e‘eiﬁ 90315 23, 146 (188305 43, 1958)
¢ - - . Ja wicel Tab ) MEO(gd, Ben(g) 12-
5700 1d.824 86.02% 74,493 65.719 35,523 7244 -278 6. R, W. Field, A. D. English, 7. n J. Chem. Phys. 91 (1973); Ber. Bunsen Ges.
5800 19,929 86,250 76.695 67.602 - 85.375% - 5,870 221 Fhys. Chem. 78, 146 (13719 2
5990 18,806 84.672 74:895 /;9.';24 oosse2z2 - “-Sgi -er 7. P. J. Kalff and C.Th.J. Alkemade, J. Chem. Phys. 52, 1006 (1870); 59, 2572 (1873); 63, 1688 (13743,
6000 1¥.759  B6.988  T5.09 Tt.362 85,066~ 31 -1 8. R. Colin, P. Zoldfinger and M. Jeunehomme, Trans. Faraday Soc. 60, 306 ({1954),
A. Semenov, 0. S. Popkav, A. I. Soloveichik and 5. N. Parsiyaninova, Russ, J. Phys. Chem, 46, 89§ (1972).
10. R. 8. Newbury, G. ¥. Barton and A. W. Searcy, J. Chem. Phys 793 (1968),
y ) e 11. M. G. laghram, W. A. Chupka and R. F. Porter, J. Chem. 2158 (1955).
June 30, 1974 12. S. A, Shchukarev and G. A. Semenov, J. Inorg. Chem. (USSR} 2 (6), 1 (1857); p. 1217 (Russ. edition).
13. B. P. Nikonov and N. G. Otmakhova, Russ. J. Pays. Chem, 35, 724 {1S81). Bal
14, J. P. Blewett, H. A. Licbhafsky and E. T. Hennelly, J. Chem. Phys. 7, 478 (1933)
15. &. Herrmann, 4. Phys. Chem, 298 (1937},
16, A. Claassen and C. F. Yeenemans, Z. Physik 80, 342 (1933),
17. 1. G. Panchenxov, A. V. Gusarov and iL. N, Gorokhov, Russ. J. Phys. Chem. L7, §5 (1978).
18, D. Jonah, R, . Zare and Ch. Ottinger, J. Chem. Phys. §3, 263 (19723: Chem. Phys. Let 243 (1970).

1
o

18. K. Schofield, Chem. Rev. §7, 707 (1987).
L. Brewer and G. M. Rosenblatt. Adv. High Temp. Chem. 2, 1 (1963).

INIWI1ddNS S£61 'STIEVL TVDIWIHDOOWHIHL dUNVT

£e



SZ61°L 'ON b '[OA ‘Ding “joy ‘wey) shyg [

Bromine Monatomic (Br)

Br

(Ideal Gas GFW = 79.904
o
T, °K Cp’ §° ={G—H zme)/T H—Hun AHP AGP Log Kp
o 000 LO00 INFINITE - i.481 28.183 28.183 INFINITE
100 S 1-1) 36,376 464220 - - 384 28,3406 25.352 - 55.407
250 G098 39.820 42.258 - ~ 488 26,257 22,383 - 24,459
298 . Gud #1.403 ©1.803 <000 26,1735 19.69% - 1,437
330 4LG6d 41,836 41.303 . 009 26.128 19.65%2 - 14.318
&00 4963 G3,203 41.998 «50% 23.10¢ 18,040 -~ 9.857
500 4.971 “4.372 b2.368 1.003% 23.1860 16.767 ~ T.32%
6u0 4%.279 ©2.778 1.500 23,213 15.483 - 50640
igo 465,048 £3,192 1.999 23,266 1e.191 - fe A3
dut abuTLT 434591 2.500 23,319 12.891 - 3.522
U0 a4T7.311 43,972 3.004 23,374 11«586 - 2.813
1000 47,346 bha, 333 3.513 23,432 10.271 - 2.24%
1100 5,19% 48.335 44,675 4,326 23,4494 B.94%2 - 1,779
1209 5.199 “d.785 44,299 4.543 23.560 T.627 -~ 1.389
13090 5,263 49,203 45,307 3.066 23,630 60,297 - 1.05%9
lego 3 .2%% 49.593 5,599 3.592 23,793 4,960 - 774
1506 5e323 49,959 45.378 6.122 23.7EQ 3.619 - <927
1600 3,351 50,304 4k Lah 6656 23.859 2.272 -~ «310
170¢ 5,377 53629 46,398 7.192 23.94C «921 - <118
1800 5,398 50.937 45,542 T.731 24,023 436 ~053
1990 S.4l5 51.229 46,876 B.272 24,108 1.7986 - 207
2330 5.423 51.507 47,100 f.814¢ 24,193 3.163 o 3ab
2100 Hae3T 51.71F2 a@T.316 9357 26,280 4.533 o 4TZ
2200 5,443 52.025 &7.525 Y.9C1 24 .386 5.907 587
2340 5abhf 52,267 &7.72¢ 10.445 26,451 7.284 5692
2400 EFE Y 52.4939 47,920 13.990 264537 :P%-1-1-3 - 789
2590 5asdy 52,721 48.107 11.%35% 24,522 10.051 «879
2600 5. ee? 52.935 48.28% 12,079 24.706 11a%39 2962
2100 F.437 53.140 8,065 12.623 24,790 12.832 1.039
2800 5632 $3.338 “d . 635 13.16& 24.872 14.227 1.110
2390 5425 53.528 48,301 13,709 242953 15.624 1.177
3000 D.elo 53.712 4862 14.251 22,033 17.025 1.240
310¢ I,ald 93.4990 49,118 14.793 25.112 18.428 1,299
2209 . 54,061 49,2569 15333 25.189 19.834 1.3%5
3300 S.333 Sa.227 49, el 15.873 25,265 21.243 1.407
3500 L334 Sh.383 4F,56) 16.412 254340 22.653 1.456
560 5.375 54 .544 49.701 16.95¢C 25.413 24,065 1.503
360U 54,695 “4%.338 17.487 22 hd4 25430 1e547
3700 S4.d%l 49,471 18.023 25.5%% 26.897 1. 569
384006 54,9835 50.101 18.554 25.6264 234315 1.628
3900 35.124% 50.228 19.293 25.691 29.73% lebb6
4000 55.259 50.352 19.520 25.757 31.158 1. 702
4100 55.34%0 S5C.al4 224158 25.821 32.582 1.737
4200 55.518 5C.392 204690 25.88% 34.007 {.77C
4300 55,643 50.708 21.221 254946 35,433 1.801
4600 55.765 D.822 21.751 26007 36.861 1831
«500 55.884 50. 933 22.28C 26066 38.291 1.860
4600 ECPIen] Sl.042 22.308 26,124 3%9.721 1. 887
4700 Sb.ll4 51,149 23,3346 26.180 41.152 1.9i4%
4800 L6.224 51,253 23,862 26.235 “2.587 1.939
490 5.256 56.333 51,356 24,383 26,289 44,021 1.963
93G0C D.2%% So.4%9 51.456 24,914 26,342 45.456 1.987
5100 Salnl2 5E.5%3 at.55% 25.%38 26393 48.89% 2.310
5200 Sb.b43 91.652 25%.962 26 %%3 “8,331 2.031
5300 Bh.T4t 51,747 26.%85% 26,4692 "49,768 2.052
4400 56.842 H1.841 27.0038 26.5%0 $1.209 2.073
5500 56.938 41.932 27.530 26,587 52.648 2.092
5600 G7.032 52.0323 24.051) 20.532 54 .090 2.111
5700 57.124 B2.i1t 28.572 28,676 $5.531 2.129
5830 57.214 §52.19%8 29.092 20,722 56.973 2,147
5300 57.303 52,284 29.611% 26,762 58.%17 2.16%
&200 n7.390 5203568 30,131 264803 59.863 2.181

Sept. 30, 1961; June 30, 197

ve

BROMINE, MONATOMIC (Br) (IDEAL GAS) GFW = 78,904 Br

Ground State Configuration 3P3/2 AHE® = 28.183 & 0,029 kecal/mol

g
3255_15 = 41,803 £ 0.005 gibbs/mol AHE2SB.15 = 25,735 * 0.039 Rcal/mol

Electrenic Levels and Quantut Weights
State £ em” £
3 .
5 3/2 o N
P 4

Pi/2 3685.24 2

Heat of Formation

AHF® is the value adopted by the Committee on Data for Science and Technology (CODATA) of the International Council of
Seientific Unions (1). The adopted value for 8HE]qo(Br, g) was derived using DJ( “Br'lBr) = 18883.1 = 2 on? (45,5003
0.006 keal/mol) from Horsley and Barrow (2). This value was calculated from the dissociation energies of ,gBrz and elBr?.
The convergence limit in the absorption spectrum-of the g, - 2% systen corresponded to disscciation to a ground state
172 excited
LeRoy and Berstein (3, 4) have calculated the dissociation energy of diatomic bromine from the vibrational spacings of

tate.

bromine atom and a bromine atom in the °F

the higher levels, The latter cslculation (&), using the data of Horsley and Barrow (2}, yielded DB = 15895.% ¢ C.§ cm"l.
The adopted AHf® value differs by 0.005 kecal/mol

Heat Capacity and Entropy

from the previcus JANAF value (5).

The electronic levels for Br{g) are those recommended by €. M. Sitterley (§) and were adopted by the ICSU-CODATA Task
Group. We do not include the levels which lie above 63000 cm_1 (7) as they do not contribute to the values of the thermo-
dynamic functions below 8000 K. The calculated vaiue of S5 agrees with that adopted by CODATA (1). The 5599 value is

298
0.002 gibbs/mol less than the previous JANAF value (3).
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Lead Monohromide (PbBr}

BrPb

Nl
(ldeal Gas) GFW = 287.104
fal keal/mol

T, °K Cp® 5° (G -Hm)/ T H—H'zma AHP AGT Log Kp
4 =000 -000 INFINITE - 2.425 19.100 19.100 INFINITE
106G T.968 55.820 72.789 - 1,697 19.071 15.013 - 32.810
200 B.640 61,605 65,897 - - 859 18.721 11.08% -~ 12.112
298 8.824 65.095 65.09% -0o0 16.951 T. 5846 ~ 5.559
300 8.826 654150 65,095 ~0L6 16.939 T.526 = 5.4B3
400 B.905 67,701 65,442 2903 13.054 5.176 = 2.827
500 8,950 69,693 86,100 1.796 12.833 3.228 - ladlt
600 8.980 Ti.328 66,840 2.693% 12.595 1. 330 ~ <485
700 9,003 T2. 714 67,582 3.592 11.178 - 337 =105
800 9.023 73.917 6843060 4. 483 10.910 1,964 537
%00 9.042 74,981 58,985 5.397 10.651 3.557 « 864
1000 9,059 75.935 69,633 $.302 10.400 5.122 1.119
1100 2.077 76,799 70,246 T.208 10.156 6863 1.324%
1200 9,097 T7.590 70.825 8.117 9.923 8.181 1.490
1300 9.119 78.319 Ti.374 9028 9. 695 9.680 1627
1200 G145 78,995 T1.894 G.941 YesuT0 1L.183 l.Te3
1500 G174 79.627 T2.389 10.857 9.248 12.628 1.840
1600 9.207 B0.220 72.860 11.77¢ 9025 14,079 1.923
1700 F.2465 80.780 73.310 12.699 8.80% 15.515 1.59%
1800 9.286 81,309 13.740 12.625 8.581 b 941 2,057
1900 9.330 8l.alz Té.151 14,556 8.358 18.353 2111
2000 9,378 82.292 Ta, 540 15,491 8.133 19.753 2159
2100 9.428 82.751 T4.926 16,432 36562 19.589 2,039
2200 F.480 83,191 75,292 17.377 364,674 18,875 1.875
2300 9.533 83,613 T75.64% 18.327 34,823 18,153 1. 725
2400 9.587 84,020 75.985 19,283 34,988 17.424 1.587
2500 Gabirl Bhokld Tb.315 20.245 35.171 16.650 1:459
2600 9. 695 B&, 792 76,633 21.212 35.370 154946 1.340
2700 9.74% 85.159 T6.942 22.184 35.585 15.196 1.230
2800 9.802 85,514 T7.262 23,181 35,817 144436 1. 127
2900 Fo BS54 85.859 T7.533 24,144 36,061 13.667 1.030
3030 F.9C5 86,194 77,816 25.132 36.319 12.891 «339
3100 3954 86.520 78,092 26,125 36,589 12,106 <853
3200 10.002 B6.836 TB.360 27,123 36.871L 1l.311 LTT3
3300 10.048 B7.145 78.622 28.125 37,160 10.508 ~896
3400 10,092 B7.645 78.877 29,132 37457 G656 2523
3500 10.135 87,739 T9.126 30.144 37.761 8, 875 554
3600 10,177 B8.025 79. 369 31.1860 38.069 8,045 488
3700 10,217 884306 79.607 32.179 38,379 1.207 428
3800 10.255 88.577 79.839 33.203 38.691 64359 366
3900 10.292 88.64% 80.067 34.230 39.005 5.503 «308
4000 18.327 89,105 80.2%0 35,261 39,317 4 645 254
4100 10,361 89.360 80,508 36,29¢ 39.62% 3774 <201
4200 10.39% 89.610 80.721 37.333 39.938 2,893 <151
4300 10, 426 89.8%5 80.931 3B8.374 40,264 2.010 102
©%00 10,456 90.095 81.137 39.418 600545 lo.lla « 055
4500 10.485 90,331 81.338 B0 LS 40,842 .217 #0111
4600 10.514 20.561 B81.536 41.51% 41,135 2691 - 2033
“700 18541 20.788 B1.73L ©2.568 s1l.421 1601 -~ 074
4800 10.568 9t.010 8l.922 %3.624 41702 2,522 -~ =115
%300 10.594 31.228 82.109 46,682 41.977 Bo 445 - 156
5000 10. 619 FLove3 82,294 45,742 42.266 4,372 - 191
5100 10.643 31.653 82,475 46,806 42.510 5.308 -~ .227
5200 10.667 91,860 82.554% %7.871 42.766 6,250 - «263
5300 10.690 92.063 82.830 48,939 43.016 Ta187 - 297
5400 16.712 920263 83,002 50,008 43,261 B.145 - +330
5500 10. 734 G2 460 B3.173 51.081 43.499 9.09%9 - 362
5600 10.756 92,654 83,340 52.156 43.732 0. 058 - -333
5700 10. 777 92,844 83.505 53.233 43960 1l.018 ~ 422
5800 10. 798 $3.032 83.668 54,311 440181 11.989 =~ %52
5400 10,818 93.217 83.328 55,392 440393 12,957 - = 4B
6000 16.838 93,399 83.986 58,475 Lb 51l 13.927 -~ =507

June 30, 1$62; Dec, 31, 1873

LEAD MONOBROMIDE (PbBr) {IDEAL GAS) GFW = 287,10 Br Pb
Stat foupati 2 ge N <
Ground State Configuration Ul/? M:fo = 19010 = 19 keal/mol

$3gg.15 ° 65.10 ¢ 0,05 gibbs/mol AHfjgg = 16.9% + 10 keal/mol

Electroniec Levels and Quantum Weights
~1

State fyr oM &
2 a
X T o 2
2 ~ 4
n3/2 [ 83007 2
ALy 20883 21
Br22] 34523,7 r2}
. -1 -
6, = 206.55 cm @ %, = 0,495 cnh a=1
B, = 0.0451 om™F a, = [0.00014] em* v, = 2.5u5 A

Heat of Formation
The adopted aHf; = 13.10 * 10 keal/mol is calculated and rounded from the Dj value of 2.43 e¥ (55.04 kcal/mol)
deternined by Singh from emission spectra (1), BHE) (Pb, g) = 6.3 * 0.13 keal/mol (2), and HEG (Br, g) = 28.188 keal/mol
(2). Rosen (3) and Gaydon (4) recommended 57 ¢ 9 kcal/mol and 58 ¢ @ keal/mel, resvectively, for D(;' A linear Birge-Sponer
extrapolation of the ground state vibrational constants, as derived from absorption spectra (v, 0-11) observed by Morgan
{5), gives a dissoci

vion energy of 2.68 eV. Correction for the ifonic character of PbBr as proposed by Hildenbrand (6)
gives D5 = 2.4u eV which is in gocd agreement with the value determined by Singh ). Ah‘f;g8 = 16.9% ¢ 10 kecal/mol is
calculated from the adopted AHfs = 18,10 ¢ 10 kcal/mol.

Heat Capacity and Entropy

The vibraticnal constants are from the compilation of Rosen (3), corrected for the natural isctopie abundance of 79§r
and ®'8r.  Analogows to PbF (2) and PBCL (2), & ,,, State at 8300 em™ is added to the electronic states and levels listed
by Rosen (3}, The assignment of the firs: excited state remains uncertain; the choice avpears to be between 22:, tentatively
assigned to PBE (2) and PBCL (2), and 24, tentatively assigned o PbI (2). The 2% state is adopted. The entropy is
increased by 0.009 -eu at 4000 K and 0.012 eu at 6000 X if the ZA state is used. The adopted value of B was determined by
Lal and Khansa (7) and is adjusted for the natural abundance of the bromine isotopes. The value of r, Es calculated from
the adopted Ee. The value of a, is calculated assuming a Morse potential function.
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Catcium Dibr

(Crystal}

omide

(CaBr

3
7

GFW = 199,888

Br

Ca

T, K
)

100

200

298

300

500

Log Kp

1164355

LL5.617
8%.073
66,475

54,103
45.286
38.681
33.550
29,452

26.105
2%.29%
20.920
18.894

gibbs
Cp® & —(G°—H20al/T  H°—H'sse AHP AGE
17,935 31.300 31.900 000 163,300 - 15B.734
17.955 3l.i11 31.000 -033 162.312 - 158,705
14.640 364378 3i.Tl4 1,866 170,356 - 155,705
13.990 404577 33.081 3.748 170,003 ~ 152.083
19240 84,061 34,529 5.4659 1649.631 ~- 148.534
19,510 47,365 36,194 7.595 169,241 - 145.068
19.95C 49.678 37718 9567 16%.158 - 141.56%
20.520 52,059 11,590 163,885 - 133,162
30 BluZB4 13,674 168.606 - 1340762
21970 56,309 168,309 - 131.393
22,8690 $8.258 169,764 - 127.899
534122 20.401 169.059 - 124437
1 61a918 22.824 163.262 - 121.935
5,650 53,655 Gb. 760 23,362 loT.372 - 117,692

Juse 3G, 187u

17148

CALCIUM DIBRCMIDE (CaBr‘z) (CRYSTAL} GFW = 139.888 Brzca
AHEY = Unknown
S3gg.35 ® [31.0 = 1.01 gibbs/mol . GHEjgg 15 = —163.3 2 1.0 keal/mol
Tm = 1015 X aHm® = 6.95 * 0.15 kcal/mol
AHS;QS.lS = 71.3 * 3.0 kcal/mel

Heat of Formation

The adopted enthalpy of formation is the mean of three values derived from twe independent paths. One path invoelves the
heats of solution of Calc) and CaBr,(c) in HBr+555 H,0 which were measured by Ehrlich et al. (1). Recalculation of their
results using recent thermal data (2, 3! for aqueous HBr yields AHEESS(CaBrz, ) = -1B4.0 kcal/mol. The uncertainty in this

value could approach * 1.0 kecal/mol due primarily to the rather impure metal (99.3% free Ca) used in these measurements.

An alternate path used to obtain values for AHF® involves the results of measurements on the heat solution of Cabr,
(e} in aqueous solution. The work (4-8) reported in this area has been raviewed by Bichowsky and Rossini (7). Recalculation
of these results using 4\i(f558(0a’2, @ ag) = -128.7% keal/mol (8) and SHf5e,(Br™, ® aq) = -29,03% 2 0.036 keal/mol (2) yields
values for &Hf® of CaBrz(c) in kcal/mel of -162.3 (4), -160.2 (5}, and -163.6 (B). The disagreement in these values is
disturbing but can be mostly accounted Ffor when one considers the difficulties invelved in the preparation (§) of "pure”

anhydrous CaErZA
A mean value (-183.3 keal/mol) for AHED, (CaBr,, ¢) of three results (1, %, and 8) is preferred because of the
258 2’ da 2 2 P
ples free of impurities. MBS (8) has selected essentially the same value

ficulties reported in obtaining and keeping s
(-163.2 kcal/mol) from their analysis of the available data.
Heat Capacity and Entropy

No low temperature (p° cata have been reported for CaBr, ated. Application of the
Berthelot principle (9 to the process SrBr?(c) + Cale) = CaBr-?(c) + Sr(e) gives S;BS = 31.7 * }.5 eu for Cabr,. Auxilisry

entropies are taken from the JANAT tables (10). Alsoc, JANAF entropies (10) for the other three c=alcium dihalides suggest a

3 thus, the value of S;UB must be est

vaiue near 30.5 eu for CaBrT We adopt S’Z‘98 = 31 ¢ 1 2u which is the value selected by MBS (8). Other reported estimates
for Shgg are 32.0 = 2.8 ew (11), 32.2 £ 0.7 eu (12), and 33 eu (13).
K

Cp® at 298.15 K has not been measured. wever, Janz et al. (14) measured relative enthaipies (434-1013 K) for CaBrz

and reported the results in equation form. Their equation gives Cp° = 15.3 gibbs/mol at 298.15 X which sppears to be teo low
by about 2 units when compared with JANAF Cp® data for severai other alkaline earth dihalides. The only other enthalpy study
that has been reported is that of Dworkin and Bredig (15} who measured (HZOISA‘H;QB) = 14.00 kcal/mol at Tm in a cepper block
drop-calorimeter. We adopt this result. JANAT data (10) are used tc obtain Cp® at 298.15 K from the process CaClz(c)
+ 2 KBr(c) = Cdﬂr‘z(t:) + 2 XC1{e) by assuming 4Cp = 0. Data in the temperature range 300-1013 K are estimated by comparison
with those for C.:LI&‘2 and CaCl; (10). More weight is given to the results for Caclz. since it hac the same crystal struciure
(1§} as CaBr, and nearly the same melting temperature (10:5 X} (10} and enthalpy (HIIlOLlS_HEQS = 1%.2 kcal/mol) (10) at Tm as
does (:33112. The Cp° estimstes are also made sc as to reproduce as closely as possible the adopted entbalpy at 1015 K. Our
estimated Cp° data give a value of ‘(HEOLS‘HQSB) = 13.99%4 kcal/mol which agrees with the measured value (15} to within 6
calories. Cp°® data above 1015 K are obtained by graphical extrapolation. The enthalpies obtained from the equation of Janz
et al. {14} are systematically lower than our adopted values, The deviation is -0.4% at 1015 K; it increases at lower
temperatures and reaches a maximum value of -2.7% at 600 K,

ing Data

See CaBr, (1) table.
Sublimstion Data

Ads;gg is calculated as the difference in the adopted heats of formation for the gas and erystal at 288.15 K.
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Calcium Dibromide (

CaBrg)

199888

o AE
(Ligquid) GFW =
g keat/maol

T, K Cp° — (P~ H 28}/ T Ho—H zon AHIP AGHT Leg Kp
o
100
200

298 17,438 35,340 35.339 - 00D = 193,458 ~ 155.186 113,754

3o.e51 35,3460 .033 - 1964470 ~ 155.165 113,038

40.71H8 36,353 loabo =~ 1lo5.%15 - 152,600 83,3717

hhodl T 37,420 3.748 — lab.l6l - Le9.all 85,307

48,401 A8.2463 5.629 - a4, 78I ~ 140.296 53,288

51.387 400534 7.597 - les.293 = 143,245 4a 723

54.932 42.121 10.29¢ ~ 163,587 - 140.272 38.320

58,172 43,731 12997 - le2.a37 -~ 137.515 33.369

61.017 4%.320 15.667 -~ 161.742 - 134.660 294630

1100 21,000 £3.590 bes BOE 18.397 ~ 160.902 - 131,994 262225

1200 21.300 £%.939 48,359 21,0497 ~ 161.897 - 129,249 23.539

1300 27.000 BE.iZ] 49.79% 23,797 ~ 160822 = 12pl.571 2ta.279

1400 27,000 70.102 1.17% 26,497 - 159.748 = 123.977 19.354

15G0 27.000 T1.964 52.5300 29,197 - 143.678 - 121.480 17.697

1630 27,000 13.707 53.771 31.487 - 197.60% ~ 119.014 16.257

1130 21.600 15,346 54,993 344597 - 1596.538 ~ 1l6.63% 14.994

18C0 27,007 16.387 56.467 T.2%7 = 1¥2.360 - 113.038 13.7%y

1900 21,300 Td.367 57.296 39.997 - 191.u7] - 109.2%8 12.572

T9.732 $5.3a3 42,697 - 149.785 - 10%.030 11.477

59 .32 45,3497 - l#4.501 - 160.823 10.493

2200 PRI EULG3 45.097 - 18r.220 - 96.078 G. 0604

230C 7 200 61,420 50.747 ~ 1d5.944 - 92.591 8.798

2430 E dhable 62.36% 53,497 - 134,677 ~  88.5%54 8,064

2500 27,023 85.757 ©3.278 564197 — l83.6i4 - 84,579 72394

June 30, 1974

CALCIUM DIBRCMIDE (Cc\Brz) (LIQUID) GFW = 199,828
S29g.15 - L35-380] gibdbs/mol Gfifogp 3 = [-158.458] keal/mol
Tm = 1C15 K 4Hm® = B.95% = 0.15 kcal/mol
Th = 2083 X AHv® = 48.0 keal/mol

Heat of Formation

AHE® of Cabr, (i) is obtained from that of the crystel by addition of aHm® and the difference in the values of (HEOLS

H3gy) for the crystal and liquid. Toguri et al. (1) have reported a Kp value for the anion exchange equilibrium 0.5 Cabr,(4)
* HCL(g) = 0.5 CaCl,(e) + HBr(g) at 1073 K. 4 third law analysis of this single value gives 8Hrjyo = ~0.27 kcal/mol with
JANAF functions. The third law heat leads to 8HFS,, (1) = -157.8 kcal/mol which supports our adopted value by an independ

238
path.

Heat Capacity and Entropy

Cp® of the liquid above 700 K is the value (27.0 gibbs/mol) determined by Dworkin and Bredig (2) from enthalpy measu

ments in the vicinity of the melting point.
clightly higher value (27.36 gibbs/mol) for Cp' of CaBr,(2).
of the corystsal.

The entropy at 298.15 K
ing Data

The adopted value of Tm is that measured calorimetricalily by Dworkin and Bredipg (2).
Other reported values for Tm are 1018 K {#), 1003 K (5-7), and 1018

A similar enthalpy study (1013-1132 K) by Janz et al. (3) suggests only a
A glass trassition is assumed at 700 K below which Cp® is

ebtained in a menner analogous to that of the heat of formation.

"
w

Mel

Similar measurements by Janz
et al. (3) gave essentially the same value (J0L3 K.
8.

£Em® is that measured by Dworkin and Bredig (2) in a copper block crep-calorimeter.
value {4Hm® = §.86 t 0.09 kcal/mol, 3) and one based on cryoscopic measurements (AHm® = 7.03 + 0.35 kcal/mol, Y) bracket
selected vals
Vaporization

Th is the temperature at which aGr® for the process CaBr, () = Cadr,(g) approaches zero. aHv"

the difference in
heats of formation of the gas and liquid at Tb.
ments on the liquid (1189-1321 KJ.
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Calcium Dibromide (CaBr,e)

Br

Ca

H f
(ldeal Gas) GFW = 199.888
Keal/mol
T, K Cp® & (G —Hzes)T  H-H'2ss AHP AGE Log Kp
¢ 2000 «209 IKFINITE - 3.776 - 3B.544 —-  88.546 INFINITE
100 12:557 60,292 AT.6563 - 2,737 - B&.409 - 92.7%0 202.749
200 13,969 69.521 76,5029 - 1,397 - 38.782 - 97.003 106,000
298 14,433 75.200 75.200 2300 - 22.0C0 - 100612 73.750
300 14,438 15.28% 75.200 027 -~ $2.018 - 100.665 T3.3234
430 14,632 T9.473 75.769 1.4d1 - Y9.441 - 102.028 55.745
500 14,725 82.749 76.850 2.950 - 99.501 - 102.867 44,876
&£Q0 Lea 770 82,439 7i8.064 S, %25 - RT3 - 103.294 37.625
700 te.dil 47.719 T9.284 5.905 -~ Y9.03l - 103.911 I2.443
800 14.852 29,699 80,465 7,381 - 100.038 =~ 10%-%89 28.945
00 14,8467 Ylaabh 31.590 B.371 ~ 1UD.304 - 105.02% 25.505
1ou0 14,858 $3.911 B2, 635 10,356 - j30.624 - 1u5.537 23.065
110G L. 860 94,428 83.562 11842 - 100.994 - 10&.912 21.063
1260 1872 35.722 84,614 13.329 ~ 103.206 ~ 106.297 154354
1300 96.912 85,515 14.817 -~ 103.343 ~ 106.548 17.912
1400 GB.C15 86,369 16.304 - 103.482 - 106.790 164671
1300 §9.042 87.130 17.793 ~ 133.621% - 107.022 15,593
1600 100,032 87,351 19,281 - 103.762 - 107,244 16,649
1700 100.905 38,637 20.770 - 133.903 - 107.456 13.8L4
1doc 101,756 89.390 22.259 - 140.939 - 106.98} 12.4989
1900 ly2.561 90.362 23,748 -~ 140,861 - 10%.08¢ 12.08%9
2000 103.325 6,726 25,237 - 140.78% - 11.279
2100 1404993 104.0%1 91,324 26,726 - 1%C.T13 = 101.340 10.547
220C 14,394 104 .10t 9L.819 28.215% - 14J.64% - 99,467 9. 881
2300 1423499 105,408 924391 29,765 - L4d.579 - 9T.LE%6 Sa2T4h
2400 14,630 10£.040 93.042 31.194 -~ 140.521 - 95.728 8.717
2500 14, 896 1C6.048 93.576 32,684 ~ 140.463 - 93.863 8.205%
200 148497 107.232 EENER) 36,174 - 16.424 - 81.999 7.733
2790 V1. 597 107,795 G4 ,23a 35.663 - - 90C.139 7.296
280 14,893 1uB.336 95,067 37,153 - - 8B.277 6.890
FEDIY 14,898 108,459 45,934 38.645 - - 86.4106 fa513
3000 Thandty 109.36% 35.9487 40,133 - ~  de.557 &. 160
3100 14,599 109.553% Go, 626 4tab2d - 160,389 - 824695 5.830
3200 14.3%9 113.320 46,353 43.113 = l4Q0.431 - 30.833 5.521
3300 1%.397 110.7a% 97,268 feha 633 - 140,496 - 18,9173 5,230
3400 14,960 11L.229 97,072 46,093 - 140.%82 - T7.107 4,956
350C 14,900 111.5661 98.066 47,563 ~- 140.694 - T5.236 f4a698
3600 1:2.031 Y3649 49,973 - ~  73.365 4,454
3700 112.4Ry w8,323 50.583 - - Tias89 @223
3800 iiz.8de 99.188 52.053 - - 69.607 4.003
3920 113,273 99.545 §3.543 - - 67.720 3,795
4000 113,651 99.492 59.033 - - 65,829 32597
4100 114,01y 56,523 ~- l4l.%78 - 53.929 3.408
4200 17,501 Ti4e3lH 58,013 - 1%2.20% - 62.02% 3.227
4300 1ae49ul 114.728 99503 - w2667 - 50.105 3.09%
4500 HEPE 145 L15.071 101,209 £0.993 - -~ 58.179 2.89C
4500 19,901 115,406 12L.521 &2.483 - - 56.267 2.732
600 14902 1154433 10t.3206 3. y73 - 143,957 - 56,302 2.580
4700 145907 11¢,054 102.125 45,6464 - lbas,e54 - 52.34% 2a%36
ABOC 14.704 116,368 102,419 B6. 354 - 144%.987 - 52,384 2.29¢%
4900 Lea59ul L16.675 102.707 4£B. 4% = 149,551 - 4B.405 2.159
5000 Th,902 116.976 102.989 6£9.93% - l46.146 - “Beblb 2.02%
5100 1Tha302 1T.271 193,206 Ti.42% -~ 196,773 - k4,418 1.903
5200 14502 13,538 T2.915 - 147,427 - 42,404 1.782
5300 TheUOZ 102,208 74,905 - la8.110 - 40.37%4 1.66%
S600 1ee502 104.068 75,895 - l4d.8620 - 38.340 1.552
53¢ Lva582 104,326 T7.385 - 143.554 - 36.284 1,442
SHUY 14.902 106.580 13,845 - ~ 34,221 1,336
5700 Leati? 104,329 85.366 -~ - 32.138 1.232
$80G0 1a.e02 5.075 wl. 858 - - 30,043 1.132
S50 l4a502 119.442 105,316 83.340 - - 2T.9386 1035
6000 14,902 119,693 1054253 B4.836 - - 25.81% 940

June 30, 1974

CALCIUM DIBROMIDE (CaBr,) (IDEAL GAS) GFW = 199,888 Br,Ca

Point Group D = -88.5 » 2.0 keal/mol 2

iy

Shgp.1s = [75-2 = 2.0 gibbs/mol S95.15 ° ~92.0 ¢ 2.0 keal/mol
Ground State Quantum Weight = [1]
Vibrational Freguen d Degencracies
@, em
{1881(1)
[u71¢2)
. 330 (1)
Bond Distance: Ca-Br = 2,67 : 0.03 A . Bond Angle: Br-Ca-Br = 180° ooz 2
Retaticnal Constant: B, = C.OL4797 om™™
Heat of Formation
The selection of aHf® = -82.0 & 2.0 kcal/mol for CaErz(g) is based on results derived from two independent means.

Peterson and Hutchison (1, 2) have reported results of an extensive study of the vapor pressures (11k9-1321 K) for liguid
CaBr,. Measurements were made by the Knudsen effusion method on a sample which had been prepared by direct union of high

ity elements. X-ray diffraction patterns on the final product showed no metal or oxide lines. Schofield and Sugden (3)
inve;tigated the equilibrium Ca{g) + 2 HBr(g) = Can‘y(g) * 2 H{(g) in H2—02—N2 flames and reported Kp data for temperaturas in
the range 2137-2532 K. Results of our second and third law analysis of these date are tabulated below. We assume that the
dibromide monomer is the only vapoxr species produced in the volatilization of CaBr7(é). Suppert for this assumption is
provided by mass spectra for some of the other alkaline earth dihalides (4). These studies indicate that the saturated
vapors consist predominately of the metal dihalide monomer and agree with predictions which were made by Brewer et al. (3}
for these dihalide molecules. Included in the table for comparison are results of our analysis of older vapor pressure data
(6, 7 which have been reviewed by Brewer et al. (5).

NG. of Temp. AHp*, keal/mol Drift  oHfjq, (Cabr,, g
Reaction Source Method  Points Renge, X 2nd Lew 3rd Law _eu kcal/mol

I Peterson and Knudsen 18°  1149-2321 65.7 67.70 1.8 -90,
Hutchison(l,2) Effusion £ 0.60 = 1.3 s 1.5

B Brawer (§,8) 1 390 68.9 ~9u .4

A Brewer (5,7 Boiling 2 1180;1480 62.5 64.76 1.7 -93.7
Point x 0.7 e 1.7

c Schofield and - Flame 8% 2137-2832 -3y ~14.38  -2.1 -93.2
Sugden (3) Kp e 1.7 2 2.2 * 2.0

Reactions: (A) CabBr, (i) = CabBr,(g)

(B} CaBz‘z(c) = CaBI'7(g)

(C) Calg) + 2 HBr{g) = CaBr,(g) *+ 2 H(p)
SThird law vaiues. :

YOne point rejected due to failure of a statistical Test.

In the selection of 8Hf® ro weight is given to thosz measurements made prior to 1965, Also, we note that Schofield and

Sugden (3) reported in the same paper similar results for Srclz and Eaclz which lead to 8Hf® values that are guite consistent

with JANAF heats of formation (4). We, therefore, choose to select an average value of the results of Peterson and Hutchison

(1, 2) and Schofield and Sugden (3). An earlier analysis (14) of the vapor pressure data (1, 2} with older functions (5)

gave AHE® of -95.7 keal/mol.

Heat Capaznity and Entropy
The bond length is f

om the high-temperature electron diffraction work of Akishin and Spiridonov (8). Electron dif-
fraction patterns (8) were satisfactorily explained on the basis of a linear model (180° 2 10°), Later studies by Wharton

et al. (§), using electric deflection of

lecular besms to detect dipole moments, showed no pelarity in the CaBr7 molecule.
The absence of dipolar character is most reasonably explained by a linear and centrosymmetric configuration. We adopt a
linear structure for CaBr,. I%s moment of inertia is 1.8917 x 10737 g en?.

The antisymmetric stretching frequency (“3) was obzerved in the high-temperature infrared spectra of CaBrZ vaper by
Baikov (10). The symmetric stretching (vy) and bending (v,} frequencies are calculated from force constants by the valence
force method (L1). The observed value of v, gives k = 1.028 x 10° dynes/cm which leads to v, = 148 an™t, Gther estimates
that have be¢n reported for vy (in en™ty are 1us (10), 16 (5}, and 172 (13). A comparison of values for the ratio of the
stretch to bend force constants for the linear molecules CaCl, (ratio = 81, 4) and SrBr, (ratic = [1003, 4) suggests a value
near 100 for CaBr,. This value for the ratic gives k&/e? = 1.028 x 10° dynes/cm, or v, = 47 cm 1 However, similar data for
BeBr, (12)

value (85 em™l) recommended by Krasnov and Svettsov (13). Brewer et al. (3) choose v, = 52 on ', We prefer the lowest value

dicate that the value of the ratic could be as low as 41. This leads to a v, 73 cm"1 which agrees with the

of vg (a7 cm"l) at this time but include in the uncertainty (s 2.0 eu) assigred to the value of 5598 the possibility that the
highest value (&5 cm"l) is correct. The singlet ground state is assigned by analogy with that for BaCJ.2 €.
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MAGNESIUM DTBROMIDE (Mghr,) (CRYSTAL) GFW = 184.113 BF?Mg

Magnesium Dibromide (MgBrz) Br, Mg algy = Unknown
) 2 S5gg.is © £28.0 £ 1.0] gibbs/mol 3HFjeq 1o = ~125.3 £ 0.5 kcal/mol
(prstal ) GFW = 184,113 Tm = 984 * 15 K alim® = (9.4 ¢ 1.0) kcalfmol
— AHs;ga_ls = 52.9 & 2.0 keal/mol
Heat of Formation
wibbs/mol keal/mol - The selected value for aHF® is that given in HBS Tech. Note 270-5 This value is derived from the solution calori-
T."K Cp’ § (G- Hm T H- W AHP AGE Log Kp metric measurements of Tinch et al. (2). Their enthalpies for the reaction of orystalline Mgl with agueous HAr and sclution
100 of anhydrous MgBr, in the same solvent are combined to give Alir,gy = 7.77 + 0.40 keal/mol for the process Mg0(c) + 2 HBr(aq)
;‘jﬂu’ i hse 00 2500 oo0 - 125.300 - 1z0.471 45.307 = MgBr,(¢) ¢ H,0(£). Uhen this result is combined with auxiliary data (1, 3, and 4), the selected value is obtained. This
value is confirmed by an independent means. Bichowsky and Rossini (S) give the heat of solution of Mgbr, in 800 H,0 as -u3.3
28" "Z;g ::Z‘?E ;g?gg 1:g§i - uu)iig B Hg;;g :Z:Tg kcal/mol based on measum;ments by Beketoff (6)., Correction of this vaiueizto 296.15 K and infinite dilution gives a value for
500 14,359 A7.470 30.051 3,716 = 132.00% - 113.639 49,671 M;oln which leds to AHE£® = -125.% kcal/mol when combined with L\'rlf;gg(Mg . ® aq) = ~111.58 kcal/mol (1) and Ah’f;qB(B. @
&30 19,402 40,989 31.589 5.640 - 13l.e40 = 110.000 40,068 aq) = -29.039 & 0.035 keal/mol (2).
700 1. 430 44,917 33,1453 7.605 - 131.261 33.227 Two emf studies (7, $) on the potential of the magnesium electrode in ether sclultion give results in disagreement with
400 20.259 :"-65‘; 9-“*7’ - 190-":; ,25-11}' the calerimetric values. TFrom these cell data we derive aHE® values of -118.8 keal/mol (J7) and -115.0 keal/mol (8). These
“T5iLzas T TT3L731 NEIEr 505540 rather large discrepancies are taken as an indication that the electrodes are probably irreversible under these conditions.
53,318 . L5.462 - 131.807 - 02193 18317 Tn fact one study (£} ceported that from 10 to 20 hours were required before stable emf velues were obtained,
55,214 40, 180 18.041 - 131.358 - 88.611 16.138 Heat Capacizy and opY
2;2;0 ,“5223 g;g:g - }23::; - gfg‘;z 122217 Cp® at 298.15 ¥ is obtained fram the process MgCl,(c) + 2 HaBric) = MgBr,(c) + 2 NaCl(c) by assuming aCp” is zera. A
60.301 43,708 24.883 - 159.824 - 15.424 16.98¢ cemparison of the Cp® value (17,48 gibbs/mol) with those for other alkaline earth dihalides shows that it is reasonabla. Cp°
duta above 300 K are estimated by comparisen with similar data for MgCl, and Cal, (3).
Several estimates (9-12) lying in the range 27-30 eu for Sjg4 have beer reported. Available pxperimental data for
several other alkaline earth dihalides suggest a value for S;% of l‘/ngr‘?CC) near 28 eu. We tentatively adopt this value. Tt
is alse the value recommended by Kelley and King (10) ana NBS (1).
Melting Dats
The value of Tm is that determined frem cooling curves by Kellner (13, l4). The uncertainty in these measurements is
probably near = 15 K.
aHnm® is caleulated from a 4Sm® = 9.5 eu by multiplication of Tm. uSm’ is assumed the same as that for Cal, (3) which
also has the hexagonal CdI, structupe (18). Kelley (1) obtained a value of 8Hs® equal To 8.3 kcal/mol from an analysis of
phase diagrams for the systems MgBr,-UBr(M = Na, K, 14) and MgBr,-Lisr (17). However, he implied that the value was somewhat
uncertain., Furthermore, it is noted that several 2 values listed by Kelley for other alkaline eavrth dihalides deviate
considerably (1-3 keal/mol) from those measured calorimetrically (18). Thus, we prefer the estimated value at this time.
(See also Mgbr,(1) table Heat of Formation Secticn.)
See MgBr,(g) table.
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Magresium Dibromide (MgBrZ) BPZMg
(Liquid) GFW = 184.113

o keal/mol
- gibbs/

T, K Cp° § (G -HrwT  H~Hoam AHE AGE Log Kp
o
100
290

298 17,436 35.971 350971 -000 - 117.212 - 114,757 84,119

360 17.540 36.079 35.971 -032 - 117.222 ~ 114.741 83,589

«02 13.470 41,260 36.671 1,836 - 124.272 - 112.450 651.440

500 1%.059 “5.%%9 38,021 3.71% - 123.91% - 109.534 47.877

48,960 39,4959 Fabay - 123.550 - 106,693 38.6863

$1.93% alal2e 7.60% - 123.171 - 103.913 324643

55,326 42,695 124109 - 122,292 - 101.223 274653

58,271 39 .953

20,973

63,287 “7.283 17.605 ~ 12L.974 - 93,326 18.542

65,463 48.709 20.105 -~ 121.204 - 90.756 16,529

6Tl 50.078% 22,605 ~ 120.%62 - db.248 14.836

9,317 51384 25:105 = 180112 - 85.318 13.319

71 524638 27.605 - 169,017 ~ B0.729 11.762

72,555 53.439 30.105 - 147,923 - 76,212 L0.410

T4.17C 54,991 32.605 - 146.830 - Tr.762 9226

75.599 56.397 35,105 ~ 145.738 - 6T.379 8,181

764951 57.159 37.60% ~ 144,666 - 03,056 7.253

7B.233 Se.ldl 40.10% - 143,557 - 58,790 6,424

June 30, 1966; June 30, 1574
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o
MAGNESIUM DIBRCRIDE (MgBr,) {LIRUID) GFW = 184.113 BPZMg
S3gp.y5 = 359713 gibbs/mol AHESqe 45 = [~117.210) keal/mod
Tm = 984 = 15 X AHm® = [9.% =+ 1.0] kcal/mol
Tb (to monomer) = 143l K aHv" = 35.6 keal/mol
Heat of Formation
SHE® for the liquid is derived from that for the crystal by addition of alm® and the difference in the values of (H;Bu—
H;QB for the crystal and liquid. The derived value is supported by results obtained from an equilibrium study (1) of the
anion exchange reaction 0.5 MgBrz(L) + HCl(g) = 0.5 chlz(i) + HBr{g). A third law analysis of the Xp value reported for the
equilibrium at 1073 K gives AHrng = 0.05 kcal/mol which leads to aHf(8) = -117.2 keal/mol. 1In the same paper, Toguri et al.
(1) reported similar data for the chloride-bromide salts of Ca, K, and Na. These results lead to oHf values for the melten
bromides which show deviations from adopted JANAF values (2) of no more than 0.6 kcal/mol. Thus, although the exact agree-
ment in the AHF® values for MgBr,(2) is fortuitous, it does tend to substantiate our thermal data.
Heat Capacity and Entropy
Cp® for the liquid is estimated as 25.0 gibbs/iol by analogy with measured Cp® data for wolten CaBr, and Srir, (2). The
value is taken to be constant above the assumed glass transition at 700 X. Below 700 K Cp® is that of the crystal.
5598 is obtsined in a manner analegous to that of the heat of formation.
Melting Data
See Hng‘Q(C) table.
Vaporization Data
Tb is the temperature at which aGr for the process Hgﬁrz(f-) = HgBr2(g) approaches zero. AHv® is the difference in the
heats of formation of the gas and liquid at Tb.
References
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[o]
>
(2
14}
3]
a1
>

BrzMg



SL6L 'L ON 'Y CIOA 'RInQ J9y "wsyD shugd f

Magnesium Oibromide {(Mgsr,)

(ldeai Gas)

GFY -

Z
184,113

i keal
5 G =R/ T H =~ 2ua AHP AGE
LUU0 WNEINITE = 2.595 - Au.v3dy - bo.933

Srauad G2.486 - l.619 - ho.786 = 13.041

00.a9Y 73,188 - l..43 - ~ 1T.241

i fi.dze 2000 - —  #0.&06
Tl.v23 - r2ualk < 8UailT
T2, S Tu.sn0 - 81.963
- Ti.9ly - B2l
14, - - d2.4d%
5. - - 8340y
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10.059
67.wg3
03.910
PEPS- TN
o 179

Sy.T14
57.657
bYeodl
EEREITY
S1.643

49,542
47,354
45.349
“3.302
“©}a2b9

39.217
370115
EERRE-LY
33.0%0
31.4093

29,021
20,943
24,963
222403
2u.dod

18.823
loalol
laaTuz
12.6%8
10.653%

H.0l3
6.563

Loyl
3.717
S.fig
7.843
¥.911

oy Kp

INFINLTE

159,632
Bha.nlb
5%.130

S5.802
L b2
36,053

30227
26.0648
22430
204490
13,4494

16,047

MAGNESIUM DY 2ROMIDE (Ng'z&rz,) (IDEAL GAS)

Br Mg
“
Point Group (D, ] 5 xcul/wol
5398.15 = [71.8 = 2,0) gibtbs/nol sHID

Ground State Quantum Weight = [1}

= ~7i.h £ 2.5 keall/mol

Vibrational Frequencies and Vegencracics

sond Distance: Hg-Be = Br-Mg-Br = 1180°1 v o= 2
Rotational Constant: B
f_Formation
gm“;gu of the gas is oDdrsined {rom of the crystal by acddition of 11{5;33 = 57.4 * 2.0 kcal/mol., The selecred value

for the heat of subli

ion 1s derived irom resclts of a m

ss spectrometric~Knudsen erfysion study by Berkowitz and darguart

(1). The presence of ~2% dimer in tne vapor phase over the so0lid at ncar 800 X was revealed by the mass specrral resuy

o : N R : + . . . X X .
Berkowitz and Marquart (1), using Hgﬂr/ -ion intensitiy as a wmeasure of the mOnow:r concentrail obtained a second law Jis

<
= 50.3 kealfmod at 751 XK. This value wnen correctzd 1o 298.15 K gives ~ b okeal/mel.  Absolute partisl pressuves

were ot

w deternined at 7¥8 and 842 K by integeating the ilon curcent dur zation of the samplie.

23 a heat of suslima S3.4 xewlfmel which

law analysis oF these wwa pressupes gi in good agreement w

value obtained from the fon intenvd is 1.0 2u. The selected

5 by the second

value of ofisd .
Heat Capaclty and Entrouy

15 ah average oi these TWo rous

The bond length i1s From the clectron-diffreaction measurements of Akizhin and Spiridenov (3). Their diffraction patterns

for Mg&v? were satisfactorily explained on Klemparer ot

(4, 5) have performea slectric

nuadrupole dzfl averal symmetrical tristomie

tion ewperiment

dihalides in an attempt to determine which solecules

pevianent dipoie inome:

possE eir resu

on the ge

trice of the alkaline esrtn dihalidsy have dewn suwuwmarized Dy

Hayes {(¥) who pointed out that the linzar [orm iz favored by the light ; halogen compinarion. Thus, one would

is 1.u53 x 10707 4 et

expect MgBr, to be linear, aad we adopl thig confipuration. The nwine
P 2 ' 3 {

The antisymaweteic freguen,

(vy = 58D en”?) bas been obscrved In the infiarsd absorption specTtrum ol pascous

Mger, by Rang symneteic strevching (v,) and bending (v,) frequepcies are calculated from force constants
gEr, by v & Gy g (v, u

by the valence force method The cbserved v, frequency leads 1o ) 1.5 x 10" dynes/em, or v,

o bend force coastents for the

178 e T. A comparison
2f values for the ratio of
(1003, %), and Srkr,lretie = [1001,

dynes/em, or v, = 70 oW . Fased on si

inear molecules HgCl,(ratic = £§, 9), CaBr,(r

£) suggests a v

e near 100 for Wpkr,. is value for the vatio gives k5/2° =

lar data tor linear BeBr, (10), it is pessible that the vaive of tne ratio could de

w5 low as #L. This ratio corresponds o a beading freguency of 109 ax We prafer the lower valuu of v,, since it is

consist

1
>

with the observed value for ngcl,(vz = 88 om” 9. Hewever, we do incluce in the uncertainvy of the vaiue for

the possibility that the higher ue 1s correct. B er et al. (2) uzed a value for ¢ ratic of 10 and obtai =
en"t. By comparison with the observed frequencies for MgCl, and Bebr,(v, = 220 em L, ic unlikely that tne value
for mysr, is this high  Krasaov and Svetzsov (11) have ceported v, = 188 om © and v, = 148 sased on force constant

ations. The ground state is assuwred to be singlet by analogy with that for BaCl, ().

Berkowitz and J. K. Mar
G.

J. Chem. Phys. 37, 1853 (1962).

11 (1963,
472 (19573,

, and W. Xiemperer, J. Chem. Fhys. 33, 2023 (1963).

k. Somayajulu, and E. Brackett, Chem, Revs.

and V.

ridonov, ¥ristallografiya

. L. Wharton, R. A. Ber

5. 4. Bichler, J. L. Stauffer, and W. Klempeser, J. Amer. Chem. Sot. 8§, BS54 (1954).
5. F. Hayes, J. Phys. Chem. 73, 3740 (1965).
7. Randall, f. T. Oreene, and J. L. Mafprave, J. Phys. Chem. 782 (1959},

B. G. Herzberg, "Ianfrared and Raman Spactra
JANAF Thermochemical Tables: MgCl,(g), 12-31-6%7 Cabr,(g) and 3ram, (), 6-30-74; Ba
10. A. Smelson, J. Phys. Chem. 72, 250 (19£8).
K. §

3. Krasnov and V. I. Svettsov, Tuv. Vysshikh Uchebn., Zavedenii, Khim. i Khi

Polyatomic Molecules,” D. Yan Nostrand Co., ins., New York, 1862.
2(e), 12-31-72.

Tekhnel. §, 167 (19€%).
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Magnesium Dibromide Unipositive lon (Mg8r2+) BrBMg+

(Ideal Gas) GFW = 184.11245
b keal/
T, K Cp° & Ho-H2e AHP AGE Log Kp
[
100
200
298 14.174 T6.870 76,370 . 000 174.800 163,572 118.901
300 14181 76,957 76,470 026 174.791 163.502 119,111
%00 l4.463 81.0280 17,430 1.460 167.868 161.183 8B.066
500 1e.610 54,325 Td.496 2.91% 168.294 159,463 69.701
&00 14.636 86.997 T5.697 %, 380 168.700 157.65%7 57,427
100 19.749 89.267 #0.906 5.6853 169.083 155.786 48639
800 14, 7h% Yla.239 82.377 7.329 1e9.435 153.861 42,033
00 14,309 92.981 83,194 8,809 169,753 151.89¢6 36.885
1000 12,828 G4 .563 84,252 10.291 167,913 15¢.079 32,800
iice 14,840 95.5956 85,253 11.774 168.18% 148.28C 29.460
1200 1%.850 97.248 86,199 13.259 168.440 lag %58 26,674
1300 14,858 98.437 87.395 16,744 168.5664 14%.618 24,312
1400 16,604 99.538 87.345 16,230 138.497 1434240 22.361
1500 14 364 100.564 88.753 1T.TL7 135 .076 143.558 20.916
1600 i6.873 101524 B?.521 19,204 143.838 19,647
1700 14.877 102,426 90. 254 20.691 144.082 18,523
1800 l4.440 133.270 50.35% 22,179 144.291 17.51%
1900 14.582 104,081 Glab2% 23,667 164.47%0 16,618
2000 14.384 10%.849% 92,268 25.156 164.617 15.803
2100 iv.8486 105.570 92.882 26. 044 142.532 144.734 15.063
2230 1a.u88 106,263 93.4175 2841033 143.105 144.827 La.387
2300 14.889 106.925 G4, 046 29.622 143.677 144.8%4 13.768
2400 14.890 107.558 F4.595 3L.111 lat . 248 144,934 13.198
2500 14,391 108,166 95,126 32,600 144.8L7 144.950 12.672
2600 14.3%2 138.750 $5.639 34,089 145.38% 144.945 12. 184
2700 14,0894 109,312 96.135 35,578 145.950 14%.916 11.730
2800 14,995 109,854 G6.015 37.067 1464514 145,887 11,307
2900 14.8%8 110,377 97,081 38.557 147,078 144,800 10.912
302 14.8497 110.882 97.533 404067 147,639 144711 1G.5%2
3100 16,398 111.370 91.571 41.536 143,195 144,605 10,195
3200 14,800 11l.843 98,397 43,026 148,751 146.4179 9.867
3330 14,991 112,302 98,812 44,516 149,303 144,335 ¢.559
3400 14.903 112746 98.21% 46.007 149,853 144,179 9268
3500 14.9C5 113,179 99,608 47,497 1500397 1440 00% 8.992
3600 14.908 113.598 9%. 391 48,988 150.936 143813 8,731
3700 14,910 114,007 100, 364 50,4178 151,471 143,608 8,483
3800 14.91% 114,405 100,728 51.970 152.002 143,390 B.247
3900 16.917 114,792 101.08% 53,461 152.526 143.155 8.022
4000 14.521 115,178 101,431 54,953 153,043 142.906 7.808
4100 14,926 115.538 101.771 56,445 153,553 142,645 T.604
4200 14,931 115,838 1J2.103 5T7.938 164,057 142.374 T.409
4300 14.936 116,249 102.428 59,432 154.553 162,091 To222
4400 14,942 116,593 102. 7wt 63,926 155,041 141.798 T.043
4500 14,549 116,929 103,057 62.420 155.518 16La 490 6.872
4600 14.956 117.257 103.363 63,915 155,987 141175 6,707
4700 14.964% L17.579 103,662 65,411 156,447 140.849 6,549
480C le.972 117.894% 103.955 ©6.308 156,895 i%0.51L 6.398
«900 le.v81L 118,203 134,243 68,406 157, 334 140,166 6.292
5000 14.991 118,508 104.525 &3.90% 157.760 139.811 6.111
5100 15.9431 118.403 104.802 T1.404 158,175 139.442 5,975
5290 15.012 119094 105%.074 72,905 158,579 139.073 5,845
5300 15,023 119,380 10%.341 Taa. 4506 158,970 138.699 5,719
5400 15.03% 119.661 105,606 75.909 19%, 343 138,307 5.598
5500 15.047 119.937 105,362 774213 159.712 137.918 52480
5600 15.060 120.208 106.116 78.919 160.063 137.515 5.367
5700 15.074 120.475 106.365 80.425 163,399 137.11% 5.257
$800 15.088 120.7317 106.611 81.936 1640.723 136.701 5151
5900 15.102 120.985 106.852 83.443 161.029 136.286 5,048
6003 15,117 121.209 107,080 84,954 161.320 135.85% 4.349

June 30, 1874

MAGNESIUM DIBROMIDE UWIPQSITIVE ION (MgBr‘z’)

(IDEAL GAS)

Point Group [Dg,]

3798.15

= 176.9 = 3,03 gibbs/mol

Ground Stete Configuration [ 2]

Electronic Levels and Quantum Weights

-1
State £y, cR E&
0 4
2
I £25000} 4
2
z £ 3000013 2

Vibrational Frequenc and Degeneracies
@, en™t
[1501(1)
£503¢2)
(45011}

o

Bond Distance: Mg-Br = (2.6 A Sond Angle: Br-Mg-Br = [180]

Rotational Censtant: B = [0.015603} cmd

Barkowitz and Marquart (1) have reported the appearance potential of Mng‘; as 10.6;

suming this value
* 6.0 kecal/mol by
o 8HEjg, = 1748
Heat Capacity and

refers to the direct ionization process Mgdr,(g) + e = HgBrY‘(g) + 2,
combining it with AHfS(HgBry, g) = -6B.9 £ 2.5 keal/mol (2. The former
kcal/mol.

Entropy

A comparison

of the disscciation energy (D(') = 9.0 kecal/mol) for Hgsr;' with that for

suggests the existence of somewhat weaker bonding in the ion relative to the molecule. Th

length in the lon to be greater than that for MgBr,
N N N : LIPPuN s . . s

of Walsh (3) predict a linear configuration for HgBr, (fifteen valence electrons). This prediction is supported by the fact

saveral other fifteen valence electron molecules (BOZ’ N

2"

3» NCO, and MNO*) are now known to

configuration for the ion. The moment of inertia is 1.7838 x 10777 g cm®.

The vibraticnal frequencies are estimeted to be slightly less than those for P(gEr‘2 (2}, The ground state electronic

We assume a 10§ increase in r, for the jon. The correlation diagrams

t44

Brz

GFW = 198.,11245

AHES = 176.7 * .0 keal/mol

AHESgy 15 = 174.8 = 5.0 keal/mol

N o= 2

£ 0.1 eV(205.6 keal/mol). As-
we obtain Aﬁfa(MgBDQ’, g) = 176.7
value is adopted and corresponds

Mg, (D) = 160.3 kcal/wol, 2)
us, one would expect the bond

be linear (2. We adept a linear

v 13 3SVHO

configuration is assumed to be 2 by analogy with those for ths isoelectronic molecules (27 EC-?, Ny, NCO, and NZO‘L. Two

excited states are alse included based on those observed for BO, {2). The enthalpy at 0 K

References

1. J. Berkowitz and J. R. Marquart, J. Chem., Phys. 37, 1853 (1962).
2. JANAF Thermochemical Tables: HMgBr,(g), 6-30-743 BO,(g), 6-30-68; CNO(g), 0 (8), and Ny(g), 12-31-70.
$. A, DB, Walsh, J. Chem. Soc. 1953, 2266 (1953).

is -2.8%1 keal/mol.

BrgMg+
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Lead Nibromide (PbBr

Br,Fb

N
}

[aS]

I . Y 2L
{Crystal) Grd = 367.008
cibbs! Kealimol
T, K Cp° 8 (G- HCam)T H~H 298 AHE AGE bLog Kp
5 P
] -000 =000 INFIRITE - 4.597 - 63,3584 - 53.396 ENFINITE
100 16,300 19.023 54 .35% - 3.583 - A3L&T1 - 63.206 138,137
200 16.300 14047 40,232 - 1.837 - 63,499 - 62.934 8,771
294 1%.020 18.511 3g.51¢0 « D00 - &6.300 - A23LT 45,580
100 19,028 38,628 38.511 <035 - hH,310 - 62.292 45,380
400 19,420 EET §.1.1 39,262 1.857 - 73.280 - 59.501 32.510
500 20.240 “B.573 &0.696 3.939 - 72.854 - 56.106 240524
212 2035 AL

272,
23.265
24 .238
2%.311

5.6
58.733
61.532
bhe 144

19,233
2z

2184 15,
10.45% -~ 12.292 - 12.587
12.837 - 71.52A - 62,861 10.403
15.317 - 70,652 ~ 39,698 B.676

March 31, 1362; Dec. 1973

LEAD DIBROMIDE (F‘DBr‘z) (CRYSTAL) GFW = 367.008 BTAE Db
Mifs = «63.4 ¢ 0.6 kcal/mol
° = ] i if 2 = - s -
3298.15 = 38,51 = 0.5 gibbs/mol AhfZGB,LS = =68.3 ¢ 0.6 keal/mol
Tm = 644 2 § X AHm® = 3.93 & 0.2 keal/mol
AHSZQS.lS = 41,35 kcal/mol
Heat Formation
AHf;ge(pr“w e} = -66.3 * 0.5 kcal/mol is the rounded average of -66.350 kcal/mol calorimetrically determined by Braune
and Koref (1) at about 293.15 X and five other values odtained from a second and third law analysis of electromotive force data
{2, 3, 4. The auxiliary value AHf%BB’ lgli\.gBr, €¢) = -23,99 kcal/mol (5) is used in the analysis.
Ho. of Tenp. -8Hr,gq, kcal/mol DelEt ~aHE, g (PbBr,, &), keal/mol
Investigator Reaction Points Range, K 2nd Law 3rd Law el 2nd_Law 3rd Law
Krahmer (2) A 5 273-782 17.9820.06 16.5220.04 -2.2¢0.2 -65.85 -~56.50
Cann and Sumner (3} A 1 298 18,57 -66.57
Jahn-Held and Jellinek {4) B 3 288~30 66.6820.06 §6.08%0.04 2.0¢0.2 ~-66.58 ~656.09
(a) Pbic) + 2 AgBr(c) = PhBr,(c) *+ 2 Agle)
(B) Pb{c) ¢ Erz(i) = PbBr‘Z(c)
Heat Capacity and Entropy
Cp® (18.4 - 237,0 X) has been measured by Latimer and Heenshel (8). The enthalpy data of Ehrhardt (273-786 K) (7} and of

Goodwin and Kalmus (298-860 K3 (8) are discarded hecause the observed high Tm shows their samples were not pure. {(See melting

data discussion.) Linsey (16) measursd the entha n the range 318-424 X using an ice calorimeter. The

1py (39 points) of PbBr,

heat capacity data of Latimer and Hoenshel (§) is smoothed graphically. The enthalpy data was analyzed by Linsey (18) to yield

heat capacity values from 273-644 K. Both sets of heat capacity valuss are adjusted graphically in the region 200-400 K so as to
yield a smooth curve in the vicinity of 298 K. The adjustments are quite small such that the vesulting enthalpy at 600 K differs

by about 7 cal/mol from the smooth enthalpies reported by Linsey (16). The data

Linsey {(16) did not indicate any transitions
other than the solid-liquid transition at 8k X.

Latimer and Hoenshel (§) obtained Sjp .o = 2.4 eu after allowing for an approach to the 1% rule. Kelley and King (10) later
derived S7, .o = 1.64 eu from the same data; this value is adopted. Combining this with Sjge .o = §7; o = 36.883 eu derived from

the adopted Cp°® value gives S3gp 15 = 38.51% £ 0.5 eu. A graphical extrapolation and integration of Cp gives #i, 4o ~ Fg = 0.0252

keal/wol. This value may not be entirely consistent with the adopted Sy, g4
Melting Data

e older reported values of Tm have been summarized by Mellor (11). Seven determina

value, but the error involved is undoubtedly small.

ions fall in the 635-653 K range and

four more range from 753 to 772 K. TIncluded in the high melting range are Tm = 763 K by Ehrhardt {7) and Tm = 761 K by Goodwin
and Kalmus (8). EKnowles (12), suggested that contamination of the PbBr, by PO probably caused the high melting temperatures.
The enthalpy measurements of Ehrhardt (7) and of Goodwin and Xalmus (8} are therefore judged not to represent ?DBX‘Z. More
recently, Blanc and Petit (13) have reported Tm = 640 K and AHm = 4,95 keal/mol from a crycscopic investigation. A visual

und Tm = 649 K. Cola et al. (15) determined Tm = 6k& XK by differential
thermal analysis and 8Hm = 4.4l = 0.07 kecal/mol by differential scanning calorimetry. The enthalpy study by Linsey (16) gave
Tam = 6t K and aHm®

at_of Sublimation

polytherm technique was employed by I1l'yasov (18} who

= 3.93 kcal/mol. We adopt these latter twc values.

Aﬁsggg = 41.3% kecal/mel is the sum of the heat cf fusion, the enthalpy difference of crystal and iliquid between the

melting point and 298.15 X, and 4Hv,g,. See PbBr,(g) table.
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26,800

26800
26,830
26.830

26 L840
26,800
26,800
26.800
26, HCD

#0775

G0, 338

SE.T33
600230
Elenbd

63,034
64537
65,582
SR TS
67,919

Maren 21,

34,118
36.798
36,478

2.158
44838

1982; Des.

3L,

63.113

59. 029
97 .94%
55,873
55,802
54,740

1972

5X.712

29,356
284063
26.339
264,670
23,060

Br,Pb
[
Y
008
) N ccafiod
E
T, K Cp° 8 — (" Ho sl T Y~ H AHP AGP Log Kp
Q
10c
200
298 19.020 41558 “1.558 - 300 = 563.913 - 60339 “hLB9%
300 15,028 414676 al.5h8 035 - 63.923 - 60.420 44,307
400 26,800 47.208 “7.309 1.958 - 10.R92 - 58.433 31.872
500 25.800 53138 «3.909 4£.638 -~ 6%9.76L - 55,326 24,183
£ Somo ABelbe m 52-340 19..138
T30 26,300 - GH, 745 15.532
800 26.800 - b, 686 12.86%
U0 26,500 - Bh.blE 10,830
1009 25.300 Fe22%

124

erw = 387.008 Br . Pb

DI BROMIDE (PDBPZ) (LIQULID)

5598.15 = 41,558 gibbs/mol AHE;QS.IS 313 kecal/mol
Tm = Ba4 2 & K AHm® = 3.93 r 0.2 keal/mol
Th = 1185 X alv® = 28,23 keal/mol

“”fSQS(PbBPQ’ g} = —83.913 kcal/mol is obtained from the sum of the heat of formatien of the crystal, the heat of melting and
the enthalpy Fference of the erystal aad the Liquid between the melting point and 288.15 ¥, H%W'qus‘ aMf® (&) can also be

£ moasurements for the cell reaction Fb(2) + Br?(g) = ?bBrz(L). Results from

ined from a second and third law analysiz of em

ot
three investigations are tabulaved telow, The auxiliary values, AHEESS(PD, £) = 1,025 kecal/mol (1} and L\Hf‘;SB{Br‘Z, gy = 7.387
1 good agreemznt with the adepted value,

keal/mel (1), are used. The average result for ;‘,'ﬁf;cz(ﬁ) iz -63.80 kecal/mol,

- o LB .

Tenp. -8Hr3g ., keal/mol i £t AHiE54 o (FbBT,, 1), keal/mol
Investigator Range X 2nd_Law 3rd Law eu 2nd_Law 3ed Law
Salstrom and Hildebrand (2) 16 711-8469 73,5010.10 72.10:0,13  1.9:0,1 -65.18 -63.69 -
Lantratov and Shevlyakova (3} 1 852 72.36 -63.95
8loom and Welch (4} i 723-1000 74.22+0.93 58.79¥1.63  5.3:0,4 -55.80 -60.38

Heat Capagity ang Entropy
rhardt (8) and Goodwin and Kalmus (8) have reported enthalpy measurements in the liquid temperature range. Their data is

h melting points observed indicated the samples were not entirely PbBr2. See the PbBrQ(c) table
t. Linsey (2)

rejected bacause the h
discuscion. Bizouard and Pauty (7) have measured 26.3 = 0.6 gibbs/mol for the heat capacity of the molten sz

reported & heat capacity value of 26.8 gibps/mol based on enthalpy measurements from Tm to 924 K. This value iz adopted and is
assumed to represent the heat capacity up to 2000 K. A glass transition is assumed at 800"K bhelow which the heat capacity is that
of the erystal.

57293 13(“;7]:5:'“‘ £) = 42,651 gibbs/mol is culeulated from the crystal entropy in a manner similar %o the heat of formation

lation.

calcu
Vaporization Dzta

Th = 1185 X is calculated as the temperature at which AGr
is celculated as the difference batween 4HE® at Tb for the gas and the liquid. Bloom and Anthony (8) found an average valus of
rom mass Spectrometric studies in the 6§0-735 K range. The present table gives AHv‘;OO = 34,50

° = 0 for the reaction PbBr,{) = PbBr,(gi. &Hv® = 28.23 keal/mol

aHv® = 2§08 ¢ 2.0 keal/mo
keal/mol.
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Lead Dibromide (FbBr

Y
2/

Br

. o A
{ldeal Gas) GFW = 367.008
—i kealjmal
T.°K p” 5 —( G- Homa) T H°— a0 AN AGE fop Kp
4] L 000 LU00  INFIRITE - 1,582 - 1.029 21 .029 INFINITE
150 11,901 6£5.530 4?.499 - 2.597 ~ 21.135 25.661 564081
200 13.263 9,717 82.325 - 1e321 - 21533 30.0G03 32.786
299 13.603 Al. 0R9 A1.089 <000 - 26,950 33.h862 2%.675
300 13,607 A1.173 Bl . GRS 025 - 24.970 33,716 24,562
400 13. 726 85,108 Hl. 625 1.393 - 324494 35.094 19.176
500 13.798 R8.180 82,640 2.770 - 32,673 3%.728 15.607
500 13,832 Q0,609 Bl T71% 4.182 - 32869 36.320 13.229
700 13.852 92.833 H4.924 5.536 - 146,248 3b. 588 114455
300 13. 8606 Q4,684 A5 .03 6.922 - 342679 37.021L
200 13.87% N6a317 87.¢83 8.3C9 - 36.704 37325
1200 13,882 57.780 B8 .083 G697 - 246,922 37.60%
1100 N3BRY . _98.003 | 69.025 11086 r _35.134 - 37.362
1200 13.000 100,312 f9.91h 12.674 - 35,340 383.100
1300 13. 823 101,423 90. 759 13.864 - 35 .54 1 38.321
1400 13.9%96 102.453 91.558 15.253 - 35.743 3iB.529
1500 13.R93 103,412 2,317 16,663 - 15,945 38,720
1600 13.8%9 104,309 93,039 16.0372 - 3ha 151 38,398
1700 132,900 105,152 83.727 £9,423 - 36 . 360 39.063%
1800 13,901 105, $as G4, 386 20.812 - 36 5T5 39.218
1300 13.902 1064698 95012 22,203 - 6,795 35.358
2000 13.993 107.411 9. b1% 23.593 - 37,022 39.488 4.315
2100 13.904 i03,0n38¢9 36192 24.983 - T 704 38.053 3,960
2200 13,924 103,736 96 .T48 262374 ~-  19.849 36.067 3.583
23nn 13.90% 109.354 $7.283 27.764 - BB.O17 34.372 3.238
2400 13.90% 105,946 97798 291565 - 8042086 32.069 2.920
7500 13.906 110,914 98.29% 30505 ~  B0.420 in.061 2.628
2600 13.506 111.059 Y .776 31.93¢ - B0.65% 28.0%]1 2.357
2700 13. 906 111,584 99.2461 13,327 80.911 26.014 2,106
2830 12.907 112.090 88,490 34,717 - 8l.1652 23.97% 1.87¢
2900 13.907 112.578 100.127 36.108 - R1.490 214926 1. 652
3900 13,907 113,069 100,567 37.495 - BL«8Q7 17.8586 Lobs?
3100 13.907 113.50% 120.960 AR.R85 - 52.142 17,796 1.25%
3200 13.907 113,947 101. 359 40.280 - B2.494 15.715 1,073
3300 13.30R8 114,374 101.767 41.671 - 32,859 13,4523 2902
3400 13,908 114,730 102.12% 43,061 - 33,237 11.51% » 740
1500 13.904 115,193 102,492 6L, %52 - B3.626 G604 2587
3600 13.908 115.585 102.85¢C 45,0463 -~ B4.02¢ Te278 a2
3700 13.%08 115,966 103.200 6T.234 - Be.629 Selél » 304
3800 13.908 116,337 1032.541 &8.625 - B4, B840 2.990 <172
3900 13.908 116,698 103,873 508.018 - B9.258 «R30 <046
LYo vh 13.908 117.058 106.198 S1.40¢ ~-  35.618 1.334 073
4160 13.908 117.393 104.516 $2.797 - B6.101 3.51% ~L87
4200 13.902 11¥.729 104,827 54, 18E - B86. 525 5.709 297
“3900 13.909 118.0546 105,131 554579 - 86.950 7.309 L4022
44600 13.909 118,376 105.428 56.970 - BT.3TS 10,123 $ 503
4500 13.%0% 113.h688 105,719 583861 - 87,797 17240 =599
“6C0 13.909 118,69 106.00% 59,751 - BA.22ZD 146.573 592
4700 13.909 119.233 104,234 Al.142 - 48,639 16.811 782
“A00 13.209 119.586 106,559 62533 ~  R9.087 19.089 - 868
4900 132.90% 119,873 106.827 5£3.924 ~ B9.a71 21.315 <951
5000 13.509 1204154 107.091 65,318 - R3.ARZ 23.580 1.071
5100 13.309 120,429 107,349 b6 T0E - 90,291 25%.851 1.108
5200 13.509 120.699 107,606 68,057 - 30, 695 284135 1.182
5300 13.909 129.964 167,853 HIHRAR - 91.096 30.627 1.255%
5400 13.909 121,224 108,098 TC.RTQ - 91.495 32721 1.3226
5500 13.%09 121.679 168.1339 72.270 - 91.890 35.026 1.392
SH00 13.809 171,730 108,576 T3.¢61 - 92,282 374336 l.%57
5700 11,909 121 .97%6 108,809 75.051 - Q92.673 39,652 1.%20
5200 13.909 122.218 102.038 Thalk ] -~ 93.05% 41 .983 1.582
5300 13.909 1224454 109,264 T7.833 - 93,448 44,311 1.64}
H0OO0 13.999 122.690 105 .4684 75,224 -~ 93.826 Gt . H43 1. 699
March 31 1973

LEAD DIBROMIDE (PbBr,) (TORAL GAS) aFW = 367.008 Br‘ZPh
Geound State Quantum Weight = (13
Point Group = T, AHES = -21.93 2 1.5 keal/mol
o . el I3 = - . call:
S5gp.15 © 8L.09 ¢ 0.7 gibbs/mol Mgy yg = 24,95 ¢ keal/mol
Vibpational Frequencies and Degene
5 am™*
208 (1)
€4 (1)
189 (1)
Bond Distance: Ph-Br = 2.6 & 0.3 A
Bond Angle: Br-Pb-Br = {35°}) 5 =2
- . -112, 3 &
Product of Moments of Inertia: I;\ BIC = {6.,U831 x 10 } gem
Heat of Formatico
Aﬂf;w_lﬁ ~?4.9% 1.5 keal/mol is the sum of AHf;ae‘ls(t) = ~63.9Y3 ¢ 0.8 kcal/mol and L\Hv;g&_ls(t) = 38.96 kecal/mol.

The adepted heat of vaporization is from the second and third law analyses, tabulated delow, of seven sets of liquid vapor
sag 15 33.23 keal/mol.
law A}-Ivn& is 38.26 keal/mel. This iz in good agreement with both the second and third law values from the data of Wartenberg

vressure measurements, ?sz-z(z) B PDBP?(g). The overall average for Aty » average value of the third

and Besse (1). The adopted heat of formation for F'I:Brz(g) yvields a dissociation energy of D;l = 5,42 ¢V for the process
E’bBr‘z(g) = Polg) + 2 Brig).
No, of Temp. Mvygpy keal/mol Drift
Inve gator Toints Range K 2nd Law ind Law eu
Wartenberg and Bosse (1) 7* 100%-1191 28.0%:0.13% 3%.02¢0.17 0.920.2
Volmer (2} 11 Ggu~-84} 23.3620.11 38.9320.08 -0.6:0.7
Greiner and Jellinek (3) 1 1083 38.90
Tahn-Held and Jellinek (1) 2 1045-1153 41,8526 ,54 38.6820.73 ~2.925.9 -
Bloom., et al. (%) Eguation 795-1133 3.56+0,48 38.81+0.30 -0.8:0.5
Murgulescu and rta (8} 1 373 3%.13
Bloom and Hastie (7) 1 873 27

2 One point rejected by statistical test.

Heat Capacity and Entropy
Molecular dimensions are thase given by Sutton (§).

Beattie and Perry (3) observed the frequencies v, = 200 en * and

v, = 64 enl inoa gas phase Raman study of PbBr, in the presence of excess bromine; the PbBr, spectrum was superimposed on the
resonance fluorescence spectrum of Br,. The matrix isolatisn laser Raman spectroscopic study by 0Ozin and Vander VYoet (10)
gave v, = 208 cn™) ana vy = 189 emTt, perimental conditions prevented observations below 90 en ™t so v, expected at about

85 cm™” was not confirmed.
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Strontium Dibromide (SrBrE)
(Crystal) GFW = 247.428

keal/mol
Rl

T, K Cp’ 5° —(G°—H°ws)/T  H°—Hss AHP AGEF
4] 2000 L000  INFINITE - 4.317 - 163.538 - 168.538
100 1h.377 15.524 50,328 - 34450 - 163.65% -~ 168.325
200 17,602 27.100 35,940 - b.768 - 168,738 ~ 187.978
298 18.3068 34,282 34.282 =000 - 171.600 - 167. 247
300 15.330 344396 34,283 L0334 ~ 1T1l.611 - 167.219
400 16,490 39.755 35.010 1.898 - 174646 - 164,293
50C l4.329 44,017 364399 3.809 -~ 178.3L7 - 180.74¢
47,577 37.974 5. 762 - 177.99% - 157.25%
S0.661 39,570 T.763 - 177.077 ~ 153.82%
53.410 “laL31 823 - 177.361 = 150.44%

55,921 42,637 11.955 - AT7.204

TTTE1.3867 T TAA YeR T TTETISERT T T NT  eB4

1100 64,510 “6.078 20.275 = 174.410 - 141.03¢
1200 27.530 ©6.303 47715 23,025 - 173.403 - 13B.04%
1360 2714530 H5G.104 49,277 25,775 - 172.398 ~ 135,138
1600 27.530 Tl.t62 50,767 28.52% - 171.394 - 132.310
1560 27.500 73.239 52.18% 31.275 ~ 170.392 - 129.554

June 20, 1974

Log Kp
INFINEYE
367.873
183.558
122.595

i21.819
BR.766
70.261

57.282
48,028
414100
35.717
T

28.021
25a141
22.719
20.654
18.876

9%

Grw = 2u7.u28 Br,Sr
Aﬁfs = -168.5 ¢ 0.4 keal/mol
$59g.15 = 3.3 t 1.0 gibbs/mol AHES = -171.5 = 0.4 keal/mol
Tt = 918 X AHT® = 2.82 # 0,05 kealimol
™ = §30 K AHm® = 2,42 t 0.05 keal/mol

Hs® = & : 1
bHs3gg 15 = 7H.3 2 3.4 keal/mol

STRONTIUM DIBROMIDE (Sr5r2> (CRYSTAL)

Heat of Formation

The selected value for AHF® is derived from results of solution calorimetric measurements in aquecus acids performed by
Ehrlich et al. (1). Their results on the heats of solution of Sr(e) and Srﬂrz(c) in HBr-555 H,0 are combined with data for
HBr(aq) (2, 3) in a thermochemical cycle o give AH?;SS(SPBrz, @) = -171.6 = 0.5 keal/mcl. In the same paper, Ehrlich
et al. (1) reported similar results for three (Ca, Sr, and Ba) of the alkaline earth dichlorides. We nete that these results
have been the basis for adopted JANAF heats of formation (%) for these dichlerides.

Independent values for &R
The work (5-7
and Rossini {8). Combining these results with Aﬂf;gs(Sr'Q, @ gg) = -130.45 kcal/mel (9) and AnfESS(Br“, © agl} = -29.038
£ 0.036 kcal/mol (2), we derive GHf® values For SrBr,(c) in kcal/mel of -171.§ (5}, -172.2 (§), and -171.6 (1), Deviations
from our adopted value are at worst only 0.6 kcal/mol, and the results of two studies (5, 7) provide additional support for

can be obtained from measurements of the heat of solution of SrBr,{(c) in aquecus solution.

3 reported in this area was done several years ago, and the results have been conveniently summarized by Bichowsky

the selected value of aHf®, Also, our value for aHf® is essentially that (-171.5 kcal/mol) selected by KBS (9).
Heat Capacity and Entropy

r and Smith (10). These Cp°
data show an unusual leveling off at near 18.0 gibbs/mol above 245 K. We adopt their Cp°® data in the temperature range

Cp® data del:

w 300 K are based primarily on the adiabatic calorimetry (60-302 K) of Tay

60-245 K; values above 242 K are estimated by cowmparison with similar dats for SrCl, and BaCl, (4). Our value for Cp” at
288.15 K (18.37 gibbs/mol) is roughly 0.4 gibbs/m
Slonim (11) have reported mean heat capacity values over thres temperature intervals ($5-188, 196-271, and 276-368 K). Their

1 higher than the measured value of Taylor and Smith (10), Hiittig and

measurements suggest a slightly higher value (18.8 gibbs/mel) for Cp® at 298.18 X than is adopted.

Taylor and Smith (10} reported S5y = 32.29 eu which was based on S{y = 6.68 eu. This latter value was obtained from
Debye-Einstein functicns which represented their Cp” data to only = 1.8 percent from 63 to 100 K. A comparison of their
extrapolated Cp° data with those which have been measured for SrCl,, BaCl,, and Cal, (%) indicates that the values for SrBr,
decrease much more rapidly with temperature belew 50 K than would be expected. We have made our own extrapolation te 0 X for
SrBr, by comparison with the measurcd data for $rCl,(7.% to 60 K), BaCl,(s to 80 K), and Cal,(13.1 to 860 K). Our extrapo-

lation gives Sg, = 8.7 eu, of Sjgo = 34.28 eu based on the adopted Cp° data (60-300 X). Our value for Sjgy is consistent

298
with the estimates of 35 eu (12) and 33.8 eu {13}, suggesting a possible uncertainty of ¢ 1 eu in the adopted value.
Taylor and Smith (L0) measured relative enthalpy data (293-302 X) on a portion of the same sample used for their Cp°

measurements. This sample was reported to contsin less than 0.1% oxide and was investigated in a Bunsen ice calorimeter.

v 13 3SVHO

Our analysis of their relative enthalpies by curve fitting techniques reveals the existence of considerable scatter in the

data, and no welght is given to their results. The average deviation of 36 points in a Shomate type fit is 2.5%; the maximum

deviation is -9.3% at 387 K. Alsc, these workers {10) were apparently unaware of the transiticn in SrBr, at 818 K, since
their data set contains only two enthelpy points between 902-327 K. -Relative enthalpies have also been measured by Dwerkin
and Bredlg (14), and the results were reported in graphical form. The short temperature interval (848-902 K) over which
these measurements were made for the  phase preclude derivation of accurate heaT capacities. Dworkin and Bredig (1%} also
reported in the same paper enthalpy date for three (Ca, Sr, and Ba) of the alkaline earth dichlorides. A comparison of these
enthalpies with those adopted by JANAF (4) indicates that their results are probably raliable to better than = 2%. We adopt

s18”
are then estimated by comparison with those for Sr612 and E!ELCl2 {4). These estimates are made sc as to reproduce as closely

their measured value for {(H Hz"gs) = 12.37 keal/mol of the a phase at the transition temperature. Cp® values (300-318 K)
as possible the adopted enthalpy at 918 K. Our estimated Cp°® data give a value of (Hng—H;gB) = 12.35 kecal/mol which agrees

with the measured value of Dworkin and Bredig to within 20 calories. The enthalpies of Tayler and Smith (28} are roughly

2.5% higher than the adopted values at temperatures near the trangition. Cp° data for the B phase (918-930 K) are taken from
Dworkin and Bredig (14} and extrapolated above the melting peint.
Transition Data

Existence of two forms of Sr5r2
reported are 915 X (15-16), 920 K (17), 819 X (18), and 918 X (18). We adopt the latter value which is based on the drop
calorimetry of Dworkin and Bredig (1:). Several other investigators (10, 13-21) have mistakenly interpreted the transirion

has been shown by thermal analysis (15-18) and drop calorimetry (14). Values of Tt

as due to melting.
8Ht® of 2.92 kcal/mol is derived from the enthalpy data of Dworkin and Bredig (14).

Helting Data
See Srﬂrz(l) table.

Heat of Subiimation

A‘dss;ga is caloulated as the difference in the adopted heats of formation for the gas and crystal at 298.15 X,
References
See SrBr,{(2) table.
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STRONTIUM DIBROMIDE (SrBr,) (LIQUID) GTW = 247,478 Br‘er‘

5 " i : ( !
Strontium Dibromide \Sr"br‘z ) BFZS?’“ 55gg.25 © 137,010 gibbs/mol SHESgg qg = [-168.521] keal/mol
Tm = 930 K Mim® = 2.47 = 0,05 keal/mol
AT j=
(Lt quiay GFW = 247.428 Tb = 2u19 K 4Hv® = ug.4 kecal/mol

Heat of Ferma

. beal/mal SHE® of SrBr,(¢) is obzained from that of the crystal by addition of sHm® and the difference in the values of (}1';30-—
gibbs/mol - . ' e
T, K e 5° G- M) T Ho— Horow AHP AGE Log Kp hzse) for the crystal and liquid.
0 H Capacity and Entropy
1 Cp® for the liquid in the temperature range 600-3000 X is assumed constant at 27.218 gibbs/mol. This value is based on
248 134360 37.QL0 37310 <000 ~ 1o8.521 - 165,981 120.934 JANAF curve fits (deviations r 0.1%) of the relative enthalpies (931-1007 K) reported by Dworkin and Bredig (1). Taylor and
100 142360 47.123 37,010 .03 C 168.532 - 164,959 120.172 Smith (2) have alsc reported enthalpies (927-1118 K) for the liquid. These results suggest a scmewhat higher value (28.36
400 13,890 42,483 37,737 1.893 - 175.567 - 162.30% 88,680 gibbs/mol) for Cp®; however, the data are considered less reliable. (See SrBr,(¢) table for Further discussion). The
‘ 1. 420 6 . .809 - .23 - 159, - . . . 2 A e
590 b 423 “ouTas 39.127 3.809 175239 159.029 69.511 average deviatior of the data of Taylor and Smith (2) from our adopted enthalpies ils =0.4%; the maximum deviation is 1.2% at
Jiesly 50395 46,101 5.763  ~ 174.915 - 155.817 56.756 1067 K. A glass transition is assumed at 600 K below which Cp° is that of the ecryst
208138 54,563 42.387 8,566  ~ 1f3.817 - 152.722 47,682 . s . L ) N i : X
PN ve1s0 110326 - 172.718 - Ls.781 no.o18 $3gg IS obtained in 2 mapner analogeus to that of the heat of formation.
1.9 Y 108 _ - 171,972 9 35 Melting Data

ER

“e® Tm is That observed by Dworkin and Bredig (1) frem drop calorimetry. Other reported values for Tm are 826 X (3), 931 X

67.166 49.233 19.672 ~ 171.935 - L4l.482 28.110 {4), 924 K (5), and 928 K (§}. TFour other investigators (2, 7-10) have reported values of Tm near $18 K, but they have
£9.587 50,376 22.453 - 170.89c - 138.759 25.271 X . e e .
71.814 52402 25.235 - 169.859 - 136.122 22.884 mistakenly interpreted the transition in :r-Br-z as that due to melting.
73.875 53.863 23,017 - 1b%.423 - 133.566 20.851% &Hm® is calculated as the difference in the enthalpies of the liquid and P phase at Tm. The enthalpy of the liquid at
15.7%4 55,262 30,799 - 167.750 - 131.084 19.099 . . . . : .
Tm is based on JARAF curve fits of the enthalpy data reported by Dworkin-and Bredig (1). We adopt their measured value of
1600 21.518 77.590 36,602 33.581 - 166.757 - 128.671 17.576 15.6 keal/mol for (Hg,,-Hlg,) of the  phase at Tm. A cryoscopic (4) determination of AHm® gave 2.6 ¢ 1.3 keal/mol which
; : 9307298 ; ¥ Ls -
1790 ERPTIE 19,216 57.386 36,362~ 196.299 - LlZ5.4le 164123 . s : R ., : . - - N
1650 S7.a15 330 366 S99 19.144 - 196.926 - 121.169 le.712 agrees well with the adopted calorimetric value. ylor and n {2) reported a calorimetric value of &Hm” = 5.2% kcal/mol;
1900 27,8148 82.379 . 304 41,928 - 195,550 - 116.9%¢ 13.458 however, This value also includes the heat of transition. Addition of sur values for sHt® and aHm® gives §.3% kcal/mol.
200¢ 2t.ula 83.797 61,443 44,708 - 194.190 - 112.899 12.337 o
Yaporization Data
2100 27.nid 854154 62340 - 192,824 -~ 108.363 11.330 Tb is the temperature &T which &Gr for the process SrBr,(t) = SrBr,(g) approaches zero. 4Hv® is the difference in the
e I 5. 440 .3 - 15l.4T1 - 184,562 104421 . - . L : : . .
7298 gane AT Zi Z;‘i - Bu.zeo D neees Sleer heats of formation of the gas and liquid at Tb. Peterson and Hutchison (10) obtained Tb = 2818 X from vapor pressure measure-
___Bb.8eY 85,606 8 VAS3.TTY - 97,150 8.847 ments on the liquid (1114-130u K). However, the value is based on a rather long extrapolation and is probably uncertain to
. 66,558 5 ERECLE] B 3182
at least t 100 K.
2600 2laols $1.096 Q7481 61.359 - 186.123 - 89.627 7.53% References
2730 20,013 92,165 68.375 66,180 -~ ldb.ole - 85.937 5.956 o N . .
2800 27,218 93,157 694242 46,962 - 183.%26 -~ 82.297 6,524 ", §. Dworkin and M. A. Bredig, J. Phys. Chenm. , 697 (1963).
2990 27.318 94,133 70.284 69, T4k - 182.255 - 18.73s 5.931 2. A. E. Taylor, Jr., and D. T, Smith, U.S. Bur. Mines RI 5967, 1962,
o Sl.als G5. Ja 72.52 ~ 131.0¢ - 75.15 5,475 e . . . .
3ode feals 75.076  Tu.v0l 2-5z6 13i.00¢ 136 3. E. D. Eastman, D. D. Cubiceiotti, and C. D, Thurmond in "Chemistry and Hetallurgy of Miscellaneous Materi. Thermo-
Quill, Ed., Mational Nuciear Energy Series IV-13B, McGraw-Hill Book Co., ¥ew York, 1950.
it ons and B. Liffelholz, Wiss. 2. Tech. Hochsch. Chem., Leuna-Merseburg 6, 261 (L196L).
5. H. Schinke and F. Sauerwald, Z. Anorg. Chem. 304, 25 (1860).
6. R. Riccardi, C. Sinistri, G. V. Campari, and A. Magistris, 2. Naturforsch. 25a, 781 (1970).
7. H. K. Emons, Z, Anorg. Chem. 323, 114 (1963).
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Strontium Dibromide (SrBr

o)

Br

Sr

(Ideal Gas) = 247.428
— i keal/mol
T, K Cp° ~(G-Hozem) T Ho~HCes AHP AGE Kp
200 INFINTTE - 3.246 - 33.767 -~ 93.767 INFINITE
100 12.835 89.905 ~ 2.780 - 93,689 - 98.013 214,206
2006 14,182 78.592 - 1.413 - 94,083 - 102.209 111,689
298 14,554 77.270 F?.270 #0000 -~ 97.300 - 105.763 17.527
300 14,558 77.380 i7.271 2027 - §7.318 - 105.815 77.087
%00 i%.T70% 81.9T1 77.8%¢% 1491 - 10%.753 - 107.127 58,531
500 Y S E 84,861 T8.330 2965 - 104,861 -~ 107.709 47.080
600 14.313 B7.558 0. 150 bbb -~ 105.011 - 108,265 39,436
00 14.337 89844 81.378 2.927 - 10%.213 - 1068.792 33.967
820 19.852 S1.326 82.561 T.st2 ~ 105.472 - 109.288 29.8586
200 1a.a63 Q3.576 83.689 B.898 - 105.961 - 109.731 2b.b46
1030 16,871 ¥5.1%2 8%.758 10.385 - 106,275 - 110.132 24,069
1100 14.977 36,560 83,767 11.872 - 108,513 =~ 110.393 21.933
1220 97.855 B6.T21 13.300 ~ 13B.768 -~ 110.592 20.134%
1300 E 9.066 B7.624 14.848 - 106.02% ~ 110690 18.60%
1400 1e,357 10C.169 88.48C 16.337 - 109.282 ~ 11C.808 17.298
15C0 La.38% 101.176 89.293 1f.82% - 109.9%2 - 11C.909% 16,159
16C0 1ha391 t02.137 G0.066 19.314% - 109,802 - 110.991 15.161
1700 14.892 103.04C 9C.303 20.804 - 142.0636 - 110,152 14,161
1800 14.8%4 1G3.891 “1.506 22.293 - 142.556 ~ 108.24% 13,143
1900 14,395 104,697 92,179 23.782 - 142,479 ~ 106.339 12.232
2000 14,395 105.461 92.525 25.272 ~ 142.40% - 104.%a0 1leal3
2100 156.396 106,187 93,4404 26.761 - 142.33% ~ L02.54% 10.672
2200 14.897 166.880 Fa.239 28.251 ~ 152.270 - 100.651 9.999
2300 Th. 8497 107.562 Q6,612 29741 - 142.211 - 98,760 D384
17 _95.164 31.231 - 1 - _96.871 i
5TTTYS eeY T TTIITEY - 94.5%86

2600 14,397 109.369 G6.211 34,210 - 142,090 - 93,100 7.826
27¢C 14,399 109,931 6. 709 35,700 - 162,075 - 91.218 7.384
2800 14,900 110.467%2 g7.191 37.190 - 142,077 - B8Y. 333 6,973
2700 1w.%20 1i¢.9986 97.658 38.680 - 3142.09% ~  B7.449 6,590
3600 14.9C0 111.501 ¥8.111 40170 - 142.140 ~-  B5.565 6.233
3100 14,903 111.99¢C $8.551 4L.660 - 1%2.207 - B3.676 5.899
3200 14,901 112.463 98. 378 43,150 - 142,301 - 81.787 5.5%84
3300 l14.9a1 112,921 99.319% Laabel - 142.425% ~ 79,896 5.291
3430 14.901 113,366 99,798 460130 - 142.581 - 77.99% S.014
isoc 15,901 113.798 100.192 4T.620 - 162,772 - 76.09% 4,752
3600 la.901 114.218 100578 43,110 - 143,000 - 74,189 4504
3760 14,901 1l4.626 100.950 50.601 - l&3.Z264 - T2.2%3 5.256%9
3800 14.92% 115.024 10L.315 52.091 - 143.571 - T0.350 fa0h&
39C0 14.902 115.41% 101.672 53.581 - 143,920 -~ 6B.417 3.834
4000 14,992 115.738 102.020 55.071 - las.312 —~ 6. 479 3.432
4100 14.902 116.150 102360 $6.561 - 144,747 —- 64,528 3a440
42030 14.932 1164515 102.693 53.051 - 185,226 ~ 62.566 3.256
4300 14.902 11&.866 103.0i9 59.562 - 165.748 ~ £0.590 3.080
4400 14.902 117,208 103,337 61.032 - 166,314 - 58,602 2.911
“500 L%.932 117,543 103.549 8$2.522 - 166.%23 - 56,603 2a749
2600 14.902 117.471 103.955 64.012 - 14T.574 -~  54.588 2.5%4
“700 La.902 118,191 104,254 65.502 ~ 148.265 - 52.557 244
4800 1a.902 1182505 104.548 66993 - 148.99% - 50.%17 24300
2900 16.902 i18.812 104.338 £B.483 - 149.762 - 4B.4ST 2.1861
5300 1%.902 119.113 105.119 £2.973 - 150,563 -~ 46.380 2.027
5100 14.922 119.408 105,395 TL.%63 - 151.399 - 44.291 - 898
5200 14,903 119.698 10%.668 72.954 - 152.263 - 42,182 1773
5300 14.903 119.982 105.936 To.ddd - 1%3.1%% - 40.054 1a652
5600 14,903 120260 106.198 T5.934 - 154,076 - 37.91% 1.534
5500 14.303 120,534 106,656 It.424 - 155.019 - 35.751 1.421
5600 14-.903 120.802 LQe.TIO 78.915 - 155.982 - 33.577 1-310
5700 14,903 121.066 106.9560 80,405 - 136,965 - 31,381 1.203
580C 14.903 121.32% 107.20% 31.895 ~ 157.963 - 29,187 1-09%
5500 14.7203 121.530 LC7,447 83.385 —- 158.976 - 26,939 «998
6000 14,503 121,830 107.684 86,876 ~ 160,000 - 26,697 « 900
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STRONTIUY DIBRGMIDE (Srar,) (IDEAL GAS) GFW = 287.428 BY‘9SY‘
Point Group Dy, aHEy = -93.8 £ 3.0 keal/mol ~
b - ry i ° = - - g
S3gg.15 = L77.3 # 2.0 gibbs/mol SHEjgq 45 % -87.3 % 3.0 kaal/mol
Ground State Quantum Weight = [1] ¥ibrational Frequencies snd Degenera s
@, cml
[1573C1)
1373023
. 1263141)
Bond Distance: Sr-Br = 2.82 £ 0.03 A Bond Angle: Br-Sp-Br = 180° ¢ = 2  Rotational Comstant: B = 0.01326% emt

Heat of ¥ormation
Feterson and Hutchison (1, 2} have measured vapor pressures (1118-13C4 X) for liquid SrBr, by the Knudsen effusion

method. The vapor pressures were determined from observations of the time required for specific amounts of sample to be lost
from stainless steel effusion cells. The sample of SrBr, used in this investigation was prepared by direct union of high
purity elements. X-ray diffraction patterns on the final product showed no metal or oxide lines. Radii of the effusion cell
orifices ranged from 0.16 mm to 0.38 mm. Results of second and third law analysis of these pressures are tabulated below.

We assume that the dibromide moromer was the only vapor species present. Support for this assumption is provided by mass
spectra for some of the other alkaline esrth dihalides (3). These studies indicate that the saturated vapor consist pre-
dominantly of the metael dihalide monomer and agrees with predictions which were made by Brewer et al. (i) for the dihalide

molecules. Also included in the table is a value for 8Hf® derived from a third law snal 3 of a single vapor pressure point

determined by Steck and Heynemann (5) and tabulated by Brewer et ai. (4).

No. of  Temp. ahrg oo keal/mol Drift  4if]g, (Srhr,, @7
Reference Reaction Points Range, K 2nd Law 3rd Law eu keal/mel
Q, 2 A 138 1187-1308  69.8  71.28:0.86  1.122.5 97.3:2.5
&, 5 A 3 1040 66.9 101.6

Reaction: SrBr'?(E) = SrBrz(g)
®Tuo points rejected due to failure of a statistical test.

b'l'hir‘c\ law values based on AHf}gE(SY'Brz, 2) = -168.521 kecal/mol (3).
The value AH}';gg(SrBre, g} = -97.3 £ 2.5 kcal/mol is preferred here rather than an average (-9%.% kcal/mol) of the two

results, since it is impossible to assess the reliability of the measurement by Stock and Heynemann (5). However, our value
th that (-98.0 kcal/mol) selected by NBS (8).
reflect eprors associated with the functions used in the analysis and with the auxiliary heat of formation data.

does compare favorable The uncertainty of £3.0 xcal/mel is assigned to

Heat Capacity and Entropy

The value of the bond length is that measured by Akishin and Spiridonov (?) in a high-temperature electron diffraction
study, The molecular structurs of SPBPZ(g) has nct been unambigucusly established. Electron diffraction patterns (7} for
Sr‘BYz were satisfactorily explained on the basis of a linear model (120" = 10°)., Later studies by Wharton et al. (83, using
electric deflection of molecular beams to detect dipole moments, showed no polarity in the SrBr, molecule. The absence of
dipolar character is most reasonably explained by a linear and centrosymmetric configuration. We assume 4 linear structure

v 13 3ASVHD

for Srhr,. Its moment of inertia is 2.1102 x 107 g ex’.

Few infrared spectral studies (8-11) have been reported for the gaseous alkaline earth dibromides. The antisymmetric
stretch (vg) and bes\ding (\12) frequencies for BeErz ware observed by Smelson (9) in a neon matrixz. Baikov (10} observed a
band at 330 * 5 ¢m © in the high-termperature infrared spectra of CaBr, vapor and assigned this band to vy. 1In a similar
study on Mgerz(@ by Randall et al., (1) vy was observed at #30 en™t. The only freguencies available for SrBr-Z are estimates
¢

from egtima

, 10, and 12) which have been obtained by force constant calculations. The adopted vibrational frequencies are derived

d force comstants by the valence force method (13). A comparison of values for the ratio of the stretching

force constants for diatemic and triatomic strontium fluorides (ratio = 1.33, 3) and chlorides (ratic = 1.15, 3) suggeste a
value of near unity for the ratic of the bromides. Therefore, the stretehing force constant for SrBr, iz taken egual to that
for SrBr(k = 1.154 x 10° dynes/cm) (8). Our values for v, and vy compare favorably with those estimsted by & similar pro-

cedure (4) (vy = 186 em™ ™ and vy = 282 em™t} and with those given by Krasnov and Svettsov (12, v, = 158 enL and vy = 265
o1
cm 7}, The es

the stretch to bend force constants for the bent molecules Sr‘?‘z(ratio = 5¢, 3) and SrClz(ratio = 78, 3) suggests a value near

ated frequencies of Baikov (10} are roughly 12% lower than ours. A comparison of values for the ratio of

100 for SrBrz. Brewer (%) used this same value in his force constant calculations. This value for the ratio gives ké/cZ =

L.154 » 103 dynes/cm, ov vy T 37 em™™. A comparison of similar data for the linear molecule Bebr, €2) indicates that the

value of the ratio could be a5 low as ). This leads to a v, = 58 cm'l which is excellent agreement with the value (56 emt

)
recommended by Krasnov and Svettsov (12). We prefer the lower value of v, at this time but include in the uncertainty (2.0

298
is assigned by analogy with that for F:!a(‘.].2 (3). Our adopted functions agree with those tabulated by Brewer et al. (4) to

within 0.1 gibbs/mol in the range 298-2000 K.
References
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Magnesium Di

(ldeal

Gas )

()b W =

promide, Dimeric (MgP

868,226

keaijmol
5 — (GO =H gy T H ~Hrex AHP AGE
L0903 INFINITE - Ta40} = l7o 791 = 176.791
Z 18,841 130,738 - 9.is0 - lTo.g24 - l¥l.679
FratBn 48,116 113.031 - 2.983 - 1T7.483 - LB6.534
VRS 110,237 ilga23? 2300 - 1ld3.539 - 190,012
11¢.428 rlu.237? LG5 = 1330951 = 14%C.05%1
119.36% L1h.%93 3.169 - 13131 - 189,224
126,302 112,761 £.301 = lwg.0as - 187.007
132.10% 1164354 Gabbl - 19%, 009 = Lu4. 800
115.960 12.510 - 193,022 - 182,604
121432 19. 773 - Awd, 1al - 1804399
123.384 1d.941 -o193.2ul - 178.1T77
1264158 22.110 - 242.720 - 175.570
15i.251 128.308 - 23l.9%0 = 172.849
HEL L) 120,340 - 233,744 - 170.100
195897 122,263 - 224.386 - 167.322
124,94 134,066 ~ 2HeL Tl - le3lued
161,136 135,917 - 264,3%6 = 1564345
37, et - 263,482 - l4v.leZ
125,034 - 203,620 = 161,993
14D.323% - 263,259 = L3a.y52
Tél.yuY9 - 202.098 - i27.725
a2, s44 53.8¢1 - 252.543 = 120.023
lag ., Aol 57.035 - 202.188 - 113.53%
60,26 - 201.836 - L06.464
63.493 - Zol.«87 - 95,408
17u.CoT 66,571 - 2hL.138 - ¥2.369
L9147 ~ 260.7%% - #5.347
72.927 - - TB.331
76.105 - - 7i.338
19.2864 - = bhL3b3
laz.lwz BZ.462 - - BT.37%
153,197 Bu.04l - G0.%i0
184,292 d3.ul9 - = 43,481
185.211 G993 - - 36.322
146,189 93176 - - Z9.59%
181,158 98.255 - 257.873 - 22.667
182,059 101,536 - 2571.580 - 15.75%6
l1sd.955 R6.ilz - 257.298 o §.450
lu9.426 107.89%) - 2ai.023 - 1.%51
19040674 il i3 - 2%0.7560 4941
191,64y - 259,909 11.822
192. 334 - 250,272 Ld.6G6
slaT39 183,073 120,607 - 2%o.tibl 25.560
RRIPN £ D 1oa, 282 123.7%6 ~ 255 .6m4 32.431
31,790 16%.270 126,765 —- 293,655 39.2%4
1. 790 165, e 130,144 - P-4 46,156
3. 790 totanl 133,423 - 255,329 $3.009
1¥6.747 167373 156,502 - 299,146 59 .62
1744951 1¢7.021 139,081 ~ 235.083 66.713
158,120 lona 358 142,360 - 234,998 734554
194, 150 tonad52 146,039 - 25%.929 80,400
159,234 169.554 149.213 = Ivh, 886 87,245
TlaTul 260.027 1704146 152,367 - 254,871 G4.075
Lo 91 FENEETS) Da 126 574 ~ 256¢.840 130.922
LAY 2Gi.250 1T1.2%6 725 = 254,915 107.774
171.a37 935 - 25%4.579 114,605
172.607 169 L ia - 255.0102 121.459
172,946 168.263 - 126.298
17345410 i - 135,159
if4.306 - 420U
174.51% - 5 148. 366
1/5.32¢ - 256,010 135,709

June 30, 197k

Log Rp
INFINITE
397.059
203.835
133,282

138.45¢
103,347
8i.741

57316
57.012
“5.28%
43,267
38.371

344342
30.%79
28.129
2

13.tsl

1l.316
10.576
Gerb
Buell
Tohbl

5.584

3.673

3.064
2.49%
1.360
1.457

2584

2,844

3.586
3.813

%.031
L. 262
Lubbi
e.638
“«.B26

5.007

5.672

2
MASNESIUM DIBROMIDE, DIMERIC (NgZEx'u) (IDEAL GAS) GFW = 368.226 {_}r AMgz
Point Group (D, 3 AHES = -176.8 = 5.0 kcal/mol
S94g.15 = [110.2 = 5.0 givbs/mol 0HfSgy 15 = -183.5 = 5.0 keal/mol
Ground State Quanrut Weight = [ 11
Vibravional Freguencies and Degeneracics
w, om w, ©m w, cm’
L1821y L186341) L1C031(1)
£1203¢1) [2283(1) {1003{()
L2071 (1) [1251(1) [753(1)
E13u3(1) [1253(1) L7831
Bond Distances: Mg-Hr = [2,34} A Hs“”“”‘(briqge) = {2,603 A v o= 4
i Anples: Mp-Br' - = ' nt Mg-Br' " .
Bond Angles: Mg-Be'(yoo Mg = (300 B (hridge) MEEY (briggey = [901
BrMg-Br' < iney * L1351
L duc © Mo 4 - < P 5 ~-130 3 5
Product of Moments of lnertia: IA“ETC = {2.55322 x 10 1 g em
Heat of Yormation

AHT" of the dimer is based on an analysis of mass spectrometric data reported by Berkowitz and Marquarz (1). These

studies have revealed the presence of approximately 2% dimer in @ equilibrium vapor over HgErz(c) at around 300 K, The

€xis

. P s . S . + s N
¢ of tne diner was inferred from the observed ion intensities for Mg,Bry . Berkowitz and Marquart (1) reperted a

second law AHr, of 12.9 kcal/mol for the process Mghr,(c) + MgBr. (g} = Mg, Br, (g). When corrected to 298.15 K this value
503 » 2 z 8257y

gives & = 14.0 xcai/mol which leads to A}if;ss(ﬂgzﬁru, ) = -182.7 kcal/mol. The absolute pressure of Mg2Bru(g) was also
neasured at 798 K by integrating the ion current during complete volatilization of a previously weighed sample. A third law

analy £

The reported pressure gives AHsjo, = 67.4 kcal/aol for 2 MgBr,(c) = Mg,Br,(g). This value for the heat of
sublimation leads to 2HfS . (dimer) = -18%.2 keal/mol which is in excellent agreement with the second law result. Ve adopt an

average value (-183.5 kcal/mol) of these two results. The uncertainty in AHE® is estimated as 25.0 keal/mol, and the adopted

aHF® value corresponds 1o a dimerizaTtion energy f01‘[4g3r2(g) of 38.% kcal/nol.

Heat Capacity and Entropy

The dimer molecule is assumed te have a bridge-bond structure of Doy symmetry similar to that suggested by Thompsen and

Carisen {2) for the dimers of sevgral trans

ne as that for Hg3r7(2.3u A, 3). The four ring Hg—ﬁr'<°$;

tion metal dicnlerides. The two cuter Mgz-Br bond lengtha are assumed to be the

dge) bond lengths are taken to be somewhat longer (2.5 A). The

four atoms which lie iu the ric

orm a square. The Br',. . - . Mg-Br bond i5 estimat 35°. The indivi
g form a square. The Br'(y .- )-8 bond angle is estimated s 135°. The sindividual
moments of inertia ave: I, = 5.8027 x 10777, 1, = 4.9088 x 107%7, ang e o= £.9550 x 107°% 5 cn?

The vibrational frequencies of the ring (first six listed) are vaken egual to those for Na,Br, (). These frequencies
were obtained by Berkowitz (4) from ionic model calculations. The remaining six freguencies are estimated by analogy with

those for MgBr, and Mg,C1, (3). Following the observations made by Thompson and Carlson {2), all of the dimer fregquencies

are essumed to lie above the bending freguency (v7 = 7D c.'l) of the monomer (3). Our acopted functions for the monomer and
dimer reproduze the pressures measured dy Berkowitz and Marquart (1) and show that the dimer becomes an increasing important
vapor species with »ising temperatures.
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Lead Tetrabromide (PbBr‘A) LEAD TETRABROMIDE (PbBr,) (TDEAL GAS) GFW = 526,816 Br‘4Pb
v \ ~ Ground State Quantwm Weight = {13
{ideal Gas) GFW = 526.816 ¢ g
Point Group = [Tyl AHfé = [-101.8 ¢ 201 keal/mol
. 3598.15 = [101.84 ¢ 3.0} gibbs/mol AHfESS.lS = [-109.1 = 201 keal/mol
. el
2! N cal/mol Vibrationsl Freguencies and Degeneracies

T,°K o § GO-Hee)/ T HHlm anre AGF Log Kp =

@y, cm

o 000 000 INFINITE = 6,186 -~ 101.900 =~ 101.900 INFINITE i

100 20,683 7643386 123,327 = 44699 = 102.169 =~ 106.348 232,424 £2073 (1)
200 24,108 92,012 104,102 - 24418 - 102.833 - 110.282 120.510 .
298  25.007  161.837  101.637 000 - 109.073 ~ 113,123 82.922 (883 (D)

12313 ()
300 25,017  101.992  £01.837 L04E = 109.105 - 113.147 82,428
400  25.363  109.243  102.824 2.568 ~ 123,715 -~ 11l.490 60. 916 [731 (3
500 25.529  114.922  L04.69%6 S.113 - 123.809 - 108.449 57,403 . R

Bond Distance: Po-Br = (2,581 A Bond Angle: Br-Pb-Br = [109% 28'] o= 12
500 25,621  119.586  106.801 7,671 - 123.517 - 105,425 38401 L . _110, 3_6
700 25.677 123.540  106.917 10.236 -~ 124.608  —~ 102.226 31.916 Product of Moments of Tnertia: T,Igl, = [1.3083 x 10 Tgiom
800 25,713 126.971  110.964 124806 - 1240551 -~ 99,033 274054 N ¢ Formasi
300 25,738 130.001  112.914 15.378 = 124.48% ~ 95.846 23,275 deat ol Formatjon
1000 25.756 132,714 L14.781 17.953 -~ 124.420 - 92.686 20.252 The adopted 4HES = -101.9 '+ 20 kcal/mol is derived from the dissociation energy for the process PbBr,(g) = Pb(g) *+ 4 Brig).
1100 25,769 135.169 116.506 20,529 = 126.347 ~  89.495 17.781 Dé = 11.3% eV is estimated from an intercomparison of the lead mono-, di-, and tetra- halides {1}. This adopted Dé value for
xzog 25.780 137.4%2 112.;55 g;.lg; - iga.zbe - ss.zie 15.723 PbBr,(g) is greater than the D} value for PbBr,(g) by a factor of 2.09. The ausiliary values 4HEJ(Pb, g) = 46,81 kcal/mol
130 25,787  139.476 119,718 .6 - 124.186 - 83.170 13.98 e . o N . N . . .
1400 25.794 141.387 121.198 28.264 = 124.102 ~ 80,020 12,492 (1) and AHfO(Br, g) = 28,188 keal/mol (1) are used. AHfHB(PbBru, g) = =109.1 ¢ 20 kcal/mel is caleculated from AHfo.
1500 25,799 143.167  122.604 30,846 - 124022 - 78.874 11.200 Heat Capascity and Entropy
1600 25,803 144,832 123.942 33,426 = 123.947 - 73.732 10,071 The molecular constants and vibrational frequencies are those calculated by Alekfandrovskaya et al. (_2_); Later works
1700 25.806 146,396 125,217 36005 -~ 123,875 - T70.594 9078 (3, %, 3) mistakenly cite this work as observed data and use a bond distance of 2.54 A rather than the 2,58 A originally
1800 25.809  147.871  126.435 38.585 - 123.811 - 67.466 8.191 oliehed (29
1900 25.812  149.267 127,600 41,166 = 123,752 = 64.335 7.400 published (2). 2
2000 25.814  150.591  128.717 43,748 - 123.701 - 61.211 6.689 The individual moments of inertia are T,sTg=T, = 2.3557 x 16737 g am?.
z100 25,816 151.850  129.789 46,329 -~ 166.106 ~ 56,535 5,884 References
2200 25,817  153.051 130.819 28,911 - 165.976 ~ 5l.322 5.098 1. JANAF Thermochemical Tables: PbF(g), PbF,(g), PdF (g}, PbBr(g), PbBr,(g), PbI(g), and PbI,(g), 12-31-78; PbClL(g) and FBCL,(g),
2300 25,819 1540199  131.811 514493 = 165.869 =~ 46.111 4,382 o71: B .
2406 25.620  155.298 132,767 54,075 = 165.785 = 40.904 3.725 6-30-73; Pb(g), 3-31-62; Brlg), 3-30-61.
2500 254821 156,352 133.689 56.657 -~ 165.726 - 35.704 3.12L 2. A. M. Aleksandrovskaya, I. V. Rigina, and I. N. Godnev, Optiecs and Spectresc. 7, #9% (195%),
2600 25.822  157.365 134,581 59,236 -~ 165.690 ~ 30.502 2.566 3. 8. Nagarajan, Bull. Soc. Chim. Belges 11, 119 -(1862).
2100 25.823  158.339 135,443 51,821 - 165.676 - 25,306 2.048 8, M. Radnakrishnan, Indian J. Pure Appl Fhys. 1, 402 (1963).
2800 25,823 159,278  136.277 64,403 - 165.688 -~ 20.106 1,569 N o s .
2900 25.824 160,185  137.086 56.986 -~ 165.7017 - 14.906 1.123 5. §. P. Singh, Labdev, Fart A 1, 185 (13697,
3000  25.825 161,060  137.871 69.568 - 165.767 -  5.704 .707
3100 25.625 161,907  138.632 720150 - 165.837 -  4.499 L317
3200 25.826  182.727  139.373 744733~ 165.922 LT06 - 048
3300 25.826 163,521  140.092 T7.316 = 166.023 5.912 - .392
3400 25,826  164.292  140.793 794898~ 1664137 1l.124 - .75
3500 25.827 165,041 141,475 824681 - 1664264 16.341 - 1.020
3500 25.827 165,769 142.140 85,064 ~ 1664401 21.560 - 1.309
3700 25.827 166,476 142.788 87,646  ~ 1664546 26.782 -  L.582
3800 25.828 167,165  143.421 90.229 - 166.698 32,012 - 1.841
3900 25.828  167.836  144.038 92.812 - 1664857 37,246 - 2.087
4003 25,828 1684490 144,661 95,385 - 167.020 424472 - 2.321
%100 25.829  169.128  145.231 97.8T7 -~ 167.188 47,712 - 2,563
4200 25.829 169,750  145.807 100.560 - 167.357 52.959 -  2.7¥36
4300 25.829  170.358 146,371 103,143 - 147,528 58,206 - 2,958
4400 25.829  170.952  146.923 105.726 = 167,699 63,461 -  3.152
4500 25.829  171.532  L47.483 108,369 - l67.870 68.713 -  3.337
4600 25.829 172,100 147.993 110.892 - 168.041 73.975 - 3.515
4700 25.830 172.855  148.512 113,475 - 168.210 79.23% - 3.685
4800 25.830  173.199  149.020 116,058 - 168.380 86.503 -  3.8486
4900 25.630  173.732  149.519 118,860 - l68.546 85,776 = 4,006
5000 25,830 174,254 150,009 121.224 - 168,710 95,048 - 4.15%
5100 25.830 1744765  150.48% 123.807 -~ 168,874 100319 - 4,299
5200 25.830 175,267 150,961 126.390 - 169.033 105.602 -  4.438
5300 25.830  175.75%  151.424 128.973 - 169.190 110.891 -  4.573
5400 25,630  176.241 151,879 131.556 - 169,347 116,171 ~  4.702
5500 25,831 176.715  152.326 134,135 - 169.500 121.465 - 4.827
5600 25,831  177.181  152.766 136,722 - 189.652 1260752 - 4.947
5100 25.831  177.638  153.198 139.305 - 169.803 132,047 - 5.063
5800 25,831 178.087 153.624 141.888 ~ 163.9%0 137.350 - 5.176
5900 25,831 178,529  154.042 144471 - 170.098 142.645 -  5.284
6000 25.831  17B.963  154.454 147.054 - 170,244 167.937 -  5.389
June 30, 1862; Dec. 31, 1973 Bp4Pb

0§

v 13 3SYHD



SZ61 ‘1 'ON 'V '[9A ‘Diog ‘joy wiayD “shyd °f

Niobium Monocarbide (NbC
(Crystal)

0.98

0.98"P

T, K
"]
100

200
298

300
400
500

600
700
800
300
1000

1100
1200
1300
1400
1560

leod
1700
1800
1900
2000

2100
2200
2300
2400
2500

2600
2700
2800
2900
3000

GFW = 104.6772
, Kkeal
g 1
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000 2000 INFINITE - 1,296 = 32,993 32.993
3,448 1.908 13,557 - 1.165 - 33066 32.936
6.567 5,315 8.588 - .855 - 33.134 32.771
4.660 8.357 8.357 <003 -~ 33.200 32,696
8.695 8.411 8,357 L0l - 33,199
10,040 11.105 8.716 .956 - 33,099
10,790 13,427 9.431 1.998 - 32.983 32.411
11.320 15.44a 10:26% 3,105 - 32.87; 32.308
11.690 17.217 11.138 4.256 = 32.772 32.222
11.980 18-798 11.998 5,440 - 32.682 32.149
i2.210 20.223 12.834 6,650 -~ 32604 32.089
12.410 21.520 13.639 7.881 - 32.533 32.035
12.580 22,711 14,410 9.130 -~ 32470 31.989
12-740 23.812 15,148 16,397 - 324413 31.947
12.890 24,838 15,855 LLe678 - 32.362 31,911
13.027 25,798 16.531 12.97% - 32.313 31.877
13,160 26,701 17179 14-283 - 32.270 31,847
13.290 27,555 17.801 15.606  ~ 32.230 3L.821
13.416 2B.366 182399 16.941 - 32,196 31,797
13,540 29.135 13.974 18.289 -~ 32,169 31.774
13.660 29-870 13.528 19.649 - 32,152 31.753
13.780 30.574 20.063 21.02L - 32.142 3732
13.900 31,249 20.580 22,405 - 32.142 31.710
14.020 31.898 21.080 23.80L - 324156 31,691
144140 324524 21.56% 25,209 - 32.181 31.688
14.260 33,129 22.033 26,629 -~ 32.222 31,645
14.380 33,713 22,489 28.061 - 32.281 31621
14.500 34.279 22.931 294505 - 32.365 31,592
14,620 36,829 23,362 30961 - 37,483 31.562
14,740 35,363 234781 32,429 - 38,946 31.408
14,860 35,882 24.189 33.909 - 38.858 31.140
14.980 360388 24588 35,608 -~ 38,759 30.876

December 31, 1973
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AHF; = -33.0 ¢ 0.6 kcal/mol
G

2 = s i g - .

5299,15 = 8.36 £ 0.1 gibbs/mol '\HEZQB.‘;S = ~33.2 + 0.5 kcal/mol
Heat of

There are five oxygen bomb calorimetry studies on NbC reported in the litevature {1-5) and one (0(g) equilidrium study (8}.
study of Huber et al. (3). These authors studied the combustion of

The adopted AHE;SS value is derived from tha calorimet
eight Nbe samples where x covers the range 0.886 to 0.984., TFor sach composition siz to eight combustions were performed. Huber
of the order 0.51% or less wers

et al. {3) reported that the combustions varied from 98.78 to 100% of completion. Cerrections

made to the heat of combustion value to account for impurities in seven of the eight samples. The correctiorn was 3.33% for the

x = 0.984 sample. The calculated heats of formation were fitted to a quadra equation by the least squares method by Huber
@t al, (3). Each value was weighted inversely proportional To the square of its uncertainty. Using the quadratic equation for
8HES,, and correcting for the JANAF value of aHfj . (Nb,0o, ) (2}, we interpolate to x = 0.9%, calculate and adopt Alifjg, = -33.20

ar equaticn can be chosen to fit the data without making a

+ 0.6 kcal/mol. Due to the large error in the data points, a 1i
statistically significant difference (3).

Huber et al. (3) and Storms (8) heve veanalyzed much of the calorimetric and equilibrium data (1-8) for NBC, (x = 0.686 to
0.984). A graphical comparison of the results (i.e., LHfEQB values vs, %) indicated that the gquadratic equation suggested by
Huber et al. (3) is a satisfactory representation of the various AHf;‘JB results for NbC_. The shertcomings of the various
studies have been discussed by Huber et al. (3) and Storms (8}, For comparison, the oxygen combustion study by Mah (1) leads to

4Hf9g = ~31.14 + 0.8 kcal/mol for NbCy g ’

Heat Capacity and Entropy

sample

There have been three low temperature heat capacity studies for NbCX: Pankratz et al. (13) w g a Nbco.g%
(52-2%% K), Toth et al. {(18) vsing five NbC samples where x = 0.77, 0.83, 0.86, 0.91, and .96 (1,5-18 K}, and Sandernaw and

Storms using three NbC, samples where x = 0.702, 0.825, and 0.980 (7.5-320 X). y addition there are numerous high temperature
heat capacity and enthalpy studies on various NbC  samples (3-13, 15-18). The adopted heat capacity values are those suggested
by Turchanin et al. (28). Their Cp° values were represented by a five term equation for the range 0-30C0 K and is a compremise

of the reported data mentioned, all adjusted to the composition NbCy g4

Phase Data
NbC has a face centered cubic structure of the KaCl type (8). The NDC phase exists, following the phase diagram of Storms
(8), from roughly NDCO.R} to near Nbc{),gé" At the NbC-C eutectic temperature of 3573 ¢ 50 X, the phase limit is NbCO.g'.’f'
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