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. DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
_ infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
_necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. : ,
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- Abstract
‘The’thermoqynamic properties of the aikali halides

are reviewed.
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Brewer and Brackettl receﬁtly reviewed the vaporizétibn data of the
alkali halides and present fables of free energy functions_for both' the .con-
densed phases and the gaseous distomic molecules. ,Enthélpiésuofnsublimation
and dissociation are,also_tabulatedy, The interest in alkali halides as liquids
in nuclear reactors, as solvents for fuel processing, as plasma components-:in
thermoélectric devibes, and- in many other applications.mékes the availability
of complete -and consistent thermodynamic data of considerable value.  In’
combining thermodynamic data from many sources there'is the hazard of intro-
ducing errof into ther@odynamic.calculations due té the combinafion of in~
consistent data. It is the purpose;of this report to present those auxiliary
thermodynamic ééta that would be needed in conjunction with‘thé.data~tabula—
ted by Brever and Brackett to carry out a wide range of thermodynamic cal-
culations involving‘the_alkéli'halides.

Brewer and Brackétt,used th?,thérmodynamic data fof the alkali elements
tabulated, by Lewis, Randall, Pifzer;and Brewe_r2 who give iﬁ;theirvAppendix
7 enthélpies ofﬂformation:of the gaseous monatomic alkali metals. Stull and
Sinkes also present data for the alkali metals atjclosér tempe:ature inter-
vals and over a wider temperature range; However, if their tables are to be

used, the enthalpies of sublimation of K and Rb must be corrected to .be con-

o)

298

sistent with. the values used by Brewer and Brackett. The AH values for

the sublimation of the ﬁonatomic;alkali.metalg used arejas follows: .Li,"
38.4k; Na, 25.9;.K, 21.45; Rb, 19.5; and Cs, 18}67 i«:cal/mole. The free -
energy functions given by Stull and Sinke must be corrected for changes. in
the 8298 values for Li, Na; K and Rb-solids adopted by Lewis,:Randall, ?itf
zer,  and Brewefvon the basis of the recent tabulation of entropies by Kelley

, L
and King.
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The firs£ column of numbers in Table I presents the enthalpies of
formation of the solid alkali halides at 298115QK (see below) that were
uséd by Brewer and Brackett and the 'second column bf numbers of Table I
_presents the enthalpies.of formation of the gaseous -diatomic alkali halides
at 298.150K that result from the combination of the values in the first
column with the enthalpies of sublimation given by Brewer and Brackett in
their Table 7. (Due. to.d typographical error, the enthalpy ofASUblimatiQn
of Csl was given as U6.7 instead of the correct value of hE.?‘kéal/mole.) -
All enthalpies of formation of the bromides and iodides are given here with
respect to the liquid standard state of bromine and solid standard state of
‘iodine.

The enthalpies of formation of the scolid alkali halides were obtained
from the tabulation of Lewis, Randall, Pitzer, and Brewer.2 As they indi-
cate on Pg. 678 of Aﬁpendix 7, the enthalpies of formation of all of the.
halides of cesium given by Rossini, Wagman, Evans, Levine, and Jaffes.in
U.S. Bureau of.Standards Circular 500 were madé more negative by 3.4 kcal/
mole' and all enthalpies of fbrmationvof the halides of rubidium were made
more ﬁegative by O,S,kcal/mole. They alsblindicate that all of the en;
thalpies of formation of the sodium and potassium halides should be made
more negative by about 0.5 kcal/ﬁole,'due to newer values fo} the aqueous
ions but this change was not made by Lewis, Randall, Pitzer, and Brewer or
by Brewer and Brackett and thé Circular 500 values were retained for all .
potassium halides and for'all'sodium.halideé'with the exception of NaF. If
the expected change in the enthalpies of formatiﬁnrof the so0lid halides of

sodium and potassium is made in the revision of Circular 500, it is im-

portant to change the enthalpies of formation and enthalpies of dissociation

P ]
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and 1onlzat10n of the gaseous alkall halldes by the same amount to 1nsure
con51stency. The value g1ven for NaF 19 that of Cough11n6 based on a
recent heat of solutlon. It would be changed by the same emount as the
otbervsoulum halldes 1f the enthalpy of folmatlon of agueous odium ion
1evreV1sedl The - enthalples of formation of the llthlum halldes are uncer-
tain by several kllocalques. The values used by Brewer-and Brackett_for
LiBr and LiI are those given in Circulaf‘SOQ.-‘The values for LiF and LiCl
of -145.7+2 and -96+ 2 kcal/mole given by Lewis, Randall, Pitzer, and

. N . ) 4 . o
Brewer are averages of determinations in the literature. Recent U.S. Bureau
of Standards7 repqrts have reviewed more recent'determinations,_but there
does not seem to be any basis fo; change until a decidedly»mere aceurate
determination becomes available. The enthalpies of dissociation of the .
gaseOuu alkall halldes to the gaseous atoms glven by Brewel and Bx ackett
in their Table 8 required use of data for the alkal; metals which,have peen
listed above and data for the halogens. The enthalpies‘of:atomizatlon at
298.150K of the halegens in their standard;states are as follows: F,v18793
Cl, 28.94; Br, 26.76; and I, 25.52 kcal/gram,atom.2 The halogen values
used are consistent with those tabulated by Stull and Sinkevexcept for
iodine. Their enthalpy of sublimation of Ié and their free energy functions
for condensed I, at 298, 300, and 406K muet be revised to be consistent

L

with §0 o = 27.76 cal/deg mole for solid I,

29

In the third column of numbers in Teble I are given enthalpies of

(@3]

ionizstion of the gasecus diatomic alkeli halides at 298.lSOK. To obtain

these values, the following ionization potentials of the gaseous atoms at

0"k from Moore~ were used: Li, 124.4; Na, 118.k4; K, 100.0; Rb, 96.3; and

Cs, 89.7 kcal/gram atom. Also the folliowing electron affinities of the
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gaseous halogen atoms at 0°K. were used: F, 80; Cl, 86; Br, 81; and I;

ey

T4 kcal/gram atom. AH;98 was taken equal to AHgAfor the reaction M(g) + A

X(g) =AM+(g) + X-(gj. >Thé elecfrdh affinities wére abtained from the.
values tabulated by Cubicciotti’ by assuming that the deviations shown ioy
pOtaésium and rubidium salts weré due to.erroré in the enthalpies of for-
métion of the‘aqueous ions and by rounding off to the nearest kiloéaibrié.
The electron affinities used by Brewer and Brackett were taken from a
previous calculation of Cubiciotti which was slightiy'in error ana the
jonization enthalpies given here differ slightly from'those used‘by_Bfewer
and Brackett. Table II reproduées Table 9'of Brewer‘énd Brackett with
correction of the experimental values to agree with the electron affinities
listed here. The calculated values given here are baéed on averaging the
closely agreeing calculations of Bérkowit29 and Rbthberg%ovTheir téﬁulated
‘energies have been corrected here for zero point enérgies. | |

It is hoped that the above summary will insure the uée of consistent
thermodynamic data in calculations of equilibria involving the alkali

halides and will make easier the incorporation of new data as they become

available.
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Enthalpiés of Alkali Halides, keal/mole

. Enthalpy of Formation at 298.15%.

ABP(s014d)

-145.7
- 96.

- 83.7
- 648
.136.3
- 98.2

- 86.0

- 68.8
- -134.5

-104.18

- 93.73
- 78.31

- -131.8
-103.4
- 93.5
- 79.0

© -130.3
-106.9
- 97.7
- 83.9

an®( gas )

-80.2
-5
-35.
-20.6

-69.2
-k
-3k,

~21.3

-77.2
-50.9
o -keT
 -29.8
-T17-7
-52.3
Sl
~31.7

-82. '
-58.6
-51.1
-38.2

AH298 fo.r.. P
M(g) = M'(g) + X (g)

181.9
150.3
143.6
135.
152.4
129.9
12k.
-117.

- 137.6
115.3
110,
102.8
132.4
111.

: 105.7
99.
129.3
1109.9
105.2

98.
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Comparison of experimentsl-and calculated values of enthalpies of °

dissociation'toutheyfreefiQnSAf'xf'
+ -
MX(g) = M (g) + X (g)

calcuiéted
F .
experimental

calcuiated
ClL .
experimental

| calculated

Br | experimental

| calculated
I- .
| experimental

e}
LH
Li Na - K Rb Cs
keal. keal. keal. .| kcal. | %kcal.
17 150 136 . 128.5
181 152 137 132 129
147 129 116 112 110
1ho. . 129 115 - 110 =109
1 123 111 107.5 | 10k
143 g 123.5 109 105 . 105
133 117.5 105 102 99
134 ¢ 116.5 102 98.5 T 98
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