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Thermodynamic Properties of the Alkali Metals 

William H. Evans, Rosemary Jacobson/ Thomas R. Munson,2 and Donald D. Wagman 

The a vailable data on the thermodynamic properties of the elements lithium, sodium, 
potassi um, rubidium, a nd cesium have been analyzed, a nd selected values of these properties 
are presented in tabular form. The tables inclu de valu es of the free-energy function, 
(F°- HO)/ T ; heat-content function, (H O- H a) / T; entropy, S o; heat content, (l-I°- H a) ; 
heat capacity, C~ ; heat of formation, !!.l--Ij" ; free energy of format ion, !!.Fj"; and logarithm 
of tlle equilibrium constant of formation, log Kf , for the solid, the liquid, and the monatomic 
a nd diatomic gases as a function of temperature from 0° K to high temperatures. 

1 . Introduction 

As part of a general program on the collection, 
analysis, and compila tion of data on the chemical 
thermodynamic proper t ies of chemical substances 
[1 , 2),3 a survey has been made of aU of the available 
data relating to the thermodynamic properties of the 
alkali metals, li thium, odium, potassium, rubidium, 
and cesium. There is co nsid erable in terest in the 
usc of these metals in chemical synthe e , as well as 
in their use as heat-transfer media. A large amount 
of new data has become available s in ce tbe early 
summaries of Gordon [3] and K elley [4, 5]; i t is be
lieved that a complete summary of the data on t hese 
clements presented in a convenient tabular form will 
be very useful to enginccrs, physicists, a nd chemists 
engaged in problems involvin g these substances. 
This survey will also indicate gaps and weaknesses 
in the present state of our knowledge with respect 
to these substances and indicate areas requiring 
addi tional research. 

2. Units and Standard States 

The calorie used in these calculations is the ther
mochemical calorie, defined by the relation: 1 cal = 
4.1840 abs j. The other cons tan ts are those given 
by Wagman et al. [6]. The ice point, 0° C, is taken 
as 273.16° K [71. The chemical atomic weights [8] 
used are: Li, 6.940; Na, 22.991; K , 39.10; Rb , 85.48; 
Cs, 132.91. For gases the standard state chosen is 
the hypothetical ideal gas at I-atmosphere pressure. 
For solids and liquids t he standard state is taken 
as tbe substance under I-atmosphere pressure (o r 
satura ted vapor pressure, if this is greater). As is 
customary, nuclear spin a nd isotopic mixing con
tributions to the free-energy function and entropy 
are omitted; all values are for t he naturally occurring 
isotopic mixture. The ymbols used for thermo
dynamic quantities arc those used previously [1, 2]. 

1 P resen t address: Department of Chemist ry, Uni versity of Michigan , An n 
Arhor, Mich. 

, Present address: The Vitro Corporation, West Orange, N . J. 
3 Figures in b rackets indicate the li terature references at the end of this paper. 
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3 . Calculation of the Thermodynamic 
Functions 

3.1. Monatomic Gases 

The translational contributions to the thermody
namic fun ctions of the monatomic gases Li, N a, K , 
Rb , and Os were calculated by use of t be equaLions 
given by Wagman et al. [6] (corrected for t he new 
defini tion of the thermochemical caloric). The addi
tional contributions due to electronic excitation are 
easily obLained in terms of t he par tition function , 
Q, and tbe derived fun ctions Q' a nd Q" 

Q' = ~igi (~dkT)e- E .lk T 

These conlributions were evaluated by direct sum
mation. The energy levels, Ei , and multiplicities, gi , 
were taken from Moore [9] . The factor hcJk, used 
to convert wave numbers to degree, was taken as 
1.43847. From these, the elect ronic contributions 
to the t bermody namic functions arc easily obtained 

- (F°-H~) /T=mnQ 

(HO-H~) /T=R ( Q'/Q) 

CO= R[Q" / Q_ (Q' /Q)2]. 

3.2. Diatomic Gases 

The translational contributions to the thermody
namic functions for the diatomic molecules Liz, N az, 
K 2, Rb 2, and CS2 were evaluated with the same equa
t ions used for the monatomic gases. The ro tational 
and vibrational constants given in table 1 were used 
to calculate the thermodynamic functions for a rigid 
rotator [6] with moment of inertia , I , equal to 
h/ [87r2CBe(1-ae/2)], and symmetry number 2, and 
for an independent harmonic oscillator [1 0] with a 
fundamental frequency of (we- 2xewe) .4 

, The spectroscopic notation is that used by H erzberg [12]. 



T A ElLJ" 1. M olec1tlar constants' 

Lb Na2 K, Rb, Os, 

losT!!) cm ____ ___ 2.672, 3.078, 3.923 4. 12,b 4. 46,b 
B e, cm-1 _____ _ _ 0.67272 0. 15471 0. 05622 0.0231,b 0.0l27,b 
a e, cm-I __ ______ 0.00702 0. 00078 0.000219 0. 000058' 0.000035' 
We, cm-1 ________ 351. 43, 159.23 92.64 57.28 41. 990 
XeweJ cm- 1 ______ 2.592 0.726 0.354 0.096d 0.08005 
l08D o, cm - 1 _____ 986. 58.4 8.3 1. 56 0.47' 
10'1i, cm- I _ __ ___ 28. 0.5 0. 08 - -- --- - - - - - - -- -- - - -- - -

• Values from Herzberg [12], cxccpt as noted. 
b Estimated by a Badger's rule extrapolation [13]. 

E t · t df 6B; [(x.w. ) )i ] c ~s Ima e rom 0'18=-::- B. -1 [12, pp. 90-115] . 

d Oiven erroneously as 0.96 by Herzberg; see T si·Ze and San-Tsiang [14], al>.d 
Kusch [15]. 

''l'hese values are fo r D.=Do-~"Ii . E stimated from D.=4B~/w; [12, P. 90] . 

Mayer and NIayer [ll], using an expression for 
the internal energy of the diatomic molecule that in
cludes the effect of rotational stretching, vibrational 
anharmonicity, and rotational-vibrational interac
tion, have obtained equations giving the corrections 
t? the rigid. rotat?r-harmonic oscillator approxima .. 
bon. Startmg wIth the same expression for the 
energy, we have obtained similar correction equa .. 
tions, in a somewhat more convenient form 

0 ° 
B con ()' 

oeuu 2 2oe2uu 2 

(e U _l)2+ (e U -l)3 

In these equations ()' = (Be- ~ete) hc/lcT, U= 
(we-.2'JJ.w.)hc/lcT, o , et./Be, and4'Y2= D./B •. 

WIth these equatIOns , corrections were calculated 
~t 250°, ?OOO, 500°, 1,000°, and 1,500° K; values at 
mtermedlate temperatures were obtained by linear 
interpolation. The corrections 5 at 1 500° K are 
tabulated in table 2. ' 

TABLE 2. Corrections added to the thermodynamic f1bnctions for 
the rigid rotat01'- harmonic oscillator at 1,500° K 

L i,. _____ ______________ _ 
Naz ______________ ______ _ 
Ie, ____________________ __ 
Rb, ___ ___________ . ____ .. 
Os, _______ . ____________ . 

(PO-IlO) / T (H O-HO) /T G~ 

ealldeo mole 
-0. 207 
- 0.267 
-0.351 
-0.321 
- 0.435 

eal/dey mole 
0.237 

.287 

.369 

.330 

.445 

ealjdeg mole 
0.482 
.575 
. 740 
.660 
.889 

, It will be noted that the corrections do not increase smoothly with incrca' illg 
molecular weight; thIS lrregu~al'lty IS pnmanly due to the values of xe , which arc 
also not smooth. J\1ore preCIse spectroscopic rneaslU'cments are necessary before 
it can be decided w bethel' this is a real effect. 

3 .3 . Solids and Liquids 

Thermodynamic functions for the solid and liquid 
metals were calculated from published experimental 
low- and high-temperature heat-capacity and heat
content data. The low-temperature data, repre
sented as heat capacities, were plotted as a function 
of temperature on a large-scale graph, and the "best" 
curve was drawn through the points. Values of the 
heat capacity were read off at even temperatures . 
Numerical integration, using Simppon's rule, gave 
values of H T2 - H T1 ; integration of CIT gave values of 
8 T2- 8 T [. The observed hea.t capacities at the 
lowest temperatures were fitted to a Debye function; 
this was used to evaluate ST[ - SO and HTI - HO at 
either 25 0 or 50° K. The free-energy function , 
(F T- H o) /T , was obtain ed from therelation (F T- HO)/T 
= (HT- H o) /T - ST' 

The high-temperature data, usually in the form of 
H T- H 2i3 •J6 , were converted to (H T- H o) /T, using the 
values of H 273 .16 - H o from the low-temperature data . 
These values were plotted as a function of tempera
ture on a large 8c8le plot, the "best" curve was 
clrawn, and values were read off at even temperatures. 
Th ese values of (H T- Ho) / T were smooth eel to obtain 
the final values of (H T-H o) /Tand H T- H O. Numer
ical integration of (H T- Ho)/ T 2 gave -(Fr- H o) /T. 

To obtain the values of the heat capacity at high 
temperatures, the smoothed values of H r - Ho were 
fitted to an equation of the form 

(H T - Ho)= A + BT+ CT2+ D/T. 

In fitting tbis equation the beat content and heat 
capacity at 3000 K , selected from the low-tempera
ture data, were used to eliminate the constants A 
and D . The remaining constants were then evalu
ated by least squares from the high-temperature 
heat-content data. This procedure gave an equa
tion that joined the high-temperature heat-content 
data smoothly to the data obtained from the low
temperature measurements of heat capacity. 
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The data used in evaluating the thermodynamic 
functions for solid and liquid lithium are the heat
capacity and heat-content measurements of Simon 
and Swain * [16],6 Laemmel [17], Bernini [18], Koref 
[19], Dewar [20), Cabbage [21], Yaggee and Unter
myel' [22], Bates and Smith * [23], Kleiner and Thurn 
[24), R edmond and Lones* [25], Huchler [98], Doug
las et al. * l26], and Carpenter, Harle, and Steward 
[271. The reported data on the temperature of the 
melting point and the heat of fusion are summarized 
in table 3. The "best" value selected for tbe heat 
of fusion , 722.8 cal/mole at 180.54° C, was obtained 
from the h~at-conten t curves for the solid and liquid. 

For sodmm the heat-content and beat-capacity 
d~ta used ar~ given by Koref [19], D ewar [20), 
SImon and ZCldler* [33] , Gunther [34), Eastman and 
Rodebush * [35], Bernini [36], Estreicher and Stan
ie,wski [37], R engade [38 , 39], G:riffiths * [40], Gin
mngs, Douglas, and Ball * [41], DIxon and Rodebush 
[42], Iitaka [43], Pickard and Simon * [91], Schiiz 
[92], Nordmeyer [93], and Nordmeyer and Bernoulli 

6 The asterisk (') in each case indicates sourccs of data given greatest weight 



TARLE 3. M elting point and heat of fus ion of lithium 

M ethod T empCl'- U eat of 
ature fus ion Observer 

°C cal/mole 
Douglas et al. [26J _______ 180.54 717. 1 ITeat content. 
Kilner I28J -_____________ 179 690 Do. 
Billaycndra [29J __ __ _____ 720 J,\T 0 details a vaila ble 
Thurn 130J ______________ 180.0 277 ncat content a 
Kelley [5J __ ___________ __ 1,100 Freezing point lower~ 

Losa na [31J __ ___________ 
jng b 

180. 2 ---------- --- ---------
RufT ancl Johannsen [32J_ 180.0 ------------ ---- -----lTuehler [97] ____________ 179.5 690 H cat conten t a 
Selectcd valuG. _______ __ 180.54 722.8 ----------------------

a From measnrcments of thc hea t co ntents of tho solid anclliq uid. 
b From phase studies of binary systcm s. 

[94]. The low-temperature meaSUl'ements of Pick
ard and Simon indicaLe a small "bump" in the heat
capaciLy curve at about 7° re. This "hump" bas 
not been confirmed by oLher measurements. As 
there have been no corresponding "humps" re
ported for the othel' alkali meLal s, Lhe small effect 
(t.H= 0.14 cal/mole; t.S= 0.019 cal/deg mole) has 
been omiLted in the presen t calculations; this 'will per
mit direct comparison with the other alkali metals. 
The melLing-poin t and heat-of-fusion data are sum
marized in table 4. The "best" value selecLed for 
the heat of fusion, . 621.8 cal/mole at 97.82° C, was 
obtained from the heat-con ten t curves fo1' the solid 
and liquid. 

TARL8 4.-i\ll'elting point and heat of.rusion of sodium 

Obsen-er T'rmprr- ]l eaL of 
at,ure fu sion 

Bernini [36J __ __ __________ _ 
Ren gacle [38, 39J ________ _ 
OrifTiths [40l __ _____ ____ _ 
G.innings, Dou glas, and 

Ii~~~ f1M: ____ ___ ___ ____ _ 
Brid gman [44J--- _______ _ 
Joannis [45J ______________ _ 
Douglas et aJ. [46J ________ _ 
JJadenburg and Thiele 

[4 7]. 
1'ammann [48J ______ __ ___ _ 
Va n Rossen Hoogendijk 

van Bleiswijk [49l . 
Edmondson and E ge rton 

[50J . 
Kelley [5J ______ __________ _ 

° C 
97.6 
97.90 
97.51 
97.80 

97.63 
96.5 

d 97.82 
97. 8 

97.8 
97.5 

97.7 

Losana [3 lJ ___ ____________ 97.7 
Goria 195J-- _______________ Vi. 7 
Orubeand Scll midt/96J ___ 98.0 
Selected value _______ _____ d 97. 82 

cal/mole 
4JO 
626.1 
634.0 
622.2 

598.0 
645 
730 

640 

621. 8 

Mclhod 

H eat content· 
J)o. 
Do . 
Do. 

Do. 
Clapeyron eq uation b 
H raL con t,rn t, II. 

l"reel,ing point lower
ing c 

• From measurements of the beat contents of tbe solid anrlliQuid . 
b From measurements of tbe cbange in m elting point witb pres,ure. 
c From pbase studies of b inary systems. 
d Triple pOint. 

The heat-content and heat-capacity data used for 
poLassium arc thoso of Dewar [20], Simon and 
Zeidlcl'* [33], Eastman and Roclebush * [35], Bernini 
[36], EsLl'eicher aJlcl SLaniewski [37], Rengade [38, 39], 
Dixon and Roclebu s ll [42], Douglas et a1. * [46], Schi.iz 
[92], and CarpenLer and Stewarcl* [51]. In table 5 
are summarized Lile reported data on the melting 
poin t and heat of fusion of potassium. The "best" 
value selectod for Lhe heat of fusion, 554.0 cal/mole at 
63.2° C, was obtained from the heat-content curves 
for the solid and liquid. 
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TABL1~ 5.-JV elting point and heat of fusion of lJotassium 

Observer 

B ernin i [36] _____ ________ _ 
Rcngacl e [38, 39J _________ _ 
Bridgman [44J ___ ________ _ 
Joan nis [45J _________ _____ _ 
Douglas et aJ. [46J ________ _ 
Edmondson a nd E gert,on 

[50J_ 
Carpenter and S toward 

[51]. 
Smith [52J _______________ _ 
Sclected valuc __________ _ _ 

'J'e In per- H eat of 
a ture fu sion 

°C 
62. 0 
63.50 
63. 1 
58 

' G3.2 
63.65 

63.35 

63.6 
' 63.2 

cal/mole 
530 
574 
505 
615 
557.9 

568 

554. 0 

Method 

lIeat content· 
])0. 

Cla peyron cq uationb 
H eaL contcllLIl. 

Do. 

ileat CO il tent a 

a From Illeas uromcn Is of the heat contents of the solid and liqu id . 
b From measurements of thc change in melting point with pressure. 
c. '"l"'riple point. 

The available daLa on rubidium and cesium arc not 
extensive enough to permi t a reliable calculation of 
the thermodynamic funcLions for the olid and 
liquid meLal. D ewar [20], Rcngade [38, 39], and 
Deuss [53] have mad e some measuremenL on 
rubidium . Dewar [20], Ren gade [38 , 39], and 
Eckardt and Graefe [54] have sLudied cesium. 

4 . Selection of the Heats and Free Energ ies 
of Formation 

The reference sLaLe fol' compuLing heaLs and free 
energies of formaLion fo r Lhe various Ii Lhium, sodium, 
and poLassimTl. compounds is Laken as Lhe solid or 
liquid meLal, depending upon Lhe Lemperature. 
Because the thermodynamic funeLions for solid and 
liquid rubidium and cesium have not been calcula ted, 
t he reference sLaLe is Laken as the monatomic gas for 
these elemenLs. 

The heat of vaporization for a solid 01' liquid can be 
calculated from vapor-pressure m easuJ'ement by the 
relation 

- RlnP= t.F~/ T= (t.I1 ~)v / T+ t. [(FO- I1~)/TJv, 

where P is the vapor pressure in atmo pheres at the 
absolute temperature T , and (t.II~)v is the heat of 
vaporization at 0° K . This equation is strictly true 
only if the pressure is so low that tbe vapor behaves 
as an ideal gas. If the vapor phase consists of more 
than one molecular species, all in equilibrium with 
the condensed phase, P must be replaced by the 
partial pressure of the species for which tbe heat of 
vaporization is desired, and the appropriate tbermo
dynamic functions used. 

In the case of the alkali metals, where diatomic 
molecules are present in the vapor in significant 
amoun ts, the vapor pressures reported must be 
corrected for the effect of the dimer before the heat of 
vaporization to the monatomic gas (heat of atomiza
tion) can be calculated. This correction requires a 
knowledge of the equilibriumX2(g) = 2X(g) . (Xis any 
alkali meLal). If the dissociation energy D~(= t.l1o ) 
is known for the diatomic molecule, values of the 



equilibrium constant K = P'k /Px2 can b e calcula ted 
from the relation 

This assumes that the pressures are so low that the 
gases are nearly ideal. To obtain values of the ratio 
PX 2/PX = E, which is used in the corrections, from these 
values of K , the total pressure of the system is needed. 
In the present case this is the total vapor pressure of 
the metal. Unfortunately, the total vapor pressures 
reported for the alkali metals, when measured by an 
effusion or transpiration method, had been calculated 
assuming a monatomic gas; these pressures must be 
corrected by an amount dependent upon the method 
of m easurement used. As a first approximation, the 
pressures reported were used in a log P - l /T plot 
and values of the pressure read from a smooth curve. 
These total pressures were then used to calculate 
values of E. The values of E were in turn used to 
correct the vapor pressures (see below) and the 
revised vapor pressures, P '" were replotted and used 
to calculate new values of E. In general , only one 
such approximation was necessary. 

The correction to be made to the reported vapor
pressure data v3,ries with the method of m e9,suremen.t 
used. In the following discussion PI is the vapor 
pressure of monatomic X and P 2 that of th e dimer, 
X 2 • Po is the reported "total vapor pressure" calcu
la ted , assuming a monatomic vapor and p " is the 
true total vapor pressure, eq ual to PI + P 2 • D alton's 
law of partial pressures and th e ideal gas law are 
assumed. 

In the Knudsen effusion method , which is used for 
low pressures, the mass of sample lost through a hole 
of known size in a given time is measured. Th e 
molecular weight of the gas escaping is needed to 
evaluate the pressure; if th e gas consists of several 
molecular species, these must be consid ered sepa
rately. For a given experiment 

PI=m I /27rRT mIk, 
at'V M x .JMx 

where k includes all terms that do not depend upon 
the molecular weight of the gas. R is th e gas con
stant, a the area of th e hole, T the absolute tempera
ture, t the total time of effusion, and mi the mass of 
sample lost as monatomic gas of molecular weight 
M x. Likewise, in the same run, for th e dimer X 2 , 

The reported "vapor pressure," calculated from the 
total loss, m i +m2, is 

These may be combin ed to gIve an expression for 
P" as a function of Po and E 

In the transpiration or air-saturation method, the 
amount of ma terial required to sa tura te a known 
volume, V, of inert gas at a Imown total press ure is 
determined. If the molecular weight of the vapor is 
known, the vapor pressure can be calculated 

Po 

( l + E) P,, = 1+ 2€ Po. 

Tn the static method, which includes boiling-point 
measurements, the total pressure exerted by all the 
gases present is measured, independently of th e 
molecular weight of th e gases. Hence no correction 
to the reported values is necessary. 

The values of E and P" thus obtained 'were used to 
obtain th e partial pressures of the gas, PI = P ,,/(l + E); 
these were used to calculate (D.H~) v ' 

The available vapor-pressure data for li thium must 
be corrected for the effects of the Li2 present. To 
obtain the values of K necessary for this correction, 
a value of D~ (Li2) is r equired. Gaydon [55], from 
various spectroscopic data, has selected l.12 ± 0.05 
ev, or 25.83 ± 1.15 kcal/mole. Lewis [56] measured 
the relative amounts of diatomic and monatomic 
molecules dircctly with his molecular-beam method; 
if his valu es of € are combined with total vapor pres
sures obtained from a large scale log P - 1/T plot, 
an average value of D~ of 25.68 ± 0.15 kcal/mole is 
obtained.7 The average was taken as the "best" 
value for 

Li2 (g) = 2Li (g) 

D.H~=25 . 76 ± 0.10 kcal. 

The various sets of vapor-pressure data, when cor
rected, gave the values of (M-I~)v listed in table 6. 
The lithium used by Bogros was apparently impure 
(see the discussion by Maucherat [60]); the values of 
( ,6.H~)v calculated from his data show a decided 
trend with temperature. Lewis' results are seriously 
in error, probably because he assumed that a calibra
tion for his apparatus from the vapor-pressure data 
for sodium could be used or because his lithium was 
impure. A weighted average of Hartmann and 
Schneider 's and Maucherat's values (weighted in-
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1 All values given [or uncertainties, unless otherwise indicated, are our estimates 
o[ the over-aU uncertainties. 



T ABL E 6. Heat of vaporization of lithium 

Obsen 'er Method 

Lewis [56J . ................................ . Knudsen . . ... . 
Bogros [57, 58J ............................. . .... . do . .... ... . 
Mauchcrat [59, 601 ............................... do ...... .. . 
Har t mann and Schneider [61] ............. .. Static ........ . 

a rrhc uncertai nty gi\"'cn is the probable error of the mean. 

N umber 
of ex pcri- '"!"'empcraturc 

ments 

5 
8 

17 
8 

OK 
852 to 926 
732 to 845 
735 to 870 

1, 204 to 1, 353 

'(Mr~ ) , 

kcal j rnole 
35.89 ±0.04 
38.490 ± O. 136 
38. 162 ±O. 049 
38.011 ±0.016 

TABLE 7. Heat of vaporization of sodium 

N umber 
Obscr v('r "' J"'[ethod of exper· Temperature (MIg), 

·Ladcnburg and 'l 'hic )e [47] ________ _________ 'I'ranspiratioll ____ _ 
'Thie le [63J , ................................... do .......... . . 
'Edmondson 8nd Egerton [50l ............ Knudsen . .. ..... . 
lIeycock and Lamplou gh [64 • ••• . ••••• Static ............ . 
lIackspill [65, 661 ............................. clo ......... . 
RuIT and Johannsen [67] ................... . . do ........... . 

'Rodebush and ll enry [681 ................ clo ........... . 
' Roclebush and W alters [691 ................ do .......... . 
· rrabcr and 7.isch [70] ___________________ ~l1ra n spiration __ _ 
W eiler[7l J d •••••..........••••....••. OpticaL ......... . 

'Rode bush and D eVries [72J..... ..... .. Knudsen .•........ 
Do........ ........... ........ .... Static .......... . 

L adenburgandl\Hnkowski [731 d .••• •.... OpticaL ........ . 
Gebhardt [741 . .................. . ... Static ............ . 
von War tcnbe rg [751......... .... . .... do ..... •...... 

'Makanski, Mucndel,8nd Se lke [76J ..... . ... do .......... . 
KraITt [77J .............. ..... . ......... do . 

a 1:'ho asterisk indicates SO ll rces of data given greatest weight. 
b The uncertainLY give n is the proba ble error of the mean . 

imcnts 

6 
16 

4 
I 
4 
I 

29 
14 

4 
10 
5 
5 

21 
20 

1 
4 
1 

o Apparently the detailed report of tho me asurements summarized in [471 . 
d Depends u pon other sodium vapor·prcssure data for calibration. 

o I( 
615toil1 
6141.0772 
496 to 570 

1,156 
623 to 670 

1, 151 
537 to 670 
937 to 1,113 
746 to 838 
520 to 590 
455 to 534 
787 to 870 
509 to 695 
653 to 843 

71 
1,169to 1,201 

1,0 15 

kCIII/moZe b 
25.894 ±0.006 
25.899 ±0.004 
25.970 ±0.008 
25.749 
25.980 ±0.096 
25.64 1 
25.948 ±0.005 
25.830 ±0.010 
26.036 ±0.003 
25.910 ±O.061 
25.961 ±0.009 
25.704 ±0.009 
25.809 ±0.O l7 
Not ca lcu la ted 
26.868 
25.757 ±0.010 
No t calcul ated 

verscly as the probable error) was laken as lh e best 
va.lue 

Li (c-) = L i (g) 

Ml~= :38.05 ± O.lO hal. 

trend with innefl.sing values of D~ indicat.es that a 
value of abou t ] 9 lee·al would be required to give a 
constant value for (l1II ~)v . TIle spectroscopic elata, 
Lh ough , appear to rule ou L suc-h a high value. As a 
"be t" value the spectroscopic value was taken 

This gives 

2Li (c) = Li2 (g) 

l111 ~=50 .34 ± O.23 kcal. 

The vapor-pressure data for sodium must be cor
rected for the Na2 present. Two values are available 
for the dissociation energy of N a2. The molecular
beam data of Lewis [56) give a D~ (Na2) of 16.91± 0.35 
kca1. Spectroscopic data, as summarized by Gaydon 
[55] a lld H erzberg [12), give D~ as 17 .53± 0.15 kcal. 
Th e data of J ewett [62] on gas densities are not pre
cise enough to give an accurate value; an approxi
mate value of 20 ±5 kcal can be obtained from them . 
In an attempt to decid e between the molecular-beam 
and spectroscopic values, values of € were ealculat.ed 
wi th each value and used t.o calculate values of 
(t:Jl ~)v from the val'iolls sel of vapor-pressure elata. 
If tIle correct. value of D~ (Na2) has been useel and 
the other data are con ·ect, a constant value for 
(l1II ~)v will be obtained. In this case, however, 
both values of D~, as well as an assumed value of 
] 8.20 kcal, gave sels of values of (l1l-1 ~)v that showed 
a trend with temperat m e. The variation of this 
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Na2 (g) = 2Na (g) 

~11~= 17 .53 ± 0.15 kc-al. 

If this value is used for the dissociation energy of 
N a2, the various set.s of vapor-pre ure measurements 
give the values of (Mi ~)v tabulated in table 7. The 
vapor-pressure dat.a of Gebhardt were completely at 
variance wit1l all the others and were not consid ered 
fmtb er. Th e high-pres ure data were not con
sidered to be too reliable because the assump tion of 
ideal gases is not valid. Th e optic-al data were given 
little weight. As a " best." value for the heat of 
vaporization the weighted average of the starred 
values was chosen 

Na (c) = Na (g) 

l1l-1~= 25.92 ± 0.05 kcal. 

This value leads to 

2Na (C) = Na2 (g) 

~l-1~=34. 3 1 ± 0.18 kcal. 



The vapor-pressure data for potassium were cor
rected as were those for sodium. Spectroscopic 
data, as summarized by Herzberg [12], give a D~ (K 2) 

of 11.85 ± 0.10 kcal. The molecular-beam data of 
Lewis [56] give 12 .67 ± 0.50 kcal. As in the case of 
sodium, the vapor-pressure data did not make pos
sible a choice between these values for the dissocia
tion energy; the spectroscopic value was chosen 

K 2(g) = 2K(g) 

Lll-l~= 11.85 ± 0.10 kcal. 

With this value, the vapor-pressure measurements 
gave the values of (Lll-l~) v summarized in table 8. 
The optical data were given li ttle consideration, be
cause they depend on a calibration using vapor
pressure data from other investigations. The 
weighted average of the starred valu es gives 

K (c) = K (g) 

LlH ~= 21.71 ± 0.08 kca1. 

This value gives 

2K (C) = K2 (g) 

Lll-l~= 31.57 ± 0.13 kcal. 

For rubidium D~ was taken from the spectroscopic 
data as summarizcd by Herzberg [12] 

Rb2 (g) = 2Rb (g) 

LlH~ = 11.30 ± 0.30 kcal. 

Vapor-pressure data for rubidium are given by 
Edmondson and Egerton [50], Hackspill [65, 66] , 
Ruff and Johannsen [67], Killian [80], and Scott [82]. 
Lack of free-energy functions for the solid and liquid 
prevents calculation of (MI~)v. Hence, Rb (g) is 
taken as the standard state, wi th Mlf~= O , and 

2Rb (g) = Rb2 (g) 

M:1~=-1 1.30 ± 0.30 kcal. 

For cesium, D~ from Herzberg [12] gives 

CS2 (g) = 2Cs (g) 

LlH~= ] 0.38 ± 0.30 kcal. 

Vapor-pressure data are given for cesium by Hack
spill [65 , 66], Ruff and Johannsen [67], Kroner [79], 
Scott [82], Fuchtbauer and Bartels [83], Bartels [84], 
Langmuir and Kingdon [85, 86], and Taylor and 
Langmuir [87]. As is the case with rubidium, lack 
of thermal data for the solid and liquid prevents 
calculation of (LlH~) . . Honoo, Cs (g) is takon as 
the standard state, with LlHJ~= O , and 

2Cs (g) = Cs2 (g) 

LlH~=- 10.38 ± 0.30 kcal. 

5 . Discussion 

The thermodynamic functions calculated as out
lined abovo are given in tables 9 to 21. The un
certain ties in the fun ctions are estimated to be not 
more than about 20 in the last figure given; the heat 
contents, HO-H~, however, as quantities derived 
directly from the heat-content functions, may retain 
one additional significant figure for consistency. 

Tables 9 to 21 also include values of the heat of 
formation , LlHr, free energy of formation, LlFr, 
and logarithm of the equilibrium constant of forma
tion, log KJ, as a function of temperature. These 
are calculated from the relations 

LlHr = MI.f~ + Ll UfO - H~) 

LlFr =LlHf~+ TLl[ (F 0 - H~) I T] 

log KJ= - LlFr /4.57567T. 

The values of LlHf~ used were those selected above. 
The values of LlHr and LlFr are often given to more 
significant figures than the basic value at 0° K to 
retain differences with tempers.ture that are more 

TABLE S.- Heat of vaporization of potassium 

Number 
Observer a M ethod of ex· 'Temperature 

periments 

' Edmondson and E gerton [501 -- ___________ Knudsen _________ ___ 10 
' B eycock and L amplough [641 ------------- Static_____________ __ 1 
Hackspill [65, 661 ____________ ___________________ do _____________ __ 9 
Ruff and Johannsen [671 ______ _____________ Statie ______ ______ ___ 1 
Weilcr [711 - _ __ _ ______ _ _ ______ __ __ _ ___ _ __ _ _ Optical , ______ __ _ __ __ 77 
Krafft [7;1 --- __ _ ___ _ _ _ __ _ _ _ _ __ ___ ___ ___ __ _ _ Static _ __ _ __ __ ___ __ __ 1 

' Kcumann a nd Volker [781 _________________ Effusion d ___ ____ __ _ 28 
' Kroner [791 -_ _ _ ___ __ _____ _ ______ ___ __ __ ___ _ Static _ __ _ ___ ___ __ _ _ _ 17 

. . . { Equation } Killian [S01 ____ _____ ------ ------ -- -- - - - ---- Ion current. _ - - -- - -- - only 
' Fiock and Rodebush [811 __________________ Static______________ _ 7 

Do _______________ __ _________________________ do ___ _ _ _ _ _ _ _ _ _ _ _ _ 3 

a Thc asterisk indicates sources of data given greatest weight. 
b The uncer tainty given is the probable error of the mean . 
, D epend s upon oth er potass ium vapor-pressure data for calibrat ion . 

0 [( 
373 to 474 

1. 035 
537 to 673 

1, 031 
430 to 628 

1,040 
418 to 473 
523 to 672 

(325 to 375) 

679 to 802 
1. 028 to 1, 033 

(AH~) . 

kcal/mole b 
21. 745 ±0. 003 
21. 716 
21. 342 ± 0. 045 
21. 632 
21. 549 ± O. 0 to 
21. S05 
21. 709 ±O. 001 
21. 663 ± O. Oi l 

21. 651 

21. 762 ±O. 002 
21. 609 ± O. 000 

d Dynamic effusion torsion balance, us ing two different holes. Independent of molecular wcight of gas . 
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preci e than the basic value. As a derived quantity, 
log ]{j is given to one more decimal place than is 
f:J.FJD. 

with ours within the reported uncertainties, if allow
ance is mad e for the different sets of fundamental 
constants used. ' 

B enton and Inatomi [88] and Griffel [89] have 
calculated the thermodynamic functions for mona
tomic sodium and potassium, respectively. Their 
values for the free-energy functions agree with ours, 
when allowance is made for the different funda
mental constants used ; th eir values for (HO-H~)/T 
above 1,800° and 1,400° Ie, and for C~ above 1,400° 
and 1,200° Ie, respectively, arc in error because the 
contribution of the higher electronic-energy levels 
has been omitted for these functions. 

Gordon [3] has calculated the free-energy function , 
to 2,000° K , for Li2, Na2, and Ie2; Benton and 
Inatomi [88] have calculated all of the thermo
dynamic functions to 2,600° Ie for N a2; Griffel [89] 
has done the sam e for K 2. These calculation agree 

Gaydon has recently [90] revised many of his 
previous selections [55] of the values of gaseous 
diatomic dissociation en ergies. These values differ, 
in part, from those selected h er e. For lithium, 
Gaydon has lowered his previously selec ted valuu, 
obtained from spectroscopic data , apparently be
cause of a lower value obtained from molecular-beam 
da tao If th e molecular-beam da ta are reexamin ed , 
as has been done h ere, a value in much better agree
ment with the spectroscopic value is obtained. For 
sodium, Gaydon has also selected a value slightly 
lower th an the spectroscopic value we have used ; 
such a low valu e seems unlikely if th e vapor-pressure 
data arc also considered. He has also lowered the 
spectroscopic value for rubidium. 

TABLE 9. Thermodynamic properties of Li (g) 

T (i,O-If;)/T (J [ 0_ / {o)/T 8° Ilo- llo c~ tl fTr a tlFjOa log Kfa 

- ---
OK cal/dey mole cal! dey mole cal/dey mole cal/mole cal/dey mole "cal/mole kcal/mole 
0 0 0 0 0 0 38. 05 38.05 --- - ------

50 -l9.3052 4.9680 24.2732 248.4 4.9680 38.286 37.089 - l62.ll27 
100 -22.7487 4.9680 27.7167 496.8 4.9680 38.434 35.824 -78.2932 
200 -26. 1922 4.9680 3t. 1602 993.6 4.9680 38.498 33.174 -36.2500 
250 -27.300 4.9680 32.2688 1242.0 4.9680 38.477 31. 844 -27.838 l 
273. 16 - 27.74lO 4.9680 32.7090 1357.1 4.9680 38.461 31. 23l -24.9867 
298. 16 -28. l760 4.9680 33. 1440 1481. 3 4.9680 38. 439 30.570 -22.4076 
300 - 28.2066 4.9680 33. l746 1490.4 '1.9680 38.437 30.521 -22.2346 
400 - 29.6358 4.9680 3'1. 6038 1987.2 4.9680 38.315 27.899 - J5. 2432 
500 -30.7444 4.9680 35. 7124 2484.0 4.9680 37.393 25.390 - J1.0976 
600 -3 1. 650l 4.9680 36.6l8l 2980.8 4.9680 37. 175 23.010 -8.38J3 
700 -32.4 l60 4.9680 37.3840 3477. 6 4.9680 36.973 20.665 -6.45l7 
800 -33.0793 4.9680 38.0473 3974.4 4.9680 36.787 18.348 -5.0 124 
900 -33.66·14 4.9680 38.6324 4471. 2 4.9680 36.583 16.056 -3.8991 

1,000 -34. l879 4.9680 39. J559 4968.0 4.9680 36.390 13.786 -3.0l29 
1, 100 -34.6614 4.9680 39. 6294 5464.8 4.9680 36. 199 It. 535 -2. 2919 
J,200 -35.0937 4.9680 40.0617 596 1. 6 4.9680 36.008 9.30 l - I. 6937 
l,300 -35.4913 4.9680 40. 4593 6458.4 4.9682 35.818 7.084 -I. 1909 
1,400 -35.8595 4.9680 40.8275 6955.2 4.9684 35.629 4.882 -0.7621 
1,500 -36. 2022 4.9681 4t. J703 7452.2 4.9688 35.443 2.69l -0. 392 l 
1,600 -36.5229 4. 968l 41. 49lO 7949.0 4.9696 ---------- ---------- ----------1,700 -36. 824l 4.9683 4l. 7924 8446. 1 4.97l2 --._------ ---------- ----------

1,800 -37. lOSO 4.9685 42.0765 8943.3 4.9737 ---------- ---------- ----------
1,900 -37.3767 4.9688 42. 3455 9440.7 4.9775 .--.---.-- ---------- ------ ---2,000 -37.6315 4.9694 42. 6009 9938.8 4.9831 ----- --- -. --_._--.-. .----.----

2, 100 -37.8740 4.9703 42. 8443 10437.6 4.9908 ---------- -_.------- ----------2,200 -38. 1053 4. 9714 43. 0767 ]0937. 1 5.0012 ---------- -------.-- ----------
2,300 -38.3264 4.9730 43.2994 11437.9 5.0143 ---------- ---------- ----------
2,400 -38.5380 4.9750 43.5l30 ll940.0 5. 0308 ----_.---- --------_. ----------
2,500 -38.74U 4.9776 43. 7187 12444.0 5.0514 -.-------- ---------- ----------

2,750 -39. 2160 4.9871 44. 2031 137 l4.5 5. 1309 ---------- ---------- ----------
3,000 -39.6505 5.0017 44. 6522 15005. 1 5.2098 ---------- -------._- ----------
3,250 -40.0516 5.0216 45.0732 16320.2 5. 3362 ---.------ _.-.- - ---- - --------
3,500 -40.4274 5.0475 45.4749 17666.2 5.4535 ------- -- ---------- -----.----

• Reference state: ILi (c) below 453 .70° K ; Li (I iq) a bo ve '453. 70° K. 
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T AB L E 10. T hermodynamic properties of L i (c) and (liq) 

7' 
I 

(FO-HO) / T (HO-H~) /T S ' I-I' - I-[O co tlHJO !J.FJo log J(J 
0 p 

----- ------
oJ( callde!! mole col/de!! mole calldey mole cal/mole col/dey mole kcal/mole kcal/ mole 

0 0 0 0 0 0 0 0 ---- ---- --

50 -0.079 0.230 0.309 11. 5 0.87 0 0 0 
100 - 0. 493 1. 124 1. 617 112.4 3.10 0 0 0 
150 -1.026 2.029 3.055 304.4 4.43 0 0 0 
200 -1.810 2.726 4.536 545.2 5.15 0 0 0 

250 -2.479 3.259 5.738 814.8 5. 61 0 0 0 
273. 16 -2.776 3.465 6.241 946.5 5.76 0 0 0 
298.16 -3. 090 3.663 6.753 1092.2 5.91 0 0 0 
300 -3.112 3.677 6.789 1103. 1 5.92 0 0 0 
350 -3. 704 4.016 7.720 1405.6 6.18 0 0 0 

400 -4.259 4. 306 8. 565 1722.4 6.50 0 0 0 
450 -4. 78 1 4.570 9.351 2056.5 6.86 0 0 0 
453. 70 (c) - 4.818 4.589 9.407 2082.0 6.88 0 0 0 
453. 700iq) - 4.818 6.183 11. 001 2805.2 7. 27 0 0 0 
500 -5.423 6.282 11. 705 3141.0 7. 20 0 0 0 

600 -6.583 6.426 13.009 3855.6 7.06 0 0 0 
700 -7.580 6.506 14. 086 4554. 2 6.95 0 0 0 
800 -8.452 6.559 15.011 5247.2 6.91 0 0 0 
900 -9.227 6.598 15.825 5938.2 6.90 0 0 0 

1,000 -9.924 6.628 16.552 6628.0 6.89 0 0 0 

1,100 -10.557 6.651 17. 208 73 16.1 6.88 0 0 0 
1, 200 - 1l. 136 6.670 17. 806 8004.0 6.87 0 0 0 
1,300 - 11. 671 6.685 18.356 8690.5 6.86 0 0 0 
1,400 - 12.167 6.697 18.864 9375.8 6.84 0 0 0 
1,500 - 12. 629 6.706 19.335 10059.0 6.82 0 0 0 

T ABLE 1 1. Thermodynamic properties of L i2 (g) 

7' (FO -lI~)/ T I (II ' - JIO)/ 7' I S' I H O- l-I o co 
p 

---- I 

I 

tlEIJO' tlFfO" I log J(J ' 

oJ( cal/dey mole cal/deg mole cal/deg mole cal/mole cal/dey mole kcal/mole kcal/mole 
0 0 0 0 0 0 50. 34 50. 34 ----------

250 -37.969 7. 600 45. 569 1900.0 8.444 50.610 42.087 -36.7922 
273. 16 -38. 646 7.676 46.322 2096.8 8.541 50.544 41. 300 -33.0430 
298. 16 -39. 294 7.753 47.047 2311.6 8.620 50.467 40.467 - 29. 6617 
300 -39. 357 7.758 47. \l5 2327.4 8.625 50.461 40.400 -29. 4311 
400 -41. 636 8. 002 49.638 3200.8 8.825 50. 096 37.093 -20. 2663 
500 -43.442 8.179 51. 621 4089.5 8. 941 48. 148 34. 042 -14.8796 

600 -44. 94 8.31 53.25 4986 9.02 47.61 31. 28 - 11.392 
700 -46.24 8.42 54.66 5894 9.08 47.13 28.59 -8.924 
800 - 47.36 8.50 55. 86 6800 9. 13 46.65 25.98 -7.096 
900 -48.37 8.58 56.95 7722 9. 18 46. 18 23. 42 -5.686 

1,000 -49. 28 8.64 57. 92 8640 9.22 45.72 20.91 - 4. 569 

1, 100 -50. 10 8.69 58.79 9559 9.26 45. 27 18.46 -3. 667 
1,200 -50.86 8. 74 59.60 10488 9.30 44.82 16.04 -2. 920 
1,300 -51.56 8. 79 60.35 11427 9.34 44.38 13.66 -2.296 
1, 400 -52.22 8.83 61. 05 12362 9.37 43.95 11. 30 -1. 764 
1, 500 -52.83 8.86 61. 69 13290 9.41 43.51 8.98 -1. 309 

a Referen ce state : Li (c) below 453.70' K ; Li (Jiq) above 453.70' K. 
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T AB L E 12. 7Thermodynamic properties of ITa (g) 

T (Ii'o - Ifo) I T (/ [ O-FIo)IT SO JJO - FIo c o 
p 

IH rjO' 6 Ji'j0a Jog J(J' 

-----
OJ( ealldeg mole call deg mole ealldeg mole eallmole ealldeg mole keallmole keallmole 

0 0 0 0 0 0 25.92 25.92 
50 -22.8753 4. 9580 27.8433 248.4 4.9 0 26.090 24.817 - 108.4748 

100 -25.3 188 4. 9580 31. 2858 495.8 -J.9680 25. 09Q 23.535 -51. 4355 
150 -28.333 1 4.9580 33.3011 745.2 4.9680 25. 052 22. 250 - 32. 4324 
200 -29.7623 4.9580 34. 7303 993. 5 4.9680 25. 006 21. 001 -22. 9483 
250 -30.8709 4.9580 35. 83S9 1242.0 4.9630 25.935 19. 757 -17.27J6 

273. 16 - 31.3 11 1 4.9680 36.2791 1357. 1 4.9680 25.899 19.187 - 15.3508 
298. 16 - 31. 7461 4.9680 36.7141 1481. 3 4.9680 25.857 18. 574 - 13. 6146 
300 - 31. 7767 4.9680 36.7447 1490.4 4. 9680 25.854 18.530 - 13. 4986 
400 - 33.2059 4.9680 38. 1739 1987. 2 4.9580 25.008 16.169 -8.834 1 
500 -34.3145 4. 9680 39.2325 2484.0 4. 9680 24. 764 13.988 - 6. 1140 

500 -35.2203 4.9630 40. 1883 2980.8 4.9680 24.538 J 1. 854 -4.3178 
700 -3.>.9861 4. 9630 40.954 1 3477. 6 4.9680 24.332 9. 757 - 3.0462 
800 -36.6495 4.9680 41. 6175 3974. 4 4.9680 24. 132 7. 688 -2. 1003 
900 -37.2346 4.9680 42.2026 4471. 2 4.9680 23.938 6.544 - 1. 5891 

1,000 - 37.7580 4.9680 42.7250 4968.0 4. 9680 23. 747 3.622 - 0.7916 

1,100 -33.2315 4.9680 43. 1995 54r.4.8 4.9680 23.547 1.f,19 -0.3217 
1,200 -38.6638 4.9680 43.63 18 5961. 6 4.9680 23.3-JO - 0.366 0.0667 
1,300 -39.0614 4. 9630 44 . 0294 6458.4 4.9680 
1,400 -39. 4296 4. 9680 44.3976 6955.2 4. 968 1 
1,500 -39.7724 4.9680 -14.7404 7452. 0 4.9681 

1,600 -40.0930 4. 96S0 45.06 10 794S.8 4. 96S3 
1,700 -40. 3~42 4. 96S1 45.3623 8445.8 4. 9687 
1,800 -40.6782 4. 96S1 45.6463 89'12. r. 4.9694 
1,900 -40. 946S 4.9632 45.9150 9439.6 4.9706 
2,000 -4 1. 20 16 4.9684 46. 1700 9936.8 4.9725 

2,100 - 41. 4440 4. 9636 46.412G 10434. I 4.9752 
2,200 - 41. 6752 4.9690 46.6442 1093 1. 8 -1. 9792 
2,300 - 41. 8961 4. 969" 46.8657 11430.1 4. 984(\ 
2,400 - 42.1076 4. 9703 47.0779 11 923. 7 4. 9918 
2,500 - 42.3105 4. ~714 -17. 2S 19 1242S.5 5. 0011 

• Reference state: .'Ia (c) below;170.9 ° K ; 1 a (Jiq) a bove 370.98° K . 

TABLE 13. Th ermodynamic properties of Na (c) and (J iq ) 

T (J'O- IIO)IT I~O- IfO)/ T 8 ° /[ o- Tfo c~ tl lljO b. PjO I Jog J(J 

-----
oJ( ealldeg mole eal/deg mole ealldeg mole eallmole ealldeg mole keallmo/e keallmole 

0 0 0 0 0 0 0 0 ----------
50 - 0.820 1. 574 2.394 78.7 3.82 0 0 0 

100 -2.471 3.179 5.650 317.9 5.39 0 0 0 
150 -3.933 4.018 7.951 502. 7 5.93 0 0 0 
200 -5. 166 4.540 9.706 908. 0 6.26 0 0 0 

250 -6. 220 4. 908 11. 128 1227. 0 6.48 0 0 0 
273.16 - 6. 662 5. 045 11. 707 1378. 1 6.58 0 0 0 
298.16 -7. 109 5. 180 12.239 1544.4 6.74 0 0 0 
300 - 7. 142 5. J89 12.331 1556.8 6.75 0 0 0 
350 - 7.963 5. 441 13. 404 1904. 3 7.22 0 0 0 

370.98 (e) -8.283 5.548 13.831 2053.2 7.46 0 0 0 
370 .98 (Ii q) -8.283 7. 224 15.507 2680.0 7. 62 0 0 0 
400 -8.828 7.248 16. 076 2899.2 7.52 0 0 0 
500 - 10.450 7.281 17. 731 3640.5 7.32 0 0 0 
600 - 11. 777 7.272 19. 049 4363.2 7.10 0 0 0 

700 - 12.896 7.236 20.132 5065. 2 6. 96 0 0 0 
800 - 13.850 7.203 21. 063 5762. 4 6.90 0 0 0 
900 - 14. 706 7. 170 21. 876 6453.0 6. 89 0 0 0 

1,000 - 15. 450 7.141 22. 501 714 1. 0 6.93 0 0 0 
1,100 -16.140 7. 125 23.265 7837.5 7.01 0 0 0 
1,200 - 16. 759 7.118 23.877 854 1. 6 7.11 0 0 0 
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TABLE 14. Thermodynamic properties of Na2 (g) 

T (FO- H o)/ T (IIO-HO)/T so H O-Ho co 
p AHr" AFr" Jog KJ" 

-----------
OK cal/deo mole call deo mole cal/dey mole cal/mole cal/dey mole kcal/mole kcal/mole 
0 0 0 0 0 0 34. 31 34.31 ----------

250 -45. 206 8.218 53.424 2054.5 8.903 33.910 26.118 -22.8325 
273.16 -45.934 8.277 54.211 2260.9 8.931 33.815 25.402 -20.3236 
298 .16 -46.661 8.332 54.993 2484. 3 8.962 33.705 24.637 - 18. 0584 
300 -46.713 8.337 55.050 2501.1 8.963 33.698 24.581 -17. 9073 
400 -49.133 8.505 57.638 3402.0 9. 041 31. 914. 21. 719 - 11.8668 
500 -51. 043 8.619 59. 662 4309. 5 9.099 31.338 19. 238 -8.4090 

600 -52.62 8. 70 61. 32 5220 9.15 30. 80 16.87 -6.145 
700 -53.97 8.77 62.74 6139 9. 19 30.32 14.59 -4.554 
800 - 55.15 8.83 63.98 7064 9.24 29.85 12.37 -3.378 
900 -56.19 8.87 65.06 7983 9.28 29.39 10.21 -2.479 

1,000 -57. 13 8. 92 66. 05 8920 9. 32 28.95 8. 10 -1. 770 

1,100 -57.98 8.95 66.93 9845 9. 36 28.48 6.04 - 1. 200 
1,200 -58. 76 8.99 67.75 10788 9.40 28.01 4.02 -0. 732 
1,300 -59.48 9.02 68.50 11726 9.44 --- - ------ ---------- ----------

1,400 -60. 15 9.05 69. 20 12670 9.47 ---------- - - ------- - ----------

1,500 -60. 77 9. 08 69. 85 13620 9.51 - --------- - - -------- ----------

" Reference state: ~a (c) below 370.98° K ; Na (Iiq ) above 370.98 ° K . ~ 

T ABLE 15. Thermodynamic pTopeTties of K (g) 

T (FO-HO)/T (IJO-H o)/T so H O-rIO co 
p AHr " Lc,Fr" logKj" 

---- - -----
OK call dey mole cal/deo mole cal/dey mole cal/mole cal/dey mole kcal/mole kcal/mole 
0 0 0 0 0 0 21. 71 21. 71 

50 -24. 4479 4.9680 29.4159 248.4 4.9680 21.826 20.576 -89.9374 
100 -27.9017 4.9680 32.8697 496.8 4.9680 21. 795 19.334 -42.2539 
150 -29.9160 4.9680 34.8840 745.2 4.9680 21. 737 18. 11 5 -26.3935 
200 -31. 3452 4.9680 36.3132 993.6 4. 9680 21. 666 16.918 - 18.4873 
250 -32.4538 4.9680 37.4218 1242.0 4.9680 21. 584 15.741 -13.7604 

273. 16 -32.8940 4.9680 37.8620 1357.1 4.9680 21. 542 15.201 -12. 1619 
298. 16 -33.3290 4.9680 38.2970 1481. 3 4.9680 21. 491 14.623 - 10.7182 
300 -33.3596 4.9680 38.3276 1490.4 4.9680 21.487 14.581 - 10.6218 
400 -34 .7888 4.9680 39.7568 1987.2 4.9680 20.673 12.422 -6.7870 
500 -35.8974 4.9680 40.8654 2484.0 4.9680 20.427 10.389 - 4. 5410 

600 - 36.8031 4.9680 41. 7711 2980.8 4.9680 20. 197 8.403 -3.0608 
700 - 37.5690 4.9680 42.5370 3477. 6 4.9680 19.978 6.455 -2. 0152 
800 - 38. 2323 4.9680 43.2003 3974. 4 4.9680 19.764 4.538 - 1. 2396 
900 -38.8174 4.9680 43.7854 4471. 2 4. 9680 19. 547 2. 648 -0. 6430 

1,000 -39.3409 4.9680 44.3089 4968.0 4.9680 19.324 0.782 -0. 1709 

1,100 -39.8 144 4.9680 44. 7824 5464. 8 4.9681 
1,200 -40.2467 4.9680 45.2147 5961. 6 4.9682 
1,300 -40.6443 4.9680 45.6123 6458.4 4. 9687 
1,400 - 41. 0125 4.9681 45.9806 6955.3 4.9697 
1, 500 -41. 3552 4. 9683 46.3235 7452.4 4.9715 

1,600 -41. 6770 4.9686 46.6456 7949.8 4.9749 
1,700 - 41. 9772 4.9691 46.9463 8447.5 4.9799 

S 1,800 -42.2612 4,9699 47.2311 8945.8 4.9876 
1,900 - 42.5299 4.9711 47.5010 9445.1 4.9986 
2, 000 - 42.7849 4.9728 47.7577 9945.6 5. 0133 

2, 100 - 43.0276 4.9752 48.0028 10447.9 5. 0326 
2,200 -43. 2592 4.9783 48. 23i5 10952. 3 5.0568 
2, 300 - 43.4806 4.9824 48.4630 11459. 5 5.0856 
2,400 -43. fi927 4.9874 48.6801 11969.8 5.1222 
2, 500 - 43.8964 4. 9936 48.8900 12484.0 5. 1642 

• Reference state: K (c) below 336.4° K; K (liq) above 336.40 K. 
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T A BL1, 16. Thermodynamic properties of K (c) and (liq) 

l' (PO- li o) / ?' (l1'-1-[5J/ 1' 8 0 H ' - ll o C o t>.Hr 6PjO log Kf 
" 

oK calldeg mole cal/deg mole calldeg mole callmole calldeg mole kcallmole kcallmole 
0 0 0 0 0 0 0 0 --- -------

50 - I. 772 2.654 4.426 132.7 4.99 0 0 0 
100 - 4. 141 4. I 18 8.259 411. 8 5. 94 0 0 0 
150 -5.951 4. 788 10. 739 718. 2 (\. 28 0 0 0 
200 - 7.387 5. 189 12.576 1037.8 6.50 0 0 0 
250 -8. 577 5. 471 14. 048 1367.8 6.71 0 0 0 

273. 16 - 9. 066 5.583 14. 649 1525.0 6. 88 0 0 0 
298.16 - 9. 559 5. 703 15.262 1700.4 7. 16 0 0 0 
300 - 9. 595 5. 71 1 . 15. 306 1713.3 7. 18 0 0 0 
336.4 (e) - 10. 260 5.909 16. 169 1987. 8 7.91 0 0 0 
336. 4 (liq ) - 10. 260 7.556 17. 816 2541.8 7.68 0 0 0 

400 - 11. 569 7. 561 19. 130 3024.4 7. 53 0 0 0 
500 - 13.255 7. 534 20.789 3767.0 7. 34 0 0 0 
600 - 14 . 625 7.489 22. ]]4 4493.4 7. 20 0 0 0 
700 - 15. 776 7. 442 23.2 18 5209.4 7. 13 0 0 0 
800 - 16. 767 7.401 24. 168 5920.8 7. n 0 0 0 
900 - 17. 637 7. 371 25.0OS 6633. 9 7. 16 0 0 0 

1, 000 - 18.413 7.354 25. 767 7354.0 7. 26 0 0 0 

TABLE 17. Thermodynamic propeTties of K 2 (g) 

_ ___ 1' ____ II_(1_'0_-_1_1_,)_I_T+_(I_1_'-_ I./7,_"_)/_1'+ __ 8 __ 0 _ _ __ T._/ O_-_T_1_0_1 __ c_0_" _ _ I _ __ t>._F_'Tf_O_·_I~~~ log Kf _a _ 

OK 
o 

250 
273. 16 
298. 16 
300 
400 
500 

600 
700 
800 
900 

1, 000 

1, 100 
1, 200 
1. 300 
1, 400 
1,500 

calldeg mole 
o 

- 49.552 
- 50. 309 
- 51.061 
-51.114 
-53. 608 
- 55. 566 

- 57. 18 
-58. 55 
-59. 74 
- 60. 81 
- 6t. 76 

-62. 62 
- 63. 42 
- 64 . 15 
- 64 . 83 
- 65. 46 

col/dey mole 
o 
8. 523 
8.565 
8. 601\ 

. 609 
8. 729 
8. 813 

8. 88 
8. 93 
8. 98 
9.02 
9. 06 

9. 10 
9. 13 
9. 16 
9. 19 
9. 23 

calldey mole 
o 

58. 075 
58. 874 
59. 667 
59. 723 
62. 337 
64. 379 

66. 06 
67.48 
68. 72 
69. 83 
70.82 

71. 72 
72. 55 
13.3 1 
74. 02 
74 . 69 

callmole 
o 

2130. 8 
2339. 6 
2566. 0 
2582. 7 
3491. 6 
4406. 5 

5328 
625 1 
7184 
811 8 
9060 

10010 
10956 
11008 
12866 
13845 

calldeg mole 
o 
9.0 19 
9.038 
9. 057 
9. 058 
9. 121 
9. 177 

9. 23 
9.28 
9 33 
9 38 
9. 43 

9. 48 
9.53 
9.58 
9. 63 
9. 68 

kcallmole 
31. 57 
30. 965 
30. 860 
30. 735 
30. 726 
29.0 13 
28.442 

27. 91 
27. 40 
26. 91 
26. 42 
25. 92 

• Reference state: K (e) below 336.40 K ; K (liq) above 336.40 K . 

TABLE 18. Thermodynamic properties of Rb (g) 

7' (F O-JIo)I 1' (T[O- liO)I1' 8 0 ITo- ][o C? 
I 

t>.I W 

OK callderl mole calldeg mole calldeg mole col/mole ealldey mole keallmole 
0 0 0 0 0 0 0 

50 - 2(;. 7896 4.9680 31. 7576 248. 4 4. 9680 0 
100 - 30. 2331 4.9680 35. 2011 496. 8 4. 9680 0 
150 - 32. 2474 4. 9680 37.2 154 745. 2 4. 9680 0 
200 -33. 6766 4. 9680 38.6446 993.6 4. 9680 0 
250 - 34. 7852 4. 9680 39.7532 1242. 0 4. 9680 0 

273. 16 -35. 2254 4. 9680 40. 1934 1357. 1 4.9680 0 
298. 16 - 35.6604 4. 9680 40. 6284 1481. 3 4.9680 0 
300 -35. 6910 4. 9680 40. 6500 1490.4 4. 9680 0 
400 -37. 1202 4. 9680 42. 0882 1987.2 4. 9680 0 
500 -38. 2288 4. 9680 43. 1968 2484. 0 4. 9680 0 

600 -39. 1345 4.9680 44. 1025 2980. 8 4. 9680 0 
700 -39.9004 4.9680 44.8684 3477. 6 4.9680 0 
800 -40.5637 4.9680 45. 5317 3974. 4 4. 9680 0 
900 -41.1488 4.9680 46. 1168 4471. 2 4.9680 0 

1, 000 - 41. 6723 4. 9680 46. 6403 4968.0 4. 9680 0 

1, 100 -42.1458 4. 9680 47. ll38 5464 . 8 4.9681 0 
1, 200 -42. 5781 4. 9680 47. 5461 5961. 6 4. 9683 0 
1. 300 -42. 9757 4. 9681 47. 9438 6458.5 4.9689 0 
1, 400 - 43. 3439 4. 9682 48. 3121 6955. 5 4.9701 0 
1, 500 -43. 6866 4. 9684 48.6550 7452. 6 4.9724 0 

1, 600 - 44.0074 4. 9687 48. 9761 7949. 9 4. 9764 0 
1, 700 - 44. 3086 4. 9693 49. 2779 8447. 8 4.9827 0 
1, 800 - 44. 5926 4. 9703 49.5629 8946.5 4.9920 0 
1, 900 - 44 . 8614 4.971 49. 8332 9446. 4 5. 0051 0 
2, 000 - 45. 1164 4. 9739 50. 0903 9947. 8 5. 0227 0 

2, 100 - 45. 3592 4. 9767 50.3359 10451.1 5.0456 0 
2, 200 -45. 5008 4. 9805 50. 5713 10957.1 5.0743 0 
2, 300 - 45. 8124 4. 9853 50. 7977 11466. 2 5. 1096 0 
2, 400 - 46. 0246 4.9914 51. 0160 11979.4 5. 1520 0 
2, 500 - 46. 2285 4.9988 51. 2273 12497. 0 5. 2021 0 
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kcallmole 
31. 57 
23. 470 
22. 780 
22. 026 
21. 973 
19. 354 
17. 006 

14. 77 
12.61 
10. 53 
8. 52 
6. 56 

FlO 

-----
keallm.ole 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

- 20.5177 
- 1 .2260 
- 16. 1450 
-16. 0070 
-10.5744 
- 7. 4332 

- Ii. 380 
- 3.939 
-2. 877 
-2.068 
- 1.433 

log K f 
------

-- -~- - -- -- ----
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 



TABLE 19. Thermodynamic pl'operties of Rb2 (g) 

T (P- H o)/ T ( HO- H o)/T S ' H O- H o I C~ All!, 
I 

APfo logKf 

oK cat/dey mole call deg mole cal/dey mole cal/mole cal/dey rnole kcal/mole kcal/mole 
0 0 0 0 0 0 -11.30 -1 1. 30 --- ------

250 -54.408 8. 688 63.096 2172.0 9.034 - 11.612 -7.509 6.5646 
273.16 -55.179 8.718 63.897 2381. 4 9.048 - 11.633 -7. 128 5. 7032 
208.16 -55. 944 8.746 64.690 2607. 7 9.061 -11.655 -6. il5 4.9222 
300 -55.998 8.748 64.746 2624.4 9.062 - 11.656 -6.685 4.8698 
400 -58.527 8.833 67. 360 3533.2 9. 111 - 11. 741 -5.015 2.7398 
500 -60. 505 8.893 69.398 4446.5 9. 158 - Jl .822 -3.324 1. 4528 

600 -62.13 8. 94 71. 07 5364 9.20 -11.90 -I. 62 0.589 
700 -63.51 8. 98 72.49 6286 9.25 - 11.97 O. 10 -0.032 J 
800 -64.71 9.02 73.73 7216 9. 29 -12.03 1.83 -0.50 1 
900 -65.78 9.05 74.83 8145 9.34 -12.10 3.57 -0.866 

1,000 -66. 73 9.08 75.81 9080 9. 38 - 12. 16 5.31 - 1.161 

I, JOO -67.60 9.11 76.71 10021 9.43 -12.21 7.06 -1. 403 
1,200 -68.39 9.14 77. 53 10968 9.47 -12.26 8.82 -1. 606 
1,300 -69.13 9. 17 78.30 11921 9.51 - 12. 30 10.57 -I. 777 
1,400 -69.81 9. 19 79.00 12866 9.56 - 12.34 12.33 -I. 925 
1, 500 -70.44 9. 22 79.66 13830 9.60 -12. 38 14.10 -2.054 ",I 

TABLE 20. 'Thermodynamic properties of Cs (g) 

T (FO-HO)/ T (l-l° -HO)/T S ' l-J° - H o c~ AHf O AIi,o log Kf I 
OK cal/dey mole cal/dey mole col/dey mole cal/mole cal/dey mole kcal/mole kcal/mole 

0 0 0 0 0 0 0 0 --_.-- - ---
50 -28. 1053 4.9680 33.0733 248.4 4.9680 0 0 0 

100 -3 1. 5488 4.9680 36.5168 496.8 4.9680 0 0 0 
150 -33.563 1 4.9680 38. 53 11 745.2 4.9680 0 0 0 
200 -34.9923 4.9680 39.9603 993.6 4.9680 0 0 0 
250 -36. 1009 4.9680 41. 0689 1242.0 4.9680 0 0 0 

273. 16 -36.54 11 4.9680 41. 5091 1357.1 4.9680 0 0 0 
208. 16 -36.976 1 4.9680 41. 9441 1481. 3 4.9680 0 0 0 
300 -37.0067 4.9680 41. 9747 1490.4 4.9680 0 0 0 
400 -38.4359 4.9680 43.4039 1987.2 4.9680 0 0 0 
500 -39.5445 4.9680 44.5125 2484.0 4. 9680 0 0 0 

600 - 40.4502 4.9680 45.4182 2980.8 4.9680 0 0 0 
700 -4 1. 2161 4.9680 46. 1841 3477. 6 4.9680 0 0 0 
800 - 41. 8794 4.9680 46.8474 3974.4 4.9680 0 0 0 
900 -42.4645 4.9680 47.4325 4471. 2 4.9680 0 0 0 

1,000 - 42.9880 4.9680 47.9560 4968.0 4.9681 0 0 0 

1,100 -43. 461 5 4. 9680 48.4295 5464.8 4.9684 0 0 0 
1,200 -43.8938 4.9681 48.8619 5961. 7 4.9692 0 0 0 
1,300 -44.2914 4.9682 49.2596 6458.7 4.9711 0 0 0 
1,400 - 44.6597 4.9685 49.6282 6955.9 4.9748 0 0 0 
1,500 -45.0024 4.9692 49.9716 7453.8 4.9813 0 0 0 

1,600 -45.3232 4.9702 50.2934 7952.3 4.9918 0 0 0 
1,700 -45.6246 4.9720 50.5966 8452.4 5.0078 0 0 0 
1,800 -45.9088 4.9746 50.8834 8954 . 3 5.0307 0 0 0 
1,900 -46.1779 4.9783 51. 1562 9458.8 5.0618 0 0 0 
2,000 -46. 4333 4. 9834 51. 4167 9966.8 5.1026 0 0 0 

2,100 -46.6766 4.9903 51. 6669 10479.6 5.1541 0 0 0 
2,200 -46.9089 4.9991 51. 9080 10998.0 5.2176 0 0 0 
2,300 -47. 1315 5.0102 52.1417 11 523.5 5.2940 0 0 0 
2,400 -47.3449 5.0239 52.3688 12057.4 5.3836 0 0 0 
2,500 -47.5503 5.0403 52.5906 12600.8 5.4874 0 0 0 

T ABLE 21. 'Thermodynamic propel·ties of CS2 (g) 

T (PO- H o) /T (Ji'-Ho)/T s o 1'I° - H o I c~ AHfO I AFI' log K f 
------

OK cal/deo mole call deg mole cal/deq mole cal/mole cal/dey mole kcal/mole kcal/mole 
0 0 0 0 0 0 -10.38 -10.38 ----------

250 -57.467 8.786 66. 253 2196. 5 9.081 -10.668 -6.696 5.8538 
273. 16 -58.246 8.812 67.058 2407. 1 9.097 -10.687 -6.327 5.0623 
298.16 -59.0 19 8.836 67. 855 2634.5 9.112 - 10.708 -5.928 4.3448 
300 -59.074 8.838 67.912 2651. 4 9.114 -10.709 -5.898 4.2068 
400 -61. 627 8. 915 70.542 3566.0 9. 176 -10. 788 -4. 282 2.3390 
500 -63.623 8.973 72. 596 4486.5 9. 236 - 10.862 -2. 647 1.1570 

600 -65.26 9.02 74.28 54 12 9.30 - 10.93 - 1.00 0.363 
700 -66. 66 9. 06 75. 72 6342 9.36 - 10.99 0.66 -0.206 
800 -67.87 9.10 76.97 7280 9.42 - 11.05 2.33 -0.637 
900 - 68.95 9.14 78.09 8226 9.48 - 11.10 4.00 -0.972 

1, 000 -69. 91 9. 18 79. 09 9180 9. 53 - 11.14 5. 68 - I. 243 

1,100 - 70. 79 9.21 80. 00 10131 9.59 - 11.18 7.37 -I. 464 
1,200 -71. 59 9. 25 80. 84 11100 9.65 - 11.20 9.06 -I. 650 
1, 300 -72.33 9. 20 81. 62 12077 9.71 - 11. 22 10.75 -1. 807 
1.400 -73.02 9.32 82.34 13048 9.77 -11.24 12.44 -1. 942 
1,500 -73.66 

I 
9.35 83.01 14025 9.83 -IJ.26 14.14 -2.060 
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