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Thermodynamics of Some Simple Sulfur-Containing 
Molecules 

William H. Evans and Donald D. Wagman 

The t hermodynamic functions (Fo- f1~) / T, (HO - H~) / T, So (Ho- Tl~) , and C; are 
calculated to high temperatures for gaseous sulfur (mon atomic and di atomic) , sulfur 
monoxide, sulfur dioxide, sulfur trioxide, and hydrogen sulfide from molecular and spectro­
scopic data. Values of the heats of formation of the various ato mic and molecuiar species 
are selected from published experimental data, and certain industrially importantequ ilibria 
are calculated. 

1. Introduction 

The calculation of the thermodynamic properties 
of a number of simple gaseous sulfur-containing 
molecules has been carried out as a part of the 
Bureau's program on the compilation of tables of 
Selected Values of Chemical Thermodynamic Prop­
erties. The data on a large number of inorganic 
sulfur compounds had been critically evaluated by 
K . K. Kelley in 1936 [1].1 Since that date, sufficient 
new information has been reported in the literature 
to warrant a reevaluation and recalculation of the 
properties of gaseous monatomic and diatomic 
sulfur, sulfur monoxide, sulfur dioxide, sulfur tri­
oxide, and hydrogen sulfide.2 

The calculations are divided into two part : 
(a) Calculation of the thermodynamic functions, 
(FO-Fl ~)/ T, (HO-Fl~)/ T, S o, (HO-Fl~) , and 0 : , for 
the various molecules in the ideal gaseous state; 
and (b) selection of "best" values for the heats of 
formation of the various compounds. 

2 . Units 

The calorie used in these calculations is the thermo­
chemical calorie, defined as 4.1840 abs j . The 
gas constant R is taken as l.9S719 cal/mole OK . 
The atomic weights used are H , 1.00 0; 0 , 16.0000; 
S, 32.066 [2]. The standard tates choscn for the 
elements are O2 (g) , H2 (g) , bo th in the ideal gas 
state at l-atm pressure, and S (c, rhombic). As is 
customary, nuclear spin and isotopic mL'{ing con­
tributions to the entropy and free-energy functions 
have been omitted. 

3 . Calculation of the Thermodynamic Func­
tions 

The translational con tributioos to the free-energy 
function, (FO-H~) /T; the heat-content function, 
(}fD-H~)/T; entropy, So; and heat capacity, 0 : , 
were calculated for all the molecules, using the 
equations given by Wagman et al. [3]. 

I FigW'es in brackets indicate the literatW'e references given at the end of this 
paper. 

, The higher polymeriC forms of sulfur, S4, S6, and S8, arc not included in this 
report. The necessary molecular data on S. and S6 are not available; indeed the 
existence of S" which has been assumed in the irrterprctation of the most recent 
gas density measurements [53], is still unproved. Dr. George Guthrie of tb e 
U. S. Bureau of Milles. Bartlesville, Okla., bas recently completed calculations 
of the tbermodynamic functions of gaseous S, [54]. 

For monatomic sulfur gas the only other contri­
bution is from the electronic excitation. The 
electronic functions were calculated by direct 
summation of the energy levels, using term values 
and multiplicities (table 1) from Moore [4) and 
the conversion factor 1 em- I = 2. 5 51 cal/mole. 
Only the five lowest levels arc significant below 
5,000°K. 

TA B LE 1. Spectroscopic energy levels for (g) 

Term deSigna tion Energy Multi-
plicity 

rm-1 
'p, 0. 0 5 
'P, 396.8 3 
'Po 573. 6 1 
ID , 9239. 0 5 
ISO 22181. 4 1 

For diatomic sulfm gas the rotational and vibra­
tional constants selected by Herzberg [5) for the 
isotopic S~2 molecule wore corrected to the liaturally 
occurring i otopic mixtme, using the relation 
given. by H erzberg [6] : 

J1. Wei d _ = p=_ an 
J1. i We 

where W e is the fundamental equilibrium vibrational 
frequency, Xe the anharmonicity constant, and J1. the 
reduced mass. These corrected values, we= 724.62 
cm- I and xewe= 2.S44 cm- I , were used to calculate 
approximate thermodynamic function , assuming a 
rigid rotator of symmetry number 2 and an inde­
pendent harmonic oscillator of frequency we-2xewe. 
In the rigid rotator calculation the equation given 
by Wagman et al. r3] were used. The harmonic 
oscillator calculations were carried out, using the 
tables of the Planck-Einstein functions calculated by 
Johnston, Savedoff, and Belzer r7]. The triplet 
electronic ground state required the addition of 
R In 3 to the entropy and - R In 3 to the free-energy 
function . 

Correction for rotational stretchiIlg, vibrational 
anharmonicity, and rotational-vibrational interaction. 
were calculated by using the second-order expansions 
given by Mayer and Mayer [S] at 300, 500, 1,000, 
1,500, and 2,000oK ; values at intermediate tempera­
tures were obtained by graphical intcrpolation. At 
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1,500 0 K th ese corrections amounted to - 0.03 
cal/mole oK for the free-energy function , 0.04 for the 
heat-content function, and 0.09 for th e heat capacity. 

For sulfur monoxide gas the rotational and vibra­
tional constants taken from Herzberg [5] were 
corrected for isotopic composition to give the con­
stants We= 1123.09 cm- I and Xe We= 6.109 em- I, which 
were used in th e r igid rotator-harmonic oscillator 
calculation. The triplet ground state required the 
addition of R In 3 to the entropy and - R In 3 to 
the free-energy function . Anharmonicity and 
stretching corrections were evaluated as for diatomic 
sulfur gas. At 1,500° K these corrections were 
- 0.02 , 0.02, and 0.05 cal/mole oK for the free-energy 
function, heat-content function, and heat capacity, 
respec tively. 

For sulfur dioxide gas, the product of the moments 
of inertia was taken as the average of th e microwave 
measurements of Dailey, G olden, and l iVilson [9], 
who obtained 106.403 X 10- 117 g3cm6, Sirvetz [10], 
107.007 X 10- 117 g3cm6 , and Crable and Smith [11], 
106.996 X 10- 117 g3cm6. This product of the moments 
of inertia, 106.80 X lO- 117 g3cm6, and the vibrational 
frequencies given by Herzberg [12] were used in a 
rigid rotator-harmonic oscillator calculation. As 
the available data do not permit the calculation of 
the anharmonicities, these were estimated from the 
relation, based on the data for sulfur monoxide, 
X ij= 0.003 (Vi+ Vj), where X ij is the anhannonicity 
arising from the interaction of the two fundamental 
frequencies Vi and Vj [13] . These were used to 
correct the rigid rotator-harmonic oscillator calcula­
tion by the method developed by Stockmayer, Kav­
anagh, and Mickley [13]. In this treatment the 
vibrational levels of a molecule with nondegenerate 
fundamental frequencies are taken as 

E.-Eo 
he 

where Vi are the observed fundamentals, in cm- 1,vi are 
quantum numbers, and X ii are the anharmonicities, 
in cm- I , as calculated above. If the anharmonicities 
are considered to be small, their contribution to the 
boltzmann factor can be expanded and the vibra­
tional partition function Q. readily summed: 

where 

u i= hev;/kT 

} ii= 2Xiihc[kT(eUi - l )2]- 1 

} ij= X ijhc[kT(e lLi - l ) (eU;- l )J- I. 

This expression is equivalent to Q' vQ CJ where Q' v is 
the partition function for a harmonic oscillator with 
frequencies Vi, and Qc is the partition function con­
taining the anharmonicities. Qc may then be written 
as 

From this the correction to the free-energy function 
is given by - Fc/T = R In Qc. Differentiation with re­
spect to T gives the corrections to the heat-content 
function, Hc/T= RT(dlnQc/dT), and the heat capac­
ity, Cc= Rd(T?dlnQc/dT)/dT. In this way correc­
tions to the free energy function, heat content func­
tion, and heat capacity (amounting to - 0.05 , 0.10 , 
and 0.23 cal /mole OK at 1,500 0 K, respectively,) were 
calculated at 300°, 500°, 1,000°, and 1,500°I{ ; inter­
mediate values were interpolated graphically. 

The value 59.29 cal/mole OK for th e entropy at 
298 .16 OK may be compared with 59.24 ± 0.10 [14} 
obtained from the low-temperature calorimetric 
data of Giauque and Stephenson [15}. 

In the case of sulfur trioxide gas, the recent calcu­
lations of Stockmayer, Kavanagh, and Mickley [13} 
were checked and converted to tbe values of th e 
fundamental constants used in this paper. 

For hydrogen sulfide gas, the rigid rotator-har­
monic oscillator calculations and corrections, made 
in the same way as for sulfur dioxide, were based 
upon the recent complete vibrational analysis of 
Allen, Cross, and King [16] , which gives the anhar­
monicity terms. l\i[oments of inertia 'were taken 
from th e work: of Allen, Cross, and Wilson [17], 
Grady, Cross, and King [18], and Hainer and King 
[19] and corrected to approximate eq uilibrium 
values by com.parison with water vapor. These 
gave a product Ix/vI z equal to 49.25 X 10 - 120 g3 cm6 • 

A stretching correction, insignificant in the case of 
the other polyatomic molecules, was applied by 
using the method of Wilson [20]. The corrections 
to the rigid rotator-harmonic oscillator at 1,500 OK 
were - 0.06 , 0.08 , and 0.22 cal/mole OK for the 
free-energy function, heat-content function , and 
heat capacity. 

The calculated valu e 01 the entropy at 298 .16 OK , 
49.17 cal/mole OK, may be compared with the value 
[14] 49.11 ± 0.10 obtained from the low- temper­
ature calorimetric data of Clusius and Frank [211 
and Giauque and Blue [22[. 

To correct values of t,HjD and t,Ff' between 0 OK 
and 298.16 OK, it was necessary to know the ther­
modynamic functions at t he latter temperature for 
crystalline rhombic sulfur. These were obtained by 
graphical integration of the heat .. capacity data of 
Eastman and McGavock [23] as follows: 

T A BLE 2. Thermodynamic functions for S (c, rhombic) 

1 298.160 K 

cal/mole 
OK 

( FO-H~)/ T__ _____ - 4. 086 
(IJ.o-H~)/ T______ 3.532 
c; ___________ _ ___ _ 5. 401 

3000 K 

cal/mole 
OK 

- 4.097 
3. 544 
5. 412 

4. Selection of the "Best" Values for the 
Hea ts of Formation 

The heat of formation of sulfur dioxide gas is 
based upon the combustion measurements of Eck­
man and Rossini [24], who burned excess sulfur in 
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oxygen under conditions precluding the formation of 
sulfur trioxide. Their data, when corrected for the 
atomic weight of sulfur, give for the selected value: 

S (c, rhombic) + 0 2 (g) = S02 (g) 

LlH;98.16 = - 70.947 ± 0.050 kcal/mole.3 

The earlier combustion measurements at constant 
pressure of Thomsen [26], which yield LlH;98. 16 = 
- 71.04 ± 0.50 kcal/mole, confirm this value. Bm'the­
lot [27, 28], in two sets of combustions at constant 
volume using- two differen t analyticfl.l techniques, 
obtained MI2~8 . 1G= - 69.46 ± 1.00 kcal/mole. The 
data of Giran [29], who obtained heats of combustion 
at various high oxygen pressures, give LlH;98. 16 = 
- 70.5 ± 0.8 kcal/mole. 

The value for the h eat of forma tion of hydrogen 
sulfide gas is based upon: (a) the h eat of combustion 
of hydrogen sulfide gas obtained by Zeumer and Ro th 
[30] and by Thomsen [261, together with the value for 
the heat of formation of S02 (g) selected above and 
that for water given by Rossini et al. r25); (b) the 
h eat of reaction of H 2S (g) with a solution of iodine in 
aqueou hydriodic acid r26], combined with the ap­
propriate values of the heats of forma tion given in 
Rossini et al.; and (c), the heat of reaction derived 
from the eq uilibrium measurements of Pollitzel' r31] 
on the reaction of H 2S (g) with crystalline iodine to 
give hydrogen iodide gas and rhombic sulfur, together 
with the h eat of formation of HI (g) given by Rossini 
et al. These results , as summarized in table 3, lead to 

S (c, rhombic) + Hz (g) = H 2S (g) 

LlI~98 . 16= - 4.82 ± 0.10 kcaljmole. 

TABLE 3. JIeat of formation of H 2S (g) 

Observer M ethod II I rf~98.16 

kral/mole 
--2.61 ± 0.50 
- 4.82 ± 0.20 

Thomsen [26l ......... ..... Combustion of H, .. .... .. 
'rhomsen [26 __ ........... R eac ti on with H I·I , 

(aq ueous). 
Pollitzcr [3 1] __ ............ R eaction with I , (c) ...... . - 4.81 ±0.20 
Zeumer and Roth [30] ..... Combustion of H ,S ...... . - 4.82 ± 0.14 

a Omitted in obtaining "best" value. 

For sulfur trioxide several sets of high-temperature 
m easurements of the equilibrium between sulfur di­
oxide, sulfur trioxide, and oxygen are available. 
These were combined with the appropriate free­
energy functions r32] and the h eat of formation of 
sulfur dioxide to calculate the values of LlH~ for the 
reaction 

and LllIj~u8. ' 6 for sulfur trioxide gas given in table 4. 
A value of - 94.35 ± 0.12 kcal /mole for the heat 

of formation of sulfur trioxide gas was obtained from 

' The uncertaint ies in IlI1 given in th is section of the paper represent the 
present wr iters' best est imates of t he overall uncertainties in t he values. 

217025- 52--2 

11 eats of dissociation of S03 (g)-

Observer 

Num· 
bel' 
of 

meas· 
ure­

ments 

I 0 

Il fJfZU •• 16 '0, (g) 

--------------------------1 

Bodliinder and Koppen [33] . 6 
Knietsch [341 .... ____ ... __ .. 11 
LWlgC and Reinhardt [351 __ 39 
Boden stein and Pohl [36]. .. 49 
Lucas [37] __________ .. ____ .. 7 
Taylor and Lenher [40]_____ 4 
KapustinskiI a nd Sh amov-

ski! [38, 39] ... ____ ... ____ . 11 

kcal 
- 46.28 ± 0.36 
- 44.23 ± 0.50 
- 45.25 ± 0.25 
- 45.57 ± O.04 
- 49.33 ± O.65 
- 45.45 ± O.1O 

- 45.57 ± 0.08 

kcal 
- 94.87 ± O.OO 
- 93.84 ± O. 80 
- 94.3B ± O.20 
- 94.52 ± O.OI 
- 96.40 ± L.40 
- 94.46 ± 0. 12 

- 94.52 ± 0.07 

a rrhe uncertainties gi ven for ',6, H 'O represent the probable error 0 [ the mean of 
t he measurements. rr hose gi ven [01' ,6, II/°'li8.16. as elsewhere in this paper, are the 
estimated over-all uncertai nties. 

calorimetric measurements of Roth and coworkers 
[41- 43] through a series of reactions involving the 
heat of solution of liquid sulfur trioxide in water 
[42], the heat of solution of gaseous sulfur dioxide 
in aqueous hydrogen peroxide [41], the heat of 
decomposition of hydrogen peroxide [41], the heat 
of dilution of sulfuric acid [25, 42], and the heat of 
vaporization of sulfur trioxide [25]. 

As the best value a weigh ted average was Laken 
to give 

S (c, rhombic) + 3/2 O2 (g) = S03 (g) 

LlH ~98.16=- 94.47 ± 0 .07 kcal. 

B ecause of the complex polymerization in sulfur 
vapor below 1,000oK [1, 53], the best value for the 
heat of formation of diatomic sulfur gas is obtained 
from measurements of dissociation of hydrogen 
sulfide at hi$ h temperatures, where sulfur exist 
primarily as 0 2. Three series of such measurement 
are available [44, 45, 46] . All were carried out by 
determining the pressure of the hydrogen formed by 
the dissociation of hydrogen sulfide, using a plat­
inum membrane. In addition, Preuner and Schupp 
[45] measured the increase in total pressure of a 
small sample of H 2S when heated in a sealed bulb ; 
these results give a LlH~ differing less than 0.02 
kcal from the over-all average. Combination of the 
equilibrium constants calculated from these meas­
urements with the appropriate free-energy function 
[32] gives the values for the heat of dissociation 

tabulated in table 5. 

TABLE 5. Heat of dissociation of H2S 

N umber of 
Observer measure-

ments 

Preuner [44] . __ " .. __ ... ______ . ______ .. __ . __ . 5 
Preuner and Schupp [45] ... ________ .. ____ . 20 
Randall and Bichowsky [4B] .... ____ .. ____ . 4 

kcal 
19. 50B±0. 040 
19. 528±0. 031 
19. 557±0. 044 

- T he uncertain ties given for Il H o represent tbe probable errol' of the mean of 
t he measurements. 
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The weighted average 19 .53 ± 0.02 kcal , the hea t of 
forma tion of hydrogen sulfide selected previously, and 
the appropriate hea t-content functions [32J give th e 
h ea t of formation of diatomic sulfur gas: 

28 (c, rhombic)=82 (g) 

.6.H0298.16= 30.84 ± 0.15 kcal. 

The b est value for the h eat of forma tion of mona­
tomic sulfur gas appears t o be that derived from 
spectroscopic studies. From a study of predissocia­
tion, Olsson [47] selected a value of 3.6 electron volts 
(ev) as an upper limit for th e dissociation en ergy of 
dia tomic sulfur gas into normal 3p sulfur atoms.4 

Considering all such data and by comparison with 
molecules of similar structure Goldfinger , Juene­
homme and R osen [48] selected 4.41 ev for th e 
dissociation into one normal 3p atom and one ex­
cited ID atom. H erzberg [SJ favored a value of 3.6 
ev or lower for the dissociation in to normal atoms, 
and Gaydon [49], after summarizing the evidence, 
assumed that th e value of 4.41 ev from predissoeia­
t ion measurements corresponds to the t rue dissocia­
t ion energy. If the value 4 .41 ev is selected as dis­
sociation in to one normal a tom and one excited ID 
atom, as favored by H erzberg, then the dissociat ion 
energy is 

.6.H~= 75.3 ± 0 . 5 kcal.5 

P ar tial confirmation of this lower value is furnished 
by high- temperature gas-density measurements . 
N ernst [50], using the Victor-M eyer method at 
1,900 to 2,300 OK , ob tained 71 ± 8 k cal for t:,.H ~; 
von War tenberg [51J in th e same way ob tained 75± 
10 kcal. Using the spectroscopic value of MI~ and 
th e value for diatomic sulfur gas, 

8 (e, rhombic) = (g) 

t:,.H;98.16= 53.S4 ± O.SO kcal. 
\ 

Additional confirmation is afford ed by measurements 
of Bjerrum [52] on the heat of dissocia tion of hydro­
gen sulfide gas at 2,900 to 3,200 OK. F or the dis­
sociation to monatomic sulfur and diatomic hydrogen 
gases he found t:,.H~= S I ± 15 kcal, whicb lcads to a 
value of Mlj~8. 16 for 8 (g) of 56 ± 15 kcal. 

The spectroscopic data on sulfur monoxide gas do 
not lead to a definite value for the dissociation of th e 
molecule because of th e uncer tainty in the energy 
states of the dissociation products. H erzberg [S] 
favors dissociation in to Se D ) + O(3P ), which leads 
to a dissociation energy of 4.001 ev . Gaydon [49] 
assumes dissociation to S(IP) + O(lP ), with a disso­
cia tion energy greater by the difference SeD ) - S(3P ), 
or 5.146 ev. (D issociation into the third simple 
combination of products, S(3P ) + O(lD ), appears un­
likely b ecause of th e greater energy differences in-

• 1 ev/ molecule=23060.5 cal/mole. 
, Si nce this report was written me3surernents o[ t he be3t o[ [orm<>tion o[ H S (g) 

by F muklin and Lumpki n [55] and o[ t he dissochtion energy Do [or H S by Por­
ter [56] indicate that tbe higher value o[ 4.41 ev for D o o[ S, is probabl y the correct 
yalue. If t bis value is accepted, t be v~lues o[ t!. Flr and t!. Fr for S (g) will be 
Illcrensed by 13.2 kcal. with corresponding cbauges iu log" 1([. 

volved.) The lower value was selected because the 
dissocia tion is apparently of the same type as that 
of S2 and O2, Combining this value with the values 
for gaseous atomic sulfur and oxygen [2S], the hea t 
of formation of sulfur monoxide is calcula ted 

S ( c, rhombic) + 1/202 (g) = SO (g) 

t:,.1-1;98.16= 19.30 ± 0.50 kca1.6 

In order to extend th e useful range of th e data on 
the reactions of formation, the values of .6.H.r selected 
above were conver ted to values based on S2(g) a 
the standard reference state for sulfur . The valu es 
of the h ea t of forma tion, t:,.HjO; free energy of forma­
tion, t:,.Fj O; and logarithm of the equilibrium constant 
of formation, 10glQ Kj , were then calculated at 
temperatures up to 1,500° K by the relations 

Mlj;= Ml-j~ + t:,. (H;-H~) 

t:,.Fj; = M-Ij~ + T D.f (F0 - H~) / T] 

loglo Kj = - (t:,.Fj ;/4.57 567 T). 

The values calculated in this manner , as well as the 
th ermodynamic functions for the six gaseous mole­
cules considered , are given in tables 6 to 12. 

As examples of the applica tions of these t ables, 
three indu trially important reactions were consid­
erecl. Figure 1 shows the equilibrium composition 
ob tained when gaseous hydrogen sulfide decomposes 

0.80 

z 0 . 60 Q 
I-
U H.S ...: 
a: 
u.. 

w 
-' 
0 

0.40 

~ 

0 . 20 

200 600 1000 1400 

TEMPERATURE IN OK 

F I GURE 1. Equilibrium composition for a 2H2:S2 mixture at 
1-atmosphere pressure as a function oj temperature. 

T he vertical width o[ a band represents the mole [raet ion of tbe component 
present. 

6 As indic~ted in footnote 5, the best value of Do (S,) appears to be 4.41 ev. 
By reasoning as ahove, the higher value o[ 5.146 ev appe~rs more likely [or Do 
of SO Tf this value is "<;!lepted, as well as 4.41 ev [or Do of S', t he values of t!. rTr 
and t!.Fr [or SO (g) willoecome more negative by 13.2 kcal, with corresponding 
changes iu log .. 1([. 
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under a t otal pressure of 1 atm. The ordinate gives 
the mole fraction of each component; the abscissa 
the absolute temperature. The equilibrium com­
position was obtained by first calculating the equili­
brium constant for the reaction 

at various temperatures, using the relation 

- 4.57567 10glO J{=t;.F~/T 

and the values of the free energies of formation given 
in the present paper and in Rossini et al. [32]. The 
values of K were then used to obtain the equilibrium 
composi tion in the usual way. The side reaction 

2 (g)=28 (g) 

H 2 (g)=2H (g) 

H2 (g) = H8 (g) + H (g) 

2 2 (g)=84 (g).7 

were also considered. After the values for H2 and 
2 were obtained, they were used to calculate the 

concentrations of the other possible products; in no 
case were the side reactions significant. 

Figure 2 shows the equilibrium composition ob­
tained in the gaseous decomposition of sulfur trioxide 

0 . 80 

§ 0 .6 0 
f­
<.) 
<t 
c:: 
"-

W 
..J 0 .40 o 
::I: 

0.20 

200 

0, 

so, 

so, 

600 1000 1400 

TEMPERATURE IN OK 

F I G Ul~E 2. Equilibrium composition for a 302 :82 mixt1lre at 
1-atmosphere pressure as a function of temperature. 

The vertical width oC a hand represents the mole fraction oC the component 
present. 

1 For the calculatiou oC the eq uilihrium compositions of the various sulfur 
species the data oC Braune" P eter, and Neveling [53] were used. 

at a total pressure of 1 atm. Possible side reactions 
considered were 

802 (g)=80 (g)+.1/20 2 (g) 

2802 (g)=82 (g)+ 202 (g) 

803 (g)=80 2 (g)+O (g); 

all were unimportant. 
Figure 3 shows the' equilibrium composition of 

the vapor obtained from mixing two molecular vol­
umes of hydrogen sulfide and one of sulfur dioxide 
at a total final pressure of 1 atm. At temperatul'Cl:' 
below about 500 0 K liquid sulfur separates [1] with 
a corresponding increase in the concentration of 
the water vapor. Side reactions considered, in addi­
tion to those listed above, were 

3 2 (g)= 6 (g) 

482 (g) = 8 (g) 

H 20 (g)=OH (g)+H (g). 

Of these, only the sulfur polymerization was signifi­
cant; for this, the resul ts of Braune, Peter, and ovel­
ing [53] were used, although their da ta are no t com­
pletely satisfactory. These results indicate that 
recovery of sulfur from hydrogen sulfide gas by 
partial oxidation should be feasible. 

z 
~0 .6 
f­
<.) 
<t 
c:: 
"-

0 .2 

200 600 1000 1400 
TEMPERATURE IN°K 

FIGURE 3. Equilibrium composition for a 2H2S :80, mi1;ture at 
i-atmosphere pressure as a function of temperature. 

'rhe vertical width oC a band represents the mole Craction oC the component 
present. 
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-.... 
(1') 

TARLE 6. Heat, free energy, and equilibrium constant of formation, free -energy function, heat-content function, entropy, heat content (or enthalpy). anq heat capacity for 
S (g) 

Reference states for elements, used for calculating l>.I-IJ". l>.Fr. and log K J: S, (g). 

Temperature in oK 
Property Un its 

I 
0 298.16 300 400 500 600 700 800 90C 1.000 1,100 1,200 1,300 1,400 1,500 

------------- ----
l>.Hr ______________ kcal/mole ___ 37.6 38.12 38.12 38. 29 38. 42 38.54 38.64 38.72 38.80 38. 88 38.95 39.02 39.03 39.14 39.20 
l>.Fr ______________ kcal/mole ___ 37. 6 34.29 34.27 32.96 31. 61 30.24 28.85 27.45 26.03 24.61 23. 17 21. 74 20. 21 18.85 17. 40 
IOr!JoKk - - - --------

cai/deg -n1O'le 
-25. 134 - 24. 965 - 18. 003 - 13.817 - II. 015 -9.007 - 7. 499 -6.321 -5.378 - 4.603 -3.959 -3.398 -2.943 -2. 535 

( FO- { o)/ T ________ 0 -34. 7499 -34.7828 -36.3295 -37. 5384 -38.5271 -39.3603 - 40.0 307 -40. 7132 -41. 2764 - 41. 7844 -42.2466 -42. 6703 -43.0613 -43. 4244 
(I-J°-1l3)/T _______ cal/deg mole 0 5.3364 5.3384 5. 4033 5. 4237 5. 4177 5.4009 5.3803 5.3590 5. 3383 5.3188 5.3007 5. 2341 5.2691 5. 2556 
So _________________ cal/deg mole 0 40.0363 40.1212 41. 7358 42. 9621 43. 9448 44. 7617 45.4610 46.0722 46.6147 47. 1032 47.5473 47. 9544 48.3301 48.6300 
H O- H L __________ cal/mole _____ 0 1591. I 1601. 5 2162.5 2711. 8 32;'0.6 3780.6 4301. 2 4~23 . I 5338.3 5350.7 6360.8 6369.3 7376.7 7883. 4 C; ____ _____________ cal/deg mole 0 5. 6535 5. 6574 5. 5534 5. 4353 5.3398 5. 2561 5. 2107 5. 1G85 5. 1363 5. 111G 5.0928 5.0789 5. 0593 5.0337 

TABLE 7. Free-energy function, heat-content function, entropy, heat content (or enthalpy), and heat capacity for 8 (g) 
------ -

I Temperature in OK 
P roperty Units 

1,600 1,700 1,800 1,900 2,000 2,100 2,200 2,300 2,400 2,500 

(FO-HO)/T ______ cal/deg mole_ - 43.7631 - 44.0806 - 44.3795 - 44. 6617 - 44.9290 - 45. 1830 - 45.4249 - 45. 6560 - 45.8770 - 46.0889 
(ITo-H o)/T ______ cal/deg mole_ 5. 2435 5.2328 5.2235 5.2155 5.2087 5.2031 5. 1986 5.1951 5. 1927 5.1911 
So __ . ____ ______ ._ cal/deg mole_ 49. 0066 49.3134 49.6030 49.8772 50. 1377 50.3861 50.6235 50. 8511 51. 0697 51. 2800 H O-H o __________ cal/mole _____ 8389. 6 8895.8 9402.3 9903. 4 10417. 4 10326.5 11436.9 11918.7 124132.5 12977. 8 
c g _______________ cal/deg mole_ 5.0618 5. 0532 5.0578 5.0752 5.0852 5.0n4 5. 1115 5.1272 5.1442 5. 1623 

Property Units 2,750 3,000 3,250 3,500 3,750 4,000 4,250 
I 

4,500 4,750 5,000 

(FO-HOl/T ______ cal/deg mole_ - 46.5837 - 47. 0354 - 47.4514 - 47.8371 - 48. 1970 - 48.5343 - 48. 8518 - 49.1518 - 49.4363 - 49. 7058 
(l[O-H oJ/ T ______ cal/deg mole _ 5. 1906 5. 1943 5.2010 5.2099 5.2201 5.2318 5.2436 5.2555 5.2673 5. 2787 S o _______________ cal/deg mole_ 5!. 7743 52.2297 52. 6524 53.0 170 53.4174 53. 7661 54.0,54 54.4073 54. 7036 54.9855 
H O-I-!L ________ cal/mole _____ 14274. 2 15582.9 16903.2 18234. 6 19576. 5 20327.2 22285.3 23649.8 25019.7 26393.5 
C~ ______ _________ cal/dcg mole _ 5.2098 5. 2581 5.3015 5.3472 5.3804 5.4185 5. 4464 5. 4694 5.4878 5. 5021 

T A BLE 8. Heat, free energy, and equilibrium constant of formation , free-energy function, heat-content function, entropy, heat content (or enthalpy). and heal capacity f or 
82 (g) 

Reference states for elements, used for calculating l>.I-Ir , l>.Fr. and log K J: S, (g). 
----_._--

Temperature in OK 
Property Units 

I 
0 298.16 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1.500 

AIIJ" __________ _____ kcal/mole ___ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l>.pr _ _____________ kcal/mole ___ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 logiORl _________ ___ 
-cai/deg mi,le: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
(PO-H o)/ T _______ 0 -47.33 - 47. 37 - 49. 47 -5 \. 13 - 52.52 - 53. 72 - 54.78 - 55. 72 -56. 57 - 57.34 -58. 06 - 58.72 - 59.34 - 59. 92 (W-I-!o) / T _______ cal/dcg mole _ 0 7. 18 7. 18 7.38 7. 56 7. 71 7. 84 7.95 8.04 8. 11 8.18 8.24 8.29 8.34 8.38 So ____ _____________ cal/deg mole_ 0 54.51 54 . 55 56.85 58. 69 60. 23 61. 56 62.73 63.76 64. 68 65.52 66.30 67.01 67.68 68.30 HO - flo... _________ cal/mole _____ 0 2141 2154 2952 3780 4626 5488 6360 7236 8110 8998 9888 10777 116713 12570 c; ___ ______________ cal/deg mole_ 0 7.76 7.77 8. 14 8.39 8.54 8. 65 8.73 8.79 8. 84 8. 87 8. 90 8. 92 8. 94 8. 96 



-"'" '-3 

TABLE!l . Heat ,Jree energy, and equilibrium const.ant of formation, free-energy flinction, heat-conlentjunclion, entropy, heat content (or enthalpy), and heal capacity for SO (g) 
Reference states for clements, u sed for calculating t>Ur, t>FJo, and log J(J: 0 , (g) ; 8, (g). 

rremperature in °Je 
Property Uuits 

I I 298.16 300 400 500 600 ioo 800 900 1,000 1,100 1,200 1,300 1,400 1,500 

MIJo ____ _____ ___ __ kcal/mole ___ 3.9 3.88 3.88 3. 87 3.86 3.86 3.86 3.87 3.87 3.87 3.87 3.87 3.87 3.87 3.86 t>FJo ______ ______ ___ kcal/mole ___ 3.9 3.49 3.49 3.36 3.24 3.11 2. 99 2.87 2.74 2. 61 2.48 2.3.1 2.23 2. 11 1. 99 log"f{f ______ ___ ___ 
--------- -- - -- -2.558 -2.542 -1.836 -1.416 -1. 133 -0.934 -0.784 -0.665 - 0. 570 -0.49:1 -0.428 -0.375 -0.329 -0.290 

(FO- lI o) / T . _______ cal/degmole _ 0 -46.07 -46. 10 -48.13 -49.73 -51.06 -52.20 -53. 20 -51.10 -51.92 -55.67 -56.36 -56.99 -57. 58 -58.14 (IiO- Il o) / T _____ __ cal/deg mole_ 0 7.0 1 i.Ol 7. 11 7.23 7.36 7. 48 7.59 7. 69 7.77 7.85 7.92 7.98 8.0 1 8.09 
~9° ______ ___ _____ ___ cal/deg mole_ 0 53.03 53. II 55.24 56.96 58.42 59.68 60.79 61. 79 62.69 63.52 64.28 64.97 65.62 66.23 Jlo- II o ___ ___ __ --- cal/mole __ ___ 0 20g0 2103 2344 3615 4416 5236 6072 6921 7770 8635 9504 10374 11256 12135 
(};- -- -- -- ------- --- cal/deg mole_ 0 7.23 7.24 7. 57 7.87 8. 11 8.29 8.42 8. 52 8.60 8.60 8.71 8.75 8.79 8. 82 

T ABLE 10. H eat,Jree energy, and eqldlib1 ium constant offormationJree-energy function, heat-content function, entropy, heat content (01' enthalpy), and heat capacity f or 802 (g) 
Reference states for elements, used for calculating t>Ur, t>Fr, and log 1(f: 0 , (g); 8, (g) . 

Temperature in OK 

Property Units 

I I 0 298.16 300 400 500 600 700 800 900 1,000 I 1,100 1,200 1,300 1,400 1,500 
---

t>J-Jr ____ __ ________ kcal/mole ____ -85.746 -86.367 -86.387 -86.48 -86.55 -86.58 -86.59 -86.59 -86.57 -86.55 -86.51 -86.48 -86.43 -86.39 -86.35 t>1<-r _____ ___ __ _____ kcal/mole ____ -85.746 -87.5i8 -87.592 -88.38 -89.24 -90.17 -91.15 -92.18 -93.27 -94.41 -95.60 -95.82 -98. 09 -99.37 -100. 71 
log" K J ___ ___ __ ___ --- - -------- - - 64.1935 63.8100 48.288 39.006 32.844 28.458 25.182 22.649 20.633 18.994 17.633 16.490 15.512 14.673 
(Fo-l/ol/ T _ . . _____ cal/deg mole. 0 -50.84 -50.89 -53.38 -55.40 -57.11 -58.61 -59.95 -61.18 -62.30 -63.34 -64.30 -65.20 -66.04 -66.84 
(Ho-!iO)/T------- cal/deg molo_ 0 8. 45 8.46 8.84 9.22 9.60 9.94 10.24 10.51 10.75 10.97 11.16 11. 34 11. 50 11.64 
So __ ____ ___ ____ ____ cal/deg mole. 0 59.29 59.35 62.22 64.62 66.71 68.55 70.20 71.69 73.05 74.31 75.46 76.54 77.54 78.48 H O-HL __ ____ ___ cal/mole . ____ 0 2519 2538 3536 4610 5760 6958 8192 9459 10750 12067 13392 14742 16100 17460 C; _________________ cal/dog mole. 0 9.53 9.54 10.39 11. 12 11.71 12.17 12.53 12.82 13.03 13.20 13.35 13.47 13.57 13.65 

TABLE 11. H eat,jree energy, and equilibrium constant of jormat.ion,jree-energyfunction, heat-content function, entropy, heat content (or enthalpy), and heat capacity for 803 (g) 
R eference states for elements, u sed for calculating t>lIr, t>Fr , and log KJ: 0, (g) ; 8, (g) . 

- - --

Temperature in OK 

Property Units 

I I I I I I 
0 298.16 300 400 500 600 7CO 800 900 1,000 1,100 1,200 1,300 1,400 I 1,500 

t>Hr __ ________ ____ kcal/mole ____ - 108. 49 -109.89 -109.89 -110.05 -110. 08 -110.00 -109. 86 -109.67 ~109. 44 -109.16 -108.86 -108. 54 -108.19 -107. 82 -107.43 t> F J O ____ ___ __ ______ kcal/mole. ___ -108.49 -98.09 -98.02 -94.03 -90. 02 -86.02 -82.04 -i8.08 -74. 15 -70.24 -66.37 -62.51 -58.68 -54.87 -51.08 
IOglO K f ___ ___ _____ -calidegmol;;: 7l. 899 71. 407 51. 375 39.347 31. 332 25.614 21. 330 18.006 15.351 13.186 11. 384 9.865 8.565 7.442 
(FO-lIo) / T __ ______ 0 -51. 89 -51. 95 -54.76 -57.14 -59.26 -61.18 -62.94 -64. 57 -66.08 -67.50 -68. 83 -70.09 -71.28 -72. '10 
(H O-lIo) / T- ___ -- cal/deg mole. 0 9.30 9.32 10.25 11.18 12.04 12.80 13.48 14.08 14.63 15. 12 15.56 15.96 16.33 16.67 So __ ______ ___ __ __ __ cal/deg mole_ 0 61.19 61.27 65.01 68.32 71. 30 73.98 76.42 78. 65 80.71 82.62 84.39 86.05 87.61 89.07 
HO-Ho ______ ______ cal/mole. ___ _ 0 2773 2796 4100 5590 7224 8960 10784 12672 14630 16632 18672 20748 22862 25005 C; __ _____ _______ ___ cal/deg mole_ 0 12.10 12.13 14.06 15.66 16.90 17.86 18. 61 19.23 19.76 20.21 20. 61 20.96 21. 28 21. 58 

TABLE 12. H eat,j1'ee energy, and equilibrium constant of formah'on,jrep -enel'gy funcrion, heat-content function, entropy, heat content (or enthalpy), and heal capacity jor H 2::(g) 
R eference states for elements, used for calculating t>Ur, t>Fr, and log Kf: H, (g); 8, (g) . 

Temperature in °1< 

Property Units 

298.16 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500 

t>Hr ____ __ ________ kcal/rnole ____ -19.53 -20.24 -20.24 -20. 50 -20.74 -20.95 -21.13 -21. 27 -21. 38 -21.45 -21. 50 -21.54 -21.55 -21. 55 -21. 54 t>Fr _____ __ ________ kcal/mole---- - 19.53 -17.47 -17.45 -16.48 -15.44 -14.36 -13.25 -12.11 -10. 97 -9.80 -8.64 -7.47 -6.29 -5.11 -3.94 log" Kr . _____ _____ 
-relict"g mal;;: 12.805 12.712 9.004 6.749 5.231 4.137 3.308 2.664 2.142 I. 717 1.360 1.057 0.798 0. 574 (FO- H ;f T . __ ____ _ 0 -41.17 -41. 21 -43.52 -45.34 -46.85 -48.15 -49.31 -50.35 -51. 29 -52.17 -52.99 -53. i 5 -54.47 -55. 16 

~Ir-!iO)/ T.- - .. - cal/deg mole_ 0 8.00 8.00 8.09 8.21 8. 37 8. 54 8. 72 8.91 9. 10 9.29 9. 47 9.65 9.82 9.98 
cal/deg mole_ 0 49.17 49.21 51. 61 53.55 55.22 56.69 58.03 59.25 60.39 61.46 62. 46 63.40 64.29 65. 14 J-Jo::, Iii :~_-_-_-~_-_-~: cal/mole ____ _ 0 2385 2400 3236 4105 5022 5978 6976 8019 9100 10219 11364 12545 13748 14970 C; . __ __________ __ __ cal/deg mole_ 0 8.19 8.20 8.53 ", ,·S.93 9. 35 9.78 10.21 10.62 II. 00 11. 34 11. 64 11.92 12. 16 12.37 
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