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THERMODYNAMIC PROPERTIES OF SULFIDES

Iy

N By L. B. Pankratz,’ A. D. Mah,2 and S. W. Watson3

ABSTRACT

Thermodynamic data on the sulfides were reviewed, evaluated, and compiled at the

Bureau of Mines Albany Ressarch Center. Values for Cp®, S°, H® —

gaa; _(G'U - Hgsa)/T ’

AHf®, AGf, and log Kf are given in tabular form. Cp°®, H* — HS,,, AHf®, and AGS" are

also expressed algebraically.

INTRODUCTION

This compilation is the third in a series revising and
expanding Bureau of Mines Bulletin 605, “Thermodynamic
Properties of 65 Elements—Their Oxides, Halides, Carbides,
and Nitrides,” by C. E. Wicks and F. E: Block, published
in 1963. The first volume in the present series, Bulletin 672,
“Thermodynamic Properties of Elements and Oxides,” by
L. B. Pankratz (91),* was published in 1982. The second,
Bulletin 874, “Thermodynamic Properties of Halides,” also
by L. B. Pankratz (92), was published in 1984. These works
are part of the Bureau’s continuing effort to provide infor-
mation for use as guidelines in mineral technology advance-
ment, pollution control, and energy economy.

The values of standard heat capacities (Cp®, high-
temperature relative enthalpies (H* — H3,,), enthalpies
of formation (AHf}, and Gibbs energies of formation (AG®),
are given in both tabular and equation forms. The tables
also include standard entropies (8%, Gibbs energy functions
[-(G* — H%¥T), and logarithms (base 10) of the

‘Research chemist (retired).
*Research chemist (deceased).
*Chemist {now with Oregon State University, Corvallis, OR.)
Alhany Research Center, Bureau of Mines, Albany, OR.
“Underlined numbers in parentheses refer to items in the list of references
at the end of this bulletin.

equilibrium constants (log Kf). As a convenience to the user,
and since data are available above the boiling point of sulfur
for most substances in this compilation, two formation
tables are given. The first table, referenced to sulfur in its
standard state, S(e,1), terminates at 717.824 K, the normal
boiling point of sulfur. The reactions in the second table
are referenced to dimerie sulfur vapor, S,(g), and values are
given to the limit of the data. In the latter tables, the sym-
bols AHf®, AGf®, and log Kf have been replaced with AHr®,
AGr®, and log Kr since these are not standard state forma-
tion reactions below 717.824 K.

Where possible, all phases of a sulfide are presented in
a single table. Temperatures of transformation and ther-
modynamic properties at these temperatures are included
in the table. Immediately below the table, the natures of
transformations are given along with their associated .
enthalpies.

Bulletin 672 contains a section, “Process Applications,”
giving a short statement of some fundamental ideas of ther-
modynamics and including several examples of their use.

' These examples illustrate several alternate methods of

calculation using both the tabulated values and the equa-
tions. Comparisons are also made on the bases of ease of
calculation and accuracy of results.



METHODS AND CONVENTIONS

The values in this compilation are the result of a review
and critical evaluation of relevant thermodynamic data
through 1984, though some data published in 1985 have
been included. Data for the elements are from Bulletin 672
(91). Most of the data for the actinide sulfides are from
Part 4 of the International Atomic Energy Agency series
on “The Chemical Thermodynamics of Actinide Elements
and Compounds” (47). Mills’ compilation, “Thermodynamic
Data for Inorganic Sulphides, Selenides, and Tellurides”
{80), proved invaluable and is the source of many estimates
in this compilation. Specific references are made to these
publications where they are used. -

The selected experimental data were fit with a
polynomial in terms of temperature by using a modified
form of the computer program described by Justice (59). This
program, along with a plot of (H®° — H )T — 298.15), which
must take the value of Cp® at 298.15 K, was used to merge
high-temperature data smoothly with low-temperature heat
capacity data. The resulting polynomial was then used in
a subroutine of the program to calculate standard heat
capacities, entropies, Gibbs energy functions, and relative
enthalpies at selected temperatures. In addition, the tables
include values for the standard enthalpy of formation, the
Gibbs energy of formation, and the logarithm of the
equilibrium constant of formation.

Tabular values of relative enthalpies are represented
by algebraic equations in the form recommended by Maier
and Kelley (75). This form was fit to the data by Kelley’s
method (62). Since the equations consist of no more than
four terms, they give less precise values than the tabular
values. However, they do furnish a convenient means of
representation. These equations are given below each table.
A separate equation is given whenever a transformation
occurs. In same cases, two equations are used to represent

a single phase with an extended temperature range, for
example, S,(g), since a single equation would give unaccept-
able errors.

The equations for standard heat capamty, enthalpy of
formation, and Gibbs energy of formation are also given
below the tables. Since these equations were derived using
the equations for standard relative enthalpies, they too give
less precise values than the tabular values. Examples in
the “Process Applications” section of Bulletin 672 show the
methods of derivations.

Tabulated values and the equations are for the
substances in their standard states (indicated by the
superscript °). Standard states for the pure condensed
substances are the most stable form at 1 atm pressure at
the specified temperature. For vitreous and metastable
substances the superscript refers to the pure substance. For
gases, the standard state is the pure substance at unit
fugacity.

Sources of data used in this compilation are given in
the references section, which is not meant to be exhaustive.
For simplicity, additional sources reviewed or considered
less reliable were not included. J ‘

Estimates were used where the necessary data were
lacking. Estimated and extrapolated values are indicated
in the tables with an asterisk (*) and a note immediately
below the table. An asterisk and a note are also used to
indicate decomposition, metastable phases, and 1rrever51
ble transformations.

The commen practice of tabulating ﬁve and sometlmes
six-digit values has been followed. For example, enthalpy
values are given to the nearest calorie. The number of digits
given is not intended to reflect the accuracy of the experi-
mental values used. It is an effort to produce internal con-
sistency in the tabulated values.

THERMODYNAMIC DATA FOR SULFIDES

In the following pages, thermodynamic values for the
sulfides are given in both tabular and equation forms. The
tables have the base temperature 298.15 K and are not
extended much above the temperature of the available data.
Except in tables or equations, the base temperature is
usually abbreviated as 298 K. To avoid confusion, the stan-
dard state at 298.15 K is indicated in each table heading
and in the chemical formation equation. The symbols ¢, 1,
g, and vit refer respectively to crystal, liquid, gas, and
vitreous phases. Also, the Greek letters a, 8, v, d, and ¢ are
used to denote different crystalline forms. In a few instances,
Greek letters are also used to denote substances above and
below a second order transformation. Again, to avoid con-
fusion, where substances have the same formula but dif-
ferent standard states, the standard state is explicitly given

in the heading; for example, As,Sy(c,l) and As,S,(vit). To
avoid repetition, the sources of data for each substance are
given only under the table using Sy{g).

Many of the experimental measurements of ther-
modynamic properties used in this compilation were
obtained using the International Practical Temperature
Scale for 1948 (IPTS-48). This temperature scale has been
superseded by IPTS-65 (22) and the amended edition of 1975
(283). These scales differ by as much as 2.8 K {at 2,000 K},
but no attempt has been made, except as specifically noted,
to convert earlier measurements to IPTS-68 since the errors
involved are less than experimental errors.

The tables are arranged in alphabetical order by
chemical symbols. For convenience, the chemical symbol
of the pertinent element has been included in pagination.



Ag

Ags(g)
Silver Monosulfide (ideal gas)
[Formation: Ag(e) + S(c,1) = AgS(g)]

. ) cal/mol K kcal/mol .
T,K Log Kf
: Cpo° g0 -{G%- H8,,)/T H°- HZ., AHE® AGTO
298.15% 8.600 62.440 62. 440 0 94.000 80.700 -59,154
300 : 8.600 62.490 , 62.440 .016 93.995 80.619 -58.730
368.3 8.702 £4.270 62.620 607 93.785 77.593 -46.043
368.3 8.702 64.270 ‘ 62.620 .607 93.689 77.993 -46.0L3
388.36 8.733 64,732 62.718 . .782 93,622 76.718 ~43,173
388.36 8.733 6L.732 . 62.718 .182 93.209 76.718 -43.173
400 8.750 64.990 - 52.780 .884 . 93,151 76.225 =41,647
432,02 8.769 . 65.665 62.969 1.164 .. 92.970 74,876 ~37,878
500 . 8.810 66,950 63,424 1.763 far g2.470 72.071 -31.502
600 , 8.850 68.560 64,150 2.6U6% 91.867 68.051 -24.787.
700 8.870 69.930 64,883 .-3.533 91.297 6l.126 -20.021
717.824 . 8.874 70.153 . 65,011 3.691 91,200 63.436 -15.314

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinie transition point of S; AH® = 0.096 kcal/mol..
388.36 K, melting point of S;; 4H® = 0.413 kcal/mol.
432.02 K, second order transformation of 8; AH® = 0 kecal/mol.
717.824 K, boliling point.of S to equilibrium mixture of $, (n =1 to B).

Heat capacity (cal/mol-K) and enhhaipy (kcal/mol) equations:

298.15-2000 K: Cpe = 85930 + 0.006%1073T - 0.295x10°T~2
Ho- HS,q =-8.930x107%T + 0.003x107%T? + 0.295x102T"! - 2,762

'

Formation eguations (kecal/mol):

298.15-368.3 X: AHF® = 95,624 - 4.516x107°T + 0.802x107°T? - 103.900T !

AGF® = 95,624 + 4,516x10?TInT - 0.802x307°T2 - 51,950T"! - 74.962x107°T
368.3-388.36 K: AHfe = 9L,509 - 2,253x107°T - 0,944x107¢T? + 51,700T"!

AGE® = 94,509 + 2,253x%107?TinT + 0.944X107°T2 + 25.850T"! - 59.779x107°T
388.36-432.02 K:  AHf° = 78.350 + L2,487x107°T - 44,226x107°T2 + 1953.900T!

AGF© = 78.350 - 42, 4B7x1073TinT + 44,226x107°T2 + 976.950T"! + 225.450x10°T
432,02-717.824 K: AHf® = 6B.872 + 38.581x1073T - 24.414x107%T% + 5180,400T"}

AGf° = 6B.872 ~

38.581x107°T1nT + 24.414x107ST2 + 2590.200T ! + 223.602x107°T



Ag
Ag3(g)
Silver Monosulfide (ideal gas)
[Reactlon:  Ag{c,l) + 0.55,(g) = AgS(g)]
cal/mol-K keal/mol
T,K ‘ Log Kr
cpe so -(G°- HS.g)/T HOo- HZ,., AHre AGr®
298,15% B.600 62.440 62.L40 0 78.645 71,186 -52.,180
300 8.600 62.490 62,440 .016 78.643 71.142 -51.826
Loo 8.750 64,990 62.780 .884 78.500 68.659 -37.513
500 8.810 66.950 63.424 1.763 78.342 66.218 ~28,943
600 8.850 68.560 64.150 2.6L4b 78.167 63.810 -23.,243
700 8.870 69.930 64,883 3.533 77.972 61.431 -19.179
800 8.890 71.110 65.58Y L, 421 TT.757 59.087 -16.141
900 8.900 72.160 66,260 5.310 77.521 56.762 -13.784
1000 8,910 73.100 66,899 6,201 7T7.267 54.469 -11.904
1100 8.910 73.950 67.504 7.091 76.989° 52.201 -10,371
1200 8.920 74.720 68.065 7.983 76.688 49.968 -g.100
1235.08 8.920 74,977 68,260 8.296 76.575 49,193 -8.70%8
1235.08 8.920 74,977 68.260 8.296 73.87% 49,193 -8.705
1300 8.920 75.440 68.613 8.875 73.640 47.893 ~-8.052
1400 8.920 76.100 69.124 - 9.767 73.273 45.929 -T.170
1500 8.930 76.710 69.604 10.659 72,904 43.996 -6.410
1600 8.930 77.290 70.070 11.552 ‘ 72.531 42,075 -5.747
1700 8.930 77.830 70.509 12,445 o 72.155 40.185 -5.166
1800 8.930 78.340 70.930 13.338 CT1.T75 38.316 -4,652
1900 8.930 78.830 71.340 14,231 71.393 36.455 -4,193
2000 8.930 79.280 TY.717 15.12%. 71.008 34,643 -3.786

*Data except enthalpy of formation at 298 K estimated.

Phase change:

1235.08 K, melting point of Ag;

AH® = 2,700 keal/mol.

Heat capacity {(cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Ho- H2s4

Reaction equations (kcal/mol):

298.15-1235.08

1235.08-200C X:

K:

78.835
78.835
78.122
78.122

+ 1 + 1

= B8.930 + 0.006x1073*T - 0.295x%10°T"2
= 8.930x107%T + 0.003x107°T2 + 0,295x10%T™! - 2,762

0.513x107#T - 1.075%107°T2 + 17.550T"!

0.513x1077T1nT + 1.075x107°T* + 8.775T~} - 28.999x107°T

3.281%107%T - 0.157x107°T2 - 4.650T"}

3.2U1x1073TInT + 0.157x107°T? - 2.325T7 ! - 46.700x107°T

Source: Data from Mills (80) who estimated all except enthalpy of formation at 298 K.



Ag
Ag,S(e)
Silver Sulfide
[Formation: 2Ag{c) *+ S{e,1) = Ag,S5(e)]
cal/mol+K kcal/mol

T!K - LOS Kt
Cp® S -(G°= H$,,)}/T H°- HZ,, AHT® AGfe .

298.15 18,220 34.355 34.355 0 -7.400 -9.294 6.813
300 18.245 34,468 34,355 .034 -7.398 -9.305 6.779
368.3 19.091 38,306 34,740 1.314 ~7.336 -9.747 5.784
368.3 19.091 38,306 34.740 1.314 -7.432 -9,747 5.784
388.36 19,340 39.326 34,951 1.699 -T.412 ~9.873 5.556
388.16 19,340 39.326 34,951 1.699 -7.825 -9.873 5.556
400 19.484 39.899 35.086 1.925 -7.831 ~9,935 5,428
432,02 19.757 41.410 35.500 2.553 -7.862 -10.103 5.111
450 19.910 42,219 35.752 2.910 -7.951 -10.194 4.951
450 19.800 by, 337 35.752 3,863 --6,998 -10.194 4.957
500 19,800 46, L2y 36.778 4,853 ~7.086 -10.54Y 1,609
600 '19.800 50.034 38.646 6.833 -7.233 -11.218 4.086
700 19.800 53.086 40.496 8.813 -7.355 -11.873 3.707
717.824 19.800 53.584 40,815 9.166 -7.374 -11.987 3.650

‘Phase changes: 368.3 K, orthorhombic - monodlinic transition point of S; AH® = 0.096 xecal/mol.
388.36 K, melting point of 8; AH® = 0.U413 keal/mol.
432,02 K, second corder transformation of S; AH® = 0 keal/mol.
450 K, a - B transition point of Ag,S; AH® = 0,953 keal/mol.
T17.824 K, bolling point of S to equilibrium mixture of Sn {n=11%tc 8.

Heat capacity (cal/mol+K)

and enthalpy (kcal/mol) equations:

298.15-450 K: Cpe
He-~ H3ge
450-860 K: Cp®
He- HS s

[ I I )

18.411 + L,.980x1073T ~ 1.489x105T"2

18.411x1073T + 2,U4G0%1075T2 + 1.489x102T"* - 6.210
19.800

19.800x107°T - 5.047

Formation equations (kcal/mol):

298.15-368.3 K: AHC®
AGEe
368.3-388.36 K:  AHf®
AGTe
388.36-432.02 K: AHf°
AGfe
432.02-450 X: AHfe
AGL®
450-717.824 K: AHT®
AGEe

=
=
=
=
=

=7.646 - 0.307x107°T + 2.371x107°%T? + 37,7007}

-7.646 + 0.307x107°T1nT - 2,371x107°T2 + 18,8507 - 6.78Lx107°T

-8.761 + 1,956x1073T + 0,625x107°T* + 193,300T™!

-8.761 - 1.956x107°T1lnT - 0.625x107°T2 + 96.650T" ' + 8.399x107°T
~24.919 + 46.696x%1073T - 42.657x1078T2 + 2095.500T7¢

-24.919 - 46.696x107°T1nT + Y42.657x107°T2 + 1047.750T7" + 293.627x107°T
-34.398 + 42.790x107°T - 22,845x107°T* + 5322.000T""

-34.398 - Uz2.790x107°TlnT + 22.845x107°T2 + 2661,000T"' + 291.780x107°T
-33,235 + 44,179x107°T - 25.335%x107°T* + 5173,100T7!

-33.235 - B4,179x1072TInT + 25,335x1076T> + 2586.550T7F + 296,928x107°T



Ag

Ag,S(ec,1)
Silver Sulfide
[Reaction: 2Agle,1) + 0.55,(g) = Ag,S(c,1)]
cal/mol-K kcal/mol
T,K Log Xr
Cp® s° =(Go= HZ4g)}/T Ho= HS,, AHre AGr®
298.15 18.220 34.355 34.355 0 -22.755 -18.808 13.787
3060 18.245 34.468 34.355 .034 -22.750 ~18.782 13.683
400 ‘19,484 39.899 35.086 1.925 -22.482 -17.501 9.562
450 19.910 42,219 35.752 2.910 -22.322 -16.887 8.201
450 19.800 44,337 35.752 3.863 -21.369 -16.887 8,20
500 18.800 L6, 424 36.718 4,853 -21,214 -16.398 T.167
600 19.800 50.034 38.645 6.833 -20.927 ~-15.459 5.631
700 19.800 53.086 40.496 8.813 -20.680 -14.568 4,548
800 19.800 55.730 42.239 10.793 -20.472 -13.710 3.745
860 19,800 57.162 43,231 11.981 =-20.366 -13.211 3.357
860 19.800 57.370 43.231 12.160 -20.187 =-13.211 3.357
900 19.800 58.270 43.879 12.952 -20.122 -12.887 3.129
1000 19.800 60.356 45 424 14.932 ~19.988 -12.089 . 2.642
1100 19.800 62.243 46,868 16.912 - =19,.897 -11.302 2.245
1110 19.800 62.422 47,008 17.110 -19.891 -11.224 2.210
1110 22.200 64,098 47.008 18.870 ~18.031 -11.224 2.210
1200 22.200 65.829 48.356 20.968 -17.776 -10.684 1.946
1235.08 22.200 66.469 48.861 21.747 -17.689 -10.469 1.853
1235.08 22.200 56,469 48,861 21.747 -23.089 -10.469 1.853
1300 22.200 67.606 49,769 23.188 -22.981 -9,808 1.649
1400 22.200 69.251 51.102 25,408 -22.819 -8.800 1.374

Phase changes: 4sD K, @ - f transition point of Ag,5; AH°
860 K, B - Y transition point of Ag,S; AH°
1110 K, melting point of Ag,S:

1235.08 X, melting point of Ag;

Heat capacity (cal/mol-K)

AH® = 1.860

and enthalpy (kecal/mol) equations:

298.15-450 K: Cp*
H?- Hise
450-860 K: Cpe®
H®- HSs¢
860~1110 K: Cp°
R®- HZ,e
1110-1400 K: Cp°
H®= H%s,

8.5

ron

19.800
19.800

22.200

[ I | B ]

Reaction eguations (kcal/mol):

298.15-450 K: AHre
AGre
450-860 X: AHr®
AGr®
860=-1110 K: AHr©
AGre©
1110-1235.08 K: AHre® =
AGr*®
1235.08=-1400 K: AHre
AGr®

Sources: Enthalpy of
temperature
temperature

-24,435
-24.435
-23.271
-231271
-23.092
-23.092
-23.896
-23.896
-25.323
-25.323

formation

heat capacitiesa and entropy at 298 K based on Walsh (1287.

+
R
.
.
R

at 298 K based on Kiukkola (69) and Thompson (117).

0.953 kcal/mol.
0.179 kecal/mol.
kcal/mol.

AH® = 2,700 keal/mol.

+ 4.980x1077T - 1.489x10°T"%

19.800%1073T - 5.047
19.800x1073T - 4,868

22.200x107°T = 5.672

18.411x1073T + 2.490x107°T% + 1.489x10%T"! ~ 6.210

3.696x1073T + 0.4G4x107ET2 + 159.150T?

3.696x107°TInT - 0.494x7107°T% + 79.575T™? + 39.179x1073T

5.085x107°T - 1,996x1075T* + 10,.250T!

5.085x107°T1nT + 1.996x1075T* +

5.085x1077T - 1,996x107°T* + 10,2507}

5.085x1073TLnT + 1,996x107°T% +

7.485x1073T = 1,996x107°T* + 10.250T"!

7.485x107*TInT + 1.996x107°5T72 +

2.029%1073T - 0.160x1078T2 - 34,1507

2.029%1072TInT + 0.160x107°T2 -

data based on Thompson (118).

5.,125T7 + B3,327Tx107°T
5.125T7% + 44, 119x1073T
5.125T7 + 61.672x71073T

17.075T~ + 26.268x1073T

High-

Low-



Al

AlS(g)
Aluminum Monosulfide (ideal gaa)
{Formation: Al(c) + 8(c,1) = AlS(g)]

cal/mol <K keal/mol
T,K = Log Xf
Cp® 5° ~(Go- H4e)/T Ho- HZ,, AHF© AGFe
298.15 7.984 55.092 55.092 0 56.000 43,879 -32.164
300 7.992 55.142 55.092 .015 55.994 43,803 ~-31.910
368.3 8.228 56.808 55.259 .570 55.760 41.052 -24.,360
368.3 8.228 56.808 55.259 .570 55.664 41,052 -24.360
388.36 8,297 57.246 55.351 .736 55.589 40,259 -22,656
388.36 8.297 57.2U46 55.351 .736 55.176 40,259 -22.656
[ite[4] 8.337 57.492 55.410 .833 ‘ 55.114 39.813 -21.752
432,02 8.l406 58.137 55.588 1.101 54,922 38.595 ~-19.52Y4
500 8.553 59.377 56.021 1.678 54,398 36.069 -15,766
600 g.712 50.951 56.716 2.541 53.753 32.466 -11.825
700 8.866 62.306 57.420 3.1420 53,150 28.966 -9.,043
T1T7.824 8.897 62.529 57.544 3.578 53.046 28.352 -§.632

Phase changes: 368.3 K, orthorhombic = monoclinic transition peint of 8; AH® = 0.096 kcal/mol.
388.36 K, melting point of 8; AH® = 0.413 kcal/mol.
L32.02 X, second order transformation of S; AH® = 0 kcal/mol. :
717.824 K, boiling point of 3 to equilibrium mixture of Sn {n =1 to 8).

Heat capacity (cal/mol-XK) and enthalpy (keal/mol) equations:

298.15-2000 K:. Cp® = 7.598 + 1.956x107*T - 0.175x10°T~2
Ho- HZg, = 7.598x107°T + 0.978x107°5T2 + 0.175x102T* - 2,411

Formation equationa (keal/mol):

5.168x107°T + 0,968x107°T% - 120.700T "}

298.15-368.3 K: AHf® = 57.860 -

AGF® = 57.860 + 5,168x107T1InT - 0.968x107°T% - 60.350T" ! - 75.370x107°T
368.3-388.36 K: AHf® = 56.745 - 2,905x107°T - 0.778x107°%T2 + 34,900T7?

AGF® = BE.TU5 + 2,905x1073T1nT + 0.778x107%T2 + 17.450T"! - 60 187x107°T
388.36-432.02 X: AHF® = 40.586 + U41,B35x1073T - 44,060x1076T2 + 1937.100T""!

' AGE® = 40.586 - 41.835x107°T1nT + 44.060x107°T2 + 968.550T™" + 225.041x107 iT

432.02-717.824 K: AHf° = 31.108 + 37.929x1073T - 24.248x107°T? + 5163.600T"! ’

AGFe = 31,108 - 37.929x107°T1nT + 24,248x107€T2 + 2581.800T" % + 223. 194%1073T



Al

AlS{g)

Aluminum Monosulfide (ideal gas)

[Reaction:  Al(c,l) + 0.53,(g) = AlS(g)]
cal/mol -K keal/mol
T,K Log Kr
Cpe ge -(Go= H243/T He- H2,., AHro AGro
298.15 7.984 55.092 55.092 C Lo,645 34,365 ~25.190
300 7.9%2 55.142 55,092 015 Lo.6L2 34,326 -25.006
400 8,337 57.492 55.410 .833 4o, 463 32.247 -17.619
500 8,553 59.377 56.021 1.678 40.271 30.216 -13.207
600 8.712 £60.951 56.716 2.541 40.059 28.225 -10.281
700 8.866 62.306 57.420 3.420 39.825 - 26.27T1 -8.202
800 9.042 63.501 58.107 k.315 39,565 24,351 -6.652
900 9.250 BU.5T7T7 . 58,766 5,230 39.281 22.467 -5.456
933.61 9.32% 64,918 58.981 5.542 39.179 21.841 -5.113
933.61 ©9.329 54,918 58.981 5.542 36.599 21.811 -5.113
10C0 9.48Y 65.564 59.398 6.166 36.423 20.796 -4,545
1100 9.733 66,479 60 7.127 36.177 19.246 =3.824
1200 9.984 67.337 60.576 8.113 35,953 17.718 -3.227
1300 10,222 68.146 61.128 9.123 35.750 16.204. -2.724
1400 10.438 68.911 61.657 10.156 35.565 14.710 -2.29¢
1500 10.625 £69.638 62.165 11.210 35.398 13.225 -1.927
1600 10.782 70.329 62.654 12.280 35.244 11.751 -1.605
1700 1C.906 70.98% 63.124 13.365 35.100 10.288 ~1.323
1800 11.000 71.613% 63.579 T4 461 34,965 8.832 -1.072
1900 11,065 72.209 64,017 15,564 34,83y 7.386 -.850
2000 11.106 72.778 64,441 16.673 34,706 5.944 -.649

Phase change: 933.61 K, melting point of Al;

Heat capagity (cal/mol-K) and enthalpy (kcél/mol) equations:

298.15-2000 K:

He- HS,e

7.598 + 1.9%56x107°T - 0.175x10°T"?
7.598x107°T + O_.978x10_5'[‘2 + 0.175x10%T7! - 2,41

Reaction equations (kecal/mol):

298.,15-933.61 K:

933.61-2000 K:

Source:

AHP @
AGre
AHroe
AGre

41,071
41.071
39.803
39.803

Data from Gurvich (50).

+

AH® = 2.580 kcal/mol.

1.166x107*T - 0,909x107°T? + 0.750T!

1.166x1073TInT + 0.909x1078T2 + 0.375T"! - 29.407x107°T

4,164x107°T + 0.818x107¢T? - 16.650T7 !}

4.164%107°T1nT - 0.818x1078T? - 8.325T % - 46.930x107°T



Al

19

.129

(a18),(g)
Dimeric Aluminum Monosulfide (ideal gas)

[Formation: - 2Al(e) + 25(c¢,l) = (AlS),(g)]

cal/mol K kcal/mol
‘T,K - Log Kf

Cp® Se -(G°- H,,)/T  He- H3,, AHf® AGf e

298.15 16.195 72.369 72.369 0 24.315 11.347 -8.317
300 "16.526 T2.471 72.369 0N 24.304 11.267 -8.208
368.3 17.365 75.862 72.719 1.194 23.888 8.341 -4.949
368.3 17.365 75.962 72.719 1.1%94 23.696 B.3u1 -4.949
388,36 17.612 76.890 72.911 1.545 23.566 7.510 -4.226
388.36 17.612 76.890 72.911 1.548 22.740 7.510 -4, 226
" 400 17.755 T7.112 73.035 1.7591 22.628 7.054 -3.854
- 43z2.02 17.973 78.788 73.4114 2.323 22.279 5.820 -2.944
500 18.435 81.u54 74,326 3.564 21.319 3.311 -1.U}47
600 18,840 8u.854 75.806 5.429 20.168 -.178 - .065
700 19.088 87.779 77.312 7.327 19,102 -3.483 1.088
717.824 §8.259 77.578 7.668 18.918 -4,055 1.235%

Phase change$:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

-368.3 K, orthorhombic - monoclinie¢ transition point of §;
388,36 K, melting point of S;
432.02 K, second order transformation of S;
717.824 K, boiling point of 3 to equilibrium mixture of Sn

AH® = 0,413 keal/mol.

298.15-2000 K:

Ho-

Cpe®

©
H!SB

AH®

19.370 + 0.314x107°T - 2.639):{‘|05T'2
19.370x1073T + 0.157x107¢T2 + 2.639x102T"! - 6.674

Formation equations (keal/mol}:

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHE°
AGF @
AHf®
AGE e
AHf°
AGE®
AHF @
aGfe

nwos w nouou

26.

26

23.
23.
-8.

182
.182
952
952
365

+
+
+

0 kecal/mol.

6.162x1073T + 0,137x1075T2 - 12.500T"!
6,162%x1072T1nT - 0.137x107¢T2 - §,250T"} -
1.636x107*T - 3.355x107°T2 + 298.700T"! ]
1.636x107°T1nT + 3.355x107°T% + 149.350T% ~ 54. 388x107°T

87.844%x107°T - 89.919x107°T2 + 4103.100T"*
-8.365 - BT.844x107°T1nT + 89.919x107°T2 + 2051.550T"! + 516,068x107%T
-27.322 + 80.032%107°T - 50.295%1075T2 + 10556.101T"!

-27.322 - 80.032x107*T1nT + 50.295x107°T2 + 5278,0507"' + 512,373x1077T

AH® = 0.096 keal/mel.

(n

=1 to 8).

84.754x1073T



10 Al

(A18),(g)
Dimeric Aluminum Monosulfide (ldeal gasa)
[Reaction: 2Al{e,l) + S,{g) = (AlS),(g)]

cal/mol +X kecal/mol
T,K - Log Kr
Cp® ge =(G°= K§,)/T He- H3,, " 4Hpe AGre
298.15 16.495 72.369 72.369 0 ~-6.395 -7.680 5.630
300 16.526 T2.471 72.369 .031 -6.400 -7.688 5.600
400 17.755 77.412 73.035 1,751 -6.67H -8.077 b, 413
500 18,435 81.u54 74.326 3.564 -6.936 -8.395 3.670
600 . 18.840 84,854 75.806 5.429 -7.221 ~8.660 ©3.154 .
700 19.098 87.779 77.312 7.327 -7.548 -8.874 2.770
800 19,272 90,341 78.784 - 9.246 -=-7.938 -9.037 2.469
900 19.393 92.618 80.197 11,179 -8.405 -9.150 2.222
§33.61 19.423 - 93.330 80.657 11.831 -8.580 -9.175 2.148
933.61 19.423 93.330 80.657 11,831 -13.740 -9.175 2,148
1000 19.482 94,667 81.543 13.124 -14,047 -8.839 1.932
1100 19.548 96.527 82.822 15.075 -14.509 -8.297 1.649
1200 19.598 98.230 84.036 17.033 -14.971 -7.710 1,404
1300 19.638 99.800 85.189 18.994 : -15.437 -7.088 1,192
1400 19.670 101,256 86,285 20.960 -15,906 -6,425 1.003
1500 19.696 102.614 87.329 22.928 -16.380 ~5.735 .836
1600 19.717 103.886 88.324 24.899 -16.858 -5.008 .684
1700 19.734 105.082 89.276 26.871 -17.343 -4. 255 .547
1800 19.7U9 106.211 90.185 28.846 -17.830 -3.470 a1
1900 16.761 107.279 91.057 30.821 -18.324 | -2565T7 .306
2000 19.772 108.293 91.894% 32.798 -18,822 -1.820 .199

Phase change: 933.61 K, melting point of Al; AH®° = 2.580 keal/mol

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:
298.15-2000 K: - Cp® = 19.370 + 0.314x107°T - 2.639x10%T7%

He- HZ,, = 19.370x1073T + 0.157x1076T2 + 2.639x102T"! - 6.674

Reaction eguations (kcal/mol):
298.15-933.61 K: AHre® -7.396 + 1.843x1073%T - 3.617x107%T2 + 230.400T™!

AGro = ~=7.396 - 1.8U3x1073T1nT + 3.617x107°%T2 + 115.200T7! + 7.172x107°T
933.61-2000 K: AHre = -9,937 - 4,153%1073T - 0.163x107¢T2% + 195.600T"!
AGr° = -9,0931 + 4,153%x1073T1nT + 0.163x%107%T2 + 97.800T* ~ 27.875x107%T

Source: Data from Gurvich (50).



A18,(g)

Aluminum Disulfide (ideal gas)

Al 11

[Formation: Al(e) + 258{(e,l) = Al1S5,(g)]
cal/mol K kecal/mol
T,K Log Kf
Cp® s° -{G®- Hg,¢)/T He- Hg,, AHf® AGF®
298.15 12.131 67.220 67.220 o] 58.738 45,285 -33.19u
300 12.148 67.295 67.222 .022 58.729 ‘45.201 -32.929
368.3 12.596 69.841 67.478 870 '58.404 42,154 -25.014
368.3 12.596 69.84 67.478 870 58.212 42,154 -25.014
388,36 "12.728 70.513 67.618 1.124 58.106 41,284 -23.232
386.36 12.728 70.513 67.618 1.124 57.280 41,284 -23.232
400 12.804 70.890 67.707 1.273 57.182 40.805 -22.295
432.02 12.919 71.880 67.981 1.685 56.871 39.505 -19.985
500 13.163 73.789 68.641 2.574 55.985 36.848 -16.106
600 13.375 76.210 65.708 3.901 54,947 33.121 -12.064
‘700 13.510 78.282 70.788 5.2U6 54.010 29.560 -9.229
717.824 13.526 78.622 70.978 5.487 53.852 28.950 -8.811

Phas¢ changes: 368.3 K, orthorhombic - monoclinic transition point of §;

388.36 K, melting point of §;

AH® = 0.413 keal/mol.
AH® = 0 Kke¢al/mol.

432,02 K, second order transformation of §;

717.824 K, bolling point of S to equilibrium mixture of Sn (n

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-2000,K:

Cp® = 13.655 + 0,168x107°T - 1,399x%105T"2
Ho- HS,e = 13.655x107°T + 0.084x107°T% + 1.399x10%T™! - 4.548

Formatlon equations (kcal/mol):

298.15-368.3 X:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf®
AGE®°
AHf®
AGE®
AHf®
AGTe®
AHf?
AGF®

[ A - O T |

61.267
61.267
59.037
59.037
26.720

+

7.285%1073T + 1.791x%1078T2 - 153.900T7}

7.285%1078TInT - 1.791x107¢T2 - 76.950T"! - 93.712x1073T

- 2.759x107°T = 1.701x107¢T® + {57.300T "}

+
&+

2.759x107*T1nT + 1.701x107¢T% + 78.650T" ! - 63.346x107°T
86.721x107°T - 88.265x107°T* + 3961.700T"}

1 to 8).

AH® = 0.096 kecal/mol.

26.720 - 86.721x107°T1nT + B88.265x107°T% + 1980,850T "' + 507.111x107°T

7.763 + 78,909x107°T ~ 48.641x1078T2 + 10414.701T""

7.763 - 78.909x1073T1lnT + 4B.641x107%T2 + 5207.351T ! + 503.416x%107°T



12 Al

AlS,(g)

Aluminum Disulfide (ideal gas)

[Reaction: Al(e,1) + S,{(g) - AlS,(g}]
cal/mol - kecal/meol
T,K Log Kr
Cpe 8e -(G®~ H2,4)/T H®- HS,4 AHre AGr»®
298,15 12,131 67.220 67.220 0 28.028 26.258 -19.247
300 12,148 67.295 67.222 022 28.025 26.247 -19.120
400 12.804 70.8%0 67.707 1.273 27.880 25.67H -14.027
R00 13.163 73.789 68.641 2.574 27.730 25.142 -10.98%
600 13.375 76.210 69.708 3.901 27.558 24,640 -8.975
700 13.510 78.282 70.788 5.246 27.360 24.169‘ -7.546
800 13.600 80.092 71.840 6.602 27.126 23.730 -6.483
900 13.663 81,698 T2.848 7.965 26.849 23.319 -5,663
933.61 13.678 82.199 73.176 8.421 26.746 23.189 ~5.428
933.61 13.678 82.199 73.176 8.424 24,166 23.189 -5.428
1000 13.709 83.140 73.806 9.334 23.981 23.127 -5.054
1100 13.744 84,448 T4.715 10.706 23.699 23.054 -4.580
1200 13.771 85,645 75.577 12.082 23,414 23,010 | -4,191
1300 13.793 86.749 76.395 13.460 23.124 22.985 -3.864
1400 13.813 87.7M 77.170 14,841 22.829 22.989 -3.589
1500 13.832 88.725 77.910 16.223 22.528 23.008 -3.352
1600 13.850 89.619 78.615 17.607 22.222 23.049 -3.148
1700 13.869 90.459 79.287 18.993 21.910 23.110 ~2.971
1800 13.890 91.252 79.929 20.381 21.595 23.192 -2.816
1900 13.912 52,004 80.546 21.77 21.275 23.289 -2.679
2000 13.936 92,718 81.137 23.163 20.951 23.403 -2.557

Phagse change:
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equationg:

933.61 K, melting point of Al;

AH® = 2,580 kcal/mol

298.15-2000 K:

Reaction equations (kecal/mol}):

298.15-933.61 K:

933.61-2000 K:

AHre
AQre
AHr e
AGre

27.689
27.689
26.422
26.422

Source: Data from Gurvich (50Q).

+ 1

Cp° = 13.655 + 0.168x107°T = 1.399x105T"2
Ho- Hg,, = 13.655x107°T + 0.084x107°T2 + 1,399x102T™1 - 4,548

0.720x107%T = 1,963x107¢T% + 89,000T"?

0.720x107%T1nT + 1.963x107°T2 + LL,B500T™' - 1.786x107°T

2.278x1073T - 0.236x107%T2 + 71.600T"!

2.278%107*T1nT + 0.236x1078T2 + 35.800T" ! - 19.309x107°T



CA1,5(g)

Al 13

Dialuminum Sulfide (ideal gas)
{Formation: 2Al(c) +

S(e,1) = Al,s(g)]

cal/mol-K keal/mol
T,K Log Kf
Cp® Se -{Go- H3,,)/T He=- HZ,, AHE® AGF©
298.15 13.273 6u.824 6U.824 0 54.920 41.917 -30.726
.~ 300 13.288 6U4.906 64.824 .025 54,913 41.837 -30.478
368.3 13.688 67.680 65.103 .949 54,642 38.887 -23.075
368.3 13.688 67.680 65,103 .9k9 54,546 38.887 -23.075%
388.36 13.806 68.409 65.255 1.225 54.L460 38.037 -21.405
388.36 13.806 68.409 65.255 1.225 54,047 38.037 -21.405
400 13.874 £8.818 65.353 1.386 53.978 37.558 -20.521
u32.02 13.979 69.890 65,650 1.832 53.766 36.252 -18.1339
5C0 14,203 71.952 66.370 2.7N 53.198 33.542 -14.661
600 14.400 74,560 67.523 b, 222 52,470, 29.683 -10.812
700 14.525 76.790 £8.693 5.668 51,752 25.942 -8.099
717.824 14.540 77.155 £8.898 5.8927 51.623 25.287 -7.699

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.

388,36 K, melting point of S; AH° = 0.413 kcal/mol.

432.02 K, second order transformation of $; AH® = 0 kecal/mol.
T17.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

Formation equations (kcal/mol):

Cp®

= 14,610 + 0.196%1073T - 1.241x10°T"2
Ho- H3go = 14.610x1073T + 0.098x107%T2 + 1.241x103T™! - 4.781

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf @
AGfe
AHE®
AGE®
AHL®
AGE®
AHf®
AGE

55.874
55.874
54.759
54,759
38.601
38.601
29,122
2g.122

L+ 0+ + 1 + 1

2.748x1073T - 1.639x107°T% + 3,300T"!

2.7U8x1073TIinT + 1.

639%107T2 + 1.650T7! - 62.975x107°T

0.485x107*T - 3.385x1078T% + 158.300T"!

0.485x107°T1nT + 3.

385x107°T2 + 79.450T"! - 47,792x107°T

44, 255%107°T - 46.667x107°T% + 2061.100T"*
44 ,256x1073TInT + UH6.667x107FT2 + 1030.550T! + 237.437x1072T
40,349%1073T - 26.855%x107°%T2? + 5287.600T"!
40,349x107*TInT + 26.855x107¢T2 + 2643.800T™* + 235.5B89x107*T



14 Al

23(g)
Dialuminum Sulfide (ideal gas)
[Reaction: 2Alfe,1) + 0.5S,(g) = Al,S{(g)]

cal/mol <K kecal/mol
T,X Log Kr
Cpe® 3e -(G°- Hg,¢)/T Ho- Hg,, AHre AGre
298.15 13.273 64,824 64,824 0 39.565 32.404 -23.752
300 13.288 64,906 64.824 .025 39,561 32.360 -23.574
400 13.874 68.818 65.353 1.386 39.327 259,993 -16.387
500 14,203 71.952 66,370 T2.791 39.070 27.689 -12.103
600 14,400 74.560 67.523 4,222 38.776 25.442 | -9.267
700 14.525 76.790 68.693 5.668 38.427 23.246 -7.258
800 14,610 78.736 69.830 7.125 38.010 21.104 -5.765
900 14,669 80.46¢C 70.916 B.590 37.515 19.020 -4.619
933.61 14,684 80.938 71.269 3.083 37.330 18.332 -4,291
933.61 14.684 80.998 71.268 9.083 32.170 18.332 -4.291
1000 14.713 82.008 71.949 10.059 31.841 17.359 -3.794
1100 14,745 83.412 72.928 11.532 31.348 15.93% -3.166
1200 14.770 84,696 73.856 13.008 30.855 14,557 -2.651
1300 14,789 85.879 T4.736 14,486 30,361 13.217 =2.222
1400 14,805 86.976 75.572 15.965 29.864 11.917 -1.860
1500 14.817 87.998 76.367 17.446 29.364 10.650 -1.552
1600 14.828 88.954 77.123 18.929 28.864 g.421 -1.287
1700 14,837 86,853 77.846 20.412 28.350 8.220 -1.057
1800 14,8y 90,702 78.538 21,896 27.854 7.050 -.856
1900 14,850 91.50% 79.199 23.387 27.345 5.910 -.680
2000 14.855 92.266 79.833 24.866 26.833 L_796 -.524

Phage change: 933.61 K, melting point of Al; AH® = 2.580 kecal/mol

Heat capacity (cal/mol-K} and enthalpy {kecal/mol) equations:

29B8.,15-2000 K: Epe = 14.610 + 0.196x107°T - 1,2U1x10°T"*
Ho- HS,p = 14.610x1077T + 0.098x1078T% + 1.241x102T! - 4,781

Reaction equations (kcal/mol):

298.15-933.61 K: AHr® = 39.085 + 1.254x1073T - 3.516x107°T? + 124,750T"}

AGro = 39.085 - 1.254x1073TInT + 3.516x107¢T2 + 62.375T"% - 17.012x107°T
933.61-2000 K: AHre = 36.550 - U4.742x1073T - 0.062x107°T? + §9.95CT™!

AGr® = 36.550 + 4.742x107*TInT + 0.062x107%T2 + 4§,975T7% - 52.058x107°T

Source: Data from Curvich (50}.



Dialuminum Trisulfide

ALl,S,{c)

Al 15

[Formation: 281{¢) + 38(c,1) = A1,S,(c)]
cal/mol-X keal/mol
T,K . Log Xf
Cp® Se -(G®- Hg,,)/T He- Hi,, AHf® AGE®
298.15 25.111 27.927 27.927 o] -155.600 ~153.034 112.175
300 25.163 28.082 27.927 LOuT -155.605% =153.017 111.471
368.3 26.781 33.440 28,464 1.833 -155.782 -152.410 90.439
368.3 26.7k1 33. 440 28.u46k4 1.833 -156,070 -152.410 90,439
388.36 27.204 34.871 28.758 2.374 -156.129 -152.208 85,654
388.36 27.204 34,871 28.758 2.374 -157.368 -152.208 85.654
Loo 27.473 35.678 28.948 2.692 ~157.456 -152.052 83.077
432.02 27.888 37.810 29.527 3.578 ~157.753 -151.610 76.695
500 28.768 41,958 30.540 5.509 -158.698 -150.559 65.809
600 29.66% 47,287 33.232 8.433 -155.647 -148.836 54,213
700 30.384 51.916 35.577 11.437 ~160.407 -146.971 45,886
717.824 30.494 52.681 35.993 11.979 -160.526 -146.626 yy. 642

Phase changes:

388.36 K, melting point of §;
Lh32.02 K, second order transformation of S84
T17.824 K, boiling point of S to equilibrium mixture of Sn

368.3 K, orthorhombic - monoclinie transition point of S;

AHe = 0.413 keal/mol.

Heat capacity {cal/mol-K) and enthalpy (keal/mol) equaticns:

28,152 + 4,312x107>T - 3.8L6x105T"2
Ho- Hg,, - 28.152x107°T + 2,156x10-°T2 + 3,8U6x102T™} - 9,875

298.15-900 K:

Cp®

Formation equations (kcal/mol):

298.15-368.3
368.3-388.36

K:

K:

388,36-432,02 K:

h32.02-717.824 K:

AHf®
AGE®

AHf®"

AGL®
AHf®
4Gf°
AHf®
AGf®

[N N | I I R '}

-154.128
~154.128
=-157.473
=157.473
-205.948
-205.948
-234.384
-234.384

5. Ssuxlo 5T + 3,.853x%107°T2 - L7.400T"¢
5.554x1073TLnT - 3.853x107%T* - 23.700T"!' - 26.559x10° T
1.235x107°T - 1.385x107°T% + 419,40077!

= 0 kecal/mol.

= 0,096 kecal/mol.

1 to 8).

1.235%x1073T1nT + 1.385x107€T2 + 209.700T"' + 18, 989x10'“T

135.455x107T ~ 131.231%107%T2 + 6126.000T""
135.455x107¥TinT + 131.231x107¢T% + 3063.000T" ! + 87U4.6TUx107%T
123.737x107%T ~ 71.795x107 T2 + 15805.500T?
123.737x107%T1InT + T1.795x107%T% + 7902,.750T % + 869.132x107°T



16 Al

Al,S5.(e)
Dialuminum Trisulfide
[Reaction: 281(e) + 1.55,(g) = A1,5,(¢)]

cal/mol«K keal/mol
T,K Log Kr
Cp® Se -(G°= H2,,)/T = He- Hg,, AHre AGpe
298.15 25.111 27.927 27.927 0 ~-201.665 ~-181.574 133.096
300 25.163 28.082 27.927 .Ou7 -201.661 ~181.449 132,184
400 27.473 35.678 28.9L8 2.692 -201.409 =174.749 95.477
500 28.768 41.958 30.940 5.509 -201.081 -168.119 73.484
600 29.669 47.287 33.232 8.433 -200.731 -161.558 . 58, 847
760 30.384 51.916 35.577 11.437 -200.382 -155.067 - 48,410
800 30.999 56.014 37.880 14.507 -200.057 ~148.603 40.596
800 31.558 59.698 40.104 17.635 -199.769 -142.193 34.529

Heat capacity (cal/mol-K) and eﬁthalgy {kcal/mol) equations:

298.15-900 K:

Cp®
He= H$,s

28.152 + 4.312x107°T - 3.B846x10°T 2
28.152x107°T + 2.156x1075T2 + 3.846x10°T™! - 9.875

Reaction equations {kcal/mol):

298.15-900 K:

AHre
AGre

-204.L94 + 6.453x107°T - 1.778x107°T2 + 316.950T""
-206. 594 - 6.453x1073TInT + 1.77Bx107°T? + 158.475T"% + 111,329x107°T

Source: Data from Ferrante {36).



. As 17

As5(g)
Arsenic Monosulfide (ldeal gas)
[Formation: Asfa) + S(e,1) = AsS(g)]

cal/mol K kecal/mol
T,X Log Kf
Cp® Se ~(G%- H344)/T He- H§.q AHf® AGE®
298.15 8.324 57.824 57.824 0 45,200 32.788 -24,034
300 8.337 57.875 57.825 .C15 45,194 32.711 » =23.830
368.3 8.750 59,631 58.000 .601 Ly, 887 29,891 -17.737
368.3 8.750 59,631 58.000 601 Ly, 891 29,891 -17.737
388.36 "8.8T1 60,098 58.096 JTTT 44,828 29.076 -16.362
388.36 B8.871 60.098 58.096 JITT 44,415 29.076 ~16.362
400 8.3 60.361 58.159 . 881 Lu, 360 28.617 - -15.636
432.02 9.068 61.054 58.348 1.169 44,190 27.363 -13,842
500 : 9.337 62,802 58.808 1.797 43.726 24,756 -10.820
600 9,555 64,126 59.556 2.742 43,187 21.012 . ~T7.654
700 9.653 65.608 60.317 3.704 42.709 17.35% -5.418
7T17.824 9.657 65.851 60.451 3.876 42.629 16.711 -5.088

FPhase changes:

Heat capacity (c

368.3 K, orthorhombic - monoelinic transition point of S; AH® = 0,096 keal/mol.
388.36 K, melting point of 8; aH® = (0,413 kecal/mol.

432,02 K, second order transformation of S; AH® = 0 keal/mol,

717.824 K, boiling peint of S to equilibrium mixture of Sn {n=1to §).

al/mol-K) and enthalpy (kcal/mol) equations:

298,15-3000 X:

Cp® = 10.044 - 0,308x1073T - 1.44Bx105T"2

Ho- Hg,e = 10.08Ux107°T —_0.152)(10'5’1'2 + 1.448%10%3T™1 - 3.UB7

Formation equaticns (kcal/mol):
298,15-368.3 K: AHf® = B6.329 -~ 3.821x107°T + 0.99ux107°T2 - 23.200T!

AGF® = B6.,329 + 3.821x107°TInT - 0.994x%107°T2 - 11.600T" ! - 66.758x107°T
368.3-388.36 K: AHfe = 45,214 - 1,558x107°T ~ 0.752x107¢T? + 132.40077!

AGEe = 45.214 + 1,558x107°TinT + 0.752x107°T? + 66.200T""' - 51.575x107°T
388.36-432.02 K: AHF® = 29.055 + U43,182x107°T - UL, 03Lx107°T2? + 2034.600T7!

AGFe = 29.055 - 43,182x107°TinT + 44,.034x107°T% + 1017.300T"' + 233. 653310 ’T
432.02-717.824 K: AHf® = 19,577 + 39.276x1073T - 24,222x107°%T2 + 5261.100T7}

AGFe = 19,577 - 39.276x1073T1nT + 24.222x107%T2 + 2630.550T™*" + 231.806x107°T



18 As

hs5(g)
Arsenic Monosulfide (ideal gas)

[Reaction: Asla,1/Y4As, (g)] + 0.55,(g) = AsS(g)]
cal/mol «K kcal/mcl
T,K - . Log Kr
Ccp® §e -(Go- H3,,)/T  H9- Hg,, AHpro AGro
298.15 8.324 57.824 57.824 0 29.845 23.275 -17.061
300 8.337 57.875 57.825 .015 29.842 23.234 -16.926
400 8.941 60.361 58.159 .88 29.709 21.0%2° =-11.502
500 9.337 62.“02 58.808 1.797 29.599 18.902 -8.262
600 9.55% 64,126 59.556 2.742 29.493 16.771 -6.109
700 9.653 65.608 60.317 3.704 29.384 14,660 4,577
800 9.678 66.899 61.06C 4,671 29,263 12.565 -3.433
876 9.668 67.777 61.605 5.406 29,158 10.981 -2,740
876 9.668 b67.777 61.605 5.406 20,849 10.981 -2.740
900 9.665 68.038 61.774 5.638 20.868 10.711 ~-2.601
1000 9.632 . 69.055 62.452 6.603 20.886 9.582 -2.094
1100 9.593 69.971 63.095 7.564 20.906 8.450 -1.679
1200 9.552 70.8014 63.703 - 8.521 20.917 T.317 . -1.333
1300 9.512 T1.567 64.279 9.475 20.922 6.184 -1.040
1400 9.L7T7 72.2T1 64.825 10.424 20,97 5.050 -.788
1500 9,445 T2.924 65.344 11.370 20.906 3.917 -.571
1600 9.416 73.532 65.836 12.313 20.889 2.785 -.380

Phase change:

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) -equations:

876 K, sublimation point of As(a) to As,(g);

298.15-3000 K:

Reaction equations (kecal/mol):

298.15-876 K:

B76-1600 K:

Cp® = 10.044 - 0.304x107°T - 1.448x10°T"2
Ho- H3,, = 10,044x107%T = 0.152x107°T2 + 1.L4B8x10%T7" - 3.467
AHre = 29,540 + 0.181x107°T - 0.883x107°T2 + 98,250T77° ‘
AGre = 29,540 - 0.181x107°TLlnT + 0.883x107°T? + 49.125T7 - 20.795x107°T
AHro = 20,212 + 0.880x107°T - 0,.305x107°T% + 66.750T"!
AGre = 20,212 - 0.880x107°TInT + 0.305x1075T% + 33.375T7' - 4.831x107°T

Source: Data from Mah (73).

AH® = 33.235 kecal/mol of As, (g).



As 19

As,S,(c,1)
Dimeric Arsenlc Monosulfide
[(Formation: 2As(a) + 28(¢,l) = As,8,(c,1)]

cal/mol -K keal/mol
T,K Log Kf
Cp® Se -(G%— H24,)/T He- H%4,4 AHf® AGF®
298.15 22.480 30.300 30.300 0 -34.000 -33.377 24.466
300% 22.500 30. 440 30.300 042 -34,000 =-33.373 24,312
368.3 23.108 35.130 30.781 1.602 -34.025 -33.232 18,720
368.3 23.108 35,130 30,781 1.602 -34,217 -33.232 18.720
388.36 23,286 36.361 31.038 2,067 -34.232 ~33.177 18.670
388.36 23.286 36.361 31.038 2.067 -35.058 -33.177 18.670
4oo 23.390 37.050 31.202 2.339 -35.103 =-33.120 18.096
432.02 23.678 38.862 31.704 3.093 -35.265 -32.956 16.672
500 24,290 42,360 32.914 4,723 -35.819 -32,538 1b4,222
580 25.000 46,020 34,4798 6.694 -36.232 -31.983 12.051
580 35.000 48.520 3H.U4T9 §.144 -34.782 -31.983 12.051
600 35.000 49,700 34,960 8.84Y4 -34.666 -31.884 11.614
700 35.000 55.100 37.466 12.34Y4 -34,046 -31.473 9.826

*Data above 298 K estimated,

Phase changes: 368.3 X, orthorhombic - monoclinie transition point of 5; AH® = 0.096 kcal/mol.
388.36 K, melting point of S AH° = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
580 K, melting point of As,8,: AH® = 1.450 kcal/mol.

Heat capacity (ecal/mcl-K) and enthalpy (kcal/mol) equations:

298.15-580 K: Gp® = 19.827 + 8,930x107°T

He- Hg,e = 19.827x1073T + 4,465x107°T2 - 6,308
580-700 K: Cp® = 35,000

Ho- H34, = 35.000x107°T - 12.156

Formation equations (kcal/mol):

298,15-368.3 K:  AHf® = -31.117 - 7.903x107%T + 6.757x107%T2 - 336.000T"}

AGf® = =31.117 + 7.903x107*T1lnT - 6.757x107°T% - 168.000T"! - 48.702x10~ ’T
368.3-388.36 K:  AKf° = =-33,348 - 3.377x107°T + 3.265x107°%T2 - 24.B800T™?

AGFe = =33,348 + 3,377x107°TLnT - 3.265x1075T2 - 12,400T7! - 18.336x107°T
388.36-432.02 K: AHf® = -$5.664 + 86,103%x1077T - 83,299x107°T? + 3779.600T"!

AGFS = -65,664 ~ 86,103x1073TInT + 83.299x107¢T2 + 1889.800T ! + 552, 121x10 iT
432.02-580 X: AHf® = -BL4, 622 + 78.291x107°T - L3.675x107%T2+ 10232.600T}

AGPe = -BU.622 - T8.291x1073T1InT + 43.675x107%T2 + 5116.300T "% + 548, u26x10 °T
580-700 K: AHF® = -90.470 + 93,.U6UXT1073T - 48.140x107°T2+ 10232.600T7?

AGF® = =90,470 - 93.464x1073T1InT + 4B.140x107°T2 + 5116.300T™F + 652,466x107 3T



20 As

A3,S8,(c,1)

Dimeric Arsenic Monosulfide

{Reaction: 2As(a) + 8,(g) = A4s8,5,(c,1}]
cal/mol+K kcal/mol
T,K Log Kr
Cpe 8e° =(G°= HS4,)/T He- H3,, AHPr® AGre
298,15 22.480 30.300 30.300 0 -64.710 -52.404 38.413
300%* 22.500 30.440 30.300 042 -64,.704 -52.328 38.120
4c0 23.390 37.050 31.202 2.339 -64.405 -48.231 26.363
500 24.290 42.360 32.914 4.723 -64.074 -34.235 19.339
580 25.000 46.020 34,479 6.694 -63.781 -41.098 15.486
580 35.000 4g.520 34, h79 8.14y -62,331 -41,098 15,486
600 35.000 49.700 34,960 8.844 -62.055 -40.366 14,703
700 35.000 55.100 37.466 12.344 -60.696 -36.863 11.509

*Data above 298 K estimated.

Phase change:

Heat capacity (cal/molsK)

580 K, melting peint of As,S,;

aHe

1.450 keal/mol.

and enthalpy (kcal/mol) equations:

298.15-580 K:

580-700 K:

Cp® = 19.827
He- HSgy =

Cp® = 35.000
He=- H24, = 35.000

Reaction equations (kcal/mol}:

298.15-580 K:

580-700 K:

Source: Data from Mills (80)

AHr®
AGr?
AHre
aGre

=

-64.695
-64.695
=70.543
-70.5L3

o+ 4

+ B.930x1t07°T

x107*T - 12.156

19.827x107%T + U4,465x107°T2 - 6.308

0.102x107°T + 3.003x107°T* - 93.100T"!

0.102x107°T1nT - 3.003x107%T2 - 46,5507 ' + 43.224x1077T

15.275%1073T - 1.462x107°T% - 9310077}

15,275x1072T1nT + 1,462x1075T2 - 46,550T ! + 147.264x107°T

who estimated all above 298 K.



As 21
As,S,(orpiment,l)
Diarsenlc Trisulfide, Orpiment
[Formation: 2As(a) + 35(c,1) = As,S,{(c,1)]
¢al/mol <K kecal/mol
T,K - Log Kf
Cpe® Se -(G°= H§,,)/T He- HY,, AHf® AGE®
298.15 27.781 39.000 39,000 0 -21.890 -21.577 15.816
300% 27.822 3§.172 39.002 .051 -21.891 -21,575 15.717
350 28.566 43,524 39.311 1.464 -21.912 -21.521 13.438
368.3 28.714 4y g8y 39.586 1.988 -21.923 =21.507 12.759
368.3 28.71& Ly, 9By 39.586 1.988 -22.211 ~21.501 ©12.7%9
388.36 28.877 k6.513 39.905 2.566 -22.232 -21.459 . 12.076
388.36 28.877 46.513 39.905 2.566 -23.47% -21.459 12,076
L4o0 28.971 47,367 40.110 2.903 -23.539 ~-21.399 11.692
y32.02 29.193 49.606 40.732 3.834 -23.787 -21.220 10.735
L50 29.317 50.799 Li1.110 4.360 -24.147 -21.104 10.250
500 29.655 53.907 Lb2.237 5.835 ~-24, 644 ~20,738 9.064
550 30.090 56.756 B3.429 7.330 -25.081 -20.325 8.076
585 30.336 58.620 bl 283 8.387 -25.355 -20.014 7.477
585 45.560 70.370 uy, 283 15.261 -18.481 -20.014 7.477
600 45116 ° 71.514 Ly, 949 15.939 -18.365 =-20.055 7.305
650 44,569 75.103 47.132 18.181 =17.975 =20.211% 6.796
700 hy, 135 78.39%0 49,250 20.398 -17.586 -20.399 6.369
717.824 4y, 010 79.498 49.987 21,183 -17.442 -20,470 6.232
*Data estimated 300-585 K.

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH®° = 0.413 keal/mol.

432.02 K, second order transformation of 85 AH® = 0 kecal/mol.

585 K, melting point of As,S,; AaH® = 6,874 keal/mol.

717.824 X, boiling point of 5 to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol+K) and enthalpy {(kcal/mol) equaticns:

298.15-585 K: Cp°® = 28.903 + 3.132x1073T - 1.828x10%T"2

He- HZ4, = 28.903x1073T + 1.566x1078T2 + 1.828x102T7! - 9.370
585-850 K: Cp® = 31.178 + 9.586x107*T + 30.030x10°T"2

H°- HSg, = 31.178x107°T + B.793x107%T? - 30.030x10%T"! + 0.515

Formation equations (kecal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432,02 K:
432.02-585 K:

585-717.824 K:

BHf® = -19.263 - 7.001x107°T + 5.575x107°T? - 308.80077!

AGF® = =19,263 + 7.001x107°T1lnT - 5,575x107°T% - 154 L4OOT™! - 44,251x107°T

AHF® = -22,608 - 0.212x107°T + 0,337x107%T? + 158,000T"!

AGF® = -22.608 + 0.212x107°T1InT - 0.337x107°T% + 79.000T™! + 1.297x107°T

AHf® = -71.083 + 134.008x107%T - 129.509x107°T? + 5864.600T !

AGF® = ~-71.083 - 134.008x107°T1nT + 129.509x107°T? + 2932.300T7} + 856.983x107°T
AHf® = -99.,519 + 122.290x107%T - 70.073x107°T? + 1554410077}

AGF° = -99.519 - 122,290x107°T1nT + 70.073x107°T% + 7772,050T"' + 851, 440x107°T
AHf® = -B9.634 + 124.565x107°T - $6.846x107°T? + 12358.300T!

AGF® = -89.634 -~ 124.565x107*T1nT + 66.846x107°T2 + £179.150T7' + 855.581x107°T



22 As

As,3,(orpiment,l)
Diarsenic Trisulfide, Orpiment
[Reaction: 2As{a) + 1.55,(g) = As,S,(c,1)]

, cal/mol+K keal/mol
T,K Log . Kr
' Cp® 8o ~{Go= H$,,)/T He- HZ,, AHre AGre
298,15 27,781 39.000 39.000 0 -67.955 -50.118 36.737
300% 27.822 39,172 39,002 051 -67.947 -50.007 36,429
350 28.566 43.524 39.3M 1.46Y -67.724 -47,036 29.370
400 28.971 47.367 40.110 2.903 -6T7.492 -44,096 24,083
450 29.317 50.799 1.110 4,360 ~67.260 -41.183 20.001
500 29.695 53.907 42,237 5.835 -67.027 -38.298 16.740
550 30.090 56.756 43,429 7.330 -66.789 ~-35.438 14,081
585 30.336 58.620 uy, 283 8.387 -66.619 -33.448 12.496
585 45.560 7G.370 Ly 283 15.261 ~59.745 -33,448 12.496
600 45116 71.514 Ly, 949 15.939 -59.448 =32.777 11.939
650 4u,569 75.103 47,132 18.181 -58,487 -30,594 10.287
700 44,135 78.390 4g9.250 20.398 -57.561 -28.,484 8.893
750 43.785 81.422 51.294 22.596 -56.664 -26.436 T.703
800 43,498 84.239 53.266 24,778 -55.794 -24.,450 6.679
850 43,260 86.868 55.167 26.946 -54.947 -22.%522 5.791

*Data estimated 300-585 K.
Phase change: 585 K, melting point of As,5,; AH® = 6.874 kecal/mol.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equatlions:

298.15-585 K: Cp® = 28,903 + 3.132x1073*T - 1.828x10%T"2
Ke- HS,e = 28.903x1073T + 1.566x107%T2 + 1.828x102T7! -~ 9.370
585-850 K: Cp® = 31.178 » 9.586x107*T *+ 30.030x10°T 2

Ho- HZ,, = 31.178x107°T + 4.793x107°T* - 30.030x102T"! + 0.515

Reaction equations (keal/mol}:

298.15-585 K: AHr® = -69.629 + 5.006x107°T - 0.056x107°T? + 55.550T!

AGre = -69.629 - 5.006x107°TInT + 0.056x107°T2 + 27.775T % + 93.638x107°T
585-850 K: AHre = -53,744 + 7.281x107°T + 3,17t1x107°T? - 3130.2507"!

AGre = -53.744 - 7.281x1073TInT - 3.171%107°T% - 1565,125T77% + 97.779x107°T

Sources: Enthalpy of formatloﬁ from Johnson (22). Low-iemperature heat capacities and entropy
at 298 K from Romanovskii (102). Data 300-585 K estimated. Data 585-850 X from Mah (73).



As 23
As,8;(vitreous,l)
Diarsenic Trisulfide
[Formation: 2As{a) + 38(c,1l) = As,8,{vit,1}]
cal/mol «K , keal/mel
T,K Log Kf
Cpe® ge ~(G°= H2,,)/T He- Hg,, AHF® AGEo

298.15 27.657 4o Lo 0 -16.630 -16.615 12.179
300 27.689 g1 4o, 00 .051 -16.631 -16.615 12.104
368.3 28.562 45,926 40.582 1,968 -16,683 -16,608 9.855
368.3 28.562 45,926 40.582 1.968 -16.971 -16.608 9.855
388.36 28.818 47,448 40.898 2.544 -16.994 -16.585 9.333
388.36 28.818 47,448 L4o.898 2.544 -18.233 -16.585 9.333
%00 28.967 48,301 b1.10m 2.880 -18.302 -16.536 9.035
432,02 20.065 50.574 1,720 3.825 -18.536 -16.387 8.290
478 31,642 53.657 2,720 5.228 -19,0749 -16,117 7.369
500 3,421 55.576 h3.242 6.167 -19.052 -15.981 6.985
585 45.560 62.654 45,558 10.001 -18.481 -15.500 5.791
600 45,116 63.799 L6.001 10.679 -18.365 -15.426 5.619
700 44,135 70.674 49,048 15.138 -17.586 -14,.997 4,682
717.824 hu, o2 71.782 b9 .599 15,923 -17.442 -14.932 4. 546

Phase changes: 368.3 K, orthorhombic - monoelinle transition peint of S; AH® = 0.096 kcal/mol.

388.36 X,
4§32.02 K,
478 K, gl
585 K, me

melting polnt of 5) AH® = 0Q.U13 kecal/mol.

second order transformation of S; AH® = 0 keal/mol.
ass transition temperature of As,S,;.

lting point of As,S,.

717.824 K, boliling point of 8 to equllibrium mixture of S, {n =1 to 8).

Heat capacity (cal/mol«K)

and enthalpy {kcal/mol) equations:

298.15-585 K:

585-850 K:

Cp® =
He- Hgqy =
Cp® =
He- H§gp =

-62.260 + 177.122x107%T + 32,987x103T"2

~-62.260x107%T + 85.561x1075T2 ~ 32.987x102T™! + 21.754
31.178 + 9.586x107°T + 30.030x10°T2

31.178x107°T + B.793x107%T? - 30.030x10%T™! - H4.T45

Formation equations (kcal/mol):

298.15-368.3 K: AHf? =
AGfe =
368.3-388.36 K: AHf® =
AGf® =
388.36-432.02 K: AHf® =
AGf® =
432.02-585 K: AHf® =
AGfe =
585-717.824 K: AHf® =
AGf® a

17.12% 98.164x1073T + 92.570x107°%T? - 3790.3C0T™!

17.121 + 98.164x107*T1nT - 92.570x107€T? ~ 1895.150T % - 623.532x107°T
13.776 = 91.375x107°T + 87.332x107°T? - 3323.500T"'

13.776 + 91.375x107*T1nT - 87.332x107°T? - 1661.750T"" - 577.983x107°T
-34,699 + L2.8USx107°T - 42.514x107°T% + 2383.100T7!

-34.699 - L42.8US5x107°TinT + 42,514x107°T2 + 1191,550T7" + 277.702x107°T
-63.135 + 31,127x107T + 16,922x107%T2+ 12062.600T7!

-63.135 - 31.127x1073TInT - 16.922x107°T? + 6031.300T"! + 272.160x107°T
-89.634 124.565x107%T - 66.846x107¢T? + 12358.300T7}

-89.634 124.565x107°T1nT + 66.886x107°T2 + 6179.150T""' + 863.372x107°T

T+ | + i +



24 As

As,S,(vitreous,l)

Diarsenic Trisulfide

[Reaction:  2As(a) + 1.55,(g) = As,5,(vit,1)]
cal/mol K keal/mol
T,K : Log Kr
Cp® se -(G°- H3,4 /T He- Eg,, AHp® AGre
288.15 27.657 40 . Lo 0 62,695 -45,156 33,100
300 27.689 40.171 40.001 .051 -62.687 ~45,047 32.816
Loo 28.967 48.301 41.101 2.880 -62.255 -39.232 21.435
L78 31.642 53.657 4§2.720 5.228 -61.825 =34.777 15.900
500 43,821 55.576 43.242 6.167 -61.435 =-33.540 14,660
585 45,560 62.654 45.558 10.001 -59.745 -28.934 10.8069
600 45.116 63.799 46,001 10.679 -59.448 -28.148 10.253
700 Ly 135 70.674 49,048 15.138 -57.561 -23.083 7.207
800 43.498 76.523 52.126 19.518 -55.794 -18.277 4,693
850 43,260 79.153 53.640 21.686 54,947 -15.965 4,105

Phase changes:

Heat capacity (cal/mol-K)

478 K, glass
585 K, melting point of As,S,.

tra

nsition of As,S,.

and enthalpy (kcal/mol) equaticons:

298.15-585 K:

585-850 K:

Cpe
Ho- H3 s
Cpe
He- HS .,

| I T

Reaction equations (kcal/mol):

298.15-585 K:

585-850 K:

Source:

AHr?®°
AGr©e
AHP®
AGre

| I TR '}

-33.245
-33.245
-55.744
-55.744

Data from Mah (73).

[T S |

-62.260 + 177.122x1073T + 32.987x10°%T™2
-62.260x1073T + 88.561x107°5T2 - 32.987x102T™! + 21.754
31.178 + 9.586x%1073T + 30.030x10°T™2

31.178x107°T + 4.793x107%T2 - 30.030x102T™ ! - 4.745

86.157x107°T + 86.939x107°T? - 3L425.95077°

86.1657x1077TAnT - 86.939x1076T2 - 1712.975T" ! - 485.643x10'fT

7.281x107°T + 3.,171x107°T2 - 3130,250T"!

7.281x1073T1nT - 3.171x1078T2% - 1565,125T7! + 105.569x107°T



As 25

A3,5,(8,1)
Tetraarsenic Tetrasulfide, Realgar
[Formation: Uas(a) + 48(e,1) = As,3,(8,1)]

cal/mol+K kcal/mol
T,K Log Kf
Cp® Se ={G°= H8,4)/T He= HZ,4 AHT® AGT®
298,15 44,960 60.720 60,720 0 -32.200 -30.990 22.716
300 k5.025 60.999 60.722 L0873 -32,207 -30,983 22.571
368.3 6,499 70.376 61.666 3.208 ~32,246 -30.702 18.218
368.3 46,499 70.376 61.666 3.208 -32.630 -30.702 18,218
388.3¢6 46.932 72.854 62.1871 4.145 -32.653 ~30.594 17.217
388.36 46.932 72.854 62.181 4 145 -34.305 -30.594 17.217
400 k7,183 74,244 62.512 4,693 -34.397 -30.482 16.65%
432.02 br.777 77.900 63.518 6.213 =-34.703 -30.160 15.257
500" 49,037 84,977 65.965 9.506 -35.778 -29.345 12.826
580.15 50.397 92.367 69.113 13.491 -36.569 -28.250 10.642
580.15 63.700 103.356 69,113 19.868% -30.19%4 -28.250 10.642
600 6L, 206 105.507 70.28Q0 - 21,1356 -30,08%4 . =-28.185 10.266
700 68.312 115.684 76.051 27.743 -29.237 -27.92% 8.720
717.824 69.346 117414 77.057 28.970 -29.020 . -27.897 8.493

Phase changes: 368.3 K, orthorhombic - menoclinic transition point of 8; AH® = 0,096 kecal/mol.
388.36 X, melting point of 3; AK® = 0,413 keal/mol.
432,02 K, second order transformation of S; AH® = 0 keal/mol.
580.15 K, melting point of As,S,; AH® = 6.375 keal/mol.
717.824 K, boiling peint of S to equilibrium mixture of Sn {n=1to 8).

Heat capacity {cal/mcl+K) and enthalpy (kcal/mol) equations:

298.15-580.15 K: Cp® = 41.510 + 15.940x107°T - 1.158x105T"2

Ho- HSgp = 41.510x1073T + 7.970x107°T% + 1,158x10%T™% - 13.473
580.15-850 K: Cp® = -7.416 + 89.164x1073T + 65.252x10°T"2

He- HE,e = -7.416x1077T + 44.582x107°T> - 65.252x102T"! + 20,411

Formation equations (keal/mol):

298.15-368.3 K: AHE® =27.291 13.950x107*T + 12.554x107°T? - 556,200T"!

AGE® -27.291 + 13.950x107?T1nT - 12.554x107°T% - 278,100T"' - 85,014x1077T
368.3-388,36 K: AHE® -31.752 4.898x107*T + 5.570x107°T? + 66.200T!

AGFe = -31.752 + 4.898x1073T1nT - 5.570x107°%T* + 33.100T"" - 24.282x107°T
388.36-432.02 K: ARF® ~96.385 + 174.062x107%T - 167.558x107°T? + 7675.0007"}

nou

AGF® = =-96.385 - 174.062x107%TinT + 167.558x107%T2 + 3837.500T' + 1116,.631x107°T
432,02-580.15 K:  AHf® = ~134.300 + 158.438x107°T - 8B8.310x107%T* + 20581.000T" %
AGE® ~134,300 ~ 158.438x107°T1nT + 88.310x107%T% + 10290,5Q1T"" + 1109.241x107°T

~100.416 + 109,512x107%T - 51,698x107%T? + 13940.000T"*
~100.4816 ~ 109.512x107*T1InT + 51.698x107¢T2 + 6970.000T" % + 770.612x107°T

580.15-717.824 K: AHf°
AGSP®

wn w0



26 As

ASBSk(Bvl>

Tetraarsenic Tetrasulfide, Realgar

[Reaction: LAs(a) + 23,{(g) = As,5,(8,1)]

cal/mol-X keal/mol
T,K Log Kr

Cp® So -(G°= H3,,)/T He= H%,, AHr© AGro

298.15 44,960 60,720 60.720 0 -93.620 -69.044 50.610
300 45,025 60,998 60.722 .083 -93.609 -68.892 50,187
400 47.183 74,244 62.512 4.693 -82.995 -60,745 33.18%
500 49.037 84.977 65.965 9.506 -92.288 -52.757 23.060
580.15 50.397 92.367 £69.113 13.491 -91.666 -46. 470 17.506
580.15 63.700 103.356 69.113 19.866 -85,291 -46.470 . 17.506
600 64,206 105,507 70.280 21.136 -84, 862 -45.149 16,445
700 68.312 115,684 76.051 27.743 -82.537 -38.710 12.086
800 7H.114 125.171 81.60kK 34,854 ~-79.780 -32.629 8.914
850 77.413 129.762 84,302 38.641 -78.196 -29.739 7.646

Phase change:

580.15 K, melting point of As.S.;

Heat capacity (eal/mol-K) and enthalpy (kcal/mol) equations:

298.15-580.15 K:

580,15-850 K:

He- HSqe

Cp®

Cpe =

He- Hfys =

41.510 + 15.940x107°T - 1.158x10°772
41,510x1073T + 7.970x107°%T% + 1,158x10%T7! - 13,473
-7.816 + 89.164x1073T + 65,252x10°T"2

AH® = 6,375 kcal/mol.

=7.416x1073T + 44,582x1078T2 - 65.252x102T7! + 20.411

Reaction equations (keal/mol):

298.15-580.15 K: AHre

580.15-850 K:

AGro
AHre
AGre

Sourge: Data from Mah

-9y
-9y
-60
-60

t

(13).

L huy
.47
.563
.563

Fa

{

l

+

2,060x107%T + 5.046x107°T2 - 70.400T!

2.060x107T1nT - 5.046x107°T2 - 35,200T7! + 98.838x107°T
46.866x107°T + 41.658x107°T% - 6711.400T7!

46.866x1073T1nT - 41.658x107°T? - 3355.700T"! - 239.791x107°T



As,S,(g)
Tetraarsenic Tetrasulfide {ideal gas)

As 27

[Formation: Yas(a) + 45(c,1) = As,5,(g)]

cal/mol+K kcal/mol
T.K Log Xf

Cpe so “(0%= H$,)/T  HO= HZ,, AHF® AGE®

298,15 39,240 106.590 106.590 0 -.500 -12.966 9.504
300 39.290 106.833 106.590 2073 -.511 ~13.0U3 9.502
368.3 40.534 115.048 107.419 2.810 -.9u44 -15.853 9.L407
368.3 40.534 115.048 107.419 2.810 -J.328 -15.853 9,407
388.36 40.900 117.208 107.870 3.627 -1.47 -16.638 9.363
388.36 40.900 117.208 107.870 3.627 -3.123 -16.638 9.363
400 41,112 118.419 108,159 4,104 -3.280 -17.0M1 9.311
432.02 L1, 401 121.596 109.039 5.425 =-3.791 -18.125 9.169
500 42.014 127.700 111.170 8.265 -5.319 -20.247 8.850
600 42,521 135,409 114.586 12,494 -7.026 -23.068 8. 402
700 42.832 141.989 118.042 16.763 -8.517 -25.623 8.000
717.824 42,869 143.066 118.650 17.527 -8.763 -26.053 7.932

Phase changes:

368.3 K, orthorhombic - monoelinic transition point of S;
388.36 K, melting point of S;
432.02 X, second order transformation of 5;

717.824 K, boiling point of S to equilibrium mixture cf Sn (n=1to 8).

AH® = 0,413 kcal/mol.
AH® = 0 kecal/mol.

Heat capacity (cal/mol:X) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cp® = 43.585 + 0.056x107*T - 3.878x10°T"*
He- H2y, = 43.585x107°T + 0.028x107°T% + 3.878x103T"' - 14,298

Formation equations (kcal/mol):

298.15-368.3 K:

366.3-385.36 K: .

388.36-432.02 K:

432,02-7T17.824 K:

AHf°
AGf?
AHf®
AGSP®
AHf®
AGE®
AHf®
AGP®

3.584 - 11,875x107°T + 4,612x107°T? - 284,20077"

3.58l4 + 11.875x1073TInT - 4.612x1075T2 - 142,100T™ - 120.192x107°T

-0.877 - 2.823x107*T - 2.372x107%T? + 338.200T"!

-0,877 + 2.823x107%T1nT + 2.372x107%T2 + 169,100T"! - 53.461x107°T

AH® = 0.096 keal/mol.

-65.510 + 176.137x107°T - 175.500x107°T* + 7947.000T"}
-65.510 = 176.137x1073T1nT + 175.500x107T% + 3973.500T"! + 1081.453%107°T
-103.425 + 160.513x107°T - 96.252x107¢T> + 20853.,000T"!
-103,L425 - 160,513x107°TInT + 96,252x107°T* + 10426,500T""' + 10TH,063x107°T



28 As

As. S, (g)

Tetraarsenic Tetrasulfide (ideal gas)

[Reaction: UAs[a,1/UAs,(2)](g) + 25,(g) = As,S,(g)]
cal/mol -K kecal/mol
T,K Log Kr
cp® so =(G%- Hgg)/T H°- HZgg AHro AGre

298.15 39.240 106.590 106.590 0 -61.920 -51.020 37.398
300 39.290 106.833 106.590 .073 -61.919 -50.952 37.118
400 k1,112 118.419 108.159 4,104 -61.884 -47.304 25.845
500 Lz, 01h 127.700 111.170 8.265 -61,829 -43.660 19.084
600 Lz,521 135,409 114.586 12. 494 -61.804 -40.,032 14,581
700 42,832 141.989 118.042 16.763 -61.817 ~36.403 11.366
800 43,037 147,723 121.402 21,057 -61.877 -32.767 8.952
876 43,144 151.633 123.857 24.332 -61.958 -30.007 7.486
876 43,144 151.633 123.857 24,332 -95.193 ~-30.007 7.486
900 43.178 152.800 124.613 25.368 -95.054 -28.224 6.854
1000 43,280 157,355 127.663 29,692 -94.476 -20.829 4,552
1100 43,355 161,484 130.554 34.023 -93.911 -13.492 2.681
1200 43.413 165.259 133.291 38.362 =-93.352 ~6.204 1.130
1300 43,458 168.735 135.884 42_706 -92,806 1.034 -.174
1400 43,493 171,957 138.348 y7.053 -92,273 8.234 -1.285
1500 b3 522 174.959 140.690 51.404 =91.750 15.396 -2.243
1600 43,546 177.769 142,921 55.757 ~91.239 22.519 ~3.076
Phase change: 876 K, sublimation point of As{a} to As,(g); 4H° = 33.235 kcal/mol of As,{g).

Heat capacity (cal/mol-K} and

enthalpy (kcal/mol) equations:

298,15-3000 X:

Cp®

He- H3,,

b3
43

.585 + 0.056x107°T - 3.878x10°T"2
.585x107°T + 0.028x107%T% + 3.878x102T"! - 14,298

Reaction equations (kcal/mol):

298.15-876 K:

876-1600 K:

Source:

AHre
AGre

" AHre

AGre

-63.572
~63.572

Data from Mah (73).

+ 4.135%107°T - 2,896%107¢T2 + 201.600T!

- U.135%107T1inT + 2.896x107%T2 + 100.800T™"' + 53,660x107°T
-100.884 + 6.927x107°T - 0.584x107°T2* + 75.600T!

-100.884 - 6.927x107%T1nT + 0.584x107°%T2 + 37.800T™! + 127.278x107°T



Au 29

AusS{g)
Gold Monosulfide (ideal gas)
(Formation:  Au(e) + S{c,l) = Aus(g)]

cal/mol <K keal/mel
T,K - Log Kf
Cpe° Se ={G°= H944/T He- H%,, AHf® AGEe
298,15% 8,490 63.950 63,950 0 55.000 41,595 -30.490
300 8.490 64,000 63.95%0 L016 54.995 41.514 -30.242
368.3 8.620 65.766 6l,132 602 Shk,778 38,464 -22.824
368.3 8.620 65.766 64,132 602 54,682 38.464 -22.824
388.36 8.658 66.224 64,228 LI75 54.613 37.583 -21.15C
388.136 §8.858 66.224 BY4.228 775 54.200 37.583 -21.150
400 8.680 66.480 64.290 . 878 sh.1¥ 37.08% -20.262
432.02 8.709 67.150 64 L77 1.154 53.958 35.727 -18.073
500 8.770 68,420 64,922 1.749 53.454 32.905 -14,382
600 8.820 70.030 65,648 2.629 52.843 28.850 -10.508
700 - 8.850 71.390 66.373 3.512 52.280 24,896 -7.773
717.824 g8.85Y4 71.613 66.500 3.670 52.185 24,20 -7.368

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoelinic transition point of 85 AH® = 0,096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol,

432,02 K, second order transformation of S; AH® = 0 keal/mol.

717.824 K, beoiling point of S to equilibrium mixture of Sn (n=1to.8).

Heat capacity (cal/mol:K) and enthalpy (kecal/mol) equations:‘

298.15-2000 K:

8.920 + 0.012x107°T - 0.387x10°%T"2
8.920x107*T '+ 0.006x107°T% + 0.387x10%2T™* - 2.790

Cp®
He= H 44

nmon

Formaticn equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388,36-432.02 K:

432,02~-717.824 K: AHfe

AHf® = 56.634 - 4.663x1073T + 0.963x107°T% - 98.100T"!

AGFe = 56.634 + L4.663x1073TInT - 0.963x107°T* - 49,0507 - 76.167x107°T

AHf® = 55,519 - 2.400x107°T - 0.783x107%T* + 57.5007!

AGE® = 55.519 + 2.400x107°T1nT + 0.783x107°T? + 28,750T7! - 60.984x107°T

AHfe = 39.360 + u42,340x1077T - 44.065%107°T? + 1955.T00T"?!

AGF® = 39.360 -~ 42.3L0x1073T1nT + 4L.065x107°T? + 979.850T ! + 224.2U4x107°%T
= 29.882 + 3B.43Ux107%T ~ 24.253%107¢T* + 5186.200T!

AGfe = 29.882 - 38.43Ux107TLnT + 24.253%107%T2 + 2593.100T % + 222.396%107°T



30 Au
AuS(g)
Gold Monosulfide (ideal gas)
[Reaction: Aulec,l) + 0.58,(g) = AuS(g)]
cal/mol-K kecal/mol
T, Log Kr
Cp® 50 ~(Go- H94,)/T  Ho- Hi,, AHpo AGre

298.15* 8.490 63.950 63.950 0 39.645 32.082 -23.516
300 B.490 64.000 63.950 .016 39.643 32.037 -23.338
400 8.680 66.480 64.2590 .876 39.490 29.520 -16.129
500 8.770 68,420 64.922 1,749 39.327 27.051 -11.824
600 8,820 70.030 65.648 2.629 39.149 24,609 ~8.964
700 8.850 71.390 66.373 3.512 38.955 22.201 -6.931
800 8.870 T2.570 67.073 4,398 38.750 19.825 -5.416
900 8.880 73.620 67.7u47 5.286 38.535 17.467 =4, 242
1000 8.890 Th.550 68.375 6.175 38.311 15.145 -3.310
1100 8.300 75.400 68.978 7.064 38.071 12.838 -2.551
1200 8.910 76.180 69.551 7.955 37.806 10.549 -1.921
1300 8.910 76.890 70.085 8.846 37.486 8.293 -1.394
1337.58 8.914 77144 70.280 9.151 37.344 7.451 -1.217
1337.568 8.914 T7.144 70.280 9.181 34,387 C T 45T -1.217
1400 8.920 77.550 70.595 9.737 34,159 6.200 ~.968
1500 8.3920 78.170 71.084 10.629 33.792 4,209 -.613
1600 8.920 78.740 71.539 11.522 33.422 2.259 -.309
1700 8.930 79.280 71.978 12.4514 33,048 .325 -.042
1800 §.930 79.7%0 72.397 13.307 32.671 -1.589 .193
1900 8.930 80.280 72.806 14,200 32.29 -3.496 L4402
2000 8.930 80.730 73.184 15.093 31.909 -5.355k .585
¥Data except enthalpy of formation at 298 K estimated,

Phase change: 1337.58 X, melting point of Au; AH° = 2.957 kcal/mol.

Heat capacity (cal/mol-X) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp®
He- H3,s

Reaction equations (kcal/mol):

298.15-1337.58 K:

1337.58-2000 K:

AHr*
AGre®
AHr©
AGro

39.845
39.845
38.970
38.970

+ 1+

8.920 + 0.012x1073T - 0.387x10°%*T"%
8.920x107°T + 0.006x107%T? + 0.387x102T"! - 2.790

0.661x107°T - 0.914%1078T2 + 23,3507}

0.661x1073T1lnT + 0.914x107°T2 + 11.675T ! - 30.204x1077T

3.224x107%T - 0.154x1075T* + 4,550T"!?

3.224x1073TLnT + 0.154x107%T% + 2,275T7! - 146.979x107°T

Source: Data from Mills (BQ) who estimated all except enthalpy of formation at 298 K.



BS(g) ‘
" Boron Monosulfide (ideal gas)
[Formation: B(g) + S(c,l) = BS(g)]

cal/mol K keal /meol
T.K - - Log Kf
Cp® 8o -(G°- HE,,)/T He- Hg,, AHF® AGE®
298.15 7.182 51.644 51.644 0 58.100 45,407 -33.284
300 7.187 51.688 51.645 .013 58.098 45.329 -33.022
368.3 7.400 53.183 51.796 .51 58.006 42,428 -25.177
368.3 7.400 53.183 51.79%6 511 57.910 42.428 -25.177
388.136 7.463 53.577 51.878 . 660 57.871 41.587 -23.403
388.36 7,563 53.577 51.878 .660 57.458 41.587 -23.403
400 T.499 53.798 51.931 LTUT 57.415 1.1 -22.462
432,02 7.595 54.379 52.09 ,989 57.272 39.81 -20.139
500 7.79% 55.504 52.478 1.513 56.837 37.103 -16.218
600 8.0u44 56.9049 53.107 2,305 56,297 33.205 ~12.095
700 8.233 58.203 53.T46 3.120 55.794 29.399 -%.179
717.824 8.259 58.410 53.859 3.267 55.708 28.729 -8.747

Phase changes:- 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S;' AH® = 0.413 kcal/mol.
432.02 K, second order transformation of S; 4H® = 0 kcal/mol.
717.824 K, boiling point of S to equlilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp° = 7.805 + 0.734x107°T - 0.74Bx10°T"2
He- Hg,p, = 7.805x107°T + 0.367x107°T% + 0.74Bx10%T™" - 2.611

Formation equations (keal/mol):

298,15-368.3 K: AHf® = 60,508 - 5.092x1073T + 1.392x107°T2% - 302.300T"}

AGf® = 60.508 + 5,092x107?T1nT - 1.392x107°T? - 151,150T"' - 77.547x107?T
368.3-388,36 K: AHf© = 59,393 -~ 2,B29x107°T - 0.35Ux107°T2 - 146,.700T?

AGFe = 59.393 + 2.829x107?T1nT + 0.354x107%T2 - 73.350T"! - 62.3665x107°T
388.36-432.02 K: AHfe = 43.235 + U41,911x1073T - 43,636x107°T? + 1755.500T" ! .

AGF® = 43,235 - U1,911x107*T1InT + 43,636x107°T? + B77.750T ' + 222.864x107°T
432.02-717.824 K: AHf°e = 33.756 + 38.005x107°T - 23.824x107%T2 + 4982.000T"!

AGF® = 33.756 - 38.005x107°T1nT + 23.824x107%T2 + 2491.000T! + 221.016x107%T



32 B

Bs(g)

Boron Monosulfide (ideal gas)

[Reaction: B(B) + 0.58,(g) = BS(g)]
cal/mol «K kcal/mol
T,K Log Kr
Cp® Se =(Go= HE /T He- HS,, AHPo AGPe
298.15 7.182 51.6lU4 51.644 0 42.745 35.893 -26.310
300 7.187 51.688 51.645 013 42.7u46 35,852 -26.118
100 7.499 53.798 51.931 LTHT 2764 33.546 -18.328
500 7.799 55.504 52.478 1.513 42,709 31.250 -13.659
600 8.044 56.9L9 53.107 2.305 42,603 28,964 =-10.550
700 8.233 58.203 53.746 3.120 42_u69 26.704 ~8.337
800 8.379 59.313 54.375 3.950 42.318 24,462 -6.683
900 8.491 60.306 54,979 4, 794 42,153 22.240 -5.401
1000 8.579 61.206 55.558 5.648 41,975 20.037 -4.379
1100 8.649 62.027 56.110 £.509 41.785 17.846 -3.546
1200 8.706 62.782 56.635 7.377 41,582 15.681 -2.856
1300 8.753 63.481 57.135 8.250 W1,367 13.534 -2.275
1400 8.792 64.131 57.611 9.128 41,138 11.402 -1.780
1500 8.825 64.739 58.067 10.008 40,894 9.289 =1.353
1600 8.854 65.309 58.501 10.892 40,634 7.180 ~.981
1700 8.880 65.847 58.918 11.779 ko, 360 5.097 -.655
1800 8.3903 66.355 59.317 12.668 40.070 3.0LL -.370
1900 8§.924 66,837 58.700 13.560 39.767 .997 -.115
2000 8.944 67.295 60.068 14.453 39.448 -1.048 115

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-2000 K:

Cp*®
He- H3,44

nou

Reaction equations (kcal/mol):

298.,15-2000 K:

AHP®
aGre

7.805 + 0.734x107°T - 0.7uU8x10°T~2
7.805x1075T + 0.367x107%T2 + 0.748x10%*T™! - 2.611

43.720 - 1.090x107*T - 0.485x107°T? - 180.850T"!

43.720 + 1.090x107*TlnT + 0.485x%107€T2 - 90.425T"! - 31.584x107°T

Source: Data from Chase {19}.



(B8}, (g)

Dimeric Boron Monosulfide (ideal gas)

[Formation: 2B(B) *+ 2S(c¢,l) = (BS),(g)]
cal/mol «K kcal/mol
T,K Log Xf
Cpo ge —(G°- HZe,)/T Ho~ H§,, AHf© AGE®
298.15 15.653 64.825 64.825 0 33.057 19,138 -14,029
300 15.678 64.922 64.825 .029 33.056 19.054 -13.881
368.3 16.488 68.226 65.157 1.130 32.977 15.868 -9.416
368.3 16,488 68.226 65.157 1.130 32.785 15,868 -9.016
388,36 16.726 69.107 65.339 1,464 32.742 14,950 -3.413
3B8.36 16.726 69.107 65.339 1.464 31.916 14.950 -8.113
400 16.864 69.603 65,1455 1,659 31.852 14,442 -7.891
432,02 17.149 70.913 65.812 2.204 31.628 13.056 -6.605
500 17.754 T3.467 66.683 3.392 30.897 10.200 -4,459
600 18.419 76.766 68.096 5.202 30.043 6.138 -2.236
700 18.913 79.644 69.544 7.070 29.275 2.219 -.693
717.824 18.979 80.120 69.801 7.408 29.148 1.532 -. 467

Phase changes:

Heat capacity {cal/mol-K) and enthalpy {kcal/mol) equations:

368.3 K, orthorhombic - monoclinic transition point of 33
388.36 K, melting point of $;
432.02 X, second order transformation of $:

AH® = 0,413 keal/mol.
0 keal/mol.,
717.824 K, boiling point of 8 to equilibrium mixture of Sn (n

298.15-2000 K:

Cp®

He= Hg,,

o

18,211 + 1,5TUx107°T - 2,681x105T™?
18,211x1073T + 0.787x107°T? + 2,691x10%T™" - 6,402

Formatlion equations (keal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

§32,02-717.824 K:

AHf @
AGf®
AHF®
AGT®
AHE®
AGf®
AHf e
AGFe

LI T N T N R Y |

36.693 - 7
36.693 + 7
34,462 - 3
34,062 + 3
2.146 + 86,
2.146 - 86,

-16.811 + 78,611x107°T - 47.595x107°T% + 10083.500T""*

.583x%1073T + 2,837x1076T2 - L485,100T"!
.583%x1073TInT ~ 2.837x107°%T2 ~ 242.550T"! - 98.508x1073T
.057x107*T ~ 0.655x107°T2 - 173.900T"!

1 to 8),

L057x107*T1nT + 0.655x107%T% - 86.950T°! - 68.142x107°T
423x107%T - 87.219x107°T? + 3630,500T""'

AH® = 0.096 kcal/mol.

423x1073T1nT + 87,219x107°T? + 1815,250T "' + 502,315x107°%T

-16.811 - 78.611x1073TInT + HT7.595x107€T2 + 5041.750T™" + 498.620x107°T



3y B

(BS),(g)
Dimeric Boron Mconosulfide (ideal gas)

[Reaction: 2B(8) + S,(g) = (BS),{g)]
cal/mol K kecal/mol
T,K - Log Kr
Cp® 5o -(Go- H8, o )/T Ho- HSg4 AHr® AGre
298.15 15.653 64.825 64.825 0 2.347 LM -.081
300 15.678 64,822 64.825 .029 2.352 100 -.073
400 16.864 69.603 65.455 1.659 2.550 -.689 .377
500 17.754 73.467 66.683 3.392 2,642 -1.506 .658
600 18,419 76,766 68.096 5.202 2.654 -2.344 .854
700 18.913 79.644 69.5u4 7.070 2.625 =3.172 .9%9¢
800 19.283 82.195 70.969 8,981 2.573 -3.993 1.0
900 19.560 BL, 483 72.345 10.924 2.498 -4,81 1.168
1000 19.779 86.556 73.665 12.891 2.402 -5.617 1,228
1100 19.947 88.449 74.924 14.878 2.286 -6.425 1.276
1200 20.080 90.190 76.123 16.880 2.148 -7.206 1.312
1300 20,187 91.802 77.269 18.893 1.984 -7.978 1,341
1400 20.274 93.301 78.361 20.916 1.794 -8.733 1.363
1500 20.345 94,703 79.405 22.947 1.575 -9.471 1.380
1600 20.405 96.018 80.402 2h.985 1.326 -10.223 1.396
1700 20.455 97.256 81.357 27.028 1.046 -10.934 1.806
1800 20.497 98. 427 Bz2,274 29.076 .738 -11.606 1.409
1900 20.534 99.536 83.153 31.127 .398 -12.281 1.413
2000 20.565 100.590 83.999 33.182 .028 ~12.964 1.817
Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:
298.15-2000 K: Cp® = 18.211 + 1.57Ux107*T - 2.691x105T"2
Ho- Hg,e = 18.211x1073T + 0.787x107%T2 + 2.691x102T™! - 6.402

Reaction equations (kcal/mol):

298.15-2000 K:

Source:

AHr©
AGre

3.115 + 0.422x1073T -~ 0.917x107°T* - 242.200T"!
3.115 - 0.422x107°T1nT +.0.917x1075T% -~ 121.100T"" - 6.582x107°T

Data from Gurvich (50).



B 35
BSz(g)
Boron Disulfide {ldeal gzs)
(Formation: B(8) + 238(c,1) = BS,(g)]
cal/mol X keal/mol
T,K Log Kf
Cp® se ~(G°- Hg,,)/T Ho- HZ,, AEf® AGE®
298.15 12.170 £1.360 61.360 0 29,000 15.694 -11.504
300 12.190 61.440 61.373 .020 28.995 15,609 =11.371
368.3 12.716 64,000 61.630 873 28,874 12,570 -7.459
368.3 12,716 64,000 61,630 873 28.682 12.570 -7.459
388.36 12.870 64.679 61.770 1.130 28.632 11.696 -6.582
388.36 12.870 64.679 61.770 1.130 27.806 11.696 -6,582
Loo 12.960 65.060 61.860 1,280 27.738 11,213 -6.127
432,02 13.123 66.064 62.135 1.698 27.508 9,898 -5.007
.500 13,470 68.010 62.7590 2.610 26.787 7.199 -3.147
600. 13,820 70.500 63.883 3.970 25.958 3.352 -1.221
700 14,060 72.650 64.979 5.370 25.240 -.351 .109
717.824 14.092 73.004 65.173 5.621 25.121 =-1.000 L3048

Phase changes:.

Heat capacity (c¢

368.3 K, orthorhombic - monoclinic transition point of Sy aH® = 0.096 kcal/mol,
388.36 K, melting point of 3; AH° = C.413 kecal/mol.

432,02 K, second order transformation of 85 AH® = 0 kecal/mol.

717,824 K, boiling point of S te equilibrium mixture of Sn (n=1to §).

al/mol:K) and enthalpy (keal/mol) equations:

298.15-2000 K:

Formation equati

Cp® = 14,061 + 0. L76x107°T - 1.B0Tx10°T~2
Ho- Hf,, = 14.061x107°T + 0.238x1075T2 + 1.807x102T"! - 4,820

ona {kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-717.824 K:

AHfO = 32,006 - 7.010x%107°T + 2.980x107%T2 - 352.000T"!

AGFe = 32,006 + 7.010x107?TLlnT - 2.980x107°T2 - 176.000T"! - 91.781x107°T

AHf® = 29.776 - 2.u484x107%T - 0.512x107°T? - 40,800T"!

AGF® = 29,776 + 2.48ux107°T1lnT + 0.512x107°T? - 20.400T"! - 61.”15x10 8T

AHF® = -2.541 + B6.996x107°T - 87.076x107°T* + 3763,600T"!

AGfe = -2.541 ~ 86.996x107*T1nT + 87.076x1075T% + 1881.800T! + 509.042x107°T
AHf® = -21,U4G8 + 79.184%107°'T - 47.452%107%T? + 10216.600T ¢

AGF® = ~21.498 - 79.18Ex107*TlnT + 47.452x107°T2 + 5108,300T"! + 505.347x107°T



36 B

BS,(g)
Boron Disulfide (ideal gas)

[Reaction: B(8) + 8,(g) = BS,(g)]
cal/mol «K kcal/mol
T,K Log Kr
Cp® ge (G- H2,44)/T He- HSy, AHr® AGre
288.15 12.170 61.360 61.360 0 -1.710 -3.333 2,443
300 12.190 61,4840 61,373 .020 -1.709 -3.345 2.437
400 12.960 65.060 61.860 1.280 -1.564 -3.918 2.11
500 13.470 68.010 62.790 2.61C -1.468 -4,507 1.970
600 13.820 70.500 63.883 3.970 -1.431 -5.129 1.868
700 14,060 72.650 64.979 5.370 -1.410 -5, 741 1.792
800 14,240 T4.540 66.065 6,780 -1.417 -6.363 1.738
300 14,370 76.220 67.098 8.210- -1.436 -6.978 1.695
1000 14,460 T7.740 68.080 5.660 -1.461 -7.584 1.657
1100 14,540 79.120 69.020 11.110 -1.510 -8.198 1.629
1200 14,590 80,390 69,923 12.560 -1.581 -8.811 1.605
1300 14.640 81.560 70.775 14.020 -1.664 -9,409 1.582
1400 14.670 82.650 71.586 15.490 -1.759 -10,002 1.561
1500 14.700 83.660 72.353 1£.960 -1.876 -10.578 1.541
1600 14,720 84.610 73.091 18.430 -2.015 -11.167 1.525
1700 14.740 85.500 73.794 19.900 -2.176 =11.732 1.508
18C0 14,760 86.340 74,462 21.380 -2.346 -12.266 1.489
19¢0 14,780 87.140 75,114 22.850 -2.547 -12,820 1.475
2000 14,790 87.900 75.735 24,330 -2.758 -13.370 1.461

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 14.061 + 0.476x1073T - 1.807x10°T"2
Ho= H9gs = T4.061x107°T + 0,238x107°T2 + 1,807x103T7} ~ 4,820

Reaction equations (kcal/mol):

298.15-2000 X:

Sources:

AHpo
AGre

-1.572 + 0.995x107°T ~ 0.774x107°%T% - 109.100T7}
-1.572 = 0.995x107°T1InT + 0.774x107°T% - S4_.550T"! + 0.145x107°T

Enthalpy of formation at 298 K from Wagman (126).

Other data from Sommer (110).



B 37
B.S(g)
Divoron Sulfide (ideal gas)
(Formation: 2B(8) + S{g¢,1) = B,5(g)]
cal/mol K kcal/mol
T,K — e Log Kf
Cpo 89 ={G°=~ H3,¢)/T He- HY,., AHE® AGE®
298.15 12.610 59.304 59.304 0 143.670 129.113 -94,. 6411
300 12.628 59.382 59.305 .023 143.673 129.025 -93.993
368.3 13.137 62.031% 59.571 .908 143,760 125.675 -74.575
368.3 13.137 £62.031 59.571 .906 143.664 125.675 -74.575
388.36 13.286 62.731 58.717 1.171 143,672 124.696 -70.172
388.36 13.286 62,731 59.717 .17 143,259 124,696 -70.172
400 13.373 63.125 59.810 1.326 143,242 124,140 -67.826
432,02 13.520 b4, 160 60.095 1.757 143.167 122.613 -62.026
500 13.831 66.163 60.787 2.688 142.853 119.410 -52.193
600 14.119 68.712 61.900 4,087 142,445 114.75% -41,799
700 14.309 70,904 63.034 5.509 142,031 110.175 ~34,.398
T17.824 14,332 71,264 63.234 5.764 141,958 109.366 -33.297

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.

432.02 K, second order transformation of 33 4H® = 0 kecal/mol.

717.82Y4 K, boiling point of 3 to equilibrium mixture of Sn {n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) eguations:

298.15-2000 K:

14,366 + 0.332x107°T - 1.649x10°T"*
TH,366x107°T + 0,166x1078T2 + 1.6U9x10°T™! ~ 4.851

Cp®
He- Hg,,

u n

Formation equations (kecal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-717.824 K: AHfe

AHf® = 146,050 - 3.254x107°T + 0.499x107°T?* - 433.700T™!

AGFS = 146,050 + 3.254x1073TinT - 0.499x107%T2 - 216.850T"% - 72.759x107°T

AHF® = 144,935 - 0.991X1073T ~ 1.247x107¢T% ~ 278.100T "

AGE® = 144,935 + 0.991x107°TInT + 1.247x107%T2 - 139.050T ! - 57.576x107°T

AHf® = 128,777 + B3.749%X107°T - L4 _529x1078T% + 1624.100T"

AGE® = 128.777 =~ 43.749x107*TinT + HL.529x107°T2% + B12.050T"! + 227.652x107°T
= 119.298 + 39.843x1073T ~ 24, 7T17x107%T2 + 4850,6007!

AGPe = 119,298 - 39,.843x1077TInT + 24, T17x107°T? + 2425.300T"! + 225.805x107°T



B,S(g)
Diboron Sulfide (ideal gas)
[Reaction: 2B(B) + 0.55,(g) = B,5(g)]

cal/mol+K kecal/meol
T,K :
Cp® Se =(GCo= HE,,)/T He- H%,, AHr® AGr®

298.15 12,610 59.304 59,304 0 128.315 119.600
300 12.628 59,382 59.305 .023 128.321 119.548
oo 13.373 63.125 59.810 1.326 128.591 116.574
500 13.831 66.163 T 60.787 2.688 128.726 113.557
600 14.119 68.712 61.900 4,087 128.751 110.914
700 14,309 70.904 - 63.034 5.509 128.706 107.480
800 14,439 72.823 64.139 6.947 128.817 104,457
300 14.531 T4.530 65.201 8.396 128.488 101.443
1000 14.598 76.064 66.212 3.852 128.324 98.449
1100 14.650 77.458 67.172 11.315 128.132 95.458
1200 14.689 78,734 68.082 12.782 127.910 92.502
1300 14,720 79.912 68.949 14,252 127.657 89,566
1400 14,745 81.003 69.771 15.725 127.376 86.647
1500 14,765 82.021 70.554 17.201 127.064 83.756
1600 14,781 - 82.975 71.301 18.678 126.719 80.855
1700 14.795 83.871 72.014 20.157 126.34Y4 78.002
1800 14,807 84,717 72.696 21.637 125.940 75.194
1900 14,816 B5,518 73.351 23.118 125.506 72.389
2000 14,825 86.278 73.978 24,600 125.042 69.580

Heat capacity {(cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 X: Cp® 14.366 + 0.232x107°T - 1.649x105T™2
He- H3,, 14,366x107 T + 0.166x1078T2 + 1.649x%102T™! - 4.851

Reaction equations (kcal/mol):

298.15-2000 K: AHre 129.262 + 0.749x1073T - 1.378x107¢T% - 312,250T"!
AGre® 129.262 - 0.749x107°T1InT + 1.378x107°T2 - 156.125T"' - 26.796x707°T

Source: Data from Gurvich (50).



Diboron Trisulfide

B,S,{c)

[Formation: 2B(B) + 35{(e,l) = B,S,(e)]
cal/mol *K kcal/mol
T,K Log Kf
Cpe se -(Go- H2,,)/T He- Hi., BHE® AGE®
298,15% 27.990 22,000 22,000 0 -60.300 -59,166 43,369
300 28,020 22.170 22.00Q ,052 -60,288 -59,156 43.094
368.3 29.065 28.040 22.596 2.005 -59.899 -58.949 34.980
368.3 29.065 28.040 22.596 2.005 -60.187 -58.949 34.980
388.35 29.372 29.590 22.918 2.591 -60.096 -58.882 33.135
388,136 29.372 29.580 22.918 2.591 -61.335 -58.882 33,135
Loo 29,550 30.460 23.125 2,934 -61,340 -58.809 32.131
432.02 30.040 32,754 23.755 3.888 -61,017 -58,606 29.647
500 31.080 37.220 25.288 5.966 ~-£1.933 -58.108 25.398
600 32.610 43.020 27.770 9.150° -62.270 -57.310 20.875
700 34,140 18,160 30.320 12,488 -62,368 56,1468 17.630
T17.824 34,413 L4g,p22 20,774 13,099 -62.359 =-56.317 17.146

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity {cal/mol-K) and enthalpy (keal/meol) equations:

388.36 K, melting point of 3;
432,02 K, second order transformation of $;

368.3 K, orthorhombic - monoclinic transition point of §;

AH® = 0.413 keal/mol.

298.15-836 K:

Cp® = 23.529 + 15.178x107*T - 0.057x10°T"*
Ho- Hfgye = 23.529x1073T + 7.589x107%T2 + 0.057x102T™! - 7.709

Formaticn egquations (keal/mol):

298.15-368.3

368.3-388.36

K:

K:

388.36-432.02 K:

4§32,02-717.824 K:

AHf® = -55,165

AGE©
AHf©
AGF®
AHE®
AGE®
AHf°
AGPe

=

-55.165
-58.510
-58.510

+

+

10,439x1073T + 11.356x107%T2 ~ 904,100T"!?

AH® = 0 keal/mol,
717.824 K, boiling point of S to equilibrium mixture of Sn {n=1to 8),

0.096 kecal/mol.,

10.439x107*T1InT - 11.356x107%T? - 452,050T ! - 64.427x107°T

3.650x107°T + 6.118x107%T% - 437.300T"!
3.650x107°TInT - 6.118x107¢T? - 218.650T" ! - 18,878x107°T

-106.985 + 130.570x107°T - 123.728x107°T? + 5269.300T"!
-106.985 - 130.570x107°TlnT + 123.728x107°T% + 263L4.650T ' + B36.807x107°T
-135,421 + 118.852x107°T - 64,292x107°T? + 14948,.800T™?
=135.421 - 118.852x107°T1nT + 64.292x107%T2 + TUTH,400T™! + 831.264x107°T




40 B

B,S,(c,1)
Diboron Trisulfide
[Reaction:  2B(R) + 1.55,(g) = B,S,(ec,1)]

cal/mol-K . kcal/mol
T,K Log Kr
Cp® Se =(G°= H945)/T H®= HS,e AHP® aGre
298.15% 27.990 22.000 22.000 0 -106.365 -87.707 64.290
300 28.020 22.170 22.000 .062 -106.344 -87.587 63.806
400 29.550 30.460 23.125% 2.934 ~105.293 -81.506 43.532
500 31.080 37.220 25.288 5.966 -104.315 ~75.667 33.074
600 32.610 43,020 27.770 §.150 -103.354 -70.033 25.509
700 34.140 48,160 30.320 12,488 -102.343 -64,554 20.154
800 35.670 52.820 32.847 15,978 =101.252 -59,227 16,180
836 36.220 54,400 33.742 17.272 -100.835 -57.345 14,991
836 36.250 68.160 33.742 28.772 -89.335 ~57.345 14.991
900 36.250 70.830 36.283 31.092 -88.595 -54,924 13.337
1000 36,250 74,650 39.933 38,717 -87.477 -51.24 11.199

*Data except enthalpy of formation at 298 X and temperature and enthalpy of fusion estimated.

Phase éhange:

836 K, melting point of B,S,; AH° = 11.500 kcal/mol.

Heat capacity (cal/mol-XK) and enthalpy (kcal/mol) equations:

298.15-836 K:

836-1000 K:

Cp® = 23.529 + 15.178x107°T - 0,057x10%T"2
H°- HZ,, = 23.529%107°T + 7.589x107°%T2 + 0.057x10%T~! - 7,709
Cp° = 36.250

HO—

4e = 36.250x107°T = 1,533

Reaction equations (keal/mol}): "

298.15-836 K:

836-1000 X:

AHr® =

AGre
AHpr®
AGr®

-105.531 + 1.568x107°T + 5,725x107°T* - 539,750T"!
-105.531 - 1.568x1073TinT - 5.725x1076T% - 269.875T7' + 73.U462x107°T
-99.355 + 14.289%107°T - 1,B64x107°T2 - 545,450T7?
-99.355 - 14.289x107°TInT + 1.88Lx1075T2 - 272.725T7" + 145.329%1073T

Source: Data from Mills (80) who estimated all except enthalpy of formation at 298 K and tempera-
ture and enthalpy of fusion.



B,S,(g)
Diboron Trisulfide (ideal gas)
[Formation: 2B(8) + 35(c,1) = B,S,(g)]

cal/mol XK kecal/mol
T,K Log Xf
Cpe® Se ~(G°= H944)/T H°= H%ae AHf® AGSP®
298,15 19.758 83,967 83.967 0 4, 2u0 -13.101 9,603
300 19.785 84,089 83.967 .037 4,238 -13.206 9.620
368.3 20,687 88.243 84,386 1.421 4,057 =17.165 10.186
368.3 20.687 88.243 8u.386 1.u21 3.769 =17.165 10.186
388.36 20.952 89.347 8u.614 1.838 3.692 -18.302 10.299
388.36 20.952 89.347 84,614 1.838 2.453 -18.302 10.299
400 21.106 89.968 84,761 2.083 2,349 =18.923 10.339
432,02 21.437 91,606 85.208 2.764 1.999 =20.614 10,428
500 22.139 9u. 794 86.298 4,248 .830 -24.072 10.522
600 22.921 98.903 88,065 6.503 =377 -28,947 10.544
700 23.505 102.483 89,874 8.826 -1.4380 -33.616 10,495
Ti7.824 23.583 103.075 90.195 9.246 -1.672 -34.430 10,483

Phase changes: 368.3 K, orthorhombic - monoelinie transition point of §; aAH® = 0.096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432,02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=11%08).

Heat capacity (cal/mol-X) and enthalpy (keal/mol) equations:

298,15-2000 K: Cp® = 22.79U + 1.752x1072T - 3.164%105T"2
Ho- H3,, = 22.794x1073T + 0.876x1075T? + 3,164x102T"* - 7.935

Formation equations (kecal/mol):

298,15-368.3 X: AHf® = 9,150 - 11 174x107°T + L4 _6U3x107°5T2 - 593,HQ00T™!
AGF°e = 9,150 + 11,174x1072T1InT - L,6L43x1075T7% - 236, 700T™ - 133, 572x10'3T

368.3-388.36 K: AHfe = 5,804 N.385x10 3T - 0.595x107°T2 - 126,.600T""

AGFe = 5.804 + 4.385x707*TInT + 0.595x107°T* - 63.300T"" - 88.023x1073T
388.36-432.02 K: AHF® = ~42,671 + 129.835x107°T ~ 130,447x107%T? + 5580.000T?

AGF® = =42.671 - 129,835x107*T1nT + 130.411x107€T% + 2790.000T"* + 767.662x107°7
432.02-717.824 K: AHf° = ~71.107 + 118.117x107%T - 71.005x1076T2 + 15259.500T ‘

AGF® = =~T71.107 - 118.117x1073T1lnT + 71.005x107%T% + 7629.750T™* + 762.119x107°T



42 B

B,3,;(8)

Diboron Trisulfide (ideal gas)

[Reaction: 2B(B) + 1.58,(g) = B,S,(g)]
cal/mol-K keal/mol
T,K Log Kr
Cpe® Se =(G°= HZ, /T He- H$,q AHre AGre
298.15 19.758 83.967 83.967 0 -41.824 -41,642 30.524
300 19.785 84.089 83.967 .037 -41.818 -41.637 30.332
Loo 21.106 89.968 84.761 2.083 41,604 -41.620 22.740
500 22.139 gl. 794 86.298 4.248 -41.493 -41.632 18.197
600 22.921 98.903 88.065 6.503 -41.460 -41.669 15.178
700 23.505 102.483 89.874 8.826 -41,464 =41,701 13.020
800 23,944 105,651 91.652 11,199 -41.490 -41.730 11.400
900 24,277 108.491 93.368 13.611 -41.536 -41.759 10.140
1000 24.533 111.063 §5.011 16.052 -41.601 -41.779 g.131
1100 24.734 113,411 96.578 18.516 -41.688 ~41.805% 8.306
1200 24,892 115.570 98.073 20.997 -41.798 -L41.807 7.614
1300 25,020 117.568 99,496 23.1493 -41.934 41,797 7.027
1400 25.124 119.1426 100.855 26,000 ~42,098 -41,780 6.522
1500 25.210 121.162 102.151 28.517 -42,293 -41.743 6.082
1600 25.281 122.792 103.391 31.042 -42.521 ~-41.724 5.699
1700 25.34 124.326 104,577 33.573 -42.782 -41.664 5.356
1800 -25.392 125.776 105,715 36.110 -43.073 ~L1.565 5.047
1900 25.435 127.150 106,807 38.651 -43.358 =14 L.770
2000 25,473 128.456 107.857 41,197 -43,756 -41,386 4,522
Heat capacity (cal/mol+K) and enthalpy {(kcal/mol) equations:
298.15-2000 K: Cp® = 22.794 + 1.752x1073T - 3.164x10°5T"2
Ho- Hig, = 22.794%107°T + 0.B76x107°T? + 3.164x102T"% - 7.935
Reaction equatlons (keal/mol): .
298.15-2000 K: AHr® = -41.217 + 0.83U4x107°T - 0.988x107%T* - 229.050T"!
317x107°T

Source:

AGre = -41.217 - 0.834x107°T1nT + 0.988x1075T% - 114,525T"! + 4,

Data from Gurvich (50).



Ba 43
BaS(c)
Barium Sulfide
[Formation: Ba(e) + 3(e,1) = BaS{c)]
cal/mol K kcal/mol
T,K Log Kf
: Cpe® se -(G°= H84,)/T H°- Hi,, AHf® AGE®
298.15 11.801 18.737 18.737 0 ~110.800 -109.655 80.378
300% 11.809 18.810 18.737 022 -110.800 -109.847 79.876
368.3 12.090 21.260 18.983 .839 -110.849 -109.383 64.907
368.3 12.090 21.260 18.983 . 839 -110.945 -109.383 64,907
388.36 12.172 21.904 19,118 1.082 -110.974 -109,296 61.506
388,36 12,172 21.504 19.118 1.082 -111.387 -109.296 61.506
400 12.220 22.264 19.204 1.224 ~111.424 ~109.233 59.681
432,02 12.342 23.210 19,466 1.617 -111.560 -109.053 55.167
500 12.600 25.033 20.103 2.465 -112.028 -108.622 L7.478
582 12.862 26.967 20.936 3.510 -112.652 -108:016 40,561
600 12.920 27.360 21.123 3.7h2 -112.723 -107.871 39.292
700 13,160 29.370 22,161 5,0L6 ~113.134 -107.031 33.416
717.824 13,199 29.701 22,345 5.281 -113.212 -106.875 32.539

*Data above 298

Phase changes:

K estimated.

368.3 K, orthorhomblc - monoclinic transition point of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of $; AH® = 0.413 keal/mol. .

432.02 K, second order transformation of 8; AH® = 0 kecal/mol.

582 K, o« = B transition point of Ba; AH® = 0 keal/mol.

T17.824 K, poiling point of S to equilibrium mixture of Sn (n=11%to08)."

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 11.935 + 1.870x107°T - 0.616x103T ™2 :
Ho- HS8qy = 11.936x107°T + 0,.935x107%T% + 0.616x102T"! - 3.B848

Formavion equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:
43z2.02-582 K:

582-717.824 K:

AHF® = =114.774 + 13.485x107%T - 15.598x1075T2 + 399.500T"!

AGF® = -T14,774 - 13.485x107°T1InT + 15,598x107°T2? + 199.750T"* + 87.105x107°T
AHF® = -115.889 + 15,748x1073T - 17.344x107°T? + 555.100T"!

AGE® = -115.889 - 15,748x107T1nT + 17.34Ux107ST2 + 277.550T"! + 102,288x1073T
AHf® = -132,047 + 60.488x107%T - 60.626x107°T? + 2U57.300T™!

AGF® = -132.047 - 60.488x107°T1nT + 60.626x1075T2 + 1228.650T™} + 387.516x107%T
AHF® = -141.526 + 56.582x107%T - 4D.814x107°T2 + 5683.800T7}

AGF® = -141.526 - 56.582x107°TLlnT + U40.814x107°T> + 2841.900T7 ! + 385.669x107°T
AHF® = =138.005 + 44,342x107°T - 27.674x107°T2 + 5190,300T*

AGE® = =138.005 - Ub,342x107°T1lnT + 27.67Ux107°T2 + 2595.150T"! + 310.070x107°T



4y Ba

BaS(e)

Barium Sulfide

[Reaction: Bafe,1) + 0.5S,(g) = BaS(c)]
cal/mol-K kcal/mol
T,K Log Kr
Cp® Se -{Go= H24¢)/T He= HZg, AHre AGre

298.15 11.801 18.737 18.737 0 -126.155 -119.168 87.351
300#% 11.809 18.810 18.737 .022 -126.152 -119.124 86.780
400 12.220 22.264 19.204 1.224 -126.075 -116.799 63.815
500 12.600 25.033 20.103 2.465 -126.156 -114,475 50.036
582 12.862 26.967 20.936 3.510 -126.419 -112.542 42.261
600 12.920 27.360 21,123 3.742 -126.418 -112.112 4p,836
700 13.160 29.370 22.161 5.046 -126.459 -109.727 34,258
768 13.310 30.597 22.855 5.946 -126.537 -108.097 30.761
800 13.380 31.142 23.176 6.373 -126.574 -107.328 29.320
900 13.570 32.728 24.150 7.720 -126.646 ~104.919 25.U77
1000 13.780 34.169 25.081 9.088 -126.693 =-102,502 22.40
1002 13.784 34,197 25.098 9.116 -126.694 -102.453 22.346
1002 13,784 34,197 25.099 9.116 -128,546 -1.02.453 22,346
1100 13.965 35. 497 25.968 10.475 -128.626 -99.897 19.847
1200 14.150 36.714 26.813 11.881 -128.662 -97.283 17.717

1300 14.336 37.854 27.619 13.305 -128.663 -94.668 15.915
1400 14.520 38.923 28.383 14748 -128.648 -92.054 14,370
1500 14,699 39.937 29.125 16.209 -128.620 -89.440 13.037
1600 14,880 40,885 29.830 17.688 -128.576 -86.829 11.860
1700 © 15,066 41,793 30.508 19.185 -128.,519 -84, 222 10,827
1800 15.250 Lb2.660 31.159 20.701 -128. 445 -81.620 9.910
1800 15.429 43.488 31.786 22.235 -128.356 -79.020 9.089
2000 15.610 by 285 32.391 23.787 -128.253 -76.426 8.351
*Data above 298 K estimated.

Phase changes: 582 X, @ - B transition point of Ba; AH® = 0 kcal/mol.

768 K, 8 - Y transition point of Ba; AHK® = 0 kcal/mol.

1002 K, melting point of Ba;

AH® = 1,852 xcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He- H3,, = 11.936x107°T + 0.935x107°T2 + 0.616x102T! - 3.848

Cp® = 11.936 + 1.870x107%T - 0.616x105T72

Reaction equations (kcal/mol):

298.15-582 K:
582-768 K:
768-1002 K:

1002-2000 K:

AHr©
AGre
AHro©
aGre
AHre
AGre©
AHr e
AGre®

-131
-1

-125

-128,
-128.
-125.

-132.
-132.

.563
.583
ob2
oz
086
.085
3o
340

o+ o+

"+ + 1

17.487x1072T ~ 17.475x1075T2 + 520.950T"!?

17.487x107*T1lnT + 17.475x107%T% + 260.475T"} + 133.068x1073T
L247x107°T - b4.335x107°T% + 27.450T7!
L247x1073TInT + 4.335x107°T% + 13,725T7% + 57,469x107°T
L895%1073T + 1,256x%1078T2 + 27.0507"!
.895%1073T1InT - 1.256x107ST2 + 13.525T ! + 3.821x107°T
JAT2x1073T + 0.126X107°T2 + 2493.350T"!
L172x1073TAnT - 0.126x1075T2 + 1246. 675T s 36 802x1073T

—= =N W

Source: Data from Chase (17) who estimated those above 298 K.



Ba 45

BaS(g)
Barium Sulflde (ideal gas)
[Formation: Ba(e) + S(c,1) = BaS(g)]

cal/mol-K keal/mol
T,K Log Kf
Cp® Se ={G°= HZ4g)/T Ho= H%,4 AHf® ACfE®
298.15 B.u92 59,453 59.453 0 9.030 -1.964 1.440
300 8.497 59.506 59.453 .016 9.024 -2.031 1.480
368.3 8.629 61,265 59.632 601 B.7LY -4,524 2.684
368.3 8.629 61.265 58.632 601 8.6L8 -4,524 2.684
388.36 8.668 61.724 59.728 <775 §.549 -5.238 2.548
388.136 8.668 61.724 59.728 LT75 8.136 -5.238 2.948
Loo 8.690 61.980 59.790 .876 8.058 -5.638 3.080
432,02 8.723 62.650 59.977 1.155 7.808 -6.725 3.402
500 ‘ 8,793 63.931 60.429 1.751 7.088 -8,955 3.914
582 8.8kYy 65.270 61.020 2.474 6.142 -11.515 4,324
600 8.855 65.5U40 61.152 2.633 ‘ 5.998 -12.058 4.392
700 8.896 66.908 61.878 3.521 5.171 -15.003 4,684
717.824 8.901 67.132 62.006 3.680 5.017 -15.514 k,723

Phase changes: 368.3 K, orthorhombie - menoclinic transition point of S; AH® = 0.096 koal/mol,
388.36 K, melting point of S; AH® = 0.U413 keal/mol.
432.02 K, second order transformation of S; AH® = O keal/mol.
582 K, a - B transition point of Ba; AH® = O keal/mol.
717.82Y4 K, boiling point of S to equilibrium mixture of 5, (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: 8.867 + 0.148x1C7*T - 0.372x10°T" 2
8.867x107°T + 0,074x107°T% + Q.372x10%:T"! ~ 2.775

He- Hgaa

Formation equations (kcal/mol):
298.15-368.3 K: AHf? = 6,129

+ 10.416x107°T - 16.459x107°T? + 375.100T"!

AGF® = 6.129 - 10.416x107°T1InT + 16.4%9x107°T2 + 187.550T ! + 25,183x107°T
368.3-388.36 K: AHfe = 5,014 + 12.679x107°T - 18,205x10°°T? + 530.700T"!

AGf9 = 5,014 - 12.679x107°T1lnT + 18.205%x107°T? + 265.350T"! + 40, 366x10'3T
388.36-432.02 K: AHfO = -11.144 + 57.419%x107%T - 61.487x1078T2 + 2432.900T"!

AGF® = -11.144 - 57.419x1073T1nT + 61.U87x1078T2 + 1216.450T ! + 325.595x107%T
432.02-582 K: AHf® = -20.623 + 53.513x107°T - U1.675%107%T2 + 5659.400T!

AGfe = =-20.623 = 53.513x107°TLnT + 41.675x107°T? + 2829.700T" ! + 323.747x107°T
582-717.824 K: AHf® = -17,102 + 41.273x107°T - 28.535x107°T2 + 5165,900T! ‘

AGFe = =17.102 - U41,273x107°TInT + 28.535x107°T* + 25B2,950T ! + 248.148x107°T



he Ba

BaS(g)
Barium Sulfide {(ideal gas)

[Reaction: Ba(ec,l) + 0.55,(g) = BaS(g)]

cal/mol <K kecal/mol
T,K Log Kr
Cp® Se =(G°= Hg,4)/T He- H2,4, AHre AGre
298.15 8.492 59.453 59.453 0 -6.325 -11.,478 B.u13
300 8.497 59.506 59.453 016 -6.328 ~-11.509 8.384
400 8.690 61.3980 59.790 .876 -6.593 -13.203 7.214
500 8.793 63.931 60.429 1,751 -7.039 -14,808 6.u473
582 8.844 65.270 61.020 2.474 -7.625 -16.040 6.023
600 8.85% 65.540 61.152 2.633 -7.696 -16,299 5.937
700 B.896 66.908 61.878 3.521 -8.154 -17.6598 5.526
768 8.916 67.734 62.361 4,127 -8.526 -18.607 5,295
800 8.925 68.098 62.583 4.un2 -8.705 =-19,024 5.197
900 8.948 69.151 63.255 5,306 -3,229% -20.283 4,925
1000 8.966 70.095 63.893 6.202 -9.749 -21.483 4.695
1002 8.966 70.113 63.905 6.220 -9.760 -21.507 b, 691
1002 8.966 70.113 63.905 6.220 -11.612 . -21.507 4,691
1100 8.982 70.950 64.496 7.099 -12,172 - -22.448 4,460
1200 8.997 71.732 65.067 7.998 -12.715 -23.358 4,254
1300 9.012 72.u53 65.608 8.808 -13.240 -24.224 4.072
1400 9.02%9 73.121 C66.121 9,800 -13.767 -25.049 3.910
1500 9.050 73.745 66.609 10.704 14,294 -25.836 3.764
1600 9.080 74.330 67.073 11,611 -14.823 -26,588 3.632
1700 9.121 74,881 67.516 12.521 -15.352 -27.306 3.510
1800 9.178 75.404 67.940 13.435 -15.881 -27.995 ©3.399
1900 9.255 75.903 68.347 14,357 -16,404 -28.654 3.296
2000 9.356 76.380 68.736 15.287 -16,923 -29.286 3.200
Phase changes: 582 K, &« - § transition point of Ba; AH° = Q keal/mol.
768 K, B - ¥ transition point of Ba; AH® = 0 kcal/mol.

1002 K, melting point of Ba; AH° = 1.852 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp*®

Ho= HE,,

Reaction equations (keal/mol):

298.15-582 K:
582-768 K:
768-1002 K:

1002-2000 K:

AHre°
AGr®
AHr®
AGr©
AHr®
AGr®
AHr?®
AGP®

[N | N Y TR | O B B |

8.867 + G.148x107°T - 0.372x10°T"2
8.867x107°T + 0.074x107°T? + 0.372x10%T"*" - 2,775

-10.659 + 14,418x107°T - 18,336x%107°T2 + 496.550T!

-10.659 - 14,418x107°T1lnT + 18.336x107°T% + 248.275T7% + 71.146x107°T
-7.139 + 2.178%107°T - 5,196x107%T% + 3.050T"’

~7.13% - 2.178x1073TinT + 5,196x107¢T2 + 1.525T"! - 4.U453x107°T
-4.183 - 5.964x107°T + 0.395x107°T2 + 2,650T"}

~4.183 + 5.964x107T1lnT - 0.395x107°T% + 1.325T7! - 58.101x107°T
-11.437 - 1.897x107°T - 0.735x107°T* + 2468.950T""

-11.437 + 1.897x1072T1nT + 0.735x107°T2 + 1234, 475T7! - 25,120%x107°T

Source: Data from Chase (11) who estimated some molecular constants.



Be L7
BeS{e)
Beryllium Sulfide
[Formation: Be{c) + S(c,1) = Be3{c)]
cal/mol-K . kcal/mol
T,K Log Kf
Cp® Se =(G°— H24g)/T Ho~ HS4a AHf® AGF®

298.15¢% 8.130 8.850 8.850 o] -56.000 -55.678 4p.812
300 8.200 8.901 8.851° .015 -56.002 -55.877 L0.560
368.3 9.546 10.733 9.029 .628 -56.064 -55.595 32.990
368.3 9,546 10.733 9.029 ,628 -56.160 55,595 32.990
388.36 9.941 11,25C 9,131 .823 . -56.175 -55.563 31,268
388.36 9.9 11.250 9.1 .823 -56.588 -55.563 31.268
Tede] 106.170 11.547 9.197 eLle} -56.613 -55.532 30.341
432.02 10.564 12.345 9. 40 1.272 -56.698 55,443 28.047
500 11.400 13.957 9.913 2,022 -56.969 -55.224 24,138
600 12.200 16,110 10,770 3.204 -57.189 -54,848 19.978
700 12.750 18.033 11.673 L. us2 -57.316 ~54.451 17.000
717.824 12.827 18.354 11.835 4.680 -57.330 -54.377 16.556

*Data except enthalpy of formation at 298 K estimated.

Phase c¢hanges:

368.3 K, orthorhomble - monoclinie transition point of 3; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol.

432.02 X, second order transformation of S; AH® = 0 keal/mol.

717.824 K, beiling point of S to equilibrium mixture of Sn (n=11to0#8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-2500 K:

Cp°® = 12.598 + 1.500x1073T - 4.369x10%T"2

- H®- HZ4, = 12.598x107°T + 0.750x107°T? + 4_.369x103T7! - 5.288

Formation equations (kecal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K: AHfe

AHf® = -56.570 - 0.317x107°T + 1.505x107°%T% + 158,200T!

AGE® = -56.570 + 0.317x107°TInT - 1.505x1075T? + 79.100T"! + Q.745x1073T

aHf® = -57.685 + 1,946x107°T - ¢,241x107°T? + 313.800QT7!

AGE® = -57.685 - 1,946x107°TInT + 0.281x107°T* + 156,900T7! + 15,928x107°T

AHf® = -73.843 + B6.686%x1073T - 43,523x107°T% + 2216.000T7¢ K

AGF° = -73.843 - 46.686x1073TInT + L3.523x107%T2 + 1108.000T"* + 301.156%107*T
= -83.322 + 42.780x107%T - 23.711x107®T? + S5442,500T !}

AGSP® -83.322 42.780x107°TInT + 23.711x107°%T% + 2721.250T"! + 299.309x107°T



48 Be

BeS(c)
Beryllium Sulfide
[Reaction: Be(c,1) + 0.55,(g) = BeS(c)]

cal/mol K ) kcal/mol
T,K - Log Kr
Cp® se =(G®= HZ,¢)/T He- HZ,., AHre AGr®
268.15% 8.130 8.850 8.850 o] -71.355 -65.19 47,786
300 8.200 8.901 §8.851 .015 -T1.354 -65.154 47.4064
500 10.170 11.547 9.197 .940 -71.264 -63.098 34.475
500 11.400 13.957 9.913 2.022 -71.097 -61.077 26.697
600 12.200 16.110 10.770 3.204 -70.883 -59.08% 21.523
700 12.750 18,033 11.673 4 452 -70.6M1 -57.146 17.842
800 13.180 19,764 12.576 5.750 -70.377 -55,233 15.089
900 13.540 21.3128 13.465 7.086 -70.098 -53.355 12.956
1000 13.840 22.781 14.326 8.ls55 -69.810 ~-51.513 11.258
1100 14,094 24,112 15.156 9.852 -69.522 -49.697 9.874
1200 14.320 25.348 15,954 11.273 -69,236 -47.912 B8.726
1300 14.522 26.502 16.720 12.716 -68.953 -U46.139 7.757
1400 14.690 27.585 17.459 18177 -68.679 -44.394 6.930
1500 14.807 28.603 18.169 15.651 -68.4115 -42.681 6.219
1527 14.838 28.867 18.356 16.051 -68.347 -42.212 6.0L1
1627 14.838 28.867 18.356 16.051 -68.958 ~hz2o212 6.041
1560 14.875 29.185 18.58t 16.542 -68.874 -41,642 5.834
1560 14,875 29.185 18.581 16.542 -71.793 -41,642 5.834
1600 14.920 29.562 18.851 17.138 -71.666 -40.869 5.582
1700 15.024 30.469 19.507 18.635 -7T1.343 —-38.965 5.009
1800 15.130 31.33: 20,140 20.143 -71.011 -37.074 y.501
1900 15.241 32.152 20.751 21.661 -70.672 -35.181 4,047
2000 15.350 32.937 21.342 23.191 -70.325 -33.325 3.641
2100 15.U455 33.688 21.911 24,731 -69.969 -31.1490 3.277
2200 15.560 34,410 22.464 26.282 -69.606 -29.662 2.947
2300 15.665 35.104 : 22.998 27.843 -69.235 =27.861 2.647
2400 15.770 35.773 23.517 29,115 -68.854 -26.070 2.374
2500 15.875 36.418 28,019 30.997 -68. 466 -24,286 2.123

¥Data except enthalpy of formaticn at 298 X estimated.

Phase changes: 1527 K, a - B transition point of Be; AR® = 0.611 keal/mol.
1560 K, melting point of Be; AH® = 2.919 kecal/mol.
Heat capacity {(cal/mol+XK) and enthalpy (kcal/mol) equations:

298.15-2500 K: Cp® = 12.598 + 1.500x107°T - L.369x105T~2
Ho- HZ,, = 12.598x107°T + 0.750x107°T2 + 4.369x102T"! - 5,288

Reaction equations (kecal/mol):

298.15-1527 K: AHre = -73.359 + 3.685x107°T - 0.372x107°T? + 279.650T}
AGre = -73.359 - 3.685x107°*T1nT + 0.372x107°T? + 139.825T" ! + 46.708x107°T
1527-1560 K: AHr® = -71.77% + 0.726x1073T + 0.590x107°T? + 1402,750T"!
AGr® = -71.775 - 0.726x107*T1lnT - 0.590x107°T? + 201.375T"! + 25.421x107°T
1560-2000 K: AHpe = -75,724 + 1.386x1072T + 0.590x107%T2? + 402, 750T"*
. AGre = -75.724 - 1.386x107°T1nT - 0.590x107%T2 + 201.3756T! + 32.805x1073T
2000-2500 K: AHre = —74.699 + 0.803x107%T + 0.700x10°¢T? - 193.100T"!
AGre = -T4.699 - 0.803x107°T1nT - 0.700x107%T2 - 96.550T % + 28.152x107°T

Source: Data from Chase (17) who estimated all except enthalpy of formation at

298 K.



Be Lg

BeS(g)
Beryllium Sulfide (ideal gas)
[Formation: Be(e) + S(¢,1) = BeS(g)]

cal/mol -K kecal/mol
T,K Log KI
Cp® Se ~(G°~ HS g e )}/T He- HS,, AHT® AGE®
298.15% 7.358 50.234 50.234 0 63.000 50,984 -37.372
300 7.365 50:279 50.234 01k 62.997 50.909 -37.087
368.3 7.619 51.816 50.389 .526 62.834 48,172 -28.585
368.3 7.619 51.816 50.389 . 526 62.738 u8.172 ~28.585
388.36 7.694 52.222 50.473 .679 62.682 47.381 -26.663
388.136 7.694 52.222 50.473 .679 ’62.269 b7.381 -26.663
hoo T.737 52.450 50.528 .769 62.216 46.936 -25.6044
432.02 T7.834 53.050 50.692 1.018 62.048 45,718 -23.128
500 8.039 54,211 51.093 1.559 61.568 43.186. -18.876
600 8.264 55.697 51.740 2.374 60.981 39.570 -14.413
700 B.131 56.984 52.400 3.209 H0. 4k 36.040 -11.252
717.824 8.455 57.196 52.516 3.359 60,349 35.421 -10.784

*Data estimated.

Phase changes: 368.3 X, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of 3; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of S; 4H® = 0 kcal/mol.
717.824 K, boiling point of $ to equilibrium mixture of Sn (n=11tc8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2500 K: Cp® 6.222 + 2.932x107°T + 0.233x10°T7?
He- H3,, = 6.222x107>T + 1,466x107°T? - 0,233x10%T™! - 1.907

o

Formation equations ({kcal/mol):

6.693x107°T + 2,221x107°T? - 302.000T"*

298.15-368.3 K: AHf? = 65.811 -

AGfe = 65.811 + 6.693x1073T1nT - 2.221x107%T2 -~ 151.000T"! - 85.504x107°T
368.3-388.36 K: AHfO = 64.696 - 4_430x1073T + 0.475x1078T2 - 146.400T?

AGE® = 64.696 + 4.U30x107°TlnT - 0.475x107%T%2 - 73.200T"' - 70.321x107°T
388.36-432.02 K: AHF® = 4§.538 + 40.310x107°T - 42,807x107%T* + 1755,800T7}

AGP® = 48.538 - 40.310x107*TInT + 42.807x107°T? + 877.900T™' + 214.907x107°T
432.02-717.824 K: AHf® = 39,059 + 36.4DUx1077T - 22.995x107°T2 + 24982.300T"!

AGfe = 39.059 - 36.404x1073*T1InT + 22.995x107°%T2 + 2491.150T7 + 213.060x107°T



50 Be

BeS(g)

Beryllium Sulfide (ideal gas)

[Reaction: Be(e,1) + 0.55,(g) = BeS(g)]
cal/mol=-K kcal/mol
T,K Log Kr
Cpe® se -(G°- H345)/T Ho= HS,, AHre AGro
238.15% 7.358 50.234 50,234 0 47,645 41.470 -30.398
300 7.365 50.279 50.234 L01d 47.6L5 41,432 -30.182
400 7.737 52.450 50.528 .769 47.565 39.370 -21.510
500 8.039 54,211 51.093 1.559 47,440 37.333 -16.318
600 8.264 55.697 51.740 2.374 47.287 35.329 -12,868
700 8.431 56.984 52.400 3.209 y7.116 33.345 -10.411
800 8.565 58.119 53.045 4,059 46.932 31.392 ~-8.576
900 8.691 59.135 53.666 4,922 46.738 29.464 =7.155
1000 8.834 60.058 54,260 5.798 46.533 27.553 -6.022
1100 9.014 £0.908 54.826 6.690 46.316 25.665 ~5.099
1200 9,247 61.702 56.366 7.60% 46.094 23.793 -4,333
1300 9.541 62.453 55.883 &.541 i5.872 21.9u9 -3.690
1400 9,896 63.173 56.378 9.513 45,658 20.119 -3.1n
1500 10.307 63.869 56.854 10.522 45.456 18.291 -2.665
1527 10.429 64,054 56,980 10.802 45,404 17.809 -2.549
1527 10,429 54,054 56,980 10,802 44,793 17.809 -2.549
1560 10.578 &64.279 57.132 11,149 4y ,733 17.218 2.2
1560 10.578 64.279 57.132 11.149 41,814 17.218 -2.412
1600 10.759 6L4.549 57.2314 11.576 41.772 16.590 ~2.266
1700 11.237 65.215 57.759 12.675 41.698 15.007 -1.929
1800 11.722 65.871 58.192 13.823 41.669 13.434 -1.631
1900 12.195 66.518 58.613 15.019 41.686 11.882 -1.367
2000 12.639 67.195 59.024 16.261 Y1.746 10.310 -1.127
2100 13.042 67.781 59.426 17.546 47,845 B.730 -.508
2200 13.391 68.396 59.820 18.868 L1,980 7.155 =711
2300 13.683 68.998 60.206 20.222 42,144 5.562 -.528
2400 13.912 69.586 £0.585 21.602 42,332 3.966 -. 361
2500 14.082 70.157 60.956 23.002 42.539 2.372 -.207

*Data estimated.

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

1527 K, @« - B transition point of Be;

1560 K, melting point of Be;

298.15-2500 K:

Cpe°
H?- Hf,e

= 6.222 + 2.932x107°T + 0.,233x10°T 2
= 6.222x1077T + 1.466x107%T* - 0.233x10*T"" - 1.907

Reaction equations (kcal/mol):

298.15-1527 K:

1527-1560 K:
1560-2000 K:

2000-2500 X:

Source:

AHP?®
AGre
AHre
AGre
AHro
AGre
AHr?®
AGr©®

- m nn

49,
49.
50.
50.
46.
46.
47.
47.

022
022
606
606
657
657
682
682

+ 1+ 1+ 1 + 1

VIl = =Tl

Data are those estimated

by Chase (17):

AH® = 0.611 kcal/mol.
AH® = 2,919 kcal/mol.

.690x1073T + 0.344x107°T? - 180.550T"!
.690x1072T1nT - 0.344x107°T2 - 90.275T"* - 39.541x107°T
L6U9X1073T + 1,306x107°T2 - 57.450T7
L6U9%1073TInT - 1.306x107T2 - 2B.725T ' ~ 60.828x107°T
.990x1073T + 1.306x107 T2 - 57.450T !
.990x1073T1InT - 1.306x107°%T2 - 28.725T"1 - 53.445x107°T
L573x107%F + 1.416x1078T2 - 653.300T}
.573x1073T1nT - 1.416x1075%T2 - 326,650T"! - 58,098x107°T



Bi 1

Bis(g)
Bismuth Monosulfide (ideal gas)
[Formation: Bi(ec,l) + S(c¢,1) = BisS(g)]

cal/mol-X ‘ keal/mol
T.K Log Kf
Cp® se ~(G°- Hg4,)/T Ho- HS,, AHfe AGfe
298.15 8.436 61.599 61.599 0 40.8C0 28.761 -21.082
300 8. 441 61.652 61.599 .016 40,795 28.688 -20.899
368.3 - 8.589 63.401 61.776 599 40,573 25.953 -15.400
368.3 8.589 63.401 £1.776 .599 4o.u77 25.953 -15. 400
388.36 8.633 63,858 61.871 LT 4o, L0h 25.164 -14.161
388.36 8.633 63.858 61.871 LT 39.991 25.164 -14.161
400 8.658 64,113 61.933 .872 39.930 24.720 -13.506
432.02 8.696 64.781 £2.120 1.150 39.739 23.510 -11.893
500 8.776 66,059 62.571 1.754 39.207 21.001 “9.179
S4y4.59 8.808 66.810 62.888 2.136 38.892 19,389 -7.781
SUH.59 8.808 66.810 62.888 2.136 36.192 19.389 -7.781
£00 8.847 67.666 63.291 2.625% 35.823 17.695 -6.445
700 8.895 69.033 64.014 3.513 35.218 18,724 -4.597
717.824 8.901 69.257 64142 3.672 35.118 14,204 -4.325

Phase changes: 368,3 K, orthorhombic - monoclinie transition point of 8; aH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH®° = 0.413 keal/mol.
432,02 K, second order transformation of S5; AH® = 0 kecal/mol.
544.59 K, melting point of Bi; AH¢ = 2.700 keal/mol.
T17.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8}.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp® = B.745 + 0.294x107°T - 0.353x10°T™2
' H°- H%.,, = B.745x107°T + 0.147x1078T? + 0.353x103T"! - 2.739

Formation eguations (kcal/mol):

298.15-368.3 K: AHf® = 41.88Y4 - 2.752x107%T - 1.338x107°T? - 43.200T}

AGE® = U1._.884 + 2.752%107T1lnT + 1.338x107°T2 - 21.600T"* = 59.851x107°T
368.3-388.36 K: AHf® = 40.769 - 0.489x107°T - 3.08Lx107°TZ + 112.40077}

AGE® = L40.769 + 0.489x1073T1nT + 3.084x107°T? + 56,2007 = 44 .668x1073T
388.36-432.02 K: AHE® = 24,611 + 44,.251x1C7°T - 4H.366x107°T2 + 2014,600T?

AGF® = 24,611 - 4U4.251x1073TinT + 46,366x107%T2 + 1007.300T™ + 240,561x107%T
532.02-544.59 K:  AHf® = 15,132 + 40.3U5x1073T - 26,55Ux1075T2 + 5241 .100T"?

AGE® = 15.132 - 40.345x1072T1nT + 26.554x107°T2 + 2620.550T"% + 238.713x107°T
SUL,59-717.824 K: AHF® = 12.356 + 37.815%107%T - 23.511x107%T2 + 5541,700T™}

AGE® = 12.356 - 37.815x107°*T1nT + 23.511x107°T% + 2770.850T"% + 229,023x107°T



52 Bi

‘ . BiS(g)
Bismuth Monosulfide (ideal gas).
[Reaction: Bi(e,1) + 0.58,(g) = BiS(g)]

cal/mol-K kcal/mol
T,K - Log Kr
Cp® Se -(G°= HZ4,)/T H®~ H$se AHre® AGr©
298.15 8.436 61.599 61.539 0 25,445 19.248 -14,109
300 §.44 61.652 61.599 0184 25,443 19.211 -13.,995
%00 8.658 64.113 61.933 .872 25.279 17.155 -9.373
500 8.776 66.059 62.571 1,744 25.079 15,148 -6.621
54l .59 8,808 66.810 62,888 2.136 24,973 14,264 =5.724
544,59 §.808 66.810 62.888 2.136 22.273 14,264 -5.724
600 §.847 67.666 63.291 2.625 22.128 13.454 =-4.900
700 8.895 69,033 64.014 3.513 21.893 12.029 -3.756
800 8.931 70.224 64.719 L. 404 21.670 10.6138 -2.906
900 §.958 71.277 65.389 5.299 21.458 9,267 ~2.250
1000 8,982 12,222 66,026 6,196 21,253 7.929 -1.733
1100 9:.005 73.080 66,630 7.095 21.052 6.603 -1.312
1200 9.028 73.864 67.200 7.997 20.853 5.305 -.966
1300 9.053 TH.588 87.7411 8.901 20.652 .06 -.675
1400 9.081 75.260 68.255 9. 807 20. 449 2.4 -.428
1500 9.112 75.887 68.742 10,717 20,247 1,486 -.217
1600 9,147 T6.476 69.207 11.630 20,045 .243 -,033
1700 9.186 T7.032 69.652 12.546 19.81 -.996 128
1800 9.229 77.558 70.076 13.467 19.6H40 -2.218 .269
1837 9.246 77.746 70.229 13.809 19.567 -2.670 .318

Phase changes: 544.59 K, melting point of Bi; AH® = 2.700 kecal/mol.
1837 X, boiling point of Bi to equilibrium mixture of Bi(g) and Bl (g).

Heat capaeity {(cal/mol-K} and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp® = 8.745 + 0.294x107°T - 0.353x105T"2
He- HZ,, = 8.7U5x107°T + 0.147x107T2 + 0,353x102T"" - 2,739

Reaction equations (kecal/mol):

298.15-544,59 K: AHr® = 25.096 + 1.250x1073*T - 3.215x107°T% + 78.250T"!
AGr® = 25.096 - 1.250x107°TInT + 3.215x107%T2 + 39.125T"! - 13.888x107°T
544,59-1837 K: AHre = 22,319 - 1.280x107%T - 0.172x107¢T? + 378.850T"! .
AGr® = 22,319 + 1.280x1073TInT + 0.172x107%T? + 189,42577' - 23.578x107°T

Sources: Enthalpy of formaticn at 298 K bzsed on Cubicciotti (26), Prusaczyk (101}, and Uy (121).
Other data based cn Barrow (5-6).



Bi 53
(BiS), (g)
Dimeric Bismuth Monosulfide (ideal gas)
[Formation: 2Bi{e,l) + 23(c,1) = (BiS),(g)]
cal/mol <K keal/mol
T,K —-_— Log Kf
Cp® se ~(Go- Hg,e)/T  He- HZ,, AHF® AGF®

298.15% 17.698 84.985 84,985 0 41,900 29.216 -21.115
300 17.719 85.095 84.985 .033 41,891 29,140 -21.228
368.3 18.278 88.798 85.359 1.266 41,515 26,271 -15,589
368.3 18.278 88,798 85.359 1,266 51,323 26.271 -15.589
388.36 18.443 89,772 85.563 1.635 L1.200 25.456 -14.325
388.36 18.443 89.772 85.563 1.635 L0374 25,456 -14.32%
400 18.538 90.318 . 85.693 1.850 40.266 25.010 -13.665
432.02 18.678 91.751 86.090 2.406 39.924 23,801 -12.040
500 18.976 94,506 87.050 3.728 38.9514 21.348 =9.331
544,59 19.090 96.132 87.728 4.577 38.389 19.797 =7.9U5
544,59 19.090 96.132 87.728 4.577 32.989 19.797 -7.945
600 19.232 97.990 88.592 5.639 32.335 18.483 -6.732
700 19.394 100.968 90.152 7.571 31.281 16.262 -5.077
717.824 19.413 101.456 90.427 T.917 31.109 15.883 -4,.836

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhomble - monoclinic transition point of S; &H® = 0.096 kcal/mol.
388,36 K, melting peint of 8; AH® = 0.413 keal/mol.

432,02 K, second order transformation of S; AH® = 0 keal/mol.

544,59 K, melting point of Bi; AH® = 2.700 keal/mol.

717.824 K, bolling point of S to equilibrium mixture of Sn (n =1 to B).

Heat capacity (ecal/mol+K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Formation equations (kcal/mol):

19.683 + 0.092x107°T - 1,789x10%7"2
19.683x107°T + 0.046x107°T2 +-1,789x102T" ! - 6,U73

Cp®
H®- Hfqq

298.15-368.3 X:
368.3-388.36 K:
388.36-432,02 K:

432,02-544,59 K:

544.59-717.824 K: AHf®

3.311x107°T - 2,924x107%T? + 21.900T"!

AHF® = 43,074 -

AGE® = 43,074 + 3.311x1073T1nT + 2.924x107ST2 + 10.950T"' ~ 66.339%107T

AHE® = 40.843 + 1.215x107%T - 6.416x1078T2 + 333.100T7°

AGE® = 40.843 - 1.215x107°TinT + 6.416x107°T2 + 166.550T % - 35.973x107°T

AHE® = 8,527 + 90.695x107°T - 92.980x107°T? + 4137.500T""

AGE® = B8.527 - 90.695x1073T1nT + 92.980x107°T? + 2068.750T~" + 534,48Ux107°T

AHf® = -10.431 + 82.883x107°T - 53.356x107°T? + 10590.500T"}

AGF® = -10.431 - 82.883x107°TlnT + 53.356x1075T% + 5295.250T7% + 530.789x107°T
= -15,98L4 + 77,823x107°T - 47.270x107°T? + 11191.700T "

AGF® = -15.984 - 77.823x107T1nT + 47.270x107°T* + 5595.850T" + 511.408x107°T




54 Bi

(Bi5),(g)
Dimeric Bismuth Monosulfide (idezl gas)

[Reaction: . 2Bi{e,l) + S,{(g) = (BiS),(g)]
cal/mol <K Kecal/mol
T,K Log Kr
Cp® L —(Go= Hgg,)/T He- HP,, AHre AGre
298.,15% 17.698 84,985 84,985 0 11.190 10.189 -7.468
300 17.71% 85.095 84,985 .033 11.187 10.188% -7.420
400 18.538 50.318 85.693 1.850 10,564 9.879 -5.397
500 18.976 94,5086 87.050 3.728 10.699 9.642 -4, 214
544,59 19.090 96.132 87.728 4,577 10.550 9.548 -3.832
544,59 19.090 96.132 87.728 4,577 5.150 9,548 -3.832
600 19,232 97.990 88.592 5.639 4,946 10.002 -3,643
700 19,394 100,968 90;152 T.571 4,631 10.872 -3.394
800 19.502 103.565 91.669 9.517 4.350 11.792 -3.221
900 19.577 105.867 93.121 11.471 4,090 12.726 -3.090
1000 19.632 107.932 94.501 13. 431 3.845 13.710 -2.936
1100 19.673 109.806 95.809 15.397 3.610 14,702 -2.921
1200 19.704 111,519 97.047 17.366 - 3.377 15.732 -2.865
1300 19.729 113,097 98,222 19.337 3.139 16.770 -2.819
1400 19.748 114,560 99.338 21.311 2.8%6 17.823 -2.782
1500 19.764 115.923 100.398 23.287 2.6uU8 18.902 -2.754
1600 19.777 117.199 101.409 25.264 2.394 19.996 -2.731
1700 19.788 118.398 102.373 27.242 2.133 21.090 2. 711
1800 19.797 119.529 103.295 29.221 1.868 22.208 -2.696
1837 19.800 119.932 103,626 29.954 1.769 22,620 -2.691

*Data except enthalpy of formaticn at 298 X estimated.

Pnase changes: 544.59 K, melting point of Bij

AHe

2.700 kcal/mol.
1837 X, boiling point of Bi to equilibrium mixture of Bi(g) and Bi,(g).

Heat capacity (cal/mol-X) and enthalpy (kezl/mol) equations:

298.15-3000 K: Cpe®
He- H$q,

Reaction equations (kcal/mol}:

298.15-544,59 K: AHre
AGre
544.59-1837 K: AHre
AGre

Source: Data based on

9.496
9.456

4+

3.943 +

Prusaczyk

19.683 + 0.092x107°T - 1.789x10°T"*
19.683x1073T + 0.046x1078T2 + 1.789x102T™* - 6.U73

B.69U4x1073T - 6.678x107°T? + 264.800T7!

4.694%1073T1InT + 6.678x1075T2 + 132.400T7 % + 25.587x10"T
3.943 - 0.366x107°T - 0.592x107%T2 + 866.000T!
0.366x107°T1nT + 0.592x107°T2 + 433.000T"* + 6.207x107°T

(101) who estimated molecular constants,



Bi 55

Bi,S,(e)
‘ Dibismuth Trisulfide
[Formation: 2Bi(e,1) + 3S(c,l) = Bi,S,(c)]

cal/mol-K kcal/mol
T,K Log Kf
Cp® s° -{G°= H44)/T He- HZ, AHf® AGE®
298,15 29.170 47,900 47.900 0 13,000 -42,343 31.038
300% 29.203 48,081 47,901 .054 42,998 -42.337 30.842
350 29.959 52,642 48.259 1.534 ~42,968 -42,233 26.37M
1368.3 30.179 54.174 48.515 2.08Y4 42,962 -42,195 25.038
368.3 30.179 54.174 48.515 2.084 -43,250 -42,195 25.038
388.36 .30.419 55.782 48.85¢C 2.692 -43, 251 ~42.136 23.712
388.36 30,419 55.782 48.850 2.692 -44, 490 -42.136 23.712
400 30.559 56.682 49.064 3.047 ~44,547 -42,065 22.983
432.02 30.893 59.049 49.716 4.032 ~44,763 -41.859 21.175
450 31.080 60.312 50.114 4.589 ~45,104 -41,728 20.266
500 31,552 63.612 51,304 6.154 - =h5,567 -41.327 18,064
544.59 ©31,9836 66,324 52,424 7.570 - ~45,961 -40,937 16.428
544.59 31.936 66.324 52,424 7.570 ~51.361 -40,937 16.128
550 31.983 66.640 52.562 7.743 -51.387 -40.831 16.225
600 32.377 69. 440 53.853 9.352 -51.756 ~39.860 14.519
650 32.734 72.0L6 55.154 10.980 -52.039 -38.855 13.064
700 33.061 T4, 484 56.448 12.625 : -52.269 -37.832 11.812
717.824 33.170 75.316 56,906 13.215 -52.334 -37.462 11.406

*Data above 298 K except temperature and enthalpy of fusion estimated.

Phase changes: 368.3 K, orthorhcmbic - monoclinic transition point of §; AH° = 0.096 kcal/mol.
388,36 K, melting polnt of S; AH® = 0.413 kecal/mol.
432,02 X, second order transformation of 8; AH® = 0 kecal/mol.
544,53 K, melting point of Bi; AH® = 2,700 kcal/mol.
T17.824 K, boiling point of 8 to equilibrium mixture of Sn {n =1 to 8).

Heat capacity (cal/mol:K) and enthalpy (kecal/mol) equations:

298.15-1036 K: Cp® = 29.620 + 5,344x1077T - 1.815x10°T72 ,
He- Hggy = 29.620x1073T + 2,672x107°T2 + 1,815%102T") - 9,677

Formation equations (kecals/mol):

1.548%1073T + 1.419%107%T2 - 131.100T"¢

298.15-368.3 K: AHfe = -U2,225 -

AGF® = -42.225 + 1.548x107*T1nT - 1.419x107%T* - 65.550T"' - 8.056%107°T
368.3-388.36 K: AHfe = -45.870 + 5.241x107°T - 3.819x1075T2 + 335.700T"!

AGFe = -45,570 - 5.241x107*T1nT + 3.819x1075T2 + 167.850T"' + 37.493%x107°7T
388.36-432,02 K: AHf® = -94.0U45 + 139.461x107°T - 133.665%107°T? + 6042,300T !

AGE® = -94,045 - 139.461x107*T1nT + 133.665x107°T% + 3021.150T' + 893.178:x107°T
432.02-544.59 K- AHf® = —-122,481 + 127,T43x107°T - TU.,229x107°T? + 15721.800T!

AGE® = -122.481 - 127.7U3x1073T1nT + 74.229x107°T2 + T7B60.900T"' + B887.635x1072T
§44.59-717.824 K: AHfe = -128.035 + 122.683x107°T - 68.143x107°T2 + 16323.000T!

: AGfe = -12B8.035 - 122.683x1073TinT + 68.143x107°T2 + 8161,500T ! + 868.255x107°T
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Bi,S,(c,1)
Dibismuth Trisulfide
EReaction:  2Bi(ec,l) + 1.58,(g) = Bi,S,(ec,1)]

cal/mol-X keal/mol
T,K ‘ Log Kr
Cp® ge =(G°- HS,4,)/T He- H24, AHr® AGr?o
298,15 29.170 47.900 47.900 0 -89.065 -70.884 51.959
300% 29.203 L48.081 47.901 .054 -89.054 -70.769 51.554
- 350 29.959 52.642 48,259 1.534 -88.780 -67.748 42.303
400 30,559 56.682 49,064 3.047 -38.500 -64,762 35.384
450 31.080 60.312 50.114 4.589 -88.217 -61.806 30.017
500 31.552 63.612 51.304 6.154 -87.950 -58.887 25.739
544,59 31.936 66.324 52.424 7.570 -87.719 -56.310 22.598
544,59 31.936 66.324 52.424 7.570 -93.119 -56.310 22.598
550 31.983 66.640 52.562 7.743 -93.095 -55.94Y4 22.230
. b0OQ 32.377 69.L440 53.853 9.352 -92.840 -52.583 19.153
650 32.734 72.046 55,154 10,980 -92.551 -49,238 16.555
700 33.061 TU. 484 56.448 12.625 -92.244 -45.918 14,336
750 33.366 76.775 57.727 14,286 -91.915 -42.611 12,417
800 33.654 78.938 58.987 15.961 -91.571 -39.337 10.746
850 33.9N1 80.986 60.220 17.651 -91.209 -36.094 9.280
900 34.197 82.933 61.429 19.354 —90.832 -32.863 7.980
950 34,451 84,789 62.609 21.071 -90. 439 -29.641 6.819
1000 34.703 86,563 63.764 22.799 -90.035 -26.452 5.781
1036 34.900 87.793 64.577 24.052 -89.735 -21.168 5.098
1036 50 106.104 64.577 43,022 -70.765 -24.168 5.098
1050 50 106.775 65.135 43,722 -70.436 -23.545 4.901
1100 50 109.101 67.081 46,222 -69.261 -21.340 4,240
1150 50 111.324 68.957 48 722 -68.085 -19.178 3.645
1200 50 113,452 " 70.767 51.222 -66.914 -17.077 3.110

*Data above 298 K estimated except temperature and enthalpy of fusion.

Phase changes: 544.59 K, melting point of Bi; AH® = 2.700 kcal/mol.
1036 K, melting point of Bi,S,;; AH° = 18.970 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kecal/mel} equations:

298.15-1036 K: Cp® = 29.620 + 5.344x107°T - 1,815x105T"2

He- HEqp = 29.620x107°T + 2.672x107°T? + 1,815x102T™! - 9. 677
1036-1200 K: Cp® = 50.000

H°- H2,, = 50.000x107°T - 8.778

Reaction equations (kcal/mol):

298.15-544.59 K: AHre = -92.591 + 10.459x107°T - 4.212x107°T? + 233.250T7"

AGr? = -92.591 - 10.459x107°TInT + 4.212x107°T2 + 116.625T ' + 129.833x107°T
544,59-1036 X: AHre® = -98.145 + 5.399x1073T + 1.874x107°T% + 834,450T?

AGr® = -98.145 - 5.399x1073T1nT - 1.874x107°T2% + 417.225T"!' + 110.453x107°T
1036-1200 K: AHr® = -97.245 + 25.779x107°T - 0.798x107°T? + 652.950T!

AGre® = -97.285 - 25.779x1073T1nT + 0.798x107°T2 + 326.475T" ! + 248.402x107°T

Sources: Enthalpy of formation at 298 K based on Prdsaczyk (101) and Mitchell (81). Low-
temperature heat capacities and entropy at 298 K from Romanovskii (102) ‘Fusion data
from Glatz (l4). All other data estimated.
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Bi,S,(g)
Dibismuth Trisulfide (ideal gas)

[Formation: 2Bi(ec,1) + 3S(e,l) = Bi,S,(g)]

cal/mol K keal/mol
T,K Log Kf
Cp° 5o -(G°~ H2,.)/T He- HS,, AHP® AGE®
298.15% 24.315 103.032 103.032 o 43,200 27.119 -20.099
300 24.331 103.183 103.033 .0L5 43,193 27.324 -19.905
368.3 24,750 108.225 103.541 1.725 h2. 879 23,738 -14.086
368.3 24,750 108.225 103.511 1.725 42.59 23.738 -14.086
388.36 24.873 109.541 103.817 2.223 42,480 22.717 -12.784
388.36. 20,873 109.51 103.817 2.223 .2 22.717 -12.784
100 24,94y 110,277 103.994 2.513 §1.119 22.163 -12.109
432.02 25.042 112.202 104,532 3.313 40.7T18 20.659 -10.451
500 25.250 115.880 105.832 5.024 39.503 17.609 ~T.697
544,59 25.327 118.040 106.744 " 6.152 38.820 15.680 -6.292
544,59 25.327 118.040 106.744 6.152 33.420 15.680 ~6.292
600 25.423 120.500 107.903 : T.558 32.650 13.910 ~-5.067
700 25.529 124,128 109.991 10.106 31.mz2 10.888 -3.399
717.824 25.541 125.070 110,357 10.561 31.212 10.370 ~3.157

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinie transition point of S; AH® = 0.096 keal/mol.
388.36 K, melting point of S; AH° = 0.U413 kcal/mol.

432.02 K, second order transformation of S; AH® = 0 kecal/mol.
545,59 X, melting point of Bi; AH® = 2.700 kecal/mol.
717.824 K, boillng point of S to equilibriun mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-3000 X:

Cp® = 25.768 + 0.032x107°T - 1.300x10°T"*
Ho- HZ,, = 25.768x107°T + 0.016x107°T2 + 1.300x102T"} - 8.120

Formation equations (keal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 X:

432.02-544,59 K:

S544.59-7T17.824 K:

AHf®
AGE®
AHf®
AGSE®
AHf®
AGI®
AHE®
AGFe
AHf®
AGF®

nowon

a houorono

45.532
I5.532
b2 187
42,187
-6.288
-6.288
-34.724
-34.724
-40.277
-40.277

- 5.400x107%T - 1.237x107%T2 - 182.600T!

+ 5. 400x107*T1nT "+ 1.237x107%T2 - §91.300T"! - $0.861x10” 3T

+ 1.389x107°T - 6,.475x107°T2 + 284.200T!

- 1.389x107*TInT + 6.475x107°T2 + 142,100T"' - U45,312x107°T

+ 135.609x1072T - 136.321x107°T2 + 5990,800T!

- 135.609x107°T1nT + 136.321x107°T* + 2995_400T * + 810.373x10"T
+123.891x1073T - 76.885x107%T? + 15670.300T!

- 123.891x1073TinT + 76.885x107%T2 + 7835.150T ! + B804.831x107>T
+ 118.837x107°T - 70.799x107%T2 + 16271.500T*

- 118.831x107T1nT + 70.799x1075T% + 8135.750T"* +.785.451x107°T
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Bi,S,(g)
Dibismuth Trisulfide (ideal gas)
[Reaction: ™ 2Bi(e,1) + 1.58,(g) = Bi,S,(g}]
cal/mol-K kcal/mol
T,K - Log Kr
Cp® ge -(G%- H244)/T  HO- HZgq AHre AGre
298.15% 24.315 103.032 103.032 Q -2.865 -1.122 .822
300 24.331 103.183 103.033 .oU5 -2.863 -1.108 .807
400 24,944 110.277 103.994 2.513 -2.834 -.534 .292
500 25.250 115,880 105.832 5.024 -2.879 .0ug -.021
5i4,59 25.327 118.040 106,744 6.152 -2,938 .307 -.123
sLy .59 25.327 118.0L0Q 106,744 6.152 -8.338 .307 =.123
€00 25.423 120.500 107,903 7.558 -8.433 1.187 -.432
700 25.529 124,428 105.991 10.106 -8.563 2.803 -.875
800 25.599 127.842 112.013 12.663 -8.668 bh.uy2 -1.214
900 25.648 130.860 113.942 15.226 -8.759 6.075 -1.475
1000 25.683 133.564 115.772 17.792 -8.842 7.740 -1.691
1100 25.709 136.013 117.502 20.362 -8.921 9.397 -1.867
1200 25.728 138.251 116.139 22.934 -9.002 11.076 -2.017
1300 25.744 140.311 120.690 - 25.507 -9.092 12.751 -2.144
1400 25.756 142,219 122,160 28.082 -9,192 14,431 -2.253
1500 25.766 143,996 123.557 30.658 -9.302 16.126 -2.350
1600 25.774 145,659 124,886 33.236 -9.421 17.829 -2.435
1700 25.781 147.222 126.156 35.813 -9.553 19.520 -2.509
1800 25.787 148.696 127.367 38.392 -9.689 21.230 -2.578
1837 25.788 149,221 127.802 39.346 -9.742 21.859 -2,601

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity (cal/mol+X) and enthalpy (kcal/mol) eguations:

544,59 K, melting point of Bij
1837 K, boiling peint of Bi teo equilibrium mixture of Bi{g) and Bi,{(g).

2.700 keal/mol,

298.15-300C K:

Cp®
He- H$,6

Reaction equations (kecal/mol):

298.15-544.59 K: AHre

SHL,59-1837 K:

Source:

AGr®
AHre
AGr©

Data based on

Prusaczyk (

25.768 + 0.032x107°T - 1.300%x1Q°T™?
25.768x1073T + 0,016x107%T? + 1.300x102T"! - 8.120

4,834 + B.607x1073T - £.868x107¢T? + 181.750T™!
-4.834 - 6.607x107°T1lnT + 6.868x107°T% + 90.875T ! + 47.028x107°T
-10.387 + 1.547x107°T - 0.782x107°T% + 782.950T!
-10.387 - 1.547x1073T1nT + 0.782x1075T2 + 391475771 + 27.648x107°T

) who estimated molecular constants.



cos(g)
Carbon Oxide Sulfide (ideal gas)
[Formation: C(c) + 0.50,(g) + S{c,1) = C03(g)]

.

cal/mol K keal/mol’
T,K - Log Kf
cpe 5e —(G°- HZ,,)/T . He- H2,, AHF® AGE®
298.15 9.930 55.338 55.338 0 -33.870 -40.370 29.592
300 9.953 '55.400 55.340 .018 -33.872 -40, 411 29,439
368,32 10,640 57.518 55.551 725 -33.950 -41.891 24,858
368.3 10.640 57.518 55.551 .725 -34,046 -41,891 24,858
388.36 10.842 58.088 55.667 J940 -34,074 -42.317 23.814
388,36 10.842 58.088 55.667 940 -34, 487 -42.317 23.814
400 10.959 58.410 55.743 1.067 -34,522 -42,552 23.249
432.02 11.188 59,263 55.972 1.422 -34.641 -43,190 21.849
500 11.675 60.936 56.534 2.20 -35,008 -44,504 19,452
600 12.227 63.115 57.453 3.397 -35.424 -U6.362 16.887
700 12.669 65.034 58.403 h.e42 =35.792 -48.156 15.035
717.824 12.733 65.1353 58.571 4,868 -35.852 48,4870 14.757

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of 8; AH® = 0.096 kcal/mol.
388.36 K, melting point of 3; AH® = 0,413 kecal/mol.
32,02 K, second order tranaformation of S; AH° = 0 kecal/mol,
T17.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8),

Heat capacity (cal/mol+«K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 11.828 + 1,746x1073T - 2,150%10°T 2
Ho- H3,e = 11.828x107°T + 0,873x107°T? + 2,150x10%T~! - 1,325

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = -32.518 - 3.479x107*T + 1,573x107%T% - 135,500T"!} :

AGE® = -32.518 + 3J.L79x107*TInT - 1.573x1078T2 — 67.750T"! - 44.928x107°T
368.3-388.36 K: AHf® = -33.633 - 1.216x107°T - 0.174x107¢T? + 20.100T?

AGF° = =33,633 + 1.216x107°T1lnT + O.174x107T2 + 10.050T" - 29,745x107°T
388,36-432.02 K: AHF® = =49.791 + 43,524x107°T - 43,456x107°T% + 1922.300T"!

AGE® = -49.791 - U3, 524x107°TInT + 43.456x107°T2 + 961.150T"" + 255,483x107°T
432,02-717.824 K: AHf® = -59,270 + 39.618x107*T - 23.644x107T2 +« 5148.800T"}

AGE® = -59.270 - 39.618x%1073T1nT + 23.6H4xT078T2 + 2574.400T"* + 253.636x107°T
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€os(g)
Carbon Oxide Sulfide (ideal gas)

[Reaction: .C{e) + 0.50,(g) + 0.58,(g) = C0S(g)]
cal/mol *K kcal/mol
T,K Log Kr
Cp® 3e -(G°- HY,)/T Ho- H3q4 AHpro AGre
298.15 9.930 55.338 55.338 0 -49,225 -49.884 36.566
300 9.953 55,400 55.340 .018 -49, 224 -4y, 888 36.343
400 10.959 58.410 55,743 1.067 -49,174 =50.,117 27.382
500 11.675 60,936 56.534 2.201 -49.135 -50.357 22.01
600 12.227 63.115 57.453 3.397 -49,118 -50.603 18.432
700 12.669 65.034 58.403 4,642 49,117 -50.851 15.876
800 13.029 66.750 59.340 5.928 -49.124 -51.098 13.959
900 13.324 68.303 60.252 7.246 -4g 140 -51,3L6 12.468
1000 13.567 69.719 61.128 8.59 -46,159 -51,590 11.275
1100 13.770 71.022 61.969 9.958 -49.183 -51.821 10.296
1200 13.938 72.228 62.775 11.344 -49.210 -52.070 9.483
1300 14,081 73.349 63.5L5 12.745 -4g_2u2 -52.308 8.794
1400 14,202 74.397 64,283 14,199, -49,277 -52.543 8.202
1500 14,306 75.381 64,991 15.585 -49,316 -52.775 7.689
1600 14,396 76.307 65.670 “17.020 -49.359 -53.003 7.240
1700 14,474 77.182 66.321 18.463 -49.409 -53.231 6.843
1800 14.543 78.011 66.948 19.914 ~49. 1461 -53.452 6.490
1900 14,604 78.799 67.551 21.372 -49.517 -53.672 6.174
2000 14.659 79.550 68.133 22.835 -49.580 -53.890 5.889

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He- Hfse

11.828 + 1.74Ex1073T - 2.150x10°T™? '
11.828x107°T + 0,873x107%T% + 2,150x10%T™! - 4,325

Rezetion equations (keal/mol):

298.15-2000 K:

Source:

AHpe = -49.307 + 0.523x107°T - 0.305x107°T% - 14,050T"!
AGre = -49.307 - 0.523x107°TlnT + 0.305x107°T% - 7,025T7' + 1,035x107°T

Data from Gurvich (49).



cs{g)
Carbon Monosulfide {ideal gas)
[Formation: C{e)y + S(e,1) = CS{g)]

cal/mol-X kcal/mol
T,K —_ Log KI
Cp® ge -(C°- H2,.)/T KO- Hi,, AEE® AGE®
298.15 T.122 50.300 50.300 0 68,500 56.196 -141,192
300 7.126 50.344 50.301 013 68.4H99 h6.120 -40,883
368.3 7.314 51.824 50.450 .506 68.449 53.306 -31.631
368.3 7.314 51.824 50.450 .506 68.353 53.3C6 -31.631
388.36 7:3869 52.213 50.531 .653 68.328 52.488 -29.537
388,36 7.369 52.213 50.531 .653 £67.915 52.488 -29.537
H00 7.401 52.431 50.583 .739 67.881 52.025 -28,425
432.02 7.494 53.004 50.742 .977 67.763 50.760 -25.678
500 7.690 54.113 51.125% 1.494 67.382 48.118 -21.032
600 7.938 55.538 51.745 2.276 66.930 Ly,309 -16.139
700 8.137 56.777 52,3717 3.080 66.510 40,572 -12.667
717.824 8.165 56.982 52,489 3.225 66.439 39.913 -12.152

Phase changes: 368.3 X, orthorhombic - moneoelinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; " AH® = 0.413 kecal/mol.
432,02 K, second order transformation ¢f S; AH® = ¢ kcal/mel.
717.824 K, boiling point of $ to equilibrium mixture of S, {n =1 to 8).

Heat capacity (cal/mol-X) and enthalpy (kecal/mol) eguations:

298.15-300C K: Cp® = 7.990 + 0. 476x1073T - 0.898x10°T "2
Ho= H3,, = 7.990x1073T + 0.238x107°T2 + 0.898x10%T"! - 2.705

Formation equations (kecal/mol):

298.15-368.3 K: AHf® = 70.297 - 3.702x107°T + 1,189x107°%T? - 238.100T7!

AGFe = 70.297 + 3.702x1073TInT - 1.189x107°%T2 - 119.050T"' - 66.692x107°T
268.3-388.36 X: AHF® = 69.182 - 1.439%107?T - 0.557x107%T2 - §2.500T"!

AGF® = §9.182 + 1.439x1073TInT + 0.557x1075T? -~ 41.250T7! - 51.509x107°T
388.36-432.02 K: AHf® = 53.023 + 43.301%1073T - 43.839x107°%T2 + 1819.700T"!

AGF® = 53.023 - 43.301x107*T1inT + U43.839x107°%T? + 909.850T7! + 233 720x107°T
432,02-717.824 K: AHf° = 43,545 + 39.395x107°T - 24.027x107°T? + 50U46,200T7"

AGPe =

43.545 - 39,395x107°T1InT + 24.027x107°T2 + 2523,100T7' + 231,872x107°T
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Cs(g)

Carbon Monosulfide (ideal gas)

[Reaction: C(e) + 0.55,(g) = €S(g)]
cal/mol <K kcal/mol
T,K Log Kr
Cp® 59 -(G°- H3,¢)/T Ho- Hggq aHre AGre
298.15 7.122 50.300 50.300 0 53.145 46.683 -34.219
300 7.126 50.344 50.301 .013 53.147 46,643 -33.979
400 7.4017 52.431 50,583 .739 53.230 44, 460 -24.291
500 7.690 54,113 51.125 1,494 53.255 42,264 -18.473
600 7.938 55.538 51.745 2.276 53.236 10,068 -14,595
700 8.137 56.T77 52.377 3.080 53.185 37.876 -11.825
800 8.293 57.875 52.998 3.502 53.112 35.694 -9.751
900 8.115 58.859 53.596 §.737 53.021 33.520 -8.140
1000 8.512 59,751 54,167 5.58L 52.917 31.360 -6.85k
1100 8.589 60.566 54,712 6.439 52,801 29.220 -5,805
1200 8.652 61.316 55.232 7.301 52.674 27.071 -4.930
1300 8.703 62.010 55.726 8.169 ©52.537 24.943 -4,193
1400 8.746 62.657 56.199 9.041 52.1392 22.825 -3.563
1509 8.783 63.262 56.650 9.918 52,238 20.718 -3.019
1600 8.814 63.829 57.080 10.798 52.079 18.625 -2.544
1700 8.8.1 64,365 57.U54 11.681 51.910 16.536 -2.126
1800 8.865 64,871 57.890 12.566 51.737 14,461 -1.756
1900 8.886 65.350 58.269 13.453 51.556 12.396 -1.426
2000 8.905 65.807 58.635 14,343 51.370 10.340 -1.130
2100 8.922 66.242 58.988 15.234 51.178 8.29¢ -.863
2200 8.937 66.657 59.327 16.127 50.981 6.254 -.621
2300 8.951 67.055 59,654 17.022 50.781 4,227 -.402
2400 8.965 67.436 59.970 17.918 50.573 2.206 -.201
2500 8.977 67.802 60.276 18.815 50.364 L1896 -.017
2600 8.989 68.154 60.572 19,713 50.148 -1.806 152
2700 9.000 68.494 60.860 20.612 49.930 -3.801 .308
2800 9.010 68.821 61.138 21.513 49.708 -5.786 452
2900 9.021 69.138 61.409 22.414 49, 483 ~7.764 .585
3000 9.031 69. 44y 61.672 23.317 bg.255 -9.736 709

Heat capacity {cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-3000 K:

Cpe®
Ho= Hiqy

non

Reaction equations (kcal/mol):

298.15-2000 K:

2000-3000 K:

Sources: Enthalpy of formation at 298 K based on Bell (7) and Fincham (40).

AHre
AGre
AHre
AGr®

LU (S U}

53.508 +
53.508
56.525
56.525 +

7.990 + 0.476x107°T = 0.898x10°T™?
7.990x107%T + 0.238x107°T% +70.898x10%T7 - 2.705

0.301x107°T - 0,688x107%T% - 116.650T7!

0.301x107°TInT + 0.688x107°T? - 58.325T7"! - 20.729x107°T

2.406x1073T + 0.054x107¢T2 - 1260.200T"!

2.406x107°TInT - C.054x107°T* - 630.100T"! - 41.182x107°T

Hildenbrand (53) and Lagerqvist (71).

Other data based on



€5,1{g)
Carbon Disulfide (ideal gas)
[Formation: C(¢} + 28{c,1) = CS,(g)]

cal/mol+K kcal/mol
T,K : Log Kf
Cp® So -(G°= HZ44)/T Ho= H3,., AHE® AGE®
| 298,15 10.914 56,852 56,852 o 27.950 15.977 -11.711
300 *10.935 56.91% 56,852 _ .020 27.946 15.903 -11,585
368.3 11.576 59.234 57.083 .782 27.792 13.177 ~-7.819
368.3 11.576 59.234 57.083 .792 27.600 13.177 -7.819
388.136 11.764 59.853 57.210 1.026 27.543 12.394 -6.975
388.36 11.764 59.853 57.210 1.026 26.717 12.394 -6.975
400 11.873 60,202 57.292 1.164 26.646 11.966 -6.538
432, 02 12.088 61.125 57.582 1.548 20.410 10,748 - =5,463
500 12,546 62,927 58.155 2.386 25,677 8.404 -3.673
600 13.053 65.262 53.150 3.667 24,867 5.029 -1.832
700 13.442 67.305 60.172 4.993 24,169 1.778 ~.555
717.824 13.496 67.644 60.1353 5.233 24,056 1.2174 -.369

-Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol..
388.3%6 X, melting point of 3; AH° = 0.413 kcal/mol.
432.02 K, second order transformation of S; AH® = 0 kecal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn {(n=1to 8).

Heat capacity (cal/mol-X) and enthalpy {(kcal/mol) egquations:

298.15-3000 K: Cp® = 13.332 + 0,870x107°T - 2.380x10°T 2
Ho- HS,, = 13.332x1073T + 0.435x1075T% + 2.380x102T"} - 4,812

Formation equations (kcal/mol):
298.15-368.3 K: AHf® = 30,446

6.534x1073T + 3,103x107°T2 - 245.500T"?

ACGE® = 30.446 + 6.534x107°T1nT - 3.103x107°T? = 122.750T7"' = B3.451x107°T
368.3-388,36 K: AHP® = 28.215 - 2.008x107°T - 0,389x107°T% + 45,700T"!
AGEe = 28,215 + 2,008x107°TinT + 0,389x107°T2 + 32,8507 ! - 53.085x1077T
388.36-432,02 K: AHf® = -4,101 + 87.472%x107°T - B6.953x107°T2 + 3870.100T7!
‘ AGF® = -4.101 - 87.472x1073T1nT + 86.953x107%T2 + 1935.050T7F + 517.372x10° ’T
432,02-717.824 K: AHf°® = -23.059 + 79.660x107°T - 47.329x107°T* + 10323.100T7!
AGF® = =23.059 - 79.660x107?TinT + 47.329x107¢T2 + 5161.550T" ! + S13.677x107°T



64 c

Carbon Di
[Reaction:

Cs,(g)
sulfide (ideal gas)
C(e) + 8,(g) = C3,(g)]

cal/mol -K keal/mol
T,K Log Kr
Cp® 5@ -(G°— HS,,)}/T He- H3,,. AHr® AGre
298.15 10.914 56,852 56.852 0 -2.760 ~3.050 2.236
300 10.935 56.919 56.852 .020 -2.758 -3.052 2.223
400 11.873 60.202 57.292 1.164 ~2.656 ~-3.166 1.730
500 12.546 62.927 58.155 2.386 -2.578 -3.302 1.444
600 13.053 65.262 59.150 3.667 ~2.522 -3.453 1.258
700 13. 442 67.305 60.172 4,993 -2. 181 -3.612 1.128
800 13.743 69.120 61.179 6.353 -2,451 -3.774 1.031
900 13.980 70.753 62.154 7.739 -2.432 -~3.944 .958
1000 14.169 72.236 63.089 9.147 -2.118 -4.112 -899
1100 14.322 73.594 63.983 10.572 -2.012 -b. 271 .849
1200 14,548 74,846 64.,837 12.011 -2.413 -4 451 .811
1300 14.553 76.006 65.651 13.461 -2.422 -4.620 LPTT
1400 TU.643 77.088 66.430 14,921 -2.438 -4, 789 . 748
1500 14,720 78.10 67.175 16.389 -2.462 -4.957 722
1600 14.787 79.053 67.888 17.864 -2.492 -5.121 .699
1700 14,846 79.952 68.572 19.346 -2.531 -5.287 .680
1800 14.899 80.802 69.228 20.834 -2.574 —-5.445 .661
1900 14.947 81.609 69.858 22.326 -2.625 -5.604 L6h5
2000 14.991 82.376 T0.465 23.823 -2.683 -5.757 .629
2100 15.031 83.109 71.050 25.324 -2.746 -5.913 .615
2200 15.068 83.809 71.614 26.829 - —2.814 -6.061 .602
2300 15.103 Bh. 479 72:.159 28.337 -2.887 —6.20% .589
2400 15.135 85.123 72.686 29.849 -2.966 -6.350 578
2500 15.166 85. 741 73.165 31.364 - —3.047 -6. 487 .567
2600 15.195 86.337 73.690 32.882 -3.134 -6.626 .557
2700 15.222 86.911 T4.169 34.403 -3.223 —6.757 547
2800 15.249 - 87.465 74,634 35.927 -3.316 -6.886 .537
2900 15.275 88.000 75.085 37.453 -3.112 -7.008 .528
3000 15.299 88.519 75.525 38.982 -3.511 -7.135 .520

Heat capacity {cal/mol«K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cp
H°- H$ 44

(-]

N

Reaction equations (kcal/mol):

298.15-2000 K: AHre
aAGre®
2000-3000 K: AHpr®
AGre

13.332 + 0.870x1073T ~ 2.380x10°T"?
13.332x1073T + 0.435x1075T2 + 2.380x10%T™! - k.812

-3.132 + 1.471x107?T - 0.651x107%T2 - 2.600T!
-3.132 - 1.471x107%T2nT + 0.651x107°T% - 1.300T" ! + 8.475x107°T
0.910 - 1.819x1073T + 0.201x107°T> - 1742.000T"

0.910 + 1,.819x1073T1nT — 0.201x1075T2 - B71,000T"! - 16.631x1073T

Source: Data from Chase (17).



Ca 65
CaS(e)
. Calcium Sulfide
[Formation: * Cafe) + S(c,1) = CaS{e)]
cal/mol *K kcal/mol
T,K Log Kf
Cp® s¢ (0%~ H3,e)/T Ho- HZ,, AHP® AGf®
298.15 "11.339 13.528 13.528 0 -113.100 -111.886 82.013
300% 11.340 13.598 13.528 .o21 -113.100 -111.877 81.501
368.3 “11.627 15.956 . 13.766 .806 -113.117 -111.598 66.221
368.3 11.627 15.956 13.766 .806 -113.213 -111.598 66.221
388.36 11.71 16.57h 13.895 1.040 -113.223 -111.509 62.751
388.36 11.711 16.574 13.895 1,040 -113.636 -111.509 62.751
H00 11,760 16.921 13.978 1.177 -113,660 -111.445 60.890
432.02 11.859 17.830 14,231 1.555 -113.748 -111.265 56.286
500 12.070 19.579 14,8 2.369 -114,048 -110.8u49 48.451
600 12.320 21.803 15.821 3.589 -114.369 -110.176 40.131
700 12.510 23.7117 16.816 u.831 -114.659 -109.459 34,174
717.824 12.539 24.032 16.991 5.054 -114.710 -109.323 33.284

®*Data above 298

Phase changes:

K estimated.

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 X, melting point of S; AH® = Q.413 kecal/mol.

432.02 X, second order transformation of S; AH° = 0 keal/mol.

717.824 X, boiling point of S to equilibrium mixture of s, (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-2000 K:

11.936 + 1.012x107°T - 0.799x10°T™2
11.936x1073T + 0.506x107%T2 + 0,.799x102T"% - 3.872

Cp°
Ho- Hg4,

won

Foruation equations -(kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.36-1432.02 K:

432.02-717.824 K: AKfe

AHF® = -112.999 - 0.069x107°T ~ 0.347x107°%T2 ~ 14.700T"!

AGF® = -112.999 + 0.069x107°T1nT + 0.347x107%T? - T7.350T"! + 3.321x107°T

AHf® = -114,114 + 2,19Ux1073T ~ 2.093x1075T2 + 140.900T!

AGf® = ~114.114 - 2,194x107°T1nT + 2.093x107°5T% + 70.450T7% + 18.504x107°T

AHf® = -130.273 + 46.934x107°T - 45,375x107°T? + 2043,100T"!

AGFe = -130.273 - U6,934x107°T1nT + U5.375x107°T2 + 1021.550T' + 303.733x107°T
= -139.751 + 43,028x1073T - 25.563x107¢T2 + 5269.600T"!

AGF® -139.751 43,028x1072TInT + 25.563x107°T2 + 2634.800T"' + 301.885x107°T

]



66 Ca

. CaS(e)

Caleium Sulfide

[Reaction: Ca{ec,l,g) + 0.558,(g) = CaS{(c}]
cal/mol *X keal/mol
T,K : . Log Kr
Cp® 8e —{Go~ H344)/T He- H3,, AHre AGre
298.15 11.339 13.528 13.528 0 -128.455 -121.399 88.987
300% 11.340 13.598 13.528 .021 -128.452 -121.354 85.405
400 11.760 16.921 13.978 1.177 -128.311 -119.010 65.023
500 12,070 19.579 14,81 2.369 -128.175 -116.702 '51.010
600 12,320 21,803 15.821 3.589 -128.064 -114,437 41.676
700 12,510 23.717 16.816 4,831 -127.984 -112.154 35.016
720 12.542 24.070 17.012 5.082 -127.974 -111.698 33.905
720. 12.542 24.070 17.012 5.082 -128.194 -111.698 33.905
800 12.670 25,398 17.786 6.090 -128.127 -109.866 30.014
300 12,800 26.898 18.717 7.363 -128.104 -107.572 26,122
1000 12.930 28.253 19.603 8.650 -128.208 -105.302 23.014
1100 13.046 28.491 20.446 9.949 -128.383 -103.002 20. 464
1112 13.058 29.633 20.545 10.106 -128.411 -102.730 20.190
1112 13.058 29.633 20.545 10.106 -130. 451 -102.730 20.190
1200 13.150 30.631 21.249 11.259 -130.3M1 -100.543 18.311
1300 13.23% 31,687 22,012 12,578 -130.1L6 -98.070 16,487
1400 13.320 32.671 22.738 13.906 -129.977 -95.607 14,925
1500 13.381 33.592 23.431 15,241, . =129.803 -93.162 13.574
1600 13.460 34,458 - 24.094 16.583 -129.627 -90.728 12.393
1700 13.566 35.277 24,727 17.935 -129.445 -88.292 11.3591
1757 13.625 35.726 25.078 18.709 -129.338 -B6.917 10.811
1757 13.625 35.726 25.078 18.709 -165.964 -86.917 10.811
1800 13.670 36.056 25.336 19.296 -165,796 -84, 951 10,314
1800 13.774 36,798 .25.920 - 20.669 -165.397 " -80.470 9.256
2000 13,870 37.507 26,482 22,051 164,993 -76.011 8,306

*Data above 298 XK estimated.

Phase changes: 720 K, « - 8 transition point of Ca; 4H® =
1112 K, melting point of Ca;
1757 K, beiling point of Ca;l

Heat capacity (cal/mol-:XK) and enthalpy (kecal/mol) equaticns:

298.15-2000 K:

Cpe®
H°- Hgse

b

Reaction equations (kcal/mol):

298,15-720 K:
720-1112 XK:
1112-1757 K:

17572000 K:

Seurce: Data from Chase (17) who estimated all above 298 K.

AHre
AGre
AHre
AGPe
AHP?
AGr®
AHre
AGr?®

n e na

-129.788
-129.788
-131.529
-131.529
-131.777
-131.777
-171.948
-171.948

.
.
R
.

11.936 + 1,012x1073T - 0.799x10°T"2
11.936x107°T + 0.506x%1078T2 + 0.799x102T™! - 3.872

0.220 keal/mol.
AH® = 2,040 keal/mol.
AH® = 36.626 kecal/mol.

3.933%107°T - 2.224x107%T? + 106.750T"!
3.933x107°TlnT + 2.224x107°%T* + 53.375T7!
7.872x107°T - 4.596x107°T* + 45,750T""
7.872x1073TInT + 4,596x107°T? + 22,875T7!
0.764x1073T + 0.346%x107°T? + uU5,750T"!
0.764x107°T1nT - 0.346x107°T2 + 22,8757}
2.794x107°T + 0.339x107°T2? + 45,7507}
2.794x107°TInT - 0.339x107°T* + 22,.875T"!

+

+

*

-

49.284x107°T
75.962x1073T
31.833x107°T

69.851x1073T



Ca 67

CaS(g)
Calclum Sulfide (ideal gas)
[Formation: Cafe) + S(e,l) = CaS(g)]

cal/mol«K kcal/mol

T,K Log Kf
Cpe Se -{G9- H3,e)/T HO- H3,, AHf® AGP®
298.15 8.318 55.564 55.564 0 : 29.540 18.221 -13.356
300 " B.325 55.615 55.565 .015 29.534 18.152 -13.224
368.3 8.499 57.344 55,738 591 29.308 15.584 -9.247
368.3 B.499 57.3LY 55.738 .591 29.212 15.58)4 -9.247
388.36 8.550 57.796 55.833 .762 29.139 14.844 -8.354
388B.36 8,550 57,796 55,833 762 28.726 14,844 -8.35Y
400 8.580 58.049 55.894 .862 28.665 14,429 -7.88Y
432,02 8.625 58.711 56.079 1.137 28.U475 13.296 -6.726
500 8.721 59,980 56,524 1.728 27,951 10,950 -4,786
600 8.807 61.578 57.238 2.60k 27.286 7.614 -2.774
700 8.869 62.941 57.958 3.488 26.638 4.381 -1.368
717.824 -8.879 63.164 58.085 3.646 26.522 3.819 -1.163

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 keal/mol.
388.36 X, melting point of S; ' AH® = 0.413 kcal/mol.
432,02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, beiling peint of S to equilibrium mixture of Sn (n=1t%to 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol} equations:
298.15-2500 K: Cp® = 6.197 + 3.232x107°T + 1.029x105T"2

H°- Hg,, =

£.197x107°T + 1.616%107%T2 -'1.029x10%T™! - 1,646

Formation equatlions (kcal/mol):

298.15-368.3 K: AHf®
AGE®
368.3-388.36 K: AHf®
AGE®
388.36-432.02 K: AHf®
AGT®
432.02-717.824 K: AHf®
AGEe

o & v nowa

31.866 - 5.808x107%T + 0.763x107%T2 - 197.500T"!

31.866 + 5.808x107°T1nT - 0.763x107ST2 - 98.750T! - 77.519x107°T
30.751 - 3.545x107°T - 0.983x107°°T2 - 41,9007}

30.751 + 3.545x10™*T1nT + 0.983x1075T2 - 20,9507 - 62. 336x10"T
14,593 + 41,195x107°T - U4,265x107°T2 + 1860.300T"!

15,593 - 47,195x107°T1nT + 44,265x107°T2 + 930,150T™! + 222,893x107°T

5.114 + 37,289x1073T - 24.U53x107°T? + 5086.800T"'
5.114 - 37.289x1073T1nT + 24.U453x107%T2 + 2543.400T " + 221.045x1072T



68 Ca

CasS(g)

Calcium Sulfide (ideal gas)

[Reaction: Ca(e,l,g) + 0.55,(g) = CaS(g)]
cal/mol-K keal/mol
T,K Log Kr
Cpe 50 —{Go- HE o) /T He- H34e AHre AGre
298.15 58.318 55.564 55.564 0 14.185 8.708 -6.383
300 8.325 55.615 55.565 015 14,182 " 8.675 -6.319
400 8.580 58.049 55.894 .862 14,014 6£.863 -3.750
500 8.721 59,980 56.524 1.728 13,824 5.096 -2.228
600 8.807 61.578 57.238 2.604 13.592 3.374 -1,229
700 8.869 52,911 57.958 3.488 13.313 1.686 ~-.526
T20 8.880 63.19 58.100 3.665 13.250 1.358 -.452
720 8.880 63.191 58.100 3.665 13.030 1.358 -.h2
800 8,924 64,129 58,656 4,378 12.801 077 -.,021
300 8.992 65.183 59,324 5.273 12,847 -1.478 +359
1000 9.097 66.136 59.959 6.177 11.959 -3.018 .660
1100 9.257 67.010 50.560 7.095 11.403 -4.L87 .891
1112 9.285 67.111 60.630 7.206 11.330 -4 .,665 L9117
112 9.285 67.11 60.630 7.206 9.290 -4.665 9T
1200 9,489 67.825 61,132 8.031 9,102 -5.763 1.050
1300 9.801 68.596 61.677 8.995 §.911 -6.995 1.176
1400 10.192 69.336 62.197 9.994 8.751 -8.209 1.282
1500 10.651 70.055 62.698 11.036 8.632 -9 422 1.373
1600 11.163 70.758 63.179 12.12¢6 §.556 -10.625 1.451
1700 11,704 71,451 63,646 13.269 8.530 -11.814 1.519
1757 12.016 71.843 63.906 13.945 8.538 -12.498 1.555
1757 12.016 71.843 63.906 13.945 -28.088 -12.498 1.555
1800 12.252 72.136 64.099 14,467 -27.985 -12.084 1.467
1900 12,781 72.812 6l4.539 15.719 -27.707 -11.206 1.289
2000 13.270C 73.481 64.970 17.022 -27.383 -10.349 1.131

Phase changes: 72C K, a - B transition point of Ca; AH® = 0.220 keal/mol,
= 2.040 keal/mol.
36.626 keal/mol.

1112 K, melting point of Ca; AH®
1757 K, boiling point of Ca; AH®

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2500 K:

Cp®
He- H3qe

Reactlon equations (kcal/mol}:

298.15-720 K:
720-1112 K:
1112-1757 K:

1757-2000 K:

AHre
AGre
AHre
AGro
AHr®
AGr?®
AHr®
AGr®

nmowownnnwn

15.077
15.077
13.336
13.336
13.088
13.088

1 1+ +

=N -

+

6.197 + 3.232x1073T + 1.029x10°T"2
6.197x107°T + 1.616x107%T2 - 1.029x103T"* ~ 1.646

.806x107*T - 1.114x107¢T2 ~ 76.050T7!
.806x107°T1InT + 1.7114x107°T% - 38,0251}
.133x1073T - 3,486%x107°T2 - 137.050T"!
.133x107°T1nT + 3.486x107°T? - 68,5257 "
975%x1073T + 1.456%1075T2 - 137.050T7!
.975%107*T1nT - 1.456x107%T% - 68.525T7!

-27.083 - 2.945x107°T + 1.449x107°T2 - 137.050T"!

-27.083 + 2.G45x107°T1nT - 1.449x107°T? - 68.525T"' - 10.989x7107°T

Source: Data from Chase (17) who estimated some molecular constants,

- 31.556x107°T
- 4.877x107°T

- 49.007x1073T



Cd 6%
cds(e)
Cadmium Sulfide
[{Formation: Cd{e,l) + S(c¢,l) = CdS{c})]
cal/mol <K keal/mol -
T,K Log Xf
cp® 8o -{G°- Hf,,)/T He- Hi,, AHE® AGF®

298.15 11.303 17.252 17.252 Q -35.700 -34.868 25.559
300 11.316 17.322 17.252 021 =35.700 -34.862 25.397
368.3 11.664 19.695 17.591 812 -35.724 -34.671 20.574
368.3 11.664 19,695 17.491 B12 -35.820 -34.671 20.574
388,36 11.766 20,317 17.621 1.047 -35,833 -34,608 19,475
388.36 11.766 20,317 17.621 1,047 -36.246 -34.608 19,475
00 11.8258 20.665 17.705 1.184 -36.272 -34.558 18.882
432.02 11.918 21.579 17.959 1.564 -36.364 -34.418 L1741
5C0 t2.115 23.336 18,574 2.381 -36.676 -34,085 14,869
584,26 12.337 25.447 19,500 3.534, -36.983 -33.568 12.345
594,26 12.337 25.447 19.500 3.534 -38.463 -33.568 12.345
600 12.350 25.566 19.558 3.605 -318.482 -33.516 12.208
700 12.559 27.486 20,556 4. 859 -38.746 -32.670 10.200
717.824 12.59% 27.802 20.732 5.075 -38.785 -32.514 © 9,899

Phase c¢hanges:

368.3 K, orthorhomblic - monoeclinie transition point of 3; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 Kecal/mol.

432.02 K, second order transformation of §; AH® = 0 keal/mol.

594.26 K, melting point of Cd; AH® = 1.480 kcal/mol. .

717.824 K, beiling point of S to equilibrium mixture of Sn {(n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) eguations:

298.15~1100 K:

11.693 + 1.476x107°T - 0.738x10°T"?
11.693x107°T + 0.738x107°T* + 0.738x10%T7! - 3.799

Cp*®
He= H3se

Formation equaticns {kcal/mol): -

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-594.26 K:

594,.26-717.824 K: AHfe

AHf® = -34,984 1.800x107?T + 1.009x107°T% - 80.200T"!

AGfe = -34,984% + 1,800x107*TInT - 1,009x107°%T% - 40.100T"! - 9.116x107°T

AHf° = -36,099 + 0.463%x1073T - 0.737x1075T2 + 75.400T7!

AGf® = -36.099 - 0.463x107°TinT + 0.737x107%T% + 37.700T"% + 6.067x107°T

AHf® = -52.257 + 45.203x107°T - L44.019x107%T%* + 1977.600T !

AGEe = =52.257 - 45,203x107°T1nT + 44.019x107°T% + 988.800T"! + 291,295x107°T

AHf® = -61,736 + 41,297x107°T - 24.207x107°T? + 5204.100T7! ’

AGFe = -61.736 - 41.297x107°T1nT + 24.207x1075T* + 2602.050T™% + 289.4u48x107°T
= -62,663 + 39.511x107%T - 22.761x107%T? + 5202.500T"!

AGE® = -62.663 - 39.511x107*T1nT + 22.761x107°T? + 2601.250T ! + 280.461x107°T



70 Cd

Cas{e)

. Cadmium Sulfide

[Reaction: Cd{e,1,g) + 0.5S,(g) = CdS(e)]

cal/mol <K kcal/mol
T,K Log Kr

Cp® se -(G®= HZ g )/T H?- HSgp AHp® AGr®
298.15 11.303 17.252 17.252 0 -51.055 -4y, 382 32.533
100 11.316 17.322 17.252 .021 -51.052 -44,339 32.301
400 11.825 20.665 17.705 1.184 =-50.923 -4z2,124 23.015
500 12,115 23.336 18.574 2,381 =50, 804 -39.939 17,457
594,26 12.337 25.447 19.500 3.534 -50.700 -37.900 13.938
594,26 12.337 25.447 191500 3.534 -52.180 -37.900 13.938
600 12.350 25.566 19.558 3.605 =52.177 =37.757 13.753
700 12.559 27.486 20.556 4,851 -52.071 -35.365 11.011
8o0 12.754 29.176 21.531 6.116 -51.952 -32.986 9.011
300 12.941 30.689 22.458 7.408 -51.810 -30.613 7.434
12000 13.124 32.062 23.357 8.705. -51.666 -28.270 6.178
1040 . 13.195 32.578 23.702 9.231 -51.602 -27.344 5.746
1040 13.195 32.578 23.702 9.231 -75.471 -27.344 5.746
1100 13.302 33.321 24.206 10,026 -75.183 -24,577 4,883
Phase changea: 594,26 K, melﬁing point of Cd; AH° = 1.480 keal/mol.

1040 K, bolling point of Cd;

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-1100 K:

Cp®

= 11.693 + 1,476%107%T - 0,738x10°T"?
Ho- H$ge = 11.693x107%T + 0.738x1078T2 + 0.738x10%T" - 3,799

Reaction equations (kecal/mol):

298.15-594,26 K: AHre

594.26-1040 K:

1040-1100 K:

Sources:

AGre
AHr®
AGre
AHP®
AGr®°

| (T TR I |

-51
-51
-52
=52
-78
-78

773
773
-699
.699
. 731
.731

i+ 1+ 1 +

Enthalpy of formation at

2
2

AH® = 23.809 kecal/mol.

.202x107°T - 0.868x107°T? + 41,250T"*

.202x1073T1nT + 0.868x107°T? + 20.625T7! + 36.8U7x107°T

0.U16x1073T + 0,578x107¢T2 + 39.650T !

D.416x1072T1nT - 0.578x107°%T2 + 19.825T"' + 27.860x107°T

2
2

298 K from Adami (1).

.553x107°T + 0.578x107°T? + 39.650T"*

.553%x1073T1nT - 0.578x107°T2 + 19.825T"! + 57.736x1071T

All other data from Beyer (9).



cd 71
cds(g)
Cadmium Sulfide (ideal gas)
[Formation: Cd(e,1) + S{e,1) = Cd3{(g)]
cal/mol~k' ‘ keal/mol
T,K Log Krf
Cp® Se -{G°- Hg,,)/T He- Hi,, AHf® AGE®

298.15% 8.600 58.930 58.930 Q 45.000 33.405 ~24,486
300 8.605 58.983 58.930 .016 Lh.995 33.335 -24,284
368.3 8.719 60.762 59.109 .609 44,773 30.701 -18.218
368.3 8.719 60.762- 59.109 .609 44,677 30.701 -18.218
388.36 8.753 61.225 59,206 - .784 Uk, 604 29.942 © =16.850
38B8.36 8,753 61,225 59.206 . 784 hi,191 29.942 -16.850
400 8.772 61.u48Y4 59.269 .886 44,130 29.516 -16,127
432,02 §.801 62.161 59.u459 1.167 43.939 28.353 ~14,343
500 B.863 63.452 59.916 1.768 43,411 25.944 *11.340
594, 26 8.917 64,987 60t602 2.606 42,789 22.706 -8.350
594.26 : 8.917 64,987 60.602 2.606 41,309 22.706 -8.350
600 8.920 65.073 60.6L5 2.657 41:270 22.531 -8.207
700 8.960 66.451 61.378 3.551 40.654 19,4585 -5.074
717.824 8.966 66.676 61.507 3.71 40.550 18.917 -5.759

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoeclinie transition point of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of 5; AH° = 0.413 kecal/mol. : .
432.02 K, second order transformation of S; AH® = O kqal/mol.

594,26 K, melting peint of Cd; AH° = 1.480 kecal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sp {n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equaticns:

298.15-3000 K:

Cpe = 8,928 + 0,142x107°T - 0.329x105T"2

| He- H3gy = 8.928x107°T + 0.071X107°T? + 0.329x10%T™} - 2,779

Formation equaticns (kcal/mol):

298.15-368.3 K:
368,3-388,36 K:
388.36-432.02 K:

432.02-594.26 K:

594.26-717.824 K: AHfe

AHf® = 46,737 - 4,565x107°T + 0.342x107°T2% - 121.100T"!

AGFe = 16,737 + U4,565x107 TInT - 0,342x107%T2 - 60,550T" - 69.%U1x107>T

AHfO = 45,622 - 2,302x107°T - 1.404x107°T2 + 34,500T7!

AGfe = U5,.622 + 2,302x107°TInT + 1,404x1073T2 + 17.250T"! -~ 54.758x107%T

AHF® = 29,463 + L2, 438%107T - 4L,686x107°T2 + 1936,700T™} ]

AGE® = 29.463 - U2.438x107°T1nT + 44.686x107°T2 + 968.350T7 ' + 230.471x107°T

AHF® = 19,985 + 38.532x107°T - 24.874x107¢T? + 5163.200T"!

AGT® = 19.985 - 38.532x107°TLnT + 24.874x107°T* + 2581,600T"" + 228.623x107°T
= 19.058 + 36.7U6x107T - 23.42Bx107°T? + 5161.600T™"

4Gf° = 19.058 - 36.746x107°TInT + 23.428x107°T% + 2580.B00T"! + 219.636x107°%T



72 Cd

€ds(g)

Cadmium Sulfide (ideal gas)

[Reaction: €d(e,1,8) + 0.5S,(g) = CdS(g)])
cal/mol -X keal/mol
T,K Log Kr
Cp® S¢ ~(G®- Hgg4)/T He- H2,, AHro AGre
298.15% 8.600 58.930 58.930 0 29.645 23.892 -17.513
300 8.605 58.983 58.930 .016 29.643 23.857 -17.380
400 8.772 61.484 59.269 .886 29.479 21.950 =-11.993
500 8.863 63.452 59.916 1.768 29.284 20.090 -8.781
594,26 8.917 64.987 60.602 2.606 29.072 18.375 -6.758
594 .26 8.917 64.987 60.602 2.606 27.592 18.375 ~6.758
600 8.920 65.073 60.645 2.657 27.576 18.291% -6.662
700 8.960 66.451 61.378 3.551 27.329 16.759 -5.232
800 8.991 67.650¢ 62.089 4,449 27.082 15.268 -4.171
900 9.017 68.711 62.768 5.349 26.83 13.809 -3.353
1000 9.040 69.662 63.410 6.252 26.581 12.377 -2.705
1040 9.048 T0.017 63.657 6.6114 26.480 11.803 ~2.480
1040 9.048 T0.017 63.657 6.614 2.671 11.803 ~2.480
1100 9.060 70.524 64.018 7.157 2.649 12.331 -2.450
1200 9.078 71.313 64.593 8.064 2.607 13.213 -2.406
1300 §9.096 T2.041 65.139 8.973 2.565 14.097 -2.370
1400 9.112 72.715 65.656 9.883 2.520 14.987 -2.339
1500 9.128 73.345 66.148 10.795 2.472 15.877 ©-2.313
1600 914y 73.934 66.616 11.709 2.425 16.774 -2.29
1700 2.159 74.489 67.063 12.624 2.374 17.673 =2.272
1800 9.174 75.013 67.490 13.51 2.321 18.575 -2.255
1900 5.189 75.509 67.899 14,459 2.267 19.478 -2.240
2000 9_203 75.981 68.292 15.378 2.210 20.384 -2.227

¥Data except enthalpy of formation at 298 X estimated.

Phage changes:

594,26 K, melting point of Cd;

1040 K, boiling point of Cd; AH®

AH®

1.480 kcal/mol.
3.809 keal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cp

©

Reaction equations {(kcal/mol):

298.15-594.26
594.26-1040 K:

1040-2000 K:

Source: Data

K: AHre
AGroe
AHr¢
AGroe
AHr®
AGre

based on

29.948
29.948
29.021
29.021

{2 | I (A (I N ]

+ 1 + 1

= 8.928 + 0.142x1072T - 0.329x10°T"2
He- Hg,, = B.928x107°T + 0.071x1075T2 + 0.329x102T™! - 2.779

0.563x107%T - 1.535x107%T% + 0.350T"!

0.563x107°T1nT + 1.535x107°T% + 0,175T7' - 23.978x107°T

2.349x107°T - 0.089x107°T2 - 1.250T™!

2.349%x1073TInT + 0.089x107°T2 - 0.625T ! - 32.965x107°T
2.990 - 0.212x1073T -~ 0.0B9x1075T2 - 1.250T"!
2.990 + 0.212x107°T1nT + 0.089x107°T% - 0.625T ! + 6.911x107°T

Marquart (77) who estimated molecular constants.



Ce 73

CeS(e)
Cerium Moncsulfide
[Formation: Ce{c) '+ S{c¢,1) = CeS{c)]

cal/mol K kecal/mol
T,K - : Log Kf
Cpe Se =(G®= HZ,¢)/T  H°= HZ,, AHf® AGE®
298.15 11.940 " 18.670 18.670 0 -109.800 -107.954 79.132
300 11.951 18.744 18.671 .022 ~109.800 -107.943 78.635
368.3 12.366 21.235 18.922 .852 -109..801 -107.519 63.801
368.3 12.366 21.235 18.922 .B52 -109.897 -107.519 63.801
388.36 12.u88 21.894 19.05% 1.101 -109.901 -107.389 60.432
388.36 12.488 21.894 19.059 1.10 -110.314 -107.389 60.432
400 12.559 22.264 19.146 1.247 ~110.335 -1Q7.301 58.626
432.02 12.763 23.239 19414 1.652 -110.4811 ~107.056 54.157
500 13.197 25.135 20,065 2.53% -110.677 -106.506 46,553
600 13.8L6 27.598 21.120 3.887 -110.909 -105.6L5 38.481
700 14.502 29.782 22.205 5.304 -111.056 -104.760 32.707
717.824 14.619 30.148 22.398 5.563 -111.074 -104.599 31.848

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of 5; &H® = 0.413 kcal/mol.
432.02 K, second order transformation of S; AH® = O kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn {(n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-2000 K: Cp® 9.825 + 6.646x107°T + 0.121%10°T"2
-H°- H%,.4 9.825x107°T + 3.323x107°T% = 0.121x10*T"! - 3.184

Formation equations (kcal/mol):
298.15-368.3 K: AHf® -108.546 - 3.434x107°T + 3.093}(10"51‘z - 150.500T!

AGfe = -108.546 + 3.43Ux107*T1lnT - 3.093x107°T2 - 75.250T ' - 15.811x107°T
368.3-388.36 K: AHf® = =109.661 - 1.171x1073T + 1.347x107°T2 + 5,1007T!

AGF® = —109.661 + 1.171x1073TInT - 1.347x1075T2 + 2.550T"' - 0.62Bx1073T
388,36-432.02 K: AHf® = -125,820 + 43.569x107°T — 41.935x107°T? + 1907.300T
. AGf® = —125_.820 - 43,569x1073T1lnT + U41.935x107*T2 + '953.650T "% + 284.601x107°T"
432.02-717.824 K: AHf® = —135.298 + 3G.663x107T - 22.123x10”%T? + 5133.800T™"

AGF® = ~135.298 ~ 309.663x107TInT + 22.123x107 T2 + 2566.900T ! + 282.753x107°T



T4 Ce

CeS{c)
Cerium Monosulfide .
[Reaction: Ce{c,1) + 0.55,(g) = CeS{c)]

cal/mol *K keagl/mel
T,K ' Log Kr
Cp® geo —(Go%= Hgge}/T Ho- Hg,e AHr® aGre
298.15 11.940 18.670 18.670 0 ) -125.155 -117.468 86.105
300 11.951 18.744 18.671 .022 -125.1%2 -117.420 85.53%
koo 12.559 22.264 19.146 1.247 -124.986 -114.867 62.799
500 13.197 25.135 20.065 2.535 -124.804 -112.359 45,112
600 13.846 27.598 21.120 3.887 -124,604 ~-109.885 40,025
700 14,502 29.782 22.205 5.304 ~124, 381 -107.455 33.54¢9
8006 15.161 31.762 23.277 6.788 -124.136 -105.046 28.697
900 15,822 33.585 24,322 8.337 -123.870 -102.678 24.933
999 16.476 35.271 25.325 9.936 -123.583 -100.366 1.957
999 16.476 35,271 25.325 9,936 -124.298 -100.366 1.957
1000 16.483 35.287 25.335 9.952 ~-124.,295 -100.344 21.930
1071 16.954 36.433 26.033 11.139 -124.06Y ~98.647 20.130
1071 ' 16.954 36.433 26.033 11.139 -125.369 -98.647 20.130
1100 17.146 36.889 26.314 11.633 -125.266 -97.924 19.455
1200% 17.809 35.409 27.258 13.381 -124.870 -85,459 17.385
1300 18.472 39.861 28.173 15,195 —124. 411 -93.029 15,639
1400 19.136 41,254 29.057 17.076 -123.890 -90.630 14,1148
1500 19.800 L2.597 29.916 19.022 -123.307 -88.278 12.862
1600 20. 464 43.896 30.749 21.035 -122.660 ~85.966 11.742
1700 21.128 45,156 31.559 23.115 -121.951 -83.686 10.758
1800 21.792 46,383 32.349 25.261 -121.178 -81.457 9,891
1900 - 22.U56 47.579 33.120 27.U73 ~-120.342 -79.278 9.11¢
2000 23.120. 48.747 33.871 25.752 ~119.443 -77.143 8.430

¥Data extrapolated above 1100 K.

Phase changes: 999 K, Y - § transition point of Ce; AH® = 0.715 kecal/mol.
1071 K, melting point of Ce; AH® = 1.305 kecal/mol.

Heat capacity {cal/mol+K) and enthalpy (kecal/mol) equations:

298.15-2000 K: Cpe = 9.825 + 6.646x107°T + 0.121x10°T™2
Ho- HSgy = 9.825x1073T + 3.323x107°T2 - 0.121x102T"! - 3.184

Reaction equations {(kcal/mol):

298.15-999 K: AHr® = ~125.335 + 0.568x107%T + 1.216x107°T% - 29.050T"

AGre = =125,.335 - 0.568x107°T1lnT - 1.216x107¢T? ~ 14,5257 + 130, 152x1o‘3T
999-1071 K: sHre = -124,075 - 3.337x107°T + 3.163x107°T? - 46,250T7!

AGre = —124.075 + 3.337x107°T1nT ~ 3.163x107%T2 ~ 23.125T7% + 3.B7u4x107°T
1071-2000 K:  AHr® = -125.359 — 3.357x107°T + 3.163x107°%T? ~ 46.250T!

AGro = -125.359 + 3.357x107%T1nT - 3.163x107°T2% - 23.125T % + 4.933x107°T

Sources: Enthalpy of formation at 298 K from Schumm (104). Low-temperature heat capacities
and entropy at 298 X from King (ég). High-temperature data based on Mezaki {(79).

Data extrapoclated above 1100 K.



Ce 75
Ce3(g)
Cerium Monosulfide (ideal gas)
[Formation: Ce(e) + S(c,1) = CeS(g)]
cal/mol-K kecal/mol
T,K . Log Kf
Cpo se -{G°~ H2,,)/T He- H%,, AHf® AGE®

298.15% 8.180 62.030 £2.030 0 31.400 20.318 -14.,893
300 8.190 £2.080 62.030 015 31.393 20.249 -14,752
368.3 8.102 63.792 62.206 .584 31.131 17.739 -10.526
368,3 8.402 63,792 62.206, .584 31.035 17.739 -10.526
388,36 B.Uuby 64, 240 62.300 L7583 30.951 17.018 ~9.577
388.36 8.464 64,240 62.300 .753 30.538 17.018 -9,577
400 | 8.500 64,490 62.360 .852 30.470 16.614 -9.077
432.02 8.5L5 65,146 62.542 1.125 30.262 15.512 -7.847
500 §.6u40 66.400 §2.980 1.710 29.698 13.236 -5.786
600 8.720 67.980 63.683 2.578 28.982 10.017 -3.649
700 8.770 69.330 64,1397 3.453 28.293 6£.905 -2.156
T717.824 8.775 69.551 64,522 3.609 28.172 6.363 =-1.937

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinlc transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol. ‘
717.824 X, voiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol<K) and enthalpy (kcal/mol) equations:

298,15-2000 K: Cp® = 8.873 + 0,036x107°T - 0,626x105T™2
Ho- HZ,, = 8.873x107°T + 0.018x107°T% + 0.626x102T™* - 2.857

a o

Formation equaticns (kecal/mol):
298.15-368.3 K: AHE® 32.981 - 4,.386x107°T -~ 0.212x107°T2 - 75.800T"!

AGE® = 32,981 + 4,386x107°T1InT + 0.212x107%T2 - 37.900T"' - 67.097x107°T
368,3-388.36 K: AHfo = 31.866 - 2.123x107*T - 1.95Bx107%T2 + 79,800T"!

AGF® = 31.866 + 2.123x107°TInT + 1,95Bx107¢T* + 39,900T"! - 51.914x107°T
388,36-432.02 K: AHf® = 15.707 + 42,617x107*T - W45,24Cx107%T2 + 1982,000T7!

AGfe = 15.707 ~ 42.617x107°T1nT + 45.240x107%T? + 991.000T"' + 233.314x107°T
432.02-717.824 K: AHF® = 6.229 + 38.711x1073T - 25,.428x1075T% + 5208.500T!

AGE® = 6,229 - 38.711x1073T1nT + 25.428x107°5T2 + 2604.250T"! + 231.466x107°1T



76 Ce

CesS(g)
Cerium Monosulfide (ideal gas)
[Reaction: Ce(e,1) + 0.55,(g) = CeS(g)]
cal/mol <K kcal/mol
T,K Log Kr
Cpe e ~(G°~ H$,4)/T Ho- HE,, AHP® AGP®
298,15% 8.180 62.030 £2.030 0 16.045 10.804 =7.920
300 8.190 62.080 62.030 .015 16,041 10.772 ~7.847
4Q0 B.500 64,490 62,360 .852 15,819 9.048 —-4.94)
500 8.640 66,400 62.980 1.710 15,571 7.383 ~3.227
600 8.720 £7.980 63.683 2.578 165.288 5.776 -2.104
700 8.770 69.330 64.397 3.453 14.968 §.210 -1.314
800 8.800 70.510 £65.096 4,331 14,607 2.698 =. 737
900 8.830 71.540 65,748 5.213 14,206 1.238 -.301
999 8.850 72,471 66.377 6.088 13.770 -.176 .039
899 B.830 T2.471 66.377 6.088 13.055% ~-.176 .039
1000 8.850 72.480 66.383 6.097 13.050 -.192 042
1071 8.857 73.083 66.804 6.725 12.723 -1.112 227
1071 8.857 73.083 66.804 6.725 11.418 -1.112 227
1100 8.860 73.320 66.973 6.982 11.283 -1.449 .288
1200 8.870 74.090 67.532 7.869 10.819 -2.588 L7
1300 8.880 74,800 68,065 8.756 10,350 -3.689 .620
1400 8.890 75.460 £8.571 9.6u5 9,880 -4,74L9 T4
1500 8.900 76.070 69.047 10.535 9.407 -5.774 .841
1600 8.910 76.650 £9.509 11.425 8.930 -6.782 .926
1760 8.910 77.190 69.945 12.316 8.151 ~7.743 .995
1800 8.920 77.700 70.363 13.207 7.968 -§.691 1.055
1900 8.5920 78,180 70.759 14,100 T.485 -9.593 1.103
2000 8.930 78.640 T1.144 14,992 6.997 -10,488 1.146
*Data except enthalpy of formation at 298 K estimated.
Phase changes: 999 K, ¥ - § transition point of Ce; &H® = 0,715 kcal/mol.
1071 K, melting point of Ce; AH® = 1.305 kcal/mol.
Heat capacity (cal/mol-X) and enthalpy (kecal/mol) equations:
298.15-2000 K: Cp® = 8.B73 + 0.036x107°T ~ 0.626x10°T" 2
Ho~- H3,, = 8.873x107°T + 0.018x107°T? + 0.626x10%T"! - 2,857
Reaction equations (kcal/mol): .
298,15-999 K: AHr° = 16,192 - 0,384x1073T ~ 2.089x107°%T72 -+ 45,6507}
AGr® = 16.192 + 0.384x107T1nT + 2.089x1075T% + 22.825T7"! - 21,13Ux107°T
999-1071 K: AHre = 17.452 - 4,289x107°T - 0.142x107°T2 + 28.45077}
ACGre = 77,452 + L ,289x107°TInT + 0.1U2x107°8T2 + 14,2257 - 47,413x107°%T
1071-2000 K: AHr® = 16,169 — U4,309x1073T - 0.742x1075T2 + 2B.450T7!
AGre = 16,169 + 4,309x1073T1InT + 0.142x107°T2 + 14,225T! - U46,354x107°T

Sources: Enthalpy of
(80).

formation at 298 K from Schumm (1Ck).

Other data are those estimated by Mills



Ce 77
Ce,S,(c)
Dicerium Trisulfide

[Formation:  2Ce{e¢) + 38(e,l) = Ce,8,(c)]

cal/mol-K keal/mol
T,K Log Kf

Cp® Seo -(Go- H3,4)/T He- HZ,, AHE® AGTo

298.15 I30;77O 43,100 43,100 0 -284.000 -279.742 205.053
300% 30.790 43,290 43,100 .057 -283.997 -279.714 203.769
368.3 31.350 49,67 43,743 2.183 -283.917 -278.747 165.407
368.3 31.350 49,671 43,743 2,183 -284,205 -278.T47 165.407
388.36 3t.515 1.338 44,093 2,814 -284.200 -278,448 156,695
388.36 31.515 51.338 44,093 2.81%4 ~285.439 -278.448 156.695
400 31.610 52.270 44.318 3.181 -285.493 -278.238 152.020
432,02 3N.777 54.711 44,999 4,196 -285.704 =-277.651 140. 456
500 32.130 59.390 46,650 6.370 -286.501 -276.321 120.778
600 32.530 65,280 4g9.273 9.604 -287,292 -274,196 99,875
700 32.870 70.320 51.929 12.874 -287.950 =271.970 84.912
717.824 32.927 T1.147 52.395 13.460 -288.055 -271.561 82.679

*Data above 298 K estimated.

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mcl) equations:

388.36 K, melting point of S;

AH®

368.3 K, orthorhombi¢ - monoclinic transition point of S;

0,413 keal/mol.

432.02 X, second order transformation of S;

298.15-2000 K:

Cp?®
He- Hg,,

31.321 + 2.560x107°T - 1
31.321x1072T + 1.280%107%T2 + 1.168x102T7!

Formation equations (kcal/mol):

298.15-368.3
368.3-388.36
388.36-432.02

432.02-717.82

K:

K:

K:

4 K:

AHf®
AGL®
ARf®
AGE®
AHf®
AGTe
AHf®
AGfe

=

-282.162
-282.162
-285.507
~285.507
~333.982
—333.982
-362.418
~-362.418

1 4+ 1 + 1 + + _|

- 3.371x107%T + 2.537x107%T2 - 315,007

L168x108T~2

0 kcal/mol.
717.824 X, bolling point of S to equilibrium mixture of Sn

- 9.8u4

= 0,096 kecal/mol.

1 to 8).

- 3.371x107%T1nT - 2.537x107%T% - 157.800T"! - B.557x107°T

3.418x107°T - 2.701x107°T2 + 151.200T71

3.418x1073T1nT + 2.70tx1075T2 + 75,6007} + 36.992x107°T
137.638x107T - 132.547x1075T2 + 5857,800T"!
137.638x1072T1nT + 132.547x1075T2 + 2928,900T ! + 892, 67?x10 3T
125.920x1072T ~ 73.111%x107%T2 + 15537.300T"}
125.920x1073T1nT + 73.111x107T* + 7768.650T"! + 887.135x107°T



78 Ce

C6283(C)

Dicerium Trisulfide

[Reaction: 2Ce(e,l) + 1.58,(g) = Ce,S,(c)]
cal/mol+K kcal/mol
T,K Log Kr
Cpe se ~(Go— HZ44)/T Ho- H3,, AHro AGre

298.15 30.770 43,100 43.100 ¢ -330.065 -308.282 225.974
300% 30.79¢C 43,290 43.100 .057 -330.053 -308.146 224,481
400 31.610 52.270 kh,318 3.181 -329. 446 -300.935 164,421
500 32.130 59.390 46,650 6.370 -328,884 -293.880 128.453
600 32.530 65,280 49,273 9.604 -328.375 -286.919 104,509
700 32.870 70.320 51.92% 12.874 -327.925 -280.056 87.436
800 33.1%0 74.730 54.508 16.178 =327.534 -273.229 74,642
900 33.480 78.660 56.981 19.511 - -327.207 -266.472 64.707
999 33.757 B2.166 59.30% 22,839 -326.91 -259.808 56.837
999 33.757 82.166 59.304 22.839 -328.371 -259.808 56,837
1000 33.760 82.200 59.327 22.873 ~328.369 ~259.744 56.766
1071 33.959 84,522 60.919 25.278 ~328.192 -254.866 52.007
1071 33.959 8y.522 60.919 25.278 -330.802 -254.866 52.007
1100 34,040 85.430 61.554 26,264 -330.728 -252.810 50.228
1200 34,310 88,400 63.666 29.6%1 -330. 467 ~245.744 Ly, 755
1300 34.580 91.160 65.678 33.126 | -330.187 -238.702 ‘H0.129
1400 34,840 93.730 67.589 36.597 -329.893 -231.665 36.164
1500 35.110 96.150 69.420 40.095 -329,583 -224.676 32.735
1600 35.370 98,420 71.158 43.619 -329.258 -217.690 29.735
1700 35.630 100.570 72.824 47,169 -328.919 -210.712 27.088
1800 35.890 102,620 74,428 50.746 -328.560 -203.795 24,744
1900 36.150 104.570 75.966 54,348 -328.186 -196.8€8 22.645
2000 36.410 106.430 77.442 57.976 -327.796 -189.973 20.759
¥Data above 298 K estimated.

Phase changes: 999 K, Y - 6 transition point of Ce; AH® = 0.715 kcal/mol.

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

1071 K, melting point of Ce; AH®

298.15-2000 K:

Cp®

He- Hgse

1.305 keal/mol.

31.321 + 2.560%x107%T - 1.168x10%T2

31.321x107°T + 1.280x107%T2 + 1.168x102T"! - 9.844

Reaction equations (kcal/mol):

298.15-999 K:
999-1071 K:

1071-2000 K:

AHP®
AGPr®
AHre
AGr?®
AHre®
AGr®

o nn

noon

Sources: Enthalpy of
and entropy

-332
-332
~330
~330
~332
=332

.528
.528
.008
.008
575
575

b+ 1+

1+

8.636x107%T —- 3.09Ux107°T2 + '48.750T!

8

636x107°TLnT + 3.094x1076T2 + 2k,375T! + 129.332x707°T

0.826x107%T + 0.800x107°T2 + 14.350T7¢

0

LB26x1073TInT ~ 0.800x%107°T2% + 7.175T"! + 76.775x107°T

0.786x107%T + 0.800%x1075T2 + 14,350T"!

0

formation at

at 298 X from King (66).

LT786x107*TInT ~ 0.800x1078T2 + 7.175T"F + 78.893x107°T

298 K from Schumm (104).

Low-temperature heat capacities
Data above 298 K estimated.



Co 79

COSo.,s(cJ
Cobalt Sulflde

[Formation: Co(c) + 0.835(c,1) = CoS, s4.(c)]

: cal/mol-K keal/mol
T,K ‘ Log Xf
Cpo° 8¢ -(G®= HE,4)/T H®- H3gy AHf© AGFe
298.15 10.364 10.908 10.908 0 ~50.630 ~49,709 36.437
300% 10.390 10.972 10.909 .019 -50.631 -49,702 36.207
368.3 11.134 13.184 11.130 .757 -50.650 ~49,49Y 29.369
368.3 11.134 13.184 11.130 757 ~50.735 ~49, 49y 29.369
388.36 11.353 13,781 11.252 .982 ~50, 741 -49, 425 27.814
388.36 11.353° 13.781 11.252 .982 ~51.109 ~49,425 27.814
Yoo 11.480 14.118 11.331 1.115 -51.128 -49,375 26,977
432.02 11.752 15.013 11.571 1.487 -51.195 -49,232 24,905
500 12.330 16.774 12.160 2.307 -51.425 -L8.897 21.373
600 13.090 19.091 13.126 3.579 -51,608 -48.373 17.620
700 13,800 21.164 14,128 4,925 -51.702 -47.828 14,832
700 13.800 21.164 14.128 L, 925 -51.810 ~47.828 14,932
717.824 13.923 21.512 14,307 5.172 -51.815 ~47.727 14,531

¥Data above 298 K estimated.

Phase changes: 368.3 K, orthorhombic ~ monoclinic transitien point of S; AH® = 0.096 kcal/mol,
388.36 K, melting point of 8; AH® = 0.413 kcal/mol.

second order transformation of S; AH? = 0 kcal/mol.

a ~ B transition point of Co; AH® = 0.108 keal/mel.

717.824 K, boiling point of $ to equilibrium mixture of S, {n =1%o 8).

43z2.02
700 K,

K,

Heat capacity (cal/mol K) and enthalpy (koal/mol) equations:

298.15-1000 K:
He- Ho

2398

Formaticn equations (kcal/meol):

298.15-368.3 K: AHf®

AGL®

368.3-388.36 K:  AHf®
AGfe

388.36-432,02 K: AHf®
AGI®

432.02-700 K: AHP®
R AGE o
700-717.824 K: AHL®

AGE®

-49.85Y
-49,854
-50.847
50,847
-65.228
-65.228
~73.66L
~73.664
-80.196
-80.196

| S T A

9.452 + €,478x107°T - 0.906x10°T™ 2
9.452x1073T + 3.239x107°T%* + 0.906x10%T"' - 3,410

2.824x107°T + 2.990%107°T2 - 55,48LT7!

2.82Lx107°T1nT - 2.990x107°T2 - 29.742T7"' - 14,374x107°T
0.810x107°T + 1.436x107°T2 + T79.000T"!

0.810%1073TInT — 1,U36x107°T% + 39.500T7F - 0.862x1073T .
39.009x1073T - 37.085x107%T? + 1771.958T!

39.009x107°T1nT + 37.085x107°T? + 885.979T"! + 252, 992x10"T
35.532x1073T - 19.452x1078T2 + U4643,.543T7!

35.532x107°T1nT + 19.452x107°T% + 2321.771T7' + 251.3u8x1o‘9T
44,018x107°T - 23.090x107°T* + 6229.943T7!

44, 018x1073TlnT + 23.090x107°T + 3114.972T7" + 312,106x107°T



80 Co

COSD.!Q(O)

: Cobalt B
[Reaction: Co(s) + 0.4453,(g) = CoS, ,,(c)]

cal/mol-K keal/mol
T,K - - Log Kr
Cp° Se -(G°- HSge)/T He- H3.s AHr®° AGro°

298.15 10.364 10.908 10.908 0o . -64.296 -58.176 U2, 643
300% 10.390 10.972 10.909 .019 -64.294 -58.137 h2.352
400 11.480 14.118 11.33 1.115 -6l 167 -56.108 30.656
500 12.330 16.77H 12.160 2.307 -63,998 -54,107 23.650
600 13.0%0 19,091 13.126 3.579 -63,796 =52.147 18.994
700 13.800 21.164 . 14,128 4,925 -63.561 -50.227 15.681
T00 13.800 21.164 . 14,128 4,925 -63.669 -50.227. 15.68%
800 14,490 23.052 15.128 6.339 -63.394 -48.321 13.201
900 15,150 24,797 16.107 7.821 -63.104 -46,457 11.281
26,427 17.058 9.36% -62,805 -Uy,632 9,754

1000

15,800

¥Data above 298 K estimated.

Phase change: 700 K, a ~ B transition point of Co; AH® = 0.108 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-1000 K:-

Reaction equations (kcal/mol}:

298.15-700 K:

T700-1000 K:

AHP® =
AGr° =
AHre =
AGr® =

Sources: Enthalpy of

Cp® = 9.L52 + §.478x707°T - 0.906%10°T~2
Ho- H3,q = 9.452x707°T + 3.239x107°T? »+ 0.906x102T™* - 3.410

-64.796 + 0.7T38x107°T + 1.320x10~T? + 4B.606T

-6Y4.796

0.738x107*T1nT. - 1.320x107%T? + 24,3037 + 26.533x107°T

-71.328 + 9,224x107°%T - 2,318x1075T2 + 1635.006T"!

-71.328

formation

9.224x107*TInT + 2.318x107°T? + B17.503T~ + 87.291x107°T

at 298 K, low-temperature heat capacitles, and entropy at 29B K
from Stuve (113). Data above 298 K eatimated. :

v



CoS,(c)

Cobalt Disulfide

Co 81 .

' [Formation: »Co(c) + 28(e,1) = CaS,(c)]
cal/mol K kecal/mol
T,K - Log Xf
' Cp® L (G~ H3,4)/T Ho- H3,, AHf?® " AGfe
298.15 16.313 17.876 17.876° 0 -36.600 ' -35.221 25.817
300% 16,340 17.977 17.877 .030 -36.601 -35.211 25.651
368.3 17.303 21,436 18,223 1.183 -36.631 -34.897 20.708
368.3 17.303 21.436 18.223 1.183 -36.823 ~34.,897 20.708
388.36 17.586 22.361 18.413 1.533 -36.836 -34.790 19.578
388.36 17.586 22.361 18,13 1.533 -37.662 | ~-34.790 19.578
oo 17.750 22.883 - 18.535 1.739 ~37.706 -34.704 18.961
432.02 18.086 24,263 18.910 2.313 -37.863 ~34.459 17.432
500 18.800 26.961 19.825 3.568 . -38.106 ~33.869 14.804
600 19.700 30.470 21.313 5.494 ~38.886 -32.914 11.989
700 20.520 ° .33.568 22,847 7.505 ~39.203 ~31.894" 9.958
700 20.520 33.568 22.847 7.505 -39.311 ° ~31.894 9.958
717.824 20.659 34.086 23.119 7.872 -39.349° ~31.705

5.653

#Data above 298 K estimated.

Phase changes:

388.36 K, melting point of S;
432,02 K, second order tranaformation of S;

700 K, a - B transition point of Co;

368.3 X, orthorhombic - monoclinic transtition point of'S;
AH® = 0.413 kcal/mol.

AH® = 0.096 kecal/mol.

AH® = ( kcal/mol

4H® = 0,108 keal/mol.

717.824 K, boiling point of S to equilibrium mixture of S (n £ 1 to 8).
Heat capacitxﬁ(cal/mbl‘Kj and éhthalpy (kecal/mol) equations:
298.15-1000 K;: Cp° = 15,731 + 7.248x107°T - 1.403x10° T‘2 .

He- Hg,e = 15. 731x10 IT 4 3 624%1075T% + 1, uo3x102T - s, 433

Formation eguations {kcal/mol):

298,15-368.3 K:

AGfe

368.3-388.36 K: AHf®

388.36-432.02

432.02-700 K:

700-717.824 K:

aAGE®
K: &HF®
AGE®
AHf®
AGE®
AHf©
AGE®

U n B w 0 n B8 B8 O

AHP® = ~-34,782

-34.782
-37.013
-37.013
-69.329
-69.329
-88.287
-88.287
-94.818
-94.818

I T |

+

5.618x107T + 5.281x107°T? ~ 182.500T*

5.618x107T1nT - 5.281x107%T% - 91.250T"" - 30.879x1073T

1.092x107%T + 1.789x1078T% + 128.700T"!

1.092x107*T1InT = 1.789x107°T* + 64.350T"! - 0. 513x10 aT

88.388x107°T - BU,7T5x107°T% + 3933.100T7!

88.388x107°T1nT + BL.775x107°T2 + 1966.550T!

80.576x107°T - 45.151x107%T% + 10386.100T"?
- 80.576x107°TLnT + 45.151x107°T2 + 5193.050T" " + 566, 2"9x10 °T
89.062x107°T - 4B,7B9x107¢T2 + 11972.500T7!

89.062x107*T1nT + 48.789x107%T% + 59B6.250T !

+ 569.94Lx107°T

+ 627.007Tx107°T



82 Co

CoS,(c) ‘
Cobalt Disulfide
[Reaction: Co(ec) + S5,(g) = CoS,(c)]"

cal/mol+K ' kcal/mol

T,K Log Kr
Cp® s -(Go~ HS44)/T H°= H%,, AHre® AGPr®
298.15 16.313 17.876 17.876 0 -67.310 -54,248 39.764
300% 16.340 17.977 17.877 .030 ~67.305 ~54,166 39.U59
400 17.750 22.883 18.535 1.739 ~67.008 -49,835 27.228
500 18,800 26,961 19.825 3.568 -66.661 -45,576 19.921
600 19.700 30.470 21.313 5.494 -66.275 -41,395 15.078
700 20.520 '33.568 22.847 7.505 -65,853 ~37.284 11.640
700 20.520 33.568 22.847 "7.505 -65.961 -37.28L 11,640
500 21.300 36.360 24,364 9.597 -65, 452 -33,214 9.074
900 22,080 38.914 25.8U1 11.766 -65.003 -29.212 7.094
1000 22,850 41,280 27.268 14,012 ~64,498 =25, 271 5.523

¥Data above 298 K estimated.

Phase change: 700 K,

a - B tranaition point of Co; AH® = 0.108 kecal/mel.

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-1000 K:

Cp*®
H®= H3,,

15.731 + 7.248x107°T = 1.403x105T"2
15.731x107°T + 3.624x1075T2 + 1.403x102T™! - 5,483

Reaction equations (kcal/mel):

298.15-700 K: AHr®
AGr®
700-1000 K: AHre
AGre

Sources: Enthalpy of

-68.360 + 2.387x107*T + 1.527x107°T? + 60.,400T"!

~68.360 — 2.387x107°T1nT ~ 1.527x107°T? + 30.200T ' + 61.047x107°T
~-74.852 + 10.873x107°T - 2.111x107°T? + 1646.800T"!

~74.892 - 10.873x107°T1lnT + 2.111x107°5T2 + 823.400T"' + 121.806x107°T

formafion at 298 K from Mills (80). Low-temperature heat capaclties and
entropy at 298 K from Stuve (3113). Data above 298 K estimated.



Co 83

Co,S.(¢c)
Tricobalt Tetrasulfide
[Formation: 3Cole) + US(e,l) = Co,8,(¢c))

. . cal/mol-K keal/mol
. T,K Log Kf
Cp® 3¢ =(G®~ Hg,,3/T He- Hg,, AHf® AGEe
298.15 38.870 42,050 . 42,050 0 -85.800 -82.779 60.678
300% 38.950 42.290 42.057 .070 ~85.803 ~82.758 60.288
368.3 41.340 50.551 42,889 2.822 -85.832 -82.080 48.706
368.3 41,340 50.551 42.889 2.822 -86.216 -82.080 Lg.706
- 388.36 L42.043 52.762 43.343 3.658 -86.232 -81.851 hé.061
388.36 k2,043 52.762 43,343 3.658 -87.884 -81.851 46,061
500 Lb2.450 54.010 43.635 k.150 -87.965 -81.671 4y, 622
432.02 43.337 57.313 44,528 5.523 -88.259 -81.158 41.056
500 45.220 63.790 46.710 8.540 -89.288 -79.929 34.936
600 L7.610 72.240 50.273 13.180 -90.152 ~77.967 28.399
700 49,790 79.750 53,964 18.050 -90,666 -75.905 23.698
700 49,780 79.750 53.964 18,050 -90.99¢C =-75.905 23.698
717.824 50.155 81,006 54,620 18.941 -91,040 -75.523 22.9%4

*Data abcve 298 K estimated.

Phase changes: 368.3 K, orthorhomblic - moncclinie transition polint of 3; aH° = 0.096 kcal/mol,
388.36 K, melting point of S; AH®° = 0.413 keal/mol.
432,02 K, second order transformation of S; AH® = 0 kecal/mol.
700 K, a - B transition point of Co; AH® = 0,108 kecal/mol,
717.824 K, boiling point of S to equilibrium mixture of Sn (n=11to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-900 K: Cp® = 36.601 + 19.724x1073T - 3.211x105T"2
Ho- H2,, = 36.601x107%T + 9.862x107°T2 + 3.211x10%2T"! - 12.866

u

Formation equations (kcal/mol):
298.15-368.3 K: AHf° -82.377 - 11.098x107%T + 11.399x%107°T2 - 336.100T"!

AGFe = -82.377 + 11.098x107*T1lnT ~ 11.399x107°T% - 168.050T"! - 59.289x107°T
368.3-388.36 K: AHf® = -86.838 - 2,046x1073T + 4,415x1075T2 + 286.300T"!

AGFe = —-86,838 + 2.046x1073T1nT - 4.415x1076T2 + 143.150T"! + 1.443x1073T
388,.36-432.02 K: AHf° = —157.471 + 176,914x1073T ~ 168.713%x107¢T2 + 7895,100T!

AGF? = —151,471 ~ 176.914x1073*TInT + 168.713x107%T2 + 3947.550T" + 1142.356x%107°T
432,02-700 K: AHf® = -189.386 + 161.290x107*T - 89.U65x1075T2 + 20801.100T"!

AGF® = ~189.386 ~ 161.290x107*T1nT + 89.465x107°T2 + 10400.550T7 ' + 1134.966x107°T
700-717.824 K: AHf® = -208.981 + 186.748x1073T - 100.379x107%T2% + 25560.300T!

AGf? = -208.981 - 186.748x107°T1InT + 100.379x107°T2 + 12780.150T7" + 1317.241x107°T



84 Co

Co,S,(c)
Tricobalt Tetrasulfide
[Reactlion: 3Cole) + 28,(g) = CosS,(e)]

cal/mol <K kcal/mol
T,K - Log Kr -
Cpe e -(G%= HS,4)/T Ho- HS,, AHr® AGre
298.15 38.870 42,050 42.050 0 -147.220 -120.833 88.572
300*% 38.950 42,290 42.087 .070 ~147.21 ~120.667 87.905
400 42.450 54,010 43,635 4.150 ~146.569 =111.933 61.157
500 45,220 63.790 6,710 8,540 -145,798 -103.342 45,170
600 47.610 72.240 50,273 13.180 -144,930 -9L4,931 34,578
700 49.790 79.750 53.964 18.050 -143.966 -86.686 27.064
700 49.790 79.750 53,964 18.050 -144,.290 -86.686 27.064
800 51.840 86.530 57.605 23.140 -143.198 ~78.507 21. 447
900 53.800 92.750 61.172 28.420 -142.078 ~70.497 17.119
*¥Data above 298 k eatimated.
Phase change: 700 K, a - B transition point of Co; AH®¢ = 0.108 kecal/mol.
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:
298.15-900 K:  Cp® = 36.601 + 19.72Ux107°T - 3.211x105T"2
He~ H%,, = 36.601x1072T + 9.862x107%T2 + 3.211x102T"! - 12.866
Reaction equations {kcal/mol):
298.15-700 K: AHr® = -149.532 + 4.912x107%T + 3.891x107°T2 + 149.700T"!
AGre = -149.532 - 4.912x107°T1nT - 3.891x107%T2 + T4.850T ! + 124.553x10_5T
700-900 K: aHre = -169,128 + 30.370x10"?T - 7.023x107°T% + L4908.900T"?
AGre = =169.128 - 30.370x107*T1lnT + 7.023x107%T2 + 2454 450T"! + 306.838x107°T
Sources: Enthalpy of formation at 298 K from Mills (80). Low-temperature heat capacities an

entropy at 298 K from Stuve (113). Data above 298 K estimated.

d



cr 85
Ccrs{c)
Chromium Monosulfide
[Formation: Cr{e) + 3(e,1) = CrS{e)]
‘ cal/mel-XK kecal/mol
T,K Log Kf
Cp® Se ~{G°= HZ,,)/T H°- H%,, AHE® AGEo

298,15% 11.160 15.300 15.300 ‘ 0 "52.300 -32,893 2411
300 11,180 15.370 15,300 021 -32,299 -32,897 23.966
311.5 11.302 15.793 15,310 150 -32.300 -32.920 23.097
368.3 11.904_ 17.583 15.532 . 755 -32.330 -33.032 19.601
368.3 11.904 17.583 15.532 . 755 ~32.426 . —33;032 19.601
388.36 12.117 18.220 15.655 .996 ~32.432 -33.065 18,607
388,36 12.117 18.220 15.655 .996 -32,845 -33.065 18,607
400 12.2040 18.580 15.7235 1,138 ~32.863 -33.071 18.069
432.02 13.617 19.570 15.982 1.550 ~32.908 ~33.086 16.737
450 14,480 20.140 16.133 1.803 -32.990 -33.089 16.070
500 12.930 21.540 16.604 2.468 ~33.092 -33.093 14.U65
600 13.050 23.910 17.632 3.767 ~33.308 =33.073 12.047
700 13.160 25,930 18.677 5.077 ~33.485 -33.019 10,308
7T17.820 13.181 26,261 18.861 5.312 ~33.512 -33.006 10.049

*Entropy at 298

Phase changes:

K estimated and data extrapolated above 670 K.

311.5 K, second order transition point of Cr; AH® = 0 kcal/mol.

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0,096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.

432.02 K, second order transformation of 3; AH® = 0 kecal/mol.

450 X, second order transition point of Cr5; AH° = 0 keal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol+XK) and enthalpy {kcal/mol) equations:

298.15-450 K:

He- H3se

450~1800 K:

He- HS,e

= —29.882 + 82.U96x107T + 14.620%x10%T"2 .

= -29.882x107T + L41.248x107°T2 - 14.620x103T"! + 10,146
Cp°® = 9.210 + 3.154x107%T + 7.798x10°T"?

= 9.210x1072T + 1.577x107°T? - 7.798x10°T~"' - 0.928

Cp®

Formation equations (kcal/mol):

298.15-311.5 K:
311.5-368.3 K:
368.3-388.36 X:
388,36~432,02 K:
432.02~450 K:

450-717.824 K:

AHf® = -18,934 - 35,2U8x107°T + 28,898x107°T% - 1617.600T!
AGfe = -18.934 + 35,2U8x107°TinT - 28,.898x107°T* - 808.800T " ~ 229.933x107°T

AHF® = —17,937 ~ U2,415%1072T + 41.174x107ST2 - 1604,000T !

AGE® = -17.937 + U2,415%107°TinT - 41.174x107¢T% - 802.000T™}' - 270.530%x107°T
AHf® = -19.052 ~ 40.152x107°T + 39.428x107°T2 - 14U8.LOOT™?

AGE® = =19.052 + 40.152x107°T1nT - 39.428x107°T% - 724.200771 ~ 285,347x107°T
AHE® = =35,210 + 4.58Bx1073T - 3,854x107°T2 + 453.800T"!

AGF° = -35,210 ~ 4.588x1072TInT + 3.B54x107¢T? + 226.%00T"' + 29,881x107°T
AHf® = -L4.689 + 0.682x1073T + 15.95B8x1078T2 + 3680.300T !

AGE® = -U4.689 - 0.Es2x10_5TlnT - 15.958x107°T2 + 1840.150T7 ! + 28.034x107°T
AHf® = -55,763 + 39.774x7073T - 23.713x107°T? + 4362,50077!

AGFe = ~-55.763 — 39.7T4x107°TInT + 23.713x107°T? + 2181,25077" + 271.929x107°T



86 Cr

Crs(c)

Chromium Monosulfide

[Reaction: Cr{ec) + 0.55,(g) = Cr3(e)]
cal/mol K keal/mol
T,K Log Kr
Cpe Se —(Go~ HE g )/T H°~ HZg, AHire AGre
298,15% 11.160 15.300 15.300 0 -47.655 -42.407 31.085
300 1.180 15.370 ., 15.300 .021 -47,651 -42,375 30.870
311.5 11.302 15.793 15.310 . 150 -47.634 -42.173 29.588
400 12.240 18.580 15.735 1.138 -47.514 -40.637 22.203
450 14.480 20.140 16.133 1.803 -47.361 -39.782 19.32C
500 12,930 21,540 16,604 2,468 -47.219 -38.947 17.023
600 13.050 23.910 17.632 3.767 -47.002 -37.314 13.591
700 13.160 25.930 18.677 5.077 ~46.810 -35.714 1.150
800 13.280 27.7C0 19.700 6.400 46,635 -34,144 §.328
900 13.400 29.270 20.677 7.734 ~46,471 -32.592 7.914
1000 13.520 30.690 21.611 9.079 -46.321 =-31.062 6.789
1100 13.630 31.980 22.492 10.437 -46.196 -29.537 5.868
1200 13.750 33.170 23.332 11.806 -46.103 -28.021 5.103
1300 13.870 34,280 24,138 13.185 -46.049 ~26.535 4,461
1400 13.980 35.310 24,896 14.579 -46.022 - -25.035 3.5908
1500 14,100 36.280 25.625 15.983 ~46.,027 -23.527 3.428
1600 14,220 37.190 26.316 17.399 ‘-U§.068 =22.020 3.008
1700 14,340 38.060 26.985 18.827 -Ug . 144 -20.534 2.640
1800 14.450 38.880 27.621 20.266 -U6.250 -19.008 2.308

*Entropy at 298 K estimated and data extrapolated above 670 K.

Phase changes:

Heat capacity (cal/mol-K)}

311.5 K, second crder transition point of Cr;

U450 K, second order transition point of Crs;

and enthalpy (kcal/mol) eguations:

298,15-450 K:

450-1800 K:

Cp°
He~ Hggs
Cp®
Ho= Hfg

= -29,882 + 82.496x107°T +

14.620x10°T"%

AH? = 0 kcal/mol.
aH® = 0 kecal/mol.

= ~29,8B2x1073T + 41,248x107%T% — 1L4,620%10%T™! +.10.1L6

Reaction equations (kcal/mol):

298.15-311.5 K: AHr®

311.5-450 K:

450-1800 K:

AGre°
AHr®
AGre°
AHr©
AGre

Eonomounonon

-35.723
-35.723
=34_725
~34,725
-45.799
~45.799

T+ 477 + 1

Source: Data from Mills (80} who

9.210 + '3.154%1073T + 7.798x105T"2
§.210x107%T + 1.577x107%T2 ~ 7.798x102T"' - 0.928

31.246x107°T + 27. 021x10 T2 - 1496.150T7'
31.246x1073TIlnT - 27.021x107°T? - 748.075T77% - 183, 970x10 s7
38.412x1073T + 39.297x107°T? ~ 1482,550T7¢

38.412x1073T1InT - 39.297x1075T?2 = 7471.275T7! - 224.567x107°T
0.679x1073T — 0.374x107¢T2 - 800.350T!

0.679%107°T1InT + 0.374%107°T2 ~ 400.175T"! + 19.328x107°T

estimated entropy at 298 K and extrapolated data above 670 K,



Cr,5,(c)

Dichromium Trisulfide

Cr 87

[Formation:‘ 2Cr{c) + 38(e,l) = Cr.S,(c)]

. cal/mol <K kcal/mol
T.K - - - Log Kf

' Cp® o -(Go~ H3,4)/T Ho- Hi,, AHE® AGE®

298.15% 26.8i0, 35.600 35.600 0] -81.500 -81.893 60.028
300 - 26.810 35.770 35.603 .050 -81.500 -81.898 59.662
311.5 26,877 36.780 35.628 .359 -81.514 -81.912 57.469
363,3. 27.205 41.296 36.152 1.895 -81.570 -81.974 48,643
368.13 27y206 41.296 36,152 1.895 -81.858 -81.974 48.643
388.36 27.322 bz, 742 36,455 2442 -81.925 -81.977 46.132
388,36 27.322 bz, 142 36,455 2,442 -B3.164 -81.977 46.132
400 27.390 43.550 36.650 2.760 -83.252 -81.941 Ly 770
432,02 27.669 45.670 37.241 3.641 -83.549 ~81,827 41,394
500 28.260 . 49.750 3B.670 5.540 -84,527 -81.467 35.609
600 29.240 54,990 40.973 8.410 -85.54Y -80.758 29.416
700 30.280 59.570 43.299 11.390 ~86.338 -79.885° 24,941
717.824 30,471 60.334 43.712 11.931 -86,u458 -79.718 zZh.27

*Entropy at 296 K estimated.

Phase changes:

3N

.5 K,

second order transition point of Cr;

AH® = 0 keal/mol.

368.3 K, orthorhombic - monoeliniec transition point of S;

388.36 K, melting polnt of S;

432.02 K, second order transformation of S;
717.824 K, voiling point of S to equilibrium mixture of Sn

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-1500 K:

Cp*®

= 22.190 + 11.234x107°T + 1.129x10°T"2
Ho- HY944 = 22.190x107°T + 5.617x107°%T% - 1.129%102T"? - 6.737

Formation equations (kecal/mol):

208.15-311.5

K:

311.5-368.3 K:

368.3-388.36 K:

388.36-u32,02

K:

432.02~717.824 K:

AHf®
AGL®
AHf®
AGT®
AHf®
AGI©
AHf®
AGE®
AHf®
AGf e

~78.993
~78.991
=76.996
'~76:996
-80.31
-80.3M1
~128.816
-128.816
-157.252
-157.252

+ )+

+

+

3.284x107°T - 17.366x107°T? - 579.700T!
3.284x1073T1nT + 17.366x107°%T2* - 289.850T7!
11.050x107%T + 7,186x1078T? - 552,500T"!
11.050x1073T1nT = 7,186x107%T2 - 276.250T!

AH® = 0.U413 kcal/mol.
AH® = 0 kcal/mol.

4.261x107°T + 1.94Bx107°T* - B5.700T"!

4.261%x107°T1nT - 1.948x107°T* - 42.850T ' - 28. 58ux1o T

0.096 kcal/mol.

1 to 8).

+ 7.062x107°T

- Th.133x1072T

129.959%107°T - 127.898x707°T* + 5620.900T"!

118,20 x1072T - 68.462x1078T2 + 15300.UC0T™!
118.281x107?T1nT + 68.U462x107°T2 + 7650.200T"! + B21.558x107%T

~ 129.959%107°T1inT + 127.898x107°T? + 2810,45077" + 827.101x10—3T



88 cCr

Cr,5,(c)

Dichromlum Trisulfide

[(Reaction: 2Cr(c) + 1.58,(g) = Cr,S,{(¢e)]

cal/mol+X keal /mol
T,K - Log Kr

cpe se -{G®- H2,4)/T He- Hgg, AHre aGro

©298.15# 26.810 "35,600 35.600 o - -127.565 =110, 434 80.949
. 300 ©26.810 35.770 35.603 .050 -127.556 -110.329 80.374
“311.5 . 26.877 36.780 35.628 .359 -127.516 -109.669 76.943
400 27.1390 : 43,550 36.650 2.760 -127.205 -10k. 638 S 57T
500 28,260 49,750 38.670 5.540 -126,910 -99.026 43,284
© 600 25.240 54,990 40,973 8.410 -126.628 =03, 481 34,050
700 30.280 ©59.570 43,299 11.390 -126.313 -B7.971 27.465
800. 31.350 63. 690 45,603 14,470 -125.964 -82.523 22.544
900 32. 440 CBT.440 47.818 17.660 -125.553 -77.113- 18.725
1000 33.540 70.920 49.960 20.960 -125.088 =71.762 15.683
1100 34.640 T4,160 52,005 24,370 -124,593 =66, 41 13.200
1200 35.750 77.230 53.988 27.890 -124.074 -61.179 11,142
1300 - - 36.860 - B0.130 55,884 31.520 -123.549 =55,9T1 9.409
1400 37.980 82.900 57.T14 35.260 -123.003 -50.800 7.930
1500 39.090 85.560 59,487 36.110 =-122.431 =45, 648 6.651

*Entropy at 298 K estimated.

Phase change:

311.5 K, second order transition point of Cr;

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1500 K

Reaction equations (kgal/mol):

298.15-311.5

311.5-1500 K:

K: AHre®
AGre
AHr®
AGre

-129,358
-129,358
-127.362
-127.362

+ 15, 292x10 T - 22. 997110 67?2 - 215. 350T“‘

+

Sourcesa: Enthalpy of formation at

Mil

1s (80).

Cp® = 22,190 + 11.234x107°%T + 1,129x10°%T"2
H°- H3ase = 22,180x107°T + 5.617x107°T% - 1,129%10%T"" - 6.737 .

AH® = 0 keal/mol.

"15.292x10™*TInT + 22.997x10" 5T - 107.675T1 + 144,951x10~°T
0.957x10~°T + 1.555%x1078T2 - 188,150T! .

0. 957x10 *TInT - 1.555x107°T? - 94, OTST" + 63 755x10”T

298 K from Tret'yakov (120).
Other data based con relative enthalpy equation from Volovik (125).

Estimated entropy at 298 X from



CuFeS,(c)
Copper Iron Sulfide, Chaleopyrite

Cu 89

{Formation: Cu(c) + Fe(e) + 25(c,l) = CuFeS,{(e)]
cal/mol K ‘kecal/mol
T,K ~= - Log Kf
Cp° 8¢ -(G°-.Hg,,)/T He- Hg,, AKPo AGEe
298.15 22.888 29.873 29.873 0 -41.400 =41.432 30.370
300 22.937 30.015 29.875 D42 =41.400 =41.432 30.183
368.3 24,590 34,905 30.362 1.673 -41.362 ~41.443 24,592
368.3 24.590 34,905 30,362 1.873 -41.554 ~41.443 24,562
388.36- 25.075 36.222 30.631 2171 41,543 ~41.435 23.317
388,36 25.075 136.222 30.631 2.171 ~U42.369 ~41.435 23.3817
400 25.357 36.967 30.804 2.465 42,397 ~41., %07 22.624
432.02 25,776 38.936 31.335 3.284 ~42.511 -L1.325 20.905
500 26,664 u2,785 32.635 5.075 ' -u2.955 ~41.,098 17.964
600 27.397 yr. Mz 34,749 7.778 -43,329 40,688 14,820
700 28.815 52.024 36.91H 10.577 ~43.564 ~40.226 12.559
717.824 29.453 82.756 37.298 ~40.140 12.221

11.096 -43.583

Phase changes:

368.3 K, orthorhombi¢ - morioclinic transition point of S;

388.36 K, melting point of §;

432.02 K,

Heat capacity (cal/mol K)

AH® = 0.413 keal/mol.
second order transformation of S; AH® = 0 kcal/mol.-
717 824 K, boiling point of 8 to equilibrium mixture of S, {n =

and enthalpxﬁ(kcal/mol) equations:

296.15-830 K:

Hﬂ_

Cp°

=)
HZSB

nou

.192 + 12.406x107°T - 1,780x10%T™2
21 192x107°T + 6.203x10" 6Tz + 1. 780x102T .- 7 67

Formation equations (kcal/mol).

298,15-368.3 K:

368.3-388.36 K:

388.36-432.02

K:

432.02-717.824 X:

aHf®
AGf®

AHf®

AGT®
AHf®

AGPe

AHL°
AGfPe

=
=
=
=
=
=
=
=

~-u1
-l
~4y

~hy,
-76.
" ~T76.
-95.
=95,

912
.912
142
142
k59
159
416
46

I+ 1 + 1 + + |

0.255x107°T + 2, 756x10'5T2 + 102,300T7!

0.255x107*TinT - 2.756x107%T2? + 51,150T" S1iig, NONxIO"T '

4.271x1073T - 0,736x107%T% + 413.500T"!

4.271x107°TInT + 0.736x107¢T? + 206.750T ! + 30 770x10 'T

93.751x107°T - 87.300%107%T2 + 4217.900T™

93.751x107°TInT + 87.300%x1075T* + 2108.950T "' + 601.227x107 ’T
85.939x107°T - 47.676x107°T* + 10670.900T"
85.939x1073T1nT « U7.676x107°T2 « 5335 450T 1 + 5§7.532x107*T-

1 to 8).

AH® = 0.096 kecal/mol.



30 Cu

CuFeS,(c,1)
Copper Iron Sulfide, Chalcopyrite
[Reaction: Cu(ec,l) + Fe{e) + 5,(g) = CuFeS5,(c,1}]

cal/mol X kecal/mol
T,K —-- Log Kr
Cpe 5o =(G°~ Hg44)/T He- HZgy AHpre AGro
298.15 22,888 29,873 29.873 0 , =72.110 =60, k59 By, 317
300 22.937 30.015 29.875 042 =72.104 -60.387 43.991
400 25.357 36.957 30.804 2.465 -71.699 ~56.539 30.891
500 26,664 L2.785 32.635 5.075 -71.210 —52.804 23,081
600 27.397 h7.712 34,749 7.778 ~70.718 -49,170 - 17.910
700 28.815 52,020 36.914 10.577 C=70.214 45,617 C 14,202
800 32.398 56.073 39.057 13.613 -69.565 Uz, 144 11.513
830 34,128 57.295 39.693 14,610 -69.306 -41.120 10.827
830 36,743 60.187 39.693 17.010 -66.506 -41.120 T 10.827
900 46,231 63.166 h1.400 19.589 -66.094 -38.976 9.465
930 . T4.960 £5.094 42,132 21.355 -65.115 -38.086 8.950
930 41,200 65,004 b2,132 21.355 -65.115 -38.086 B.950
1000 41,200 68.084 43,845 24,239 -6l 1043 -36.089 7.887
1043 41,200 69.819 4y ,880 26.011 -63.685 -34.893 7.311
1100 41,200 72.010 k6.229 28.359 -62.942 -33.337 6.623
1185 41,200 74.020 47,505 30.625 -62.142 ~31.876 6.032
1155 32.820 83.583 §7.505 41,670 -51.097 -31.876 6.032
1185 32.820 au. k425 48.430 4z.655 -50.903 -31.380 5.787
1185 32,820 84,425 48,430 42,655 -51.118 -31,380 5.787
1200 32.820 84,828 48.882 3,147 ~50,992 -31.132 5.670
1300 32.820 - B7.465 51.750 46,429 -50,185 -29.511 4,961
1357.6 32.820 B8.888 53.296 48,319 -49,754 ~-28.5606 4,605
1357.6 32.820 £6.838 . 53.296 48.319 -52.874 -28.606 4.60%
1400 32.820 89.897 54,389 49.711 -52.562 -27.853 4,348

1500 32.820 92,161 56,832 52.993 -51.845 -26.114 3.805

Phase changes: 830 K, transformation point of chalcopyrite to Lntermediate solid solutlon (ISS)
"+ pyrite; AH® = 2,400 kecal/mol.
930 K, ISS + pyrite to ISS + pyrite + S{(1); AH® = 0. keal/mol.
1043 K, Curie temperature of Fe; AH® = 0 kcal/mol.
1155 K, 1585 + pyrite + S{1) to liquid CuFeS,; 4H® = 11.045 keal/mol.
1185 K, a — ¥ transition point of Fe; AH® = 0.215 keal/mol.
1357.6 K, melting point of Cu; AH° = 3.120 kcal/mol.

Heat capacity (cal/mol-XK) and enthalpy (kcal/mol) equations:

298.15-830 K: Cp® = 21.192 + 12,406x107°T - 1.780x10°T"2
He= Hgge = 21.192%x107°T + 6.203x107%T2 + 1,780x102T™! - 7.467
830-930 K: . Cp® = —344,170 + 4U4C.4TEx1072T
Ho= HZgq = ~3441170x107°T + 220.238x107°T2? + 150.949
930~1155 K: Cp® = 41,200
He- HEyy = #1.200%107°T - 16.961
1155-1500 K: Cp° = 32.820 . .
He- Hg,s = 32.820x1073T + 3.763

Reaction equations (keal/mol): ;
298.15-830 K:  AHr® = -75.490 .+ 7.750x107°T - 0.998x107°T? + 345.200T"!

AGPr® = -75.490 - 7.750x1073TinT + 0.998x107°T% + 172.600T % + 92.330x107°T
830-930 K: . AHre = B2.926 - 357.612x1073T +,213.037x107¢T2 + (67.200T"!
: AGr® = 82.926 + 357.612x107°T1nT - 213.037x1078T? + 83.600T ' - 2376.508x107°T
930-1042 K: AHre = -84,.984 + 27.758x107°T — 7.201x107%T% +« 167.200T7¢

AGre® = -84,98Y4 ~ 27.758x107T1nT + 7.201x107ST? + 83,600T"' + 233.294x1072T
1043-1156 K: AHre = =61.U423 - 16.223x1073T + 13.510x107¢T2 - £1.300T"!

AGre = -61.423 + 16.223x107°TinT - 13.510x107%T% - 30.650T"! - 73.250x107°T
1155-11835 K: AHre = -40.699 - 24,603%107°T + 13.510x107%T% - 61,300T}

AGP® = -40.699 + 24.603x1073TInT - 13.510x107°T2 - 30.650T™% - 150.287x107°T
1185~1357.6 K: AHre® = =64,313 + 13,652x107°T - 2.181x107°T? + 57.700T !

AGP® = =-64,313 = 13.652x1073TLnT + 2.181x%107°T% + 28.850T % + 121,753x107°7T
1357.6-1500 K: AHre = -65.554 + 11.172x107°T ~ 1.371x107%T2 + 50.700T"}

AGre = —-65.554 — 11,172x1073T1nT + 1.371x107¢T2 + 25.350T"! + 105.880x107°T

Sources: Enghalpy of formation at 298 K from Johnson (58). Low-temperature heat capacities and
entropy at 298 K from King (64). High-temperature data based on Pankratz (94) and Conard
{24).



Cu 9N

Cu,FeS,(¢)
Copper Iron Sulfide, Bornite
[Formation: 5Cul(c) + Fe(o) + 45{c,1l) = Cu,FeS, (c)]

cal/mol K keal/mol
T,K Log Kf
Cpe se ~(Ge- HE,,}/T He- Hg,, AHf® AGF®
298.15 58.706 86.600 86.600 0 =30.900 ~-93.827 68.776
300 58,786 86.963 86.603 .108 ~90.898 ~93, 844 68.365
368.3 61.627 99.309 87.8L2 L, 224 -90.759 ~-94.,529 56.093
368.3 61,627 89,309 87.842 4,224 -G1,143 ~94,529 56,093
388.36 62.u62 102.600 88.520 5.468 -9t.104 ~q4,712 53.299
388.36 62.U462 102.600 88.520 5.468 -92.756 ~g4.712 53.299
boo 62.946 104,452 88.957 6.198 -52.804 =-9L, 771 51.780
432,02 64.192 109.347 90,289 8.233 ~93.002 ~94,923 48,019
485 66.250L 116.882 92,789 11,690 -93,663 -85.11¢ Lz,858
485 85.082 119.840 §2.789 13.120 ~32.233 -95.110 42.858
500 89.024 122.491 . 93.6W1 15.425 ~92.067 -95.202 41.612
540 99.534 129,742 96.048 18.195 ~01.253 -95,483 38,6044
600 79.308 138,160 99.850 22.986 ~90.801 -95.977 34,959
700 77.983 150,275 106.214 30.843 ~90.134 ~-06.892 30.251
717,824 77.900 152,234 107.332 32,232 ~q0,017 -97.064 29,652

Phase changes:

388.3 K, orthorhombic - monoeclinlec transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.

432.02 K, second order transformation of §; AH® = 0 kecal/mol.

485 K, transition point of Cu,FeS,; AH° = 1.430 kcal/mol.

540 K, transition point of Cu,Fe3,; AaH® = C kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8),

Heat capaclity {(cal/mol«K)

and enthalpy (keal/mol) equations:

298.15-485 K:
L85-540 K:

5450~1200 K:

Cpe°
H°- HZ,¢
Cp®¢
He- HS 4,
Cp*®
He - Hgse

48,668 + 37.088x107%T - 0.906x10°%T2 .
L8.668BX1073T + 18.544%x107°T% + 0.906x102T "¢ - 16.463
~34,310 + 247.000x1Q7°T

-34,310x1073T + 123,500x107¢T2 + Q.710

80.330 — 2.0L0x107°T

80.330x107%T .- 1.020x%x107°T2 - 24.886

Formation equations (kecal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K
432,02-485 K:
485-540 K:

540-717.824 K:

AHF®
AGE®
AHE®
AGE e
+  AHf®
AGfe
AHF®
AGEe
AHF®
AGST®
AHf®
AGFo

L 2 A D T T

—-88.257 - 10.407x107T + 15.291x107¢T? ~ 268.300T"!

-88.257 + 10.407x107*TInT ~ 15.291x107°T% - 134,150T"! ~ 71.909x107 3T
=92.717 = 1.355x107°T + 8.307x107%T2 + 354_100T!

=-92.717 * 1.355x107*T1nT -~ 8.307x107°%T* + 177.050T"' - 11.177x107°T

-157.350 + 177.605x107°T - 164.821x107°T? + 7962.900T""

-157.350 - 177.605x107°T1nT + 164.821x1075T% + 3981.450T7" + 1129.736x1073T
-195.265 + 161.981x107°T - B5.573x1075T? + 20868.900T7°

-195.265 - 161.981x1073T1nT + 85.573x107°T% + TO43L.USOT ! + 1122.346x%107°T
-178.092 + 79.003x107°T + 19.383x107°T* + 20778.300T"!

-178,092 - 79.003x107>TInT - 19.383x107°T* + 10389.150T"" + 624.886x107°T
~203.688 + 193,643%x107%T - 105.137x107%T? + 20778.300T"!

-203.688 193.643%x1073T1nT + 105.137x107°T% + 1038%.150T"! + 1326.310%x107°T



92 Cu

CugFes,(c) .
Copper Iron Sulfide, Bornite
[Reaction: 5Cu(c) + Fe(c) + 2S5,(g) = CuzFeS,(c)]

cal/mol+K keal/mol
T,K . Log Kr
Cp° Se -(G°- Hg,,)/T He- Hg,, AHre AGre
298.15 58.706 B6.600 86.600 0 -152.320 -131.881 96.670
300 58.786 86.963 86.603 .108 -152.306 -131.753 95.981
4oo 62.946 104,452 88.957 6.198 -151.408 -125.033 68.314
485 66.254 116.892 92.789 11.690 -150.492 -119.521 53.858
485 85.082 119.840 92.789 13.120 -149,062 ~119.521 53.858
500 89.024 122,491 63,641 14,025 -148,577 ~118.615 51.8U6
540 99.534 129,742 96,048 18.195 -147.013 -116.278 47.059
600 79.308 138.160 99,850 22.986 -145.579 -112.940 41.138
700 77.983 150.275 106.214 30.843 ~143.434 -107.673 33.617
800 77.518 160.648 112.384 38.611 ~141.528 -102.696 28.055
500 77.914 169.793 118.264 46.376 ~-139.800 -97.948 23.785
1000 79.172 178.059 123,836 5U,223 ~138,243 ~93,383 20,409
1043 80.083 181,411 126,141 57.647 -137.698 ~-91.466 19,166
1100 81.290-. 185.698 129.117 £2.239 -136.809 ~88.959 17.674
1185 83.822 191.835 133.397 69.248 ~135.247 ~-85.319 15.735
1185 " B3.822 191.835 133.397 69.248 ~-135.462 -85.319 15.735
1200 84.265 192.892 134.135 70.509 -135.139 -84.687 15,423

Phase changes: 485 K, transition point of CugFeS,; AH° 1.430 keal/mol,
540 K, transition point of CugFeS,; AH? 0 kecal/mol.
1043 K, Curie temperature of Fe; AH° = 0 kecal/mol,
1185 K, o - Y transition point of Fe; AH® = 0.215 kecal/mol,

Wou

Heat caﬁacity {cal/mol:K) and enthalpy (kcal/mol) equatlions:

298.15-485 K: Cp® = 48,668 + 37.088x107°T - 0.906x10°T™2

He- H,, = 4B8.668x1072T + 18.54Ux107°T2 + 0.906x102T" - 16.463
485-540 K: Cp® = -34.310 + 247.000x107*T

Ho- HZ,, = =34.310x1073T + 123.500x107°T% + 0.710
540-1200 K: Cp® = 80.330 - 2.040x107°T .

Ho- HZ,, .= 80.330x107°T ~ 1,020x107°T2 - 24,886

Reaction eguations (keal/mol):

298.15-485 K: AHr® = —155.412 + 5.603x107°T + 7.783x107°T? + 217.500T "}
. AGr° = -155,412 - 5.603x107°T1nT - 7.783x107°T2 + 108B.750T"" + 111,943x107°T
485-5L40 K: AHP® = —-138.23G - 77.375%x1072T + 112.739x1075T2 + 126,900T!
AGre = -138.239 + 77.375x107°TLnT - 112.739%107°T2 + 63.450T"% - 385.517x107°T
540-1043 K: AHP® = —163,835 + 37.265x107°T ~ 11.781x107¢T2 +« 126.900T"!

: aGre = -163,835°
1043-1185 K: AHre = —140.274
i AGre = =140.274

1185-1200 K: AHre = -163.888
AGre = -163.888

37.265x107°T1InT -+ 11.781x1078T2 + £3,450T7" + 315.907x107°T
6.716x1073T + 8.930x107%T% ~ 101.600T"!

6.716x107°T1nT ~ 8.930x107¢T% ~ 50.800T7 + 9.362x107°T
31.539x107°T - 6.761x1075T% + 17.400T"!

31.539x107°T1nT + 6.761x107€T* + §,.700T™' + 281,403x107°T

1+ + |

Source: Data from King (64).



Cu 93

Cu PS.Br(c)
Copper Bromide Phosphorotetrathloate Sulfide
[Formation: 6Cufe) + P(e,l) + 58(e,1l) + 0.58r,{(1,g) = CugPS,Br(c)]

_ cal/mol K kcal/mol
T,K ‘ Log Kf
Cpe s° ~(Go= H}ge)}/T HO-.HY,, AHFO AGE®

298.15 4,170 118.400 118,400 0 -114.000 -115.354 © BH.556
300 7L, 200 11B.860 118.400 .140 -114.004 -115,359 84,038
317.3 74,466 123.028 118.533 1.426 -114.055 -115.435 79.508
317.3 T4.466 123.028 118,533 1.426 -114.212 ~115.435 79.508
332.6 74,702 126,534 118.843 2.558 -114,.281 -115.499 75.893
332.6 T4.702 126,534 118,843 2.558 -117.814 =115, 499 75.893
350 74,970 130.350 119.32) 3.860 -117.810 -115.380 72.0U6
368.3 75.263 134,178 115.965 5.235 -117.810 ~115,254 68.391
368.3 75.263 134,178 119.965 5,235 -118,290 ~-115.254 68,391
388.36 75.584 138.185 120.807 6.749 -118.306 -115.086 64.764
388,36 75.584 138.185 120.807 6.749 -120.371% -115.086 64.764
4oo . 75.770 140.420 121.345 7.630 ~120.475 ~114.927 62.792
432,02 76.282 146,274 122.974 10.066 -120.859 -114.469 57.907
150 76.570 149,390 123.968 1.0 ~121.452 ~114.197 55. 461
500 77.370 157.500 126.920 15.290 -122.242 -113.344 49,542
550 78.170 164,910 130.037 19.180 ~122.936 -112.426 44,673

Phase changes: 317.3 K, melting point of P; AH® = 0.157 kcal/mol.
332.6 K, bolling polnt of Br; AH® = 7.065 kcal/mol.
368.3 X, orthorhombic - monoclinic transition point of 3; AH® = 0.096 kcal/mol.
388.36 K, melting point of §; aH° = 0,413 kecal/mol.
432.02 K, second order tranaformatlon of S; AH® = 0 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-550 K: Cp® = 69.367 + 16.014x107°T
He- Hg,, = 69,367x107°T + B,007x1075T? - 21.394

Formation equations (kcal/mol):

298.15-317.3 K: AHf® = ~-107.445 - 16.267x107°T + B.597x107°T% - 736.000T"!
AGFe = ~107.L45 + 16,267Tx107*T1nT - B.597x107%T? - 368.000T"* - 112.508x107°T
317.3-332.6 K: AHfe = -107.132 ~ 18.761x1073T + 11.782x1078T2 ~ 736.000T!
AGF® = -107.132 + 18.761x1073T1nT - 11.782x1078T* - 368.000T"! - 126.844x107°T
332.6-368.3 K: AHf® = -112.132 - 14,180x107°T + 11.705x107°%T% ~ 751,70077}
AGF® = -112.132 + 14,180x107TinT - 11.705x107%T? - 375.850T7"' - 85.167x107°T
368.3-388.36 K: AHfe = -117.708 - 2,865%x107°T + 2.975x107°T2 + 26,3007} .
' AGFo = =117,708 + 2,865x107°TLlnT ~ 2,975x107%T% + 13,150T" ! - 9.252x107°T
388,36-432.02 K: AHf® = -198.499 + 220.835x107°T - 213.U36x107°T% + 9537.300T"!
‘ © AGFe = -198.49% ~ 220.B35x107 TInT + 213.436x107%T2 + U768.650T ' + 1416.890x107*T
432.02-550 K: AHF® = -245.893 + 201.305x107°T - 114,376x107°T2 + 25669.800T}
‘. AGFe = -245,893 - 201.305x107°TinT + 114.376x107°T% + 12834,900T7" + 1407.652x107°T



94 Cu

Cu PS4Br(e)
Copper Bromidé Phosphorotetrathicate Sulfide

[Reaction: 6Cu{e) + P(e,l) + 2.58,(g) + 0.5Br,(1,g) = Cu,PS;Br{e)]
cal/mol-K keal/mel

T,K - Log Kr

Cp® se -(G®- HZ,,)/T He- H3g, AHre® AGro
298.15 T4.170 118.400 118.400 e -190.775 -162.922 119.424
300 T4.200 118.860 118,400 L 140 -190.764 —~162.745 118.558
317.3 74,466 123.028 118.533 1.426 -190.,679 -161.131 110.982
317.3 74,466 123.028 118.533 1.426 ~190,836 ~161.131 110,982
332.6 T4.702 126.534 118,843 2.558 -190.780 -159.708 104,942
332.6 T4.702 126.534 118.843 2.558 -194.312 -159.708 104.942
350 T4.970 130.350 119.321 3.860 -194.164 =-157.904 98.598
400 75.770 140,420 121.345 7.630 -193.730 -152.755 83.460
450 76.570 119.390 123.968 11.440 -193.307 -147.661 T1.713
500 T7.370 157.500 - 126.920 15.290 -192.879 ~142.611 62,334
550 ) 78.170 16L4.910 130.037 "19.180 -192.449 -137.614 54.682

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

317.3 K, melting point of P;

332.6 K, boiling point of Br;

298.15-550 K:

Cp?°
Ho= H3q,

= 69.367 + 16.014x107°T
= 69,367Tx107°T + 8.007x107%T? - 21.394

Reaction equations (kcal/mol):

298.15-317.3 K: AHr®

AGre

317.3-332.6 K: AHre

332.6-550 K:

AGPo
AHre
AGre

U T ORI ' |

=191,
-191.
=191.
=191,
-196.
=196,

390
390
076
076
077
077

I+ 1 + 1 +

AH® = 0,157 kecal/mol.
AH® = 7.065 kcal/mol.

3.745%x1073T - 0.788x107°T2 - 128.750T"!

3.745x1077T1nT + 0.7B8x107°T2 - 634.375T"! + 117.307x107°T

1.252x107°T + 2.397x107°T% ~ 128.750T"!

1.252%x107°T1nT - 2.397x107°T% - 64,3757 + 102.971x107°T

5.832x1077T + 2,319x107°T% ~ 144 450771

5.832x107°TInT - 2,319x107¢T2 ~ 72.225T"! + 144.648x107°T

Source: Data based on Flechter (395.



Cu 65

Cu,PS.Cl{c)
Copper Chloride Phosphorotetrathiocate Sulfide
[Formation:  6Cufe) + P{e,l) + 53(ec,1) + 0.5Cl,g) = Cug PS,Cl(e)]

1

cal/mol K kcal/mol
T,K - Log Kf
o Cpe 3¢ -(G°~ HY,,)/T H°- H%se AHE® AGEe
298,15 75.980 119.500 119,500 0 -122.000 -121,161 88.812
300 76.000 119.940 119.500 L1h0 ~121,99% -121.147 88.254
317.3 76.325 124,210 119.616 1.U58 . —121.92% -121.099 83.409
317.3 76.1325 124,210 119.616 1.458 ~-122.086 -121.099" 83.40%
350 76.940 131.790 120.447 3.970 ~121.995 -121.018 75.566
368.3 T7.149 135.717 121.109 5.380 -121.956 -120.968 T1.782
368.3 77.149 135.717 121.109 5.380 ~-122.436 ~120.968 71.782
388.36 77.377 139.813 121.972 6.929 -122.413 -120.886 68.028
388.36 77.377 139.813 C 121,972 6.929 -124.478 ~120.886 68,028
400 77.510 142,100 122.525 7.830 -124.560 -120.779 65.989
432.02 77.875 148.080 124,197 10.318 -124,887 -120.465 60,940
hsg 78,080 151.260 125.216 11.720 -125.449 -120.275 58,113
560 78.640 159.520 128,240 15.640 -126.162 -119.659 . 52.302
550 79.210 167.040 131.422 19.590 -126.791 -118.981 47.278

Phase changes: 317.3 K, melting point of P; AH® = 0.157 kcal/mol.
368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0,096 kcal/mol.
388.36 K, melting point of S; QH® = 0,413 keal/mol.
L32.02 K, second order transformation of $; AH° = O keal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298,15-550 K: Cp® = 72,954 + 11,382x107°T
He- Hg,, = 72.95Ux1073T + 5,691x107°T2 ~ 22,257

Formation equations (kcal/mol):

29B.15-317.3 K:  AHf® = ~117.567 - 8.0U49x1073T + 6.187x107¢T2 - 770.150T!

AGF® = -117.567 + 8.049x107%TInT ~ 6.187x107%T2 - 385.075T"% - 51.73Lx107°7
317.3-368.3 K: AHF® = =117.25L4 - 10.5L2x107*T + §.372x107%T2 - 770.15077!

AGE® = -117.254 + 10.542x107%*TinT - 9.372x107°T? - 385.075T"! - 66.071x107°T .
368.3~388.36 K:  AHf® = -122.829 + 0.773x107°T + 0.642x107°T? + 7.8507"*

AGE® = =122.829 - 0.773x107°TinT - 0,6H2xT107°T? + 3.925T"' + 9.844x107°T
388.36-432,02 K: AHf® = -203.621 + 22U.473x107°T - 215,768x107°T? + 9518.850T7!

AGF® = ~203.621 — 228.473x1073T1nT + 215.768x107°%T% + 4759.425T % + 1435.986x107°T
432.02-550 K: AHf® = =-251.014 + 204,.94Ux107°T - 116.708x107%T2% + 25651.350T7!

AGE® = =251.014 - 204.944x107°T1nT + 116.T708x107°T2 + 12825.675T7F + 1426,T49x107°T



96 Cu

CugPS8,Cl{e)
Copper Chloride Phosphorotetrathiocate Sulfide

[Reaction: 6Culc) + P(c,l) + 2.58,(g) + 0.5C1,(g) = Cu,PS Cl(c)]
cal/mol «K kcal/mol
T,K - Log Kr
Cp® ge ~(Go= H9,4)/T  Ho= HZ,, AHre® . AGre
298,15  75.980 119,500 116.500 0 -198.775  -168.729 123.680
300 76.000 119.940 119,500 LU0 -198.755 -168.533 122.775
317.3 76.325 125,210 119.616 1.458 -198.552 ~-166.795 114,883
317.3 76.325 124.210 119.616 1.458 ~-198.709 -166.795 114,883
350 76.940 131.790 120.447 3.970 ~198.349 ~163.542 102.118
400 77.510 142,100 122.525 7.830 -197.814 ~158.606 86.657
450 78.080 151.260 125.216 11.720 . -197.304 -153.739 Th.665
500 78.640 159,520 128.240 15.640 -196.799. -148,925 65.094
550 79.210 167.040 131.422 19.590 -196.305 —144.169 57.287

Phase change:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) egquations:

317.3 K, melting pocint of P;

AH® = 0.157 kecal/mol.

298.15-550 K:

Reaction equations {kecal/mol):

298.15-317.3 K:

317.3-550 K:

Source:

AHr®
AGP®
AHp®
AGre

o

-201.511
-201.511
~201.198
~-201.198

I+ 1+

9.471%x1073T1lnT + 0.013x107°T% = B1.450T7F + 163.744x107°T

11.964%107°T - 3.198x107¢T? - 162.900T
11.964x107°T1nT + 3.198x107°T? - 81,.450T} + 178.081x107°T

Cp® = 72.954 + 11.382x107°T
Ho- H2., = 72.954x107°T + 5.691x107°T? - 22,257

9.471x107°T - 0.013x107%T* -~ 162.900T!

Data based on Flechter (39).



CugPS.I{c)
. Copper Iodide Phosphorotetrathicate Sulflde

Cu 97

‘" [Formation: 6Cu(ec) + P(e,1) + 58(¢c,1) + 0.5I,{(c,1,8) = Cu,P3,I(a)]
cal/melsK - kcal/mol

T,K Log Kf

' ' Cp® s° ={G%= Hf¢e)/T H°= Hge AHf® AGPe

"298.15 T4.210 119.050 119.050 o -105.000 -107.833 79.043
300 74.230 119.510° 119.050 .140 ~104.999 -107.847 78.566
317.3 74,403 123.677 119,183 1.426 -105.009 -108.010 74.394
317.3 74.403 123.677- 119.183 1.426 -105.166 .-108.010 T4.394
350 - T4.730 130.990 119,961 "~ 3.860 -105,237 -108.305 67.628
368.3 74,913 134,803 120.605 5,229 -105.295 -108, 464 64.362
368.13 74.913 134.803 120.605 5.229 -105.775 -108. 464 64.362
386.8 75.098 138.478 121.369 6.618 - -105.854 -108.592 61.356
386.8 75.098 138.478 121.1369 6.618 ~107.708 -108.592 £1.356
388.36 75:114 138.780 " 121.438 6.735 -107.719 ©  =108.595 61.111
388.136 75.114 138.780 121.438 6.735 ~109.784 -108.595 61.111
400 75.230 141.000 121,975 "7.610 -109.955 . -108.559° 59.313
432.02 75.544 146.806 123.612 10.020. -110.533 -108.431 54,852
450 75.720 149.890 124,601 11.380 -111.234 -108.334 52.614
4584 75.804 151.291 125.077 12.016 -111.528 -108.278 51.623
us8. 4 75.804 151.291 125.077 12.016 -116.539 -108.278 51.623
500 76.220 157,890 127.530Q 15.180 =117.130 -107.501 u¢,988
550 76.720 165,180 130.616 19.010 " -117.887 -106,504

h2,320

Phase changes:

317.3 X, melting point of P;

388,36 K, melting point of S;
432.02 K, second order transformation of S;
458.4 K, boiling point of I,;

AH® = 0.157 kecal/mol.
368.3 K, orthorhomblc - menoclinlc transition point of S; AH®
386.8 K, melting point of I,;

AH® = 3.709 kcal/mol.
AH® = (.413 keal/mol.

AH®

AH® = 0 keal/mol.

= 10.021 kecal/mol.

Heat capacity (cal/mol+K) and enthalpy {kcal/mol) equations:

298.15-550 K:

Cp® = 71.243 + 9.960x107°T
Ho- HZy, = 71.243x107°T + 4.980x107¢T2 - 21.684

Formation equations (keal/mol):

298.15-317.3 K: AHf®

317.3-368.3 K:
368.3-386.8 K:

AGE®
AHT®
AGE®
sHf°
AGfe®

386.8-388.36 X: ARf®

AGEe

388.36-432.02 K: AHf®

AGTe

432,02-458.4 K: AHf®

458.4-550 K:

AGr®
AHf®
AGTe

=
-
=
=
=
El
=
=
-
=
=
a
=
=

-99.
-99.
-99.
-99.

=104,
-104,
=-105.
-105.
-186.
-186.

-233
=233

-240.
-240.

by2
uy2
129
129

704
432
432
224
22y
617
B17
974
974

+ 1+ 1

+

+
+
+
+

11.785x107°T + H.7T4x107€T> - 736,000T" ! .

11.785x1073T1InT ~ 4.774x107°T* - 368.000T"' - 89. 723x10 3T

14,278x107°T + 7.959x107°T? ~ 736.000T!
14,278x107°TinT - 7,959x107°T® - 368,000T"' - 104,059x107°T

704 - 2,963%107%T - 0.771x107ST? + 42,000T"!

= 0.096 keal/mol.

2.963x1072TInT + 0.771x%107¢T2 + 21,000T"% - 2B8,145x1073T
6.165x107°T - 0.025x1078T2 + 42,0007}

6.165x1C~*T1nT + 0.025x107°T? + 21.000T"! - 45.052x107°T
535x107°T - 216.435x107°T? + 9553,000T "}
535%1073TInT + 216.435x1075T% + 4776.500T ' + 1381.090x107>T
006x10™*T - 117.375x107°T? + 25685.500T "
006x1073T1nT + 117.375x107°T? + 12842,750T™! + 1371.852x107°T
176x107°T = 117.409x1075T? + 25677.850T"
176x107TLnT + 117.409x107°T? + 12838.925T7' + 1419.584x107°T

217.
217.
198.
198.
203,
203.



98 Cu

Cu,PS;I(e)
Copper Iodide Phosphorotetrathioate Sulfide

[Reaction:  6Cu(c) + P(e,1) + 2.58,(g) + 0.51,(c,1,8) = Cu,PS;I{c)]

cal/mol K . kcal/mol )
T,K Log Kr
Cp® se ={G%= HZ,¢)/T Ho= H%qp AHPo AGre
298.15 T4.210 118.050 119.050 0 -181.775 -155.401 113.911
300 74.230 119.510 119.050 . 140 -181.759 -155.234 113,086
317.3 Th.403 123.677 119,183 1.426 -181.633 -153.707 105.869
317.3 74.403 123.677 119.183 1.426 -181.790" -153.707 105.869
350 74.730 130.990 119.961 3.860 -181.591 -150.829 94181
386.8 75.098 138,478 121.369 6.618 -181.392 -147.602 83.1397
386.8 75.098 138,478 121.369 6.618 -183.247 -147.602 83.397
400 75.230 141,000 121,975 7.610 -183.210 -146,387 79.981
450 75.720 149.890 124.601 11.380 -183.089 -141.798 68.866
458.4 75. 804 151.291 125.077 12.016 -183.069 -141,028 67.236
458.4 75.804 151.291 125.077 12.016 -188.079 -141,028 67.236
500 76.220 157.890 127.530 15.180 -187.768 -136.767 59.780
550 76.720 165.180 130.616 19.010 -187.400 -131.692 52.329

Phase changes: 317.3 K, melting point of P; AH® = 0.157 kcal/mol.
386.8 K, melting point of I,; AH® = 3,709 kcal/mol.
458.4 K, boiling point of I,; AH® = 10.021 keal/mol.

Heat capaclty (cal/mol-K) and enthalpy {kcal/mol) equaticns:

298.15-550 K: = 71.243 + 9.960x10™°T
He- Hgga - T 243x1073T + 4,980x1075T2 - 21,684

Reaction eguations (kcal/mol):

298.15-317.3 K: AHr® = -183.386 + 8.228x107°T - 4,611x1075T% - 128.750T"! ..
‘ AGre = -183.386 - 8.228x107°TInT + 4.611x1078T* - 6L4.375T7!
317.3-386.8 K:  AHr°® = -183.073 + 5.735x107°T - 1.426x107%T? - 128.750T"!
4Gre = -183.073 = 5.735x107°TInT + 1.426x107°T* - 64,375T7!
386.8-458.4 K:  AHre = -183.801 + 2.533x107°T - 0.680x107%T* - 128.750T"!
, AGre = -183,801 - 2,533x107°T1nT + 0.680x107€T2 - 64,375T!
458,4-550 K: ~ AHre = -191.157 + 7.703x107°T - 0.714x107°T* - 136.400T"!
AGre = ~191,157 -

7.703x107°T1nT + 0.714x107%T% = 68.200T"!

Source: Data based on Fiechter (39).

140.092x107°T

125.756x1073T

108.848x107°T

156,580x1073T



Cu 99

CuS(e)
Copper Moncsulfide .
[Formation: Cu(e) + S(e,1) = CuS{a)]

cal/mol-K keal/mol
T,K - - Log Kf
Cp® se —-{G°~ HZ,,)/T Ho- H%.,,. AHE® AGE®
298.15 11,324 16,053 16,053 o - ~13.300 -13.440 9,851
300 11.339 16,124 16,054 021 . ~13.300 -13.440 9.791
368.3 11.803 18.505 16.293 .814 ~13.294 -13.473 7.995
368.3 11.803 18.505 16.293 .81y -13.390 -13.473 7.595
388.36 11.939 19.134 16,424 1.053 ~13.391 -13.477 7.584
388.36 11.939 19.134 16,424 1.053 -13. 804 =-13.477 7.584
400 12.018 19,488 16.508 1.192 -13. 823 —-13.467 7.358
432,02 12,199 20.1420 16.764 1.580 -13.892 -13.436 6.737
500 12.582 22.231 17.387 2.u22 . —14.142 -13.343 5.832
600 13.100 24,8571 18.393 3.707 -14.340 ~13.161 4,794
700 13.595 26.628 19.425 5.042 =14, 44y -12.955 4.045
T17.824 13.683 26.971. 19.608 5.285 -14, 1453 -12.917 3.933

Phase changea:

368.3 K, orthorhomble - monoclinic transition point of 3; A4H® = 0.096 Kkcal/mol.
388.36 K, melting poilnt of S; AH® = 0,413 kcal/mol,

432,02 K, second order transformation of S; AH® = 0 keal/mol.

717.824 K, boiling point of .S to equilibrium mixture of 8, (n =1 to 8).

Heat capaeclty (cal/mol-K) and enthalpy (kecal/mecl) equations:

298.15-780 K:

Cp® = 10.290 + 4.840%107°T - 0,330x105T™2

H°- HZ,p = 10.290x1073T + 2.420x1078T2 + 0.330x102T™! - 3.394

Formation equations (kecal/mol}:

298.15~368.3 K:
388.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K: AHL®

AHf® = -12,253 - 3.204x107%T + 3,327x107°T* - 115.600T7! ‘
AGF® = =12,253 + 3.204x107*T1nT - 23.327x107°T2 - 57.800T" ' - 20.593x%107¢T

-39.005 + 29.893x107°T - 21.889x107°T2? + 516B8.700T!
~39.005 -~ 39.B93x1073T1nT + 21,889x1075T2 + 2584,350T ! + 277.970x107°T

AHf® = -13.368 - 0.941x107%T + 1,581x107¢T? + 40 - T7!

AGF® = =13.368 + 0.941x107?TLnT - 1,5B1x1075T2 + 20 T7! - 5.410%1073T

AHF® = -29.526 + 43.799x107°T ~ U1.701x1075T% + 1942,200T"?

AGF® = ~29.526 - U43.799x1073TInT + U1.701x107°T* + 971,100T"" + 279.818x107°T

AGEe



100 Cu

CuS(c)
Copper Monosulfide
[Reaction: Culc) + 0.5S,(g) = CuS(e)]

cal/mol-K keal/mol
T,K ' Log Kr
Cp® 8e ~(Go= Hg,,)/T He- Hg,, AHro AGre
298.15 11.324 16.053 16.053 0 ~28.655 -22.953 16.825
300 11.339 16.124 16.054 L0219 -28.652 -22.918 16.695
400 12.018 19.488 16.508 1.192 -28.474 ~-21.033 11.492
500 12.582 22,231 17.387 2.422 -28.270 -19,166 8.39
600 13.100 24.571 18.393 3.707 -28,035 -17.402 6.339
700 13.595 26.628 19.425 5.042 -27.769 -15.650 .886
780 13.989 28.120 20.242 6.145 ~27.534 -14.,278 4,001

Heat capacity {(cal/mol-X) and enthalpy (kcal/mol) equations:

298.15-780 K: Cp® = 10.290 + 4.840x107°T - 0.330x10%T~2
H°= Hg., = 10.290x107°T + 2.420x107°T2 + 0.330x102T™' - 3.394

Reaction equations (kecal/mol):

298.15-780 K: AHr°® = -29.042 + 0.798x107°T + 1.450x107°T? + 5,850T7! ‘
AGre® = -29,042 ~ 0.798x107°T1nT ~ 1.450x107€T% + 2.925T" ! + 25.370x107°T

Sources: Enthalpy of formation at 298 K from Stuve (3112). Other data from Ferrante (37).



Cu 101

Cu,S(e)
Dicopper Sulfide

(Formation: 2Cu(ec) + S(ec,1) = Cu,S5{c)]

cal/mol-K keal/mol
T,K Log Kf
Cpe 590 ~(G9= H3,44)/T Ho- H,., AHf® AGfe
298.15 18.382 27.761 T 27.761 0 -18.100 -19.368 14,197
300 18.420 27.875 27.762 .03%4 ~18.098 -19.375 14.115
368.3 20,011 231,784 28,150 C1.342 -17.981 -19.676 11.676
368.3 20,011 31,794 28,150 1.342 -18.077 ~-19.676 11.676
376 20.190 32.210 28.228 1,497 -18.060 -19.710 11.456
376 23.960 34.510 28.228 2.362 -17.195 -19.710 11.456
388.36 23.83% 35.288 28.446 2.657 -17.122 -19.794 11.139
388.36 23.831 35.288 28 _hk4e 2.657 -17.535% -19.794 11.139
400 23.710 35.990 28,655 2,934 -17.486 -19,863 10.853
432,02 23.406 37.804 29.267 2.688 -17.382 -20,058 10.147
500 22.760 41,180 30.666 5.257 -17.324 ~20.4814 8.953
600 21.930 45.250 32.767 7.490 -17.200 -21.124 7.694
700 21.210 48.58¢ 34.800 9.646 ~17.122 -21.788 _ 6.802
717.824 21.103 49,106 35.142 10.024 -17.111 -21.901 6.668

Phase changes:

368,3 K, orthorhombic ~ monoclinic transition point of S; AH°® = 0.096 kcal/mol.

376 K, a - B transition peint of Cu,S; AH® = 0.865 kecal/mol.
388.36 K, melting peint of S; AH® = 0.413 keal/mol.
second order transformation of S; AH® = C kecal/mol.

432.02 K,

717.824 K, boiling point of S to equilibrium mixture of S, (n =1 to 8).

Heat capaclity (cal/mol«K)

and enthalpy (kcal/mol) eguations:

298.15-376 K:

376-720 K:

He~

He— H oy

Cp®
H3qe
Cp®

5.240 + 35,540x107°T + 2.290x10°T"*
5.240x1077T + 17.720x107°T% - 2,290x10%T™! ~ 2,369
25,241 - 6.240x107°T + 1,580x10°T"2
25,281x1073T -~ 3.120x1075T2 - 1.580x102T7! ~ 6.267

Formatlon equations {kecal/mol):

298.15-368.3
368.3-376 K:
376-388.36 K:

K:

388.36-432.02 K:

432.02-717.824 K:

AHf
AGfe
AHf®
AGEe
AHf®
AGEe
AHf ¢
AGfe
AHf®
AGTe

o0 0 0 n 8 w6 v oo

-14.394
-14.394
-15.50%
-15.509
~19.407
-19.407
~35.565
-35.565
~U45, 044
-45.044

[ S N I B N I |

13.574x1073T + 17.817x107T2 - 370.600T 7!

13.574x107*TInT - 17.817x107¢T? - 185.300T"' - B6.625x107°T
11.311x107*T + 16.071x107%T2 - 215,000T

11.311x107*TLnT - 16.071%107¢T2 - 107.500T"% = 71.442x107°T
8.690x107°T ~ 4.769x107°T2 - 144,000T"*

B8.690x107°T1nT + 4,769x107°%T2 ~ 72.000T"% + 49.,435x107°T
53,430x107*T ~ 48,051x107°T2 + 1758.200T"!

53.430%107*TInT + 48.051x107%T2 + 879.100T™' + 334,663x107°T
49.524%x107%T - 28.239x107°T2 + 4984,700T !

49.524x107*TinT + 28.239x1078T2 + 2492.350T" + 332.816x10°°T



102 Cu

Cu,S8(e,1)
Dicopper Sulfide
{Reactioen: 2Cu(e,1) + 0.55,(g) = Cu,S8(e,1)]

cal/mol K ' : kcal/mol
T,K : : Log Kr
Cp® §e- =(G°= H$,,)/T He~ H%,¢ AHre AGre
298.15 18,382 27.761 27.761 0 ~33.455 ~-28,881 21.170
300 18.42¢ 27.875 27.762 : 034 '-33.450 ~-28.853 21.019
76 20.190 32.210 28.228 1.497 -33.188 ~27.715 16.109
376 23.960 34.510 28.228 2.362 ~32.323 =27.715% 16.109
400 23.7T10 35.990 2B8.655 2.934 -32.137 -27.429 14.986
500 22.760 41,180 30.666 5.257 -31.451 -26.337 11.512
600 21.930 45.250 32.767 7.490 ~30.895 -25.365 9,239
700 21.210 48.580 34,800 9.6L6 -30. 447 -24.483 7.644
720 21,090 49.170 35.184 10.070 -30.368 -24.309 7.379
720 19.830 49,560 35,184 10.350 ~-30.088 -24.309 7.379
800 19,770 51.650 36.731 11.935 -29,896 -23.680 6.469
900 18.7C0 53.970 38.52¢ 13.805 . -29.692 —22.915 5.565
1000 19.620 56.040 40.165 15.875 -29.517 -22.167 L, 84y
1100 19.550 57.910 b1.701 17.830 ~29.394 -21.444 4,260
1200 19.480 59.610 43,123 19.785 -29.320 =-20.723 3.774
1300 19.410 61.160 Ly, b5 21,730 ) -28.321 -20.,001 3.362
1357.6 19.364 62.005 45,178 - 22,Bus -29.370 -19.600 3.155
1357.6 19,364 62.005 45,1178 22.845 -35,610 ~18.600 3.155
1400 19.330 62.600 - 45,696 23.665 -35.647 -19.100 2.982
1400 21.430 64.790 45,694 26.735 ~32.577 ~19.096 2.981
1500 21.430 66.270C 47.017- 28.880 -32.454 -18,138 2.643
1600 21,430 67.650 48,259 31.025 =32.334 -17.179 2.346
Phase changes: 376 K, o — B transition point of Cu,S; AH® = 0.865 kcal/mol.
720 K, B - Y transition point of Cu,S; AH® = 0.280 kcal/mol.

1357.6 K, melting point of Cu; AH® = 3,120 kecal/mol.
1400 K, melting point of Cu,8; A&H® = 3.070 kcal/mol.

Heat c¢apacity {(cal/mol-K)

and enthalpy {kcal/mol) equations:

298.15-376 K:
376-720 K:
720-1400 K:

1400-1600 K:

Cpe
He= Hggy
Cp°
He—~ Hgss
Cp®
He= Hgs,
Cpe°

He= HZ,e

L I | T T T I |

5.280 + 35.440x107°T + 2.290x10°T"2

5.240x107°T + 17,720x107°%T2 - 2,290x10°T™! - 2.369
25.241 - 6.250x107°T + 1.580x10°T2

25.241x1073T ~ 3,120x107°%T% ~ 1.580x10°T™! - 6.267
20.380 - 0.740x107°T - 0.153x10%T™2

20.380x107°T - 0.370x107%T2 + 0.153x10%2T7} ~ 4.153
21.430

21.430x107°T ~ 3,267

Reaction equations (keal/mol):

268.15-376 K:
376-720 K:

720-1357.6 K:

1357.6-1400 K: AHre

1400-1600 K:

Sources: Enthalpy of formaticn at 298 K from Stuve (112).

aHP®
AGre
AHPr®
AGro
AHre
AGr?®

nmow o

AGP?®
AHr®
AGro

vonooowomono

-31.183 - 9,571x1073T + 15,940x107°T? ~ 249.150T"

—31.183 + 9.57T1x107*T1InT - 15.940x107%T2 - 124,575T"! ~ 40,662x107°T
-35.080 + 10.429x107°T - L.900x107°%T? ~ 178.150T}

-35.080 - 10,429%1073TInT + 4.900x107°T? ~ 89.075T ' + 80.215x107°T
~32.967 + 5.56Bx107°T - 2.150x107%T2 - 4.850T7!

~32.967 - 5.568x1073T1nT + 2.150x107%T2? ~ 2.425T"! + U47.111x107°T
-35.449 + 0,608x107*T - 0.530x107°T? - 18,850T"!

~35.449 - 0.608x107°T1nT + 0.530x107°T% - §.425T7% + 15,363x107°T
—~34.563 + 1,658x107%T - 0,160x1078T% - 34,150T"!

-34.563 - 1.658x1073T1nT + 0.160x107°T% ~ 17.075T"! + 22,859x107°T

Other data from Ferrante (37).



Dy 103
DyS(g)
Dysprosium Mcnosulfide (ideal gas)
[Formation: =~ Dy(e) + S(e,l) =~ DyS{(g)]
) , cal/mol-K . kcal/mol
T, Log Kf
Cpe U ~{GO- H34,)/T HO- Hi,, AHE© AGE®
298.15% - 8.200 63.520 63.520 0 39.000 27.683 =20.292
300 8.210 63.570 63.520 015 38.993 27.612 -20.115
368.3 8.415 - 65.281 63.691L .585 38,719 25.048 -14,863
368.3 8.415 65.281 . 63.694 .585 38.623 25.048 -14.863
388.36 8.u75 65.729 63.787 : L7594 38.539 24,312 -13.681
388.36 8.475 65.729 63.787 .T54 38.126 24.312 ~13.681
4oo 8.510 " 65.980 63.848 : .853 38.059 23.899 =13.057
432,02 8.555 66.637 64.030 1.126 37.85H4 22.772 -11.520
500 8.650 67.8%0 64,466 1.712 37.309 20.448 -8.937
600 8.730 69.480 65.178 2.581 36.6u6 17.135 -6.241
700 8.780 70.830 65.893 3.156 36.038 13.936 -4.351
717.824 8.785 71.051 66.018 3.613 35.934 13.375 -y,

o712

#*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic ~ monoclinie transition point of S; AH® = 0.096 kcal/mol.
’ 388.36 X, melting point of S5; AH® = 0.413 kcal/mol.
432,02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-X) and enthalpy (kcal/mol) eguations:

298.15-2000 K: Cp® = 8.875 + 0.036x107°T - 0.608x105T"2
Ho- Hg,, = 8.875X1077T + 0.018x107°T2 + 0.608x10*17" = 2.852

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = 39,626 — 2.7B9%x107°T .- 0.H90x107°T2 + T4,400T"!

AGf® = 39,626 + 2,7B9x%107*T1nT + 0,U400x107°T2 + 37,200T"' - 56.512x1073T
368.3-388.36 K: AHf® = 3B8.510 - 0.526x1073%T - 2,236%x107°T% + 230 T

AGFe = 38,510 + 0.,526x1073T1nT + 2.236x107°T2 + 115.000T" ~ 41.329x107°T
388.36-432.02 K: AHf® = 22.352 + WL, 214%x1073T - L45.518x107%T2 '+ 2132.200T"!

AGF® = 22.352 - H4.21Y4x107%T1nT + 45.518x107°T% + {1066.100T ' + 243.899x107°T
432.02~717.824 K: AHf° = 12.873 + U0.308x107%T - 25.706x107°%T2 + 5358.70077!

AGFe = 12,873 -

4g. 308x10 *T1nT + 25. 706x‘\0-5Tz + 2679.350T7° + 242, 052x10—’T



104 Dy

Dy3{(g)
Dysprosium Monosulfide {ideal gas)

[Reaction: Dy(ec,1) + 0.558,(g) = DyS{(g)]
cal/mol K - keal/mol-
T,K Log Kr
Cpe 3¢ —(Go~ H2,4)/T He— Hg,, AHr® AGr®
298.15% 8.200 63.520 £3.520 0 23.645 " 18.169 -13.318
300 8.210 £3.570 63.520 .015 23.641 18.135 -13.211
400 8.510 €5.980 63.848 .853 23.408 16.333 -8.924
500 8.650 67.890 64,466 1.712 23.182 14,594 -6.379
600 8.730 69.480 65.178 2.581 22.952 12,894 -4.697
700 8.780 70.820 65.893 3.456 22.713 11.211 -3.510
800 8.810 72.000. 66.580 4.336 22.458 9.621 -2.628
300 8.830 73.040 87.242 5.218 22.182 8.035 -1.951
1000 8.850. 73.970 67.868 6.102 21.879 6.478 -1.416
1100 8.860 74.820 68.467 6.988 21.539 4, gLe -.983
1200 8.880 75.590 . 69,027 7.875 21,149 3.458 " -.630
1300 8.890 76.300 69.559 8.763 20.696 2.003 -.337
1400 8.8390 76.960 70.066 9.652 20.175 .577 -.090
1500 8.900 77.570 70.542 10.542 19.577. -.793 116
1600 8.910 78.150 71.008 11.432 18.895 -2,145 .293
1657 8.910 78.462 71.256 11.940 18.466 -2.872 .379
1657 8.910 78.462 71.256 11.940- 17.471 ~2.872 .379
1682 8.910 78.595 71.364 12.163" 17.410 -3.180 .13
1682 8.910 78.595 71.364 12.163 14.767 -3.180 413
1700 8.910 78.690 71. 441 12.323. ‘14,629 -3.384 . .435
1800 8.920 79,200 71.858 13.215 13.855 -4.%06 V535
1900 8.930 79.680 72.255 14,108 13.080 -5 401 .622
2000 8.930 80.140 72.640 15.000 12.300 -6.366 .696

¥Data except enthalpy of formation at 298 X estimated.

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/moli equations:

1657 K, a — 8 transition point of Dy;
1682 X, melting point of Dy;

AH®

298.15-2000 K:

Cp

(-3

He- HZ,¢

Reaction equations (kcal/mol):

298.15-1657 K:
1657-1682 K:

1682-2000 K:

AHr®
AGre
AHre
AGre
AHre
AGre

0N ou B

22
22
21
21
27
27

-837

837 -

.154
154
.308
.308

Scurce: Data from Mills (80)

+

]~ & - =

+ 1+ 1

who

8.875 + 0.036x107T - 0,608x10°T~2 ,
8.875x107°T + 0.018x10-¢T2 + 0.608x10°T™) — 2.852

0.995 keal/mol.
AH® = 2,643 keal/mol.

L214x107%T ~ 2,367x707°%T2 + 195,.850T !
.214x107°T1nT + 2.367x1C7°T? + 97.925T"! - 10.549x107°7
.996x107°T ~ 0,142x107°T + 26,6507
.996x107TInT + 0.142x1076T2 + 13,3256T7' -~ 29.611x107°T
.226%1073T - 0.142x107¢T2 + 26,650T7?
.226x1073T1lnT + 0.142x107%T2 + 13.325T ! - 72.117x107°T

estimated all except enthalpy of formation at 298 K.



Er 105
ErsS(g)
Erblum Monosulfide (ldeal gas)
{Formation: Er{e) + S{c,1) = Ers(g)]
cal/mol-X kecal/mol
T,K Log Kf
Cp® se ~(G°~ H9,,)/T He- Hg,, AHf© AGE®

298,15% 8.200 62.580 62.580 Q 449,000 37.841 -27.738
300 8.21¢ 62.630 62.580 015 48,993 37.771 -27.516
368.3 8,415 64,341 62.754 .585 4g.718 35.247 -20.915
368.3 8.415 64,341 62.754 .585 48.622 35.2U7 ~-20.915
388.36 8.475 64.789 62.847 LT54 48.536 34,522 ~19.427
388,36 8.475 64,789 62.847 .754 48,123 34,522 ~19.427
490 8.510 65.040 62.908 .853 48.055 34,115 ~18.639
432,02 8.555 65.697 63.090 1.126 47.847 33.006 -16.697
500 8.650 66.950 63.526 1.712 HTTZQH 30.718 -13.426
600 8.730 68.540 64,238 2.581 46.614 27.463 =10.003
700 8.780 69.890 64,953 3.456 45,985 24,324 -7.594
717.824 8.785 70.111 65.078 3.613 L5,878 23.775 ~7.238

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; aH® = 0.096 kcal/mol.
388.36 K, melting point of S; 4&H® = 0.413 kcal/mol,
h32.02 K, second order transformation of 8; AH® = 0 kecal/mol.
717.824 X, boiling point of S to equilibrium mixture of sn (n=1to8).

Heat capaclity (cal/mcl:K) and enthalpy (kcal/mol) equations:

298.15-2000 *: Cp® = 8.875 + 0.036x10™°T - 0.608x10°T™2
Ho- Hg,, = 8.875x107%T + 0.018x107%T2 + 0.608x102T™! - 2,852

Formation equations (kcal/mol):
298.15-368.3 K: AHf© = 50.439

4,579x1073T + 0, 476x107%T% ~ 34,500T"!

AGFe = 50.439 + 4.579%107°TlnT - 0.476x107*T2 - 17.250T"! - 68.008x107°T
368.3-388.36 K: AHF® = §9.324 - 2.316x107°T - 1.270x107°T% + 121.100T"!

AGf® = U49.324 + 2,316x107°T1nT + 1.270x107°T? + 60.550T""' - 52.825x107°T
388.36-432.02 X: AHf® = 33.165 + L42,42Ux1073T ~ L4 ,552x107°T* + 2023,300T""

AGfo = 33,166 — 42.42Lx1077T1nT + 44,552x107°T2 + 1011,650T7" + 232.L404x1073T
432.02-717.824 K: AHf° = 23.687 + 38.518x107%T - 24.7L0x107¢T? + 5249,800T7!

AGfe = 23.687 - 38.518x71073T1InT + 24.740x107 T2 + 2624.900T ! + 230.556x107°T



106 Er

Ers(g)
Erbium Monosulfide (ideal gas)
[Reaction: Er(¢,1) + 0.53,(g) = ErsS(g)]

cal/mol -K kecal/mol
T,K - Log Xr
Cp® " 8o ~{G®= HS 44 }/T H°= H%,, AHr® AGr®
298.15% 8.200 62.580 62.580 o 33.645 28.327 -20,764
300 8.210 62.630 62.580 015 33.641 28.294 -20.612
LKoo §.510 65.040 62.908 .853 33.404 26.549 -14.506
500 8.650 £6.950 £3.526 1.712 33.167 24,864 -10.868
600 8.730 68.5u0 64.238 2.581 32.920 23.222 -8.459
70C ‘ 8.780 659.890 64,953 3.456 32.660 21.629 -6.753
800 8.810 71.060 65,640 4,336 32.386 '20.069 ~5.483
800 8.830 72.100 66.302 5.218 T 32.092 18.548 -4.504
1000 8.850 73.030 66.928 6.102 31.777 17.066 -3.730
1100 8.860 73.880 67.527 6.988 31.436 15.602 -3.100
1200 8.880 74.650 68.088 7.875 31.069 14,181 -2.583
1300 8.890 75.360 68.619 8.763 30.670 12.796 -2.151
1400 8.850 76.020 69,126 g.652 30.236 11.436 -1.785
1500 8.800 76.630 649.602 10.542 29.768 10.103 -1.472
1600 8.910 77.210 70.065 11,432 ) 29.260 B.812 ~1.204
170G 8.910 77.750 70.501 12.323° 28.711 7.553 -.971
1795 8.920 78.235 - 70.898 13.170 28,149 6.386 ~-.778
1795 8.920 78.235 70.898 13.170 23.392 £.386 -.778
1800 8.920 78,260 70.918 13.215 23.367 6.329 -.768
19090 8.930 78.740 71.315 14,108 22.858 5.800 -.621
2000 8.930 79.200 71.700 15.000 22.347 H.SO?Q -.492

¥Data except enthalpy of formation at 298 K estimated.
Phase change: 1795 K, melting point of Er; AH® = 4.757 keal/mol.

Heat capacity (cal/mol+K) and enthalpy (kecal/mol) equations:

298.15-2000 K: Cp® = B.875 + 0.036x107*T - 0.606x10%T™?
Ho- H3,, = 8.875x107°T + 0.018x107%T# + 0.608x102T"! - 2,852

Reaction equations (kcal/mol):
298.15-1795 K: AHr°® = 33.650 - 0.576x1073T - 1.401x107%T% + 86.950T !

AGre = 33.650 + 0.576x107¥TInT + 1.401x107°T* + 43.475T7! - 22.045x107°T
1795-2000 K: AHre = 31.996 - 4.546x107°T - 0.142x1075T% + 26,650T!
AGre = 31,996 + 4.546x107*TLlnT + 0.142x107°T? + 13,3257 - 48.600x107°T

Source: Data from Mills (80} who estimated all except enthalpy of formaticn at 298 X.



Eu 107
EuS(c)
Europium Monasulfide
[Formation: Eu{e) *+ S{c,1) = EuS(e)]
cal/mol+K keal/mol
T,XK Log Kf
Cpe se =(G°- H34,)/T H"- K., ARf® . AGE®
298.15 12,140 22,500 22.900 0 -106.700 -108.698 79.677
300 12,150 22.970 22.900 .Q22 -109.700 -108.690 79.180
368.3 12.369 25.495 23.183 .B&2 -109.697 -108. 460 64.360
368.3 ' 12.369 25,495 23.153 .862 ~109.793 -108.4860 64,360
388.36 12.#33 26.152 23.2M 1.711 -109.797 -108.387 60.994
388.36 12.433 26,152 23.291 1.111 ~110.210 -108.387 60.994
400 12,470 26.520 23.380 1.256 ~110.231 -108.332 | 59.189
432,02 12,508 27.482 23.649 1.656 -110.309 -108.177 54,724
500 12.590 29.320 24.300 2.510 -11Q0.534 -107.816 47,126
600 12.670 31.620 25.332 3.773 -110.896 -107.229 36.0598
700 12,750 33.580 26.373 5.0U5 -111.162 -106.5396 33.280
717.824 12.768 33.901 26.556 5.272 -111.206 -106.479 32.418

Phase changes: .

368.3 X, orthorhomblc - monoclinic transition point of S$; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH° = 0.413 kecal/mol.

432,02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn {n =1 to 8},

Heat capacity (cai/mol-K) and enthalpy (kcal/mol)} eguations:

298.15-2000 K:

Cp? = 11.173 + 2.236x107°T + ¢.267x10°T"?
Ho= HZ44 = 11.173x107%T + 1.118x107%T% - 0.267x10%T™! ~ 3.3

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 X:

388.36-432.02 K:

432.02-717.824 K: AHf®

1.297Tx1073T + 0.555x107°T? ~ 97.70077}

AHf® = =109.035 -

AGPe = -109.035 + 1,297x1073T1nT - C.555x107°T2 - U4B.850T"! - 5.544x107°T

AHFC = -110.7150 + 0.966x107*T - 1.191x107¢T* + 57.900T*

AGF® = =110.150 - 0.966x107*TinT + 1.191x107°T% + 28.950T"" + 9.639x107°T

AHF® = ~126.308 + 45.706x107°T - 44.473x107°T* + 1960.100T"!

AGE® = =126.308 - 45.706x107°T1nT + LA 473x107°T2 + 980.050T™F + 294.867x107°T

-135.787 + L1.800x107°T - 24,661x107°T? + 5186.600T"
~135,787 - 41.800x107?TInT + 24.661%107°T* + 2593.300T™* + 293.020x107°T

now

AGP®



108 Eu

EuS(c)
Europium Monosulfide

[Reaction:  Eulc,l,8) *+ 0.5S,(g) = EusS(e¢)]
cal/mol <K keal/mol
T,K -— Log Kr
Cp® 5e ~(G%= H2g¢)/T Ho- HZ,, AHP?® AGre

298.15 12.14%0 22.900 22.900 0 - -125.,055 -118,212 86.650
300 12.150 22.970 22.900 .g22 -125.052 -118.167 86.084
400 12,470 26.520 23.380 1.256 -124,882 -115.897 63.323
500 12.590 29,320 24,300 2.510 -124,721 -113.670 43.684
600 12.670 31.620 25.332 3.773 -124.590 -111.470 40.603
700 12.750 33.580 26.373 5.0u45 =124, U87 =-109.291 34,122
8oc 12.850 35.290 27.384 6.325 ~124.412 ~-107.126 29,265
900 12.980 36.810 28.347 7.617 -124.377 -10L.,966 25,489
1000 13.150 38.190 29.267 8.923 -124,390 -102.812 22.469
1090 13.330 39.328 30.049 10.115 ~124.450 ~-100.866 20.224
1090 13.330 39.328 30.049 10.115 -126.652 -100.866 20.224
1100 13.350 39.450 30.134 10.248 -126.654 ~100.630 19.993
1200 13.600 40,620 30.957 11,595 -126.669 -98.,260 17.895
13C0 13.880 41,720 31,745 12.968 -126.662 -95,894 16,121
1400 14,210 42,760 32,494 18,372 -126,627 -93.,527 14,600
1500 14.570 43,750 33.209 15,811 ~126.562 ~91.161 13.282
1600 14.980 44,710 33.905 17.288 ~126.461 ~88.815 12.131
1700% 15.430 45,630 34.566 18.809 -126.321 -86.463 11.115
1800 15.930 46.530 35.209 20.377 -126.136 -84.133 10.215
1800 15.930 46.530, 35.209 20.377 ©=160.721 -84.133 10.215
1900 16,470 47,400 35.823 21,996 -160,080 -79.882 9.188"°
2000 - 17.050 u4g.260 36,424 23.672 ~159,390 ~75,679 " 8.270

*Data extrapolated above 1600 X.

Phase changes:

1090 K, melting point of Eu; AH® = 2,202 kcal/meol.

1800 K, bolling point of Bui AH° = 34,585 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 11.173 + 2.236x107°T + 0.267x10°T"2

Reaction equaticns (kcal/mol):

298.15-1090 K: aHre

AGre
1090~1800 K: AHro°
AGre
1800-2000 K: AHP®
AGr®°

Sources:

~125:824
~125.824
-125.410
~-125.410-
-168,223
-168.223

Enthalpy of formation

on McMasters'-(78). . Da

Ho- Hg,, = 11.173x107°T + 1,118x1075T? ~ 0,267x102T™! - 3.341

+ 2,706x107°T - 1.322x107°T? + 23.750T"!

- 2,706x107°TInT + 1.322x107%T2 + 11.875T"% + 4Q. u19x10‘=r
- 2.108x107°T + 0.958x107*T? -~ 60.850T}

+ 2.108x107°T1nT - 0.958x107°T? = 30.425T} + 8.891x107°T

+ 2,922x107°T + 0,703x107%T% - 60.850T"% ‘
- 2.922x107*T1nT - 0.703%107°T* - 30.425T} + 69.9719x107°T"

based on Smoes (108) and Kaldis (60). ' Low-temperature’ heat
capacities.and entropy at 298 K based on Teaney (115). High-temperature data based’

ta extrapolated above 1600 K.



Eu 109

Eus(g)
Europium Monosulfide (ideal gas)
{Formation: Eu(e) + S(c,l) = EuS(g)]

cal/mol <K ¥Kcal/mol
T,K Log Kf
Cp?® Se -{G°- Hggo)/T Ho- Hg g, AHf® AGPe
298.15% 8.400 65.000 65.000 o} 24,000 12.450 -9.126
300 8.410 65.050 65.000 .016 23.994 12.380 -9.019
368.3 8.560 66.800 65.181 597 23.737 9.761 -5.792
368.3 8.560 66,800 65,181 597 23.641 9,761 -5.792
388.36 8.604 67.256 65.276 . 769 23.560 9.008 -5.069
388.36 8.604 67.256 65.276 .769 23.147 9.008 -5.069
400 8.630 67.510 65.338 .86% 23.082 8.585 ~4,691
432.02 8.665 68.176 65.524 1.146 22.881 7.432 -3.760
500 8.740 69,440 65,964 1.738 22,334 5.052 -2.208
600 8.790 71,040 66.682 2.615 21,645 1,661 —-,605
700 8.830 72.400 67.406 3.H496 20.989 -1.619 .505
717.824 8.834 T2.622 67.532 3.653 20.875 -2.192 ' .668

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AHe = 0,096 kcal/mol,
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mel:K) and enthalpy (kcal/mol) eguations:

298.15-2000 X: Cp° = 8.910 + dﬂ018x10"’T - 0.457x105T72
Ho- H$,4, = 8.970x1073T + 0.009x107%T2 + 0.457x102T"! - 2,811

Formation eguations (kcal/mol):

298.15-368.3 K: AHF® = 25,196 - 3.560x107°T - 0.554x107°T2 - 25_300T7!

AGF® = 25.196 + 3.560x1073TlnT + 0.55U4x107°T? - 12,650T"! ~ £3.055x107°T
368.,3-388.36 K: AHfe = 24,080 - 1.297x107°T - 2.300x107%T* + 130,300T"!

AGFe = 24,080 + 1,297x1073TinT + 2.300x107%T2 + 65,150T7"! - 47.872x107°T
388.36-432.02 K: AHf® = 7,922 + 43.4U3x1073T - 45,582x107°T2 + 2032,500T"!

AGE® = 7.922 ~ 43.443x107°T1nT + 45.582x107¢T? + 1016.250T ! + 237.356x107°T
432.02-717.824 K: AHf® = -1.557 + 39.537x107°T - 25.770x107°T? + 5259,000T"!

aGre = =1,557 = 39,537x107*TlnT + 25.770x107°T? + 2629.500T7' + 235,509x107°T



110 Eu

Eus(g)
Europlum Monosulfide (ideal gas)
[Reaction: Eule,l,g) + 0.538,{g) = EusS(g)]

cal/mol-K : kcal/mol

T,K Log Kr
Cp® S0 —(G°%~ H84,5)/T He= HZ,, AHre AGre
298.15% 8.400 65,000 65.000 0 8.645 2.936 -2.152
300 | 8.410 65.050 65.000 .016 ‘§.6u2 2.903 -2.114
400 8.630 67.510 65.338 .869 8.431 1.020 -.557
500 8.740 69. 4540 65,964 1.738 8.207 -.802 350
600 8.790 71.0L40 66.682 2.615 74951 -2.580 L9U0
700 8.830 72.400 67.406 3.496 7.664 -4.,314 1.347
800 8.850 73.580 68.104 4.381 7.344 =6.002 1.640
900 8.870 74,630 68.778 5.267 6.974 =7.654 1.859
1000 8,880 75.560 69.406 6.154 6.541 =-9.251 2.022
1090 8.889 76.329 69.949 6.954 6.090 -10.657 2.137
1090 ‘ ~8.889 76.329 69.949 6.954 3.888 -10.657 2.137
1100 8.890 76.410 76.007 T.043 3.841 =10.791 2.14L4
1200 8.900 77.180 70.570 7.932 3.368 -12.095 2.203
1300 8.900 77.890 71.103 8.823 . 2.893 -13.360 2.246
1400 8.910 78.550 71.612 9.713 2.413 -14,592 2.278
1500 8.920 79.170 72.100 10.605 1.932 T -15.797 2.302
1600 8.920 78.740 72.554 11.497 1.448 -16.954 2.316
1700 8.920 80.290 73.002 12.389 . .959 -18.105 2.328
1800 8.930 80.800 73.422 S 13.281 469 -19.21% 2.333
1800 8.930 80.800 73.422 13.281 =-34.116 " -19.215 2.333
1800 8.930 81.280 0 73.820 14,174 -34,202 - +18.376 2,114
2000 8.930 81.740 T4.206 15.067 -34.295 -17.544 1.917

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 1090 K, melting point -of Eu; AH® = 2.202;k¢a1/m01;
1800 K, boiling point of Eu; -AH®.= 34.585 kcal/mol.
Heat capacity (cal/mol+K) and enthalpy (kcal/mcl) equations:

298.15-2000 K: Cp® = 8.910 + 0.018x107°T - 0,457x10°T"2
HO- Hg,e = 8.910x107°T + 0.009x107T2.+ 0. USTXT02T™E - 2,811

Reaction eguations (kcal/mel):

298.15-1090 K: AHre = 8.407 % 0.442x107°T - 2.431x107°T% + 96.150T" "
AGre = 8.407 - 0.442x107*T1nT"+ 2.431x107°T% + 480757 ¥ - 17. 092x10~ iT
1090-1800 K:  AHre = 8.82% - 4.372x107°T - 0. 151%107°T% + 11,5507~}
o aGre = 8,821 + 4, 3?2x10‘3T1nT + 0,151X1075T% '+ 5.775T7* - 4B, 620x10"T
1800-2000 K: AHP® = -33.992 + 0.658x%107°T - 0. 406x107T? + 11.550T"}
' © AGr® = ~33.992 — 0.658x107°T1nT +'0.406x107*T2 + 5.775T™! + 12.409x107 3T

Sources: Enthalpy of formatlion at 298 K from Smoes (108). Other data are those estimated
by Mills (80).



Fe

Fey ¢4,8(c)

Iron Sulfide, Pyrrhotite
{Formation: 0.877Fe(c) * S(c,l) = Fe, 4,,5(c)]

. cal/mol K keal/mol
T,K : Log Kf
Cpo se -(Go= H9,,)/T Ho- Hi,, AHE® AGE®
298.15 11.922 14,531 14.531 0 -25,200 -25.543 18.724
300 11,950 14,605 14,532 022 -25.198 -25.545 18.610
368.3% 12.954 17.155 14.785 873 -25,100 -25.634 15,211
368.3 12.954 ) 17.155 14,788 L873 ~25.19% '25.63N 15.211
388.136 13.249 17.850 ‘1u.926 1.136 -25.165 -25.658 14.439
388.36 13.249 17.850 14,926 1.136 -25.578 -25.658 14,439
Loo 13.420 18,244 15.016 1.291 -25.578 —25.6601 14,020
432,02 13.897 19.296 15.295 1.728 -25.,589 ~25.668 12.985
500 14,910 21.399 15,985 2.707 -25.697 -25,668 11.220
598 16.350 24,19) 17.104 4,240 -25.637 ~25.661 9.379
598 13.910 24.353 17.104 4,335 -25.542 ~25.6b4 9.379
6500 13.890 24, 4C0 17.128 4.363 ~-25,544 ~25.665 9,3u8
700 13,280 26.493 18.32¢2 5.720 -25.684 -25.675 8}016
"717.824 13.207 26.826 18.52% 5.956 -25.716 -25.6714 T.817

*Data above 350

Phase changes:

Heat capacity (

K estimated.

368.3 K, orthorhombic - monocllnic transition point of 3; AH® = 0.096 kcal/mol.
388.36 K, melting point of §; &aH® = C.413 keal/mol.

432,02 K, second order transformation of S; AH® = 0 keal/mol,

598 K, 8 - Y transition point of Fe, 4.,,5; AH° = 0.095 keal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

cal/mol+K) and enthalpy {kcal/mol) eguations:

298.15-598 K:

598-1800 K:

Formation equat

Cp® = 7.510 + 14.798x107°T :
H°- H3,, = 7.510x107%T + 7.399x107°T% - 2.897
Cp® = ~1.709 + 11.746x1073T + 30.734x10°T 2
Ho= H3ge = ~1.709X107°T + §.873x107°T% - 30.734x707T7! + 8. 396

ions (kcal/mol):

298.15-368.3 K:

368.3-388.36 X:

388.36-432.02 K:

432.02-598 K:

598-717.82U K:

0.U470x1073T + 3.792x107°T2 + 4§, 794T!

AHf® = -25.547 -

AGE® = -25,5L7 + 0,470x1073TinT - 3.792x107°5T% + 22,397T7! - 1.788x1073T

AHP® = =26,662 + 1.793x1073T + 2,046x107%T2 + 200.395T"!

AGF® = ~25.662 - 1.793x1073TinT - 2.046x%107%T2 + 100.197T7F + 13.355%107°T -

AHE® = -42.821 + 46.533x107°T - 41.236x107°T% + 2102.59477! ,

AGFe = ~42.821 - 46.533x107°T1nT .+ 471.236x1075T% + 1051.297T" ! + 298.623x107°T

aHE® = ~52,299 & U2.627x1073T ~ 21.L424x107°5T2 + 5329,0957™}

AGE® = =52.299 ~ 42.627x107°TinT -+ 21,520x1075T2 + 2664.547T™) + 296.776x10™7T

AHE® = -41.006 + 33.408x107%T = 22.950x1078T2 + 2255.695T"} :
. AGf° = -U41.006 - 33.408x107°T1InT + 22.950x107°T% + 1127.B47T™ + 222.333x107°7T



112 Fe

Fe, 47,5(c)

‘ Iron Sulfide, Pyrrhotite
[Reaction: 0.877Felec) + 0.585,(g) = Fe, a,,s(c)]

cal/mol-K = keal/mel
T.K Log Kr
Cpe ge -(G®- H2,6)/T He- H2g,4 AHr® AGre
298.15 11.922 14,531 © 1b.531 0 -40,555 -35,057 25,697
300 11.950 14,6085 14,532 .022 -40,550 -35,023 25,514
Hoo* 13. 420 18,244 15.016 1.291 -40.229 -33.227 18.154
500 14.910 21.399 15.985 2.707 -39.824 ~31.522 13.718
598 16.350 24,194 17.104 4,250 -39.340 -29.937 10.941
598 13.910 24.353 17.104 4.335 -39, 2L5 -29.937 10,941
600 13.890 24,400 17.128 4,363 -39.239 -29.906 10.893
700 13.280 26.493 18.322 5.720 -39.009 -28.370 8.857
800 12,870 28.238 19.456 7.026 -38.897 -26.859 7.338
900 12,640 29.740 20.517 8.301 -38.906 -25.356 6.157
1000 12,430 31.052 21.506 9.546 -39.107 -23.843 5.211
1043 12.778 31.583" 21.9711 10.088 -39.307 -23.183 4,858
1100 13.240 32.274 22,429 10.829 -39.434 -22.296 3,430
1185 13.997 33.288 23.172 11.987 -39.434 -20,972 3.868
1185 13.997 33.288 23,172 11.987 -39.622 -20.972 3.868
1200 14,130 33.465 23.300 12.198 -39.586 -20.737 3.777
1300. 14,980 . 34.628 24,127 . 13.657 -39.307 ~19.177 3,224
1400 16.060 35,776 . 28,917 15.202 -38.952 °  -17.640 2.754
1500 17.370 36.927 25.680 16,871 -38.500 . -16.133 2.351
1600 18,920 38,097 26.419 . 18.685 . -37.924 -14.659 2.002
1667 20.032 38.894 26.904° 19.987 ~37.465 -13.695 1.795
1667 20.032 0 38.894 . .26.904 19.987 -37.640 - -13.695 1.795
1700 20.580 39.292 27,1417 20.657 -37.410 -13,223 1,700
1800 22.590 40.524 27.851 22.812 - =36.604 -11,823 1.436

¥Data above 350 K estimated.

Pnase changes: 598 X, B - ¥ transition point of Fe, 4,,3; A&H® = D0.095 keal/mol.
1043 K, Curie temperature of Fe; AH® = 0 keal/mel.

1185 K, a
1667 X, Y

Heat capacity {cal/mol-K)

- Y trans;tion point of Fe; AH® = 0.215 kcal/mol.
- & transition peint of Fe; AH® = 0.200 kcal/mol.

and enthalpy (keal/mol) equations:

298.15-598 K: Cp® =
‘ He= Hgse =

598-1800 K- Cpe =
He= H3sy =

7.510 + 14,798x107%T° - ..

7.510x7073T +7,399x1078T2 - 2,897

-1.709 + 11.746x1072T + 30,734x105T"2 ‘
=1.709x1072T '+ 5,873x107%T% - 30.734x10%T™* + 8.396

Reaction equatiodna (kocal/mol):

298.15-598 K: AHr® = -42.3;

8Gr° = -42:336 ~ 3.532x107*TInT - 1.915x]107°T? + 83.122T7' + 44.175x107°T .
598-1043 K: . AHr® = -31.043 - 5.687x707°T + 0.389x107€T? - 2907.156T " o

' AGr® = -31.043 + 5.687x107°TLnT, -.0.389x107¢T? - 1453,578T~" - 30,268x107°T

10431185 K:  AHr® = -10.380 - 44,258x107°T + 18.552x107%T% - 3107.550T " ' ' ’

AGr® = =-10,380 + U4,258x107°TinT - 18,552x107°T? = 1553, 77577 - 299.10Tx107%T
1185-1667 K:  AHr® = =31,089 - 10.708x107°T + 4.791x107°T? - 3003.187T7"!

AGre = -31.089 + 10.708x107*T1nT - 4,791x107°T% - 1501,594T? - 60.527x107°T
1667-1800 K:  AHr® = ~103.788 + 31.823x107°T - 3.655x107°T?® + 38829.0127"!

AGr® =

336 + 3. 532x10'3T €1, 915x71076T2 + 166, 24571

-103.788 - 31.823x107°TInT + 3.655x107°T% + 19414.506T? + 277.011x107°T

Source: Data from Chase (lz) who estimated all above 350 K.



Fe 13
FeS(e)
Iron Monosulfide, Trollite
(Formation:  Fe(c) + S(c,l) = FeS(c))
cal/mol-K keal/mol
T,K ‘ - ' Log Kf
Cp® s° -(Ge~ H3,,)/T He- H2,, AHF© AGF®

298.15 12.080 14,415 14,415 0 -23.810 -23.880 17.504
300 12.110 14,490 14.47 .02z -23.809 -23.880 17.397
350 13.752 16,455 14,566 .661 -23.755 -23.8%6 14,921
368.3 15,344 17.196 14.679 927 -23.709 -23.904 14,185
368.3 15.3044 17.196 14,679 .927 -23.805 ~-23.904 14,185
388.36 17.090 18.018 14.830 1.238 -23.742 -23.910 13.455
388.36 17.090 18.018 14.830 1.238 -24.155 -23.910 13.455
Loo 18.103 . 18.538 14.931 1,443 —2#.1TH -23.904 13.060
411 19,544 19.048 15.034 1.650 ~-24.074 -23,899 12.708
411 17,350 20,411 15.034 2.210 -23.514 -23.899 12.708
432,02 17.350 21.276 15.317 2.575% -23.458 -23.921 12.101
500 17.350 23.812 16.3QH 3.754 -23.422 -23.993 10.487
598 17.350 26.917 17.795 5.485 -23.283' -2k, 116 8.813
598 14,642 27.076 17.795 5.550 -23.188 -24.116 8.813
600 14,633 27.125 jT.BET 5.579 -23.191 -2h. 118 8.785
700 . 14,265 29.351 19.318 7.023 -23.342 -24.262 7.57%
717.824 14,230 29.709 19.572 T.277 -23.374 -24.284 7.39&
Phase'ohanges:' 368.3 K, orthérhcmbic - monoelinie transition point of S; AHe = 0,096 kcal/mol.

388.36 K, melting point of S;
11 K, a = B transltion point of FeS;
L432.02 K, second crder tranaformation of H
598 X, 8 - Y transition point of FeS;

717,824

Heat capacity {cal/mol.K)

AH® = 0.413 keal/mol.

AH® = 0.560 kecal/mol.
AH® = 0 kecal/mol.
0.095 kcal/mol.

AH® =
(n =1 to 8).

K, boiling point of $ to equilibrium'mixture of,Sn

and enthalpy (kecal/mol) equations:

298.15-411 K: Cp*®
He- Hggp

411-598 K: Cp®
He- Hfqq

598-1L65 K: Cp®
. He- Hf g,

Formation equations (kecal/mol):

-80.385 + 199.956x107°T + 29.540x10° T 2

-80.385x107°T + 99.978x107°T* - 29, 5u0x10 T™! + 2” 987
17.351

17.351x1073T -~ 4.921 .

6.041 + 6.678x1073T + 16. 479x105T 2

6.041x107%T + 3.339x107€T2 = 16.479x10%T" 1 L+ 3.499

nwon w uu

298.15-368.3 K: AHf® =
AGFe =

368,3-388.36 K: AHfe =
AGFe =

388.36-411 K: AHF® =
AGF® =

411-432,02 K: AHfO =
. AGE® =

432.02-598 K:° AHf® =
, AGE® =
598-717.824 K:  AHf® =
AGfe =

88.338x10° ’T + 95, 62Ux10 st - 2881

3.691 - 1OOT ! .
3.691 + B8.338x1073T1InT-- 95.62Ux107°T2 - 1440,.550T ¢ - 551, 071x10'3T
2.576 - B6.075%1073T .+ 93.878x1078T2 - 2725.500T". .. . .
2.576 + 86.075x107¥T1nT - 93.878x107%T% - 1362.750T * - 535.888x10” sT
-13.583 - 41.335x107°T + 50.596x107%T2 - 823.300T!

-13.583 + 41.335x107°T1lnT - 50.596x107°T2 - L411.650T7! - 250. 660x10”T
~43.497 + 56.401x107°T ~ 49,382x107°T2 + 2130.7007" LI

-43.491 - 56;u01x10‘3T1nT + 49.382x107°T? * 1065.350T7" + 360. 509x10"3T
=52.970 + 52.495x10”T - 29. 570x10° 872 4 5357 200T™?

-52.970 = 52.495x107*TlnT ES 29.570x10° 872 o 2678.600T7! + 358 661x107°T
-4k .550 + 41.185x107°T - 26 231x10'°T’ + 3709 30077

—44.5650 - 41,185x1073TInT + 26.231x107 sT2 + 18545650772 + 276.570x1072T



114 Fe

FeS(e,1)
Iron Monosulfide, Triolite

[Reaction: Fe(e) + 0.55,(g) = FeS{e,l)]
cal/mol <K kecal/mol
T,X Log Kr
Cp® 50 ~{G®~ H34,)/T He= H3,, AHre AGro°
298.15 12.080 14. 415 14,415 0 -39.165 -33.393 24,478
300 12,110 14,490 14,417 o022 -39.161 -33.358 24.301
350 13.752 16,455 14,566 .661 -39.026 -32.400 20.231
el [P 18.103 18.538 154.931 1.443 -36.765 . -31.470 17.194
411 19.544 19,048 15.034 1.650 | -38.675 -31,270 16.628
411 17.350 20.411 15,034 2.210 -38.115 = -31.270 16.628
500 17.350 23.812 16.304 3.754 -37.549 -29.846 13,046
598 17.350 26.917 17.79% 5.455 -36.986 ~-28.388 10.375
598 14.642 27.076 17.795 - 5.550 -36.891 ~-28.388 ©10.375
600 14,633 27.125 17.827 5.579 -36.885 ., -28.360 10.330
700 14,265 29.351 19.318 7.023 © ~36.667 ~-26.957 8.416
800 14,0068 3r.2m 20.694 8.438 -36.553 -25.579 6.988
900 14,043 32.895 21.959 9.842 -36.550 =24,210 5.879
1000 14.190 34.381 23.129 11.252 -36.720 -22.833 4.990
1043 14.327 34.981 23.605 11.865 -36.933 -22.232 4.658
1100 14.509 35.747 24,214 12.686 ~37.065 -21.422 I 256
1185 14,928 36.8u41 25.081 13.936 -37.083 -20.212 3.728
1185 14.925 36,841 25.081 13.936 -37.298 -20.212 3.728
1200 14.999 37.029 25.229 14,160 ~37.264 =19.997 3.642
1300 15.661 38.255 26.185 15.691 -37.007 -18.569 3.122
1400 16.495 39.445 27.089 17.298 -36.700 -17.161 2.679
1465 17.130 40, 208 27.655 18.390 -36.465 ~16.260 2,426
1465 15.000 us5._ hu3 27.655 26.060 -28.795 -16,260 2.426
1500 15.000 45.797 28.074 26.585 . ~28.736 -15.961 2.325
1600 15.000 46.765 . 29,212 28,085 -28.582 -15.113 2.064

Phase changes:

411 K, @ - 8 transition point of FeS; AH® = (.560 kecal/mol.

588 K, 8 - Y tranaition polnt of FeS; 4H® = 0.095 keal/mol.
1043 K, Curie temperature of Fe; AH® = 0 kcal/mol.
1185 K, a - Y transition point of Fe; &H® = 0.215 kcal/mol.
1465 K, melting point of FeS; AH® = 7.670 keal/mol.

Heat capacity (cal/mol-K) and en

thalpy (kecal/mol) equatlions:

298.15-U411 K: Cpe = -80.38
‘ Ho- H¢,, = -80.38
411-598 K: Cp® = 17.351
He~ H8qp = 17.351
598-1465 K: Cp° = 6.047
He- Hg,, = 6.041x
1465-1600 K: Cp® = 15.000
H°- H$,, = 15.000
Reaction equations {kcal/mol):
298.15-411 K: AHre® = -13.098 -
AGre = ~13.098 +
411-598 K: AHre = -43.006 +
AGre = -43.006 -
598-1043 K: AHP® = -34.586 +
AGre = -34,586 -
1043-1185 K: AHre = -11.026 -
AGre = -11.,026 +
1185-1U65 K: AHr® = -34,639 -
AGre = -34.5639 +
1465-1600 K: AHr¢ = —-34,053 +
AGre = -34.053 -
Sources: Enthalpy of formation

and entropy
and Vaisburd (122).

at 298 K

5+ 199.956x1073T + 29.540x10%72
5%x107*T + 99.978x107°T? - 29,540x102T™? + 24,987

X107°T - 4.921
+ 6.678x107°T + 16.479%105T72
1073T + 3.339x707°6T2 - 16,479x102T™! + 3,499

¥107°T + 4,085

B4.335x107°T + 93,747x107°T? - 2759.650T"!

84.335x107*T1nT - 93.747Tx107°T2? - 1379.825T7! - 505.108x107°T
13.400x107°T - 6,231x107°T2 + 194,350T7"!

13.400%107°T1InT + 6.231x107°T2 + 97.175T7! + 106.061x107°T
2.090x1073T ~ 2.892x107°T2 - 1453,550T7 "

2.090x107°T1nT + 2.892x107°T2 ~ 726.7751T"' + 23.970x107°T
41.891x107°T + 17.819x107%T? - 1682.050T!

41.891x107°T1inT - 17.819x107°T? ~ 841,025T"! - 282.575x107°T
3.636x107°T + 2.128x107°T2 - 1563.050T7 !

3.636x107°TInT ~ 2.128x1076T2 - 781.525T"! - 10.534x107°T
5.323x107°T - 1.211x107%T2 + B4 8507} .
5.323x1073T1nT + 1.217x107¢T2 + 42,4257~ + 49,098x107°T

at 298 K from Adaml (]1). Low-temperature heat capacities

rom Gronvold (48). High-temperature data based on Coughlin (25)



Fe 115

Fe3(g)
Iron Monosulfide (ideal gas)
[Formation: Fe(e) + S(e,l) = FeS{g)]

. - cal/mol+K ‘ kcal/mol
T,X ’ _— - - Log Kf
Cpe S —(Go- HE,,)/T He— Hi,, AHE® AGE®
298.15*% 9.277 60.785 - 60.785 . 0 88.615 Th.720 -54.771
300 9.287 60.842 60.785 o017 88.611 74.634 -B54.370
368.3 9.500 - 62.778 60.979 - 662 - 88.45 71.468 -42.409
368.3 9.500 ©62.778° 60.979 .662 88.355 71.468 -42.409
388.36 9.563 63.283 61.085 .853 88.298 70.551 =-39.702
388.36 9.563 63.283 ) 61.085 853 87.885 ° 70.551 -39.702
400 9.599 °  63.566 < 61,154 ,965 87.833 70.032 -38.263
432.02 © 9.613 64,306 61.360 1.273 87.665 68.613 -34.709
500 9.644 65.716 61.860 1.928 87.177 65.654 ~-28.697
600 9.598 67471 62,653 . 2.891 36.54% 61.410 -22.368
700 -7 9,530 68,945 - 63,449 3,847 85,907 57.271 -17.881
717.824 9.519 69.184 63.5893 4.017 85.791 56.544 -17.215

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic ~ monoclinic transition point of $; AH® = 0.096 kcal/mol.
388,36 K, melting point of S; 4AH® = 0,413 keal/mol,
432.02 X, second order transformation of 3; AH® = O keal/mol.
717.824 K, beiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2500 K: Cp® = 9.895 — 0.376x107%T .- 0,450%x10%T72 "
Ho- HS,, = 9.895x1072T - 0.188x1078T% + 0.450x102T™! - 3,084

Formation eguations (kcal/mol):

1.942x107°T = 4.542x107¢T2 + 117.900T "

298.15-368.3 K: AHE® = 88.0LY + ‘ .

AGE® = 88.04Y4 - 1.942x107*TinT + 4.542x107%T% + 5§.950T7 ' ~ 35.642x107°T
368.3~388.36 K: AHE® = 86.929 + 4,205x107°T - 6.288x107°T2 +.273.50017}

AGE® = 86.929 - 4.205x107°T1nT + 6.288x107°T2 + 136.750T"} - 20.460x107°T
388.36-432.02 K:  AHf® = TO.771 + 4B.9U5x107 T ~ 49,570x107°T? + 2175,700T}

AGE® = TO.T71 ~ L8.945x107TInT + U9.570x107°T? « 10B7.850T ) + 264.769x107*T
432.02-717.824 K: AHf® = 61.292 + 45.039%107°T - 29,758x107°T? + 5U402.200T""

AGE® = 61.292 -

45.039x1073T1nT + 29.758x1078T2 + 2701.100T" " + 262.921x107°T



116 Fe

FeS(g)
Iron Monosulfide (ideal gas)
[Reaction: Fe{c,1) + 0.55,(g) = FeS(g)]

cal/mol °K keal /mol
T,K -- ——— -- ——— ———— Log Kr
Cp® Se —{G°~ Hg,44)0/T He- Hg,, AHpe AGre

298.15% 9.277 60.785 60.785 0 73.260 65.206 -47.797

300 9.287 £0.842 €0.785 017 73.259 " 65,157 ~47.866

4oo §.599 63.566 61.154 965 73.182 62.466 -34,130

500 9,644 65.716 61.860 o 1.928 73.049 59.801 -26.139

600 9.598 67.471 £2.653 2.89 72.852 57.169 -20.824

700 9.530 68.945 ¢ 63,449 3.8u47 72.582 54.576 -17.039
800 9,466 70.214 64.218 N.797 72.231 52.026 14,213

900 9.411 71.325 64,946 5.741 71.773 49,527 -12.027
1000 9,366 72.3214 65.635 6.679 71.132 47,086 -10,29
1043 9.351 72.708 65,919 7.081 70.709 ) 46,061 -9.651
1100 §.331 73.205 £6.283 7.614 70.287 Yy,727 ~-§.886
1185 9.308 73.899 66.805 8.406 69.813 42,769 -7.888
1185 9.308 73.899 66.805 8,406 69.598 42,769 -7.888
1200 9.304 74.016 £66.894 8.546 69,547 42,429 ~7.727
1300 9.283 T4.760 ‘ 67.472 9.475 69.202 40.183 -6.755
1400 9.267 75,447 . 68.016 10,403 68.830 37.966 -5.927
1500 9.255 76.086 68.533 11.329 68.43% 35.775 -5.212
1600 9.247 76.683 69.024 12,254 £8.012 33.612 ~4.591
1667 9.243 77.063 69.341 12.873 67.715 32,175 ~4,218
1667 9.243 77.063 69,341 12,873 67.515 32.175 -4.218
1700 g.211 77.24y 69.492 13.178 67.340 31.477 -4, 087
1800 9.238 77.772 69,938 14,102 66.791 29.385 -3.568
1811 9.238 77.828 68.985 14,204 66.726 29.153 -3.518
1811 9.238 77.828 69.985 14,204 63.426 29.153 -3.518
1900 §.236 78,27 70.363 15.026 62,846 27.48y -3.161
2000 9.236 78.745 70.770 15.950 62.191 25.639 -2.802
2100 9.238 79.196 71.163 16.873 61.534 23.825 -2.479
2200 g,24 79.625 71.535 17.797 60.874 22.047 -2.190
2300 9,245 B0.036 71.896 18.721 60.212 20.297 -1.929
2400 9.250 80.430 72.244 19.646 59.549 18.574 -1.691
2500 G.257 80.808 72,579 20.572 58,886 16,831 -1,476

*Data except enthalpy of formation at 298 X estimated.

Phase changes: 1043 K, Curie temperature of Fe; AH® = 0 keal/mol.
1185 K, & - Y transition point of Fe; AH® = 0.21%5 kecal/mol.
1667 K, Y - 6 transition point of Fe; AH® = 0.200 kecal/mol.
1811 K, melting point of Fe; AH® = 3.300 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-2500 K: Cpe = 9.895 ~ 0.376x107°T ~ 0.450x10°T72
He- HZ,e = 9.895x107°T - 0.188x107%T? + 0.450%102T~! - 3.084

Reaction egquations (kcal/mol}):
298.15-1043 K: AHr® = 71.255 + 5_.945x107°T -~ 6,419x107°T2 + 239,350T7!

AGr® = 71.255 - 5.945x107°T1nT + 5.419x107°T2 + 119.675T! + 10.320x107°T
1043-1185 K: AHro = 94,816 - 38.036x1077T + 14.292x1075T2 + 10.850T"!

AGre = 94.816 + 38.026x1073TInT — 14.292x107°T2? + 5.425T7! - 296.224x1073T
1185~1667 K: AHr® = 71,202 + 0.219x107°T - 1.399x107°T% + 129.850T7!

AGre = 71,202 - 0.219x107°T1lnT + 1.399x107°T® + 64,925T ! - 24,183x107°T
1667-1811 K: AHre = -11,692 + U48.716x1073T - 11.030x1075T? + 47829.050T?

AGre = =11.692 - UB.716x107°T1nT + 11.030x107%T2 + 23914.525T ! + 360.695x107°T
1811-2000 K: AHro = 74,157 = 5.276x107%T - 0.34Bx107%T? + 10.850T !

AGre = TY. 157 + 5.276x107°T1nT + 0.348x107%T2 + 5.425T7% - 65.103%x107°T
2000-2500 K: AKre = 75.182 - 5.860x107°T - 0.238x107%T? - 585.000T7"!

AGr® = 75.182 + 5.860x107%TInT + 0.238x107%T% ~ 292.500T"! - 69,756x107°T

Source: Data from Chase (17) who estimated all except enthalpy of formation at 298 K.



Fe 117

FeS,(pyrite)
Iron Disulfide, Pyrite
[Formation: Fe(e) + 28(c,1) = Fe8,(c)]

cal/mol-K kecal/mol
T,K Log Kf.
Cp° 3¢ —(G°— Hg,¢/T He- Hg,, AHf® AGEe
298.15 14,848 12,847 12.647 0 -41.000 -38.259 28.044
300 14,887 12.739 12,647 .028 -41.003 -38.201 27.858
368.3 15.958 15.921 12.966 1.088 -41,132 - =37.599 22.311
368.3 15,958 15,921 12.966 1.088 ~41,324 -37.599 22.311
388.36 16.272 16.776 13.111 1.412 -141.368 -37.394 21,043
388.36 16.272 16.776 13.141 1.4%2 -42,1484 ~37.394 21.043
400 16.455 17.259 13.254 1.602 -42.255 -37.250 20.352
432,02 16.699 18.536 13.599 2,133 -42.462 -36.842 18.638
500 17,218 21.021 T4k 3.25%0 -43.123 -35,900 15.692
600 17.760 24,210 15.810 5.0U40 T-43.824 -34,386 12.525
700 18.238 2£.984 17.214 6.839 -4L.420 -32.766 10.230
717.824 18.325 27.444 17.462 7.165 -44,517 ~32.U67 9.885

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of 8; AH® = 0.096 kcal/mol,
388.36 K, melting point of §; AH® = 0.413 keal/mol.
432.02 K, second order transfermation of S; AH® = 0 keal/mol.
717.824 K, boiling point of S to equilidbrium mixture of Sn (n=1¢%08).

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1000 K: Cpo = 16.HA1 + 3,346x1073T - 2,320x105T72
Ho- Hgge = 16.461%1073T + 1.673x107°%T2 + 2,320x102T7! ~ 5,835

Formation eguations (kcal/mol):

298.15-368.3 K: AHE® = -U1.515 + 0.334x107°T - 0.964x107°%T? + 149,300T"!

AGE® = -41.515 - 0.334x107°T1nT + 0.964x107°T2 + 74.650T ' + 11.697x107°T
368.3-388.36 K: AHE® = ~U43.745 + 4,860x107°T - L4,456x1078T2 + 460.500T7 ! -

AGP® = -43,745 - 4,860x107°T1nT + 4.456%107°T% + 230,250T" ! + 42.063x107°T
388.36-432.02 X: AHf® = =76.061 + 94.340x1073T - 91.020x107°T? + 4264,900T!

AGFe = -76.061 — 94,340x1073TinT + §1.020x107°T% + 2132.450T"! + 612.520x1073T
432.02-717.824 K: AHf® = -95.019 + 86.528x107°T - 51.396x107°T* + 10717.900T!

AGF® = -95,019 - 86.528x107°TInT + 51.396x107%T2 + 5358.950T ! + 608.825x107*T



118 Fe

FeS,{marcasite)

Iron Disulfide, ‘Marcasite

[Reaction: Fe(e) + S,(g) = FeS,(c)]
cal/mol-X keal/mol
T.K : - Log Kr'
Cpe go ~(Go- H24g)/T HO='HZ,, AHre AGre
298.15 14,912 12,874 12.874 0 -70.710 -56.353 41.308
300 14,951 12.966 12.874 .028 - "70,707 -56.263 40.987
Loo 16.532 17.506 13.484 1.609 ~70.550 '51.H73 28.123
500 17.315 21.290 14,678 3.3006 -70.362, -46.725 20.423
600 17.822 24,492 16,054 5.063 ~70.190 ~42.014 15,303
700% 18.394 27.280 17,461 6.873 ~70.036 -37.329 11.655
800 18.802 29.773 18.848 8,740 -69.905 -32.667 8.92k
900 19.292 32.016 20.188 10.645 -69.842 -28.017 £.803
1000 19.7871 34.073 21.47Y 12.599 -69.911 -23.367 5.101

*Marcasite metastable above 673 K.

Heat capaclty (cal/mol-K)} and enthalpy (kcal/mol) equationa: l

Data extrapclated above 700 K.

298.15-1000 K:

= 16.255 + 3.792x1073T -~ 2.199x103T~2
H°~ H%,0 = 16.255%107°T + 1.896x107¢T2 + 2, 199x1o T - 5 753

Reacticon equations {(kcal/mol):

258.15-1000 K:

Source: Data from Chase (11) who extrapolated . above 700 K.

4Hre = 74,010 + 8.133x107>T - 4,495x107°T? + 380,100T"*
AGP° = ~T4.010 - 8.133%107°TInT + 4,495x1075T2 + 190.050T ! + 102.0B1x1075T



Fe 19

FeS; (marcasite)
Iron. Disulfide, Marcasite
[Formation: Fe{e) + 25(c,1) = FeS,{(ec)]

cal/mol K kcal/mol.
T,K - - - . Log Kf
Cp® Se ~(G°- Hg,4)/T H°- Hg,, AHf® AGE®
298.15 14,912 12.874 12.874 0 -40,000 -37.326 27.360
300 14,9514 12.966 12.874 .028 -40.003 -37.309 27.179
368.3 16.031 16.162 13.194 1.093 -40.128 -36.684 21.768
368.3 16.031 16.162 13.194 1.093 -10.320 -36.684 21.768
388.36 16.348 17.020 13.370 1.418 -40.362 -36.483 20.531
388.36 16,348, 17.020 13.370 1,418 41,188 -36.,483 20.531
L4oo. . 16.532 17.506 13,484 1.609 -41.248 -36.342 19.856
432.02 16.783 18.789 13.830 2.142 -41.453 -35.942 18.182
500 17.315 21.290 . 14.678 3.306 -42.107 -35.019 15.306
600 17.822 24,492 16.054 5.063 -42,801 -33.532 12.214
TOO* 18.394 27.280 17.461 6.873 -43,386 -31.939 9.972

T717.824 18.467 27.743 17.711 7.201 -43.,480 -31.645 9.635

¥Marcasite metastable above 673 K.

Phase changes: 368.3 K, orthorhomblc - monoclinic transition point of §; AH° = (.096 keal/mol.
388.36 X, melting point of 8; AH® = 0.413 keal/mol. .
432.02 K, second order transformation of §; AH° = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8),

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1400 K: Cpe = 16.255 + 3.792x107°T - 2.199x10%T"2
H°- HZ,, = 16.255%1073T + 1.896x107T? + 2.199x102T"! - 5,753

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = -L0.432 + 0,128x107°T -~ 0.741%107°T2 + 137.200T7!
‘ AGE® = -40.432 - 0.128x107°T1nT + 0.7L41x107%T% + 68.600T ' + 10.155x107°T

368.3-388.36 K: AHf® = -42,.663 + 4,654x107°T - 4,233x107°T? + 448,400T7!

AGFe = -42,.663 - 4,654x107°TInT + 4,233x107°T* + 224.200T" " + 40.521x107°T
388.36-432.02 K: AHf® = -7U4.979 + 94, 13Ux107°T - 90,797x107°T? + 4252, 8007T"!

AGFe = —TH.979 - 94.134x107*TInT + 90.797x107°T2 + 2126.400T7* + 610,978x107°T
432.02-717.824 K: AHf® = -93.937 + 86.322x107%T - 51.173x107%T? + 10705.8C0T™!

AGFe = -93.937 - §6.322x107*TInT + 51.173x107¢T2 + 5352.900T ! + 607.283x107°T



120 Fe

FeS,(pyrite)

Iron Disulfide, Pyrite

[Reaction: Fe(e) + S,(g) = Fe8,(c)]
cal/mel-X keal/mol
T,K — Leg Kr
Cpe " 5o -(G°= HS,o)/T - Ho- HS., AHre AGro
1 298.15 14,848 12.647 12.647 0 =7T1.710 ~-57.286 T 41,991
300 14,887 12,738 12.647 028 -71.707 ~57.195 41.666
400 16.455 17,259 13.254 1,602 ~-71.557 -52.381 28.619
500 17.218 21.021 14,44 3.290 -71.378 =47.606 20.809
600 - 17.760 24.210 16,810 5.040 -71.213 -42.868 15.61“
700 18.238 26.984 17.214 6.839 =71.070 -38.156 11.913
800 18.727 29.451 18.591 8.688 =70.957 ~33.461 9.141
900 19.217 31.685 19.924 10.585 -70.902 - -28.779 6.958
1000 19.706 33.735 21f20N 12.531 =70.979 -24.097 '5.266

approximately 10 atm.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:
298.15-1000 K:

Cp® = 16.461 + 3.346x107°T - 2.320x10°%T72
Ho- H24, = 16.461%107°T + 1.673x107¢T? + 2.320x10%*T"! - 5.835

Reaction equations (kcal/mol):

298.15~1000 K:

f AHrD
AGre

-75.092 + B8.339x107°T - 4,718x107°T? + 392,200T"!

~75.092 - 8.339x1073T1nT + 4.718x107T2 + 196.100T"! + 103.623x107%T

Source: Data from Chase (17).

Phagse change: 1016 K, incongruent melting point of FeS,; decomposition pressure equals



*Ga 121

‘ Gas(c)
Gallium Monosulfide

(Formation: ‘Ga(c,l) + 8(c,1) = GaS(c)]

cal/mol <K keal/mol
T,K - ———— - - Log Kf
“Cp® 5o -(G°- H2,,)}/T Ho- H3,, AHf e AGFe
. 298.15 11.020 13.820 13.820 o ~50.000 ~48.927 . 35.864
300% 11.030 13.890 13.823 .020 -50.002 -48,921 35.639
302.9 11.056 13.596 13.824 .052 =50.005 ~4B.971 35.290
302.9 11,056 13.996 13.824 .052 -51.341 ~48.911 35.290
368.3 11.652 16.216 14,055 .796 -51,398 ~48,379 28.708
368.3 11.652 16.216 14.055 .796 51,494 -48.379 28.708
388.36 11.834 16.839 14,183 1.032 -51.509 -48.209 27.129
388,36 11.834 16.839 14,183 1.032 =51.922 -48.209 27.129
400 11.940 17.190 14,265 1.170 -51.947 -48.087 26.279
432.02 12.139 18.119 14,517 - 1.556 - -52.031 -47.787 24.17h
500 12.750 19.940 15.120 2.410 ~-52,288 . -47,088 20.582
600 13.450 22.330 16.130 3.720 -52.474 -46.029 16.766
700 14,050 24,450 17.179 - 5.090 . -52.540 -44.955 14,035
717.824 14,137 24,804 13.628

17.364 50301 -52.539 -i4, 761

*Data above 298 K estlmated.

Phase changes:.

302.9 K, melting point of Ga; 4K = 1.336 keal/mol.
368.3 K, orthorhombic ~ menoclinic transition point of'S3;

- 388.36 K, melting point of S; AH® = 0.413 keal/mol.
432,02 K, -second order transformation of S; AH® = O kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sh (n = 1 to 8).

Heat capacity (cal/mol+K) and enthalpy (keal/mol) gquations:

298.15-1000 K:

Ho- HY,4

Cp® = 10.705 + U4.912x107°T - 1.021x105T"¢2

+ 10.705%107°T + 2,456x1078T? + 1.021x10%T"* - 3,752

Formation equations (kcal/mol):

298.15-302.9 K:

302.9-368.3 K:

- 368.3-388.36 K:

AHf®

- ACfe

AHf?
AGE®
AHf°

- AGrP®

3BB.36-432.02 K:

432.02-717.824 K:

ARfe
AGfPe
AHf®
AGF?®

-49.000
~49.000
-50.706
-50.706
-51.821
-51.821
-67.980
.~67.980
~77.458
~77.458

.
.
.
+
.

3.965%x1073T + 4.073x107%T% - 53.500T !

3.965x107°T1nT - 4.073x1078T2 ~ 26.750T % - 20.829x1073T
3.469x1073T + 4,047x107°5T2 + 13,7007 !

3.469%107T1nT - 4.,047x1075T2 + 6.850T"! - 12.738x107°T
1.206%107°T + 2.301x107€T2 + 169.300T"¢

1.206x107°T1nT - 2.301x1078T% + BL.650T™! + 2.445x107°T
43,534x1073T ~ 40.981x107°T2 + 2071.500T""

AH® =" 0.096 keal/mol.

43.534x1073TInT + 40.981x1078T2 + 1035.750T" " + 287.673x107°T

39.628x107°T - 21.169x107¢T2 + 5298.000T!

39.628x107°T1nT + 21,169x1075T2 + 26LG9.000T ' + 285.826x107°T



122 Ga

GaS{c)
- Gallium Monosulfide

[Reaction: Ga(e,1) + 0.55,(g) = GaS(e)]

cal/mol X kcal/mol
T,K - Log Kr

Cp? §e =~(G%= HZ44)/T He- HZ., AHre AGre®

258.15 11.020 13.820 13.820 0 -65.355 -58. 441 42,838
300% 11.030 13,890 13.823 .020 -65.354 -58.399 42,543
302.9 11.056 13.996 13.824 052 -65,352 -58,332 42,087
302.9 11.056 13.996 13.824 .052 -66.688 -58.332 42,087
400 - 11.940 17.180 14,265 1.170 ~66.598 - -55.663 30.412
500 12.750 19.940 15.120 . 2.410 -66.416 -52.941 23.140
600 13.450 22.330 16.130 3.720 -66.169 ~50.270 18.311
700 14,050 24,450 17.179 5.090 ~65.865 -47.650 14,877
800 14,540 26.360 18.210 6.520. ~65.506 =45,072 12.313
900 14.5940 28,100 18.211 8.000 65,101 -L2.540 10.330
1000 . 15.230 29.690 20.180 9.510 -64.669 -40.055 8.754

¥Data above 298 K estimated.

Phase change: 302.9 K, melting point of Ga; AH® = 1,336 kcal/mol.

Heat capacity (cal/mol+K) and enthalpy (kecal/mol) equatfons:

298.15-1000 K:

. Cpo

H°— Hfq,

LI |

Reaction equations {(keal/mol):

298.15-302.9 K: 4Hre
AGr©
302.9~1000 K: AHre
AGTe

Sources:' Enthalpy of

~65.789
-65.789
~67.495
-67.495

formation

entropy at 298 K from

1 + 1 +

at 288 X from Mills (80).

10,705 + 4,912x10737 ~ 1,021x10°T"2
10.705%x107°T + 2.456%x1075T2 + 1,021x102T7! - 3.752

0.037x107°T + 2.196x107%T2 + 67.950T7""
0.037x10"5TlnT - 2.196x107872 + 3]3.975T—1 + 25.134x107°T
0.533x107°T + 2.170x1075T2 + 135.150T!
0.533%1073T1nT - 2,170x1075T2 + 67,575T"! + 33,225%107°T

Mamedov (76). Data above 298 K estimated.

Low-temperature heat capacities and



Gd 123

Gds(e)
Gadolinium Monosulfide
‘ [Formation: Gd(c) + S(c,l) = GdS{c)]

cal/mol K kecal/mol

T,K ‘ ‘ Log KE-
Cp®. Se - -{G°- Hg,¢)/T H°~ HZ,q AHf® AGE®
298.15 11.500 20.330 20.330 - 0 -109.200 -108.135 79.261
300% - 11.510 20.400 20.1330 .021 -109.205 -108.129 78.771
368.3 11.804 22.800 ¢ 20.574 .Bz2o -109.303 -107.877 64,014
368.3 11.804 22.800. 20.574 .820 -109.399 -107.877 6L.01Y4
388.36 11.890 23.428 " 20.706 1.057 =109.425 -107.793 60.660
388.36 11.890 23.428 20.706 1,057 ~109.838 -107.793 | 60,660
4100 11.940 23.780 20.790 1.196 -109.867 -107.731. 58.861
432.02 12.017 24.702 21.0L46 1.560 ~109.962 -107.557 54.410
500 12.18¢0 26.470 21.664 2.403 -110.270 -107.151 46,835
600 12.350 28.710 22.660 3.630. -110.586 -106.U87 38.787
700 12,490 30.620 23.659 4. 873 ~110.849 -105.777 33.025
717.824 12.513 © 30,934 23.835 5.096 -110.891 -105,647 32.165

*Data above 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinle translition point of S; AH® = 0.096 kecal/mol.
368.36 K, melting point of S; AH° = 0.413 keal/mol. ]
432.02 K, second order transformation of $; AH® = 0 kcal/mol.
T17.824% K, boiling point of 8 to equilibrium mixture of §,(n=11to 8).

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-2000 K: " Cp® = 12.003 + 0.902x107°'T - 0, 652x10 T2
He— Hfqe = 12, 003!10—3T + 0.451%107°%T2 + 0. 682x10 T - 3 848

Formation equations (kcal/mol) '
298.15-368.3 K: AHE® = ~110.634 + 1.043x1073T - 0.035x107°T? + 335,700T™"

_ AGE® = -110,634 - 1,043x107°T1nT + 0.035x107°T2 + 167.850T " + 12,U24%107°T
368.3~388.36 K: AEFO = ~111.749 + 3.306x107°T -~ 1.781x107¢T2 + 491.300T !
AGEe = -191.T49 - 3.306x107°TInT + 1.781x107°T2 + 2U45.650T"' + 27.607x107*T
388.36-432.02 K:  AHf° = -127.907 + 4B.046x107%T - 45.063x107T% + 2393.500T
AGF® = ~127.907 — U8.046x107°TInT + 45.063x107¢T2 + 1196,750T ¢ + 312.835x107°T
432.02-717.824 K: AHf® = -137.386 + L4.140x107°T - 25.251x107°T2 + 5620.000T
AGf® = ~137.386 — L4.140x107°TInT + 25.251x107°T2 + 2810.000T™! + 310.988x107°T



124 Gd

GdS(e)

Gadelinium Monoszulfide

[Reaction: Gd(ec,l) + 0.58,(g) = GdS(c)]
cal/mol <K kcal/mol
T,K - - - Log Kr
Cp® 3e -{Go— Hg,,)/T He— Hg,, AHre AGre
298.15 11.500 20.330 20.330 0 -124.555 =-117.645 86.238
300% 11.510 20.400 20.330 021 -124.557 -117.607 85.675
400 11.940 23,780 20.790 1.196 -124.518 -115.297 62.995
500 12.180 26.470 21.664 2.403 -124.397 -113.005 49,394
600 12.350 28.710 22.660 3.630 -124.281 -110.728 40.332
700 12,490 30.620 23.659 b,873 -124,174 -108.,472 33.866
800 12.620 32.30¢0 24.639 6.129 -124,080 -106.238 29.022
500 12.730 33.790 25.572 7.396 -124.001 -104.011 25.257
1000 12.840 35.140 26.4586 8.674 -123.933 -101.804 22.249
1100 12.940 36.370 27.313 9.963 ~-123.879 -99.585 19.785
1200 13.040 37.500 28,115 11.262 -123.842 -97.385 17.736
1300 13.130 38.5L0 28.87 12.570 -123.827 -95.174 16.000
1400 13.230 39.520 29.559 13.889 -123.833 -92,962 14,512
1500 13.320 40. 840 30.296 15.216 ~123.866 -30.761 13.224
1533 13.353 40.730 30.517 15.656 -123.88%4 =-90.034 12.835
1533 13.353 40.730 30.517 15.656 -124.819 -90.034 12.835
1585 13.405 41.174 30.856 16.353 -124.719 -88.860 12.252
1585 13.U405 41,174 30.856 16.353 -127.122 -88.860 12.252
1600 13.420Q 41,300 30,954 16,554 -127.124 ~88,500 12,088
1700 13.510 42,120 31.591 17.900 -127.135 -86.090 11.067
1800 13.600 42,890 32.192 19.256 -127.140 ~-83.661 10.158
1900 13.700 43.630 32.777 20.621 ~127.138 -81.250 9.346
2000 13.79¢0C 44,330 33.333 21.995 -127.131 -78.83% §.615

¥Data above 298 K estimated.

Phase changes:

1533 K, @ -= B transition point of Gd;

1685 K, melting point of Gd; AH®

AH® = 0.935 kcal/meol.
2.403 keal/mol.

Heat capacity (cal/mol'K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He- H244

Cp?°

Reaction equations (kcal/mol}:

298.15-1533 K: AHre

1533-1585 K:

1585-2000 K:

Sources: Enthalpy of formation at 298 K from Fries (42). Low-temperature heat capacities
and entropy at 298 X from Vasilev {(123).

AGre
AHre
AGre
AHre
AGre

-127.423
~127.423
-127.064
-127.064
-126.213
-126.213

Wononomonon

+

- 5.045x1073T1nT + 1.912x107°%T% + 228.575T" ! + 58.387x107°T

+

- 1.004%x1073T1nT - 0.291x107°%T? + 17.025T7 + 31,080x107°T

12.003 + 0.902x107°T - 0.682x10°%T"?2
12.003x1073T + 0.451x107°T2 + 0.682x10%T™* - 3,8U8

5.045x107°%T —~ 1.912x1075T2 + 457.150T"!

1.004x107°T + 0.291x107°T? + 34.050T"!

- 1.049x107°T + 0.291x107°T2 + 34,060T"!

+

1.049x1073T1InT - 0.291x107%T? + 17.025T! + 16.315x1073T

Data above 298 K estimated.



Gds(g)
Gadolinium Monosulfide {ideal gas)

Gd 125

[Formation:  Gd(e) + 3(e,1) = GdS(g)]
cal/mol+«K keal/mol
T,K Log Kf
Cp® se ~(Go- H4e)/T He- H,, AHfe AGE®
298.15% 8.200 63.220 $3.220 0 36.700 24,977 -18.308
300 8.210 63,270 63.220 015 36.589 24,903 -18.142
368.3 8.415 64,981 63.354 .585 36.362 22,253 ~13,205
368.3 8.415 " 64,981 63.394 .585 36.266 22.253 -13.205
388.136 8.475 65.429 £3.487 LT54 36.172 21.492 -12.095
388.36 8475 65.429 63.487 754 35.759 21.492 ~12.095
400 8.510 65.680 $3.548 .853 35.690 21.066 -11.510
432,02 8.555 66.337 63,730 1.126 35,485 19.902 ~10,068
500 8.650 67.590 64,166 1.712 34.939 17.498 -7.6L8
£00 8.730 69.180 64,878 2,581 34.265 14,082 -5.129
700 8,780 70.530 65.593 3,456 33.63L 10. 769 -3.362
7T17.824 8.785 70.751 65.718 3,613 525 10.189 -3.102

33.

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S;

388.36 K, melting point of S;

432,02 K, second order transformation of S;

‘Heat capacity (cal/mol-XK) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Ho-

Cpe
Hgse

8.875 + 0,036x107°T - 0.608x10°T7?
8.875x107*T + 0,018x107°T? + 0,608x102T™! - 2.852

Formation equations (kecal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

K:

432.02-7T17.824 K:

AHf® =

AGE?
AHf?®
AGLe
AHf®
AGE®
AHf®
AGE?

]

36,262
36.262
35.147
35.147
18.989
18.989

9.510 + 41.012x1073T - 25.684x107°T? + 5612.600T!

L+ 1+ 4+

AH® = 0,413 kecal/mol.
= 0 kecal/mocl.
T17.824 K, voiling point of $ to equilibrium mixture of Sn (n

2,085%x107°T ~ 0.U68x107°T? + 328.300T"!

2.085%107%TInT + 0.468Bx107%T2 + 164.150T7?

0.178x1073T ~ 2.214x107%T? + u483.900T"!

0.178x1077T1nT + 2.214x107°T% + 241.950T !
44.918x107°T -~ 45.496x107°T% + 2386.1007"'

AH® = 0.096 kcal/mol.

1 to 8).

51.716%1073T

36.533x107°T

E4.918x107°T1nT + 45,496x107°T2 + 1193.05077! + 2K48.695x107°T

9.510 - 41.012x1073T1InT + 25.684x107°T2 + 2806.300T" % + 246.848x107°T



126 Gd

Gds(g)
Gadolinium Moncsulfide (ideal gas)

[Reaction: Gd(e,1) + 0.55,(g) = GdS(g)]
cal/mel+K keal/mol
T,K - Log Kr
Cpe 3e =(G%= HS,4,}/T He- H%,, AHr® AGr®
298.15% 8.200 63,220 63.220 0 21.345 15,463 ~11.335
300 8.210 63.270 63.220 .015 21.337 15.426 -11.238
Loo 8.510 65.680 63.548 .853 21.039 13.500 -7.376
500 8.650 67.590 b4, 166 t.712 20.812 11.644 -5.090
600 B.730 69.180 64.878 2.587 - 20.571 9.841 -3.585
700 8.780 70.530 £5.593 3.456 20.309 8.074 -2.521
800 8.810 T71.700 66,281 4,335 20.025 6.348 =1.734
900 8.830 72.740 66,943 5.217 19.721 4,655 -1.130
1000 8.850 73.670 67.568 6.102 19.395 2.994 ~.654
1100 8,860 T4.520 68.168 6,987 19.045 1.374 -.273
1200 8.880 75.290 68.728 7.874 18.670 -.222 . 040
1300 8.880 76.000 69.260 8.762 18.265 -1.780 . 299
1400 8.890 76.660 69.766 9.651 17.829 -3.296 .515
1500 8.900 77.270 70.243 10.541 17.360 ~-b, 781 . 697
1533 '8.903 T7.464 70.396 10.835 17.195 -5.268 .751
1533 8.903 77.460 70.39% 10.835 16.260 -5.268 L751
1585 8.908 T7.766 T0.638 11.298 16.126 -6.013 .829
1585 8.908 77.766 70.638 11.298 ‘ 13.723 -6.013 .829
1600 8.910 77.850 70.705 11.432 13.654 -6.202 .8u7
1700 8.910 78.390 7m0 120323 13.188 -7.U26 .955
1800 8.920 78.900 71.559 13.214 12.719 -8.621 1.047
1900 8.930 79.380 71.955 14,107 12.248 -9.789 1.126
2000 8.930 79,840 72.340 15.000 11,774 -10,951 1.197

*Data except enthalpy of Formation at 298 K estimated.

Phase changes: 1533 K, a - & transition point of CGdi AH® = 0.935 keal/mol.
1585 K, melting point of Gd; AH° = 2.403 kcal/mol.

Heat capacity (cal/mol-+K)} and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp®
H°= Hi,.

oo

Reaction equations (kecal/mol):

298.15-1533 K:
1533—1535 K:
1585-2000 K:

AHro
AGre
AHr®
AGre
AHr e
AGP©e

19.473
19,473
19.832
19.832
20.683
20.683

+

1

+ 1 + |

Sources: Enthalpy of formation
by Mills (80).

8.875 + 0,036x107°T - 0.608x10°T"?
8.875x10™*T + 0.018x1075T2 + 0.608x10%T"! ~ 2.852

.G18x107°T - 2.345x1078T? + L49.750T7!
L918x1073T1nT + 2,345%x1075T2 + 224,875T7! - 5,753x107°T
L124x107°T - 0.142x107%T2 + 26,650T7!
.124x107°TInT + 0.142x107°%T% + 13.325T"! - 32.160x107°T
JT7X1073T - 0.142x107°T2 + 26.650T7!
LAT7x1073TInT + 0.142x107°%T2 + 13,325T77! - L7.824x107°T

ErNN - =

at 298 K based on Fries (42). Other data are those estimated



Ge 127
GeS(e)
Germanium Monosulfide
[Formation: Ge(e)} + S(c,l) = GeS{e)]
cal/mol-K keal/mol
T,K Log Kf
Cp® S0 -{G°- HZ,5)/T H°- HS,, AHP® AGPo

298.15 11.420 15.77C 15.770 0 -18.200 -18.402 . 13.489
300% 11.430 15.8L0 15.770 .021 -18.1%9 -18.405 13.407
368.3 11.758 18.223 16.010 815 -18.180 -18,455 10.951
368.3 11.758 18.223 16.010 .815 -18.276 -18.455 10.951
388,36 11,854 18.849 16,111 1.052 -18.274 -18.464 10.391
388.36 11.854 . 18.849 16.141 1.052 -18.687 -18.L64 10.391
400 11.910 19.200 16.225 1.190 -18.705 ~18.457 10.085
432.02 12.067 20,123 16.480 1.574 -18,772 -18.,435 9.326
500 12.400 21.910 17.100 2. 405 -19.017 -18.358 8,024
600 12.880 24,210 18.095 3.66% -19.210 -18.201 6.630
700 13.360 26.230 19.116 4.980 -19.306 -18.028 5.628
717.824 13.448 26.567 19.297 5.219 =19.313 =17.995 5.”79

%¥Data above 298

Phase changes:

K estimated.

368.3 K, orthorhombic - monoeclinic transition point of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 Kkecal/mol.

432.02 K, second order transformation of $; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn {n=1+%o08).

Heat capacity {cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-938 K:

Cp° = 9.990 + 4,81U4x107°T

Ho- H3,, = 9.990x1073T + 2.407x107°T2 ~ 3,192

Formation eguations (keal/mel):

298.15-368.3 K:
368.,3-388.36 K:

388.36-432.02 K:

432.02-717.824 K: AHf®

aHfo = =16,797 - 3,765x1073T + 3.658x107¢T? - 180.500T"

AGF® = -15,797 + 3.765x102T1nT - 3.658x107°T2 - 90.250T"! - 24.729x107%T

ARF® = -17.512 - 1.502x107*T + 1.912x107°T? - 24,9007}

AGF® = ~17.912 + 1.502x107*TLlnT - 1.912x107°T? - 12,450T7} ~ 9.546x1073T

ARf® = ~34.071 + 43.238x107°T - 41.370x107°T* + 1877.300T""

AGE® = =34.071 - 43.238x107°T1lnT + 41.370x107°T2 + 938,650T"" + 275,682x1073T
= -43.549 + 39.332x107°T - 21.558x107°T2 + 5103.800T !

AGE? ~43.549 39,332x107T1nT + 21,558x107°T% + 2551.G00T"! + 273.834x107°T



128  Ge

Germanium Monosulfide

GeS(e,l)

[Reaction:  Ge{c) + 0.55,(g) = GeS{c, l)]

cal/mol-K keal/mol’ ' '
T,K Log Kr

Cp® se —(Go- H3,,)/T  Ho- H3gy AKro AGr® :
298.15 11.H420 15.770 15.770 0 =-33.555 -27.916 20{“63
300% 11.430 15,840 15,770 021 -33.551 -27.882 20.312
400 11,910 19.200 16.225 1.180 —33:356 -26.023 14,218
500 12,400 21.910 - 17.100 2.405 -33.145 -24.212 ©10.583
600 “12.880 2“.210 18.095 3.669 7‘321903 -22.442 8,174
700 13.360 26.230 19.116 4.980 -32.631 -20.723 £.470
800 13.840 28.050 20.125 6.340 -32,321 -19,046 5.203
900 14,320 29.710 21,101 7.748 -31.979 -17.407 227
938 14.500 ‘30.300 21.458 8.296 -31.840 -16.788 3.912
938 14,500 36.300 21.456 13 924 -26.212 -16.788 3.912
1000 14.500 37.230 22.407 14,823 -25.,989 -16.181 3,536
1100 . 14,500 38.610 23.816 16,273 -25,6U6 j15-212 3.022

*Data above 298 X estimated except temperature and enthalpy of:fusion.

Phase change:

938 K, melting point of GaS;

Heat capacity (cal/mol+X)

and enthalpy (kcal/mol) équétions:

AH® = 5.628 keal/mol.

298.15-938 K:’

938-1100 K:

He- Hiq,

H°= Hiqe

]

9.990

9.990x107°%T + 2. HOT)HO"T2 ~ 3,192

14.500.
14.500

Reaction equations (kecal/mol):

298.15-938 K:

938-1100 K:

Source:

AHr® = -33,586 +
AGre = -33.586 -
ARre® -30.071 +
AGre = —30.071 =

fusion.

Data from Mills (80)

+ 4, 814x107°T

x167°T + 0.323

0.238x1073T + 1.781x107°T% - 59,0507}

0.238x107°T1nT - 1.781x107®T2 - 29.525T"" + 21,234x107°T

4,7Th7x107°T ~ 0.626x107°T?* - 59,050T" %

4, 747x1073TInT + 0.626x1075T2 - 29.525T7! + 46.093x107°T

who estimated all above 298 K excebt'témpeﬁature and enthalpy of



Ge 129

Ges(g)
Cermanium Monosulfide (ideal gas)
[Formation: Ge(e) + S(e,l) = GaS5( g)]

o eal/molsK kcal/mol :
T,K ; - Log Kf
‘Cp® ge =(Go~ H3,5)/T Ho- HZ., AHf® AGE®
298.15 8,0u0 56.260 56.260 o} 23.200 10.925 .~8.008
300 8.050 56.310 56.260 .015 23.195 10,848 -7.903
' 368.3 8.289 57.991 56.428 .575 22.981 6.059 -4,782
368.3 . 8.289 57.991 56,428 ,575 22.885 8.059 ~4,782
388.36 8.359 58.433 56,521 LTH2 22.816 7.254 ~4,082
388.36 8.359 58.433 56.521 L2 22,403 7.254 ~4,082
400 8.400 58.680 56.580 . 840 22,305 6.801 . -~3.716
432,02 8.5 . 59.329 56.760 1.110 22,164 5.563 -2.814
500 8.560 60.580 . 57.202 1.689 21,667, 2,990 ~1.307
600 8,650 62,150 57.900 2.550 - 21.071 . -.684 249
700 8.710 - 63,480 ‘58.597 - - 3.418 20.532 - -4.285 1.332
717.824 8.717 63.699 58.721 3.573 20. 41 ~-4,394 - - 1,480

Phase changes:

368.3 K, orthorhombic - monoclinic transitien ‘point of §; - AHO. = 0,096 kKeal/mol.

3688.36 K, melting point of S; AH® = O. 413 keal/mol.
432.02 K, second order transformation of §; 4H® =0 kcal/mol
717.824 K, boiling point of S to equillbrium mixture of S (n =1 to 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations

298.15-2000 K:

Cp® = 8.780 + 0.100x107°T - 0.680x103T™2 _
He~ Hggp = 8.780x107T + 0.050x107°T? + 0.680x10?T"" ~ 2. 850

Formation equatlons (kcal/mol):

298.15-368.3 K:
368.3-388.136 K:
388.36-432.02 K:

432.02-717.824 K:

AHf©
AGE®
AHF©

AGE®

AHf®
AGEe
AHf'®
AGfe

o 0 0l u k0 0 @

24,945 - 4,975x107%T + 1,301x107%T? - 112.5007"" ‘ '
24,945 + 4.975x107 T1aT -~ 1.301x107%T2 - 56.250T ! ~ TU.3U4Tx107°T
23.830 - 2.712x107°T - 0.445x107°T% + 43.100T"!

23.830 + 2.712x107 TLnT + 0.445x107°T% + 21.550T7! - 59.164x107°T

7.672 + 42.028x1073T ~ 43.727x107°T% + 1945,300T}

7.672 .~ 42,028x1075TInT + 43.727x107¢T2 + 972.650T7! + 226 065x107°T
-1.807 + 38,122x107°T ~ 23,915x107°T* + 5171,800T7"

-1.807 - 38. 122x10 STInT + 23,915x107°T* + 2585,900T7" + 224, 217x10"T



130 Ge

GeS(g)
Germanium Mcnosulfide (ideazl gas)

[Reaction: Ge{c,l) + 0.55,(g) = GeS{g)]
cal/mol K keal/mol
T,K Log Kr
Cp® 8o ~(G°= H,e)/T He- Hg,, AHro AGre _
298.15 8.040 56.260 56.260 0 7.845 1.472 -1.035
300 - 8.050 56.310 56.260 .015 7.843 1.371. -.999
400 8.L00 58.680 56.580 L840 7.694 -.765 . .8
500 8.560 60.580 57.202 1.68¢9 7.540 -2.863 1.251
600 8.650 62.150- 57.900 2.550 7.377 -4.925 1.794
700 8.710 63.480 58.597 3.118 T.207 -6.960 2.173
800 8.750 64,650 59,286 L, 2% 7.031 ~-8.975 2.452
900 8.790 65.680 55.938 5,168 6.8u2 -10.960 2.661
1000 8.810 66.810 60.562 6.048 - 6.636 -12.936 2.827
1100 8.830 87.450 61.149 6.931 6.413 -14.878 2.956
1200 8.850 68.220 61.708 7.815 6.170 ~16.802 3,060
1210.4 8.852 68,296 61.764 7.907 6.143 ~-16.996 ‘3,069
1210.4 8.852 68.296 - 61,764 "7.907 -2.687 -16,996 3.069
1300 8.870 68.930 62.237 8.701 ~-2,890 -18.047 3.034
1400 8.890 £9.590 62,741 9.589 -3.120 -19.205 2.998
1500 ' 8.900 70.200 63.215 10,478 -3.354 -20.33% '2.963
1600 8.910 70.780 63.674 11,369 -3.588 -21.476 2,933
1700 8.930 71.320 64,108 12.261 ~3,825 . —22.586 2.904
1800 8.940 71.830 64,522 13.154 -4.064 -23.676 2.875
1900 8.950 72.310 64.916 114,049 ~4.305 -24.746 ©2.846
2000 8.960 72.770 65.298 14,944 -4.549 -25.814 2,821

Phase change: 1210.4 K, melting point of Ge;

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations: .

298,15~2000 K:

Cp® = 8.780 +.0.100x10™°T - 0.680x105T~2

AH® = 8.B30 kecal/mol,

He~ Hg,q = 8.780x107°T +'0.050x107°T? + 0.680x102T™% - 2,850

Reaction equations (keal/mol): .

298.15-1210,4 K: AHre
’ AGre
1210.4-2000 K: AHre
AGre

Source: Data from Mills

8.156 — 0.973x107°T - 0.576x1075T% + B.950T "
§.156 + 0.973x1073T1nT + 0,.576x1078T2% + 4 _475T7!
~0.148 - 1,992%x107®T ~.0.110x1078T2 + 33.850T7¢

~0.144 + 1.992x107*T1nT + 0.110x107%T2 + 16.925T"! - 28.204x107°T

(80).

~ 28.384x107°T



Ge 13
GeS,(e)
Germanium Disulfide
[Formation: Ge(c) + 28(c,1) = Ge8,{c)]
cal/mol +K keal/mol
T,K Log Kf
Cp® Se ={G°- H%44)/T Ho- HS.q AHE® AGfe

298.15 15.700 22.370 22.370 0 =-29,800 -29.686 21,760
300% 15.714 22.467 22,370 .029 -29.801 -29.686 21.626
368.3 16.116 25.738 22.702 1.118 -29.871 -29.655 17.597
368.3 16.116 25.738 22,702 1.118 -30,063 -28.655 17.597
388.36 16.234 26.596 22,881 1.44%° -30,092 -29.631 16.675
388.36 16.234 26.596 22.881 1.443 - -30.918 -29.631 16.675
400 16.303 27.076 22.996 1.632. -30.973 -29.592 16.168
432,02 16,435 28.337 23.346 2,156 -31.,163 -29,476 14,91
500 16.714 30.760 24,192° 3.284 -31.785 -29.153 12,743
600 17.056 33.838 25.550 4,973 -32.410 -28.560 10.403
700 17.366 36,491 26.928 6.694 ~-32.896 -27.883 §.705
717.824 17.418 36.928 27.171 7.004 -32.969 -27.754 8,450

*Data“above 298 X estimated except temperature and enthalpy of fusion.

Phase changes:

368.3 K, orthorhembic - monoclinic transitlion peoint of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of S$; AH® = 0.413 kecal/mol.

432,02 K, second order transformation of .8; AH® = 0 kecal/mol. :
"717.824 K, volling point of .S to equilibrium mixture of‘.Sn (n =1 to 8).

Heat capacity (cal/mel-K) and enthalpy (keal/mol) equations:

298.15-1113 K:

Cp® = 15.665 + 2.624x107*T ~ 0,664x10°T72
~He- H8,, = 15.665x107T + 1.312x107°T* + 0,664x102T7! - 5.010

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432,.02-717.824 K:

AHf @
AGTe
AHf®
AGE®
AHf®
AGFe
AHf®

-AGEe

B nonoww on oW

-27.
~27.
-29.
-29.

-61
-61

-80.

-80

408
408
638
638
.955
. 955
9i2
.912

- 6.264x107!T + 4.280x107%T* - 269.700T™ ‘

+ 6.264x1073TlnT - L.280x107°T% - 134.850T % - L0.537x107°T

- 1.738x107'T + 0.788x107%T% + 41.500T "}

1.738x107?TLnT ~ 0.788x107°T? + 20.750T"% = 10.171x107°T
B87.742%1073T - B5.776x107°T% + 3845.900T "

B7.742x107°TInT + 85.776x107°T2 + 1922.950T"" + 560.2B6x107°T
.79.930x107°T - 46.152x107°T* + .10298.900T "}

o+ o+

79.930x107°T1nT + 46,152x107°T2 + 5149.480T . + 556.591x107°T



132 Ge

Germanium Disulfide

GeS,{c,1)

[Reaction: Gef{c,l) + S,(g) = GeS,(e,1)]
cal/mol K kcal/mol
T,K Log Kr
Cpe S0, -(G°~ Hg. /T He- Hg,, AHre AGre
298.15 15.700 22.370 22,370 o] -60.510 -48.713 35.707
300% 15.714 22,467 22.37C .029 ~60.505 -48.641 35.434
4oo 16.303 27.076 22.996 1.632 ~-60.275 -4§4,723 28,435
500 16.714 30.760 24.192 3.284 -60,040 -40.859 17.859
600 17.058 33.838 25.550 4,973 -59.75%9 ~37.042 13.492
700 17.366 36,491 26.928 6.604 ~59.546 -33.274 10.388
800 17.658 38.829 28.271 8.LYys -59.279 -29.537 8.069
900 17.947 40,926 29.565 10,225 -59.006 -25.836 6.274
1000 18.217 42.830 30.797 12.033 -28.727 -22.170 4,845
1100 18.489 Ly, 579 31.971 13.869 ~58. 445 -18.525 3.681
1113 18.524 44.797 32.120 14.110 -58,408 -18.054 3.545
1113 23.900 48.297 32.120 18.005 =54.513 -18.054 3.545
1200 23.900 50.096 33.359 20.084 -53.808 =-15.229 2. 774
1210.4 23,900 50,302 33.504 20,333 -53.725 ~14, 861 2.689
1219.4 23.900 50.302 33.504 20.333 -62.555 -14.891 2.689
1300 23.900 52.009 34.721 22,474 -61.818 -11.387 1.914
1400 23.900 53.780 36,020 24,864 ~-61.005 ~7.536 1.176
1500 23.900 55.429 37.260 27.254 -60.199 -3.739 .545

*Data above 298 K estimated except temperature

Phage changes:

Heat capacgity (cal/mol-K) and enthalpy (kcal/mol) equations:

1113 K, melting point of GeS,;

1210.4 X, melting point of Oe;

and enthalpy of fusion.

AH®
AH®

3.895
8,820

298.15-1113 K:

1113-1500 K:

Cp®
He- HS,e
Cp®
He= HS.,

"onou o

kcal/mol,
kcal/mol,

15.665 + 2.624x107T - 0,664x105T™2

15.665x107°T + 1,312x107°T? + 0.664x10%T"' ~ 5.010

23.900

23.900x1073T - 8,596

Reacticn eguations (kcal/mel):

298.15-1113 K: -AHre

1113=-1210.4 K: AHre

AGro°

AGr®

1210.4-1500 K: AHre®

AGre

-60.
~60.

=64

-64.
-72.
~72.

986
986
.572
572
871
871

1+ 1+ 0+

1.7T41%x1073T + 0.526%x107%T2 - 26.800T7!
1.741x107*TInT ~ 0.526x107°T% - 13.400T ' + 51.389x107°T
9.976x107°T - 0.786x107°T* - 93.200T7"*
9.976x1072T1nT + 0.786x107%T2 ~ U46,600T"! + 110.945x107°T
8.957x107°T - 0.320x10"¢T? ~ 68.300T7!
8.957x107TInT + 0,320x107°T? - 34,150T7"' + 111.124x107°T

Sources: Enthalpy of formation at 298 K from Murray (84),

Other data from Gurvich (49) who
estimated all above 298 K except temperature and enthalpy of fusion.



GeS, (g)

Germanium Disuifide (ideal gas}

Ge 133

[Formatlion: Ge(c) + 28(c,1) = GeS,(g)]
cal/mol +X keal/mol
T,K Log Kf
Cpe 8o -(G° H3,,)/T Ho- H3,, AHF® AGF©
298.15 13.087 63.762 63.762 0 14.900 2.673 -1.5959
300 13.103 63.842 63.762 .024 14,894 2.596 -1.891
368.3 13.553 65,584 64,037 .938 14,649 -.179 .106
368.3 13.553 66.584 64,037 .938 14,457 -.179 | 106
388.36 13,685 67,307 64,188 1.219 14,376 -.973 548
388.36 13.685 67.307 64,188 1.211 12.550 -.973 .548
Loo 13.762 67.712 64.285 1.371 13,466 ~1.408 .769
432,02 13.879 68.776 64.578 1.814 13.195 ~-2.589 1.310
500 14,128 70.826 65,292 2.767 12.398 -5.003 2.187
600 14,347 73.423 66,438 4,191 11.508 -8.393 3.057
700 14,486 75.646 67.597 5.634 10.744 -11.652 3.638
717.824 14,503 76.010 67.802 5.892 10.619 -12.219 3.720

Phase changes:

L3z.02 K,

AH® = 0.U13 keal/mol.
AH® = 0 keal/mol,

second order transformation of S;
717.824% K, boiling point of S £o equilibrium mixture of Sn

Heat capacity {cal/mel.K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

Cpe
He= Hg g,

14,653 + 0,150x107*T — 1,432x10°T"*
14,653%1073T + 0.075x107%T2 + 1.432x102T7!

Formation equations (kcal/mecl):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

432.02-717.82

K:

4 K:

AHf®
AGE®
AHF®
AGE?
ARL®
AGf e
AHf®
AGE©

L | S I | A AR N /S '}

17.446
17.446
15.216
15.216
=17.101
-17.101
-36,058
~36.058

+ oL+

268.3 K, orthorhombic - monoclinic transition point of 8;
388.36 K, melting point of S:

7.276%x1073T + 3.043x107%T? ~ 192.900T7!

- k.856

0.096 kcal/mol.

1 to 8).

7.276%x107*T1inT - 3.043x1Q07°T2 - 96,450T" % - 89.012x10° ’T
2.750x107°%T - 0.HY9x107°T2 + 118,.300T7¢

2.750x1073T1nT + 0.449x1078T2 + 59.150T"' - 58. 6u6x10'3T
86.730x107°T ~ 87,013x107°T? + 3922.700T!

86,730x1073TInT + B8T7.013x107%T2 + 1961.350T"! + 511.810x107°T
78.918x107%T - 47.389x107¢T* + 10375.700T!}

78.918x107*TinT + 47.389x107°T% + 5187.850T"! + 508.115x107°T



134 Ge

) GeS,(g)
. Germanium Disulfide (ldeal gas)
[Reaction: Ge(e,l) + S,(g) = GeS,(g)]

cal/mol-K keal/mol

T,K - Log Kr
Cp® 3¢ ~{G°~ Hg,4)/T Ho- HE,,- AHpo AGre
298.15 13.087 63.762 63.762 0 -15.810 -16.354 11.988
300 - 13.103 63.842 63.762 .024 -15.810 ~16.358 11.917
400 13.762 67.712 64,285 1.371 -15.836 -16.539 9,036
500 14,128 70.826 £5.292 2.767 -15.857 -16.709 7.304
600 14,347 73.423 66,438 4,191 -15,881 -16,875 T 6,147
700 14,486 75.6U6 67.597 5.634 -15.906 -17.042 5.321
800 14,580 77.587 68,728 7.087 -15.938 -17.202 4.699
900" 14,645 79.308 69.809 8.549 ~15,982 -17.355 y.214
1000 14,693 80.853 70.837 10.016 -16.044 -17.510 3.827
1100 14.729 82.255 71.812 11.487 ~16.127 -17.650 3.507
1200 14,756 83.538 72,737 12.961 -16.231 -17.783 3.239
1210.4 14,758 83.665 72.831 13.114 -16.243 ~17.792 © 3,212
1210.4 14,758 83,665 72.831 13,114 -25,073 ~17.792 3.212
1300 14,778 84.720 . 73.615 . 14,436 -25.156 -17.249 - 12.900
1400 14,795 85.816 TU, 84T 15.917 : -25,252 -16.634 2.597
1500 14.809 86.837 - ©75.239 ©17.397 -25.356 -16.008 2.332
1600 14.820 87.793 75.994 18.878 - -25.466 -15.391 2.102
1700 14,830 88.692 76.715 20,361 -25,582 ~14,758 1.897
180¢ 14,837 89.540 77.404 21.844 =25.703 -14,113 1.714
1900 14,844 90, 342 78.064 - 23,328 ~25.830 ~-13,459 1.548
2000 14,850 91.104 78.697 24.813 -25.962 -12,802 .1.399

Phase change: 1210.4 K, melting polnt of Ge; AH® = 8.830 keal/mol.

Heat capaclty (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: © Cp°® = 14.653 + 0.150x1073T ~ 1.432x10%T"2 :
H°- HZ,e = 14.653x107%T + 0.075x107ST2 + 1.432x102T"! - 4,856

Reaction eguations (kecal/mol?):-
298.15~1210.4 K: AHr° = ~16,132

+

0.729x1073T ~ 0.711x107%T? + 50Q ™!

1210.4-2000 X:

Sources:

AGre = ~16.132
AHr® = -24, 432 -
AGre = —24,432

Enthalpy of formation at

+

0.729x107°TinT + 0,711x107%T2 + 25.000T7! » 2.91L4x1077T
0.290x107°T - 0.245x107°T2* + 74,9007}
0,290%x1073TInT + 0.245x107%T2 + 37,450T7' + 3.093x107°T

298 K based on Karbanov (61). Other data are from Gurvich (49).



H 135

HS(g)

Monohydrogen Sulfide (1deal gas)

[Formation: 0.5H,(g) + S(c,1) = HS(g)]
cal/mol-K kcal/mol
T.K : - Log Kf
Cpe -t —(Go- Hg,)/T  Ho- Hy,, AKf© AGfe
298.15 7.755 46.730 HG;TBO 0 ) 33.300 26.304 -19.281
300 T7.752 46.778 . 731 ©.014 133,298 26,260 -19.130
368.3 7.633 48.356 46.890 .540 33.203 24,668 ~14.638
368.3 7.633 48.356 46.890 540 33.107 "2k, 668 -14.638
388,36 7.598 48.760 46,976 693 33.071 24,210 -13.624
388.36 7.598 48.760 46.976 .693 32.658 24,210 -13.628
Loo 7.578 48.984 47.032 .781 " 32.617 23.957 -13.089
432.02 7.546 49.566 47.198 1.023 32.485 23.268 -11.771
500 7,477 50,662 47.596 1.533 32.083 21,852 ~9.551
600 7.464 52,023 48.225 2.279 31.622 19.850 ~7.230
700 T7.517 53.177 L8851 3.028 31.220 17.921 ~5.595
717.824 7.534 53.366 48,961 3.162 31.154 17.583 -5.353

Phase changes:

Heat capacity

368.3 K, orthorhombic - monoclinic transition point of 8; 4H® = 0.096 kecal/mol.
388.36 K, melting point of S;
432,02 K, second order transformation of 3; AH® = 0 kecal/mol.

T17.824 K, bolling point of S to equilibrium mixture of Sn (n=1to 8).

aH® = 0,413 keal/mol.

(cal/mol K) and enthalpy (kcal/mol) eguations:

2%8.15-2500 K:

Cp® = 6.851 + 0,916x107°T + 0,561x105T 2
Ho- Hg,, = 6.851x1073T + 0,458x1075T% ~ 0.561x102T™* - 1,895

Formation equaticns {kcal/mol):

298.15-368.3 K:

368.3-3868.36 K:

388.36-432.02

432.02-717.824

K:

K:

AHE®
AGf®
AHP®

AGEe

aHr®
AGfe
AHf
AGfe

- 35.165 -

= 35.165
= 34,049
34,049
17.891
17.891

*
+
+

4.551%x107*T + 1,966x1078T2 - 203.450T" %

4.551x107*T1nT - 1.966%107°%T% - 101.725T ' ~ 53.919x107°T
2.288x107°T + Q. 219x‘[0~5T2 - 47.850T7!

2.288x107°T1nT - 0. 219x10—5T2 - 23.92577! - 38, 736x10 °T
42.452x1073T = U3.063x107ST? + 1854,350T %

42.452x10°3TInT + 43,063%x107%T2 + 927,175T ! + 246.U493x1073T

8.412 + 3B8,5u6x1073T -~ 23.251x107%T2 + 50B0.8507!
8.412 - 38.546x107TLnT + 23.251x107°T2 + 25U4Q,425T % + 244,.645%107°T



136 H

Monohydrogen Sulfide (ideal gas)

HS{g}

[Reaction: 0.5H,(g) + 0.58,(g) = HS(g)]
cal/mol X keal/mol
T,K -— Log Kr
Cp® ge -(G°= K4, M/T He- HS., AHr® AGre

298.15 7.755 46.730 46.730 0 17.945 16.790 -12.307
300 7.752 46,778 46,731 LO14 17.945 16.783 ~12.226
400 7.578 48,984 47,032 .781 17.966 16.3M -8.956
500 T.5717 50.662 47.596 1.533 17.956 15.999 ~-6.993
600 7,464 52,023 48,225 2.279 17.927 15.609 ~5.686
700 7.517 53.177 48.851 3.028 17.895 15.226 -4, 754
800 7.811 54,186 k9. 456 3.784 17.862 14,847 -4.056
900 7.724 55. 089 50.033 4.550 17.833 14,471 -3.514
1000 7.843 55.909 50.580 5.329 17.809 14,099 ~-3.081
1100 7.95% 56.662 51.099 6.119 17.789 13.729 -2.728
1200 8.069 57.359 51.592 6.920 17.771 13.361 -2.433
1300 8.170 58.009 52.061 7.732 17.755 12.994 -2.184
1400 ‘ 8.263 58.618 . 52,508 8.554 17.741 12.628 -1.971
1500 8.347 59,191 52.934° 9.385 17.727 12.263 T -1.787
1600 8.uz2 59.732 53.343 10.223 17.710 11.899 -1.625
1700 8.491 60.245 53.734 11.069 17.694 11.537 -1.483
1800 8.553 60.732 54,109 11.921 17.675 11.175 -1.357 .
1900 8,609 61.196 54,470 - 12.779 17.654 10.815° ~1.244
2000 8.661 61.639 54,818 13.643 17.632 10,456 -1.,143
2100 8,707 62.063 55,153 14,511 17.608 10.096 - -1.051
2200 8.750 62.469 55.U76 15.384 17.581 9.738 - -.967
2300 8.790 62.859 55.789 16.261 17.554 9.383 -.892
2400 8.827 63.234° .56.092 17.142 17.524 9.029 -.822
2500 8,860 63.595 56,385 18.026 17.492 8.675 . -.758

Heat capacitxﬁ(cal/mol-K) and enthalpy (kcal/mol) quations?

298.15-2500 K:

He~ Hgse

l]ll

Reaction equations (kcal/mol):

298.15-2000 K: AHr®
AGro

2000-2500 K: AHro
) - AGre

o 8 v 4

18.376
18.376
19.401
19.401

+ 01+

Source: Data from Chase (17).

6.851 +-0.916x107T + 0.561x10°7"*
6.851x107°T + 0.458x107°T* = 0.561x10°T7" - 1. 895

0,549x107°T + 0.088x107°T* ~- B2.000T?
0.549x1073T1nT ~ 0.088x1078T2 - 41,000T"! - 7.956x107%T
1.132x1072T + 0.198x107°T* - 677.850T7!

1.132x107°T1nT ~ 0.198x107°T? - 338.925T"! - 12.609x107°T



H 137

D5(g)
Moncdeuterium Sulfide (ideal gas)
(Formation:  0.5D,(g) + S(c,1) = DS(g)]
cal/mol <K kecal/mol
T,K - Log Kf
Cpe 50 ~(G°- H,,)/T Ho- HZ,, AHf° AGfe
298.15 7.772 48,130 48,130 0 33,100 26.195 -19.201
300 7.770 4B.178 48.131 L0 33.097 26.152 -19.052
368.3 T.701 49.762 48,290 542 33.004 24.581 -14,586
368.3 7.701 49,762 48,290 542 32,908 24,581 -114,586
388,36 7.681 50.170 48,376 .697 32.873 24,129 ~13.578
3188.36 7.681 50.170 48.376 .697 32,460 24.129 ~13.578
400 7.669 50.397 48,432 .7886 32.420 23.880 -13.0L47
432.02 7.672 50,988 48,600 1.032 32.291 23.200 -11.736
500 7.678 52.107 49.003 1.552 31.899 21.803 ~-9,530
600 7770 53.514 4361 2.32@ 31.462. - 19,827 ~7,222
700 7.898 54.721 50.282 3.107 31.08¢9 17.917 -5.594 -
717.824 77922 54,920 50.395 3.248 31.029 17.583 -5.353
Phase changes: 368.3‘K, orthorhombic - monoelinic transition peint of 8; AH® = 0,096 keal/mol. |
i 388.36 K, melting point of S; AH® = 0,413 keal/mol.
432,02 K, second order transformation of S; 0 kecal/mol.

717.824 K boiling point of S to equillbrium mixture of S

Heat capacityﬁ(cal/mol K) and enthalpy (kcal/mol);;guations

298,15-2000 K:

Cp®
He- Hfqo

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-717.824 K:

AHf®
AGE®
AKfo
AGE®
AHE®
AGEe
AHP®
AGFo

34.763
34.763
33.648
33.648
17.490
17.490

hx b mouw BN

I+ + 1 + 1

7.096 + 1.05Ux1073T + 0.322x10°%T™2
7.G96x1073T + 0.527x1078T? - 0.322x10%T™! - 2.055

4,210x1073T + 1. 930x1o"T=_— 172.750T™}
4.210x1072T1lnT - 1.930x107°T% -~ B6.375T"! - S1. 177x107°T
1.947x1073T + 0.183x107°T% - 17.150T7"
1.947x107°T1nT - 0.183x107°T% - 8, 575771 - 35. 99ux1o‘=T
42,793%107°T ~ 43,098x107°T2 -+ 1885,050T %

42.793x107 3TlnT + 43.098x107°T2 + 9Uy2.525T7! + 2U49,23Ux107 a7

(n=1to 8).

8.011 + 38,BB87x107°T - 23,287x1078T% + 5111,550T7" = |
8.011 - 38.B87x107*T1nT + 23.287x107°T* + 2555,775T"% + 247.387x107°*T



138 H

Monodeuterium Sulfide (ideal gas)

DS(g)

[Reaction:  €.5D,(g)} + 0.53,(g) = DS{g)]
cal/mol +K kcal/mol
T,K Log Kr
Cp® 8o ~(G®~ HZee)/T Ho- HY,, AHr® AGPe

298.15 T.772 ug.130 48.130 0 : 17,745 16.681 -12.228
300 T.770 48,178 48,131 W01y 17.745 16,675 ~12.,147

400 7.669 50.397 48.432 .786 17.769 16.314 -8.913

500 7.678 52.107 45.003 1.552 17.772 15,950 -6.972

600 7.770 53.514 49,641 2.324 17.767 15.586 ~5.677

700 7.898 54,721 50.282 3.107 17.764 15.222 =4.752

800 8.034 55.785 50.905 3.904 17.764 14,860 -4.059

900 8.162 56.739 51.501 4.714 17.766 14,495 -3.520
1000 8.271 57.605 52,069 5.536 17.770 14,132 -3.0838
1100 §.378 58.398 52.608 6.369 17.774 13.769 ~2.736
1200 8.467 59.131 53.122 7.211 17.777 13.405 -2.4M
1300 8.5u4 59.812 53.5610 8.062 17.778 13.040 . -2.192
1400 8.611 60.448 54.077 8.919 17.776 12.674 -1.979
1500 8.670 61.044 54.521 9. 784 17.773 12.31 -1.794
1600 8.722 61.605 54,947 10.653 17.765 11,947 -1.632
1700 8.768 62.135 55.354 11.528 17.755 11.584 -1.489
1800 8.810 62.638 55,745 12,407 17,742 11.221 -1.362
1900 8.847 63.115 56.120 13.290 17.724 10.860 . ~1,249
2000 §8.881 £3.570 56.452 14,176 17.704 10.498 =1.147
Heat capacity (cal/mol-K} and entha;pyﬁtkcal/mol) equations:

298.15-2000 K: Cp® = 7.096 + 1.054x1077T + 0,322x105T"2

Ho- Hgg,4 = 7.096x1073T + 0.527Tx107°T? - 0.322x102T~! - 2.055
Reaction eguations (kcal/mol): )
298.15-2000 K: AHr® = 17.974 - 0.208x107°T + 0,052x107°T2 - 51.300T"!
AGre = 17.974 + 0.208x107°T1nT - 0.052x107°T? - 25.650T"} - 5.214x107°T

Scurce: Data from Chase (17).



H 139
H,3(g)
Hydrogen Sulfide (ideal gas)
[Formation: H,{g) + 5(c,1) = H,5(g)]
‘ cal/mol:K keal/mol
T,K - Log KI
' Cp® Se =(G°= H2,,)/T - H°= HS,q AHf® AGEe

298.15 8.172 49,151 k9,151 0 -4,930 -7.996 5. 861
300 8.176 49,202 kg 152 .015 -4.938 -8.015 5.839
368.3 8.400 50.899 49,321 581 ~5.229 -8.68Y4 5.153
368.3 8.L00 50.899 g, 321 581 -5.325 -8.684 5.153
388.36 8.466 51.346 i9.115 . 750 ~5.415 -8.864 4.988
368.36 8.L66 51.346 49._415 . T50 -5.828 -8.864 4,988
400 8.504 51.597 Lo. 47y . 849 -5.898 -8.954 4,892
432,02 8.627 52.257 hg.657 1.123 ~6.110 9,161 4,650
500 8.889 53.536 50.100 1,718 ~6.665 -9.631 4,210
600 9.306 55.193 50.813 2.628 ~7.312 -10,161 3.701
700 9,737 56,660 51.546 3.580 -7.862 -10.592 3.307
717.82Y4 " 9.813 56.306 51.676 3.754 -7.950 =-10.6€0 3.245

Phase changes: 368.3 K, crthorhembic - monoclinic transition point of 8; 4H° = 0.096 wcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432,02 X, second order tranaformation of S; AH® = 0 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of S (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

. 298.15-2000 K: Cp® = 7.541 + 3.210x107°T - 0.200x10°T~2
Ho= H3g, = T.581x1073T + 1. 605x10'“T2 + 0. 290x102T" - 2. 488

Formation equations (keal/mol):

7.089x1077T + 2.903x1075T? - 110.1COT—'

298.15-368.3 K: AHf® = -2.705 -

AGF® = =2,905 + 7.089x107°T1lnT - 2.903%107°T2 ~ 55.050T "' - 56.650x107°T
368.3-388,136 K: AHf® = -3.820 - L.B26x1073T + 1,157x107¢T? + 45,5007}

AGF® = -3,820 + 4.826x1073T1nT - '1.157Tx107¢T2 + 22.750T"! - U4i. u68x10”’T
388.36-432.02 K: = aHf® = -19.579 + 39.914x107°T ~ 42.125x107°T% + 1G47.700T"*

AGE® = —19.979 - 39.91LUx107°TInT + 42.125x1075T2 + 973,850T"! + 243.761x10™>T
432.02-717.824 K: AHf® = ~29.457 + 36.008x107°T - 22.313x107°T% + 5174.200T?

AGE® = -29.U57 - 36.008x107°TinT + 22.3713x107°T2 + 2587.100T7% + 247.913%107°T



140 H

H,3(g)

Hydrogen Sulfide {(ideal gas)

[Reaction: H,(g) + 0.5S8,(g) = H,S(g)]
cal/mol 'K kcal/mol
T,K - Log Kr
Cpe g0 ~(G9= H3,,)/T  He— Hy,, AHPo AGPo
298.15 8.172 49.151 49.151 0 -20.285 -17.510 12.835
200 8.176 49,202 49.152 015 -20.290 -17.492 12.743
400 8.504 . 51.597 4g.u7y .8ug -20.549 -16.520 9.026
500 8.889 53.536 50.100 1.718 -20.792 -15.485 6.768
600 9.306 55.193 50.813 2.628 -21.007 -14,.402 5.246
700 9.737 56,660 51,546 3.580 -21.187 ~13.287 4,148
800 10,162 57.988 52.269 §,575 -21.333 -12.148 3.319
300 10.567 59.209 52.973 5.612 -21.448 -10.983 2.669
1000 10.943 60,342 53.655 6.687 ~21.534 -9.827 2.148
1100 11.281 61.401 54,311 7.799 -21.596 -8.653 1.719
1200 11,584 62,396 54,944 8,643 -21.639 -7.473 1.367
1300 11.853 63.334 55.553 10.115 -21.667 -6.292 1.058
1400 12.092 6l, 227 56.141 11.312 -21.684 -5.108 .797
1500 12.303 65.063 56.708 12.532 -21.694 - =3.925 572
1600 12.491 65.863 57.256 13.772 ~21.696 ~-2.741 .374
1700 12.658 66.625 57.784 15,030 -21.6%94 -1.554 200
1800 12,808 67.353 58.296 16.303 ~21.691 -.370 045
1800 12.941 68.049 58.791 17.5%0 -21.685 814 -.094
2000 13.063 68.716 59.271 18.8%91 ~21.677 1.998 ~.218

Heat capacity {cal/mol+K) and enthalpy (kcal/mol)'equations:

298.15-2000 K:

H°- H$s,4

Lj

Reaction equations {(kcal/mol):

298.15-2000 K:

Sources:

AHPO
AGre

7.541 + 3.210x107%T - 0.290x10°%T"2
= 7.541x107°T + 1.605x107 T2 + 0.290x103T™! - 2,488

Enthalpy of formatlon at 298 X from Wagman (126).

~19.494 - 3.086x1073T + 1.026x107°T% + 11,3507}
~19.494 + 3.086x107°T1InT - 1.026x107%T% + 5.675T ! - 10.687x107°T

Other data from Chase (17).



D,S(g)

Deuterium Sulfide (ideal gas)

(Formation: D,{g) + S(e,1) = D,8(g)]
cal/mel X keal/mol
T,K Log Kf
Cp® 5o —(G— H8g4)/T He- HS,.q AHf® AGPe
298.15 8.547 51.428 51.428 ¢ -5,710 -8.437 6.185
300 8.555 51.481 51.L428 .016 =5.717 -3.454 £.159
368.3 8.915 53.270 51,609 .612 -5.982 -9.050 5.370
368.3 8.915 53.270 51,609 612 -6.078 -9.050 5.370
388,36 9.021 53.746 51.707 .792 -6.157 -9.208 5.182
388.36 9.021 53.74% 51.707 .792 -6.570 -9,208 5.182
400 9.082 54,013 51.771 .897 -6.63L -9,287 5.074
432.02 9.261 54.719 51.963 1.191 -6.827 -9.492 1,802
500 9,642 56,100 52,432 1,834 ~T.334 -9.868 4,313
600 10,199 57.908 53.198 2.826 —7.504 -10.320 3.759
700 10.716 59.520 53.989 3.872 -8.370 -10.686 3.336
717.824 10.797 59.79C 54.129 4,064 -8.443 10,743 3.271

Phagse changes: 368.3 K, orthornombic - monoelinic transition point of 3;
388.36 X, melting point of 5;
432.02 K, second order transformation of S;

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equationa:

AH® = 0.413 keal/mol.

298.15-2500 K:

Cp*®
He- H$ g,

Formation equations (kcal/mol}:

298.15-368.3 K:
368.3-388.36 K:
388,36-432.02 K:

432,02-717.824 K:

AHf®
AGrPe
AHf®
AGEe
AHf®
AGf®
AHf®

| 'Z A S| I S N |

AGfe =

~4.453
~4.453
-5.568
-5.568

1

*

+

9.423 + 2.262x1073T - 1.378x10%T772
= §,823x107°T + 1.131x107%T? + 1.378x10%T"! - 3.372

= 0 kecal/mol.
717.824 X, boiling point of S to equilibrium mixture of Sn (n

"5.015x107°T + 2.219x107%T% + 12.300T!

5.015x107°T1lnT - 2.279x107°T% + £.150T7' - U1.343x107°T

2.752x107°T + 0.473x107°T2 + 167.900T"!

2.752x107°T1nT - 0.473x107°T2 + 83.950T7' - 26.160x107°T
~21,727 + 41,988x1073T - 42,809x107%T2 + 2070.100T"!

0.096 kcal/mol.

1 to B).

~21.727 - 41.988x107°T1nT + 42,809x107°%T? + 1035.050T ' + 259.068x107°T

~31.205 + 38.082x1073T - 22.997x107°T* + 5296.600T !

-31.205 - 38.082x107°T1lnT + 22.997x1C™°T% + 2648.3C0T" ! + 257.221x107°T



142 H

D,S(g)

Deuterium Sulfide (ideal gas}

[Reaction: ,(g) + 0.58,(g}) = D,5(g)]
cal/mol K kecal/mol
T,K Log Kr
Cp® Se —{Ge- Hgy4)/T Ho— Hg,, AHre® AGre
298,15 8,5u7 51,428 51.428 0 -21.065 -17.951 13.158
300 8.555 51,481 51.428 ;016 -21..069 -17.931 13.063
100 9.082 54,013 51.774 .897 -21.285 -16.852 9.208
500 9.642 56.100 52.432 1,834 -21.U461 -15.722 6.872
600 0.199 57.908 53.198 2.826 ~-21.598 -14.561 5.304
700 10.716 59.520 53.989 3.872 21,695 ~13.381 4,178
800 11.173 60.931 54,772 4.967 -21.759 -12.187 3.329
900 11.589 62.322 55.538 6.106 -21.795 -10.989 2.669
1000 11.909 63.560 56.279 7.28%" -21.813 -9.787 2.139
1100 12.196 64.709 56.994 8.487 -21.817 -8.584 1.706
1200 12.440 €5.781 57.682 9.719 -21.813 ~7.381 1.34%
1300 12.6U49 66.785 58,343 10.97Y4 -21,802 -6.179 1.039
1400 12.828 67.729 58,980 12.248- -21,788 ... -4,978 77
1500 12.983 68.619 59.594 13.538 - =21.773 -3.778 .550
1600 13.118 69.462 60.185 14,843 -21.755 -2.579 .352
1700 13.236 70.261 60.755 16.161 -21.739 -1.382 .178
1800 13.342 71.020 61.303 17.490 -21.722 -.183 .022
1900 13.434 T1.T4Y 61.834 18.829 -21.708 1.013 - 117
2000 13.520 72.L35 62.346 20,177 -21,694 Te.210 -.24

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2500 K:

H°= HZ,,

. 9. N23x10 T + 1.131x107°T* + 1.378x103T7! - 3 372

9.423 + 2.262x107°T - 1.378x10°T™2

Reaction eguations (kcal/mol) :

298.15-2000 K:

Souree:

AHP®
AGroe

Data from Chase (17). -

-21.242 - 1. 012x10 T + 0.342x107°T2 + 133, 75OT_ .
-21.242 + 1.012x107*T1InT. = 0.342x107°T% + 66.875T"! + 4.620x1073T



stz(g)
Dihydrogen Disulfide (ideal gas)
[Formation: H,(g) + 28(¢,1) = H,8,(g)]

H 143

cal/mol =K koal/mol
T|K - Log Kr
Cpe se -(G°- H344)/T He- H3g, AHf® AGE®
298.15 12.300 £3.660 63.660 0 3.760 -1.348 .988
300 12.320 63.740 63.663 .023 ' 3.750 ~-1.380 1.005
368.3 12.921 66.332 63.918 .889 3,375 -2.506 1.487
368.3 12,921 66.332 ' 63,978 . .889 3.183 ~2.506 1.487
388.36 13.098 67.022 64,061 1.150 3.066 -2.812 1,582
388.36 13.098 67.022 64.061 1.150 2.240 -2.812 1.582
400 13.200 87.410 64.153 1.303 2.136 -2.962 1.618
432,02 13,395 68,435 . 64,432 1.729 1.812 ~3.359 1.699
500 13.810 70,420 65,112 2.654 L 91h -4.086 1.790
600 14.320 72.990 66,222 4,061 -=.093 -5.003 1,822
700 14,780 75.230 67.349 5.517 -.939% =5.751 1.795%
717.824 14.858 75.603 67.549 5.781 -1.074 ~-5.871 1.787

Phase changes: 368.3 K, orthorhombic - monoclinie transition point of S; 4H° = 0.096 keal/mol.

388.36 K, melting point of S; AH® = 0,413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 keal/mol.
T17.824 K, bpolling peint of S to equilibrium mixture of Sn {n=1¢%to 8).

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1000 K: Cp® = 12.280 + 3.866x10'5T - 1.005x10%T72
Ho- H3,e = 12.280x1073T +'1.933x10_°T2I+ 1.005x102T™Y ~ 4.170

Formation equations (kcal/mol):
298.15-368.3 K: AHf® 7.109

10.524x%107°T + 4.948x107€T? - 194.200T"!

AGF® = 7.109 + 10,524x107°T1inT - 4,948x107°T% - 97.100T"! - 85,758x107T
368.3-388.36 K: aHf® = 4,879 - 5.998x107°T + 1, ll56x10_"T2 + 117.00077* ‘

AGfe = H.879 + 5,998x107°TInT - 1.456x107°T2 + 58,5007 ! - 55, 392X10'3T
388.36-432.02 K: AHF® = ~27.438 + B83,4B82x107°T ~ 85 108x107€T2 + 3921.400T7!

AGfe = ~27.438 - 83.482x107°T1nT + B5.108x107°T2 + 1960.7C0T™' + 515.064x107°T
432.02~717.824 K: AHf® = -U6.395 + 75.670x107°T ~ 45.484x107%T2 + 10374.400T7!

AGf° = ~-46.395 - 75.670x107 TLlnT + U5_484x107°T2 + 5187.200T7 ! + 511. 369x10 T



144 H

H,82(8)

D;nydrbgen Disulfide (ideal gas)
[Reaction: Hz(g) + Sz(g) = stz(g)]

cal/mol+K kcal/mol
T,K : - Log Kr
Cpo 8o -(Go= H8,,)/T Ho- HZ,, AHre® AGre
298,15 12.300 63.660 63,660 0 ~26.950 ~20,375 14,935
300 12.320 63.740 63.663 .023 -26.954 -20,335 14,813
100 13.200 67.410 64.153 1.303 ~27.166 ~18.093 9.886
500 13.810 70.420 65.112 2,654 ~27.341 -15.802 6.907
600 14.320 72.990 §6.222 4.061 -27.482 -13.485 4.912
700 14,780 75.230 67.349 5,517 ~27.589 ~11.101 3.478
800 15.220 77.230 £8.u59 7.017 -27.666 -8.783 2.399
900 15.630 79.050 69.540 8.559 ~27.715 ~6.425 1.560
1000 16.050 80.720 70.576 10,144 -27.735 -4.058 .887

Heat capacity (cal/mol-X) and enthalpy (kcal/mol) equations:

= 12.280 + 3.866x107°T - 1.005x10°T"2

298.15-1000 K:
' He= E8,, = 12,280%107°T + 1.933x107°T2 + 1.005x103T7* - 4.170

Reaction equations (kcal/mol):

298.15-1000 K:

Source:

AHre
AGre

Data from Mills (80).

~26.468 - 2.519x107%T + 1.194x107°T2 + 48.700T"% .
~-26.468 + 2.519x107°T1lnT - 1.194x107°T* + 24.350T" ! + 6.168x107°T



H 145
H,8C, (1)
Sulfurie Acid
[Formation: H,(g) + S(e,1) + 20,{g) = H,SC, (1)]
cal/molK kcal/mol
T,K Log Kf
Cpe 3° -(G®= H$,¢)/T He- HZ,, AHF® AGE®

298.15 33.125 37.501 37.501 0 -194.548 -164.919  120.887
300 33.210 37.706 37.503 061 -194.536 -164.,735 120.008
368.3 36.355 L4y 3828 38.213 2.436 -193.983 -158.006 93.760
368.3 36.355 Ly, 828 38.213 2.436 -194,079 ~-158.006 93.760
388,36 37.279 46.781 38,606 3.175 -193.887 -156,046 87.814
388.36 37.279 46.781 38.606 3.175 —49u.300 -156.0U46 87.814
400 37.815 47.890 38.860 3.612 -194,.199 -154.,901 84.633
432,02 39,301 50.859 39,641 y, 847 -193.914 -151.767 76.775
500 b2 us6 56,826 41,574 7.626 -193.283 145,174 63.454
600 47.096 64.977 44,805 12,103 . -191,873 ~-135.674 49,119
700 51.737 72.586 48,236 17.045 : -189,989 -126.453 39;&80

Phase changes:

368.3 K, orthorhombic - monoclinic transitlion polnt of S; AH® = 0.096 kecal/mol.

388,36 K, melting point of S; AH® = Q.413 keal/mol.
432.02 K, second order transformation of 8; AH® = 0 kecal/mol, :
610 X, calculated boiling point for H,S0,(1) = H,50,(g); AH® = 13.9 kcal/mol.

Experimental vapor presaure equals 1 atm at 553 K.

is 76.6 mol pect 50,(g).

Heat capacity (cal/mol-+K) and enthalpy (xcal/mol) equations:

298.15-700 K:

cp®

H®- H25s

19.153 + 46,.528x107*T + 0.089x10°T"2
19.153x107°T + 23.264x107°T? - 0.089x10%T" ! - 7.749

Formation equations {kcal/mol}:

298.15-368.3 K: AHfP®

aGre

368.3-388,36 K: AHf®

AGF®

388.36-432.02 K: AHf®

432.02-700 K:

AGE®
AHT®
AGP®

nwwonon

-192.88¢0
-192.880
-193,995
-193.995
-210.153
=210.1583
~219,632
-219.632

+ + 1 +

+

9.937x1073T + 23.556x107°T2 - 238,400T"!

9,937x107%TInT - 23.556x1075T2 = 119,200T! + 45.529x1073T
7.674x1073T + 21,B810%107°T2 ~ 82,8007}

T.67T4%x1073TInT - 21.810x1078T2 - 41.4007"! + 60.711x1072T
37.066%107*T ~ 21.472x107¢T2 + 1819.400T™!

37.066x1073T1aT + 21.472x107°T2 + 909,700T"! + 3U45,940x107°T
33.160x107°T ~ 1.660x1075T2 + 5045,900T !

33, 160x1073TInT + 1.660x1075T2 + 2522,950T7! + 34L,092x107°T

The vapor at this temperature



146 H

H,50, (1)
Sulfuric Aeid: _
[Reaction: H,{g) + 0.58,(g) + 20,(g) = H,80,(1)]

cal/mol-K - kcal/mol
T,K © Log Kr
Cp*® 3e =(G°= H§,44)/T H°=- H$., AHP® AGre
298.15 33.125 37.501 37.501 0 -209.903 -174.432 127.861
300 33.210 37.706 37.503 061 -209.888 -174.212 126.912
400 37.815 47.890 38.860 3.612 -208.850 -162.466 88.766
500 42.456 56.826 41.574 7.626 -207.410 =151.027 66.013
600 47.096 64.977 Ly 805 12.103 ’ -205.568 =-139.917 50.964
700 51.737 72.586 48,236 17.0485 -203.314 -129.148 40,327

Phase change: 610 K, caleculated boiling point for H,S80,(1) = H,80,(g); AH® = 13.9 kcal/mol. '

Experimental vapor pressure equals 1 atm at 553 X, The vapor at thls temperature
is 76.6 mol pet S0,{(g).

Heat capacity {cal/mol-K) and enthalpy {kcal/mol) eguations:

298.15-70C K: *~ . Cp°® = 19.153 + 46.528x107°T + 0.089x10°T"?
Ho- H2,s = 19.153x707%T + 23.264x107°T2? - 0.089x102T~! - 7.749

Reaction equations (kcal/mol):

298.15-700 K: aHr® = -209.669 - 5.93Ux107°T + 21,679x107°T% - 116.950T""
AGre = -209.669 + 5,934x107°TLnT - 21.679x107°T? = 58.475T™! + 91.491x107°T

Source: Data from Chase (17).



H 147

"H,50,(g)
Sulfuric Acid (1deal gas)

[Formation: - H,(g) + S(e,l) + 20,(g) = H,S0,(g)]

cal/mol *K kcal/mol
T,K Log Kf
Cp® 8 -(G9 H3,,)/T He- HZ,, - AHf ¢ AGE®

298.15% 20.019 71.388 71.388 o - ~175.700 ~156.174 114477
300 20,089. 71.512 71.389 .037 ~175.712 -156.053 113.683
368.3 22.339 75.877 71.820 1.494 ~176.078 ~151.535 89.920
366.3 22.339. 75.877 71.820 1.494 -176.174 -151.535 89.920
388.36 23.000 ° 77.080 - 72.061, 1.949 -176.265 -150.190" 8L.519
388,36 23,000 77.080 72,061 1,949 ~176.678 ~150.190 84,518
Joo 23.383 77.765 T2.217 2.219 =-176.7W -=~149_396 81.625
432,02 24,167 79.596 72.697 2.980 .~176.932 ~1h7.200 : 74,464
500 25.831 83.269 73.889 4,685 . .. ~—177.376 ~142.483 62,278
6ce 27.64Y4 88.137 75.864 7.364 ~177.764 - ~135.463 9,342
700 29,018 92,506 77.935 .. 10.200 ~177.986  -~128.394 40.086
T17.824 29,210 93.238

78.305 .~ 10.719 ~178.011 -127.130 38.706

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoelinic transition point of S; AH® = 0,096 kcal/mol.

388.36 K, melting point of S; AH® = 0.413 kecal/mol.
432.02 K, second order transformation of $; AH° = O kcal/mol.
717.824 K, boiling point of § to equilibrium mixture of Sn (n =1 to B),

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-2000 K:

cp°
He- Hg,,

Formation equations (kcal/mol}):

298.15-368.3 K:

168.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf©
AGfe
AHf @
AGf9
AHf®
AGfo
AHf O
AGT®

nm s n U o & 0o

-176.635
~-176.,635
~177.750
-177.750
-193.909
~193,909
-203.387
-203.387

1 + 0 4+ + v + |

26.093 + 5.712x107°T - 6.913x105T"2
26.093x107°T + 2.856x1075T% + 6.913x102T"% - 10.352

2,997x1073T + 3,148x107¢T72 + 461,800T7""

2,997x107°TinT - 3.146x107°T2 + 230.800T ! + 49.892x107°T
0.734x1073T + 1.402x107€T2 + 617.400T!

0.734x1073TInT - 1.402x107%T% + 308,700T"' + 65.075x1073T
4,006x%107°T - 41.880x107°T? + 2519.600T!

4Y4,006%107*T1nT + 41.880%107%T2 + 1259.,800T ! + 350.303x107°T
40.100%107°T ~ 22.068x107%T% + S5746.100T !}

40.100x1073TInT + 22.068x107°T2 + 2B873.050T"! + 348,456x107°T




148 H

Sulfurice Acid (ideal gas)

H,30.(g)

[Reaction: H,(g) + 0.55,(g) + 20,(g) = H,S0.(g)]
cal/mol«K kecal/mol
T,K Log Kr
Cp® S0 —(GOo= H94¢)/T He~ HZ,, AHPo AGro
258.15% 20.019 71.388 71.388 0 ~191.055 -165.688 121.451
300 20.089 71.512 71.389 037 -191.064 -165.530 120.587
400 23.383 77.765 72.217 2.219 -191.395 -156.961 85.759
500 25.831 83.259 73.889 4.685 -191.503 -148.336 64,837
600 27.644 88.137 75.864 7.364 -191.458 =-139.704 50,887
700 29.018 92.506 77.935 10.200 -191.311 -131.089 40.927
800 30.098 96.454 80.008 13.157 -191.092 -122.502 33.466
900 30.978 100.051 82.037 16.213 ~190.814 -113.944 27.669
1000 31.714 103.354 84.006 19.348 -190,495 -105. 421 23.039
1100 32,34 106.407 85.905 22.552 -190.143 -96.928 19.258
1200 32.883 109.245 87.733 25.814 -189.764 -88.470 16.112
1300 33.355 111.856 89.491 29.126 -189.364 ~80,046 13.457
1400 33.768 114,384 91,182 32,483 -188.949 ~71.653 11.185
1500 34,131 116.726 92.807 35.878 . -188.524" ~63.291 g9.221
1600 3L.451 118.9239 94,372 39.307 -188,091 -54.957 7.507
1700 34,734 121.036 95.879 42,767 -187.652 -46.6U6 5.997
1800 34,986 123.029 97.333 45.253 ~-187.211 -38.364 4.658
1900 35.209 124.927 98.736 L9.763 -186.770 -30.108 3.463
2000 35.409 126.738 100.091 53.284 -186.331 -21,87h 2.390

¥Data except enthalpy of formation at 298 K estimated.

Heat ecapacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

He- HS 44

Cp® = 26,093 + 5,712x107°T - 6.913x10°T"*

= 26.093x707°T + 2.856x107°T* + 6.913x10%T7?

Reaction equations (kecal/mol):

296.15-2000 K:

Scurce:

- 10.352

AHr® = =193,424 + 1,006x1073T + 1,271x107°T? + 583,250T7!

AGre

Data from Chase (ll) who estimated most molecular constants.

-193.424 - 1,006x107°T1nT ~ 1.271x107°T% + 291.625T7 + 95.855x107°T



H 149

H,S0,"H,0(1)
Sulfurie Acid Monohydrate

[Formation: 2H,(g) + S{c,1) + 2.50,{(g) = H,80,+H,0(1)]
cal/meol K “keal/mol
T,K Log Kf
cp® S0 -(0°= HS,,)/T Ho- HZ,, AHF® AGE®
298.15 51.214 50.555 50.555 0 -269.508 -227.161 166.511
300 51.276 50.872 50.555 .095 -269.482 -226.,898 165.293
368.3 53.564 61,616 51,637 3.675 -268.4139 -217.311 128,851
368.3 53.564 61.616 51.637 3.675 -268.535 =217.311 128.951
388.36 54,236 64,475 52.227 L.756 -268.211 =214,530 120.725
388.36 54,236 64,475 h2.227 L,756 -268.624 -214.5830 120.725
400 5k, 626 66,082 52,607 5.390 -268.449 =212.911 116.328
432,02 55.779 70.333 53.765 7.158 -267.971 -2068,u85 105,467
500 58,227 78,658 56.592 11,033 -266.969 -199.192 87.066
600 61.827 89.592 61.200 17.035 -265.111 -185.806 67.679
700 65.427 99.393 65.967 23.3098 -262.897 -172.758 53.937
717.824 66.069 101.0L6 £66.818 24,570 -262. 466 -170.468 51.901

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of 8; AH® = 0.096 kecal/mol.

388.36 K, melting point of S; AH®° = 0.413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kecal/mol.
717.824 X, boiling point of S to equilibrium mixture of Sn (n =1 to B).

Heat eapacity (cal/mel-K) and enthalpy (keal/mol) equations:

298.15-1000 K:

cp®
H®~ H3qs

= 39,876 + 36.33Bx1073T + O, L44Bx10°T"2

n

Formation equations (kcal/mol):

296.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

43z2,02-717.824 K:

ARf°
AGF®
AHf©
AGE®
AHf®
AGE®
AHT®
AGE®

[ I (T I I [}

-270,362
-270.362
~2T71.477
-271.477
-287.636
-287.636
-297.114
-297.11}4

I+ 1 + 1+ 1

39.876x107°T + 18.169x107%T% - 0,L448x10%T™* - 13.354

0.715x107°T + 17.79Vx1078T% - 280.40077!

0.715x107°TInT - 17.791x1075T2 - 140.200T"! + 155.853%x1073T
2.978x1073T + 16.045x107°T% - 124,800T"!

2,978x107*TinT - 16.045x107¢T? - 62.400T"' + 171.036x107°T
47,.718x1073T = 27.237Tx107%T% + 1777.400T"!

47,7188107*T1InT + 27.237x107°T2 + B888.700T"! + 456.264x107°T
43.812x107°T - 7.425x107¢T? + 5003.900T"!

43,812x1077T1nT + 7.425x7078T% + 2501.950T" + 454.417x1073T



150 H

H,50,+H,0(1)
‘Sulfuric Acid Monohydrate
[Reacticn: 2H,(g) + 0.53,(g) + 2.50,{(g) = H,50,+H,0(1)]

cal/mol +K ‘ keal/mol
T,K - Log Kr
cpo 8o -(Go= HZ,¢)/T  Ho- Hi,, AHr© AGre
298.15 51.214 50.555 50.555 0 -284.863 -236.675 173.485
300 51.276. 50.872 50.555% . 095 -284.833 =-236.375 172.197
400 54,626 66.082 52.607 5.390 -283.100 -220. 477 120.461
500 58.227 78.658 56.592 11.033 -281.096 ~-205.045 89.624
600 61.827 89.592 61.200 17.035 -278.806 -190.04¢8 69.223
700 65 . 427 99.393. 65.967 23,398 -276.223 -175,U53 54,778
800 69.028 108.365 70.714 30.121 -273.342 -161.252 yi, 0951
900 72.628 116.703 75.366 37.203 -270.157 -147.430 35. 800
1000 76.228 124,542 79.896 Ly eue -266.661" -133.979 29.281

Heat capacity (cal/mols+K) and enthalpy (kecal/mecl) equations:

298,15-1000 K: Cp°® = 39.876 + 36.338x107°T + 0.4u8x105T"2
Ho- Hgq, = 39.876x107°T + 18.169x1074T? - 0.448x10%T™! - 13.354

Reaction equations (kcal/mol):

298.15-1000 K: AHr° = -287.151 + M 717x10 3T + 15, 9Wux10 éTZ - 158.950T"! .
AGre = -287.151 - 4.;717x107°T1inT - 15.914x1078T* - 79.475T ! + 201.816x107°T

Source: Data from Chase (17).



H 151
H,50,-2H,0(1)
Sulfuric Acld Dihydrate
(Formation: 3H,(g) + S(e,1) + 30,(g) = H,80,2H,0(1}]
cal/mol *K keal/mol
T,K ‘ Log Kf
Cpe s° ={G®- H2,,)/T H°- HZ,, AHE® AGE®

298.15 62.u33 66.056 66,056 0 -341.085 -286,750 210,191
300 62.637 66,443 66.056 116 -341,087 -286.412 208,649
368.3 67.951 79.816 67.394 4.575 -339.850 -274,094 162,646
368.3 67.951 79.816 67.394 4,575 -339.9L46 -274.084 162.646
388.36 69.511 83.462 68.132 5.954 -339.536 -270.517 "152.232
388. 36 69.511 83.462 68.132 5,954 -339.949 -270.517 152.232
“4oo 70417 85.528 68.608 6.768 -339.717 -268.440 146.667
432,02 T2.908 91.047 70.069 9.063 -338.050 -262.761 132.921
500 78.198 - 102,077 73.679 14,199 =-337.513 -250.862 109.650
600 85.979 117.022 79.675 22.408 ~334,526 -233.800 85,160
T00 93.759 130.860 86.010 31.395 ~330.779 ~217.298 67.843
717.824 95.146 133.234 87.153 33.078 -330.031 -214.418 65,282

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equatlions:

388.36 K, melting point of §;
L3z2.02 K, second order transformation of S;

298.15-1000 K:

Formation equations (keal/mol):

Cp® = 39.283 + 77.822%107*T + 0.006x10°T™2
Ho- H%,, = 39.283x107°T + 38.911x107¢T? - 0.006x102T™} - 15.169

296.15-368.3 K:

368.3'385.35 K:

3868.36-432.02 K:

432.02-717.824 K:

AHf® = -340.672
AGF® = -340,672
AHf® = ~341.787
AGF® = -341,787
AHf® = -357.945
-AGf® = =357.945
AHf9 = -367,424
AGF® = ~367.L24

+ + [ + 1

+

9.949x107°T + 37,862x107°T? - 2U2,300T7!

368.3 K, orthorhombic — monoclini¢ transition polnt of
AH® = 0.413 kecal/mol.
AH® = 0 kcal/mol.

T17.824 K, bolling point of S to equilibrium mixture of Sn (n=1to 8),

S;

= 0.096 kecal/mol,

§.949x107*TInT ~ 37.862x107%T% - 121.150T"! + 136.821x1073T

7.686%107°T + 3§.116x107%T2 - 86.700T"!

7.686x107°T1nT - 36.116x1076T2 - 43,3507 ! + 152.004x107°T

37.054x1C7°T ~ 7.166x107%T2 + 1815,500T!

37.054x1073T1nT + 7.166x107°T? + §07.750T" % + 437.232x107°T

33.148x107°T + 12.646x107°T* + 5042.00077!

33.14Bx1073TInT — 12.646x1078T2 + 2621,000T" ! + 1435,3B4x107°T



152 H

H,50,+2H,0(1)
Sulfuric Acid Dihydrate

[Reaction®  3H,(g) + 0.58,(g) *+ 30,(g) = H,80,+2H,0(1)]
cal/mol- kecal/mol
T,K - — — Log Kr
-Cp® 8e =(Ge- Hgge)/T He= Hg,, AHre AGre
298.15 62.493 66.056- ' 66.056 o -356. 440 ~296.263 217.16H
300 - 62.637 66.443 66.056 16 -356. 409 -295.890 215.553
Loo. 70.M7 85.528 68.608 6768 -354,368 -276.006 150.801
500 78.198 102.077 .. 73.679 14,199 ~351.640 -256.716 112.209
600 85.979 117.022 79.675 22.408 -348.220 -238.01 86.705
700 93.759 130.860 86,010 31.395 —-344 101 -219.993 68.684
800 101.540 143,888 92,438 ut,160 ~339.286 ~-202.585 55.3L3 .
900 109.320 . 156,297 98.849 51,703 -333.758 -185,823 45,123
1000 117.101 168.217 105,153

63.024 -327.516 -169.714 37.091

Heat capacity (cal/mol-K) and enthalpy {kcal/mcl) equations:

298.15-1000 K:

He- Hgsa

Reaction equations {keal/mol) :

298.15-1000 K:

39.283 + 77.822x1073T + 0.006x10°T™2 :
39. 283x10—3T + 38.911x107 sT2 - 0.006x102T7% ~ 15,169

BHre = ~357.461 = 5.947x107°T + 35,985%107°T% - 120,850T""
—357.461 + 5.947x1073TInT ~ 35.985x107€T?* - 60.425T"}! + 182.784x107°T

AGre

Source: Data from Chase (17).
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H,50, *3H,0(1)
Sulfuric Acid Trihydrate
[Formation: 4H,(g) + S{¢,1) + 3.50,(g) = H,80,-3H,0(1)]
_ cal/mol+X ‘ keal/mol
T,K - ‘ Log 'Kf
Cp® s ={G°= H2,,)/T H°- H%,, AHE® AGEe

298.15 76.270 82,550 82.550 0 -411,186 ~345.159 253.005
300 76.325 83,022 82.552 L1841 -411.153 ~341, 749 251.146
368.3 80.971 99.103 84,164 5.502 -409.758 -329.773 195.685
368.3 80.971 99.103 84,164 5.502 -409.854 -329.773 195.:685
388.36 82.335 103.435 85.050 7.140 -409.396 -325.423 183.130
288,356 82.335 103,435 85,050 T.140 -409.809 -325.423 183.130
Log . 83.127 105.878 85.620 8,103 -409,552 -322.898 176,421
432.02 85.333. 112,364 87.365 10.800 -408.822 -315.990 155.851
500 90.017 125.168 31.648 16.760 ~407.186 -301.498 131.783
600 96.908 142.189 98.677 26.107 -404.139 - -280.634 - 102.220
700 103,798 157.645 106.014 36,142 -400.435  -260.334  81.279
717.824 105.026 160.270 107.328 . 38.003 ~399.705 =256, 777 78,178

Phase changes:

368.3 K, orthorhombic - monoclinie transition point of S; AH® = 0.096 kecal/mol.
388.36 K, melting peint of S; AH® = C.413 keal/mol. ‘ o
432.02 K, second order transformation of S; AH® = 0O keal/mol.

717.824 K, boiling point of S to gquilibrium mixture cf S, (n=1to §).

Heat capacity (cal/mol-K} and enthalpy (kcal/mol) equations:

298.15-1000 K:

54.643 + 70.012x107°T + G.669x10°T"?2
54.6U3x107°T + 35.006x107°T2 ~ 0.669x10°T™! - 19.179

Cp®
Ko~ HS g,

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388,36-432.02 K:

h32,02-717.824 K: AHf®

AHF® = —411,700 — 4.660x1073T + 33.286%107%T? - 314.700T"*

AGF® = —411.700 + 4.660x107°T1nT ~ 33.286x107%T2 - 157.350T7% + 208.324x107°T

AHf® = -412.815 - 2.397x107°T + 31.541x107%T? - 159.100T"!

AGF® = ~412.815 + 2.397x107°TInT ~ 31.541x107°T2 - 79,5507 ! + 223.507x107°T

AHE® = ~428.974% + 42.343x1073T ~ 11.741x107°T2 + 1743,100T7!

AGF® = -H28.974 ~ U42,343x107°TinT + 11,741x1078T2 + B71.550T7' + 508,736x107°7T
= ~4§38.452 + 3B.437x1073T + B.07Cx107°T2 + U969.600T !

AGF® = —-438.452 38.437x1073TInT - B.070x1076T% + 2484,.800T7! + 506.888x107°T
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H,S0, - 3H,0(1)

Sulfuric Acid Trihydrate

[Rezction: 4H,(g) + 0.5S,(g) + 3.50,(g) = H,80,3H,0(1)]
cal/mol «X kcal/mol
T,K Log Kr
Cpe so -{G°- Hg,)/T  HO- Hig, AHpPo AGPe
298.15 76.270 82.550 82.550 o] -426.541 ~354.672 259.979
300 76.325 83.022 82.552 1 ~426.505 -354.226 258.050
400 83.127 105.878 85.620 8.103 =424.203 -330.464 180.555
‘500 - 90.017 125.168 91.648 16.760 =421.314 -307.351 C13h4,301
600 96.908 142,189 98,677 26,107 -417.833 -284.,875 103.764
700 103.798 157.645 106.014 36.142 -413.760 -263.030 8z.120
800 110.689 171.955 113.373 46.866 ~-409.088 =2471.811 66,059
900 117.579 185.390 120.634 58.280 -403.807 =221.212 53.717
1000 124,470 135 127.753 70.382 -397.915 ~201.236 43,980

198.

Heat capacity (cal/mol-+K} and enthalpy (kcal/mol) equations:

298.15-1000 K:

Cp®
H°= Hf,¢

Reaction equationa (kcal/mol):

298.15-1000 K:

Source:

Data from Chase (17).

54,643 + 70.012x1073T. + 0.669x%10°T 2
54.643x107°T + 35.006x107°T% - 0.669x102T" 1 '~ 19.179

AHro = -428.489 - 0.657x107?T + 31,410x1078T2 - 193.250T7!}
ACGre = -428.489 + 0.657x1072TlnT - 31.410%107%T? - 96.625T ! + 254,287x107°T
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H,5Q,<4H,0(1)
Sulfuric Acid Tetrahydrate
[Formation: SH,(g) + S(¢,1) + 4O, (g} = H,50,-4H,0(1)]
cal/mol +K ' keal/mol -
T,K - Log Kf
Cp° Se —(G°—‘Hg,e)/T H°- HS,, AHfe AGE®

298;15 92.35ﬂ 99;0?9 99.079 0 . -480.688 ~402.979 295.388
- 300 . 92,447 $9.651 99,081 171 -4B80.6u4lL ~402. 497 293,215
368.3 96.295 118,977 101-.029 6.610 -478.886 ~384.888 228,390
368.3 96.295 118.977 101.029 £.610 -478.982 ~384.888 228.390
388.36 97.425% 124,114 102.090 8.553 -478.431 ~379.777 213.717
388.36 97.425 124,114 102.090 8.553 -476.844 -379.777 213.717
Loo 98.081 127.001: 102.773" 9.691 -478.534 =376.813 205.878
432,02 99.932 134.625 . 104.855; 12.861 477,670 -368.704 186.517
500 103.861 149,508 109.930 19.789 -475.792.. -351.690 153.722
600 109.642. . 168.955 118.182 . 30.464 -472. 494 -327.17 119.170
700 115,422 186.290 126.69M : 41, m7 -166.663 -303.246 . “r, 94,676
717.824 116.452 189.204 128.210 _ 43.783 ~467.924" -299.044 91.047

Phase changes:

368.3 K, orthorhombic - menoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol. : C :
432.02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824% K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equationa:

298.15-1000 K:

Cpe = 74.381 + SB.4T76x1073T + 0,479x10°T™*
Ho- Hi,¢ = TU.3B1x107°T + 29.238x107%T% ~ 0,479x10°T™* - 24.615

Formation equaticons (kcal/mol):

298.15-368.3 K:
368.3-388,36 K:

388.36-432.02 K:

432.02-717.824 K: AHf®

AHf® = -U483.555 + 5,007x107°T + 26.848x107°%T? - 301.800T"!

AGE® = —483.555 — 5,007x107°T1lnT - 26.848x107°%T% ~ 150.900T ! + 308.484x107°T

AHfo = ~UBU.6TO + T7.270%1073T + 25,102%1075T2 - 146,200T"

AGF® = -48U4.670 — 7.270x107*T1nT — 25.102%x107°%T% — 73.100T"' + 323.667x107°T

AHf® = -500.829 + 52.010x107°T - 18.180x107°T% + 1756.000T!

AGfo = 500,829 - 52.010xJ07%T1nT + 18.180x107%T2 + B78.000T' + 608.895x1073T
=,/510.307 + UB.104x1073T + 1.632%1078T? + 49R2,5G0T™!

AGE® -510.307 - 48.104x107°T1nT - 1.632x107%T% + 2491.250T7% + 607.047x1073T
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Sulfuric Acid Tetrahydrate

H,80, - 4H,0(1)

[Reaction: S5H,(g) + 0.58,(g) + 40,(g) = H,S0,+4H,0(1)]
cal/mol+ kecal/mol
T,K Log Kr
Cpe S0 ~(G° H3,¢)/T  HO- Hi,, AHro aGro
288.16 92.354 99.079 99.079 ¢ -496,043 =412.,493 302.361
300 92.447 99.651 99.081 171 -495.996 ~411,974 300.119
400 98.081 127.001 102.773 3.691 ~493.185 -38L4.1378 210.012
500 103.861 149.508 109.930 19.789 -489.919 =357.544 156,280
600 109.642 168.955 118.182 30.464 -486.189 -331.412 120.715
700 115.422 186,290 126,604 41,717 -481,988 -305, 941 95,518
800 121.202 202.080 135.145 53.548 ~477.314 -281.108 76.794
900 126.983 216.689 143.403 65.957 -472.156 -256.887 62.380
1000 132.763 230.367 151.422 78.945 ~-466.510 -233.268 50.980

Heat capacity (eal/mol-K) and enthalpy (keal/mol) equations:,

298.15-100C K:

Cp

-]

Reaction eguationa (kcal/mol):

298.15-1000 K:

Source:

AHr?®
AGre

= 74.381 + 38.476x107°T + 0.479x10°T"?
Ho- H2,, = TH.3B1x107°T + 29.238x107°T2 ~ Q. 479x102T" ' - 24,615

-500.344 + 9.009x107°T + 24.971x107°T? - 180.350T7!

~-500.344 - 9.009x107°TInT - 24,971x107%T2 ~ 90.175T"" + 354 . 4UTx107°T

Data from Chase {(17)}.
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H,80, +6.5H,0(1)
Sulfuric Acid Hemlhexahydrate
(Formation:- 7.5H,(g) + S(ec,1) * 5,250,(g) = H,80,:6.5H,0(1)]

cal/mol K ‘ kcal/mol
T,K ‘ Log Kf
Cpe 3o -{G%- HZ2,4)/T H°~ HZ,, AHf© AGF®
298.15 136,309 140,498 140,498 0 -653.265 -546.381 406.503
300 136,389 141,342 140.502 .252 -653.189 -545.718 387.550
368.3 138.452 169.522 143:351 9.639 -650.270 =-521.556 309.488
368.3 138.452 169.522 143,351 9.639 -650.366 -521.556 309.488
388.36 139.057 176.881 144,895 12,422 -649,502 -51Y4,563 289.567
388.36 139,057 176.881 144,895 12.422 -649,915 514,563 . 289.567
400 139.409 180,993 145,885 14,043 -649, 430 ~510.514 278,928
432,02 140,373 191.766 - 148,892 18.522 ~-648.106 -L9g. 446 252.656
500 142,419 212,425 T 156,157 28.134 -645.357 ~476.255 208.168
600 145,429 238.657 167.780 42,526 —-641,035 - ~U442,838 161.301
700 148.439 261.301 179.558 57.220 -636.491 ~410.160 128.056
T17.824 148.976 265.039 181.634 59.870 -635.658 ~40y,. 409 123.126
Phase changes: 368.3 K, orthorhembic - monoclinic transition point of S; AH® = 0,096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol. ‘
432.02 K, second order ft{ransformation of S; AH® = O kcal/mol.
717.82L4 K, bolling polint of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-1000 K:

Hﬂ-_

Cp® = 127.506 + 29.940x10™%T - 0.110x10%T"2
H3,, = 127.506x1072T + 14.970x1075T2 + 0,110x102T7! - 39.384

Formation equations (kecal/mol):

298.15-368.3 K:

368.3-388.36 K:

388,36~432.02 K:

432.02-717.824 K:

AHE® = -663.194 + 32.955x107°T + 10,904x107°T? ~ 258.150T"

AGF® = -663.194 - 32.955%107°TlaT - 10.904x107°T2 ~ 129.075T77 + 584.258x107°T
AHF® = -664.309 + 35.218x107°T + 9.158x107°T? - 102.550T7"

AGFe = —664.309 - 35.218x1073TInT ~ 9.158x1075T2 ~ 51.275T" + 539.440x107°T
AHE® = ~6BO,U67 + T79.958x107°T = 34,124x107°T? + 1799.650T* '

AGF® = ~680.467 - 79.958x1072T1nT + 34.124x107°T% + 899.825T7' + 8B4.669x107°T
AHF® = -689.9U6 + 76.052x1073T ~ 14.312x107°T? + 5026.150T"}

AGF® = —689.946 - 76.052x107°TlnT + 14.312x1079T? + 2513.075T" % + 882.821x107°T
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H,S0,+6.5H,0(1)
Sulfuric Aclid Hemihexahydrate
[Reaction:  7.5H,{g) + 0.535,{g) + 5.250,{g) = H,30,+6.5H,0(1)]

cal/meol-X kcal/mol
T,X - Log Kr
Cpe 5o ={G®= H344)/T He- Hg,, AHre AGre®
298.15 136.309 14C.498 140,498 0 -668,620 =555.894 4o7.476
300 136.389 141,342 140,502 .252 ~668.51 -555.195 bob, w5y
400 139,409 180.993 145.885 14,043 -664.081 -518.079 283.062
500 142,419 212.425 156.157 28.134 -659. 484 ~482.109 210.727
600 145,429 238.657 167.780 h2.526 -654.730 -447.079 162.846
700 148,439 261.30 179.558 57.220 -649.816 412,856 128.898
800 151,450 281.319 191,051 72,214 ~6UK, TH2 -379.352 103.633
gco 154,460 289.331 202.098 87.510 -639.492 ~346.5492 84,139
1000 157.470 315.761 212.655 103.106 ~634.066 -314.231 68.674

Heat capacity {cal/mol:K) and enthalpy {kcal/mol) eguations:

298.15-1000 K: Cp°® = 127.506 *+ 29,940x107?T ~ 0.110x10°T"2
He- HZ,, = 127.506x107°T + 14.970x107€T2 + 0,110x102T7* -~ 39,384

Reaction equationa (keal/mol):

298.15~1000 K: AHr° = -5£79.983 + 36.957x107°T + 9.027x107°T* - 136.700T!
AGre = -679.983 - 36.957x107°T1nT - 9.027x107°%T% ~ 68.35Q0T"' + £30.221x107°T

Source: Data from Chase (17).
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HES, (¢)
Hafnium Disulfide
{(Formation: Hf (o} + 25(ec,l) = HfS,(e)]

cal/mol+K kcal/mol
T,K ————m e B T R LR T Log Xf
Cp® 3e (G- HY44)/T He- H3gp AHE® AGfe

2GB.15% 16.210C 20.000 20.000 0 ' -140.000 -138.291 101.369
300 16.230 20.100 20.0C0 .030 ~140.001% -138.279 100.735
368.3 16.715 - 23,481 20.340 1.157 ’ -140.067 -137.883 81.819
368.3 15.715 23. 481 20,340 1.157 -140.259 -137.883 81.819
388.36 16,857 24.371 20.526 1.493 =140,287 -137.752 77.519
388.36 16.857 24,371 20,526 1,493 7 -141,113% -137.752 71.519
400 16,940 24.870 20.645 1.690 -1U1.166 -137.651 75.208
432.02 17.113 26.181 21.007 2.235 -141.351 ~137.364 69.483
500 17.480 28.710 - 21.890 3.410 -141,962 -136.680 59.742
600 17.940 31.940 23.307 5.180 -142.567 ~-135.569 49,380
700 18.360 34,740 24,740 7.000 -143,026 -134,359 © 47,948 -
T717.824 18.433 35.202 24,994 7.328 -143.0095 -134.136 46,839

*Enthalpy of formation and entropy at 298 K estimated.

Phase changes:

368.3 K, eorthorhombic - monoclinic transition point of $; AH® = 0,096 kcal/mol.
388.36 K, melting point of 8; AH® = 0.413 kcal/mol.

432.02 K, segond order transformation of 3; AH® = 0 kecal/mol.

717.824 K, bolling point of 5 to equilibrium mixture of Sn (n=1 to 8},

Heat capacity (cal/mol+K) and enthalpy (kcal/mol)} eguaticns:

298.15-1800 K:

Cpe = 15.887 + 3.740x1073T - 0.70Lx10°T"2
Ho- H3., = 15.887x107°T + 1.870x1078T2 + 0.7C4x10%T™ ' - 5.139

Formation equations {kecal/mol):

298.15-368.3 K:
368.3-388.36 X:

388.36-432.02 K:

432.02-717.824 K: AHf®

AHF® = =137.773 6.070x7077T + H.394x107%T2 - 240,8007T7¢

AGE® = -137.773 + 6.070x107°TlnT - 4.394x107°T? - 120.40077" - 33.657x107°T

AHf® = -180.003 - 1.584x107°T + 0.902x107°T? + 70.400T7! »

AGT® = -140.003 + 1.548x1077T1lnT - 0.902x107°T* + 35.20077" - 3.291x107°T

AHf® = ~172,320 + 87.936x107*T - 85.662x107%T? + 3874.800T°

AGF° = ~172.320 ~ 87.936x1072TInT + B85.662x107°5T2 + 1937.400T7" + 567.166x107°T
-191.277 + 80.128x107%T - 46.038x107°T* + 10327.800T"!}

I+

80.124x1073T1nT + ¥6.038x107°T? + 5163.900T ! + 563.471x107°T

AGE® =191.277
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HES, (¢)
Hafnium Disulfige
[Reaction:  Hf(ec) + S,(g) = HfS,(c}]

cal/mol -K keal/mol
T,K - Log Kr
Cp® S ~{G%- H$44)/T He= H%,4 AHr® AGre
298.15% 16.210 20 20 0 -178.710 -157.318 115.316
300 16.230 20.100 20 . 030 -170.705 -157.234 114,543
Loo 16.940 2k.870 20,645 1.690 ~170.468 -152.782 83.475
500 17.480 28.710 21.8%90 3.410 -170.217 ~148.386 64.859
600 17.940 31.940 23.307 5.180 -169.956 -144,050 52.470
700 18.360 34,740 24,740 7.000 -1£9.676 -139,749 43,631
800 18.770 37.220 26.145 8.860 -169.385 ~135.491 37.014
900 19.170 39,450 27.506 10.750 -169.090 -131.279 31.879
1000 19.560- 41,480 28,800 : 12.690 -16B.7TY -127.0964 27.776
1100 19.940 43.370 30.043 14,660 -168.448 -122.941 24,426
1200 20.330 45,120 31.220 16.680 -168.100 -118.810 21.638
1300 20.710 46,770 32,362 18.730 -167.748 -114,731 19.288
1400 21,090 48,310 33,439 20,820 -167.381 -110,650 17.273
1500 21.470 49,780 34,480 22,950 -167.000 -106.611 15,533
14600 21,840 51.180 35.486 25.110 -16A.614 -102.614 14.016
1700 22.220 52.520 36.455 27.310 -166.215 -98.642 12.681

1800 22.600 53.800 37.378 29.560 -165.788 -94.654 11.492

#Enthalpy of formation and entropy at 298 K estimated.

Heat capacity (cal/mol-X) and enthalpy {(keal/mol) equaticns:

298.15-1800 K: Cpe® 15.887 + 3.740x107°T - 0.704x10°T"2
Ho- Hf,, 15.887x1073T + 1,.870x107°T2 + 0.704x10%T™* -~ 5.139

[

Reaction eguations (kcal/mol):

298,15-1800 K: AHre =171.351 + 1.935%1073T + Q.640x107%T2 + 2,100T"!
AGre -171.351 = 1.935x107°TinT - 0.640x107°T? + 1.050T7! + 58,269x10”3T

ti

Sources: Enthalpy of formation and entropy at 298 K are those estimated by Mills (gg). Other data
based on Volovik (125). : ’ ‘ ’ :
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Hg3(red, black)
Mercury Sulfide
[Formation: Hg(l,g) + S(c,l) = HgS{e)]

cal/mol+K kcal/mol
T,K ——— —————— e e e Log Kf
Cpe se ~(Go~ Hg, )/T  He- Hi,, AHf® AGf e
298.15 11.570 15.720 19.720 0 -13.000 -11.187 8.200
300+ 11.580 19,790 19.720 .021 -13.001 -11.175 8.141
350 11.920 21.600 19.860 .609 -13.024 -10.868 6.786
368.3 12,026 22.210 19.962 .B28 -13.03 -10.756 6.382
368,3 12,026 22,210 19.962 .828 -13.127 ~10.,756 6,382
388.36 12,142 22.850 20.092 1.071 -13.134 -10.624 5.979
388.36 12.142 22.850 20.092 1.071 -13.547 -10.624 5.979
400 12.210 23.210 20.177 1.213 -13.570 -10.537 5.757
432,02 12,377 24,163 20,1445 1,607 -13,649 ~10,294 5.208
450 12,470 24,670 20,603 1.830 -12.765 -10,153 4,931
500 12.700 25.990 21.070 2,460 -13.912 ~9,739 4,257
550 12.910 27.210 21.574 3.100 ~-14,023 -9.3156 ) 3.702
600 13.110 28.350 22.100 3.750 -14.128 -3.888 - 3.237
618 13.170 28.740 22.289 3.987 -14.154 -8.729 3.087
£18 13.170 30.360 22.289 L.,987 -13.154 -8.729 3.087
6529.81 13.214 30.610 22,444 5.143 -13.171 -8.646 3,000
629,81 13.214 30.610 22,44 5.143 -27.322 -8,645 3.000
650 - 13,290 31.020 22.697 5.41.0 -27.317 -8.042 2.704
700 13.480 32.010 23.324 6.080 -27.290 ~-6.557 2.047
T17.824 13.544 32.350 23.544 6.321 -27.275 -6.029 1.836

¥Data above 298 K estimat

ed except temperature-and enthalpy of transition.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.

388,36 K,
432.02 K,
618 K, re
629.81 K,
T17.824 X

Heat capacity (cal/mol-K)

melting point of S; AH® = 0.413 kcal/mol.

second order transformation of 8; AH® = O kcal/mol:

d - black transition point. of HgS; aAH° = 1,000 kecal/mol,
botling peint of Hg; aAHe = 14,151 keal/mol.

, boiling point of 5 to equilibrium mixture of Sn in=1to 8).

and enthalpy {kcal/mecl) equations:

11.048 + 3.710x7073T - 0.519x19%T"2
11.048x1073T + 1.855%x1075T2 + 0.519x103T™' - 3.633
11.761 +.2.856x107%T - 1,360x1Q°T™2
1T1.761%x1073T + 1.428x107%T2 + 1.360x102T" ! - 3.047

/mol):

29B8.15-618 K: Cpe =
He— Hgge =

618-900 K: Cpe =
He— Hgge =

Formation equations (kecal
298.15-368.3 X: AHf® =
' AGT®? =
368.3-388.36 K: AHf® =
AGfeo =

388.36-432.02 K: AHfe =
AGP®e =

432.02-618 K: AHf® =
AGFe =

£18-629.81 K: AHf® =
AGE® =

629.81-717.824 K: AHf® =
AGEe =

-12.053 - 3.399x107%T + 3.471x107°%T2% - 72.300T°!

~-12.053 + 3.399x107'T1nT - 3.471x107°T% - 36.150T7 % - 15.021x107°T
-13.168 - 1.136x107°T + 1.725x107°T? + 83,3007

-13.168 + 1,136x7073T1InT - 1.725%x107%T2 + U1,650T"! + 0.162x107°T
-29.326 + L3.604%1073T ~ Y1.557x107°%T% + 1985.5007"*

~29.326 - 43,604x1073T1InT + U41.557x107%T2 + 992,750T ! + 285.390%x1073T
-38.805 + 39.698x107%T ~ 21.745x107°T% + 5212.000T!

~3B8.B05 ~ 39.608x1073T1nT + 21.745x1075T? + 2606.000T"* + 283,543x1073T
-38.218 + LO.H11x1073T ~ 22.172%X107%T% + 5296.100T"?

-38.218 - 40.411x107*T1nT + 22.172x107%T2 + 2648.050T ' + 286.802x107°T
-53.181 Y1.716x107%T ~ 22.071x107 T2 + 5264.700T !

1+

-53.181 U1.716x107°TInT + 22.071x107%T2% + 2632.35077 % + 319.075x107°T
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HgS{red,black)
Mercury Sulfide

[Reaction:  Hg(l,g) + 0.55,(g) = HgS(c)]
cal/mol *K keal/mol
T,K : - Log Kr
Cp® 8° -(G°= HS4e)/T  HO— Hle, AHro AGre
298.15 11.57C 19.720 19.720 0 ~-28.355 -20.701 15,174
300% 11.580 19.790 19.720 .021 -28.1353 -20.652 15,005
350 11.920 21.600 19.860 609 -28,294 -19.373 12.097
hoo 12.210 23.210 20,177 1,213 -28.221 -18,102 9.89
450 12.470 24,670 20,603 1.830 -28.136 -16.845 8.181
500 12.700 25.990 21.070 . 2,460 -28.040 -15.592 6.815
550 12.910 27.210 21.574 3.100 =-27.935 -14.354 5.703
600 13.110 28.350° 22.100 3.75C -27,823 -13.129 4,782
618 13.170 28,740 22,289 3.987 =27.779 -12.688 4.487
618 13.170 30.360 22.289 4,887 -26.779 ~12.688 4. 487
629.81 13.214 30.610. 22.444 5.143 -26.750 -12.420 4.310
629.81 13.214 30.610 22. 44y 5.143 -40.90 -12.420 4.310
650 13.290 31.020 22.697 5.410 =40, 821 -11.503 3.868
700 13.480 - 32.010 23.324 6.080 -40.615 -9.253 ) 2.B889
750 13.660 32.950 23.939 6.758 =-40,403 -7.023 2.047
800 13.830 33.840 24,533 7.446 -40.182 -4.807 _ C1.313
850 14.000 34,680 25.101 T B.142 -39.954 -2.£00 .668
300 14,170 35.490 25.661 §.846 -39.718 -. 414 .100

¥Data above 298 X estimated except temperature and enthalpy of transitlon.

Phase changes:

618 K, red - black transition point of Hg$; AE® = 1.000 kcal/mol.

629.81 K, boiling point of Hg; -AH® = 14,151 keal/mol.

Heat capacity (cal/mocl+K) and en

thalpy (xcal/mol) equatlons:

298.15-618 K:

618-900 K:

Cp® = 11.048
HO- H3,, = 11.0L8
Cp® = 11.761
Ho- HS,p = 11.761

Reaction equations (Keal/mol}:

298.15-618 K:
618-629.81 K:

629.81-900 K:

AHre = -28.841

- AGr¢©
AHr®
- AGpe
AHr©
AGr©

=
=
=
-

Sources: Enthalpy of
and Grade (U46). Low-t
High-temperature data estimated except temperature and enthalpy of transition.

-28.841
-28.255
-28.255
-43.218"7
-43.218

T+ o+ e

formation

+ 3.710x107%T - 0.519x105772

x1073T + 1.855%x107°T2 + 0.519x10%T~} - 3.633
+. 2.856x107°T - 1.360x10%T72

x107°T + 1.428x107%T* + 1.360x10%T"? - 3.047

0.604x1C7T + 1.594x107¢T2 + 49,150T7!

0.604x107 TInT - 1.594x1078T2 + 2L.575T™' + 30,942x107°T
1.316x1073T '+ 1.,167x107°T2 + 133,250T7"} .
1,316x10”%TInT - 1.167x107°T? + £H.625T"' + 34,201x107%T
2.621x1073T + 1.268x1075T2 + 101.8507"}

2.621x107°TInT - 1.268x107¢T? + 50.925T"! + 66. u7uxwo ST

at 298 K based on Goldfinger (45), Mitchell {82), Treadwell (119},
emperature heat capacities and entropy at 298 K from King (675.



Hg 163

Hgs(g)
Mercury Sulfide (ldeal gas)
(Formation: Hg(l,g) + S{c,l) = HgS(g)]

cal/mol =K kecal/mol
T,K - Log Kf
Cpe Se -{G*- H34e)/T Ho~ HZ4y AHf® AGE e
298.15% 8.675 60.745 60.745 0 32.000 21.581 -15.819
300 8.679 60.799 60. 746 016 31.994 21.517 -15.675
368.3 B.776 62.591 60.526 613 31,754 19,157 -11.368
368.3 8,776 62,591 60,926 613 31.658 19.157 -11,368
388,36 8.804 63.057 61.024 789 31.584 18.479 ~10.399
388.36 8.804 63.057 61.024 .789 31.171 18.479 -10.399
400 8.821 63.317 61.087 .892 - 31.109 18.099 -9,.889
432,02 8.8u46 63.997 61,278 1,175 30.919 17.065 -8.633
500 8,899 65,295 61.739 1.778 30,406 14.927 ~6.524
600 8.950 66.922 62,470 2,671 29.793 11.830 -4,331
629.81 8.961 67.356 62.691 2.938 29.624 11.006 -3.819
629.81 8.961 67.356 62.691 2.938 15.473 11.006 ~3.819
700 8.987 68.304 63.207 3.568 15.198. 10.525 -3.286
717.824 8.992 68.530, £3.336 3,728 15.133 10.407 -3.169

%Data except enthalpy of formatloﬁ at 298 K estimated.

Phase changes:

368.3 K,

orthorhomblc - moﬁoclinic transition point of $; AH® = 0.096 kecal/mol.

388.36 K, melting point of 8; AH° = 0,413 keal/mol.

432,02 K, second order transformation of 3; AH° = 0 keal/mol,

-629.81 K, bolling polint of Hg; AH® = 14,151 keal/mol.

717.824 X, boiling point of S to equilibrium mlxture of Sn (n =1 to 8§).

Heat capacity (cal/mol:K} and enthalpy (kcal/mol) equations:

298.15-3000 K:

Formation eguations (kcal/mol):

° = 8.929 + 0.158x107°T -~ 0.268x10°T"2

Ho~ HZ,, = 8.929x107°T + 0.079x107°T2 + 0.268x102T"* ~ 2.759

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02
432.02-629.81

629.81-717.824

K:
K:

K:

AHf®
AGE®
AHT®
AGF e
AHf ¢
AGE e
ARfe
AGE®
AHf®

_AGEe

U | | S | A R | N (I ']

5.518%x107°T + 1.695x1075T2 - 97.40QT}

33.821 -

33.821 + 5.518x107°T1lnT - 1.695x107°T% - U8, 700T™! ~ 71.438x107°T
32,706 - 3.255x107°T ~ (,051x107°%T% + 58,200T"'

32,706 + 3.255%1073T1InT + 0.051%x1075T2 + 28,100T"' -~ 56.256x107 °T
16,548 + U41.4B5x1073T - 43.333x107%T2 + 1960,L400T !

16.548 - 41,485x107*T1InT + 43.333x107°T* + 980.200T"! + 228 973x107°T
7.069 + 37.579x1073T - 23.521x107°T* + 5186.900T7!
7.069 - 37.579x107*T1nT + 23.521x107°8T% + 2593.430T"! + 227.125x10" 5'I‘
-7.8%4 + 38.884x107°T - 23.420x107°T? + 5155.500T !
-7.894 - 38. SSUXIO"TlnT + 23.420%1075T% + 2577.750T77 + 269.398x10” 3T



164 Hg

Hgs(g)
Mercury Sulfide (ideal gas)
[Reaction: Hg(l,g) + 0.55,(g) = HgS(g)]

cal/mol K kcal/mol
T,K - Log Kr
Cp? Se —(G%- H3,s)/T He- HS,, AHro AGroe
298.15% 8.675 60.745 60.745 0 16.6l5 12.068 -8, 846
300 8.679 60.799 60.7u46 L0186 16,642 12,040 ~8.7T1
400 8.821 63.317 61,087 .892 16,458 10.534 -5.755
500 8.899 65.295 61.739 1.778 16,278 9.073 ~3.966
600 8.950 66.922 62.470 2.6M 16.059 7.649 -2.786
629.81 8.961 67.356 62.691 2.938 16.045 7.232 -2.510
£29.81 8.961 67.356 62.691 2.938 1.894 7.232 ~2.510
700 8.987 68,304 63.207 3.568 1.873 7.830 2.4y
800 9.016 65.506 63.921 4. u68 1.840 8.683 -2,372
900 - 9.041 70.570 6Y4.602 5.3M 1.806 9.539 -2.316
1000 " 9.063 T1.524 65,248 6.276 1.77 10,400 ~2.273
1100 9,084 72.388 65.858 7.183 1.733 11.264 -2.238
1200 9.103 73.180 66.436 8.093 1.696 12.133 ~2.210
1300 9.121 73.909 66.983 9.004 1.656 13.004 -2.186
1400 9.139 T4.586 67.502 9.917 1.613 13.879 ~2,167
1500 9.156 75.217 67.996 10.832 1.569 14.755 ~2.150
1600 9.173 75.808 68.465 “11.748 1.923 15.637 -2.136
1700 9.189 76.365 68.914 12.666 1.474 ] 16.519 -2.124
1800 9,205 76.890 69.342 13.586 1.427 17.408 -2.114
1900 9.222 77.388 69.753 14.507 1.37% 18.297 -2.105
2000 9.238 77.862 70.147 15.430 1.322 19.189 ~2.097

*Data except enthalpy of formatlon at 298 K estimated.
Phase change: 629.81 K, boiling point of Hg; AH® = 14,151 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298,15-3000 K: Cp® = 8.929 + 0.158x1073T - 0.268x10°%T"2
He~ HE,, = 8.929x107°T + 0,079x107°T2 + 0,268x102T7! - 2,759

Reaction equations (kecal/mol}:
298.15-629.81 K: AHr® = 17.032 - 1.515x107°T ~ 0.182x107°T*® + 24,0507

aGre = 17,032 + 1.515x107°T1inT + 0.182x107°T? + 12.025T"! - 25.U475x107*T
629.81-2000 K: AHPe = 2.069 - 0.211x107°T - 0.081x107%T? - 7.350T"!
AGre = 2,069 + 0.211x107°T1nT + 0.081x107°T2 - 3.675T7! + 6.797x107°T

Sources: Enthalpy of formation at 298 K based on Goldfinger (45). Other data estimated.
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HoS{g)
Holmium Sulfide (ideal gas)
[Formation: Ho{c) + S{¢,1l) = HoS(g)]

cal/mol «K keal/mel
T,K —- Log Kf
cp° S -(Go- H9,,)/T H°- HS,, hHEP® AGFe
298,15% 8.200 63.920 63.920 o 35.400 23.972 -17.572
300 8.2190 63.970 63.920 .015 35.393 23.902 -17.412
368.3 8.415 65.681 64,091 .585 35.13t 21.31 -12.646
368.3 8.415 65.681 BY, 054 .585 35.035 21.311 -12,646
388.136 8.475 66.129 64.187 .754 34,952 20.567 -11.574
388,136 8.475 66.129 64,187 L7554 34,539 20.567 -11.574
4oo 8.510 66.380 64.247 .853 34,473 20,149 -11.00%
432,02 8.555 67.037 64.430 1.126 34,270 19.009 -9.616
500 8,650 68,290 64,866 1.712 33.725 16.659 -7.281
600 B8.730 69,880 65.578 2,581 33.061 13.304 -, 846
700 8.780 71.230 £6.293 3.456 32.461 10.058 -3.140
717.824 8.785 71.451 66.418 3.613 32.359 9.450 -2.889

*Data exeept enthalpy of formation at 298 X estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of 5; 4&H® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of S, {n =1 to 8),

Heat capacity (cal/meol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = B.875 + 0.036x107T ~ 0.608x10°T 2
Ho- Hgee = B.B75x107IT + 0.018x107°T2 + 0,608x102T7! - 2,852

Formation equatiens (keal/mol):

2.640x1073T - C.590x107°T* + £1.900T7!

298.15-368.3 K: AHf® = 36,032 -
AGFe = 36.032 + 2.640%x1073T1InT. + 0.550%x107°T? + 30.950T"! - 56,014x107*T
368.3-388.36 K: AHf® = 38,917 - 0.377x1073T - 2.336%107°%T% + 217.500T !
AGFe = 34,917 + 0.377x1073T1nT + 2,336x107%T2 + 108.750T" ' ~ 40.831x107°T
388.36-432.02 K: AKf® = 18,759 + L44.363x107°T - U5.618x107°T2 + 2119,7007"!
- AGP® = 18,759 - 44, 363x10—’TlnT + B5.H18x107°T? + 1059.850T ¢ + 244, 397x10—3T
432,02-717.824 K: AHPf® = 9,280 + 40.457x107°T - 25.806x107°T*% + 5346,20077!
. AGfe = 9.280 ~ 40.457x1073T1InT + 25.806x107°T? + 2673.100T7' + 242, 550x10 8T



166 Ho

HoS(g)
Holmium Monosulfide {ideal gas)

Source: Data from Mills (80) who

estimated all except enthalpy

of formation at 298 K.

[Reaction: Hofe,l) + 0.58,(g) = HoS(g)]
cal/mol <K kcal/mol
T,K ‘ — Log Kr
Cpe Se -(Go~ H2 /T He- HY,, AHPe AGre
298.15* 8.200 63.920 63.920 0 20.045 14,459 -10.598
300 8.210 63.970 63.920 .015 20.041 1442y -10.508
400 8.510 66.380 6U4, 247 .853 19,822 12.583 ~6.875
500 8.650 68.290 64,866 1.712 19,598 10,805 -4.723
600 8.730 69,880 65,578 2,581 19.367 9.063 -3.301
700 8.780 71.230 66.293 3.456 19.136 7.363 .-2.299
800 8.810 72.400 66.980 4.336 18.893 5.704 -1.558
500 8.830 73.440 67.642 5.218 18.625 y,o72 -.989
1000 8.850 74.370 68.268 £.102 18.322 2.47 ~.540
1100 8.860 75.220 68.867 6.988 17.978 .89 =177
1200 8.880 75.990 69.427 7.875 17.582 -.637 16
1300 8.890 76.700 69.959 8.763 17.126 ~2.139 . 360
1400 8.890 77.360 70,466 9,652 16.602‘ -3.599 .562
1500 8.900 77.970 70.942 10.542 16.002 -5.014 T3
1600 8.910 78.550 71,405 11.832 15.316 -6.412 876
1700 8.910 79.090 71.641 12.323 14,539 C=T.TH .995
1701 8.910 79.095 71.845 12.332 14.530 -7.766 .958
1701 3.910 79.095 71,845 12.332 13.409 -7.766 .958
1743 8.914 79.313 72,023 12.706 13.304 - -8.275 1.038
1743 §.914 79.313 72.023 12.706 10.393 ~-8.275 1.038
1800 8.920 79.600 72.258 13.215 10.034 ~5.876 1.078
1900 8.930 80.080 72.655 14.108 9.401- ~9.,919 1.11
2000 8.930 80.540 73.040 15.000 8.764 -10,921 1,193
*Data except enthalpy of formation at é98 K estimated.
Phase changes: 1701 K, a - B transition point of Ho; AH° = 1.121 keal/mol.
1743 K, melting point of Ho; AH® = 2,911 kcal/mol. ‘
. Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:
288,15~-2000 K: Cp® = 8.875 + 0,036x1073T - 0.608x105T"2
He- HSg, = 8.875x107°T + 0.018x107¢T? + 0.608x102T ' - 2.852
Reaction equations (kecal/mol):’ ‘
298.15-1701 K: AHre = 19,243 + 1,363x1073T ~ 2.U67x107°T2 + 183.350T7" . o
AGPo = 19.243 - 1.363x107°T1nT + 2.467x107%T2 + 91,6757 - 10.051x107*T
1701-1743 K: . AHr® = 17.201 - 1.996x107°T ~ 0.142x107°T? + 26.650T!
aGre = 17,201 + 1,996x1073TInT + 0.142x107°%T2 + 13,325T"% - 29.856x107°T
1743-2000 K: -AHr° = 20.913 - 5.796x107%T - 0.142x707°T% + 26.650T"!
ACr® = 20.913 + 5,796x107°T1nT + 0.142x107%T2 + 13,3257 -~ 60.347x107°T



InS{c)
Indium Monosulfide

[Formation: In(e,l) + S(e,1) = InS(c)]

In 167

cal/mol-X kcal/mol |
T,K Log Kf
Cp° 5e ~(G°~ H344)/T H°- Hg,, AHf'© AGFe
298.15 11.500 16.960 16.960 0 ~32.000 ~30.652 22,468
300% 11.510 17.030 16,960 021 =-32.:001 ~30.643 22.323
368.3° 12.022 19,448 17.199 .828 -32.025 ~30.332 17.999
-368.3 12.022 19.448 17.199 .828 -32.121 =-30.332 17.999
388,36 12.173 20.089 17.332 1.07 -32.134 -30.234 17.014
388.36 12.173 20.089 17.332 1.071: -32.547 -30.234 17.014
400 12.260 20.450 17.418 1.213 -32.573 -30.164 16.u81
429.78 12,424 21.336 17.659 1.581 -32.650 -29.982 15.246
429,78 12.424 21.336 17.659 1.581 -33.430 ~29.982 15.246
432,02 12.436 21.401 17.678 1.608 -33.446 -29.964 15.158
500 12.810 23.250 18.316 2.467 ~33.740 -29.392 12.847
600 13.240 25.630 19.345 3.7 ~33.995 -28.498 10.380
T00 13.620 27.700 20.394 5.114 ~34.152 -27.569 8,607
717.82% 13.681 28.043 20.580 5,357 -34.170 ~-27.400 8.342

%¥Data above 298 K estimated.

Phase changes: 368,3 K, orthorhomble - monoclinic transition point of S5 AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0,413 keal/mol,

129.78 K, melting point of In; AH® = 0.7B0 kcal/mol.

432.02 K, second order transformation of S; AH® = 0 kcal/mol. :
717.824 K, bolling polnt of S to equilibrium mixture of Sn {n=11%tc 8).

Heat capacity (ecal/mol-K) and enthalpv (kcal/mol) equations:

298.15-965 K:

Cp® = 11,613 + 3.112x107°T ~ 0.925x10°T 2 _
Ho- HZ,, = 11.613x1073T + 1,556x107°T% + 0.925x102T"* - 3.911

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

386.36-429.78 K:

429.78-432.02 K:

432.02-7T17.824 K:

AHf®
AGf®
AHf®
AGP®
AHf®
AGEe
ARfe
AGTe®
AHf'®
AGE®

W W uw W o w nowH

-32
-32

-33.
-33.
-ug,
—49.
~49.
-49,
-58.
-58.

178
.178
293
293
451
u51
091
091
570
570

[ T T S TR G 8

0.819x107°T ~ 1,489x1075T? + 19,6007 :
0.819x1073T1nT + 1.489x107°T? + 9.800T™' + 9,229x107°T
3.082x107°T - 3.235x107¢T? + 175.200T !

3.082x107*T1nT + 3.235x107°T% + 87.600T7% + 24.412x107°T
47.822x107°T ~ 46.517x1078T? + 2077.400T"}

47.822x1073TAnT + U4E,517x107°T2 + 1038.700T7* + 309,640x1Q7°T

L43.475%x1073T ~ U1.TUS5%107°T? + 2011.700T?

43.475x107?T1nT + 41.745x107°T% + 1005.850T ' + 2B4.675x107°T

39.569x107%T - 21.933x1078T? + 5238.200T"!

139.569x107°TInT + 21.933x107°T% « 2619.100T7% + 282.827x107*T



168 In

Ins{c,1)
Indium Monosulfide

[Reaction: In(e,l) + 0.55,(g) = InS{ec,1)]

-

cal/mol <K kcal/mol
T,K - - - Log Kr
Cp® Se -{Ge- Hg o )/T H- HSes AHre AGro
298.15 11.500 16.960 16.960 Q -47.355 ~40,166 29,442
300% 11.510 17.030 16.960 .021 © -UT7.353 -40.121 29.228
400 12.260 20.450 17.418 1.213 -47.224 -37.730 20,614
429,78 12.424 21.336 17.659 1.581 -47,188 -37.024 18.827
429,78 12,4924 21.336 17.659 1.581 -47.968 -37.024 18.827
500 12.810 23.250 18.316 2,467 -47,868 -35.245 15.405
600 13,240 25.630 15.345 3.771 -47.689 -32.739 11.925
700 13.620 27.700 20,394 5.114 -47. 477 -30.264 9,449
800 13.960 29.540 21,423 6.49L -47.231 -27.819 7.600
300 14.270 31.200 22.416 7.906 -46,954 -25. 407 6.170
965 14,470 32,200 23,038 8.8U40 -46.760 -23.854 5.402
965 14,500 41.110 23.038 17.440 -38.160 -23.854 5.402
1000 14.500 41.630 23.682 17.948 ~38.051 -23.340 5.101
1100 14,500 43.010 25.375 19.398 -37.743 -21.880 4,347
1200 14,800 Ly, 270 26.897 20,848 -37.440 -20.451 3.724
1300 14,500 45,440 28,288 22.298 -37.139 -19.060 3.204
1400 14.500 46.510 29,547 23.748 T 36,843 -17.672 2.758

*Data above 298 K estimated.

Phase changes:

429,78 K, melting point of In; AH® = 0.7B0 keal/mol,

965 K, melting point of In$; AH° = 8. 600 keal/mol.

Heat capacity (cal/mol-X)

and enthalpy (kcal/mol) eqpations:

298.15-965 K:

965-1400 K:

Cpe®
He- Hg,,
Cpe®
He~ HSqe

o

11.613 + 3.112x107°T ~ 0.925%10°T"2
11.613x107°T + 1.556x107%T% + 0,925x10°T™* -~ 3.911

14.500

14.500x107°T + 3,448

Reaction equations (kcal/mol):

298.15-429,78 K: AHre®

429.78-965 K:

965~-1400 K:

AGre
AHro
AGre
AHpe
AGre

K onoan

~48., 956
-48.956
-48.,607
-48.607
-41,248
-41,248

L4+ 1+ 1+

Sources: Enthalpy of formatlon at
entropy at 298 K from Mamedov (76). High-temperature data estimated. Estimates
of fusion data and heat capacity of liquid from Mills.

4,822x107%T ~ 3,366x107°T2 + 141,050T"!

4,822x107%T1nT + 3.366%1076T2 + 70.525T" + 56.192x107°T
0. 474x1073T + 1.,406x107€T* + 75.350T !

0.UTYX1072T1nT - 1.406x107°T2 + 37.675T ' + 30, 227x1o 3T
3.361x107%T ~ 0,150x107°T2 - 17,1507 !

©3.361x107°TInT + 0.150x107¢T2 - 8.575T" ! + uo.989x1o T

298 K from Mills (8C). Low-temperature heat capacities and
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Ins(g)
Indium Moncsulfide {ideal gas)

[Formation: In{e,l) + 5(c,l) = InS{g)]

cal/mol«K kecal/mol
T,K -—— - Log Kf
Cp® 50 -(G°- H34)/T  He~ Hi,, . AHf® AGEe
298.15% 8.380 £0.150 £0.150 o] 55.700 Ly 171 ~-32.378
300 8.3290 60.200 £0.150 .015 55.693 44,100 -32.126
31£8.3 8.547 61.951 60.333 .596 55.443 L1.482 -2L4,615
368.3 8.547 51,951 £0.333 .596 55.347 h1,482 -2h,.615
388,36 8.593 62,406 60.L429 .768 55,263 k0,729 -22.920
388.36 8.593 62.406 60.429 . 768 54.850 40.729 -22.920
400 8.620 £2.660 60.490 .B868 54,782 40.307 -22.022
423,78 8.653 63.280 60.662 1.125 54,595 39.236 -19.952
429,78 8.653 63.280 60,662 1.125 53.815 39.236 -19.952
432.02 §.655 63.325 60.676 1.145 53.790 39.1860 -19.810
500 8.730 64,590 61.118 1.736 53.229 36.908 -16.,132
600 8.790 66.190 61.837 2.612 52.5L6 33.7C7 -12,278
700 8.820 67.540 62.551 3.492 51,926 30.622 -9.560
T17.824 §.825 67.762 62.678 3.649 51,822 30,081 -9.158

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0,413 kcal/mol.

429.78 K, melting point of In; AH® = 0.780 kcal/mol.

432,02 K, second order transformation of 8; AH® = 0 keal/mol,

717.824 K, boiling poeint of S to equilibrium mixture of Sn (n =1%o 8).

Heat capacity (cal/mol+K) and enthalpy (kcal/mol)} equations:

298.15-2000 K:

Cp° = 8.905 + 0.020x1072T - 0.472x105T"2
Ho-~ Hg,, = 8.905x107°T + 0.010x107%T2 + 0.472x102T"! - 2,814

Formation equations (keal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-429.78 K:

429,78-432.02 K:

432.02-717.824 K: AHfe = 30,227

AHfe = 56,619 ~ 1.889x107°T - 3.035x107°T? - 25,7007 !

AGE® = 56,619 + 1.889x107°T1InT + 3.035x107°T? - 12.850T"' - 53,275x107°T

AHf® = 55,504 + 0.374x1073T - W.7B1x1076T2 + 129.G00T"’

AGF® = 55,504 - 0.374x1073T1InT + 4.781x107°T2 + 64.950T ! - 38.092x107*T

AHF® = 39.346 + 45.114%107°T - 48.063x107°T2 + 2032.100T"!

AGF® = 39.346 - 45.114x1072T1nT + UB.063x107°%T2 + 1016.050T"' + 247,136x107°T

AHE® = 39.705 + HO.767x1073T - 43.291x107°T% + 1966.400T?

AGf® = 39,705 ~ LO.T67x1073TInT + 43.291x107°T? + 983,200T"' + 222.171x107°T
+ 36.861x1072T ~ 23.U79x107°T2 + 5192.900T"!

AGfe = 30,227

36.861x1073T1nT + 23.479x1075T2 + 25G6.450T ! + 220.324x107°%T



170 In

Ins(g)
Indium Monosulfide (ideal gas}
[Reaction: In{e,l) + 0.58,(g) = InS(g)]

cal/mol +K keal/mol
T,X Log Kr
Cp® Se ~(G%= HYqa,)/T He= HS%,, AHre AGre
298.15% 8.380 60.150 60.150 o] 40,345 34,657 -25. 404
300 §.3%0 60.200 60.150 .015 40.341 34,622 -25.222
400 §.620 62.660 60,490 .868 401N 32,74 ~17.889
429.78 8.653 63.280 60.662 1.125 40.056 32.194 -16.371
429,78 8.653 63.280 60.662 1.125 39.276 32.194 -16.371
500 8.730 64.590 61.118 1.736 39.102 31.054 -13.574
600 8.790 66.190 61.837 2.612 38.852 29.1466 -10.733
700 8.820 67.540 62.551 3.492 38.601 27.926 -8.719
800 8.850 68.720 63,250 4,376 38,352 26.419 -7.217
300 8.860 69.770 63.924 5.261 38.101 24.935 -6.055
1000 8.880 70.700 64,551 - 6,149 37.8%0 23.492 ~5.134
1100 8.890 71.550 65.153 7.037 37.596 22.065 -4, 384
1200 8.900 72.320 65.715 7.926 37.339 20.6068 -3.764
1300 §.900 73.040 66.258 6.816 37.079 19.278 -3.2i
1400 §.910 73.700 66.766 9.707 36.816 17.921 ~2.798
1500 8.910 T4.310 67.245 10.598 36.551 16.588 -2.117
1600 8.920 T4.890 67.709 11.489 36.281 15.257 -2.084
1700 8.920 75.430 68.147 12.381 36.009 13.954 -1.794
1800 8.930 75.940 68.566 13.274 35.734 12.663 ~1.537
1900 8.930 76.420 68.964 14,166 35,456 11.393 -1.31
2000 8.930 76,880 69.350 15.059 35.176 10,130 =-1.107

*Data except enthalpy of formation at 298 K estimated.
Phase change: 429.78 K, melting point of In; 4H®° = 0.780 kcal/mol.

Heat capacity (eal/mol:«K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® 8.905 + 0.020x1073T -~ 0.472x10%T"2
He- HS,e 8.905x107%T + 0.010x1075T2 + 0.472x10%T™! - 2.814

Reaction equations (kcal/meol): )
29B8.15-429,78 K: AHr° = 39.B30 + 2,114x107°T - ‘4,912x707%T2 + 95,7507}

AGre = 39,830 - 2.114x1073TInT + 4,912x107€T2 + U7.875T7! - 7T.312x107°T
429.78-2000 X: AHre = 40.190 -.2.234%107°T -~ 0.140x107°T? + 30.050T7"!
AGre = 40,190 + 2.234x107°T1nT + 0,T40x107°T2 + 15,025T7 % - 32,277x107°%T

Source: Data from Mills (80) who estimated all except enthalpy of fermation at 298 K.



In,S,(¢)

Diindium Trisulfide

In 17

[(Formation: 2In{e¢,1l) + 35(c,1) = In,S,(c)]
cal/mol X keal/mol
T,K. - Log Kf
Ccpe se ~{GO- H34g)/T Ho- Hg,, AHE© AGEe
298.15‘ 28.200 39.100 39.100 Q ~-85.000 -81.564 59.788
300 28.235 39.275 39.102 .052 ~-85.002 ~-81.543 59.403
368.3 29.119 45,178 39.695 2.019 -85.081 -80.751 47,917
368.3 29.119 15,178 39.695 2.019 ~-85.369 -80.751 47,917
388.36 29.378 46,729 40,018 2,606 -85,412 ~-80. 496 45,299
388.36 29.378 4g.729 40.018 2.606 ~86.651 -80.4986 45,299
400 29.529 47.599 40.226 2.949 -86.733 -80.311 43.880
429.78 29.729 k9,727 40.812 3.831 -86.974 ~-79.825 40,892
429,78 29.729 Lg,727 Lo.812 3.831 ~-88.534 ~-79.825 Lo.592
k32,02 29,744 9,881 40.859 3.898 -88.585 -79.779 Lo, 358
500 30,200 5L, 267 42,391 5.938 ~-B88.523 -78.311 34.229
600 30.630 59.813 4y, 845 8.981 -90.u455 -75.975 27.674
660 30.828 62.742 46.340 10.825 -90.906 -74.505 24.671
660 32.060 63.151 46.340 11.095 -30.636 -74.505 24,671
700 . 32.600 65.054 §7.357 12.388. ~-30.848 -73.522 22.954
717.824 32.8U1 65.877 47,806 12.971. ~G0.925 ~73.078 22.249

Phase changes: -368.3 K, orthorhombic - monoclinie transition point of S;

388.36 K, melting point of §;
429,78 X, melting point of In;

AH®

AH® = 0.413 kecal/mol.

= 0,780 kcal/mol.

432.02 K, second order transformation of S;

660 K, a - B transition peoint of In,S,;

AHe

0 kcal/mol.
0.270 kecal/mol.

717.824 K, boiling point of & to equilibrium mixture of Sn

Heat capacity (eal/mol-K)

and enthalpy (kéal/mol) equations:

298.15-660 X: Cpe
He- Hig
660-1100 K: Cpe°
He~ Hg,,

oo

30.434 + 1.416x107°T - 2,356x10°T"*?

30.,434x1073T + 0,708x107°T2 + 2.356x102T"! - 9,927
23.188 + 13.478x107°T - 0.100x10°%T"2 :
23.188x107°T + 6.739x107°T2 + 0.100x102T"! - 7.160

Formation equations (kcal/mol):

298.15-368.3 K: AHE®

AGE®

368.3-388.36 K:  AHfe
: AGT®
388.36-429.78 K: AHfe
AGfe

429,.78-432.02 K: AHf®
AGEe

432.02-660 K: AHfe
AGTe

660-717.824 K: AHf®
AGPe

nou .Il nowowonowon

(U '}

-84.654 + 0.672x107°T - 3.665x107°T* - 65.800T""

-84,.654 = 0.672x107°T1nT + 3.665x107%T2? - 32.900T7! + 13.468x107°T

-87.999 + T.461x107°T - 8.,903x107°T* + L01.000T7!

~87.999 — 7.461x107°T1nT + 8.,903x1075T2 + 200.500T" ' + 59.017x107°T
-136.474 + 141.681x1.07°T - 138.749x1078T% + 6107.6007T7 !

-136.474
-135.755
-135.755%
-164.191
-164.191
-161.424
~161,424

+
+
+

0.096 kecal/mol.

1 to 8).

T41.681%107°T1nT + 138.749x107°T% + 3053.300T7 ! + 914, 702x10 T

132.987x107°T ~-.129..205x107°T? + 5976.200T '

132.987x1073T1nT + 129.205x107°T% « 2988,100T" ' + 864.772x107°T

121.269x107°T ~ 69,769x107°T? + 15655,700T""

121.269%107*T1nT + 69.769x1075T2 + 7827.850T ! + 859,229x107°T

114.023x107°T - 63.738x107°T% + 15430,100T7"

114.023x1072T1nT + 63.738x1076T2 + 7715,050T" ! + 812, 233x10 3T



172 In

‘ In,S. ()
Diindium Trisulfide
[Reaction: 2In{e,1} + 1.55,(g) = In,S;{ec)]

cal/mol K keal/mol
T,K Log Kr
Cpe g0 ~(G9~ H3ea)/T  Ho- HE,, Alre AGP®
298.15 28,200 39.100 39.100 0 -131.065 -110.105% 80.708
300 28.235 39.275 39.102 052 -131.058 -109.97% 80.116
Loo . 29.529 47.599 o.226 2.949 -130,688% -103.008 56.280
429.78 29.729 Lo.727 4g.812 3.831 -130.589 " —100.951 51.334
429,78 29.729 49,727 hg.812 3.831 -132,149 -100.951 51.334
500 30.200 54,267 42,391 5.938 -131.806 -95.871 41.905
600 30.630 59.813 44,845 8§.981 -131.538 -88.698 32.308
660 30.828 62,742 L6.340 10.82% -131.308 -8Y4.425 27.956
660 32.060 63.151 46,340 11.095 ~131.038 84,425 27.956
700 32,600 65,054 47.357 12,388 -130.823 ~81.,607 25,479
800 33.952 69.495 43.850 15.716 -130.198 -74.616 20.384
300 35.304 73.572 52.262 19.179 -129.447 -67.713 16.443
1000 36.657 77.362 54.585 22.777 -128.569 -60.899 13.309
1100 38.009 80.919 56.819 26.510 -127.569 -54.179 10.764
1100 38.300 81.801 56.819 27.480 ~126.599 =54,179 10,764
1200 38.300 85.133 59.041 31.310 -125.512 ~47.644 8.677
1300 38.300 88.199 61.168 365.140 -124.435 -4 .20 6.926

Phase changes: 429.78 X, melting polnt of In; AH®
660 K, & - B transition point of In,S.; AH®
1100 K, 8 = Y transition point of In,S,; AH®

0.780 keal/mol.

Heat capacity {cal/mol:K) and enthalpy (kecal/mol) equations:

298.15-660 K:
660-1100 K:

1100-1300 K:

Cp*®
He~ Hg,
Cp¢®
He- Hg,,
Cpe®
Ho- Hf,4

1

30,434 + 1.M16x1073T - 2,356x10%T"2
30,438x1077T + O,708x107°T? + 2,356x10%T"* ~ 9,927
23,188 + 13,478x1073T - 0.100x105T"2

23.188x1073T + 6.739x107%T2 + 0.100x103T™! ~ T7.160

38.300

38.300x107°T - 14,650

Reaction equations {(keal/mol):

298.15-429,78 K: aHre

429,78-660 K:

660-1100 K:

1100-1300 K:

Sources: Enthalpy of formation at 298 K from Mills {80).
and entropy at 298 K from King (68).

AGr©®
AHre
AGre
AHre
AGre
AHr®
AGro

[ N | I TR I

~-135.020
-135.020
-134.301
-134.301
~131.53%
~-131.534
-139.024
~-139.024

+

+
+

= 0.270 kcal/mol.
= 0.970 kcal/mol.

12.679x1073T - 9.296x107°T* + 298.550T !
12.679x107°T1InT + 9,296x107°T2 + 149,275T7 + 151.357x107°T
3.985x107°T + 0.248x107%T2 + 167.150T""

3.985x107*T1nT - 0.24Bx107%T2 + 83.575T % + 101.427x107°T

3.261x107°T + 6.279x107°T? - 58.450T?

3.261x107°TInT - 6.279x107°T2 ~ 29.225T7' + 54,431x107°T

171,851x107*T - 0,460x107%T2 -~ 68,4507 "

71.851x1073T1nT + 0.460x1076T2 ~ 3K,225T7! + 159.662x107°T

Low-temperature heat capacities
High-temperature data based on Pankratz (90).



Irs,{c)
Iridium Disulfide

Ir 173

[Formation: Ir(e) + 28(c,1) = IrS,{e)]
cai/mol-K kecal/mol
T,K Log Kf
Cp® g0 -(G®- H2,,)}/T He- H2,, AHEO AGE®
2G8,15% 15,740 17,000 17.000 0 ~31.400 - =29.372 21.530
300 15.750 17.100 17.000 .030 -31.401 -29.359 21.387
368.3 16.255 20.378 17.334 1.121 -31.490 ~28.887 17.141
368.3 16.255 20.378 17.334 1.121 -31.682 -28.887 17.141
388.36 16.404 21.244 17.514 1.449 -31.714 -28.732 16.169
388.36 16,404 21.244 17.514 1.449 -32,540 -28.732 16,169
400 16,1450 21.730 17.630 1.6L0 -32.596 -28.618 15,636
432,02 16.724 23.009 17.882 2.172 -32.786 ~28.293 14,313
500 17.220 25.490 18.830 3.330 -~33.396 -27.528 12.032
600 17.950 28.690 20.207 5.090 -33.980 -26.292 9.577
700 18.690 31.510 21.624 6.920 ~-34.393 -24,977 7.798
T17.824 18,820 31.981 21.876 7.254 ~34, 449 -24,735 7.531

*Data except enthalpy of formation at 298 X estimated.

Phase changes:

368.3 K, orthorhembic - monoclinic transition point of S;

388.36 K, melting point of S; AH® = 0.413 kcal/mol,
432,02 K, second order transformation of S; 4&H® = 0 kcal/mol,
717.824 K, bolling point of § to equilibrium mixture of Sn fn =1 to 8).

Heat capacity (cal/mol:K) and enthalpy' (kedl/mol) equations:

298.15-1400 X:

Cp® = 13.550 + 7.340%1073T
He- Hgyy = 13.550x1073T +:3.670x1075T? ~ 4.366

Formation equations {kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 X:

u32.02-?17.82H”K:

AHf®
AGfe
AHf®
AGrEe
AHf®
AGfe
AHT @
AGf e

~28.496
-28.496
-3C.726
-30.726
-63.043
~63.043
~-82.000
-82.000

- B.2LUEX1073T + 6.365X107¢T2 - 301.600T"}

+ 8.246%107°TinT - 6.365%x107°T% - 150.800T ' - 46.326x107%T
- 3.720x107°T + 2.873x7107°T2 + G,600T?

+ 3,720%107°T1nT - 2.873x107°T% + L.800T" ! - 15.960x107°T

+ 85.760x1073T ~ B83.691x107°T? + 3814,000T "

AH® = 0.096 kcal/mol.

- 85.760x1073T1nT + B83.691x1075T2 + 1907.000T"! + 554,0496x1073T

+ TT.948x107°T - 4U,067x107°T* + 10267.000T"!

~ 77.948x1073T1nT + H4.067x107°%T2 + 5133.500T ' + 550.801x107°T



174 Ir

Irs,{(c)

Iridium Disulfide

[Reaction: Ir(e) + S,(g) = IrS,(c)]
cal/mol <K kcal/mol
T,K Log Kr
Cp® s° ~(Go~ HZ4,)/T Ho- Heg, AHpe AGre
298,15% 15.740 17.500 17.000 0, ' ;62.110 —u8.399 - 35.477
300 15.750 17.100 17.000 .030 -62.105 -48.313 35.196
400 16.490 21.730 17.630 1.6u0 -61.898 -43.749 23.903
500 17.220 25.490 18.830 3.330 ~-61.,651 -39.234 17.149
600 17.950 28.690 20.207 5.090 -61.369 -34.7T74 . 12.666
700 18.690 31.510 21.624 6.920 -61.043 -30.367 9.481
800 19.420 34.060 23.035 8.820 -60.671 -26.020 7.108
900 20.160 36.390 2h.390 10.800 -60,242 -21.713 5.273
1C00 20.890 38.550 25.700 12.850 -59.764 ~17.457 3.815
1100 21.620 40.570 26.952 14,980 -59,229 =13.241 2.631
1200 22.360 42,480 28.173 17.180 ~58.646 -9.091 1.656
1300 23.090 44,310 29.348 19.450, -58.016 ~4,996 .840
1400 23.830 46.0%0 30.469 21.800 -57.326 -.926 L4y

¥Data except enthalpy of formation at 298 K eatimated.

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) eguations:

298.15-1400 K:

Reaction equations (kcal/mol):

298.15-1400 K:

Cp® = 13.550 + T.340x107%T
Ho- H2,4 = 13.550x107°T + 3.670x107°T2 - 4.366

AHre = -62,073 - 0.241x107°T + 2.611x107%T? - 58.7007"!

AGre = -562.073 + 0.241x1073T1nT - 2.611x1078T% - 29.350T"! + U5.600x107°T

Source: Data from Chang (16) who estimated all except enthalpy of formation at 298 K.



Ir 175

Ir,8,(e)
Diiridium Trisulfide
[(Formaticn: . 2Ir(e) + 3S(e,l) = 'Ir,S,{(c)]

cal/mol K keal/mol
T.K - Log Kf
Cpe ‘ 3@ -(G°- H3,¢)/T  He- HY,, AHE® AGE®
298.165% 27.430 29.300 29.300 o} -49.300 -L46.126 33.811
300 27.450 29.470 29.303 .050 - -49,302 -46.107 33.588
368.3 28.167 35.1T 29.871 1.952° -49.376 -45,371 26.923
368.3 28.167 35.171 29.871 1.952 -49.664 -45,371 26.923
388.36 28.378 36.670 30.184 2.519 -49.698 45,134 25.399
388.36 28.378 36.670 30.184 2.519 -50.937 ~45,134 25,399
400 28.500 37.51¢ 30.385 2.850 -51.012 ~u4,960 24,564
432.02 28.836 39.718 30.996° 3.768 -51.275 ~MH,H67 22.495
500 29.550 43.980 . 32.480 5.750 -52.155 -43.317 18.934
" 600 30.600 49,460 34,860 8.760 -52.976 -41.L466 15.104
700 31.650 54,260 37.303 11.870 -53,552 -39.504 12,334
717.824 31.837 55.058 37.734 12.436 -53.629 -39.144 11.918

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition polnt of S; 4H° = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = Q,413 keal/mol, : '
432.02 K, second order transformation of S; AH® = 0 keal/mel.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol+X) and enthalpy (kcal/mol) equations:

298.15-1200 K: Cp® = 24.300 + 10.500x107°T . :
Ho- H,, = 24.300x1C7°T + 5.250x1075T2 - 7,712

Formation equations {kcal/mol): _
298.15-368.3 K: AHF® = =45.277 - 11.118x107%T + 8.923x107°T2 - L47.600T !

AGF® = -45,277 + 11.118x107°T1nT -~ 8.923x107%T2 - 223.800T ! - £1.016x107T
368.3-388,36 K: AHf® = -48.622 - 4,329x1073T + 3.685x107°T% + 19,2007}

AGF® = ~UB,622 + U4,329%x1073TLnT - 3.685x107°T2 + §9,600T ! -~ 15 467x107°T
388.36-432.02 K: AHf® = -97.097 + 129.891x1073T - 126.161x107%T% + 5725.800T !

AGF® = -97,097 - 129.891x107°*TInT + 126.161x107°T2 + 2862.500T"' + 840.218x1072T
432.02-717.82 K: AHf® = -125.533 + 118.173x107°T - 66.725%107 T2 + {5405.300T ?

AGf® = -125.533 - 118.173x1073T1nT + 66.725x107°T2% + 7702.650T % + 834.676x107°T



176 Ir

Ir,8,(c)

Dliridium Trisulfide

[Reaction: = 2Ir(e) + 1.58,(g) = Ir,S,(e)]

cal/mol K kcal)hol
T,K — Log Kr

Cpe 8o ~(Go- HE,e)/T  HO- Hi,, AHr® AGr®

298.15% 27.430 29.300 29.300 0 -95.365 ~74.667 54,732
300 27.450 29.L70 29.303 .050" ~95,358 -74.538 54,301
400 28.500 37.510 30.385 2.850 -94.965 -67.656 36.965
500 ©29.550 43.980 32.480 5.750 -94,537 -60.877 26.609
600 30.600 49,460 34,860 8.760 -9, 060 -54,188 19.738
700 31.650 54,260 37.303 11.870 -93.527 -47.590 14.858
800 32.700 58.550 39.688 15.090 -92.928, ~41.060 11.217
900 33.750 62.470 42,014 18.410 -52.270 -34.625 8.408
1000 34,800 " 66.080 44,240 21.840 -91.540 -28.254 6.175
1100 35,850 69,440 b6.376 25.370 -90.753 -21.960 4,363
1200 36.900 T2.610 48,435 29.010 -15,749 2.868

*Data except enthalpy of formation'at 298 K estimated.

Heat capacity {cal/mol:K) and enthalpy (kcal/meol) egquations:

298.15-1200 K:

H°- HSes = 24.300x1073T + 5.250x107%T2 - 7.712

= 24,300 + 10.500x107°T

Reaction equations (kcal/mol):

298.15-1200 K:

AHre

-89,896

-95.644 + 0.889x107°T + 3.292x107°T? - 83.250T!
AGre = -95.644 - 0.889x107>TInT - 3.292x107°T? - 41,6257 + 76.873x107°T

Source: Data from Chang (15) who estimated all except -enthalpy of formation at 298 X.



KS(g)
Potassium Monosulfide (ideal gas)

K177

[(Formation: Kle,1) + S(e¢,l) = KS{(g)]
cal/mol X kcal /mol
T,k Log Xf
Cp® s ~(G°~ HEqe)/T  He- H%,, AHf® 5Gfe
298.15% 8.652 59,546 59.546 0 26.600 15.739 -11.537
300 8.655 59.599 59,546 016 26.593 15.672 -11,417
336.35 8.701 60.592 59.606 .331 26.436 14,357 -9.329
336.35 8.701 60.592 59.5606 .331 . 25.878° 14.357 -9.329
368.3 8.742 61.385 59.725 611 25.730 13.270 -7.874
368,3 8.742 61,385 59.725 611 25.634 13.270 -7.874
388.136 8.767 61.849 59.823 .787 25.539 12.600 -7.090
388.36 8.767 61.849 59.823 .787 . 25.126 12,600 -7.090
400 8.782 62.108 " 59.886 .889° 25.052 12.225 -6.679
432,02 8.802 62.785 60.076 1.171 24,830 11.206 -5.669
500 8.845 64,076 60.536 1.776 24,253 9.109 -3.981
£00 8,883 65.692 61.260 2,657 23.557 6.148 ~2.239
700 8,907 £7.063 61,997 3.5L6 22,930 3.296 -1.,029
T17.824 8.910 67.287 62.126 3.705 22.825 2.798 ~.852

¥Data except enthalpy of formation at 298 XK estimated.

Phase changes:

336.35 K, melting point of K; AH® = 0.558 kcal/mol.

368.3 K, orthorhombi¢ - monoclinic transition point of §;
388.36 K, melting point of 5; AH® = 0,413 keal/mol.

432,02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-2000 K:

Cp®°

= 8,921 + 0.048x107°T - 0.252x10°T"*
= 8,921x107°T + 0.024x107°%T2 + 0.252x10%T"! - 2,746

Formation equations (keal/mel):

298.15-336.35

K:

336.35-368.3 K:

368.3-388.36 K:

388,36-432.02

K:

432.02-717.824 K:

AHf®
AGfe
AHf®
AGfe
AHf®
AGE®
AHf®
AGF®
AHf®
AGrP?®

(N N NI N A A ]

27.867
27.867
27.870
27.870
26.755
26.755
10.596
10.596

+
+
+
+

0.299x107°T ~ 8,327x107°T% - 130.400T"!

0.299x1073TInT + 8.327x107°T? - 65.200T"% - UH,129x107°T
6.098x1073T + 1,625x107€T2 - U41.800T™!

6.098x107T1InT - 1.625x1078T2 - 20.900T ! - 74.G23x107°T
3.835x107°T - 0.121%107%T* + 113.800T}

3.835x1073T1nT + 0.121x1078T? + 56,900T ' - 59.740x107°T
4G, 905x1073T - 43,403x107¢T2 + 2016,000T""

AH® = 0,096 kcal/mol.

40.905x1073*T1nT + U3.403x107°T2 + 1008.000T' + 225.489x107°T
1.118 + 36.999x107T -~ 23.591x107°T2 + 5242.500T" !
1.118 - 36.999x107*T1nT + 23.591x107°T? + 2621.250T"! + 223.641x107°T



178 K

ks(g)
Potassium Monosulfide (ideal gas)
[Reaction: K(e¢,1,g) + 0.55,(g) = KS(g)]

‘ cal/mol «K kcal/mol
T,K ‘ ‘ " Log Kr
Cp® Se -(G° HZ,q)/T He~ Hegq AHre i AGre
298,15% 8.652 - 59,546 59.546 0 11.245 6.225 -4,563
300 8.655 59.599 59.546 .016 11.24 6,195 ~-4,513
336.35 8.70 60.592 59.606 .33 11.143 5.589 -3.631
336.35 8,701 60.592 59.606 331 10.585 5.589 ~3.631
4oo 8.782 62.108 59.886 .889 10.409 §_660 -2.546
500 8.845 E4.076 60.536 1.770 10.126 3.255 -1.423
600 8.883 65.692 61.26U 2.657 9.863 1.907 © -.695
700 8.907 67.063 61.997 3.546 9.605 .601 -.188
800 §.92Y4 68.254 62.706 4.438 9.349 -.668 .182
900 8.937 69,305 63.382 5.331 3,090 -1,504 L 462
1000 -8.947 70.218 64.023 6.225 8.820 -3.113 680
1043.7 8.950 70.631 64.292 6.616 8.697 -3.630 .T60
1043.7 8.950 70.631 64.292 6.616 -10.341 -3.630 . .760
1100 8.955 71.101 64.628 7.120 -10.369 - -3.268 .649
1200 8.962° 71.880 65.200 §.016 -10.422 -2.618 LLTT
1300 8.969 72,598 65,TU2 8.913 -10.475 -1.967 .33
1400 8,975 73.263 66.256 9.810 L -10.534 -1.309 L2048
1500 8.980 73.882 66.743 10.708 =10.594 -.647 .094
1600 8.985 T4, 462 " 67.208 11.606 -10.660 017 ~-.002
1700 8.990 75.007 67.651 12.505 ~10.728 .685 -.088
1800 §.994 75.521 68.074 13.404 -10.799 - 1.359 -.165
1900 8.998 76.007 68.479 14,304 -10.874 - | 2.037 -.234
2000 9.002 76,469 68.867 15.204 . =10.953 2,718 -.298

%¥Data except enthalpy bf formation at 298 K estimated.

Phase changes: 336.35 K, melting point of K; AH® = 0.558 kcal/mol. ' o
1043.7 X, calculated boiling point of K to ideal monatomic gas; AH® = 19.038
kcal/mol. . ‘

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K: Cp® = 8.921 + 0.0LBx107°T - 0.252x10°T"2 . .
Ho- Hg,, = 8.921x1073T + 0.02Ux107°T? + 0.252x102T"! - 2,746

Reaction equations (kecal/mol): ,
298,715-336.35 X: AHre 11,078 + 3,703x107°T - 10.204x1075T% - B8.950T"!

AGre 11.078 - 3.703x107°T1inT + 10,204x107°T2 - 4.475T7% + 1,83Ux107°T
336.35-1043.7 K: AHre = 11.081 2.096x107*T - 0.252x107°T% + 79.650T"!

1

AGro = 11.081 + 2.096x107*T1nT + 0.252x107°%T2 + 39.825T"! - 28.960x107°T
1043,7-2000 K: AHr® = -10,522 + 0,242x107°T ~ 0.258x107°T? + 216.650T"!
AGre = -10,522 - 0.2N2x10'3I1nT + 0.258x107°T2 + 108.325T"! + 7.920x107*T

Scurces: Enthalpy of formation at 298 K from Farber (34). Other data are those estimated by Piper
(100},



K 179
K,3(¢)
. Dipotassium Sulfide
{Formation: 2K(e,1) + 3(e,1) = K,5(c)]
cal/mol-K keal/mol
T,K - Log Kf
Cpe° Se ~{G®= Hg4¢)/T He= HS,, AHE® AGEe

298.15% 17.85¢ 27.50C 27.500 0 ~97.080 ~93.778 68.740
300 17,860 27.610 27.500 .033 -97.083 -93.757 68.301
336.35 18.085 29.666 27.625 .686 -97.173 -93.350 60.655
336.35 18.085 29.666 27.625 .686 -98.289 ~93.350 60.655
368.3 18.283 31.315 27.874 1.267 -98.381 -92.8717 55.113
368.3 18.283 31.315 27.874 1.267 -98.477 -92.877 55.113
388.36 18.408 32.288 28.078 1.635 -98.532 -92.570 52.093
388.36 18.408 32.288 28.078 1.635 -98.945 -92.570 52.093
400 18.480 32.833 28.208 1.850 -58.994 -92.378 50.472
§32.02 18.679 34,264 28.604 2.445 -99.142 ~-91.843 L6, 461
500 19,100 37.024 29.566 3.729 -99.538 -90.662 39.628
600 19.720 40.561 31111 5.670 ~-99.906 ~-88.847 32,362
700 20.350 43.648. 32.687 7.673 -100.135 -86.985 27.158
717.824 20.460 i, 161 32.965 8.037 -100.162 ~86.649 '26.38%

*Entropy at 2

98

Phase changes:

K estimated.

336.35 K, melting point of K;
368.3 K, orthorhombic - monoclinic transition point of 8;
388.36 K, melting point of 3;
432.02 K, second order transformation of S;
717.824 K, boiling point of 5 to equilibrium mixture of Sn

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) eguations:

298.15-1050 K:

H°= H3se =

Cp® = -3.365 + 33.940x107°T + 9.863x103T 2
=3.365x1G7°T + 16. 970x10” °T? - 9.863x10T"" + 2.803

Formation equations (keal/mol):

298.15-336.35
336.35-368.3
368.3-388.36
388.36-432.02

K:

K:

K:

K:

432,02-717.824 K:

AHF®
AGE®
AHT®
AGPe
AHf®
AGEe
AHf®
AGEe
AHF @
AGFe

-89.057
-89.057
~-89.051
-89.051
-90.166
-90.166
-106.32h
-106.324
~115.803
-115.803

+ b+ 0 o+

13.631x107°T -~ 1,449x107%T2 - 1141,900T"!
13.631x107°TinT + 1,449x107¢T? - 570.950T" '
25,229%x107°T + 18.L455x107%T% - 964.700T"!
25.229x1073T1nT ~ 18.455x107°T2 - 482.350T7!
22.966x107T + 16.709%107%T2 - 809.100T"!

AH® = (0.558 keal/mol.

AH® = 0,413 kecal/mol.
0 kecal/mol.

0.096 keal/mol,

1 to 8).

- 87.507x1077T

- 149.093x107T

22.966x107*T1nT - 16.709x107°T% - L4O4.550T" ' - 133.910x107°T

+ 21.774x1073T - 26.573x107°T2 + 1093.100T" "

- 21.774%1073T1nT + 26.573x107°T? + 546.550T"" + 151 318x10-’T

+ 17,868x107%T - 6,761x107%T? + 4319.600T77!

- 17.868x107*T1nT + 6. 761x10 €T2 + 2159.800T" ! + 149, H71x10 T



180 K

K,8{c,1)
Dipotassium Sulfide
[Reaction: 2K(e,l,g) + 0.55,(g) = K,S{e,1)]

cal/mol-K kcal/mol
T4K - Log Kr
Cp® se -{Go= HE, }/T Ho= H§,, AHre AGP®

298.15% 17.850 27.500 27.500 0 -112.435 -103.292 75.714
300 17,860 27.610 27.500 .033 -112.435 -103.234 75.205
336.35 18.085 29.666 27.625 .686 112,466 -102.118 66.352
336.35 18.085 29.666 27.625 686 -113.582 -102.118 66.352
hoo 18,480 32.833 28.208 1.850 -113.645 ~G5.9u4 54.606
S00 19.100 37.024 29.566 3.729 ~113.666 -96.515 42,186
€00 19.720 40.561 31,111 5.670 =113.601 -93.088 33,907
700 20.350 43,648 32.687 7.673 -113.460 -856.680 27.999
800 20.970 46.406 34,232 9.739 -113.254 ~86.297 23.575
900 24,750 49,020 35.728 11.963 ~112.894 -82.944 20,141
1000 37.300 52.169 37.207 14.962 -111.780 -79.667 17.411
1043.,7 45,428 53.923 37.874 16.750 -110.825 ~-78.286 16.393
1043.7 45,428 53.923 ‘ 37.874 16.750 -148.901 -78.286 16.393
1050 46.600 54.200 37.971 17.040 -148.,702 -77.860 16.206
1100 34,020 56.061 38.749 19.043 -147.421 -74.515 14,805
1200 34,020 59.021 40.317 22.u445 ~145 464 -67.972 12.379
1221 34,020 59.612 40.644 23.160 -145.052 -66.620 11.924
1221 24,130 62,773 Lho.sLl 27.020 -141.192 ~66.620 11.924
1300 24,130 64,285 42,034 28.926 -140.429 -61.818 10.392
1400 25,130 66.073 43.688 31.339 ~-139.469 -55.805 8.711
1500 24.130 67.738 45,237 33.7%82 -138.512 ~49, 862 7.265
1600 24.13¢0 69.295 45.692 36.165 -137.560 -43.984 6.008
1700 : 24,130 70.758 48,065 38.578 -136.611 -38.166 4,907
1800 24,130 72,138 49,365 40.991 -135.667 -32.404 3.93%
1900 24.130 73.442 50.598 43,404 -134,728 ~-26.691 3.070
2000 24.130 Th.680 51.771 45.817 -133.796 -21.029 2.298
¥*Entropy at 298 K estimated.

Fhase changes: 336.35 K, melting point of K; AH® = 0.558 kcal/mol.

10U3.7 K, calculated boiling point of K to ideal monatomic gas; AH® =

kcal/mel.
1050 K, second order transition point of K,; AH® = Q kcal/meol.
1221 K, melting point of K,; A&H® = 3,860 keal/mol.

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298,15-1050 K: Cp® = -3.365 + 33.940x1073T + 9.863x10°T ¢
He= Hg8,, = -3.365x107°T + 16.970x1075T* - 9.863x10%T™* + 2,803
1050-1221 X: Cp® = 62.160 - 23.224x107°T .
: He- Hg,a = 62.160%1073T - 11.612x107°%T% - 35.426
1221-2000 K: Cp° = 24.130
Ho- H§,, = 24.130x107°T - 2,443

Reaction equations (keal/mol):
298.15-336.35 K: AHre® = -105,846

§.628x107 T ~ 3,326x107°T? - 1020.450T"!

AGre = -105.846 + 9.628x1077T1lnT + 3.326x107°T2 - 510.225T7 % - 41.SU4x107°T
336.35-1043.7 K: AHr°® = -105.840 - 21.227x107T + 16.578x107°5T2 ~ 843,250QT7!

AGre = -105.840 + 21.227x107*T1nT - 16.578x107°T2 ~ U21,625T"! - 103.130x107°T
1043.7-1050 K: AHr® = -149.045 - 16.551x107°T + 16.566x107°T* - 569,250T!

AGre = -149.045 + 16.551%107*T1nT - 16.566x107°T% - 284.625T ' - 29.371x107°T
1050-1221 K: AHr® = -187.274 + UB.974x1073T - 12.016x1075T% + 417,050T "

AGr® = -187.274 - 48.974x107°TInT + 12.016x107%T% + 208.525T" % + 432.407x107°T
1221-2000 K: AHre = -154.291 + 10.98Ux1073%T - 0.404x107°%T2 + 417.050T°*

AGre = -154.291 - 10,944x1073TInT + 0.404x107%T2* + 208.525T" ' + 149.276x107°T

Seurces: Enthalpy of formation at 298 K from Johnson (57). Other data from Chase (17) who

estimated entropy at 298 K.
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K.S(g)
Dipotassium Sulfide (ideal gas)

[Formation: 2Kf{c,1). + S{e,1) = K,3(g))

cal/mol X keal/mol
T,K Log Xf
Cpe s -(G°- H3,¢)/T HO- Hi,, AHE® AGE®
298.15% 13.236 72.100 72.100 0 -3.700 -13.695 10.039
300 13.242 72.182 72.102 .02y -3.712 -13.757 10,022
336.35 13.342 73.702 72.194 .507 -3.972 ~14.960 g.721
336.35 13.342 73.702 72,194 .507 -5.088 ~14.960 9.721
368.3 13.430 74,922 72.378 L 937 -5.331 -15,887 9.427
368.3 13.430 74,922 72.378 .937 =5.427 -15.887 9.427
388.36 13.485 75.635 72.528 1.207 -5.581 -16.452 9.258
388.36 13.485 75.635 72.528 1.207 -5.994 -16.452 9.258
400 13.517 76.034 72.624 1.364 -6.100 ~16.764 9.160
432,02 13.561 17.077 72.916 1.798 -6.4110 ~-17.607 8.907
500 13.653 79.066 73.620 2.723 -7.164 -19.309 8,440
600 13.730 81.563 T4, 741 4.093 -8.103 -21.646 7.884
700 13.717 83.683 75.872 5.468 -8.960 -23.834 7441
717.824 13.783 84.029 76.070 5.714 -3.105 -24.211 7.371

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

336.35 K, melting point of K; AH° = 0.558 keal/mol,

368.3 K, orthorhomblc - monoelinie transition polnt of S; AH® = (0,096 keal/mol,
388.36 K, melting point of S; AH® = 0.413 keal/mol, .

432.02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn {n=1to 8).

Heat capacity (cal/mol-K) and enthalpy {(kecal/mol) equations:

298.15-2000 K:

Cp*®

13.859 + 0.036x107°T - 0.563x10%T"2

Ho- HZ,, = 13.859x107°T + 0.018x1075T2 + 0.563x102T™! - 4,322

Formation equations (kecal/mol):

298.15-336.35 K:

336.35-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHE®
AGE®
AHT®
AGTe
AHE?®
AGE®
AHf®
AGf e
ART®
AGP®

-2
-2
-2
-2
-3
-3

-20.070
-20.070
~29.548
-29.548

.802
.8o2
.796
796
9N
91

+ 1 + 1

3.593x1072T - 18.401x1075T% - 99.300T"!

3.593x1073T1nT + 18.401x107°T2 ~ 49.650T"! - 20.992x107°T
8.005x107°T + 1.503x107%T2? + 77.900T"}

8.005x107°T1nT - 1.503x107%T2 + 38,950T7"! - 82.578x1073T.
5.742x1073T ~ 0.2U3x107ST2 + 233.500T"!

5.742%1073T1nT + 0.243x107¢T> + 116.750T"! - 67.395x107°T

+ 38.998x107%T - 43.525x1076T% + 2135.700T}

- 38.998x107*T1nT + 43.525%107%T2 + 1067.850T ! + 217.833x107°T
+ 35.092x1073T - 23.713x107°T2 + 5362.200T"}
- 35.092x107°TInT + 23.713x107°T% + 2681,100T7 % + 215.986%107°T



182 K

Kzs(g)
Dipotassium Sulfide (ideal gas)

[Reaction: 2K(c,1,g) *+ 0.55,(g) = K,S(g)]

cal/mol+K keal/mol
T,K Log Kr
Cp® So: ~(G°~ HZ,,}/T He- H344 AHr® ACr®
298,15% 13.236 72,100 72.100 0 . ~19.055 -23.20% 17.013
300 13.242 72.182 72.102 024 ~19,064 ~23.235 16.926
336.35 13.342 73.702 . T2.194 507 -19.265 -23.729 15,118
336.35 13.342 73.702 T72.194 .507 -20.381 -23.729 15.418
400 13.517 76.034 72.624 1.364 -20.751 -24.330 13.293
500 13.653 79.066 73.620 2.723 . -21.29 -25.162 10.998
600 13.730 81,563 T4.741 4,093 -21.798 -25.887 9.429
700 13.777 83.683 75.872 5.468 ~22.285 ~-26.529 8,283
800 13.808 85.525 76.965 6.848 -22.764 -27.103 7.404
900 13.829 87.153 78.009 §.230 ~23.247 -27.617 6.706
1000 13,844 88.611 78.998 §.613 -23.749 -28.077 6.136
1043.7 13.849 89,203 79.413 10,218 -23.977 -28,260 5.918
1043.7 13.849 89.203 79.413 10.218 -62.053 -28,260 5.918
1100 13.856 89.931 . 79.933 10.998 -62.085 ~26.437 5.252
1200 13.864 91.137 80.817 12.384 -62.145 -23.192 Y. 224
1300 13.871 g2.,247 81.654 13.771 -62.204 ~19.944 3.353
1400 13.876 93.275 82,447 15.159 -62.269 -16.687 2.605
1500 13.881 Qu,232 83.201 16.546 -62.338 -13.429 1,957
1600 13.884 - 95.128 83.919 17.935 -62.110 ~10.167 +1.389
1700 13.887 95.970 84.604 19.323 -62.485 ~6.901 .887
1800 13.890 96.764 85.257 20.712 -62.567 -3.630 L4
1900 13.892 97.515 . 85.883 22.101 ~62.651 ~.353 .0
2000 13,894 68,228 86,483 - 23.490 -62.743 2.928 -.320

*¥Data except enthalpy of formation at 298 K estimated. -

Phase changes: 336.35 K, melting pclnt of K; AH® = 0.558 kcal/mol. '
1043.7 K, calculated bolling point of K to ideal monatomic gas; AH° = 19.038
keal/mol

Heat capacity (cal/mol:X) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp®
He- Hgge

Reaction equations (kcal/mol):

298.15-336.35 K: AHr®

- - AGre-
336.35-1043.7 K: AHre
AGro-

1043.7-2000 X: AHro®
o ‘ACr®

-19.59
~19.591
-19.585
~-19.585
-62.791

-62.791 -

+

OO0 & &3

1+ o+

Sources: Enthalpy of formatloﬁ at
by Piper (100).

13.859 + 0.036x107%T ~ 0.563%10°T"2
13 859x107°T + 0.018x107°%T2 + 0. 563x102T™) - L, 322

.595x10 3T - 20.278x107¢T? + 22.150T7!
.595x107°T1nT + 20.278x107°T% + 11.C75T} + 2" 971x10 T
L003x107°T - 0.3T4x107°T2? + 199,350T !
.003x107T1nT + 0,374x107*T? + 99,675T" ! - 36, 615x10 3T
.673x1073T ~ 0.386x107°T2 + U73.350T"!
.673x1073T1nT + 0.386x107%T2 + 236, 675T v+ 37, lﬂux10 T

298 K from Farber (3U). Other data are those estimated:



K,S:(e,1)

Dipotassium Pentasulfide

K 183

[Formation: 2K{(¢,1}) + 58(e¢,1) = K,S;(c,1)]
cal/mol =K keal/mol
T,K Log Xf
Cpo ge ~(G%- Hfyg)/T  HO- Hg,, AHfo AGF®
298.15 43,410 62.000 62.000 c -112.100 -109.948 80.593
300 43,550 62.270 62.003 .080 -112.096 -109.934 80.086
336.35 46.138 67.395 62.301 1.714 -112.012 -109.675 71.262
336.35 46.138 67.395 62.30t 1.714 -113,128 -109.675 71.262
350 47.110 69,250 62.536 2.350 -113,088 -109.535 68.396
368.3 48,351 71.683 62,930 3.223 -113,020 -108.352 64.883
368.3 48,351 T1.683 62.930 3.223 -113.500 -109.352 64.889
388.136 49,711 T4.280 £3.448 4,207 -113.417 -109.124 61.409
388.35 49,711 T4.280 63.448 4,207 -115.482 -109.124 61.409
400 50,500 75.760 63.785 4,790 -115.514 -108.934 59.518
432,02 52.568 79.733 64.816 6,444 -115.655 -108,403 54,838
450 53.730 81.900 65. 456 7.400 -116.078 -108.093 52.0U96
478 55,450 85.200 66.537 8.920 -116.165 -107.598 49,195
u78 69.370 98.690 66.537 15.370 -109.715 -107.598 49.195
500 69.370 101.810 68.010 16.900 ~109.575 -107.497 46,987
550 69,370 108,420 71.384 20,370 -109.013 -107.310 42,640
600 69.370 114,460 T4, T2T 23.840 -108.372 -107.184 39.041
650 69.370 120.010 78.010 27.300 -107.655 ~107.120 . 36.017

Phase changes:

336.35 K, melting point of K;

&H® = 0.558 kcal/mol.

368.3 K, orthorhombic - moncelinic transition point of S; AH®
388.36 K, melting point of S;
432.02 K, second order transformation of S; AH® =0 kecal/mol.
478 K, melting point of K,S5,;

Heat capacity {cal/mol+K)

AH® = 0,413 kecal/mol.

AH® = 6.450 kecal/mol.

and enthalpy (kcal/mol) eguations:

298.15-478 K:

478-650 K:

Cpe
He= Hf,,
Cpe

30.227 + 55,158x107°T - 2.899x10°%T"2
30.227x1073T + 27.577x107%T2 + 2.899x102T? - 12.43¢6

£9.370

Ho- HZee = 69.370x107°T - 17.789

Formation equations (kcal/mol):

298.15-336.35

K: AHf?
AGE®

336.35-368.3 K: AHf®

368.3-388.36
388.36-432.02
432,02-478 K:

478-650 X:

AGE?®

K: AHf®
AGfe

K: AHf®
AGE?®

AHf?©

AGEe

AHf®

AGfe°

-108.091
-108.0M
-108.084
~108.084
~113.660
-113,660
~194.451
-194, 451
-241,845
-241.845
-247.,198
~247.198

14 1+ 1+ 4+ 1+ )+

= 0.096 kecal/mol,

12.735x107°T + 16.026x107°T? ~ 488.100T°!
12.735x107°TInT - 16.026x107°T2? - 2L4,050T"! - 71.264x107°T
24,333x107°T + 35.930x107°T* - 310,900T"*

24,333x107*T1nT -~ 35.930x107°T? - 155.450T" % - 132, 850x10 3T

13.018x107

13.018x1072TInT - 27,200x107°T? + 233,5507"!

T + 27,200x107%T? + ¥467,100T"!

- 56.936x107°T

210.682x107%T - 189.210x107%T2 + 9978.300T" !

210.682x107°T1InT + 189.210x107%T2 + 4989.050T" ' + 1369. 206x10 8T
191,152x107°T - 90,150x107°T2 + 26110.600T"!

191.152x107*T1InT + 90.150x107°T2 + 13055.300T" % + 1359,969x10°°T
230.295x1072T - 117,727x107%T2 + 25820, 700T™! _
230,295%x107*TInT + 117.727x107%T2 + 12910.350T"" + 1600.117x10°°T



184 K

Dipotassium Pentasulfide

K;S.{c,1)

[Reaction: 2K(c,1} + 2.55,(g) = K,S,(c,1)]
cal/mol K keal/mol .
T,K - — - Log Kr
Cpe 5o ~(Go- HY,4)/T  He- H3,, AHro AGre

298.15 43,410 62.000 62.000 o -188.875 -157.516 115,461

300 43.550" 62.270 62,003 .080 -188.856 -157.320 114,606

336.35 46,138 67.395 62.301 1.714 -188,477 -153.517 99.749

336.35 46,138 67.395 62.301 1.714 -189.593 -153.517 99.749

350 47,110 69.250 62.536 2,350 -189.442 ~152.059 94,949

400 50.500 75.760 63.785 1,790 -188.769 ~146.762 " 80.186

450 53,730 81.900 85.456 7.400 -187.933 -141.557 68.749

478 55,450 85.200 66.537 8.920 -187.409 -138.698 63. 414
478 69.370 - 98.690 66.537 - 15.370 -180.959 ~138.698 63.414
- 500 69.370" 101.810 68.010 16.900 -180.212 ~136.764 59,779 .
. 550 69,370 108.420 71.384 20.370 -178.527 -132.498 52;6“9

600 63.370 114,460 74727 23,810 -176.845 -128.389 46.765
. "650 69.370 - 120.010° 78.010 27.300 -175. -124.425 - §1.835

175

Phase -changes:

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

336.35 K, melting point of

K;

578 K, melting point of K,Sg;

AH® = (0,558 kcal/mol.
8H® = 6,450 keal/mol.

298,15-478 K:

478-650 K:

Cp®
He- Hf,q
Cp®

"He~ Hfqg

o H non

30,227 + 55.154x107%T ~ 2.899x10°T"% C
30,227x1073T + 27,577x1076T2 + 2.899x102T™*% ~ 12,436 -

69.370.

69. 370x10 'T - 17.789

Reaction equations {kcal/mol):

298.15-336.35
336.35-478 X:

478-650 K:

Sources:

K: AHre
AGr®
AHre
AGre©
AHre

. AGre

= 7192.035

= ~192.035

-192.028
=192,028
=197.381

-197. 38T

1+ 4+ 0

7.277x107°T + 6.641%1078T2 + 119.150T""

7.277x107*T1nT -~ 6.641x107%T2 + 59.575T ! + 158, 551x10 T
4.321x107T + 26.545x107%T% + 296.35077}

4.321x107°T1nT - 26.545x1075T* + 148,175T"! + 96, 965110 sT
38.823x1¢77T - 1.032x107°T? + 6.450T77!

3ﬂ 823xTO 3T1nT + 1. 032x10 6T2 + 3.225T7' + 337. 113x10"T

and entropy at’ 298 K- from Diot" (29)

"Enthalpy of formation at 298 K from Wagman (127).

Low-temperature heat capacitles
High-temperature data based on Janz (34).
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Las(ec)
~ Lanthanum Monosulfide
[Formation: La(c) + S{c¢,1) = LaS(e)]

cal/mol-K © keal/mol
T,K == g " : : Log Kf
Cp° S° -(Ge- H$44)/T He--H3,, AHf e - AGfe
298.15 11.460 16.300 16.300 0 -109.000 -107.52% 78.811
300% 11,470 16.370 16.300 021 -109.001 -107.511 78.321
368.3 11.709 18.749 16.536 . 815 -109.036 ~107.170 63.594
1368.3 11.709 18.749 16.536 815 -109.132 -107.170 63.591
388.36 11.779 19.372 16.666 1.051 ~109.146 -107.061 60,248
388.36 11.779 19.372 16.666 1.051 -109.559 -107.061 60.248
Loo 11.820 19.720 16.750 1.188 -109.586 -106.986 58.454
432.02 11.884 20.633 17.004 '1.568 -109.679 -106.775 54.015
' 500 12,020 22.390 17.628 2.381 -109.987 ~106.294 Le.u60
550 12,095 23.534 18.108 2,984 =110.150 -105.972 k2,085
550 12.095 23.534 18.108 2.984 -110,237 -105.912 42.085
600 12.170 24,590 18.605 3.591 -110.380 ~105.513 38.433
. 700 12.310 26.480 19.601 4.815 -110.634 -104.680 32.682
T7.828 0 2.

333 26,790 19.776 - 5,035 =110.675 -104.527 -+ 31.824

*Data above 298

Phase changes:

Heat capacity (

K estimated.

368.3 K, orthorhomble - monoelinic transition point of S; ‘AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S; AH® = 0.413 kcal/mol.

432.02 K, second order transformation of S; AH® = 0 keal/mol.

550 K, a - B transltion polnt of Laj AH® = 0.087 kecal/mol.

717.824 K, boiling point of § to equilibrium mixture of S (n = 1 to 8).

cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2500 K:

Format i on equat

Cp® = 11.542 + 1,218x107°T - 0.396x105T"2
Ho- H3ge = 11.542x107°T + 0.609x107°T* + 0.336x10°77" -~3.628

ions (keal/mol):

298,15-36B8.3 K:

368.3-388.36 K:

388,36-432.02 K

432.02-550 K:

550-T17.824 K:

BHf® = -107.814 "3, 217x10 T + 2. 276x10 sT? - 128 OOOT !

AGF® = -107.814 + 3.217x1073TInT ~ 2.276x1075T% - 64,000T"! - 15,948x10" ST
AHf® = -108.929 - 0,954%x107T + 0.530x107%T? + 27.600T"’
AGE® = -108.929 + 0.954x107*TinT - 0.530x107°T2 + 13.800T %'~ O. 765x107*T
AHF® = -125,087 + 43.786x107%T - 42,752x107T? + 1929.800T" !
 AGE® = -125.087 - 43.786x107°T1nT + 42.752x1075T? + 964.900T™1 + 281, u63x1o 3T
AHf® = -134.566 + 39,880x1073T - 22.940x107ST2 + 5156.300T "
8Gf° = -134.566 - 39,880x1073T1nT + 22.9U0x107 T2 + 2578.150T"! + 282.616x107°T
AHF® = -135.5L6 + U2.146%1075T - 24.642x107¢T2 + 5245.100T

AGFo = -135.546 - 42,146x1073T1nT + 24.642x1078T2 + 2622.550T ! + 297.613x107°T.
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LaS{e)
Lanthanum Monosulfide

[Reaction: Lale,l) + 0.53,{(g) = LaS(e)]

cal/mol+K - kecal/mol -

T,K —_ Log Kr
Cp® se ~(G°~ Hgy)/T Ho- H3qy AHre AGro
298.15 11.460 16.300 16.300 o] -124.355 -117.035 © 85.788
300% 11..470 16.370 16.300 .021 -124.353 -116.989 85.225%
500 11.820 19.720 16.750 1.188 ~-124.237 -114,552 62.587
500 12.020 22.390 17.628 2.381 ~124.,115 -112.147 49,019
550 12.095 23.534 18.108 2.984 ~-124.052 -110.948 4L, 086
550 12,095 23.534 18.108 2.984 ~124,139 -110.948 Ly, 086
600 12.170 24,590 18.605 3.561 -124.07% -109.754 39.977
700 12.310 26.480 19.601 4,815 -123.95% -107.375 33.524
. 800 12.440 28.130 20.564 6.053 -123.865 -105.014 28.688
900 12.560 29,600 21.486 7.303 -123.795 -102.662 24,929
1000 12,690 30.930 22.364 8.566 -123,748 ~100.310 21.922
1100 12,820 32,150 23.204 9.8u1 -123,728 -97.971 19.465
1134 12.864 32:541 23.478 10.278 ~123,726 -97.176 18.728
1134 - 12.864 32.541 23.478 10.278 ~124,472 -97.176 18.728
1193 212,941 33.194 23.942 - 11.038 -124.536 -95.754 17.541
1193 12,941 33.194 23.942 11.038 -126.017 -95.754 17.541
1200 12.950 33.270 23.996. 11.129 ~126,016 -95.575 17.406
1300 13.070 34,310 24,748 12.430 ~-125,989. -93.046 15.642
1400 13.200 35,280 25.463 13.744 -125.953 -90.504 14,128
1500 13.330 36.200 " 26.153 15,071 -125.909 ~87.974 12.818
1600 13.470 37.060 26.803 16,411 -125.854 -85,438 11,670
1700 13,600 37.890 27.540 17.765 . -125.790 -82.942 10.663
1800 13.730 38.670 28.042 19.131 -125.716 -80.419 9.764
1900 13.860 39.410 28.815 20.511 -125.631 ~-77.881 8.958
2000 14.000 " 40.130 29.178 21.904 -125.537 -75.383 8.237

¥Data above 298 K estimated.

Phase changes: 550 K, o - B transition point of La; AH® = 0.087 keal/mol.
1134 K, B - Y transition point of La; AH® = 0.T746 kecal/mol.

1193 K, melting point of La; AH® = 1,481 keal/mol.

Heat capacity {(cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2500 K:

Cpe =
He~ HS8,, = 11,542x1073%T + 0.609x107°%T% + 0,396x102T"! - 3.628

11.542 + 1.218x107%T - 0.396x10°T"2

Reaction equations (kcai)mol)i

298.15-550 K:
550-1134 X:
1134-1193 K:

1193-2000 K:

AHre®
AGro©
AHr®
AGr®
AHpe
AGr®
AHr?®
AGPr®

nmoaonononom

Sources: Enthalpy of
and entropy

124
-124
-125
~125%
~122
-122
=125
-125

formation at 298 K from Schumm (104),
at 298 K from Vasilev (123).

.603
.603
.583
.583
667 -
.67 +
.669 ~
.669 +

L N

0.785x107°T + 0.399x107°T? -~ 6.550T "}
0.785x1073TInT - 0.399x1078T2 - 3.275T7! + 30.015x107°T
3.051x107%T - 1.303x107%T2 + 82.250T"!}

3.051x107*T1nT + 1.303x107%T% + 41.125T7! + 45,012x107°T

2.105x107°T + 0,449x107°%T2 + 5,450T7!

2.105%107%T1nT ~ 0.449x107%T2 + 2,725T ! + §.193x107°T

0.830x107%T + O,449x107¢T? + 5,450T7!

0.830x107°T1nT - O.4U9x107°T2 + 2.725T ! + 19.742x107°T

Low4temperature heat capacities
Data above 298 K estimated.
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Las(g)
Lanthanum Monosulfide {ideal gas)
. [Formation: Laf{e) + S{e¢,1) = La3(g)]"-

cél/mol-K keal/mol
T,K Log Kf
Cpo So ~{G°- H2,,)/T H°- H%,, AHfe AGfo
298.15% 8.220 59.900 59.900 0 32.500 20,980 -15.378
300 8.230 59.950 59.900 015 32,493 20,908 -15.232
368.3 8.428 61.660 60.071 - .585 32.235 18.297 -10.857
368.3 3.428 61.660 60.071 585 32.139 18,297 =10.857
388.36 B.486 62.109 . 60.165 .755 32.058 17.546 -9,874
388.36 8.486 62.109 60.165 .755 31,645 17.546 -9.874
400 8.520 62.360 60.225 .851 31.580 17.124 -9.356
y32.02 8.562 63.018 60.408 1.127 31.380 15.973 -3.081
500 8.650 64,280 60.854 1.713 30.845 13.594 -5.9U42
. 850 8.685 65,103 61.199 2,147 30.513 11.888 =4, 724
550 8.685 65.103 61.139 2147 30.426 11.888 -4, 724
600 8.720 65.860 61.557 2.582 3c.111 10.216 =3.721
700 8.770 67.210 62.271 3.457 29.508 6.951 -2.170
717.824 8.775 67.431 62.397 3.613 29.403 6.379 -1.942
¥Data except enthalpy of formation at 298 K estimated. .
Phase changes: .368.3 K, ortherhomblie - monoclinie transition point of S; AH® = 0.096 kecal/mol.

388.36 K, melting point of S; AH® = 0.413 keal/mol.
L32.02 K, second order transformation of S; AH® = 0 kecal/mol.

550 K,

a

- B transition point of La; AH® = 0.087 kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to8).

Heat capacity (cal/mol«X) and enthalpy (kcal/mol) equations:

298.15-2500 K:

Cp°®
He= H3se

8.859 + 0.042x707%T - 0.579x10°T 2
8.859x107°T + 0.021x107°T* + 0,579x103T"?! - 2,837

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.36-432,02 K:

432.02-550 K:

550-717:82H K:

AHT'®
AGE®
AHf®
AGE®
AHf®
AGLe
AHf®
AGfe
AHf®
AGEe

34.477 - 5.900x107°T + 1.688x1078T* - 109.700T"!

34.477 + 5.900x107°T1nT ~ 1.688x107°%T2 - 54.8350T7! - 77 765x107°T
33.362 - 3.637x107°T -~ 0.058x107°T% + 45,9007 !

33.362 + 3.637x107°T1nT + 0.058x107°T% + 22.950T""' - 62.582x107°T
17.204 + 41.103x10'3T - 43,340x107°T2 + 1948.100T"!

17.204 - .103x107°T1nT + L3.340x10 €T2 + 974.050T ' + 222.646x107°T

7.725 + 37 197x107°T - 23.528x107°T2 + 5174.600T !
7.725 - 37.197x107°TInT + 23.528x107¢T2 + 2587.300T" ' + 220. 799x10"T
6.745 + 39.463x1073T - 25.230x107°T2 + 5263.400T !

6.745 = 39.463x107°TinT + 25.230x107°T* + 2631.700T " +_235.796x10"T .
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LaS{g)

Lanthanum Monosulfide (i{deal gasa)

[Reaction: La(e,1l) + 0.55,(g) = LaS(g)]
cal/mol -X keal/mol
T,X Log Kr
Cp¢ 50 —(Go- Hgg)/T Ho- Hg, AHro AGre
298.15* 8.220 59.900 5%.900C 0 17.145 11.466 -8 .40%
300 8.230 59.950 59.900 .015 17114 11.431 -8.328
koo 8.520 62.360 60.225 .854 16,929 9.558 -5.222
500 8.650 64,280 60.85Y 1.713 16.718 7.740 -3.383
550" 8.685 65.103 61.199 2.147 16.610 £.850 -2.722
550 8.685 65.103 '61.199 2.147 16.523 6.850 -2.722
600 8.720 65.860 61.557 2.582 16.417 5.975 -2.176
700 8.770 67.210 62.27 3.457 16.183 4,256 =1.329
800 8.800 68.390 62.970 4,336 15.918 2.561 =-.700
900 8.820 69.420 63.623 5.217 15.619 .914 =.222
1000 §.840 70.350 64.249 6.101 15.287 -.694 .152
1100 8.860 71.200 6i.849 6.986 14.917 -2.281 453
1134 8.863 71.470 65.044 7.287 14.784 -2.812 542
1134 8.863 71.470 65.04k 7.287 14.038 -2.812 542
1193 8.869 71.918 ~ 65.372 7.810 13.735 ~3.,680 674
1193 §.869 71.918 65.372 7.810 12.254 ~3.680 67U
1200 8.870 71.970 65.410. 7.872 12.228 -3.77 687
1300 8.880 72.680 65.942 8.760 11.811 -5.097 .857
1400 §.890 73.340 66,5449 9.648 11.450 -6.384 .997
1500 8.900 73.950 66,925 10.537 11,057 -7.633 1,112
1600 8.900 74.530 67.388 11.427 10.662 -8.874 1.212
1700 8.910 75.070 67.824 12.318 10.264 -10.095% 1.298
1800 8.920 75.580 68,242 13.209 9.862 -11.279 1.369
1300 8.920 76.060 68.638 14,101 9.459 -12.“26 1.429
2000 8.930 76.520 69.023 14,994 9.053 -13.572 1.483

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

550 K, a« - B transition point of La; AH® =
1134 X, 8 - ¥ transition point of La; AH®
1193 X, melting point of La; AH® = 1.481 kcal/mol.

0.087 kecal/mol.
0.746 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations: |

298.15-2500 K:

Cp®

He- HSse

Reaction equations (kcal/mol):‘

298.15-550 K:
550-1134 K:
1134-1193 K:

1193-2000 K:

AHp?
AGr®
AHre
AGre®
AHPre
AGre
AHpe®
AGre

U ow NN

1]

Sources: Enthalpy of
by Mills (80).

17.
17.
16.
16.
19.
624
16.
16.

19

688
688
708
708
624

I+ + 1

W o200 - =

622
622

+ 1 4+

8.859 + 0.042x107°T - 0.579x105T"?2
B.B59x1073T + 0,021x107%T2 + 0,579x102T"! -~ 2,837

formaticn at 298 X from Schumm (104).

LB97%x1073T - 0.189x107°T2 + 11.750T"!
.897x107*T1nT + 0.189%107¢T2 + 5.875T"! - 31.802x107°T
.369%107T - 1.891x107%T2 + 100.550T "}
.369x107°TInT + 1.891x107 T2 + 50.275T"! = 16.805x107°T
LTBTx107°T ~ 0.139x107%T2 + 23,7507
L787%1073T1nT + 0,139%107¢T? + 11.875T7% - 53.625%107°T
L512x107%T - 0.139x1078T2 + 23.75077?
.512x1073TInT + 0,139x107°T2 + 11.875T ' -~ 42,.076x107°T

Other data are those estimated
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La,S;(c)
Dilanthanum Trisulfide
[Formation: 2La{e) + 3S(e,l) = La,8;{(ec}]

cal/mol-K keal/mol
T,K Log Kf
Cp®° 3 (G~ H944)/T He~ H¢,., AHf® AGF®
298,15 28.890 39.430 39.430 0 ~289.000 -285.794 209.490
300% 28.930 39.610 39.433 .053 -289.001 -285.77L 208.184
368.3 . 29.927 45,660 40.037 2.071 -289,024 -285.040 169.141
368.3 29.927 45,660 40.037 2.07 -289.312 -285.040 169.141
388.36 30,220 47,255 40.369 2.674 ~-289,328 ~-284,805 160,272
388.36 30.220 47.255 40.369 2.674 -290.567 -284.805 180.272
100 30.35%0 L3.150. 40.583 3.027 -290.631 ~284.632 155.514
432,02 30.656 50.500 41,232 4,004 -290.863 -284.145 143,741
500 31.220 55.030 42,808 6.117 -291.672 -283.011 123.703
550 31.510 58.026 Ly 062 7.680" -292.071 -282.124 112.104
550 31.510 58.026 Ly, 062 7.680 ~292.245 -282,124 112,104
600 31.800 £0.780 45,1342 9.263 -292.583 ~281.191 102.423
700 32.260 65.710 47.901 12.466 ~293,136 -279.235 87.180

717.824 32.333 66.522 48,354 13.042 -293.219 ~278.879 84,907

*Data above 298 K estimated.

Phase changes: .368.3 K, orthorhomble - monoclinic transition point of 8; AH° = 0,096 kecal/mol.
- 388.36 K, melting point of S; AH® = 0.413 keal/mol. .
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
550 K, o - B transition point of La; AH® = 0.087 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8),

Heat capacity (cal/mecl+X) and enthalpy (kcal/mol) ecguations:

298.15-2000 K: Cpe 30.621 + 3.03U4x1073T - 2.343x10°T"2
H°- H2,,4 30.621x107°T + 1.517x107%T% + 2,343x102T"! - 10.050

(3]

Formation equaticns (kcal/mol):

T7.071x1073*T + 6.568x107%T2 - 256.500T!

298.15-368.3 K: AHf® = -2B6.615 -

AGEo = -2B6.615 + 7.071x1073T1nT - 6.568x107%T2 - 128.250T"t - 34,132x1077T
368.3-388.36 X: AHf® = -289.961 - 0.282x107°T + 1.330x107%*T2 + 210.300T"!

AGF® = -289.961 + 0.282x1073TInT - 1.330x107%T% + 105.150T" ' + 11.W17x107°T
388.36-432,02 K: AHf° = -338,436 + 133.938x107°T - 128,516x107°T% + 5916.900T"

AGFo = ~338.436 - 133.838x1073T1nT + 128.516x107°T2 + 2958.450T" ! + 867.102x107°T |
432.02-550 K: AHf?® = -366.872 + 122.220x107°T - 69.080x107°T2 + 15596.4007 "} '

AGF® = -366.872 - 122.220x1073T1nT + 69.080x107%T% + 7798.200T ! + 861,560x107%T
550-T717.824 K: AHf® = -368.831 + 126.752x107*T - 72.LUB4x107€T2 + 15774,000T "}

AGF® = -368.831 - 126.752x107%T1nT + 72.484x107%T2 + 7887.000T ! + B91.554x107 T



190 La

La,S,{c}
Dilanthanum Trisulfide

[Reaction: 2Lale,l) + 1.58,(g) = La,3,(e)]
cal/mol K kecal/mol
T,K - - Log Kr
Cpo 50 T (6o HZe4)/T He- Hg,, AHpo AGro
298.15 28.890 39.430 39.430 0 -335.065 -314.335 230.411
300% 28.930 39.610 39.433 .053 -335,057 -314,206 228.896
400 30.390 L8.150 40.583 3.027 -334.584 -307.329 167.915
500 31.220 55.030 42,808 6.111 -334.055 ~300.571 131.378
550 31.510 58.026 by, 062 7.680 -333.779 -297,237 118.110
550 31.510 58.026 44,062 7.680 ~333.9583 -297.237 118.110
600 31.800 60.780 45,342 9.263 -333.667 -293.914 107.057
700 32,260 65.710 . 47.901 12,466 -333.111 -287.321 89.704
800 32.670 70.050 50.409 15.713 -332.586 -280.826 T6.717
900 33.040 73.920 52.810 18.999 -332.100 -274.390 66.630
1000 33.400 77.420 55.098 22.322 -331.654 -267.989 58,568
1100 33.740 80.620 57.275 25.679 -331.254 -261.640 51.982
1134 33.856 81.649 57.991 26.828 -331.127 -259. 494 "50.010
1134 33.856 81.649 57.991 26.828 -332.619 -259.494 50.010
1193 34.056 83.371 59.203 28.832 -332.533 ~255.690 46,840
1193 34,056 83.37 £59.203 2B.832 -335.H495 ~255.630 46,840
1200 34.080 83.570 59.345 29.070 -335,465 -255,218 46,481
1300 34.410 86.310 61.315 32,454 -335.0U5 ~248.565 41,787
1400 34,740 68.870 63.190 35.952 -334.603 -241.918 37.765
1500 35.070 91.280 64,985 39.442 -334,139 -235.306 34,284
1600 35.400 93.550 66.696 42,966 ~333,651 . -228.723 31.242
1700 35.730 95.710 68.344 46.523 -333.143 -222.212 28.567
1800 36.070 97.760 69.919 50.113 ~-332,609 ~215.692 26.188
1300 36.400 99.720 T1.U37 53.737 -332,051 . ~209,188 24,062
2000 36.740 101.600 72.903 57.394 -331.470 -202.747 22.155

*Data above 298 K estimated.

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

1193 K, melting point of La; AH®°

298.15-2000 K:

Reaction equations (kcal/mol}:

296,15-550 K:
550-1134 K:
1134-1193 K:

1193-2000 K:

AHr©
AGre
AHr©
AGre
AHr®
AGre
AHre
AGre

|| R T N "N T | B |

Sources: Enthalpy of
and entropy

-336.
-336.

~338
-338

-333.
-333.
-339.
-339.

982
982
942
.942
10
10
114
114

T
—_——_0 0w -

I+ + 1

formation at

298 X from Schumm (104).
at 298 X from Paukov (96).

550 K, a - B transition point of La; AH° = 0.087 kcal/mol.
1134 K, 8 -.Y transition point of La; AH® = Q.746 kcal/mol.

1,481 keal/mol,

Cpe = 30.621 + 3.03Ux107°T - 2.343x10°T"?
H°— Hg,, = 30.621x107%T + 1.517x107°T? + 2_3U43x10%T"}! - 10,050

L936x107°T + 0,937x1078T% + 107.850T7!
.936%107*T1nT - 0.937x1078T? + 53.925T"! + 103.757x1073T
LU68x107°T -~ 2.467x107°T2 + 2B85,450T7}
L46Bx1073T1InT + 2. 467107572 + 142,725T7 + 133.751%107°T
LBLLXT0TT + 1,037x107°T2 + 131.850T7!
LBLEx1073TInT —- 1.037x1075T% + £5.925T" ! + 60.112x107°7T
L706x1073T + 3,037x107¢T2 + 131.850T"!
LT06x107*T1InT ~ 1.037x107%T2 + 65,9257~ + 83,210x107°7

Low-temperature heat capacities
Data above 298 K estimated.



Lu 191
‘ " Lus(g)
Lutetium Monosulfide (ideal gas)
[Formation: - Lu(e} + 8(¢,1) = LuS(g)]
cal/mol-K kecal/mol -
TIK - - Log Kf
Cpe s -(G°= HZ2,4)/T H"- HZ,, LHE® AGE®

298, 15¢% 8.200 60,520 60.520 0 47.500 35.372 -25.928
300 §.210 60,570 60,520 .015 47.493 35.297 -25.713
368.3 8.415 62,281 60.694 .585 47,241 32.54Y -19.311
368,3 5.415 62,281 60.694 .585 47.1L45 32,544 -19.311
388.36 8,475 62.729 60.787 .T54 47.067 31.752 -17.868
388.36 8.475 62.729 60.787 .75k 46,654 31,752 -17.868
400 "8.510 62.980 60.847 .853 46.590 31.306 -17.104
432.02 8.555 63.637 - 61.030 1.126 46,394 30.089 -15.221
500 8.650 64.890 61.466 1.712 45,868 27.572 -12,051
600 8.730 66.480 62.178 2.581 45,232 23.969 -8,731
700 8.780 67.830 62.893 3,456 4L 653 20.472 -6.392
717.824 8.785 68,051 63.018 3.613 44,554 19.858 -6.046

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - moneclinlc transition point of S;

388.36 X, melting point of S; AH® = 0.413 kcal/mol.
. 432.02 K, second order transformation of 8; A4H® = 0 kecal/mol.
717.82& K, boiling polnt of S to equilibrium mixture of Sn {n=1to 8).

Heat capacity (eal/mol-K) and enthalpy (kecal/mol)} equations:

298.15-2C00 K:

Ho- Hgse =

Cp® = 8.875 + 0.036x707°T - 0,608x10°T"2

Formaticn equations (kcal/mol):

298,15-368.3 X:
368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHfe
AGfe
AHf @
AGf?®
AHT 2
AGP®
AHf®
AGE®

[UON I | I | IO [N /A |

48.
48,
u7.
47.

31
31
21
21

338
338
223
223
.065
.065
.586
.586

8.875x107°T + 0.018x107°T* + 0.608x10%T7! - 2,852

- 3.196%1073*T - 0.019x107°T2 + 34,7007 !

+ 3,196%x1073T1nT + 0.0719x107%T2 + 17.350T"! - 61,901x1073T
-~ 0.933x107°T - 1.765x107€T2 + 190.300T"'

+ 0.933x107%T1InT + 1.765x107°T2 + 95.150T" ! - 46. 718x107 T
+ U3,807x107°T - 45.047x107°T? + 2092.500T"}

AH® = 0.096 kcal/mol.

- U43.807x1073T1nT + 45.047x107°T? + 1046.250T ' +- 238. 511x10 T

+ 39,901x1073T - 25,235x107°T% + 5319,000T"*

- 39.901x107°TInT + 25.235x107°T? + 2659.500T"' + 236.663x107°T



192 Lu

Lus(g)

Lutetium Monosulfide (ldeal gas)

Sources: Enthalpy of formation
by Mills (80).

at 298 K based on Franzen (41).

Other data are those estimated

[Reaction:  Lu(eg,l) + 0.55,(g) = LuS(g)]
cal/mol «K kecal/mol ‘
T,K : - Log Kr
Cp® g° ~(GO~ H3,.4)/T  He- HY,, AHp® AGre
298.15% 8.200 60.520 60.520 0 32,145 25.858 ~18.954
300 g8.210 60.570 60.520 015 32,1 25.819 -18.,809
400 8.510 62,980 60,847 .B853 31.939 23.740 -12.97
500, 8,650 64,850 61,466 1.712 31.741 21.718 -5.493
600 B.730 66.480 62.178 2.581 31.538 19.728 -7.186
700 8.780 67.830 62.893 3.456 31.328 17.777 =-5.,550
800. 8.810 69.000 63.581 4,335 31.101 15.864 ~-4,333
900 8.830 70.040 64, 243 5.217 30.854 13.971 f3.393
1000 8.850 70.970 64,868 6.102 30.584 12.113 ~2.6U47
1100 8,860 71.820 65.468 6,987 30.283 ‘10.269 -2.040
- 1200 8.880 72.590 66.028 7.874 29.951 8.469 -1.542
1300 8.880 73.300 “R.560 8.762 29.581 6.689 =1.125
1400 8.890 73.960 - bt.066 9.651 29.170 4,951 -.773
1500 8.500 4,570 67.543 10,541 o 28.712 3.242 - u72
1600 8.910 75.150 - £8.005 11,432 28.205 1.549 -.212
1700 8.910 75.690 68.441 12.323 | 27.640 -.110 014
1800 8.920 76.200 68.859 13.21%4 27.022 -1.71% .208
1900 B.930 76.680 69.255 14,107 26,342 -3,295 .379
1936 8,930 76,848 69.395 14,428 26.084 ~-3.862 LU36
1536 8.930 76,848 69,395 14,428 21.627 -3.862 . LU36
2000 8.930 77.140 69.640 TS.OOO 21.162 -4.683 ~.512
*Data except enthalpy of formation at 298 X estimated.
Phase change: 1936 K, melting point of Lu; AH° = 4,457 keal/mel.
Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:
298.15-2000 K: Cpe = 8,875 + 0.036x107°T - 0.608x105T"2 .
He- HE,, = 8.875x107%T + 0.018x107°T? + 0.608x102T™! - 2.852
Reactlon eguations (kecal/mol) : '
298.15-1936 K: AHr® = 31.549 + 0.807x107°T - 1.896%1078T2 + 156.150T ¢}
AGre = 31.549 - 0.807x107°TInT + 1.896x1078T2 + 78.075T7! - 15.938x107°T
1936~-2000 K: AHr® = 35,208 - 6.747x107°T - 0.142x107°T? + 26.650T!
AGre = 35,208 + 6.7H7x1077TLInT + 0.142x107%T2 + 13,325T"!' - 71.578x107°T



‘Mg 193

Mgs{c)
‘Magnesium Sulfide
[Formation: Mg{e) + S5(c,1) = MgS(c)]

cal/mol -K ' keal/mol
T,K - ' : Log Kf
- Cp® Se ~{G%- Hg,4)/T He- Hg,, sHf® AGfe
298.15 10.890 12.030 12.030 ] ~82.630 ° -B1.604 59.817
300 10.910 12.097 12.030 020 -82.631 -81.597 59,442
368.3% 11.231 14,371 12.259 .T78 -82.671 . -81.359 - .u8.278
368.3 11.231 14.371 : 12,259 778 -82.767 ~81.359 48,278
388.136 11.325 14,969 12,384 1,004 ~B2.784 -81,281 45,740
388.36 11.325 14,969 12,384 1.004 . -83.197 . -B1.281 ©45.TUO
400 11.380 15.304 12.46Y 1.136 -83.225 - -81.223 44,378
432,02 11.482 16.184 12.708 1.502 -83.323 -81.060 41.006
500 11,700 17.879 13,297 '2.291 -83.646 ~80.677 35.263
‘600 11.930 20,034 14,246 3.473 - -83.987 " -B80.046 29.156
" 700 12.080 21.885 15,208 4,674 -84,280 -79.365 24.779
717.824 "12.100 22.189 15.377 L.889 -84, 328 -79.239 24.125

*Data above 320 K estimated, '

Phase changes:

368.3 K, orthorhombi¢ - monocliniec tranaition point of S; AH® = 0.096 kecal/mol,
388.36 K, melting point of §; AH® = 0,413 kcal/mol. K .
432.02 K, second order transformation of S; AH® = 0 kcal/mol. :

717.824 K, boiling point of 5 to equilibrium mixture of‘Sh (n =1 to8).

Heat capacltyb(cal/mol-K) and enthalpy (kcal/mol) equations:

.298.15-2500 K:

Cp® = 11.579 + 0.922x107*T - 0.856x10°T"2
Ho- HZ,, = 11.579x107°T + 0.461x107%T% + 0.856x102T"! - 3.780

Formation equations {kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

385.36*&32.02

K:

432.02-717.824 K:

AHfe
AGFe
AHf®
AGfe
AHf @
AGfo
AHf®
AGE®

-81.941 ~ 1.738x107 3T + 0.790x107%T* - 71.900T"!

-81.941 + 1.738x107%T1nT - 0.790x107T? - 35.950T"} - 8. 133x10"T

-83,056 + 0.525x107°T - 0.956x107°T2 % 83,7007 !}

~83.056 -~ 0.525%107°T1nT + 0.956x1075T% + 41, 8507 + 7. 050x10 a7

~99.214 + 45, 265%x107T - 44.238x107¢T2 .+ 1985.900T !,

-99.214 - 45,265x10"*TlnT + 44,238%10" §T2 + 992.950T! + 292.279x107°T
-108.693 + 41.359x107°T - 24.U426x107¢T* + 5212.400T"} :

~108.693 ~ 41.359x107°TlnT + 24.426x107°T? + 2606.200T7! + 290.431x107°T .

1



194 Mg

MgS{e)
Magnesium Sulfide
[Reaction: Mg{e,1l,g) + 0.5S5,(g) = MgS(e)]

cal/mol K keal/mol
T,K ~ Log Kr
Cpe 8o —(G°~ H3g¢)/T Ho- H3,y aHp° AGre
298.15 10,890 12,030 12,030 0 ~-97.985 -91,118 66.790
300 10,910 12.087 12.030 .020 -97.983 -51.074 66.346
400% 11,380 15.304 12.464 1.136 - ~97.878 -88.789 48.511
500 11.700 17.879 13.297 2.291 -97.713 -86.530 37.822
600 11.930 20.034 14,246 3.473 -97.681 -84, 287 30.701
700 12,080 21.885 15,208 4,674 -37.605 -82.060 25,620
800 12.190 23.505 16.1L46 5.887 -97.5U49 -79.847 21.813"
900 12,300 24,947 17.045 T.112 . -97.515 -77.631 18.851.
922 12.322 25.244 17.237 7.383 ~97.510 ~77.149 18.287
922 12.322 25,244 17.237 7.383 -99.549 -77.149 18.287
1000 12,400 © o 26.248 17.901 8.3u7 ~9G.641 ~75.250 16.446
1100 12.511 27.436 18.716 9.592 -99.61u3 ~72.816 14,467
1200 12.620 28.529 19.488 10.849 ~ -99.668° ' -70.377 12.817
1300 .o1z2.727 29.543 20.223 12,116 -959.,705 -67.923 11.419
1363 12.792 30.147 20.668 12,920 -99.739 -66.401 10,647
1363 12.792 30.147 ' 20.668 12.920 -129.989 ~66.,401 10,647
1400 12,830 30.490 20.923 13.394 -129,870 -64.677 10,096
1500 12,924 31,379 21.591 14,682 -129.540 -60.034 8.T4T
1600 13.020 32.216 22.229 15.979 -129,206 ~55.411 . 7.569
1700 13.124 33.008 22.840 17.286 -128.866 ~-50.809 6.532
1800 13,220 33,761 23.425 18.604 ~128.516 -46,226 5.613
1900 13.300 34,478 23.989 19.929 -128,163 -41.665 4,792
2000 13,390 35,162 24,530 21.264 - -127.803 -37.119 4,056

*Data above 320 K esatimated.

Phase changés: 922 K, melting point of Mg; AH® = 2,139 kcal/mol.
1363 K, bolling point of Mg; AH® = 30.250 keal/mol,

Heat capacity (cal/mol-K) and enthalpy (kcéal/mol) equations:

298.15-2500 K: Cp® = 11.579 + 0.922x1073T - 0.856x105T"2
Ho- H2ae = 11.579x1073T + 0.U461x107°T2 + 0.856x102T"! - 3.780

Reaction equations (kcal/mol}:
298.15-922 K: AHre -98.730 + 2.264x107%T - 1.087Tx107%T2% + L49.550T !

ACre = =-98,730 - 2.264x107°T1lnT + 1.087x107°%T% + 24,7757 + 37.830x107°T
922-1363 K: AHre = ~100.053 + 1.399x1073T - C.773x107%T2 - 212,150T"!
ACGre = -100.053 - 1,399x107°TInT + 0,773x107°T* - 106.Q75T"' + 33.798x107°T
1363-2000 K:  AHre = ~133.911 + 2,439x107°T + 0.301x107%T? + 51.450T ¢
. AGre = =133.911 - 2.439x107°T1nT - 0.301x107 T2 + 25.725T7! + 67.544x107°T

Source: Data from Chase (17) who estimated all above 320 K.



MgS(g)

Magnesium Sulfide (ideal gas)

Mg 195

[Formation:  Mg(e) + S(c,1) = Mg3(g)]
cal/mol -K keal/mol
T,K Log Kf
| Cpe " ge ~(GO- H8,¢)/T He- Hg,, AHf© AGE®

298.15 8.269 53.866 53.866 ¢ 34.710 23.263 =17.052
300 8,281 53.917 53.867 015 34,704 23,192 -16.895
368.3 8.823 55.660 54,041 .596 34,488 20,593 -12.220
368.3 8.823 55.660 54,01 .596 34,392 20,593 -12.220
388.36 8.983 56.132 54,137 LI75 34.327 19,844 -11,167
388.36 8.983 56.132 54.137 175 33.914 19.844 ~11.167
400 9,075 56.399 54,199 .880 33.859 19.423 -10.612
432,02 g, 45y 57.112 54.389 1.177 33.691 18.273 -g.244
500 10.259 58.545 54,857 1,844 33.247 15.883 ~-6.942
600 ‘ 1.567 60.533 55.640 2.936 32.816 12,457 -4,538 ‘
700 12.605 62.399 56.473 4,148 32.534 9.089 -2.838
717.824 12,706 62.717 55.62H 4.374 32.496 B.493 -2.586

Phase changes:

368.3 K, orthorhombi¢ - monoelinic transition point of S;
388.36 X, melting point of S;
432.02 K, second order transformation of S;

AH® = 0.413 keal/mol.
AH® = 0 kcal/mol.

717.824 K, bolling point of S to equilibrium mixture of Sh (n=1t¢to8).
Heat capacity (cal/mol+K) and enthaipy (kcal/mol) equatiocns:
298.15-2500 K: Cp® = 13.623 -~ 1.210x1073T ~ L4.436x105T"2

He~ H34, = 13.623x107°T - 0.605x107 €T2 + 4,439x1023T"! - 5 497

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388,36 K:

388.36-432.02 K:

(AHfe

432.02-717.824 K:

AGfe
ARf®
AGfe
AHf©
AGT o
AHf®
AGre

wonounonou

33.683
33.683
32.568
32.568
16.409
16.409 -

P

2.569x107°T - 2.022x107°T2 + B42,000T !

2.569x1073TLlnT + 2.022x107°T? + 227.000T7" - 19.716x107°T

aH® = 0.096 keal/mol.

-0.306%x107°T - 0.276x107°%T% + 286.400T72
0.306x107°TlnT + 0.276x107°T% + 143.200T" ! - 34. 899x10_’T

4T7,309%107°T - 45,304x107°T2 + 2344,200T77"
47.309x107°TInT + 45.304x107°T2 + 1172,100T" ! + 265.512x107°T
6.931 + 43.403x107?T - 25,492x107%T2 + 5570.700T"!
6.931 - 43.403x1073T1nT + 25.492x107€T? + 2785.350T % + 263.665x107°T



196 Mg

MgS(g)
Magnesium Sulfide (idezl gas)

[Reaction: Mg(e,1l,g) + 0.55,{(g) = MgS(g)]
cal/mol K keal/mol
T,K Log Kr
Cp® 8o -(Go- Hg,,)/T Ho- HY,, AHro AGre )
298.15 8.269 53.866 53.866 0 19,355 13.749 ~10.078
300 8.281 53.917 53.867 .015 19.352 12.715 -9.991
400 9,075 56.399 54,199 .880 19.208 11.857 -6.478
500 10.259 58.545 54,857 1.844 19,120 10.030 -4,384
600 11.567 60,533 55.640 2.936 19,122 8,217 -2.993
700 12,605 62,399 56.473 b,148 19,209 6.394 ~1.996
800 13.169 64.125 57.32H 5,441 19,344 1,551 -1.243
900 13,287 65.686 58.167 6.787 19,480 2.699 -.655
922 13.246 £6.006 58.350 7.059 19,506 2,284 -.5M
g22 13.246 56.006 58.350 7.059 17.367 2.284 ~-.541
1000 13.102 67.078 58,990 8,088 17,840 1,000 -.219
1100 12.758 68.312 59.783 9,282 17.486 -.649 .129
1200 12.361 69.40% 60.540 10,638 17.461 -2.300 L8175
1300 11.969 70.379 §1.260 11:855 17.374 -3.930 661
1363 11.744 70.940 61.695 12.601 : 17.281 -4.981 .T799
1363 11,744 70,940 61,695 12.601 -12.969 -4, 981 .799
1400 11.612 71.253 61.944 13,033 ~12.890 -4,766 JTUL
1500 11.300 72.043 52.591 14.178 -12.705 -4, 194 611
1600 11.033 72.763 §3.204 15.295 -12.550 -3.630 495
1700 10.807 73.425 63.786 16.386 -12.%25 -3.078 .396
1800 10.618 74,037 64,339 17,457 -12.323 -2.530 .307
1900 10,460 74.607 64,864 18.511 -12.241 -1.988 .229
2000 10.328 75.140 65.365 19.550 -12.178 -1.449 .158

Phase changes:

922 K, melting pcint of Mg; AH®
1363 X, boiling polnt of Mg;

2.139 kecal/mel.
AH® = 30.250 kcal/mol.

Heat capacity (eal/mol-K) and enthalpy (kecal/mol) eguations:

298.15-2500 K:

Cp® = 13.623 - 1.210x707°T - 4.439x10°%T72

H°- HE,o = 13.623x107°T = 0.605x1075T2 + 4,439x102T™! - 5,497

Reaction equations (keal/mol):

298,15-922 K:
922-1363 K:

1363-2000 X:

AHre
AGro
AHre
AGre
AHr®
AGr?®

LU wm ononou

16,894 + 4,308x107%T - 2,153x107°T? + L07.850T"!

16.894 - 4.308x107T1nT + 2.153%x107°T? + 203.925T" % + 11,064x107°T
15.570 + 3.442%107?T - 1.839x107°T? + 146.150T!

15.570 - 3.442x107*T1nT + 1.839x107°T? + 73,075T" ' + 7.031x107°T
-18.287 + 4.U83x107°T - 0.765x107°T?* + 409.7/50T '

~18.287 - 4.483x107%TInT + 0.765%x107%T% + 204.875T" ! + 40.778x107°T

Source: Data from Chase (17) who estimated some molecular constants.



Mn 197
MnS{c)
Manganese Monosulfide
[Formation: Mn(e) + S{c,1) = MnS{e)]
cal/mel-K kcal/mol
T,K ' , Log Kf
Cp® se ~(G°- HS,,)/T He~ H%,, . BHP® AGE®
298.15 11.940 19,260 19,200 o . -51.200 -52.360 38.380
300 11.956 19.274 19.201 022 -51.200 -52,367 38.149
368.3 12.278 21.770 19,453 .853 -51.193 -52.635 31.233
368.,3 t2.278 21.770 13.453 .853 -51.289 -52.635 31.233
388.36 12.373 22.424 19.590 1.101 -51.294 =-52.707 29.661
388.36 12.373 22,424 19.590 1.101 -51.707 -52.707 29,661
koo 12,428 22.790 19.678 1.245 -51.729 -52.737 28.814
432.02 12.474 23.749 19.944 1.64Y -51.812 -52.816 26.718
500 12.571 25.582 20.588 2.497 -52.112 ~52.944 23.142
600 12.613 27.878 . 21.618 3.756 ~52.452 -53.080 19.334
700 12,637 29,824 22.654 5.019 ~52.771 -53.162 16.598
717.824 12,644 30.142 22.836 5.244 ~52.826 -53.170 16.188

Phase changes:

Heat capacity (c

"368.3 K, orthorhombic - monoclinic transition peint of §; AH® = 0.096 keal/mol.

388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of $; AH® = 0 kecal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

al/mol-K) and enthalpy (kcal/mol} equations:

298.15-1803 K:

Formation equabti

Cp® = 11.159 + 2.046x107*T + 0.152x10°T"2
Ho~ HZ4s = 11.159x707 3T + 1.023x107°T2 - 0.152x102T"! - 3.367

ons (keal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHFe = -49.816 - 2,653x107°T + 1.033x107°T2 - 204,200T"?

AGEe = =49.,816 + 2,.653%107°3TLlnT - 1,033x107°T2 - 102.100T"! - 22.190x107°T
AHF® = -50.931 - 0.390x1073T - 0.713x1075T2 - LB,6DOT"!

AGP® = -50.931 + 0.390x1073TInT + 0.713x107%T2 ~ 24.300T"! - 7.007x1G7°T

AHf® = -£7.089 + 4L.350x107%T - 43.995x107°T2 + 1853.600T!

AGf® = ~67.089 ~ 44,350x1073TLnT + U43.995x107°T2 + 926.800T" ! + 278.221x107°T
AHf® = =76.568 + HO.B44x107°T - 24.183x107°T2 + 5080,100T"?

AGF® = ~76.568 - LO.44Ux107°T1nT + 24.183x107°T* + 2540.050T7' + 276 37ux10"T



198 Mn

MnS(e,1)
Manganese Monosulfilde
(Reaction: Mn(ec.l) + 0.58,(g) = MnS(c,1)]

cal/mol ¥ x¢al/mol
T,K ' - Log Kr
Cp?® 3° -(G°- Hgge)/T Ho= Hfqg AHP® AGre®

298.15 11.940 19.200 19.200 0 -66.555 -61.873 45.354
300 11.956 19.274 19.201 Q22 -66.552 -61.844 45,053
400 12.428 22.790 19.678 1.2U5 -66.38C =60.303 32,548
500 12,571 25,582 - 20,588 2,497 -66.240 -58,798 25.700
600 12.613 27.878 21.618 3.756 -66.146 -57.320 20.879
700 12.637 29.824 22,650 5.019 -66.096 =55.857 17.439
800 12,679 31,514 23.658 6,285 -66.,08Y -54,396 14.860
900 12,754 33.011 24.615 7.556 -66.103 -52.935° 12.854
980 12.848 34,101 25.346 8.580 -66.133 -51.760 11.543
980 12.848 3410 25.346 8.580 -66.665 =51, 760 11.543
1000 12.8T 34,367 25.524 8.831 -66.677 -51.460 11.2L6
1100 13.036 35.595 26.384 10.132 -66.735 -49.927 9.919
1200 13.251 36.738 27.200 11.445 -66.789 =48.405 8.816
1300 13.518 37.809 27.975 12,784 -66,830 -46.872 7.880
1360 13.711 38.423 25.“23 13.600 -66,850 -L5,942 7.383
1360 13.711 38.423 28.423 13.600 -67.357 T -b45.942 7.383
1400 13.839 38,822 28,714 14,159 " -67.404 -45,313 T.074
1410 13.877 38.921 28,786 14.29% o -6T.415 C-h5.145 6.997
1410 13.877 38.921 28.786 14.290 -67.86L -45.145 6.997
1500 14,214 39.789 29.420 . 15.553 -67.998 -43,697 6.367
1517 14,287 39.950 29.537 15.795 -68.021 -43.412 6.254
1517 14,287 39.950 29.537 15.795 =70.903 o -h3.812 6.254
1600 14,644 49,720 30,098 ©16.996 -71.002 -41,898 5.723
1700 15.129 41,622 30,749 18,484 -71.084 =40.071 . 5.151
1800 15.670 42.502 31.378 20.023 =-T1.117 -38.244 4,643
1803 15, 687 42,528 31,397 ©20.070 -71.117 -38.189 4,629
1803% 16.000 45.967 31.397 - 26.270 -64.917 -38.189 4.629
1900 16.000 46.805 . 32.162 27.822 ' -64.,893 . -36.761 4,228

*Heat capacity of llquid estimated.

Phase changes: 980 K, a - f transition point of Mn; AH® = 0.532 keal/mel.
1360 K, B = Y transition point of Mn; AH® = (0.5037 kcal/mol.
t410 K, Y - & transition point of Mn; AKE® = 0,449 kecal/mol.
1517 K, melting polint of Mn; AH° = 2,882 kcal/mol.

1803 K, melting peint of MnS; AH® = 6.200 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298,15-1803 K: Cp® = 11,153 + 2,0U6x107*T + 0,152x105T"2
Ho- HZ,g = 11.159%1073T + 1.023x1075T% - 0.152x10%T"? - 3.367
1803-1900 K: Cp® = 16.000

He- H2,, = 16.000x107°T - 2.578

Reaction equations (kcal/mol):

298.15-980 K: AHr° = -66,605 + 1.349x107°T - 0.844x7107¢T2 - 82,7507 !

AGre = -66.605 - 1.349%1073TInT + O.844x107%T2 - 41.3757"! + 23.773x107°T
980-1360 X: AHr® = =66.186 - 0.831x107%T + 0.299x107°T? + 4,050T?

AGr® = -66.186 + 0.831x107°T1nT - 0.299x7107¢T% + 2,025T"! + 9.398x107°T
1360-1410 K: AHP® = -66.158 - 0.603x107%T - 0.737x107%T% - u49.350T"!

ACre = =66.158 + 0.603x1073T1nT + 0.137x707°%T2 = 24, 675T"! + 10.452%x107°T
1110=-1517 K: AHP® = =65.906 - 1.191x107*T - 0,.072x107°%T* - 49,350T!

AGr® = -65.906 + 1,191x107°T1nT + O0.072xT07¢T? - 2U,675T"' + 6.094x107°T
1517-1803 K: AHr® = -66.660 - 4,012x107°T + 0.863x107°T2 - U9.350T"!

AGr® = =66.660 + 4.012x107°TInT - 0.863x107°T* - 2L, 67577 - 12.663x107°T
1803-1900 K: AHr® = =65.872 + 0.829x107°T - 0.160x107°T2 = 34,150T"!

AGr® = -65.872 - 0.829x107°T1nT + 0.160x107%T* - 17,075T"! + 21.357x107°T

Sources: Enthalpy of formation at 298 K based on Adaml (1). Entropy at 298 K from Mills (80).

Low=temperature heat eapacities from Anderson (z). High-temperature data based on
Coughlin (25). Heat capacity of liquid estimated.



Mn 199
MnS(g)
Manganese Monosulfide (ideal gas)
[Formation: Mn{c) * S(c,1)} = MnS(g)]
‘ cal/mol X keal/mol
T,X - Log Xf
Cp® o ~(Go= H244)/T He- HS,, AHf® AGE®

208.15%  B.180 57.360 57.360 0o 65.000 52.1463 -38.456
300 8,190 57,810 57.360 .016 64,994 52.386 -38.163
368.3 8.402 56.112 57.526 .584 64,738 4g 542 ~29.398
368.3 8.402 59.112 57.526 584 64,642 49,542 -29.398
388.36 _ B.ub4 59.560 57.620C .753 64.559 48,723 ~-27.419
388.36 B L4 - 59.560 57.620 . 753 BL. 146 ug.723 -27.419
400 8.500 59.810 57.680 .852 64.078 4g.z262 -26.369
432.02 8.545 60. 466 57.863 1.125 63.869 b7.003 ~23.778
500 8,640 61.730 58.310 1.710 63.301 4y.394 ~19.405
600 8.720 ‘ 63.310 59,013 2.5]8 . 62.57C 40.683 -14.819
700 8.770 6Lk.660 59.727 3.453 61.863 37.087 ~-11.57%
T17.824 8.775 64.881 59.852 3.609 . 61.739 36.459 -11.100

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, crthorhombic - monoclinic transition point of 5; AH® = 0,096 kecal/mol.
388.36 X, melting point of S; AH® = 0.413 kecal/mol.
432.02 K, second order transformation of S; AH® = Q0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn {n=1to 8).

Heat capacity {cal/mol-K} and enthalpy (kcal/mol) equations:

298,15-2000 K: Cp° = 8.877 + 0.032x107%T - 0.627x10°T "2
He~ HS4s = 8.877x107°T + 0.016x107%T2 + 0.627x102T"! - 2.858

Formation equations {(keal/mol):

298.15-368.3 K: AHf® = 66.893 - 4,935x107°T + 0.026x107%T? - 126,300T"!

AGL® = 66.893 + 4,935x107°TlnT - 0.026x107°T* - 63.150T"' - 75.797x107°T
368.3-388.36 K: AHf® = 65,778 -~ 2,672x107°T - 1,720x107°T? + 29.300T"!

AGFe = 65,778 + 2.672x107*T1InT + 1.720x107°T* + 14.650T ! - 60 614x107°T
388.36-432.02 X: AHf® = 49,619 + 42,068x1073T - 45,002x107°T? + 1931.500T"! .

: AGFe = 49,619 - 42,068x10"°T1nT + 45,002x107°T% + 9565.750T"! '+ 224.615%10" 3T

432.02-717.824 K: AHF® = 40.141 + 38.162x107°T - 25.190x107%T? + 5158.000T !

AGf® = 40,147 - 38.162x107°T1nT + 25,19Cx107°T? + 2579.000T" + 222.767x107°T



200 Mn

MnS(g)
) Manganese Monosulfide (ideal gas) :
[Reaction: Mn(c,l) + 0.58,(g) = MnS(g)]

cal/mol *K keal/mol

T,K . Log Xr
cp® s° -{G°- H$s,)/T H°- Hi.y Adre AGre
298.15* 8.180 57.360 57.360 ¢ Ug,6L5 42,949 -31.482
300 8.190 57.410 57.360 .016 49.642 42,909 -31,259
400 8.500 59.810 57.680 .852 49,427 40.696 -22.,235
500 8.6uc 61.730 58,310 1.710 49,174 38.541 -16.846
600 8.720 63.310 59.013 2.578 48.876 36.442 -13.274
700 8.770 64.660 59.727 3.453 48.538 34,392 -10.738
800 8.800 65.830 60.415 4.332 L8.164 32.398 -8.851
900 8.830 66.870 61.077" 5.214 47.755 30.449 -7.394
980 8.846 67.621 61.579 5.921 47.408 28.931 -6.452
980 8.846 67.621 61.579 5.921 L6, 876 28.931 -6.452
1000 8.850 67.800 61.702° 6.098 46,784 28.562 -6.242
1100 8.860 68.650 © 62.302 " 6.983 46.317 - 26.764 -5.317
1200 8.870 69.420 '+ 62,862 7.870 . 45.837 25.002 -4.553
1300 8.880 70,130 63.394 8.757 45,343 23.283 -3.914
1360 ‘ B8.886 70.532 ' 63.701 9.290 45.041 ‘ 22.280 -3.580
1360 - B.88B6 70,532 63. 701 9.290 44,531 22.280 -3.580
1400 8.890 70.790 63,900 9,646 4n,292. 21.627 -3.376
1470 8.89 70.853 63. 949 - 6.735 4y, 230 © 21,475 -3.329
1470 8.891 70.853 63.949 - 9.735 43,781 21.475 -3.329
1500 8.900 - 71.400. 64.377 10.535 43,185 20.069 -2.924
1517 8.900 71.500 64.456 10.686 43.070 19.817. .'=2.855
1517 8.900 71.500 4. 54 10.686 40.188 19,817 . ~2.855
1600 8.900 71.980 64,839 11,425 39.627 18.715 -2.556
1700 8.910 72.52¢ - 65.275. 12.316 : 38.949 17.434 =2,241
1800 8.910 73.020 = 65.683 13.207 38.268 . 16.208 -1.968
1900 8.920 73.510 = 66.089 ~ ° 14.099 37.584 14,977 -1.723
2000 8 -1.511

.920 73.960 , 66.465 14,997 36.897 13.832.

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 980 K, a - B transition point of Mn; AH® = 0.532 keal/mol.
1360 K, 8 - Y transition point of Mn; AH® = 0.507 kcal/mol.
190 K, Y = & tranaition point of Mn; AH®° = 0.449 kecal/mol.
1517 K, melting point of Mn; AH® = 2.882 keal/mel.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equaticns:

298.15-2000 K: Cp° = B8.877 + 0.032x107°T - 0.627x10°T"*
H°- H%3,5 = B.B7Tx107°T + 0.016x107°T2 + 0.627x10%T"* - 2.858

Redction equations (kcal/mol):

298.15=980 K: AHr® = 50,104 - 0.933x107°T - 1.851x107¢T? - 4_850T"?
AGr® = 50.104 + 0.933x107°TInT + 1.851x1075T% = 2,42577! - 29,83Ux107%T
980-1360 K: AHP® = 50.523 - 3.113x107%T - 0.708x107°T* + B1.950T"}
AGr® = 50,523 + 3.113x107TInT + 0.708x107°T2 + 40.975T7 " - 44,208x10"°T
1360-1410 K:  AHr® = 50.550 - 2.885x107°T - 1.144x107¢T2 + 28.550T"!
. AGr® = 50,550 + 2,885x70°°TInT + 1.144x10~ST* + 14,275T1 = 43.154x10°°T
1410-1517 K:  AHr® = 50.802 = 3.473x107°T - 1,079x107°T? + 28.550T"!
AGr® = 50.802 + 3,473x107°TInT + 1.079x1075T% + 14,275T"? - L47.513x107°T
1517-2000 K:  AHr® = 50.048 - 6,294x107°T = 0.144x107%T2 + 28.550T"!
‘AGr® = 50.048 + 6

<294x107TINT + 0. 14Ux107ET2 + 14.275T7* -~ 66,259%x107°T

Source: Data from Mills (80) who estimated all except enthalpy of formation at 298 K.



Mn 201

MnS,; (c)
Manganese Disulfide
[FormatiOn Mn{c) + 28(e¢,1) = MnS, ()]

. cal/mol +X kecal/mol
T,K - - Log Kf
Cpe 50 -(G®~ H2,,)/T H°- HZ,, AHf® AGE®
298,15 16,750 23,880 ‘ 23.880 0 ‘ ~53.500 -53.7M 39,14
300% 16.770 23,980 23.880 .031 ~53.501 ~53.771 39.172
368.3 17.405 27,501 | 2,236 1:203 . ~53.537 -b3.832 31.944
368.3 17.405 27.501 24,236 1.203 ~53.729 -53.832 31.944
388.36 17.592 28.429 24,428 1.554 ~53.750 -53.836 30.296
388.36 . 17.592 28.429 2b, 428 1,550 ~54.576 -53.836 30.296
400 17.700 28.950 24.553 1.759 ~54.625 ~53.814 29,402
432.02 17.911 30.321 24.930 2.329 -54.800 -53.743 27.187
500 18.360 32,970 25.841 3.563 ~55.393. -53.521° 23.1394
600 18.910 36.370 27.325 5.427 ~55.985 ~53.091 19,338

700 19.400 39.320 28.830 7.343. ~56.451 -52.572 16.113

*Data above 298 K estimated.

Phase changes: 368{3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
‘ 388.36 K, melting point of S; AH° = 0.413 keal/mol.
432.02 K, second arder transformatlon of S; AH® =0 kcal/mol

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-700 K: Cpe = 16.664 + 4.220x107°T - 1.042x10°T"2
He- Hg,, = 16.664%107°T + 2.110x107°T2 + 1,042x102T"} ~ 5.505

Formation equations (kcal/mol):

298.15-368.3 K:  AHf® = -51.448 - 5 322x107°T + 3.83Tx107ST% - 240, 400T™*
© AGF® = -51.448 + 5.322x107°TinT - 3.837x107°T? - 120.200T" % ~ 35. 617%1073T
368.3-388.36 K:  AHf°® = =53,678 ~ 0.796x107°T + 0.345x107°T? + 70.800T"! ,
AGE® = -53.678 + 0.796x10™°TInT - 0.345x107°T2 + 35.400T"! - 5.251x107°T
388.36-432.02 K: AHf® = -85,995 + BB.68Ux107°T - B6.219x1075T2 + 3875,200T !
‘ AGfe = =85,995 ~ BB,68Lx107°TInT + 86.219x107°T2 + 1937,600T"! + 565,206x107°T
432.02-700 K: - AHf® = ~104.952 + B0.872x107%T - 46,505x107%T2 + 10328.200T"!
U 8Gfe = ~104.952 - 80.872x1077TInT + U6.595x1075T7 + 5164,100T"" + 561. 511%107°T



202 Mn

Manganese Disulfide

MnS, (e)

[Reaction: Mn(c) + 8,(g) = MnS,(c)]
cal/mol -K kcal/mal
T,K Log Kr
Cp® Se =(G°= H3,,)/T H°- HZ,, AHre AGre
298,15 16.750 23.880 23.880 0 -84, 210 ~72.798 53.362
300% 16.770 23.980 23.880 .031 -84.205 ~72.726 52.980
Loo 17.700 28.950 24,553 1.759 -83.927 -68.945 37.669
500 18.360 32.970 25,844 3.563 -83.648 -65,228 28,511
600 18,910 36.370 27.325 5.427 -83.374 -61,572 22,427
700 19.4C0 39.320 28.830 7.343 -83.101 -57.962 18.096

¥Data above 298 K estimated.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) egquaticns:

298.15-700 X

Cp® = 16.664 + 4.220x107°T ~ 1.042x1057"2
H°~ HS,, = 16.664x107°T + 2.110x1075T2 + 1.042x102T"! - 5.505

Reaction equations (kcal/mol):

298.15-700 K:

Source: Data from Milla (80) who estimated all above 298 K.

AHp®
-AGre

-85.026 + 2,683x1077T + 0.083x107°%T2 + 2,500T"!

-85.026 - 2, 683x10 ITinT - 0.083x107°%T2 + 1,250T"! + 56,309x107°T



Mo 203
MaoS,(c)
Molybdenum Disulfide
[Formation: Mo(e) + 25{c,1) = MoS,(¢c)]
cal/mel+K ' kezal/mol
T,K - - - - —_——— Log Xf
Cp® g0 -(G®- H9,,)/T K= H2,, AHF® AGE®
298,15 15.190 14,955 14,955 0 -66.000 63,848 46.801
300 15.220 15.049 14.956 .028 -66,003 -63.835 46.503
368.3 16.074 18.278 15.278 1.106 ~-66,092 -63,332 37.581
368.3 16.074 18.278 15.278 1.106 ~-66.284 -63.332 37.581
388,36 16.324 19,138 15.455 1.430‘ ~-66.316 ~53.169% 35.548
388.36 16.324 19.138 15.455 1.430 ~67.142 -63.169 35.548
400 16.470 19.622 15.569 1.621 -67.197 -63.049 . 34, 448
432.02 16.688 20.899 15.918 2.152 -67.385 -62.711 3,724
500 17.150 23.376 16.768 3.304 ~67.995 ~61,922 27.066
600 17.590 26.543 18.140 5.0L2 -68.59% ~60.648 22.00
700 17.930 29.281 19.541 6.818 ~-69.057 ' =59._285 18.509
717.824 17.982 29.732 19.788 ' 7.138 -69.126 -59.034 17.974

Phase changes:

368.3 X, orthorhombic - monoelinie transition point of S; AH¢ = 0.096 keal/mol.
388.36 X, melting point of S; AH® = 0.413 keal/mol. .

432.02 K, second order transformation of 5; AH® = 0 kcal/mol, ‘

717.824 K, boiling point of 8 to equilibrium mixture of Sn (n=11%to 8).

Heat capaclty (cal/mol:K) and enthalpy {(keal/mol) equations:

298.15-2000 K:

17.132 + 1.784x107°T ~ 2.199x1053T"2
17.132x107°T + 0.892x107°5T* + 2.199x10%T"! - 5,925

Cp®
He- HS44

Lo

Formation equations (keal/mol):

298.15-368.3 K:
368.3-388.36 K:
388,36-432.02 K:

432.02-717.824 K: AHfe

-118.60Y4 + 82.601x1073T - H7.291x1075T2 + 10536,500T !
-118.604 - 82.601x107*TInT + 47.291x107%T% + 5268.250T ' + 581.973x107°T

AHf® = ~65.100 -~ 3.593x1073T + 3,1U1x107€T2 - 32,100T7!

AGF® = =65.100 + 3.593x107*T1nT - 3.141x107€T% ~ 16.050T ! - 15.155%107°T

AHf® = =§7.331 + 0.933x107°T - 0.351x107%T2 + 279.100T"!

AGF® = -67.331 - 0.933x107?T1nT + 0.351x107°%T? + 139.550T" % + 15.211x107°T
AHf® = -99.647 + 90,.413x107°T - 86.915x107°T% + 4083.500T"!

ACf® = =99.647 - 90.413x%107°TlnT + 86.915x107°T2 + 2041.750T™' + 5B5.667x107°T

AGFe



204 Mo

Ma8,(e)

Molybdenum Disulfide

[Reaction: Mo(e) + S,(g) = MoS,(c)]
cal/mol+K kcal/mol
T,K - Log Kr
Cp® 8 ~(G°= HZ,,)/T He~ H%,, AHre aGre
298.15 15.190 14.955 14.955 0 -96.710 -82.876 60.749
300 15.220 15.049 14,956 .028 ~96.707 ~82.789 60.311
koo 16.470 19,622 15.569 1.621 ~96.499 ~78.181 42.715
500 17.150 23.376 16.768 3.304 -96.250 ~73.628 32.183
600 17.590 26.543 18.140 5.042 ~95.985 -69.130 25.180
700 17.930 29.281 19.541 6.818 ~95,707 ~64.675 20.192
800 18.220 31.685 20,913 8.626 -95.419 -60.261 16.462
300 18.470 33.855 22.232 10.461 -95.123 ~55.885 13.571
1000 18.700 35.813 23.493 12.320 -94, 821 ~-51,541 11.264
1100 18.910 37.605 24.696 14,200 -94.520 -47.228 9.383
1200% 19.120 39,260 25.8L2 16.102 -94,218 ~42.941 7.820
1300 19.320 40.798 26.933 18.024 -93.920 -38.680 6.503
1400 19.520 -42.237 27.976 19.966 -93,626 -34.401 5.376
1500 19.710 43.591 28.973 21.927 -93.338 =30.227 4. 404
1600 19.900 LY B69 29.927 23.908 .-93.054 ~26,027 3.555
1700 20.090 46,081 30.842 25.907 -92.781 -21.847 2.809
1800 20.270 47.234 31.720 27.925 -92.51% =17.680 2.147
1900 20,460 48,335 32.566 29.962 ~92.262 -13.530 1.556
2000 20.640 49,1389 33.381 -92,022 -9.392 1.026

32.017

*Data extrapclated above 1200 K.

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equaticns:

298.15-2000 K:

Cp®
He- Hgsa

[ "

Reaction equations (kecal/mol):

298.15-2000 X:

AHre®
AGre

17.132 + 1.784x107°T ~ 2,199x10°T™*
17.132x107°T + 0.892x107%T2 + 2.199x102T"! -~ 5,925

-98.678 + 4.412x1073T - 0,613x107%T? + 210.800T"*

-98.678 - H.412x107%T1nT + 0,613x107°T2 + 105.400T"* + 76,771x107°T

Source: Data from Chase (17) who extrapolated data above 1200 K.



Mo 205

Mo,S,(¢c)
Dimolybdenum Trisulfide
[Formaticn: 2Mo(e) + 3S(c,l) = Mo,S,(c)]

cal/mol +K keal/mol
T,K Log Kf
) Cp® Se -(Go= H$,¢)/T Ho- HZ,, AHfe AGF®
2968.15 26.122 27.480 27.480 0 ~97.300 ~0Y4.556 69.311
300% 26,168 27.642 27.482 .ou8 ~97.304 -~gL4.540 68.871
368.3 27.470 33.167 28.036 1.888 -97.414 -93.899 55.719
368.3 27.470 33.161 28.036 1,868 -97.702 -33.899 55.719
388.36 27.852 34,628 28.339 2,443 -Q97.742 -93.689 52.723
388.36 27.852 34.628 28.339 2.U43 ~08.981 -33.68% 52.723
400 28.074 35.45) 28.534 2,768 -99,058 ~83.530 51.102
432.02 28.492 37.632 29.129 3.674 ~99.326 -93.079 47,086
500 : 29.380 41.865 30.577 5.644 ~100.207 -92.016 40,220
600 30.449 47.319 32.924 8.637 -101,035 ~-80.296 32.890
700 31.407 52.085 35.328 11.730 -101.616 -88.,155 27.617

T717.824 31.567 52.877 35. 754 12,29 ~-101.696 -88.,118 26,828

¥Data above 298 K eatimated. Mo,S, metastable below 900 K.

Pnhase changes: 368.3 K, orthorhomblc - monoelinic transition point of S; AH® = 0.096 keal/mol.
. 388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of S, (n=11to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2080 X: Cp® = 26.360 + 7.880x107%T - 2.300x10%T"2
He- HZ,, = 26.360x107°T + 3.940x107°T% + 2,300x10*T"% - 8.981

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = -95.438 ”6@916x10"T + 6.721x107%T% ~ 118.400T}
AGF® = -95,438 +%6.916x107*T1nT - 6.721x107%T2 - 59.200T"! - 33.776x107°T

368.3-388.36 K:.  AHf® = ~-98.784 - .0.127x107°T + 1.483x1075T2 + 348.400T"?
AGE® = -98,784 + 0.127x107°T1nT - 1.483x107°T2 + 174,200T77% + 11.773%107°T
388.36-432.02 K: © AHf® = ~147.259 + 134.093x107%T - 128.363x107°T? + 6055.000T "
AGE® = =147.259 - 134.093x107°TlnT + 128.363x1075T2 + 3027.500T77' + 867.458x107°T
Y32,02-717.824 X: AHf® = -175.695 + 122.375x107°T ~ 68.927x1075T2 + 15734,500T"*
r AGFe = -175.695 - 122,375x107°*T1nT + 68.927x107%T% + 7867.250T % + 861.916x107°T



206 Mo

Mo,S,;(c,1)
Dimolybdenum Trisulfide

[Reaction: 2Mo(e) + 1.58,(g) = M0,5,(c,1)]
cal/mol-K keal/mol
T,K -_— - Log Kr
Cp® Se. ={G%= H$4,)/T He= H%44 AHPre AGr®
298.15 26,122 27.480 27.480 0 -143,365 ~123.097 90,231
300%* 26.168 27.642 27.u482 .0L8 -143.360 -122.9T1 89.583
400 - 28,074 35.454 28,534 2.768 -143.011 -116.227 63.503
500 29,1380 41,865 30.577 5.64Y -142.590 -109.576 47.895
600 30.449 47.319 32.924 8.637 -142.118 ~-103.018 37.524
T00 31.4807 52.085 35.328 11.730 147,591 ~096.541 30.11
800 32.305 56.338 37.693 14.916 -141.010 -90.144 24,626
900 33.168 60.1393 36.982 18.190 -140,374 -83.825 20,355
1000 - 34.010 63.732 42,183 21,549 -139.685 -77.580 16.955
1100 34,8338 67.012 44,293 24,991 ~138.954 -71.,404 14.186
1200 35.656 70.078 L6,.315 28.514 -138.178 -65.2914 11.891
1300 36.468 72.964 ug.254 32.123 ~-137.364 -59.254 9.961
1400 37.275 75.697 50.118 35.810 -136.514 -53.276 8.317
1500 38.078 78.296 51.911 39.577 -135.632 47,365 6.90%
1600 38.878 80.779 53.638 43.425 -134.712 -41,507 5.670
1700 35.676 83.160 55.305 47,353 . =133.767 ~-35.711 4,501
1800 40,473 85,150 56,97 51,360 -132.7%2 -29.969 3.639
1900 41,268 87.660 58.477 55. U447 ~131.797 -24,286 2.794
2000 42.062 £89.797 59.95%0 ©59.614 -130.782 -18.653 2.038
2080 42,697 91.459 61.169 63.004 ~129.956 -14.185 - 1.490
2080 37.500 106.363 61.169 94,004 -98.956 -14.185 1.490
2100 37.500 106.721 61.600 94,754 -98,854 -13.369 1,391
2140 37.500 107.429 62.450 96,254 -98.659 11,743 1.199

*Data above 298 K estimated.

Phase changes: 2080 K, melting point of Mo,S,;
2140 K, decomposition point of Mo,S;.

Mo,S,; metastable below 200 K.

AH® = 31.b00kcal/mol.

Heat capacity (cal/mol-X) .and enthalpy (kecal/mol) equations:

298.15-2080 K: Cpe®
He= His,
2080-2140 K: Cp*
He- Higs

u W an

26.360 + 7.880x107°T ~ 2.300x10°T"2

26.360x107°T + 3,9L0x107°T% + 2.300x10%T"" - 8.981

37.50

0

37.500%107°T + 16.004

Reaction equations (kecal/mol}:

298.15-2000 K: AHre® =
AGre =
2000-2080 K: AHre =
AGre =
2080-2140 K: AHpre =
AGpo =

-145,805
~145.805
~142.730
-142.730
~117.745
=117.745

+
+
+

Source: Data from Chase (17) who

5,091x107°T + 1,090x107°T% + 245,950T"!

5.091%107°T1nT - 1.090x107°T? + 122.975T ' + 104, 113x107°T

3.341x107°T + 1.420x1078T2 - 15471..600T !

3.341%107°TInT - 1.420x107°T* - 770.800T"" + §0.154x107°T
14.481x1073T - 2.520x107°5T2 - 1771.600T"*
14,481%107°T1nT + 2.520x107°T2 - B885.800T"' + 155.084x107°T

estimated all above 298 K.



N 207
N3(g)
Nitrogen Sulfide {ideal gas)
[Formation: 0.5N,(g) + S{c,1) = N5(g}]
cal/mol K kcal/mol 7
T,K Log Kf
Cpe 8@ -(Go- Hg,4)/T Ho- Hf,, AHf® AGE®
298.15 7.599 53.057 53.057 0 63.300 56.588 -41.480
300 . 7.600 53.104 53.057 .014 63,298 56.547 -41.194
368.3 7.697 54,669 _ 53.215 .535 63.197 55.020 -32.648
368.3 7.697 54.669 53.215% .535 63.101 55.020 -32.648
388.36 7.725% 55.078 53.301 .690 63.067 54,581 ~30.715
388.136 7.725 55,078 53.301 .690 62.654 54,581 ~30.715
400 T.742 55.306 53.3556 .780 62.615 54,340 -29.690
432,02 7.809 55.905 53.523 " 1,029 62,489 53.682 ~27.156
500 7.951 57.056 53.926 1.565 62,111 52.329 -22.872
600 8.146 58.523 54.573 2.370 61.703 50.412 -18.362
700 8.306 59.791 55.230 3.193 61.362 48,558 ~15.160
T17.824 8.329 60 55,345 3.341 61.308 48,233 -14,685

Phase changes: 368.3 K, orthcrhomblc - moncclinic transition peint of S$; AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S; AH® = 0.413 kcal/mol. .
432.02 K, second order transformation of S; AH®° = 0 kecal/mol.
T17.824 K, pvolling point of S to equilibrium mixture of Sn {n =1 to 8).

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

298,15~3000 K:

Cp®

He- Hgq,

8,067 + 0,470x1073T - 0.541x10°T"%
8.067Tx107°T + 0.235%x107°T2 + 0,5L1x10%T"! - 2.608

Formation eguations (kcal/mel):

298.15-368.3 K
368.3-388.36 K:
388,36-432.02 K:

432.02-717.824 K:

AHf®
AGf®
AHL®
AGEe
AHT®
AGrPe
AHfe®
AGE®

64.483 ~ 3.365x107%T + 1.658x107¢T2 - 97.5507 !

6Y4.483 + 3.365%107°T1nT ~ 1.658x3107°T% ~ ¥B.775T ' - 44,612x71073T "
63.368 - 1.102x107°T - 0.089x107 T2 + 58.050T !

63.368 + 1.102x107°T1lnT + 0.089x107°%T2 + 29.025T" ! - 29.429x107°T
47.210 + 43,.638x107°T ~ 43.371x707°T? + 1960,250T " :

47,210 - 43,638x1072T1nT + 43.371x107°T2 + 980.125T"! + 255.799x1073T
37.731 + 39.732x1073T ~ 23,559%107°T? + 5186,750T !

37.79

39.732x1073TInT + 23.559x1078T2 + 2593.375T % + 253.952x107°T



208 N

NS(g)

Nitrogen Sulfide (ideal gas)

[Reaction: 0.5N,(g) *+ 0.55,(g) = NS(g)]
cal/mol XK keal/mol
T,K : Log Kr
Cpe 50 -(Go- H3,4¢)/T He- HY,, AHpe AGre

298.15 7.599 53.057 53.057 0 47.945 47.075 -34.506
300 7.600 53. 104 53.057 014 47.945 47.069 34,250
100 7.742 55.306 53.356 .780 47.964 46,774 -25.556
500 7.951 57.056 53.926 1.565 47,984 46,475 -20,314
600 8.146 58.523 54.573 2.370 43.008 46.171 -16.818
700 8.306 59.791 55,230 3.193 48.037 45.863 -14.319
800 8.1433 60.909 55,872 4.030 48,068 45,550 -12.u4Y
900 8.533 61.908 56,488 4,878 48.096 45,233 -10.98Y4
1000 8.613 62.812 57.076 5.736 48,123 44,914 =9.816
1100 - 8.677 63,636 57.636 6.600 U8, 146 44,591 -8.859
1200 8.730 64.393 58.167 7.471 46.165 4y, 268 -8.062
1300 - 8.773 65.093 58.673 8.346 - 4g.180 43,943 -7.387
1400 8.810 65.745 59.156 9.225 48.191 43.616 -6.809
1500 - 8.841 66.354 59.615 10.108 4B.197 43,289 -6.307
1600 8.869 66.925 60.054 10,993 48,199 42,962 -5.868
1700 8.892 67.464 60.475 11.881 48.195 42,633 5,481
1800 8.914 67.973 60.877 12.772 48.190 42.307 -5.137
1900 8.933 68.455 61.263 13.664 48.180 41.981 -4.829
2000 8.950 6B.914 61.635 14,558 48,167 41.65Y -4.552
2100 8.965 69.351 61.992 !S.NSH‘ 48.151 41,328 -4.301
2200 8.980 £9.768 62.336 16.351 18,132 41,005 -4,073
2300 8.993 70,168 62,668 17.250 48.112 40,681 -3.866
2400 9.006 70.551 62.989 18.150 48.088 40.359 ~3.675
2500 9.017 70.919 63.299 19,051 48,062 40.036 -3.500
2600 9.028 71.272 63.598 19.953 ‘48.034 39.717 -3.338
2700 9.039 71.613 63.889 20.856 48.006 39.398 -3.189
2800 9.049 71.942 64.170 21.761 47.976 39,080 -3.050
2900 9.059 72,260 BT IR 22.666 47.945 38,763 -2,921
3000 9.068 72.567 64.710 23.572 47.912 38,445 -2.801
Heat capacity (cal/mol:K) and enthalpy (kcal/mol) eguations:

298.15-3000 K: Cp® = B8.067 + 0.470x107*T - 0.541x10°T"2 _

Ho= H3,, = 8.067x1077T + 0.235x107°T2 + 0.541x102T™! - 2.608

Reaction equations (kecals/mol):

298.15-2000 K:

2000-3000 K:

AHre
AGre
AHre
AGr®

oo onon

h7.694 +
47.694 -
50.056 -
50.056 +

Sources: Enthalpy of formaticn
Other data based on Herzberg (52).

0.637x1073T - 0.220x107°T? + 23,900T"!?
0.637x107°T1nT + 0.220x107¢T% + 11,950T"! + 1,351x107°T
1.010x107*T + 0.157x1076T2 - 1121.900T"!

1.010x107*T1nT - 0.157x107°%T2 - 560.950T"*' - 11.456x107*T

at 298 K based on O'Hare (87), Gayden (43), and Somayajulu (109}.



Na,S(c)
Sodium Sulfide

[Formation: 2Na{c,l) + S(c¢,1) = Na,8(e)]

Na 209

keal/mol

cal/mol-X
T,K Leog Kf
Cpe 50 . ~(Go HZ4,)/T H°~ H%,, AHE® AGE®
298.15 19.790 23.000 23.000 o} -87.500 -84.740 62.115
300 19.800 23.122 23.000 .037 -87.497 84,721 61.718
368.3 20,039 27.208 23.115 1.397 -87,487 -84.094 - 49,901
368.3 20.039 27.208 23.415 1.397. -87.583 -84.094 49.901
37 20,049, 27.351 23,043 1,451 -87.585 ~84.069 49,523
371 20.049 27.354 23.443 1.451 -88.829 ~84.069 49,523
388.36 20.109 28.273 23.638 1.800 -88.846 -83.845 47.183
388,36 20,109 28.273 23.638 1.800 - -89,.259 -83.845 47.183
400 20,150 28,867 23.782 2.034 -89,288 -B3.682 45,721
432,02 20.2562 30.423 24,217 2.681 -89,381 -83.231 42,1048,
500 20.500 33.402 25.268 4,067 -89.674 -82.235 35.945
600 20.850 37.171 26.946 6.135 -89.905 -80.723 29.403
“ 700 21.200 40,411 28.642 8.238 . -30.014 ~79.184 24,722
717.824 21,262 40.945 28,91 8.616 -9G,022 -78.908 24,024

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S;
371 K, melting point of Na; AH® = 0.622 kcal/mol. ;

388.36 X, melting point of S; AH® = 0.413 keal/mol.
- 432,02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equillbrium mixture of Sn {n =

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-1100 K:

Cp®

= 17.885 + L.TUbx107°T + 0,436x10°T"2
Ho- Hg,e = 17:885x107T + 2.373x107°T2 - 0.436x102T% - 5.397

Formatlon equations (kecal/mol):

298.15-368.3
368.3-371 K:
371-388.36 K:
388, 36-1432. 02

432.02-717.82

K: '

AHE®

- AGFe
AHEO

AGE®

. AHE®

K:

4 K:

AGF?®
AHf®
AGF?®
AHf®
AGfe

ononou

-86.907
-86.907
-88.022
-88.022
-88.798
-88,798
-104, 956
-104.956

LI I I 4

+ 1

=114, 435,

~114.435

+

+

1.809%1072T - 5.226x1075T% - 199.200T"!

7.809%x1073T1nT + 5,226x107%T2 -~ 99.600T" % + 17 136x1073T

4.072x107°T - 6.972x107%T% - 43.600T !

4.072x107°T1InT + 6.972x107°T2 - 21. 800T™! + 32.319x10h’T

2.034x107°T + 2,528x107°T% + 138.200T"}

2.034x107T1InT - 2.528x107°%T2 + 69.100T7"" + 1.151x107T

1 to 8).

42,706x%107%T - 40,754x1078T2 + 2040,400T !
42,706x1073T1nT + 4O.754x107%T2 + 1020,200T ! + 286. 380x10 3T

38.800x107°T ~ 20.942x107%T2 + 5266.900T"?

AH® = 0.096 kecal/mol.

38.800X10"*T1lnT + 20.942%10" sT2 4 '2633.450T77 + 284.532x707°T



210 Na

Na,S(e,1)
Disodium Sulfide )
[Reaction: 2Na(c,l,g) + 0.55,{(g) = Na,S5(e¢,l)]

cal/mol«K ’ kcal/mol
T,K = -— X -— Log Kr
' Cp® §e -{Go~ HE,,)/T H°~ Hi,, AHpe AGPro
298.15 19.790 23.000 23.000 0 -102.85% -94,254 69.089
300 1§.800 23.122 23.000 .037 -102.849 ~94,198 68.623
3N 20.049 27.354 23.5443 1,451 -102.723 -92,170 " 54,295
37 20.0L49 27.354 23,443 1.451 '~103.967 =-92.,170 54.295
Loo 20.150 28.867 23.782 2.034 ~-103.939 -91,248 49,855
500 20,500 33.402 25.268 4,067 ~103.801 -88.,089 38.503
600 20.850 37.171 ' 26.94¢6 6.13% -103.599 -84.964 30.948
700 21.200 40.411 28.642 8.238 ~103.339 -81.879 25.564
800 21.550 43,266 30.297 10.375 -103.028 -78.834 21.536
900 21.830 45,821 3t.881 12.5U6 -102.677 =75.830 18,474
1000 22.190 48.150 33.393 14,747 ~102.299 -72.866 15.925
1100 26.400 50.388 34,835 17.108 =101.777 -69.949 13.897
177 35,424 - 52.112 35.917 19.415 =100.897 ~567.739% 12,578
177 35.424 52.412 35.917 19.415 =147.467 -567.739 12.578
1200 38.120 53.124 36.240 20.261 -186.958 ~56.191 12.055
1276 50.650 55.840 37,306 23.650 -144,667 -61.113 10,467
1300 45,850 56.743 37.675% 24,789 -143.876 -59.574 10.015
1400 32.780 58.544 39.143 . 28.562 -141.555 -53.183 8.302
145 32.000 60.556 39.793 30,002 -140.770 -50.355 7.616
1445* 22.000 63.745 39.793 34.610 =136.162 -50.35% 7.616
1500 22.000 64.567 40.687 35.82¢0 ~136.754 ~47.100 6.862
1600 22.000 65.987 42,224 38.020 =135.013 ~41.213 5.629
1700 22.000 67.321 43.862 40,220 -134.277 -35.375 4.5u8
1800 22.000 68.578 45,011 - 42,420 ~133.543 -29.577 3.591
1900 22.000 69.768 46.284 by, 620 ~132.812 -23.821 2.7H0
2000 22,000 70.896 47.486 46.820 ~132.085 -18,103 ﬁ.978
¥Heat capacity of liquid estimated.
Phase changes: 371 K, melting peint of Na; AH® = 0.622 kcal/mol. )
AHe = 23.285

1177 K, calculated boiling point of Na to ideal monatomic gas:
keal/mol. ' )
1276 K, second order transition polnt of Na,8; AHY = 0 kcal/mol

1445 K, melting point of Na,S; AH® = 4,608 kcal/mol.

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-1100 K:

1100-1276 K:
1276-1445 K:

1445-2000 K:

Cpe
He- HSas
Cpe
He- Hg,,
Cpe
He= HSq4
Cp®

He~ Hg g,

17.885 + 5. T46x107°T + 0.436x10°T"2

17.885%x1073T + 2.373x107°T2% - 0.436x10%T"! - 5.397
~139.167 + 148.434x1073T

~139.167x107°T + Th.,217x107°T2 + 80.389

222,848~ 136.172x107°T

222.848x107*T - 68.086x107°T% - 145,848

22.000

22.000x1073T + 2.820

Reaction equations (kcal/mol):

298.15-371 K:
371-1100 K:

1100-1177 K:
1177-1276 K:
1276=-1445 K:

1445-2000 K:

AHre = ~103.596 + 5.811x107*T - 7,103x107%T? - 77.7507 !

AGr® = -103.696 - 5.811x107°T1nT + 7.103x107°T% - 38.875T% + 63.099x107 T
AHro = -104,472 - 0,295x10737 + 2.397x107°T® + 104,050T"!

AGre® = ~104.472 + 0,295x1073T1nT - 2.397x1075T% + 52.025T"% + 31.931x107°T
AHP® = ~18.685 - 157.347x107°T + 74 .241x107%T% + 147.650T "

AGr® = -18.685 + 157.347x107°T1nT - 7H.241x107ST2 + 73.825T"! ~ 1066.891x1073T
AHr® = -69.%171 - 153.273x107°T + 74.049x107°T2 - 56.150T"!

AGre® = -69.617 + 153.273x107*T1nT - 74.089x107°T2 - 28.075T ' - 994.970x107°T
AHro = -299,848 + 208.743x1073T - 68.254x107%T% - 56,1507

AGre = ~299.848 - 208.743x107°T1nT + &B.254x107°T2 - 28,0757 + 1592.833x107°T
AHP® = -147.180 + 7.895x1077T - 0.168x1075T2 - 56.150T"?

AGre = - 7.895x1073TInT + 0.168x107°T? - 28,075T"! + 124.221x107°7

-147.180

Source: Data from Chase (17) who estimated liquid heat capaclty.



Nb 211

NbS(g)
Niobium Monosulfide (ideal gas)
{Formation: Nb(¢) + S(e,1) = NbS(g)]

cal/mol+K kcal/mol .
T,K - Log Kf
Cpe Se -(G°= Hg,,)/T H9= H$,», AHF® AGfe

298.15% 7.980 59.870 59.870 0 103.000 90.028 ~65.951
300 -~ 7.950 59.920 59.870 .015 102.994 89.948 -65.527
368.3 B.250 - 61,594 60.042 572 102.759 87.000 ~51.625
368.3 8.250 ‘ 61.594 60.042 572 102.663 87.000 ~51.625
388.36 8.326 62.033 ° 60.134 .738 102.589 86.149 -48,480
388.36 8,326 62,033 - 60.134 .738 102.176 86.149 -48.480
100 8.370 62.280 60,192 B35 102,114 85.670 -46.807
432.02 8.428 62.927 60.371 1.104 101.924 84.360 ~42,.675
500 8.550 64.170 60.806 1.682 1017.409 81.637 -35,683
600 8.650 65.730 61.493 2.5U2 100.789 T7.750 -28.320
700 8.710 67.070 62.199 3.410 100.224 73.950 ~23.088
717.824 8.717 67.289 62.322 3.565 100,128 73.283 =22.312

*¥Data estimated.

Phase changes: 368.3 K, orthorhombic - monoclinie transition point of S; AH® = 0.096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.
432,02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, boiling point of S'to equilibrium mixture cof Sn fn =1 to 8).

Heat capacity (cal/mel-X) and enthalpy (kecal/mol) eguations:

298.15-2000 K: Cp° = 8.818 + 0.066x107%T - 0.760x10°T 2
Ho~ Hg,, = 8.818x107%T + 0.033x107%T% + 0.760x102T™} - 2.887

nn

Formation equations (kcal/mol):

298.15-368.3 K: AHF° = 104,468 ~ L.552x107°T + 0.978x1078T% - 59,000T"!

AGF® = 104,468 + 4,552x107°TInT - 0.978x707°T? - 29.500T"! - 73.745x107°T
368,3-388.36 K: AHf® = 103.353 - 2,289x107°T - 0.768x107%T? + 96.600T"!

. AGF® = 103.353 + 2.289x107*T1nT * 0.76Bx107°T? + 48.300T"! - 58.562x107°T

388.36-432.02 K: AHf® = 87,195 + 42.451x107*T - L4, 050x107°T2 + 1998.800T" !

AGFe = 87,195 - 42.451x107°TInT + 44.050x107°T% + 999,400T"! + 226.666x107°T
432.02-717.824 K: AHf® = 77.716 + 3B,545x1073T - 24,23Bx107°T? + 5225,300T™!

AGF® = T7.716 ~ 38,5U5%x1073T1nT + 24.238x107°T? + 2612.65Q0T " + 224,819x107?T



212 Nb

NbS(g)

Niobium Moncsulfide (ideal gas)

[Reaction: Nb(e) + 0.58,(g) = NbS(g)]
" eal/mol-K keal/mol
T,X ) Log Kr
Cp® s° ~(Go~ HZ244)/T  Ho- H3,, AHPo AGre

298.15* 7.980 59.870 59.870 0 87.645 80.514 59.018

300 7.990 59.920 59.870 .015 87.642 80.471 58.623
400 8.370 62.280 60.192 .B35 87.u63 78.104 y2.673

5Q0 8.550 64.170 60,806 1.682 87.282 75.784 33.125
600 8.650 65.730 61.493 2.542 87.094 »73-509 26.775
700 8.710 67.070 62.199 3.410 86.899 71.255 22.247
800 8.750 68.240 62.885 4,284 86.693 £9.032 -18,859
900 8,780 69.270 63.537 5.160 86.478 66.840 16.231
1000 g8.810 70,200 64.160 6.040 86.250 64.669 14,133
1100 8.830 71.040 64,747 6.922 86.010 62.520 12.421
1200 a.840 71.810 65.306 7.805 85.759 60.113 11.002
1300 8.860 72.520 65.835 8.691 85.497 58.315 -9.804
1400 8.870 73.170 66.329 9.577 85,218 56.239 -8.779
1500 8.880 73.780 66.803 - 10.465 84.921 5L.185 -7.895
1600 8.830 T4.360 67.264 11.354 84.60% 52.141 ~7.122
1700 8.900 74.900 67.698 12.244 84.27Mm 50.125 -6. Uy
1800 3.910 75.410 68,113 13.135 §3.918 g, 124 -5,843
1900 8.920 . 75.890 68.508 14,026 83.5L3 46.135 ~5.307
2000 8.930 76.350 68.890 14,919 83.147 by 182 . -4.828
*¥a11 data estimated
Heat capaclty (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 8.818 + 0.066X107*T ~ 0.760x105T"2

Ho- HYg, = 8.B18x107°T + 0.033x107°T% + 0.760x102T"! - 2,887
Reaction equations (kcal/mol):
298.15-2000 K: AHr® = B7.679 - 0.550x107°T ~ 0.899x107°T? + 62.450T"
AGre = BT7.679 + 0.550x107°T1nT + 0.899x107°T2 + 31.225T"! - 27.782x107°T

Source: Data are those

estimated by Mills (80).



NdS(e)

Neodymium Monosulfide

Nd 213

[Formation: Nd(e) + 3(ec,1) = NdS(e)]
cal/mol-K kcal/mol
T,K Log Kf
Cp® ge =(Go- Hg4,)/T He=- HS,, AHf® AGfe
298,15 11.930 20.650 20.650 0 -111.000 -109, 774 80.466
300% 11.943 20,724 20.651 .Qe2 -110,999 ~-109.766 79,963
368.3 12.261 23.213 20.902 .851 -111.010 -109.485 64,968
388.3 12.261 23.213 20.902 .851 ~111.106 -10%.485 64,968
388.36 12.355 23.865 21.038 1.098 -111.114 -109.1396 61.562
388.36 12.355 23.865 21.038 1.098 -111.527 ~109.396 61.562
500 t2.409 2h.23n 21.126 t.242 -111.551 -109.332 59.735
432.02 12,492 25.1%0 21,392 1.611 -111.637 -109.151 56.217
500 12.667 27.030 22.036 2.497 ~111.939 -108.735 47.528
600 12.845 29.356 23.068 3.773 -112.265 ~-108.061 39.361
700 12.983 31.347 24.111 5.065 ~112.562 -107.334 33.511
717.824 13.004 31.674 24.295 5.297 -112.613 -107.199 32.638

*Data extrapolated above 298 K.

Phase changes:

432.02 K, second order tranaformation of S;

Heat ecapacity (ecal/mel:K) and enthalpy (kcal/mol) equations:

298,15-2000 K:

Cpe®

He- HY,,

12.585 + 0.800x107%T - 0.795x10°T"*
12,585x107°T + 0.400x1078T* + 0.795x10%T"! - 4,054

Formation equations (kecal/mol}:

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf®
AGE©
AHf®
AGfe
AHf e
AGL®e
AHT©
AGfe®

o

=111.044
~111.044
~112.159
-112.159

-128.318
-137.796
-137.796

+
-128.318 +
+

368.3 K, orthorhombic - monoclinic transition point of S;
388.36 K, melting point of $: AH® = 0.413 kecal/mol.
AH® = 0 kegal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to8).

0.453%1073T - 0,848x107%T% - 3,700T"!

0.443x1073TAnT + 0,8UBx107°T2 -~ 1,850T7' + 6.562x107°T
2.706x107°T - 2.594x107°T? + 151,900T" %

2.706x107*T1lnT + 2,594x%107%T% + 75.950T ! + 21.735x107°T
47.446x107%T ~ U45.876x107%T2 + 2054,100T!

AH® = 0.096 kcal/mol.

47,.446x7073TInT + 45.876x1078T% + 1027.050T"% + 306.963x107°T

43.540x1073T ~ 26.064x107%T> + 5280.600T*

43,540x1077T1nT + 26.06Ux107°T® + 2640.300T7' + 305.115x107°T



214  Nd

NdS3(¢)
Neodymium Monosulfide
[Reactlon: Nd(e,l) + 0.55,(g) = NdS{c)]

cal/mol+X keal/mol
T,K - ‘ Log Kr
Cpe 8¢ ~(Go- H3,,)/T  H°- Hg,, AHre AGre
298.15 11.930 20.650 20.650 0 ~126.355 -119.288 87.439
300* 11.943 20.72”_ 20.651 022 ~126.351 ~119.243 86.867
400 12.409 24.231 21.126 1.242 -126.202 -116.897 63.869
500 12.667 27.030 22.036 2.497 ~126.066 -114,.589 SO.QBG
600 12.845 29.356 23.068 3.773 ~125.95%9 -112.302 40.906
700 12.983 31.347 24,111 5.065 -125, 887 ~-110.029 34.352
00 13.101 33.089 25,128 6.369 -125,860 -107.769 29.441
900 13.207 34,638 26,099 7.685 ~-125,887 -105.508 25.620
1000 13.306 36.035 27.025 9.010 ~125.973 -103.239 22.563
1100 13.400 37.307 27.902 10.346 -126.125 ~100.959 20.058
1128 13.425 37.644 28.139 10.722 "126.180 ~100.323 19.437
1128 13.425 37.644 28.139 10.722 -126.904 =100.323 19.437
1200 13.490 38477 28.735 11.690 -127.028 ~98.624 17.962
1289 13.569 39.445 29.41 12.895 -127.176 -96.516 16.364
1289 13.569 39.445 29,411 12,895 -128,883 -96.516 16.364
1300 13.579 35.560 29.526 13.044 ~-128.900 -96.243 16.180
1400 13.665 40.570 "30.280 14.406 -129.049 ~93.725 14.631
1500 13.750 41.515 ) 30.997 15.777 =129.191 =91.205% 13.288
1600 13.835 42,406 31.683 17.156 =129.330 -88.668 12.111
1700 13.918 43, 247 32.339 18.544 -129. 464 ~86.118 11.071
1300 14,001 Ly, 045 32,967 19,940 -129.592 -83.566 10.146
1900 14,084 4y,804 33.570 21,344 -129.715 ~81,004 9.317
2000 14,166 45,528 34,150 22.756 -129.834 ~78.436 8.571

*Data extrapolated 300-1300 K.

Phase changes: 1128 K, a - B transition point of Nd; AH° = 0.724 kcal/mol.
. 1289 K, melting point of Nd; AH® = 1.707 kcal/mol.
Heat capacity (ecal/mol-K) and enthalpy ({(kecal/mol) equations:

298.15-2000 K: Cp® = 12.585 + 0.800x107°T - 0.795x10°%T"?
He- H,s = 12.585x107°T + 0.400x107°T2 + 0.795x103T"! - 4. 054

Reaction equations (kcal/mol):

298.15-1128 K: AHre = -127.833 + 4.445x107°T - 2.725x107%T? + 117.750T" !

AGre = -127.833 - 4.445x1072T1InT + 2.725x107%T? + 58.875T7! + 52.515x107°T
1128-1289 K: AHre = =124,719 - 2.244%x107°T + 0.240x107°T* + 45.350T"!

aGre = =120,719 + 2,244x107*T1nT - 0.240x107°T* + 22.675T % + 6.108x107°T
1289-2000 K: AHre = -126.604 - 2.106x107°T + 0.240x107°T® + 45,350T7!

AGre = ~126.604 + 2.106x1073TInT -~ 0,240x107°T* + 22.675T7' + 8.559x107°T

Sourcea: Enthalpy of formation at 298 K from Semenkovich (105). Low-temperature heat capacities
and entropy at 298 K from Vasilev (123). High-temperature data based on Fesenko (38).
Data extrapolated from 300 to 130C K



Nds(g)
Neodymium Monosulfide (ideal gas)

Nd 215

[Formation:  Nd{c) + S3{c¢,1) = NdS(g)]
cal/mol-K keal/mol
T,K - - - Log Kf .
Cp® 3¢ -(G®- H94e)/T Ho~- HEge AHf® AGFe
298.15% 8.200 63.240 63.240 0 32.800 21.327 4115.633
300 8.210 63.290 " 63.240 .015 32.794 21.257 -15.486
368.3 8.415 65.001 63.411 .586 32.525 18.659 =11.072
368.3 8.415 65.C01 63.41 .586 32,429 18.659 =11.072
388.36 8.475 65,449 63.505 .755 32,343 17.912 -10.080
388.36 8.475 65. 449 63.505 . 755 31.930 17.912 -10.080
400 8.510 65.700 63.565 .854 31.861 17.493 =9.557
u3z.02 8.555 66.357 63,748 1.127 31.649 16.350 ~8.271
500 8.650 67.620 64.194 1.713 31.077 13.985 -6.113
600 8.730 69,200 64,897 2.582 30,344 10,611 -3.876
700 8.780 70.550 65.611 3.457 29.630 7.416 -2.315
717.824 8.785 T0.771 65.737 3.614 29.504 6.853 -2.086

¥Data except enthalpy of formatlon at 298 K estimated.

Phase changes:

432.02 K, second order tranaformation of S; _AH° =0 kcal/mol
717.824 K, bolling polnt of S to equilibrium mixture of Sn (n=1 to 8).

Heat capaclity (cal/mol+K) and ehthalpy (kcal/mol) eguations:

298.15-2000 K:

° = 8,884 + 0.028x107°T ~ 0.615x103T"2

He="Hg,, = 8.884x107°T + 0.014x107°T? + 0.615x10%T"* - 2.856

Formation equations {(kcal/mol):

298.15-368.3 K:

368,3-388.36 K:

388.36-432.02

432.02-717.824

K:

X:

AHT®
AGfe
AHf'°
AGfe
AHf©
AGro
AHf®
AGS?®

a4 n

LU I ' T 1|

33.954
33.954
32.839
32.839
16.680

+ + 1 4+ )

3.258x107°T -~ 1.234x107°T2 - 21.700T"! '
3.258x107°TinT + 1.234x107T2 - 10,850T"' - 61. 158x10"T
0.995%1073T - 2,980x107°T2 + 133,.900T"?

0.995x107TInT + 2,.980x1078T% + 66,9507 ! - 45, 975X10'3T
43,745%107°T - 46.262x107°T2? + 2036.100T"?

368.3 K, orthorhombic - monoclinic transition point of 3; AH¢ = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol,

16,680 ~ 43.745x1073TInT + U46.262x1C7°T? + 1018.050T ' + 239 254x107 ’T
7.202 + 39.839x10 'T - 26. 450%107°%T2 + 5262.600T7!
7.202 - 39.839x107°*TLlnT + 26.450x107°T? + 2631 300T" ' + 237 Lo6x107°T



‘216 'Nd

NdS(g)
Neodymium Monosulfide -(ideal gas)
[Reaction: Nd{c,l) + 0.58,(g) = NdS(g)]

cal/mol K kecal/mol
T,K — : - - —- - Log Kr
Cpe® ge ~{G°= HE,,)/T He- Hg,, - AHpo -AGPe

298.15* .8.200 63.240 63.240 0 . 17.445 11.814 -8.660

300 . 8.210. 63.290 63.240 .015 17.442 11.780 ~8.582

400 8.510 65.700 63.565 854 17.210 9.927 -5, 42Y4

500 8.650 67.620 64,194 1.713 16.950 8.132 -3.555
. 600 - 8.730 £9.200 - 64.897 2.582 16.649 6.400 -2.331
JT00 8.780 70.550 65.611 3.457 16,305 4,721 -1.474
800 . 8.810 71.730 £6.309 4.337 15.908 3.086 -.843

300" 8.830 72.770 66.971 5.219 15.448 .1.507 -.366
1000 8.850 73.700 67.597 6.103 14,920 %,011 .003
1100 .- 8.860 74.5L0 £8.187 6.988 14,317 -1.473 .293
1128 8.866 74.763 68.348 7.236 14,135 -1.878 .364
1128 8.866 T4.763 68.348 7.236 S13.411 -1.878 . .364
1200 .8.880 .75.310 . 68.747 7.875 . 12,956 ~2.838 " .517
1289 8.889 75.94Y4 69.222 8.665 12.394 -3.994 . WBTT
1289 8.889 75,944 69.222 8.665 10.687 -3.994 BTT
1300 8.890 76.020 . 69.279 . B.763 10.619 . -4.122 693
1400 8.890 76.680 09,786 9.652 . 9.997 ~5,233 817
1500 8.900 77.300 .- T0.272 - 10.542 9.373 ~6,317 .920
1600 8,910 77.870 70,724 11.433 8.747 ~7.333 1.002
1700 8.910 78.410 U161 120324 8.117 -8.315 1.069
1800 8.920 78.920 71.578 13.215 7.483 ~9.266 - 1.125
1900 8.930 79.400 - 71.975 - 14,108 6.849 -10.172 1.170

2000 8.930 79.860 72.359 15.001 ‘ 6.211 ~-11.054 1.208
¥Data except enthalpy of formation at 298 K estimated,

Phase changes: 1128 K, a 558 transition point of Nd; AH® = 0,728 keal/mol.
1289 K, melting point of Nd; AH® = 1,707 kcal/mol.

.Heat capacity (cal/mol+K) and enthalpy (keal/mol) eguations:

298,15-2000 K: . Cp° = 8.B884 + 0.028%107°T - 0.615%105T~2
’ Ho— H8,, = 8.884x107°T + 0.014x107°T2 + 0.615x10%T"! - 2.856

Reaction equations (kcal/mol):

2G8.15~1128 K: AHr° = 17.165 + Q.744x107%T ~ 3.111x107°T2 + 99,7507 !
: AGre = 17,165 - Q.7H4x107°TinT + 3.111x107%T2 + 49.875T"! - 15.195x1077T

1128-1289 K: AHr® = 20,279 - 5.945x107°T - 0.1L46x107¢T? + 27,3507 "
AGre = 20,279 + 5.945x107°T1nT + 0.146x107°T2 + 13.675T ' -~ 61.601x107°T

1289-2000 K: AHre = 18.394 - 5.808x107°T - 0.146x%107%T2 + 27.3507 !
AGre = 18.394 + 5,808x107°T1inT + 0.146x107%T2 + 13.675T""' - 59.150x107°T

Sources: Enthalpy of formation at 298 K from Schumm (104). Other data are those estimated
by Mills (80).



Nd 217

Nd,S,(e)
‘Dineodymium Trisulfide
[Formation: 2Nd(e) + 35(ec,1) = Nd,5,(e)]

cal/mol «K . kcal/mol

T,k - Log Kf
Cpe Se - =(G°= H9,4)}/T H°- H%,, AHE® AGE®
298.15 29,280 4y, 280 41,280 0 -269,000 —265 153 194,360
300% 29.310 B, 460 yh, 280 .054 ~268.998 -265.127 193,142
368.13 30.171 50.582 by, 899 2.093 -269,022 —26&,246 156.802
368.3 30,17 50.582 44,899 2.093 -269.310 ~264,246 156.802
388,36 30,423 52.189 45.234 2.70% -269.332 -263.967 148,546
388.36 30,423 52,189 45,234 2,701 -270.5T1 = -263.967 148,546
400 30.570 53.090 45,450 3,056 -270,640 ~263,769 144,115
432.02 30.794 55.453 46.105 4,038 -270,891 —263.211 133.151
500 31.270 59.990 47.690 ' 6.150 ~271.769 -26[.929 114,487
600 31.760 65.740 50.235 9,303 -272.677 -259.869 gh. 656
700 32.150 70.660 52.804 ©12.499 -273.459 -257.661 80.44Y
T17.824 32,209 71,469 53,258 13.072 -273.589 ~257,256 78,324

*Data above 298 X estimated.

Phase changes: 368.3 K, orthorhomblc - monoclinic transition peint of S; AH® = 0.096 keal/mol.
: 388,36 K, melting point of S; AH® = 0.413 kcal/mol. '
432,02 K, second order transformation of 8; AH® = 0O kecal/mol,
717.824 K, bolling point of S to equilibrium mixture of Sn {n=1to 8).

Heat capacitxﬁ(cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:. 30.919 + 2,360x1073T - 2.075x10°T"2
30.919x1073T + 1,180x107°%T2 + 2.075x10%T"! - 10.019

nou

HQ;— H‘Z’BS

Formation equatlons {keal/mol):

298.15-368.3 K: . AHF® = -268.193 - 1.539x10°°T + 0.401x107T2 - 114.500T""

AGF® = -268.193 + 1.530x107°TInT - 0.401x107%T2 - 57.250T" % + 2.190x10” ’T
368.3-388.36 K: AHf® = =271.538 + 5.250x107°T - 4.837x107¢T? + 352.300T !
B , AGf® = =271.538 - 5.250x107?T1nT + 4.837x107%T2 +.176.150T" % + 47, 739x1o"T
388.36-432.02 K:  AHf® = -320.013 + 139.470x1077T - 134.683x107°T2 + 6058.900T" "'

© AGF = ~320.013 ~ 139.470x107IT1nT + 134.683x1075T2 +'3029,450T " + 903 U24x107°T

432,02-T17.824 K: AHF® = ~348.UH9 + 127.752x107°T ~ 75,2U7x107%T2 + 15738,400T}

AGF® = ~34B.449 ~ 127.752x%107°TInT + 75,247x107%T2 + 7869.200T7' + 897. 882x107*T



218 Nd

Dinecdymium Trisulflde

Nd,S,(¢e)

[Reaction: - 2Nd{ec,l) + 1.58,(g) = Nd,S,(c)]
cal/mol K “keal/mel: -
T,K Log Kr
Cp? 8o ~(Go~ HZ,,)/T He- HP,, AHro AGro
298.15 . 29.280 uY4.280 Ly, 280 0 -315.065 -293.694 -215.281
300% 29.310 Ly 480 4y . 280 .05Y ~315.054 -293,558 213,854
400 30.570 53.090 45,450 3,056 -314.593 -2B6.466 156.516
500 31.270 59.990 47,690 6,150 -314,152 -279,488 122,163
600 31.760 65,740 ' 50,235 9.303 -313.760 -272.592 99,290
700 32.150 70.660 52.804 12.499 ~313.434 ~265.747 82.969
. 80O 32.480 T4.980 55.316 15.731 ~313.193 -258.960 70,744
900 32.790 78.820 57.716 18.994 ~313.053 -252.193 61.240
1000 33.070 82.290 60.002 22,288 -313,026 -245,431 53.638
1100 33.340 85,460 62.180 25.608 -313.129 ~-238.675 47,420
1128 33.116 86.299 62.768 26.543 -313.182 -236.790 45,877
1128 33,1016 86.299 62.768 26.543 ~-314,630 ~236.790 u5,877
1200 33.610 88.370 64,240 28.956 -314.728 -231.817 B2.219
1289 33.833 90.782 65.990 31.958 -314,835 ~225.67h 38.263
1289 33.833 90.782 65.990 31.958 -318.249 -225.674 38,263
1300 33.860 91.070 66.201 32.330 ~318.259 ~-224,889 37.807
1400 34,120 93.590 68.069 35.729 -318.340 ~217.703 33.985
1500 34.370 95.950 69.848 39.153 -318.406 -210.528 30.673
1600 34.610 98.180 71.554 42.602 -318.457 -203.337 - 27.774
1700 34.860 100.280 73.176 46.076 -318.496 -196.124 25.213
1800 35.100 102.280 T4.739 49,574 ~-318.518 -188.929 22.939
1900 35.350 104.180 76.235 53.096 -318.526 ~1B1.717 20.902
2000 35.590 106.000 77.678 56.643 -318,518 ~-174.516 19.070

*Data above 298 K estimated.

Phase changes:

" Heat capaclity (cal/mcls+K) and enthalpy (kcal/mecl) equations:

1128 K, o - B transition point of Nd;

1289 K, melting peint of Nd;

298.15-2000 K:

Cp®
He- H$q,

Reaction equations {(kcal/mol):

298.15-1128 K: AHre

1128-1289 K:

1289-2000 K:

AGre
AHre
AGre
AHP©

AGre.

mm mn o

~318.559
~-318.559
~312.332
-312.332
~316,101
-316.101

30,919 + 2,360x107°T - 2.075x10°T"*
30.919x1073T + 1.180x107°T2 + 2,075x10%T"! - 10.019

AH® = 0,724 keal/mol,
AH® = 1,707 keal/mol.

+ 10.U69x1073T ~ 5,230x107¥T2 + 249,.85077! )
. 10.469x107°TInT + 5.230x107%T2 + 124.925T" + 140.080x107°T
2.912x107°T + 0.700x107°%T* + 105.050T ! :

+ 1 + 1

2,912x107°T1nT - 0.700x1075T2 + 52,52577! + H7,267x107°T -

2.636x107°T + 0,700x107°T2 + 105.050T"!

.2.636%1073T1nT - 0.700x107°T% + 52,525T7! + 52,168x1073T

Sources: Enthalpy of formation at 298 K from Semenkovich (105). Low—temperature heat capacities

and entropy at 298 K from Nogteva (86).

Data above 298 K estimated. -



Nis(e)
Niekel Monosulfide

Ni 219

[Formation: Ni{e) + S{e,1) = Ni5(e)]
. cal/mol -K keal/mol
T.K : Log Xf
. Cp* Se . ~(G° H34e)/T He~ Hies AHf® AGEo
298.15 "11.260 12.660 12.660 0 22,100 ~21.462 15,732
300 11.294 12.730 12.660 .021 -22.101 -21.457 15.632
368.3 11.875 15,109 12.898 .814 ~22.131 -21.309 12.645
3568.3 11.875 15,1098 12.898 AR ~22.227 -21.309 12,645
288.35 12.045 15,744 13.029 1.054 -22.24%0 -21.258 11,963
388.136 12.045 15. T4 13.029 1.054 -22.653 -21.258 11.963
400 12.14% 16.101 13.113 1.19% -22.679 -21.216 11.592
432,02 12.364 17,045 13,370 1.587 -22.771 -21.096 10.672
500 12.832 18.887 13.999% 2,044 ~23.077 ~20.,807 9.095
600 13.454 21.282 15.017 3.759 ~-23,401 ~20.323 7.403
623 13.592 21.790 15.257 4.070 ~23.472 -20.201 7.087
623% 13.640 24,037 15.257 5.470 ~22.072 -20.201 7.087
631 13.699 24,211 15.369 5.579 -22.102 -20.177 6.988
700 14,210 25,659 16.313 6,542 -22.216 -19.957 6.231
717.824 14.342 26,018 16.550 6,796 -22,230 -19. 899 6.058

¥3-N1S metastable below 6

23 K.

Phase changes: 368.3 K, orthorhemblc - monoélinic transition polnt of S;

388.36 K, meltlng point of S;

432,02 K, second order transformation of S;

623 K, 8 - o transition point of Ni3;

631 K, Curie temperature of Ni;
717.824 X, boiling point of S to equllibrium mixture of Sn

Heat capacity (cal/mol-X)

sHe =

AH® = 0,413 keal/mol.
AH® = 0 kecal/mol.
1,400 kcal/mol.

= 0 keal/mel.

and enthalpy (kcal/mol) equations:

298.15-623 K: Cp? =
He= Hise =
623~125C K: Cpe =
He~ Hfgq =

Formation equations (kcal

10.394 + 5.412x107°T ~ 0.663x10°T"2
10.394x107%T + 2,706%x107°T? + 0.663x10%2T" L - 3,562

9.052 + 7.378x107°T - 0.035x10°T"2

9.052x1077T + 3,689x107°T? + 0.035x10%T"! ~ 1.607

/mol):

298.15-368.3 K: AHf®

AGE® =
368.3-388.36 K:  AHF® =
AGE® =
388.,36~432,02 K: - AHfO =
AGFe =
432,02-623'K:. | . AHf® =
AGEF® =
623-631 K:*. . AHfo =
AGfo =
631-717.824 K: ... AHPe =
AGfe =

-21.780
-21.780
~-22.895
=22.895
-39.053
-39.053
-48.532
-48.532
~46.576
~46.576
~44,028

. -h4.028

0.776x107%*T + 0.143x107¢T2 - 30,300T"!

0.776x107#T1nT -~ Q,143x1078T2 -~ 15,150T"!

1.487x107°T - 1.603x107%T2 + 125,300T"!

1.487x1072T1nT + 1.603x107°T2 + 62.650T" ! + 12.041x107 ’T
46,227x107%T -~ 44,885%x107°5T2 + 2027.500T !

0.096 keal/mol.

(n = 1_to.8).

— 3.141%1073T

46,227x1073TInT + UL 885x107°T? + 1013,750T" " + 297, 270x10 °T

42.321x107°T ~ 25 073x707%T2 + 5254,000T"!

42.321x107*TLnT + 25.073x107°T2 + 2627.000T"! + 295, u22x1o aT

40.979x107°T - 24.090x107°T2 + 5191.200T"!

40.979x1073T1nT + 2L4.090x107°T2 + 2595.600T ! '+ 284,342x107°T

32.655x107°T ~ 17.065x107°%T% + 5132.200T""

32.655x107 STinT + 7. OGSKIO"T2 + 2566. 00T + 231.142x107 :T



220 Ni

Nis{e,1)
Nickel Monosulfide
[Reaction:  Ni{e) + 0.55,(g) = NiS{e,1)]

cal/mol -K keal/mol
T,K Log Kr
Cpo go ~{G%~ HZ.5)/T H°- HZg AHpo AGr®
298.15 11.260 12.660 12,660 0 -37.U55 -30.975 22,705
300 11,294 12.730 12.660 .021 -37.453 -30.935 22.536
. 400 12,144 16.101 13.113 1.195 -37.330 ~28.781 15.725
500 12.832 18.887 13,999 2.44Y ~37.205 -26.660 11.653
600 13.454 21.282 15.017 3.759 -37.096 -24.564 . 8.947
623 13.592 21.790 15.257 4,070 -37.077 -24.082 8,448
623% 13,640 24.037 15.257 5.470 -35.677T -24,082 8,448
631 13.699 24,211 15,369 5.579 -35.677 -23.933 8.289
700 14,210 25.659 16.313 6.542 ~35.541 -22.652 7.072
800 14,949 27.605 17.605 §.000 -35,256 -20.833 5.691
900 15.688 29.408 18.817 9.532 ~34,.912 -15.051 4,626
1000 16,426 31,099 19,961 11,138 ~34.511 ~17.312 3.783
1100 17.164 32.699 21.047 12.817 ~34,057 ~15.604 3.100
1200 17.902 34,225 22.083 14.570 -33,552 -13.953 2.511
1250 18.271 34.963 22.583 15.475 -33,278 -13.144 2.298
1250 17.000 40,563 22.583 22.475 -26.278 -13.144 2.298
1300 17.000 41,230 23.258 23.325 ~26.066 -12.623 2,122
1506 17.000 42,489 24,614 25,025 ~25.660 -11.,601 1.811
1500 17.000 43,662 25,845 26,725 -25.278 ~10.612 1.546
1600 17.000 Ly, 759 26.993 28.425 ~24,924 -9.642 1.317

¥3-NiS metastable below 623 K. Data extrapolated 1066-1250 K. Enthalpy of fusion and heat capacity

of liquld estimated.

Phase changes: 623 K, B ~ o transitlon point of NiS; AH® = 1.400 keal/mol.
631 K, Curie temperature of Ni; AH® = 0 keal/mol.

liquidus temperature of NiS, with melting beginning at 1066 K.

extrapolated to give total enthalpy of fusion isothermally at 1250 K.

1250 K,

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-623 K: Cp®
H°= HSss
623-1250 K: Cpe®
He= H3,e
1250-1600 X: Cp®
He- Hfqq

10,394 + 5.412x107%T - 0.663x10°T"2

10.394%107°T + 2,706x107°T% + 0.663x10%T™*! ~ 3, 562
9,052 + 7.378x707°T - 0,035x105T"2

9.052x107°T + 3,6B9x107°T2 + 0.,035x102T"! - 1,607
17.000

17.000x107°T + 1.225

1T W mw u 8

Reaction eguations (kcal/mol):

298.15-623 K: AHre =
: ACre =
623-631 K: AHr° =
AGre =

631-750 K: AHP® =
AGre =

750-1250 K: AHr® =
AGre =

1250~1600 K: AHre = -34,143
AGre = =34,143

-38.569 + 3.227x1073T - 1.734x107%T? + 91,1507}

~38.569 ~ 3.227x107IT1nT + 1.734x1C7°T% + 45.575T"! + 42,822x107°T

-36.613 + 1.885x107°T - 0.751x107°T2 + 28,350T"!

-36.613 - 1.885%107>TLlaT + 0.751x107°T% + 14.175T"' + 31.741x107°T

-34.064 - 6.439x107°T + 6.274x107°T2 - 30.650T !

-34.064 + 6.439x1072TInT ~ 6.2TUx107°T? = 15.325T7 ~ 21,459x107°T

-36.9T4 -~ 0.191x1073T + 2.372%107¢T? + 282.950T"!

-36.974 + 0.191x10*T1nT - 2.372x107°T% + 141.475T ! + 20.585x107°T
+ 7.758x107°T - 1.317x107%T2 + 279.450T"

7.758x1073T1nT + 1.317x107°T% + 139,725T"% + 70.386x107°T

Sources: All data to 1066 K from Mah (74) except enthalpy of transition at 623 K'which is from

Dubuse (33}).

Data extrapclated 1066-1250 K.

Heat capacity of liquid eatimated.

Liquidus temperature from Kullerud (70).



Ni 221

Nis(g)
Nickel Monosulfide (ideal gas)
[(Formation: Ni(e) *+ S(e,1) = NiS(g)]

) cal/mol-K keal/mol
T,K ‘ Log Kf
Cpe Se -(G°- H$,4,)/T H°- Hi,, AEf® AGEe
298.15*% 8.234 60.272 60.272 0 85.425 71.868 ~52.680
300 8.2u4k 60,322 60.272 .015 85.m8 71.784 ~52.294
368.3 8.588 62.050 60.445 .59 85.171 68.705 ~40.769
368.3 8.588 62.050 60.445 -591 85.075 68.705 ~40.769
388.36 8.688 62.509 60.540 . 765 64,995 67.816 ~38.163
'388.36 8.688 £2.509 £0.540 .765 84.582 £€7.816 ~38.163
koo 8.T747 £2.766 60.601 .B66 814,517 67.314 ~36.778
4132.02 8.877 63.445 60.787 1.148 84.315 © o 65.9L44 -33.359
500 9.153 64.763 61.241 1.761 83.765 63.097 ~27.579
600 9.464 66.461 61.973 2.693 83.058 59.029 -21.501
631 9.533 66.939 62.205 2.987 82.831 57.795 -20.017
700 6.685 67.937 62.721 3.651 B2.u18 55.082 =17.197
717.824 g.710 68.181 62.854 3,824 82.323 54.388 ~16.559

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic ~ monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S; 4H® = 0,413 kcal/mol.

432.02 K, second order transformation of 8; AH® = 0 kcal/mol.

631 K, Curie temperature of Ni; AH® = 0 kcal/mol.

717.824 K,

bolling point of S to equilibrium mixture of Sn (n=1to B).

Heat oapaciﬁy {cal/mol-K) and enthalpy (keal/mol) equations:

298.15-2500 K:

Cp®
He- HZ4,

= 10.037 - 0.108x107°T ~ 1.574x10°T"?2
= 10.03Tx107°T - 0.054x107°%T% + 1,574x10*T"" - 3,516

Formation. equations (kcal/mol):

298.15-368.3 K:
368,3-388.36 K:

388.36-432.02
432.02-631 K:

631-717.824 K:

AHf®
AGEPe
AHf @
AGfe
K: AHfe®
AGL®
AHf®
AGEe
AHf°
AGF e

[ I T A R | (I I '}

85.792 - 1.133x107°T - 2.617x107%T* + 60,8007}

85.792 + 1.133x107°T1nT + 2.617x107°5T% + 30.400T"! ~ 54, 278x10'3T
84,676 + 1.130x107°T - 4,363x107°T% + 216.400T""

B4,676 - 1.130x1073T1nT + 14.363x1078T* + 108.200T"! - 39. O95x10 T
68.518 + 45.870x%107%T ~ 47.645%x107°%T2 + 2118.600T"!

68.518 - 45.870x107*TinT + 47.645x107¢T2 + 1059.300T"! + 246.133x107°T
59.039 + 41.964x107°T ~ 27.833x107°T* + 5345.100T7"!

59,039 - 41.,96L4x107°T1nT + 27.833x1Q07°T? + 2672.550T" ' + 2L4,286x107°T
61,588 + 33.640x107°T ~ 20,808x107°T2 + 5286,100T"*

61.588 33.640x1072T1inT + 20.808x107%T? + 2643.050T " + 191.086x107°T



222 Ni

Nis(g)
Nickel Monosulfide (ideal gas)
[Reaction: Ni(e,1) + 0.58,(g) = NiS(g)]

cal/mol +K kcal/mol
T,K - Log Kr
Cp® 8e -{G%- H$,,)/T H®— H3,, AHre AGre
298,15#% 8.234 60.272 60.272 ¢ 70,070 62.354 ~45.706
300 8.244 60.322 60,272 .015 70.066 . 62.307 -45.390
400 8.747 62.766 60.601 .B866 £9.866 59.749 -32.645
500 9.153 64,763 61.2u1 1.761 £9.638 57.244 -25.021
600 9,464 66.461 61.973 2.693 69.364 54,788 -19.956
631 9.533 66,939 62,205 2,987 69,256 54.039 -18.716
700 9.685 67.937 62.721 3.651 69,093 52.387 ~-16.356
800 9.827 69,240 63.456 4,627 68.896 50.011 -13.662
900 9.910 70.403 6Y4.164 5.615 68.697 47.662 ~11.574
1000 9.948 71.450 64.842 6.608 68.484 45.333 -9.907
1100 9.956 72.398 65.486 7.603 68.254 43.038 ~-8.551
1200 9.945 73,264 66,098 8.599 68.003 40,755 -7, 422
1300 9.920 T4.059 66.681 © 9.592 67.726 38,492 -6.471
1400 9.889 T4.793 67.234 10.582 67.423 36.256 . -5.660
1500 9.855 75.475 87.762 - 11.570 67.092 34.038 ~4.959
1600 9.820 76.109 68.263 12.553 66.729 31,851 ~4.351
1700 9.786 76,704 68,743 13.534 66.339 29.670 -3.814
1728 9.777 76.864 68.873 13.808 66.223 29.082 -3.678
1728 $.777 76.864 £8.873 13,808 , 62,123 26,082 ~3,678
1800 9.753 77.262 6%.200 t4.511 61.817 27.711 -3.365
1900 9.723 77.789 £9.640 15,484 ' 61.384 25.821 ~2.970
2000 9,695 78.287 70.060 16.455 : 60.947 23.966 -2.519

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 631 K, Curlie temperature of Ni; AH® = 0 kecal/mol.
1728 K, melting point of Ni; 4H° = 4,100 kcal/mol.
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equaticns:

298,15-2500 K: Cp¢ = 10.037 - 0,108x107°T ~ 1.574x10°T"?2
He- H$4, = 10.037x1073T ~ 0.054x107°T? + 1.574x10%T"! - 3.516

Reaction equations (keal/mol}:

.B69x1073T -~ L, 49Ux107°5T2 + 182.250T"!

298,15-631 K: AHr® = 69,003 + 2 ,
‘ AGr® = 69.003 - 2.869x1073TInT + 4.494x107°T2 + 91,125T"! - 8,315x107°T

631-750 K: AHr® = 71.552 - 5,455x1073T + 2.531x107°T2 + 123.250T !

ACGre = 71.552 + 5.455x707%TInT - 2.537x107¢T? + 61.625T"% - £1.515x107°T
7501728 K: AHro = 68.642 + 0.794x707*T - 1.371x107 T2 + U436, 8507}

AGre = 68.642 - 0.794x107°T1nT + 1.371x107°T2 + 218,425T" -~ 19.471x107°T
1728-2000 K:  AHr® = 68,576 - 3,435x107°T - 0.214x107¢T2 + 123,250T"!

AGre = 68.576 + 3.435x107*TInT + 0.214x107%T2 + £1.625T"! - U8.908x1073T

Source: Data from Chase (17) who estimated all except enthalpy of formatlon at 298 K.



Ni 223

NiS, (e}
Nickel Disulfide
[Formation: Ni{e) + 28{c,l) = NiS,{c}]

cal/mol-K ‘ ' keal/mol
T,K - — Log Kf
Cpe Se ~(G°~ Hg,e)/T He~ H§,, aHf e AGEe '
298.15*% 16.880 17.200 17.200 ol -31.400 -29.831 21.867
300 16.889 17.304 17.201 .031 ' -31.401 ~29.821 21.724
368.3 17.228 20.802 17.554 1.196 -31.4u3 -29.459 17.481
368.3 17.228 20.802 17.554 1.196 -31.635 -29.459 17.481
388.36 17.327 21.718 17.745 1.543 -31.660. -29.339 16.510
388,36 17.327 21.718 17.745 1,543 -32,486 ~29.339 16,510
400 17.385 22,231 17.869 1.745 -32.539 ~29.244 15.978
432,02 17.54Y 23.576 18,242 2.304 -32.727 ~28.974 14,657
500 17.881 26.164 19.148 3.508 -33.360 -28.330 12.383
600 18.377 29.468 20.600 5.321 ~34,043 -27.259 9.929
631 18,531 30.398 21,058 5.853 -3h4,2LY -26.,902 9,318
700 18.873 32.338 22.075 7.184 ~34.578 -26.077 8.1k2
717.824 18.961 32.814 22.336 7.521° -34.646 -25.859 7.873

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

388.36
432.02

368.3 X,
Kl

K,

orthorhombic ~ monoclinie transitien point of 8; AH® = 0.096 kcal/mol.
melting point of S; AH® = 0.413 keal/mol.
second corder transaformation of S; AH® = Q kecal/mol.

631 X, Curie temperature of Ni; AH® = 0 keal/mol.
T17. 824 K, bolling peint of S to equilibrium mixture of S (n=11to 8).

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1280 K:

Cpe

| He- H3sa

15.402 + 4,958x107°T
15.402%x1073T + 2.U479x107°T2 - 4,812

no

Formation equations (kcal/mol):

298.15-368.3

K: AHf®
AGTE®

368.3-388.36 K: AHf®

388.36-432.02

432.02-631 K:

631-717.824 K:

AGfe
K: AHfe
AGEe
AHL®
AGE®
AHf¢®
AGfe

fl

~-80.479

-29.524 - 3.942x107°T + 1.633x107°%T? ~ 252,200T"!

-29.524 + 3,942x1073T1nT - 1.633x107°T2 ~ 126,100T"' - 21,585x107°T
~31.754 + o 58Ux1073T ~ 1,859x1075T2 + 59.000T"*

~317.754 - 0.584%107°T1nT + 1.859%x107¢T2 + 29.500T ! + 8. 781x10 :T
-64.071 + 90.064x1072T ~ 88.423x107°T2 + 3863.400T?

-64.071 - 90.064x107°T1nT + 88.423x107°5T2 + 1931.700T"* + 579.238x107°T
-83.028 + 82.252x107°%T ~ 48.799x107°T? + 10316,400T!

-83.028 - 82.252x107*T1nT + U4B.799x107°T* + 5158.200T"! + 575.543x107°T
~80,479 + 73.928x1073T ~ 41.774x10”¢T% + 10257.400T !

73.92Bx1073T1nT + 41.7T4x107%T® + 5128,700T" ! + 522.343x%107°T



224 Ni

NiS,(e,1)
Nickel Disulfide
(Reaction: Ni{e,1) + S,(g) = NiS,{c,1)]

cal/mol X kecal/mol

T,K — -— - Log Kr
cpe L ~(G°~ H3,)/T Ho- H3,, AHr® AGre
298,15% 16.880 17.200 ~17.200 0 -62.110 -48,858 35.814
300 16.889 17.30k 17.201 .031 -62.105 -48.776 35.533
400 17.385 22.231 17.869 1.745 -61.841 ~44,375 24.245
500 17.881 26.164 13.148 3.508 -61.615 ~40.037 17,500
600 18.377 29.468 20.600 5.321 -61.432 -35.741 13.019
631 18.531 30.398 21.058 5.893 -61.395 -34,413 11.919
700 18.873 32.338 22.075 7.184 -61.228 ~31.467 - 9.824
800 19.369 34.890 23.520 9.096 -60.924 -27.238 - 7.4
900 19.865 37.200 24.914 11.057 ~60.591 -23.050 5.597
1000 20.361 39.319 26.250 13.069 -60.228 -18.900 L.131.
1100 20.857 L1.283 27.528 15.130 -59.840 ~14.776 12.936
1200 21.353 43.119 28.752 17.240 -59.428 ~10.701 1.949
1280 21.750 44,510 29.694 18.964 -59.081 ~7.468 1.275
1280 . 21.750 56.810 29.694 34,708 -43,337 -7.468 1.275
1300 21.750 5T.147 30.11% 35.143 -43.249 -6.908 1.161
1400 21.750 58,759 32.103 37.318 -42.826 -4.126 .64y
1500 21,750 60.259 33.930 39.493 -2, 432 -1.377 .201
1600 21.750 61.663 35.620 41,668 ~42.068 © ° 1.351 ~.185
1700 21.750 62.982 37.192 43,843 ~41.734 y.042 ~.520
1728 21.750 63.337 37.613 ¢ Uy, us52 . =41.646 4.810 -.608
1728 21.750 63.337 . . 37.613  4b4.u52 45,746 4,810 ~.608
1800 21.750 64.225 38.659 46.018 -45.530 6.911 -.839

%Data except enthalpy of formation at 298 K and temperature of fusion estimdtedﬂ

Phase changes: 631 K, Curie temperature of Ni; AH®° = 0 kecal/mol.
1280 K, melting point of NiS,; -AH® = 15.74Y4 kecal/mol.
1728 K, melting point of Ni; - AH® = 4,100 kcal/mol.

Heat capacity (cal/mol-K)-and

enthalpy (kcal/mol) equations:

298.15-1280 K: Cp®
He- Hfq,

1280-1800Q K: ‘ Cp®
’ ~ He- HSse

15.
15.
21.
21.

Reaction eguationa (kecal/mol):

298.15-631 K: AHre

) AGre®
631-750 K: AHre®
AGre

750-1280 K: AHre
AGre

1280-1728 K: AHr®
AGPr®

1728-1800 K: AHr®
AGre

[ 'R S T TR N N |

-63.
-63.
.553
-60.
-63.
-63.
.783
.783
. 8438
.848

-60

=51
=51
=51
=51

102
102

553
463
H63

4o2 + 4.958x107°T

402x1073T + 2.479x107°T* - 4,812
750 . . .
750x107°T + 6,868

+

L063x107°%T = 2.121x107¢T2 - 9,300T ¢

.063x1073T1nT + 2.121x107°T2 - 4,650T"% + 70.341x107°T
L261X107°T + 4,904%x107°T% - 68.300T7!

.261x1073T1nT - 4.904x107°T2 - 34,150T7! + 17.141x107°%T
L988x107°T + 1.002x107°T2 + 245,300T""

.988x1073T1nT - 1.002x107°T2 + 122.650T ' + 5G.185x107°T
L336x1078T - 1. 4TTx107¢T2 + 245,300T !

.336X107°T1nT + 1.477x107%T2 + 122.650T"' + 92.304x107°T
L107TX107%T ~ 0.320x107€T2 - 68.300T"!

L107x1073T1nT + 0.320%x107¢T2 - 34.150T"! + 62.868x%107°T

OO0 = = e

I

Source: Data from Chase (11) who estimated all except enthalpy of formation at 298 K and
temperature of fusion.



NigS,(e)

Trinickel Disulfide

Ni 225

[Formation: 3INi{e) + 25(e,1) = Ni,5,(e)]
cal/mol K kcal/mol
T, Log Kf
Cpe 8o -(G°- H2,,)/T He- Hg,, AHE® AGE®
298.15 28,120 32.000 32,000 0 ~52,100 -50.686 37.153
300 28.170 32.170 32.003 .050 ~52.106 ~50.678 36.918
368.3 29.714 38.127 32.597 2.037 -52.205 ~50.34Y4 29.874
368.3 29.714 38,127 32.597 2.037 -52.397 -50.344 29.874 .
388.36 30,167 39.715. 32,924 2.637 -52,1436 -50,230 28.267
388.36 30,167 39.715. 32.924 2.637 "535262 ~50.230 28,267
400 30.430 40.610 33.135 2.990  -53.322 -50,139 27.394
432,02 30.917 42.972 33.778 3.972 " -53.529 =49 .877 25.232
- 500 31.950 47.570 35.350 6.110 -54,206 -49.249 21.526
600 33.350 53.520 37.887 9.380 ~54.996 -48.184 17.551
631 33.902 55.214 38.697 10.422 -55.265 -47,819 16.562
" 700 35,130 58.790 40,504 12,800 =55.570 - ~46.980 14,668
717.824 35.570 59.679 40.969 13.430 ~-55.608 =-46,759 . 14,236 ..

Phase changes:

432.02 K, second order transformation of 8;
631 X, Curie temperature of Ni;
T17. 82M K, bolling point of 8 to equilibrium mixture of S

Heat capacity- (cal/mecl+K) and enthalpy (kcal/mol) equations:

298.15-834 K:

Formation eguations (kcal/mol): -

Cp® = 2L.645 + 15,630x107°T - 1,053x10°T™?
CHe- Hg,, = 24.645%107°T + 7.815x107%T? + 1.053x102T™! ~ 8:396

298.15-368.3
368.3-388.136
388.36-432.02

432.02-631 K:

631-717.824 K:

K: AHf®
© AGFe®
K: AHf®
AGfe
K: AHf®
. AGfe
AHf®
AGfe
AHf®
AGSE®

[

| R | N I T (I

-51
=51

-53.
~53.
-86.

-86,

~105.160 + 85,503x107°T ~ 52.023x107°T? + 10539.700T"!

.656
.656
&86

202
202

886"

+
+
+

368.3 K, orthorhombic -~ monoclinie transition point of 5;
388.36 K, melting polint of S; AH® = 0,413 kcal/mol.
AH® = 0 kcal/mol.

AH® = 0 kecal/mol.

0.691x1073T - 1.591x107°T? - 28.,900T"!

0.691x1073T1nT + 1.591x107*T% - 14,450T"! ~ 0. 997x10 8T

3.835x107%T - 5.083x107°T? + 2B2.300T"!

3.835x107T1InT + 5.083x107°T2 + 141,150T ! + 29, 369x10 T
93.315x107°T - 91.6U47x107%T2 + 4086,700T

(n=1to 8},

AH® "= 0.096 keal/mol.

93.315x107 TInT + 91.647x107%T? + 2043,350T" % + 599.825x10™°T

~105.160 ~ 85,503x107°T1nT + 52.023x107°T? + 5269.850T " + 596.130x1072T

~97.513 + 60.531x107°T - 30.948x107%T2 + 10362.700T"}

=97.513 = 60.531x107*T1nT + 30.948x107°T2 + 5181.350T ! + H36 531x10-’T



226 Ny

Trinickel Disulfide

Ni,8,{¢,1)

(Reaction: 3Ni(e,l) + S,{g) = Ni,5,(e,1)]
cal/mol+K keal/mol
T,K Log Kr
Cp°®. 8e -(G°~ H3,,)}/T H°~ H%,, AHpe AGr®
298.15 28.120 32.000 32.000 0 -82.810 -69.713 51.101
300 28.170 32.170 32.003 .050 ~-82.810 -69.632 50.727
4oo 30.430 Lo.610 33.135 2.990 -82,624 -65.270 35.661
500 31.950 47.570 35.350 6.110 ~B2.461 ~60.955 26.643
600 33.350 53.520 37.887 9.380 -82.385 ~56.665 20.640
631 33.902 - 55.214 38.697 10.422 -82.415 -55.330 19.164
700 35.130 58.790 L0.504 12.800 -82.220 -52.370 16.350
800 37.600 63.630 43,093 16.430 -81.672 ~48.146 13.153
834 38.620 65.220 43,972 17.720 -81.438 -~46.735 12,247
834 46,020 81.190 43,972 31.0H0 ~68.118 -46,735 12,247
900 45.550 84.670 46,826 3%.060 -67.166 ~45.078 10.946
1000 44,840 89,440 50.860 38,580 -65,819 -hz2. M2 9.335
1064 4y, 390 92,200 53.263 h1.430 ~-65,028 -41,230 8.469
1064 45.200 96.620 53.263 46.130 -60.328 -41.230 8.469
1100 45,200 98,120 54,702 47,760 -59.868 ~40.585 8.063
1200 45,200 102.050 58.483 52.280 -58.638 -38.892 7.083
1300 45.200 105.670 61.978 56.800 ~57.472 -37.306 6.272
1400 45,200 109.020 65.220 61,320 ~56.374 -35.791 5.587
1500 45,200 112,140 68,247 65,840 -55,349 -34.366 5,007
1600 45,200 115.060 . 71.085 70.360 -54, 400 ~32,992 4,506
1700 45,200 117,800 73.753 74.880 -53.525 -31.76 4.077
1728 45,200 118.538 T4, 473 76,146 -53.294 -31.313 3.960
1728 45:200 118.538 T4.473 76.146 ~-65.594 -31,313 3.960
1800 45,200 120.380 76.269 79.400 -65.030 ~29.896 3.630

Phase changes:

Heat capacity (cal/mol«X)

631 K, Curle temperature of Ni;
834 K, a = 8 transition point of Ni,5,;

1064 K, incongruent melting point of Ni,S,;
1728 K, melting point of Ni;

AH® = 0 keal/mol.
AH? = 13,320 kecal/mol.
AH® = 4,700 keal/mol.

AH® = 4,100 keal/mol.

and enthalpy (kcal/mol) equations:

298.15-834 K:
834-1064 K:

1064-1800 K:

Reaction equations (kcal/mbl)!

Cpe®
He- Hg,,
Cp®

Cp@
He= H3,,

45,200

298.15-631 K:
631-750 K:
750-834 K:
834~1064 K:
1064~1728 K:

1728-1800 K:

AHP®
AGre
AHr®
AGre
AHP®
AGre
AHr®
AGPr®
AHPr®
AGr®
AHr®
AGP©

Sources: Data at 298

-85.233
-85.233
~77.587
~77.587
~86.317

~83.787
-83.787
~79.883
-79.883
~80.080
-80.080

K from Mah (74).

45,200x107°T - 7.963

= 24,645 + 15,630x107°T - 1.053x103T"2
= 24,645x1073T + 7.815x107%T2 + 1,053x102T" ¢ - B8.396
. = 47,696 - 4,092x107°T + 12.082x10°%T"% |

He- HY,, = 47.696x107'T - 2.046x107%T% - 12.082x10%T"? - 5.867

+ 7.314%107°T - 5.345x107°T2 + 214.000T"!

- 7.314x1073TinT + 5,.345x107%T? + 107.000T"! + 90.929x107°T

- 17.658x10°T + 15.730x107*T? + 37,0007}

+ 17.658x107*T1nT ~ 15.730x107¢T% + 18.500T " - 68.671x107°T

+ 1.089x107"T + 4.024x10~°T2 + §77.800T"!

-86.317 - 1.089x1Q"*TInT - 4.024x107%T? + 488,900T~! + 57,460x107°T

+ 24.140x107*T - 5.837x107°T? - 335.700T""
- 24,140x107°T1nT + 5.837x107°T2 ~ 167.850T"% + 202.194x107°T
+ 21,644x107*T - 3,791x107%T? + §72,50077!
- 21.644x107*TInT + 3.791x107°T* + 436,250T"! + 182,771x107°T
+ 8.957x107*T ~ 0.320x107°T? - §8.300T"!
- B.95Tx107*T1nT + 0,320x107°T2 ~ 34.150T"1 + Q4. 462x107°T

Other data from Ferrante (35).



N1 227

Ni,S,(c)
. Trinickel Tetrasulfide
[Formation:  3Ni{c) + 48(c,1) = Ni,8,(e)]

cal/mol K - kecal/mol
T,X - - Log Kf
Cp® -1 -(G®~ H2,,)/T H°- H%,, AHF® AGEe
298.15% .39.390 by, 570 LY. 570 0 -71.968 -69.734 51.115
300 39.454 ‘ by ,81y LY, 571 .073 -71.97 69,719 50.790
368.3 41.799 53.138 " 45,06 2.848 -72.050 -69.202 41.064
368.3 41,799 53.138 L5, 406 2.8u8 ~72.434 -69.202 1,064
388.136 42.487 55.373 - 45,864 3.693 -72.466 -69.022 38.842
388.36 L2487 " 55.373 45,864 3.693 -74.118 -69.022 38,842
400 L2,887 56.634 46.159 4,190 ~Th,210 -68, 869 37.628
432,02 ©43.987 59.979 ToNT,069 5.581 ~74.535 -68,432 34.618
500 46.321 66.573 49,273 B.650 ~75.628 -67.376 29.449
600 u9.75H 75.322 52.899 13.454 ~76.598 -65.632 23.906
631 50.819 ©77.855 54,063 15.013 -76.855 -65.054 22.531
700 53.188 83.249 56.676 18,601 =77.045 -63.742 19.901
T1T.824 53.800 84,591 57.353 . 19.554 ~77.033 ~-63, 401 19,303

*Data except énthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhomblc -~ monoclinic transition point of S;. AH° = 0.096 kcal/mol.
: 388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432,02 K, second order transformation of §; 4H® = 0 kecal/mol.
631 K, Curlie temperature of Ni; AH® = 0 keal/mol.
T17.824 K, boiling point of S tc equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol:K) and enthalpy {kcal/mol) equations:

298.15-1100 K: Cpe = 29,148 + 3L,344x107°T
Ho- Hy,e = 29.14Bx1073T + 17.172x107°T% - 10.217

Formation equations (kcal/mol):

298.15-368.3 K: AHfe = ~67.732 ~ 12.536x107°T + 11.200x107¢T2 - U5 4007}

AGfe = ~67.732 + 12.536x1073*T1lnT - 11.200x107%T2 ~ 222.700T" ! ~ 72.294x107°T
368.3-388.36 K: AHf® = =72.193 - 3.48Ux107°T + 4.216x107%T2? + 177.000T"!

AGE® = =72.193 + 3.484x107°T1nT - 4.216x107°T* + 88.500T"! - 11.562x107°T
388.36-432.02 K: aHf° = -136,826 + 175.476x107°T - 168.912x107°5T7% + 7785.800T"!

AGFe = -136.B826 - 175.476x1073T1nT + 168.912x107°T2 + 3892,900T"! + 1129.351x107°T
432.02-631 K: AHf® = ~1T4. 741 + 159.852x107°T ~ 89,664x1075T2 + 20691.800T"!

AGFe = ~1TU4.TL1 - 159,.852x107°T1nT + 89.664x107°T2 + 103U45.900T"! + 1121.962x107°T
631-717.824 K: AHf® = =167.094 + 134.880x107T - 68.589x1078T2 + 20514,.800T™?

AGfe = ~167.094 -

TSM.BSOXJOthlnT + 68.589x107°T2 + 10257.400T"' + 962.362x107°T



228 Ni

Ni,S,(¢c)
Trinickel Tetrasulfide
[Reaction:  3Ni(c) + 28,(g) = Ni,$,(c}]

cal/mol-K - ’ keal/mol
T,X Log Kr
Cpe se =(Go= H2,,)/T  He= HS,, aHre AGP®
298.15% 39.390 44,570 hy,570 0 -133,388 -107.788 79.010
300 39.454 by, 814 by ,57 .073 ~133.379 -107.628 78.406
400 42,887 56.634 h6.159 4,160 -132.814 -99.,132 54,162
500 146.321 66.573 49.273 8.650 ~132.138 -90.788 39.683
600 49.754 75.322 52.899 13.454 -131.376 -82.596 30.08s
631 50.819 77.855 54,063 15.013 ~131.1556 ~80.076 27.734
700 53,188 83,249 56.676 18.601 -130.345 -74,522 23.267
800 56.622 90.576 650.461 24,062 -128.807 -66.657 18.210
300 60.055 97.443 64.192 29,926 -126.977 ~-58.9%9 14.327
1000 63.489 103.948 67.845 36.103 ~124.860 ~51.564 11.269

*Data except enthalpy of formation at 298 K estimated.
Phase change: 631 K, Curle temperature of Ni; 4H® = 0 keal/mol.

Heat capacity (cal/mol-K} and enthalpy (kecal/mol) eguations:

298,15-1000 K: Cp® = 29.148 + 3U,3u4x10™7T
Ho- H3, = 29.14Bx1072T + 17,172x1075T% ~ 10.217

Reaction equations (kecal/mol):
298,15-631 K: AHre ~134,.887 + 3.UT4x{073T + 3,692x1075T2 + LQ.400T™!

AGre = -134,887 - 3.474x1C7°TInT -~ 3.692x107°T2 + 20.200T"% + 111.558x1073T
631-750 K: AHr® = =127.241 - 21.498x107*T + 24.767x107%T% - 136.600T !

AGr® = =-127.241 + 21.498x707°T1nT - 24,767x1C7°T? - 68.300T"' - U8.C42x107°T
750-1000 K: aHre = -135,971 - 2.751x107°T + 13.061x107%T? + B0O4,200T7!

AGr® = =~135.971 + 2.75Tx107°TInT - 13.061x107°T% + 402.100T"' + 78.089x107°T

Scurce: Data from Chase (ll) who estimated all except enthalpy of formation at 298 K.

evidence that Ni,S, decomposes near 630 K.

Chase cltes



Os 229
083,(c)
Osmium Disulfide
[Formation: Os(c) + 25(c,1) = 088,(e)]
cal/mol«K keal/mol
T,K Log Kf
Cpe® g -(G°= H3,,)/T Ho- Hi,, AEF® AGE®

298.15% 14,860 13.000 13.000 0 ~35.300 -32,282 23.663
300 14,900 13.080 13.000 .C30 ~35.301 -32.260 23.501
368.3 15.788 16.259 13.319 1.083 =35.421 ~31.559 18.727
368.3 15.788 16.259 13.319 1.083 ~35.613 =31.559 18.727
388.36 16.049 17.104 13.493 1.402 ~35.652 ~-31.336 17.634
388.36 16.049 17.104 13.493 1.402 -36.478 -31.336 17.634
400 16,200 17.580 13,605 1.590 ~-36,536 -31.182 17.037
432,02 16,443 18.837 13,947 2,113 -36,732 ~-30.Tu47 15,554
500 16.960 21.280 14,780 3.250 ~37.354 ~29.749 13.003
600 17.490 24,420 16.137 4.970 ~37.962 ~28.171 10.261
700 17.930 27.150 17.507 6.750 -38,405 . . -26.492 8.271
717.824 17.999 27.602 17.752 7.070 -38.471 ~26.187 7.973

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic ~ monoellnic transition point ' of S; AH® = 0.096 keal/mol.
388.3¢ K, melting point of S; AH® = 0.413 kcal/mol.
432.02 X, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-X) and enthalpy (kcal/mol) equationa:

298,15-1400 K: Cp® = 16,380 + 2.830x107°T - 2.100x10°T"2
Hom Hg,q = 16.380x107°T + 1.415x107°T2 + 2.100x102T"% - 5,714

Formation equations (kcal/mel):

298.15-368.3 K: AHf® = ~33,680 - 5.604x107°T + 4,395x107T2 - 101,200T"!

AGfe = -33.680 + 5.604x107°TlnT ~ 4.395x107%T* - 50.600T"! - 25.360x107°T
368,3-388.36 K: AHf® = ~-35,911 ~ 1.078x107°T + 0.903x107°T2 + 210 T!

AGF® = -35.911 + 1,078x107°TInT ~ 0.903x107%T2 + 105.000T"! + 5.006x107°T
388.36-432.02 K: AHf® = ~68.227 + 88.402x107%T - 85.661x107%T2 + LD14,.400T!}

AGFe = ~$8.227 - 88.402x107°T1nT + 85.661x107%T2 + 2007.20CT"! + S575.463x107°T
432,02-717.824 K: AHf° = -87,185 + 80.590x107°T - 46,037x107°T% + 10467.400T™!

AGF? = ~87.185 - B0.590x107°T1nT + L46.037x107°%T2 + 5233,700T"' + 571,768x107°T



230 Os

088,;(c)
Osmium Disulfide

[Reacticn: Os(e) + S,(g) = 08S,(0c}]
cal/mol «K kcal/mel
T,K Log Kr
Cp® 3e -{Ge- H3,,)/T H°- H3,, aHre AGre
298,15% 14,860 13.000 13.000 0 -66.010 ~51.309 37.610
300 14,900 13.090 13.000 .030 ~-66.005 -51.214 37.309
400 16.200 17.580 13.605 1.590 -65.838 -46.313 25.304
500 16.960 T 21.280 14.780 3.250 -65.609 -41.455 18.120
600 17.490 24,420 16.137 4.970 -65.351 -36.652 13.350
700 17.930 27.150 17.507 £6.750 -65.055 -31.882 9.954
800 18.320 29.570 18,870 8.560 64, TU7 ~27.168 7.422
900 18.670 31.750 20,183 10.410 ~6L,418 -22.492 5.462
1000 19,000 33.730 21,040 12,290 - ~64,075 ~17.852 - 3.902
1100 19.320 35.560 22.6k2 14.210 ~63.709 ~13.248 2.632
1200 19.630 37.250 23.792 16.150 -63.338 -8.678 1.580
1300 19.930 38.840 24,894 18.130 ~62.94Y -4, 146 .697
1400 20.230 40.320 25.934 20.140 ~62.538 . +375 ~.059

*Data except enthalpy of formation at 298 K estimated.

Heat capacity (cal/mol«K) and enthalpy (kcal/mol) equations:

298.15-1400 K:

Reaction equations {kcal/mol):

298.15-1400 K:

Source: Data from Mills (80) who estimated all except enthalpy of formation at 298 K.

AHr®

16.380 + 2.830x107°T - 2.100x10%T"2
HO- H8,e = 16.380x1073T + 1.415x107¢T2 + 2.100x102T"! ~ 5.714

~67.258 + 2.401x1077T + 0.641x1075T2 + 147.700T"!
© AGre = ~67.258 ~ 2.401x107°TLlnT - 0.641x107°T? + 70.850T ! + 66.566x107°T



P 23

P3(g)
Phosphorus Moncsulfide (ideal gas)
[Formation: P(e¢,1,1/4P (g)) + S(e,1) = PS(g)]

cal/mol+K kcal/mol
T,K _— - Log Kf
: Cpe® ge ={G°= HS.4)/T H°- HY,, AHf® AGF® .

298.15 8, h22 55.973 55.973 o 36,400 24,924 -18,269
300 8,426 56,025 55.973 .016 36.395 24.852 ~18.105
317.3 8,457 56.498 55.988 .162 36.347 24.189 -~16.661
317.3 8.457 56.498 55.988 L162 36.190 24,189 ~-16.661
368.3 8.547 57.768 56.149 536 36.015 22.273 -13.217

© 368.3 8.547 57.768 56.149 .596 35.919 22.273 -13.217
- 388.136 8.582 58.222 56.245 .768 35.8.45 21,532 -12.117
388,36 8.582 58.222 56.245 .768 35.432 21.532 =12.117
400 8.603 58.U76 56.306 .868 35.371 21.117 -11.537
432,02 8.639 59.140 56.492 IREL! 35,183 19,982 -10,108
500 8.715 60,408 56.940 1.734 34.671 17.633 ~7.707
550 8.752 61.241 57.295 2.171 34.356 15.930 -6.330
550 8.752 61.24 57.285 2.171 31.448 15.930 -6.330
600 B.788 62.004 57.656 2.609. -+ 31,233 14,530 -5.292
700 §.839 63.363 58.376 3.491 30.6843 11.778 -3.677
717.824 8.846 63.585 58.502 3.649 30,779 . 11.294 ~-3.439

Phase changes: 317.3 K, melting point of P; AH® = 0.157 kcal/mol. ‘
368.3 K, orthorhomble - monoclinic transition point of 8; AH° = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of $S; aAH® = 0 keal/mol.
550 K, bolling point of P; AH® = 2.908 kecal/mol .of P. '
717.824 X, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capaclity (cal/mol-K) and enthalpy (kecal/mol) eguations:.

298.15-3000 K: Cp®

He- Hfqs

8.843 + 0.108x1073T - 0,403x10%T"2
8.843x1073T + 0.054x107°T2 + 0.403x10%T ! ~ 2.777

Formation equations (kecal/mol):

298.15-317.3 K: AHF®

AGfe
317.3-368.3 K: AHE @
AGfFe
368.3-388.36 K: AHE®
AGF®
388.36-432.02 K: AHf®
aGfLe
432,02~550 K: AHf®
AGF®
550~717.824 K: AHF®
AGF©

oo n

U &K U W o® 0w owou

37.846 - 3.130x107°T - 1,414x107°T* - 115,300T""

37.8B46 + 3.130x707°TInT + 1,414x107%T2 - 57.650T"' - 60.947x107°T
38.159 -~ 5.623x107 T + 1.771x107%T2 ~ 115,300T7!

38.159 + 5.623%107*T1nT - 1.771x1078T2 ~ 57.650T ! - 75.283x107°T
37.044 - 3.360x107%T + 0.025x107°T2 + 40,300T"!

37.044% + 3,360x107°T1nT - 0.025x107°T% + 20.150T"' - 60.101x107°T
20.886 + 41.380x1073T - 43.257x107°T2 + 1342,500T !

20.886 - 41.380x107%T1nT + 43,257x107°T% + 971.250T7°' + 225,128x107°T
11,407 + 37.474x107°T - 23,845%107°T? + 5169.000T"*

11.407 = 37.474x107*T1nT + 23.445x1075T2 + 2584.500T ! + 223.280x107°T

7.947 + 38.812x107°T = 23.449%107°T? + 5068,700T
7.947 - 38,812x107°T1nT + 23.449x107°T? + 2534.350T7! + 238.178x107°T



232 P

Psg) ‘
Phosphorus Monosulfide (ideal gas)

[Reactlion: Plc,1,1/4P,(g)} + 0.58,({g) = Ps{g}]

cal/mol K keal/mol
T,K Log Kr
Cp® 8¢ -(G®~ H$,,)/T H°- HZ,, AHr© AGre :
298.15 8.422 55.973 55.973 0 21.045 15.410 -11.296
300 8.426 56.025 55.973 -.016 21.043 15.375 -11.20
317.3 8.457 56.498 55,988 .162 21.023 15,050 -10.366
317.3 8.457 56,498 55,988 L162 20.866 15.050 -10.366
400 8,603 58.476 56.306 .868 20.720 13.551 -7.404
500 8.715 60.408 56.940 1.734 20.544 11.780 -5.149
550 8.752 61.24 57.295 2.171 20.454 10.892 -4,328
550 8.752 61,241 57,295 2,17 17.546 10,892 -4.328
600, B.788 62.004 57.656 2.609 17.539 10.288 -3.748
700 8.839 £3.363 58.376 3,491 17.518 9.083 -2.836
800 8.877 6u4.556 59.075 4,377 C17.490 7.880 -2.153
900 8.905 65.593 59.742 5.266 17.458 6.680 -1.622
1000 8,928 66.533 60.375 6.158 17.421 5,485 =1.199
1100 8.9u7 67.384 60.973 7.052 17.381 4,294 -.853
1200 B.963 68,164 61.542 7.947 17.336 3,104 -.565
1300 8.977 68.882 62.079 §.844 17.288 1.919 -.323
1400 8.989 69.547 62.588 9,742 17.237 .740 -.116
1500 9.000 70.168 63.973 10,642 17.183 ~.437 064
1600 9,010 70,749 63.535 11.542 17.125 -1.609 .220
1700 9,020 T71.296 63.976 12,544 . 17.065 -2.77% . 357
1800 9.029 71.811 64.397 13,346 17.002 -3.942 79
1900 9,038 72.300 64,800 14, 250 16.936 -5.105 .587
2000 9.046 72,764 . 684

65.187 15,154 16.868 -6.263

Phage changes:

317.3 K, melting point of P; AH® = 0.157 kecal/mol.
550 K, boiling point of P to P,(g); AH® = 2.908 kecal/mol of P.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cp® = 8.843 + 0.108x107%T - 0.LO3x10°T™2

H°- HZ4¢ = 8.843x1073T + 0.054x107T% + 0.403x10%T~% - 2,777

Reactlon equations {kcal/mol):

298.15-317.3 K:

©317.3-550 K:

550-2000 K:

Sources: Enth

AHre®
AGr®
AHre®
AGr®
AHre®
AGr®

alpy of

21
21
21
21

" D2 B O B

formation at 298 K based on Drowart (32)

7.
17.

+

.057
.057
.370
.370
910
910

+I+l

and Narasimham (85)

0.873x107%T - 3.291x107¢T* + 6.150T"* C
0.873x107°T1lnT + 3.291x107°T? + 3,075T ! - 14.93Nx10"’T
1.621x107°T - 0.106x107€T2 + 6,150T "

1.629%1072T1nT + 0.106x107%T% + 3,075T7 % - 29. 320x10 iT

'0.282x107°T - D.110x107°T? - 94, 15077

'0.282x107°T1nT "+ 0 110x1078T% - U47.075T"" - 14, H23x10 T

Lp

Other data based on-Dresslerp(Ql)
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P,S,(c,l)
Tetraphogphorus Trisulfide
[Formation:  4P{c¢,1,1/4P, (g)) + 3S{¢,1) = P, §,{(c,1)]

cal/mol <K keal/mol
T,K - - Log Kf
: Cp® : go -(G®- HS,,}/T HO- H3,, AHE® AGF®
298.15 38.870 48.600 48,600 0 =41.100 -37.026 27.141
300 39,280 ug,840 4B.600 072 -41,102 ~-37.003 26,956
313.9 40,500 50.610 48.665 .610 ~-li1,109 -36.814 25.631
313.9 44 100 58,160 48.665 3.075 . ~38.644 -36.814 25.631
317.3 44,100 58.935 48. 771 3,225 -38.630 -36.793 - 25.342
317.3 44, 100 58.935 48.771 3,225 -39.258 -36.793 25.342
368.3 44100 65.509 50.646 5.4TY4 -39.158 -36.406 21.603
368.3 by 100 65.509 50.646 5.474 -39.44% =36, 406 21.603
388,36 44,100 67.848 51.475 6.359 -39.423 ~36.238 20.393
388.36 44,100 67,848 51.475 6.359 -40.662 -36.238 20,393
400 44.100 69.150 51.970 6.872 -40.706  -36.106 19.727
432.02 Ly 100 72.546 53.372 8.283 ~-40.889 -35.733 18.076
T LY. 100 73.950 53.996 8.900 -41,148 © =35,562 17.426
L6 47,600 75.600 53,996 9.635 -40,413 ~35.562 17.426
500 47,600 81.040 " 56,628 12,206 -40,699 -34,954 15.278
550 47.600 85.578 59.058 14.586 -40.887 -34.427 13.680
550 47.600 85.578 59.058 14.586 -52.519 -34. 427 13.680
600 47.600 89.720 61.443 16.966 -52.334 -32.787 11.943
700 47,600 97.060 - 66.023 21.726 -51.862 -29.566 9.23

Phase changes: 313.9 K, g - 8 transition point of P,S;; AH® = 2,465 keal/mol.
317.3 K, melting point of P; AH® = 0.157 kecal/mol.
368.3 K, orthorhombic - monoclinic transition point of S; AH° = 0.096 kcal/mol.
388.36 K, melting peint of 8; AH® = 0.413 kcal/mol ‘
432.02 K, second order transformation of ' S; AH® = 0 kecal/mol,
LU X, melting point of P,S;; AH® = 0.735 kcal/mol
550 X, boiling point of P; AH° = 2,908 keal/mol of P.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol)} equatlions:

298.15-313.9 K: Cp® = 44,164 - 17,758x107°T
He~ HS,4s = 4H.164xT073T - 8.879x107¢T? ~ 12.378
313.9-446 K: Cp® = 44.095
He~ H9,, = ULU.095x1072T - 10.766
LL6-700 K: Cp® = L7.601
' Ho- H$,, = 47.601x107°T - 11.595

Formation equationé (kéal/mol): . : T
' L4Y6x107%T - 16.468x107°T2 ~ 466.800T !

298.15-313.9 K:  AHf°® =:39.396 + J
_ AGPe = -39.396 - 4.446x107 5TlnT + 16.468x107°T2 -~ 233.400T"% + 30.995x107°T
313.9-317.3 K: CAHE® = =37,.784 + 4.377x107%T - 7.589x107¢T2 - 466.800T !
AGFe = -37.784 - 4.377x107°T1nT + 7.589x107°T% ~-.233.400T '+ 28,.251x107°T
317.3-368.3 K: - AHf® = -36.531 - 5,595x107°T + 5.157x107%T% - U466.800T ! -;
AGE® = -36.531 + 5.595x107°TinT - 5.151x107°T? - 233.400T"! - 29 O9Ux10"T
368.3-388.36 K:  AHf° = -39.876 + 1.194x107°T ~ 0.087x107°T?
AGFe = -3G.876 -~ 1.194x1073T1nT + 0.087x107¢T2 + 16, 454x107%T
388,36-432.02 K: AHf® = -88.351 + 135.414x107%T -~ 129.933x107%T% + 5706.600T !
AGfe = -88.357 ~ 135.414x7073T1nT + 129,933x1075T2 + 2853.300T"! + 872.140x107°T
432.02~-Uk46 K: AHF® = -116.787 + 123.696x107°T - 70.497x107°T% + 15386.100T
. AGF° = 116,787 - 123,696x107°T1nT + T70.497x107°T2 + 7693,050T ' + 866.597x107°T
446-550 K: AHf® = ~117.616 + 127.202x107°T - 70.497x107°T2 + 153B6.100T"?
AGFo = =117.616 ~-127.202x1073TInT + 70.497x1078T? + 7693.050T ' + 889.843x107°T
550-700 K: AHF® = =131.457 + 132.554x107%T ~ 70.513x107%T% + 14984.900T!
AGFe = =131,U457 = 132.554x107*T1nT + 70.513xX707%T2 + 7492,U450T ! + QU9 434x107°T



234
P,S,(c,1)
Tetraphosphorus Trisulfide
[Reaction: U4P(c,1,1/4P,(g)) + 1.58,{(g) = P,8;{¢,1)]
cal/mol-K keal/mol

T,K Log Xr

Cpe 3¢ ~{G°- H§,,)/T H°- Hf,, Alire . AGre ‘

298.15 38.870 48.600 48.600 0 -87.165 ~65.567 48.062

300 39.280 48,840 48.500 .072 ~-87.158 -65,434 47,668
313.9 40.500 50.610 48.665 610 -87.100 ~64,430 4y 858 °

313.9 L4.100 58.460 48,665 3.075 -BY4.635 ~64,430 Ly,858

317.3 44,100 58.935 48,771 3.225 -84.604 -64,211 gy, 227

317.3 44,100 58.935 L8.7TT1 3.225 -85.232 -64.211 4y, 227

400 44,100 69.150 51.970 £.872 -84.659 -58.802 32.128

hus 44,100 73.950 53.996 8.900 -84.355 -55. 847 27.366

ung 47.600 75.600 53.996 9.635 ~-83.620 ~55.847 .27.366

500 47.600 81,040 56,628 12,206 ~83.081 ~52,513 22,953

550 47.600 85.578 59.058 14,586 ~82.595 49,540 19.685

550 47.600 85.578 59.058 14.586 -9Y, 227 -49.540 19.685

600 47.600 89.720 61.443 16.966 -93.418 -45.510 16.577

700 47.600 97.060 66.023 21.726 -91.837 -37.651 11.755

313.9 K, o - B transition point of P,S,; AH® = 2,465 kcal/mol.

Phase changes:

317.3 K, melting point of P; AH® = 0.157 keal/mol.
446 X, melting point of P,3,;; AH® = 0.735 keal/meol.
550.K, bolling point of P; AH® = 2,908 kecal/mol of P.

Heat capacity (cal/mol-K)

and enthalpy (kcal/mol) equations:

298.15-313.9 K: Cpe = 4H4.164 - 17.758x107°T

Ho- H8,, = 44.164x707°T - 8.879x107°T2 - 12.378
313.9-U46 K: Cpe = 44,095

Ho- Hg,, = L4.095x107°T - 10.766
446-700 K: Cp® = UT.601

He- Hg,, = H7.601x107%T ~ 11.595

Reaction equations (kcal/mol}:

16.454x107°T ~ .22, 099)(10'5'1’2 ~ 102.450T"!

298.15-313.9 K: AHr® = -8§.763 +

AGr® = -89.763 - 16.454x1C *TinT + 22.099x107°T2 - 51,2257 ! + 168 884x107°T
313.9-317.3 K: AHr® = -88.151 + 16.385x107°T - 13.220x107°T? ~ 102.450T"?

AGro = -B88.151 - 16.385x107°TinT + 13.220x107°T% - 51,225T"! + 166. IHOx1O’3T
317.3-446 K AHr® = -86.897 + 6.413x107°T - 0.480x107°T? - 102.4507™!

AGro = -86,897 - 6, 413x107°T1nT + 0,4B0x107°T2 ~ 51,225T" ! + 108, 795x10'3T
L46-550 K: AHre = -87,726 + 9.919x107°T - .0.480x107°T? - 102.450T"!

AGro = -87.726 - 9.919x1072T1nT + 0,.480x107%T2. - 51.225T"! + 132, 040X107°T
550-70C K: AHP® = -101.567 + 15.271x107%T -~ 0.496x107¢T? - 503.650T"!

AGr® = =101.567 - 15.271x107*TInT + 0.496x107°T? - 251 825’1“l + 191 63Tx10 aT
Soul ~es: Enthalpy of formatlon at 298 K based on Cueilleron (28) Low-temperature heat capaclties

*n 350 K and entropy at 298 X from .Clever (21)
(10), Bouix (13), and Chattopadhyay (20).

ngh temperature data based on Blachnik
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P,5,(8)
Tetraphosphorus Trisulfide (ideal gas)
[Formation:  4P(c,1,1/4P,(g)) + 3S(e,1) = P,S,(g)]

cal/mol -K keal/mol
T.K - - . Log Kf
: Cp® ge ©=(Go- HS,,)/T He- HZ., AHF® AGE®

298,15 37,000 76.280 76,280 0 ~35,850 ~-40.,029 29.342
300 37.000 76.509 76.282 068 -35,856 ~40.057 29,181
©317.3 37,000 78.583 76.352 . 708 -35,896 -40,294 27.753
317.3 37.000 78.583" 76.352 .708 -36.524 -40,294 27.753
368.3 37.000 84.098 77.052 2.595 -36.787 ~40.880 24,258
368.3 37.000 84.098 77.052 2.595 -37.075% -40,880 24,258
388.36 37.000 86.060 T7.467 3.337 -37.195 -41.082 23.119
388.36 37.000 86.060 77.467 3.337 -38.434 -41.082 23.119
400 37.000 87.153 77.733 3.768 ~38.560 -41.161 22.489
432.02 37.000 90.002 78.538 4,953 ~38.970 -41,355 20.920
500 37.000 95.409 BO.4T3 7.468 -40.187 ~41.626 18.194
550 37,000 98.936 B1.99y 9,318 -40.505 ~41,791 16.606
550 37.000 98.936 81.994 9.318 -52.537 ~41.,791 16.606
600 37.000 102.155 83.542 11.168 -52.882 ~-40.796 14,860
700 37.000 107.859 86.619 14.868 -53.470 -38.733 12.093
717.824 37.000 108.789 87.158 15.527 ~53.561 -38.355 11.678

Phase changes:

217.3 K, melting point of P; AH® = 0.157 keal/mecl.
368.3 K, orthorhomblc - monoclinic transition point of S; 4H® = 0.096 kcal/mol.

388.36 K, melting point of S; AH° = 0,413 keal/mol,

432.02 K, second order transformation of $; AH® = 0 keal/mol.

550 K, boiling peint of P; AH® = 2.908 kcal/mol of P.

717.824 K, bolling point of S to equilibrium mixture of S, (n=1to 8).

Heat capacity (cal/mgl-K) and enthalpy (keal/mol) equations:

298.15-2500 K:

Cp®

Ho- Hgqs

37.000
37.000x107°T - 11,032

Formation equations (kcal/mol):

298.15-317.3 K: AHf®

AGEe

317.3-368.3 K: AHf®
‘ AGEe

368.3-388.36 K: AHT®
Co AGEe
388.36-432.02 K: AHf°
: AGfo
432.02-550 K: AHf @
- ‘ “AGEe
550-717.824 K: AHf®

CAGPe

-32.799 - 2.718x107°T ~ 7.589x107°T* - h466,800T"!
-32,799 + 2,718x107T1nT + 7.589x107°%T2 - 233.400T7! - 39.372x107°T

~31.546 - 12.650x1073T + 5.151x107°T% ~ L6E.800T™}

231,586 + 12.690%107*TinT ~ 5.151x107¢T2 = 233,.400T"! - 96.717x107°T
-34.891 - 5.901x107°T - 0.087x107°T2

-34.891 # 5.901x1073T1nT + 0.087x107T2 - 51.168x107°T

-83.366 + 128.319x107°T - 129.933x107¢T* + 5706.600T"!
-83.366 - 12B8.319x107TinT + 129,.933x107°T2 + 2853.300T "' + B04.517x107°T

-111.802 + 116.601x107°T - 70.497x107€T? + 15386.100T"?
~111,802 - 116.607x107°T1nT + 70.497x107°T2 +-7693.050T"! + 798.974x107?T
-125.644 + 121.953x107°T - 70.513x107T2 + 14984.900T !

-125.64L - 121.953x107°TInT + 70.513x107°T% + 7492.450T" « 858.565x107°T
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: Pusa(gl
Tetraphosphorus Trisulfide (ideal gas)
(Reacticen:  4P(e,1,1/4P,{g)) + 1.55,(g) = P,S,(g)]

cal/mol X _ keal/mol
T,K -— Log ¥Kr
Cp° Se ~{G°- Hg,4)/T H- H8,, AHpo AGro
298.15 37.000 76.280 76.280 0 -81.915 -68.570 50.263
300 37.000 76.509 76.282 .068 -81.912 . -68.,489 49,894
317.3 37.000 78.583 - 76.352 . 708 ~81,870 ~67.712 46,638
317.3 37.000 78.583 76.352 ,708 ~82.468 ~67.712 46.638
400 37.000 87.153 77.733 3.768 -82.513 ~63.858 34,890
500 37.000 95.409 80.473 7.468 ~-82.569 -59.186 25.870
550 - 37.000 - 98.93% 81.994 9.318 -82.613 ~56.904 22.611
550 37.000 98.936 81.994 9.318 -94.245 -56.,904 22.611
600 37.000 102,155 83.542 11.168 ~-93.965 ~-53.519 19,494
700 37.000 107.859 86,619 14,868 ~93.445 ~k6.818 15,617
800 37.000 112.800 89.590 18.568 ~92.964 -40.190 10.979
300 37.000 117.158 92.416 22.268 . ~32.511 ~33.622 8.164
1000 37.000 121.056 95.088 25.968 ~92.082 -27.100 5.923
1100 37.000 124,582 97,611 29.668 ~-91,673 ~20.622 b,097
1200 37.000 127,802 99,995 33.368 -81.282 -14.183 2,583
1300 37.000 130.763 102.249 37.068 =-80.905 : =-T7.775 1.307
1400 37.000 133.505 104,385 4o.768 ~90.545 -1.393 217
1500 37.000 136.058 106,513 44,468 ~-30.199 4,959 -.723
1600 37.000 138,446 108,341 . 48,168 -89,863 11.295 -1.543,
1700 37.000 140.68%9 110,178 51.868 ~-89.54) 17.608 -2.264
1800 37.000 142,804 111.933 55.568 -89.231 23.90% -2.902
1900 37.C00 144,804 113.610 59.268 -88.934 30.182 -3.472
2000 37.000 146.702 115.218 62.968 -88.642 36.445 -3.982

Phase changes: 317.3 K, melting point of P; AH® = 0.157 keal/mol. )
550 K, boiling point of P to P,(g); AH® = 2.908 kcal/mol of P.
Heat capacity (cal/mol+K) and enthalpy {(kcal/mol) equations:

298.15-2500 K: Cp® = 37.000
He- Hg,, = 37.000x107*T ~ 11.032

Reaction equations {kcal/mol):

298.15-317.3 K: -AHro = -83.166 + 9.289x1073T - 13.220x107¢T2 ~ 102.450T"!
. AGre = ~83.166 - 9.289x107?T1InT + 13.220x107°%T2 ~ 51.225T7 ! + 98.517x107°T
317.3~550 K: AHr° = -81.912 - 0.682x107%T ~ 0.480x107°T2 ~ 102.450T"!
AGP® = ~81,912 + 0,682x107°T1nT + 0.480x107°T% - 51,2257 + 41.172x107°T
550-2000 K: AHP® = -95.754 + 4,669%x1073T - 0,496x107°T2 ~ 503.650T"!
AGro = =95.754 ~ 4.669x107°T1inT + 0.496x1078T2 ~ 251.825T7! + 100.763x%107°T

Source: Data from JANAF (30). Enthalpy of formation at 298 K based on'P(white).
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P,S,o{c,1)
Tetraphosphorus Decasulfide

[Formation:  4P(c,1,1/4P,(g)) + 108(c,1) = P,S,,(c,1}]
" cal/moleX kecal/mol
T.K - Log Kf
Cpe Se ~(Go- H3,,)/T Ho- HY,, AHf® AGE®
298.15 70.740 91,240 91.240 0 ~90.700 ~83.351 61.097
300 70.877 91.678 91.211 .131 =90.713 -83.305 60.687
317.3 72.078 95.685 91.375% 1.368 ~90.821 -82.871 57.079
317.3 72.078 95.685 91.375 1.368 ~91.449 ~82.871 57.079
350 74.348 102.870 92.119 3.763 -91.716 -81.977 51.188
368.3 75.502 106,689 92,748 5,134 -91,856 -81.465 u8. 341
368.3 75.502 106,689 92,748 5.134 -92.816 -81,465 48,34
388.36 76.767 110.728 93.571 : 6.663 ~92.682 -80.834 45,489
388.36 76.767 110,728 93.571 6.663 -97.112 -80.834 45,489
400 77.501‘ 113.006 94,104 7.561 ~97.387 -80.344 43.897
432.02 79,402 119,048 95,732 10.073 -98.311 -78.950 39.939
450 80,469 122.307 96.729 11.510 -99,548 ~78.118 37.939
500 83.323 - 130,934 99,722 15.606 ~101.228 ~75.640 33.062
550 86.102 139.006 102.931 19,841 -102.613 -73.066 29,033
550 86.102 139.006 102.931 19.841 ~114,245 -73.066 29.033
561 86.706 190,717 103.655 20.792 -114.443 ~72.240 28.142
561 141,457 158.222 103.655 30.612 -104.623 -72.240 28,142
600 147,457 167.729 107.514 36.129 ~103.099 ~70.037 25.511
650 141,457 179.051 112.586 43,202 -101.017 ~67.363 22.649
700 141.457 189.535 117.715 50.274 -98.842 ~64,858 20,249
717.824 141,457 193.091 119.542 52.795 . -98.031 ~63.3998 19.485

Phase changes: 317.3 K,
268.3 K,

388.36 K,
432.02 K,

melting polnt of P;.  AH® = 0,157 kcal/mol.

orthorhombie - monoclinle transition point of 3; AH® = 0,096 kecal/mol,
melting point of 5; AH® = 0.413 keal/mol.

second order transformation of S; AH® = 0 keal/mol.

550 K, bolling point of P; AH® = 2.908 kcal/mol of P.
561 K, melting point of P,S,,; AH® = 9,820 kcal/mol.
717.824 K, beiling point of S to equilibrium mixture of S, (n=1t%to 8).

Heat capacity (ecal/meol-K)

and enthalpy (keal/mol) equations;

298.15-561 K: Cp° =
Ho~ Hg,q =
561~787 K: Cpe =

He~ Hgqy =

Formation equatlons (keal

58,97k + 51,176x107*T ~ 3.105x10°T"?

58.974x107°T + 25.588x107°T2 + 3. 105x10’T 1 -.20.899
141,57

141 857x107°T -~ LB.T45

/mol):

298.15-317.3 K:  AHf®

, AGF® =
317.3-368.3 K: "aAHfQ =
AGP® =

368.3-388.36 K:  AHfY =
AGFO '=

388,36-432.02 K: AHf°® =
) AGF® =
432.02-550 K: AHf®. =
AGE® =

550-561 K: AHf® =
AGFo =

561-717.824 K: AHF© =
AGfe =

~77.873 - 37.962x107T + 30.018x107%T? - 1245,.500T !

~77.873 + 37.962x107°TInT -~ 30.018x107%T2 - 622.750T7* - 218.710x107°T
~76.619 - 47.934x1073T + U2,758x1075T% - 1245,.500T !

~76.619 + U47.934x107°TInT - 42.758x7107°T? - 622.7507"! - 276. 055x10 a7
“B7.770 - 25.304x107°T + 25,298x107°T2 + 3§0,500T7!?

~87.770 + 25.304x107°T1nT - 25,298x107°%T* + 155,250T77" ~ 124,226x107°T

~249.353 + 422.096x107°T - 407.522x107%T2 + 19332.500T!

~249.353 ~ 422.096x107*TInT + 407.522x107°T* + 9666.250T"! + 2728.058x107°T
~344,140 + 383:036x107°T - 209.402x107T2 + 51597.500T"}

~344.140 - 383.036x107°TInT + 209.402x1075T% + 25798.750T ! + 2709.583x107*T
-357.981 + 388.388x107°T - 209.478x107°T2 + 51196.300T"}

-357,981 - 388.38Bx107°TInT + 209.418x1075T% + 25598,150T ! + 2769.174x10™>T
- -385.828 + 470.871x107°T - 235.006x10"°T2 + 50885,800T " -

~385.828 ~ 470.871x1073T1InT + 235.006x1C7°T? + 25442,900T ' + 3327.044x107°T



238 P

P,5,.(e,1)
‘ Tetraphoaphorus Decasulfide
{Reaction: UP(e,1,1/4P (g)) '+ 58,(g) = P,S,,(c,1}]

cal/mol K keal/mol
T,K - - Log Kr
Cpe® Se =(G°- HZ,¢)/T He- HY,, AHp© AGre
298.15 70.740 91.240 91.240° 0 -244,250 -178.487 130.833
300 70.877 91.678 91,2 131 -244,233 -178.078 129.728
317.3 72.078 95.685 91.375 1.368 ~244,068 -174.264 120.028
317.3 T72.078 95.685 91.375 1.368 -244,.696 ~174.264 120.028
350 TH.348 102.870 92.119 , 3.763 -244 424 ~167.025 104,294
400 77.501 113,006 94,10k 7.561 ~243.897 ~156.000 85.233
450 80.u89 122.307 - 96.729 11.510 -243.258 ~145.046 TO0.443
500 83.323 130.934 99,722 15.606 ~-242.503 =134,172 58.646
550 86.102 139,006 102.93 19.811 -241.640 ~123.411 49.050
550 86.102 139,006 102.931 19.841 -253.272 ~123. 411 49.050
561 86.706 140.717 103.655 20.792 -252.991 -120.847 47.078
561 147,457 158,222 103.655 30.612 =243.17 ~120.847 47.078
600 141,457 167.729 107.514 36.129 -240.,04Y -112.446 40,958
650 141,457 179.051 112.586 43.202 -236,057 ~101.973 34.286
700 141,457 189.535 “117.715 50.274 -232.092 -91.809 28.664
750 141.457 199,294 122.831 57.347° -228.144° ~81.923 23.872
787 141.457 206.106 126.588 ~62.581 -225.23H -74.780 20.766

Phase changes: 317.3 K, melting point of P; AH® = 0,157 keal/mol.
550 K, boiling point of P to P,(g); AH® =.2.308 keal/mol of P.
561 K, melting polnt of P,S10; - AH® = 9.820C kcal/mol.

Heat capaclty (cal/mol-K) and enthalpy (kcal/mol) equatlions: -

298.15-561 K: Cp® = 58.9T74 + B1.1T6x1073T ~ 3,105%10°T"2

H®- Hf,, = 58.9TUx1073T + 25.588x107°T? + 3 105x102T™! ~ 20,899
561-787 K: Cpe = 141.457

Ho- H$.4 =

141.457x107°T - u8.745

Reacticn equations (kcal/mol):

L063x1073T + 11.248x10™ o1 - 31.000T"!

298.15-317.3 K: AHre = -245.761 + 2
AGre = -2U45,761 - 2.063x107°T1nT - 11.248x107¢T2 - 15.500T ! + 2&0 920x10™ ’T
317.3-550 K: AHre = ~244,508 = 7,909x107°T + 23.988x107°T% - 31.000T "
AGre = -244 508 + 7.909x1073T1nT - 23,988x107°T2 - 15,5007T7! + 183.575x107°T
550-561 K: AHre = -258.349 ~ 2,557x1073T + 23.972x107°T% - 432,200T"!
AGr® = =258.349 + 2.557%1C”°T1nT - 23.972x107°T2 - 216.100T ! + 243.166x107°T
561-787 K: AHre = -286.195 + 79.926x107%T ~ 1.616x1075T? ~ 742,700T"!
: AGro = -286.195 ~ 79.926x107*T1nT + 1.616%107°T% - 371.350T"! + B01.036x107°T

Sources: Enthalpy of formation at 298 X based on Vincent (124) and Cueilleron (27) and P{white).
Low-temperature heat capacitlies and entropy at 298 K from Clever (21). High-temperature
data based on Peters (98).



Pb 239

PbS{e)
Lead Sulfide .
[Formation:  Pb{e,l) + S(e,1) = PuS{e)]

cal/mol-K kcal/mol
T,X - Log Kf
Cpe 3¢ =(G°= H344)/T He= HS,, AHT® AGE®
298,15 11.822 21,800 21.800 0 ~23.500 ~23,097 16,930
300 11.828 21.873 21.800 .022 -23.500 -23.094 16.824
368.3 12.025 24.321 22,048 .837 ~23.505 ~23.002 13.649
368.3 12.025- 24,327 22.048 837 -23.601 =23.002 13.649
388.36 12.083 2L, 961 22.182 1.079 -23.609 -22.968 12.925
388.36 12.083 24,961 22.182 1,079 ~24,022 ~22.,968 12.925
koo 12.117 25.318 22,268 1.220 -24,045 ~22.937 12.532
432.02 1213 26.254 22.529 1.60% ~24.129 -22.845 11.557
500 . 12.348 28.047 23.161 2.443 -24.424 -22.619 9.887
600 12,556 30.317 24,169 3.689 -2b,728 -22,229 8.097
£00.65 12.557 30.331 24,175 3.697 ~24,729 ~22,224 8.086
600.65 12.557 30.331 24,175 3.697 -25.876 ~22.224 8.086
700 12.753 32.267 25.1%0 4.954 ~26.136 ~21.601 6.7u4
717.824 12.787 32.588 25.370 5.182 -26.175 =21.484 6.541

Phase changes:

368.3 X, orthorhombic - monoclinic transition point of $; AH®° = 0.096 kcal/mol.
.388.36 K, melting point of §; AH® = 0.113 keal/mol.

432,02 K, second order transformation of S; AH° = 0 keal/mol.

.600.29 K, melting point of Pb; AH® = 1.147 kecal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity {cal/mol<K) and enthalpy (kcal/mol)} eguations:

298.15-1386.5

K:

11.534 + 1.806x107%T -~ 0.223x10°T"2

Cp® )
11.534x107°T + 0.903x107°T% + 0.223x102T"! - 3,594 ' - -

He= H2,e

Formation equations (kecal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K: AHf®
432.02—600.65 K: AHE®

600.65-717.824 K: AKf®

AHf® = -22.823 - 1.491107°T + 0.856x107°T% - 91.900T7?

AGFe = ~22.823 + 1.491x107°TInT - 0.856x107°T% - 45,950T"! - 8, 6U2x10_3T

AHf® -23.938 + 0.772x107%T - 0.,890x107%T? + 63,7007

AGfe -23.938 ~ 0.772x1073T1nT + 0.890x107°T® + 31,850T"% + 6.541x107°T
~40,097 + 45.512x107°T - 44,172x107°%T2 + 1965:900T"!

~40.097 45.512x107°T1nT + 44.172x107%T% + 982.950T" ! + 291.770x10" 3T

~49.575 + 41.606%107%T - 24.360x1078T2 + 5192.400T !

-49.575 = 41.606x107*TlnT + 24.360x107°T2 + 2596.200T % + .289, 922x10° sT
~49.923 + 39.042x107°T - 22,383x107%T2 + 5209,000T"!

~49,923 - 39.042x107°T1nT + 22.383x107°T* + 2604.500T ! + 275.261x107°T

.

AGE®

aGfe

(VA R T R ' R ]

- 8GFe

o



240 Pb

Pbs(c,1)
Lead Sulfide
[Reaction: Pb(e,1) + 0.53,(g) = PbS(e,1)]

cal/mol+K koal/mol
T,K - = . Log Kr
Cp® 50 ~(G°= H9,}/T Ho- HZ,, AHre AGP®
298.15 11.822 21.800 21.800 0 -38,855 -32,611 23.90L
300 11.828 21.873 21.800 .022 -38,852 -32.572 23.728
Log 12,117 25.318 22,268 1.220 - ~38.696 ~30.502 16,665
500 12.348 28.047 23.161 2.443 ~-38.551 ~28.472 12,445
‘600 12.556 30.317 24.169 3.689 -38.423 -26.470 9.642
600.65 12,557 30.331 24.175 3.697 -38,%429 -26.455 9.626
600.65 12,557 30.33 24,175 3.697 ~39.568 -26.455 9,626
700 12,753 32.267 25.190 4,954 © o =39.461 -24,296 7.585
800 12,944 33.983 26.184 6.239 -39.336 -22.135 6.047
900 13.132 35.518 27.137 7.543 -39,183 -19.993 4,855
1000 13.318 36,911 28.046 8.865 -39,011 -17.874 3.906
1100 13.502 38:189 28.911 10.206 ° -38.817 -15.776 3,13k
1200 13,686 39.372 29.734 11.566 ~38.597 -13.679 2.491
1300 13.869 40,475 30.518 12.944 -38.361 -11,625 1,954
1386.5 14,026 1,373 © 31.168 14,150 ~38.143 - -9,849 1.552
1386.5% 16.000 44,619 31.168 18.650 -33,643 -9.849 1.552
1400 16.000 TOB4.TTH 31.298 18.866 ~33.582 -9.618 1.501
1500 16.000 45,878 ' 32,234 20.466 -33.128 ' -7.925 1.155
1600 16.000 46.910 33.119 22.066 -32.677 -6.277. .857

®Enthalpy of fusion and heat capacity of liquid estimated.

Phase changes: 600.65 X, melting point of Pb; 1.147 kecal/mol.
1386.5 K, melting point of PbS; AH® = 4,5 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

(RS

298.15-1386.5 K: = Cp® = 11.534 + 1.806x107%T ~ 0.223x10%T"2

Ho- Hgyq = 11.534x107°T + 0.903x107°T? + 0.223x102T™' ~ 3.594.
1386.5-1600 K: Cp° = 16.000

He- H8,, = 16.000x107%T - 3.531

Reaction equations (kecal/mol): . ‘
298.15-600.65 K: AHre -39,612 + 2.512x107%T - 1.021x1078T2 + 29,550T"!

AGre = =39.612 ~ 2.512x107°T1nT + 1.021x107°T* + 14,7757} + 37 321x1073T
600.65-1386.5 K: "AHr°® = =39.960 - 0.052x107°T + 0.956x107°T? + U6.150T"*

AGre = =39,960 + 0.052x107°T1nT - 0.956x107°T? + 23.075T"! + 22,660x107°T
1386.5-1600 K: AHP® = ~39,90C¢ + 4,.414x1072T + 0.053x107¢T? + 23.850T"!

AGre = -39,900 - 4.414x1073T1nT - 0.053x107%T2 + 11.925T" ! + 53.681x107°T

Sources: Enthalpy of formation at 298 K based on Kiukkola (69) and Thompson (117). Low-temperature
heat capacities and entropy at 298 K based on Anderson (3), Parkinson (95), and Kelley
(63). High~temperature data based on Thompson (116) and " Blachnik (. T Temperature and
enthalpy of fusion and heat capacity of liquid are those estimated by Chase (18).



Pes(g)
Lead Sulfide (ideal gas)
[Formation: Pbfe,l) + S(ec,1) = PbS{g)]

Pb 241

cal/mol -K keal/mol
T,K Log Kf
Cp®° 3e ~(G°- HZ44)/T He~ H$g, AHf® AGE®
298.15 8.385 £0.C62 60.062 0 31.500 20.495 =~15.023
300 8.391 . 50.114 60.062 .016 31.494 20,427 -14, 881
368.3 8.549 61.854 60.239 .585 31.252 17.932 -~10.6H41
368.3 8.549 61,854 £0.239 .595 31.156 17.932 -10.641
388.36 8.595 62.309 60.334 767 31.079 17.215 -3.688
388.36 8.595 62.309 60.334 LT67 30.666 17,215 ~9.688
400 g8.622 62.563 60.396 BET 30.602 16.812 ~9.186
432.02 8.662 63.228 60.581 1.14Y4 30.405 15.716 ~7.950
500 8.746 64.501 61.029 1.736 29.869 13,447 ~5.878
600 8.822 66.103 61.745 2.615 29.198 10.225 =-3.725
600.65 8.822 66.113 61.749 2,621 : 29.194 10.207 -3.714
600.65 8.822 66.113 61.749 2.621 28.047 10.207 ~3.714
700 8.872 6T7.467 62.467 3.500 27.510 ‘7.305 ~2.281
717.824 8.878 67.690 62.594 3.658 27.302 6.795 -2.069

Phase changes: 368.3 K, orthorhombic - moncelinic transition point of 3; AH®
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 keal/mel.
600.29 K, melting point of Pb; AH® = 1.147 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of S, {n =

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 8.880 + 0.116x107°T - 0.471x10°T"2 ‘ .
H°- H2,, = 8.880x107°T + 0.058x107°T2 + 0.L47tx102T ! '~ 2.811

Formation equations {(keal/mol):

4.145xT07°T + 0.011x1075T2 - 67.100T" %

AGEe

o

0.096 keal/mol.

to 8).

235.368x107°T
233.520x107°T

218.859x%107°T

208.15-368.3 K: * AHf°® = 32,960 -

AGf® = 32.960 + 4,145x1073TInT - 0.011x107%T2 - 33.550T"! - 65.043x107°T
368.3-388,36 K: AHfe = 31,845 - 1.882x107°T -~ 1,735x107°T? + 88,50077! .

AGfe = 31.845 + 1,882x107°TInT + 1.735x107°T2 + 44,250T77 - 49,860x107°T
388.36-432.02 K: AHf® = 15.686 + 42.858x107%T - 45,017x107°T2 + 1890.700T !

AGfe = 15.686 - 42.858x107*'T1lnT + 45,017x107 T2 + 995,350T7" ¢! +
432,02-600.65 X: AHf® = 6.208 + 38.952x107°T - 25.205x107%T2 + 5217,200T"!

AGfe = 6,208 ~ 38,952x1073TInT. + 25.205x107°T? + 2608.600T"' +
600.65-717.824 K: . AHf® = 5.860 + 36.388x107*T -~ 23.228x107°¢T2 + 5233.800T !

= - 36.388x107°TLlnT + 23.228x107°%T2 + 2616.900T "} +

5.860



242 Pb

PpS(g)
Lead Sulfide {(ldeal gas)
[Reaction: Pb(e,l) + 0.55,{g) = PbS(g)]

cal/mol K kecal/mol
T,K - Log Kr
Cp® 5o ~{G°= H2,4)/T Ho=- H3,q AHre ~ AGre
298.15 8.385 60.062 60.062 0 16.145 10.981 ~-8,049
300 8.391 60.114 60.062 .016 16,142 10.950 ~7.977
4oo 8.622 62.563 60.396 .867 15.951 9,247 -5.052
500 8.746 64,501 61,029 1.736 15,742 7.594 -3.319
600 8.822 66,103 61,745 2,615 15,504 5.985 ~2,180
600.65 8.822 66.113 61.749 2.621 15.502 5.976 =-2.174
600.65 8.822 66.113 61.749 2.621 14,355 5.976 =2.1T4
700 8.872 67.467 62.467 3.500 14.085 4.610 -1.439
‘BOQ 8.908 68.654 63.168 4,389 13.814 3.278 -.896
900 8.935 69.705 63.837 5.281 13.555 1.977 - . 480
1000 8.957 70.648 6l u72 6.176 13.300 . 700 -.153
1100 8.975 71.502 ‘ 65.072 7.073 13.051 -.553 110
1200 8.991 72.284 65.641 7.971 12,808 ~1.768 S.322
1300 9.005 73.004 66.180 8.871 12.566 -2.986 " .502
1400 9.018 73.672 66.692 9.772 12.324 -4,169 .651
1500 9,03 74,295 , 67.179 10.674 12.080 -5,343 .778
1600 9.043 74,878 67.6L2 11.578 11,835 -6.514 .890
1700 9.056 75.927 68.084 12,483 11.587 -7.628 .981
1800 9.069 75.945 68.507 13.389 11.336 ~B.752 1.063
1900 9.084 76.435 68.910 14,297 11.085 -9.860 1,134
2000 9.101 76.902 69.299 . 15.206 10.832 -10.958 1.197

Phase change: 600.65 X, melting point of Pb; 1.147 keal/mol.

Heat capacliy (cal/mol-XK) and enthalpy (kcal/mol) equaticns:

298,15-2000 K: Cpe = B.880 + 0,116%107°T = 0,471%105T 2
He~ H2,, = 8.880x107%T + 0,058x107°T2 + 0.471x102T~? ~ 2,811

Reaction equations (kcal/mol):

298.15-600.65 K: AHre = 16,171 -~ 0.142x107°T - 1.866x10°°T2 + 54,3507 ‘
C AGre = 16,171 + 0.142x107*TInT + 1,866x107%T2 + 27,175T"! - 19,080x107*T
600.65-2000 K: AHr® = 15.823 - 2.706%107%T + 0.111x107°T2 + 70.950T"}
AGro = 15,823 + 2.706x107°T1nT - 0.111x107°T2 + 35,475T"! - 33,741x107°T

Source: Data from Chase (18).



Pd 243

Pd,S{c)
Tetrapalladium Sulfide

[Formatlion: LPd(e) + S(c,1) = Pd,S{e)]

cal/mol-K kcal/mol
T,K Log Kf
: Cpe S0 ~(G°- HZ,4)/T H°- Hi., . AHfo AGE?
298.15 27. 470 43.180' 43.18Q 0 -16.500 -16.3141 11.978
300% 27.500 43.350 43.180 .051 -16.503 -16.338 11.902
368.3 28,292 49,079 43,756 1.960 -16.687 ~16.283 9,662
3568.3 28,292 49,079 43,756 1.960 ~-16.783 -16.283 9.662
38B.36 28.525 50.586 44,071 2.530 -16.839 ~16.254 9.147
388.36 28.525 50.586 4y, 071 2.530 -17.252 ~16.254 9,147
400 - 28.660 51.430 4y.272 2.863 -17.303 -16,223 8.864
432.02 / 29.03% 53.651 44,886 3.787 -17.460 -16.132 8.160
500 29.830 57.960 46,386 5.787 ~17.888 ~15.889 6.945
600 31.000 63.500 48.785 8,829 -18.335 ~15.B47 5.626
700 32.160 68.360 51.237 11.986 -18.662 -14.935 4,663
717.824 32.368 69.171 51.672 12.561 -18.708 -14,839 4.518

¥Data above 298 K estimated. .’

Phase changes:

368.3 K, orthorhombie - monoelinic transition peint of S; AH¢ = 0.096 keal/mol.

388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transfermation of S; AH® = ¢C keal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity {cal/mol-K) and enthalpy (kcal/mol)} equations:

298.15-1000 K:

Cp®

= 24.156 + 11.468x107%T - 0.094x10°T"2
Ho= H24s = 2L4.156XT073T + 5.734xT07°T2 + 0.094x103T7% = 7,743

Formation equations {keal/mol):

298.15-368.3
368,3-388.36

388.36~-1432.02

432.02-717.82

K:
K:
K:

b X

AHf®
AGf®
AHf®
AGFe
AHF®
AGfe
AHE®
AGEe

u

~14,115
-14,115
~-15,231
-15.231
~31.389
-31.389
-4p. 867
-40.867

b+ + + 1+ )

7.506x7107°T + 4,847x107°T? - 172.2007"!

7.506x1073TInT - 4,847x107%T2? -~ B6.100T"! - 47.817x107°T
5.243%x1073T + 3.101x107¢T2 .~ 16,600T" 1

5.243x1073TInT ~ 3.101x107°%T2 ~ B.300T"! ~ 32.635%107°T
39.497x107°T - 40.181x107°T2 + 18B85,600T"!

39.497x107*T1nT + 40.181x107°T2 + 342.800T ! + 252.594x107°T
35.591x107*T = 20.369x107°T? + 5112,100T7!

35.591x1073T1nT + 20.369x107°T% + 2556. OSOT b+ 250.746x107°T



2h4y Pd

Pd,s(c)
Tetrapalladium Sulfigde

[Reaction:  UPd(e) + 0.55,(g) = Pd,S5(c)]
cal/mol«K kcal/mol
T,K Log Kr
cpe ge -(Go- H3,,)/T H°- HZ,., AHre AGre
298.15 27.470 43.180 43,180 0 -31.855 ~25.855 18.952
300% 27.500 43,350 43,180 .051 ~31,855 -25.816 18.806
400 28.660 51.430 yy, 272 2.863 -31.954 ~23.789 12.998
500 29.830 57.960 46,386 5.787 =-32.015 -21.743 9.504
600 31.000 63.500 u8.785 8.829 ~32.029 ~-19.687 T.171
700 32.160 68.360 51.237 11.986 -31,987 -17.630 5.504
800 33.330C 72.730 53.654 15.26%1 ~31.884 -15.585 b, 257
900 34,490 76.730 56.006 18.652 ~31.716 -13.559 3.293
1000 35.660 80.420 58.260 22.160 -31.492 -11.551 2.525
*Data above 298 K estimated.
Heat capacity (cal/mol-K) and enthalpy (kcal/moi) equations:
298.15~1000 K: Cp® = 24.156 + 11.468x1073T -~ 0.094x105T"2
He- H2,, 24.156x107%T + 5.73Ux1078T2 + 0.094x102T"" ~ 7.743
Reaction equations {kcal/mol}:
298,15-1000 K: AHre ~30.904 ~ 3.503x1073T + 2,970x107°5T% - 50.750T !
AGre -30.904 + 3.503x1073T1nT - 2,970x107°%T2 -~ 25,375T" ! ~ 1,.854x1073T

Source:

Data from Mills (80) who estimated all above 298 K.



245

Pr
Pr5(c)
‘ Praseodymium Monosulfide
[Formation: Pr(ec) + S{e,l) = PrS(ec)]
cal/mol+K kcal/mol
T,K Log Kf
Cp® Se ~{Go~ H44)/T He- Hi,, AHf© AGF®
298.15 12.060 20.410 20.410 0 ~107.0Q0 -105.533 T7.357
300% 12.080 20.480 20.410 .022 -107.000 =105.523 76.872
368.3 12.442 23.006 20.663 .863 -106.996 ~105.187 g2.417
368.3 12.h42 23.006 20.663 .863 -107.092 -105.187 62.u17
388.36 12,548 23.669 20.80 1.114 ~107.086 ~105.082 59,134
388.36 12.548 23.669 20.801 1.114 -107.509 -105.082 59.134
400 12.610 24,040 20.890 1.260 -107.529 -105.009 57.374
432.02 12.709 25.015 21.160 1.665 -~107.606 -10L. 805 53.018
500 12.920 26.890 21.814 2.538 -107.882 -104.338 45,606
600 13.130 29.270 22.868 3.841 -108.166 -103.611 37.740
700 13.300 31.300 23.926 5.162 ~108.,423 ~-102.826 32.103
717.824 13.325 31.635 24.113 5.399 ~108.466 ~102.682 31.263

*Data extrapolated above 2938 K.

Pnase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.09€ keal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 X, second order transfeormation of S; AH° = 0 kecal/mol.
717.824 K, poiling point of S to equilibrium mixture of Sn (n=1to B).

Heat capacity {cal/mol-K) and enthalpy (keal/mol) equations:

298.15-2500 K: Cp° = 12.780 + 1.002x1073T - 0.306x10°T"2
Ho- HZ,, = 12.780X107°T + 0.501x107%T? + 0.906x102T"! - 4,159

Formation equations (kecal/mol):

298.15-368.3 K: AHf® = ~107.112 + 0,436%x107%T - 0.LUSX1075T2 + 6,300T"!

AGF® = -107.112 = 0.436x%107°T1nT + O0.445x107°T2 + 3.150T"! + 7.611x107°T
368.3-388.36 K: AHF® = -108.227 + 2.699x107°T - 2.191x107°%T? + 161.900T !

AGFe = =108.227 - 2.699x107*T1lnT + 2.191x1075T2 + 80.950T"! + 22.794x107°T
388.36-432.02 K: AHE® = -124.385 + 4T.439%107°T -~ U45.473x107°T2 + 2064.100T"?!

AGE® = ~124.385 - 47.439x107°T1nT + U5,473x107°€T? + 1032.050T ' + 308.023x107°T
432.02-717.824 K: AHf® = -133.864 + 43,533x107°T ~ 25,661x107°T2 + 5290.600T " .

AGE® = -133.864 ~ 43.533x1073TInT + 25.661x107°T2 + 26U45.300T ! + 306.175x107°%T



246 Pr

Prs(c)

Praseodymium Monosulfide

[Reaction: Pr(ec,1l) + 0.58,(g) = PrS(c)]
cal/mol -K keal/mol
T,X Log ¥r
Cp® s° ~(Go- Hge)/T Ho- H3,, . AHPo AGre
298.15 12.060 20.110 20.470 0 -122.355 -115.046 84.330
300% 12.080 20.480 20.410 .022 -122.352 =115.000 83.776
oo 12.610 24,040 20.890 14260 -122.180 =112.575 61.507
500 12.920 26.890 21..814 2.538 -122.009 ~110.192 ug.164
600 12,130 29.270 22,868 3.8 —121.860 -107.852 39.28U‘
700 13.300 31.300 23.92¢6 5.162 -121.748 ~105.521 32.9”5
800 13.440 33.090 24.966 6.49% -121.671 =-103.212 28.196
900 13.570 34,680 25.958 7.850 -121.637 -100.900 24,50
1000 13.690 36,110 26.897 9.213 ~121,649 ~98.591 21,547
1068 13,772 37.013 27.512 10.147 ~-121.688 ~97.028 19.855
1068 13.772 37.9013 27.512 10.147 -122.445 -97.028 19.855
1100 13.810 37.420 27.795 10.588 -122.442 -96.267 19.126
1200 13,920 38.630 28,652 11.974 ~122,425 -93.892 17.100
1204 13.924 38.676 2B8.685 12.030 -122,425 -93.790 17.025
1204 13.924 38.676 28.685 12.030 -124,071 =93.7%0 17.025
1300 14.030 39.750 29.465 . 13.371 ~124.152 -91.378 15.1362
1400 14,140 40.790 30.233 14.780 -124.229 788.8”9 13.870
1500 14,240 L1.770 - 30.97 16.199 -124.299 - ~86.319 12.577
1600 14,350 bz2,690 31.672 17.628 -124.363 -83.787 11,445
1700 14,450 43,570 32.354 19.068 -124, 420 -81.249 10. 445
1800 14,560 44,400 33.001 20.519 ~124, 468 -78.721 9.558
1900 14.660 ‘45,190 33.622 - 21.980 ~124.509 . -76.170 8.761
2000 14.760 45.940 34.215 23.451 -124.544 -73.609 8.044

*¥Data extrapolated 300 to 1300 K.

Phase changes:

1204 K, melting point of Pr; AH®

1068 X, a - 8 transition point of Pr; AH® =

0.757 keal/mol.

1.646 keal/mol.

Heat capacity (cal/mol-+K) and enthalpy (kcal/mol) equations:

298.15-2500 K:

Cp® = 12.780 + 1.002x107°T = 0.906x10°T"?
He~ H8,, = 12.780x107%T + 0.501x107%T2 + 0,906x102T"! ~ 4,159

Reaction equationsa {kcal/mol}:

298.15-1068 X: AHpe

AGre
1068~1204 K: AHpe
AGre
1204~-2000 K: AHre
AGre

Sources:

n s & onouon

~123,900 +

~-123.900
~122.267
~122.267
=122.612
-122.612

Enthalpy of formation
entropy at 298 K from
extrapolated from 300

4,438x1073T - 2.322x107°T2 + 127,7507"!
- 4.438x1073TinT + 2.322x107°T2 + 63.875T " + 53,574x107°T

0.582x107°T + 0.341x1078T2 + 56,4507 !

0.582x1073T1nT ~ 0.341x1075T2 + 28,225T"! + 19.913x107T

+
- 1.662x107°T + 0.3811x107%T2 + 56.450T"!
+

1.662x107°T1lnT =~ 0.341x107°T2 + 28,225T! + 12.539x107°T

at 298 K based on Cater (14).
Vasilev (123). High-temperature data based on Fesenko (38).

te 1300 K,

Low-temperature heat capacities and

Data



Prs(g)
_Praseodymium Monosulfide (ideal gas)

Pr 247

[Formation:  Pr{e) + S(c¢,1) = Prs(g)]
cal/mol-K keal/mol
T,K ' - Log Kf
Cp® 50 -(Go- Hg,¢)/T Ho- HY,, AHfo AGEo
1293.15* 8.200 62.680 62.680 o 33.000 21.864 ~-16.027
300 ‘8.210 62.730 62.680 .015 32.993 21.795 ~15.878
368.3 8.“15_ 64,4 62.85U .585 32.726 19.274 ~11.,437
 368.3 8.415 64,41 62.854 .585 32.630 19,274 =11,437
388.36 8,475 64,889 62.947 L T54 32.545 18.550 -10,439
388.36 8.475 64.889 62.947 . 754 32.132 18.550 ~10.439
400 8.510 65.140 ° 63.007 .853 32.064 18.144 =9.913
432,02 8.555 65.797 63.190 1.126 31.855 17.037 -8.618
'500 8.650 67.050 63.626 1.712 "31.292 14,756 ~-6.450
600 8.730 68.640 64.338 2.581 30,574 11.507 =4, 19
700 8.780 69.990 65,053 3.456 29,871 8.385 -2,618
717.824 B.785 70.211 65.178 3.613 29.747 7.840 =-2.387

*Data aexcept enthalpy of formation at 298 K estimated!

Phase changes:

368.3 K, orthorhomblc - monoclinic transition point cf 3;

388.36 X, melting point of $;

432,02 X, second order tranaformation of $;
717.824 K, boiling point of S to equilibrium mixture of Sn

Heat capacity (cal/mol-XK) and enthalpy (kecal/mol) equations:

298.15-2500 K:

Cpe = 8,875 + 0.036x107°T - 0,608x10°T"*2
Ho~ H$,, = B.8B75x107%T + 0.018x107°T* + 0,608x10%T"* ~ 2,852

Formation equations (kecal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

432.02-717.824

K:

K:

AHf @
AGfe
AHf?®
AGre
AHL®
AGTe
AHSE©

AGfe -

W U4 o @ @mouw oo

34.196
34.186
33.080
33.080
16.922
16.922

T7.843 + 39.628x107°T - 26.144x1075T2 » 5260 800T™!

AH® = 0.413 keal/mol.
AH® = 0 Kkeal/mol.
{n =1 .to 8),

~ 3.469x107°T ~ 0.928x107¢T? - 23. 500'1"l

+ 3,469x1073TInT + 0.928x107¢T2 - 11.750T"" -~ 61, 269x10 sT

- 1.206x107°T - 2.674x107°T2 + 132.100T"!

+ 1.206x107*TLnT + 2.674x107%T? + 66.050T ' -~ L6.0BEx107°T
+ 43.534x107°T - 45.956x107°T* + 2034,300T™!

AH® = 0.096 kcal/mol.

- 43,534x1073T1nT + 45,956x107°T2 + 1017.150T"! + 239.143x107°T

7.543 - 39.628x107°T1nT + 26.14Ux1075T2 +-2630,400T7" + 237, 295%10™ T



248 Pr.

. Prs{g)
Praseodymium Monosulfide (ideal gas)

[Reaction: Pr{e,l) + 0.55,(g) = PrS{g)]
cal/mol +K kcal/mol
T,K . : Log Kr
Cp® ge -(G%= HZ,o)/T Ho= H3,, AHre _ AGre
298,15# 8.200 62.680 62,680 0 17.645 12.351 ~9.053
300 8.210 62.730 62.680 .015 17.641 12.318 ~8.974
400 8.510 65.140 63.007 .853 17.413 10.578 -5.779
500 8.650 67.050 63.626 1.712 17.165 8.502. -3.891
600 8.730 . 68.640 64,338 2.581 16.880 7.266 -2.647
700 8.780 . 69.990 65.053 3.456 16.546 5.690 -1.776
800 - 8.810 71,160 - 65.7U1 4.335 16.165 4.168 -1.139
900 8.830 72,200 66.403 5.217 15.730 2.699 ~.655
1000 8.850 73.130 . 67.028 6.102 15.240 1.279 -.279
1068 8.857 73.718 67.442 6.704 14,869 .327 -.067
1068 8.857 73.718 67.4182 6.704 1H.112 .327 -.067
1100 8.860 73.980. 67.628 6.987 13.957 ~.084 .017
1200. . 8.880 74.750 68.188 7.874 13.475 ~1.336 .2u3
1204 8.880 74,780 68.210 7.910 13,455 -1.379 .250
1204 8.880 74,780 68.210 7.910 11.809 -1.379 .250
1300 8.880 75. 460 68.720 8.762 11.239 -2.410 .4os5
1400 8.830 76.120 69.226 §.651° 10.643 ~3.440 .537
1500 8.900 1 76.730 69.703 10.501 10.043 -4 417 .64y
1600 8.910 77.310 70.165 11.432 9.4 ~5.375 .734
1700 8.910 77.8%0 70.601 12.323 8.836 -6.270 .B06
1800 8.920 78.360 71.019 13.214 8.228 ~7.154 .869
1900 8.930 78.8L0 71.415 14,107 7.618 -7.978 .918
2000 8.930 79.300 71.800 15.000 7.006 ~8.780 .959

%*Data except enthalpy of formation at 298 K estimated.

Phase changes: 1068 K, a - 8.transition point of Pr; aH® =

1204 K, melting

Heat capacity {cal/mol-K) and eﬁthalpy {kcal/mol} equations-'

point of Pr; AH°

0.757 keal/mel.

1.646 'keal/mol.

298.15~2500 K: Cp®
" H°- Hi,,

Reaction equations (kcal/mol):

298.15-1068 K: AHro = 17.407 +
AGro = 17.407 -
1068-1204 K: AHr® = 19,040 -
AGre = 19.040 +
12042000 K: AHr® = 18,695 -
AGre = 18.635 +

Sources: Enthalpy of formation
by Mills (80).

8.875 + 0.036x107°T ~ 0.608x10°T"2
8.875x107°T + 0.018x107%T? +.0.608x10%T"} - 2,852

0.533x107*T - 2.805x107°T2 + 97.950T"!

0.533x107°T1nT + 2.805x107°T2 + LB,975T"! ~ 15.306x107°T

L.486x10"%T - 0.142x107%T2* + 26.650T"*

4. 486%1073TLnT + 0.1L42x107°T2 + 13.325T" - 48.967x107°T

5.567x107°T -~ 0.142x107°T2 + 26.650T"!

5.567%107°T1nT + 0.142x107%T2 + 13.325T7"' - 56.341x107°T

at 298 X based on Cater (1),

Other data are those estimated
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Pr,5,.(e)
* Tripraseodymium Tetrasulfide
[Formation: 3Pr{ec) + 43{(c,l) = Pr,S,(c)]

cal/mol-K keal/mol

T,K - ' Log Kf
Cp® se ~(Go- H34o)/T Ho- HY,, AHf® AGT® :

298.15* 42.820 61.200 £1.200 0 -371.000 -364.305 267.040
300 42,830 61.460 61.200 .079 -370.997 -364.262 265.361
368.3 41,083 70.278 62.096 3.013 ~370.957 -362.736 215.245
368.3 43,083 70.278 62.096 3.013 -371.341 -362.736 215.245
328,36 43,157 72,565 62.578 3.878 -371.,358 ~362,264 203.862
388.36 43.157 72.565 62.578 3.878 -373.010 -362.264 203.862
400 43,200 73.840 62.887 4,381 ~373.096 -361.942 197.753
432.02 43,322 77.171 63.824 5.766 -373.420, -361,039 182.6k40
500 43.580 83.520 66.080 8.720 -374.587 -358,983 156.909
600 43.960 91,500 69,672 13.097 -375.828 355,759 129,584
700 44,330 98.300 73.284 17.511 ~376.948 ~352.319 109.998
717.824 44,398 99.415 73.919 18.302 -377.135 -351.688 107.075

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic ~ moncclinie transition point of §; AH® = 0,096 kcal/mol,
388.36 K, melting peint of 8; AH® = 0.413 kecal/mol,
432,02 K, second order transformation of 8; AH® = 0 keal/mol,
‘717.82% K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity {(cal/mol+K) and enthalpy {(kcal/mol) equations:

'298.15-2000 K: Cp° = 41,700 + 3.760x107°T
He- HSgy = 41.700x107*T + 1.880x107°T% - 12.600

Formation equations (kcal/mol):
298.15-368.3 K: AHf® = -368.652 -~ 3.506x107%T + 0.759%x107%T2? ~ 408.500T"}

AGFe® = -368.652 + 3.506x10"*T1nT - 0.759x107°T? = 204. 250T 1~ 2. 873x10"T
368.3-388.36 K: AHT® -373.112 + 5.546x107%T - 6.225x107%T2 + 213.900T"

AGF® = =373,112 - 5.5L6x10"3T1nT + 6.225x107°T% + 106.950T"} + 57.859%10"°T
388.36-U432.02 K: aHF® = ~L37.746 + 184.506%107°T ~ 179.353x107°T? + 7822,700T"*

AGFe = -U37,746 - 184,506x1072TInT + 179.353x1075T2 + 3911,350T"! +.1198.773x107°T
432.02-717.824 K: AHf® = -475.661 + 168.882x107%T - 100.105x1078T? + 20728.700T"}

AGF® = -475.661 - 168.882x107°T1nT + 100.105x1078T? + 10364.350T"! + 1191.383x107°T



250 Pr

Pr.S,(c)

Triprasecdymium Tetrasulfide -

[Reaction: 3Pr(e,1) + 28,(g) = Pr,S,{e)]
cal/mol-K keal/mol
T,K - - Log Kr
Cp® Se -(Go- H§,4)/T He- Hg,, AHpo AGre
298.15% 42,820 61,200 61.200 0 -432.120 -402.360 294,934
30Q 42,830 61.460 61.200 .079 -432.,405 -402.171 292,978
4090 43,200 73.840 62,887 4,381 ~431.700 ~392.204 214,288
500 43,580 83.520 66.080 8.720 -431,097 -382.396 167.143
£00 43.960" 91.500 69.672 13.097 -430.606 -372.723 135.762
700. 44,330 98,300 73.284 17.511 -430.248 ~363..100 113.363
200 44.710 104,240 76.786 21,963 -430.010C -353.519 96,576
3900 45,080 109,530 80.138 26,453 -429.911 ~343.948 83.521
1000 45 U460 114.300 83.320 30.980 -U29.954 ~334.400 73.082
1068 45,718 117.298 85,388 34,080 ~430.,077 =-327.919 67.103
1068 45,718 117.298 85.388 34,080 ~432.348 ~327.919 67.103
1100 45,840 118.650 B6.336 35.545 ~432.339 =-324.792 64.529
1200 46.210 122,660 89.204 4o,147 -432,.298 -315.022 . 57.373
1204 6,225 122,811 89.316 40.332 -432,297 -314,610 57.107
1204 46,225 122.814 89.316 40.332 -437,.235 ~314.610 57.107
1300 ‘ 46.590 126,370 91.918 uy, 787 -437.483 -304.826 51.245
1400 46.960 129,840 94,508 49,465 -437.720 -294.620 45.992
1500 L7.340 133.090 96.970 54,180 -437.934 -284,382 B1.43Y4
1600 L7.720 136.160 99,327 58.933 ~438.127 -274.159 37.448
1700 13.080 139.060 101.576 63.723 -438.296 -263.862 - .33.921
1800 48,470 141,820 103,736 668,551 =438, 437 -253.635 30.795
1900 48,840 144,450 105,809 T3.117 -438.554 =243,337 27.990
2000 L9, 220 186,970 107.810 78.320 ~438.646 -233.050 25.466

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

1068 K, a --B transaition point of Pr;
1204 K, melting point of Pr; AH® = 1.6U46 kcal/mol.

298.15-2000 K:

Cpe

He- Hgse

nou

Reaction equations (kcal/mol):

298,15-1068 K: AHre

1068-1204 K:

1204-2000 K:

AGro°
AHpe
AGre
AHP®

i uwm o

AGre =

~435, 807
-435.807
~430.906
-430.906
-431.943
-431.,943

+

+
+

Source: Data from Mills (80) who

41,700 + 3.760x1073T
41,700x107°T + 1,880%1075T2 - 12,600

AH® = 0.757 kcal/mol.

12,504x107%T ~ 6,T49x107°T2 + 77.300T"!

12.504x1073T1nT + 6.T749x1078T2 + 38.650T"! + 180.979x1073T

2.556x107°T + 1,240x107°%T% - 136.600T"!

2.556x107*T1nT - 1.240x107%T2 - $8.300T"! + 79.995x107°T

5.796x1073T + 1.240x107%T2 - 136,600T"!

5.796x107*T1InT = 1.240x107°T2 - 68.300T"! + 57.873x1077T

eatimated all except enthalpy of formation at 298 K.
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PtS(e)
Platinum Monosulfide
[Formaticn: Pt(e) + S(c,1) = PtS(e)]

cal/mol-K keal/mol
T, ‘ - - Log Kf
Cp® S0 =(Go='H3,,)/T H°- Hi,, AHF® AGE®
298.15 10.370 13.160 13.160 o - -19.900 - =18.573 13.674
“300% 10.390 13.220 13.160 019 -19.902 ~18.563 13.523
'368.3 10.916 15.419 13.382 .750 -19.982 -18.253 10.831
- '368.3 10.916 15.419 13.382 .750 -20.078 -18.253 10.831
388.36 11.070 16.002 13.502 971 -20.103 -18.152 10.215
388.36 “11.070 16,002 13.502 971 -20.516 -18.152 10.215
400 11.160 16.330 13.580 1.100 -20.548 -18.081 9,879
432,02 11.343 17,196 13,816 1,460 -20.654 -17.880 9.045
500 11.730 18.880 14,388 2.246 -20.977 -17.411 7T.610
600 12.230 21,070 i5.330 344y -21,288 -16.672 6.073
700 12.700 22.990 16.289 4,691 -21.505 -15,883 4,959
T17.82Y4 12.778 23.310 16.459 4,918 ~21.535 -15.739 4,792

*Data above 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition polnt of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0,413 keal/mol.. - -
432.02 X, second order transformation of S; AH° = 0'kecal/mol.
© 717.824 K, boiling point of S to equilibrium mixture of Sn {n=1to8).

Heat capacity (cal/mol:X) and enthalpy (kecal/mol) eguations:

298.15-1500 K: Cp° = 9.985 + U,098x1077T - 0.744x10°T 2 L
Ho- K8, = 9.985x107%T + 2.0L9x107T2 + 0.T4AX102T™! - 3.409

Formaticn equétidns {kcal/mol):
298.15-368.3 K: AHf¢ = ~-18.703

4.015%x107*T + 3.136x107°T% - 83.200T"!

AGE® = -18.703 + 4.015x107T1nT - 3.136x107°T2 - 41,600T"! - 21.638x107°T
368.3-388.36 K: AHf® = 19,818 - 1.752x107°T + 1,390x107%T2? + 72,400T"! ‘

AGF® = -19.818 + 1,752x107°T1nT - 1.390%107°T% + 36.200T"' - 5.855x10°°T
388.36-432.02 K:  AHf® = -35.976 + 42.988x107°T - 41.892x107°T% + 1974.600T"" ‘

AGFe = =35.976 - 42.988x107°T1lnT + 41.892x107°T? .+ 9B87,300T"" +279,374x107°T
432.02-717.824 K: AHfe = -45,455 + 39.082x107°T -~ 22,080x107°T* + 5201.100T"!

AGfe = -}45,455 -

39.082x107°T1nT + 22.080%107%T2 + 2600.550T"! + 277.526x107*T



252 Pt

Platinum Monosulfide

Pt5(c)

[Reaction: Pt(e) + 0.58,(g) = PtS(c)]
cal/mol K kcal/mol
T,K Log Kr
Cp® 3e —-(G°- H3 4, /T He- Hggqq AHro AGre®
298.15 10.370 13,160 13.160 0 ~35.255 -28.087 20.588
300% 10.390 13.220 13.160 L0198 -35.254 -28.040 20.427
400 11.160 16.330 13.580 1.100 -35.199 -25.646 14,012
500 11.730 18.880 14,388 2,246 =-35.104 -23.265 10,169
600 12.230 21.070 15.330 3. 440 =34,982 ~20,913 T.617
700 12.700 22.990 16.289 469 -34.830 -18.578 5.800
800 13.140 24.710 17.231 5.983 -34,651 -16.265 4,443
300 13.580 26.290 18.157 7.320 =34, 443 -13.985 3.396
1000 14,010 27.740 19.041 8.699 -34,208 ~11.720 2.561
1100 14.430 29.100 19.899 10.121 -33.948 -9.490 1.885
1200 14,850 30.370 20.716 11,6585 -~33.661 =T7.274 1.325
1300 15,270 31.570 21,500 13.09 -33.351 -5.083 .854
1400 16.690 32.720 22.264 14,639 ~33.014 ~2.923 456
1500 16.100 33.820 23.001 16.228 -32.652 -.792 115

*Data above 298 K estimated.

Heat capacity {cal/mol-X) and enthalpy (k¢al/mol) eguations:

298.15-1500 K:

Reaction equaticons (kcal/mol):

298.15-1500 K:

Source:

Cp® = 9.985 + L4,098x107*T - 0,TULx10°T 2
Ho= H3,q = 9.985X107°T + 2,049x1076T2 + 0.744x102T"! ~ 3.409

AHre = -35.491 - 0.013x1073T + 1.259x107°T? + 38.250T"!

AGre = -35.491 + 0.013x707°T1nT - 1.259x707°%T? + 19.125T" ! + 24,925x107°T

Data from Mills (80) who estimated all above 298 K.



PtS,(e)
Platinum Disulfide .

[(Formation: Pt(e) + 28(c,l) = PtS,{c)]

Pt 253

¢cal/mol -K keal/mol
T,K Log Kf
Cpe 3¢ =(G°- Hgges)/T He- Hg,, AHE® AGfe
298.15 15.750 17.850 17.850 0 ‘ -26.400 ~24.187 17.729
300% 15.780 17.950 17.853 .029 -26.402 -24.174 17.610
368.3 16.559 21,288 18.192 1.140 -26.486 -23.660 14,040
368.3 16.559 21.288 18.192 “1.140 -26.678 -23.660 14,040
388.36 16,787 22.172 18.375 1.475 -26.708 -23.491 13.221
388.36 16.787 22.172 18.375 1.475 ~-27.534 -23.494 13.221
Loo 16.920 §22.670 18.493 -1.6T1 -27.587 -23.372 12.770
432.02 17.154 23.982 18,851 2.217 =27.7M -23.029 11.650
500 17.650 26,520 19.718 3.401 -28.369 -22.225 9.714
600 18.220 29,790 21.132 5.195 -28.941 -20.940 7.627
700 18.710 32.640 22.580 7.042 -29.358 ~19.574 6.111
717.824 18.790 33.1117 22.8136 7.376 -29.417 -19.323 5,883

¥Data above 298

Phase changes:

K estimated.

368.3 K, orthorhombic - monoclinie transition point of S;

388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, beolling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capaclty {cal/mol+K} and enthalpy (kcal/mol) equations:

298.15-1500 K:

Cpe

16.405 + 3.756x107°T - 1.578x10°T"2

H°- HZ,, = 16.405x107°T + 1.878x107°T% + 1.578x102T"% - 5,587

- Formation equations (kgal/mol):

298.15-3568.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHP®
AGf®
AHE?®
AGF®
AHf°
AGE?
ARHf®°
AGE®

| T R R ' I N |

-24.575
-24,575
~-26.805
~26.805
~59.122
-59.122
-78.079
-78.079

5.769x107°T + L4.682x107°T? - 155.400T"!

5.769x1073TinT - 4,682x107%T% - 77.7C0T"' - 29.299x107°T
1.243x107°T + 1.190x107°T% + 155,800T"!

1,243x107°T1nT - 1,190%107%T2 + 77.900T ! + 1.067x107°T
88.237x1073T - 85.374x107¢T2 + 3960,200T"!

AH® = 0.096 kecal/mol.

88.237x1073T1nT + B85.374x107°T2 + 1980.100T" % + 571.524x107°T

80.425x107°T - 45.750x107€T? + 10413.200T "}

80.425x107°T1nT + 45.750x107°T? + 5206.600T"' + 567.829x107°T



254 Pt

Platinum Disulfide -

PtS,(c)

[Reaction: Pt{e) + S,(g) = Pt3,(e)]
cal/mol <K kcal/mol
T,K Log Kr
Cp® Se ~(Go- H$,,)/T H°- Hi,s AHRo AGPre
298.15 15.750 17.850 17.850 0 ~57.110 ~43.214 31.677
300% 15,780 17.850 17.853 .029 -57.106 -43.128 31.118
400 16.920 22.67C 18.493 1,671 ~56.889 ~-38.503 21.037
500 17.650 26.520 19.718 3.401 -56.624 =-33.932 14.831
600 18.220 29.790 21.132 5.195 -56.330 -29.422 10.717
T00 18.710 32.640 22.580 7.042 -56.008 —-24.964 7.794
800 19.160 35.170 24.0Q0 8.936 ~55,662 ~-20.554 5.615
900 19,590 37.450 25.369 10.873 -55,294 -16.187 3.931
1000 20 39.530 26.677 12.853 ~54.902 -11.856 2.591
1100 20.410 41.460 27.938 14.874 -54.490 ~7.576 1.505
1200 20.800 43.250 29.138 16.934 -54,059 -3.327 606
1300 21.200 Ly, 930 30.288 19.034 ~-53.608 .882 -.148
1400 21,590 46,520 31.396 21,174 -53.138 5.052 -.789
1500 21.980 48.020 32.452 23.352 -52.649 9.194 -1.340

*Data above 298 K estimated.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) egquations:

298.15-1500 K:

Cp® = 16.405 + 3.756%107 2T - 1.578x105T 2
H°- H9,, = 16.405x107T + 1.878x107€T2 + 1.578x102T"! - 5,587

Reaction equations {keal/mol):

298.15-1500 K:

Source: Data from Mills (80) who estimated all above 298 K.

AHro
AGre

-58.153 + 2.236x107°T + 0.928x107¢T2 + 87.500T"!

-58.153 - 2.236x107°TinT - 0.928x107°%T% + 43.750T"} + 62.627x107°T



Pus(c

Plutonium Monosulfide

)

Pu' 255

[Formation: Pu(e) *+ 8(e,1) = PuS(e)]
cal/mol K keal/mol
T,K - - Log Xf
Cpe go -(G°- H9,,)/T Ho- H%,, AHf®© AGE® '
1298.15% 11.550 18.000 18.000 0 ~87.000 ~86.081 63.099
300 11.560 18,071 18.001 .021 -87,004 ~-86.076 62.706
368.3 11.854 20.472 18.242 .821 ~87.152 -85.850 50,943
368.3 11.854 20.472 18.242 821, -87.248 -85.850 50.943
388.136 11.940 21.103 18.374 1.060 -87.309 -85.771 48,267
388,36 11,940 21.103 18.374 1.060 -87.722 -85.771 L8.267
395 11.969 21.305 18,422 1.139 -87.,754 -85.738 47,437
395 . 11.969 21.305 18,422 1.13¢9 -88,574 -85.738 47.437
400 11.990 21.456 18.458 1.199 ~88.593 -85.702 46,825
432.02 12.124 22.384 18.716 1.585 -88.,733 -85.466 43,235
480 12,326 23.672 19.148 2.172 -89.031 -85.083 38.739
480 12.326 23.672 19.148 2.172 -89.166 -85.083 38,739
500 12.410 24177 19.339 2.419 -89.281 -84.911 37.114
588 12.7TT1 26.217 20.218. 3.527 -89.709 ~-84,106 31.260
588 12,771 . 26.217 20,218 3.527 -89,8u9 -84,106 31.260
600 12.820 26.476 20.34 3.681 -89.900 -83.988 30.592
700 13.210 28.482 21.365 _h.982 ~90.287 -82.97 25.904
717.824 13.279 28.815 21.546 5.218 -90.346 -82.784 25.204

*Data estimated.

Phase changes:

388.36 K, melting point of S; AH® =
395 X, a - B transition point of Pu;
432,02 K, second order transformation of $S;
480 K, B - Y transition point of Pu;
588 K, Y - § transition point of Pu;

368.3 K, orthorhombic - monoclinic¢ transition point of S;

0.413 kcal/mol.

AHe

1]

AH° =

AH®

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equatlons:

298.15-2000 K:

Cpe°
He- Hfs,

Formation egquationa {kcal/mol):

298.15-368.3 K: aHf°

AGT®

368.3-388.36 K: AHf?

388.36-395 K:
395-432.02 K:

432.02-480 X:

480-588 K:

AGE®
AHf®
AGEe
AHf e
AGE®
AHf @
AGPe
AHE®
AGf @

588-717.824 K: AHf°

AGF?®

oo o & 4 4 & 0@ w B N H ow

-85,
-85.
-87.
~87.

-103.
~-103.
-103,
~-103,
-113.
~113.
-113.
-113.
~112.
=112,

913

943

058

058

216
216
§27
B27
305
305
701
701
811
811

Lo+ o+

b+ 1 4+ 1 + 1 + 1 4+

10.909 + 3.396x107°T - 0,330x10°%T"*2
10.909x1073T + 1.698x1078T2 + 0.330x102T"! - 3.514

0.820 keal/mol.

= 0 kecal/mol.
0.135 kecal/mol.
0.140 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of S, (n =

1.255%107%*T - 3.059x1076T2 ~ 122,6007"!

1.255%1073T1nT + 3.059x107°T2* - 61.300T""' - 7.

1.008x107*T - 4.805x7107%T2 + 33,000T"!
1.008%x107*T1inT + 4.

LTU8X1073T - 48,
LTUBX1073TAInT +
L681%x1073T - Ly,
L681x1073T1nT +
LTTEX1073T - 24,
L775%1072TInT +
L730x107°T - 25,
L T30x1073T1InT +
.9565x1073T - 21,
.955%x1073T1nT +

805x1078T2 + 16.500T ! + 7.
CB7x107€T? + 1935.200T7!

0.096 kecal/mol.

1 to 8).

838x107°T

345%107°T

48,0B7x1075T2 + 967,600T"" + 292.573x1073T

197%1075T% + 1935.200T"}

44, 197x1078T% + 967,600T" " + 283.297x107°T

385x107%T% + 5161.700T"!

24.385x1076T% + 2580.850T"! + 281.449x107%T

2h3x1075T2 + 5161,700T"!

25.2U43%107%T2 + 2580.850T"! + 287.758x107°T

801x107°%T* + 5161.700T !

21.801x1075T2 + 2580.850T" % + 264,197x107°T



256 Pu

Pus{e)
Plutonium Monosulfide
[Reaction: Pu(e,1) + 0.58,(g) = PusS{c)]

cal/mol <K . kcal/mol . .
T,K - - Log Xr
Cp° ge ~(Go- HS.,)/T He~ H3gq ) AHre . AGre
298.15#% 11.550 18.000 18.000 0 -102.355 -95.585 70.072
300 11.560 18.071 18.001 . 021 -102.356 -95.553 69.610
395 11.969 21.305 18.422 1.139 -102.423 -93.392 = 51.672
395 11,969 21.305 - 18.422 1.139 -103.243 ©=-93.392 51,672
4oQ 11.990 21.456 18.458 1.199 -~ -103.244 ' -93.268 © 50,959
480 12.326 23.672 - 19.148 2,172 © -103.267 -41.270 41,556
480 12.326 23,672 19,148 2,172 -103.402 =91.270 41.556
500 12.410 . 25177 19.339 2.8 ~103.409 .=90,765 39.673
588 12,771 26.217 20.218 3,527 -103.451 -88.537 32.907
588 12,77 26.217 20.218 3.527 -103.591 . -88.537 32.907
600 12.820 26.476 20.341 3.681 -103.594 -88.2¢28 32.137
700 13.210 ° 2B.4B2 21.365 4,982 - ~103.612 © ~B5.566 26.746
730, 13.327 29,039 21.669 5.380 -103.610 -8h,897 25.416
730 13.327 29.039 21.669 5.380 -103.630 - ~84.897 25.416
752 13.413 29,435 21.889 5.675 -103.618 © -84.332 24,509
752 13,413 29.435 . 21.B889 5.675 -104.058 -+ -84.332 24.509
800 13.600 30.271 22.367 6.323 ~104.016 -83.074 22.695
900 13.980 31.895 23.337 7.702 -103.899 ~80. 464 19.539
913 14,027 . 32.096 23,461 7.884 -103.882 -80.126 19.180
913 14.027 32.096 23.461 7.884 -104.557 -80.126 19.180
1000 14,340 33.387 24,269 9.118 -104%.587 -77.796 17.002
1100 14,700 T34t 25.162 10.570 " -104,592 75,117 14.924
1200 ‘ 15,040 36.064 26.017 12,057 ~10M4.567 -72.437 13,192
1300 15.380 37.282 26.837 13.578 -104.510 -69.764 11,728
1400 15.700 38.433 . 27.624 15.132 ~104,425 " -67.092 10.473
1500 16.010 39.527 28.382 16.718 . —-104.311 -64.429 9.387
1600 16.320 4o,.s70 29,111 - 18.33% -104.169 =61,774 T 8,438
1700 16.610 41,568 29.814 19.981 =104, 003 -59,130 7.602
1800 16,890 42.526 . 30.495 2{.656 . -103.810 -56.497. 6.860
1900 17.160 43,446 31,152 ' 23.3%9 -103.592 -53.874 6.197

2000 17.420 44,333 31.768 25.088 ~103.352 -51.263 5.602

*Data estimated.

& - B transition point of Pu; AH®

Phase changes: 395 K, = 0.820 kcal/mol.
480 K, 8 - Y transition point of Pu; AH® = 0,135 keal/mol.
588 K, Y - 6 transition polnt of Pu; AH® = 0.140 kecal/mol.
730 K, § - 8' transiticon point of Pu; aH® = 0020 kcal/mol. ~
752 K, §' - ¢ transition polnt of Pu; AH® = 0.440 kecal/mol,
913 K, melting point of Pu; -AH® = 0.675 kcal/mol.

Heat capaclty (cal/mol-K) and enthalpy'(kcal/molj'eqﬁatidns

298.15-2000 K:. .. Cp® = 10. 90§ + 3.396x107°T - 0. 330x105T z -
Ho- H,e = 10.909x107°T + 1. 69Bx1o 5T%.+ 0. 330x102T' - 3.514

Reaction equatlona (kcal/mol)

ki

«

.2.7uéx10‘3T < 4.936x107°T2 & 1.150T"!

298 15 395 K: AHre = —102,732;t ol
AGre = -102.732 — 2.748x107%T1nT + H;936x107°T? -~ 0.575T" +:38,125x107°T .-
395 uso K: AHre = ~103.342 + 0.680x1073T - 1.046%x107%T2 ~ 1,150T"? :
X AGr® = -103.342 - 0.6B0x107*TInT + 1.046x107%T2 ~ 0.575T ! + 28.849x1073T
480-588 K: AHr® = ~103.738 + 1.636x1073T ~ 1.904x107°T? - 1,150T"? R o
o AGre = -103.738 - 1.636x107°T1nT + 1.904x1075T2 - 0.575T"! + 35.157x107°T
588-730 K: AHr® = =102.848 ~ 2,139x107°T + 1.538x107%T2 - 1.150T"?
AGre = -102,848 + 2,139%x1073T1InT - 1.538x1075T* - 0.575T! + 11.596x107°T
730-752 K: AHr® = -103.143 - 1.763x107°T + 1.538x107%T2 - 1,150T"!
AGre = -103.143 + 1,763x707*T1nT - 1.538x107°T2 - 0.575T ! + 14.486%107°T
752-913 K: AHre = -103.785 - 1.494%107°T + 1.538x107¢T2 - 1.150T"!
AGre = -103.785 + 1.494x1073TInT -~ 1.538x107°T% - 0.575T"% + 17.114x1073T
913-2000 K: AHP® = -102,754 - 3.363x1077T + 1,538x1078T2 - 1.150T"!
AGre = -102.754% + 3.363x107°T1nT --1.538x1075T2 - Q,575T% + 3.251x107°T

Source: Data are those estimated by Gronvold (47).



Pu 257
Fus, .(e)
Plutonium Sesquisulfide
[Formation: Pu(e) + 1,58{c,1) = PuS,; ¢(c)]
cal/mol *K kcal/mol
T,K : Log Kf
Cp° 5e ~={G°- H$,6)/T Ho- H3,y | AHT® AGfe o
298.15% “15.340 22.500 22.500 o ~118.000 -117.281 85.968
300 . 15.350 22.595- - 22.502 .028 -118.002 -117.277 85.435
368.3 15.644 25,776 22,822 . 1.088 -118.082 -117,104 69.489
368.3 15,644 25.776 . 22.822 1.088 -118.226 ~117.104 69.489
388.36 15,730 26.608 22.996 1.403 -118.271 -117.04 65.864
388.36 15,730 26.608 - 22.996 1.403 -118,8%0 =117.0U1 65.864
395 15.759 26.875 23.059 1.507 -118.922 -117.009 64.739
395 15.759 26.875 23.059 1.507 -119.742 =117.009 64.739
Loo 115.780 27.073 22.108 1.586 -119.761 -116.975 63.911
432.02 ©15.873 28.292 23.4U8 2,093 . ~119.912 ~116. 747 59.059
480 16.012 29.971 24.017 2.858 -120.271 -116.371 52.984
L8e 16.012 29.971 2h,. 07 2.858 -120.406 -116.371 52.984
500 16.070 30.626 24,268 | 3.178 -120.545 ~116.200 50.790
588 16.290 33.249 25.421 4,602 -121.036 -115.395 42,890
588 16.290 33.249 25.421 4,602 -121.176 -115.395 42.890
600 16.320 33.578 25.581 4,798 -121.235 -115.275 41.988
700 16.560 36.112 26.908 6.143 -121.678 ~114.245 35,668
T17.824 16.599 36.529 27.14 ' 6.738 =121.746 . -114,054 3b,725
*Data estihated.

Phase changes:

368.3 K, orthorhombic - monoelinie fransitioﬁ point of S; AH° = 0.096 keal/mol.

388.36 K, melting polnt of 5; AH® = 0.413 kcal/mol.
395 K, o - B transition point of Pu; AH° = 0,820 kcal/mol,

432,02 K,
480 K,

second order transformation of S; AH° = 0 keal/mol.
8 - Y transition point of Pu; AH® = 0,135 keal/mol.

588 K, Y - 6 transition point of ‘Pu; AH° = 0,140 keal/moil. .
717.824 X, boiling point of S to equilibrium mixture of Sn (n=1to 8),

Heat capacity (cal/mol:K) and enthalpy (keal/mol) equations:

298.15-1500 K:

Hﬂ_

Cp®
H3ae = 15.258x107°T + 0.995x107°T? + 0.4SUx102T ™+ = 4.790

= 15.258 + 1.990x107°T ~ 0.454x10°%T"2

Formaticon equations (keal/mol):

298.15-368.3
368.3-388.36
388.36-395 K:
395-432.02 K:
432.02~480 K:

480-588 K:

588-717.824 K:

K: AHf®

AGE*®
K: AHf°
aAGf®
AHE®
AGf®
AHf®
AGfe
AHE®
AGLe®
AHf®
AGFe
AHf®

AGE®

| J T I (T VA N | | B | B 1B '}

~116.
-116.
-118.
-118.
-142.
~142.
-143,
~143.
-157.
=-157.
"=157.
-157.
—-157.
~-157.

815
815
488
488
725
725
336
336
55H
554
950
950
060
060

T+ 1 4+ 1 + L + 1 + v + + 1

0. 993x10 T - 2. 9o3x1o"‘=T2 - 188 00011

0.993%1073T1nT + 2.903x107%T? - 94,000T"* - 7. 028x10"T
2.401x1073%T - 5.523x107°T2 + 45.400T" "

2.401x707T1nT + 5.523x107¢T% + 22.700T ! + 15,746x107°T
69.512x107°T - 70.446x107°T2 + 2898,700T"!

69.512x107T1nT + 70.LU46x1075T2 + 1449.350T! + 443,589x107°T
67.4U4%x1079T - 66.555x1078T2 + 2898, 700T™!

67.4U4x107*T1nT + 66.555x107°T2 + 1U449.350T ! + U34,313x107°T
61.586%107%T - 36.838x107°T2 + 7738.450T " : -

61.586x107°TInT + 36.838x107%T2 + 3869.225T"! + 431.541x107°T -

62.5L1x107°T ~ 37.696x1078T2 + 7738,450T " -
62.541%107 TInT + 37.696x10°6T2 + 3B869.225T! + 437.850x107°T
58.766x107°T - 34,254%107%T2 + 7738.450T"' o
58.766x107>T1nT + 34.254x107°T2 + 3869.225T"' + 414.289x107°T



258 Pu

Pus, ;(e)
Plutonium Sesguisulfide
[Reaction:  Pule,l) + .75S5,(8) = PuS, g(e}]

cal/mol-K keal/mol
T,K Log Kr
Cpe ge -(Ge~ H2,,)/T  He- Hg,, AHre AGre
298.,15% 15.340 22.500 22,500 o -141.033 -131.551 96.429
300 15.350 22.595 22.502 .028 -141.030 ~131.493 95.791
-395 15.759 26.875 23.059 1.507 : -140.925 -128.491 . 71.092
395 15.759 26.875 23.059 . 1.507 141,745 -128.491 71.092
400 15.780 27.073 23.108 1.586 -141.738 -128,324 70.112
480 16.012 29.971 24,017 2.858 -141.626 -125.650 57.209
180 16,012 29.97 2h.017 2,858 =141,761 -125.650 57.209
500- 16.070 30.626 24,268 3.179 -141,736 -124,980 54,5628
588 16.290 33.249 25.421 ¢ 4.602 -1U41.650 o -122.040 . b5.360
588 16.290 33.249 25.421 4,602 -141.790 -122.040 45.360
600 16:320 . 33.578 25.581 4,796 =141.777 - -121.637 < 44,306
700 16.560 36.112 26.908 6.443 -141.665 -118.287 36.931
730 16.626 - 36.808 27.300 6.941 -141.629 -117.286 . 35.113
730 16.626 36.808 27.300 . 6.941 -1471.649 -117.286 * o 35.113
752 16.674 37.303. . .27.586 7.307 -141.613 -116,552 33.873
752 16,674 37.303 27.586 7.307 -142.053 -116.552 33.873
800 16.780 38.338 28.201 §.110 -141.961 -114.928 31.3%6
900 16.990 40.327 . 29.440 . '9.798 T-141.756 -111.563 27.091
913 17.017 40.571 ©29:597 ,  10.019 -141,728 ~111.127 26,601
913 17,017 40,571 29,597 10,019 -142,403  -t11,127 26.601
1000 17.200 42.128 30.620 11.508 -142.371 -108.146 23.635
1100 17.410 43,777 31.742 13.238 C-142,.322 -104.727 - 20.807 .
1200 17.620 45.301 32.809 14.990 -142.257 -101.311 18.451 .
1300 17.820 46.719 33.825 16.762 ~142.176 -97.903 16,459
1400 18.020 ug.o47 34,794 ' 18.554 -142.082 ~94,500 14,752

1500 18.230 49.297 35.720 20.366 - -141.973 | -91.105 . 13.274

*Data estimated.

820 keal/mol.

Phase changes: 395 K, a - B transition point of Pu; AH® = 0.
"480 K, 8 - Y transition point of Pu; AH® = 0,135 kecal/mol.
588 K, Y - & transltion polnt of Pu; 4H® = 0.140 kcal/mol.
730 K, § - &' transition point of Pu; AH® = 0.020 kcal/mol.
752 K, &' - e-transition point of Pu; AH® = 0.440 kcal/mol.
913 K, melting point of Pu; AH® = 0.675 kcal/mol,

Heat capacity (cal/mcleK} and enthalpy {kecal/mol) equations:

298,15-1500 K: Cp® = 15.258 + 1.990x107°T - 0,454x1Q5T" 2
He- HS,o = 15.258x107T + 0.995x107%T% + 0. U454%103T"! - 4,790

Reaction equations (kcal/mol):

298,15-395 K: AHre = -141.999 + H.011X1073T - 5.719x107%T2 ~ 5.825T7?

AGr® = -147.999 - 5,011x107T1lnT + 5.719x107%T% = 2,912T' + $1.917x107°T
395-480 K: AHR® = -142.609 + 2.944x107°T - 1.829%107°T* - 5.825T7}

AGre = ~142.609 - 2.984x1073TInT + 1.829%107°T2 - 2.912T7! + 52.640x107°T
480-588 K: AHre = =143.005 + 3.899x107%T - 2.687x107°T?* - 5,825T !

AGre = -143.005 - 3.899x107°TlnT + 2.687x107%T% - 2,912T7! + 38.949x107%T
588-730 K: AHpo = —142.115 + 0.124x1073T + 0.755%107¢T? - 5,.8257"!

AGre = ~142.115 - 0.124x1073T1nT - 0.755x107%T% - 2,912T7' + 35,387x10737T
730-752 K: ARr® = -~142.410 + 0.501x1073T + 0.755x107%T? - 5,825T7"!

AGre = =142.810 - 0.501x107°T1nT =~ 0.755x107°T? - 2,912T ! + 38,277x107°T
752-913 K: AHre = =143.052 + 0.769%1073T + 0.755%107%T% - 5.825T7}

AGre = ~143.052 - 0.769x107°TInT - 0.759%107°T% - 2,912T"1 + U40.905x107?T
913-1500 K: AHr® = -142,021 = 1.099x107°T + C.755x107%T2% - 5,825T"!

AGP® = =142.021 + 1,099x107°T1nT = 0,.755x10°%T? = 2,912T"! + 27,043x107°T

Source: Data are those estimated by Cronvold (47).



ReS,(c)
Rhenium Disulfide

Re 259

[Formation: Re(e) + 25(e,1) = ReS,(e)]

cal/mol +K kcal/mol
T,K . _ Log Kf
Cp® S0, -(Go- H,¢)/T Ho- H3,, AHE® AGE® :
298.15% 165.750 14,500 14,500 (v} -42.700 -39.852 29,212
300 15,780 14.600 14,500 .030 —UZ.TQI -39.834 29.019
368.3 16.559 17.928 14.834 1.139 -42.776 -39.173 23.245
368.3 16.55% 17.928 14,834 1.139 -42.968 -39.173 23.245
388,36 16.787 18.812 15.017 1.474 -42.995 -38.965 21.927
388.36 16.787 18,812 15,017 1,474 -43,821 ~38.965 21.927
400 16,920 19,310 15,135 1.670 ~43,873 -38,.819 21,209
432.02 17.154 20.622 15,494 2.216 ~44,052 -38.409 19.430
500 17.650 23.170 16.370 3.400 -4y 6L2 -37.469 16.378
600 18.220 26.440 17.790 5.190 -45.204 - ~35.984 13.107
700 18.710 29.280 19.223 7.040 -45,604 -34.4805 10.742
717.824 18.790C 29,751 19.478 7.374 ~-45,661 j0.388

-3k4.119

¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

432,02 K, second order transformation of S;

Heat capacity {cal/mol-K) and enthalpy {(keal/mol) equatibns:

298.15-1500 K:

Cp® = 16.390 + 3,770x107°*T - 1,570x10%T"2
Ho- Hgys = 16.390%107°T + 1,885%107%T2 + 1,570x102T"} - 5,581

Formatlon equations (keal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

‘pHfe
AGF®

AHf®
AGE®
ARE?®
AGF?®
AHf®
AGf®

U ooa uowowonW

-40.910
-40.910
~43.111
4315
-75.457
~75.457
-94.415
-94,4815

T+ 1 + + § + 1

5.634x107°T + 4,673x107¢T2 - 156.600T !

5.634x107°T1nT - 4,673x107%T2 -~ 78.300T"' -~ 26.277x107°T
1.108x107%T +.1.181x107%T* + 154,600T !}

1.108x107*T1nT ~ 1.181x107¢T% + 77.300T" ! + 4.089x107°T
88.372x107°T - 85.383x107°T? + 3959.000T"!

368.3 X, orthorhombie - monoelinic transition pdint of §;
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
= 0 keal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn {n=11t6 8).

AHO® = 0,096 kcal/mol.

88.372x107°T1nT + 85.383x107°T* + 1979.500T"' + 574.546x107°T

80,560x107*T - 45,759x107°T2 + 10412.000T7"!

80.560x1073T1nT + U45.759x107¢T2 + 5206.000T"" + 570,851x107*T



260 Re

ReS,{(c)
Rhenium Disulfide

[Reaction: Re(e) + S,{g) = ReS,(c)]
‘ cal/mol K kcal/mol
T,K Log Kr
Cp® 30 ~(G°- Hg.e)/T H°- Hg,, AHro AGro
298.15* 15.750 14,500 14.500 0 -73.410 -58.879 43.159
300 15.780 14,600 14.500 .030 ~73.405 -58.788 42.827
4oo 16.920 19.310 15.135 1.670 -73.175 =-53,950 29,477
500 17.650 23.170 16.370 3.400 -72.897 BlUg.176 21,495
600 18.220 26,440 17.790 5.190 -72.593 -4y, 466 16,196
700 18.710 29.280 19,223 7.040 -72.254 ~39.796 12,425
800 19.160 31.810 20.6k7 8.330 =71.899 -35.188 9.613
500 19.590 34.090 22.012 10.870 -71.516 -30.619 7.435
1000 20 36.180 23.330 12.850 =71.113 -26.100 5.704
1100 20.410 38.100 24.582 14,870 -70.691 -21.613 4.294
1200 20.810 39.890 25.782 16,930 ~-70.249 ~17.168 3.127
1300 21.200 41,580 26,942 19.030 -69.787 ~12.777 2.148
1400 21.590 43,160 28.039 21.170 #69,306 -8.4C0 1.311
1500 21.980 Ly, 660 29.093 23.350 -68.805 -4.062 .592
*Data except enthalpy of formation at 298 K estimated.
Heat cggaciéy (cal/mol-X) and enthalpy (kgal/mol) equations:
298.15-1500 K: Cp° = 16.390 + 3.770x107°T - 1.570x105T 2
He- Hg,q = 16.390x1073T + 1,8B5x107°T2 + 1.570x10%*T™! - 5,581

Reaction equations (kcal/mol):

298.15-1500 K:

AHr® = -74_488 + 2.371x107*T + 0.919x107°T2 + 86.300T! )
AGre = -74_UB8 - 2.371x107°TlnT - 0.919x107°T? + 43.150T" ! + 65.649x1073T

Source: Data from Mills (80) who estimated.all except enthalpj of formation at 298 K,
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Re,S,(e)
Dirhenium Heptasulfide
[Formation: 2Re(e) + 7S(c,l) = Re,S,(c)]

cal/mol+K koal/mol
T,K - Log Kf
Cp® Se —(G°- HZ,4)/T He- H3,, AHf® AGE®
298.15*% 47.980 4o Lo 0 -107.900 -98.631 72.298
300 48,000 40.300 Lo .080 -107.902 ~-98.572 71.809
368.3 48,820 50.223 41,002 3.396 -108.117 ~-96,430 57.221
368.3 ug.82¢ 50.223 41.002 3.396 -106.789 ~-96.430 57.221%
388,36 45,060 52,819 k1,546 4,378 -108,887 -95,749 53.882
388.36 49.060 52.819 41.546 4.378 -111.778 ~95.749 53.882
400 45,200 54,270 41,895 4,950C -111.966 ~95,267 52.051
432.02 49,584 58.074 42.955 6.532 -112.623 -93.909 47,506
500 50.400 65.380 45,520 9.930 -114,795 -90.774 39.677
600 51.600 T4.670 49.620 15.030 -116.970 -85.752 31.235
700 52.800 B2.720 53.791 20.250 -118.650 -80.413 25.106

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic = monoclinic transition point of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol. :
432.02 K, second order transformation of S; AH® = 0 kcal/mol.

Heat capacity (cal/mol+K) and enthalpy {kcal/mol) eguations:

298.15-700 K: Cpe = UL LOO + 12.000x1073T
Ho- Hge, = UL.BOOX107T + 6.000x107°T2 - 13.771

Formation equationsa (kcal/mol):
298.15-368.3 K: AHT® ~98.511 - 24.170x107°T + 16.727x107 T2 - 1094.000T !

AGE® = =98.511 + 24.170x107°T1nT - 16.727x107°T* - S547.000T"* - 126.973x107°T
368.3-388.36 K:  AHf® = -106.317 - 8.329x1077T + 4.505x1075T2 ~ 4 ,800T"}

AGE® = ~106.317 + B.329x107°TInT - 4.,505x107°T2 - 2,400T"! - 20,692x107°T
388.36~432,02 K: AHF® = ~219.425 + 304.851x107°T - 298.469x107T% + 13310,600T !

AGE® = -219.425 - 304,851x107°TinT + 298,469x1075T2 + 6655.300T ! + 1975,906x107°T
432,02-700 K: AHFO = -2B5.776 + 277.509x107*T - 159.785x107T? + 35896.100T "

AGF® = -285.776 - 277.509x10™2T1nT + 159.785x107€T2 + 17948.050T ! + 1962.974x107°T



262 Re

Re,S,(¢)
Dirhenium Heptasulfice
[Reaction:  2Re(e) + 3.55,(g) = Re,8,(e)]

cal/mol+K ~ keal/mol

T,K Log Kr
Cp® 8e ~(G9~ HS,,)/T H°- Hg,, AHre AGre

298.15% 47.980 4o 49 o) ~-215.385 -165.227 121.113
300 48.000 4o. 300 40 .090 -215.366 -164.913 120;]38
400 49,200 54,270 41,895 4.950 -214.523 -148,226 80.986
500 50.400 65.380 45,520 9.930 ~213.688 ~131.747 57.586
600 51.600° T4.670 49.620 15.030 -212.832 -115.438 L2.048
30.995%

700 52.800 82.720 53.791 20,250 -211.925 -99.279

*Data except enthalpy of formation at 298 K estimated.

Heat capacity.(cal/mol:X) and enthalpy (kecal/mol) equatidnéi

298.15-700 K: Cp® = 44,400 + 12.000x107°T
Ho- Hggq = W4.400x107°T + 6.000x107€T2 ~ 13,771

Reaction equations (kcal/mol):

298.15-700 K: AHPr® = -216.033 + 3.848x107%T + 3.588x107°T? - 2u3,.850T?
AGre = -216.033 - 3.848x107°TlnT - 3. 588x10 st - 121,925T7! + 194, 768x107°T

Source: Data from Mills (80) who estimated all except enthalpy of formation at 298 X.



Rus, (e)
. Ruthenium Disulfide

Ru = 263

[Formation: Ru{e) + 25(e,1) = RuS,(e)]
cal/mol K kcal/mol
T,X Log Kf
| cpe ge ~(Go- H3,4)/T Ho= HZ,, AHfe AGfe
298.15 15.850 13,200 13.200 0 ~47.600 -44,928 32,933
300 15,880 13.298 13.201 .029 ~47,602 ~4Y4,612 32.718
368.3 16.577 16.647 13.537 1.145 -47.653 aly 29y 26.284
368.3 16.577 16.647 13.537 1.1U45 -47.845 -4y, 294 26.284
388.36 16.782 17.532 13.721 1.480 ~47.868 —HH.OQQ 24.816
388.36 16,782 17,532 13.721 1.480 ~-48,694 -44,099 24,816
400 16,901 18.029 13.839 1.676 48,744 ~43,661 . 24,019
432,02 17.043 15.336 14,199 2.219 -48.921  -43.573 22,042
500 17.344 21.8584 15.072 3.391 -49.520 -42.679 18.655
600 17.589 25.040 16.475 5.139 =-50.124 -41,249 15.025
700 17.768 27,765 17.898 6.907 ~50.614 -39,731 12,400
717.824 17.798 28.212 ‘18,148 7.224 -50.690 -39.452 12.012

Phase changes:

432,02 K, second order transformation of §;

Heat capacity (cal/mol+K) and enthalpy {kcal/mol) equations:

298.15-1500 K:

Cp® =.17.012 + 1.618x107*T - 1.462x10°T 2
Ho- H2., = 17.012x107°T + 0.809x107°T2? + 1.462x102T"! - 5,634

Formation equations (keal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

4Hf®

AGT® =

AHf®
AGE®
AHf®
AGE®
AHf®
AGE®

~46.203
-46.,203
~48,433
~48.433
-80.749
-80.749
=-99.707
-99.707

I + 1 + 1 + + 1

4,043x107°T + 3.039x107°T? - 137.800T7"

4,0U3x1072TInT -~ 3.039x107°T* - 68.900T"! ~ 17.080x107°T
0.483x107*T ~ 0.453x107%T? + 173.400T""

0.483x1073T1nT + 0.453x1075T2 + 86,700T! + 13.286%107°T
89.963x1073%T - B87.017x107%T2 + 3977.800T !

AH® = 0.413 kcal/mol.
1 AH® = 0 kecal/mol.
T17.824 K, bvelling point of 5 to equllibrium mixture of S, (n'=1 to 8).

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 keal/mol.
388.36 K, melting point of §; .

89.963x107°TinT + 87.017x107¢T% + 1988.900T ! + 583.742x107°T

82.151x107°T - 47.393x107°T? + 10430.8007"!

82.151x107°T1nT + LU7.393x107°T2 + 5215.400T7" + 580.047x107°T



264  Ru

Rus, (¢)

Ruthenium Disulfilde

[Reaction: Rul(c) + S,(g) = RuS,(c)]
cal/mol-K keal/mol
T,K Log Kr
‘ cpe s° ~(Go~ H2,,)/T H®- HZ,, AHro AGre
298.15 15.850 13,200 13.200 0 ~78.310 -63.956 46.880
300 15.880 13.298 13.201 .029 ~78.306 -63.867 46.526
400 16.901 18.029 13.839 1.676 -78.046 -59.092 32.286
500 17.344 21,854 15,072 3.39 ~-T7.775 -54, 385 23,17
600 17.589 25,040 16.475 5.139 -77.513 -U9.731 18.114
700 17.768 27.765 17.898 6.907 -77.264 -45,121 14.087
800 17.935 30,148 19.283 8.692 ~-77.025 -40,545 11.076
900 18.117 32.2M 20.611 10.494 ~-76.793 -36.000 8.742
1000 18.327 34.190 21.874 12.316 -76.563 =31.479 6.880
1100 18,573 35,948 23.074 14,161 -76.332 -26,982 5,361
1200 18.860 37.576 . 24.216 16.032 ~76.097 ~-22.506 4,099
1300 19.190 39.098 25.303 17.934 -15.853 -16.050 3.034
1400 19.567 40.534 26.350. 19.872 ~-75.597 -13.612 2.125
1500 19.990 41.898 27.332 21.849 -75.326 -9.195 1.340
Heat capacity (cal/mol+XK) and enthalpy (kcal/mol) equations:
298.15-1500 K: Cp® = 17.012 + 1.618x107°T -~ 1.462%105T 2
H°- H§,, = 17.012x107°T + 0.809x107°T? + 1.462x10%T"} - 5.634
Reaction equations (kcal/mol):
298.15-1500 K: AHr® = ~79.780 *+ 3.962x307°T - 0.715x10"°T2 + 105.100T" o _
BU6x107°T

Sourcge:

AGre = -79.780 - 3.962x107°TlnT + 0.715x107°T2 + 52.550T"! + 74.

Data from Svendsen (114),



. s

S(c,l)

Sulfur
cal/mel-X o H°~- HS 44,

T, K -

Cp® 39 =~(G°~ HZ,44)/T kecal/mol
298.15 5. 125 7.661 7.661 o
300 5.436 7.695 . 7.662 010
368.3 5.795 8,846 7.776 .394
368.3 ’ 5,921 3.106 7.776 .490
388.36 6.015 9.423 7.855 .609
388.36 7.423 10.486 7.854 1.022
400 “T.687 10,7C9 7.934 1.110
432,02 . 12.860 11.340 8.162 1.373
500 9.078 12,797 8.703 2.047
600 8.200 14.362 o 9.522 2.904
700 7.799 15.596 10.305 3.704
717.824 7.694 15.790 ©10.439 3.841

Phase changes: 368.3 K, orthorhomblc - moncelinic transition point of S;
- AH® = 0.096 kcal/mol,
388.36 K, melting point of S; AH® = 0.413 kcal/mol,
432.02 K, second order transformation of S; AH® = 0 Kecal/mol.

717.828 K, bolling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol«K) and enthalpy {kcal/mol)veqyations:

298.15-368.3 K: Cp® = 8.174 - 3.434x107°T - 1.556x105T"2

Ho- HZ3,, = 8.174x107°T - 1.717x1075T? + 1.556x102T"" - 2.806
368.3-388.36 K: . Cp® = 5.911 + 0.058x107°T

Ho- H3,e = 5.911%107%T + 0.029x107°T2 - 1.69
388.36-432.02 K: Cp® = -38.829 + 86.622x107°T + 19.022x10°T"2

Ho~ Hg,, = ~38.820x107°T + 43.311x107ST% - 19.022x10°T"! + 1u 467
432.02-717.824 K: Cp® = -34.923 + 46.998x107°T + 51,287x10°T"2

Ho- Hg,, = ~34.923%107T + 23.499x1075T% - 51,287x102T"! + 23.946

Source: Data from Pankratz (91).

265



266 S

s(g)
Sulfur (ideal monatomic gas)
{Formation: S(e¢,l) = S(g)]

. cal/mol-K ~ keal/mol
T,K Log Kf
Cpe 8e ~{G%~ H$44)/T He— HZ,s AHf© AGfFe
298.15 5.658 49.086 40.086 0 66,200 56.532 ~41.439
300 _ 5.657 o121 40.088 .010 66.200 56.472 -1,139
368.3 5.586 41.275 40.204 .394 66.200 54.257 =32.196
368.3 5.586 L1.275 Lo.20Y -394 66.104 54,257 -32.196
388.36 5.565 41,57 40.267 .506 66.097 53.612 =30.170
388.36 5.565 41.571 40,267 .506 65.684 53.612 ~-30.170
Loo 5.553 41.735 40.307 .571 65.661 53.251 =29.094
432.02 5.515 bz.161 40.429 .7U8 " 65.575 52,260 -26.437
500 5.435 - 12,961 bo.719 1.121 65.274 50.192 —-21.939
600 5.339 43.943 41.178 1.659 64.955 47.206 -17.195
700 5.266 L, 761 41.634 2.189 64.685 44,269 -13.821
717.824 5.256 44,893 41,713 2.283 64,642 43.751 -13.320

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kecal/meol.
388,36 X, melting point of S; AH° = 0.413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kecal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 5.397 - 0.226x107'T + 0.292x105T"2
Ho- HS,e = 5.397x1073T - 0.113x107%T? - 0,292x102T"! - 1,501

Formation equations (kcal/mol):

298.15-368.3 K: ARE = 67.505 — 2.77Tx107%T + 1.604x107%T2 - 184,800T !

AGE® = 67.505 + 2,777x1073T1nT - 1.604%107°T2 - 92,400T"! - 51.107x107°T
368.3-388.36 K: AHF® = 66.390 - 0.514x107°T - 0.142x1075T% - 29,2007} ‘

AGP® = 66,390 + 0.514x107°T1nT + 0.142x1075T2 - 14,500T"! - 35.924x1073T
388.36-432.02 K:  AHf° = 50.232 + L4.226x107°T - 43.L24x107°T% + 1873.000T"*

AGFe = 50,232 - 44.226x107°TLnT + 43.424x107°T2 + 936,500T"! + 249.304x107°T
432.02-717.824 K: AHf° = 40.753 + 140,320x107°T - 23.612x107°T2 + 5099.500T ! '

CAGFe = 40.753 - 40.320x107%T1lnT + 23.612x107ST2 + 2549.750T" % + 247.456%107%T



s(g)

Sulfur (ideal monatomic gas)
[Reactlon:

0.58,(g) = S(g)]

3 267

cal/mol K keal/mol
T,K Leg Kr
’ Cpe 8e =(G°~ HE,4)/T H°~ H3,, AHre AGre
298.15 5.658 40.086 40.086 0 . 50,845 47,019 -34 465
300 5.657 40,121 40,088 L010 50.8L48 46,995 -34,235
400 5.553 41,735 bo.307 571 51.010 45.685 -2%,961
500 5.U435 42,961 40,719 1.121 51.146 44,339 -19.380
600 5.339 43.943 41.178 1.659 51.260 42,965 ~15.650
700 5.266 Ly, 761 41,634 2.189 51.360 41,574 -12.980
800 5.210 45,460 42,069 2.713 51.448 40,171 ~10.974
900 5.168 46,071 L2, 1480 3,232 51.528 38.757 -9, 411
1000 5.136 U6.614 42,867, 3.747 51.59% 37.333 ~8.159
1100 5.111 47.102 43.230 y,259 51.664 35.904 -7.133
1200 5.093 47.546 43,572 4,769 51.722 34,468 ~6.277
1300 5,079 47,953 43,893 5.278 51.777 33.028 -5.553
1400 5.069 48,329 45,197 5,785 51.826 31.584 -4,930
1500 5.064 48.679 4y, 484 6.292 51.870 30.136 -4,391
1600 5.062 49.005 by, 756 6.798 51.911 28.687 -3.918
1700 5.063 49,312 45,016 7.304 51.947 27.234 -3.501
1800 5.068 49,602 45,263 7.811 51.982 25.779 -3.130
1900 5.075 19,876 45,498 8.318 52,014 24,322 -2.798
2000 5.085 50.137 45,724 8,826 52,044 22,864 82,498
2100 5.097 50.385 45,940 9.335 52.071 21.404 ~2.228
2200 5.111 50.622 46.147 g.845 52.098 19.944 -1.981"
2300 5.127 50.850 46.347 10.357 52.125 18.481 -1.756
2400 5.144 51,068 46,538 10.871 52,151 17.019 H1.550
2500 5.162 51.27% 46,725 11.386 52.176 15.554 -1,360
2600 5.181 51.482 46,904 11.903 52.201 14,087 -1.184
2700 5.200 51.678 U47.077 . 12.422 - 52.228 12.620 -1.022
2800 5.219 51.867 47,244 12.9u3 52.254 11.155 -.8M
2900 5.239 52.050 47,407 13.456 52,282 9.688 -.730
3000 5.258 52.228 47.564 13,991 52.310 8,218 -.599

Heat capacity (cal/mol+K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

2000-3000 K:

Cpe
He- Hfg4
Cpe
He- Hige

now oo ou

Reaction equations (kecal/mol):

298.15-2000 K:

2000-3000 K:

AHre
AGre
AHre
AGre

5.397 - 0.226x107*T + 0.292x10°T"2
5.397x1073T = 0,113x107%T? ~ 0.292x102T"} - 1.501
4.156 + 0.336x107°T + 10.352x10°T 2
4.156x107°T + 0.168x107°T? - 10.352x102T" ! + 0.360

50,716 + 1.225x107%T - 0,273x10°%T2 - 63,350T"!

50.716
53.602 -
53.602 +

1

1.225%x1073T1inT + 0.273x107%T2 - 31,675T"! ~ 5,144x1072T

0.599x107%T + 0.118x107%T? - 1665.200T" !

0.599x107°*TLlnT - 0.118x107°T? - B832,600T"' - 19.473x107°T

Source: Data from Pankratz (91).
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S,(g}

Sulfur (ideal diatomic gas)

cal/mol-K H®=- H%se:

T, K '
Cp® 80 . -(G°- H$44)/T kcal/mol
298.15 7.765 54.506 54,506 0.000
300 T.T74 54.555 54.508 0.014
400 8.148 56.845 54,815 0.812
500 8.392 - 58,691 55,413 1.639
600 8.553 60.236 56.091 2.487
700 8.666 61.563 56.780 3.348
800 B.756 62.727 57.453 4.219
300 8.835 63.762 58.096 5.099
1000 8.909 64.697 58,711 5.986
1100 8.983 65.550° 59.295 6,881
1200 9.057 66.335 59.849 7.783
1300 9.13 67.062 60.376 8.692
1400 9.205 67.742 60.878 9.609
1500 9,278 68.379 61.357 10.533
1600 9.348 68,980 61.815 11.464
1700 9.415 69.549 62.253 12.403
1800 9.479 70.089 62.674 13.347
1300 9.539 70.603 63.078 14,298
2000 9.595 71.094 63.467 15.255
2100 9,6u4 71.563 63. 841 16.217
2200 9.6M 72.013 64.202 17.184
2300 9.734 72.445 64,552 18.155
2400 3.775 72.860 64,889 19.13
2500 g9.812 73.260 65.216 20.110
2600 g.842 73.645 65.532 21,093
2700 9.871 TH. 017 65.840 22.078
2800 9.898 TY4.37T 66.139 23.067
2900 9.924 T4.725 66.429 24,058
. 3000 9.949 75.061 66.711 25.057

Heat capacity

{cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

2000-3000 K:

Cp® = 8,343 + 0.640x107°T - 0.683x105T"2

He- H2,¢ = B.343x70™°T + 0.320x107%T% + 0.683x102T"* - 2.745
Cp°® = 9.510 + 0.200x10°°T - 12.600x105T"2

Ho- Hgye = 9.510x107°T + 0.100x1075T2 + 12,600x102T™" - 4,795

Scurce: Data from Pankratz (91).
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5,(g)
Sulfur (ideal diatomic gas)
[Formation: 2S(e,1) = S,(g)]
ral/mol K kcal/mol
T,K - Log Kf
Cpe So ~(Go- H34)/T He- H3,, AHF® © AGEe

298.15 T.765 54.506 54,506 0 30.710 19.027 ~13.947
300 T.7T4 54.555 54,508 014 30. 704 18.954 -13.808
368.3 8.029 56.177 54,669 ' .556 30.478 16.303 -9.674
368.3 8.029 56.177 54,669 .536 30.286 16.303 -9.67H
388.36 8.104 56.605 54.758. 717 30,209 15.545 -8,748
388.36 8.104 56.605 54.758 L7 29.383 15.545 -8.748
400 8.1u8 56.845 54,815 812 29.302 15.13 -8.267
432,02 8.226 5T.UT5 54.989 1.074 29.038 14.006 -7.085
500 8.392 58.691 55.413 1.639 28,255 11.706 -5.117
600 . 8.553 £0.236 56.091 2,487 27.389 - 8.482 ~3.089
700 8.666 61.563 . 56.780 3.348 26.650 5.390 -1.683
T17.824 ©8.682 61.781 56.602 3.503 26.531 4,852 -1.477

Phage changes:

368.3 K, orthorhomblie - monoclinic transition point of 8; AH® = 0.09% kecal/mol.
388.36 K, melting polnt of S; AH° = 0,413 kcal/mol,

432,02 X, second order transformation of 8; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equilivbrium mixture of Sn (n=1 to 8).

Heat capaclty (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K: .

Formaticn equaticns (Ecal/mol):

8.3U43 + 0.640x107%T ~ 0.683x10°T"2
8.343x1073T + 0,320%x1078T% + 0,683%102T ! - 2,745

Cp®
He- H3 gy

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-717.82L K: AHfe

' BT005%T073T + 3.754x1078T2 - 242.900T !

-19.927 + 78.189x1073T ~ 46.678x1075T? + 10325,700T"?
~19,927 - 78.189x107*TinT + 46.678x107°T* + 5162.850T ! + 505.202x107°T

AHf¢ = 33.578 -
AGf° = 33.578 + B.005x107°TInT - 3.754x107%T2 - 121.450T"! - 91.926x107°T
AHF® = 31.347 ~ 3.479x107°T + 0.262x107°T2 +°68.300T"!

AGF® = 31.347 + 3.479x10°*T1nT - 0.262x107%T2 + 34.150T"* ~ 61,560x107°T

AHf® = -0.969 + 86,001x107*T - 86.302x107 T2 + 3872,700T!}

AGE® = =0.969 - 86.001x107°T1lnT + 86.302x10°°T2 + 1936.350T" ! + 508.897x107°T

AGfe
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8,(g)
Sulfur (ideal triatomic gas)
[Formation: 35{e,1) = 5;(g)]

cal/mol+K keal/mol
T,K - Log Kf
cpe Se —{Go~ H3,,)/T He~ HY,, AHf O AGE®
298,15 11,5493 65.275 65.275 0 34.272 21.663 -15.879
300 11.514 65.346 65.276 .021 34,263 21.585 -15.724
368.3 12.088 67.776 65.521 .831 33.921 18.733 -11.116
368.3 12.088 67.776 65.521 .831 33.633 18.733 -11.116
388.36 12.256 68,422 65.654 1.075 33.520 17.926 -10,088
388.36 12.256 68.u22 65.6514 1.075 32.281 17.926 ~-10.088
400 12,354 68.785 65.740 1.218 32.160 17.497 ~%.560
432,02 12.510. 69.742 £6.002 1.616 31.769 16.336 -8.264
500 12.840 71.599 $6.639 2.480 30.611 14,007 -6.122
600 13.137 73.968 67.668 3.780 29.340 10.811 -3.938
700 13.327 76.008 68.717 5.104 28.264 7.810 ~-2.,438
717.824 13.350 76:343 68.902 5.342 28.09t1 7.293 -2.220

Phase changes: 368.3 K, orthorhomblec - monoclinic transition point of §; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.
432.02 K, second order tranaformation of S; AH® = 0 kcal/mol.
717.824 K, volling point of 8 to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K} and enthalpy (kecal/mol) equations:

298.15-3000 K: Cp® = 13.561 + 0.170x107°T - 1.883x10°T"2
Ho- H%,, = 13.561x107°T + 0. 085x10 STZ 4+ 1,B83x102T"! - 4,682

Formation equations (kecal/mol):
298.15-368.3 K: AHf® = 38,009

10,961x107°T + 5.236x107°T* - 278.5007"!

AGEe = 38,009 + 10.961x107°TIinT - 5.236x107°T? - 139.250T" - 114.149x1073T
368.3-388.36 K: AHF® = 34,663 - 4.172x107*T - 0.002x1075T? + 188.300T !

AGF® = 34,663 + 4.172x107*T1nT + 0.002x107%T% + 94.150T % - 68.600x107°T
388.36-432.02 K:  AHf® = -13.812 + 130.048x107%T - 129.848x107°T? + 5894.900T7%

AGF® = -13.812 - 130.048x1073T1nT + 129.848x107°T% + 2947.450T" ! + 787.085x107°T
432.02-717.824 K: AHfe = =42,248 + 118.330x107°T - 70.412x1075T2 + 15574, L400T ™!

AGF® = ~42,248 - 118,330x107°TInT + 70,412x107°T2 + 7787.200T"! + 781.543x107°T



$,(g)

Sulfur (ideal triatomic gas)
1.55,(g) = S,(g)]

(Reaction:

5 271

cal/mol +X kcal/mol
T,K - - Log Kr
Cp° Se ~(G®- H3,,)/T H°- Hg,, AHpe® AGre
298.15 11.493 65.275 65.275 0 -11.,793. -6.878 5.042
300 11.514 65,346 65.276 021 -11.793 ~6.847 4,988
460 12.354 -68.785 65.740 1.218 -11.793 -5.,200 2.841%
500 12.84¢0 71.599 66.639 2.580 -11.77 -3.553 1.553
600 - 13.137 73.968 67.668 3.780 ~11.743 ~1.912 .696
700 13.327 76.008 68.717 5.104 -11.711 -.275 .086
800 13.457 77.797 69.742 6.544 -11.678 1.357 -.37
900 13,548 79.387 70.727 7.794 ~11.647 2.983 -.T24
1000 13.614 B0.818 71.666 9.152 -11.620 4,608 ~1.007
1100 13.664 82.118 72.557 10.517 -11.597 6.230 -1.238
1200 13.702 83.309 73.405 11.885 ~11.583 7.850 -1.430
1300 13.733 84,h07 7h,209 13.257 -11.574 9.1468 -1.592
1500 13.757 85,425 74,974 14,631 -11.576 11.088 ~1.731
1500 13.776 86.375 75.703 16.008 -11.585 12.706 ~1.851
1600 13.792 87.265 76.399 17.386 -11.603 14.325 -1.957
1700 13.806 88.101 77.062 18.766 -11.632 15.947 ~2.050
1800 13.817 88.891 77.5698 20.148 -11.66% 17.571 -2.133
1900 13.826 89.638 78.307 21.529 -11.711 19,198 -2.208
2000 13.834 90.348 78.892 22,913 -11.763 20.824 -2,275
2100 13.841 91.023 79.453 24,296 -11.822 22.453 -2.337
2200 13.8u8 91.667 79.994 25.681 -11.888 24,087 -2.393
2300 13.853 92.283 80.315 27.066 -11.959 25.725 -2.444
2400 13.857 92.872 81.017 28.451 -12.038 27.365 -2.492
2500 13.862 93.438 81.503 29,837 -12,121 29,009 -2.536
2600 13,865 93.982 81,973 31.224 -12.209 30.654 ~2.577
2700 13.869 94.505 82.427 32.610 -12.300 32.305 -2.615
2800 13.871 95.009 82.867 33.997 ~12.396 33.962 -2.657
2990 13.874 95.496 83.294 35,385 -12.495 35.620 -2.684
3000 13.876 95,967 B3.710 26,772 - —12,598 37.276 -2, 76

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cp° = 13.561 + Q,170%x1073T ~ 1.883x10°T"2
He- Hgge = 13.561x1073T + 0.085x1078T2 + 1.883x102T"! - 4,682

Reactlion equations (kcal/mel}:

298.15-2000 K:

2000-3000 K:

Source: Data from Pankratz (91).

AHp®
AGpe
AHp®
AGro

U ouom

~12.358 + 1.046x107°T - 0.395%10-5T + 85,8507

-12.358 - 1.006x1073T1nT + 0.395x107°T% + 42,925T"' + 23.TH0x107°T

-G.283 - 0.T04x107%T -~ 0.065x107%T2 ~ 1701.700T"!

~9.283 + 0.704x1073T1nT + 0,065x107%T? - 850,850T"! + 9.781x107°T
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S.(g)
Sulfur (ideal tetratomic gas)
[Formation:  u4S(e,1) = S, (g)]

cal/mol+K keal/mol
T,K Log Kf
Cp® Se ~(G°= Hg,4)/T He=- HY,, AHf @ AGfPe
298.15 15.761 70.128 70.128 o] 32,417 20.645 -15.133
300 15.796 70.226 70.129 .029 32.406 20.572 ~14.987
368.3 16.772 73.581 TO. 464 1.148 31.989 17.921 ~10.634
368.3 16.772 73.581 70.464 1.148 31.605 17.921 -10.634
388.36 17.059 TL.UT9 70.6L9 1.487 31.468 _17.182 ‘ -9.669
388.136 17.059 74479 70.649 1.487 29.816 17.182 -9.669
hoo 17.225 Th.985 70.768 1.687 29.664 16,804 -9,181
432.02 17.489 76.322 71.130 2.213 29.168 15.792 -7.989
500 18.050 78.825 72.017 3.454 27.683 13.814 -6.038
600 18.553 82,264 73,454 5.286 26.087 11.197 -4.079
700 18.877 85.150 © 74,823 7.159 24,760 g.824 -2.755
T17.824 18.916 85.625 75.183 7.496 24.549 8.u23 -2.564

Phase changea: 368.3 K, orthorhombic - monoelinic transition point of §; AH° = 0.096 kcal/mol.
388,36 K, melting point of 8; AHe = 0.413 keal/mol.
432,02 X, second order transformation of S; AH® = 0 keal/mol.
717.828 K, boiling point of 8 to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol:+K) and enthalpy (kecal/mol) equaticns:

298.15-3000 K: Cp® = 19.279 + 0.288x1073T - 3.20LUx10°T"2
He~ H9ge = 19.279x707°T + O.144x107%T2 + 3.204x103T "} ~ 6.835

Formation equations (keal/mol): .
13. 1 7x1073T + 7.012x107%T? - 302.000T"!

29B8.15-368,3 K: AHE® = 36.807 -

AGfe = 36.807 + 13.817x1073TInT -~ 7.012x1076T2 - 151.000T"' - 126.863x1073*T
368.3-388.36 K: AHE? = 32,346 - 4.365x1073T + 0.028x107%T2 + 320.400T7°

AGE® = 32.346 + 4.365x107*T1nT - 0.028x107%T2 + 160.200T ! - 66.131x107°T
388.36-432.02 X: AHf® = --32_.287 + 174.595x107°T - 173.100x1075T2 + 7929,200T"!

AGfe = -32,287 - 174.595x1073T1InT + 173.100x107€T2 + 3964.600T ! + 1074.782x107°T
432.02-717.824 K: AHf° = -70.202 + 158.971x107%T - 93.852x107°T? + 20835.200T"?

AGfe =

-70.202 - 158.971x107°T1nT +-93.852x107°T* + 10417.600T" ' + 1067.392x107°T
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S.(8) ‘
Sulfur (ideal tetratomic gas)
[Reaction: - 2S,(g) = S,(g)]
cal/mol-K kcal/mol
T,K Log Kr
Cpe 8° (G- H3,,)/T Ho- Hg,, AHre AGre
1298.15 15.761 70.128 70.128 0 ~29.003 -17.410 12.762
300 15.796 70.226 70.129 .029 ~29.002 -17.337 12.630
400 17.225 T4.985 70.768 1.687 -28.940 -13.458 7.353
500 18.050 78.925 72.017 3.454 -28.827 -4.598 4.195
600 18.553 82,264 73.454 5.286 -28.691 -5.766 2.100
700 18.877 85.150 74.923 7.159 -28.5U0 ~-1.957 b1
800 19.097 87.686 76.363 9.058 ~-28.383 1.831 -.500
800 19.253 89.945 77.749 10.976 ~28.225 5.596 -1.359
1000 19.366 91.980 79.072 12.908 ~28.067 9.347 -2.043
1100 19.451 93.829 §0.330 14.849 ~27.916 13.082 -2.5%9
1200 19.517 95.525 81,528 16,797 =27.772 16,802 -3.060
1300 19.568 97.089 82,665 18.751 ~27.636 20,509 -3,448
1400 19.609 98.5M1 83.748 20.710 - -27.511 24,209 ~3.779
1500 19.642 99.895 84.730 22.673 -—-27.396 27.898 -4.065
1600 19.670 101.163 85.764 24.639 -27.292 31.583 -4.314
17C0 19.693 102.357 86.706 26.607 =-27.202 35.258 ~-4.533
1800 19.712 103.483 87.607 28,577 -27.120 38.931 -k, 727
1900 19.728 104,549 88.471 30.549 -27.050 42,598 -4.900
2000 19.742' 105.561 86.299 32.523 -26.990 46.264 -5.055
2100 19.754 106.525 90.098 34,497 -26.940 49,922 -5.195
2200 19.764 107.444 90.865 36.473 ~26.898 53.582 -5.323
2300 19.773 108.323 91.606 36.150 ~26.863 57.241 -5.439
2400 19.781 109,164 92.319 4o.L428 -26.837 60.897 =-5.545
2500 19.789 109.972 93.010 42,406 -26.817 64,553 -5.643
2600 19.795 110.748 93.676 44,386 -26.803 68.206 -5.733
2700 19.800 111.495 9l 323 u6.365 ~26.794 71.861 -5.817
2800 - 19.805 t12.216 94.950 h8,3k46 -~26.791 75.515 ~5.894
2900 19.810 112.911 95.557 . 50.326 -26.793 79.170 ~5:966
3000 19.814 113.582 96.146 52.308" -26.797 8§2.823 ~6.034
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:
298.15-3000 K: Cp® = 19.279 + 0,288x107°T - 3.204x10%T2
Ho~ Hggp = 19.279x107°T + O.144x1075T2 + 3,204x102T"! -~ 6.835

Reaction equations (keal/mol):
298.15-2000 K: AHre

AGre = -30.348 -
2000-3000 K: AHpe =
AGre = -26.249 -

Source: Data from Pankratz (91).

-30.348 + 2.593x107°T - 0.496x107°T* + 183.800T !
2.593x107°T1lnT + 0Q.U496x107°T2 + 91,900T"! + 56.989x107°T
26,249 + 0.259%x1073%T ~ 0.056x107°T2 - 2199.,600T "}
0.259%x107*T1InT + 0,056x107°T2 - 1099,800T"! + 38.376x%107°T
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S.(g)
Sulfur (ideal pentatomic gas)
[Formation: 55{c¢,1} = S;(g)]

cal/mol X keal/mol
T,K Log Kf
Cp® ge -{G°~ HS,a)/T H°- HS,q AHF® AGfe
298.15 21,331 80,629 80.629 0 29.704 17.085 ~12.524
300 21.373 80.761 80.629 040 29.694 17.008 ~-12.390
368.13 22.508 85,283 81.082 1.547 29.281 14,161 -8.403
368.3 22.508 85.283 81.082 1.547 287801 14,161 ~8.403
388.36 22.842 86.486 81.33 2.002 28.661 13.371 -7.52X4
388.36 22.842 86,486 81.331 2.002 26.596 13,37 ~7.524
400 23.035 87.163 81.491 2,269 26.423 12.976 ~7.090
432,02 23.325 88.948 81.978 3,011 25,850 11.918 -§,029
500 23.9U1 92.410 83.166 }, 622 24,091 9.878 -4.318
600 24,478 96.826 85.084 7.045 22.229 7.219 ~2.630
700 24.818 100.627 87.040 9.511 20.695 4,842 -1.512
717.824 24.859 101.251 87.385 9.954 20,453 4, quy -1.353

Phase changes: 368.3 K, orthorhomblie - monoclinie tranaltion point of S; AH° = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.
432,02 K, second order transformation of S; AH® = 0 kecal/mol.
717.824 K, boiling point of S to equlilibrium mixture of Sn‘(n =1to8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 25.297 + 0.306x107%T - 3.607x105T"2
Ho- HS,, = 25.297x107T + 0.153x1076T2 + 3,607x102T"! - B.766

Formation equatlions (kecal/mol): -

298.15-368.3 K: AHf® = 34,970 - 15.573x107*T + 8.738x107¢T2 ~ u17.,300T"!

AGF® = 34.970 + 15.573x107°TlnT - §.738x107°T2 -~ 208.650T ! - 143.762x107°T
368.3-388.36 K: AHf® = 29,394 - 4.258x107°T + 0.008x107°T2 + 360.700T !

' AGE® = 29.394 + 4,258x107°T1nT - 0.008x107°T? + 180.350T ! - 67. BUBXTO”’T

388.36~432.02 K: AHf® = ~51,.397 + 219.442x107°T - 216.,402x107°5T2 + 9871,700T™?
. AGE® = =51.397 - 219.4U2x1073T1nT + 216.402x107%T2% + U4§35.850T" " + 1358.29Lx107°T
432,02~717.824 K: AHf® = -98,.791 + 199,912x107°T - 117,342x107°T? + 26004.200T7"*

AGFe = -98.791 - 199,912x1073T1inT + 117.342x107%T2 + 13002.100T"" + 1349.057x107°T



S

Sulfur (ideal pentatomic gas)
2.58,(g) = S4(8)]

[Reaction:

5{g8)

5 275

cal/mel-X kcal/mol
T,K ' Log Xr
Cpe Se C~(G°~ H3e,)/T  He- Hg,, AHre AGre
298.15 21.331 80.629 80.629 o -47.07 ~30.483 22.344
300 21.373 80.761 80.629 .0%0 -47.066 -30.378 22.130
Tols} 23.035 87.163 81.491 2.269 -46.832 -24,852 13.578
500 23.941 92,110 83,166 h,622 -16.546 -19,388 8.474
600 24,478 96.826 85,084 7.045 ~46,213 -13.985 5.094
700 24.818 100.627 87.040 9.511 -145,930 ~8.634 2.696
800 25.046 103.957 88.951 12.005 -45.614 -3.325 .908
900 25.206 106.917 90.786 14,518 -45,300 1.939° -4
1000 25.322 109.579 92.534 17.045 -4y.991 7.172 -1.568
1100 25.409 111.996 94,194 19.582 -4, 691 12.375 -2.459
1200 25.475 114,210 95.772 22.126 -4y 402 17.550 -3.196
1300 25.528 116.251 97.269 24.676 -4h, 125 22.700 -3.816
1400 25.569 118.145 98.694 27.231 -43.862 27.831 ~4.345
1500 25.603 119.910 100.050 29790 -43.613 32.943 -4.800
1600 25.630 121.563 101,344 32.351 -43,380 38.039 -5.196
1700 25,653 123.118 102.579 34.916 ~43.162 43.120 -5.543
1800 25.673 124,585 103.762 37.482 -42.957 48.191 -5.851
1900 25.689 125.973 104.894 40.050 -42.766 53.250 -6.125
2000 25.703 127.291 105.981 42,620 -42,589 58.299 -6.37
2100 . 25.715 128.546 107.026 45,191 =42 422 63.337 -6.591
2200 25.725 129.742 108.032 47.763 -42,268 68.371 ~6.792
2300 25.735 130.886 109.001 50.336 -42.,123 73.398 ~6.374
2400 25.743 131.981 109.936 . 52.909 -41,990 78.416 -7.141
2500 25.750 133.032 110.838 55. 484 -41.862 83.433 -7.294
2600 25.756 134,042 111.712 58.059 -41.745 88.439 -7.434
2700 25,762 ' 135.015 112,558 60,635 ~41,631 93.143 ~7.564
2800 25.767 135,951 113.375 63,212, -41,527 98.1450 ~7.684
2900 25,771 136.856 114,170 65.789 -41.h27 103. 447 ~7.796
3000 25.775 137.729 114,940 £8.366 -41.333 108.438 -7.900

Heat capacity (cal/mol-K) and enthalpy (kcal/mol} equations:

298.15-2000 K:

2000-3000 K:

Cp®

~ He- HSse

Reaction equations (kcal/mol):

298.15-2000 K: AHre
AGre
2000-3000 K: AHre
AGre

Source: Data from Pankratz (31).

= 25.297 + 0.306x107°T - 3.607x1C3T"2
= 25.297x107°T + 0.153x107°T? + 3.607x102T"! - §.766
Cp® = 26,003 = 0.050x1073T - 7.986x10°T"2
Ho-~ Hggy = 26,003x107°T - 0,025x1075T% + 7,986x10%T"} - 9,685

~48.974 + B,439x107°T - 0.647x1078T? + 189.950T"!

~48.974 -

4,439x107?T1nT + 0.647x107%T2 + 94,975T"! + 86.053x107°T

-LL4.769 + 2.228x107°T -~ 0.275x107°T? - 2351.400T"!

-L4,769 -

2.228x107°T1nT + 0.275x107%T% - 1175.700T"! + 68,202x107°7
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Se(8)
Sulfur (ideal hexatomic gas)
[Formation: 65(c,1) = S,(g)]

cal/mol -K kecal/mol
T,K Log Kf
: Cpe® Se ~(G%~ H8,,)/T H°- HS., AHF© AGfe
298.15 26.901 84,555 84.555 0 24,004 12.499 -9.162
300 26.951 84.721 84.555 .050 23.994 12.429 =9.054
368.3 28.245 90.409 85.125 1.946 23.586 9.835 -5.836
368.3 28,245 90.409 85.125 1.946 23.010 9.835 -5.836
388.36 28,625 91.917 85.438 2.517 22,867 9.127 -5.136
388.36 28.625 91.917 85.438 2.517 20.389 9.127 -5.136
hoo 28.846 92.766 85.638 2.851 . 20.195 8.790 ~4,803
432.02 29.162 95.000 86.251 3.780 19.546 7.899 -3.996
500 29.834 99.319 87.741 5.789 17.511 6.242 -~2.729
600 30.403 104.813 90. 140 8.80% 15.384 4.199 ~1.530
700 30.759 109.529 92.582 11.863 13.643 2.476 -.773
717.824 30.801 110,303 93.012 12.411 13.369 2.198 -.669

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of §; 4H° = 0.096 kcal/mol.
388.36 K, melting point of S; AH° = 0.413 keal/mol,
432.02 X, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of $ to equilibrium mixture of S, (n =1 to 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol} equations:

298,15-2000 K: Cp® = 31,351 + 0,262x107°T - 4.027x10°T"2
He~ H3,4 = 31.351x1073T + 0,131x107%T> + 4,027x10*T"! - 10.710

Formation egquations (kcal/mol):

298.15-368.3 K: AHF® = 30,132 - 17.693x107°T + 10.433x107%T% - 530.900T !

AGf® = 30.132 + 17.693x107%T1nT - 10.433x107°T? - 265.450T"! - 153,855x107°T
368.3-388.36 K: AHF® = 23,442 - B,115x107%T - 0.043x107%T2 + 402.700T"!

AGE® = 23,442 + 4,115x1073T1nT + 0.043%10%6T2 + 201.350T"? ~ 62.757x107°T
388.36-432,02 K: AHf° = -73.508 + 264.325x1073T - 259.735x107°T? + 11815,900T"!

AGfe = -73,508 - 264,325x707°TInT + 259.735x1075T2 + 5907.950T" ' + 1648, 613x10 :T
432,02-717.824 K: AHf® = -130.380 + 2U40.889x107°%T - 1U0,B63x1078T2 + 31174.900T"!

AGfe =

~130.380 - 240.889x107*T1nT + 140.863x107%T% + 15587.450T" ! + 1637.528x107°T



Se

(g)

Sulfur (ideal hexatomic gas)
38.(g) = S;(g)]

[Reaction:

*

s 2717

cal/mol K keal/mol
T,K Log Kr
Cp® Se ~(G®- H3,5)/T He~ H%,, AHr® AGroe ‘
298.15 26.901 84,585 84,855 0 -68,126 -4y ,583 32.680
300 26,951 84,721 84,555 L0350 -68,118 -4y 435 32.370
4oo 28.816 92,766 85.638 2.851 -67.711 ©36.603 19.999
500 29.834 99.319 87.741 5.789 ~67.254 -28.877 12.622
600 30.403 104,813 90.140 B.804 -66.783 -21.246 7.739
700 3C.759 109.529 92.582 11.863 ~66.307 -13.695 4,276
800 30,995 113.652 94,962 14.952 -65.831 -6.208 1.696
900 31.159 117.313 97.2L6 18.060 ~-65.363 1.213 -.294
1000 - 31.278 120.603 99. 421 21.182 ~-64,902 8.586 -1.876
1100 31.366 123.588 101.484 24.314 -64.,455 15.913 -3.162
1200 31,434 126.321 103. 442 27.455 ~64,020 23.201 -4.225
1300 ' 31.487 128.839‘ 105.300 30.601 -63.601% 30.450 -5.119
1400 . 31,529 131,174 107.066 33.751 -63.202 37.6T1 -5.88
1500 31.563 133.350 108,746 36.906 ~62.819 44,861 -6.536
1600 31.591 135.388 110.348 40.064 -62.454 52.029 -7.107
1700 31.614 137.304 111.878 43,224 -62.111 59.172 -7.607
1800 31.633 139.112 113.341 46.1387 -61.780 66.299 -8.,050
1900 31.650 140,822 114,743 49,551 ~61.469 73.406 =-8.44Y
2000 31,664 142,446 116.088 52,717 -61,174 80,498 ~-8.796
2100 ‘ 31.676 143,991 117.380 56.883 . -60.894 87.572 ~9.114
2200 31.687 145,465 118.623 59.052 -60,626 94,637 -9,401
2300 31.696 146,874 119.821 62.221 -50.370 101.690 ~-9.663
2400 31.704 148,223 120.977 65.3N -60.128 108.729 =-5.901
2500 31,711 149,517 122,093 68,561 ~-59.895 115.763 ~10.12¢
2600 31.718 150.761 123.171 71.733 ~58.672 122.780 —-10.320
2700 31.723 151.958 124.215 T4.905 -59.“55 "129.796 ~10.506
2800 31,728 153.112 125.227 78.077 -59.250 136.803 -10.678
2900 31.733 154,226 126.208 81.251 -59.049 143,803 -10.837
3000 31.737 155.301 127.160 84,424 -58,855 150,791 -10.985

Heat capacity (cal/mol-K)} and enthalpy (kecal/mol) eqpations}

298.,15-2000 X: Cp® =
He= H3,e =
2000-3000 K: Cpe =
Ho- HEqgp =

Reaction equations (kecal/mol):

298,15-2000 K: AHre
AGr®
2000-3000 X: AHre
AGre

Source: Data from Pankratz (31).

31.351 + 0,262x107°T - 4,027x103T"*

31.351%1073T + 0.131x1¢75T2 + 4,027x10°T"! - 10,710
29.750 + 0.600x1073T + 28.557x105T"2

29.750x107°T + 0.300x107%T? - 28.55Tx10%T"! - 6.555

-70.601 + 6.322x107°T - 0,829x107%T? + 197.800T"!

-70.601 -

6.322x1072T1nT + 0.829x1075T2 + 98.900T"* + 121.923x1073T

~60.296 + 1,220%707%T - 6635.700T"!

~60.296 ~ 1,220x107°T1nT - 3317.850T=! + B0.503x1073T
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3,(g)
Sulfur (ideal heptatomic gas)
[Formation:  7S(¢,1) = 3,(g)]

cal/mol K © keal/mol

T,X - Log Kf
Cpe : §° - (G% Hf.,)/T H°- Hig, AHf® . AGFe
298.15 31.990 95.508 95.508 0 25.669 13.182. -9.663
300 ‘ 32.049 95.706 95.509 .059 25.658 13.106 -9.547
368.3 33.570 102,467 96,188 2.313 25,224 10.290 ~-6,106
368.3 33.570 102.467 96,188 2.313 24,552 10.290 -6.106
388.36 34.017 104.260 96.559 2.991 24.397 9.523 ~5.359
388.36 34,017 104,260 96.559 2.991 21.506 9.523 =5.359
400 34,276 105.268 96.798 3.388 21.287 8.165 =-5.007
432.02 34.649 107.922 97.525 L, 491 20.549 8.219 -4,158
500 35.440 113.054 99.294 6.880 18.220 6,483 -2,833
600 36.112 119.580 102.147 10. 460 15.801 4.373 -1.593
700 36.532 125.181 105.047 14,094 13.835 2.629 -.821
717.824 36.582 126,100 105.558 14,745 13.527 2,351 -.716

Phase changes: 368.3 K, orthorhombic ~- monoclinic transition point of 8; AH® = 0,096 keal/mol,
388.36 K, melting point of 3; AH® = 0,413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-+K) and enthalpy (kcal/mol) equations:

298.15-2000 X: Cp® 37.220 + 0.316x1073T -~ 4, 734x105T'
He- H%44 37.220x1073T + 0.158x1078T* + 4.734x103T7}% - 12 €99

Formation eguations {kcal/mol):

19.998x107T + 12.177x107¢T? - 615.800T"!

298.15-368.3 K: AHfC® = 32.614 -

AGFe = 32,614 + 19,998x107%T1inT - 12.177x107°T2% - 307.900T"! - .172,022x107°T
368.3-388.36 K: AHf® = 24,809 - 4,157x1073T ~ 0.045x1075T2 + 473,4007T!

AGF® = 24.809 + 4,157x1073T1nT + C.045x107°%T2? + 236.700T! - 65.7T41x107°T
388.36-432.02 K:  AHf°® = -88.300 + 309.023x107%T - 303.019x107°T2 + 137B8.800T !

AGF9 = ~-88.300 - 309.023x107°*TInT + 303.019x107°T% + £894.400T"' + 1930.857x107°T
432,02~717.824 K: AHP® = —154.,650 + 281.681x107%T - 164.335x107°T?. + 36374,300T ¢

AGEe =

~154,650 ~ 2B81.681x107*T1lnT + 164.335x107%T% + 18187.150T"! + 1917.925x107°T



S,(g)
Sulfur (ideal heptatomic gas)
[Reaction: - 3.53,(g) = S,{g)]

s 279

cal/mol =X . kecal/mol
T,k ‘ Log Kr
Cp® - ge ~(G%~ HG,s)/T Ho- HZ,, AHpe AGre

298.15 31.990 95.508 95,508 0 -81.816 -53.413 39,153
300 32.049 95.706 95.509 .059 -81.806 -53.235 38,781
400 34,276 . 105.268 96.798 3.388 -81.270 -43.794 23.928
500 35.440 113.051 99,294 6.880 -80,673 -34,490 15.075
600 36,112 119,580 102,147 10,460 -80,067 -25.313 9,220
700 36.532 125.181 105.047 14.094 ~79.5440 ~16.237 5.069
800 36.811 130.078 107.876 17.762 ~78.821 -7.247 1.980
' 900 37.005 130,426 110.589 21,453 -78.209 1.657 -. 402
1000 37.145 138.332 113,171 25,161 ~77.606 10.501 -2.295
1100 37.249 141.878 115.623 28.881 -77.018 19.283 -3.831
1200 37.329 145,122 117.947 32,610 ~76.446 28.014 .~5.102
1300 37.392 148.113 120.155 36.346 ~75.892 36.693 -6.169
1400 37,441 150.886- 122,252 40.088 -75.359 45.336 - ~7.077
1500 37.482 153. 470 124,247 43,834 - . -T4.8u47 - 53.937 ~-7.859
1600 37.515 155.890 126.150 47,584 -74,356 62.508 -8,538
1700 37.542 158.166 127.968 51.337 -73.889 71.045 -9,133
1800 37.565 160.312 129.705 55.093 -73.437 79.562 -9.660
1900 37.585 162,344 131.370 58.850 -73.009 88,047 -10.128
2000 37.602 164,272 . 132,967 62.610 -72.599 96.516 - =10,547
2100 37.616 165.107 134,502 66,370 ~72.205 104.958 -10,923
2200 37.628 167.857 135.979 70.132 BT71.828 113.387 -11,264
2300 37.639 169.530 137.401 73.896 -71.463 121.801 -11.574
2400 37,649 171.132 138,774 77.660 -T1.114, 130.193 -11.856
2500 37.657 172.669 140,099 81,426 ~70.775 138.577 . 12,114
2600 37,665 174,146 141,380 - - 85,192 ~70.450 146,940 -12.351
2700 37.671 - 175.568 142,621 88,958 -70.131 155,296 ~12,570
2800 37.677 176.938 143,822 92,726 ~69.825 . 163.644 -12,773
2900 37.683 178.260 144,986 96,1494 -69.525 171.980 ~12,961
3000 37.688 179.538 146.117 100.262 ~69.233 180.294 -13.134

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

2000~3000 K:

Ho- Hfqs

H°- HS4s

37.220 + 0.316x107°T - L,734x10°T"2
37.220x1073T + 0.158x107%T* + 4,.734x102T"' - 12.699
37.582 + 0.050x107%T - 3.218x10%T"2
37.582x107°T + 0.025x107°T? + 3.218x10%T™! - 12.815

Reaction equations (kecal/mol):

298.15~2000 K:

2000-3000 K:

AHro = -84.908 + 8.019x107°T - 0.962x1076T2 + 23,3507}

AGr° = -84.908 - 8.019x107?TInT + 0.962x107°T2 + 117.175T"! + 149.719x107°T
AHre = -77.849 + 4.297x107°T - 0.325%x107°%T% - L088.200T"!

AGre = -77.849

4.297x107*T1nT + 0.325x107%T2 - 2044.100T"" + 119.710x107°T

Source: Data from Pankratz (91).
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S,(g)
Sulfur (ideal octatomlic gas)
[Formation: 8S(ec,1) = Sy(g)]

cal/mol-K kcal/mol
T,K Log Kf
Cp® 3o ~(Go= HZ,4,}/T He- H9,, AHf® AGF®
298,15 37.186 101.7T41 101.7#1 0 23.881 11.820 -8.664
300 37.251 101,971 101.7T1 .069 23.870 11.747 -8.557
368.3 38.565 109.823 102.529 2.686 23.415 9.030 -5.358
368.13 38.965 109.823 102.529 2.686 22.647 9.030 -5.358
388.36 39.469 111.903 102,961 3.473 . 22.u82 8.299 -4.670
388.36 35.469 111.903 102.961 3.473 19,178 8.299 -4.670
Loo 39,761 113.073 103.238 3.934 18.935 7.975 -4.357
432.02 40.183 116.151 104,082 5.214 18.111 T.124 -3.604
500 k1,080 122.101 106,137 7.982 15,487 5.625 ~2.458
600 41,844 129,664 109.444 12,132 12.781 3.820 -1.428
700" 42,322 136.153 112.807 16.342 10.591 2.621 -.818
717.824 42.378 137.218 113.400 17.097 10.250 2. 427 -.739

Phase changes: 368.3 K, orthorhombic - monoclinic transition polnt of §; AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S; AH® = 0.413 kcal/mol.
432.02 X, second order tranaformation of $; AH® = 0 kcal/mol.
717.824 K, volling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (¢al/mol-K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 43,137 + 0.332x107°T - 5,378x10°T"2
H°- H2.e = 43.137x107°T + 0.166x107°T? + 5,378x102T"! - 14,680 .

Formation equationa (kcal/mol):

298.15-368.3 K: AHPe = 31,652 - 22.255x107°T + 13,902x1075T2 - 707.000T?
. AGP® = 31.652 + 22.255x107°T1nT - 13,902x107¢T2 - 353.500T"! - 185.195%107°T

368.3-388.36 K: AHF® = 22.731 - 4.151x107°T - 0.066x1075T2 + 537.800T"!

AGF® = 22.731 + U4.151x107°T1nT + 0.066x107T2? + 268.900T"! - 63.731x107°T
388.36-432.02 K:  AHf° = -106.536 + 353.769x107°T - 346.322x1076T2 + 15755.400T"!

AGF® = -106.536 - 353.769x107°TInT + 346.322x107°T? + 7877.700T"' + 2218.095x107°T
432,02-717.824 K: AHfe = -182.365 + 322.521x107!T - 187.826x107°T? + 41567.400T "}

AGFe = ~-182.365 - 322.521x107°T1nT + 187.B26x1075T% + 207B3.700T"' + 2203.315x107°T



[Reaction::

S, (8)
Sulfur (ideal octatomic gas)
Us,(g) = S.(g)]

S 281

cal/mgl <K kcal/mol
T,K Log Kr
Cp® 5o -(G°- H2,,)/T He- H2,, AHro AGre

298.15 37.186 101,741 101.741 0 -98.959 -64.289 47.125
300 37.251 101.971 101.741 .069 ~-98.946 -64.,071 46.675
400 39,761 113.073 103.238 3.934 -98.273 -52,550 28.712
500 41,080 122,101 106,137 7.982 -97.533. -1.,201 18.009
600 41,84Y 129.664 109, 444 12,132 -96,775 ~30.007 10,930
700 4z.322 136.153 112.807 16.342 -96,009 -18.940 5.913
800 42,639 141,826 116.087 20.591 -95,24Y -7.978 2.180
800 42,860 146,862 119,233 24,866 -94 . 489 2.878 -.699
1000 43,020 151.386 122.225 29.161 -93.742 13.660 -2.985
1100 43,139 155,492 125,060 33.469 -93.014 24.36%5 -4 841
1200 43,230 159.250 127.760 37.788 ~92,303 35.005 -6.375
1300 43,302 162.713 130.318 42,114 -91.613 45.582 ~7.663
1400 43,359 165.924 132.748 46, 4u7 ~90.948 56.114 -8.760
1500 43.404 168.918 135.061 50.786 -90.305 66.592 -9.702
1600 43,442 171.720 137.265 55.128 -89.687 77.033 ~10.522
1700 43,474 174,355 139.370 59. 474 ~89.097 87.433 -11.240
1800 43,500 176.840 141,383 63.822 -88,525 97.804 -11.875
1900 ‘ 43.522 179.193 143,312 68.174 -87.977 108.139 -12.439
2000 43,541 181.426 145,162 72.527 ~87.452 118.448 ~12,943
2100 43,557 183.550 146,940 76.882 -86.945 128.729 -13.397
2200 43,572 185.577 148.651 81.238 -86.457 138.988 -13.807
2300 h3,584 187.514 150.298 85.596 -85.983 149,229 -14,180
2400 43.595 189,369 151,888 89,955 -B5,528 159, 442 C=14,519
2500 43.605 191,149 153.423 94,315 -85, 084 169.64y -14,830
2600 43.613 192,859 154.907 98.676 -BY4,655 179.820 -15.115
2700 43,621 194,506 156.344 © 103.038 -84.233 189.384 - ~15.378
2800. . 43.628 196.092 157.735 107.400. -83.827 200.138 ~15.621
2900 - 43,634 197.623 159.084 111.763 -83.428 + 210.275 -15.847
3000 43,639 196,103 160.394 116.127 -83.036 220,387 -16.055

Heat capacity (cal/mol-K) and

enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 43
He- Hg,, = 43
2000-3000 K: Cpe = 43
Ho- H3oq = 43

J137 + 0.332x107°T - 5,378x10°T72
L137x107°T + 0,.166x%1075T2 + 5,378x10%T™' - 14,680
.703 + 0.004x107°T - 6.801x10°T"2
.703x107°T + 0.002x107¢T2 + 6,B01x10%2T™! - 15,227

Reaction equations (kcal/mol):

298.15-2000 K: AHr°®
AGr®°
2000-3000 K: AHre°
AGre°

Source: Data from Pankratz {91).

-102.659 + 9.765x107%T - 1.114x107%T? + 264.600T !

~102.659 ~ 3.765x107°TInT + 1.114x107%T2 + 132,300T"! + 182.509x107°T

-95.007 + 5.663x707°T - 0.398x107°T? - 4359,900T"!

-95.007 - 5.663x3507*T1lnT + 0.398x107%T2 - 2179.950T"! + 149.514x107°T
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S,Br, (g}
Dibromosulfane (ldeal gas)
[Formation: 23(c,1l) * Br,(l,g) = S,Br,(g)]

cal/mel X kcal/mol
T,K Log Kf
Cp® 3¢ —{G®~ HZ,¢)/T He- H3,4 AHf® AGfe
298.15*% 17.980 83.1750 83.750 8] ©7.400 ~-2.155 1.580
300 - 18.010 83.860 83.750 033 7.380 ~-2.214 1.613
332.6 18,2604 85.731 83.854 624 -7.023 ~3,238 2.128
332.6 18.264 85.731 83.854 .62 ~-.0L2 ~3.238 2.128
368.3 18.543 87.619 84,126 1.286 -.099 -3.581 2.125
368.3 18.543 87.619 8h4.126 1.286 -.291 ~3.581 2.125
388.36 18.699 88.606 84.333 1.660 -3 ~3.757 2.114
388,36 18.699 88.606 84.333 1.660 -1.157 =3.757 2.114
400 18.790 89.160 84,U465 1.878 -1.217 -3.835 2.08%
432.02 18.915 90.812 84.867 2.482 -1.421 -4.038 2.043
500 19.180 93,400 85,84y 3.778 -2.073 -4,394 1.921
600 -19.,420 96.920 87.405 5.709 -2.7u4 4,791 1.745
700 19.600 99.930 88.986 7.661 ~3.285 -5,090 1.589
717.824 19,6213 100.423 89,264 8.010 ~3.1369 =5.133 1.563

*Enthalpy of formation at 298 K estimated.

Phase changes: 332.6 K, boiling point of Br,; AH® = 7,065 kcal/mol.
368,3 K, orthorhombic - monoclinie transition point of §;
388.36 K, melting point of 3; AHY = 0.413 keal/mol,

432,02 K, second order transformation of S; AH® = 0 kcal/mol. .
-T17.824 K, bolling point of 5 to equilibrium mixture of Sn‘(n‘= 1 to 8).

Heat capacity (cal/moliK) and enthalpy (kecal/mol) equations:
298.15-1000 K: Cp° 19,445 + 0.648x1073T -~ 1,469%x10°T"2

u o

AH® = 0.096 keal/mol.

He- H2,, = 19.445x107T + 0.324x107°T% + 1.469%102T™* = 6.319

Formation equations (kcal/mol):

298.15-332.6 K:
332.6~ 368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432,02-717.824 K: AHf®

AHf® = 12.079 - 14.994x107°T + 3.858x107°T% - 164,300T !

AGF® = 12,079 + 14.994%107*TInT - 3.858x107°T2 - 82,150T"* -~ 131.096x107°T
AHfO = 2,078 - 5.833%107°T + 3.703x107%T% - 195.700T*

AGEO = 2,078 + 5.833x107°T1nT ~ 3.703x107°T? - 97.850T"* - 47.T741x107°T

AHE® = =0.152 - 1,307x107°T + 0.211x107°T2 + 115.500T"!

AGFe = ~0.152 + 1.307x1072TInT - 0.211x107ST? + 57.750T"*' - 17,375x107°T

AHf® = -32,469 + 88.173x1073T - 86.353x107T? + 3919.900T"

AGfe = -32,469 - 88.173x107°T1nT + 86.353x107°T2 + 1959.950T % + 553.081x107°T

~51.426 + 80.361x107°T -~ U46,729%x1076T2 + 10372.900T !

AGT® -51.426 - 80.361x107°T1nT + U6.729x107°T2 + 5186.450T ! + 549,386x107*T



S,Br,(g)

Dibromosulfane {ideal gas)

5 283

{Reactlon: S,(g) + Br,(1,g) = S,Br{(g)]

cal/mol-K keal/mol
T,K Log Kr

Cp® ELs (G~ Hg,4)/T He- H§,, AHPr® AGre
29§.15% 17.980 83.750 83.750 o} -23.310 ~21.183 15.527
300 18.010 83.860 83.750 .033 -23.324 -21.168 15.429
332.6 18.264 85.731 83.854 ~0624 ~-23.576 -20.921 13.747
332.6 18.264 85.731 83,854 .624 =-30.6M1 -20.921 13,747
Loo 18.790 89,160 84,465 1.878 -30,519 -18,966 10.363
500 19.180 §3.400 85.844 3.778 —30.328 -16.101 7.037
600 19.420 96,920 87.405 5.709 -30.133 -13.273 4,835
700 19.600 99.930 88.986 7.661 =-29.935 -10,480 3.272
8oo - 19.730 102.560 90.525 9.628 -29.73% -7.76 2,108
900 19,850 104,890 91.993 11.607 -29.534 =4.,977 1,208
1000 19.940 106,980 93.384 13.596 ~29.332 ~2.253 .492
timated.

*Enthalpy of formatlion at 298 K es

Phase change: 332.6 X, boiling point of Br,; AH° = 7,065 kcal/mol.

Heat capacity {(cal/mol-+K) and enthalpy (kcal/mol) egquations:

298.15-1000 K: Cpe®
Ho- Hf,4

Reactlon equations (kcal/mol):

298.15-332.6 K: AHre® -21,499 -
AGre
332.6-1000 K: AHre
AGre = =31,499 -

Source: Data from Mills (80) who

19.L45 + 0.648x107°T - 1.469x10°T 2
19.445x107 3T + 0.324x1075T2 + 1.469x102T ! - 6.319

6.989x107%T + C.104x107°T? + 78.600T "}

estimated enthalpy of formation at 298 K.

-21.499 + 6.989x107°T1nT - 0.104x107°T2 + 39.300T7! - 35.170x107°T.
-31,499 + 2,172x107°T - 0.051x107°T? + 47,2007
2.172%107°T1nT + 0,051x1078T2 + 23.600T7' + 44.185x107*T



284 S

SC1(g)
Sulfur Monochloride (ideal gas)
[Formation: 5(e¢,1) + 0.5C1,{g) = SCl(g)]

cal/mol <K kecal/mol
T,K - Log Kf
Cp® Se ~(G°= HS,44)/T He= HS.q . AHf® AGE®
298,15% 8.973 56.696 56.696 0 37.400 30.724 -22.521
300 8.977 56.751 56.696 017 37.399 30.684 =-22.353
368.3 9,061 58.605 56,883 634 37.351 29.158 ~17.302
368.3 9.061 58.605 56.883 634 37.255 29.158 ~17.302
388.36 9.086 59.086 56.985 .816 37.234 28.719 ~16.161
388,36 9.086 59.086 56.985 .816 36.821 28.719 =-16.161
400 9.100. 59.355 57.050 922 36,790 28.476 -15.558
432.02 9.105 60.056 57,247 1.213 36,682 27.814 -14,070
500 9.116 £1.388 57.722 1.833 36.337 26,449 -11.561
600 9.108 63.050 58.477 2.74Y 35.957 24.508 -8.927
700 9,059 64,453 59,232 3.655 35,629 22.627 -7.064
717,824 9,098 64,682 59.364 3.817 35.575 22.297 -6.789

*Data estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of §; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = (0,413 kcal/mol.
432,02 K, second order transformation of $; AH® = 0 kcal/mol.,
717.828 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol+K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 9.204 - 0.068x107?T - 0,188x10°T"*
He- H84, = 9.204x107°T - 0.034x107°T? + 0.188x10%T"' - 2.804

Formation equations (kcal/mol):

298.15-368.3 K: AHfe = 38,836 - 3.383x107°T + 1,639x107°%T2 - 170.9507"!

AGF° = 38.836 + 3.383x1073TInT -~ 1.639x107%T2 - 85,475T"! ~ U5,036x107°T
368.3-388.36 K: AHf® = 37.721 - 1.120x107%T - 0.107x107%T? -~ 15,3507 !}

AGf° = 37.721 + 1.,120x107%T1nT + 0.107x107%T? - 7.675T ! - 29.853x107°T
388.36-432.02 X: AHf® = 21.563 + 43,619x107°T - 43,389x107°5T% + 1886.850T"?

AGF® = 21,563 - U43.619x107°T1lnT + U3,389x107°T% + QU3 U425T"1 + 255,376x107°T
432.02-717.824 K: AHf° = 12.084 + 39.714x107°T ~ 23.57Tx107°T? + 5113.350T"!

AGE® = 12.088 - 39.714x1072T1nT + 23.577x107°%T2 + 2556,.675T7! + 253,528x107°T



s. 285

S5Ci(g)
Sulfur Monochloride (ideal gas)
[Reactlon: 0.58,{g) + 0.5C1,{g) = SCl(g)}
cal/mol-K keal/mol
T,K - Log Kr
Cpe §e ~(G°- H3,,)/T H°- HE,, AHre AGre
298.15% 8.973 56.696 56.696 0 22.045 21.211 ~15.548
300 8977 56.751 56.696 W07 22.048 21.206 ~15.449
400 9.10C 59.355 57.050 .922 22.139 20.911 -11.425
500 2.116 61.388 . 57.722 1.833 22.210 20.596 =9.002
600 9.108 63,050 58,477 2.7ul 22.262 20.267 -7.382
700 9.099 64,453 58.232 3.655 22.304 1§.932 -6.223
800" 9.091 65.667 59.962 4,564 22.334 19.590 ~5.352
900 9.087 66.738 60.657 5.473 22.358 19.245 -4.673
1000 9.085 67.695 61,313 6.382 22.377 18.899 ~4.130
1100 9.085 68.561 61,934 . T7.250 22.389 18.550 -3.686
1200 9.087 69.352 62.519 8.199 22.397 18.201 -3.315
1300 9.090 70.079 63.073 9.108 22.400 17.851 -3.001
1400 9.094 70.753 63.598 10.017 22.399 17.501 -2.732
1500 9.099 71.380 64,096 10.926 22.392 17.152 -2.499
1600 9,104 71.968 64,570 11.837 22.384 16.802 ~2.295
1700 g.110 72.520 65,022 12,747 22.370 16.454 2,115
180C $.117 73.0i1 " 65.U453 13.659 22.355 16.107 ~-1.956
1900 g.124 73.534 65.865 14,571 22.335 15.761 -1.813
2000 9.1 74.002 66.260 15.483 22.311 15.415 ~-1.684

¥Data estimated.

Heat capacity {(cal/mol-K) and enfhalpy (kcél/mol) equations:

298.15-2000 K:

Reaction equations (kcal/mol):

298.15-2000 K:

Source: Data from Pankratz {92).

AHre
AGre

Cp® = 9.204 - 0.068x107°T - 0.18Bx10%7"?
Ho- HZ,, = 9.204x107°T - 0.034x107¢T2 + 0.188x102T"! - 2.804

22.048 + 0.619x1073T - 0.238x107%T2 - 49.500T "
22,048 - 0.619x1073T1nT + 0.238x107%T2? - 24.750T ! + 0.927x107°T
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SC1,(g)
Sulfur Dichloride (ideal gas)
[Formation:  S(e,1) + Cl,(g) = SCl,(g)]

cal/mol K ‘ keal/mol
T,K Log Kf
Cpo s° =(Go- HZ,,)/T H°- H3,, AHF® AGE®
298.15 12,164 67.285 67.285 0 -4,200 -6,088 4.463
300 12.180 67.360 67.285 .023 ~-4,202 -6.100 L. yy3
368.3 12,618 69.912 67.542 .873 -4,300 -6,522 3.870
368.3 12.618 69.912 67,542 .873 < -4,396 —6.522 3.870
388.36 12,746 70.584 67.682 1.127 -4, 429 ~6.637 3.735
388.36 12,746 70.584 67.682 1.127 -4, 842 -6.637 3.735
Tale) 12.821 70.962 67.772 1.276 ~4.879 -6.6%0 3.655
432.02 12,934 71.954 68.046 1.688 -5,001 -6.831 3.456
500 13.173 73.864 68.710 2,577 -5.368 -7.087 3.098
500 13.382 76.286 69.776 3.906 ~5.765 -7.392 2,692
700 13.515 78.360 70.859 5.251 -6.098 ~7.637 2.384
717.824 13.531 78.700 _71.0H49 5.492 -6.151 -7.675 2.337

Phase changes: 368.3 K, orthorhombie - monoclinic tranaition point of S; AH® = 0,096 kcal/mol.
388.36 K, melting point of S; AH® = 0,413 keal/mol,
432.02 X, second order transformation of 8; AH® = 0 Kkeal/mol,
717.824 K, bolling point of S to equilibrium mixture of Sn (n=11to 8).

Heat capacity {cal/mol+X) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 13.671 + 0.144x1072T ~ 1.378x10%T"2
Ho~ HZgp = 13.671x107°T + 0.072x107°T2 + 1,378x102T"! - 4.545

Formation equations (kcal/mol):
298.15-368.3 K: AHf® -3.070

= 3.330x1073T + 1.701x1078T? - 86.100T !

AGF® = -3.070 + 3.330x107°TInT - 1.701xX1078T% - 43.050T"% - 28.107x1073T
368.3-388.36 K: AHf® = -4,185 ~ 1.067x707%T - 0.045x107€T* + 69,5007 !
AGF® = -4,185 + 1.067x107°T1nT + 0.045x10™ST? + 34,750T"! - 12.924x107°T

+ b+ )

388,36-432.02 K: AHf® ~20.343 + 43.673x107°T - '43,327x107%T*% + 1971.700T"!

AGf® = -20,343 - U43,673x107°T1nT + 43.327x107°T* + 9B5,B50T" ' + 272.304x107°T
432,02-717.824 K: AHf® -29.822 + 39.767x107°T - 23.515x107°T? + 5198,200T"!
AGfe -29.822 - 39.767x107*T1nT + 23.515x107°T2 + 2599.100T7' + 270,457x107°T



SClz(S)
Sulfur Dichloride (ideal gas)

'S 287

[Reaction: = 0.558,(g) + Cl,(g) = SCl,(g)]
cal/mol +X kecal/mol
T,K Log Kr
~Cpe 8¢ ~{G°~ H34,)/T He- HZg, AHre AGpe
298.15 12.16L 67.285 67.285 o -19.555 ~15.602 11.437
300 12.180 67.360 67.285 .023 -19.554 =15.577 11.348
400 12.821 70.962 67.772 1.276 =-19.530 -14,256 7.78%
500 13.173 73.864 68.710 2.577 -19.495 ~12.940 5.656
600 13.382 76.286 69.776 3.906 =-19.459 -11.633 4,237
700 13.515 78.360 70.859 5.251 , ~19.423 -10.332 3.226
800 13.604 80.170 71.911 6.607 -19.389 -5,035 2.k68
900 13.666 81.777 72.920 7.971 ~19.354 =7.7h4 1.880
1000 13.711 83.219 73.879 9.340 -19.323 -6.455 1.411
1100 13.745 84,527 Th,788 10.713 ~19.295 -5.169 1,027
1200 13.771 ' 85.725 75.651 12.089 ~19.270 ~3.887 .708
1300 13.79N 86.828 76.469 13.467 -19.248 -2.607 . 438
1400 13.807 B7.850 77.245 14,847 =-19.231 -1.326 . 207
1500 13.821 88.803 77.984 16.228 -19.218 -.048 .001
1600 13.83 89.696 78.689 17.611 ~19.208 1.229 -.168
1700 13,840 90.534 79.360 18.995 -19.203 2,509 ~.323
1800 13,848 91,326 80.004 20.379 -19,201 3.784 ~.459
1800 13.854 82.075 80.620 21.764 -19.204 5.062 -.582
2000 13.860 92.785 B1.210 23.150 -19.211 6.341 ~-.693
Heat capacity (cal/mol:X) and enthalpy (kcal/mol) equations:
298.15~-2000 K: Cp® = 13,671 + 0, 144%x107°T - 1.378x10°%T"2
He~ H3 .4

= 13.671x1073T + 0.072x107°T% + 1.378x102T"! - 4.545

Reaction equations (kcal/mol}:

298.15-2000 K:

AHre

Scurce: Data from Pankratz (92).

~19.858 + 0.672x107°T - 0.176x107%T? + 35,3507 7
AGre = -19.858 - 0.672x1C7°TlnT + 0.176x107°T2 + 17.675T ! + 17.856x107°T



288 s

5,C1(g}
Chlorosulfanyl Radical (ideal gas)
[Formation: 2S(e,1) + 0.5C1l,(g) = S,C1(g)]

cal/mol-K kcal/mol
T,K - Log Kf
Cp® Se ~(G°- HY,,)/T H°- H%,, AHf® AGE®
298.15% 12.178 69.799. 69.799 0 18.800 10.502 -7.698
300 12.194 69.875 69.799 .023 18.795 10.451 -7.613
368.3 12.628 72.428 70.056 874 18.596 B.571 -5.086
368.3 12.628 72.428 70.056 .874 18.404 B.571 -5.086
388.36 12.755% 73.101 T70.196 1.128 18.337 8.038 -4.523
388.36 12.755 73.101 70.196 1.128 17.511 8.038 -4.523
400 12,829 73.479 70.286 " 1.277 17.434 T7.755 ~4,237
432,02 12,941 74471 70.560 1.690 17.186 6.989 -3.535
500 13.179 76.383: 71.225 2.579 16.436 5.449 -2.382
600 13.386 78.806 72.293 3.908 15.616 3.331 -1.213
700 13.518 80.880 73.374 5.254 14.923 1.340 -.118
717.824 13.534 81.220 73.565 5.495 1h.812 .997 -.303

*Data except enthalpy of formation at 298 K estimated.

Phase changes: '368.3 K, orthorhomblc - monoclinic transition point of'S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol. '
432.02 K, second order transformatlon of S; AH® = 0 keal/mol,
717.824 K, boiling point of S to equilibrium mixture of Sn {ne1to 8).

Heat capacity (cal/mol-K) and enthalpy {(kecal/mol) equations::

298.15-2000 K: Cp® = 13.672 + O.144x1073T - 1.366%10°T"2
He- Hg,, = 13.672x1073T + 0.072x107°T? + 1.366x103T™% - L.541

Formation equations (keal/mol):
298.15-368.3 K: AHf® 21.306

7.089x1077T + 3.L462x107°T2 - 208.750T !

AGF® = 21,306 + T7.089x107°TInT - 3.462x107°T2 - 104,375T7! - 7U4,.L424x1073T
368.3-388.36 K: AHEf® = 19.076 - 2.563x107°T ~ 0.030x107°T2 + 102.450T"! )

AGF® = 19.076 + 2.563x107°T1nT + 0.030x107°T2 + 51.2257"' - 44,059x107°T
388.36-432.02 K: AHf® = -13.241 + 86.916x107*T - 86.594x1075T2 + 3806,850T""

AGEe = =13.241 - 86.916x107TLnT + 85.594x107°T2 + 1953.425T ! + 526.398x107°T
432.02-717.824 K: AHf® = -32.198 + 79.105x107%T - 46.970x107°T2 + 10359.850T7"!

AGfe = -32.198 - 79,105x107°T1inT + L46.970x107°T2 + 5179.925T"! + 522.703x107°T



5,C1(g) '
Cnlorosulfanyl Radical (ldeal gas)

s 289

[Reaction:  S,(g) + 0.5C1l,(g) = 8,C1(g)]
cal/mol-K keal/mol
T,K Log Kr
Cp® 5e ~{G%= H3,,)/T He- H%,. AHre AGre
268,15% 12.178 69.799 69,799 0 -11.910 ~B.525 6.2U9
300 12.194 £9.875 69.799 .023 -11.908 -8.503 6.195
500 12.829 73.479 70.286 1.277 -11.868 ~7.376 4,030
500 13.179 76.383 71.225 2.579 -11.819 -6.258 2.735
600 . 13.1386 78.806 72.293 3.908 -11.772 -5.151 1.876
700 13.518 80.880 73.374 5,254 -11.726 -4,050 1.265
800 13.606 82.691 74,429 6.610 -11.685 -2.956 , 808
S00 13,668 84,297 75.437 7.974 -11,645 ~1.868 L U5y
1000 13.713 85.740 76.397. 9.343 -11.610 -.784 AT
1100 13.745 87.048 77.306 10.716 -11.581 .297 -.059
1200 13.772 88,246 78.169 12.092 =11.557 1.375 ~.250
1300 13.792 89,349 78.987 13.470 -11.539 2.452 - m2
1400 13.808 90.371 79.763 14,851 ~-11.527 3.530 ~,551
1500 13.821 91.325 80.504 16.232° -11.523 4,603 C-.6T1
1600 13.832 g2.217 81.208 17.615° -11.52% 5.679 =-.776
1700 113,84 93.056 81.881 18,998 -11.535 6.754 -.868
1800 13.848 93,847 82.523 20.383 -11.550 7.832 -.951
1900 13.855 94,596 83,139, 21.768 -11.572 8.909 -1.025
2000 13.860 95,307 83.730 23.154 =-11,601 9,988 -1.091

*Data except enthalpy of formation at 298 K estimated.

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-200C K:

Cpe
He= Hg,q4

Reaction equations (kcal/mol):

298.15-2000 K:

AHre
AGre

13.672 + 0,144x107°T - 1.366x10%T"2
13.672x107%T + 0.072x107°%T2 + 1.366x103T" % - 4,541

~-12.272 + 0.915x107*T - 0,292x107¢T2 + 34.150T"!

-12.272 - 0.915%107°T1nT + 0.292x107%T2 + 17.075T" % 4 17.5C2x107°T

Source: Data from Pankratz (92).
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[Formation:

S5,Cl,(g)

Dichlorosulfane (ideal gas)

23(091) * 012(8) = ‘SZCIZ(S)J

cal/mol <K kcal/mol
T,K Log Kf
Cp® se ~(G°- H9,,)/T Ho~- Hg,, AHf o AGE®
298.15 17.392 78.180 78.180 0 -4.000 -6.853 5,023
300 17.419 78.288 78.181 .032 . -4,003 ~6,870 5.005
368.3 18.097 81.938 78.548 1.248 -4.119 -7.512 4,458
368.3 18.097 81.938 78.548 1.248 =4,311 -7.512 b 458
388.36 18.296 82,903 78,749 1.613 -4,352 -7.684 4,324
388.36 18.296 82.903 78.749 1.613 -5.178 87,684 4.324
‘400 18,417 83.445 78.878 1,827 %5.238 -7.759 4,239
432,02 18.588 84.870 79.270 2,419 -5.443 ~7.954 4,02y
500 18.965 87.617 80.221 3.698 -6.094 -8.291 3.624
600 19.316 91.107 B1.782 5.613 = - =6.762 -B8.664 3.156
700 19,560 94,104 83.308 7.557 -7.296. - -8.938 2,791
T17.824 19.592, 94.596 83.582 7.906 -7.378 -8,978 2.733

Al

Phase changes:

368.3 K, orthorhombie - monoclinic transition point of S;
388.36 K, melting point of S;

432.02 K, second order tranaformation of §;
717.824 K, bolling point of S to equilibrium mixture of Sn {n =1 to 8).

AH® = 0.413 Kkecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equaﬁidns:

298.15-1500 X:

Cp® = 19.397 + 0.706x107°T = 1.969x105T"2 ,
He- HZ,, = 19.397x107°T + 0.353x107°T? + 1,969x10%T "} - 6.475

Formation equatlions (kcal/mol):

298.15-368.3 K:

368,3-388.36 K:

388.36-432,02 K:

432.02-717.824 K:

AHf®
AGF®
AHf®
AGF°
AHF®
AGF©
AHfe
AGf®

[/ R I IR ' I |

-1.994
-1.994
-4,224
-4.224
-36.5u1
~36.511
-55.498
~55.1498

+

1

+

5.778x107°T + 3.699x107¢T? ~ 182.600T !

5.778x107°TlnT - 3.699x107°T* - 91.300T"! ~ 47,088x107°T

1.252x1073T + 0.207x107°T? + 128,600T"!

1,252%1073TInT - 0,207x107%T2 + 64.300T ' - 16.722%x107°T

AH® = 0.096 kcal/mol.

AH® = 0 keal/mol.

88.228x107°T - 86.357x107°T* + 3933.000T7!
88.228x107°T1nT + 86.357x107°T2 + 1966.500T ! + 553.734x107°T
+ 80.U16x1073T ~ U6.T733x1078T* « 10386.000T7!
'80.416x107°T1nT + 46.733x107°T% + 5193.000T % + 550.040x107*T



S,Cl,{g)

Dichlorosulfane {ideal gas)

s 29

[Reactlion: 8,(g) + Cl,(g) = 8,C1,{(g)]
cal/mol K - keal/mol
T,K Log Xr
Cp® se ~(G°- H34g)/T Ho- Hi,, AHre AGpe
298.15 17.392 78.180 78.180 0 -34,710 ~-25.880 18.970
300 17.419 78.288 78.181 .032 -34.707 ~25.825 18.813
400 18.111 83,445 78.878 1.827 -34,540 -22.890 12.506
500 18.965 87.617 80.221 3.698 -34.349 -19.997 8.7
600 19.316 91.107 81.752 5.613 —3".151 -17.146 6.245
700 19.560 94.104 83.308 T.557 -33.946 ~14,328 4,473
800 19.739 96.728 84,826 9.522 -33.738 -11.540 3.153
900 19.87 99.061 86.280 11.503 -33.527 -8.779 2.132
1000 19,964 101,160 B7.665 13.495 -33.316 -6,01 1.320
1100 20,024 103.065 88.979 15,1495 -33.108 -3.322 .660
1200 20.060 104,809 90.227 17.499 ~-32.906 ~.624 14
1300 20.07L 106.416 91.41 19.506 -32.710 2.057 -.346
1400 20.069 107.903 92.537 21.513 -32.524 4,726 -.738
1500 20.053 109.287 93.607 23.520 =-32.347 7.381 -1.075

Heat capacity (cal/mol-K) and enthalpy (kecal/mol)} equations:

298.15-1500 K:

He-= Hfss

Reaction equations (keal/mol):

298.15-1500 K:

AHre

Source: Data from Pankratz (32)..

19.397 + 0.706x107°T - 1.969x10°T"2
19.397x107°T + 0.353x107°T? + 1.969x10’Tﬂ‘ -~ 6.475

=35.571 + 2.227x107T ~ 0.055x107°T% + 60.300F *-
aGre = -35,571 - 2,227x1073T1nT + 0,065%x107%T2 + 30,150T ! + UL4,B38x107°T
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SCiF. (g)
Sulfur Chloride Pentafluoride (ideazl gas)
[Formation: S(c,1) + 0.5Cl,(g) + 2.5F,(g) = SC1F.{g)]

cal/mecl-X keal/mol
T,K Log Kf
Cpe 8o ~(Go- H2,,)/T H°- Hl,, AHf® AGE®
298.15 24,938 76.439 76.439 0 -248.300 ~224.754 16k, 747
300 25.036 76.593 76.440 0L -248.307 -224,608 163.625
368.3 27.858 82.057 76.982 1.869 ~248.452 ~-219,194 130,068
368.3 27.858 82.057 76.982 1.869 -2U8.548 ~219,194 130.068
388.36 28.687 83.557 77.283 2.436 -248.575 -217.594 122.450
388.36 28.687 83.557 77.283 2.436 -248,988 -217.594 122.450
Loo . 29.168 84,411 T7.479 2.773 -249.017 -216,653 118.372
432.02 29.979 86.688 78.078 .3.720 -249.104 -214,059 108,287
500 31,701 91.214 T79.560 5.827 -249.337 -208,522 91.14}4
600 33.305 97.146 82,008 9.083 ~2h9. 447 ~200.346 72.975
700 34.367 102.365 84.551 12.470 -249.419 -192.163 59.99%
717.824 34,497 103.231 85.004 13.084 -249.403 =190.705 58.062

Phase changes: 368.3 K, orthorhomble - monoclinic tranmsition point of 3; AH® = 0.096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.82L4 K, bolling polnt of S to equilibrium mixture of Sy (n =1%o 8).

Heat capaclty (cal/mol-K) and enthalpy (kcal/mel) equations:

298.15-2000 X: Cp° = 34.913 + 1.650x107°T - §.304x10°T"2
He= HS4, = 34.913x107°T + 0.825x107°T% + 9.304x10%T"! - 13.603

Formation equations (keal/mol):

298.15-368.3 K: AHF® = -250.H440 + 1.055x107°T + 2.063x107°T2 + 4B9.u400T"!

AGf® = -250.440 - 1,095x107?T1nT - 2.063x107°T? + 244,700T"! + 90.027x107°T
368.3-388,36 K: AHf® = ~251,555 + 3.318x107°T + 0.317x107%T> + 645,000T"!?

AGf® = =-251,555 - 3,318x107°T1nT - 0.317x107°T? + 322,500T ' + 105.210x107°T
388,36-432,02 K: AHf® = -267,713 + 48.058x1077T ~ 42.965x107°T? + 25L47.200T"*

AGPe = ~267.713 - 48.058x1073TInT + 42,965%107€T2 + 1273.600T"! + 390.U38x107°T
432.02-717.824 K: AHf® = -277.192 + 44.153x107°T ~ 23.153%x107%T2 + 5773.700T" !

AGFe = -277.192 - L4.153x107°T1nT + 23.153x107°T2 + 2886.850T" ! + 388.590x107°T



SC1F, (g)
Sulfur Chloride Pentafluoride (ideal gas)

S 293

[Reaction: 0.58,(g) + 0.5Cl,(g) + 2.5F,(g) = SCiFs(g)]
cal/mol«K kcal/mol
T,K - Log Kr
Cp® Se ~{G®= H244)/T HO- HZg4 AHr® AGre
298.15 24,938 76.439 76,434 0 -263.655 ~234.267 171.720
300 25.036 76.593 76,440 046 ~263.659 ~234.085 170,529
Loo 29.168 84,411 77.47¢8 2.773 -263.668 -224.218 122.506
500 31.701 S1.214 79.560 5.827 =263, 464 -214.375 93.702
600 33.305 97.146 82.008 9.083 -263.142 -204.587 74.520
700 34.367 102.365 84,551 12.470 -262,744 -194,858 60.837
800 35.099 107.005 87.072 15.946 ~-262,302 ~185.192 50.591
9090 35.621 MM 89,523 19.483 ~-261,827 -175.579 2,636
1000 36.006 114,944 91.879 23.065 -261.336 ~-166.025 36.284
1100 36.296 118.390 94,135 26.681 ~-260.831 -156.516 31.096
1200 36.521 121.559 96.29 30.322 -260.318 ~147.057 26.782
1300 36.698 124,489 98.347 33.984 -259.799 -137.637 23.139
1400 36,840 127.214 100.313 37.661 #259.283 -128.262 20.022
1500 36.5955 129.760 102.193 41.351 ~-258.765 -118.922 17.327
1600 37.050 132.148 103.991 45,051 -258.250 -109.615 14.973
1700 37.129 134.397 105.715 48.760 ~-257.734 =100.339 12.899
1800 37.196 136,521 107.367 52.477 -257.225 -91,096 11.060
2000 37.301 140,446 110,482 59.92T7 . -256.217 -72.691 7.943

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He~ HZ,s

Reaction equations (keal/mol):

298.15-2000 K:

Source:

Cp® = 34.913 + 1.650x107°T - 9.304x10°T"?
= 3U.913x107°T + 0.825x107°T2 + 9.304x10%T™ ! - 13,603

AHre = -267.228 + 5.058x107°T + 0.186x107%T% + £10.850T7?

AGro

-267.228 - 5.058x1073TinT - 0.186x1075T% + 305,425T™! + 135, 990x10”T

Data from Chase (17).



294 8

[Formation: S(e,1) + O. 5F,(g) = SF(g)]

SF(g)
Sulfur Monofluoride (ideal gaa).

cal/mol *K kcal/mol

T.K - Log Kf
‘ Cp® 3¢ —{Go- Hg,,)/T He~ Hi,, AHP® ACE®

298.15 8.401 53.815 53.815 0o 3.100 -3.439 2.521
300 8.407 53.867 - 53.815 .016 3.099 -3.479 2.535
368.3 8.550 55.608 - 53.990C .596 3.034 -4.,971 2.950
368.3 8.550 55.608 53.990 .596 2.938 -4, 971 2.950
388,36 8.593 56.063 54.086 .768 2.913 ~5.400 3.039
388.36 8.593 56,063 54,086 . 768 2.500 -5, 400 3.039
4oo 8.617 56,317 5h.147 .868 - 2,467 ~5.637 3.080
432,02 8.655 56.982 Sk, 333 1.145 2.353 -6.282 3,178
500 8,737 58,254 54,782 1,736 1,996 ~7,610 3,326
600 8.813 59,854 55.497 2.61L 1.602 -9.492 3,457
700 8.864 - 61.217 56.220 3.498 1.261 -11.314 3.532
717.82Y4 8.871 61.u4k0 56.347 3,656 1.206 -11.633 3.542

Phase changes:

368.3 K, orthorhomble - monoclinic transition point of $; AH® = 0.096 kcal/mol.
388,36 K, melting point of S; AH® = Q.413 keal/mol,

432,02 K, second order transformation of-3; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol)} eguations:

298,15-2000 K:

Cp® = B8.853 + 0.134x1073T - O."38i105T¢2 )
Ho~ H9,, = 8.853x107°T + 0.067x107°T2 + 0.438x10%2T7 !~ 2,792

Formatlon equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432,02-717.824 K:

AHF® = 4,559 -
AGE® = 4,559 +
AHE® = 3,443 -
AGPe = 3,443 +
AHfe = -12.715
AGF® = -12.715
AHPe = ~22,194
AGFe = ~22.19Y

T+ == ww

.575x107°%T + 1.697x107¢T2 -~ 162.050T" !

.575%x107*TLnT - 1.697x107°T2 - 81.025T" ! - 45, 776x10 T
.312x107°T - 0,049x1075T2 -~ 6. HSOT !

.312x107°T1nT + 0.049x107°T? - 3.225T7"' - 30.593x107°T
43.428x107°T -~ 43,331x107°T2 + 1895.750T"*

43,428x107T1InT + 43.331x107°T2 + 947.875T7% + 25U4.635x107 3T
39.522x107°T - 23,519x107°T? + 5122,250T !

39.522%107*TLInT + 23.519%107€T2 + 2561.125T" ! + 252.788x107°T



SF(g)-
Sulfur Monofluoride (ideal gas)
[Reaction: 0.55,{(g) + 0.5F,(g) = SF(g)]

3 295

cal/mol-K kecal/mol
T,X - : Log Kr
Cp® 3° =(G°- HZ44)/T He- H,, AHpe AGre
268.15 8.401 53.815 - 53.815 0 - =12.255 =-12.953 9.495
300 8.407 53.867 53.815 016 =12.253 -12.956 9.439
400 . 8.617 56.317 Sk 147 .B868 -12.185 =13.202 7.213
500 8.737 58.254 54.782 1.736 -12.132 ~13.463 5.885
600 8.813 54.854 55.497 2.614 -12.093 =13.733 5.002
700 8,864 61.217 56,220 3.498 -12.083 ~14.009 4,374
800 8,902 62,403 56,921 4,386 ~12.042 ~14,289 3.903
900 8.931 63.453 57.589 5.278 ~12.025 ~14.570 3.538
1000 §.955 64.396 58.224 6.172 -12.015 ~14.855 3.247
1100 8.974 65.250 58.824 7.069 " -12.009 -15.138 3.008
1200 8,991 66,032 59.393 7.967 ~12.007 ~15.423 2.809
1300 9.007 b6.752 59.931 8.867 ~12.009 -15.708 2.641
1400 9.020 67.420 60. 443 9.768 ~12.017 -15.992 2.497
1500 9.033 '68.043 60.929 10.671 -12.027 -16.277 C2.37
1600 3.045 68.626 61.392 11.575 -12.0M1 -16.558 2.262
1700 9,056 69.175 61.834 12,480 ~12.060 -16.8L0 2.165
1800 9.067 69.693 62,256 13.386 -12.082 -17.121 2.079
1900 9.077 70.183 62.660 14,293 ‘—12.107 -17.399 2.001
2000 9.087 70.649 63.049 15.201 -12.1386 -17:678 1.932

Heat capaclty (cal/mol-<K) and enthalpy {(kcal/mol) equatiohs:

298.15-2000 X:

Reaction equations {kcal/mol):

Cp® = 8.853 + 0.134x107°T ~ 0.438x10°T"2 ,
He~ H34, = 8.853x107°T + 0.067x107°T2 + 0.438x10%T"! - 2,792

298.15-2000 K: AKr® = -12,230 +.0.427x107°T - 0.180*10"'T2 - HO.GOOT“‘.

Source: Data from Pankratz (223.

AGre® = ~-12.230 - 0.427x107*TLlnT + 0.180x107%T% - 20.300T ! + 0.187x107°T



296 S

SF,(g)
Sulfur Difluoride {ideal gas)
[Formation: S8(e¢,l) + F,(g) = SF,(g)]

cal/mol:K kcal/mol
T,K Log Kf
Cp® se -{Ge~ H2,,)/T H°- Hi,, . AHE® AGE®
298,15% 10.733 61.565 61.565 0 ~70.900 ~72.528 53.164
300 10.753 61.632 61.565 .020 -70.904 -72.538 52.844
368.3 11.390 63.909 61.794 .T79 -71.050 -72.8%5 43,255
368.3 11.390 €3.909 61.794 L7179 ~71.146 -72.895 43,255
388.36 11.577 64.518 61.919 1.010 =71.191 ~-72.988 41,074
388.36 11.577 64,518 61.919 1.010 =71.604 ~-72.988 41,074
400 11.686 64.862 62,000 1.145 -71.648 -73.029 39,901
432.02 11.885 65.770 62.2U46 1.522 -71.788 -73.135 36,997
500 12.307 67.541 62.847 2.347 -72.187 -73.313 32.044
600 12.T17 69.824 63.826 3.599 ~-72.622 -73.496 26.771
700 12,995 71.806 64,826 4,886 -72.983% -73.612 22.982
717.824 13.029 72.133 65,003 5.118 -73.01 -73.626 - 2z.116

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhomblc - monoclinlc transition peint of S; AH®
388.36 K, melting point of 8; AH® = 0,413 kecal/mol. .
432.02 K, second order transfeormation of S; AH® = 0 keal/mol.
T17.824 K, belling point of S to equilibrium mixture of Sn (n=1to 8).

0.096 kcal/mol.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 12.941 + 0.578x107T - 2.116x105T~*2
He- H%,, = 12.981x1073T + 0.289x107T% + 2.116x10%T"* - 4.59Y

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = ~69.798 - 3.TH1xX107°T + 1.832x107°T2 - HY4.500T!

AGFe = ~£9.798 + 3.741x107*T1nT - 1.832x107°T2* - 22.250T" ! - 29.675x107°T
368.3-388.36 K: AHf® = ~70.913 - 1.478x107°T + 0.086x707%T2% + 111,100T7} .

AGFe = ~70,913 + 1,478x107°TInT - 0.086x107°T2% + 55,5507 ! - 14.492x107°T
388,36-432,02 K+ AHfe = -8T7,072 + U3.262x107°T = 43.196x107°T2 + 2013,30QT7!

AGFo = «~BT.072 - H3,262x107%T1InT + 43.196x1078T2 + 1006,650T"! + 270.737x107°T
432.02-717.824 K: AHf® = -96.550 + 39.356x107%T - 23.384x107°%T* + 5239.800T"!

AGFe = =96.550 - 39.356x107*TLlnT + 23.38Lx107°T? + 2619.900T" ' + 268.889x107°T



SF,(g)

Sulfur Difluoride {ideal gas)

-5 297

[Reaction: 0,55,(g) + F,(g) = SF,(g)]
cal/mol K keal/mol
T,K Log Kr
Cp® 3e ={Go= HZ,,)/T H°- H3,, AHro AGre
298,15% 10,733 61.565 61.565 0 -B86.255 -82.042 60,138
300 10.753 61.632 61.565 .020 - ~-86.256 -82.016 59.748
4ogo . 11.686 64,862 62.000 1.145 -86.299 -80.595 44,034
500 12.307 67.541 62.847 2.347 -86.314 ~79.166 34,603
600 12.717 £9.824 63.826 3.599 -86.317 -77.737 28.1315
700 12.995 71.806 64,826 4,886 -86.308 -76.307 23.824
800 13.188 73.555 65.811 6.195 -B86.297 ~T4,.880 20.456
900 13.328 75.117 66.759 7.522 -86.281 -73.453 17.837
1000 13.432 76.526 67.666 8.860 -86.266 =72.028 15.742
1100 13}511 77.810 68.531 10.207 ~-86.253 ~70.605 14,028
1200 13.572 78.989 69.355 11.561 -86.241 69,184 12.600
1300 13.620 80.077 70.138 12.921 -86.2130 -67.762 11.392
1400 13.658 81.088 70.884 14.285 -86.225 -66.343 10.356
1500 13.690 g2.031 71.596 15,652 -86.223 ~64,923 . 9.459
1600 13.716 82.916 72.277 17.023 86,223 -63.503 8.674
17C0 13.738 83,748 72.927 18.395 -86.229 -62.083 7.981
1800 13.756 84.534 73.551 - 19.770 ~-86.238 -60.662 7.365
1900 13.771 85.278 T4.148 " 210147 ~-86.249 . -59.240 6.814
2000 13.785 85.985 T4,723 22.524 ~-86.268 -57.819 6.318

*Data except enthalpy of formation at 298 K estimated.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298,15-2000 K:

He- Hgg4

12.9481 + 0.578x107°T - 2.116%10°T"2
12.941%x107%T + 0.289x1078T2 + 2, 116x102T 1 - i, 594

Reaction equations (kcal/mol):

298.15-2000 K:

Source: Data from Pankratz (92).

AHre
AGre

-86.587 + 0.261x107°T - 0, 0N5x10 6T2 + 76. 950T"‘
~-86.587. - 0. 261x10-3TlnT + 0, ON5x1O'ET2 + 38,4757 + 16, 288x10 *T



298 3

[Formation:

SF,(g)

Sulfur Trifluoride (ideal gas)
S(e,1) + 1.5F,(g) = SF,(g)]

cal/mol K keal/mol ‘
T,K Log Kf
Cp® Se -(G°~ HE,4)/T He~ Hg,, AHF® AGEe
298.15% 13.773 66.347 66.347 0 ~120.400 -116.232 85.199
300 13.813 66.432 66.347 .026 -120.405 -116.206 84.655
366.3 15,025 69.402 66.644 1.016 -120.581 ~115.231 68.378
368,3 15,025 69,402 66,644 1.016 -120.677 =115.233, 68.378
388.36 15.381 70.209 66,808 1.321 ~120.726 ~114.933 64,678
388.36 15.381 70.209 66.808 1.321 {-121.139 =114,933 64.678
Lao 15.588 70.666 66.913 1.501 -121.184 -114,746 62.6%4
432,02 15.966 71.881 67.237 2.006 -121.322 -114.226 57.784
500 16.769 T4.280 68.034 3.123 -121.704 -113.076 49,425
600 17.554 T77.411 69.341 - 4, 842 -122.088 =111,312 40.545
700 18.088 80.160 70.694 6.626 -122.376 -109.493 34,185
717.824 18.155 B0.616 70.935 6.9u9 -122.419 ~-109.164 33.236

*Data‘except enthalpy of formation at 298 K estimated.

Phase changes:

432.02 K, second corder tranaformation of 3; .
717.824 K, boiling point of S to equilibrium mixture of Sn

AHe

368.3 K, orthorhombic - monoeclinie transition point of S;
388,36 K, melting point of S;

0.413 keal/mol.

0 keal/mol.

= 0.096 kcal/mol.

1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol)- eguatlons:

298.15-2000 X: Cp® = 17.955 + 1,138x107°T - 4.019x10°T"2
He~- HSgs = 17.955x107°T + 0.569x1075T2 + 4.019x102T"! -~ 6.752

Formation equations (keal/mol):

298.15-368.3 K: AHf® = =120.012 - 2.981x107%T + 2.025%x107°T% + 95,5507}

AGE® = ~120.072 + 2.981x107°T1lnT ~ 2.025x1075T2 + 47.775T°! - 4. 2u2x1o’3T
368.3-388.36 K: AHF® = -121,127 - 0.718x107°T + 0,279x107°T? + 251,150T"?

AGF® = =121.127 + 0.718x107?T1InT - 0.279x107°T2 + 125.575T"' + 10.941x10" ’T
388,36-432.02 K: AHF® = ~137.2B85 + 44,022x1073T - 43.003x107°T2 + 2153.350T"!

AGF° = ~137.285 ~ U4,022x%1073T1InT + 43.003x107°T? + 1076.675T"% + 296,169x107°T
432.02-717.824 K: AHf® = —~146.764 + LO.116%107%T - 23.191x107%T? + 5379.850T"!

AGE® = —~146.764 - L0, 116%107%T1nT + 23.191x107°T? + 2689.925T"% + 294.322x107°T



SF,(g)

Sulfur Trifiuoride (ideal gas)

s 299

[Reaction:  0.53,(g) + 1.5F,(g) = 8F3(g)]
cal/mol-K | kcal/mol
T,K Log Kr
Cpe® Se ~(G%~ H244)/T He~ HS,4 AHre AGre
298,15% 13.773 66.347 66.347 0 -135.755 -125,T46 92.173
300 13.813 66.432 66,347 .026 -135,757 -125.683 91.559
400 15.588 70.666 66.913 1.501 ~135.835 -122.312 66.827
500 16.769 74,280 68.034 3.123 -135.832 -118.929 51.983
600 17.554 77.411 69.311 4.842 -135.782 ~115.553 : H2.090
700 18.088 80.160 70.694 6.626 -135.701 -112.188 35,026
800 18.463 §2.601 72,034 §.45L -135.601 ~108,837 29.732
900 18,734 84,792 73.331 10,315 -135. 486 -105.456 25.618
1000 18.936 86.777 74.578 12.199 135,366 -102.172 22.329
1100 19.089 88.589 75.771 14,100 -135.242 -98.858 19.641
1200 19.208 90.256 76.909 16.016 -135.113 -95.556 17.403
1300 19.302 91.797 77.99% 17.911 -134,985 ~-92,264 15,511
1400 19.378 93.230 79.034 19,875 -134,858 -88.984 13.891
1500 19.44¢ 94,569 80.025 21.816 -134.735 -85.712 12.488
1600 19,491 95,826 B0,9T4 23.763 ~134.613 ~82.448 11.262
1700 19.533 97.009 81.883 25.714 ~134.493 -7%.190 10.180
1800 19.569 98.126 82.754 27.669 -134.378 -75.940 9.220
1900 19.599 99.185 83.591 29.628 -134,264 ~72.695 8.362
2000 19.625 100.1%1 84.396 31.589 -134.157 -69,L459 7.590

¥Data except enthalpy of formation at 298 K estimated.

Heat capacity (cal/mol+K} and enthalpy (kcal/mol) equatlons:

298.15-2000 K:

= 17.955 + 1.138x10™?T - 14,019x105T"2
Ho- Hg,p = 17.955x1073T + 0.569x107T2 + 4,019x102T"! - 6.752

Reaction equations (kcal/mol):

298.15-2000 K:

Source: Data from Pankratz (92).

AHro
AGr®

~136.801 + 1.021x1073T + 0.148x107%T? + 217.000T !
-136.801 - 1302Ix10’5T1nT - 0.148x107°T2 + 108.500T"" + 41.721x107°7T



300 S

SF,(g)
Sulfur Tetrafluoride (ideal gas)

[Formation: S(e¢,l) + 2F,(g) = SF,(g)]
cal/mol K keal/mol
T,K Log Kf
Cp® se ~(G°- HY4 /T H°- HE,, ABf® AGE®
298.15 18.546 71.590 71.5%0 0 -182.400 -172.574 126.498
300 18.600 71.704 71.591 L0314 -182.404 -172.513 125.674
368.3 20.179 75.702 71.988 1.368 -182.496 -170.249 101.025
368.3 20,179 75.702 71.988 1.368 ~182.592 ~170.249 101.025
388.36 20,643 76.784 72,208 1.77T7 -182,615 -169.576 95,428
388.36 20.643 76.784 72.208 1.777 -183.028 =169.576 95.428
400 20.912 77.398 72.351 2.019 ~-183.057 ~169.173 92.430
4z2.02 21.372 79.026 72.786 2.696 ~-183.151 -168.058 85.016
500 T 22.348 82.231 73.855 4.188 -183.433 -165.657 T2.408
600 23.265 86.393 75.606 6.472 -183.666 -162.079 59.036
700 23.874 90.028 77.112 8.831 -183,803 ~158,.469 49,475
717.82Y 23.949 90.629 77.733 9.257 -183.819 ~157.823 48.051

Phase changes:

AH® = 0,413 keal/mol.

368.3 K, orthorhombie - monoclinie transition point of §; AH® = 0.096 kcal/mol.
388.36 X, melting point of 8;

432,02 K, second order transformation of S; AH® = 0 kcal/mol.
T17.824 K, bolling point of 8§ to equilibrium mixture of Sn {n=1to8),
Heat capaclity (cal/mol+K) and enthalpy (kecal/mol) equations:

298.15-2000 K: Cpe = 23.999 + 1,094x107°T - 5.137x105T"2
Ho- H,, = 23.999x107°T + 0,547x107°T? + 5.137x102T"! - 8.927

*Formation equations (kcal/mol):

298.15-368.3 K: AHEC = -182.742 - 1.191x10™°T + 1.916x107°T? + 157.100T"?
' AGfe = =182.7T42 + 1.191x107°T1nT - 1.916x107°T? + 78.550T"! + 27.006x107°T

368.3-388.36 K:- AHf® = -183.857 + 1.072x107*T + 0.170x1074T* + 312,700T"!

AGfe = ~183.857 - 1,072x107°*TinT ~ 0.170x1075T2 + 156.350T"! + 42,189x1073T
388.36-432.02 K: AHf® = ~200.016 + 45,812x107*T ~ 43.112x107°T2 + 2214,900T"!

AGfe = ~200.016 - 45.812x107*T1nT + U43,112x107°%T? + 1107.450T "' + 327.417x107°T
432,02-717.824 K: AHF° = -209.494 + 41.906%107°T - 23.300%107%T2 + 5UU1.4QOT™!?

AGfo = - 41.906x107*T1lnT + 23.300x1078T? + 2720.700T"! + 325.570x107°T

=209.49Y



SF,(g)

s 30

Sulfur Tetrafluoride (ideal gas)

[Reactlon:  0.55,(g) + 2F,(g) = SF,(g)]
cal/mol-K keal/mol
T, Log Kr
Cp® e ~(G°- H8,¢)/T He- Hf,, AHre AGre
298.15 18.546 71.590 71.590 0 =197.755 -182.088 133.472
300 18.600 71.704 71.591 .034 ) -197.756 -181.991 132.578
400 20.912 77.398 72.351 2.019 -197.708 -176.738 96.564
500 22,348 82,231 73.855 4,188 -197.560 ~171.510 T4.966
600 23.265 86.393 75.606 6.472 -197.360 -166.319 60.581
T00 23.874 90.028 T7.412 8.8 -197.128 -161.164 50.317
800 24.295 93.2L45 79.19% 11.240 -196.878 =-156.044 42.629
900 24,597 96.125 80.918 ¢ 13.686 -196.614 -150.954 36.656
1000 24,819 98,729 82.572 16.157 -196.347 -145,897 31.885
1100 24,987 101.102 84,149 18.648 -196,076 -140.863 27.987
1200 25.117 103.282 85.654 21.153 -195.803 -135.857 24,743
1300 25.219 105.297 87.089 23.670 ~185.531 -130.872 22.001
1400 25.302 107.169 88.458 26.196 ~195.264 -125.910 19.655
1500 25.368 108.917 89.76L4 28.730 -194,997 ~120.966 17.624
1600 25.423 110.556 91.012 31.270 ®194,735 -116.037 15.850
1700 25.469 112.099 82,208 33.814 ~194 , 477 ~111,126 14,286
1800 25.508 113.556 93.354 36,363 ~194.,224y -106.231 12.898
1900 25.541 114.936 9L, 454 38.918 -193.972 -101.348 11.658
2000 25.569 116.246 95.511 41.47 -193.730 ~96.480 10.543

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations::

298.15-2000 K:

Cp® = 23.999 + 1.094%107°T -~ 5.137x10°T"2.

He- HS,, = 23.999x107*T +'0.547%107°%T2 + 5_.137x102T"! - 8.927

Reactlion equations (keal/mol):

298.15-2000 K: AHr® = -199.531 + 2.511x10"3T‘+~0}039x10’5Tz + 278.550T71

Source: Data from. Pankratz (gg).

AGre

-199.531 - 2.811x107°T1nT + 0.039x107°T? + 139,275T" ! + 72.969x107°T
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SFs(g)
ulfur Pentafluoride (ideal gas)

[Formatien:  S(c,l) + 2.5F,(g) = 3F,(g)]

cal/mol K kcal/mol
T,K - Log Kf
Cpe Se ~(Go~ HZ,4)/T HO- Hfg, AHfO AGf®

298.15* 21.425 72,811 72.811 0 -217.100 -200.116 146,907
300 21.507 T72.944 72.811 L0lUO -217.105 ~200.313 145,926
368.3 23.862 77.631 - 73.275 1.604 -217.227 -196.473 116.586
368.3 23.862 77.631 73.275 1.604 -217.323 ~196.473 116.586
388,36 24,554 78.915 73.534 2.090 -217.348 195,337 109,924
3188.36 24,554 78.915 73.534 2.090 =217.767 =195.337T. 109.924
hoo 24.955 79.646 73.701 2.378 -217.790 -194.66Y4 106,358
432,02 25.617 81.593 T4.215 3.188 -217.878 -192.810 97.537
500 27.021 85.456 75.486 4,985 -218.130 —188.5”3 82.542
600 28.309 90.505 77.578 7.756 #218.29 -182.9369 65,645
700 29.152 94,936 79.747 10,632 -218.335 ~177.077 55.285
717.824 29.255 §5.670

80.134 11.452 -218.333 -176.026, 53.593

*Data except enthalpy of formation at 298 K estimated.

Phagse changes: 368.3 K, orthorhombic - monoclinic transition peint of S;° AH® = 0.096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol. . )
432.02 K, second order transformation of S; AH® = O keal/mol.
T17.824 K, voiling point of S te equilibrium mixture of Sn (n =1-to 8).

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

298,15-2000 X:

Cp® = 29.716 + 1.22Ux107°T - 7.694x10°T"2 o \-
He- Hfgq = 29.716x107°T + 0. 612x10 ST2 + 7,694x102T7! - 1. 495

Formation equations (kKecal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432.02-717.824 K:

AHf®
AGE®
AHT®
AGT®
AHT?
AGE®
AHF?®
aGfe

N owononon oW

=218
=218

~245

=-219.
-219.
-235.
~235.

—2U5.

.565
.565
661
681
839
839
.318
318

1+ 1 + 1 + 1 +

0.272x107°T + 1.89Ux107¢T2 + 362.550T™?

0.272x107°T1nT - 1.894x107%T2 + 181,275T ! '+ 60. 9uex1o ’T
2.535%107°T + 0.14Bx1075T2 + 518,1507"!

2.535%107ITInT - 0.1L8x107°T2 + 259.075T"1 + 76. 131%107°T
47.275x107°T - 43.13Ux107°T? + 2420.350T7}

47,275x107T1nT + 43.134x1075T2 + 1210.175T7! + 361.359x107°T
43,369x1073T ~ 23,322x1075T% + 5646,850T"!

43.369x1072T1nT + 23.322%107°T? + 2823.425T"! + 359.512x107°T
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SF.(g) .
Sulfur Pentafluoride {ideal gas)
[Reaction: 0.55,(g) *+ 2.5F,(g) = SF,(g)]

cal/mol K kcal/mol
T,K - - - Log Kr
Cpe® e -(G%= H3,,)/T H°- H%,, AHre AGro
298,15% 21,425 72,811 72.811 0 ~232,455 -209.930 153,881
300 21.507 72.944 72.811 .OUG ~232,457 ~209.790 152.830
400 24,955 79.646 73.701 2.378 -232.441 ~202.230 110,492
500 27.021 85,456 75.486 4,985 -232.257 ~194..698 85.100
600 28.309 90.505 77.578 7.756 -231.985 -187.210 68.190
700 29,152 94,936 79,747 10.632 ~231.660 -179.772 56.127
800 29,729 98,869 81.897 13.578 -231.304 ~172.384 47,093
500 30.139 102.396 83,983 16.572 ~230.928. ' -165.041 40,077
1000 30.440 105.587 85.985 19.602 ~230.541 ~157.742 34,471
1100 30.667 108}500 87.902 . 22.658 -230.148 -150.480 29.897
1200 30.842 111.176 89.731 25.734 -229.750 -143.255 26.090
1300 30,982 113.650 91,477 28.825 -229.351 ~136.062 22,874
1500 31,095 115,951 93,145 31,929 -228,956 -128,904 20,123
1500 31.190 118.099 94,735 35.044 -228.560 -121.1TT1 17.742
1600 31.271 120.115 96.261 38.167 ~228.168 -114.663 15.662
1700 31.342 122.013 97.721 41.297 . =227.777 -107.580 13.830
1800 31.406 123.806 99,120 44,435 ~227.391 -100.521 12.205
1900 31,465 125,506 100,465 47.578 -227,006 -93.483 10.753

2000 31,522 127.121 101.757 50,728 -226,627 -B86,465 9.448

¥Data except enthalpy of formation at 298 K esatimated.

Heat capacity (cal/mol-K) and enthalpy {(kcal/mol) equations:

298.15-2000 K: Cp® = 29,716 + 1.224x107°T ~ 7.694x10%T"2
H°— H24, = 29.716x1073T + 0.612x107%T2 + 7.694x10%T"! - 11 495

Reaction equations (kcal/mol):

298.15-2000 K: AHre® = -235.354 + 4.274x107%T + 0.017x107%T2 + 484 000T !
AGre = -235.354 - 4.274x107°TLlnT - O. 0_17x10l'-5T2 + ZHZ.OOOT o+ 106.911x107°T

Source: Data from Paﬁkratz‘(gg).
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SF.(g)
Sulfur Hexafluoride {ildeal gas)
[Formation:  3(e¢,1) + 3F,(g) = 3F(g]

cal/mol K kecal/mol
T,K Log Kf
Cpe se -{G°~ H2,,)/T He- HZ., aHf® aGEe
298,15 23,174 69.651 69,651 0 : -291,700 2266.852 195,606
300 23.278 69.795 69.652 043 ~291.709 ~266.699 194.288
368.3 - 26.375 74.925 70.157 1.756 ~291.943 -260.975 154,861
368.3 26.375 74.925 70.157 1.756 -292.039 -260.975 154,861
388.36 27.285 76.348 70.441 2.294 -292.089 -259.281 145,909
388.36 27.285 76.348 70. 441 2.294 -292.502 -259,281 145,909
400 27.813 77.162 70.625 2.615 -292.544 -258,285 147,119
432,02 28.730 79.339 71.191 3.520 -292,664 -255.539 129,270
500 30.676 83,700 72.600 5.550° -292.958 -2k9.670 109.129
600 32.521 89.468 T4, U1 8.716 -293.139 -250.994 87.781
700 33.754 94.580 77.389 12.034 -293.165 -232.299 72.526
717.824 33.906 95.430 77.826 12.637 -293.157 ~230. 749 70.254

Phase changes: "368.3 K, orthorhombiec - monoeclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformatlon of S; 4H® = 0 kcal/mol.
717.824 K, bolling polnt of S to equilibrium mixture of S, {n=1to 8).

Heat capacity {cal/mol-K) and enthalpy {(kcal/mol) equations:

298.15-2000 K: Cp® = 33.865 + 2.318x107°T - 10.118x10°T"2
H- H$,e = 33.865x107T + 1.159x107°T% + 10.118x102T"* - 13,593

Formation equations (kecal/mol):

298,15-368.3 K: AHf® = ~293,820 + 0.167x107°T + 2,354x707°T% + 554,700T""
] AGfe = =293.820 - 0.167x107%T1nT - 2.354x107°T2 + 277.350T"" + B88.981x107°T

368.3-388.36 K: AHf® = -294,935 + 2.430x1073T + 0.608x107%T2? + 710,300T"!

AGF® = ~294.935 - 2.430x107°T1nT - 0.608x107°%T% + 355.150T" ! + 104.164x1073T
388.36-432.02 K: AHf® = ~311.0G3 + 47.170x107%T - 42.6T4x107%T2 + 2612.500T"} '

AGfe = ~311.093 - 47.170x107*T1nT + 42.674x107°T? + 1306.250T" ! + 389.393x107°T
432,02-717.824 K: AHf® = -320,572 + 43.264x107°T ~ 22.862x107°T? + 5839.000T"!

AGfe = ~-320,572 - U43,264x107°TInT + 22,862x107°%T2 + 2919.500T"* + 3B87.545%1077T
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(8
Sulfur Hexafluoride {ideal gas)
[Reactlon: = 0.58,(g) + 3F,(g) = SF(g)]
cal/mol <K kcal/mol
T,K - - Log Kr
Cpe . o ~{Go= H8,,)/T Ho- H%,, AHre AGre

298.15 23.174 69.651 69.651 o] -307.055 -276.366 202,579
300 23.278 69.795 69.652 043 -307.061 -276.176 201.192
Loo 27.813 77.162 70.625 2.615 ~307.195 -265,851 145,252
500 30.676 83.700 T2.600 5.550 ~-307.086 -255.523 111.688
600 32.521 89.468 T4.941 8.716 -306.833 -245.,235 89.325
700 33.754 94.580 77.389 12,034 -306.590 234,994 . 73.367
800 34,609 99.146 79.827 15.455 =306.091 -224,808 61,414
900 35,223 103,260 82,207 18.548 -305.651 -214,671 52,129
1000 35.676 106.596 8,502 22,494 -305.188 -204.591 44,713
1100 36.020 110.413 B6.T0U 26.080 -304.708 ~194 ,551 38.653
1200 36.286 113.559 88.813 29.6495 -304.217 -184.560 33.613
1300 36,496 116,472 90.830 33.335 -303.716 ~174.607 29,354
1400 36,664 119,183 92,759 36.993 ~303.217 ~164,698 25.710
1500 36.8017 121.717 94,606 40.667 -302.714 -154,820 22.557
1600 36.974 124,096 96.375 4y,.353 -302.211 ~144.976 19.803
1700 37.008 126.337 98.073 48.049 =301.709 -135.162 17.376
1800 37.087 128.455 99.703 51.754 =-301.212 -125.381 15.223
1900 37.15% 130.462 101.269 55.466 -300.714 -115.625 13.300
2000 37.213 132.369 102,777 59.184 ~300,226 ~105.898 11.572

Heat capacity {cal/mol-K) and enthalpy {kcal/mol} equations:

298.15-2000 K:

Reaction equations {kecal/mol):

298.15-2000 K:

Source:

AHre

AGr?®

Data from Pankratz (92).

Cp® = 33,865 + 2.318x107°T - 10.118x10°T"2
He~ Hg2,, = 33.865x107 3T + 1,159x107¢T2 + 10,.118x10%T™! - 13 593

~310.608 + 4_169x1073T + C,UTTx107°T2 + 676, 150T !
~310.608 - 4.169%x107°TInT - 0.477x107°T2 + 338.075T"! + 134.9Ulx1073T
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SSF, (&)
Thiothionyl Fluoride (ideal gas)

[Formation: 28{(c,1) + F,(g) = SSF,(g})]

cal/mol K kKeal/mol
T,K Log Kf
Cpe s° -(G%- H34e)/T HO- HY,up AHF® . AGE®
298.15% 15.088 69.960 69.960 0 -95.900 -97,747 71.650
300 15,125 70.053 69.960 .028 -95,906 -97.758 71.216
368.3 16,202 73.282 70,283 1.104 ~96.119 -98.157 58,246
368.3 16.202 73.282 70.283 1.104 -95.311 -68.157 58.246
388,36 16.518 TH.149 70.460 1.433 -96.377 -98.255 55.292
388.136 16.518 74,149 T0.460 1,433 -97.203 -48.255 55.292
400 16.702 T4.640 70.575 1.626 -97.277 -98,286 53,700
432.02 17.007 75.938 70.925 2.166 -97.517 -98.358 49.757
500 - 17.655" 78.478 71.782 3.348 -98,233 -98,1429 43,023
600 18.252 81.753 73.178 5.145 -98., 980 -98,394 35.840
700 18.643 84.598 74,611 6,991 -99,582 -98,248 30.674
717.821 18.691 85.067 74, 865 7.324 -99,676 -96.212 29,901

¥Enthalpy of formation at 298 K estimated.

Phase changes:

368.3 X, arthorhombic - monoclinie transition polnt of S; AH° = 0.096 Keal/mol.
368.36 K, melting point of S; AH® = 0.413 kealsmol.

432.02 K, second order transformatlon of S; AH® = Q kcal/mol.

T17.824 K, boiling point of § to equillbrium mixture of Sn (n =1 to 8).

Heat capacity {(cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 18.814 + 0.634x107°T - 3.480x10°T~2
He- HS,p = 18.81Lx1077T + 0.317x107°T? + 3.480x102T~! - 6.805 -

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

K:

432.02-717.824 K:

AHf?®
AGf®
AHf®
AGf®
AHf®
AGE®
AHf®
AGF®

[ A D R I B B |

-94,203
-94,203
-96.433
-96.433
-128.750
=-128.750
-147.707
-147.707

6.042x70°*T + 3.577x107°T* - 63.700T"!
+ 6.042x1073T1nT - 3.577x107°T2 - 31.850T % - 44.887x107°T

- 1.516x107%T + 0.085x107¢T? + 247,5007"! :

+ 1.516x107°T1nT - 0.085x107€T2% + 123,750T! - 14,521x107°T "
+ B7,964%x107°%T - B6.479x107°T2 + 4051.900T?
- B7.964x107°TInT + 86.479x1075T% + 2025,950T"! + 555, 935x10 ST
+ B0.152x107°T - U6,855x1075T2 + 10504.900T"!

80.152x107°TInT + 46.855x107°T% + 5252.450T"* + 552.241x107°T



S8F, (g)
Thiothionyl Fluoride (ideal gas)

s 307

[Reaction: 8§,(g) + F,{g) = 88F,(g)]
cal/mol+K kcal/mol
T,K - Log Kr
Cp® ge -(G°= HZ,4)/T He~ H%,4 AHro AGre
298,15% 15,088 69.960 69.960 0 -126.610 -116.774 85.597
300 15.125 70.053 69.960 .028 -126.610 -116.713 85.024
400 16,702 74,640 70.575 1.626 -126,579 -113.4117 61.967
500 17.655 78.478 71.782 3.348 -126.488 -110.135 48.139
600 - 18.252 81.753 73.178 5.145 -126.369 -106.876 38.929
700 18,643 84.598 TH.611 6.991 -126.232 -103.638 32.357
800 18.911 87.106 76.019 . 8.870 -126.086 -100.420 27.433
900 19.10 89.345 77.377 10.771 ~125.936 -g7.221 23.608
1000 19.241 91,365 78.677 12.688 ~-125.786 -94,039 20.552
1100 19,346 93.204 79.915 14.618 -125.637 -90.870 18,054
1200 19.428 . 94.891 81.093 16.557 -125.491 -87.716 15.975
1300 19.4%1 96.449 82.216 18.503 ~125.349: -84.575 14.218
1400 19,543 97.895 83.284, 20.455 -125.214 -81.443 12.714
1500 19.584 99.2U5 84.30L 22.411 -125.085 -78.323 11.411
1600 19.618 100.510 85.278 24,37 -124,962 -75.208 10,273
1700 19.647 101.700 86.209 26.334 ~124,846 ~72.102 9.269
1800 19.671 102.824 87.102 28.300 -124.736 -69.003 8.378
1900 19.691 103.888 87.957 30,268 =124.632 -65.909 7.581
2000 19.708 104,899 88.780 32.238 ~62.822 6.865

~124.536

*Enthalpy of formation at 298 K estimated.

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equationa:

298.15-2000 K:

Reaction quations (keal/mol):

298.15-2000 K:

° = 18,814 + 0.634x107>T - 3.480x10°T~2
Ho- H3,y = 18.814x107°T + 0,317x107°T% + 3.480x10%T"! - 6.805

CBHRe = ~127.781 + 1. 963%1073T - 0.177x107°T% + 179, 2007

AGre = -127.781 - 1, 963x10 3TInT + 0.177x1076T2 + 89,6007 % + u7 039x1073T

Source: Data from Pankratz (gg).
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FS,F(g)
Difluorcdisulfane (ideal gas)

[Formation: 23(¢,1) + F,(g) = FS,F(g)]
cal/mol +K keal/mel

T,K Log Kf

Cp® Se ~(Go= HZ,,)/T He- H%,, AHf® AGEo
2G8.15% 15.784 70.260 76.260' 0 -80.100 -82.336 60,353
300 16.817 70.358 70.261 .029 -80.405 ~-82.349 59.99C
368.3 16.763 73.714 70.598 1.148 -80.575 -82.773 49,117
368.3 16.763 73.714 70.598 1.148 ~-80.767 -82.773 49117
388.36 17.0M1 T7h.610 70.782 . 1.487 -80.823 -82.880 46.640
388,36 17.011 T4.610 70,782 1.487 -81.649 ~-82.880 46,640
o0 17,202 75.116 70.901 1.686 -81.717 ~-82.916 45,303
432.02 17.464 76 . 451 71,263 2.2 ~81.942 -83.005 1,990
500 18.020 79.050 72.148 3.451 ~82.630 -83.112 36.328
600 18.525 82.383 73.583 5.280 -§3.345 ~83.137 30.282
700 18.853 85.265 75.051 7.150 -83.923 -83.056 25.931

717.825% 18.833 B5.739 75.310 7,486 -84.013 -83.031

25.280

*Enthalpy of formation at 298 K estimated.

Phase changes:

388.36 K, melting point of S;

AH®

368.3 K, orthorhombic = monoclinic transition polnt of S;

0.413 kcal/mol.

432.02 K, second order transformation of $;

Heat capacity (cal/moleK) and enthalpy (kecal/mol) equations:

298.15-2000 K:

Cp®

= 19,051 + 0,494x107°T - 3.035x105T"? ,
Ho- Hgyq = 19.051%1073T + 0,247x107°T2 + 3.035%10%T"! - 6,720

Formation equatiocns (kcal/mol):

298.15-368,3 K:

368.3-388.36 K:

388.36-432,02 K:

432.02-717.824 K:

AHf®
AGE®
AHf®
AGT®
AHf®
AGfe
AHf©
AGT®

LI LI N

-78.618
~78.618
~80.848
-80.848

¥

+

5.805x107%T + 3.507x107%T2 ~ 108.200T"!

+ 5.805%x107%T1nT - 3.507x107%T2 ~ 54.100T"! - 43.892x107°T
1.279x1073T + 0.015%x107%T2 + 203.000T"!

1.279x107*TinT - 0.015x107°T% + 101.500T"? - 13.526x%107°T
-113.165 + 88.201x107°T - 86.549x1075T2 + L007.4C0T!

= 0 kcal/mol.
717.824% K, boiling point of S to equilibrium mixture of Sn {n

1 to 8).

AH® = 0,096 kcal/mol.

~113.165 - 88,201x107*T1nT + 86.549x107°T2 + 2003,700T"! + 556,931x107°T

-132.122 + 80.389x107*T -~ 46.925x107°T2 + 10460.400T7?

-132.122 ~ 80.389x107*T1nT + U6.925x107°T® + 5230.200T % + 553.236x107°T



F3,F(g)
Difluorodisulfane (ideal gas)
[Reaction: S,(g) + F,{g) = F3,F(g)]

S 309

cal/mol-K keal/mol
T,K - Log Kr
Cpe Se ~(G®~ HS44)/T Ho= HE .4 AHr® AGre
298,15% 15.784 70.260 70.260 0 -111.110 -101.364 74.301
1300 15.817 70.358 70.261 .029 -111.108 -101.303 - 73.798
400 17.202 75.116 70.901 1.686 -111.019 -398,047 53.570
500 18.020 79.050 72.148 3.451 -110.885 -94,.818 41,444
600 18.525 82.383 73.583 5.280 ~110.734 ~31.619 33.372
700 18.853 85,265 75,051 7.150 ~110.573 ~88.446 27.614
800 19.077 87.798 76.489 9,047 -110,409 ~85.,296 23.302
900 19.2136 890.055 77.874 10.963 -110,244 ~82,168 19.953
1000 19,351 92.088 79.195 12.893 -110.081 ~79.057 17.278
1100 19.439 93.936 80,451 14,833 ~109.922 ~75,961 15,092
1200 19.506 95.631 81.6U8 16.780 ~109.768 -72.881 13.273
1300 19.559 97.194 82.784 18.733 ~109.619 -69.813 11.736
1400 19.601% 98,645 83.866 20.691 ~109.478 -66.757 10.421
1500 19,635 99.999 84,897 22.653 ~109.,343 -63.712 9.283
1600 19.663 101,267 85.881 24,618 ~109.215 ~60,673 8,287
1700 19.687 102. 460 86.821 26.586 -109.094 -57.6uU2 7.410
1800 19.70% 103.586 87.722 268.555 ~108.981 -54.619 6.632
1900 19,723 104,651 88584 30.527 ~-108.873 -51.599 5.935
2000 19.738 105,660 89.414 32.500 -108.774 ~48.590 5.310

*Enthalpy of formation at 298 K estimated.

Heat capacity {¢al/mol-K) and enthalpy (kcal/mol) equations:

298.15-2QOO K:

He~ HS,e

Reaction eguations (kecal/mol):

298.15-2000 K:

Source:

AHre

Data from Pankratz (92).

19.051 + 0.494x107*T ~ 3.035x10%T %
19.051x1073T + 0.247x107°T? + 3.035x102T"} - 6.720

-112.196 + 2.200x1073T ~ 0.287x107¢T? + 134.700T7}
AGre = -112.196 - 2.200%107*T1inT + C.2U7x107°T* + $7.350T"! + 48.034x107°T



310 8

S.F,0(8)
Disulfur Decafluoride (ideal gas)
[Formation: 28(c,1) + 5F,(g) = §;F,,(g)]

cal/mol«K kcal/mol
T,K , _ ' : Log Xf
Cpe Se ~(Go~ H3,,)/T  He= H9g, AHE® CAGE®
298.15 42,228 9u,872 94,872 0 ~1493,400 -4y, 901 326.117
300 do.ut 95.133 94,873 .078 ~493.412 -4y, 601 323.888
368.3 47.958 104,469 95.794 3.195 ~493.,568 ~433,u454 257.209
368.3 47.958 104,468 95.794 3.195 ~493.860 -433,454 257.209
388.36 49.586 107.057 96.311 4.173 ~493.902 -430.161 242.070
388.36 49.586 107.057 96.311 4,173 ~494,728 -430.161 242,070
4o0 50.530 108.535 96,645 4,756 ~494.779 -428,226 233.9¢69
432.02 52.161 112.483 97.675 6.400 ~4gh . 931 -422,894 213,930
500 55.625 120,400 100.234 10.083 ~495,3L46 -411.516 179.871
600 58.900 130.851 104, 484 15.820 ~M95.M73 =394, 734 143.780
700 61.072 140.105 108.925 21.826 ~-495.307 -377.954 118.001
717.824 61.338 147,644 109.718 22,917 ~495.253 -374.966 114,162

Phase changes:' 368.3 K, orthorhombic ~ moroclinic transition point of 5; AH® = 0.096 kcal/mel.
388.36 K, melting point of S; AH® = 0.413 keal/mol. e
432,02 K, second order transformation of 3; AH® = 0 keal/mol.
717.824 X, boiling point of 5 to equilibrium mixture of Sn (n=11¢to 8).

Heat capacity (cal/mol+K) and enthalpy (kcal/mol)} equations:

298.15-2000 K: Cp® = 61.800 + 3.424x1072T - 18.305x10%T"2 : -
Ho~ Hg,, = 61.800x1073T + 1,712x107°T2 + 18.305x102T"' - 24,717

Formation equations (kecal/mol):

2.912x107T + 4.276x1075T2 + 1016.800T"}

298.15-368.3 K: AHT° = -498,059 + ,

AGE® = -498.05%9 - 2.912x107°T1nT - 4.276x107°T2 + S08.400T"! + 19C.437x107°T
366.3-368.36 K: AHf® = -500.289 + 7.438x107°T + 0.784x107°T% + 1328.000T"*

AGE® = -500,289 - 7.438x107?T1nT - 0 TB4x107T? + 664, 000T™! +' 220, 803x10'3T
388.36-432,02 X:  AHf° = -532.606 + 96,918x107°T - 85. TBOxWO"‘T2 + 5132,800T°Y

AGFe = -532.606 - 96.918x107 TInT + 85.780x107°T2 + 2566,200T™* + 791,260x107°T
432,02-717.824 K: AHf® = -551.563 + 89.106x107*T - U6.156x107T? + 11585, 400T"!

AGFe = ~551.563 ~ 89.106x107°TLnT + L6.156x107%T2 + 5792.700T"! + 787.565x107°T



5,F..(8)
Disulfur Decafluoride (ideal gas)

S n

[Reacticn: 32(3) + SF;(S) = SzF;Q(S)]
: ‘ cal/mol <K keal/mol
T, - - Log Kr
Cp® s° ~(Go~ H3,,)/T Her HY,, AHre " AGre

298.15 42,228 © 94 872 94,872 0 -524.110 -463.929 340.065
300. 42417 95.133 94.873 .078 -52“.116 ~-463.556 337.696
400 50.530 108.535 9616H5 L.756 -524.081 -443,357 242,236
500 55.625 120.400 100.234 10.083 ~523.601 -423.223 184.988
600 58.900 130.851 104,484 15.82¢ -522.862 -403.216 146.869
700 | -61,072 140.105 108.925 21.826 -521.857 ~383.344 119.684
800 62.564 148.363 113,348 28.012 ~520.952 ~363.613 99.333
300 . 63.805 . 155.795 117.658 34.323 ~519.876 -344,005 83.535
1000 6L, 347 162.937 121,814 40.723 -518.763 -324.,528 70.925
1100 64.861 168,695 125.800 47,184 -517.627 ~-305.157 60.628
1200 65.271 174.357 129,615 53,691 516,477 ~285.893 52.068
- 1300 " 65.553 179.593 133.260 60.233 -515.319 -266.721 44,839
1400 65.782 184.45% 136.745 66.800 -514.169 ~247.647 38.659
1500 65.943 189.004 140.079 73.387 ~513.021 -228.651 33.31%4
1600 66.078 193.264 143,272 v79.988 ) -511.881 -209.727 28.647
1700 66.160 197.272 146.331 1 86.600 ~510, 748 -190.873 24,538
1800 66,233 201.056 149,267 93.220 .=509.632 =-172.091 20.894
1900 66,296 204,639 152,088 99,846 -508.522 ~153.366 . S17.641
2000 66.351 208.041 164,802 - 106,478 ~-507,432 -134,706 14,720

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Reaction equations (kcal/mol):

298.15-2000 K:

Source:

~Data from Pankratz (92).

Cp® = 61.800 + 3.424x107*T ~ 18.305x10°T™2 :
He- H,, = 61.800x107T + 1.712x107%T2 + 18.305x102T"! - 24.T17

AHr® = -531.636 + 10. 917110"’T + 0.522x107°%T* + 1259.700T"!
AGre = -531,636 - 10. 917!10”TlnT - 0.522x107°T% + 629.8506T" 1+ 282, 363x1073T



312§

30(g)
Sulfur Monoxide (ideal gas)
[Formation: S(e,1) + 0.50,{g) = S0(g)]

cal/mol +K kcal/mol
T,K - Log Kf
Cpe 8o ~(G%~ Hg,4)/T Ho~ Hg,, aHfe aGfe
288.15 T.212 53.020 53.020 0 1.200 -5.018 3.679
300 T7.217 53.064 53.021 .013 1.197 ~5.057 3.684
368.3 . T.440 54,566 53.172 514 1.072 -6.468 3.838
368.3 ,T.440 54.566 53.172 ©.514 976 -6.468 3.838
388.36 7.505 54,963 53.255 .663 . 935 -6.872 3.867
388.36 T.505 54,963 53.255 663 522 ~-6.,872 3.867
400 7.543 55.185 53.308 . 751 LU480 -7.093 3.875
432.02 7.640 55.770 53.169 .994 .344 w7.694 3.892
500 7.846 56.901 53.859 1.521 -,053 -8.925 3.90
600 8,087 58.354 54,491 2.318 -. 490 -10.657 3,882
700 8.273 59.615 55.134 3.137 -.860 ~12.320 3.846
717.824 8.298 59.823 55.247 3.285 -.820 -12.611 3.839

Phase changes: 368.3 K, crthorhcmbic - monoclinic transition point of 8; 4H® = 0.096 kcal/mol.
388.36 K, melting point of 8; AH® = 0.413 kcal/mol.
432,02 K, second order transformation of $; AH® = 0 keal/mol.
717.824 K, bolling point of 8 to equilibrium mixture of S, (n=1to8).

Heat capacity (eal/mol-K) and enthalpy (keal/mol) equations:

298,15-2000 K: ' Cp° = 7.857 + 0.754x107°T - 0,773x103T"2
Ho~ Hig,e = 7.857x1073T + 0.377x1075T2 + 0.773x102T™! - 2.635

0o

Formation equations (kcal/mol):

.932x107T + 1,B43x107°T? - 100.900T™*

298.15-368.3 K: AHf® = 2,547 - 3

AGE® = 2.547 + 3.932x10%°TLlnT - 1.843x107°T2 - 50.450T ! ~ 46.660%1072T
368.3-388.36 K: AHF® = 1.432 ~ 1.669x107°T + 0.097x107°T? + 54.700T" ¢

AGF® = 1,432 + 1.669x107°TInT - 0.097x107°T? + 27.350T"! - 31.477x107°T
388.36-432,02 K: . AHf® = -14,726 + 43,071x107°T ~ 43.186x107°T% + 1956,900T7!
) AGF® = ~10,726 - 43,071x1073T1nT + L43.186x%107%T2 + 978,450T ! +.253.751x107T
432.02-717.824 K: AHf® = -24.205 + 39.165x107°T - 23.374x107°T? + 5183.400T}

AGf® = ~24.205 - 39.165x107°T1nT + 23.374x107°T? + 2591.700T"! + 251.904x107°T



50{g)
Sulfur Monoxide (ideal gas}
[Reaction:  0.58,(

g) + 0.50,(g) ='50(g)]

S 313

) cal/mol X - keal/mol
T,K Log Kr
Cp® 50 ~(Go= H94)/T Ho- Hf.4 AHPe AGre
298.15 7.212 53.020 53.020 0 -14.155 -14,532 10.652
300 7.217 53.064 53.021 .013 -14.155 -14,534 10.588
4o0 7.543 55.185 53.308 .751 14,171 -14.658 8.009
500 7.846 56.901 53.859 1.521 -14.180 -14.778 6.459
600 8.087 58.354 54, 491 2.318 14,185 -14.897 5.426
700 -8.273 59.615 55,134 3.137 ~-14,185 -15.015 4.688.
800 8.41Yy 60.730 55,766 3.971 -14.186 -15.135 4,135
900 8.526 61.727 56,373 4.819 -14.185 -15.253 3.704
1000 8.617 ' §2.631 56.955 5.676 -14,185 ~15.372 3.360
1100 8.695 63.456 57.510 6.541 -14.187 -15.492 3.078
1200 8.765 6L.215 58.037 7.414 -14,189 -15.609 2.843
1300 8.830 64,919 58.539 8.294 -14,192 -15.727 2.64Y4
1400 8.893 £5.576 59.019 9.180 -14,196 ¢ 615,846 2.47H
1500 8.955 66.192 59.477 10.073 -14.200 -15.964. . 2.326
1600 9.017 66.772 59.915 " 10.971 -14.206 . -16.082 2,197
1700 9.077T 67.320 60.334 11.876 ‘ -14.212 -16.198 2.082
1800 9.138 67,81 60.737 12.787 -14,217 -16.314 1.981
1900 9.197 68.336 61.123 13.704 -14,222 =16.430 1.890
2000 9.256 68.810 61.497 14,626 . ~-14,228 . —=16.548 1.808
2100 9.313 69.263 61.856 15.555 . ~14.232 . -16.663 1.734
2200 9,369 69.697 62.202 16.489 ~-14,237 -16.778 1.667
2300 9.423 70.115 62.537 17.429 14,241 -16.89L4 1.605
2400 9474 70.517 62.862 18.373 -14.245 -17.010 1.5U9
2500 9.524 70.905 63.176 19.323 : =14, 247 -17.125 1,497
2600 9.571 71.279 63.480 20.278 -14.250 =-17.240 1,449
2700 9.615 T1.6H1 63.775 21,237 0 - -14.281 T =17.355 7 1.405
2800 9.657 71,992 ‘64,063 22,201 -14.252 -17.469 1.364
2900 9.696 72.331 B4, 342 23.169 -14,253 -17.582 1.325
3000 9.733 72.660 64.613 24,140 14,254 ~17,698 1.289

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) eguations:

298.15-2000 K:

2000-3000 K:

Cpe
Ho- Hfse
Cp®
He- Hf,q

nouLowon

Reaction equations (kcal/mel):

298.15-2000 K:

2000-3000 K:

Source: Data from Pankratz (gl).

AHp®
AGre®
AHp®
AGr®

-
=

7.857 + 0.758x107*T - 0.773x10°%T"?

7.857x1073T + 0.377x107°T* + 0.773x10%T"! - 2.635
8.917 + 0.31Bx107°T ~ 11.935x10%T"2

8.917x1073T + 0.159%x107°T2 + 11.935x10*T™ ! ~ 4.4y

~14,242 + 0.070%107°T - 0.035%107°%T2 + 20.550T"!

~14.242
~14.355

1

1

=14,355 + 0,008x7107°TlnT ~ 0,005x107¢T2? + 124,250T"! = 1.188x107°T

0.070x1073T1nT + 0.035x107%T% + 10,275T"! - 0. 697x10 iT

0.00Bx107°T + 0.005%x107%T* + 248,500T""



314 S

S50,(g)
Sulfur Dioxide (ideal gas)

[Formatlon: S(ec,1) + 0,(g} = 50,(g)]

cal/mol <K keal /mol
T, - - Log Xf
Cp® so ~(Ge~ H844)/T HO- HP,q AHFO AGE®
298.1% 9.530 59.300 59.300 0. -70.940 -71.725 ' 52.575
300 9,547 59.359 58.3C0 .018 -70.945 -71.730 52.254
368,3 10.126 61.377 59,501 D -71,139 ~-71.888 L42.658
368.3 10.126 61.377 59.501 © L. 601 -71.235 . ~71.888 42,658
388.36 " 10.296 £1.918 59.612 .896 -71.293 -71.921 40,473
388.36 10.296 61.918 59.612 .896 -71.706 -71.921 40,473
L4oo 10.395 62.224 59.684 1.016 =71.757 ~71.927 39.299
432,02 10.631 63.034 59.903 1.353 =71.915 -71.935 36.390
500 11,132 64,625 60,439 2.093 -72.348 Co=71.,902 31.428
600 11.723 66,709 61.314 3.237 -72.816 -71.766 26,140
700 12.180 68.552 62.219 4.433 -73.198 -71.580 22,342
717.824 12.243 68.859 62.380 4,651 ~73.258 ~T1.517 21f77ﬂ

Phase‘changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of 8; AH® = (.U413 keal/mol.

432,02 K, second order transformation of S; AH® = 0 kecal/mol.
717.824 X, boiling point of S to equilibrium mixture of Sn (n=11toc 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equatlons:

298.15-2000 K:

Cp® = 11.324 + 1,592x107°T - 2,017x105%T"%"

' Formation equatlons (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

- 388.36-432.02 X:

432.02-717.824 K:

- . AHfe®

AGPe
AHf®
AGree
AHf®
AGE®
AHf®
AGE®

-69.905
-69.905
=T71.020
-71.020
-87.179
~87.17%
-96.657
~96,657

L+ 1+ 4+ 1+

He- H2g.e = 11.324x1073T + 0.796%107°T2 + 2.017x10%T"! w 4,124

4.080x107*T + 2.010x107%T* + 0.%00T=!

4,080x107*T1nT -~ 2.010x107¢T? + 0.450T"! - 28.757x107°T
1.817x107°T + 0.264x107°%T® + 156.500T"!

1.817x107°T1nT ~ 0.264x107°T% + 78.250T"! - 13.574x107°T
42.923x107°T - 43,018x107°T? + 2058,700T""

42,923%x107°*TInT + 43,018x307%T2 + 1029,350T7"' + 271,655%x107°T
39.017x107%T ~ 23.206x1078T2 + 5285,200T"'

39.017x107*T1nT + 23.206x107°T? + 2642,600T"' + 269.807x107°T



50,(e)

Sulfur Dioxide {1deal gas)

S 315

[Reaction: 0.53,;(8) + 0,(g) = SO; (g)]
) cal/mol:K keal/mol
T,K Log Kr
Cp° ge ~(G%= H34)/T H= H3ge AHre AGre
298.15 9.530 59.300 59.300 0 ~-86.295 -81.239 59.549
300 9.547 ‘59,359 59.300 .018 -86.297 -81.207 59.158
Log 10.395 62,224 59.684 1.016 -86,408 -79.493 L43.432
500 11.132 64,625 60.439 2.093 -86.476 ~T7.755 33.986
600 11.723 66.709 61.314 3.237 -86.511 -76.007 27.685
700 12,180 ' 68.552 62.219 4,433 -86.523 -74.255 23.183
800 12.532 70.202 63.116° 5.669 ~-86.521 ~72.503 19.807
900 12.806 71.695 63.987 6.937 -86.507 ~70.752 17.181
1000 13,022 73.056 64.827 8.229 ~B86, 485 -69.003 15.080
1100 13,194 74.305 65.632 9.540 ~B6. 461 -67.254 13.362
1200 13.335 75.460 66.405 10.866 -86.434 -65.511 11.931
1300 13,451 76.532 . B7.143 12,206 -B6, 404 -63.768 10.720
1400 13,549 77.532 67.849 13.556 -86.377 -62,028 9.683
1500 13.632 78.470 68.527 14,915 ~86.350 -60.291 8.784
1600 13.704 79.352 69.176 16,282 -86.325 -58.554" 7.998
1700 13.767 80.185 £9.799 17.656 -86.,303 ~56.819 7.304
1800 13.822 80.973 70.398 19.035 -86.284 -55.083 6.688
1900 13.872 B1.722 70.975 20.420 -86,268 ~-53.351 6.137
2000 13.917 82.435 71.530 - 21.809 -B6,257 - -51,620 5,641
2100 13.958 83.115 72.066 23.203 ~86,249 -49,888 5.192
2200 13.995 83.765 72.583 24,601 ~86.244 -48.157 4,784
2300 14.030 8y, 388 73.083 26.002 ~B6 . 245 ~46.426 4,11
2400 14,063 B8Y.986 73.566 27.407 © ~86.2u9 C =Ll 695 4,070
2500 14,093 85.560 74,034 28.815 -86.256 -42,961 3.756
2600 14,122  B6.1TY 74,1489 30,225 - -B6.269 -h1,233 3.466
2700 14,189 86.647. T4.929 31.639 =86,283 -39,499 3.197
2800 14,175 ' 87.162 ~ 75:357 33,055 " ~-86.303 -37.763 2,948
2900 14,200 87.660 75.772 34474  #HB6.325 ' -36.029 2,715
3000 1h.224 88.142 '76.177 35.895 886_352 -34.297 2.499

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

2000-3000 K:

Cp® = 11.324 + 1.592x107°T - 2,017x10°T" 2
H~ Hfgp, = 11.324%107°T + 0.796x107%T2 + 2,017x10%2 T“ - 4,124
13.942 + 0.13Bx107°T - 11.986x103T™?
13.942x107°T + 0, 060%107°T2 + 11,986x102T ! - 6,950

Cpe°

He- Hf g4

Reaction equations (kcal/mol):

298.15-2000 K:

2000-3000 K:

Source: Data from Pankratz (91).

AHro
AGre
AHre
AGre

-86.694
-86.694
-87.154
-87.159

1T+ + 1

0.078x1073T + 0.133x1076T2 + 122,350T"!

0.078x107%T1nT ~ 0.133x107%T2 + 61.

175T"' + 17.206x107°T

0.847x1073T ~ C.190x107°T? - 61,400T"!

0.847Tx107*T1nT + 0.1%90x107%T2 - 30.700T"! + 23. 843x10"’T



316 8

S0,(g)

Sulfur Tricxide {(ideal gas)

[Formation: S{e,1) + 1.50,(g) =.50,(g)]
cal/mol K kcal/mol
T,K Log Kf
Cpe ge ~(Go= H344)/T  Ho= HY,, AHE® AGE®
298.15 12.108 61.344 61.34L4 0 ~94,580 ~-88.669 64,996
300 12.142 61.419 61.346 022 -94,588 -88.633 64,568
368.13 13.263 64,029 61.604 .833 -94 824 -87.251 51.774
368.13 13.263 64.029 61.604 .893 -94.920 -87.25%1 51.774
388.36 13.593 oh, 742 61.748 1.163 -94,985 ~-86.831 48,863
388,36 13,593 64,742 61.748 1.163 -95,398 ~-86.831 L8.863
400 13.784 65.146 61.811 1.322 -95.453 -86,573 47,301
432.02 14.200 66.223 62.126 1.770 -95.615 ~-85.857 43,433
500 15.082 68.367 62.831 2.768 ~96,040 ~84.284 36.840
600 16.075 71.209 63.996 4,328 ~-96.469 ~-81.890 29.828
700 16.824 73,746 65.210 5.975 ~96,790 79,434 214,800
717.824 16.925 T4.170 65. U427 6.276 ~-06.837 -78.991 24,049

Phase changes: '368.3 K, orthorhomblc - monoclinic transition point of §; AH®° = 0.096 kecal/mol.

388.36 K, melting point of S;

432.02 K, second order transformation of S;

Heat capacity (cal/mol:X) and enthalpy (kcal/mol} equations:

298.15-2000 K:

Ho- Hg,,

Cp® = 16,016 + 2.098x10™°T ~ 4,029x10%T"2
16.016x107°T + 1.049x7075T2 + 4.029x102T"! - 6.220

Formation equations (kecal/mol):

298,15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

h32,02-717.824 K:

AHf®
AGE®
AHf°
AGPe
AHf®
AGL®
AHf®
AGE?

[ I T T T I ' |

~94, 166
94,466
-95.581
~95.581
-111.739
-111.739
-121.218
-121.218

+ 1 o+ 1

Pl o+

3,003x107°T + 2,012x1078T2 + 179,500T"!}

3.003x1073TInT - 2.012x107%T2 + B§,750T"! + 1.921x1073T
0.7LOX107™*T + 0.265%x107%T2 + 335.100T"!

0.740x107*T1InT ~ 0.265x107%T2 + 167.550T"* + 17.104x107°T
44 ,000x107°T -~ 43.016x107%T2? + 2237.300T!

AH® = 0.413 keal/mol.
AH® = 0 kecal/mol.
717.824 K, boiling point of 8 to equilibrium mixture of Sn (n=1to 8).

44,000x1073TInT + 43.016x107°T2 + 1118.650T ! + 302.332x107°7T

40.094x1073T - 23.205x107°T? + 5463.800T"!

40,094x1073T1nT + 23.205x107€T? + 2731,900T"' + 300.485x107°T



50,(g)
Sulfur Trioxide (ideal gas)
[Reaction: 0.5S,(g) + 1.50,(g) = 50,(g)]

s N7

Source: Data from Pankratz (31).

cal/mol «K keal/mol
T,K - : : Log Kr
Cp® 8¢ -(G°= H$,,)/T Ho~ HZ,., AHr® AGre
298.15 12.108 61.344 61.344 0 -109.935 -98,183 71.969
300 T12.142 61.419 61.3u6 .022 -109.939 ~98.110 T1.472
400 13.784 65.146 61.841 1.322 -110.104 -94,139 51.434
500 15.082 68.367 62.831 2.768 -110.168 -90.137 39.399
600 16.075 71.209 63.996 y.328 -110.164 -86.131 31.373
700 16.824 73.746 65.210 5.975 -110.115 -82,129 25.6M1
800 17.3N 76.031 66.422 7.687 -110.035 -78.137 21.3U6
‘G000 17.823 78.105 67.607 9.448 -109.935 -T4.156 18.007
1000 18.157 - 80.001 £8.753 11.248 -109.819 -70.187 15.339
1100 . 18.419 81.745 £9.857 13.077 ~109.696 -66.230 13.158
1200 18.628 . 83.357 70.915 14.930 -109.566 -62.283 11.343
1300 18.796 84,855 71.930 16.802 =109.433 -58.348 5.809
1400 +18.933 86.253 72.904 18,688 -109,.301 ~54,424 8.496
1500 19.0U46 87.563 73.838 20.587 -109.169 ~50.510 7.359
1600 19,140 88,795 74,734 22,497 ~109. 040 -46,602 6.366
1700 19.219 89.958 75.596 24.15 ~108.915 ~42.704 5.490
1800 19.286 91.058 76.425 26.340 -108.794 -38.810 4.712
1900 19.344 92.103 T7.223 - 28.272 -108.678 -34,928 4.018
2000 19.393 93.096 77.992 '30,209 -108,568 -31.048 3.393
2100 19,436 94,044 78.734 32.150 . ~108.465 -27.176 2.828
2200 19.474 94,949 79.451 34,096 -108.368 ~23.307 2.315
2300 19.507 95.815 80.143 36.045 -108.279 ~19.442 1.847
2400 19.536 96.646 8o0.814 37.997 ~108.196 -15.582 1.41¢9
2500 £ 19,562 97. 44y 81.463 39.952 ~108.120 =-11.725 1.025
2600 19.585 98,212 82,093 41,909 ~-108,051 ~7.872° 662
2700 19.605 ° - 98.951 82.703 © L43.869 -107.987 ~4.019 .325
2800 19,623 .99.664 83.296 i5, 830 -107.932 -.166 .013
2900 19.640 100.353 83.873 : 47.793 -107.884 3.682 -.278
3000 19.655 101.019 84,433 49.758 -107.842 7.526 -.548
Heat capacity (cal/mpol-K) and enthalpy (kcal/mol) equations:
298.15-2000 K: = 16,016 + 2,.09Bx107°T ~ 4,029x10°T"2
Ho~ HS,4 = 16.016x107°T + 1.0U9x107°T2 + 4_029x10%T"! - 6.220
2000-3000 K: = 18.915 + 0.274x1073T ~ 2.782x10%T"2
Ho= HSaq = 18.915x107°T + 0.137x107°T2 + 2.782x1027"' - 8.308
Reaction equations (kecal/mol):
298.15-2000 K: AHre® = -111,254 + 1,000x107°T + 0.134x107°¢T? + 300,950T"'
. AGro = ~111.254 - 1,000x1073TInT - 0.134x107°T% + 150, 475T"! + 47.884x107°T
2000-3000 K: AHP® = ~-110.312 + 1.650x107°T -~ 0.227x107°T2 - 1296.800T !
AGr® = ~110.312 - 1.650%107°T1nT + 0.227x107°T? - 648.400T ! + 51.835x107°T
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. SZO(S)
Disulfur Oxide (ideal gas)
[Formaticn: 2S(c,l) + 0.50,{g)} = 8,0(g)]

cal/mol «K keal/mol

T,K Log Kf
Cp® se ~(Go~ HS4,)/T * H°~ HQ,, AHfe® AGFe
298,15 10,544 63.796 63.796 0 - ~9.700 -~16.847 12.349
300 10.562 63.861 63.796 .020 -9.706 ~16.890 12.305
368.3 11.151 66.092 64,020 L 763 -9.973 ~18.499 10.977
368,23 11.151 66,092 6U, 020 .763 -10.165 ~18.499 10.977
388.36 11.324 66.688 6u.1u43 .389 ~10.249 ~18.950 10.664
388,36 11.324 66,688 64,143 .689 -11.075 ~18.950 10.664
100 11,424 67.024 pl, 222 1.121 -11,160 ~19,185 10,482
432.02 11.622 67.911 64,463 1,490 ~-11,433 ~1G6.818 10.025
500 12.0M 69.644 65.052 2.296 ~12.225 ~21.070 9.209
600 12.477 71.880 66.008 3.523 -13.090 ~22.754 §.288
700 12.786 73.828 66.989 4,787 -13.814 ~-24,306 7.589
717.824 12,826 T4.150 67.163 5.015 -13,931 ~24.571 7.481

Phase changes: 36€8.3 K, orthorhombic - monoelinle transition polnt of S; 4H® = 0.096 kcal/mel.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.
L32.02 K, second order transformation of S; AH° = 0 kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn {n=1tc 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp°® = 12,498 + 0,850x107°T - 1,962x10°T"2
Ho= H§qy = 12.498x107°T + 0.425x107°T2 » 1.962x102T7F - 4. 422

Formatlion equations (kcal/mol):

T.465x1073T + 3,608x107°T* ~ 137,600T"!

298.15-368.3 K: AHf® = -7.333 -

AGF® = ~7.333 + 7.U65x107*TInT - 3.608x107¢T2 - £8.800T ! - 72.592x107°T
368.3~388.36 K: AHF® = -9.56Y4 ~ 2,939x1073T + 0.116%107%T? + 173.600T !

AGF® = ~9.584 + 2.939x107°T1InT - 0.116x107¢T2 + 86.800T ! ~ u2. 226x10 a7
388.36-432,02 K:  AHf°® = -41,880 + 86,541x107°T ~ 86.448x107¢T* + 3978.000T!

AGF® = ~U1,880 - 86,541x1073T1nT + £6.448x107°T? + 1989,000T"! + 528.231x107°T

432,02-717.824 K: AHf®
AGf? = -60,838

-60.838 + 78.729x107*T - L46.825x107°T* + 10431,000T" !
78.729x107°T1nT + 46,825x107°T2 + 5215,500T"! + 524,536x107°T



Disulfur Oxide (ideal gas)

5,0(g)

S 319

[Reaction: 8,(g) + 0.50,(g) = $,0(g)]
cal/mol-K keal/mol
T,K - Log Kr
' Cp® se -{G°~ H2,,)/T He- HZ,, ' AHre AGre
.298.15 10.544 63.796 63.796 0 . =40.410 -35,874 26.296
300 10.562 63,861 63.796 .020 -40,410 -35,845 26,113
400 11,424 67.024 64,222 T.121 -40,u462 -34,.316 18,749
500 12,081 69.641 65,052 2.295 ~40, 480 -32.776 14,326
‘600 12,477 71.880 66.008 3.523 40,479 ~31.236 11.377
700 12.786 73.828 66.989 4,787 ~40.464 ~29.696 9.272
800’ 13.011 75.551 67.954 6.078 =40, 44y -28.159 7.693
~ 900 A3.177 77.093 68.884 7.388 -40.420 -26.625 6.465
1000 13.303 78.488 69.776 8.712 -40.397 -25.093 5.484
1100 13.399 79.761 70.627 10,047 -40,376 -23.564 b,682
1200 13.475 80,930 71.438 11.391 ~40.359 822,036 4.013
1300 <13.536 82.011 72.208 12,742 -40,345 -20.510 . 3.H448
1400 13.585 83.016 . T2.9L6 14.098 -40.338 -18.984 2.963
1500 13.625 83.955 73.650 15.458 -40.337 ~17.461 2.544
1600 13.658 84.835 74.321 16.822 -40.342 -15,.935 2177
1700 13.686 85.661 T4.964 18.149C =10, 354, -14,409 1.852
1800 13.709 86.447 75.581 19,559 -40.373 -12.882 1.564
1800 13.729 87.189 76.173 20.931 —40{399 -11.355 - 1.306
2000 13,747 87.893 76.741 22.305 -40.431 ~-9.823 1.073

Heat capaclty (cal/mol-XK) and enthalpy (kecal/mol) eguations:

288.15-2000 K:

Reaction equationa (kcal/mol):

298.15-2000 K:

Sources:

Cp® = 12,498 + 0.850x107°T - 1.962x10°T"2
He- HSgsp = 12.498x707%T + 0.425x107°%T2 + 1.962x10%T"% - H_K22

AHre = -40.911 + 0.540x107°T - O. 1“6x10 T2 + 105,300T7}

AGre = -40.911 - 0. 5ﬂ0x10 ’TlnT +. 0. 146x107°T% + 52.650T7 ¢ + 19 33Hx10—’T

Enthalpy of formation at 298 K from Mills (80).

Other data from JANAF (30}.
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S0,C1,(g)
Sulfuryl Chloride (ideal gas)

[Formation: S(c,l1) + 0,{g) + Cl,(g).= S0,C1,(g}]
cal/mol-K keal/mol
T,K Log Kf
Cpe se -{Go- H4e)/T He- HEgs AHf® AGE®
298.15 18.426 74,327 74,327 0 -84.800 -T4,177 54,373
300 18.489 74,441 T4.328 .034 -84,804 ~T4.111 53.989
368.3 19.765 78.376 Th.722 1.346 -84,923. -T1.6604 42,525
368.3 19.765 78.376 Th4.722 1.346 -85.019 -71.664 42,525
388.36 20,146 79.435 74.938 1.746 ~85.049 ~70.935 39.918
388.36 20.146 79.435 T4.938 1.746 ~-85.462 ~70.935 39.918
400 : 20.367 80.033 75.078 1.982 -85.496 ~70.500 38.519
432.02 20.783 81.617 75.505 2.641 -85.603 ~-69.296 . 35.055
500 21.667 84,725 76.549 4.088 ~-85.911 -66.700 29,154
600 22.591 88,762 78.257 6.303 -86.177 -62.831 22.886
700 23.260 92,297 80.014. 8.598 -86.338 -58.9325 18.397
717.824 23.348 92.883 80.326 9.013 ~86.358 -58.227 17.728

Phase changes: 368.3 K, orthorhomblc - monoclinic transition point of S; AH® = 0.096 keal/mol,
388.36 K, melting peint of 3; AH® = 0,413 keal/mol. :
432,02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn {n=1 %o 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15~-2000 K: Cp®
He- Hg g4

= 22.274 + 2.232x1073T - 4,012x10°%T"2
= 22,2T4x107°T + 1.116x]0—5T2|+ 4,012x102T"! - 8.086

Formation equatlions (xcal/mol):

298.15-368.3 K: AHf®
AGfe
368.3-388.36 K: AHf®
AGE®
388.36-432,02 K= AHF®
AGf®
432,02-717.824 K: AHf®
AGfe

nu 0 a9 v w0

-84.859
-84.859
-85.974
-85.974
-102.132
-102.132
~111.611
~111.611

1T + 4 1

T+ 1 4

1.957%107%T + 2.242x1078T% + 132.,100T7!

1.957x107*TlnT - 2.242x107€T* + 66.050T7% + 24.602x107°T
0.306x107%T + 0.496x107°T% + 287.700T7}

0.306x1073TinT ~ 0.496x107°T? -+ 143.850T7" + 39 785110‘3T ‘
45.046x1073T - 42,786x107°T? + 2189.500T"!?

45,046x1073T1nT + 42,7B6x107%T2 + 1094,950T" ! + 325. 013x10"°T
41,140%1073T ~ 22,974x107°T? + 5416,400T7! ‘
41.140%1073T1nT + 22.974x107°T2 + 2708.200T" ! + 323. 166x10”T



50,C1,(g) _
Sulfuryl Chloride (ideal gas)

s 321

[(Reaction: 0.55.(g) + 0,(g) + Cl,(g) = S0,Cl,(g)]
cal/mol-K kcal/mol
T,K Log Kr
Cp® 8o ~(G°~ H8,¢)/T HO- HS,, AHpo AGre
298.15 18,428 T4, 327 Th.327 0 =-100.155 -83.69 61.346
300- 18,169 T4 UL T4.328 .034 ~100.156 -83.588 £0.893
4o 20.367 80.033 75.078 1.982 -100,147 ~78.065 k2.652
500 21.667 84.725 76 .549 4. 088 -100.039 -72.553 31.713
600 22.5N 88.762 78.257 6.303 -89.871 867.072 4.4
700 23,260 92.297 80.014 8.598 -99.663 -61.620 19.239
800 - 23.754 - 95. 437 81.751 10,949 -99.432 -56.204 15.354
900 24,125 98,257 83.430 13,344 -99.181 -50.814 12.339
1000 24,409 10C.815 85.043 15,772 -68.917 ~-45,U55 9,934
1100 24,630 103.152 86,585 18.224 ~9B.649 ~40.122 7.971
1200 24.805 105.303 88.056 20.696 -98.376 ‘3”.313 6.340
1300 24,9145 107.294 89,460 23.184 -98.100 -29,528 L.964
1400 25.059 109.147 90,801 - 25.684 -97.827 -24,264. 3.788
1500 25.153 110,879 92.082 28.195 ~97.554 -19.019 2.71
1600 25.231 112,505 © 93,309 30.714 '-97,285 -13.792 1.884
1700 25.296 114,036 94 . 482 133,241 ~97.019 -8.579 1.103
1800 25.352 115.484 95.610 35.773 " ~96.758 -3.385 411
1900 25.399 116.856 96.692 38.311 =95.501 ’1f796 -.207
2000 25.440 118.160 97.734 40.853 -96.252 6.963 -.761
Heat capacity (cal/mol+X) and enthalpy (kcal/mol) equdtions:
298.15-2000 K: Cp° = 22.274 + 2.232x107°T - 4.012x10°%17°2
Ho~ HZg, = 22.274x7073T + 1.116x107°T2 + 4,012x102T"! - 8.086

Reaction equations (kcal/mol):

298.,15-2000 K:

AGpre

Sour¢e: Data from Chase (19).

AHr® = -101.648 + 2.045x107°T + 0.36
-101.648 - 2,045x1073T2InT - 0.365x107°T% + 126.775T"' + 70.565x107°T

5x107%T?* + 253.550T}
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S0F,{(g)
Thionyl Fluoride (ideal gas)

[Formation: 8{¢,1) + 0.50,(g) + F,(g)} = SOF,(g)]
cal/mol X keal/mol
T,K . Log Kf
Cpe se ~(G°~ Hg,4)/T Ho- H2,, AHf® AGE®
298,15% 13.648 66.687 66.687 0 =130 -125.850 - 92.249
300 13.686 66.772 66.689 .025 -130.006 -125.825 91.662
368.3 14,831 69.708 86.980 1.004 -130.173 -124,854 74,088
368.3 14,831 59.708 66.980 1.004 -130.269 -124, 854, 74,088
388.36 15.167 - 76.503 67.142 1.305 -130.315 -124,557 70,094
3B88.36 15.167 70.503 67.142 1.305 - ~130.728 ~124.557 70.094
400 15.362 70.954 67.247 1.483 -130.7T1 -124.371 67.953
§32.02 15.728 - 72.151 67.566 1.981 -130.907 -123.855 62.655
500 16,506 14,513 68.353 3.080 -131.,281 -122.712 - 53.637
600 17.295 77.596 69,643 4,772 -131.654 -120,962 . b, 060
.T00- 17.853 80.306 70.976 6.531 =-131.932 ~119.157 37.202
717.824 17.925 80.756 -131.973 ~-118.830 36.179

T71.213 6.850

*Enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

368.3 K, orthorhomblic¢ - monoclinic transition point of 3;
" 388.36 K, melting point of S
432.02 K, second order transformation of S;
717.824 K, bolling polnt of 8 to equilibrium mixture of Sn

"AH® = 0,413 kecal/mol.
AH® = 0 kecal/mol.
(n'=1 to 8).

aH® = 0.096 keal/mol.

298.15-2000 K: Cp® = 17.440 + 1.458x107*T - 3.757Tx10°T 2
Ho= H2,, = 17.440x107°T + 0.729x107®T% + 3.757x10%T"} - 6.525

Formation equations (kcal/mol):

2.857x107°T + 2.021x107°T% + 97.000T"!

298.15-368.3 K: AHf® = -129,653 -

AGE® = -129.653 + 2,857x107°T1nT - 2,021x107%T? + 48,5007} - 3, 365x10—’T
368.3-388,36 K: AHf® = ~130,768 - 0.594x1077T + 0,275x107°T? + 252,600T"!

AGF® = ~130,768-+ 0.594x107*T1nT ~ 0,275x107°%T2 + 126,300T"' + 11. 718x10 ’T
388.36-432.02 K: ' AHf® = -146.927 + 44,146x107°T ~ 43,007x1078T2 + 2154.800T !

AGL® = -146.927 - 44.146x107°T1InT + 43.007x107%T2 + 1077.400T" % + 296. 9u6x10"T
432.02-717.824 K: AHf® = -156,405 +.40,240x107°T - 23.196x107°T? + 5381.300T"!

AGE® = =156.U405 - 40.2U0x107°T1nT + 23,196x107°T2 + 2690.650T"! + 295,099x107°T



S0F, (g)
Thionyl Fluoride {ideal. gas)
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[(Reactlon:  0.58,(g) + 0.50,(g) + F,(g) = SOF,(g)]
cal/mol -K kcal/mal
T,K Log Kr
‘Cp® Se ~{G°= H98,4)/T H9- H34e AHr® AGre
298,15% 13.648 66,687 - 66,687 0 : -145,355 ~135.,364 99,223
300 13.686 66,772 66.689 025 -145,358 -135.302 98.566
400 15.362 70,954 67.247 1,483 -145,423 -131,937 72,086
500 16.506 T4.513 68.353 3.080 ~145.408 ~128.565 56.195
600 17.295 77.596 69.643 4,772 . -145.348 -125.203 45,604
700 17.853 80.306 70.976 6.531 -145.257 -121.852 38.043
800 18.255 82.718 72.296 8.338 -145,146 -118.51% 32.377
900 18.553 84,886 73.576 10.179 -145,023 -115.194 27,973
1000 18.778 86.853 74,807 12,046 -144,893 -111,887 24,453
1100 - 18,951 88,651 75.985 13.933 144,759 -108.592 21.575
1200 ' 19.087 90.306 77.110 15.835 -144,.623 -105.310 19.179
1300 19.196 91.839 78.186 17.749 -144._486 -102.0M1 17.154
1400 19.284 93.264 79.211 19.674 -144,352 ~-98.780 15.420
1500 19,356 94.597 80.193 21.606 -144,220 -95.530 13.919
1600 19,416 95.849 81,134 23,544 -144,092 ~-92.290 12,606
1700 19.466 97.027 82.033 25.489 ~143.965 ~89.053 11.448
1800 19.508 981 §2.898 27.437 T ~1H43.846 ~-85.827 10.421
1900 19.544 99.197 83.729 29.390 - ~143.728 -82.607 9.502
2000 19.575 100,200 84,527 31.346 -143,617 -79.393 8.676

*Enthalpy of formaticon at 298 K estimated.‘,‘

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He°- Hf s,

17.440 + 1.458%107°T - 3.757x10%T"2
17..440x107%T + 0. 729)(10"‘T2 + 3.757x10%T7}! - 6 525

Reaction equations {(kcal/mol):

298.15-2000 K:

Source: Data from Chase (19} who estimated enthalpy of formation at 298 K.

AHre = =146.442 + 1, 1H5x10"’T + 0.144x107%T2 + 218.u50T}
AGr® -\—1“6 42—~ 1.145%107°T1lnT - O.14L4x107¢T2 + 109.225T"% + 42.498x107°T
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S0,F,(g)
Sulfuryl Fluoride (ideal gas)

[Formation: S{e,1) * 0,(g) + F,(g) = S0,F,(g)]

cal/mol K kcal/mol
T,K Log Kf
Cpe® 80 -(G°- H3,,)/T He- Hg,, AHf® AGS e
298.15 15.732 67.761 67.761 0 -181.300 -170.165 124.732
300 15.787 67.858 67.761 .029 -181.308 =170.095 123.913
368.3 17.494 71.285 68.100 1.173 -181.552 -167.515 99,402
368.3 17,494 71.285 68.100 1.173 -181,648 -167.515 99.402
388.36 17.996 72,226 68.290 1,529 -181,711 ~166,743 93,833
388.36 17.996 T72.226 68.290 1.529 -182.124 -166.743 93.833
400 18.287 72.762 68.412 1.740 ~182.176 ~166.281 30.851
432.02 18.858 T4.192 68.788 2.335 -182.330 -165.003 83.471
500 20.070 77.046 69.720 3.663 -182.725 -162.243 70.915
600 21.349 80.824 T1.262 5.737 ~183.093 -158.109 57.590
700 22.276 84,189 72.873 7.921 ~183.335 ~-153,924 48,057
717.824 22,398 By, 751 73.161 8.319 ~-183,367 ~153.175 U6.636

Phase changes:

388.36 K, melting polnt of S; AH® = 0.L413 keal/mol.
432.02 X, second order transformation of S; AHY = O keal/mol.
717.824 K, botiling point of § to equilibrium mixture of Sn {n=1¢to 8).

Heat capac¢ity (cal/mol-K) and enthalpy (kcal/mel) equations:

298.15-2000 K:

Cpe = 21.424 + 2,57Ux1073T =~ 5,742x105T"2
Ho- HY,, = 21.U2Ux1073T + 1.287x107°T% + 5,742x102T"! ~ B8.428

Formation equations (kcal/mol):

298.15-368,3 K:

368.3-388.36 K:

388.36-0432.02 K:

432,02-717.824 K:

AHf®
AGE®
AHF®
aAGfe
AHf®
AGfe
AHf®
AGfe

w4 8w onouou

-181.680
~181.680
-182.795
-182.795
-168.954
-168,954
-208,132
-208.432

2.4B8x1072T + 2,327x1075T2 + 272.500T™?

2.UB8X1073TInT - 2.327x1078T2 + 136.450T % + 23.607x107°T
0.225x1073T + 0.581x107°T2? + 428.500T"!

D.225x107*TInT - 0.581x107%T? + 214.250T" ! + 38.790x107°T
44.515x10"3T - 42,701x107°T2 + 2330.700T"!
BY,515x1073T1nT + 42.701x1078T2 + 1165.350T " + 324,018x1
Lo, 609x1073T - 22,889x107°T2 + 5557,200T !
40.609%107T1nT + 22.8B9x1075T2 + 2778.600T ! + 322.171x1

368.3 K, orthorhomble - monoclinle transition point of S; AH® = 0.096 keal/mol.

07T

073T



S0,F,(g)

Sulfuryl Fluoride (ideal gas)

S 325

[Reaction: 0.5S8,(g) + 0,(g) + F,(g) = S0,F,(g)]
cal/mol-K keal/mol
T,X Log Kr
Cp® Se -(G°- HS,,)/T H°- HZ,,4 AHre AGro
298.15 15.732 67,761 07,761 c -196.655 -179.678 131.706
300 15.787 67,858 67.761 .029 ~196.660 ~179.573 130.817
400 18.287 72.762 68.4112 1.740 -196.827 -173.847 94,984
500 20,070 77.046 69.720 3.663 . -196.853 -168.096 73.474
600 21.349 80.824 T1.262 5.737 -196.788 ~162.350 59.135
700 22.276 84.189 72.873 7.921 -196.660 -156.620 Lg.898
800 22.960 87.210 74,480 10.184 -196,492 ~150.912 y1.227
900 23.474 89.946 76.049 12.507 ~196.294 -145,226 35.265
1000 23.866 92.440 77.583 14,857 -196,077 ~139.564 30.50
1100 24.172 94,730 79.023 17.278 -195,8L6 ~133.922 26.608
1200 24.m3 96,844 80,422 19.707 -185.607 -128.304 23.367
1300 24.607 98.806 81.761 22.159 ~195.361 -122.704 20.628
1400 24,764 100.635 83.044 24.627 -195.116 ~117.126 .18.284
1500 24.894 102.3L8 84,274 27.111 -194,867 -111.563 16.255
1600 25,002 103.958 85.454 29.606 8194,620 -106.017 14,481
1700 25.092 105,477 86,589 32.110 ~-194,376 -100.487 12,918
1800 25.169 106.913 87.678 34.623 ~194,135 ~-94,970 11.531
1900 25.234 108,276 88.727 37.144 -193, 886 ~89.467 10.291
2000 25.29 109.572 89.737 39.670 -193.665% ) ~83.978 9.177

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp®

He- Hi,q

Reaction equations (kecal/mol):

298.15#2000 K:

AHre®
AGP®

21,4928 « 2,574x107°T - 5,742x10%T"2
21.924x107°T + 1.2B7x107ST? + 5,742x102T"! ~ B8.1428

~198.469 + 1.514x1073T + 0.450x107%T? + 394.350T !

-198,469 ~ 1,514x107T1nT - 0,450x107°%T2 + 197.175T"! + 69. 570x10'°T

Source: Data from Chase (19).



326 Sb

Sbs(g)
Antimony Monosulfide (ideal gas)

[Formation: Sb(e) + 3{¢,1) = SbS(g)]

cal/mol «K keal/mol
T,X - k : Log Kf
Cp® §e =(G%= HZ,¢)/T H°~ Hf,, AHE® AGE®
298,15 8,285 59.656 59.656 0 ' 4,400 32,182 ~23.560
300 B.292 59.708 59.658 .015 Ly, 394 32.066 -23.360
368.3 8.483 61.431 59.830 .590 4u.168 29.284 -17.377
368.3 8.483 61.431 59.830 .590 Ly . 072 29.284 -17.377
388.136 8.539 61.882 59.92Y4 .760 44.000 28,481 -16.027
388.36 8.539 61.882 59.924 . 160 43,587 28.481 -16.027
400 8.572 62.135 59,985 .860 43,527 28.029 -15.314
432,02 B.637 62.798 60.169 1.136 43,340 26.795 ~13.555
500 . 8.774 64.070 £0.616 1.727 42.830 24.234 -10.592
600 8:962 65.686 61.329 2.614 42.220 20.570 ~7.492
700 9.148 67.082 62,053 3.520 b1.667 17.009 -5.310
717.824 9.179 67.312 62.18 3.683 41,573 16.383 -4,988

Phase changes:

368.3 K, orthorhombic - monoclinie transition point of S; AH® = 0.096 keal/mol.
388.36 K, melting point of 5; AH® = 0.413 kecal/mol.

432.02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824 K, bolling point of S to equilibrium mixture of S, (n=11o 8).

Heat capacity (cal/mol-K) and enthalpy (kczl/mol) equations:

298.15~3000 K:

Cp® = 9.209 + 0.338x107°T - 0.911x10°T"2
Ho- HS,q = 9.209%1073T + 0.169x107°T% + 0.911x102T"} ~ 3,066

Formation equations {kecal/mol): .

298,15-368.3 K:

368.3-388.36 K:

388.36-432.02

X:

432.02-717.824 K:

AHEP®
AGfEe
AHf®
AGfE®
AHf®
AGT®
AHE®
AGE®

4 ¢« o w 0 n noa

45,689
45,689
44,574
CHY . 5TY
28.4815
28.415
18,937

18,937

[ TN B

4,053x107°T + O0.714x107°T* - 42,9007

4,053x1072TInT ~ Q. T14x1078T* - 21,4507 - 68,076x107°T
1.790%1073T ~ 1.032x107°T2 + 112.700T"!

1.790%107*TInT + 1.032x107°T% + 56.350T"% - 52. 893x10"T
42.950x107 T ~ 44,314x107°T? + 201“ 900T™!

42.950x107°T1nT + 44.314x107°T% + 1007.450T7 " + 232 335x107°T
39.044x1073T - 24,502x107°%T% + 5241,400T ! -

'39.0L4x1073T1InT + 24, 502)&10'5’1‘2 + 2620,700T7' + 230,488x107°T



SbS(g)
Antimony Monosulfide {ideal -gas)

Sb 327

[Reaction: Sb{c,l) + 0.55,(g) = $bS{g)]
eal/mol K keal/mol
T,X - Log Kr
Cpo 8o -(6°- H2,,)/T 'Ho- HZ,, AHre AGro
298.15 8.285 59.656 59.656 o . 29.045" 22.628 n16.586
300 8.292 59.708 © 59,658 015 29.042 22.589 -16.456
400 8.572 62.135 59.985 +860 28.876 20,1463 =11.180
500 B.77Y 64,070 60.616 1.727 28.703 18.380 -8.034
600 8.962 65.686 61.329 2,614 28.526 16.329 -5,948
700 9,148 67.082 62.053 3.520 28.342 14,314 -4, 469
800 9.323 68.315 62.761 4,443 28.144 12.318 -3.365
900 3.L479 69.422 63.440 5.384 27.925. 10.356 -2.515%
903.9 9.484% 69.463 63.466 5. 421 27.915 10.280 -2.486
903.9 9,484 69.1463 63.466 5.421 23.165 10.280 -2,486
1000 9,608 70,428 64,090 6.338 22,936 8,917 -1.949
1100 9,710. 71.349 64,709 7.304 22.705 7.531 ~1,496
1200 9.787 72.197 65.298 8.279 . 22.479 . 6.159 -1.122
1300 . 9.840 72.982 65.858 9.261 22.256 4.809 ~.808
1400 9.87Y4 73.713 £6.39Y 10.247 22.034 3.481 -.543
1500 9.892 T4.395 66.905 11.235 21.810 2,166 -.316
1600 9,898 75,034 67.393 12,225 21.584 .858 117
1700 9.895 75.634 67.861 13.214 21.354 . -.h4p .057
1800 9.886 76.199 68.308 14.203 21.120 ~-1.712 .208
1860 9.878 76.523 68.568 14,796 20.979 -2.463 .289

Phase changes: 903.9 K, melting point of 8b;

AH® = U,750 keal/mol,

1860 K, bolling point of Sb to equillbrium mixture of Sb{g), Sb,{g), and Sb,(g).

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Reactlon equations (keal/mol):

298.15-~603.9 K: AHre
AGre
903.9-1860 K: AHro
AGre

Sources: Enthalpy of

28,900
28.900
25.397
25.397

+ 0 o+ 1

B B oD &

Cp® = 9.209 + 0,338x107°T - 0.911x10%T"2 _
Ho- HQ,, = 9.209%10%T + 0.169x107°T2 + 0.911x102T™* - 3.066

‘0.051x107?T - 1.163x107%T2 + 78.5507"!

0.051x107*TInT + 1.163x107€T% + 39.275T ! ~ 22.113x1072T

2.463x107T + 0.009x107%T2 + 56.950T"°

2.463x107TInT ~ 0.009x107¢T2 + 28.475T ! ~ 33.582x107°T

formation at 298 K béaed on Prusaczyk (101). Other data based on Prusaczyk
(101) and Shimauchi {107).



328 - Sb

(3pS),(g)

Dimeric Antimony Monosulfide (ideal gas)

[Formation: 2Sb(e) + 28(e¢,1) = (SbS),(g)]

cal/mol X kcal/mol
T,K - Log Kf

Cp® 8® ~(Go- Hg,¢)/T Ho- Hg,, aHE® AGFo

298.15% 17.130 81.283 81.283 0 40.700 27.521 —20.i7"
300 17.156 81.389 81.283 .032 40,690 27.442 =19.99N
368.3 17.830 84,990 81.645 1.232 40.289 24,468 ~-14,.519
368.3 17.830 84.990 81.645 1.232 40.097 24,468 -14.519
388.36 18.029 85.9u41 81.843 1.59 39.972 23,621 ~13.293
388.36 18.029 85.941 81.843 1.591 39.146 23.621 ~13.293
400 18.144 86.475 81.970 1.802 39.036 23.157 -12.652
432,02 18.320 87.879 82.357 2.386 38,695 21,898 -11,078
500 18.695 90.588 83.296 31.646 37.752 19.335 -8.451
600 - 19:.025 94,028 84.80% 5.534 36.646 15.752 -5.737
700 19,235 96.978 86.339 7,447 35, 641 12.355 ~3,857
717.824 19.260 97,462 86.610 7.790 11,765 -3.582

¥Data excepﬁ enthalpy of formation at 298 K estimated.

Phase changes:

388.36 K, melting point of S;
432,02 K, second order transformation of S;

Heat capacity (cal/mol+K) and enthalpy (kcal/mcl) equatlions:

298.15-3000 K:

Cp® = 19.584 + 0.13Ux107°T - 2.216%10°T"2
He= H3,, = 19.584x107°T + 0.067x107°T? + 2.216x10T"} - 6,588

Formation equations (kcal/mol):

298.15-368.3 K:

AHf° = 42,822

35.1470

368.3 K, orthorhomble - monoclinic transition point of S;
AH® = 0.413 kcal/mol.

AH® = 0 kecal/mol.

717.82L K, bolling polnt of 3 to equilibrium mixture of Sn (n =1 to 8).

LGU4Ox107*T + 1.15Tx107°T* ~ 46,400T7"

AH® = 0.096 kcal/mol.

-6
AGFe = 42,822 + £.940x107°T1nT ~ 1.157x107°T? - 23.200T"' - 90.253x107°T
368,3-388,36 K: AHF® = 40.592 - 2.41L4x107°T - 2,335x107°T2 + 264.800T"!
AGF® 50.592 + 2.414x1077T1nT + 2.335x107°5T% + 132,400T7! - 59.887x107°T
388.36~432.02 K: AHf® 8.275 + 87.066x1073T -~ 88.899x1075T2 + 4069.200T !

AGPe 8.275 - 87.066x107°*TlnT + 88.899x1078T? + 2034.600T" ' + 51Q.569x10”5T
432,02-717.824 K: AHf® -10.682 + 79.254x107°T - 49.275x107°T? + 10522.200T"! .
AGF® -10.682 - 79.254x107°T1lnT + 49,275x107°T* + 5261.100T"" + 506.874x107°T



(8p3),(g)
Dimeric Antimony Monosulfide (ideal gas)
(Reaction: 2Sb{ec,1) + S,(g) = (5bS),{g)]

b 329

cal/mol =K keal/mol
T, X - - ) - Log Kr
Cp® 5° ~(G°— H$y,)/T H°- H3Zy, AHre AGr?
298.15% 17.130 81.283 81.283 0 9.990 8.494 -6.226
"300 17.155 81.389 81.283 .032 . 9.986 8.488 ~-6.183
400 18,144 86.475 81.970 1.802 9.734 8.026 -L.385
500 18.695 90.588 83.296 3.646 9.497 7.629 -3.334
‘600 19.025 94.028 84.805 - 5.534 9.257 7.270 -2.648
700 19.235 96.978 86.3239 7447 8.991 6.965 -2.174
800 19.377 99.556 87.834 9.378 8.679 6.688 -1.827
900 19.477 101.844 8%.265 11,321 8.302 6.464 -1.570
903.9 19.480 101.928 89.320 11.397 8.286 6.456 -1.561
903.9 19,480 101.928 89.320 11.397 -1.2t4 5.456 -1.561
1000 19.550 103,900 90.627 13.273 -1,631 7.286 -1.592
1100 19.604 105, 766 91,920 15,231 ~2.068 8.210 -1.631
1200 19.646 107. 474 93.146 . 17.193 -2.508 9.157 ~1.668
1300 19.679 109.048 95,310 . 19.159 : -2.951 10.145 ~1.706
1400 19.705 110.507 95.415 21.129 -3.398 11.183 ~1.746
1500 19.726 111.867 . ‘96,467 ©23.100 . =3.851 12,247 -1,784
1600 19.744 113,141 . 97.470 25.074 . ~-4.308 13.322 -1.820
1700 19.758 174,338 98,427 27.0L9 -4.772 14,423 -1.854
1800 19.770 115.468 99.343 29.025 -5.240 15.570 -1.890
1860 19.777 116.116 99.873 30.212 -5:523 16.284 -1.913

%¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

903.9 K, melting point of Sb; AH®° = 4,750 kcal/mol.

1860 X, bolling peint of Sb to equilibrium mixture of Sb{g), Sb,(g), and Sb,(g).

Heat capacity {cal/mol:K). and enthalpy (kcal/mol) equations:

298.15-3000 K:

Cpe®

= 19,584 + 0.134x107°T = 2.216x10°T"2

H°= H3,, = 19.584x7107°T + 0.067x107°T? + 2.216x10%T"! - £.588

Reaction equations (kcal/mol):

298.15-903.9 K:

903.9-1860C X:

AHre
AGre
AHpre
AGr?®

[ B

9,244 + 1, 065x10—5T - 2.597x1075T? + 196,500T"!

9.244 - 1,065x107°T1lnT + 2.597x107°T* + 98.250T"" + 1. 673x10 °T
2,237 - '3.759x1073T - 0,253x107°72 + 153,300T"!

2.237 + 3.759x1072T1nT + 0.253x107%T2? + 76.650T"! -~ 21.266x107°%T

Source: Data based on Prusaczyk (101) who estimated molecular constants.



330 Sb

: . {SbS),(g) _
Trimeric Antimeny Monosulfide (ideal gas)
[Formation:  38b(e) + 35(¢,1) = (5b8),(g)]

cal/mol-K keal/mol .
T,K - Log Kf
Cp® 8e ~{G®°= HS,4)/T He- HZ,, AHf @ . AGf®
298,15% 27,247 92.047 92.047 0 32.900 22,040 -16.156
300 27.293 92,216 92.049 050 32,887 21.976 -16,009
368.3 28,1496 97.962 92.625 1.966 32.402 19.543 -11.597
368.3 28.496 97.962 92.625 1.566 32.114 16.543 ~11.597
388.36 28.850 99.483 92.940 2.54 31.961 18.865 =10.616
388.36 28.850 99.1483 92.940 2.5 30.722 18.865 -10.616
400 29.055 100.338 93.143 2.878 30.579 18.511 410,114
432.02 29.349 102.587 93.761 3.813 30.127 17.560 ~-8.883
500 29.973 106,930 95.262 5.834 28.843 15,694 ~6.860
600 30.502 112.446 97.679 8.860 27.378 13.194 ~-4.806
700 30.833 117.175 100.135 11.928 26.069 10.944 -3.17
717.824  30.872 117.951 100.568 12.478 25.848 10.563 -3.216

*Data except enthalpy of formation at 298 K estimated.

Phage changes: 368.3 K, orthorhombic - monoclinic transition point of §; AH° = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol. ;
432,02 K, second order transformation of 8; AH°® = 0 keal/mol. )
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1+¢to 8).

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-3000 K: Cp® = 37.478 + 0.154x107°T ~ 3.802x10°T"2
He- Hgge = 31.478x107°T + 0.077x107°T2 + 3.802x10°T"' - 10.667

Formation eguations (kcal/mol):

298.15-368.3 K: AHF® = 35.298 - 8.308x107°T + 1.712x107°T% - 21.800T"? o
‘ AGfe = 35.298 + 8,308x107*T1nT - 1.712x107°T2 ~-10.900T"! -~ 91.169x107*T
368.3-388.36 K: AHF® = 31.953 - 1.519x107%T - 3.526x1075T% + L445.000T"!
AGF® = 31.953 + 1.519x10%°T1nT + 3.526x107°T2 + 222.500T7! - 45.621x107°T
388.36-432.02 K: AHF® = -16.522 + 132.701x707%T - 133.372x107%T? + 6151.600T ! :
AGre = -16,522 - 132.701x107°T1lnT + 133.372x107°T? + 3075.800T" % + 810.065x107°T-
432,02-717.824 K: AHf° = -44.958 + 120,983x10%°T ~ 73.936x1075T% + 15831.100T"}
AGfe =

~4Y4.958 - 120.983x107°TInT + 73.936x107°T? + 7915.550T7 + BOu,522x107°T



(SbS),(g)
Trimeric Antimony Monosulfide (ideal gas)

Sb 3N

[Reaction: 3Sb(c,l) + 1.55,(g) = (SbS),(g)]
cal/mol «K keal/mol
T,K Log Kr
Cp° se ~-{G°= HS,.)}/T H°- H%,, AHre AGre
298.15% 27.247 92,047 92,047 0’ -13,165 ~6.501 4,765
300 27.293 92.216 92,049 .050 ~13.169 -6.456 4,703
400 29,055 100.338 93,143 2,878 -13.374. ~-1,186 2,287
500 29.973 106.930 95.262 5.834 - -13.539 -1.866 .816
£00 30,502 112,456 97.679 8.860 ~-13.705 4T -172
700 30.833 17175 100.135 11.928 -13.906 2.859 -.892
800 31.0562 121.307 102.528 15,023 -14.176 5.259 -1.437
300 31,205 124,974 104,823 18.136 -14.542 7.714 -1.873
903.9 31,209 125,109 104,910 18,258 ~-14,559 7.811 ~-1,889
903.9 31.209 125,109 104,910 18.258 -28.809 7.811 -1.889
1000 31.315 128.267 107.005 21.262 -29.244 11.715 -2.560
1100 31,1397 131.256 109.076 24,398 -29.701 15.849 -3.149
1200 31.460 133,991 111,040 27.5M ~30.161 20.001 ~-3.643
1300 31.509 ° 136,511 112,903 30.690 ~30.625 24,199 -, 068
1400 31.5L8 138,847 114,674 33,842 ~31.099 28.452 -4, 4
1500 31.579 141,025 116.359 '36.999 -31.578 32.733 ~4,769
1600 31.605 143,064 117.965 40.158 ~32.065 37.017 ~5,056
1700 31.627 144, 981 119.499 43.320 -32.562 41.325 -5.313
1800 31.645 146.789 120,965 46,483 -33.065 45,694 -5.5u48
1860 31.654 147.826 121.814 48.383 -33.370 48,348 ~-5.681

*Data except enthalpy of formatlion at 298 K estimated.

Phase changes: 903.9 K, melting point of 3b;

AH® = L.750 koal/mol.

1860 X, bolling polnt of Sb to equilibrium mixture of Sb(g), Sb,(g), and Sb,(g).

Heat capacity (cal/mol-+K) and enthalpy (keal/mol) equations

298.15-3000 K:

Reactlion equations (kcal/mol):

298.15-903.9 K: AHre°
AGre
903.9-1860 K: AHre®
AGre

[T T T

-15.069
=15.069
-25.579
-25.579

Cp° = 31.478 + 0. 154%1073T - 3. 5021:(10""1"2 ’
He~ H8qo = 31. N?BxIO‘aT + 0.077x1078T2 + 3. 802x102T 1 10 667

+ 3.699x107%T - 3.919x1078T? + 342.550T"!

+

3.699x107°T1lnT + 3.919x107°¢T2 +°171.275T" ! + 46.720x107°T

3.537x107%T - 0,403x107°T2 + 277.750T"?

3.537x107°T1nT + Q.L03x107°5T7% + 138,875T77' + 12,312x107°T

Source: Data based on Prusaczyk (101) who estimated melecular constants.



332  Sb

(5bs),(g)
Tetrameric Antimony Monosulfide (ideal gas)
[Formation:  4Sb(e) + 43(e,1) = (8b8),(g)]

cal/mol <K keal/mol
T,K Log Kf
Cp® So ~(G% H2,4)/T He~- Hg,, AHf® AGE® ’
298.15% 40,873 123,176 123.176 0 29.400 14,787 ~-10,839
300 40,905 123,429 123.176 076 29,392 14,701 =10.710
368.3 41,703 131.920 124.035 2.904 29.019 11.394 -6.761
368.3 41.703 131.920 124,035 2.904 28.635 11.394 -6.761
388.36 - 41,938 134,138 124.500 3.743 28.503 10.461 ~5.887
388,36 41,938 134,138 124,500 3.743- 26.851 10.461 ~-5,887
400 42,074 135.379 124,799 4,232 26,700 g.971 -5.448
432.02 k2,257 138.626 125.705 5.582 26.201 8.648 -4.375
500 42647 144,836 127.894 8.471 24,683 6.019 -2.63
600 42.967 152.642 131.387 12.753 22.977 2.437 -.888
700 43,163 159,281 134,908 17.061 21.449 -.851 . 266
717.824 43,186 160,366 135,527 17.830 21.190 -1.0413 LU430

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S$; AH° = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol,
432.02 K, second order tranaformation of $; AH° = 0 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-3000 K: Cpe = 43,627 + 0.04u4x107°T ~ 2,460x10°T"2
He~ Hg,yp = 43.627x107%T + 0.022x1076T2 + 2,460x102T"! ~ 13.834

Formation eguations (kcal/mol):

298.15-368.3 K: AHf® = 32.986 -~ 9.421x1073T + 2.202x107°T? ~ 290 !

AGF® = 32.986 + 9.421x107*T1InT - 2.202x107¢T2 ~ 145,000T"! - 112.428x107°T
368.3-388.36 K: AHf® = 28.525 - 0.369x1073T ~ Y4.782x107°T? + 332,400T !

AGf® = 28.525 + 0.369x107°T1nT + 4.782x107°T2 + 166.200T " ~ 51.696x107°T
388.36-432,02 K: AHf® = -36,108 + 178,591x107°T - 177.910x107°%T? + T941.200T !

AGf° = -36.,108 =~ 178,591x107*T1nT + 177.910x107°T2 + 3970.600T"! + 1089.217x107°T
432.02-717.824 K: AHf® = -74,023 + 162,967x107°T ~ 98,662x107°T* + 20847,200T"

AGF° = ~T74.023 - 162.967x107%T1nT + 98.662x107ST? + 10423.600T ! + 1081.827x107°T



{(Sb3).(g)
Tetrameric Antimony Monosulfide {ideal gas)

Sb 333

[Reaction:  48b(e,1) + 28,(g) = (Sb3),(g)]
cal/mol -K keal/mol
T, K Log Kr
Cpe° se ~(Go~ H$,,)/T He- HZ,, AHre AGro
298,15% 40,873 123.176 123.176 0 ~-32,020 ~-23.268 17.055
300 490,905 123.429 123.176 .076 -32,016 -23.208 16.907
Loo bz,074 135,379 124,799 4,232 -31,904 ~20.292 11.087
500 2,647 144,836 127.894 8.47 -31,827 -17.394 7.603
600 42,967 152,642 131,387 12,753 ~-31, 801 -14.527 5.291
700 43.163 159.281 "134.908 17.061 -31.851 ~11.631 3.631
800 43.291 165.054 138.324 21.384 -32.014 -B8.750 2.390
900 43.380 170.158 141,582 25.718 -32.320 -5.819 1.413
903.9 43,382 170.346 141,706 25.887 ~-32.336 ~5.702 1.379
903.9 43,382 170.346 141,706 25.887 ~51.336 -5.702 1.379
1000 43, L4y 174,732 144,673 30.059 -51,749 ~-.Bu7 .185
1100 43,491 178.875 147.597 34,406 ~52.192 4,288 -.852
1200 43.527 182.661 150,363 38.757 -52.6U5 §.430 1,717
1300 43.555 186.146 152.984 43.111 -53.109 14.618 -2.458
1400 43,578 189.375 155,469 47.468 -53.586 19.871 -3.102
1500 43.596 192.382 157.831 " 51.826 -54.076 25.148 ~3.664
1600 43.610 195.166 160.079 56.187 -54.577 30. 421 nl, 155
1700 43,623 197.840 162,224 60.5u48 -55.0894 35.717 -L4,592
1800 43.633 200.334 164,272 64,911 ~55,619 41,084 ~4,588
1860 43,638 201.764 . 165,458 67.529 ~55.940 4y. 344 ~5.210

*Data ‘except enthalpy of formation at:298.K -estimated.

Phase changes: 903.9 K, melting pointwdthb;. AH®

4,750 keal/mol.
1860 K, boillng point+of:Sb to equilibrium mixture of Sb(g), Sb,(g), and Sb,(g).

Heat capacity (cal/mel-K) and enthalﬁy‘(kéél/mol) equations:

298.15-3000 K:

Reactlion equations (kcal/mol}:

298.15-903.9

" 903.9-1860 K:

K: AHre =

AGr®
AHpe
AGre

=
=

-34.170
~34.170
-48.183
-18.183

Cp® = 43.627 + 0.044x107°T - 2.460x105T 2
He- HZ,, = 43.627x10™*T + 0.022x107°T? + 2,460x102T"! - 13,834

+ 6.589x107°T ~ 5,306x70"5T2 + 195,800T}

+

6.589x107°T1nT + 5.306x107°5T? + 97.900T™! + 71.424x107°T

3.059x107°T - 0.618x107¢T* + 109,400T*

3.059x1077T1nT + 0,618x107%T2 + BU_TOOT™! + 25.547x107°T

Source: Data based on Pruéaczyk {101) who estimated molecular constants.



334 Sb

Sb,8,(¢e)
Dlantlmony Trisulflde
[Formation 28b(e) + 3S(e¢,1l) = Sb,8,(c)]

) eal/mol-K kcal/mol
T,K Log Kf
Cp® Se =(G°~ HZ2,,)/T H°~ HS,y AHf® ’ AGE®
298.15 28.650. 43,540 43.54%0 0 ~33.890 -33.531 24,579
300 28.669 43,717 43.540. 053 ~33.889 -33.527 . 24,424
350 , 29,163 u8.174 43.891 1,499 -33.888 -33.467 20.898
368.3 29,330 419.665 a4, 14 2.034 -33.892 —-33.445 19.846
368.3 29.330 43.665 4414 2.034 -34.180 ~33.445 19.846
388.36 29.514 51.226 Ly, u67 2.625 =34.194 -33. 403 18.797
388.36 29.514 51.226 4y 6T 2.625 ‘ -35.433 -33.103 18,797
4oc . 29.620 52.099 44,676 2.969 ~35. 497 -33.3k2 18.217
432.02 29.906 5h.389 45.311 3.922 =-35.732 -33.162 16.776
450 30.067 55.612 45,699 4,461 -36.085 ~33.046 16.049
500. 30.511 58.803 46.853 5.975 -36.556 ~32.682 14,285
550 30.958 61.733 48.075 7.512 -36.963 ~32.280 12.827
600 3.5 64,uL6 49,328 9.0M ‘ -37.311 -31.839 11.597
650 31.883 66.979 50.588 10.654 -37.596 ~31.364 10.546
700 32.366 69.360 51.846 12.260 -37.840 -30.876 9.6L0
717.824 32.542 70.176 52.291 12.838 -37.913 -30,697 9.3L6

Phase changes: 368.3 K, orthorhombic - monoclinie transition point of §; AH° = 0.096 keal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second corder transformation of S; AH® = 0 kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15~823 K: Cp® = 25.971 + 9.160x107°T ~ 0.046x10°T"*
He~ Hfg4s = 25.971x107°T + U4,580x107°T* + 0.0U46x10°T™' - B.166

Formatlon equations (kecal/mol):

298.15-368.3 K: AHf® = -30.539 - 8.727x107°T + 7.387x107%T? - 419.000T"!

AGF® = -30.539 + 8.727x107°TlnT - 7.387x107°T? - 209.500T"% - 55, 199x107°T
368.3-388.36 K: AHf® = -33,885 - 1.938x107°T + 2.149x107°T* + 47.800T"!

AGE® = ~33.885 + 1.93Bx107°TIlnT - 2.149x107°T* + 23.900T"' - 9.650x107°T
38B8.36-432.02 K: AHf® = -82.360 + 132,282x107°T - 127.697x107°T* + 5754,400T"!

AGf® = -82.360 - 132,282x107°T1nT + 127.697x107%T2 + 2B877.200T"% + 846.035x107°T
432,02-717.824 K: AHf° = -110,796 + 120,564x107°T -~ 6B8.261x107°T2 + 15433,9%00T7!

AGPe =

~110.796 - 120.564x107°T1nT + 6B8.261x1075T2 + 7716 950T"! + 840. U93x10"3T



Sb,;5,(e,1)

Diantimony Trisulfide

Sb 335

[Reaction: 2Sb{c,l) + 1.55,(g) = Sb,S5,(c,1)]
cal/mol K keal/mol
T,K Log Kr
Cpo 3e ~(Go~ Hg,,)/T He- HE,, AHre ACro
298.15 28.650 43.540 43.540 VIR ~79.955 ~62.072 45.500
300 28.669 L3.717 43,540 .053 ~79.945 ~61.958 45,136
350 29.163 48.174 43,891 1.499 -79.700 ~58,982 36.829
Loo 29.620 52.099 4y, 676 2.969 ~79.450 ~56.039 30.618
450 30.067 55.612 45.699 4 461 ~79.198 -53,125 25.800
500 30,511 58.803 46,853 5.975 ~78.938 -50.2u2 21,960
550 30.958 61.733 48,075 7.512 ~TB.671 ~47,393 18.832
600 31.415 6U.LUG 49,328 9.0T1 -78.395 -4y .562 16.231
650 - 31.883 £6.979 50.588 10.654 ~78.108 ~41,.747 14,037
700 32.366 69.360 51,846 12,260 ~77.B15 -38.962 12,161
750 32.861 71.609 53.088 13.891 -77.513 -36.203 10.549
800 33.370 73.746 54,314 15.546 ~77.208 -33. 460 9,14
523 33.609 74,693 54,868 16.316 ~77.065 ~32,202 8.551
823 48.011 86.496 54,868 26.030 -67.351 -32,202 8.551
850 47.337 88.036 55.898 27.317 ~66.806 =-31.057 7.985
900 46.092 90.705 57.757 29.653 -65.860 ~28.980 7.037
903.9 45.995 50.904 57.900 29.833 ~65.791 -28.820 6.968
903.9 5,995 90,904 57.900 29.833 -75.291 -28.820 6.968
950 44,845 93,165 59.558 31,927 ~74.,500 -26.465 6.088
1000 13,599 95.433 61.295 34,138 ~73.704 -23.972 5.239
1050 42,352 97.529 62.970 36.287 -72.975 -21.491 4,473

Phase changes:

Heat capacity (cal/mol-K)

823 K, melting point of Sb,S,;
903.9 K, melting point of Sb;

AH® = 9,714 kcal/mol.
AH®

4.750 Keal/mol.

and enthalpy (kcal/mol) equations:

298.15-823 K:

823-1050 K:

Cpe®
He~ HZq4
Cpe
He- "Hi o4

Reaction equations (kecal/mol):

298.15-823 K:
823-903.9 K:

903.9-1050 K:

AHpe
AGre
AHp e
AGre
AHr?®
AGre

Sources: Enthalpy of
temperature

~-80.906 +
~80.906 -
95,218 +
-95.218 -

25.971 + 9.160x107%T - 0,046x10°T"2

25.971x107°T + 4.580x107°T2 + Q.0U6X102T"! -~ 8,166
69.133 - 25.366x107T .- 1,662x10°T"2

69.133x107°T - 12,683x107°T? + 1.662x10*T"! - 22,478

3.280x107°T + 1.756x107°T* ~ 54.650T"!
3.280x107*T1nT - 1.756x107T? - 27.3257" + B2, 690x10'5T
46.443x107T - 15.507x107°T? + 106.950T !

46.443x1073TInT + 15,507x10%ST2 + 53, 475T7' + 375.U498x107°T

~102.225 + 41.619%x1073T - 13.163x107°T? + 63.750T"!

-102.225 - 41.619x107%T1nT + 13.163x107°T2 + 31,8757 ! + 352.560x107°T

formation at 298 K and high-temperature data from Johnson (56},
heat capacities and entropy at 298 from King (£8).

Low-



336 Sb

szss(g) .
Diantimony Trisulfide {(ideal gas)
[Formation:  2Sb(e) + 35(e¢,l) = 3b,5,(g)]

cal/mol K keal/mol )
T,K . - Log Kf
Cp?® So ~(Go~ HS44)/T Ho=~ HE,4 AHf® AGFe
298,15% 23.789 - 97.921 97.921 0 '28.600 12.745 -9.342
300 23,81 98,068 97.921 L0l 28,592 . 12,649 -9,215
368.3 24,362 103.021 98.422 1.694 28,257 9.053 ~-5.372
368.3 24,362 103.021 " 98.422 1.694 ‘27.969 9.053 -5.372
388.36 - 24.524 104,317 98.694 2.184 27.855 - 8.027 4,517
388.36 . 24,524 104.317 98.694 2.184 26.616 8.027 -4.517
400 24,618 105,043 98.868 2.470 26,494 7.472 -4.082
432,02 24,750 106,544 © 99,397 - 3.260 26,097 5.962 ~3.016
500 - 25,030 110.585 100.675 4,955 24,914 2.897 ~1.266
600 25.265 1s.17 102,719 T.471 23.579 -1.384 . 504
700 ©25.412 "119.077 104.784 10.005 22.395 -5,443 1.699
717.824 25.429 119.716. 105.147 10.458 22.197 -6.148 1.872

*Data except enthalpy of formation at 298 X estimated.’

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of $; AH® = 0.096 keal/mol.
388.36 K, melting polnt of S; AH® = 0.413 kecal/mol. )
432.02 X, second order transformatlion of S; AH® = 0 kcal/mol.
717.824 K, bolling point of $ to equilibrium mlxture of Sn {n=1toc 8).

Heat oapaeity (cal/mol K) and enthalpy (kcal/mol) eqpations.

" 298.15-3000 K: Cp°® = 25.725 + 0.050X107°T - 1,734x10°T 2
He- Hg,, = 25.725x10°T + 0.025x1075T? + 1.73Ux102T"! - 8,254

Formatlion equations (keal/mol):

298.15-368.3 K: AHf? = 31.863 - 8.973x107°T + 2,832x107%T2 ~ 250,200T"? )

AGF° = 31.863 + B8.973x107*TInT. - 2.832x107%T? = 125.100T ! - 112, 994x10”T
368.3-388.36 K: AHf® = 28.517 - 2.184x107%T -~ 2.406x107°T2 + 216,600T"?

AGF® = 28.517 + 2.184x1073T1nT + 2.406x107¢T2 + 108. 300T I~ 87, UH5x10—’T
388.36-432.02 K: ARf® = ~19.958 + 132.036x107°T - 132.252x107°T? + 5923.200T!

AGf® = -19.958 - 132.036x107*T1lnT + 132.252x107°¢T? + 2661.600T""% + 788.2H0x10"5T
432,02~-717.824 K: ARfe = -48.394 + 120.318x107°T - 72.816x107%T* + 15602.700T"!

AGf° = ~148.394 120,318x1073TInT + 72.816x107%T% '+ 78071.350T7" + 782. 697x107°T



Sb 337
Sb,S,(g)
Diantimony Trisulfide (ideal gas)
[Reagtion:  28b{e¢,1) + 1.58,(g) = Sb,5,{(g)]
cal/mol XK kcal/mol
T,K Log Kr
' Cp® so -{G°~ H2,,)/T HO- H%,, AHre ¢+ AGro
298.15% 23.789 97.921 97.921 0 -17.465 ~-15.7%6 11.579
300 23.8M11 58.068 97.%21 L0by .o-17.64 -15.783 11.498
400 24,618 105.043 98.868 2,470 ~17.459 ~15.225 §.319
500 25.030 110.585 100.675 4,855 -17.L468 ~14.663 6.409
600 25.265 115.171 102.719 T.471 -17.504 -14.107 5.138
_ 700 25.12 119.077 104,784 10.005 -17.580 ~13.529 4,224
800 25.508 122,477 106.788 12.551 -17.713 -12.950 3.538
500 25.575 125,486 108.702 15.106 -17.917 -12.340 2.997
903.9 25.577 125.597 108.774 15.206 =17.927 -12.316 2.978
903.9 25.577 125.597 108.77k ~15.206 ~27.427 ~12.316 2.978
1000 25.623 128,183 110.517 17.666 ~-27.686 -10,7C4 2.339
1100 25.659 130.627 112.236 20,230 ~27.965 ~8.981 1.784
1200 25.687 132.861 113.863 22.797 ~28.251 -7.249 1.320
1300 25.708 134,918 115.405 25.367 ~-28.544 -5.488 .923
1400 25.726 136.824 116.868 27.939 -28.848 ~3.69 .576
1500 25.739 138.599 118.258 30.512 ~-29.161 -1.876 273
1600 25.751 140.261 119.582 33.087 ~-29.482 ~-.060 .008
1700 25.760 141,822 120. 844 35.662 -29.816 1.773 -,228
1800 25.768 143.295 122.051 38,239 #30.155 3.647 -.443
1860 25.772 144,140 122,750 39.785 ~30.363 . 4.792 ~.563

*Data except enthalpy of formation at 298 K estimated,

Phase changes: 903.9 K, melting point of Sb; AH® = 4,750 keal/mol.

1860 K, bolling point of Sb to equilibrium mixture of Sb{g), Sb,{g), and Sb.(g).

Heat capacity (cal/mol-+X) and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp® = 25.725 + 0.050x107T - 1.73Lx105T 2
: H°- HZ, = 25.725x107%T + 0.025x107¢T2 + 1.73L4x102T"! - 8,254

Reaction equations (kecal/mol}:

298.15-903.9 K: AHr® ~18.504 + 3,034x107°T - 2,799x107¢T2 + 114,150T"!

AGre = -18,504 3.034x1073TInT + 2.799x107°T? + 57.075T" ' + 24.895x107°T
903.9-1860 K: AHre —-25.511 1.790x1073T ~ 0,455x107°%T2 + 70,950T"!

AGre = ~25.511 1.790x107%T1nT + 0.455x%1078T2 + 35,L475T7% + 1,956x107°T

nn
11

+

Source: Data based on Prusaczyk (101) who estimated molecular constants.



338 Sh

Sb,3.(g)
Diantimony Tetrasulfide (ideal gas)
{Formation: 2Sb(c) + 45(c,l) = Sb,S5,(g)]

cal/mol-K kecal/mol
T,K - ’ Log Kf
Cpe Se ~-{G®~ H$,4)/T H°- H3,, AHf AGfo

298.15% 29.1328 103.282 103.282 0 22.400 7.231 =-5.300
300 29.354 103. 464 103.284 .054 22.392 7.139 =5.20
368.3 30.025 109.569 103.899 2.088 22.058 3.699 -2.195"
368.3 30.025 109.569 103.899 2.088 21.674 3.699 ~2.195
388.36 30.223 111.167 104,234 2.693 21.555 2,726 -1,534
388.36 30.223 111.167 104,234 2.693 19.903 2.726 -1.534
400 30.337 112.061 104,448 - 3.045 19.759 2.213 -1.209
432.02 30.496 114,403 105.101 4.019 19.283 .824 -7
500 30.835 118,889 106.677 6.106 17.818 -1,952 .853
600 31.117 124,538 109.196 ) 9.205 16.209 -5.757 - 2.097
700 31.292 129,349 111,740 12.326 14.812 =-9.299 2.903
717.824 31.313 130.136 112.187 12.884 14.582 -9.908 3.017

%¥Data except enthalpy of formatlion at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - moncclinic transition peint of S; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol. .
432.02 K, second order transformation of S; AH® = O kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of S, {n=11%08).

Heat capaclity (cal/mol-K) and enthalpy {(kecal/mol) equations:

298.15-3000" K: Cp® = 31.676 + 0.056x107°T - 2.102x10°T"2
Ho~ Hg,, = 31.676x107°T + 0.028x107°T2 + 2.102x102T"* - 10,152

Formation eguations (keal/mol):
298.15~368.3 K: AHf® = 26,571

11.196x107°T + 4.552x1075T2 - 369,000T"*

AGE® = 26,571 + 11.196x107°T1nT ~ 4.552x107°T* - '184,500T"! -~ 125.225x107°T
368.3-388.36 K: AHP® = 22,111 - 2,144x107°T ~ 2,432x107°T% + 253.400T""! .
AGFe = 22,111 + 2.14Ux1073T1nT + 2.432x1075T2 + 126.700T™}! ~ 64.494x107°T
388.36-432.02 K: AHf® = ~}2,523 + 176.816x107%T ~ 175.560x107°T% + 7862.200T"!
AGfe = ~42.523 ~ 176.816x107*TinT + 175.560x107°T2 + 3931.100T"% + 1076.420x107°T
432,02-717.824 K: AHf° = ~80.437 + 161.192x107°T - 96.312x107¢T? + 20768.200T ! ’ '
Exl

AGfe = -80.437 161.192x107°T1nT + 96.312x107°T2 + 10384.100T"" + 1069.030x107°T



§b,5,(8)
Diantimony Tetrasulfide (ldeal gas)

Sb 339

[Reacticn: 25h(e,1) + 25,(8) = Sb,S,(g)]
cal/mcl K keal/mol
T,K. Log Kr
Cp® Se ={Ge= HZ4,)/T He= H%,4 AHre AGr® -
298.15% 29.328 103,282 103,282 0 . ~39,020 ~30.824 22,594
300 29.354 103,464 103,284 L0854 ~39.016 -30.770 22,416
400 30.337 112.061 104,448 3.045 -38.845 ~28.049 15.325
500 . 30.835 118.889 106,677 6.106 ~38.692 -25,365 11.087
600 - 31.117 124,538 109.196 9.205 ¥38.569 ~22.721 8,276
700 31.292 129.349 T11.740 . 12.326 -38.488 -20.080 6.269
800 31.408 133.536 114,210 15.461 -38.467 -17.461 4.770
900 31.488 137.240 116.567 18.606 -38,522 -14,.830 3.601
903.9 31.490 137.376 116.656 18.729 -38.526 ~-14,.728 3.561
903.9 31.490 137.376. 116.656 18.729 -48.026 ~-14.728 3.561
1000 31,645 140.561 118,803 21.758 ~48,142 -11,.189 2.445
1100 31.588 143,569, 120.919 24,915 ~48.275 ~7.:475 1.485
1200 . 31.621 146.319 - 122.923 28.075 ~46.119 ~3.766 .686
1300 31.6U46 148,851 124,821 31.239 -48.573 ~-.0u0 ) .007
1400 31.667 151,197 126.622 34,405 -48, 741 3.713 ~-.580
1500 31.683 153.383 128,335 37.572 -48,922 T.470 -1.088
1600 31.697 155,428 129.965 ho, 7ut ~49,115 11.224 -1.533
1700 31,708 157,350 131,520 43,911 ~49,323 14,985 ~1.926
1800 31.717 159.163 133.006 47.083 ~49.539 18,780 -2.280
1860 31.722 160.203 133.866 48,966 -49.676 . 21.074 -2.476

*Data except enthalpy of formation at 298 X estimated.

Phase changes: 903.9 K, melting polnt of Sb;
1860 X, bolling point of Sb to equilibrium mixture of 3b{g),

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-3000 K:

Reaction equations (keal/mol):

298.15-903.9 K: AHr®
AGre
903.9-1860 K: AHr®
AGre

~40,584
-40.584
-47.591
~47.591

+0 1+

Cpe = 31.676 + 0.056x107T ~ 2.102x7057T7%
Ho- H%4, = 31.676x107°T + 0.028x107%T* + 2.102x10%T"! - 10.152

AH® = 4,750 kcal/mol.

4.814x107°T - 2,956x107°T% + 116,800T™!

4.814x107°T1nT + 2,956x107°T2 + 58.400T"' + 58,627x1077T

0.010x107°T -~ 0.612x107%T? + 73.600T"!

0.010x7073T1nT + 0.612x107°T% + 36.800T ! + 35.688x107°T

Source: Data based on Prusaczyk (101) who estimated molecular constants.

’snz(é). and Sbhfg).’



340 Sb

Sbasa(g)
Triantimony Disulfide (ideal gas)}
[Formation:  3Sb(e) + 25(e¢,1) = Sb,S,{(g)]

cal/mol X kcal/mol
T,K Log Kf
Cp® 8¢ -{Ge- HZ,,)/T He- Hg,, AHf® AGE®
298 ,15% 23.461 97.101 97.101 0 37.600 22.949 -16.822
300 23,486 97.246 97.103 .043 37.590 22.861 ~-16.654
368.3 24,131 102.143 97.594 1.675 37.205 19.549 -11.600
368.3 24.131 102.143 97.594 1.675 37.013 19.549 -11.600
388.36 2,320 103,428 97.863 2.161 36.890 18.602 -10.468
388.136 24.320 103.428 97.863 2.161 36.064 18.602 ~10.468
400 24,430 104,148 . 98.035 2.445 35.956 18.080 -9.878
432.02 24,583 106.035 98.559 3.230 35.617 16.661 ~-8.428
500 24.908 109,657 93,829 4,914 34.670 13.759 ~6.014
600 25.180 114,224 101.857 7.420 33.542 9.674 -3.524
700 25.349 118.119 103.909 9,947 32.492 5.789 -1.807
717.824 25.369 118.756 104,270 10,399 32.310 5.113 =-1.557

*Data except enthalpy of formation at 238 K estimated.

Phase changes: 368.3 X, orthorhomble - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kecal/mol.
4§32.02 K, second order transformation of S; AH° = 0 keal/mol.
717.824 X, boiling point of § toc equilibrium mixture cf Sn {(n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp® = 25,718 + 0.054x107T - 2.021x105T"2
Ho- HS,q = 25.718x107°T + 0,027x107°T2 + 2.021x102T"! - B8.348

Formation eguations (keal/mol):

298.15-368.3 K: AHf® = 39.5t1 -~ 5.894x107°T - 0.055x107°T2 - 4k _300T"!

AGP® = 39.511 + 5.894x1073T1nT + 0.055x107%T* - 22.150T"! ~ 88.897x107°T
368.3~-388.36 K: ARf® = 37.281 - 1.368x107°T - 3.547x1075T? + 266.900T"}

AGF® = 37.281 + 1.36B8x107°TinT + 3.547x107°T% + 133,450T"' - 58.531x107°T
388,36-432.02 K: AHf® = 4,964 + B88.112x107°T - 90.111x107°T? + 4071,300T "

AGF® = U,964 ~ BB.112x1073TInT + 90.111x1078T2 + 2035.650T"! + 511.926x1073T
432.02-717.824 K: AHf°® = -13.993 + 80.300x107*T ~ 50.487x107°T% + 10524.300T"!

AGE® = =13.993 - 80.300x107T1nT + 50.487x107°T? + 5262.150T"! + 508.231x107°T



Sr 3W

Sb,5,(g) ‘
Triantimony Disulfide (ideal gasg)
[Reaction:  38b{e,1) + 3,(g) = 8b,8,(g)]

cal/mol+K keal/mol
T,K Log Kr
Cp® 3° -{Go= H9,¢)/T H°- H%,, AHre AGre®
298.15% 23.461 §7.101 97.10M 0 6.8590 3.922 -2.875
300 23.486 97.246 97.103 .043 6.886 3.907 ~-2.846
400 24.430 104.148 98.035 2.445 6.654 2.949 -1.611
500 24,908 109.657 99.829 4.914 6.115 2.052 -.897
600 25.180 114,224 101.857 7.420 6.153 1.192 -, k434
700 25.349 118.119 103.909 9.947 5.8u42 .399 ~-.125
800 25.460 121,512 105.902 12,488- 5,454 ~-.366 100
300 25.537 124.515 107.806 15,038 4,964 ~1,060 . 257
903.9 25.539 124.625 107.878 15.138 4,942 ~-1.085 262
903.9 25.536% 124,625 107.878 15.138 ~-9.308 -1.085 .262
1000 25.593 127.209 109.614 17.59% -9.863 -.195% L0U3
1100 25.634 129.650 111.326 20.156 -10. b4yt 817 ‘ -.162
1200 25,666 131.882 112.948 22.721 -11,034 1,858 -.338
1300 25.680 133.937 114,484 25.289 ~-11.625 2.955 ~. 497
1400 25.710 135.842 115.943 27.859 ~12.222 L.116 ~.643
1500 25.726 137.616 117.329 30.431 -12.824 5.315 -. 774
1600 25.739 139.277 118.649 33.004 ~13.432 6.525 -.891
1700 25.749 140,838 119.910 35.578 -14,047 7.766 -.998
1800 25,758 142,310 121.113 38.154 ~-14,665 9.075 =1.102
1860 25.763 143,155 121.811 39.699 -15.039 9.895 ~-1.163

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 903.9 K, melting point of 8b; AH® = 4,750 keal/mol,
1860 K, boiling point of Sb to equilivrium mixture of Sb(g), Sb,(g), and Sb,(g).
Heat capacity (cal/mol:K) and enthalpy {kcal/mol) equations:

298.15-3000 K: Cpe 25.718 + 0,064x107°T ~ 2,021x10°T"™%
He~ HSge = 25.718x1073T + 0.027x1075T2 + 2.021x10%T™F - 8.348

]

Reaction equaticns {kcal/mol):
298.15-903.9 K: AHr® = 5.933 + 2.111x7073T - 3.809x107%T2 + 198.600T"!

AGre = 5.933 -~ 2.111x107*TInT + 3.809x1078T* + 99.300T"! + 3.029x107°T
903.9-1860C K: AHre = ~4.577 - 5.125x107%T - 0.293x107%T2 + 133.800T"?
AGre = -4.577 + 5.125x107°T1nT + 0.293x107°T% + 66.900T" % ~ 31.378x1077T

Source: Data based on Prusaczyk (101) who estimated molecular constants.



342 Sb

5b,5,(g)
Tetraantimony Trisulfide {ideal gas)
[Formation: Lsb(e) + 35(e,1) = Sb,S,(g)]

cal/mol K " keal/mol
T,K - - Log Kf
cpe 50 ~(Go~ Hy,¢)/T  Ho- Hg,, AHE® AGPe
298.15% 35.273 115.465 115.465 g 37.600 .23.002 #416.861
300 35,301 115.683 115.466 .065 37.591 22,916 -16,694
368.3 36,001 123,012 116,206 2.507 37.215 . 19.613 -11.638
368.3 36.001 123.012 116,206 2.507 36.927 19.613 -11.638
388.36 326.207 124,927 116.608 3.231 36.800 18.676 ~10.510
388,36 36.207 124,927 116.608 3.231 35.561 18.676 =10.510
koo 36.326 125,998 116.866 3.653 35,431 18.171 -9.928
432,02 36.486 128.802 117.648 4,819 35.01 16.803 ~-8.,500
500 36.826 134,164 119.536 T.314 33,773 14,046 -6.140
600 37.104 140,905 122.553 11.011 32.339 10.224 _-3.72H
700 37.275 146.638 125.594 14.731 31.023 6.656 ~-2.078
717.824 37.295 147.57% 126.128 15.395 30.796 'GTOHO -1.839

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombie - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol.
432.02 K, second order transformation of S; AH® =190 kcal/mol
717.824 K, bolling point of S to equilibrium mixture of S, (n=1to 8).

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp® = 37.689 + 0.032x107°T - 2.156x105T 2
Ho- Hg,o = 37.689x107°T + 0.016x1075T? + 2.156x10%T - 11,962

Formation equations (kecal/mol):

7,185x1073T + 0.479x1075T2 - 164,B00T "}

-40.004 + 122,106x107°T - 75.169x107°T* + 15688,100T""
~40,004 - 122, 106x107*T1nT + 75.169x107°T® + 7844, OSOTm + 797. 966x10 3T

432,02-717.824% K: AHfP®
AGE®

298.15-368.3 K: AHP® = 40,252 -

AGP® = 40.252 + T.185x1072T1nT - 0.L79x107¢T2 - 82,400T" ! - 97, 726x10'3T
368.3-388.36 K: AHF® = 36.907 - 0.396x%107%T - 4.759x1078T? #+ 302.000T"¢ '

AGF® = 36.907 + 0.396x107*T1nT + 4.759%x107¢T2 + 151.000T"! - 52. 177x10"T
388.36-432.02 K:  AHF® = -11.568 + 133.824x107°T - 134.605x107€T? + 6008.600T7 !}

AGF® = =11.568 - 133.824x107*TlnT + 134.605x107%T2 + 3004.300T"! + 803.508x107°T



. Sb,S,(g)
Tetraantimony Trisulflde {ideal gas)

Sb 343

[Reactlion:  4Sb(ec,l} + 1.58,{g) = Sb,S,(g)]

- cal/mol-K kcal/mol
T, - : Log Kr

Cpe 8e ~(G°~ H24,)/T He- Hg,, AHpe AGre

:298.15* 35.273 115.465 115.465 0 ~8.165 -5.539 4,060
- 300 35.301 115.683 115,466 .065 ~8.465 ~5.516 4.018
400 36.326 125.998 116.866 3.653 -8.522 -k .526 2.473
500 36.826 134,164 119.536 T.314 ~-8.610 =3.513 1.536
~ 600 37.104 140.905 122.553 11.011 ~-8. 744 -2.499 .910
700 37.275 146,638 125.594 14,731 -8.952 -1.329 Luug
800 37.386 151.623 128.543 18,464 . ~-9.270 ~-.351 .096
900 37.463 156.032 131.358 22.207 ~9.727 .795 ~.193
903.9 . 37.465 156.194 131.464 22.353 -9.748 .842 ~-.204
903.9 37.465 156.194 131.46Y4 22.353 ~28.748 .8u2 -.204
1000 37.519 159,982 134,026 25,956 ~29,304 4,000 -.874
1100 . 37.560 163.560 136.551 29.710 ~29.893 7.381 ~1.466
1200 " 37.591 166.829 138.939 33.468 ~30.488 10.785 ~-1.964
1300 37.615 169.839 141,202 37.228 '~31.091 14,245 ~-2.395
1400 37.635 172.628 143.349 40.9M ~31.703 17.780 =2.77%
1500 37.650 175.225 145,388 Ly 755 ~32.326 21.350 =3.111
1600 37.663 177.655 147,329 L8.521 ~-32.,956 24,924 ~-3.404
1700 37.674 179.939 149,181 5e.288 ~33.598 28,528 -3.668
1800 37.683 182,092 150,950 56.056 ~34,246 32,213 -3.911
1860 37.687 183.328 151,975 58.316 ~34,640 34,463 ~-4,049

%¥Data except enthalpy of formatlon at 298 K estimated.

Phase change.s :

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

903.9 K, melting point of Sb; :
1860 K, boiling point of Sb to equilibrium mixture of Sb(g), Sb,(g), and Sb, (g)

AHe = 4,790 keal/mol.

298.15-3000 K:

Reaction equations (kcal/mol):

298.15-903.9

903.9-1860 K:

Cp® = 37.689 + 0.032x107T - 2,156x10%T"2
He~ HS,4 = 37.689x107°T + 0.016x107%T2 + 2,.156x%102T"!

K: AHr® = -10.114 + 4.823x107°T - 5.152x107°T2 + 199.550T !

AGr® = =10.114 ~ 4,823x107°T1nT + 5.152x107°T2% + 99.775T"% + 40.163x107°T

AHre = ~24,128 - 4,825x107*T - O,46U4x107°T2 + 113,150T !

AGre

Source: Data based on Prusaczyk (101) who estimated molecular constants.

- 11.962

~24,128 + U_B25x107°TinT + O.464x1Q7ET2 + 56,575T ! - 5,714x107°T



34 Se

ScS(g)
Scandlum Monosulfide (ideal gas)
[Formation: Sc{ec) + 8(¢,1) = SeS(g)]

cal/mol«K kecal/mol
T,K : - Log Kf
Cp® So =~{G°= HZ,4,)/T He= HSg44 AHf®" AGEe
298,15% 8.010 - 56,540 56.540 0 43.300 31.195 -22.867
300 . 8.020. 56.590 56.540 .015 43,294 31.12¢ -22.672
368.3 8.273 58,262 56,704 BT 43,046 . 28,376 ~16.838
368.3 8.273 58.262 56.70L: 574 42.950 28.376 -16.838
388.36 8.347 58.703 56.796 L Ta1 42.873 27.585 ~15.523
388.36 8.347 58.703 56.796 JTér 42.460 27.585 ~15.523%"
400 - 8,390 58.950 56.855. - .838 H2.396I - 27,140 ~-14,828"
432,02 8,44y 59,598 . 57.035 1.108 h2,201 25,925 .- ~13.115
500 * 8.560 60.850 57,476 1.687 41.673 23.407 - #10.2
600 8.660 62.420 58.173 . 2.548 11,028 19.813. - -T.217
700 8.720 63.760 58.879 3.417 40,43 16.327 -5.098
717.824 8.727 63.979 59,002 3.572 40,329 15.715 . -4.785

*Data except enthalpy of formation at 298 XK eatimated.

Phase changes: 368.3 K, orthorhomdbic - monoclinic transition polnt of S; AH® = 0.096 kcal/mol.
388,36 K, melting point of S; AH® = 0.413 kecal/mol. ) ’ o
432.02 K, second order transformation of S; AH® = 0 kcal/mol N
717.824 K, boiling point of S to equilibrium mixture of S, (n=1 to 8),

Heat capacity (cal/mel-K) and enthalpy (keal/mol) equations:

298.15¢2000 K:  Cp°® = 8.828 + 0,060x10™3T ~ 0,740x103T"2
He- Hg,, = 8.828x107T + 0.030x10"ST% + 0,TH0x102T™! - 2.883

Formation equations (kcal/mol):'

4,230x107°T + Q.U408x107°T> ~- 44,5007 !

298.15-368.3 K: AHf® = HU,674 -

AGF® = 44,674 + 4,230x107°T1nT - 0.408x1078T2 - 22,2507 ! - 68.937x107%T
368.3-388.36 K: AHf® = 43.559 - 1.967x1073T ~ 1.,338x107%T2 + 111.100T"! h

AGF® = 43,559 + 1,967x107°T1lnT + 1.338x107°T2 + 55.550T" % - 53,754x107°T
388.36-432.02 K: AHf® = 27,401 + 42.773x107°T - L4,620x107°T% + 2013,300T"!

AGE® = 27.401 ~ H2.773x107°T1nT + UU,620x107°T2 + 1006.650T ! + 231 4T4x1073T
432,02-717.824 K: AHf° = 17.922 + 3B.867x1073T - 24.808x107%T2? + 5239.8007""

AGf? = 17.922 38.867x1073T1nT + 24. 30§x10"5T2 + 2619.900T"! + 229.627x107°T



Ses(g):
Scandium ‘Monosulfide (ideal gas)

S¢ 345

(Reaction: Sec(e,l) + 0.58,(g) = Sc3(g)]
cal/mol-K keal/mol
T,K. - Log Kr
Cpe - 5S¢ ~(Go Hg,.,)/T H°~ Hi,, AHpe AGre

298.15% 8.010 56.540 56.540 0 27.945 21.682 -15.893
300 8.020 56.590 56.540 .015 27.942 21,64y - -15.768
Loo 8.390 58.950 56,855 .838 27.745 19,574 - ~10.695
500 8.560 60.850 57.476 1.687 27.545 17.553 ~7.672
600 " 8.660 62,420 58.173 2.548 27.333 15.572. ~5.672
700 8.720 63.760 58.879 3417 27.106 13.632 -4, 256
800 8.760 §4.920 59.556 y.291 26.859 11.734 -3,206
900 8.790 65.960 60.217 5,169 26.589 9.8 -2,390
1000 8.810 66,890 60.841 6.049 26.293 7.992 -1.747
1100 8.830 57.730 61.429 6.931 25.967 . 6,184 -1.229
1200 8.850 68.500 61.987 . 7.815 25.610 4. 427 -.806
1300 8.860 69.200 £2.507 8.701 25.220 2.666 o -.Lk48
1400 - B.870 69.860 63.011 - '3.588 24,791 1936 -, 146
1500 8.880 70.470 63,486 10,476 24,323 -.743 .108
1600 8.890 71.050 63,947 11.365 23,812 ~2.412 .329
1608 8.891 71.094 63.982 11.436 23.770 . -2.536 .345
1608 8.891 71.094 63.982 11.436 22.812 - -2.536 .345
1700 8.900 71.590 64.381 12.255 22,227 -3.980 512
1800 8.910 72.100 64,797 13.146 21.588 -5.511 .669
1812 8.91 72.159 64.845 13,253 21.512 -5.691 686 -
1812 8,911 72.159 - 64,845 13.253 18,143 -5.691 " .686
1900 8.920 72.580 65.192 14.037 17.578 -5.834 .786
2000 8.930 73.040 65.575 14.930 16.935 -8.111 .886

*¥Data except enthalpy of formatlen at 298 K estimated.

Phase changes:

1608 X, a - # transifion point of Sc;
1812 K, melting point of Se;  AH®

AR® = 0 958 kcal/mol

3.369 kcal/mol.

Heat capacity (cal/mol K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He- Hgga

Reactlon equations (kcal/mol):

298.15-1608 K:

1608-1812 K:

1812-2000 K:

AHre
AGre®
AHr®
AGre
AHre®
AGre

WU kK oa N

27.

27

32.
32.

29

29,

885
.885
631
631
.262
262

VWAoo

+ 1+ 1 + )

Source: Data from Mills (80) who

estimated all except enthalpy

8.828 + 0.060x107*T ~ 0.T4OX103T 2
8.828x107%T + 0.030x107°%T% + O. THOX102T"} = 2, 883

L227x1073T - 1.469x1075T* + 76,
L227x1073T1InT + 1.469x107°T2 +
L913x1073T - §.,130x1076T* + 39,
.913%x107°TInT + 0.130%x107%T2 +
L913x107°T - 0.130x107°T% + 39,
L.913x107°T1InT + 0.130x107%T2 +

950T"!

38.U75T! - 22.974x107°T

8507 !

19.925T7% ~ 65.743x107°T

8507 !

19.925T7! ~ 63.884x107°T

of formatlon at 298 K.



36 S8i

3is(e)

Silicon Monosulfide

[Formation: Si(e) + S(e,1) = Sis{e)]
cal/mol ‘K keal/meol
T,K Log Kf
Cp® ‘ge ~(G°~ H3,,)/T Ho- HZ,, BHf® AGFo
298,15+% 10.750 15,060 15.060 o ~40,100 ~41, 264 30,247
300 10. 760 15.120 15. 060 .020 -40,399 -41,268 30.063
368.3 11.006 17.357 15,295 . 759 ~10.1385 ~U1,476 24,612
368.3 11.006 17.357 15.295 .759 ~40.481 -41,476 24,612
388.36 11.078 17.942 15.417 .981 ~40.483 -41,529 23.370
188.36 11.078 17.942. - 15,417 .981 - -40. 896 41,529 23,370
100 11.120 18.270 15.495 1.110 ~40,916 ~41,548 22,701
432.02 11.235 19,131 15.733 1.468 -40.992 -41,597 21.043
500 11. 480 20.790 16.310 2,280 -41,269 ~41.,666 18.212
600 11.840 22.910 17.227 3.410 -41.528 -41.713 15.134
700 12.200 24,770 18.184 4.610 -41.719 ~41.736 13.030
717.824 12.264 25.077 18.352 1,828 ~41,745 -41.735 12.707

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

432.02 K, second order transformation of S;

Heat capacity (cal/mol-X) and enthalpy (keal/mol) equations:

298.15-1363 K:

Cp°

He- Hfge

9.665 + 3.614x107°T + 0.006x10%T~2
9.665x107°T + I.BOTXIO”‘TZ‘f 0.006x103T"! ~ 3.0L0

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHE®
AGPe
AHf®
AGE®
AHE®
AGFe
AHE®
AGE®

i 4 0 0 u n

-38.579
~38.579
-39.694
=39.694
-55.853

~55.853

~65.331
-65.331

4.188x107%T + 3.173x1078T% - 254.700T"!
4.188x107*T1nT - 3.173x107°T% - 127.350T"" -~ 30.489x107°T

368.3 K, orthorhombic - moncelinic transition polint of 3;
' 388.36 K, melting point of S; AH® = 0.413 kcal/mol.
= 0 kecal/mol.

717.824 K, bolling point of 8 tc equilibrium mixture of Sn (n=1 to 8).

1.925x107°T + 1.L27x107°%T2 - 99.100T"!

1.925%107°T1InT ~ 1.427x107¢T? - 49.550T ' - 15,306x107°T
42.815x107*T ~ U1,855x107°T? + 1B03.100T"!

AH® = 0.096 kcal/mol.

42,815x1073T1nT + 41.855x1078T2 + 901.550T"! + 269,922x107°T

38.909x107*T ~ 22.043x107°T? + 5029.600T"!

38.909x107*T1nT + 22.043x107°T? + 2514.800T7"! + 268.075x107°T



5i5(e,1)

Silicon Monosulfide

Si 347

[Reactlion: S1{e) + 0.55,(g) = Sis(e,1)]
cal/mol -K keal/mol
T,K - Log Kr
: Cpe 8o ~(Go~ Hg44)/T Ho- Hg,, AHro AGre
298.15* 10.750 15.060 15.060 0 ~55.755 ~50.778 37.221
300 10.760 15.120 15.060 .020 =55.751 ~50.T45 36.967
400 11.120 18.270 15,495 1.110 =55.567 ~49,114 26,834
500 11.480 20.790 16.310 2.2h0 -55.396 -47.519 20.770
600 11.840 22.910 17.227 3.110 -55.223 ~45.954 16.738
700 12.200 25,770 18,184 4,610 -55., 044 ~44 . 431 13.872
800 12.560 26,420 19,108 5,850 ~54, 845 ~42,922 11.726
900 12,920 27.920 20.009 7.120 ~54.635 ~41. 449 10.065
1000 13.280 29.300 20.870 8.430 ~54.396 439.988 8.739
1100 13.630 30.580 21.689 9.780 ~54.131 -38.560 7.661
1200 13.990 31.780 22,480 11.160 -53.846 -37.157 6.767
1300 14,350 32,920 23.243 12.580 ~53.530 ~35.784 6.016
1363 14,580 33.600 23.704 13.490 -53.322 -3k4.922 5.599
1363 16.000 39.040 23.704 20.900 ~45.912 -34.922 5.599
1400 16.000 39.460 24.110 21.490 -45.736 -34.618 5.404
1500 16.000 40.570 25.177 23.090 ~45,261 ~33.861 4,934
1600 16.00C 41,600 26,169 24,690 -4, 794 ~33.114 4,523

*Data except enthalpy of formation at 298 K estimated.

Phase change: 1363 K, melting point of S18;- AH® = 7.41 kecal/mol.

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1363 K:

1363-1600 K:

Cp®
He- HZqe
Cp®
Ae~ Hg s

Reaction equations (keal/mol):

298.15-1363 K:

1363-1600 K:

Source: Data from Gurvich (49) who estimated all except enthalpy of formation at 298 K.

AHr®
AGre
. AHre
" AGre

oW odw

~55.368
~55. 368
~53.236
~53.236

T+ + )

9.665 + 3.614x107°T + 0.006x10°T"?

9.665x107%T + 1.807x107¢T% - 0.006x102T™* - 3,040
16.000 ' ‘
16.000x107°T - 0.908

0.185x107°T + 1,296x107°T? - 133,250T"!

0.185x1073TInT ~ 1.296x107¢T* ~ 66,6257 + 15.474x107*T

6.150x107%*T - 0.511x107¢T? - 132.650T"!

6.150x1073T1nT + 0.511x107°%T% ~ 66.325T ! + 57.169x107°T



348 st

Sis(g)
Silicon Monosulfide (ideal gas)
[Formation: Si(e) + S(c,l) = SiS(g)]

cal/mol <K kecal/mol

T,K - " Log Kf

- Cp® so ~(G°~ H84,)/T Ho- HE,, AHF® AGF®

298.15 7.728 53.462 53.462 0 ’ 25.320 " 13.006 -9.534
300 7.736 53.510 . 53,463 .04 25.315 12.930 -3.419
368.3 7.995 55.126 53.625 .553 25.128 10.127 -6.009
368,13 7.995 55,126 53,625 553 25,032 10.127 -6.009
388,136 8,071 55.552 53.714 AR 24,970 9.317 -5.243
388.136 8.071 55.552 53.714 LT1H 24,557 9.317 ~5,243
400 8.115 55.791 53,771 .808 24.502 8.861 al, 841
432,02 8.195 56.419 53.944 1.069 24.329 7.615 ~3.852
500 8.364 57.631 54,365 1.633 23.84y 5.027 -2.197
600 8.528 5%.171 55. 041 2.478 23.260 1.319 -, 1480
700 8.639 60.495 55.728 3.337 22.728 -2.296 L7
717.824 8.653 60.712 55,846 ©3.u91 22.638 -2.932 .893

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH° = 0.413 kecal/mol.
432.02 K, second order tranaformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (eal/mol-K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cpe = 8,589 + 0.274x107°T - 0.838x1057"2 _
He- Hg,e = 8.589%107°T + 0.137x107°T2 + 0,838x102T"! - 2.854

Formation equations (kcal/mol):
298.15-368.3 K: AHf® = 27,327

5.264x107°T + 1.503x107*T* - 170.300T"}

AGES = 27.327 + 5.264x107°T1InT - 1.503x107°T? = 85.150T % = 76.619x107°T
368.3-388,36 K: AHf® = 26.212 - 3.001x107°T - 0.243x107%T% - 14,700T"*
: AGF® = 26,212 + 3,001x107°TInT + 0.243x707%T? - 7.350T"! - 61.436x107°T
388.36-432.02 K:  AHf°® = 10,054 + 47,739x107°T ~- U43,525x107°%T2 + 1887.500T !
AGT® = 10,054 - 47,739x1073T1nT + Y3.525x107°T2 + 943.750T"! + 223.793x107°T
432.02-717.824 K: AHf® = 0.575 + 37.833x107°T - 23.713x107¢T2 + 5114.000T !
AGF® = 0.575 - 37.833x107°T1nT + 23.713x107¢T2 + 2557.000T % + 221.945x1073T



|
.813(g)
Silicon Monosulfide (ideal gas)

5i 349

[Reaction: Si{e,l) + 0.55,(g) = SiS(g)]
cal/mol K keal/mol

T,K ) Log Xr
' Cpe 3@ ~(G°= H3,,)/T Ho~- Hg,, AHre AGre

2%88.15 7.728 53.462 53.462 0 9.965 3.492 -2.560
300 7.736 53.510 53.463 .01 9.9613 3.452 ~-2.515
400 8.115 55.791 53.771 .808 g, 851 1.296 -.708
500 8.364 57.631 54,365 1.633 9.716 ~-.826 .361
600 8,528 59.171 55. 0411 2,478 9,566 -2.922 1,060
700 8.639 60.495 55,728 3.337 9.403 -4.991 . 1.558
800 8.718 61.654 56.398 4,205 9.230 -7.034 1.922
900 8.777 62.684 57.040 5.080 9.045 ~-9.056 2.199
1000 8.821 63.611 57.651 5.960 8,854 -11,049 2,115
1100 8.856 64,45y 58,232 6,844 8.654 ~-13.037 2.590
1200 8.884 65.225 58.782 7.731 8.u45 ~15.000 2.732
1300 8.908 65.938 59.307 8.620 8.230 -16.947 2.849
1400 8.928 66,598 59.804 9.512 8.007 -18.869 2.946
1500 8.945 67.215 60.278 10, 406 T7.776 ~20,793 3,029
1600 8.960 67.793 60,730 11.301 7.537 ~22.692 3.100
1687 8.972 68.267 61.106 12.081 7.323 -24.308 3.149
1687 8.972 68.267 61.106 12.081 ~-4.759 -24.308 3.149
1700 8.974 68.336 61.161 12.198 -4.782 -24.454 3,144
1800 8.98% 68.850 61.574 13.096 ~4,966 -25.604 3.109
1900 8.998 69.336 61.970 13.995 -5.153 ~26.746 3.076
2000 9.008 £9.798 62.350 14.895 ~5.341 -27.883 3.047

Phase change:

1687 K, melting point of Si;

"Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 8.589 + 0.274x107°T - 0.838x10°T"2
Ho~ H3,, = 8.589x107°T + C.137x107°T? + 0.838x10%T™" - 2.854

Reaction equations (keal/mol):

298.15-1687 K:

1687-2000 K:

AHpre
AGre
AHPre
AGre

=
=
=

10.538
10.538
-1.8N
~1.891

Source: Data from Chase (19)

+ 1 + 1

— a2 .

who

AHO° = 12,082 keal/mol.

.262x107°%T « 0.374x107°T72 - 48,850T7!
.262x107°T1nT + 0.374x1075T2 ~ 24, 425T! - 30,.656x1073T
L683x1073T ~ 0.023x107°T? + 49.650T7"!
L683%x1073TInT + 0.023x107¢T2 + 24.825T"! -~ 25.842x107°T

estimated some molecular constants.



350 &1

3i3,(e)
Si{licon Disulfide
[Formation:  Si(s) + 25(e,1) = SiS,(¢)]

cal/mol-K keal/mol
T,K - , Log Kf
Cp® Se -{G°= H§,¢)/T He= Hf,, AHf® AGE®
298.15 14,730 18.370 18.370 o ~68.600 68,167 49.967
300% 14.740 18.460 18.370 .030 -6£8.599 -68.161 M9.655
368.3 15.191 21.527 18.689 1.045 -68.693 -68.063 40.388
368.3 15.191 21,527 18,689 1.045 ~68.885 ~68,063 40,388
388.36 15.323 22,336 18,857 1.351 -68.921 -68.015 38.275
388.36 15.323 22.336 18.857 1.351 ~69.74T ~-68.015 38.275
400 15.400 22.790 18.965 - 1.530 ~69.806 ~67.963 37.133
432,02 15.611 . 23.984 19.293 2.026 =70.007 -67.809 214,303
500 16.060 26.300 20.080 3.110 ~-70.6L6 -67.399 29.460
600 16,720 29.290 21.373 4,750 -71.292 -56.688 24,29
700 17.380 31.910 22,696 6,450 ~71.783 ~65,881 20.569
717.824 17.498 32.348 22.930 6.761 -71.853 -65,728 20.012

*Data above 298 K estimated except temperature of fusion.

Phase changes: 368.3 K, orthorhombic H monoclinic transition point of 3; AH® = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0,413 kecal/mol.
432,02 K, second order transformation of S; AH¢ = 0 kecal/mol.
717.824 K, boliling point of S to equilidrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol+K) and enthalpy (kecal/mol) equationa:

298.15-1363 K: Cpe = 12,746 .+ 6.608%x107°T + 0.012x10°T"2
Ho- Hgg,, = 12.746x1073T + 3.304x107%T2 - 0.012x102T"! ~ 4.090

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = -65,022 - 9.281x107°T + 6.387x107°%T* - 410.900T"!

AGf® = ~65.022 + §.281x1073T1nT -~ 6.387x107%T2 - 205.450T7! ~ 59,211x107*T
368.3-388.36 K: AHf® = -67,253 - 4,755x107°T + 2,895x107°T% - 99,70QT"!

AGF® = ~67,293 + 4,755x107°TIlnT - 2.895x107°T* - 49,850T"' - 28. 8“5x10—3T
388.36-432.02 K: AHf® = -09.569 + BU,T725x107°T ~ B83.669x107¢T2 + 3704.700T7!?

AGP® = ~99.569 ~ 84,725x1073T1nT + B3.669x107°T2 + 1852.350T ! + SHI 612x107 3T
432.02-717.824 K: AHf°® = -118.527 + 76.913x107%T - UL.O45x107°T? + 10157.700T"}

AGP? =

-118.527 = 76.913x107°T1nT + 44.045x107¢T? + 5078.850T ! + 537.917x107°T



53i8,(e,1)
Silicon Disulfide

Si 351

[(Reaction: Si(e) + S,{g) = 515,(c,1)]
cal/mol <K keal/mol
T,K - Log Kr
Cp® 8o ~(Go- Hgyy)/T  HO- Hy,, AHp® AGre

'298.15 14.730 18.370 18.370 0 -99,.310 ~87.194 63.914
"300* 14.740 18.460 18.370 .030 -99.,303 -87.116 63.463
. 400. 15.400 22.790 18.965 1.53C -99,108 -83.094 45,400
500 16.060 26,300 20.080 3.110 -98.901 -79.106 34.577
600 16.720 29,290 21,373 5,750 ~88,681 -75.169 27.380

700 ' 17.380 31.910 22.696 6.450 ~88.433 ~7T1.271 22.251

800 18.040 34,280 24.005 8.220 -98.139 ~67.413 18.416

900 18.700 36.440 25,262 10.060 -97.799 63,588 15.441
1000 19.360 38.440 26.480 11.960 -§7.414 -59.797 13.068
1100 . 20.020 40.320 27.656 13.930 -96.976 ~56.067 11.139
1200 20.670 42,090 28.790 15.960 -96,492 —52.374 9,538
1300 21,330 43,770 29,878 18.060 -95, 951 ~48.7t9 8.190
1363 © 21,750 44,780 30,534 19.420 ~95.581 ~46, 422 7.443
1363 23.900 47.770 30.534 23,490 -91.511 ~U6 . 422 T.443
1400 23.900 48.410 31.003 24.370 —91,215 ~45,208 T7.057
1500 23.900 50,060 32,220 26.760 -90.M12 411,964 6.114
1600 23.900 51,600 33.38 29.150 -89.621 -38.757 5.294

¥Data above 298 K eatimated except temperature of fusion.

Phase change: 1363 K, melting point of $18,;

AH® = 4,07 kecal/mol.

Heat capaclity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-1363 K: Cpe
Hom Hf oy
1363-1600 K: Cpe:
He- Hgq4

= 12,746 + 6.608x1073T + 0,012x10°T"2
= 12,746x107°T + 3,30Ux107°T2 - 0.012x10%2T7"! - b, 090

= 23.900

= 23,900x107°T ~ 9.086

Reactlon eqguatlons (kcal/mol):

298.15-1363 K: AHr® = -98.600 -~ 1.276x1073T + 2,633x107°%T% - 168.000T !

AGr® = -98.600 + 1.276x107T1nT - 2.633x107%T% - 84.000T"! + 32.715x10%°T

1363-1600 K: ~ AHr® = -103.596 + 9.878x107°T ~ 0.671x107°T* - 166.800T !

AGre = -103.596 - 9.878x107°TInT + 0,671x107%T2 ~ 83.400T ' + 112.380x107°T

Source: Data from Gurvich (49) who estimated all above 298 K except temperature of fusion.



352 81

515,(g) -
Silicon Disulfide (ideal gas)

[Formation: -~ Sif{c) + 28(c,1) = SiS,(g)]

. cal/mol-X kcal/mol
T,K ‘ - - — : Log Kf
Cpe - 8 ~{Go Hg,,)/T ~He- Hf,, ~ AHP® . AGPe

298.15 12.384 60.719 60.719 v 1.680.° °  -10.513 7.706
300 12,402 60.796 60.719 .023 . 1,674 ~10.589 7.714
368.3 12.954 63.404 60.981 .B92 1.434 -13.359 7.927
368.3 12.954 63.404 60.981 .892 1.242 -13.359 7.927
388.36 13.116 64,095 © 61.124 1.154 1.161 ~14,150 7.963
388,36 13.116 64.095 61.124 1.154 .335 a1l4,150 7.963
400 13,210 64.L4BY 61.217 1.307 .251 ~14.583 7.968
432,02 13.369 65.507 61.497 - 1.733 -.021 -15.762 7.973
500 13.707 67.490 62,180 2.655 ~.821 -18.169 7.942
600 14,022 70.019 63.282 4,042 -1.720 -21.553 7.851
700 14,232 72.197 6u,403 5.456 -2.497 ~24.796 . 7. 71
7. Bzu 14,258 72.555 64,601 5.710 ‘ -2.624 ~25.360. 7.

21

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kecal/mol.

3688.36 K, melting peint of S; AH° = 0,413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kecal/mol. .
717.824 K, boiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 14.272 + 0.388x107°T ~ 1.781x105T 2
He- Hgsa = 14, 272x10"’T + 0.195xT07STZ + 1.781x102T7" - 4,870

Pormation eduations (Kcal/mol)

298.15-368.3
368.3-388.36
388,36-432,02

432.02-7117.82

K:

K:

K:

4 K:

AHf® = 4,478 -
AGF® = 4,478 +
AHf°® = 2,247 -
AGfe = 2,247 +
AHf® = -30.069
AGf® = -30,069
AHf® = -49.027
AGfe =

~U49.027

P B B R VS R EVEE S B

.755%107*T + 3.277x1078T% ~ 231.600T"*

.755%x107°T1nT - 3.277x10"%T2 - 115,800T"! - 92.185x107°T
.229%1073T - 0,215x1075T2 '+ 79,600T™!

.229%1072T1nT + 0,.215x1075T2 + 39,8007"! - 61, 820x10 :T:

86.251x107°T - 86.779x107%T? + 3884,000T7* .
86.251x10™°T1nT + 86.,779x1075T2 + 1942,000T~% + 508. 637x10”’T
78.439x107°T ~ 47.155%x107%T2? + 10337.000T7!

78.439x107*T1nT + 47.155x107°T* + 5168.500T " + sou 942xw0"r“



P

Reproduced from
| begt avallable cOPY.

\,ﬁ_‘L T 353
T,K . ——— Log Kr
‘ Cp* L
298,15 12,380 60,719 . 21,654
300 12,402 60.796 | 522
500 13.210 6. 484 : 16.235
500 13.707 67.490 & ; 13,058
600 - 14.022 70.019, . . 10.940
700 14,232 72187 i 9,42y
800 14,377 T4.108 6.886" 8,286
900 14.480 . 75.807 ¢ ‘8,330 7.399
1000 14,556 77.337 9.782 6.686
1100 RPN 78.727 11,240 ° g 6.104
1200 14.658 " 80.001 12.704 5.617.
1300 14,694 81.175 14172 . 5.204
1400 . 14,722 82.265 15.6u42 - 4.848
1500 | 14,745 83.282 17.116 ! 4,540
1600 © 14,764 8u, 234 18.591 4.269
1687 14.777 85.017 19.877 7 4.055
1687 14.777 85.017 19.877 . : 4,055
1700 14,779 85.130 20.069:- . -42.108 . . -31.213 4,013
1800 14,793 85.975 21,5487 . -u2T84 0 -30.567 3.711
1900 14,804 86.775 23.027 -42,265 C =29.919 3.4
2000 14,813 87.534  75.280 ¢ 24,508 © i =238 L -29,2M1 3,199
Phase change: 1687 K, melting point of 5i; AH°® = {2f082‘kcai/mol.. '5 poe ”,fi

Heat capaci&y"(éal/mol-x) and enthalpy (kecal/mol) equations:

298,15-2000 K: Cp® = 14.272 + 0.388x107°T - 1.781x105T" 2 o |
He~ Hggp = 14.272x107°T + 0,194x707€T2 + 1,781702T"} - 4,870

Reacﬁion equations (kcal/moi):

‘0.250x10"’T"l0.477x10"‘T2 + 11,3007

298.15-1687 K: ~ AHro = -29.100 + ‘ K
AGre = ~29.100 - 0.250x107°T1nT + 0.477x107¢T? '+ §.650T"! ~,0.259x107IT
1687~2000 X: AHP® = ~01,529 ~ 0.171x1073T - 0.126x10"°T* + 109.B800T"*
. AGre =

~41,529 + 0.171x107*T1nT + 0.126x107¢T*  54.900T* + 4.555x107T

o0

Source: Data from Gurvich (49).




354 Sm

sms{g)

'Samarium Monosulfide (ideal gas)

[Formatlon: Sm(e) + S(¢,l) = SmS(g)]
cal/mol -K kezal/mol Lo
T,K - Log Kf
Cpe Se ~(Go- H3gq)/T He~ Hi,, AHE® AGF® ‘

298.15% 8.200 63.970 63.970 0 22.100 10.270 ~-7.528

300 8.210 64.020 63.970 ©L.015 22.092 10.195 ~7.427

368.3 8.415 65.731 64, 1uy - .585 21,779 7.519 -4, Ug2

368.3 8.415 65.731 64,14}y .585 21.683 7.519 -4, 462

388.36 8.475 66.179 64.237 . T54 21.578 6.751 -3.799

388,36 8.475 66.179 64,237 . 754 21,165 6.751 -3.799

400 8.510 66.430 64.298 .853 21.084 6.320 -3.453
432,02 8.555 67.087 64,480 1.126 20,835 5.147 ~2.604

500 8.650 68.340 64.916 1.712 20,160 2.739 51,197

600 " 8.730 69.930 65.628 2.581 19,235 . ~.666 243

700 8.780 T71.280 66.343 3.456 18.308 -3.906 -1.219

717.824 8.785 71.501 66.468 3.613 18.145 -4.4869 1.361

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equatiopns:

368.3 K, orthorhombic - monoclinie trans{tion polint of §;
388.36 K, melting point of 5;
§432.02 K, second ordaer transformation of S;

AH® = (.413 kecal/mol.

298,15~-2000 K:

Cp® = 8,875 + 0.036x107°T - 0.608x10°T"?
Ho- Hg,, = 8,875x1073T + 0.018x1075T2 + 0.608x102T"! - 2.852

Formation equations {keal/mol):

298,15-368.3 X:

368.3-388.36 K:

388.36r432.02

K:

432.02-717.824 K:

AHf®
AGPe
AHf©
AGfe
AHf?®
AGEe
AHE®
AGE®

25.235
25.235
24,120
24.120

+ 1 %+ 1

‘ AH® = 0 kecal/mol.
" 717.824 K, belling polint of S to equlilibrium mixture of Sn (n=1 %0 8)..

T.499x107°T + 0.250x107°T® -~ 274,8007"!

7.499x107*TinT ~ 0.250x%107%T* ~ 137,400T"% - 91.301x107°T

5.236x107°T - 1,496x107°T% ~ 119.200T"!

5.236x107°TInT + 1.496x107°T? ~ 59.600T ! - 76.118x107°T
7.962 + 39.504x107°T - 44.778x107%T2 + 1783.000T"!

AH® = 0,096 kcal/mol.

7.962 - 39.504x107*T1nT + 44.778x107°T? + 891.500T" + 209.110x107°T

~1.517 + 35.598x107°T - 24.966x107°T? + 5009,500T"!

-1.517 - 35.598x107*TInT + 24,966x107°T2 + 2504.750T""' + 207.263x107°T



Samarium Monosulfide (ldeal gas)

Sm3(g)

Sm 355

[Reaction: Sm(c,l) + 0.58,(g) = SmS(g)]
cal/mol +K kcal/mol .
T,K Log Kr
Cp® Se ~(Go~ H2,,)/T H°- H$,, AHPe aGre
- 298,15% 8.200 63.970 63.970 0 6,745 . 756 ~-.554
300 8.210 64,020 63.970 015 6.740 ,718 =-.523
400 8.510 66.430 64,298 ©.853 . 6.433 -1.246 681
500 8.650 68.340 64.916 1.712 6.033 -3.115 1.361
600 . 8.730 69.930 65.628 2.581 5.541 ~14,907 1.787
700 8.780 71.280 66,343 3.“56 4,983 -6.601 2.061
800 8.810 72.450 67.031 4.335 4,394 ~-8.212 2.243
900 8.830 73.490 67.693 5.217 3.TTH -9.753 2.368
1000 - 8.850 T4.420 68.318 6.102 3,144 -11.217 2.452
1100 8.860 75.270 68.918 6.987 2.h482 -12.638 2.51
1190 8.878 75.966 69.u24 7.785 1.853 -13.8u48 2.543
1190 8.878 75.966 69.424 7,785 1.109 ~13.848 2.543
1200 - 8.880 76.040 69.478 7.8T4 1.041 ~13.962 2,543
1300 8.880 76.750 70.010 8.762 .352 -15.185 2.554
1345 8.885 77.052 70.241 ‘9.162 L0l ~15.718 2.551
1345 8.885 77.052 T 70,28 "9.162 -2.019 —15.718 2,554
1400 8.890 77.410 70.516 9.651 - L ~16.273 2.540
1500 8.500 78.020 . 70.993 10.51 ‘ -3.214 =17.225% 2.510
1600 8.3910 78.600 71.455 11.432 ~-3.989 #18.149 2.479
1700 8.910 79.140 71.891 12,323 ~§,.768 ~-19.006 2.443
1800 8.920 79,650 72.309 13.214 -5.549 -19.832 2.408
1500 8.930 80.130 72.705 14,107 -6.331 -20.587 2.369
2000 8.930 80.590 73.090 15.000 ~T.116 ~21.322 2.330

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

1190 X, a - B transition point of Sm;
1345 K, melting point of Sm; -

AH® = 0.T44 kcal/mol.
AH® = 2.060 kcal/mol. ‘

Heat capacity (cal/mecl-K) and enthalpy (keal/mol) equations: -

= 8,875 + 0.036x107°T - 0.608x10°T"?
= 8,875x107°T + 0,018x107°T? + 0,608x10°T7* - 2,852

298.15-2000 K:

Ho— Hg gy

Cp®

Reaction equations (keal/mol):

268.15-1190 X:
1190-1345 K:

1345-2000 K:

AHp®
AGre
AHr®
AGr®
AHro©
AGr®

8.446 - 3.
8.Lu6 + 3.
9.042 ~ 6
g.042 + 6
§.031 - 7
8.031 + 7

Source: Data from Mills

496%10™°T ~ 1.627x107¢T% - 153.350T !
496x107°T1nT + 1.627x107%T% =~ 76.675T"! - 45.338x107°T

L517x107°T - 0.142x1078T* + 26.650T !

.517x107°T1nT + 0.142x707%T* + 13.325T"! - 65.522x107°T
.296x107°T - 0.142x107°T? + 26,6507}
.296%x1073T1nT + 0.142x1075T2 + 13.325T" ! - 70.389x107°T

{80) who estimated all except enthalpy of formatlon at 298 K.



356 Sn

SnS{c}
Tin Monosulfide

(Formation: Sn(8,1) + S(e,1) = SnS{ec)]

cal/mol-K kcal/mol
T,K Log K
Cpe g0 ~(Go- H$,)/T Ho- Hg,, QHF© aGfo
298.15 11.770 18.400 18.400 0 ~26.000 ~25.554 18.731
300 11.780 18.470 18.403 .020 -26.002 -25.552 18.614
368.3 12.067 20.918 18.650 .835 826,021 -25.447 - 15.100
368.3 12.067 20.918 18.650 .835 -26.117 -25. 447 15.100
388.36 12.151 21.560 18.784 1.078 -26.130 -25.1190 14,299
388,36 12,151 21.560 18.784 1,078 -26,543 -25.410 14,299
400 12.200 21.920 18.870 1.220 -26.569 ~25.376 13.865
432.02 12.315 22.864 19.131 1.612 -26.662 -25,277 12,787
500 12.560 24,680 19.760 2.460 -26.977 -25.030 10,940
505.12 12.588 2L4.808 19.811 2.524 ~26.997 -25.011 10.821
505.12 12.588 24.808 19.811 2.524 -28.677 ~25.011 10.821
600 13.100 27.020 20.787 3.740 -28.928 -24,298 8.851
T00 13.900 29.080 21.819 5.090 ~-29.062 -23.507 T.339
T17.824 14,092 29.442 22.003 5.339 -29.071 -23.365 T.114

Phase changes:

168.3 K, orthorhomble - monocliniec transition point of S; AH® = 0.096 kecal/mol.

388.36 K, melting point of S; AH® = 0.413 kecal/mol.

432,02 K, second order transformation of S; 4H® = 0 kcal/mol.

505.12 X, melting point of Sn; AH® = 1.680 kcal/mol.

717.824 K, bolling polnt of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity {cal/mol:K) and enthalpy {kcal/mol) equations:

298.15-875 K:

Cp® = 8§.066 + 8.254x107°T + 1.105x10°T"2
He- H%,, = 8.066x107*T + 4,127x107%T2 - 1.105x102T"! - 2,401

Formation equations (kcal/mol):

298.15-368.3 K:

268.3-386.36 K:

38B8.36-432,02 K:

432.02-505.12 K:

505.12-717.824 K:

AHF®
AGFo
AHF®
AGfe
AHF®
AGF?®
AHf®
AGf®
AHF°
AGSfe

~-23.931
-23.931
~-25.0L6
-25.0l6
~41,204
~-41.204
-50.683
~50.683
-52.649
-52.649

T+ 0+ 1 % + 1 % i

5.076x107*T + 3,502x107°%T% - 258,500T"!

5.076%x1073T1inT - 3.502x107%T2 - 129,250T ! ~ 31.866x107°T
2,813x107°T + 1.756x107°T2 - 102.900T"!

2.813x107%T1nT - 1.756x107°%T% - 51.450T7% - 16.683x1073T
41,927x107°T - 41.526x107°T? + 1799.300T""

41,927x1072T1nT + 41,526x107°T? + 899.650T""' + 268.546x107°T
38.021x10%°T - 21.714x107%T? + 5025.800T %

38.021x107°T1nT + 21,T1Lx107°T? + 2512.900T"* + 266.698x107°T
36.798x107°T ~ 19.553x107¢T> + 5203.600T7!

36.798x107°T1nT + 19.553x107°T* + 2601.800T"* + 263.720x107°T



S

Sns{e,1)
- Tin Monosulfide
. [Reaction: Sn{(g,1) + 0.55,(g) = SnS{e,l)]

n 357

cal/mol -K keal/mol
T,K Log Kr
Cp® Se ~{G®~ Hg,4)/T He- Hg .4 AHr® AGre
298.15 11.770 18.400 18.400 ol -41.355 ~-35.067 25.705
300 11.780 18.470 18.403 .020 ~41.354 =-35.029 25.518
400 12.200 21.920 18.870 1.220 -41,220 ~32.941 17.998
500 12.560 24,680 19.760 2.460 ~41,104 -30.883 13,499
505.12 12.588 24,808 19.811 2.52h ~41.,100 ~30.779 13,317
505.12 12.588 24,808 19.811 2.524, ~42.780 -30.779 13.317
600 i3.100 27.020 20.787 3.740 ~42.623 -28.539 10.395
70C 13.900 29.090 21.819 5.090 ~42.387 ~-26.203 8.181
800 14.980 31.020 22.858 6.530 ~42.063 ~23.918 6.534
875 15.990 32,400 23.613 7.690 41,742 -22.228 5.552
875 12.920 32.540 23.613 7.810 ~41.622 -22,228 5.552
300 13.050 32.910 23,877 8.130 ~41,583 ~21.684 5.2606
1000 13.560 3L4.310 24,850 9.460 ~U1,376 -19.484 §,258
1100 14.070 35.620 25.756 1¢.850 ~41,.114 ~17.291 3.435
1153 14.350 36.290 26.229 11.600 ~40.962 ~-16.151 3.061
1153 18.000 42.820 26.229 19.130 -33.432 -16.151 3.061
1200 18.000 43,840 26.890 19.980 -33.115 =-15.449 2.814
1300 18.000 4y,980 28,226 21,780 ~-32,449 -14,003 2,354

Phase changes: 505.12 K, melting point of Sn; AH® = 1.680 keal/mol.
875 K, a - B transition polnt of SnS; AH® = 0,120 keal/mol.
1153 K, melting point of SnS; AH® = 7,530 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (keal/mecl) equations:

298,15-875 K: Cp® = 8.066 + 8,25Ux107°T + 1.106x10Q5T"2
He- Hg,, = B.066x107°T + 4,127x107%T% - 1,105x10%T" - 2,401
B75-1153 K: : Cpe = §.429 + 5,132x107°T !

Ho- Hg,e = 8.429x1073T + 2.566x1075T2 ~ 1.530
11531300 X: . Cp® = 18.000
Ho- HZ,, = 18.000x1073T ~ 1.624

Reaction eguations (kcal/mol):

298.15-505.12 K: AHr° = ~U40.720 -~ 1.074x107%T + 1.625x107°%T% ~ 137.050T"!

AGre = -40.720 + 1.074%107?TInT ~ 1.625x107%T%? ~ 68.525T" % + 14.097x107°T
505.12-875 K: AHre = -U42.685 - 2.296x107°T + 3,786x107¢T? + 40.750T"!

AGre = ~U42,685 + 2,296x107°TLnT - 3.786x107°%T? + 20,3757 + 11,.119x107°T
875-1153 K: AHpe = -U41,814 ~ 71,934x107°T + 2,225x107°T2 + 151,250T"!

AGro = ~U1,81U + 1,934x10732T1InT -~ 2.225x107%T% + 75,625T"! + 11.144x107°T
1153-1300 K: AHr® = ~41,908 + 7.637x1073%T - 0.341x107%T2 + 181,250T"?

AGre = ~41,908 - 7.637x107%TInT + 0.341x107%T2 + 75.625T"! + 75.7u4x10'?T

Sources: Enthalpy of fermation at 298 K from Mills (80). Low-temperature heat capacities and
entropy at 298 K from King (65). High-temperature data based on Orr (89).



358 Sn

Sns(g)

Tln Monosulfide (ideal gas)

[Formation: Sn{g,1)} + 3{¢,1) = SnS(g)]

cal/mol «K keal/mol
T,K Log Kf

Cpo° 8e ~{G°= H344)/T H°~ H%,, AHf® AGE®

298.15 8.230 57.900 57.900 0 26,700 15.369 ~-11,266
300 8.2u40 57.950 57.900 015 26,693 15.299 ~11,145
368.3 8.4 59.670 58.076 .587 26,431 12.732 ~T7.555
368.3 8.4u431 59.670 58.076 587 26.335 12.732 ~-7.555
388.36 8.487 60.119 58.170 .757 26.249 11.994 ~-6.750
388,36 8,487 60.119 58.170 757 25,836 11.994 -6.750
400 8.520 60.370 58,230 .856 25.767 11,580 ~-6,327
432.02 8.562 61.028 58.413 1.129 25.5655 10.452 -5.287"
500 8.650 62.290 58.860 1.715 24,978 §.121 ~3.549
505.12 8.654 62.378 58,895 1.759 24.938 T.94T -3.438
505.12 8.654 62.378 58.895 1,759 23.258 7.947 -3.438
600 8.730 63.870 59.563 2.584 22.616 5.136 -1.871
700 8.770 65.220 60.279 3.459 22.007 2.271 ~-. 709
717.824 8.777 65. 441 60. 404 3.615 21.9C5 1.770 -.538

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) eguations:

368.3 K, orthorhomblic - monoclinic transition point of
388.36 K, melting point of S;
432,02 K, second order transformation of 3;
505,12 K, melting point of 3n;
717.824 K, bolling point of S to equilibrium mixture of Sn

AH® = 0.413 Kkcal/mel.
AH® = 0 keal/mol,

AH® = 1.680 Kkeal/mol.

298.15-2000 K:

Cp® = B8.838 + 0.074x107°T - 0.560x10%T~2
He— HZ,, = 8.838x107*T + 0.037x10"°T? + 0.560x102T™!

Formatlon equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.36-432,02 K:
432.02-505.12 K:

505.12-717.82 K:

AHf @
AGFE®
AHf®
AGL®
AHT?
AGfe
AHf®
. AGfe
AHT®
AGLe

=
=
=
=
=
=
=
=

28.3u4
28.34Y4
27.229
27.229
11.07

3

&
+

S;

4,304x1073T - 0.588x107%T2 - 92,000T"! )
4.304x107*T1nT + 0.588x107%T2 - 46.000T ! ~ 67.698x1073T
2.041%107%T - 2.334x1078T2 + 63.600T !
2.041x107*T1nT + 2.334x107°T2 + 31.800T7! - 52.515x7107°T
42,699x107°T - 45.616x107°T? + 1965,800T "

11.071 - 42.699x107*T1lnT + 45,616x107°T? + 982,900T"" + 232, 71Hx10—5T
1.592 + 38,793x107°T ~ 25.804x107%T2 + 5192,300T"!
1.592 - 38.793x107*T1nT + 25.804x107%T2 + 2596.150T" % + 230.866x107°T
-0.374 + 37.570x107°T - 23.643x107¢T2 + 5370.100T"!

=0.3T4 = 37.570x107°T1nT + 23.643x107°T2 + 2685.050T" ! + 227.888x107 T

AH® = 0.096 kcal/mo

{n 1 to 8).

- 2.826

1.



Sns(g)

Tin Monosulfide (ldeal gas)

Sn 359

[Reaction: Sn{g,1) + 0.55,(g) = SnsS(g)]
. cal/mol +K koal/mol
T.K Log Kr
Cp® s° ~(G® HS,,)/T H°~ H%gm AHp® AGre
298.15 8.230 57.900 57.900 g . 11.345 5.856 -it,292
300 8.240 57.950 57.900 .015 11,341 5.822 -4, 241
400 8.520 60,370 58.230 856 11.116 4,015 ~2.193
500 8.650 62,290 58,860 1.715 10,851 2.267 ~.991
505.12 8.654 62.378 58,895 1.759 . 10.835 2.178 -.942
505.12 g.654 62.378 58.895 1.759 9.155 2.178 ~.942
600 8.730 63.870 59.563 2.584 8.922 .895 -.326
700 8.770 65.220 60.279 3.459 8.682 ~.425 .133
800 8.810 66.390 60.967 4,338 8.445 ~1.7086 L4686
300 8.830 67.430 61.629 5.221 8.209 ~-2.961 .19
1000 8.860 68.360 62,255 6,105 7.969 -4,189 915
1100 B.870 69.210 62,855 6,991 7,728 -5.399 1.073
1200 8.890 69.980 63414 7.879 7.485 ~6.578 1,198
1300 8.900 70.690 63.945 §.769 7.240. ~7.737 1.301
1400 8.910 71.350 64.450 9.660 6.993 ~-8.878 1.386
1500 8.930 71.970 6%.935 10,552 6.743 -10,010 1.458
1600 8.940 72,550 65.397 11,445 6.490 -11,126 1,520
1700 B.950 73,090 . 65,832 12.339 6.235 ~12.216 1.571
1800 8.960 73.600 66.248 13,234 5.978 ~13.291 1.614
1900 8.970 74.080 66.643 14.130 5.718 ~14.345 1.650
2000 8.980 74.540 67.026 15,028 5,458 15,395 1.682

Phase change:

505.12 K, melting point of Sn;

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) esgquations:

298.15-2000 K:

Reaction equations {keal/mol):

298, 15-505.12

505.12-2000 K:

K: AHpre
AGre
AHP®
AGre

Source: Data from Mills

Cpe = B.838 + 0.074x107°T - 0,560x10°T2
Ho- H3,, = 8.838x107°T + 0,037x1075T% + 0.560x10%T"} ~ 2,826

AH® = 1,680 keal/mol.

11.555 ~ 0,301x107°T ~ 2,465x1075T2 + 29,4507

11.555 + 0.301x107°T1nT + 2.465x107¢T% + 14.725T"! ~ 21.735x107°T

9.590 - 1.524x107°T - 0.304x107¢T? + 207.250T"!

9.590 + 1.524x107°T1lnT + 0.304x107°T2 + 103.625T" ! ~ 24.713x107°T

(80).



< 'fin oiaulrtdé
‘ an(!.l) + ZS(c 1) - SnS (c)]

Reproduced from
\ best avallable copy.

L

T koal/mol
T,X L _ Log Kf
CRe-~ HE,, CAMfe: AGE®
298.15 0.930 (I ~35.800 -33.824 24,793
300 0. 940 .030 -35.802 ~33.81L - 2h.633
368.3 , 1300 ° 1,176 ~35.875 -33.359 19,795
368.3 17030 7 21.300 1.176 -36.067 ~33.359 19.795
388.36 17.188 21.489 1.519 ~36.098 -33.210 18.689
388.36 ~17.188  ° 25,L401 21.489 1.519 -36.924 -33.210 18.689
400 17.280 25.910 21.610 1.720 ~36.979 -33.098 18.084
 432.02 17.824 '27.246 21.979 2.276 -37.172 ~32.781 16.583
500 17,730 :29.800 22,840 3,480 -37.804 -32,018 13,995
505,12 17.748 29,981 22.911 3.571 ~37.8U44 ~31.960 13.828
505.12  17.788 29,981 22.9M1 3.571 -39.524 ~31.960 13.828
600 ©18.090  ::, 33,080 24.297 5.270 -40.102 -30,491 11.106
700 18.450 35,900 -y 25.771 1.090 ~40.566 ~28,861 9.011
717.824  A18.513: <% 36,365 26.029 7.9 ~40.632 -28.561 8.696

Phase changeé: 168.3 K} ortherhombic ;- monoclinle transition point of $;

388,36 K, melting point of S;
. 432.02 K, 'second order transformation of 5;
505, +2 K, neltin; point of 3n;

,;‘N' ‘

AHO "a 1,

Heat capaclity (cal/lol X} - lnd enthalpy (kcal/mol): equations

298.15-1000. K:

Cp® =. 17.16T » 2,228x107 T «-1.202x10°T72

AH® = 0.413 kecal/mol,

AH® = 0 kcal/mol.
680 kcal/mol. .

ﬁ nolllnn poﬁnt of '5:to equilibrium mixture of S (n =

H“F H;,. = 17. IS?!?O”T + 1. H'-Ix'lO"'Tz + 1. 202){102'1""1 - 5.618

Formatlon eguatlona (kcal/nol)

298.15-368.3 K: '/ 'AKf® = -3" 1"1 - H 159x10”T + 2 .206x10°%T% ~ 183.400T !

_;aut--a ~34} 1:1Jw B:1592107*T1nT - 2.206x10M€T2 ~ 91,.700T"! - 20.943x107°T

368.3—383;36’K?‘"EAHf"s -36.371 + Q. 367x107%T - 1,286%1075T® + 127,B800T"!

.-AGL™: = ~96, 3713* 0.367x1072TnT + 1,286x107*T% + 63,900T"! + 9.422x107°T

388.36-k32.02 K: ~AMf?:= -68.688 ¢ 89.8u7x107>T - B7.850x107°T? + 3932.200T"!

’ AGES - jiﬂ 68!-' £9.887x10"°T1nT + 87.850x107°T% + 1966.100T !
432,025505.12 K: * AHf® = '-B7.645.+ 82. 035!10"T - HB 226x10"T‘ + 10385. EOOTF‘
. s s

505.12-T17.:824 Ki

1 to 8).

AR® = 0,096 kcal/mol.

+ 579.879x107°T
+ 576.184x107°T

+ 573.206x107°T



SnS; (e)
Tin Disulfide

Sn_, 361

[Reaction:  Sn(B,1) + 8,(g) = SnS,(c)]
cal/mol K ‘keal/mol
T,K —- Log Kr
‘ Cpe so ~(G°- H844)/T Ho- HYy, ‘AHre AGre ‘
298.15 16.470 20,930 20,930 0 '-66.510  ~52,851 38. 740
300 16,490 21,040 20,940 .030 -66.506 - -52.769 38. 441
400 17.280 © 25.910 21.610 1,720 66,281 ~i8,229 . 26,351
500 _17.730 ~ 29.800 22.840 3.480 ~66.059 43,724 19,112
505.12 17.748 29.981 22.911 3.571 . ~66.049 43,497 18,820
505.12 17.748 29.981 22.911 3.571 . ~67.729 - =43.497 18.820
600 18.090 33.080 24,297 5.270 -67.491 ~38.973 14.196
700 18.1450 35,500 25.7M 7.090 -67.216 -34, 252 10,694
800 18,840 38.380 . 27.180 8.960 -66,897 -29.550 8.073
900 19.270 40.630 28.563 10.860 -66.557 -24.914 16,050
1000 19.750 42.690 29.880 12.810 -66.174 4.439

~20.313

Phase change: 505.12 K, melting point of Sn; AH®

1.680 kecal/mol.

Heat capacity (cal/mecl-X) and enthalpy‘(koal/mol) equations:

298.15-1000 K:

Reaction equations {kcal/mol):

298.15-505,12 K: AHre

AGro

505.12=1000 K: AHr?®

AGr®

=
=
=

67,719

~67.719
-69.684
~69.684

1+ 1 4+

Sources: Enthalpy of formation at

Cpe = 17.1567 + 2,228x107°T - 1,202x10°T"*
Her H8ge = 17.157X7073T + 1.114x107%T2 + 1,202x10%T"! - 5,618

3.846x1072T ~ 1,548x107¢T2" + 59,5007 !

3.846x107TInT + 1.548x107%T2 + 29.750T"! + 70.983x107°T

2.623x107°T + 0.613x107%T2 + 237.3007"?

2.623x107*T1lnT ~ 0.613x107°T2 + 118.650T"! + 68.004x107°*T

298 K from Wiedemeler (129). Other data from Wiedemeier (131).



362 Sn

Sn,S,{c)
Ditin Trisulfide
[Formation:  28n(g,1) + 35{(c,1) = 8n,8,{¢)]

cal/mol«K kecal/mol .
T,K Log Kf
Cpe 8o ~(Go= H3,¢)/T Ho= H3,e ° BHE® AGP®
298.15 28.320 39.100 - 39.100 0 ~60.800 ~58.309 42,741
300 28.350 39.290 39.123 -050 -60.804 - ~58.300 42,471
368.3 29.197 45.203 39.696 2.028 -60.879 ~57.714 34.247
368.3 29.197 45,203 39:696 . 2.028 ~61.167 ~57.714 34,247
388.36 29,446 46,758 4o.021 2,616 ~61.209 -57.522 32.370
388.36 129.446 46.758 40,021 2.616 ~62,448 ~57.522 32.370
Loo 29.59¢0 47.630 40.230 2.960 ~62.528 -57.374 31.347
432.02 29.821 49.918 40.864 3.9311 ~62.812 © ~56.952 28.811
500 30.310 54.330 k2. 430 5.950 =63.771 -55.963 ' 24.461
505,12 30.340 54.639 42.552 6.105 -63.831 -55.885 24.179
505.12 30.340 54.639 42,552 6.105 ~67.191 ~55.885 24,179
600 30.500 59.890 44,873 9.010 ~68.030 53,664 19.547
650 31.190 62.380 46.118 1¢.570 . ~-68.370 52,447 17.634

Phase changes:

Heat capacity (cal/mol:K)

368.3 K, orthorhombic = monoclinic transition polnt of S; A4H® = 0.096 kcal/mol.
388.3¢6 K,
432,02 K,
505.12 K,

melting point of S; AH® = 0.413 kcal/mol.
second order transformation of S; AH® = 0 kcal/mol.
melting point of Sn; AH® = 1,680 kcal/mol,

and enthalpy {(kcal/mol) equations:

298.15~650 K:

Cpe =

28.500 + 4.172x1077T -~ 1.621x10%T™2

Ho- H3,, = 28.900x107°T + 2.086x107¢T? + 1.621x102T* ~ 9,346

Formation equations {kcal/mol):

298.15~368.3
368.3-388.36

K: AHE?®
ACf®
K: AHf®
AGE®

388.36-432.02 K: AHf®

AGT?®

432.02-505.12 K: AHf®

505.12-650 K:

AGfo
AHI®
AGT®

g 8 8w now

L | I I |

-58.399 - 5.558x107°T + 2.553x107°T2 ~ 289.500T"!
-58.399 + 5.558x107*T1nT - 2.553x1075T2 ~ 144.750T" ! ~ 28.976x%107 T
~61.74% + 1,231x107°T -~ 2.685x107¢T? + 177.300T"!
~61.744% =~ 1,231x107°T1nT + 2.685x107°T* + B8.650T ! + 16.573x107 T

-110,219 + 135.451x107°T - 132.531x107°T* + 5883.900T"!
~110.219 ~ 135.451x107°T1InT + 132.531x107°T% + 2941,950T"! + 872.258x107°T
~138.655 + 123.733x107°T -~ T73.095x1075T2 + 15563 ,400T7!
~138.655 - 123.733x107°T1nT + 73.095x107€T2 + 7781.700T"! + B66.715x107°T
-142.586 + 121.287x107°T ~ 68.773x107%T2 + 15919.000T"}

-142,.586 121.287x1073T1nT + 68.773x107%T? + 7959.500T ! + B60.758x107°T



Sn 363

Sn,S, (e}
Ditin Trisulfide
[(Reaction:  2Sn(B,1) + 1.55,(8) = Sn,S,(c)]

cal/mol-K keal/mol
T,K Log Kr
Cpe. e =(G%~ H3,¢)/T HP- H,q ‘ AHre AGre
298.15 28.320 39.100 39.100 0 -106.865 -86.850 63.662
300 28.350 39.290 39.123 .050 -106.860 -86.732 63.183
400 29.590 47,630 49,230 2.960 -106.481 -80.071 43,748
560 30.310 54,330 42,430 5.950 -106.153 -73.522 32.136
505,12 30.340 54,639 42,552 6.105 -106.139 ~73.191 31.667
505.12 30.340 54.639 42.552 6.105 ©~109.499 -73.191 31.667
600 30.%00 - 59.890 44,873 9.010 -109.114 -66.386 245181
650 31.190 62.380 46.118 10.570 -108.882 -62.830 21.125

Phase change: 505,12 K, melting point of Sn; AH®° = 1.680 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-650 K: Cp® = 2B,900 + 4,172%x107°T - 1.621x10%T"2
Ho- H§,e = 2B.900x1073T + 2.086x107°T2 + 1,621x10%T™* - 9,346

Reaction equations (kecal/mol):

298,15-505,12 K: AHpr® = -108,765
AGre = -108.765
505.12-650 K: AHre = -112.697
AGre = -112,697

6.U49x1073T - 3.078x107°T2 + 74,8507
6.U49%x1073TInT + 3.078x107°T2 + 37,425T! + 108.913x107°T
4,003x1073T + 1.244x107%T2 + 430.450T"
4.003x10f’T1nT - 1.244%107T2 + 215.225T7! + 102.956x107°T

P+ 1+

Sources: Enthalpy of formation at 298 K from Wiedemeier (130). Other data from Wiedemeier (131)
who extrapolated heat capacities 0-110 K to derive entropy at 298 X,



364 Sr

Sr3{c)
Strontium Sulflde

[(Formation: Sr{e) + 8(c,1) = Srs(e)]

cal/mol *K keal/mol
T,K Log Kf
Cp® go ~(G°~ Hf,e)/T He- Hg,, AHFe© AGPe
298.15 11.640 16.350 16.350 0 -112.000 -110.864 81.264
300% 11.646 16,422 16.350 .022 -112.000 -110.856 80.758
368.3 11.888 18.834 16.595 .824 -112.027 ~110.594 65.626
368.3 11.888 18.834 16.595 824 ~112.123 ~-110.594 65.626
3868.36 11.959 19,466 16.728 1.064 -112.138 -110.510 62.189
388,36 11.959 19.466 16.728 1.064 -112.551 -110.510 62.189
400 12.000 19.820 16.813 1.203 -112.578 ~110,449 60.346
432.02 12,128 20.749 17.070 1.589 -112,674 -110.275 55.785
500 12,400 22.543 17,695 2,424 -112.993 -109.870 48,024
600 12.710 24,832 18.699 3,680 ~1132.336 ~109,212 39.780
700 12.930 26.808 19.718 4,963 ~113.644 ~-108.500 33.875
717.824 12.964 27.133 19,898 5.194 -113.697 ~108.368 32.994

*Data above 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of 8; AH® = 0.096 kcal/mol.

388.36 K, melting point of 5; AH® = 0,413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mcl) equations:

298.15-2000 X:

Cpe®

12,021 + 1.4116x1073T ~ 0.714x10%T"?

He= H8gy =.12.021x107%T # 0.708x107°T2 + 0.T14x102T"! ~ 3.886

- Formation _equations (kcal/mol):

298.15-366.3 K:

368.3-388.36 K:

388.36-432.02

432.02-717.82

X:

4 K:

AHf®
AGfe
AHF®
aGfe
AHf®
AGF®
AHf®
AGf®

=
=
=
a
=
=
=
=

~111.572
-111.572
-112.687
-112.687
~-128.845
~128.845
-138.324
~138.324

0.747x107%T - 0.107x107°T? ~ 58.500T*

0.747x107°T1nT + 0.107x107%T2 = 29.250T % - 1.585x107°T
1.516x107°T ~ 1.853x107°T2 + 97.100T"!

1.516x107T1nT + 1.853x107%T? + 48.550T ' + 13. 598x10'=T
46,256x107°T ~ 45,135x107°T2 + 1999.300T !

46.256x1073T1nT + 45,135x107°%T + 999.650T ! + 298 826x107°T
42.350x1073T ~ 25,323x107°T? + 5225,800T "'

42.350x107%TInT + 25.323x1076T2 + 2612,900T"! + 296,979x1073T



Sr3(e)

Strontium Sulfilde

Sr 365

[Reaction: Sr{ec,l,g) + 0.58,{(g) = Srs(c)]
cal/mol-K. keal/mol
T,K Log Kr
Cpe §e -(Go- Hg,,)/T He- Hg,, AHpo AGro
298.15 11.6L40 16.350 16.350 0 -127.355 -120.377 88.238
300% 11.646 16.422 16.350 .022 -127.352 -120.333 87.662
L0oo 12,000 19.820 16.813 1.203 -127.229 -118.014 64.479
500 12,400 22.543 17.695 2.424 -127.120 -115.723 50.582
600 12.710 24,832 18.699 3,680 -127.031 -113,453 41,325
700 12.93¢ 26.808 19.718 5,963 -126.969 -111.185 3L4.716
800 13.120 28.548 20.715 6.266 -12€.950 -108.944 29.762
§28 13.162 29.000 20.988 6.634 -126.953 -108.313 28.589
828 13.162 29.000 20.988 6.634 ~127.133 -108.313 28.589
300 13.270 30.101 21.673 7.585 -127.147 -106.676 25.904
1000 13.4140 21.509 22.588 8.921 -127,165 ~104,. 401 22.816
1041 13.493 32.050 22.950 9.473 -127.155 -103.467 2t.722
1041 13.493 32.050 22.950 9.473 -129.115 -703.467 21.722
1100 13.570 32.796 23.459 10.271 -129.077 -102.015 20.268
1200 13.700 33.982 24.286 11.635 -129.003 -99,557 18.132
1300 13.831 35,084 25.076 13.011 -128,922 ~-97.108 16.325
1400 13.960 36.113 " . 25,827 14,401 -128,831 -94,662 14,777
1500 14,086 37.081 . 26.5U46 15.803 -128.730 =92.227 13.437
1600 14.210 37.994 N 27.233 17.218 -128.621 -89.795 12.265
1654.1 14,274 38.468 . 27.592 17.989 -128.559 -88.485 11.691
1654.1 14,274 38,468 ‘. 27.592 17.969 -161,289 -88.185 11.691
1700 14.329 38.859 - 27,891 18.645 -161.078 -86.,469 11.116
1800 14,450 39.681 . 28,523 20,084 -160,609 -82.092 9.967
1900 14.575 40.466 e 29.132 21.535 -160.133 ~77.742 . 8.942
2000 14,700 41.217 22.999 -159.650 -73.420 8.023

L 29,717

¥Data above 298 K estimated.

Phase changes:

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

828 K, o - B transition peint of Sr;

1041 K, melting peint of Sr;
1654.1 K, boiling point of Sr;

AH® = 0.180 ‘keal/mol.
AH® = 1.960 kecal/mol.

AH® = 32.730 keal/mol.

298.15-2000 X:

Cp® = 12,021 + 1.416x1073T - O.714x10%T"2

He- H2,, = 12.021x107°T + 0.708x107°T% + 0.714x102T"! - 3.886

Reaction equations (keal/mol):

298.15-828 K:

828-1041 K:

AHre = -128.360

AGre
AHre
AGre

1041-1654.1 K: AHr®

AGr®

1654,1-2000 K:  AHpe

AGre

= -128.360
= -126.597
= -126.597
-129.182
"=129.182
-158.059
-158.,059

+ 3.255x107°T - 1.984x107°T? + 62,
3.255x107°T1nT + 1.98Ux107¢T? +

+ 1+ L o+

Source: Data from Chase (17) who

9507~ !

31.475T7Y + b4, 378x107°T

1,151%107°T + 0.548x1078T2 + 37.2507"!

$.151x107°T1nT - 0,5U8x107°T2 +

18.625T"‘+ 14, 760x107°T

0.551%107°T + 0Q.548x1078T? + 37.250T !

0.551x107°TlnT - 0.548x107%T? +

18.625T7 + 21,411x107°T

2.424x1073T + 1.523x107°T% - 5623.U50T"!

2.424%1075TInT - 1,523x107°5T2 - 2811,725T"* + 27,636x107°T

estimated all above 298 K.



366  Sr

Srs{g)
Strontium Sulfide (ideal gas)
[Formation: 38r{c) + 8(¢,1) = Sr3(g)]
cal/mol «XK kcal/mol
T,K ) Log Kf
Cp® se -(G°- H2,,)/T  He=- HI,, AEf® AGE®
298.15 8.479 58.078 58.078 0 ' 25,860 14,555 -10.669
300 8.485 58.130 58.078 .016 25.854. 14,486 -10,553
368.3 8.622 59.887 58.257 L601 25.609 11.922 -7.074
368.3 8.622 59.887 58.257 .601 25.513 11.922 ~7.074
388.36 8.663 60.346 58.353 LTT4 25.433 11.184 -£.294
388.36 8.663 60,346 58,353 LT7Y 25,020 11.184 -6,294
00 8.686 60,602 58.415 875 24,954 10.770 -5.885
432,02 §.721 61.272 58.602 1.16}4 24,750 9.6u2 -4,878
500 8.794 62.553 59.053 1.750 24,193 7.311 -3,196
600 8.861 64.163 59.775 2.633 23.477 4,002 -1.458
700 8.906 65.532 60.502 3.521 22.774 .812 =.253
717.824 B.912 65,756 60,630 3.680 22,6U9 . 255 -.077

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S;
388.36 K, melting point of S;
432,02 K, second order transformatlon of S;
717.824 K, boiling point of 8 to equllibrium mixture of S,

AH® = 0.413 kcal/mol.

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K;

Cp® = 7.759 + 1.562x107°T + 0.225x10°T"2
Ho= H8,, = 7.759x107°T + 0,781x1078T2 - 0.225x102T"! - 2,307

Formation equations (keal/mol):

298.15-368.3 K: -
368,3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf® = 27.868
AGfe = 27,868

AHT®
AGTe
AHf®
AGFe
AHf®
AGE®

26.753
26,753
10.594
10.594

1.116 + 38.088x107°T - 25.250%107°T2 + 5131.900T"!

I+ + 1 + 1

AH® = 0 kcal/mol.
(n=1to8).

5.009x107°T ~ 0.034x107°T* - 152.400T!

5.009%x107°T1nT + C.034x107%T% - 76.200T"! - 72, 343x10 °T

2,746x107%T ~ 1.780x107°T* + 3.200T7!

2.746x107*TInT + 1.780x107°T? + 1.600T"! - 57, 160x107°T
41,994%x107°T ~ 45.062x107%T* + 1905,400T !

Il

AH® = 0.096 kecal/mol.

41.994x1073TInT + 45.062x107%T2 + 952.700T ' + 22B,069x107°T.

1.116 - 38.088x107°TinT + 25.250x107°T2 + 2565,950T ! + 226.221x107°T



Srs3(g)
Strontium Sulfide (ideal gas)

Sr 367

[(Reaction: Sr{ec,l,g) + 0.55,(g) = Srs{(g)]
cal/mol- K keal/mol
T,K : ‘ Log Kr
~ Cpe 3¢ ~(G% H34¢)/T He~ Hg,, AHre AGre
298.15 8.479 58.078 58.078 0 10.505 5.041 ~3.695
300 8.u85 58.130 58.078 L0186 10.502 5.008 ~3.648
Loo 8.686 60.602 58.415 .875 10.303 3.205 ~-1.751
500 8.794 62.553 59,053 1.750 10.066 1,458 -.637
600 8.861 64,163 59.775 2.633 9.783 -.239 .087
700 8.906 65.532 60,502 3.521 g.u49 ~1.884 .588
800 8.9142 66.724 61.207 4, 41y 9.059 ~3.476 .950
828 8.953 67.032 61.398 4.665 8.937 ~3.913 1.033
828 8.953 67.032 61.398 L.665 8.757 -3.913 1.033
900 8.981 67.779 £1.879 5.310 8.437 ~5.001 1.214
1000 9.037 68.728 62,517 6.211 7.995 ~6,469 1.41Y
1081 . 9.073 69.092 62.769 6.582 7.814 ~7.059 1.482
1041 9.073 69.092 62.769 6.582 5.854 a7.059 1.U482
1100 9.126 £9.593 63.122 7.118 5.631 ~7.785 1.547
1200 9.267 70.393 63.695 8.038 5.260 . ~8.987 1.637
1300 9.474 71.143 64,240 8.974 4,90 ~10.162 1.708
1400 9,758 71.855 64.759 9.935 4. 564 ~-11.307 1.765
1500 10,124 72.540 65.255 10,928 4,255 -12,4371 1.811
1600 10,567 73.207 65.731 11,9562 3.983 ~13,532 1.848
1654, 1 10.843 73.563 65.981 12.541 3.853 ~14,124 1.866
16541 10.843 73.563 65.981 12.5M1 ~-28.877 ~14.124 1.866
1700 11,077 73.863 66,190 13,084 -28.819 ~  -~13.717 1.763
1800 11.637 74,511 66.634 14,179 -28.654 -12.831 1.558
1800 12,226 75.156 67.065 15,372 -28,436 ~11,956 1.375
2000 12.821 75.7%9 - BT.487 16.625 ~28,163 “11,098 1.213

Phase changes:

828 K, @ - B transiticn point of Sr;
1041 K, melting point of Sr;
1654.1 K, boiling polnt of Sr;

AH® = 0.180 kcal/mol.
AH® 21,960 kcal/mol.,
AH® = 32,730 kcal/mol.

Heat capacity (ecal/mol-X) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 7.759 + 1.562x107°T + 0.225x10°T"2
Hor Hg,qe = 7.759%107°T + 0,781x107°T2 ~ 0,225x102T"! - 2,307

Reaction equations (kecal/mol}:

298.15-828 K:

828-1041 K:

AHre = 11,079

AGre
AHpo
AGre

1041-1654.1 K: AHre

AGre

1654,1-2000 K: AHre

AGre

Bl

a % 8 8 8

11.079
12,842
12,842
10.257
10.257

0+ 0+

-18.620 + 6.686x107°T1lnT - 1.5%6x707°%T% - 2858.675T"' ~ 43.122x107°T

1.007x107°T - 1,911x107°T% - 30.950T"!
1.007x1073TInT + 1.911x107%T2 - 15.475T?
5.412x1073T + 0.621%x107%T2 - 56,6507
5.412x107°TInT - 0.621x107°%T? - 28.325T!
4.813x1073T + 0.621x107°T% - 56,6507 !
4,813x107%T1nT - 0.621x107°T* - 28,3257
-18.620 - 6.686x107°T + 1.596x1Q7°T% - 5717.3507"}

Source: Data from Chase (17) who estimated some molecular constants,

~ 26.380x107°T
- 55.998x107*T

- 49.346x107°T



368 Ta

Tas,(c)
Tantalum Disulfide
[Foermation: Ta(e) + 25(e,1) = TaS,{c)]

cal/mol-K - kcal/mol
T,X Log Kf
Cp® Se —{G°~ H344)/T Ho~ HZ,.4 AHf® AGfo

298.15% 16.610 18.000 18.000 0 -84,600 -82.u41 60,430 "
300 . 16.620 18.100 18.000 .030 -84.601 -82.1426 60.047
368.3° 17.002 21.549 18.350 1.178 ~-84,640 -81.930 48.617
368.3 17.002 21.549 18.350 1,178 -8u.832 -81.930 - 48.617
388,36 17.115 z2.u454 18.539 1.520 -84.852 -81.770 46.016
388.36 17.115 22.454 18.539 1.520 ' -85.678 -81.770 46.016
uoo 17.180 22.960 18.660 1.720 -85.727 -81.653 44,612
432,02 17.343 24,289 19,029 2.273 ' ~85.900 -81.321 41.138
500 17.690 26.850 19.910 3.470 - ~86.476 ~80,542 35.205
600 18.170 30,120 21.353 5,260 -87.03¢C -79.304 28.886
700 18.650 32.960 22.817 7.100 -87.426 -77.98T: 24,348
717.824 18.734 33.430 23.075 7.433 -87.481 =77.745 23.670

*Entropy at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of 8; AH° = 0,096 kcal/mol.
388,36 K, melting polnt of S; AH® = 0.113 kcal/mol,
432.02 K, second order transformation of S; AH® = 0 kecal/mol. -
717.824 X, boiling point of S to-equllibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol+k) and enthalpy (kcal/mol) egquatlons:

298.15~1800 K: Cpe = 15,469 + 4,602x1073T - §,204x10°T"2
Ho- H8,, = 15.469%1073T + 2.3C1x107°T? + 0.204x102T"" - 4.885

Formation equations (keal/mol):

298.15-368.3 K: AHfe = -82.483 - 5.935x107°T + 5.053x107¢T2 - 237.600T!

AGF® = -82.483 + 5:935x107°TlnT - 5.053x107¢T2 - 118.800T ! - 30. 832x10 iT
368.3-388.36 K: AHE® = -8Y,713 - 1.409x107%T + 1.,561x107°T? + 73,600T ! -

AGEe = -8Y4.713 + 1,409%1073T1lnT - 1.561x107°T2 + 36.800T" ! —~ 0.466x107°T
388.36-432.02 K: AHf® = -117.030 + 88.071x1073T ~ 85.003x107°T2 + 3878.000T* -

AGfe = -117.030 - 88.071x107°T1nT + 85.003x107°T% + 1939.000T" ' + 569 9%1x10™ 3T
432.02-717.824 K: AHfe = -135,987 + 80.259x107°T - 45,379x107°T* + 10331.000T"!

AGF® = -135.987 - 80.259x107°TInT + 45.379x107°T* + 5165.500T "' + 566.296x107°T



Ta 369
TaS,(¢)
Tantalum Disulfide
[Reaction: Tafe) + S,{g) = TaS,(c)]
cal/mol K ) keal/mol
T,X Log Kr
cpe 5. —(Go Hige)/T Ho- Hlgy - AHro AGr®

298.15* 16.610 18.000 18.000 0 =115.310 -101.468 74.377
300 - 16.620 18.100 18.000 .030 -115,305 ~-101.381 73.855
400 17.180 22.960 18.660 1.720 -115.029, -96.784 52.880
500 17.690 26.850 19.910C 3.470 =114, 731 -92.249 Lo.321
600 18.170 30.120 21.353 5.260 -114,419 -87.786 31.976
700 18.650 32.960 22.817 7.100 ~114.076 -83.378 26.031
8§00 19.120 35.480 24,243 8.990 -113.699 ~79.014 21.585
900 19.590 37.760 25.627 10.920 -113.297 ~T4.T710 18.142
1000 20.050 39,850 26.940 12.910 -112.848 ~70.440 15.394
1100 20,510 41,780 28.207 14.930 -112.383 -66.227 13.158
1200 20,980 43,580 - 29,405 17.010 -111.871 -62.041 11.299
1300 21.480 45,280 30.565 19.130 -111.333 -57.915 . 9.736
1400 21.900 46.890 31.676 21.300 -110.761 -53.830 8.403
1500 22.360 48.110 32.737 23.510 -110.165 . =Ug.778 7.253
1600 22.820 49,870 33.76L 25.770 -109.535 -45,775 6.252
1700 23.290 51.270 34.758 28,070 -168.882 -U1,820 5.376
1800 23.750 52.610 35.704 - 30.430 4108.183 -37,879 4,599

*¥Entropy at 298 K estimated.

Heat capacity (cal/mol-X} and enthalpy (kcal/mol) equations:

298.15-1800 K: Cp® = 15.469 + 4.602x107°T - 0.204x10°T~2
Ho~ H2,, = 15.469x107°T + 2.301x107°T? + 0.204x102T"! - 4,885

Reaction equations (kecal/mol):

298.15-1800 K+ AHr® = -116.060 + 2.070x107%T + 1.299x107 st + 5, 3OOT !
AGre = -116.060 - 2. 070x10b5TlnT =~ 1.299x107%T? + 2.650T7! + 61,094x107°T

Sources: Enthalpy of formation and estimated entropy at 298 X from Mills (80). Other data based
on Volevik (125).



370 Th

TbS{(g)
Terblum Monosulfide (ildeal gas)

[Formation: Tb{ec) + 8(c,l1) = Th3(g)]

cal/mol «K kecal/mol
T,K Log Kf
Cpe Se -(Go- H3,,)/T H°- HE,a AHI® AGFe
298.15% 8.200 63.820 63,820 0 37.700 26.180 -19.,190
300 8.210 63.870 63.820 .015 37.692 26,108 -19.019
368.3 8.415 65.581 63.994 .585 " 37.409 23.499 @13.9u4
368.3 8.415 65.581 63.994 .585 37.313 23.499 -13.944
388.36 B.475 66.029 64.087 .T54 37.227 22.749 ~12.802
388.36 8.475 66.029 64,087 .T54 36.814 22.749 -12.802
4go 8.510 66.280 64,147 .853 36.T45 22.329 =12.200
432,02 8.555 66.937 64.330 1.126 36.537 21.182 -10.715
500 8,650 68.190 614,766 1.712 35.987 18.811 -8.222
600 8.730 69,780 65,478 2.581 35.303 15,438 -5.623
700 8.780 71.130 66.193 3.U456 34,645 12.179 -3.802
717.824 8.785 71.351 66.318 3.613 34.530 11.609 -3.535

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhomblic - monoclinic transition point of §;

388.36 K, melting point of S; AH® = (Q.U13 kcal/mol.
432.02 K, second order transformation of S; AH®° = 0O kcal/mol.
717.824 K, boliling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-2000 K:

Cp® = 8.875 + 0.036x107°T - 0.608x103T"¢
He- Hg,, = B.875x107°T + 0,018x107°T? + 0,608x10%2T"' - 2.852

Formation equations {(kcal/mol):

298.15-368,3 K:

368.3-388.36 K:

388.36-432.02 K:

432,02-717.824

K:

AHE®
AGEe
AHf®
AGfF®
AHfE®
AGL®
AKf®
AGFe

=

W %0 n Nk

38.713
38.713
37.598
37.598
21.439
21.439
11,961
11,961

o+ 1+ o+ 0+

3.583x107°T - 0.379x107°T* + 26.600T"!

3.583x107°T1inT + 0,379x107%T? + 13,300T""' - 62,713x10~ ’T
1.320%107%T - 2.126x107T? + 182.200T"!

1.320x107?TinT + 2.125%x107%T% + 91,100T"% - 47.530x10° sT
43.420x107°T ~ 45.407x107¢T% + 2084.400T!

AH® = 0,096 kcal/mol.

43.420x107°T1nT + 45.407x107°T% + 1042.200T7 % + 237.698x107°T . 0~

39.514x107°T - 25.595x107°T% + 5310.900T"!

39.514x1077T1nT + 25,595x107°T2 + 2655,450T " + 235.851x107 T



ThS(g)
Terbium Monosulfide (ideal gas)

T 3N

[Reaction: Tb(e,1) + 0.5S,(g) = TbS(g)]
cal/mol K kcal/mol
T,K Log Kr
‘ Cp® §¢ -(G°- Hg,¢)/T He- Hi,, AHre AGre
298.15% 78.200 '63.820 63.820 ‘0. 22.345 16.666 -12.216
300 8.210 £3.870 63.820 w015 22.340 16.630 -12.115
Loo 8.510 66.280 64,147 .853 22,094 14,763 -8.066
500 .8.650 £8.190 64.766 1.712 21.860 12.957 -5.664
600 8.730 69.780 65.478 2.581 21.609 11.197 -4.079
700 8.780 T1.130 66.193 3.456 21.320 9,484 -2.961
"800 .8.810 72.300 66,881 4,335 20,997 7.823 -2.137
900 '8.830 73.340 67.5u43 5.217 20,638 6.193 ~-1.504
1000 8.850 T4, 270 68,168 6.102 20,239 4,608 -1,007
1100 8.860 75.120 68.768 6.987 19.802 3.065 -.609
1200 8.880 75.890 69.328 7.874 19.324 1.561 -.284
1300 §.880 76.600 69.860 8.762 18.798 . 105 -.018
1400 8.890 77.260 70.366 9.651 18.222 =-1.307 .204
1500 8.900 77.870 70.843 10,541 . 17.592 -2.67H .390
1560 8.906 78.224 T1.125 11.076 17.183 ~3.491 189
1560 8.906 78.22Y 71,125 11.076 15.983 3,491 .89
1600 B.910 78.450 ~ 71.305 11,432 15.888 -3.984% .54
1630 8.910 78.816 71.438 11.699 15.815 -4.364 .585
1630 8.910 78.616 T1.438 11.699 13.235 ~-4.364 .585
1700 8.910 78.990 .78 12.323 12.750 ~5.110 657
1800 8.920 79.500 72.159 13.214 12.059 -6.149 LTHT
1900 8.930 79.980 72.555% 14,107 11.365 -7.138 821
2000 B.930 80,440 72,940 15.000 10,668 -8.098 .885
¥Data except enthalpy of formation at 298 K estimated.
Phase changes: 1560 K, o - B transition point of Tb; AH°® = 1.200 kcal/mol
1630 K, melting point of Tb; AH° = 2,580 kecal/mol.
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:
298.15-2000 K: Cp® = 8,875 + 0,036x107°T - 0.608x10%T"2 ‘
: Ho- Hige = 8:875x107°T + 0.018x107°T? + 0.608x102T"" - 2, 852
Reaction equations (kcal/mol):
298.15-1560 K: AHre = 21.924 + 0.L20x107°T - 2.256x1075T2 + 148.05077!
AGre = 21,924 - 0.420x1073T1nT + 2.256x10%5T2 + 74,.025T"% - 16, 750x10 iT
1560-1630 K: AHre = 19,334 - 1.937x107°%T - 0.142x107°%T% + 26.650T !
AGre = 19,334 + 1,937x1073TLlnT + 0.142x107°%T2? + 13.325T" ! - 29.097x107°T
1630-2000 K: AHr® = 24.038 - 6.406x1073T - 0.142x1075T2 + 26.650T"!
ACr® = 24,038 + 6.406x107°T1nT + O0.142x7107°T2 + 13.325T" ' - 65,037x3107°7T

Source: Data from Mills (80) who

estimated all except enthalpy

of formation at 298 K.



372 Th

ThS(c)
Thorium Monosulfide
[Formation: Th{e) + S(e,1) = ThS(e)]

cal/mols«X keal/mol
T,X Log Kf
Cp® se -(Go= HZ,4)/T Ho- Hf,, AHF® AGE®
298.15 11.410 16.680 16.680 0 -95.500 -94,1385 69.185
300% 11.420 16.751 16.681 021 -95.501 -94.378 68.753
368.3 11.816 19.138 16,921 BT -95,511 -94,118 55.849
368.3 11.816 19.138 16.921 BT -95.637 -94,118 55.849
388.36 11.932 19.768 17.052 1.055 -95.653 -94,034 52.917
388.36 11.932 19.768 17.052 1.055 -96.066 -94,034 52.917
400 12.000 20.121 17.136 1.194 -96.,093 =-93.973 51.344
432.02 12,106 21.049 17.392 1.580 -96.188 -93.800 47.451
500 12.330 22.836 18.014 2.4 -96.500 -93.398 40.824
600 12,570 25,106 19,01 3.6597 -96.818 -92.745 33.782
700 12.760 27.059 20.025 4,924 -97.078 -92.0L6 28.738
“717.824 12.789 27.380 20.203 5.152 -97.119 -91.917 27.985

*Data above 298 K estimated.

Phase changes: 368.3 K, orthorhomblc - monoeclinie transition point of S; AH®
388.36 K, melting point of S; AH° = 0.413 kcal/mol.
432.02 K, second order transformation of $; AH® = 0 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n

1]

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cpe = 12.054 + 1.260x107°T - 0.906x10°T"2
He- HE,, = 12,054x107°T + 0.630x107°T? + 0.906x102T"! - 3.954

Formation equations (keal/mol):

0.096 kcal/mol.

1 to 8).

4.761x107°T

298.15-368.3 K: AHf® = =94.731 - 2,178x1073T + 1,400x107%T2% - 72.900T"!

AGF® = -94.731 + 2.178x1073T1nT - 1,400%x107°T2 - 36.450T7! - 10.422x1073T
368.3-388.36 K: AHf® = -95,846 + 0,085x107°T - 0.346x107¢T2 + B2,700T"?

AGfe = -95.846 - 0.,085x107°T1lnT + 0.3U6x107°T2 + U1.350T"! +
388.36-432.02 X: AHfe = -112.004 + 44.825x107°T - L43.628x107°%T* + 198L4,900T7!

AGfe = -112.004 - 44.B25x%107*T1nT + U43.62Bx107€T>* + 992.450T""' + 289.3990x107°T
432.02-717.824 K: AHf® = -121.483 + 40.919x107°T - 23.816x107%T2 + 5211.400T"!

AGFe = -121,483 - 40.919x107'T1nT + 23.816x107°T? + 2605.700T" % + 288.1u42x107°T



Thorium Monosulfide

Thi(e)

Th 373

[Reaction: Th{ec) + 0.53,(g) = Th3(c)]
cal/mol X keal/mol
T,K Log Kr
cp® 50 -(Go HS4g)/T Ho- HI,, AHro AGPe®

298.15 11,410 16.680 16.680 0 -110.855 ~103.898 76.159

300* 11.420 16.751 16.681 021 -110.853 -103.855 75.657

400 i2.000 20.121 17.136 1.194 -110.74y4 -101.539 55.477
500 12.330 22.836 18.014 2.41 -110.627 -99,251 43,382

600 12,570 25.106 19.011 3.657 -110.513 -96,986 35.327
700 12.760 27.059 20,025 L, 924 -110.403 -4, TH1 29.579

800 12.920 28.773 21.013 6.208 -110.300 -92.509 25.272

900 13.070 30.303 21.962 T7.507 =110.209 -90.292 21.926
1000 13.220 31.688 22.866 8.822 -110.122 -88.083 19.250
1100 13.350 32.954 23.727 10,150 -110.046 -85.883 17.063
1200 13.490 34,122 24,545 11.492 -109.979 -83.691 16.242
1300 13.630 35.207 25.324 12.8u48 -109.919 -81.501 13.701
1400 13.760 36.222 26.066 14,218 -109.868 -79.316 12.382
1500 13.90C0 37.176 26.775 15.601 -109.828 =77.137 11.239
1600 14.030 38.077 27.454 16.997 -109.795 -Th4,.958 10.239
1633 14,076 38.364 27.671 17.461 =109.787 -TH. 240 9.936
1633 14.076 318,364 27.6T1 17.461 -110.647 -T4,240 9.936
1700 14,170 38.932 28.104 18.407 -110.586 -72,748 9.352
1800 14.310 39.746 28.729 19.831 -110.509 ~70,525 8.563
1800 14,460 Bo.524 29.329 21.270 -110. 1450 -68.305 7.857
2000 14,600 41,269 29.908 22.723 -110.409 66,089 T.222
*Data above 298 K estimated.

Phase change: 1633 K, o - B transition point of Th; AH® = 0.860 kcal/mol.

Heat capaeity {cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 12,054 + 1,260x107°T - 0.906x10°T™2
He- H2,, = 12.054x107%T + 0.630x1078T2 + 0,906x10*T™* - 3.954

Reaction equations (keal/mol}:

298.15-1633 K: AHre

1633-2000 K:

Source: Data from Gronvold (U47) who estimated all above 298 K.

AGre
AHp®
AGre

-111.519
-111.519
-114.768
114,768

P+ 1+

1.825x107*T - 0.477x107%T? + U48.550T7!

1.825%107T1nT + O.47Tx107°T% + 24.275T™! + 35.5M1x107°T
4.073x1073T - 0,948x107%T? + 2.950T !
4.073x107%TinT + 0.948x107°T2 + 1,475T7% + 53.409x107°T



374 Th

.ThS(g)
Thorium Monosulfide- {(ideal gas)
{Formation: Th{e) + S(ec,1) = Ths(g)]

cal/mol+X kcal/mol

T,K ‘ . Log Kf
Cp® S° -(Go= H2,,)}/T H9- HI,, AHEo AGf®
298, 15# 8,250 60,3210 60,310 0 72.000 60.107 -44,059
300 8.256 60.361 60,311 ,015 71.993 60,033 -43,734
368.3 8,433 £2.074 £0. 482 .586 71.729 57.338 -34.024
368.3 8.433 62.074 60. 482 .586 71.633 57.338 -34,024
388.36 8.48% 62.523 . 60.576 .756 71.549 56.563 -31.830
388.36 8.485 62.523 60.576. .. T56 . 71.136 56.563 -31.830
400 B.515 62,774 60,636 855 71.068 56.127 -30.666
432.02 8.563 63.432 60.820 1.128 . 70,867 54,938 -27.,1792
500 8.664 64,691 61.263 1.714 70.303 52,477 -22.938
600 8.788 66.281 : 61.971 2.586 69.611 48.979 -17.840
700 8.947 67.647 62.687 3.472 68.970 k5,594 ~14,234
717.824 8.988 67.87¢2 62.813 3.632 68,863 44,997 -13.700

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombie - monoclinfe transition point of S; AH® = 0.896 kecal/mol.
. 388.36 K, melting point of S; AH® = 0.4813 keal/mol.
432,02 K, gsecond order tranaformaticn of S; ° AH® = 0 kcal/mol.
717.824 K, boiling polnt of 5 to equilibrium mixture of Sn {n=11%to 8).

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equations:

298.,15-2000 K: Cp® = 6.918 + 3.026x1073T + 0.382x10%T™2
' Ho- H2,q = 6.918x107°T + 1.513x107°T? - 0.382x10*T™} - 2.069

Formation equations (kcal/mol):

298.15~368.3 K: AHF® = 7H.654 - T.314x107°T + 2,283x107°T? - 201.700T7}
‘ AGP® = ThH.654 + 7.314x107°T1nT - 2.283x107°T% -~ 100.850T7! - 88 648x10” ’T

368.3-368.36 K: AHF? = 73,539 - 5.051%107°T + 0.537x107°T® - h6,10QT?

AGP® = 73.539 + 5.051x107*T1nT - 0.537x1075T% - 23, 0507 - 73 “55X10—3T
388.3€6-432.02 K: AHP® = 57,381 + 39.689x107°T - U2,745x107°T% + 1856. 100T"!

AGE® = 57.381 - 39.689x107*TInT + 42.745x107ST2 + 928.050T™% + 211.763x107°T
4§32.02-717.824 K: AHP® = 47.902 + 35.783x107T - 22.933x107°T% + 5082.600T™"

AGfe = -

47.902 35.783x1073T1nT + 22.933x107°T2? + 2541.300T7! + 209.915x%07°T



Th5(g)

Thorium Monosulfide (ideal gas)

Th 375

[Reaction: Th(c) + 0.58,(g) = ThS(g)]
_ cal/mcl+K kcal/mol
- T,K Log Kr
Cp° Se =(G°= H§44)/T H®- H34, AHr® AGr®

298.15% “8.250 60.310 60.310 0 56,645 50.593 -37.086
300 -8.256 60,361 60.311 015 56.641 50.556 ~36.,830
400 8515 62.774 60.636 .855 56.417 48.561 -26.532
500 :8.66" 64.691 61.263 1.714 56.175 46.624 -20.379
600 '8.788 £6.281 61.971 2.586 55.917 L4.738 -16.296
“T00 - ‘8,947 67 .647 62.687 3.472 55.645 L2 _ 896 -13.392
BOO 9,178 68.855 63.383 4,378 55.369 41.095 -11.227
900 9.490 69.954 64.053 5.311 55.095 39.326 -9.549
1000 9,870 70,973 64.695 6.278 54,834 37.588 -8,215
1100 10,288 71.933 65.309 7.286 54,591 35.876 -7.128
1200 10.709 72.847 65.900 B.336 51.365 34.183 -6.226
1300, 11.103 73.720 66.468 9.427 54.160 32.511 -5.U66
1400 11,444 74,556 67.017 10.555 53.969 30.853 -4.816
1500 11.719 75.355 67.546 11,774 53.785 29.207 -L,255
1600 11.922 76.118 £8.057 12.897 53.605 27.576 -3.767
1633 11.966 76.362 68.223 13.291 53.544 27.040 -3.619
1633 11.966 76.362 68.223 13.291 - 52.684 27.040 -3.619
1700 12.054 76.845 68.553 14,096 52.604 25.989 ~3.3u1
1800 12.121 77.536 69.033 15.305 52.465 24,427 . -2.966
19C0 12.132 78.192 69.498 16.518 52.298 ‘ 22.874 -2.631
2000 12.098 78.814 69,949 17.730 52.099 21.328 =2.331

*Data except enthalpy of formation at 298 K estimated.

Phase change:
Heat capacity (cal/mol‘+K) and enthalpy {kcal/mol) equations:

1633 K, @ - B transition point of Th; 4H® =

298.15-2000 KX:

H°- H34, = 6.918x7107°T + 1.513x107°%T? - 0.382x102T"! - 2.089

0.860 kcal/mol.

Cp® = 6.918 + 3.026%107%T + 0,382x10°T"2

Reaction equations (kecal/mol):

298.15-1633 K: AHr°

1633-2000 K:

Source: Data from Gronvold (47) who estimated all except enthalpy of formation at 298 X.

AGro°
AHr°
AGre

= 57.865
= 57.865
= 54,617
= 54,617

+ 1+ 1

3.312x1077T + 0,406x107%T% - 80.25QT"!
3.312x107T1nT - 0.406x107%T2 - LO,125T ! - 42.685x%107°T

1.063x107°T - 0.065x107°T2 - 125.850T !

1.063x1073T1InT + 0.065x107°T% - 62,925T"! - 24.B18x107°T



376 Th

ThS, ¢(e)
Thorium Sesquisulfide

" [Formation: Th(e) + 1.58(e,1) = ThS, ,{e¢)]

kcal/mol

cal/mol-K
T,K" - Log Kf
Cp® Se ~(G°= H24,)/T H°- H%,, AHf® AGF®
298.,15% 14,606 21.500 21.500 ‘ 0 -129.500 -128.680 94,324
300 14,4815 21.5%0 21.500 .027 -129.500 -128.674 93.738
368.3 14,887 2u.618 21.807 1.035 -129.,520 -128.486 76.243
368.3 14,887 24,618 21,807 1,035 -129,664 -128.486 - 76,203
388.36 14.967 25.409 21.973 1.335 -129.677 -128.420 72.268
388.36 14.967 25.409 21.973 1.335 -130.297 -128.420 72.268
400 15.013 25.852 22,080 1.508 -130.333 -128.1364 70.134
432.02 15.105 27.012 22.403 1.99 -130.,463 -128.202 64.854
500 15,300 29.234 23.184 3.025 -130.910 -127.807 55.864
600 15.530 32,004 24,432 4,567 -131.360 =-127.141 46,311
700 ©15.743 34,454 25.695 6.131 -131.723 -126,409 39.466
T T17.824 15.779 34.850 25.918 6.u12 -131.779 -126.272 38.445

%Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
3688.36 K, melting point of S; &4H® = 0,413 keal/mol.

432.02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824 K, boiling point of S to equillibrium mixture of S (n=1to 8)

Heat capaclty (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Formation equations (kcal/mol):

Cp® = 14.576 + 1.798x1073T = 0,U50x105T"2
Ho- HSy, = 14.576x107°T + ©.899x1075T2 + 0,450x102T~' - 4,577

298.15-366.3
368.3-388.36

388.36-432,02 K:

K:

K:

AHT®
AGE?®
AHf®
AGL®
AHE®
AGE®

432.02-7T17.824 K: AHf®

aGee

= =127.
= =-127.
- -129.
-129.
-153,
-153,
-168.

LI I I ]

-168

950
950
623
623
860
860
078

.078

I+ 1 + + { +

3.743%1073T + 2.528x107%T* - 196.300T !
3 T43x1073TInT - 2.528x%107°%T2 - 98.15QT"! - 21.915x107 ’T
0.348x107°T - 0.091x1075T2 + 37.100T"!
0.348x107°T1InT + 0.091x107%T? + 18.550T"! + 0. 860x107°T
66.761x107°T - $5,015x107°T? + 2890.400T"!
66.761x107°T1nT + 65.015x107°T2 + 14k5_ 200T"' + 428.702x107°T
60.903x1073T - 35.29Tx1078T2 + 7730.150T"!
60.903x107*T1nT + 35.297x107°T? + 3865.075T"' '+ 425.931x10" ET'



Th - 377

Phase change:

Heat capacity {cal/mol+K) and enthalpy (kcal/mol) equations:

1633 K, a - B transition.point of Th;

298.15-2000 K:

Cp®
HO- Hise = 14.576x1073T + 0.899x107°T? + 0.450x102T™" = 4. 577

= 14,576 + 1.798x107°T - 0.450x10%T~2

Reaction equations (kcal/mol):

298.15-1633 K:

1633-2000 K:

Source: Data from Gronvold (47) who estimated all except enthalpy of formation at 298 K.

AHre®
AGre
4Hre
AGre

=

-153.134
-153.134
-156,382
-156.382

+
+

2.261%107°T - 0.288x10°5T2 - 14,1257}

2.261x107°T1inT + 0,288x107°T2 - 7.063T"' + U47.030x1073T

4.510x107°T - 0.759x107°T? - 59.725T"!

4,510%1073T1nT + C.759x107%T2 - 29.862T"! + B4.897x107°T

ThS, .(c)
Thorium Sésquisulfide
[Reaetion: Th{e) + 0.755,(g) = ThS, (e}]
) cal/mol«K kcal/mol .
T,K — ‘ - - — Leg Kr
Cp® 3 “(Go= HS4e)/T  H°= Hig, -AHre AGre

298.15% 14,606 | 21.500 21.500 0 -152.533  -142.950 104.784
300 . 14,615 21.590 21.500 .027 -152.528 -142.,890 104.09L
- 400 - 15.013 25.852. 22.080 1.509 -152.309 =139.712 - 76.334
500 -15.300 29.234 23.184 3.025 -152.101 -136.587 59.701
600 . 15.530 32.044 24,432 4.567 -151.902 =133.503 48.628
700 . 15,743 34,454 25.695 BCAEY -151.711 -130.451 ho, 728
. 800 115,944 36,570 .26.926 T7.715 -151.526 -127.426 34,811
900 16,140 38.456 28.103 . 9.320 -151,348 -124.426 30.21H4
1000 - 16.330 40.169 29.226 10.943 -151.175% —-121.443 26.51
1100 16.518 41.734 30.293 12.585 -151,008 -~118.477 23.539:
1200 16,703 43;180 31.308 14,247 -150.847 -115.528 21,040
1300 16.888 L, 524 32.273 15.926 -150.691 -112.590 - 18.928
1400 17.072 45.782 33.193 - 17.624 -150.542 -109.664 17.119
1500 17.255 46.566 34.073 19.340 -150.399 -106.752. 15.554
1600 17.437 48.c86 3L4.914 21.075 -150.261 -103.846 14,185
1633 17.497 48,443 35,184 21.651 150,217 -102,890 13,770
1633 17.497 48,443 35,184 21,651 -151.077 - =102.890 13.770
1700 17.619 49,148 35.720 22.828 =150.943 -100.914 12.973
1800 17.801 50.161 36.495 24.599 -150.756 -97.978 11.8%6
1900 17.982 51.128 37.2HQ 26.388 -150.584 -95.050 10.933
2000 18.163 52.055 37.958 28.195 - -150,428 =92.133 10.068

¥Data except enthalpy of formation at 298 K estimated.

AH® = 0.860 keal/mol. .



378 Th

ThS,(¢)
-Thorium Disulfide

[Formation: Th{g) + 28(¢,1) = ThS,(e)]
cal/mol X kcal/mol
T,K Log Kf
Cp® so -(G°= H$,¢)/T H9- Hi,, pHE® 8GEe
298.15 16.800 23.000 . 23.000 0 -150 -148.485 108.8M1
300%* - 16.840 23.104 23.001 031 -150.001 -148.475 108.163
368.3 17.277 26.607 23.354 1.198 -150.054 -148.123 87.895
368.3 17.277 26.607 23.354 1-198. -150.246 -148.123 87.89%5
388.38 17.406 27.527 23.546 1.546 =-150.270 -148.006 83.289
388,36 17.406 27 .527 23.5L6 1.546 -151.096 -148.006 83.289
Loo 17,480 28.042 23.670 1.749 -151,148 -147.913 80.815
432,02 17.611 26,393 24,044 2.311 -151.330 -147.648 74.691
500 17.890 31.989 24.951 3.519 -151.939 -147.015 64.259
600 18.}6Q 35.275 26.405 5.322 -152.557 -145.968 53.168
700 18.390 38.093 27.879 7.150 -153.056 -144 830 45,217
717.824 18.420 38.556 28,138 7.L78 -153.134 -144,619 44,037

¥Data above 298

Phase changes:

Heat capacity (c

K eatimated.

368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH° = 0,413 kcal/mol.

432,02 K, second order transformation of 3; AH® = 0 keal/mol. C
717.82h K, boiling point of 8 to equilibrium mixture of Sn {n =1 to 8).

al/mol+K) and enthalpy (kcal/mol) eguations:

298.15-2000 K:

Formation equati

Cp® = 17.117 + 1.614x107%T - 0.976x105T"2

"H®- H3gs = 17.417x107°T + 0.807x107%T2? + 0.976x102T™? - 5.592

ons (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:

388.,36-432,02 K:

432.02-717.824 K:

AHF® = -148.062 - L.989x107°T + 3.294x10~ST? - 221.500T"!

AGE® = -148.062 + 4.989x107°TLnT - 3.294x107¢T? - 110.750T"! - 27.614x10 3T.
AHF® = -150.293 - 0.463x107°T - 0.198x107°T2? + 89,7007} o
AGE® = -150.293 + 0.463x107°T1nT + 0.198x107°T2 + 44,850T™' + 2.752x107°T

AHF® = -182,609 + 89.,017x107°T - 86,762x10™°T2 + 3894,100T"}

AGF® = -1B2.609 - 89.017x107*T1nT + 86.762%x1075T2 + 1947.050T" + 573.209x1073T
AHf® = -201.567 + 81.205x1073T - 47.138x107%T2 + 10347.100T"!

AGE® = -201.567 -

81.205x107T1nT + U47.138x107°T% + 5173.550T ! + 569.514x107°T



Ths,(c)
Thorium Disulfide
(Reaction: Th(e) + S,(g) = ThS,(e)]

Th 379

cal/mol X o keal/mol

T,K - Log Kr
‘Cp® sSe ={G°= H3,,)/T H°- Hi,, _ AHr° -AGr*
298,15 16.800 23.000 - 23.000 0 —180,710 -167.512 122.788
300% 16.840 - 23.104 23.001 .031 -180.705 -167.430 121.971
Loo 17.480 28.042 23.670 1.749 -180.450 -163.044 B9.082
500 17.890 31.989 24,951 3.519 -180.194 -158.721 69.376
600 - 18.160 35.275 26.405 5.322 -179.946 -15U.450 56.258
700 18.390 38.093 27.879 7.150 -179.706 ~150,221 46,900
800 18.560 40.559 29.313 8.997 -179.476 -146.022 39.891
900 18.790 42,759 30.687 10.865 -179.255 -141.856 34,447
1000 18.900 Ly, 74y 31.995 12,749 =179.043 -137.7v2 30.097
1100 19.050 46.553 33.238 14,647 -178.844 -133.588 26.541
1200 19.210 L8.217 3”.#17 16.560 -178.657 -129.482 23.582
1300 19.370 49,767 35.539 18.489 -178.479 -125.39 21,080
1400 19.530 51.202 36.606 20,431 -178.312 =121,312 18.937
1500 19,690 52.555 37.625 22.395 -178.155 -117.249 17.083
1600 19.860 53,831 38.599 24,372 -178.007 -113.193 15.461
1633 19.916 54.237 38.910 25.028 -177.961 -111.857 14.970
1633 19.916 54.237 38.910 25.028 -178.821 -111.857 14.970
1700 20.030 55.050 39.530° 26.367 -178.682 =109.111 14,027
1800 20,200 56.185 40.424 28.370 -178.499 -105.025 12,752
1900 21.380 57.318 41,284 30,L65 -178.259 - =100,950 11.612
2000 20.570 58.403 42,114 32.579 -178.035 -66.889 10.587

%¥Data above 298 K estimated.
Phase change: 1633 K, a - B transition point of Th; AH® = 0.860 kdal/mol.

Heat capacity {cal/mol:'K) and enthalpy (kcal/mol) equations:
298.15-2000 K: Cp® = 17.417 + 1.614x107°T - 0.976x10°T"2

Ho- HZ,, = 17.417x107°T + 0.807x107°T? + 0.976x102T"* - 5.592

Reaction equations (kcal/mol):
298.15-1633 K: AHr® = -181,640

3.016x107°T - D0.460x107°T2 + 21.400T7!

+
AGre = -181.640 - 3.016x107*TInT + 0.UBOx107°T2 + 10.700T"! + 64.312x107*T
+

1633-2000 X: AHr® = -184.889. + 5.265x107%T - 0.931x107%T2 - 24.200T"!

AGre = -184.889

Source: Data from Gronvold‘(ﬂli who estimated all above 298 K.

5.265x1073T1nT + 0.931x107%T2 - 12,100T™' + 82.179x107°T



330 Th

ThS, (g)

Therium Disulfide (ideal gas)

(Formation:  Th(e) + 2S(c,l) = ThS,{g)]
cal/mol -K keal/mol
T,K - Log Kf
Cp® ge =(Go- H2.,)/T H°= HS., AHE® AGE®
298.15% 12.685 72.630 72.630 0 18.000 4,718 -3.458
300 12.698 72.709 72.632 023 17.9N 4.635 =-3.377
368.3 13.026 75.351 72,898 .904 17.652 1.630 -.967
368.3 13.026 75.351 72.898 .904 17.460 1.630 -.967
388.36 13.122 76.045 73.042 1.166 17.349 72 -.434
388.36 13.122 76.045 73.0L2 1,166 16.523 772 -. 434
Loo 13.178 76.433 73.135 1.319 16.422 .301 -.164
432.02 13.257 77.451 73.418 1.7k2 16.102 -.979 . 495
500 13.426 79.402 T4.102 2.650 15,192 -3.590 1.569
600 13.567 81.863 75.196 4.000 14,121 =7.243 2.638
700 13.655 83.961 76.301 5.362 13.156 -10.726 3.349
7T17.824 13.666 84,304 76.495 5.605 12.994 =11.33 3.450

*Data estimated.

Phase changes: 368.3 K, orthorhombic ~ monoclinic transition point of §; AH® = 0.096 kcal/mol.
388,36 K, melting point of 8;
432.02 X, second order tranafcrmation of S;

AH® = 0,413 keal/mol.

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 13.811 + 0.058x107°T - 1.017x10%T"2
He- Hg,, = 13.811X107?T + 0.029%1075T% + 1,017x102T™* - 4,461

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-717.824 K:

AHf®
AGF?®
AHf©
AGf®
AHf®
aAGE®
AHf®
AGF©

21.068
21.068
18.838
18.838
-13.479
-13.479
-32.U36
-32,L36

+ 1 +

I+ 1+

AH® = 0 kecal/mol.,
717.824 K, boiling point of S to equilibrium mixture of Sn (n

8.595x107*T + 2.516%107%T* - 217.400T"?
8.595x107?T1nT ~ 2.516x107T% - 108.700T"! - 101.836x107°T
4.069x107°T - 0.976x107%T2 + 93,800T"!
4,069%x1073T1nT + 0.976x107°T2 + 46.900T"! - T1.470x107°T

85.411x107%T - 87.540x107°T2 + 3898.200T !

1 to B).

§5.411x1073T1nT + 87.540x107°T% + 1949.100T" "' + 498.986x107°T

77.599x107*T - 47.916x107°T% + 10351.200T""

77.599%x1073T1nT + U7.916x%107°T2 + 5175,600T"" + U495.291x107°T



ThS,(g)
Thorium Disulfide (ideal gas)
[Reaction: Th(e) + S,(gY = ThS,(g))

Th 381

cal/mol-K keal/mol
T,K Log Kr
Cp® 3° -{G®- H%4,J)/T H®- HZg, AHre AGPe
298.15% 12.685 T2.630 T2.630 0 -12.710 -14,309 10.489
300 12.698 72.709 72.632 .023 -12.713 -14.319 10.431
400 13.178 76.433 73.135 1.319 -12.880 -14.830 8.103
500 13.426 79.402 74.102 2.650 =-13.063 =15.297 5.686
600 13.567 81.863 75.196 4.000 -13.268 -15.725 _5.728
T00 13.655 83.961 76,301 5.362 -13,4594 -16.116 5.032
800 13.714 85.789 77.377 €.730 -13.743 -16.473 4,500
300 13.754 87.L07 78.403 8.104 -14.01¢6 -16.801 4.080
1000 13.783 88.857 79.376 9.481 -14.311 -17.093 3.736
1100 13.805 90.172 80.299 10.860 -14,631 -17.356 3.448
1200 13.822 91.374 81.172 12.242 -14.975 -17.589 3.203
1300 13.835 92.481 82.001 13.624 -15.344 -17.762 2.991 |
1400 ' 13.845 93.506 82.78% 15.008 -15.738 -17.964 2.804
1500 13.853 9L, 462 83.533 16.393 -16.157 -18.111 2.639
1600 13.860 95.1356 84.244 17.779 -16.600 -18.226 2.489
1633 13.862 95.639 84,472 18.236 T =16.782 -18.257 2.hu3
1633 13.862 95,639 8L h72 18.236 -17.612 -18.257 2.443
1700 13.866 96,197 84.923 19.165 -17.88%4 -18.280 2.350
1800 13.871 96.989 85.571 20.552 -18.317 -18.290 2.221
1900 13.875 97.739 86.192 21.940 -18.784 -18.275 2.102
2000 13.878 98.451 86.787 23.327 . -19.287 -18.237 1.993

*Data estimated.

Phase change: 1633 K, a -

f transition point of Th;

AH® = 0.860 kcal/mol.

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp®
H°- HS 4

Reaction equations (kcal/mol):

298.15-1633 K: AHre°
AGr®
1633-2000 K: AHP®
AGPre

Source: Data are those estimated by Gronvold (H47).

-12.510
-12.510
-15.758
-15.758

I+ + 1

13.811 + 0.058x107°T - 1.017x10°T"2
13.811x107°T + 0,029x107°T% + 1,017x10%T™! - 4. 461

0.590x107*T - 1.238x1075T2 + 25,500T"!

0.590x107°T1nT + 1.238x107°T% + 12,750T"" - 9.910x107°T

1.659x107°T - 1.709x107%T? - 20,100T7"

1.656x1072T1nT + 1.709x107°T2 - 10.050T"! + T.957x107?T



382 Ti

TiS(e)
Titanium Monosulfide
[Formation: Ti(e) + S{e,1) = TiS(ec)]

cal/mol <K keal/mol

T,K - Log Kf
Cp*® . 80 —(G°- HYee)/T H°- HYgs AHf® AGEe ]

298.15% 11.490 13.500 132.500 0 -66.700 -66.258 48.568
300 11.500 13.57C 13.500 021 -66.700 -66.254 48,266
368.3 11.616 15.939 13.737 .81 -66.712 -66.152 39.254
368.3 11.616 15.939 13.737 81 -66,808 -66.152 39,254
388.36 11.650 16,556 13.867 1,041 -66,818 -66.115 37.206
388.36 11.650 16.556 13.867 1.04Y - -67.231 -66.115% 37.206
400 11.670 16.900 13.950 1.180 -67.257 -66.081 36,105
432.02 11.728 17.801 14,202 1.555 -67.349 -65,984 33.380
500 11.850 19.530 14,818 2.356 -67.661 ~65.T47 28.738
600 12.030 21.700 15.783 3.550 -67.988 -65.329 23.796
700 12.200 23.570 16.769 4,761 -68.266 -£4,860 20.250
717.824 12.232 23.877 16.941 4,979 -68.311 -6L4,772 19.720

¥Data except enthalpy of formation at 298 X estimated.

Phase changes: 368.3 K, orthorhombic - moncclinle transition point of S; AH® = 0.096 keal/mol.
388.36 K, melting point &f S; AH® = 0.413 kcal/mol.
432.02 K, second order tranaformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of S {n =1 to 8},

Heat capacity (cal/mol *K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cp® = 10.970 + 1.760x107°T
H°= H3,, = 10.970x1073T + 0.880x107°T2 - 3,349

Formation equations (kcal/mol):

298.15-368.3 K: AHF® = -65,460 - 2,681x1073T + 1.474x1076T7% - 170.400T7°

AGF® = ~65.460 + 2.6B81x1073TInT - 1.474x1078T2 - 85,2007 - 16. 555x10"T
368.3-388.36 K: AHf® = -66.575 - 0.418x107%T - 0.272x107%T2-~ 14,800T"!

AGF® = -66.575 + 0.418x107*T1nT + 0.272x107%T% - 7.400T"! - 1.372x107°T
388,36-432.02 K: AHF® = -82.734 + uu.322x10—3T - 43.554x107°%T2 + 1887.400T"!

AGF® = -82,734 - u4,322x107°T1nT + 43.554x107°T? + 943,700T™' + 283,857x107°T
432,02-7T17.824 K: AHf® = =82.212 + 40,4116x1073T - 23,742x1075T2 + 5113.9060T7?

AGF® = -§2.212 - 40.W16x107*T1nT + 23.7U2x107 T2 + 2556.950T % + 282. 009x10'3T



Tis(c)
Titanium Monosulfide

[Reaction: Ti(e,1) + 0.58,(g) = Tis(c)]

Ti 383

cal/mel X keal/mol
T,K - Log Kr
Cp® 3¢ —{G%= HZ,4,)/T He- H¢,p AHre AGr®
298.15% 11.MQO 13.500 13.500 : 0 -82.055 -75.772 55.542
3C0 11.5C0 13.570 13.500C .021 -82.052 =75.732 55.170
Loo 11,670 16,900 13.5950 1.180 -81.908 -73.6L47 4o.238
500 11.850 19,530 14,818 2.356 -81,788 =71.601 31.296
600 12.030 21.700 15.783 3.550 -81,682 -69,570 25.340
700 12.200 23.570 16.769 4.761 -81.591 -67.555 21.091
800 ©12.380 25.210 17.722 5.990 -81.510 -65.556 17.909
900 12.550 26.680 18.639 7.237 -81.441 -63.587 15.438
1000 12,730 28.010 19.509 8.501 -81.379 -61.580 13.498
1100 12.910 29.230 20.336 9.783 -81.327 -59.608 11.843
1156 13.005 29.873 20.783 10.508- -81.302 -58.499 11.060
1156 13.005° 29.873 20.783 10.508 -82.319 -58.499 11.060
1200 13.080 30.360 21.125 11.082 -82.254 -57.59%4 10.489
1300 13.260 31.420 21.882 +12.399 . -82.113 -55.553 9.339
1400 13.430 32.410 22,600 13.734 -81.978 -53.516 8.354
1500 ‘ 13.610 ©33.3U0 23.283 15.086 -81.848 -51.482 7.501
1600 13.790 34.220 23.935 16.456 -81.725 -49,.456 6.755
1700 13.960 35.060 24.564 - 17.843 -81.614 =474 6.099
1800 T4.140 35.870 25.177 19,248 -81.517 -45.447 5.918
1900 14,310 36.640 25,761 20.671 =-81.41 ‘ =43, 446 4,997
1945 14,391 36,976 26,016 21.317 -81.117 -42.,548 4,781
1945 14,391 36,976 26.016 21.317 -84,717 -42.548 4,781
2000 . 14.49¢ 37.370 26.314 22,111 -84.795 -41.336 4,517

*Data except enthalpy of formation at 298 K estimated.

Phase changes: 1156 K, o - 8 transition point of Ti; aH® = 1.017

-1945 K, melting point of Ti; AH® = 3.300 kecal/mol.

Heat capaclty (cal/mol+K) and enthalpy (keal/mol) equations:

298.15-2000 K: Cp® = 10.970 + 1.760x107°T
He- HS,, = 10.970x1073T + 0.880x1075T% - 3.348

nou

Reaction equations (kcal/mecl):

298.15-1156 K: AHre = -82.249 + 1,322x107°T - 0.403x107¢T% - 48.950T7"!
' AGre = -82.249 - 1.322x107TInT + 0.403x1078T2 - 24,475T"! + 29.408x107°T
1156-1945 K: AHre = -86.286 + 3.722x107%*T - 0.726x107°T? + 733.950T"!
AGre = -86.286 - 3.722x107°T1nT + 0.726x107°T% + 366.975T7! + 49.161x107°T
1945-2000 K: AHre = -79.15U4 - 4,251x107°T + 0.720x107°T? - 34.150T"!
AGre = -79.154 + H,251x107°T1nT - 0.720x107°T2 - 17.075T"' - 11.972x107°T

Sources: Enthalpy of formation at 298 K from Pelino (21). Other data are those estimated by

Mills (B0Q).

keal/mol.



384 TI

Tis(g)
Titanium Monosulfide (ideal gas)

[Formation: Ti(e) + 8{e¢,1) = TiS{g)]

cal/mol+K kcal/mol
T,K - ‘ — Log Kf
Cp® go (G~ H34,)/T Ho= HZ,, AHF® AGE®
298,15 8.060 58,890 58.890 0 79.800 66.709 -48.898
300 8.070 58,940 58.890 .015 79.794 £6.628 ~48.538
368.3 8.309 60.629 59,060 578 79.555 63.656 =37.773
368.3 8.309 60.629 59.060 .578 79.459 $3.656 -37.773
388.36 8.379 61.072 59.153 .T45 79.382 62.798 -35.339
388.36 8.379 61,072 59.153 LTls 78,969 62.798 -35.339
300 8.u420 61.320 59,213 843 78.506 62.314 -34,046
432.02 8.4TY 61.970 59.393 1.113 78.710 60.992 -30.854
500 8.5%0 63.220 59.832 1.694 78.177 58,216 -25.459
600 8.680 64.790 60,527 2,558 77.520 54,325 -19.788
700 8.730 66,140 61.243 3.428 76.901 50.508 -15.769
T17.824 8,737 66,360 61.367 3,584 76.794 49.838 -15.174

Phase changes:

368.3 K, orthorhcmbic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mel.

432.02 K, second order transformation of S; AH® = 0 kcal/mol.

717.824 K, bolling point of S to equilibrium mixture of S, {n =1 to 8).

Heat capacity {cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

He= Hgse l

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

432,02-T17.824 K:

AHf®
AGfe
AHf®
AGfe
AHE®
AGE®
AHf®
AGf®

o B w6 g Nonon

81.509
81.509
80,394
80.394
64.235
64.235
54.757
54,757

o+ 1+ o+ 0+

8.849 + Q.04Bx107°T - 0,714x10°T"2
8.849x1073%T + 0.024x107°%T? + 0Q.714x10%T™ - 2,880

4.802x107T + 0.618x1C75T? - 99,000T™}

4,802x107°TilnT - 0,618x107°T* - 49.500T"" - 76.259x107°T
2.539x107°T -~ 1,128x107%T2 + 56.600T

2.539%107TInT + 1.128%107%T2 + 2B8.300T"! - 61.076x10" ’T
42.201x107%T - 44.410x107¢T? + 1958.800T!

42,201x1073T1nT + 44,.410%7075T2 + 979.400T™! + 224.152x107°T
38.295x107%T - 24,598x107°T? + 5185.300T ! -

38.295x1073TInT + 24.59Bx1078T2 + 2592,650T7' + 222,305x107°T



Ti5(g)
Titanium Monosulfide {ideal gas)
[Reaction: - Ti(e,l) + 0.58,(g) = TisS(g)]

TL1 385

cal/mol «K kecal/mol
T,K. - Log Kr
Cp® §° -(G®- H244)/T He- Hg., AHre AGTe
298.15 8.060 58.890 58.890 o 64, 445 57.195 -41.924
300 8.070 58.9%40 58.890 L0158 64,442 57.151 -41.634
400 8.420 61.320 59.213 L8143 64,255 54,748 -29.913
500 8,590 63.220 59.832 1.69Y 64.050 52.392 -22.900
600 8.680 64.790 60.527 2.558 £3.826 50.084 -18.243
700 8.730 66.140 61.243 3.428 63.576 47.813 -14,928
800 8.770 67.310 61.930 4,304 63.304 45,578 -12.451
900 8.800 68.340 62.581 - 5.183 63.005 43,385 -10.535
1000 8.820 T 69.270 63.206 6,064 62,684 41,223 -9,009
1100 8.840 70.110 63,794 6.048 62.338 39.089 -7.766
1156 +8.851 70.549 64.110 7.443 62.133 37-914 -7.168
1156 8.851 70.548 E4.110 7.443 61.116 37.914 ~7.168
1200 8.860 70.880 64.353 7.833 '60.997 © 37.033 =6.745
1300 8.870 71.590 64.883 8.719 ‘60.707 35.046 -5,892
1400 8.880 72.250 - 65.389 9.606 © 60,395 33.081 -5.164
1500 - 8.890 72.860 65.863 10.495 60.062 31.147 -4.538
1600 8.900 73.440 66.325 11.384 : 59.703 29.220 =3.991
1700 8.910 73.980 66.759 12.275 ) 59.319 27.327 - =3.513
1800 8.920 74.L80 ©87.166 13.166 58.902 25.473 "=3,093
1900 8.920 74.970 67.571 14,058 58. 446 23.614 - =2.716
1945 8.925 75.179 67.745 14,460 58.226 22.790 -2.561
1945 8,925 75.179 67.745 14,460 " 54.926 22.790 - -2.561
2000 8.930 75.420 67.945 - 14,950 54,544 21.903 =2.393

Phase changes: 1156 K, a - & transition point of Ti; AH® = 1.017 keal/mol.
1945 K, melting point of Ti; AH® = 3.300 kcal/mol.
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K: Cpe = B8.849 + 0.048x107°T - 0.T14x10°T~2 ’
Ho- H3,, = 8.B49x107°T + 0,024x1075T2 + 0,714x102T™ - 2.880

Reaction equationa (kecal/mol):

298,15-1156 K: AHre = 64.720 - 0,800x10™%T - 1,259x107°T2 + 22.450T!
i AGr® = 64,720 + 0,800%x1073T1nT + 1.259x107¢T2 + 11,225T"! - 30.296x107°T

1156-1945 K: AHPO = 60.683 + 1.600%x1073T - 1.582x107¢T? + 805.350T"!
AGre = 60.683 - 1.600x1072T1nT + 1.582x107°T2 + 402.675T ' - 10.54Lx107°T

1945-2000 K: AHr® = 67,815 = 6.373x1073T = 0.136x107°%T2 + 37.250T"!
AGr® = 67.815 + 6,373x107T1InT + 0,136x107°5T2 + 18.625T' - 71.676x107°T

Sources: Enthalpy of formation at 298 K from Pelino (37). Other data from Mills (80).



386 Ti

TiS,(c)
Titanium Disulfide
(Formation: Ti(e) + 25(¢,1) = TiS,{c)]

cal/mol-K keal/mol
T,K Log Kf
Cp® Se -{G°- H2,,)/T He- HI,, AHfe AGE®
298.15 16.095 18.692 18.692 0 =97.300 -96.122 70.459
300 16.120 18.792 18.692 .030 =97.301 -96.114 70.018
368.3 16.666 22.166 19.031 1.155 -97.362 -95.838 56.870
368.3 16.666 22.166 19,031 1.155 -57.554 -95,838 56.870
388.36 16.827 23,055 19,217 1. 491 -97.581 =-95,742 53.878
388.36 16.827 23.055 19.217 1.491 -98.407 -95.742 53.878
400 16.920 23.553 19.335 1.687 -98.460 -95.662 52,267
432,02 17.054 24.861 19.697 2.2 -98,645 -95,432 L8.276
500 : - 17.340 27.377 20.575 3,401 -39,263 . -94.875 . 41,469
600 17.730 30.572 21.982 5,1Sﬂ -99,888 -93.935 34,215
700 18.220 33.339 23.410 6.950 -100.381 -92.896 29.003
717.824 18.1339 33.799 23.663 7.276 -100.455 -92.703 28.224

Phase changes:

368.3 X, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.

388.36 K, melting point of S; AH® = 0.413 keal/mol,
432.02 X, second order transformation of S; AH® = 0 keal/mol.
T17.824 K, bolling point of 5 to equilibrium mixture of Sn {n =1 to 8).

Heat capacity (cal/mol+K) and enthalpy (kecal/mol) equations:

298.15-900 K:

Cp® = 15.412 + 4,398x1073T - 0.559x105T"2
Ho= HS,q = 15.412x1073T +°2.199x107%T? + 0.559x10%T"* - 4.978

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-1432,02 K:

432.02-717.824 K:

AHf®
AGre
AHf®
AGTe
AHf¢
AGEe
AHr®
AGP®

O o n 08 B NN

94,883 - 6.413x107°T + 4,510x1078T% - 270.100T™!

-%4.883 + 6.413x107°T1nT - 4.510x107¢T% - 135.050T ! - 37.832x107°T
-97.113 - 1,887x107°T + 1,018x107°T? + U1,100T"! .

-97.113 + 1,887x107*T1nT - 1.018x107°T? + 20.550T"' - 7.466x107°T

-129.430 + 87.593x107°T - B5,5U6x107°T* + 3845,500T"*
-129.430 - 87.593x1073TLnT + 85.546x107%T2 + 1922,750T"" + 562,991x107°T
-148.387 + 79.781x107%T - 45.922x107¢T? + 10298.500T"!
~-148.387 - 79.781%1073T1nT + 45.922x107°%T? + 5149,250T"! + 559.296x107°T



Ti- 387

TiS, (¢}
Titanium Disulfide
[Reaction: Ti{e) + 8,(g) = Ti3,(e)}]

cal/mol K kecal/mol
T,K ' Log Kr
Cp° 8 -(G%= H34a}/T H°= H§y, ° AHr® AGr®
298.15 16,095 18.692 18.692 0 -128,010 -115.150 84,406
300 16.120 18.792 18.692 .030 -128.005 -115.068 83,826
400 16.920 23.553 19.335 1.687 -127.762 -110.793 60.534
500 17.340 27.377 20.575 3.401 -127.518 -106.581 46.586
600 17.730 30.572 21.982 5.154 -127.277 -102.417 37.305
700 18,220 33,339 23.410 6.950 -127.031 -98.286 30.686
800 18,890 35.814 24.809 8.804 - -126.761 -94.199 25.734
900 19.790 38.088 . 26.159 10.736 -126.447 -90. 146 21.890

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-900 K: Cpe = 15.412 + 4,398x107°T - 0,559x1037"2 ,
Ho- HZ,e = 15.412x107°T + 2,199x107ST? + 0.559x102T™% - 4,978

Reaction‘equations (kcal/mol):

298.15-900 K: AHr® = —123.”61 + 1.592x707°T + 0.756x107¢T2 - 27.200T""
AGre = -128.461 - 1.592x1073T1nT - 0.756x107¢T2 - 13.600T"! + 54,094x107°T

Sources: Enthalpy of formation at 298 K from Mills (80). Low-temperature heat capacities and
entropy at 298 K from Beyer (8).. High-temperature data based on Mraw (83):



388 Tl

T1,S(e,1)

Dithallium Sulfide

[Formation: 2T1(e,1) + S{e,1) = T1,5(c)]
¢al/mol <K keal/mol
T,X Log Kf
Cp® 5e -(G°- HS4,)/T He- H3,, AHf® AGE®
298.15 19.410 39.110 39.410 0 -22.000 =-22.319 16.360
300% 19.430 39.530 39.410 .040 -21.994 -22.316 16.257
368.3 20.004 43.577 39.826 1.382 -21.905 -22.409 13.297
368.3 . 20,00L 43,577 39.826 1.382 -22,001 -22.409 13.297
388,36 20.172 by, 6U43 40,048 1.785 -21.978 -22.431 12.623
388.36 20.172 4y, 643 4p.o48 1.785 -22.391 -22.43% 12.623
400 20.270 45,240 40.190 2.020 -22.396 -22.432 12.256
432,02 20.488 46 .809. 40.623 2.673 -22. 431 -22.435 11.349
500 20.950 49.840 47.680 4.080 -22.627 -22.419 9.799
507 20.993 50.132 41.795 4,227 -22.644 -22.4y 9.662
507 20.993 50.132 41.795 y.227 -22.824 -22.414 9.662
577 21.420 52.870 42,964 5.716 -23,019 -22.338 8.1461
577 21.420 52.870 42.964 5.716 -24.999 -22.338 §.461
600 21,560 53.710 43,360 6.210 =-25,022 =22.231 8.097
700 22.120 57.080 45,094 8.390 -25.062 -21.761 6.794
717.824 22,215 57.637 L5,.386 8.794 -25.048 -21.667 6.597

*Data above 298 K estimated except temperature and enthalpy of fusion,

Phase changes:

432.02 K, second order transformation of 3;

507 K, ¢ - B tranaition peint of T1;
557 K, melting point of Tl;
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8),

AH? =

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-7268 X:

Cp® = 18.145 + 5.936x1073T - 0,449x10%T"?

368.3 K, orthorhombic - monoclinic transition point of S;

388.36 K, melting point of 3; AH° = 0.413 keal/mol.

aH® = 0.096 kcal/mol.

= 0 keal/mol.

0.090 keal/mol.
AH® = 0.990 kcal/mol.

He- HS,5 = 18.1U5x1077T + 2,968x107°T? + 0.449x103T"! - 5,824

Formatien equations (kcal/mol):

298.15-36B.3 K:  A&HF©
AGE®
368.3-388.36 K: AHE®
AGE®
388.36-L32.02 K: AHf®
AGP®
432,02-507 K: AHF®
AGFe
507-577 K: AHf®
AGFO
577-717.824 K: AHE®
AGF®

w8 00w N awma N u

-22.500
-22.500
-23,615
-23.615
-39.773
-39.773
-49.252
-49,252
-47.540
-47.540
-49.579
-49.579

1.919x107°T - 0.815x107°T% + 0,100T"!

1.919x107°T1lnT + 0.815x107°T> + 0.050T"! + 11,298x107°T

4.182x107°T - 2.561x107°T? + 155,700T"!

4,182x107°T1nT + 2.561x107°T2 + 77.850T ! # 26.481x107°T

48.922x107°T - 45,BU43x107°T2 + 2057.900T"!
48.922x107%T1nT + U5.843%107%T2? + 1028.950T ' + 311.710x107%T
45,016x107°T - 26.031x107°%T2 + 5284, 4007
45,016x1073TInT + 26,.031x107°T2 + 2642,200T"' + 309.862x107°T
40,086%1073T - 22,817x107°T? + 5173,600T"
40.086%1073T1InT + 22.817x107°T? + 2586,800T ! + 277.624%107°T
38.868x107%T - 20.531x107%T2 + 5173.600T"!
38.868x107°T1lnT + 20.531x107°%T? + 2586.800T"' + 274,732x107°T



T1 389

T1,5{¢,1)
Dithallium Sulfide

[Reaction: 2T1(ec,1) + 0.55,(g) = T1l,5(e,1)]

cal/mol-K keal/mol
T,K : Log Kr

Cp® 80 -(G°- H2,,)/T H°- H%,, AHro AGre®

298.15 19.410 39.410 39.410 ] -37.355 -31.832 23.333
300% 19.430 39.530 39.410 . W0u0 ~37.346 -31,794 23,161
400 20.270 45.240 40.190 2.020 -37.047 -29.998 16.390
500 20.950 49.840 41,680 4.080 -36.755 -28.272 12.357
507 20.993 50.132 41.795 4,227 -36.737 -28.151 12.135
507 20.993 50.132 41,795 4,227 -36.917 -28.151 12,135
577 21.420 52.870 2,964 5.716 -36.807 -26,943 10,205
577 21.420 52.870 42.964 5.716 -38.787 -26.943 10.205
600 21.560 53.710 43.360 6.210 -38.716 -26.472 9.642
700 22.120 57.080 45.094 8.1390 -38.1387 -24.456 7.635
728 22,270 57.950 45,559 9.020 -38.276 -23.892 T.172
728 24,000 66.190 45.559 15.020 -32.276 -23.892 T.172
800 24,000 68.460 47.535 16,740 -31.893 -23.106 6.312
90¢ 24.000 71.280 50.013 19.140 -31.353 -22.028 5.349
1000 24,000 73.810 52.270 21.540 -30.816 =21.017 4,593

¥Data above 298 K estimated except temperature and enthalpy of fusion.

Phase changes:

507 K, a - B transition peint of Tl; AH® = 0.090 keal/mel.

57T K, melting point of T1; AH® = 0.990 keal/mol.
728 K, melting point of T1,5; AH® = 6.000 keal/mol.

Heat capacity (cal/mol+K) and enthalpy {kcal/mol) eguations:

298.15-728 K:

728-1000 K:

Cp® = 18.145
Ho- HS,, = 18.145
Cp® = 24.000
 H°- HS,4 = 24.000

Reaction equations (kcal/mol):

298.15-507 K:
507-577 K:
577-T28 K:

728-1000 K:

AHre
AGre
AHr®
AGroe
AHpo°
AGre
AHre
AGre

Sources: Enthalpy of
and entropy
fusion from

-39.289 +
-39.289 -
=37.577 +
=37.577 -
-39.615 -
-39.615 +
-36.243 +
-36.243 -

formation
at 298 K f
Tkachenko

+ 5.,936x107°T - 0.449x10°T™*
x107°T + 2.968x107%T2 + 0.449x10%2T™! - 5.824

x1073T - 2.452

5.922x107%T - 2.692x107%T2 + 121.550T}

5.922x107°T1nT + 2.692x1078T2% + 60,775T ' + 57.261x107°T
0.991x107°T + 0.522x107°T? + 10,7507 ‘
0,991x1073T1nT - 0,522x107°T? + 5.375T"! + 25,023x107°T
0.226x107°T + 2,808x107%T2 + 10.750T"!¢

0.226x107T1nT - 2.808x107°%T2 + 5.375T ' + 22.131x107°T
5.628x107°T - 0,160x107°T% - 34,150T"! . ‘
5.628x107°T1nT + 0.160x107°T* - 17.075T"' + 53.967x107°T

at 298 K based on Maekawa (72}. Low—témperature heat capacities
rom Guseinov (51). Data extrapolated 300-728 K. Enthalpy of
(118). Heat capacity of liquid estimated.



390 Tm

TmS (g}

Thulium Monosulfide (ideal gas)

. [Formation: Tm(e) + S{c,1) = TmS(g)]
cal/mol-K ° keal/mol .
T.K Log Kf
Cp® ge —(Go- Hggg)/T  HO- HY,, AHf® AGf o

298.15% 8.200 61.810 61.810 0 38.500 27.630 -20.253

300 8.210 61.860 61.810 . .015 38.493 27.562 -20.079
368.3 8.415 63.571 61.984 .585 38,236 25.099 -14,893 -

368.3 8_L15 63.571 61.984 .585 38.140 25.099 -14.893
388.36 8.475 64.019 62.077 .754 38.061 24,391 -13.726

388.36 8.475 64,019 62,077 754 37.648 24,391 -13.726

Loo 8.510 64,270 62.137 .853 37.583 23.995 -13.110

432.02 8.555 64.927 62.320 1.126 37.385 22.914 -11.592

500 8.650 66.180 62.756 1.712 36.855 20,6814 ~9.041

600 8.730 67.770 63.468 2.581 36.214 17.507 -6.377

T00 B.780 69.120 64,183 3.456 35,623 14,438 ~4,508

717.824 8.785 69.3U 64,308 3.613 35.522 13.901 -4,232

*Data except enthalpy of formation at 298 K estimated.

IPhase changes:

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

368.3 K, orthorhombic - monocliniec transition point of S;
388.36 K, melting point of S;
432.02 K, second order transformatlion of S;
717.824 K, bolling point of § to equilibrium mixture of Sn

AH® = 0.413 kcal/mol.

298.15-2000 K:

Cp® = 8.875 + 0.036x107°T - 0.608x10°T"*
He- HZ24, = 8.875x107°T- + 0.018x107°T* + 0.608x10*T" . 2.852

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

K:

432.02-717.824 K:

AHf®
AGT®
AHf®
AGf©°
AHf®
AGE®
AHf®
AGE®

39.977
39.977
38.862
38.862
22.704
22.704
13.225

13,225 -

N

AH® "= Q kcal/mol. i
(n =1 to 8).

4.620x107°T + 0.701x1C7°T% - U8 hooT™!?

4.620x10"°T1nT - 0,TO01x1078T2 - 24.200T"! - 67. 256x10"T

2.357x1073T - 1.045x107¢T2 + 107.20077!

2.357x107°T1nT + 1,045x107°T2 + 53,6007 ~ 52.073x107°T
42,383x107°T - 44,327x107°T2 + 2009,40077!

AH® = 0.096 kcal/mol.

42,383x10™°TInT + L4U.327x107°T2 + 1004.700T™" + 233.155x107°T

38.477x107*T - 24.515%x107%T? + 5235,900T°
38.477x1073T1nT + 24.515x10°

€72 + 2617.950T' + 231.308x107°T



TmS(g)
Thulium Monosulfide (ldeal gas)
[Reaction: Tm(e,l) + 0.55,(g) = TmS(g)]

Tm 3%

cal/mol -K keal/mol
T,K — Log Xr
Cp® 50 —(G®- HS4e)/T H°- HZg, AHP® AGP®
29B8.15% 8.200 61.810 61.810 0 23.145 18,116 -13.279
300 8.210 61.860 61.810 .015 23.14 18.085 -13.175
Loo 8.510 64.270 62,137 .853 22.932 16.429 ~8.976
500 8.650 66,180 62.756 1.712 22,728 14,830 -6.482 -
600 8.730 67.770 63.u68 2.581 22.520 13.266 -4,832
700 8.780 69.120 64.183 3.L456 22.298 11.743 -3.666
800 8.810 70.290 64.870 4.336 22.050 -10.253 -2.801
500 8.830 71.330 65.532 5.218 21.712 8.795 -2.136
1000 8.850 72.260 66.158 6.102 21.468 7.376 =1.612
1100 8.860 73.110 66.757 6.988 21,144 5.970 -1.186
1200 8.880 73.880 67.317 7.875 20.800 4.610 -.839
1300 4.890 754,590 " 67.849 8.763 20,436 3.277 -.551
1400 - 8.890 75.250 : 68.356 9.652 20.051 1.978 -.309
1500 8.900 75.860 £8.832 10.5u42 19.6u4 .699 -.102
1600 8.910 76.440 69.295 11.432 19.217 -.559 .076
1700 8.910 T6.980 69.731 12,323 18,770 -1.776 228
1800 8.920 77.490 70,148 13.215 18,305 -2.981 .362
1818 8.922 77.579 70.221 13.376 18.219 -3.186 .383
1818 8,922 77.579 70.221 13.376 14,194 -3.186 .383
1900 8.930 77.970 70.545 14.108 . 13.725 - =3.961 .456
2000 8,930 78.430 70.930 15,000 13,149 -4,877 .533

*Data except enthalpy of fermation at 298 K estimated.
Phase change: 1818 X, melting point of Tm; AH® = 4.025 kcal/mol.

. Heat capacity (cal/mol-K) and enthalpy (kcal/mdl) equations:

298.15-2000 K: Cp® = 8.875 + 0.036x107'T - 0.608x10°T~2
Ho- HZ,, = B.875x107°T + 0.018x107°T? +70.608x10?T™* - 2.852

ReactionAequations (kcal/mol):

298.15-1818 K: AHr® = 23.189
AGre = 23.189
1818-2000 K: aHre = 24,078
AGre = 24.078

0.618x107%T - 1.176x107¢T2 + 73,0507}

5.187x107%T - 0.,142x107°T? + 26.650T"}

+ 1 + |

0.618x1073T1nT + 1.176x10°°T? + 36.525T"' = 21.293x107°T

5.187x107T1lnT + 0.tL2x107¢T% + 13.325T"! - 54.188x107°T

Source: Data from Mills (ég) who estimated all except enthalpy of formation at 298 K.



392 U

Us(e)
Uranjum Monosulfide
[Formation: = U{ec) + S(e,1) = US(e)]

cal/molsX kcal/mol
T,K ‘ ' Log Kf
Cp® 5° ={G°= HS4o)}/T Ho= Hl,e AEf® AGFe
298.15 12.080 18,640 18.640 0 -77.000 -76.696 56,219
300 12.100 18.715 18.642 .022 ~77.000 -76.694 55.871
368.3 12.510 21.242 18.895 .B6Y ~77.005 -76.625 45,469
368.3 12.510 21.242 18.895 .BEY -77.101 -76.625 15,469
388.36 12.630 21.909 19.034 1.117 -77.108 -76.598 43.105
388.36 12.630 21.90% 19.034 1.117 -77.521 -76.598 43,105
400 12,700 " 22,283 19.123 1,264 -77.544 -76.570 41,835
432,02 12.818 23.266 19.394 1.673 -77.628 -76.489 38.694
500 13,070 25,159 20.051 2,554 -77.927 -76.283 33,343
600 13.340 27.567 21.109 3.875 -78.260 ~75.922 L 27.654
700 13.560 29,640 22.183 5.220 -78.583 ~75.506 23.574
717.82)% 13.596 29.981 22.372 5,462 -78.6i1 -75.427 22.964

Phase changes: 368.3 K, orthorhomblc - monoelinic transitlon point of $; AH® = 0,096 kcal/mol.
368.36 K, melting point Of S; AH° = 0.413 Kecal/mol,
432,02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, beiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcali/mol) eguatlons:

298.15-2000 K: Cp® = 12.685 + 1.518x107°T - 0.940x10%T~2
H°- Hg,, = 12.685x1072T + 0.759x107T2? + 0.940x102T~! - 4.165

Formation equations (kcal/mol):

298.15-368.3 K: AHf® = —77.349 + 1.401x107%T - 1.7U6X107¢T? + 25,9007}
) AGf® = -T77.349 -~ 1.401%x107°T1nT + 1.T746xX107°T2 + 12.950T"! + ©.509x107°T
368.3-388.36 K: AHf® = -78.464 + 3.664x107*T - 3.492x107°T? + 181.500T"!
' AGfe = -T8,U4E4 - 3.664x107°T1nT + 3.492x107°T? + 90,750T"! + 24,692x107°T
388.36-432.02 K: AHf® = -9H.623 + UB.4OUx107°T - 46.774x107%T2? + 2083.700T"!
: AGfe = -94,623 - 4B.Y404x1073T1nT + U6.7THXI107ET2 + 1041.850T " + 309. 920x10"T
432.02-717.824 K: AHf® = -104,101 + 4N4.498x107°T - 26.962x107°T? + 5310,200T"!

AGEe 104,101 ~ 44.498x107*T1nT + 26.962x107€T? + 2655.100T% + 308.073x107°T



Us{c)

Uranium Monosulfide

U 393

[Reaction: - U(e,1) + 0.55,(g) = US(e)]
cal/mol +K kcal/mol
T,K Log Kr
Cp® 3e -{G°- H%,5)/T H°- HI,, AHPre aAGpe

298.15 12.080 18.640 18.640 0 -92.355 -86.209 63.192
3200 12.100 18.715 18.642 022 -92.352 -86.171 62.775
400 12.700 22.283 19.123 1.264 -92.195 -84,136 45.969
500 13.070C 25.159 20.091 2.354 -92.054 -82.136 35.901
600 13.340 27.567 21.109 3.875 -91.954 -80.163 29.199
700 13.560 29.640 22.183 5.220 -91.908 -78.202 24,415
800 13.760 31.464 23.232 6.586 -91.931 -76.244 20.829
900 13;940 33.095 24.238 7.971 -92.03% -74.278 ©18.037
942 14,011 33.732 24,648 8.558 -92.108 ~73.448 17.040
T gh2 14,011, 33.732 24,648 8.558 -92,773. -73.448 17.040
1000 14,110 34.572 25.198 9.374 -92.810 -72.255 15,791
1049 14,188 35.249 25.652 10.067 -92.837 -71.247 L 14,843
1049 14,188 35.249 25.652 10.087 -93.974 -71.247 14,843
1100 14,270 35.925 26.11L 10.792 ~93.946 -70.145 13.936
1200 T4 4HO 37174 26.984 t2.228 -93,876 -67.984 12.381
1300 14.600 38.336 27.8113 13.680 -83.793 ‘65.830 11.067
1400 14,760 39.424 28.604 15.148 -93.699 -63.681 9.9
1408 14.773 39.508 2B.666 15.266 -93.690 -63.510 9.858
1408 14.773 39.508 28.666 15.266 ~-95.875 -63.510 9.858
1500 14.920 40.447 29.359 16.632 -96.005 f61.390 8.9544
1600 15.080 b1,415 30.083 18.132 -96,133 -58,079 8.07C
1700 15.240 42,334 30.776 . 19,648 -98.250 -56.759 7,297
1800 15.400 43.210 31.443 21.180 -96.353 -54._433 6.609
1900 15.560 - k4, ou7 32.085 : 22.728 -96. 443 -52.102 5:993
2000 15.720 Ly, 849 32.703 24.292 -96.521 -49.766 5.438
Phase changes: 942 K, o - B transition point of U; AH® = 0.667 keal/mol.

1048 K, B - ¥ transition point of U;

1408 K, melting point of U;  AH®

Heat capacity {(cal/mol-K) and

AHO =

2.185 keal/mol.

enthalpy {kcal/mol) equations:

298.15-2000 K:

Cpe°

H®= Hfse

12
12

.685 + 1.518x107°T - 0.940x10°T"2

L685x107°T + 0.759x107°T* + 0,940x10%T™' - A4,

Reaction equations (kcal/mol):

298.15-942 K:
9L42-10L9 K:
1049-1408 K:

1408-2000 K:

aHre
AGre
AHre
AGre®
AHr®
AGre®
AHr®
AGre®

W m & 0w ouwon

[}
[X=]
=

-9,

=91
-91

-94,
=64,
~-92,
-g2.

.138
138
.728
.728
024
024
ali
mnT

+ 5, 40Ux1073T - 3,623x107°T? + 147.350T7!

+ 1 4+ 1 + |

5.404%1073T1nT + 3.623x107¢T2 +
LTU2X107T + 0.599x%1074T2 + 59,
LT42x107°T1nT - 0.599x1078T2 +
L836x107°T + 0.599x107°T? + 59,
B636x1073TInT - 0.599x107°5T2 +
L17X1073T + 0,599x107°T2 + 59,
LA17x1073TInT - 0.599x%1078T2 +

Wiw oG - =

Source: Data from Gronvold {(47).

73.675T"
8501™?
29.925T7!
850T7!
29,92577!
850T"?
29,9257}

1.137 keal/mel.

165

+ 55,.472x1073T

+ 8.011x107%T

+ 17.8B6x1073T

1.022x107°T



394 U

US(g)
Uranium Moncsulfide (ideal gas)

" [Formation: Ulc) + 8(c,1) = US{g)]

cal/mol-K kcal/mol -
T,K : Log Kf
Cp® g0 ~(G%- H3,4)/T - Ho- HE,, AHf® AGE?

298.15% 8.410 62.670 62.670 0 74,200 61.377 -44.990
300 8.117 62.722 62.670 .016 TH. 194 51.298 44,655
368.3 8.656 64,474 62.848 .599 73.929 58.388 -34.6L7
368.3 8.656 64, u74 62.848 .599 73.833 58.388 34,647
388.36 8.726 64,935 62,944 773 73.748 57.549 -32.385
388.36 8.726 64.935 62.944 -773 73.335 57.5L9 -32.385
400 8.767 65.193 63.006 .875 - 73.267 57.077 -31.185
432.02 8.857 65.872 63.193 1.157 73.056 55.789 -28.222
500 9,049 67.181 63.647 1.767 72.486 53.119 -23.218
500 9.281 68.852 64,380 2.683 71.748 49.315 -17.963
700 9,470 70.297 65,124 3.621 71.018 45.635 -14,248
717.824 9.1497 70.535 65.256 3.790 70.887 44,991 -13.698

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

368.3 K, orthorhombic - monoclinic transition polnt of S;

388.36 K, melting point of S; AH® = 0.413 keal/mol.
432,02 K, seecond order transformation of §; AH® = 0 keal/mol.
717.824 K, boiling point of 3 to equilibrium mixture of Sn (n=1¢%to8),

Heat capacity {cal/mcl:*K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

° = 9.169 + 0.630x107°T - 0.842x10°T"*

He- Hges = 9.169x1077T + 0,315x107°T2 + 0,842x7102T"! - 3,044

Formation equations (kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
386.36-432.02 K:

432.02-717.824 K:

AHf®
AGF®
AHF®
AGF®
AHf®
AGrP®
AHE®
AGE?®

971
971
.856
.856
658
698
.219
.219

I+ 1 4+ 1 4+ + |

2.115%107%T - 2.180%107%T% + 16.100T"!

2.115x107*T1nT + 2.190x107€T? + 8.050T"' - 58.390x107°T .
0.148x107°T - 3.936x1078T% + 171.700T"!

0.148x107%T1nT + 3,936x1078%T? + 85.850T7! - 43. 207x10'3T
44 B888x107T - 47.218x107%T2 + 2073.900T!

44, B8BXx107 T1InT + 47.218x107°T% + 1036.950T™ "' + 242.022x107°T

40.982x107°T - 27.406x107°T2 + 5300.400T"°

AH® = 0.096 kcal/mol.

40.982x107°TInT + 27.406x107°T2 + 2650,200T7" + 240,174x107°T



us{g)

Uranium Monosulfide {ideal gas)

u 395

[Reaction: U(e,l) + 0.5S,(g) = US(g)]
cal/mol+K kcal/mol
T,K Log Kr
Cp® Se ={G%= HZ9,¢)/T He= H2,, AHr° aGre
298.15%" 8,410 62.670 62.670 0 58.845 51.863 -38.016
300 8.117 62.722 62,670 016 58.842 51,821 -37.751
Loo 8.767 65.193 63.006 .875 58.616 49 .51% -27.051
500 g.049 67.181 63.647 1.767 58.1358 47.266 -20.660
600 g.281 68.852 64.380 2.683 58.053 45.074 :J6.H18
700 9.470 70.297 65.124 3.621% 57.693 42.939 -13.406
800 9.623 71.572 65.852 4.576 57.260 Lg.860 -11.162
900 3.746 72.713 66.552 5.545 56.739 38.840 -9.u432
942 9.787 73.158 66.837 5.955 56.491 38.010 -8.818
942 9.787 73.158 6£.837 5.955 55.824 38.010 -8.818
1000 9,843 73.745 67.221 6.524 55.540 36.921 -8.069
1049 9,880 74,217 67.537 7.007 55.302 36.016 =7.504
1049 9.880 TH. 217 67.537 7.007 54.165 36.016 -7.504
1100 5.918 T4.686 67.856 7.513 53.975 35.139 -6.981
1200 9.973 75.552 68.463 8.507 53.604 33.442 -6.090
1300 10.012 76.352 69.039 9.507 53.234 31.776 -5.342
1400 10.037 77.095 69.589 10,509 52.862 30.140 -4,705
1408 10.038 77.152 69,631 10,589 52.833 36.011 -4,658
1408 10.038 77.152 69,631 10,589 50,648 30,011 -4,658
1500 10.040 77.786 79.110 11,514 50.077 28.684 -5,179%
1600 10.051 78.436 70.612 12.519 49 45y 27.275 -3.726
1700 10.0L5 79.045 71.090 13.524 L8.826 25.908 =3.331
1800 10.032 79.619 71.548 14,527 L8.194 24.578 -2.984
1900 10,013 8C.161 71.987 15,530 47.559 23.284 -2.678
2000 9,991 80.674 72,409 16.530 46,917 22.021 -2.4806

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 942 K, a - B transition point cof U; AH° = 0.667 kcal/mol.

1049 K, B8 - Y transition point of U;

1408 K, melting point of U; AH®

AH® = 1,137 keal/mol.
2.185 kecal/mol.

Heat capacity (cal/mol-K) and enthalpy (keal/mol) equations:

298.15-2000 K:

Reaction equations (kcal/mol}:

298.15-942 K:
942-1049 K:
1049-1408 K:

1408-2000 K:

AHP?®
AGr?®
AHr®
AGr®
AHPp©
AGr®
AHr?
AGre

e noa W B BN

58.
58.
60.
60.
58,
58.
59.
59.

182
182
592
592
296
296
603
603

+

+ 0+ 1 + 1

1
1
5
5
L,
4
6
6

Source: Data from Gronvold (47)

Cp° = 9.16% + 0.630x107°T - 0.842x10°T"2
Ho- Hg,q = 9.169%X1073T + 0,315x1075T2 + 0.842x102T™! - 3,

.BBTx1073T - 4.067x107%T2 + 137.550T"!
.B87x1073T1nT + 4.067x107¢T2 + 68.775T ! -
.258x107*T + D.155x107%T2? + 50.050T!

.258x107*T1nT - 0.155x107°T* + 25,025T""

153x1073T + 0.155%107¢T? + 50.050T"!

who estimated all except enthalpy of formation at 298 X.

.153%x107*T1nT - 0.155x107¢T2 + 25.025T!
.633x10723T + 0,155x107¢T? + 50.050T"!
.633x1073T1InT - 0.155x107%T2 + 25,025T ! -

o4l

12.427x107°T
59,888x107°T
50.013x107°T

68.921x107°T



396 U

(Us) (gl
Dimeric Uranium Monosulfide (ideal gas)
[Formation:  2U(e¢) + 28{c,1) = (US),(g)]

cal/mol K keal/mol ,
T,K Log Kf
Cp® s -(G®= HS,e)/T Ho- His, AHE® AGE®
298,15* 18.765 90,300 90.300 0 43.000 27.801 -20.378
300 - 18.777 90.416 90.300 .035 42.991. 27.708 -20.185
368.3 19.088 94,304 90.694 1.330 42.591 24.267 -14,400
368.3 19.088 94,304 90.694 1.330 42.399 24.267 -14.500
388.36 19.180 95.319 90.907 1.7113 42.264 23.284 -13.103
388.36 19,180 95.319 9C.907 1.713 u1.438 23.284 =-13.103
400 19.233 95.886 91.044 1.937 k1.3 22,7 -12.425
432.02 19,301 97.370 91.1458 2,554 40.952 21.267 -10.758
500 19.456 100.203 92.459 3.872 39.91¢0 18.256 -7.979
€00 19.580 103.762 94.054 5.825 38.555 14.053 -5.119
700 19.656 106.787 95.663 7.787 37.181 10.079 -3.147
717.824  ° 19,665 107.281 95.945 8.137 36.931 §.393 -2.860

*Data estimated.

Phase changes: 368.3 K, orthorhomble - monocelinic transition point of §; 1 AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S;: AH® = 0.413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn‘(n =1 to 8).

Heat capacity (cal/mol+X) and enthalpy {kcal/mol) equations:

298,15-2000 K: Cp® = 19.813 + 0.038x107°T - 0.942x10°T"2
He- H%oq = 19.813x107>T + 0.019x107°T? + 0.942x102T™" - 6.225

Formation equationé {kcal/mol):

298,15-368.3 K: AHf® = B4, LOG - 2.755x107°T - 4.991x1076T2 - L2,000T ! _

AGP® = B4, 406 + 2,755x107?TInT + 4,991x107°T2 - 21,000T ! - 72.642x107°T
368,3-388.36 K: AHFO = 32,176 + 1.771x1073T - B.483x107°T? + 269.200T " _
. AGE® = 12,176 - 1.7T1x1073TInT + 8.483x107%T% + 134,600T"! - 42.276%1073T
388.36-432.02 K:  AHf® = 9.859 + 91.251x107T - 95.047x107%T% + 4OT3.600T"%

AGE® = 9.859 - 91.251x107°TlnT + 95.047x107%T2 + 2036.800T"} + 528.180x107°T
432,02-717.824 K: AHf® = -9,008 + 83,439x107°T - 5§5,U423x107°%T2 + 10526.600T"*

AGE® = -9.098 - 83.439x107°TInT + 55.423x107°T* + 5263,300T™ + 524.485x107°T



u 397
(Usy,(g)
Dimeric Uranium Monosulfide (ideal gas)
[Reaction: 2U(e,1) + S,{(g) = (US),(g)]
cal/mol +X keal/mol
T,K - Lcg Kr
Cpe 8 -(G°= HZ.,)/T H®- HZ,, AHre AGP®

298,15% 18.765 90.300 90.300 0 12.290 8,774 -6, U431
300 18.777 90.416 90.300 .035 12.287 8.753 -6.377
400 19.233 95.886 91,044 1.937 12,019 7.610 4,158
500 19.456 100.203 92,459 3.872 11.655 6.549 -2.863
600 18.580 - 103.762 94,054 5.825 11.166 5.572 -2.029
700 19.656 106.787 95,663 7.787 10.531 4,689 -1.U64
800 19.706 109.415 97.221 9.755 9.722 3.906 -1.067
900 19.74¢ 111.738 98.708 11.727 8.716 3.237 -.7686
gy2z 19.751 112.639 99.309 12.556 8.228 2,991 -.694
g42 19.751 112.639 99.308 12.556 6.894 2.991 -.694
1000 19.765 113.819 100.116 13.703 6.335 2.769 -.605
1049 19.77TH 114,765 100.778 14,672 5.862 2.608 -.543
1049 19.774 114,765 100.778 14,672 3.588 2.608 -.543
1100 19.784 115.704 101,449 15.680 3.205 2.567 -.510
1200 19.798 117.426 102.710 17.659 2.452 2.542 -.463
1300 19.809 119.011 103.903 19.640 1.694 2.579 -. 4314
1400 19.817 120.479 105.035% 21.621 .928 2.679 -.418
1408 19.818 120.592 105.123 21.780 .867 2.690 -.18
1408 19.818 120.592 105.123 21,780 -3.503 2.690 -8
1500 19.824 121.847 106.112 23.603 -4.670 3.130 -. 456
1600 19,830 123,127 107.136 25,586 -5.594Y4 3,690 -.504
1700 19,835 124,329 108,112 27.569 -7.226 4,33 =.557
1800 19,839 125.463 109.045 29.553 -8.512 5.049 -.613
1900 19.842 126.535 109.937 31.537 -9.805 5.840 -.672
2000 19.845 127.553 110.793 33.521 =11.104 6.694 =73

¥Data estimated.

Phase changes:

942 K, @ - B tranaition point of U;

AH® = 0.667 kcal/mol.

1049 K, B - Y transition point of U; " aAH® =

1408 K, melting point of U;

. Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Reaction equations (keal/mol):

298.15-942 K:
9u2-1049 K:
1049-1408. K:

1408-2000 K:

Source: Data are those estimated by Gronvold (47).

AHre = 10.828 +

- AGre.
AHre°
AGr®
AHre
AGr®
AHre

AGr® -

=
=
=
=
=
=

10.828
15.6u8
15,6u8
11.056
11.056
13.670
13.670

+
+
+

5
5
9
9
6

11.790x107T1nT + 0.301x107°T% + 12.950T"! - 93.705x107°T

Cp° = 19.813 + 0.038x107°T - 0,942x105T"2 :
H°- Hf,o = 19.813x1073T + 0.019x107°T? + 0.9L42x10%T™" - 6.225

1.137 keal/mol.
AH® = 2.185 kcal/mol.

.250x107 3T - 8.745x1075T2 + 200.900T"!?
.250%107°T1nT + B.TUSx107CT2 + 100, US0T™ + 19 284x1073T
L0BOX10™*T - 0.301x10°5T? + 25,900T"!
.040x107*TinT + 0,301x1C75T2 + 12.950T"" + 75.638x107?T
.830%1073T - 0.301x1075T2 + 25.900T"! A
6.

830%1073T1inT + 0.301x107°%T2 + 12.950T"! - 55.889x107°T
11.790x1073T - 0.301x107%T2 + 25,900T"!



398 U

US,_S(c)
Uranium Sesquisulfide

[Formation: U(e) + 1.55(¢,1) = US, .{g)]

cal/mol+K kcal/mol
T,K : ‘ Log Kr
Cp® se =(Go= H344)/T HOo- HZ., AHf® AGE®
298.15 15.980 23.800 23.800 0 -105.000 -105.092 77.034
300% 16.000 23.899 23.800 .030 -104.99T -105.092 76.558
368.3 16.123 27.193 24,133 1.127 -104,939 -105.122 62.379
368.3 16.123 27.193 24,1133 1.127 -105.083 -105.122 62,379
388.36 16,159 28.049 24,314 1,451 -105.078 -105.123 59.157
388.36 16.159 28.049 24.314 1.451 -105.598 -105.123 59.157
400 16.180 28,527 24,430 1.639 -105, 724 -105.106 57.426
432,02 16.234 29.715 24,780 2.158 -105.830 -105.053 53.144
500 16.350 32.155 25.625 3.265 -106.240 -10U.894 45,849
600 16.520 35,151 26,969 4,909 -106.678 -104.582 38.094
700 16.700 37.711 28,325 6.570 -107.085 -104.200 32.532
717.824 16.730 38.131 28,564 6.6868 -107.156 -104.124 31.702

*¥Data above 298

Phase changes:

K estimated.

368.3 K, orthorhombic - monoclinic transitiocn point of $; 4H® = 0.096 keal/mol.

388.36 K, melting point of 8; AH® = 0.413 keal/mol.
4§32.02 K, second order transformation of S; AH® = 0 keal/mol.
717.824 K, boiling point of S to equilibrium mixture of Sn (n=1to 8).

Héat’capacity {cal/mol-K) and enthalpy (keal/mol) equations:

298,15-2000 K:

Cp® = 15,494 + 1,736x107°T - 0.028x10°T"2
He= H3gp = 15 ugux1o °T + 0.868x1078T2 + o 028x102T! - 4, 706

Formation equations (kcal/mol):

298,15-368.3 K:

368.3-388.36 K:

388.36-432.02

432,02-717.82

K:

4 K:

AHf
AGf?
AHF?
AGF?
AHf®
AGP®
AHf®
AGE®

= ~104, 488
= -104.488
= =-106.160
-106.160
-130.398
-130.398
-144.,616
-144,616

L+ 1+ 1 + | +

0,123x107*T - 0,778x107¢T% - 143,100T™"

0.123x107°T1nT + 0.778x107°T2 - 71.550T"% - 0.75Ux107°T
3.518x107°T - 3.398x107%T2 + 90.300T"!

3.518x1073TInT + 3.398x107°T2 + U45,150T ! + 22.021x107°T
70.628x1073T - 68.321%1078T2 + 2943,600T ! :
70.628x107 T1nT + 68.321x107%T2 + 1471.800T ! + 449.863x10™°T
64.769%x107T - 38.603x107°%T* + 7783,350T"" :

64,769%107 TInT + 38.603x1075T2 + 3891,675T ) + 4U47.092x107°T



U 399

us, ;(e)
Uranium Sesquisulfide
[Reaction: U{e,l) + 0.755,(g) = US, .(c}]

cal/mol K kcal/mol

T,K . , Log Kr.
Cpe 8o —(G% H34¢)/T  HO- Hi,, AHre AGre :
298,15 15.980 23.800 23.800 0 -128.033 -119.362 87.494
300% 16.000 23.899 23.800 .030 -128.025 ~119.308 86.914
400 16.180 28.527 24,1430 1.639 -127.701 -116.454. 63.627
500 16.350 . 32,155 25.625 3.265 -127.431 -113.674 49,686
600 16.520 35.151 26.969 4,909 . -127.220 -110.944 40,411
700 16,700 37.711 28.325 6.570 -127.073 -108.242 33.794
800 16.870 39.952 29.642 8.248 -127.001 -105.559 28,837
900 . 17.050 41,950 30.901 9.94l -127.014 -102.880 24,982
942 17.126 - 42.729 31.411 10.662 . =127.048 -101.753 23.607
942 17.126 42,729 31.411 10,662 -127.715 -101.753 23.607
1000 17.230 43,756 32,098 11.658 -127.700 -100.155 21.889
1049 . 17.313 44,582 32,662 12.504 -127.684 -98.805 20.585
1045 . 17.313 44,582 32.662 12,504 -128.821 . -98.805 .  20.585
1100 17.400 45,406 33,233 13.390 -128.745 -97.347 19.34
1200 17.570 46.927 34,312 15.138 -128.589 -94,500 17.211
1300 17,750 48,34 35.338 16,904 -128.420 -91.668 © 15,811
1400 17.920 45.662 36.313 18.688 -128.238 -88.84Y 13.869
1408 17.934 49,764 36.390 18.831 -128.223 -88.619 13.755
1408 17.934 49.764 36.390 . 18.831 -130.408 -88.619 13.755
1500 18.100 50.905 ° 37,246 20. 489 -130. 458 -85.888 12.514
1600 18,270 52.078 38.136 22.307 -130.502 -82.916 11.326
1700 18.1450 53.191 38.989 24,143 -130.533 1 =79.941 10.277
1800 18.620 514,251 39.809 25.996 -130.551 -76.965 9.345
1900 18.810 55.262 40.595 27.868 -130.555 . -73.986 . 8.510
2000 19.000 56.232 41,353 29,758 -130.546 -71.011 7.760

¥Data above 298 K estimated.

Phase changes; ‘942 K, a —‘B transition point of U; AH® = 0.66T7 keal/mol.
" 1049 X, 8 - Y transition point of U; AH® = 1.137 keal/mol.
1408 K, melting point of U; AH° = 2.185 keal/mol.

Heat capacity (cal/mol<K) and enthalpy (kcal/mol) equations:

298.15-200C K: Cp® = 15,494 + 1,736x107°T - 0.028x10°%T 2
He- HS., = 15.494%1073T + 0.868x107¢T2 + 0.028x102T"! - 4,706

Reaction equations (keal/mol):

298.15-942 K: AHr® = -129.671 + 6,127%x107°T - 3.594x107°T? + 39,0757

AGre = -129.671 - 6.127x1073T1nT + 3.594x1076T2 + 19.538T7' + 68.191x107°T
942-1049 X: AHre = -127.261 - 1.018x1073T + 0,628x107°T* - 48.u425T"!

AGre = =127,261 + 1,018x107°TinT - 0.628x107°T* - 24.212T"* + 20.730x107°T
1049-1408 K: AHP® = -125.557 + 0,087x107°T + 0.628x107°T* - 48.kh25T™!

AGre = -129.557 - 0.087x107°T1nT - 0.628x107%T? - 24,2127 ! + 30.605x107°T
1408-2000 K: AHr® = -128.250 - 2.393x107°T + 0.628x107°T? - uB,425T7!

AGr® = -128.250 + 2.393x1077T1InT - 0.628x107°T* - 24,212T"" + 11.697x107°T

Source: Data from Gronvold (31) who estimated all above 298 K.



400 U

Usl.g(u)

a-Uranium Sulfide

[(Formation:  U(e) + 1,98(c,l) = U3, 4(a)]
~cal/mol«K kcal/mol )
T.K - Log Kf
Cp° Se -(G°= H2,4)/T Ho- HZ., AHE® AGE®

298,15% 17.680 26,210 26.210 0 -123.000 -122,897 $0.085
300 17.700 26.319 26.210 .033 -122.998 -122.895 89,528
368.3 18.246 30.012 26.581 1.264 -122.960 -122.878 72.915
368.3 18.246 30.012 26.581 1.264 -123.143 -122.878 72.915
388,36 18. 407 30.984 26.784 1.631 ~123.142 -122.862 69,140
388.36. 18,407 30.98%4 26,784 1.631 -123.926 -122,862 69,140
400 18,500 31.529 26.914 1.8L6 -123,961 -122,830 67.110
432,02 18.6LY 32.959 27.310 2.4 -124.096 -122.736 62.08%
500 18.950 35.708 28.270 3.719 -124.604 -122.476 53.534
600 19.260 39.192 29.809 5.630 -125.119 -122.001 4y u38
700 19.510 42,180 31.367 7.569 -125.568 121,444 . 37.916
717.824 19,547 k2,671 31.642 T.917 -125,643 -121.337 36,942

*Enthalpy of formation at 298 K and data above 298 K estimated.

Phase changes:

432,02 X, second order transformation of 3;

Heat capacity (cal/mol:K) and enthalpy (kecal/mol) equations:

298,15-1900 K:

Cp® = 18.652 + 1.586x1073T - 1,284x105T"?
Ho- Hgq = 18.652x1073T + 0.793x1076T? « 1.284x102T™! - 6.062

Formation equations {(kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K-

432.02-717.824 K:

AHE®
AGF®
AHf®
AGE®
aHE®
aGfe
AHFO
AGE®

onooamowonon

-122.721
-122.721
-124.840
-124,840
~155.541
-165.50U1
~173.550
~173.550

0.011x107*T - 0.167x107¢T? - 79.74CT"}

0.011x1072T1nT + 0.167x107*T% - 39.870T™* - 0.126x107°T
4.311x107°T - 3.484x107¢T? + 215.900T} _
4.311x107°T1nT + 3.484x107°T? + 107.950T"! + 28.722x107°T
89.317x1073T - 85,720x107°T2 + 3830,080T !

368.3 K, orthorhomble - monoclinic transition point of S;
388.36 K, melting polnt of S; AH® = Q.13 kcal/mol.
= 0 kecal/mol.

717.824 K, boiling point of S to equilibrium mixture of Sn (n

1 to 8).

AH® = 0,096 kecal/mol.

89.317x1073T1nT + 85.720x1075T% + 1915.0L0T™! + 570.656x107°T

81.896x1073T - 48.077x107¢T2 + 9960.431T7!

81.896x1072T1nT + 48.077x107°T* + 49B0.215T % + 567.146x1073T



U 401

Us, ()
g-Uranium Sulfide
[Reaetion:  U(e,1) + 0.958,(g) = US, ,(a)]
cal/mecl+k kecal/mol
T,K Log Kr
Cp® 30 -{G® H$,e)}/T He- H§,, " AHre AGre

298.15% 17.680 26.210 26.210 4 -152.174 -140.973 103.335

300 17.700 26.319 ' 26.210 .033 -152.167 -140.9¢c2 102,646
400 18.500 31.529 26.914 1.846 -151.798 -137.205 74,964
500 18.950 35.708 28.270 3.719 =151 . 447 -133.597 58,395
£00 19,260 39.192 29.809 5.630 -151.138 -130.058 47.373
700 19.510 42,180 31.367 7.569 -150.885 -126.564 39.515
800 19.720 u4.799 32.885 9.531 -150.704 -123.103 33.630
900 19.920 47.133 35,341 11.513 -150. 607 -119.660 29.057
942 19.996 48.043 34.932 12.351% -150.594 -118.217 27.427

9yz 19.996 48.043 34.932 12.351 -151.261 -118.,217 27. 427
1000 20.100 49,242 35.728 13.514 -151.183 -116.185 25.392
1049 20.188 50.206 36.382 14,501 -151.114 -114. 471 23.849
1049 20.188 50.206 36.382. 14.501 . -152.251 -114.471 23.849
1100 20.280 51.166 37.045 - 15.533 -152.120 -112.638 22.379
1200 20,450 52.938 38,297 17.569 -151.856 -109,060 19.862
1300 20,620 54.581 39.486 19.623 -151.581 -105.505 17.737
1400 20.800 56.116 40.620 21.694 -151.296 -101.970 15.918
1408 20.814 56.235 40.709 21.860 -151.273 -101.688 15.784
1408 20.814 56.235 40,709 21.860 -153.,458 -101.688 15,784
1500 20.970 57.557 11,702 23.782 -153.414 -98.308 14.323
1600 21.140 58.916 42,736 25.888 -153.355 -g4.637 12,927
1700 21.320 60.203 43,726 28.011 © o -153,287 -90.970 11.695
1800 21.500 61.426 Ly, 675 30.152 -153.206 -87.304 10.600
1900 21.680 62.593 b5.587 32,311 -153.114 -83.6LY 9.621

*Enthalpy of formation at 298 K and data above 298 K estimated.

Phase changes: . 942 K, a' - @ transition peint of U; AH° = 0.667 kcal/mol.

1049 X, 8 - ¥ transition point of U; AH® = 1,137 kcal/mol.

1408 K, melting point of U; A

He = 2,185 kcal/mol.

Heat capacity (cal/mol-K)} and enthalpy (keal/mol) equations:

298,15-1900 X:

Reaction equations (keal/mol):

298,15-942 K:
942-1049 X:
1049-1408 K:

1408-1900 K:

AHre
AGre
AHr®
AGre
AHro°
AGre
AHre
AGre

o & nooow unon

-154,
-154,
=-152.
-152.
-154,
-154,

-153
=153

6
6
2
2
5
5
.1
1

20 +
20 -
10 +
10 -
06 +
06 -
99 -
99 *

Source: Data from Gronveld (47)

Cp°® = 18.652 + 1.586x107°T - 1,284x10°T7"?
He- H8,e = 18.,652x107°T + 0.,793x107°T% + 1.28Ux10°T™" - 6.062

7.616x1073T - 3.733x107%T% + 151.0157"¢
7.616x1073TinT + 3.733x107%T? + 75.507T}
0.471x1073T + 0.489x107°T2 + 63,5157
0.U7T1x1C™3TinT - 0.489x107¢T2 + 31.757T"}
1.576x107°T + 0, 489x107°T2 + 63,515T7!
1.576xX107*TInT - 0.489x107°T? + 371.757T !
0.904x107°T + 0.U489x107°T% + 63.515T!
0.904x10=3TInT - 0.489x107°T2 + 31,757T"!?

+

+

87.204x107°T
39.743x107°T
49.618x107°T

30.710x107°T

who estimated enthalpy of formation at 298 X and data above 298 K.



Loz U

Us,{(8)
8-Uranium Sulfide
[Formation: U{e) + 25(e,1) = US,(B)]

cal/mol-K - kcal/mol
T,K -~ - Log Kf
Cp® Se ={G°- Hg.4)/T H°~- H¢,e ) AHT© AGEe ‘ ‘
298.15 17.840 26.390 26.390 o] -124.500 -124.222 91.056
300 % 17.860 26.500 - 26.390 .033 -124., 499 -124,220 90,493
368.3 18.297 30.213 26.765 1.270 -124.49Y -124.159 73.675
368.3 18.297 30.213% 26.765 1.270 -124.686 -124.159 73.675
388.36 18,426 31.187 26.969 1.638 -124.696 =124,129 69.853
388.36 18.426 31.187 26,969 1,638 -125.522 -124,129 69.853
400 18.500 31.732 27.100 1.853 -125.565 -124.087 67.797
432,02 18.625 33.161 27.497 - 2,447 -125.727 -123.964 62.710
500 18.890 35.504 28.458 3.723 . -126.305 . =123.635 54,040
600 19.180 39.374 '29.996 5.627 -126.912 -123.01 4y, 817
700 19,430 42.350 31.553 7.558 -127. 449 -122.352 38.200
717.824 19,471 42,839 31.827 7.905 =-127.5L40 -122.220 37.211

*Data above 298 K estimated.

Phase changes: 368.3 K, orthorhomblc - moncclinie transition polnt of S; AH®° = 0.096 kecal/mol.
388.36 K, melting point of S; AH® = 0.413 kcal/mol. :
432.02 K, second corder transformation of 8§; AH® = 0 kcal/mol. ,
717.824 K, boiling point of 3 to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy {kcal/mol) equations:

298.15-1800 K: Cp® = 18.233 + 1.984x107°T - 0.876x10°T"2
H°- HZ,, = 18.233x107°T + 0.992x107%T% + 0.876x10%T"! - 5,818

Formation equations (kecal/mol):

298.15-368.3 K: AHF® = -123.696 - 1.225x107T + 0.204x107°T2 - 136,100T"!

AGf°® = -123,686 + 1,225x107°T1nT - 0.20Ux107¢T2 - 68.050T"*' - 7. 916x10"T
368.3-388.36 K: AHf® = -125.927 + 3.301x1073T - 3.288x107°T2 + 175.100T"!

AGF® = =125,927 = 3.301x107°TLnT + 3.288x107°T? + 87.55QT"* + 22, uu9x10"T
388.36=-432.02 K: AHf® = -158.243 + §2.781%1073T - B9,852x107°T2 + 3979.50C0T ! -

AGF® = -158,283 - 92.781x107*TInT + 89.852x107¢T2 + 1989,750T"! + 592 906x107°T
432.02-T717.824 K: AHF® = -177.201 + 84.969x107°T - 50.228x107°T% + 10U432.500T™}

‘ AGE® =

-177.201 - 84.969x107*T1nT + 50.228x107°T* + 5216.250T") + 589.211x107°T



us,(8)
B-Uranium Sulfide
[Reaction: U{c¢,1) + S,(g) = US,(8)]

U 403

kecal/mol -

cal/mol -K
T,K ‘ Log Xr
Cp° 50 ~(G°%- H3eg)/T H%- His, AHre® AGre
298.15 17.840 26.390 26.390 0 -155.210 -143.249 105.003
3004 17.860 26.500 26.390 .033 -155.203 -143,174 10430
400 18.500 31.732 27.100 1.853 -154, 867 -139.218 ;76,064
500 - 18,890 35,904 28.458 3.723 -154,560 -135,30 59.157
600 16.180 39.37L 29,996 5.627 -154.301 -131.523 47.907
700 19.430 42,350 31.553 7.558 -154,099 -127.743 39.883
800 19.660 . 44,960 33.069 9.513 -153.968 -123.987 33.871.
900 19.880 47.288 34,521 11.490 -153.920 ~120.244 29.199
942 19.972 48,197 35.111 12.327 -153.928 -118.673 27.532
9h2 19,972 48.197 35.111 12.327 -1654,595 -118.673 27.532
1000 20.100. 49,394 35.905 13.489 -154.543 -116.462 25.452
1049 20.203 50.358 36.558 14.476 -154. 495 ~114.596 23.875
1049 20.203 50.358 . 36.558 14,476, ~155.632 -114.596 . 23.875
1100 20.310 51.319 37.220 15.509 -155.524 ~112. 604 22.372
1200 20.540 53.096 38.469 17.552 -155,298 -108.712 19.799
1300 20. 760 54,748 39.660 19.616 -155.058 -104.842 17.625
1400 20.990 56.296 40.793 21.704 -154, 802 -100.986 15.764
1408 21.009 56.416 up. 882 21.872 -154.781 .  -100.679 15.627
1408 21.009 56.416 40,882 21.872 -156.966 -100.679 15.627
1500 21.230 57.752 41,875 .23.815 -156.943 . =97.001 14,133
1600 21.480 59.130 42,911 25.950 -156.902 -93.008 12.704
1700 21.730 60.4L0 43,904 28.111 -156.843 . =89.016 11,44y
22.000 61.650 uy.858 30.297 -156.764 -85.029

1800

10.324

*Data above 298 X estimated.

Phage changes:

Heat capacity (cal/mol+X) and enthalpy {kcal/mol) equations:

942 K, o« = B transition point of U;
"4, 1049 Ky, B - Y transition polnt of U;
1408 K, melting point of U;

AH® = 0.667 kcal/mol,

AH® =

298.15-1800 K:

Cp® = 18.233 + 1.984x107°T - 0.876x10%T"2

1.137 keal/mel.
AH® = 2.185 keal/mol..

H°- HZ,s = 18.233x1073T + 0.992x107°%T2 + 0,876x102T"! - 5.818

Reaction equations (kcal/mol):

298.15-942 K: AHr®

AGre

9u42-1049 K: AHr°

AGr®

1049-1408 X: AHp®

AGr®

1408-18C0 K: AHr®

Sources:

AGr®

-0 » 0 w8 D0

Enthalpy of

=157.
=157.
-154,
-154,
-157.
-157.
=155,
=155.

274
274
864
864
160
160

853

+

00 QOCO

I+ +

853 -

+

formation at 298 K from Settle (106).
who estimated all above 298‘K.

.780x107%T - 3.550x107%T% + 106.800T""
.780X1073T1nT + 3,550x1075T2 +
.365%107°T + 0.672x107T? + 19.
.365x1073TInT - 0.672x107¢T2 +
.TUOX1073T + 0.672x107°T? + 19,
.THOX10™*T1nT - 0.672x107¢T2 +
L7LOX10™%T + 0.672x107°T2 + 19,
1.740%107*T1nT - 0.672x1078T? +

53.400T77! + BL.0710x107°T
300T"?

9.650T™" + 36.549x107°T

300T™?

9.650T"% + 46.423x107°T

300T"!

9.650T7! + 27.515x107°T

Other data are from Gronvold (N7)



hos U

us, (g}
Uranium Disulfide (ideal gas)
[Formation: Ufe) + 23(e,l) = US,{g)]

cal/molsK kcal/mol
T,K - Log Kf
Cp® So -(G°- H9,4)/T H°- H3., . AHE® AGFe
298.15% 13.756 68.630 68.630 0 21.400 9.084 -6.659
300 13.768 68.715 68,632 025 21.393 9.008 -6.562
368.3 14,075 71.575 68.918 .979 21,115 6.216 -3.689
368.3 14,075 71.575 68.918 .979 20.923 6.216 -3.689
388.36 14,166 72.324 69.075 1.262 20.828 5.419 -3.049
388.36 14.166 72.324 69.075 1.262 20.002 5.U19 -3.049
oo 14,218 72.743 £9.175 1.427 19.909 4,983 -2.722
h32.02 14,292 73.8M 69.481 1,883 19.609 3.798 -1.921
500 14,450 75.942 70.220 2.861 18.733 1.384 -.605
600 14,583 78.589 71.401 4,213 17.674 -1.984 .723
700 14,665 80.844 72.593 5.776 16.669 -5.180 1.617
717.824 14.675 81.213 72.802 6.037 16.493 =5.733 1.745

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting polnt of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, bolling polnt of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) egquations:

298.15-2000 K: Cp® = 14.800 + 0.066x107*T - 0.946x105T™?
He- HZg, = 14.B00x107%T + 0.033x1076T2 + 0,946%x102T7! - 4,733

Formation equations (kcal/mol):

4,658x1073T - 0.755x107%T2 ~ 129.100T"*

298.15-368.3 X: AHf® = 23.289 -

AGE® = 23.289 + 4.658x107?T1nT + 0.755x107€T? - 64.550T ! - 73.682x107°T
368.3-388.36 K: AHf® = 21.059 - 0.132x107°T - 4.247x107%T2* + 182.100T"!

AGE® = 21,059 + 0,132x107*T1InT + 4,247x107°T® + 91.050T ! - 43, 316x10_3T
388.36-432.02 K: AHf® = =11.258 + 85.348x107°T - 90.811x107°T? + 3986.500T""!

AGF® = -11,258 - 89.34Bx107°TinT + 90,811x107%T2 + 1993,250T"' + 527.141x107°T
432.02-717.824 K: AHf® = -30.215 + B1.536%1073T - 51.187x107%T2 + 10439.500T!

AGF® = -30.215 - 81.536x107°T1nT + B1.1B7x107%T2 + 5219.750T" + 523.446x107°T



us, (g)

Uranium Disulfide (ideal gas) ,
U(e,l) + Sz(g) = U52(8)1

405

{Reaction:
cal/mol-K kecal/mol
T,K Log Kr
Cp¢ Se -(G% H$g¢)/T He- Hg,, AHP® AGr®
298.15% 13.756 £8.630 68.630 0] =9.310 -9.943 7.289
300 13.768 68.715 68.632 .025 -9.311 -9.947 7.246
Loo 14,218 72.743 69.175 1,427 -9.1393 -10.149 5,545
500 14,450 75.942 70.220 2.861 -9.522 -10.323 4,512
600 14.583 78.589 71.401 4.313 -5.715 -10.466 3.812
700 14.665 80.844 72.593 5.776 -9.981 -10.570 3.300
8oo 14,720 82.806 73.750 7.248 -10.336 -10,632 2,904
900 14,758 84,552 TY.854 8.719 -10,791 -10.643 2.585
942 14,769 85.215 75.301 9.339 -11.016 -10.632 2.467
gh2 14,769 85,215 75,301 9.339 -11.683 -10.632 2.467
1000 14,785 86.098 75.902 10.198 -11.936 -10.559 2.308
1049 14.795 86.806 76.395 10.921 -12.151 -10.485 2.184
1049 14,795 86.806 76.395 10.921 -13.288 -10,485 2.184
1100 14,805 87.508 76.893 11.676 -13. 457 =-10.345 2,055
1200 14,821 88.797 77.833 13.157 -13.793 -10.048 1,830
1300 14.833 89.9814 78.722 14,640 14,134 -9.723 1.635
1400 14,843 91.084 79.568 16.123 -14,.483 -9.370 1.463
1408 14,84y 91.169 73.633 16.242 -14.511 -9.31 1.450
1408 14,84y 91.169 79.633 16.242 -16.696 -9.3M 1.450
1500 14.851 92.108 80.369 17.608 -17.250 -8,843 1.288
1600 14.857 93.067, 81.133 19.094 -17.858 -8,263 1.129
1700 14,862 93.968 81.862 20.580 -18.474 -7.645 .983
1800 14.867 94,817 82.558 22.066 -19,095% -6.988 .8u8
1900 14,871 95,621 83.225 23.553 =-19.722 -6,299 724
2000 14,874 96,384 83.864 25,040 -20,355 -5.577 .609

*Data except enthalpy of formation at 298 K estimated.

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

342 K, a - 8 transition point of U;
1049 K, B - Y transition point of U;
1408 K, melting point of U;

AH® = 0.667 kcal/mol.

AHO =

298.15-2000 X:

Reaction eguations (kcal/mol):

298.15-342 K:
9L2-10L49 K:
1049-1408 K:

1408-2000 K:

Source: Data from Gronvold (47) who estimated all except enthalpy of formation at 298 K.

AHre
AGre
AHP®
AGPe
AHP©
AGr®
AHPr©
AGre

Cp? = 14,800 + 0.066x1073*T - 0.946x105T™2
He- H2q4s = 14,8C0%x1073T + 0.033x1078T2% + 0.946x102T™! - 4.733

1,137 kKcal/mol.
AH® = 2.185 kecal/mol. )

-10.289 + 3.347x107°T - 4.509x107¢T% + 113.8¢0T"!

-10.289 - 3.347x107°T1nT + 4,509x107°T? + 56.900T"' + 18,244x107°T

=7.879 - 3.798x107°T - 0.287x1C7°T? + 26.300T""
~T.B79 + 3,798x107?T1nT + 0.28Tx107°T* + 13,150T"' - 29.217x107°T
-10.175 - 2.693%107°T - 0.287x107°%T% + 26.300T"!

-10.175 + 2,693x1073TInT + 0.287x107¢T? + 13.150T"* - 19.342%107°T

-8.868 - 5,173%x107%T - 0.2B7x107°T? + 26.300T "
-8.868 + 5.173x1073T1nT + 0.287x107%T2 + 13,1507 - 38.250%107°T




ko6 u

Us,(e)
] Uranium Trisulfide
[Formation: U(e) + 3S{c,1) = U3,(e)]

cal/mol*X kcal/mol

T,K - Log Kf
cp® s -(G°= H35)/T  HO= HS,, AHfO AGfe
298.15 22,850 33.100 33.100 0 -130.100 -129.539 94,953
300% 22.880 33.241 33.101 .042 -130.100 -129.535 94.365
368.3 23.652 38.021 33.581 1.636 -130.122 -129.405 76.788
368.3 23.652 38,021 33,581 1.636 -130.410 -129.405 76.788
388.36 23.878 39.282 33.843 2.112 -130.430 -129.348 72.790
388.36 23.878 39.282 33.843 2.112 -131.669 -129.348 72.790
400 24,010 39.989 34.011 2.391 -131.737 -129.278 70.633
432.02 24,225 41,846 34.524 3.163 -131.984 -129.074 65.295
500 24.680 45, 422 35.768 4.827 -132.848 -128:539 56.183
600 25.170 bg.967 37.767 7.320 -133.723 -127.591 L6, u7Y4
700 25.570 53.877 39.796 9.857 =134,454 -126.509 39.497
717.824 25.634 54.521 40.153 10.313 -134.572 -126.304 38.454

¥Data above 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoelinic transition peint of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of 8; AH® = 0.413 kecal/mol. ‘
L32,02 K, second order transformation of $; AH® = 0 keal/mol.
717.824 K, beiling point of S .to equilibrium mixture of Sn (n=11to8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298,15-1100 K: Cp° = 23.986 + 2.760x107°T - 1.741x70°T 2
He- H3,, = 23.986x107°T + 1.380x107°T2 + 1.741x10°T"" - 7.858

Formation equations (koal/mol)}

298.15-368.3 K: AHfO = -128,530
AGf° = =128.530
168.3-388.36 K: AHf® = -131,875
AGF° = -131.875
188.26-432.02 K: AHf® = -180.350
AGF°e = -180.350
432.02-717.824 K: aHf°® = -208.786
AGFe = -208,786

3.646x107°T + 2,309x107°T? - 205.200T"! - )
3.646x107°T1nT - 2.309x107°T2 - 102.600T7* - 22. 31Hx10"T
3,143x1073T - 2.929x107°T% + 261.600T"!

3.143x107*T1nT + 2.929x107°T2 + 130.800T"! + 23.235x[0"T
137.363x1078T - 132.775x107%T% + 5968.200T !

137.363x7107°T1nT + 132,775x107°T* + 2984.100T"! + B878.920x107*T
125.645x107°T - 73.339x1075T2 + 15647.700T"?

125.645x107°T1nT + 73.339x1075T2 + 7823,850T"" + B73.378x107°T

o+ 1+ 0+ 4+



Us,(c)

Uranium Trisulfide

- [Reaction: U(e) + 1.58,(g) = US,(e)]

U Lot

cal/mol «K kcal/mol
T,K : - Log Kr
Cp® S° =(G®= H9,4,)/T He= H2,, AHre AGre° ’
298.15 22.850 33.100 33.100 0 -176.165 -158,080 115.874
300% 22.880 33.2M 33.101 042 -176.156 -157.966 15.077
LYoo 24,010 39.989 34,01 2.3 -175.690 -151.975 83.034
500 24,680 45,422 35,768 4.827 -175.230 -146,008 63.859
600 25.170 49,967 - 37.767 7.320 -174, 807 -140,314 51.109
. T00 25.570 53.877 39.796 9.857 -174.429 -13L4.594 42.022
800 25.930 57.316 41.775 12.433 -174,113 -128.926 35.220
900 26.250 60.388 43,675 15.042 -173.873 -123.293 29.939
942 26,380 61.588 by ay7 16.147 =173.798 -120.935 28.057
942 26.380 61.588 Ly, 447 16.147 -174.U65 -120.935 28.057
1000 26.560 63.170 15,488 17.682 -174.298 -117.645 25.711
1049 26.707 ‘ U, uuy L46. 34y 18.987 -174.151 -114,871 23.932
1049 26.707 b4. 44y 46.344 18.987 -175.288 =114.871 ©23.932
1100 26,860 65.716 47.213 20.353 -175.076 .. =111.940" - 22,240

*Data above 298 K estimated.

Phase changes:

Heat capacity (cal/mol-K) and enthalpy (xcal/mol) equations:

U2 K, a - B transition point of U;
1049 K, B - Y transition point of U;

AH® = 0.667 keal/mol.

AH® = 1,137 keal/mol.

298.15-1100 K:

Cp® = 23.986 + 2.760x107°T - 1.T41x105T~2
H°- H2,, = 23.986x107°T + 1.380x107ST2? + 1,741x103T !

Reaction equations (keal/mol):

298.15-942 K:
942-10U49 K:

1049-1100 K:

AHPr®°
ACr?®
AHpre
AGPr®
" AHro
AGP®

= -178.896
= -178.896
= -176, 486
= -176.486
= -178.783
= ~178.783

Source: Data from Cronvold (47)

LI N I N B 4

MMy = — oo

who estimated all above 298 K.

.361%107°T - 3,322x107°T® + 159.150T7!
<361x1073TInT + 3.322x107°T2 + 79.575T! + 115 575x107°T
L216x107°T + 0.900x107%T2 + T1.650T"! -

.216x107°T1nT - 0,900x107°T? + 35,825T"! + 68.1714x107 S'I‘
.322x1073T + 0.900x107°T? + 71.650T"?
.322x107*T1nT - 0.900x107%T% + 35.825T™! + 77. 989x10"T

= 7.858



408 v

V,5,(e)

Divanadium Trisulfide

[Formation: 2V{e} + 3S(ec,l) = V,S,{c)]
cal/mel <K kcal/mol
T,K Log Kf
Cp® o —(G%= H344)/T Ho- HI,, AHE® AGE®
298.15% 22.200 30.500 30.500 0 ' -125.000 ' -123.118 90.247
. 300 22.310 30.640 30.503 041 -125.011 -123.106 89.682
' 368.3 25.220 35.562 30.987 1.685 =125.350 -122.634 72.770
368.3 25,220 35.562 30.987 1.685 -125.638 -122.634 72.770
388.36 26,074 36.923 31.259 2.200 -125.73C -122.466 68.917
388.36 26.074 36.923 31.259 2,200 ~126,96%8 ~122. 466 68.917
Lo0. 26.570 37.700 31.435 2.506 -127.072 ' -122.331 66.838
§32.02 27 . 431 39.779 31.977 3.3M -127.400 -121.940 61.686
500 29.260 43,930 33.320 5.305 =128.356 -120.995% 52.886
600 31.320 49,460 35.565 8.337 -129.195 -119.439 43,505
700 33.090 - 54,420 37.906 11.560 -129.700 -117.768 36.768
717.824 33.379 55.255 38.326 12,162 -129.758 -117.462 35.762

*Enthalpy of formation and entropy at 298 X estimated.

Phagse changes:

432,02 K, second order transformation of $;

717.824 K, bolling point of 8 to equilibrium mixture of Sn

Heat capacity (cal/mol:K) and enthalpy (kcal/mcl) equations:

298.15-1200 K:

Cp® = 25.049 + 13, 25Ux10'5T - 6.047x10°T™2
He- HZ,, = 25.049x107%T + 6.627x107°T? + 6.0U7x10? T ' - 10.086

Formation equationa (kcal/mol):

298.15-368.3
368.3-388.36
388.36-432.02

432.02-717.82

X:
X
K:

L K:

AHf? = -123.527

AGf?
AHT®
AGP®
AHf®
AGE®
AHL®
AGL®

o on B ounn

=123.527
-126.872
-126.872
-175.347
-175.347
-203.783
-203.783

9.695x107%T + 9.554x107%T? + 169.300T!

368.3 K, orthorhombie - monoclinic transition point of 3;

388.36 K, melting point of S; AH® = 0.413 keal/mol.

AH® = 0,096 kcal/mol.

0 keal/mol,

=1 to 8).

9.695x107°TInT - 9.554x1078T2 + BL4,.650T"! & 51,971x107°T

2.906x107°T + L4.316x107°T2 + 636.100T7!

2.906x107T1nT - 4,316x1078T2 + 31B.050T""' - 6,422x107°T
131.314x1C73*T - 125.530x107°T? + §342.700T !

131.314x107°TInT + 125.530%x107°T? + 3171.350T"! + 849.263x107?T
119.596x107°T - £6,094x107°%T% + 16022.200T"!

119.596x107*T1nT + 66.0%4x107°T* + 8011

L100T™' + 843.721x107°T



‘ stg(c)
Divanadium Trisulfide
[(Reaction:  2V{e) + 1.,53,(g) = V,5,(c)]

v o409

cal/mol -X keal/mol
T,K - Log Kr
‘Cp® Se —{G°- HZ4,)/T He- H$gy- AHre AGr®
298.15% 22.200 30.500 30.500 -0 -171.065 -151.659 C111.1867
300 . 22.310 30.640 30.503 L0471 -171.067 -151.538 110.394
_4oo 26.570 37.700 . 31,438 2.506 -171.02% -145,028 79,238
500 28,260 43,930 33.320 5.305 -170,738 -138.,55L 60.561
600 31.320 L9 460 35.565 8.337 -170.278 -132.162 48,139
700 33.090 54.420 37.906 11.560 -169.675 -125.853 39.293
aa0 34.710 58.950 40.261 14.951 -168.945 -119.643 32.685
300 36.230 63.120 42,567 18.498 -168.104 -113.5%25% 27.567
1000 37.700 67.020 Ly, 825 22.19% -167.159 =107.517 23.498
1100 39.130 70.680 7,010 26.037 -166.116 -101.602 20.186
1200 40.530 T4.140 k9,123 30.020 -164.984 -85.779 17.443

*Enthalpy of formatlon and entropy at 298 K estimated.

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations

298.15-1200 K: Cp® = 25.049 + 13.254x107°T - 6.047x105T"2 5,
Ho= H3,o = 25.049%107°T + 6.627x107°T + 6.047x10°T"} —’10 086

Reactlon equations (keal/mol):

298.15-1200 K: 8Hr® -173.893 + 2.312x1073T + 3,923x107°T? + 533.65077"' . i
AGr® -173.893 - 2.312x1073T1nT - 3.923x107°T* +'266.825T—f + 85.918x107°T

Sources: Enthalpy of formation and entropy at 298 K are those estimated by Mills (80) Other data

based on Bolgar (12)



1o W

Tungsten Disulfide

Ws,(e)

[Formation: W{ec) + 2S(c,l) = WS,{(c)]
cal/mol K kcal/mol
T,K - - - - Log Kf
Cp® go -{G°- H34s /T H°- H3,, AHf® AGE®
298.15 15.253 16.200 16.200 0 -57.550 -55.L486 L 40.672
300 15,289 16.295 16.200 .029 -57.552 ° -55. 471 40,419
368.3 16.218 19.549 16.524 1.114 -57.637 -54,989 32.630
368.3 16.218 19.549 16.524 1.114 -57.829 -54.989 32.630
388.36 16.491 20. U117 16.703 1,542 -57.858 -54,832 30.856
388.36 16. 1491 20.117 16,703 1,442 -58,684 -54,832 30.856
- 400 16.649 20.906 16.819 1.635 -58.737 -S54, 716 29.895
432,02 16.859 22.196 17.170 2171 -58.919 -54.389 27.514
500 17.304 24.699 18.025 3.337 -59.515 -53.623 23.438
400 17.686 27.852 19.015 5.086 -60,098 -52.393 19.084
700 17.945 30.638 20.825 6.869 -60.541 -51.067 15.944
T17.824 17.979 31.090 21.074 7.189 -60.607 -50.82L 15,474

Phase changes:

368.3 K, orthcrhombic - monoclinic transition point of
" 388.35 X, melting point of S; . AH® = 0.413 keal/mol.
432.02 X, second order transformation of $;

717.824 K, boiling polnt of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity {(cal/mol-K) and enthalpy (kecal/mol) equations:

298.15-1500 K:

Cp®

S;

AH® = 0.096 kcal/mol.

AH® = 0 keal/mol.

= 17.917 + 0.806x107*T - 2.582x103T "2
Ho- HS,, = 17.917x1073T + 0.403x1078T2? + 2.582x102T"! - 6,2L4

Formation equatlions {kcal/mol):

298.15-368.3 K:
368.3-388.36 K:
388.36-432.02 K:

AHf®
AGP®
AHf °
AGr®
AHE®

- AGF®

432.,02-717.824 K:

AHf©
AGF?

-56.344
-56.341
-58.574
-58.574
-90. 891

-90.891 - B9.760x107°T1nT + 86,590x107°T? + 2020,800T"' + 580.957x107°T

+
+

+

4.246x107°T + 3.466x1078T2 - TU4.0Q00T™!

4.286x1073T1nT - 3.466x107°T? - 37.000T"!' - 19.865%107°T
0.280%1073T - 0.026x107¢T? + 237.200T "}
0.280x107*T1nT + 0.026x1075T? + 118.600T"' + 10,500x107°T

89.760x1073T - 86.590%x107°T? + LoU1.600T"!

-109.848 «+ 81.,948x107°T - 46,966x1075T> + 10L9U.6COT™!
-109.848 - 81.9U8x1073TInT + 46.966x1075T? + 52U47.300T"* + 577.262x107°T



Tungaten Disulfide

W5, (e)

[Reaction: 'W(e) + S,(g) = WS,(e)]

Wooun

‘ cal/mol -K keal/mol
T,K Log Kr
Cpe Se -(G°= H$yo)/T H°- HZ,, AHr® AGre
298.15 15.253 16.200 16.200 0 -88.260 -74.513 54.619
300 15.289 16.295 16,200 .029 -88.256 -74.426 54.219
400 16.649 20.906 16.819 1.635 -88.039 -69.847 36.162
500 17.304 24.699 18.025 3.337 -87.770 -65.329 28.555
600 17.686 27.892 19.415 5.086 -B7.487 -60.875 22.173
700 17.945 30.638 20,825 6.869 -87.191 -56. 458 17,627
800 18.138 33.047 22.205 8.674 -86.889 -52.089 14,230
900 18.298 35.194 23.533 10.495 -86.589 =-47.756 11.597
1000 18.439 37.130 24,797 12.333 -86.283 -U43.456 9,497
1100 18.571 38,893 25.999 14,183 -85,981 -39.179 7.784
1200 18.697 40.514 27.142 16,047 -85,681 -3“}9“" 6.364
1300 18.822 42.015 . 28.223 17.923 -85.383 -30.722 5.165
1400 18.948 43,115 29.26% 19.811° -85.091 -26.519 h.140
1500 19.077 44,725 30,251 21.71 -84, 801 f22.350 3.256
Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations: X
298,15-1500 K: Cp® = 17.917 + 0.806x107%T - 2.5B2x10%T~2
Ho- HSqp = 17.917x107%T + D.H03x10‘5T’ + 2.582x103T'f - 6.244
Reaction equations (kecal/mol): '
298.15-1500 K: AHr°® = -89.922 + 3.759x107°T - 0.288):10‘-"1“z + 168.900T"!
AGr® -89.922 - 3.759%x107*T1nT + 0.288x107¢T% + BY.4S0T™! + 72.061x107°T

Source:

Data from O'Hare (88).



Mz Y

¥S(g)
Yttrium Monosulfide (ldeal gas)
[(Fermation:  Y(e) + S(e,1) = ¥S(g)]

cal/mol *K kecal/mol
T,K. - . Log Kf
Cpe Se -(G°~ Hgge)/T H®- H$,4 AHf® AGFe
298.15* 8.160 58.530 58.530 0 L1.200. 29.200. -21.404
300 8.170 58.580C 58.53C 015 41,193 29.126 -21.218
368.3 8.382 60.284 58.702 .583 40.941 26.403 -15.667
368.3 8.382 60,284 58.702 583 4o,845 26,403 =-15,667
388.36 8..u444 60.730 58.795 752 40.765 25,619 -14,417
388.36 8.444 60.730 58.795 .782 40.352 . 25.619 =14 .47
400 8.480 60.980 58,855 .850 40,287 25.179 -13.757
432,02 8.528 61.635 59.037 1.122 40.088 23.976 -12.129
560 8.630 62.890 59,478 . 1.706 39.549 21.488 ~9.392
600 8.70 64,470 60.182 2,573 38.886 17.94 -6.535
700 8.760 65.820 60.896 3.447 38.269 14.49Y -4.525
717.824 8.767 66.0U0 61.021 3.603 38.163 13.891 ~4,229

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 368.3 K, orthorhombic - monoclinic transition point of S; AH? = 0,096 keal/mol.
388.3%5 K, melting polnt of S; AH® = 0,413 kecal/mol.
432.02 K, second order transformation of S; AH® = 0 kcal/mol.
717.824 K, bolling point of S to equilibrium mixture of Sn (n=1to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.,15-2000 K: Cpe® = 8.866 + 0.0ULOX107°T - 0.640x105T "2
Ho- H$,s = 8.866x1073T + 0.020x1075T? + 0,640x10%T™% - 2,860

Formaticn equations (kcal/mol):
298.15-368.3 K: AHf® = U2.907

5.026x1073T + 0.832x107%T? - 84.300T™!

AGF® = 42.907 + 5.026x10™°T1nT - 0.832x107°T2 - U2,150T"! - 73.889x107°T
368.3-388.36 K: AHF® = 41,792 - 2.763%107°T - 0.914x1075T2 + 71.300T"!
: AGES = 41.792 + 2.763%107*T1nT + 0.914x107°T? + 35.650T % - 58.706x107°T
388.36-432.02 K:  AHF® = 25.634 + 41.97Tx107°T - 44.196x107°T? + 1973.500T?
AGE® = 25.634 - 41.977x107°TLnT + 44.196x107°T? + 986,750T % + 226.522x1073T
432,02-717.824 K: BHF® = 16,155 + 38,071x107°T - 24,384x107%T? + 5200.000T} _
AGF® = 16.155 - 38.0T1x107°T1nT + 24.384x107%T2 + 2600.000T"' + 224.675x107°T



'YS(g)
Yttrium Monosulfide {ideal gas)
[Reaction: Y(e¢,l) + 0.55,(g) = ¥s(g)]

Y 413

cal/mol K : kecal/mol
T,K' : Log Kr '
Cp® 3e -{G%= HZ,o}/T He- Hi,, AHr® AGre
298.15% 8.160 58.530 58.530 0 25.845 19.686 .-14.430
300 8.170 58.580 58.530 .015 25.81 19.648 -14,314
4oo 8,480 60.580 58.855 - L850 25.636 17.613 -9.623
500 8.630 62.890 59,478 1.706 25,422 15,634 -6.834
600 8,710 64,4570 60.182 - 2.573 25.192 13.700 -4,990
700 8.760 65.820 60.896 3. 4U7 24,944 11.799 .=3.684
800 8.800 66.990 61.582 L.326 24.679 9.945 -2.717
900 : 8.820 68.030 62.244 - 5.207 24.393 8.112 =-1.970
1000 8.8u0 68.960 62.870 6.090 24,087 6.326 -1.382
1100 8.860 69.800 63. U459 6.975 23.762 §.562 ~-,806
1200 ' 8.870 70.570 64.019 7.861 23.117 2.833 ~.516
1300 8.880 71.280 6L.550 8.749 23.052 1.135 -.191
1400 8.890 71.940 65.056 9.637 22.666 -.531 .083
1500 8,900 72.560 65.542 10.527 22.259 -2.192 - 319
1600 8.600 73.130 65,994 ER IS 21.8% -3.801 519
1700 8.910 73,670 66, 430 12,308 21.383 -5.384 .692
1752 8.915 73.939 66.650 12.TT1 21.139 -6.197 713
1752 8.915 73.939% 66.650 12.7T1 19.946 ~6.197 773
1799 8.920 74,175 66.843 13.190 19.749 -6.904 .839
1799 8.620 74.17% 66,843 : 13.180 17.025. -6.904 .839
1800 8.920 T4.180 66.84T 13.199 17.020 ~6.912 .839
1900 8.920 74,660 67.244 14,091 16.406 -8.215 ° .945
2000 8.930 75.120 67.628 14.982 15.79% -9.,515 1.040

¥Data except enthalpy of formation at 298 K estimated.

Phase changes: 1752 K, a - B transition point of Y; AH® = 1,193 keal/mol.
1799 K, melting point of Y; AH® = 2.2T4 keal/mol.
Heat capacity {cal/mol'K) and enthalpy (kcal/mol) equations:

298.15-2000 K:  Cp® = 8.866 + 0.0L0X1073T - 0.640x10%T~2 ,
He- H%,, = 8.866x1073T + 0.020x107T2 + 0.64Cx102T™! - 2.860

Reaction equations {(kcal/mol):

298.15-1752 K: AHr® = 26,118 - 1.024x107°T - 1.045x107°T? + 37,1507}

AGr® = 26,118 + 1.024x107°T1nT + 1.085%107°T2 + 18.575T ! - 27.926x107°T
1752=1799 K: AHre¢ = 26.780 - 3.665x107°T - 0.140x107°T* + 29.85077!

AGre = 26,780 + 3.665x1073TinT + 0,1LOx107®T? + 14,925T"" - 46,L49x107°T
1799-2000 K: AHr® = 27,547 - 5.606x107°T - 0.140x107°T? + 29.850T"!

AGre = 27,547 + 5,606x107°TinT + 0, 140x1075T2 + 14,925T77" - 61,415x107°T

Source: Data from Mills (§Q) who estimated all except enthalpy of formation at 298 K.

b



N4 Yb

¥YbS(g)
Ytterbium Monosulfide (ideal gas)

[Formation: Yb{e) + S{c,1) = YbS(g)]
cal/mel ‘K kecal/mol
T,K Log Kf
Cp® Se " =(G®= HZ46)/T H®- HS,, AHf® AGfe
298.15% 8.400 61.490 61.1490 0 63.000" 51.214 =37.541
300 8.410 61,54¢ 61,490 L0176 62,994 51.142 ~37.257
368.3 8.560 63.290 61.671 587 62.752 48, 467 -28.760
368.3 8.560 63,290 61.671 .597 62.656 48 46T -28.760
388.36 8.604 63.746 61.766 .769 62.577 47.697 -26.81
388.36 8.604 63,746 61,766 . 769 62.164 n7.697 -26.841
400 8.630 64,000 61.827 .B69 62,100 4T.284 -25.823
432.02 8.665 6L, 666 62.014 1.146 61.893. L46.083 -23.312
500 ‘8.T40 65.930 62.454 1.738 61.339 43.648 =-18,078
553 8.766 66.814 62.831 2.202 60.926 41.793 -16.517
600 8.790 67.530 63.172 2.615 60.609 40,180 -14.635
700 8.830 68.890 63.896 3.496 59.972 36.827 -11.498
T17.824 8.834 69.112 64.022 3.653 59,863 36.240 -11.034

¥Data except enthalpy of formation at 298 K estimated,

Phase changes:

368.3 K, orthorhombic - monoclinic transition point of S;

388.36 K, melting polint of S;

432,02 K, second order transformation of §;

553 K, second order transition of Yb;
717.824 K, bolling peint of S to equilibrium mixture of Sn (n

Heat capacity (cal/mol-K) and enthalpy (kecal/mol) equatlons:

298.15-2000 K:

Cp® = 8.910 + 0.018x107*T - 0.U454x105T "2
H°- HZ,s = 8.970x107°T + 0.009x1079T? + ' 0.U454x102T! - 2,810

Formation equationa {kecal/mol):

298.15-368.3 X: AHf®

AGL®

368.3-388.36 K: AHf®

388.36-432.02
432,02-553 K:

553-717.824 K:

AGFe
K: AHf®
AGFe
AHT®
AGLe
AHL®
CAGE®

8 0 0 0 U oa @

63.
63.
62,
62.
45,
45,
36.
36.
38.
38,

223
223
108
108
950
950
L7y
47
092
092

+ + 1

+

+

P+ |

AH® = 0.413 keal/mol.
= 0 kcal/mol.
AH® = 0 kecal/mol.

0.288x107°T - 3.976x1075T2 + 64,5007}

0.288x1C7°T1nT + 3.976x107°T? + 32.250T~% - U43,466x107°T

1.975x107°T - 5.722x107°T* + 220,100T"!

1.975%10™3T1nT + 5.722%10"5T% + 110,050T"! - 28.283x10°'T
004X107ST2 + 2122.300T"!

46
Le
42
42
37
37

.T15%107°T - Y49,
.715x107°TLnT +
.809x107°T - 29.
.809x%x107*TInT +
.605x107°T - 24.
.605x107°T1nT +

1 to 8).

AH® = 0.096 kecal/mol,

49.004%107°T2 + 1061.,150T"! + 256.945x107°T

192x107%T2 + 5348.80077!

29.192x1076T? + 26T4.400T"* + 255.098x107°T
184%107¢T? $196.800T7!
24.184x1076T2 + 2598.400T"% + 222.319x107°T



YbS(g)

Ytterbium Monosulfide (ideal gas)

b W15

[Reactlion: ' Yb{e,l,g) + 0.55,(g) = YbS(g)]
cal/mol+K ' keal/mol
T,X . ‘ Log Kr
Cpe 8® ~(G°- H346)/T  HO- Hi,, AHre _4Gre
298.15 8,400 61.490 61,490 o 47,645 41,701 -30,567
300 8.1410 61.540 61,450 L016 47,642 41,665 -30.353
400 ' 8.630 64,000 61.827 .869 47,449 3%.698 -21,690
500 8.740 65.920 62, 45Y 1.738 47.212 37.794 -16.520
553 8.766 66.814 62.831 2.202 47,036 36.804 ~14,545
600 8.790 67.530 63.172 2.615 46,915 35.939 -13.091
700 B.830 68.890 63.896 3.496 46,647 34,132 -10.656
800 8,850 76.070 64,594 3,381 46,365 32,360 -8.840
300 8.870 71.120 65.268 5.267 46,068 30.624 -7,437
1000 8.880" 72.050 65.856 6.154 45,755 28.924 . -6.321
1033 8.883 72.338 66.097 . 6.447 L5 6h7 28.372 -£.003
1033 8.883 72.338 66.097 6.447 L5, 229 28.372 -6.003
1097 8.890 12.876 66,480 7.016 Ly, 958 27.338" -5.446
1097 8.890 72.876 66,5480 - - T.016 43,128 27.338 -5.446
1100 8.890 72.900 66.497 - 7,043 43,117 27.293 -5,423
1200 "B8.900 73.670 67.060 7.932 © 42,675 25.873 C =k 712
1300 8.910 74,380 67.593 8.823 42,233 24,502 -4.119
1400 8.910 75,040 68.101 . 9,714 41,786 123,154 -3.614
1467 8,917 75.462 68,433 10,311 - 41,485 22.261 -3.316
1467 8.917 75.462 68.433 10.311 © 10.685 22.261 -3.316
1500 8.920 75.660 68.590 10.605 10.663 22.524 -3.282
1600 8.920 76.230 69.044 11.497 10.592 23.325 -3.186
1700 8.920 76.780 69,492 12.389 10.519 . 24,109 -3.099
1800 8.930 77.290 69.912 13,281 10,441 24,911 -3.025
1900 8,930 T7.770 70,310 . 14,174 10.362 - 25.721 -2.959
2000 8.930 78.230 70.697 15,067 10.280 26.528 -2.899

*¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

553 K, second order transition point of ¥b;
1033 X, a' - § transition point of Yb; AH® =

1097 K, melting point of Yb;

1467 K, boiling point of Yb;

.AH®
AH®

Heat c¢apacity (cal/mol-X) and enthaipy (kcal/mol) equations:

298.15-2000 K:

Cp®

Ke= Hg,4

Reaction equations (kecal/mol):

298.15-553 K:
553-1033 K:
1033-1097 X:
1037-1U67 X:

1467-2000 K:

AHP®
AGr®
AHre°
AGPr®
AHr®
AGr®
AHre
AGr®
AHre
AGr®°

[/ I I I I |

Bouon

Lo

46,

Lg
48

Source: Data from Mills

-339

U434 + 3
434 - 3
085 -1
L055 + 1
410 - 3
10 + 3
LTHO - 4
LTHO + 4
.339 -0

+ 0

8.910 + 0.018x107°T - 0,454x105T"2
8.910x1073T + 0,009x107°T2 + Q,L54x102T"! - 2,810

LT14%1073TInT + 5.853x107°T2 +
.490x107%T - 0.845x1075T2 + 33.
LU90x1073T1nT + 0.8L5x1075T2 +
L902x707%T - 0.151x1078T2 + 11,
,902%x1073T1nT + 0.151x1078T2 +
LCUBX1072T - 0.151x1078T2 + 11,
LOUBx1073TINT + 0.151%1078T2 +
.230%1073T - 0.151x1078T2 + 11,
.230%107°T1nT + 0.151x107¢T2 +

AH® = 0 kcal/mol.
‘0.418 keal/mol.

1.830 kecal/mol.
30.800 kecal/mol.

LT14x107?T - 5,853x107°T? + 185,950T™!

92.975T7! + 2.497x107°T

950T™!

16.975T7 - 30.282x107°'T

250T7¢

5.625T7% - 47.606x107°T

250T7!

5.625T7 - 47,106x107°T

250T7!

5.625T7! + 5.545%107°T

(80) who estimated all except enthalpy of formatlon at 298 K.



416 in

ZnS(cubie)
" Zine 8Sulfide, Sphalerite

[Formation: In{c,1}) + S{e,1) = InS{ec)]

cal/mol+K kcal/mol
T,K Log Kf
Cpe 8e ={G°~ H3,¢)/T He= H3,, AHE® AGPe
298.15 10.936 14.019 14,019 o) -48,790 -47.719 34.979
300 10,952 14.087 14.020 .020 -48.791 . -47.712 34,758
368.3 11.3 16.385 14.252 .786 -48_ 829 -47.463 28.164
368.3 11.381 16.386 14,252 .786 -48,925 -47.463 28.164
388.36 11.507 16.993 14.378 1.016 -48.939 -47.382 26.664
388.36 11.507 16,993 14,378 1,016 -49,352 -47,382 26,664
400 11.580 17.334 14,459 1.150 -49,379 -47.323 25,856
432,02 11.695 18.230 14,706 1.523 -49., 472 -47.155 23,855
500 11.940 19.959 15.303 2.328 -49.778 ~46,764 20. 440
600 12.19% 22.160 16.268 3.535 -50.094 -46.130 16.803
692.73 12,385 23.926 17.177 4,675 -50,342 -45,801 14.355
692.73 12.385 23.926 17.177 L,675 -52.092 -45,501 14,355
700 12.400 24.055 17.248 h,765 -52.114 -45, 431 14,184
717.824 12.432 24,367 174214 4,986 -52.163 45,260 13,780

Phase changes:

388.36 K, melting point of S; AH°® = 0.413 kcal/mol..

L32.02 K, second order transformation of 8; AH® = 0 kecal/mol.

692.73 K, melting point of Zn; AH® = 1.750 keal/mol.

T17.824 K, boiling point of S to esquilibrium mixture of Sn (n =1 %0 8).

Heat capacity {(cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-1300 K:

HO—

Cp°

LR

11.700 + 1.298x1073T - 1.023x10°T"*2
11.700x107%T + 0.649x107°T2 + 1,023x102T"! - 3,889

Formation equations (keal/mol):

298.15-368.3

K:

368,.3-388.36 K:

388.36-432.02

432.02-692.73

692.73-717.82

K:
K:

4 K:

ARf®
AGE®
AHT®
AGE®
AHf?®
AGfe®
AHf 2
AGL?®
AHfP®
AGE®

n s nou

-48.271
-48.271
~49,386
-U9-386
-65.545
-65.5U45
-75.023
-75.C23
=75.760
-75.760

P+ 1+ 1+ 1+

1.573x107°T + 0.974x107°T2 - 40.700T!

1.573x107T1nT - 0.974x107°T% - 20.350T"% - 6.591x%107%T
0.690x107%T - 0,772x1078T2 + 14,9007}

0.690x1077T1nT + O.772x107%T% + 57,450T"! + 8.591x107°T
45,430x107°T = 44,05Ux1075T2 + 2017,100T7!

368.3 K, orthorhombic - monoclinic transition polnt of S; AH® = 0.096 kcal/mol.

45.430x107T1nT + L4.054x107%T? + 1008,550T"" + 293,820x1072T

41.524x1073T - 24.242x1078T2 + 5243,600T"!

41,524x1073T1nT + 24.242x107¢T2 + 2621.800T " + 291. 972x10 i

39.123x107°T - 22.850x107¢T2 + 5231.000T"!

39. 123x10 *T1nT + 22.850x107%T? + 2615.5C0T7! + 278 309x107°T



ZnS(cubdbiec)

Zinc Sulfide, Sphalerite

Zn W17

. [Reaction:  Zn(c,l,g) + 0.58,(g) = ZnS{c)]
cal/mol <K keal/mol
T,K - Log Kr
Cp® 50 ~{G°- H2,,)/T H°- HZ,, AHre AGro
298,15 10.936 14,019 14,019 0 -64,145 -57.233 L1.952
300 10.952 14,087 74,020 .020 -64,143 -57.189 41.662
400 11.580 - 17.334 14,459 1.150 -64.030 -54.,.889 29.989
500 11.940 19.959 15.303 2.328 - -63.906 -52.617 22.998
600 12.19% 22.160 1£.268 3.535‘ -63.789% -50.371 “18.39?
692.73 12,385 23.926 17.177 H,GTS -63.693 -48.306 15.240
692,73 12,385 22.926 17177 4,675 -65,443 -48.306 15.240
- 700 12,400 24,055 17.2u8 4,765 -65.439 -48,.126 15,026
800 12.579 25.723 18.205 6,014 -65.376 -45,.657 12.473
g00 12.742 27.214 19.125 7.280 -65.299 -43,197 10.490
1000 12.896 28.565 20.003 8.562 -65.211 ‘-40.?U7 8.905
1100 13,044 29.801 20.838 9.859 =65.112 -38,305 7.610
1180 13.158 30.721 21,477 10,908 -65,023 -36.354 6.733
1180 13.158 3¢.721 C21.477 10.908 -G2.588 - -36.354 6.733
1200 13.187 30.942 21.633 11.171 . -92.516 =-35.403 6.448
1300 13.327 32.003 22.390‘ 12.497 -92.1&1‘ -30.660 "5.154

Phase changes:

692.73 K, melting point of Zn; AH® = 1.750 keal/mol,

1180 X, boiling point of Zn; AH® = 27,565 kecal/mol.

Heat capacity (cal/mol+K) and enthalpy (Ecal/mol) equations:

298.15-1300 K:

Cpe°

H°- Hfse

Reaction equations (kcal/mol}:

298.15-692.73 K: AHre

AGr©

692,.73-1180 X: AHr©
‘ AGre®
1180-1300 K: AHre
' i AGre

E 0w n s m

-65.060
-65.060
-65.796
-65.796
-96.349
-96.349

11.700 + 1.298%x107%T - 1.023x105T"%2
11.700x1073T + 0.649%1078T2 + 1.,023x103T"! - 3.889

+ 2.429%x1073T - 0.903x107%T? + 8C.750T"!

- 2.429%107°TInT + 0.903x107¢T2 + #0.375T"! + 39.372x107°T

+ 0.028%107°T + 0.489x107%T2 + 68,15077!

- 0.028x1073TIlnT - 0.LBYX1075T2 + 34.075T" % + 25,708x107°%T

+ 2,560x1073T + 0,489x107°T2 + 68,150T"!

Sources: Enthalpy of formation at

2.560%x1073TInT - 0.U4B9x107¢T2 + 34.075T" + 69.510x107°T

298 X from Schaefer {103).

Low-temperature heat capacities
and entropy at 298 K from Stuve (111}. High-temperature data based on Pankratz (93).



418 in

ZnS(hexagonal)

Zine Sulfide, Wurtzite

[Formation: Zn{e,l) + S{e¢,1l) =-ZnS{c}]
cal/mol -K kecal/mol
T,K Log Kf
Cp® S0 ~(Go= HY,4)/T Ho- HE,, AHfo AGEe

298.15 10.965 14.064 14.064 0 -46.570 -45.512 33.361
300 10.583 14,132 14,065 .020 -46.571 -45,506 - 33,150
368.3 11.117 16,438 14,296 .789 -46,6056 -145,259 26,857
368.3 11.117 16.438 14,296 .789 =46, 702 -i45,259 26.857
388.36 11.545 17.047 14,423 1.019 -L6,716 -45,180 25,425
388.36 11.545 t7.047 14,423 1.019 -47.129 -45,180 25.425
4oo 11.619° 17.389 14,504 1.154 -47.155 45,121 24,653
432,02 11.733 18.288 14,752 1.528 . =47.247 —HR.955 22,742
500 11.975 20,023 15.353 2.335 =-47.551 -44,569 16.481
600 12.222 22.230 16.320 3.546 -47.863% -43,941 - 16.0C5
$92.73 12.404 23.999 17.232- 4,688 -48.109 T -43.319 13,667
692.73 12. 404 23.999 17.232 4.688 -49,.859 -43.319 13.667
T00 - 12.118 2L4.129 17.303 4,778 -49,881 =-43,250 13,503
717.824 12,448 24, by 17,477 5.000 ©=49.,930 -43,080 13,116

Phase changes:

432.02 K, second order transformation of S;

692.73 K, melting point of Zn;

368.3 K, orthorhombic - monoclinie transition peint of 3;
388.36 K, melting point of 3; AH® = 0,413 kcal/mol.
AH® = 0 kcal/mol.

AH® = 1,750 kcal/mol.

{n = 1to 8).

717.824 K, bolling point of S to equilibrium mixture of Sn
Heat capacity (cal/mol-K) and enthalpy {keal/mol) equations:
298.15-1300 K: Cp® = 11.819 + 1.166x107°T - 1.067x10°T~% ‘

Ho= HZgy = 11.819x107°T + 0.583x107°T? + 1,067x10%T~! - 3,934

Formation equations (keal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02 K:

432.02-692.73 K:

692.73-717.824 K:

AHf®
AGPe
AHS®
AGfe®
AHT®
AGPe
AHT®
AGFe
AHfe
AGr®

-46.095
-46.095
=47.211
=L7.211
-63.369
-63,369
-72.848
-72.848
=73.584
-73.584

1,454%107>*T + 0.908x107%T2 - 36.300T"}
1.454x107*T1nT - 0.908x107¢T2 - 18.150T ! - 5.854x107°T

0.809x107°T - 0.838x107°T% + 119.300T7"!

0.809x1073T1nT + 0.838x107%T? + 59.650T"" + 9.329x107°T
45.549x107°T - 44,120x107°T? + 2021.500T7! C

U5,549x107°T1nT + 44,120x107%T2 + 1010.750T"!

41.643%107°T - 24.308x1078T2 + 5248.000T7!

41.643x107°T1nT + 24.308x107%T? + 2624.000T"}
39.242x107°T - 22,916x107°T? + 5235.400T7!
39.242x107°T1nT + 22.916x107°T? + 2617.700T"*

AH® = 0.096 keal/mol.

+ 294,557x107°T
+ 292.710x107°T

+ 279,046x107°T



ZnS(hexagonal )

Zinc Sulfide, Wurtzite

‘

Zn 419

[Reaction: 2Zn(e,l,g) + 0.55,(g) = ZnS(e)]
cal/mol K keal/mol _
T,k - Log Kr
Cp® o -(G%= HP,,)/T HKo- Hgg, AHre AGP®
298.15 10.965 14.064 . 14,064 0 -61.925 -55.026 40.335
300 10.983 14,132 14.065 .020 -61.923 -54.983 4§0.055
400 11.619 17.389 14,504 1,154 -61.806 -52.687 28.786
500 11,975 20,023 15.353 2.335 -61,679 =50,422 22.039
600 12,222 22,230 16.320 3.546 -61.557 ~48,182 17.550
692.73 12.404 23.999 17.232 L4.688 -61.”60 =46.124 t4,552
692.73 12.404 23.999 17.232 4,688 -63.210 -L6.124 14.552
700 12.418 24.129 17.3C3 L.778 - -63.206 -45.945 14,345
800 12.585 25.798 18.263 . 6.028 . -63.142 -43,483 11.879
900 12,737 27.289 19,185 7.294 -63.066 =41.,.031 "9.96Y4
1000 12.878 . 28.639 20.064 8.575 -62.978 -38.588 8.433
1100 13.013 29.872 20.899 9.870 -62.881 -36.152 T.183
1180 13.118 30.789 21.539 10.915 -62.796 . -34.208 6.336
1180 13.118 30.789. 21.539 10.915 -90.361 -34,208° 6.336
1200 . 13,144 31.010. 21.695 11,178 -90,289 -33.258 : 6.05?
1300 13.272 32.067 22.452 12.499 ;83.919 =28.521 “.795

Phase changes:

692.73 X, melting point of‘Zn; AH® = 1.750 kcal/mol.
1180 K, boiling polnt of Zn; AH® = 27.565 Keal/mol.

Heat capaclty (cal/mol-K} and enthalpy (kcal/mol) equations:

298.15-1300C K:

Reaction equations (kecal/mol):

298,15-692.73

692.73-1180 K:

1180-1300 K:

Sources:

K:

AHp©
AGr?®
AHpe
AGre
AHre
L AGr®

| I I T T R |

-62,
-62.
-63.
-63.
~94.
-94.

884
884
621
621
174
174

R R T D I B

Enthalpy of formation at
entropy at 298 K from Stuve (111),

MO O NN

298 K from

4

Adami (1).

Cp® = 11,819 + 3.166x10” T - g, 067x103T"2
He- Hgyy = 11.B19x107°T + 0.583x107°T2 + 1.067x10%T"" - 3, 93“

LSLU9X107°T = 0.969x1078T2 + B5,150T" !
.549%107T1nT + 0.969x1076T2 + 42, 575T s oyg, 109x10 a7
L1U48x1073T + 0.423x1075T2 + 72.550T7! .
L188x107°TInT - 0.423x107€T2 + 36.275T7 1 + 26 NU6X10"T
LBT9x107 T + 0.423x1074T2 + 72.550T!
L679x1073T1nT - 0.423x107°%T2 + 36.275T" % + T70.247x107 T

1 Low-temperature heat capaclities and
High-temperatube data based on Pankratz (393). ’



420 Zn

Zns{g)
Zine Sulfide (ideal gas)
[Formation: 2n{e,l} + S(e,1) = ZnS{g)]

cal/mol +K kcal/mol
T,K Log Kf
Cp® 89 =(G°- H$,4,)/T H°- HZ,e AHT® AGE©
298.15 8.456 56.835 56.835 0 48.600 36.905 -27.052
300 8,461 56.887 56.835 .016 48,595 36.834 -26.833
368.3 8.606 58.6M1 57.011 . 600 48,375 34.179 -20,282
368.3 8,606 58.641 57.011 .600 48.279 34.179 -20,282
388.36 8.649 59.098 57.107 L7773 Lg§.208 33.413 -18.803
388.36 8.649 59.098 57.107 .T73 47.795 33.413 -18.803
400 8.674 59,354 57.169 874 47.735 32.983 -18.021
32,02 8.711 6C.023 57.356 1.152 47,5148 31.809 -16.091
500 8.789 61.303 57.809 1.747 47,031 29.374 -12.839
600 8,859 62.912 58.529 2.630 46.391 25.904 -9.435
692.73 8.904 64.188 59.203 3.453 45.826 22,777 -7.186
692.73 8.904 64,188 59.203 3.453 LYy,076 22.777 -7.186
700 8.907 64,281 59.255. 3.518 L4029 22.554 =-7.01
717.824 8.913 6l,505 59.383 3.677 43,917 22.009 -6.701

Phase changes: 368.3 K, orthorhombic - monoeclinic transition point of S; AH® = 0.096 kcal/mol.
388.36 K, melting point of S; AH® = 0.413 keal/mol.
432.02 K, second order transformation of 5; AH® = 0 kcal/mol.
692.73 K, melting point of Zn; AH® = 1.750 kcal/mol.
717.82L4 K, voiling point of S to equilibrium mixture of Sn (n =1 to 8).

Heat capacity (cal/mol-K) and enthalpy (kcal/mol) equations:

298.15-3000 K: Cp° = 8.909 + 0,120x107°T - 0.434x103T"?
Ho- H3ge = 8,909x107°T + 0.C60X1075T2 + 0,43Ux10%T™} - 2.807

Formation equations (kcal/mol):

298.15-368.3 K: AHf° = 50,201 - 4,364x107°T + 0.385x107°T* - 99.600T"!

AGf° = 50.201 + U,364x1073T1nT - 0.385x107%T2 - 49,.800T"! - 68.783x1073T
368.3-388.36 K: AHf® = 49.0B6 - 2,101x107°T - 1.361x107%T? + 56.000T"!

AGfe = 49.086 + 2.101x107¥T1InT + 1.361x107°T? + 28.000T™! - 53.600x107°T
388.36-432.02 X: AHf® = 32.928 + 42.639x107*T - 44.6U3x107°T* + 1958.200T"!

AGF® = 32,928 - 42.639x107%T1nT + 44.643x107°T2 + 979.100T ' + 231.628x107°T
432.02-692.73 X: AHf® = 23,449 + 38.733x107°T - 24.831x107°T* + 5184.700T7!}

AGf° = 23,449 - 38,733x1073T1nT + 24.831x1075T2 + 2592,350T ! + 229.781x107°T
692.73-717.824 K: AHf° = 22,712 + 36,332x107?T - 23,439x107¢T? + 5172.100T7}

AGFe = 22.712 -

36.332%1073T1nT + 23.439x107%T2 + 25B6.050T ' + 216.117x107°T



z

Zns(g)
Zine Sulfide (ideal gas)
(Reaction: Zn(c,l,g) + 0.55,(g) = ZnS(g)]

n 421

cal/mol«K ‘ kcal/mol
T,K . - Leg Kr
Cp® 80 -(G°= H24¢)/T Ho- HZ,s . aHro AGre
298.15 B.456 56.835 56.835 0 33,245 27.392 -20.078
300 §.461 56.887 56.835 .016 33.243 27.357 -19.929
400 5.674 59.35Y 57.169 .874 33.084 25.417 -13,887
500 8.789 61.303 57.809 1.747 32.903 23.520 -10.281
600 §.859 62.912 58.529 2.630 32.697 21.663 -7.891
692.73 8.904 64,188 59,203 3.453 32.476 19,971 -6.301
692.73 8.904 64,188 59.203 3.453 30,726 19.971 -6.301
700 8.907 64,281 59.255 3.518 30.704 19.859 ~6.200
800 8.942 65,473 £4,959 4,411 30,411 18.330 -5.008
900 8.970 66.528 60,631 5.307 30,117 16.837 -4,088
1000 8.993 YR 61.269 6.205 29.822 15.378 -3.361
1100 9.013 68.332 61.873 7.105 29,524 13.947 -2.771
1180 g.027 68.965 62.333 7.826 29.285 12,826 ~2.375
1180 g.027 68.965 62.333 7.826 1.720 12,826 -2.375
1200 3,030 69,117 62, 44y 8.007 1.710 13.013 -2.370
1300 9.046 £9.841 £2.986 8.911 1.663 13.954 -2.346
1400 9.061 70.512 63.50% 9.816 1.612 14.903 -2.326
1500 9.075 71.137 63.988 10.723 1.560 15.853 -2.310
1600 9.089 71.723 C BY U5y 11.631 1.506 16.808 -2,296
1700 9.102 72.275 64.898 12.541 1.450 17.765 -2.284
1800 9,114 72.795 65. 322 13.452 1.391 18.728 -2.274
1900 9.126 73.288 65.7268 14,364 1.331 19.694 -2.265
2000 9.138 73.757 £66.119 15,277 1.268 20.658 . -2.257

Phase changes: 692.73 K, melting point of Zn; AH® = 1.750 keal/mol.
1180 K, boiling point of Zn; AH® = 27.565 kecal/mol.
Heat capacity {(cal/mol+XK) and enthalpy (kcal/mol} equations:

298.15-3000 K: Cp® = 8.909 + 0.120x107*T - 0.434x10°T"2
H- HZ,, = 8.909x1073T + 0.06Cx107°T2 + 0,434x10%T™? - 2,807

Reaction equations (kcal/mol):

298.15-692.73 K: AHr® = 33.412 - 0.362x107°T - 1.492x107°T* + 21,8507~}

AGre = 33.412 + 0.362x107°T1nT + 1.492x107°T* + 10.925T"' - 22.820x107°T
692.73-1180 K: AHre = 32,676 - 2.763x10°°T - 0.100x107°T? + 9,250T"*

AGr® = 32,676 + 2.763x1072T1nT + 0.100x107%T* + 4.625T" - 36.483x107°T
1180-2000 X: AHP® = 2,123 - 0.231x107*T - 0.100x107¢T% + 9.250T"!

AGre = 2,123 + 0.231x107%T1nT + 0.100x107%T? + 4.625T ' + 7.318x107°T

Sources: Enthalpy of fermation at 298 K based on Ban (4) and Piacente (39). Other data based
on Marquart (77).



422 Zr

irs(g)
Zirconium Monosulfide (ideal gas)

[Formation: Zr(c) + S{c,1) = ZrS(g)]
cal/mol 'K kcal/mol .
T,K - Log Kf
Cp® g0 =(G%- HZ,¢)/T H°- HS,, AHf® AGF?®

2§8.15* 8,000 5%.000 59,000 Q ‘ 74,000 61.472 -45,060
300 8.010 59.050 59.000 .015 73.994 61.39% =44,726
368.3 8.263 60.733 59.1T74 5TY 73.735 58.551 =34, 744
368.3 8.263 60.733 59.174 ST 73.639 58.551 =34,74Y
388,36 _ 8.337 61.173 59.266 ST 73.557 57.732 -32.U88
388.136 8.337 61.173 59,266 LT T3.144 57.732 -32.488
400 8.1380 61,420 59,325 .838 73.077 57.271 =31.29
432.02 B.434 62.067 59.505 1.107 72.872 56.013 -28.335
500 8.550 63.310 59.940 1.685 ) 72.320 53.40% -23.343
600 8.650 64.880 60.637 2.548 71.632 49,688 -18.098
700 B8.710 66,210 61.33 3.418 70,988 46.088 -14,389
717.824 8.719 66,429 61,455 3.570 70.877 45, 456 -13.840

%¥Data except enthalpy of formation at 298 K estimated.

Phase changes:

|
i

|

368.3 K, orthorhombic - monoclinic transition peint of S;
0.413 kcal/mol.
432,02 K, second order transformation of S;

388.36 K, melting point of S;

AH® =

Heat capacity (cal/mol:K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Cp® = 8.828 + 0.058x107°T = 0.751x105T"2
Ho- H3,e = 8.82Bx107°T + 0.029x107%T2 + 0.751x102T"" - 2,887

Formation equations (kcal/mol):

298.15-368.3 K:

368.3-388.36 K:

388.36-432.02

432.02-717.824

K:

X:

AHf °
AGE®
AHf°
ACE®
AHf®
AGE*?
AHf©
AGT@

75.901
75.901
T4.786
T4.786
58.627
58.627
49,149
49.149

T+ 1+ + 1 + 1

AH® = O keal/mol.
717.824 K, bolling point of S to equilibrium mixture of S

5.339x107%T + 0.804%x107%T2 - 113.400T""

5.339x107°T1nT - 0.804x107°T? - 56.700T' = 77. 935110"T

3.076x107°T = 0.942x107°T* + 42.200T"!

3.076x107 ’TlnT + 0.942x1075T2 + 21,100T" - 62.753x107°T
41.664%107°T - UY.22Ux107°T2 + 1944, 40OT™!

n (n =1 t§48).

= 0.096 kcal/mol.

41,664x1070T1nT + UL, 224x7075T2 + 972,200P"" + 222,475%107°T

37.758x107°T - 24.U12x107%T? + 5170.300T7!

37.758x107*T1nT + 24.412x1075T2 + 2585.450T ! + 220.628x107°T



Heat capaci;ﬁ {cal/mol+K) and enthalpy (kcal/mol) equations:

298.15-2000 K:

Reaction equations {(kcal/mol):

298.15-1136 K:

1136-2000 K:

Scurce: Data from Mills (Qg)

AHr® = 58.112
AGre = 5%.112
AHr® = 56.616
AGre = 56.616

+ 01+ 1

v Cp° = 8.828 + 0.058x107°T - 0,751x10°T"2
Ho- H3gp = B8.82Bx107°T + 0.029x107°T + 0.751x10°T™} - 2.887

1.337Tx107°T - 1.073x107¢T? + 8.050T7}

1.337x1073T1nT + 1.073x1078T2 + 4,025T7! - 31.973x107°T
0.168x107°T -~ 0.942x107%T? + 62.550T" "

0.168x107°TinT + 0.942x107°T* + 31.275T" ' - 21.424x107°T

who estimated all except enthalpy of formation at 298 K.

Zr 423
Zrs(g)
Zirconium Monosulfide (ldeal gas)
[Reaction: 2Zr(c) + 0.58,(g) = Zrs(g)]
cal/mol K kecal/mol
K , Log Kr
cp® se -(G®~ HS,4)/T Ho- H3., AHro AGre

298.15% 8.000 59.000 59,000 0 58.645 51,958 -38.086

300 8.010 59.050 59,000 015 58.642 51,918 -37.821

Loo 8.380 61,420 59,325 .838 58.426 49,705 -27.157

500 8.550 63.310 55.94C 1.685 58.192 47.552 -20.785
. 600 8.650 64,880 60.637 2.546 57.938 45,447 -16.554

700 8.710 66.210 61.331 3.415 57.663 43,393 -13.5L48

800 8.760 67.380 62.020: 4,288 57.366 41,371 -11.302

90Q¢ 8.790 68.410 62.671 5.165 57.049 39,393 -9.566
1000 8.810 69.340 63,295 6,045 56.710 37.U47 -8.184
1100 8.830 70.180 63.883 6.927 7 56.351 35.539 -7 .061
1136 8.834 70. 464  64.087 - 77,245 56.216  ~ 34.859 -6.706
1136 8.834 70.464 64.087 .- 7.245 55.265 34.859 -6.706
1200 | §.8u0 70,950 64, 4 7.811 55.110 33.714 -6.140
1300 8.860 71.660 64,971 8.696 54,854 31.938 -5.369
1400 8.870 72.320 65,476 g.582 54.580 30.182 4,712
1500 8.880 72.930 65.950 10.470 54,287 < 28.453 -4.146
1600 8.890 73.500 65.“01: . 11.358 53.974 26.745 -3.653
1700 8.900 74.040 66.835 12.248 - 53.6L4 25.052 -3.221
1800 8.910 74.550 67.251 13.138 53.295 23.378 -2,838
1900 8.920 75.030 67.646 14,030 52.928 21,729 L. =2,199
2000 8.930 75.490 68.029 1“.922 52.542 20.093 -2.196
*Data except enthalpy of formation at 298 K esﬁimated.

Pnase change: 1136 K, o - 8 transition peint of Zr; AHo = 0.951 kecal/mol.
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