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Temperature in Kelvins.

Temperature of transition in Kelvins.

Kelvin, the unit of temperature. It is the fraction 1/273.16 of the thermodynamic tem-
perature of the triple point of water.

Joule, the unit of energy (or work). One joule = 1/4.1840 thermochemical calories or
10 cm>ebar.

Mole, the amount of substance of a system that contains as many elementary entities
as there are atoms in 0.012 kilograms of carbon 12. It is identical with the gfw (gram
formula weight).

Pressure in bars. One bar = 10° Pascals or 0.1 MPa. The standard atmosphere is equal
to 101325 Pascals. The kilogramecm™2 is equal to 98065.5 Pascals.

Superscript indicates that the substance is in its standard state, 1 bar (10° Pascals) for
a condensed phase.

Enthalpy at temperature T relative to 298.15 K in Jemol™!, also called the heat con-
tent.

Enthalpy function in Jemol~1¢K~! (See note below).

Entropy at temperature T, in Jemol~1eK-1,

Gibbs energy function in Jemol~1eK-1,

Heat capacity at constant pressure in Jemol~1eK-1.

Volume of 1 mol of a substance at 1 bar pressure and at 298.15 K, in cm?, or Jebar1,
Enthalpy of melting at 1 bar pressure in Jomol ..

Enthalpy of transition at 1 bar pressure in Jemol~1.

Enthalpy lo’f vaporization to the ideal gas at 1 bar pressure at the normal boiling point
in Jemol™!.

Enthalpy of formation from the elements in their reference states in Jemol™!.

Gibbs energy of formation from the elements in their reference states in Jemol~1.
Equilibrium constant of formation.

Gas constant, 8.31451+0.00007 JeK~lemol~!.

Faraday constant, 96,485.30910.029 JsV-lemol-1.

Avogadro constant, (6.0221367+0.0000036) x 1023mol-!.

Common logarithm, base 10.

Natural logarithm, base e = 2.71828...

Standard atmosphere.

The standard state for an electrolyte in aqueous solution is the hypothetical ideal solu-
tion at unit activity and with the ions at infinite dilution.

When multiple units appear in the denominator of the symbol (for example, enthalpy function), the
SI system does not recommend a particular order. For example, the units for entropy are given as J
mol~! K-1in table 2.11 and as J K~! mol! in table 3.5 of the Greenbook (278).



Thermodynamic Properties of Minerals and Related Substances
at 298.15 K and 1 Bar (10° Pascals) Pressure
and at Higher Temperatures

By Richard A. Robie and Bruce S. Hemingway

ABSTRACT

Selected values for the entropy (S°), molar volume
(V°), and for the enthalpy and Gibbs energy of formation
(A¢H® and A¢G®) are given for 50 reference elements, 55 sul-
fides, 93 oxides and hydroxides, 141 silicates, and 154 other
minerals and related substances at 298.15 K. For those min-
erals for which high-temperature heat-capacity or heat-
content data are also available (Hf - H39g)T-!, S%, (G% -
H50g)T-!, C5, AHT, A(GTand log K¢y are tabulated at
100 K intervals for temperatures up to 1800 K.

INTRODUCTION

In the 17 years since the predecessor to this bulletin
was published, an enormous body of new thermochemical
and equilibrium measurements for minerals has been pub-
lished, personal computers have become almost universally
available, and a number of “internally consistent thermody-
namic property databases” (ICTDB) have been published
(37, 67, 117, 149, 150, 159, 187, 188, 374). (In this section,
references are indicated by numbers in parentheses.) This
report is an updated revision and expansion of U.S. Geolog-
ical Survey (USGS) Bulletin 1452 (361) and entirely super-
sedes it. As an example of growth of the thermodynamic
properties of mineral database, USGS Bulletin 1452 con-
tained data for 58 silicate minerals whereas in the current
set of tables this number has been increased to 141.

The purpose of these tables is to present a critical sum-
mary of the available thermodynamic data for minerals and
related substances in a convenient form for the use of earth
scientists. To make the tables as useful as possible, we have
tried (1) to include enough auxiliary data so that a single set
of tables would suffice for most calculations, (2) to ensure
internal consistency, and (3) to provide the means for rapid
revision and expansion as new data become available.

The tables in this compilation are divided into three
sections. In the first section, values are given for the entropy
(S59g), molar volume (V39g), enthalpy of formation

(AfHS39g), Gibbs energy of formation (A{G%9g), and the log-
arithm of the equilibrium constant of formation (log K¢ 293)
for the reference elements, minerals, and other substances
of geological interest (properties at 298.15 K and 1 bar). In
the second section, coefficients for the polynomial used to
represent the heat capacity at high temperature are tabulated
together with the temperature limits of applicability. In the
third section, values are given for the thermodynamic prop-
erties at 100 K intervals for temperatures up to 1800 K. The
data are arranged in order of their conventional mineralogi-
cal groups. Within each group (for example, the oxides) the
listing is by alphabetical order of the chemical symbol of
the principal cation.

The data have been taken from the original literature,
recent critical evaluations, or have been evaluated by the
present authors and estimated uncertainties have been
assigned to the thermodynamic properties at 298.15 K. The
primary sources of data are indicated numerically in the
thermodynamic table of properties at 298.15 K, as “S” for
the reference to the data for the entropy, “H/G” for the refer-
ence to the formation properties, and “C” to references to
measured heat capacities above 298.15 K. The references
are listed in complete form following the tables. The
entropy and heat-capacity values tabulated are based almost
exclusively on calorimetric measurements whereas the val-

. ues for the enthalpy or Gibbs energy of formation were

obtained from both equilibrium and calorimetric measure-
ments. The values for the thermodynamic properties of the
reference elements have been taken from the JANAF tables
(67), the CODATA (85) recommended values, or in the case
of calcium, from measurement at the USGS (360). For those
silicate glasses for which S§ - S§ has been determined calo-
rimetrically and for which the enthalpy of fusion of the
crystalline equivalent could be evaluated, the residual
entropy (that is, S§) of the glass has been evaluated and
added to the calorimetric entropy to obtain the correct
entropy for use in thermodynamic calculations. Glasses and
other phases for which ST - S§ has been measured but for
which the residual entropy has not been evaluated are indi-
cated by a “+” sign and the user must be aware that the

1



2 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

value tabulated does not include the configurational
entropy.

Although a number of different forms of equations for
the representation of the heat capacity at high temperatures
have been proposed over the past 10 years, for example
Berman (37), Fei and Saxena (104), Richet and Fiquet
(342), we have retained the form adopted in the previous
version of these tables,

This equation can not be extrapolated beyond its upper
limit. Inasmuch as most users will have access to a personal
computer, the conversion from one form of equation to an
alternative form is possible and is left up to the individual
user’s preference. The entropies listed in the table of coeffi-
cients for the Cj polynomials corresponds to the tempera-
ture at the lower limit of the temperature range for the
polynomial. This is usually 298.15 K.

For several phases, the existence of multiple transi-
tions at high temperature makes it impractical to provide a
simple polynomial expression for the heat capacity. For
such phases, for example Fe, Cu; ¢S, and several pyrrho-
tites, we have listed only the heat capacity at 298.15 K.

For these phases, one must go to the high-temperature
table for the particular phase (if tabulated) to get the heat
capacity (and entropy) above room temperature.

Internally consistent thermodynamic property data sets
for silicate minerals have been published by Haas et al.
(149), Holland and Powell (187, 188), Berman (37), Hal-
bach and Chatterjee (150), and Saxena and Chatterjee (374)
among others. Inasmuch as most of the authors relied on the
same sources of calorimetric and equilibrium data to derive
their adopted values, it is surprising that significant differ-
ences in their listed values for such important phases as
grossular, anorthite, phlogopite and muscovite exist. For
example, between the most frequently cited ICTDB, those
of Berman (37) and Holland and Powell (188), the values of
AgG59g calculated from their listed values of S%g and
AgH3gg differ by 5.7, 3.7 and 3.7 kJemol~! for grossular,
anorthite, and muscovite, respectively, and for analbite and
muscovite the tabulated entropies differ by 4.4 and 9.1
Jemol~1eK-1, respectively. The point is, of course, that inter-
nal consistency does not imply that the derived values are
accurate.

The reason for these discrepancies is most likely in the
assumptions that the individual compiler makes concerning
the state of internal Al/Si order. For a 1:3 Al/Si compound
such as the alkali feldspars or micas the complete random
mixing of the 3 Si and 1 Al over the 4 tetrahedral sites leads
to a contribution to the entropy of 18.7 Jemol~-1sK-!. How-
ever, if the aluminum-avoidance model is valid, the config-
urational entropy will be considerably smaller and of the
order of 13 to 14 Jemol~!eK~!. The aluminum-avoidance
model has not been calculated exactly and only approxi-

mate values are available. The values for the configura-
tional entropies that have been derived from phase
equilibrium studies by Holland and Powell (188) and by
Berman (37) are 12.6 and 17.0 Jemol~!eK~! for analbite and
16.0 and 15.1 Jemol!eK-1 for sanidine, respectively. It
appears that these calculated values for the entropy of disor-
der do not unequivocally support the aluminum-avoidance
model but rather tend to yield a configurational entropy that
is greater than that estimated by the aluminum-avoidance
value, but definitely less than the fully random model. Any
value of AS greater than that calculated from aluminum-
avoidance would presumably mean that this model was
inapplicable at high temperatures; for example, at tempera-
tures greater than 1300 K for analbite the disordering
entropy would approach 18.7 Jemol~1¢K-1, Moreover Gold-
smith and Jenkins (123) have shown that the Al/Si disorder
in NaAlSi3;Og is a continuous function of the temperature
and that it occurs over a range of several hundred degrees
(500-1050 K) and occurs without change in symmetry.

As a consequence of these points the question arises
whether one can extract meaningful (unique) values for the
entropy of the disordered phase of an alumino-silicate from
phase equilibrium studies without having additional infor-
mation on the Al/Si distribution. For this reason, we have
adopted the fully random model for tabulating the high-
temperature properties for the Al/Si disordered feldspars
and micas. For an extended discussion of the contribution to
the entropy of silicate minerals arising from Al/Si or mag-
netic spin disorder, see Ulbrich and Waldbaum (413).

The differences in the derived values for the thermody-
namic properties of phases in the CASH system is due in
part to the existence of two calorimetric values for the
entropy of grossular which differ from one another by 4.6
Jemol~1eK-1, The value of Westrum et al. (438) was deter-
mined on a natural sample and involved a substantial cor-
rection for impurities. The value given by Haselton and
Westrum (157) was derived from measurements on a syn-
thetic sample. The heat capacity of the synthetic sample
used by Haselton and Westrum (157) was later remeasured
at the USGS by the present authors (359), who found an
entropy S°(Ca3Al,8i301,, 298.15 K) of 259.9 Jemol!eK-!
which agrees with the Haselton and Westrum value to
within 0.2 Jemol~1sK~! (0.08 percent). For this reason we
have accepted the Haselton-Westrum value for the entropy
of grossular in evaluating the thermodynamic properties of
phases in the CASH system.

PHYSICAL CONSTANTS AND ATOMIC
WEIGHTS

The symbols and constants used to prepare these tables
are listed in the table of contents. The units adopted for
reporting the thermodynamic properties are those of the
International System of Units (SI). A formal description of
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the SI system is given by Goldman and Bell (122). The rec-
ommended symbols and terminology used are those from
the International Union of Pure and Applied Chemistry
(IUPAC), “Quantities, Units and Symbols in Physical
Chemistry”, by Mills et al. (278) and commonly called the
“Greenbook”. The Greenbook is also a convenient source
for the CODATA values of the fundamental physical con-
stants, the 1985 atomic weights of the elements, and con-
tains a detailed description of the SI system of units.

Values for the gas constant (R), the Faraday constant
(F), and the Avogadro constant (A) used in the calculations
are those adopted by the CODATA Task Group from the
least squares evaluation of Cohen and Taylor (75). For con-
venience, we also give values for the atomic weights for
1985 (scale C12 = 12.000, Mills et al. (278)) in alphabetical
order by their chemical symbol in table 1.

REFERENCE STATES

The reference pressure for the standard state adopted
for these tables is 1 bar, that is 10% Pascals. For a gaseous
phase, C3, (H$ - H3og)T~!, and A{H® are independent of
pressure, but the numerical values of S°, (G% - H3¢g)T !,
A¢G® depend upon the choice of pressure. The change in
pressure from p = 1 atm (1.0135 bar) to 1 bar yields AS =
0.11 Jemol~1sK~!, For a condensed phase (liquid or solid), it
can be shown that the effect of changing the reference pres-
sure from 1 atm to 1 bar has only a trivial effect upon all the
thermodynamic properties tabulated in this report except for
AfG®, where a change will occur if one of the reference ele-
ments (usually oxygen) is a gas.

The standard states for the condensed elements are the
most stable form at 1 bar pressure and the stated tempera-
ture. For gaseous elements, the standard state is the ideal
gas at 1 bar pressure. Data are listed for the elements in their
standard reference states, and for a few in nonstandard
states; for example, S2 gas and the diamond form of carbon.
The reference state adopted for an element above its normal
boiling or sublimation temperature is not necessarily its
equilibrium state. Thus, at equilibrium, liquid sulfur boils at
1 bar pressure and approximately 716.9 K to a gas com-
posed of S, S3, S4, S, Sg, etc., but for our reference table,
we have assumed the gas phase to be only S,. For the refer-
ence state table for sulfur we have followed the JANAF
(67) tables procedure using 882.12 K as the fictive boiling
temperature at which liquid sulfur is in equilibrium with S,
gas at 1 bar pressure. Because of the convenience of using
diatomic sulfur gas in calculations of sulfide mineral equi-
libria we have included a second set of high-temperature
tables for which the reference state for calculating A¢G°®,
and A¢H° and log K for the sulfide phase is S, gas. The user
is cautioned not to intermix values from the two different
reference states in their calculations. In other ambiguous
cases, we have chosen either the dominant species in the gas

or that species for which the best thermodynamic data are
available as the reference state.

The reference states for A(H®, A¢G®°, and log K of the
compounds are the elements in their standard states at 1 bar
pressure and the stated temperature.

METHODS OF CALCULATION

Having chosen what we believe are the currently “best
available” values for Ht - H3gg, or Cp (T), S2og and either
AfH39g or AfGjgs, we have calculated the Gibbs energy
function, and the enthalpy, Gibbs energy, and the equilib-
rium constant of formation at 100 K intervals using the fol-
lowing relations:

(G - H3gg)T™! = (H} - H3g)T! - S%
AdHT = AfH3g + A(HT - Higg)
A(Gt = AfHH3gg + TAI(GT - H3g) T
and
log K¢ =A¢GT(2.30258 RT)! = -A¢G395(19.145T)!

These values together with C3, ST and (HF - H3gg)T-! are
tabulated in the third section.

Transitions in heat capacity are treated in the standard
manner: heat capacity curves are fit to the experimental val-
ues above and below the transition; values calculated from
an extrapolation of the equation to the transition tempera-
ture are compared to the experimental values; and differ-
ences are summed to give an enthalpy of transition that is
applied at the transition temperature.

The uncertainties assigned to the properties apply only
to the values at 298.15 K. The principal source has been the
original report of the experimental data. By convention, the
uncertainty interval reported for calorimetric measurements
is twice the standard deviation of the mean; that is,

8 =2[Z (x; - Xn)?/n(n - 1)]%

where Xx; is the value for an individual measurement, x, is
the arithmetic mean of all the measurements, and n is the
number of measurements.

For generating the high-temperature tables, the input
data supplied to the computer are the identifying name of
the substance, the entropy, the enthalpy of formation at
298.15 K, the number of atoms of each element in the
chemical formula, and the coefficients for the heat capacity
equation. A commercial spreadsheet is used to compute the
formula weight of the compound and values for S§, A¢H%,
A(GY, log K¢, Cp, (HT - H3gg)T L, and (GT - H3gg) T,
at 100 K intervals up to 1800 K. Auxiliary data such as the
melting and boiling points and enthalpies of melting and
vaporization are also included. In addition, coefficients
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from a regression performed on the calculated values of
A¢G? are included. The equation adopted is:

AGT=A +BT +CT2

The coefficients for the equations are listed, in scientific
notation, at the bottom of the page for the individual high-
temperature tables. The equations are given only for those
minerals for which the regression yielded a fit of better than
1 percent.

ADDITIONAL COMMENTS

Small numbers of some groups are presented with
other groups for convenience and economy. Examples

include tellurides, selenides and arsenides that are included
with sulfides and sulfosalts, and methane, cohenite, and
ammonia that are included with the elements.

The data available in this publication are also available
on diskette for a nominal fee through the Generic Mineral
Technology Center for Pyrometallurgy at the University of
Missouri at Rolla as a part of the FREED database. FREED
is a thermodynamic database program for storing, retriev-
ing, editing, and manipulating thermodynamic data on a
computer. FREED was developed with support from the
U.S. Department of Interior’s Mineral Institute Program,
administered by the U.S. Bureau of Mines, and the U.S.
Department of Energy through the Westinghouse Savannah
River Plant.

Table 1. Atomic weights of the elements for 1985.
Element Symbol Atomic Weight Element Symbol Atomic Weight
Actinium Ac (227) Sodium Na 22.98977
Silver Ag 107.8682 Niobium Nb 92.90638
Aluminum. . Al 26.98154 Neodymium..........cuceeeerscssssensenss Nd 144.24
Americium Am (243) Neon Ne 20.1797
Argon Ar 39.948 Nickel Ni 58.69
Arsenic As 74.92159 NeptuniM.......c.ocveevrsersrncsseasereses Np (237)
Astatine At (210) Oxygen o 15.9994
Gold Au 196.96654 Osmium Os 190.2
Boron B 10.811 P 30.97376
Barium Ba 137.327 Pa 231.03588
Beryllium ........ceinccnienicsisesnenees Be 9.01218 Lead Pb 2072
Bismuth Bi 208.98037 Palladium .........ccocveveccrirerensessnnns Pd 106.42
Bromine Br 79.904 Polonium Po (209)
Carbon C 12.011 Promethium..........cccecnseninecnecnnne Pm (145)
Calcium Ca 40.078 Praseodymium............c.ecuenuccescssenee Pr 140.90765
Cadmium Cd 112.411 Platinum Pt 195.08
Cerium Ce 140.115 Plutonium Pu (244)
Chlorine Cl 35.4527 Radium Ra (266)
Cobalt Co 58.9332 Rubidium. Rb 85.4678
CRIOMIUM ...cucvecvervenissisesncsssennenns Cr 51.9961 Rhenium . Re 186.207
Cesium Cs 132.90543 Rhodium Rh 102.90550
Copper. Cu 63.546 Radon Rn (222)
DYSProSilM..c..corsscsencssssasnssnssasnsons Dy 162.50 Ruthenium.........ccocoseesseercssnsescanee Ru 101.07
Erbium Er 167.26 Sulfur. S 32.066
Europitim .........cecunimvnsensiasnesasenne Eu 151.965 ADtMONY .....coccunerresncnrsssssessassans Sb 121.75
Fluorine F 18.99840 Scandium. Sc 44.95591
Iron Fe 55.847 Selenium Se 78.96
Francium Fr (223) Silicon Si 28.0855
Gallium Ga 69.723 Samanum.......ccenieercesnserenicnences Sm 150.36
Gadolinitm ........cocovsreessrnncsssecncens Gd 157.25 Tin Sn 118.710
Germanium ... Ge 72.61 Strontium, Sr 87.62
HYAIOZEN ...c.uvucrreerrreaereereenrennninsns H 1.00794 Tantalum Ta 180.9479
Helium He 4.00260 Terbium Tb 158.92534
Hafnium Hf 178.49 Technetium Te (98)
Mercury Hg 200.59 Tellurium Te 127.60
Holmium Ho 164.93032 Thorium Th 232.0381
lodine I 126.90447 Titanium Ti 47.88
Indium In 114.82 Thallium Tl 204.3833
Iridium I 192.22 Thulium Tm 168.93421
Potassium K 39.0983 Uranium U 238.0289
Krypton Kr 83.80 Vanadium .........cvrveisiasensessisinsnsans v 50.9415
Lanthanum.........cccovenveseccecnnisense La 138.9055 Tungsten w 183.85
Lithium Li 6.941 Xenon Xe 131.29
Lutetium Lu 174.967 Yitrium Y 88.90585
Mg 24.3050 YHerbium ....ccocvevireecicsincnnnesnrsnens Yb 173.04
Mn 54.93805 Zinc Zn 65.39
Mo 95.94 Zirconium Zr 91.224

N 14.00674




ELEMENTS

THERMODYNAMIC PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
so vo M. mo

g  Jemol'eK o ki-mol'  kJ-mol” S W6 ¢
SILVER (REFERENCE STATE) 107.868 42.55 10.272 0.0 0.0 0.00 85 85
Ag 0.21  0.002
Ag* (AQUEOUS TON) 107.868 73.45 105.8 7.1 -13.50 85 85
STD. STATE, m = 1 0.40 0.1 0.1 0.02
ALUMINUM (REFERENCE STATE) 26.982 28.30  9.999 0.0 0.0 0.00 67 92
Al 0.08  0.001 92 67
A* (AquEOUS TON) 26.982  -332 -538.4  -489.4 8.11 8 85
STD. STATE, m = 1 10 1.5 1.4 0.79 170 330
ARSENIC (REFERENCE STATE) 74.922 35.69  12.963 0.0 0.0 0.00 361 361
As 0.8  0.020
GOLD (REFERENCE STATE) 196.967 47.49  10.215 0.0 0.0 0.00 361
Au 0.21  0.002
BORON (REFERENCE STATE) 10.811 5.83  4.386 0.0 0.0 0.00 67 67
B 0.08  0.007 85 85
BARIUM (REFERENCE STATE) 137.327 62.42  38.21 0.0 0.0 0.00 361 361
Ba 0.8  0.02
Ba*  (AQUEOUS ION) 137.327 8.40 -532.5  -555.4 97.30 54 54
STD. STATE, m = 1 0.50 1.0 1.0 0.18
BERVLLIUM (REFERENCE STATE) 9.012 9.50  4.880 0.0 0.0 0.00 85 85
Be 0.08  0.002 67 67
BISMUTH (REFERENCE STATE) 208.980 56.74  21.31 0.0 0.0 0.00 361 361
Bi 0.42  0.01 127
BROMINE (REFERENCE STATE) 159.808  152.20  54.58 0.0 0.0 0.00 85 67
Br,  (LIQUID) 0.30  0.20
BROMINE (IDEAL GAS) 159.808  245.47 24789.7 30.9 3.1 -0.55 8 8 67
Br, 0.05 0.2 0.1 0.3 0.05
Br~  (AQUEOUS ION) 79.904 82.55 -121.4  -103.8 18.18 85 85
STD. STATE, m = 1 0.20 0.2 0.2 0.04
GRAPHITE (REFERENCE STATE) . 12.011 5.7 5.298 0.0 0.0 0.00 85 85
c 0.10  0.001
DIAMOND 12.01 2.38  3.417 1.9 2.9 -0.51 419 419 419
c 0.20  0.001 0.0 0.1 0.02



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT ~ ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° ve AN® AG®

g J-molk' peect ki-mol”  kd-mol” S WG C
CALCIUM (REFERENCE STATE) 40.078 42.90  26.19 0.0 0.0 0.00 360 T4
Ca 0.10  0.04
ca?*  (AQUEOUS ION) 40.078  -56.2 -543.0  -553.6 9.9 8 8
STD. STATE, m = 1 1.0 1.0 419
CADMIUM (REFERENCE STATE) 112.411 51.80 13.005 0.0 0.0 0.00 &5 ]
cd 0.15  0.003
cd®*  (AQUEOUS ION) 112.411 -72.8 -75.9 -77.6 -13.59 8 85
STD. STATE, m = 1 1.5 0.6 0.6 0.1
CERIUM (REFERENCE STATE) 140.115 72.0  20.77 0.0 0.0 0.00 419 361
Ce 4.0 0.02
CHLORINE (REFERENCE STATE) 70.905  223.08 24789.7 0.0 0.0 0.00 67 67
cL, CIDEAL GAS) 0.01 0.2 85 85
CLl"  (AQUEOUS ION) 35.453 56.60 -167.1 -131.2 22.9 85
STD. STATE, m = 1 0.20 0.1 0.1
COBALT (REFERENCE STATE) 58.933 30.04  6.670 0.0 0.0 0.00 361 361
Co 0.42  0.002
CHROMIUM (REFERENCE STATE) 51.996 23.62 7.231 0.0 0.0 0.00 67 67
cr 0.21  0.001
CESIUM (REFERENCE STATE) 132.905 85.23 69.73 0.0 0.0 0.00 85
cs 0.40  0.40
cs®  (AQUEOUS ION) 132.905  132.1 -258.0  -291.5 51.07 85 85
STD. STATE, m = 1 0.5 0.5 1.0 0.18
COPPER (REFERENCE STATE) 63.546 33.14  7.113 0.0 0.0 0.00 365 443
Cu 0.03  0.003 67
cu®  (AQUEOUS ION) 63.546 40.60 7.7 50.0 -8.76 419 419
STD. STATE, m = 1 0.40 0.1 0.1 0.02
cu?*  (AQUEOUS ION) 63.546  -98.0 64.9 65.1 -11.40 8 85
STD. STATE, m = 1 4.0 1.0 0.1 0.02
FLUORINE (REFERENCE STATE) 37.997  202.79 24789.7 0.0 0.0 0.00 67 67
F,  CIDEAL GAS) 0.02 0.2 85 85
£~ (AQUEOUS ION) 18.998  -13.8 -335.4  -281.5 49.32 a5
STD. STATE, m = 1 0.8 0.7 0.7 0.12



ELEMENTS

THERMODYNAMIC PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° Ve A,”' "Go

g  Jemoltk' o ki-mol?  kd-mol” S WG C
IRON (REFERENCE STATE) 55.847 27.09  7.092 0.0 0.0 0.00 90 90
Fe 0.13  0.004 67 67
Fe2*  (AQUEGUS ION) 55.847  -107.1 -91.1 -90.0 15.77 411 41
STD. STATE, m = 1 2.0 3.0 2.0 0.35
FeS*  (AQUEQUS ION) 55.847  -280.0 -49.9 -16.7 2.93 411 411
STD. STATE, m = 1 13.0 5.0 2.0 0.35
GERMANIUM (REFERENCE STATE) 72.61 31.09  13.630 0.0 0.0 0.00 85 361
Ge 0.15  0.005
HYDROGEN (REFERENCE STATE) 2.016  130.68 24789.7 0.0 0.0 0.00 67 67
Hy CIDEAL GAS) 0.02 0.2 85 85
w*  (AQuEous 1ON) 1.008 0.00 0 0.0 0.0 0.00
STD. STATE, m = 1
MERCURY (REFERENCE STATE) 200.59 75.90  14.822 0.0 0.0 0.00 85 361
Hg  (LIQUID) 0.12  0.002
Hg2*  (AQUEOUS ION) 200.59 -36.2 170.2 163.5  -28.64 8 85
STD. STATE, m = 1 0.8 0.2 0.2 0.04
Hg3'  (AQUEOUS TON) 401.18 65.74 166.9 153.6  -26.91 8 85
STD.STATE, m = 1 0.80 0.5 0.5 0.09
ICDINE (REFERENCE STATE) 253.809  116.14  51.29 0.0 0.0 0.00 8 67 67
1, 0.30  0.06
IODINE (IDEAL GAS) 253.809  260.69 24789.7 62.4 19.3 -3.39 67 67
I, 0.02 0.2 0.1 0.1 0.01
1" (AQUEOUS 1ON) 126.906  106.45 -56.8 -51.7 9.06 8 8
STD. STATE, m = 1 0.30 0.1 0.1 0.02
POTASSIUM (REFERENCE STATE) 39.098 64.67  45.36 0.0 0.0 0.00 85 85
K 0.20  0.09 67 67
K*  (AQUEOUS ION) 39.098  101.20 -252.1  -282.5  49.48 8 85
STD. STATE, m = 1 0.20 0.1 0.1 0.01
LITHIUM (REFERENCE STATE) 6.941 29.09 13.017 0.0 0.0 0.00 67 67
Li 0.20  0.007 85
Lit  (AQUEOUS 1ON) 6.941 12.24 -278.5  -292.9 51.31 85 85
STD. STATE, m = 1 0.15 0.1 0.1 0.01



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

.

THERMODYNAMIC PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
so v. L'"o m.

9 Jemol K o kimol?  kdemol” S WG ¢
MAGNESIUM (REFERENCE STATE) 24.305 32.67 13.996 0.0 0.0 0.00 85 85
Mg 0.10  0.007 67
Mg2*  (AQUEOUS ION) 24.305  -137.0 -467.0  -455.4 79.78 8 85
STD. STATE, m = 1 4.0 0.6 0.6 0.1
MANGANESE (REFERENCE STATE) 54.938 32.01  7.35 0.0 0.0 0.00 91 91
“n 0.08  0.007
Mn*  (AQUEOUS ION) 54.938  -73.60 -220.8  -228.1 39.96 419 419
STD. STATE, m = 1 1.00 0.5 0.5 0.09
MOLYBDENUM (REFERENCE STATE)  95.9 28.66 9.387 0.0 0.0 0.00 91 91
Mo 0.21  0.005
NITROGEN (REFERENCE STATE) 28.013  191.61 24789.7 0.0 0.0 0.00 67 67
Ny 0.02 0.2 85 85
SODIUM (REFERENCE STATE) 22.990 51.46  23.81 0.0 0.0 0.00 67 67
Na 0.20 0.0 85 85
Na*  (AQUEOUS 10N) 22.990 58.45 -240.3 -261.5 45.81 85
STD. STATE, m = 1 0.15 0.1 0.1 0.01
NICKEL (REFERENCE STATE) 58.69 29.87  6.588 0.0 0.0 0.00 67 67
Ni 0.08  0.003
NiZ*  (AQUEOUS ION) 58.69  -128.9 -54.0 -45.6 7.99 419 419
STD. STATE, m = 1 2.0 0.9 0.9 0.15
OXYGEN (REFERENCE STATE) 31.999  205.15 24789.7 0.0 0.0 0.00 67 67
0, (IDEAL GAS) 0.02 0.2 85 85
PHOSPHORUS (REFERENCE STATE)  30.974% 41.09  17.3 0.0 0.0 0.00
P (WHITE) 0.25 0.3
LEAD (REFERENCE STATE) 207.2 64.8  18.267 0.0 0.0 0.00 67 67
Pb 0.5  0.006
Pb2*  (AQUEOUS ION) 207.2 18.5 0.9 2.2 4.2 8 8
STD. STATE, m = 1 1.0 0.3 0.2 0.04
PLATINUM (REFERENCE STATE) 195.08 41.63  9.091 0.0 0.0 0.00 361 361
Pt 0.21  0.004
SULFUR (REFERENCE STATE) 32.066 32.05  15.511 0.0 0.0 0.00 67 67
S  ORTHORHOMBIC 0.05 0.005 ]



THERMODYNAMIC

ELEMENTS

PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
s° ve Mo mo

g  Jdmol'K' @ kd-wol'  ki-mol? $ We ¢
SULFUR 32.066 33.03 0.3 0.0 0.00 67 419 67
S MONOCLINIC 0.05 0.1
$2°  (AQUEOUS 1ON) 32.066  -14.6 33.1 85.8  -15.03 419 419
STD. STATE, m = 1 1.0 1.0 1.0 0.18
DIATOMIC SULFUR 64.132  228.17 24789.7 128.6 9.7  -13.96 67 67 67
S, C(IDEAL GAS) 0.02 0.2 0.3 0.3 0.05
ANTIMONY (REFERENCE STATE) 121.75 45.52 18.178 0.0 0.0 0.00 361 361
sb 0.21  0.009
SELENIUM (REFERENCE STATE) 78.96 42.27  16.42 0.0 0.0 0.00 62 126
Se 0.05  0.01
SILICON (REFERENCE STATE) 28.086 18.81 12.056 0.0 0.0 0.00 67 67
si 0.08  0.002 8
H,S10,° (AQUEOUS 10M) 96.115  180.0 -1460.0  -1307.5  229.12 179 422
STD. STATE, m = 1 4.2 1.7 2.1 0.37 285 414
TIN (REFERENCE STATE) 118.710 51.18  16.29 0.0 0.0 0.00 85 &
Sn  (WHITE, TET.) 0.08 0.01
STRONTIUM (REFERENCE STATE) 87.62 - 55.69 33.92 0.0 0.0 0.00 39 67
sr 0.20  0.02
sre*  (AQUEOUS 1ON) 87.62 -31.5 -550.9  -563.8 98.78 55 S5
STD. STATE, m = 1 2.0 0.5 0.8 0.14
TELLURIUM (REFERENCE STATE)  127.60 49.71  20.48 0.0 0.0 0.00 361 361
Te 0.20  0.01
THORIUM (REFERENCE STATE) 232.038 51.83  19.79 0.0 0.0 0.00 319 319
Th 0.50  0.01
TITANIUM (REFERENCE STATE) 47.88 30.76  10.63 0.0 0.0 0.00 67 67
Ti 0.10  0.01
URANIUM (REFERENCE STATE) 238.029 50.2 12.50 0.0 0.0 0.00 85 85
v 0.2 0.02
VANADIUM (REFERENCE STATE) 50.942 28.94 8.350 0.0 0.0 0.00 67 67
v 0.42  0.004
TUNGSTEN (REFERENCE STATE) 183.85 32.65  9.545 0.0 0.0 0.00 67 67
v 0.10  0.004



10 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF ELEMENTS IN THEIR REFERENCE STATE AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. v. M. "6.
g Jmol'k' oo  kimol' kimol’ S WG C
ZINC (REFERENCE STATE) 65.39 41.63  9.162 0.0 0.0 0.00 67 67
n 0.15  0.007 85
zn?*  (AQUEOUS ION) 65.39  -109.8 -153.4  -147.3 5.7 8 8
STD. STATE, m = 1 0.5 0.2 0.2 0.04
ZIRCONIUM (REFERENCE STATE) 91.224 38.87 14.016 0.0 0.0 0.00 67 67
zr 0.20  0.007
METHANE  (IDEAL GAS) 16.043  186.26 24789.7 -74.8 -50.7 8.88 419 419 67
cH, 0.21 0.2 0.3 0.4 0.07 67 67
COHENITE 179.552  104.4  23.23 24.9 19.7 -3.45 361 361 361
FesC 3.4 0.01 1.3 1.7 0.30
AMMONIA (IDEAL GAS) 17.031 192.77 24789.7 -45.9 -16.4 2.87 67 61 67
Ny 0.03 0.2 0.4 0.4 0.06
NH,* (AQUEOUS TOM) 18.039  111.17 -133.3 -79.4 139 85 85
0.40 0.3 0.3 0.05

STD. STATE, m = 1




SULFIDES AND SULFOSALTS

THERMODYNAMIC PROPERTIES OF SULFIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
s° Ve AfH® AG®

9 J-mott -k’ o kd-mol?  kd-mol?! S WG C
ACANTHITE (ARGENTITE) 247.802 142.9 34.19 -32.0 -39.7 6.96 141 121 141
AgyS 0.3 0.04 1.0 1.0 0.18 52 306
REALGAR 106.988 63.5 29.80 -30.9 -29.6 5.19 429 419 270
AsS 0.6 0.24 5.0 5.0 0.88 270
ORPIMENT 246.041 163.6 70.51 -91.6 -90.4 15.84 372 50 210
A8253 1.6 0.25 4.2 4.2 0.74
BISMUTHINITE 514.159 200.4 75.52 -135.2 -132.4 23.20 372 52
Bi S5 3.3 0.04 2.4 2.6 0.46
TELLUROBISMUTHITE 800.761 261.1 101.85 -78.7 -78.2 13.71 201 2PM™
Bi Tey 5.0  0.09 2.1 2.6 0.46
OLDHAMITE 72. 144 56.7 27.72 -474.9 -469.5 82.25 67 67
CaS 1.3 0.09 2.1 2.1 0.37 ris°d
GREENOCKITE 144 .477 72.2 29.93 -149.6 -146.1 25.60 38 3 38
cds 0.3 0.02 1.3 1.3 0.23
CATTIERITE 123.065 74.8 25.52 -150.9 ~145.1 25.42 399 60 326
Cosz 0.2 0.01 4.9 4.9 0.86 376
LINNAEITE 305.064 176.0 62.55 -347.5 -334.9 58.66 399 60
CosS, 0.4 0.02 7.3 7.3 1.28 98
COVELLITE 95.612 67.4 20.42 -54.6 -55.3 9.69 109 337 109
Cus 0.1 0.02 0.3 0.3 0.05 442 442
ANILITE 143.272 107.5 5.7 -73.3 -78.5 13.76 133 337 133
Cu S 0.2 0.02 0.3 0.3 0.05 140

1.75

DIGENITE 146.449 109.6 25.63 -73.0 -78.3 13.72 133 337 133
Cuy_goS 0.2 0.0 0.5 0.5 0.09
DJURLEITE 155.981 114.8 26.89 -78.8 -84.2 14.75 3% 337 3%
Cuy_gs$ 0.2 0.02 0.4 0.4 0.07
CHALCOCITE 159.158 116.2 27.48 -83.9 -89.2 15.62 142 369 109
Cuy$s 0.2 0.02 1.1 1.1 0.19 109 48 142
CHALCOPYRITE 183.525 124.9 43.92 ~194.9 -195.1 34.18 371 369 325
CuFesz 0.2 0.02 1.6 1.6 0.28 371 369
BORNITE 501.841 398.5 98.73 -371.6 -3%4.7 69.32 369 369 325
CugFes, 0.8 0.0 2.1 2.1 0.37 369

11



12

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF SULFIDE MINERALS AT 298.15 X

NAME AND FORMULA

WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
s. vo Mo A'GO

9  JmolK' o ki-mol'  kd-mol’ S W6 C
CUBANITE 271.438 205.0 67.44 388 280
CuFe,S3 0.8 0.06
NUKUNDAMITE 613.779 278.0 -564.5 98.90 369
c‘s-sFes6.5 0.5 3.‘ 0.59
TROILITE 87.913 60.3 18.20 -101.0 -101.3 17.75 143 69 1
FeS 0.2 0.03 1.5 1.5 0.26 347 3 1
PYRRHOTITE 80.932 60.7 17.49 -97.5 -98.9 17.33 143 131 131
Fe g7sS 0.2 0.05 2.0 2.0 0.35
PYRRHOTITE 82.328 63.2 16.88 -97.6 -99.6 14.45 135 375 135
Fe o908 0.1 0.10 2.0 2.0 0.35
PYRITE 119.979 52.9 23.94 -171.5 -160.1 28.05 138 409 79
Fes, 0.1 0.01 1.7 1.7 0.30 67
MARCASITE 119.979 53.9 24.58 -169.5 -158.4 27.75 139 139 139
resz 0.1 0.02 2.1 2.1 0.37
LOELLINGITE 205.690 80.1 27.51 -57.8 -52.3 9.17 332 25
FeAs, 0.7 0.02 5.0 5.0 0.88
FERROSELITE 213.767 86.9 29.96 138
FeSe, 0.3 0.05
FROHBERGITE 311.047 100.2 38.43 -72.4 -64.6 11.31 437 279
FeTe, 0.2 0.05 4.2 4.2 0.74
HYDROGEN SULFIDE (IDEAL GAS) 34.082 205.8 24789.70 -20.6 -33.4 5.86 8 8 85
(P 0.2 0.20 0.6 0.6 0.11 67 67 67
NS~ (AQUEOUS ION) 33.074 67.0 16.3 44 .8 -7.86 8 8
STD. STATE, m = 1 0.9 0.2 0.3 0.05
CINNABAR 232.656 82.5 28.42 -54.3 -40.7 7.13 233 326
HgS 2.1 0.02 2.1 2.7 0.47 27
METACINNABAR 232.656 9.2 30.17 -46.7 -43.3 7.59 217 120
HgS 4.2 0.02 1.5 0.8 0.15
NININGERITE 56.371 50.3 21.17 -345.7 -341.4 59.81 67 67 67
MgS 0.4 0.02 4.2 4.2 0.74
ALABANDITE 87.004 80.3 21.46 -213.9 -218.7 38.31 279 3
MnS 0.8 0.01 0.8 0.9 0.17 73»75 203



SULFIDES AND SULFOSALTS

THERMODYNAMIC PROPERTIES OF SULFIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
se v. A'“. A'G.

g  ml"K' o kimol'  ki-mol S WG ¢
HAUERITE 119.070 99.9 34.20 -223.8 -224.6 39.35 441 219
MnS, 0.1 0.01 10.0 10.0 1.75
MOLYBDENITE 160.072 62.6 32.02 -271.8 -262.8 46.06 275 305 114
MoS, 0.2 0.02 4.9 4.9 0.86
MILLERITE 90.756 53.0 16.89 -91.0 -63.9 14.97 429 58 21
NisS 0.4 0.01 3.0 3.0 0.53 2711 98
HEAZLEWOODITE 240.202 133.2 40.95 -216.3 -210.2 36.83 395 58 107
Ni3$2 0.3 0.02 3.0 3.0 0.53 67 276
PENTLANDITE 771.944 155.40 -837.4 59
"i‘.sre‘.ssa 0.20 14.6
VIOLARITE 301.775 63.80 -378 59
NP _gFe 3)55, 0.30 1.8
GALENA 239.266 91.7 31.49 -98.3 -96.8 16.96 67 397 67
Pbs 0.7 0.01 2.0 2.0 0.35 326 245 326
CLAUSTHALITE 286.160 102.5 34.61 -100.1 -98.7 17.30 2719 279
PbSe 2.1 0.01 2.3 2.1 0.37
ALTAITE 334.800 110.0 40.60 -70.7 -69.4 12.15 217 419
PbTe 2.1 0.01 1.4 1.5 0.27
COOPERITE 227.146 55.1 22.15 -82.4 -76.9 13.46 136 136
PtS 0.1 0.01 3.4 3.4 0.59
STIBNITE 339.698 182.0 73.41 -151.4 -149.9 26.26 234 382 211
SbySy 3.3 0.04 2.3 2.1 0.37 53 51
HERZENBERGITE 150.776 77.0 29.01 -106.5 ~104.6 18.33 229 347 315
snS 0.8 0.02 1.5 1.5 0.26
BERNDTITE 182.842 87.5 40.96 -149.8 -141.5 24.79 229 326 315
SnS, 0.2 0.02 5.0 5.0 0.88
TUNGSTENITE 247.982 67.8 32.07 -261.6 -233.0 40.82 304 303 304
vs, 0.3 o0.02 2.5 2.5 0.44 304
SPHALERITE 97.456 58.7 23.83 -204.1 -199.6 34.97 398 378 324
ZnS 0.2 0.01 1.5 1.5 0.26
WURTZITE 97.456 58.8 23.85 -203.8 -199.3 34.92 398 338 324
Zns 0.2 0.01 1.5 1.5 '70.26

13



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF SULFIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGNT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s. vo A'"O "GO

g  Jmol'K' @  ki'mol'  ki-mol’ S W6 ¢
PROUSTITE ' 494,724 303.7  88.42 146
A93A333 0.5 0.02
SMITHITE 266.922 150.5 50.12 146
AgAsS, 0.2 0.30
ENARGITE 393.824 257.6  88.2% 381
CUsAsS‘ 0.6 0.12
ARSENOPYRITE 166.263 68.8 26.42 331
LIVINGSTONITE 9%4.118  470.5  192.90 -373.2 -360.2 63.10 145 454
HgSb,Sg 1.5 6.5 6.5 1.1
BERTHIERITE 427.611 25.0  92.22 -256.2 -255.8 44.82 97 382 382
FestS‘ 1.0 0.20 6.5 6.5 1.14
CHALCOSTIBITE 249.428 149.2 50.06 -130.8 -132.7 23.25 382 382 382
cusbs, 3.8 0.10 44 4.2 0.74
Fe-TENNANTITE 1463.698  1024.2  332.10 380
CurgFezhe,Ses
Fe-TETRAHEDRITE 1651.012  1061.0  336.70 380
Cu.loFesz‘SB
Zn-TENNANTITE 1482.784  1025.6  332.10 380
CuygZnaAs,Sq3
Zn-TETRAHEDRITE 1670.098  1062.4  336.70 380
Cuqg2n,Sb,Sy3
PYRARGYRITE 541.553 92.56 -131.5 51
A935b53 0.04 3
MIARGYRITE 293.750 52.03 -95.8 51
a-AgsbS, 0.09 2.6
MATILDITE 380.980 54.44 -165.3 52

8-AgBiS, 0.10 8




OXIDES AND HYDROXIDES

THERMODYNAMIC PROPERTIES OF OXIDE AND NYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve AH® G

9  Jmol'k' o  ki-mol'  kimot’ S WG C
CORUNDUM 101.961 50.9 25.58 -1675.7  -1582.3 277.20 93 268 9%
AlLy04 0.1 0.01 1.3 1.3 0.23 % 8 57
BOENMITE 59.988 37.2 19.54 -996.4 -918.4 160.90 176 176
ALO(OH) 0.1 0.03 2.2 2.2 0.39 12
DIASPORE 59.988 35.3 17.76  -1001.3 -922.7 161.53 33 12
ALOCOH) 0.2 0.03 2.2 2.1 0.88 230 176
GIBBSITE 78.004 68.4 31.96  -1293.1  -1154.9 202.33 178 171 178
AL(OH)3 0.1 0.02 1.2 1.2 0.21 212
ARSENOLITE 197.841 107.4 51.12 -657.0 -576.0 100.90 61 419
As,04 0.1 0.07 1.7 1.9 0.33
CLAUDETITE 197.841 113.3 47.26 -654.8 ~575.6 100.83 61
As03 0.1 0.03 1.7 1.1 0.18
DIBORON TRIOXIDE 69.620 54.0 27.26  -1273.5  -1194.4 209.26 8 8 67
B,03 0.3 0.06 1.4 1.4 0.25 67
BARIUM MONOXIDE 153.326 72.1 25.59 -548.1 ~520.4 9M.17 8 77 8
8a0 0.4 0.01 2.1 2.1 0.37 11 262
BROMELLITE 25.012 13.8 8.31 -609.4 -580.1 101.63 85 85 67
8e0 0.1 0.03 2.5 2.5 0.44 418
BISMITE 465.959 151.5 49.73 -573.9 -493.5 86.45 419 419 319
Bi 05 2.1 0.06 1.3 1.5 0.26 269
CARBON MONOXIDE 28.010 197.3 24789.70 -110.5 -137.1 24.01. 67 67 67
€O (IDEAL GAS) 0.0 0.20 0.2 0.2 0.03 117 117 17
CARBON DIOXIDE 44.010 213.8 24789.70 -393.5 -394.4 69.09 67 67 67
CO, (IDEAL GAS) 0.0 0.20 0.1 0.2 0.03 117 17 117
co," CAQUEOUS ION) 60.009 -50.0 -675.2 -527.0 92.33 85 85
STD. STATE, m = 1 1.0 0.1 0.3 0.05 36 36
HCO3™ (AQUEOUS 1ON) 61.017 98.4 -689.9 -586.8 102.81 8 85
STD. STATE, m = 1 0.5 0.2 0.3 0.06 36 36
K,CO3 (UN-IONIZED) 62.025 184.7 -699.7 -623.2 109.17 419 419
STD. STATE, m = 1 0.9 0.1 0.1 0.02
LIMNE $6.077 38.1 16.76 -635.1 -603.1 105.66 67 67 67
Ca0 0.4 0.01 0.9 0.9 0.16 117 17 17
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF OXIDE AND HYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
so v. "". M.

g Jmol'K' @ ki-mol'  kd-mol’ S WG C
PORTLANDITE 74.093 83.4 33.06 -986.1 -898.0 157.33 67 67 67
Ca(OH), 0.4 0.02 1.3 1.3 0.23 158 158 117
MONTEPONITE 128.400 54.8 15.59 -258.4 -228.7 40.07 8 85
cdo 1.5 . 0.01 0.4 0.6 0.11 267
CERIANITE 172.11% 62.3 23.85 -1088.7 -1025.4 179.64 436 14 227
Ceo, 0.1 0.03 1.5 1.9 0.34
COBALT MONOXIDE 74.933 52.8 11.64 -237.9 -214.1 37.52 287 308 319
€o0 0.3 0.02 1.3 1.3 0.23 45 125
TRICOBALT TETRAOXIDE 240.797 109.3 39.77 -918.8 -802.2 140.54 222 319 319
Coz0, 0.3 0.02 2.0 2.0 0.35 307
ESKOLAITE 151.990 81.2 29.09  -1134.7  -1053.1 184.49 67 67 67
Cry03 1.3 0.03 8.4 8.4 1.47 267
DICESIUM MONOXIDE 281.810 146.9 59.62 -346.0 -308.4 54.02 112 38 112
Cs,0 0.4 0.07 1.2 1.2 0.21
TENORITE 79.545 42.6 12.22 -156.1 -128.3 22.48 67 67 2m
Cuo 0.2 0.03 2.0 2.0 0.35 2n
CUPRITE 143.091 92.4 23.44 -170.6 -147.8 25.89 67 190 272
Cu,0 0.3 0.02 0.1 0.1 0.02 310 272 67
WUSTITE 68.887 56.6 12.04 -266.3 -264.9 42.91 67 198 83
Fe o470 0.4 0.04 0.8 0.8 0.14 132 148 67
FERROUS OXIDE (STOICHIOMETRIC) . 71.846 60.6 12.00 -272.0 -251.4 44.05 67 67 67
FeO 1.7 0.05 2.1 2.2 0.38 132
HEMATITE 159.692 87.4 30.27 -826.2 ~Thh .4 130.41 137 161 83
Fe 05 0.2 0.01 1.3 1.3 0.23 67 310 130
MAGNETITE 231.539 146.1 4.52 -1115.7  -1012.7 177.42 440 161 161
Fe30, 0.4 0.01 2.1 2.1 0.37 22 310 134
GOETHITE 88.854 60.4 20.82 -562.6 -491.8 86.16 235 221
FeO(OH) 0.6 0.04 2.1 2.1 0.12 18
WATER 18.015 70.0 18.07 -285.8 -237.1 4155 85 8 117
H,0 (LIQUID) 0.1 0.00 0.1 0.1 0.01 67
OH™ (AQUEOUS ION) 17.007 -10.7 -230.0 -157.3 2756 85 85
STD. STATE, m = 1 0.2 0.1 0.1 0.02



OXIDES AND HYDROXIDES

THERMODYNAMIC PROPERTIES OF OXIDE AND HYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
§° v° A,H‘ A'Go

9 Jemol'x" e kiemol?  kdemol” S WG C
STEAM 18.015  188.8 24789.70  -241.8  -228.6 40.05 8 8 67
H0 C(IDEAL GAS) 0.0 0.20 0.0 0.1 0.02 17
HAFNIUM DIOXIDE 210.489 59.3  20.82 -1117.6  -1061.1  185.90 319 256 319
Hfo, 0.4 0.01 1.3 1.3 0.23 319
MONTROYDITE 216.589 70.3  19.32 -90.8 -58.5 10.25 8 85 67
Hgo 0.3 0.02 0.1 0.1 0.01 415
DIPOTASSIUM MONOXIDE %.196 9%.1  40.38  -363.2  -322.1 56.43 67 67 67
K,0 6.3 0.20 2.1 2.8 0.49
POTASSIUM HYDROXIDE 56.106 78.9  27.45  -426.7  -378.9 66.39 67 67 67
KOH 0.8 0.02 0.6 0.6 0.11 54
DILITHIUM MONOXIDE 29.881 37.6  14.76  -597.9  -561.2 98.31 319 209 319
Li0 0.3 0.01 2.1 2.1 0.37 419 67
PERICLASE 40.304 6.9 1.5 -601.6 ~ -569.3 9.7 8 85 418
MgO 0.2 0.00 0.3 0.3 0.05 67 321 117
BRUCITE 58.320 63.2  24.63  -924.5  -833.5  146.02 419 419 228
Mg(OH), 0.1 0.07 0.4 0.4 0.07 193
MANGANOSITE 70.937 59.7  13.22  -385.2  -362.9 63.58 319 419 391
MNO 0.4 0.00 0.5 0.5 0.09 319
PYROLUSITE 86.937 52.8  16.61  -520.0  -465.0 81.47 357 357 357
MO, 0.1 0.02 0.7 0.7 0.12
BIXBYITE 157.874  113.7  31.37  -959.0  -882.1  154.53 357 357 357
Mn,05 0.2 0.05 1.0 1.0 0.18
HAUSMANNITE 228.812  164.1  46.95  -1384.5  -1282.5  224.68 357 357 357
M0, 0.2 0.06 1.4 1.4 0.25
BRAUNITE 604.645  416.4  125.08  -4260.0  -3944.7  691.08 367 367 367
Mn/Si0;, 0.8 0.05 4.0 4.0 0.70
MOLYBDITE 143.938 77.7  30.56  -745.2  -668.1  117.04 8 8 8
MoOy 0.4 0.04 0.4 0.4 0.07 200
NITROGEN DIOXIDE 46.006  240.1 24789.70 33.1 51.2 -8.98 67 67 67
NO, (IDEAL GAS) 0.1 0.20 0.4 0.4 0.07
NO3~  (AQUEGUS ION) 62.005  146.7 -206.9  -110.8 19.42 85 85
STD. STATE, m = 1 0.4 0.4 0.4 0.07
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF OXIDE AND HYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
so vo M. "G.

9 Jdmol'k'" e kimol'  ki-mol s We ¢
DISODIUM MONOXIDE 61.979 75.3  25.88  -414.8  -376.0 65.87 67 302 67
Nay0 0.8 0.08 0.3 0.4 0.07 419 115
SODIUM HYDROXIDE 39.997 664 1878  -425.8  -3M.6 66.50 67 67 67
NaOH 0.8 0.06 0.1 0.3 0.05 419
BUNSENITE 74.689 38.0 10.97  -239.3  -211.1 36.99 271 161 161
Nio 0.2 0.02 0.4 0.4 0.07 419 191 319
PHOSPHORUS PENTOXIDE 141.945 1144 59.40  -1504.9  -1361.6  238.54 319 319
P05 0.4 0.20 0.5 0.5 0.10 67 67
PO,™"" (AQUEOUS 10N) %.971  -222.0 -1259.6  -1001.6  175.47 419 419
STD. STATE, m = 1 4.2 0.9 0.9 0.15
LITHARGE (RED) 223.199 66.5  23.91 -219.0  -188.9 33.10 72 419 319
Pbo 0.2 0.05 0.8 0.8 0.14 419
MASSICOT (YELLOW) 223.199 68.7 23.15  -217.3  -187.9 32.92 419 15 319
Pbo 0.2 0.03 0.3 0.3 0.06 419
PLATTNERITE 239.199 7.8  25.01 -217.4  -218.3 38.25 319 419 319
Pbo, 0.4 0.01 2.9 2.9 0.51
NINIUM 685.598  212.0  76.81 -T18.7  -601.6  105.40 67 67 67
Pb30, 6.7 0.09 6.3 6.6 1.6 419
SULFUR DIOXIDE 64.065  248.2 24789.70  -296.8  -300.1 52.57 8 8 67
SO, (IDEAL GAS) 0.1 0.20 0.2 0.2 0.04 17
SULFUR TRIOXIDE 80.064  256.8 24789.70  -395.7  -371.0 64.99 419 419 67
SO; (IDEAL GAS) 0.8 0.20 0.7 0.7 0.12 67 67
SO3™" (AQUEOUS 1ON) 80.064  -29.0 -635.5  -486.5 85.23 419 419
STD. STATE, m = 1 4.2 0.9 0.9 0.15
SO,"" (AQUEOUS ION) 96.064 18.5 -909.3  -744.0  130.34 8 85
STD. STATE, m = 1 0.4 0.4 0.4 0.07
VALENTINITE 291.498  123.0  50.01 -708.6  -626.4  109.75 319 419
Sby05 2.5 0.05 2.9 3.0 0.53
SILICON MONOXIDE 44.085  211.6 24789.70  -100.4  -127.3 22.30 67 67 67
S0 (IDEAL GAS) 0.8 0.20 8.4 8.4 1.47
QUARTZ 60.084 415 22.69  -910.7  -856.3  150.01 435 444 160
§io, 0.1 0.00 1.0 1.0 0.18 317 419 341



OXIDES AND HYDROXIDES

THERMODYNAMIC PROPERTIES OF OXIDE AND HYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
s° ve AN® AG®

9  Jdmol'K' @ ki-mol'  ki-mol? s W6 ¢
H,S10, (UN-IONIZED) 96.115  180.0 -1460.0  -1307.8  229.12 179 422
STD. STATE, m = 1 4.2 1.7 2.1 0.37 285 414
CRISTOBALITE 60.084 43.4  25.74  -908.4  -854.6  149.71 435 67 286
sio, 0.1 0.03 2.1 2.1 0.37 404 341 341
TRIDYMITE 60.084 43.9  26.53  -907.5  -853.8  149.58 361 286
sio, 0.4 0.20 2.4 2.4 0.43 404
COESITE 60.084 38.5  20.66 -907.8 -852.5 149.35 6 6 361
$i0, 1.0 0.01 2.1 2.1 0.37 189 423
STISHOVITE 60.084 27.8  14.01  -861.3  -802.8  140.65 6 189 361
sio, 0.4 0.01 2.1 2.1 0.37 189
SILICALITE 60.084 46.3  33.29  -905.2  -852.2  149.30 213 213
sio, 0.2 0.5 0.8 0.8 0.14
SILICA GLASS 60.084 48.5  27.27  -901.6  -849.3  148.79 341 341 341
$i0, 1.0 0.10 2.1 2.1 0.37 435 &kék
CASSITERITE 150.709 49.0  21.55  -577.6  -515.8 90.36 49 8 85
$n0, 0.2 0.03 0.2 0.2 0.04 16
STRONTIUM OXIDE 103.619 55.5  20.69  -591.3  -560.7 98.22 67 46 67
$ro 0.4 0.01 1.0 1.0 0.18 77 262
TELLURITE 159.599 704 27,75 -319.7  -26k.8 46.39 333 419 319
Teo, 0.3 0.02 3.0 3.1 0.54 78
THORIANITE 264.037 65.2 2637 -1226.6  -1169.2  204.84 419 419 417
Tho, 0.2 0.01 3.5 3.5 0.61 389
RUTILE 79.879 50.6  18.82  -9%44.0  -888.8 155.70 8 8 67
Tio, 0.6 0.01 0.8 1.0 0.14 67 29% 85
ANATASE 79.879 49.9  20.52  -938.7  -883.2  154.7& 67 67 29
Tio, 0.3 0.03 2.1 2.1 0.37 419
DITITANIUN TRIOXIDE 143.758 77.3  31.43  -1520.9  -1433.9  251.21 67 67 67
Ti0q 1.0 0.02 8.4 8.4 1.47 29
URANINITE 270.028 77.0  26.62 -1084.9  -1031.7  180.75 199 419 113
uo, 0.2 0.01 1.0 1.0 0.18 248 248 128
KARELIANITE 149.881 98.1  29.85 -1218.8 -1139.0  199.55 67 67 76
V,05 1.3 0.03 6.3 6.3 1.11
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF OXIDE AND HYDROXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. vl A|"° AIG.
9 Jmol'K' o ki-mol'  kd-mol! S WG C
TUNGSTEN DIOXIDE 215.849 50.6  20.03  -589.7  -533.9 93.53 67 67 67
o, 0.3 0.05 0.9 0.9 0.16
TUNGSTEN TRIOXIDE 231.848 75.9 31.61 -842.9 ~764.1 133.86 67 67 236
oy 1.3 0.10 0.8 0.9 0.16
ZINCITE 81.389 43.2 1434  -350.5  -320.4 56.12 352 85 352
zno 0.1 0.01 0.3 0.3 0.05 319
BADDELEYITE 123.223 50.4 21.15 -1100.6 -1042.9 182.70 319 196 82
zro, 0.3 0.01 1.7 1.7 0.30 419 419




THERMOOYNAMIC PROPERTIES OF MULTIPLE OXIDE MINERALS AT 298.15 K

MULTIPLE OXIDES

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° ve ""a M.

g Jmol'x' o ké-mol”  kd-mol” S WG C
TIALITE 181.840  109.6  48.75 361 43
AL,Tiog 0.8 0.05
CHRYSOBERYL 126.973 66.3  34.32 -2298.5 -2176.2 381.3 116 166 164
BeAl,0, 0.1 0.02 2.8 2.8 0.5 164
CALCIUM FERRITE 215.770  145.4  44.98  -1520.3  -1412.4 2%7.4 419 419 42
CaFe0, 0.8 0.05 0.2 0.2 0.0
DICALCIUM FERRITE 271.847  188.8  67.18  -2138.3  -1999.9 350.4 419 419 42
CayFe,05 1.3 0.10 0.9 0.9 0.2
PEROVSKITE 135.956 93.6  33.63 -1660.6 -1574.8 275.9 419 419 295
CaTiog 0.4 0.01 1.7 1.8 0.3
HERCYNITE 173.808  117.0  40.75  -1950.5  -1838.1 322.0 373 188 450
FeAL,0, 3.0 0.05 8.5 10.0 1.8 188
CHROMITE 223.837  146.0  44.01  -1445.5  -1344.5 235.5 361 373 292
FeCr,0, 1.7 0.10 5.0 6.0 1.1
ILMENITE 151.725  108.9  31.69 -1232.0 -1155.5 2024 11 1M N
FeTiOg 0.3 0.08 2.5 2.5 0.4
ULVOSPINEL 223.572  180.40  46.82  -1493.8  -1399.9 245.3 216 216 43
Fe,Tio, 2.5 0.05 2.0 2.1 0.4 312
PSEUDOBROOKI TE 239.571 156.5  54.53 3
Fe,Tiog 1.3 0.05
SPINEL 142.266 88.7  39.71  -2299.1  -2176.6 381.3 67 67 44
MgAL,0, 4.0 0.03 2.0 2.3 0.4 37 64 386
MAGNES 1OCHROMI TE 192.295  106.0  43.56 -1783.6  -1669.1 292.4 373 373 292
MgCr,0, 0.8 0.05 0.9 0.9 0.1
MAGNESIOFERRITE 199.997  121.8  44.57 -1441.5 -1329.6 232.9 290 373 &2
MgFe,0, 2.0 0.05 3.0 3.1 0.5 29
GEIKIELITE 120.183 74.6  30.86 -1572.8  -1484.4 260.1 352 425 352
MgTiOg 0.2 0.07 1.2 1.2 0.2 295
PYROPHANITE 150.816  104.9  32.77  -1360.1  -1280.9 224.4 393 103 103
MATio; 0.2 0.05 4.0 4.0 0.7 102 102
TREVORITE 234.382  140.9  43.65  -1070.5  -965.1 169.1 450 271 2N
NiFe,0, 5.0 0.05 2.0 2.5 0.4 290
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF MULTIPLE OXIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve AN AG®
g  Jmol’k' oo kimol'  ki-mol? S WG C
FRANKLINITE 241.082  150.7  44.9%  -1188.1  -1082.1 189.6 439 290 21
2nFe,0, 0.3 0.05 4.0 4.0 0.7
HETAEROLITE 239.266  149.7  45.57  -1337.0  -1227.8 215.1 71 290
Zring0, 0.5 0.05 4.0 4.0 0.7
ZINC TITANIUM SPINEL 242.658  143.1  45.58  -1652.1  -1538.4 269.5 406 290 43
2n,Ti0, 3.0 0.02 2.0 2.0 0.4




HALIDES

THERMODYNAMIC PROPERTIES OF HALIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve ""n "G.

g  Jmol'Kk' o  kimol'  kdomol' S WG C
BROMARGYRITE 187.772 107.1 28.99 -100.4 -97.0 16.99 419 419 361
AgBr 0.4 0.01 0.2 0.2 0.03 320 318
POTASSIUM BROMIDE 119.002 95.9 43.28 -393.8 -380.4 66.65 419 419 67
KBr 0.2 0.01 0.2 0.2 0.03 320
CHLORARGYRITE 143.321 96.2 25.73 -127.1 -109.8 19.26 8 85 361
AgCl 0.2 0.01 0.1 0.1 0.02 320 318
HYDROPHILITE 110.983 104.6 50.75 -795.8 -747.7 130.99 67 67 320
cacl, 1.3 0.01 0.7 0.8 0.14 284
NANTOKITE 98.999 86.2 23.92 -137.2 -119.9 21.01 419 419
cuctl 2.0 0.04 10.0 10.0 1.75
LAWRENCITE 126.752 118.0 39.46 -341.7 -302.2 52.95 67 67 284
FeCl, 0.4 0.21 0.4 0.4 0.07 250 67
MOLYSITE 162.205 142.3 57.86 -399.5 -334.0 58.51 67 250 284
FeClg 0.4 0.10 0.4 0.4 0.07 419
HYDROGEN CHLORIDE 36.461 186.9 24789.70 -92.3 ~95.3 16.70 8 8 67
HCL (IDEAL GAS) 0.0 0.20 0.1 0.1 0.02 67 67 8
CALOMEL 236.043 95.8 32.94 -132.7 -105.2 18.43 8 85
Hgcl 0.4 0.08 0.2 0.2 0.04
SYLVITE 74.551 82.6 37.52 -436.5 -408.6 71.58 17 17 17
Kcl 0.2 0.00 0.2 0.2 0.06 8 8 67
CHLOROMAGNESITE 95.210 89.6 40.81 -641.3 -591.8 103.68 67 320 284
MgCl, 0.8 0.10 0.7 0.7 0.13 85
SCACCHITE 125.844 118.2 42.11 -481.3 -440.5 7747 T3 250 284
MnCl, 0.2 0.17 0.8 0.8 0.14 419
SALAMMONIAC 53.491 9.6 35.06 -314.4 -202.9 35.55 419 419 67
NH CL 0.4 0.05 0.3 0.3 0.05 67
HALITE 58.442 72.1 27.02 -411.3 -384.2 67.30 419 419 67
NaCl 0.2 0.00 0.1 0.1 0.02
NICKELOUS CHLORIDE 129.595 98.2 36.70 -304.9 -258.8 45.33 67 67 80
Nicl, 0.2 0.07 2.0 2.0 0.35 419
COTUNNITE 278.105 136.0 47.09 -359.4 -314.1 55.03 &7 67 67
PbCl, 2.1 0.05 0.3 0.7 0.12 419 320
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF HALIDE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° ve A'"a "G"

g  JemolK? peec ki-mol?  kd-mol™! S WG ¢
FLUORITE 78.075 68.9  264.54 -1228.0 -1175.3  205.90 117 117 293
CeF, 0.3 0.01 2.0 2.0 0.35 67 17
HYDROGEN FLUORIDE 20.006  173.8 24789.70  -273.3  -275.4 48.25 8 8 67
HF  CIDEAL GAS) 0.0 0.20 0.7 0.7 0.12 67
SELLAITE 62.302 57.2  19.61  -1126.2  -1071.1 187.66 117 117 117
MgF, 0.5 0.01 1.2 1.2 0.21
VILLIAUMITE 41.988 51.5  14.98  -573.6  -543.4 95.20 419 419 300
NaF 0.1 0.01 0.7 0.7 0.12 67
CRYOLITE 209.941  238.5  70.81  -3316.8  -3152.1 552.22 10 10 10
NagALFg 0.5 0.20 6.0 6.0 1.05 301 300
CHIOLITE 461.871  515.3  154.08 -7546.3  -7174.7  1256.95 400 400 400
NagAlsF o, 0.8 0.10 20.0 20.0 3.50
10DARGYRITE 234773 115.5  41.30 -61.8 -66.2 11.60 419 419 320
AgI 1.7 0.04 1.7 1.8 0.31
MARSHITE 190.450 96.6  33.35 -67.8 -69.4 12.16 320 320 108
Cul 0.02 5.0 5.0 0.88
COCCINITE 454.399  180.0  71.8  -105.4  -101.7 17.82 419 419 67
Hgl, 6.3 0.10 1.7 2.6 0.45 67 67




CARBONATES AND NITRATES

THERMODYNAMIC PROPERTIES OF CARBONATE AND NITRATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° Ve M- mo

9 Jml'K' o  kimol'  ki-mol S WG C
WITHERITE 197.336 112.1 45.81  -1210.9  -1132.2 198.35 54 1 262
BaCOy 2.1 0.06 2.2 2.2 0.39
ARAGONITE 100.087 88.0  34.15  -1207.64  -1127.4 197.51 392 336
CaCoy 0.2 0.05 1.4 1.5 0.26
CALCITE 100.087 91.7  36.93 -1207.4  -1128.5 197.70 392 246 202
CaC0y 0.2 0.01 1.3 1.4 0.24 336
VATERITE 100.087 37.63 -1125.5 197.19 336
CaCoy 0.40 1.5 0.26 412
MONGHYDROCALCITE 118.102 131.1 48.70  -1498.3  -1361.6  238.54 197 197
CaC03-H,0 3.0 0.40 1.2 1.1 0.20
IKAITE 208.179  370.0 -2954.1  -2540.9  445.15 273 273 273
CaCOy-6H,0 . 5.0 5.0 5.0 0.88
DOLOMITE 184.401 155.2  64.34 -2324.5 -2161.3  378.64 396 175 257
CaMg(C03), 0.3 0.03 1.5 1.7 0.29
HUNTITE 353.030  299.5  122.58  -4529.6  -4203.1 736.34 168 169
CaMg3(CO3), 0.9 0.10 1.6 1.6 0.29 253
OTAVITE 172.419 92.5 34.30 -750.6 -669.4 17.28 63 419
Cdcog 5.5 0.02 2.5 2.6 0.46 63
MALACHITE 221,116 166.3  54.86  -1054.0 -890.2 155.96 241 339
Cu,(CO3)(0H), 2.5 0.08 2.1 2.2 0.39
AZURITE 344.671 254.4  91.01  -1632.2  -1391.4  243.75 241 419
Cuz(0H)5(CO3), 3.8 0.13 2.0 2.2 0.39
SIDERITE 115.856 95.5 29.38 -755.9 -682.8 119.63 351 351 351
FeCOy 0.2 0.01 5.5 5.5 0.96
MAGNESITE 84.314 65.1 28.02 -1113.3  -1029.5 180.36 178 347 359
MgCOy 0.1 0.01 1.3 1.4 0.24
NESQUEHONITE 138.360 195.6  75.47 -1977.3  -1723.8  301.99 353 354
NgCOy - 3H,0 0.6 0.05 0.3 0.5 0.09
HYDROMAGNESITE 467.638  503.7 211.10  -6514.9  -5864.2  1027.37 353 354
4MgCO3 "Mg(OH ), - 4H,0 1.6 0.10 1.1 1.1 0.19
ARTINITE 196.680  232.9  96.43  -2920.6 -2568.4  449.95 168 169
Mg, (OH),CO3 - 3H,0 0.7 0.10 0.7 0.8 0.13



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF CARBONATE AND NITRATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. v. "“0 "G.

g Jemolk' o kimol'  ki-mol® S WG C
RHODOCHROSI TE 114.947 98.0 31.07  -892.9  -819.1 143.50 351 351 283
WnCOy 0.1 0.01 0.5 0.6 0.10
NAHCOLITE 8.007  102.1  38.08  -949.0  -851.2  149.12 36 36
NaHCOy 1.7 0.25 0.2 0.6 0.10
THERMONATRITE 124.006  168.1  54.99  -1429.7  -1286.1  225.32 42 36 129
Na,CO5- H,0 0.8 0.7 0.4 0.5 0.09 36
TRONA 226.026 107.00  -2682.1 416
Na,COy-NaHCO5- 2H,0 0.50 0.4
WEGSCHEIDERITE 358.010 153.30  -3984.0 416
Na,CO3 " 3NaHCOy 0.80 0.8
SODIUM CARBONATE 105.989  135.0  41.60 -1129.2  -1045.3  183.13 42¢ 36
Na,COy 0.6 0.3 0.4 0.06 36
DAWSONITE 143.995 132.0  59.30  -1964.0 -1786.0  312.89 110 110 110
NaALCO3(OH), 0.5 0.30 2.9 3.0 0.52
GASPEITE 118.699 85.4  27.05 255
NicOg 2.0 0.02
CERUSSITE 267.209  131.0  40.59  -699.2  -625.5 109.58 217 419
Pbcos 3.4 0.06 1.2 1.6 0.27 4
STRONTIANITE 147.629 97.1  39.01 -1218.7 -1137.6  199.29 55 55 262
Srcog 1.7 0.06 1.5 1.5 0.26
SMITHSONITE 125.399 81.2 28.28 -817.0 -735.3 128.82 352 153 153
2ncoy 0.2  0.01 3.1 3.1 0.54
NITROBARITE 261.337  213.8  80.58  -992.1 -796.6  139.55 419 419 361
Ba(NO3), 0.9 2.10 2.5 0.4 0.08
CALCIUM NITRATE 164.088 193.3 66.09 -938.4 -742.6 130.10 419 419 361
Cl(ﬂos)z 0.4 0.03 1.5 1.8 0.31
NITER 101.103  133.1  48.04  -494.5 -39%.6 69.13 419 419 361
KNOg 0.7 0.06 0.4 0.5 0.08
MAGNESIUM NITRATE 148.315  164.0  62.93  -790.6  -589.2  103.22 419 419 361
Mg(NOy), 1.6 0.03 1.3 1.4 0.25
AMMONIA-NITER 80.043 151.1 46.49 -365.6 -183.8 32.20 419 419 361
NHNO; 0.2 0.10 0.8 0.9 0.15



CARBONATES AND NITRATES 27

THERMODYNAMIC PROPERTIES OF CARBONATE AND NITRATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGNT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. v. MO A'G.
g  Jmol'K' o  kimol'  kimol’ S WG C
SODA-NITER 8.995  116.5  37.60  -468.0  -367.1 64.32 419 419 361
NaNog 0.7 0.02 0.4 0.4 0.07
STRONTIUM NITRATE 211.630  194.6  70.93  -978.2  -779.0  136.47 419 419 361

SF(NGy), 0.5 0.04 1.0 1.3 0.23
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF SULFATE AND BORATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° v° AN® AG®

9  J-molt K o ki-mol'  kJ-mol! S WG C
ALUMINUM SULFATE 342.154  239.3  73.41  -3441.8  -3100.6  543.20 88 88 88
ALy(S0,)5 1.2 0.20 1.8 1.9 0.33
BARITE 233.391 132.2  52.10 -1473.6 -1362.5 238.70 88 88 88
Baso, 0.8 0.06 1.0 1.3 0.23 419
ANHYDRITE 136.142  107.4  46.01 -1434.4 -1321.8  231.57 368 88 368
caso, 0.2 0.01 4.2 4.3 0.75 419
GYPSUM 172172 193.8  74.69 -2023.0 -1797.0  314.82 368 88
Caso, “2H,0 0.3 0.22 4.3 4t 0.77 88
CHALCOCYANITE 159.610  109.5  40.88  -771.4  -662.3  116.03 106 & 106
cuso, 0.6 0.03 1.3 1.4 0.25 87 419
CHALCANTHITE 249.686  301.2  108.97 -2279.7 -1880.0  329.36 87 87
Cus0, "5H,0 0.6 0.22 3.4 3.6 0.63 419
BROCHANTITE 452.292 113.60 -1818.0  318.49 26
Cu, (S0, ) (OH) ¢ 0.20 2.5 0.44 419
FERRIC SULFATE 399.885  282.8  130.80 -2581.9  -2254.4  394.96 328 19 328
Fe5(50,)3 0.9 0.20 2.9 3.0 0.52
SZOMOLNOKITE 169.926 55.90  -1244.3 87 2
FeS0, " H,0 0.40 0.5 87
MELANTERITE 278.018  409.2  146.50  -3014.3  -2509.5  439.64 87 2
Fes0, *7H,0 1.3 0.30 0.6 1.3 0.23 87
SULFURIC ACID (LIQUID) 98.080  156.9  53.57  -814.0  -690.0  120.88 419 419
H,S0, 0.2 0.07 0.4 0.5 0.08 124
ARCANITE 1764.260  175.6  65.50 -1437.7 -1319.6  231.18 67 67 387
K,S0, 0.4 0.07 0.5 0.5 0.09 67
K-Al SULFATE 258.207  204.6  92.33  -2470.9  -2240.4  392.50 419 419 217
KAL(SO,), 1.3 0.08 1.3 1.4 0.2
ALUNITE 414.214  321.0  293.60  -5176.5  -4663.5  817.00 452 452 219
KAL3(OH)4(SO, ), 5.0 0.40 2.4 2.4 0.42 219
LANGBEINITE 414.997  389.3  146.95 -4071.0  -3733.6  654.05 368 419 368
K Mg, (S0, )5 1.0 0.04 3.0 3.0 0.52 40
MAGNESIUM SULFATE 120.369 91.4 -1284.9  -1170.5  205.07 67 247 67
MgsO, 0.8 0.6 0.8 0.14 88



SULFATES AND BORATES

THERMODYNAMIC PROPERTIES OF SULFATE AND BORATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s ve AM® AG®

g  Jdmol'Kk' o kimol'  ki-mol? S W6 ¢
EPSOMITE 246.476  372.0 146.80 -3388.7 -2871.2  503.01 419 419 88
MgSO, - 7H,0 4.0 0.20 0.1 0.9 0.15 88
MANGANESE SULFATE 151.002  127.0  43.62  -1065.7  -962.1  168.56 450 87 87
MnSO, 1.5 0.04 1.1 1.5 0.26 377
MASCAGNITE 132.141  220.5  74.68 -1182.7  -903.5  158.29 419 88 387
(NH,),50, 1.3 0.09 1.3 1.6 0.28 88 419 219
THENARDITE 142.043  149.6  53.33  -1387.8 -1269.8  222.46 88 88 81
NaS0, 0.1 0.06 0.4 0.4 0.07 419 419
MIRABILITE 322.196  591.9  219.80  -4327.3  -3645.8  638.71 47 47
Na,S0, - 10H,0 0.6 0.40 4.0 3.4 0.59 81
NICKELOUS SULFATE 154.75  101.3  38.57  -873.2  -762.7  133.61 401 401 401
Niso, 0.3 0.03 1.0 1.0 4
RETGERSITE (ALPHA, GREEN) 262.845  334.5 126.60 -2683.4  -2225.1  389.82 87 87
NiS0, -6H,0 0.4 0.20 0.5 0.5 0.09 419
MORENOSITE 280.861  378.9  143.80 -2976.5 -2661.9  431.30 87 87
NiS0, - 7H,0 0.4 0.50 0.5 0.5 0.09 419
ANGLESITE 303.264  148.5  47.95  -920.0  -813.1  142.46 85 85 88
PbSO, 0.6 0.06 0.4 0.5 0.09
CELESTITE 183.686  117.0  46.25  -1453.2  -1339.6  234.69 419 419
srso, 4.2 0.06 4.2 b 0.77 129
ZINKOSITE 161.456  110.5  41.57  -980.1  -868.7  152.20 87 87 87
2nso, 1.3 0.07 0.8 0.9 0.16 4 192
© BIANCHITE 269.545  363.6 130.20 -2777.8  -2324.6  407.26 87 87
2nS0, - 64,0 1.3 0.50 1.0 1.0 0.18 419
GOSLARITE 287.561  388.7 145.80 -3077.5 -2562.3  448.89 87 87
2nS0, - TH,0 1.3 0.10 0.1 0.1 0.02 419
BORAX 381.372  586.0 222.70 -6288.6  -5516.2  966.39 419 419
NaB,0,- 10,0 2.3 0.20 8.5 8.5 1.49
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF PHOSPHATE, MOLYBDATE AND TUNGSTATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s. v. "“. M.

g Jmol'k' o  kimol'  ki-mol’ S WG C
BERLINITE 121.953 90.8 46.58 -1733.8  -1617.9 283.44 419 419 181
AlPo, 0.2 0.10 5.0 5.0 0.88 181
WHITLOCKITE 310.177 236.0 97.62  -4120.8  -3883.6 680.38 419 419 361
c’s(PO‘)z 0.8 0.09 5.0 5.0 0.88
FLUORAPATITE 504.302 387.9  157.56  -6872.0  -6489.7  1136.95 419 419 99
Cag (PO, )5F 1.7 0.12 5.0 5.0 0.88
HYDROXYAPATITE 502.311 390.4 159.60 -6738.5  -6337.1  1110.22 419 419 99
Cag (PO, )3OH 1.7 0.20 5.0 5.0 0.88
STRENGITE 186.849 171.3 64.50  -1888.2  -1657.5 290.37 100 419 100
FePO, *2H,0 1.3 0.30 0.9 1.0 0.18
POWELLITE 200.016 122.6 47.00  -1541.4  -1434.7 251.36 431 419
CaMo0, 0.8 0.09 0.9 0.9 0.15 12
WULFENITE 367.138 166.1 53.86  -1051.9 -951.2 166.65 320 419
PbMoO, 2.1 0.10 0.9 1.2 0.20 89
SCHEELITE 287.926 126.4 47.05  -1645.2  -1538.0 269.51 232 419
Calo, 0.8 0.09 0.9 0.9 0.16 17
FERBERITE 303.695 131.8 40.38  -1154.8  -1054.0 184.64 430 419
FeWo, 1.7 0.05 8.5 8.5 1.49 265 7
HUEBNERITE 302.786 132.5 41.89  -1337.6 -1235.4 216.46 304 7
L 0.2 0.06 7.0 7.1 1.2
STOLZITE 455.048 168.2 54.10  -1127.2  -1026.0 179.76 428 89
PHWO, 2.1 0.06 2.0 2.0 0.35
SANMARTINITE 313.238 119.3 39.79  -1232.6 -1123.7 196.86 260 266 260
Znkio, 0.3 0.04 1.3 1.4 0.25 266




ORTHO AND RING STRUCTURE SILICATES

THERMODYNAMIC PROPERTIES OF ORTHO AND RING STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
' ENERGY
s ve AN° Age

g JmolK' e kimol'  kiemol’ S WG C
TOPAZ 184.043  105.4  51.53  -3084.5  -2910.6 509.9 2 23 2%
AL;STO.F, 0.2 0.03 4.7 4.7 0.8 2
KYANITE 162.046 82.8  44.15  -2593.8  -2443.1 428.0 355 177 177
AL, Si0g 0.5 0.05 2.0 2.0 0.4 177 407 322
ANDALUSITE 162.046 91.4  51.52 -2589.9  -2441.8 427.8 355 177 177
AL,Si0g 0.5 0.05 2.0 2.0 0.4 177 407 322
SILLIMANITE 162.046 95.4  49.86  -2586.1  -2439.1 427.3 355 177 77
ALSi0g 0.5 0.05 2.0 2.0 0.6 177 407 322
MULLITE 426,052  275.0  134.55  -6819.2  -6441.8  1128.6 67 67 67
AlgSiz0q3 5.0 0.07 10.0 10.0 1.8 329 8 329
DUMORT 1ERITE 565.938  334.9  168.4  -9109.0  -8568.2  1501.1 163 163 163
Alg 75000 255138047 25(0H) o5 5.0 0.4 20.0 20.0 3.5
EUCLASE 145.084 8.1  46.86 -2532.9  -2370.2 415.2 164 164 164
BeALSi0, (OH) 0.4 0.06 3.0 3.0 0.5 238
PHENAKITE 110.107 63.4  37.18  -2143.1  -2028.4 355.4 164 164 164
Be,Si0, 0.3 0.02 4.0 4.0 0.7 379
BERYL 537.502  346.7  203.3  -9006.6  -8500.5  1489.2 164 164 164
Be3Al,(Sif04a) 4.7 0.1 7.0 6.4 1.1 238
BERTRANDITE 238.230  172.1 91.8  -4580.5  -4295.1 752.5 164 164 164
Be,Si,07(0H), 0.8 0.1 5.5 5.5 1.0 238
EPIDOTE 483.223  328.9  138.1 147 239
CapAl,FeSiz0y5(0H) 2.5 0.6 243
LAWSONITE 314.238  230.0  101.32  -4869.0  -4512.9 790.6 335 68 335
CaAl, [S1,0,(0H),1H,0 2.1 0.12 2.1 2.1 0.6 68
GEHLENITE 274.200  210.1  90.15  -3985.0  -3785.5 663.2 172 66 323
CapAl,Si0, 0.6 0.02 5.0 5.0 0.9 420
201SITE 454.357  295.9  136.5  -6901.1  -6504.5  1139.5 335 239 335
CapAL3Si30,5(0H) 0.6 0.4 3.3 3.3 0.6
GROSSULAR 450.446  260.1  125.28  -6640.0  -6278.5  1099.9 157 68 258
CazAl,Si304> 0.5 0.05 3.2 3.2 0.6 251 237 438
GLASS 450.446  329.2+  158.8 345



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF ORTHO AND RING STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° ve AN® AG®

9 Jmol'k' o kimol?  ki-mol® S WG C
DATOLITE 159.97%  110.2  53.32  -2477.8 -2318.1 406.1 448 383 274
CaB(S70,) (OH) 0.6 0.05 2.3 2.3 0.4 5
ILVAITE 408.793  292.3  101.07  -3692.8 -3437.0 602.1 349 349 349
CaFe,Fe(Si,0,)0(0H) 0.6 0.10 5.0 5.0 0.9
ANDRADITE 508.177  316.64  132.04 -S771.0  -5427.0 950.8 348 281 348
MONTICELLITE 156.466  108.1 51.3  -2251.0  -2132.8 373.6 385 49 385
CaMgSio, 0.3 01 3.0 3.1 0.5 385
AKERMANITE 272.628  212.5  92.54  -3864.8  -3667.5 642.5 165 165 165
CaMgSi,0; 0.4 0.02 2.0 2.0 0.4 427 49 323
MERWINITE 328.705  253.1 98.5  -4536.2  -4307.7 756.7 427 49 323
CagNg(Si0,), 2.1 0.1 3.0 3.0 0.5
TITANITE (SPHENE) 196.061  129.2  55.7  -2596.6  -2454.6 430.0 406 37 361
CaTisiog 0.8 0.07 3.0 3.2 0.6 188
LARNITE 172.239  127.6  51.60 -2306.7 -2191.2 383.9 225 149 8
a-Ca,Si0, 0.8 0.30 1.5 1.5 0.3 149
CALCIO-OLIVINE 172.239  120.5  58.01 -2316.5  -2198.9 385.2 149 149 149
y-Ca,Si0, 0.8 0.04 2.5 2.5 0.4 405 8
HATURITE CALITE) 228.317  168.6  72.74  -2933.1  -2786.5 488.2 149 410 149
CaySiog 0.3 0.05 2.5 2.5 0.4 405
RANKINITE 288.401  210.6  96.51  -39%49.0  -3748.1 656.6 149 410 149
CoySi,0p 2.9 0.05 10.0 10.0 1.8
ROSENHAHNITE 366.500  281.8  126.46  -5198.1  -4882.1 855.3 68 68 68
CazSi305(0H), 3.0 0.05 3.0 3.0 0.5
SPURRITE 444.565  331.0  146.97  -5840.2  -5525.6 968.0 450 188 450
Cag ($10,),C05 2.0 0.30 5.7 5.9 1.0 188 410
TILLEYITE 488.575  394.0  170.5 -6372.2 -6013.5  1053.5 450 188 450
CagS1,0,(C05), 4.0 0.3 5.7 6.0 1.1 410
COBALT-OLIVINE 209.950  142.6  44.49  -1412.0  -1308.7 229.3 364 215 363
Co,Si0, 0.2 0.01 2.0 2.0 0.3 308
FAYALITE 203.777  151.0  46.31  -1478.2  -1379.1 241.6 350 350 350
Fe,S10; 0.2 0.01 1.3 1.3 0.2 309 314



ORTHO AND RING STRUCTURE SILICATES

THERNODYNAMIC PROPERTIES OF ORTHO AND RING STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve Ane AG°

g  Jmol'K' e kimol?  kiomol” S WG C
ALMAND INE 497.753 342.6 115.32  -5264.7 -4942.0 865.8 9 69 447
FesAL,Si30,, 1.4 0.04 3.0 3.3 0.6 277 445 151
STAUROLITE 1703.727 985.0 445.9 172 172
OSUMILITE 1001.468 379.2 180
KMg ALy [S140AL50341 - H0 0.3
CORDIERITE 584.953 407.2 233.22 -9161.5  -8651.1 1515.6 427 297 323
Mg AL3(ALSi504q) 3.8 0.22 5.9 5.9 1.0
SAPPHIRINE 344.616 197.5 98.9 186
FORSTERITE 140.693 94.1 43.65 -2173.0  -2053.6 359.8 364 364 364
Mg,Si0, 0.1 0.03 2.0 2.0 0.4 240 119
PYROPE 403.127 266.3 113.12  -6285.0  -5934.5 1039.7 157 188 453
Mg3AL,Si30,, 0.8 0.15 4.0 4.0 0.7 298
GLASS 403.127 346.3 1%6.1  -6163.0  -5836.3 1022.5 402 402 402
MgzAL,Si30,, 12.0 0.2 15.0 15.0 2.6
PYROPE-GROSSULAR sS. 422.055 268.3+ 118.35 157 298
(Mgy_gCay 2)AL,Siz0q5 0.5 0.05
GLASS 426.787 311.8+  152.5 345
(Mg, 5Caq 5)AL,Si5045 0.6 0.2
TEPHROITE 201.959 155.9 48.99 -1731.5  -1631.0 285.7 364 364 364
Wn,Si0, 0.5 0.03 3.0 3.0 0.5
LIEBENBERGITE 209.463 128.1 42.57 -1396.5 -1288.9 225.8 363 363 363
Ni,$i0, 0.2 0.02 3.0 3.0 0.5 308
Ni,Si0,-SPINEL 209.463 124.1 39.81 -1389.7  -1280.9 224.4 363 363 423
Ni S0, 0.4 0.01 3.5 3.5 0.6
WILLEMITE 222.863 131.4 52.42  -1636.7 -1523.1 266.8 405 223
Zn,si0, 0.8 0.08 5.0 5.0 0.9
ZIRCON 183.307 84.0 39.26  -2034.2 -1919.7 336.3 361 101 361
2rsio, 1.3 0.07 3.1 3.1 0.5 3

33



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF CHAIN AND BAND STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. vo A'"D Me

9 Jmol'K' o kimol'  kd-mol’ S WG C
WOLLASTONITE 116.162 81.7  39.90  -1634.8  -1549.0 271.4 259 348 389
casiog 0.1 0.03 1.4 1.4 0.2 257 149 344
PSEUDOWOLLASTONITE 116.162 87.2  40.08  -1627.6  -1543.5 270.4 149 346 344
casiog 0.9 0.14 1.4 1.4 0.2 346 149 149
GLASS 116.162 9.8  40.13  -1608.7  -1526.8 267.5 346 344 344
Casiog 3.0 0.15 3.0 3.0 0.5
Ca-Al PYROXENE 218.123  141.0  63.57 -3306.3  -3129.6 548.3 1564 68 154
CaAl,Si0; 2.0 0.01 2.5 2.6 0.5 65 403
GLASS 218.123  155.3+  78.13 154
CaAL,Si0, 0.3 0.08
FERROBUSTAMITE 248.092  180.5  73.00 156 156
CaFeSiy0q 0.3 0.02
HEDENBERGITE 248.092  176.2  67.95  -2839.9  -2676.3 468.9 156 281 156
CaFeSiz0 0.3 0.01 3.0 3.0 0.5 156 29
GLASS 248.092  185.7+ 156
CaFeSi,0, 0.4
DIOPSIDE 216.550  142.7  66.09  -3201.5  -3026.8 530.3 259 165 257
CaMgSi 0, 0.3 0.10 2.0 2.0 0.4
GLASS 216.550  166.0  76.09  -3156.1  -2988.4 523.5 343 340 343
CaMgSi 50, 3.0 0.20 5.0 5.1 0.9 340
FERROSILITE 131.931 9%.6  33.00 -1195.2 -1118.0 195.9 41 41 188
FesiOg 0.3 0.02 3.0 3.0 0.5 291 423
- SPODUMENE 186.090  129.3  58.37  -3053.5  -2880.2 504.6 327 171 327
LiALST0f 0.8 0.02 2.8 3.0 0.5 20 28
B- SPODUMENE 186.090  154.4  78.25  -3025.3  -2859.5 501.0 327 171 327
LiALSi 0, 1.2 0.04 2.8 3.0 0.5 20
ENSTATITE 100.389 66.3  31.31  -1545.6  -1458.3 255.5 259 37 257
MgSiOg 0.1 0.02 1.5 1.6 0.3 408 188
GLASS 100.389 74.1  36.60 -1542.5  -1457.5 255.3 345 345
MgsiOy 0.2 0.25 2.0 2.0 0.4
CLINOENSTATITE 100.389 67.9  31.28  -1545.0  -1458.1 255.5 361 296 361
Mgsiog 0.4 0.02 1.5 1.6 0.3 311



CHAIN AND BAND STRUCTURE SILICATES

THERMODYNAMIC PROPERTIES OF CHAIN AND BAND STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve A® AG®

9 Jmol'k' o kirmol?  kdemol’ S HG C
MgSi05-PEROVSKITE 100.389 63.6 24.50  -1445.1 -1357.0 237.7 105 105
MgSiog 3.0 0.05 5.0 5.0 0.9
MgSiOz- ILMENITE 100.389 60.4 26.36  -1486.6  -1397.5 244.8 105 13 13
MgSioy 3.0 0.02 5.0 5.0 0.9 288
HYPERSTHENE 105.120 69.0 31.53 367
(H9.85Fe_15)si03 0.2 0.05
RHODONITE 131.022 100.5 34.94 -1321.6  -1244.7 218.0 367 367 390
MnSiog 1.0 0.05 2.0 2.2 0.4 289 224
PYROXMANGITE 131.022 99.4 34.72 -1322.3  -1245.0 218.1 367 367
MnSi0g 2.0 0.02 2.0 2.4 0.4 32
JADEITE 202.139 133.5 60.40  -3029.3  -2850.6 499.4 220 166 220
NaAlSi 50, 1.3 0.10 3.6 4.0 0.7 184
GLASS 202.139 170.5 345
NaALSi ;04 0.4
ACMITE 231.004 170.6 64.60  -2584.5 -2417.2 423.5 248 31 3
NaFeSi 04 0.8 0.1 4.0 4.2 0.7 33 188
TREMOLITE 812.366 548.9  272.90 -12303.0 -11574.6 2027.8 370 205 257
Ca,MgsSiglsn (OH), 1.3 0.73 7.0 7.0 1.2 426
GRUNERITE 1001.614 725.0 278.7 -9623.0  -8964.8 1570.6 264 264 252
FezSig0,,(0H), 7.0 0.5 10.0 10.2 1.8 252 8 34
ANTHOPHYLLITE 780.820 534.5 265.4  -12070.0 -11343.4 1987.3 162 162 162
Mg;Sig0,,(0H), 3.5 0.4 8.0 8.5 1.5 70
RIEBECKITE 935.900 691.0  274.7 450
NazFe3FeZSi8022(OH)2 6.0 0.9
GLAUCOPHANE 783.543 541.2  262.1 -11964.0 -11230.8 1967.6 362 188 185
NaoMgzAL,Sig055(0H), 3.0 0.2 9.0 10.0 1.8 118
PARGASITE 835.825 582.0 272.0 -12719.8 -11981.5 2099.1 433 188
NaCa Mg, AL(AL,Si4)0,5(0H), 4.0 0.2 22.0 19.0 3.3 186 433
FLUOR-PARGASITE 839.807 583.0 270.6  -12800.5 -12102.2 2120.2 450 434
NaCa Mg AL (AL,Si)05,F, 5.0 0.2 14.0 14.0 2.5 434

35



36

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF FRAMEWORK STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA VEIGHT ENTROPY  VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s° ve AN AG®
9  Jmol'K' o ki'mol'  kiemol” S W6 C

EDINGTONITE (ordered) 489.586  434.8  180.40 27
BaAL,Si50,0"3H,0 1.5 0.60
ANORTHITE 278.207  199.3  100.79  -4234.0  -4007.9 702.2 366 150 446
CaAL,Si,05 0.3 0.05 2.0 2.0 0.4 56 68 258
HEXAGONAL ANORTHITE 278.207  214.8  99.85 31 17
CaAL,Si 04 1.3 0.79
CaAL,Si,05-glass 278.207  237.3  103.0  -4163.2  -3948.4 691.7 366 450 258
CaAl,Si 05 2.5 0.2 4.0 4.0 0.7
STILBITE 714.893  805.9  333.4  -11038.0 -10146.0  1777.5 195 195
HEULANDI TE 707.962  767.2 317.6  -10594.6 -9779.0  1713.2 208 208 208
Cag.595"0.185%0.064%0.38K0. 130 2. 16576.84018°6H0 1.0 10.2 10.2 1.8 7
WAIRAKITE 434.406  440.0  190.4 159
CaRl,S1,045"2H,0 10.0 0.5
LAUMONT I TE 470.437 211.3 -6772.0  1186.4 195
CaAl,S1,04,74H,0 1.0 7.0 1.2
SCOLECITE 392.337  367.4 172.3  -6049.0  -5597.6 980.7 207 207
CaAL,S1309"3H,0 0.7 0.5 5.0 5.0 0.9
LEONHARDI TE 922.859  922.2  409.3 231
CayAl,Sighy, *7Ho0 10.9 2.0
BICCHULITE 202.216 2131  103.68  -4341.2  -4073.0 713.6 68 68 68
CayAL,Si04(0H), 5.0 0.10 5.0 5.0 0.9 144
MEIONITE (AL/Si ordered) 934.709  715.2  340.36 -13881.6 -13131.8  2300.6 282 282 450
Ca ALgSi40,,C05 1.0 0.08 6.2 6.2 1.1
DANBURITE 245.866  155.3  82.20  -3902.8  -3677.0 644.2 448 383 5
CaB,Si 04 0.4 0.40 2.9 2.9 0.5 274
CLINOPTILOLITE 2701.506  2872.3+ 1267.6 173
(Nag,56K0.9821.50M91.23)(Alg, 7Feg, 30819072240 7.0 21
POLLUCITE 245.488 207.2 83.0 30
(cs'6s~..19Rb_°3)Al25i‘012'u20 0.4 2.0
MICROCLINE 278.332  214.2  108.72  -3974.6  -3749.3 656.8 313 166 167
KALSi3Og 0.4 0.10 3.9 3.9 0.6



FRAMEWORK STRUCTURE SILICATES

THERMODYNAMIC PROPERTIES OF FRAMEWORK STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
sb v. ""0 "Gl

g Jdmol'K' o  kiemol'  ksemol’ S WG ¢
SANIDINE 278.332 232.8 109.05 -3965.6 -3745.8 656.2 313 166 167
KALSi30q 0.5  0.10 4.1 4.1 0.7 155 19%
GLASS 278.332 261.6 116.50 -3920.8 -3709.6 649.9 366 166 258
nlsi;oa 1.8 1.00 4.2 4.2 0.6 421
KALIOPHILLITE (KALSILITE) 158.163 133.3 59.89 -2124.7 -2008.8 351.9 220 188 317
KALSiO, 1.2 0.05 3.1 3.1 0.5
LEUCITE 218.247 200.2 88.27 -3037.8 -2875.1 503.7 220 188 317
KALS1 0, 1.7 0.05 2.7 2.7 0.5 263
EUCRYPTITE 126.006 103.8 53.63 -2123.3 -2009.2 352.0 327 171 327
LiAlsio, 0.8 0.08 2.0 2.0 0.4 20
PETALITE 306.259 233.2 128.40 -4886.5 -4610.7 807.8 180 180 180
LiALST 049 0.6  0.50 6.3 6.3 11 35 28 35
ALBITE 262.223 207.4 100.07 -3935.0 -3711.6 650.2 313 166 167
NaAlSi308 0.4 0.13 2.6 2.6 0.5 123 171 220
ANALBITE 262.223 225.6 100.43 -3923.6 -3705.6 649.2 313 166 167
NaALSi0g 0.6  0.09 2.6 2.6 0.5 155 17
GLASS 262.223 251.9 110.10 -3875.5 -3665.3 642.1 366 6421 258
NaALSi0g 1.5 0.20 3.7 3.7 0.6
NA-K FELDSPAR SS. 264 .639 231.3 102.18 -3932.1 -3715.2 650.9 155 155
(“80.85%.15)Al5i308 0.4 0.10 4.0 4.0 0.7
NA-K FELDSPAR SS. 269.472 237.0 105.22 -3945.1 -3728.7 653.2 155 155
("ao'ss'KO.‘s)AlSiBOB 0.4 0.10 4.0 4.0 0.7
NA-K FELDSPAR SS. 274 .304 237.4 107.37 -3954.5 -3737.1 654.7 155 155
(Nag_55Kg_75)ALSi30g 0.4  0.10 4.0 4.0 0.7
NEPHELINE 142.054 124.4 54.19 -2090.4 -1975.8 346.1 220 188 220
NaALSiO, 13 0.06 3.9 3.9 0.7 183
CARNEGIEITE 142.054 118.7 56.03 -2104.3 -1988.0 348.3 346 450 220
IMlSiO‘ 0.3 0.02 4.0 4.0 0.7
GLASS 142.054 134.5 56.86 -2089.0 -1977.4 346.4 346 346 346
NaAlsio, 0.5 0.06 4.0 4.0 0.7
ANALCIME 220.154 227.7 97.4 -3310.1 -3090.0 541.3 206 206 206
NaALST,04°H 0 0.3 0.2 3.3 3.3 0.6
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
THERMODYNAMIC PROPERTIES OF FRAMEWORK STRUCTURE SILICATE MINERALS AT 298.15 K
NAME AND FORMULA WEIGHT  ENTROPY VOLUME  ENTHALPY FREE LOG(K) REFERENCES
ENERGY
s° v° ""o A'Go

g Jdmlk" o  kimol'  ki-mol S WG ¢
DEHYDRATED ANALCIME 202.139 172.5 -2983.1 -2816.0 493.4 206 206 317
NaALSi 0, 0.2 3.5 3.5 0.6 206
NATROLITE 380.224 359.7 169.2 -5718.6 -5316.5 931.4 207 207
NaALS13040°2H,0 0.7 0.2 5.0 5.0 0.9
PHILLIPSITE 643.236 771.9+ 303.0 173
(“1.1%-8)Al1.98i6.1016.6“2° 2.4 8.0
MESOLITE 388.050 363.0+ 171.1 -5947.1 -5512.7 965.8 207 207
"%.“c.o_“(ALl_”si3-01°1°"2-65"2° 2.0 0.4 5.4 6.0 1.1
MORDENITE 441.880 486.5+ 209.8 -6736.7 -6227.9 1091.1 212 212
".0.36‘:‘0.29‘|.°.948is.06012'3.47"20 1.0 1.2 4.5 4.5 0.8
DEHYDRATED MORDENITE 379.367 299.1+ -5642.3 -5318.9 931.8 212 212
N%.“Cao_”lo.%ﬂs.“%z 0.6 4.6 4.6 0.8
MERLINOITE 239.967 282.4+ 150.6 -3591.2 -3312.0 580.2 95 95
Nag_g1Kg.1ALST; 0405 gg"2-13H,0 0.4 0.5 2.9 2.9 0.5 9%
MERLINOITE 244.028 276.6+ 152.2 -3519.0 -3258.0 570.8 95 95
Ko.80M80,20A1S11_9405_gg"1-81H,0 0.4 0.5 2.9 2.9 0.5 %
MERLINOITE 245.088 274.3+ 151.2 -3481.8 -3227.6 565.4 95 95
KALSTy 0,05 gg"1-69H,0 0.4 0.5 3.0 3.0 0.5 9%
MERLINOITE 233.057 274.6+ 153.6 -3488.3 -3212.0 562.7 95 95
“%.81‘0.19AISi1.8105.62-2'18"20 0.4 0.5 2.8 2.8 0.5 96
MERLINOITE 237.629 260.5+ 151.5 -3387.3 -3131.1 548.5 95 95
K0.91"ao'o9klsi1.8105.62-1 -79"20 0.4 0.5 2.8 2.8 0.5 96
MERLINOITE 237.217 259.7+ 149.8 -3360.0 -3110.2 544.9 95 95
KALS;_g105_go"1-69H,0 0.5 05 2.8 2.8 0.5 9%




SHEET STRUCTURE SILICATES

THERMODYNAMIC PROPERTIES OF SHEET STRUCTURE SILICATE MINERALS AT 298.15 K

NAME AND FORMULA WEIGHT ENTROPY  VOLUME  ENTHALPY FREE LOG(K)  REFERENCES
ENERGY
s° ve A'"o "Go

9  JmolK o ki-mol?  kd-mol” S WG C
DICKITE 258.160  197.1 98.56  -4118.5  -3796.0 665.0 230 171 9
AL,Si 505 (0H), 1.3 0.04 2.0 2.1 0.4 %49
KAOLINITE 258.160  200.4  99.36  -4119.0  -3797.5 665.3 358 179 17
AL,Si,05(0H), 0.5 0.01 1.5 1.5 0.3 198 68
HALLOYSITE 258.160  203.0 -4101.5  -3780.7 662.4 230 1M
AL,Si05(0H) 1.3 10.0 10.0 1.8
PYROPHYLLITE 360.314  239.4  128.10  -5640.0  -5266.2 922.6 365 258 258
AL,S1,040(0H), 0.4 0.08 1.5 1.5 0.3 68
ILLITE 1553.665  1104.2  577.00 365
K3(Al7019)(Alzsi“)04o(0ﬂ)a 2.5 10.00
MARGARITE 398.184  263.6  129.63  -6244.0 -5858.9  1026.4 335 68 335
CaAl, [AL,S1,0,01 (OH), 0.3 0.06 2.6 2.6 0.5
PREHNITE 412,384  292.8  141.10  -6202.6 -5824.7  1020.4 335 68 335
CasAl [ALSi30,01 (OH), 0.7 0.10 2.0 2.0 0.4
MUSCOVITE (AL/Si disordered)  398.308  306.4  140.81  -5974.8  -5598.8 980.9 365 166 258
KA, [ALS {50401 (OH), 0.6 0.10 4.9 4.9 0.9 432 152 316
MUSCOVITE (AL/Si ordered) 398.308  287.7  140.81  -5990.0  -5608.4 982.6 365 166 258
KAL [ALST30441 (OH), 0.6 0.10 4.9 4.9 0.9 432 152 316
ANNITE 511.886  415.0  154.30  -5149.3  -4798.3 840.6 186 188 188
KFey [ALSi30401 (OH), 10.0 0.50 4.0 4.0 0.7 174
PHLOGOPITE (AL/Si disordered) 417.260  334.6  149.65  -6226.0  -5846.0 1024.2 356 356 356
Kigs IALST3041 (OH), 1.0 0.10 6.0 6.0 1.0
PHLOGOPITE (AL/Si ordered) 417.260  315.9  149.65  -6246.0  -5860.5 1026.7 356 356 356
KMgy [ALSi 30401 (OH), 1.0 0.10 6.0 6.0 01.0
FLUORPHLOGOPITE (AL/Si disorder)4é21.242  336.3  146.52  -6355.5 -6015.7  1053.9 218 171 218
Kigy [ALST50,F, 2.1 0.10 4.0 4.2 0.7 434
FLUORPHLOGOPITE (AL/Si ordered) 421.242  317.6  146.52  -6375.5  -6030.1 1056.4 218 356 218
Kig3 [ALS 50401 F, 2.1 0.10 4.0 4.2 0.7
TALC 379.266  260.8  136.20  -5900.0  -5520.2 967.1 370 162 257
Mg3Si,040(0H), 0.6 0.20 2.0 2.1 0.4
CHRYSOTILE (ANTIGORITE) 277.112  221.3  107.50  -4360.0  -4032.4 706.4 226 171 226

Mg3S1,05(0H), 0.8  0.40 3.0 3.1 0.5
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

THERMODYNAMIC PROPERTIES OF SHEET STRUCTURE SILICATE MINERALS AT 298.15 K

WEIGHT  ENTROPY

NAME AND FORMULA VOLUME ENTHALPY  FREE LOG(K)  REFERENCES
ENERGY
s. v. MO m.
g9  Jmol'k' @ ki-mol’  ki-mol’ S WG C
CLINOCHLORE 555.797  421.0  211.00 -8919.0  -8255.8  1446.3 180 182 182
MgAL(ALSi30,0) (OH)g 15.0 0.50 20.0 20.0 3.5 204
PARAGONITE (Al/Si disordered) 382.200  295.8 132.1  -5933.0  -5555.7 973.3 356 356 356
NaAL, [ALS 30,01 (OH), 0.9 0.1 3.8 3.9 0.7
PARAGONITE (AL/Si ordered) 382.200  277.1 132.1  -5949.3  -5568.5 975.6 356 356 356
NaAL, [ALSi30, 01 (OK), 0.9 0.1 3.8 3.9 0.7 37




ELEMENTS

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SELECTED ELEMENTS

41

NAME AND FORMULA ENTROPY Al A2 A3 A AS T range Tem AnH®
J-mol K" m a? (4 o} a K K ki-mol’

SILVER 42.55 1.126E+01 1.169€-02  -2.124E+05 2.253E+02 298 1234.9 11.95

Ag (crystal) 0.21 1235

ALUMINUM 28.30 4.1326+01 -1.988E-02 -1.265E+05 -1.816E+02 1.93E-05 298 933.5 10.70

Al (crystal) 0.08 933.5

ARSENIC 35.69 2.0845E+01 6.3265E-03 -9.8777e+04 5.2398E+01 298

As 0.84 875

GOLD 47.49 4.19TE+01  -1.770E-02 -2.161E+02 1.123E-05 298 1337.3 12.36

Au (crystal) 0.21 1337.3

BORON 5.83 4.758E+01 -5.227E-03 -5.903E+04 -5.899E+02 1.372E-06 298

B (crystal) 0.08 2350

BERYLLIUM 9.50 1.8735E+01 9.293e-03  -4.502E+05 298

Be (crystal) 0.08 1550

BISMUTH 56.74 2.6852E+01 -1.7289E-02 4.1802€-05 298

Bi 0.42 544 .52

BROMINE 269.346  4.211E+01  -2.470E-03 -3.021E+04 -8.739E+01 9.370E-07 332.5

Bry (ideal gas) 0.05 2200

GRAPHITE 5.74 6.086E+01 -1.024E-02 7.139E+05  -9.922E+02 1.669€-06 298

C (crystal) 0.10 2500

DIAMOND 2.38  9.845E+01  -3.655€-02 1.217e+06  -1.659E+03 1.098E-05 298

C (crystal) 0.20 1800

CALCIUM 42.90 -2.659E+01 5.2366-02 -4.877E+05 7.442E+02 -9.772E-06 298

Ca (a-crystal) 0.10 . 716

CADMIUM 51.80 -3.8115E-02 -1.3402E+05 3.0044E+02 -1.4336E-05 298

Cd (crystal) 0.15 594.18

CERIUM 72.00 1.4017e+01 1.9292E-02 -1.0802E+05  1.4469E+02 298

Ce (crystal) 4.00 999

CIILOR“IE 223.08 4.591E+01 -3.699E-03 -4.094E+04 -1.811E+02 1.009€-06 298

ctz (ideal gas) 0.02 2500

COBALT 30.04 4.1B44E-02 -1.5646E+05 2.6875E+02 -1.6498E-05 298

Co (crystal) 0.42 700

CHROMIUM 23.62 -1.625E+01 2.293E-02 -1.222E+06 8.032E+02 1.2326-06 298

Cr (cr rstal) 0.21 2100
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SELECTED ELEMENTS

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range Tem A H°
J-mot'-k"! (M (r?» (re® a? (4 K kd-mol™

COPPER 33.14  6.084E+01 -2.875E-02 3.331E+05 -5.671E+02 1.420€-05 298 1357.8 13.14

Cu (crystal) 0.03 1357.8

COPPER 83.95 3.280E+01 1357.8

Cu (liquid) 0.50 2500

FLUORINE 202.79  4.057E+01 1.792E-03  -1.004E+05 -1.489E+02 -4.836E-07 298

Fy (ideal gas) 0.02 2500

GERMANIUM 31.09 2.4033e+01 3.049E-03 -1.5714E+05 0.84921E+00 -2.56-08 298

Ge (crystal) - 0.15 1211.4

HYDROGEN 130.68 4.783E+00 1.3356-02 -5.617E+05 4.583E+02 -1.825E-06 298

Hy (ideal gas) 0.02 2500

MERCURY 75.90 1.6815E+01 3.623E-03  -7.956E+04 1.860E+02 2.168E-06 298 59.2

Hg (liquid) 0.12 629

MERCURY 174.97 2.079E+01 298 629

Hg (ideal gas) 0.02 1800

IODINE 116.16 1.3122E+01 9.111E-03 -1.0131E+06 5.3419€+02 -1.5e-07 457.7

Iy (ideal gas) 0.30 1800

MAGNESIUM 32.67 4.1345E-02 -2.7217e+05 3.1329€+02 -1.3745E-05 298 923 8.48

Mg (crystal) 0.10 923

MAGNES1UM 73.23  3.431E+01 923

Mg (liquid) 0.15 1366

MAGNESIUM 148.65 2.079E+01 298

Mg (ideal gas) 0.02 2000

MANGANESE 32.01 4.1345€6-02 -2.7217E+05 3.1329E+02 -1.3745E-05 298

Mn (a-crystal) 0.08 980

MOLYBDENUM 28.66 4.167TE+01 -9.165E-03 1.082E+05 -2.882E+02 4.904E-06 298

Mo (crystal) 0.21 2500

NITROGEN 191.61  2.479E+01 9.648E-03 1.459E+05 -2.003€-06 298

N, (ideal gas) 0.02 © 2500

SODIUM 64.92 3.7482E+01 -1.9183E-02 1.0644E-05 3n

Na (liquid) 0.20 1170.5

SODIUM 153.72  2.079€+01 298

Na (ideal gas) 0.02 2500



ELEMENTS 43
COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SELECTED ELEMENTS
NAME AND FORMULA ENTROPY Al A2 A3 A AS Trange T, AH°
J-mol*-x' m a? 5 () K K kJ-mol ™!
NICKEL 29.87 1.5121E+02 -2.049€-01 -1.3746E+03 1.742E-04 298
Ni (crystal) 0.08 600
OXYGEN 205.15 5.658£+01 -5.255E-03 6.856E+05  -5.780E+02 1.113E-06 298
0, (ideal gas) 0.02 2500
PHOSPHORUS 42.58 2.632E+01 317.3
P (liquid) 0.25 1000
LEAD 64.80 2.266E+01 1.0089E-01 -8.717E+04  4.0666E+01 298 600.6 4.81
Pb (crystal) 0.30 600.6
PLATINUM 41.63 2.0046E+01 7.4156-03  -1.298E+05 8.738e+01  -4.798E-07 298
Pt (crystal) 0.20 1800
SULFUR 32.05 2.270€+01 298
S (ortho-crystal) 0.05
SULFUR 228.17 3.751E+01 2.173E-03  -1.645E+05 -6.575E+01 -7.275E-08 ‘298
Sy (ideal gas) 0.02 2500
ANT IMONY 45.52 5.2603E+01 -3.2904E-02 1.2617E+05 -3.6512E+02 2.4691E-05 298
sb (crystal) 0.21 904
SILICON 18.81  2.431E+01 3.003e-03 -3.185E+05 -2.831E+01 2.330€-07 298 1685 -50.02
Si (crystal) 0.08 1685
SILICON 91.56  2.720E+01 1685
si (liquid) 0.5 2500
TIN 51.18 -6.8705E+01 7.2961€-02 -1.2938E+06 1.53013E+03 298
Sn (crystal) 0.08 505.1
STRONTIUM 55.69 2.3369€+01 1.066E-02 2.233e+04 298
Sr (crystal) 0.03 820
TELLURIUM 49.71 1.9124E+01 2.2061E-02 298
Te (crystal) 0.20 2]
Thorium 51.83 2.27467e+01 9.3386-03 -3.00023E+03 1.27357E+01 -9.09€-08 298
TH (crystal) 0.50 1650
TITANTIUM 30.76 2.01595E+02 -1.4675E-01 1.97328E+06 -2.7691E+03 6.28€-05 298
Ti (a-crystal) 0.10 1166
URANIUM 50.20 3.2944E+01 -7.800€£-03 -9.500E+01 2.860E-05 298
U (crystal) 0.20 942



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SELECTED ELEMENTS

NAME AND FORMULA ENTROPY Al A2 A3 AL AS T range Tem A H°
Jemol k! () (r? (1% () K K kJ-mol ™
VANAD UM 28.94  3.440E+00 1.334E-02 -6.971E+05 4 .369E+02 2.020E-07 298
V (crystal) 0.42 2200
TUNGSTEN 32.65 3.814E+01 -5.430€-03 2.183E+05 -2.568E+02 2.552E-06 298
W (crystal) 0.10 2500
ZINC 41.63 2.909+01 -3.507E-03 -6.366E+01 1.161E-05 298 692.7 7.30
Zn (crystal) 0.15 692.7
ZINC 75.16  3.138E+01 692.7
Zn (liquid) 0.30 1180.2
ZINC 160.99 2.079€+01 1180.2
Zn (ideal gas) 0.03 2500
ZIRCONIUM 38.87 -2.585E+01 3.6755E-02 -9.032E+05 8.778E+02 -6.585E-06 298 1135 4.02
- Zr (a-crystal) 0.20 1135
ZIRCONIUM 79.48 2.1943E+01 -6.37E-03 -1.1452E+06 2.7991E+02 4.81E-06 1135
2r (f-crystal) 2000
METHANE 186.26 1.194E+02 2.055E-02 2.814E+06 -2.090E+03 -5.000E-06 298
CH, 0.04 1800
COHENITE 104.40 1.073E+02 1.253€-02 298
Fe,C 3.40 1800
AMMONIA 192.77 5.139E+01 2.660E-02  7.584E+05 -5.480E+02 -4.900E-06 298
NHg 0.03 1800



SULFIDES AND SULFOSALTS

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SULFIDE AND SULFOSALT MINERALS

45

NAME AND FORMULA ENTROPY A A2 A3 A AS T range T, A M°
J-mol™t-x"’ W) ) (1% (1% K K kJ-mot™
ACANTHITE (ARGENTITE) 142.9  7.531E+01 298
AgyS 0.3
REALGAR 63.5  4.T02E+01 298
AsS 0.6
GREENOCKITE 72.2  3.538E+01 1.503e-02 -5.333E+05  2.357E+02 -2.400E-06 298
cds 0.3 1100
CATTIERITE 74.8  6.5826+01  3.032E-02 -5.870E+05 298 .
CosS, 0.2 1000
COVELLITE 67.4  4.3049E+01 2.023E-02 -1.399386-05 4.35838€-01 298
Cus 0.2 780
CHALCOCITE 116.2  7.684E+01 298
Cuzs 0.1
CHALCOPYRITE 124.9 -5.8753e+02 3.7073E-01 -1.4721E+07  1.275E+04 298
CuFeS, 0.2 820
ISS (intermediate ss) 250.5 -1.01845€+03  1.358E+00 820
CuFesS, 930
BORNITE 398.5  2.4629E+02 298
CugFeS, 0.8
TROILITE 60.3  5.049E+01 298
FeS 0.2
PYRRHOTITE 60.7  4.988E+01 298
Fe.ans 0-2
PYRRHOTITE 5.084E+01 298
Fe.ags
PYRRHOTITE 63.2  5.123e+01 298
Fe.ms 0-1
PYRRHOTITE 5.095E+01 298
Fe_98$
PYRITE 52.9 -2.032+01  5.030€-02 -3.200E+06  1.787E+03 298
FesS, 0.1 1015
MARCASITE 53.9  3.832E+02 -3.173E-01 1.676E+06  -4.488E+03  1.676E-04 298
Fes, 0.1 700
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SULFIDE AND SULFOSALT MINERALS

NAME AND FORMULA ENTROPY At A2 A3 M AS T range T, A N°
J-mol'-x" m (r?) (r°% (1» K K kd-mol™

HYDROGEN SULFIDE 205.8  2.636E+01  2.650E-02  2.6606+05 -4.356E+01 -6.024E-06 298
HpS (IDEAL GAS) 0.2 1800
ALABANDITE 80.3  1.353E+02 -5.775E-02  1.169E+06 -1.435+03  2.087E-05 298
MnS 0.8 1800
MOLYBDENITE 62.6  1.045E+02 -4.812E-03 -6.291E+03 -6.817E+02 298
MoS, 0.2 1200
MILLERITE 53.0  4.711E+01 298
Nis 0.4

HEAZLEWOODITE 133.2  1.057E+03 -8.9886-01  8.139E+06 -1.38BE+04  4.660E-04 298
Ni3s, 0.3 840
GALENA 91.7  4.460E+01  1.640E-02 298
Pbs 0.7 900
STIBNITE 182.0  1.705E+02 -4.860E-03  7.539E+405 -9.978E+02 298
Sb,S3 3.3 829
HERZENBERGITE 77.0 -1.559€+02  1.2196-01 -3.5486+06  3.604E+03 298
sns 0.8 875
HERZENBERGITE 135.1 2.672E+01 3.035E-02 875
sns 1.0 1153
BERNDTITE 87.5  2.004E+01  3.823E-02 - -9.602E+05  8.544E+02 298
sns, 0.2 1000
TUNGSTENITE 67.8  T7.633E+01  5.561E-04 -1.137E+06 1.408E-06 298
us, 0.3 1500
SPHALERITE 58.7  6.151E+01  7.631E-04 -7.963E+04 -2.604E+02 298
Zns 0.8 1300
WURTZITE 58.8  4.191E+01  7.6196-03 -6.603E+05  1.577E+02 298
Zns 0.2 1300
BERTHIERITE 245.0  1.000E+01  7.930E-02 -6.416E+06  3.691E+03 298
Fesb,S, 1.0 ' a6
CHALCOSTIBITE 149.2  8.810E+01 4.040E-02 298
cusbs, 3.8 826
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR OXIDE AND HYDROXIDE MINERALS
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NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A M°
Jemol ™K' ) (T (15 (1 X 4 kJ-mot™
CORUNDUM 50.9  1.6126402 -1.352E-03 -1.815E+06 -1.059€+03  5.381E-07 298 2345
ALy04 0.1 2250
BOEHMITE 37.2  2.057E+02 -3.492E-02  1.027E+06 -2.635E+03 298
ALOCOH) 0.1 600
DIASPORE 35.3  5.333e+01 298
AlO(OH) 0.2
GIBBSITE 68.4  9.170E+01 298
AL(OH)3 0.1
DIBORON TRIOXIDE 54.0  1.847E+02  7.108E-03  6.441E+05 -2.270E+03 298
8,05 0.3 73
DIBORON TRIOXIDE 160.9  1.297E+02 723
B,03 (liquid) 0.5 2200
BARIUM MONOXIDE 72.1  S.722E401  5.370E-03 -1.669E+05  -1.668E+02 298
Ba0 0.4 1800
BROMELLITE 13.8  8.274E+01 -7.3016-03 -4.158E+05 -8.7186+02  1.845E-06 298
BeO 0.2 2000
BISMITE 151.5  1.036E+02  3.336E-02 298
P 2.1 800
CARBON MONOXIDE 197.3  3.976E+01  3.188E-03  5.2926+05 -3.0136+02 -8.07BE-07 298
CO (ideal gas) 0.0 2500
CARBON DIOXIDE 213.8  8.811E+01 -2.698E-03  7.232+05 -1.007€+03 298
CO, (ideal gas) 0 2200
LIME 38.1  S5.185E+01  2.444E-03  -9.340E+05 298
Ca0 0.4 2500
PORTLANDITE 83.4  1.867E+02 -2.191E-02 -1.600E+03 298
Ca(OH), 0.4 700
CERIANITE 62.3  8.0296+01  5.699€-03 -7.294E+05 -2.0996+02 298
Ce0, 0.1 1800
COBALT MONOXIDE 52.8 -3.047E+01  2.946E-02 -4.166E+06  1.932E+03 298
Co0 0.3 1800
TRICOBALT TETROXIDE 109.3  1.316E+02  6.602E-02 -2.480E+06 298
Co30, 0.3 1000
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR OXIDE AND HYDROXIDE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 A AS Trange T, A H°
J-molt-x! 48] (r? (% (1% K K kd-mol’
ESKOLAITE 81.2  1.1906+02  9.496E-03 -1.442E+06 -3.405E+00 298
Cr 0z 1.2 1800
TENORITE 42.6  3.097e+01  1.374E-02 -1.258E+06  3.693E+02 298
cuo 0.2 1400
CUPRITE 92.4  4.260E+02 -2.508E-01  4.898E+06 -6.078E+03  9.244E-05 298
Cu,0 0.3 1500
WUSTITE 56.6 -1.930E+01  3.017e-02 -2.533E+06  1.501E+03 298
Fe.w’?o 0.4 1652
FERROUS OXIDE 60.6  3.908E+01  8.574E-03 -7.3256+05  2.466E+02 298
Feo (fictive) 1.7 1800
HEMATITE 87.4 1.50147E+03 -1.2146E+00 1.4123E+407 -2.1493E+04  5.690E-04 298 950 1.2%
Fe,05 0.2 950
HEMATITE 243.8 -1.0957E+03 2.7267E-01 -1.0239E+08  3.396E+04 950
Fe05 1.0 1800
MAGNETITE 146.1 2.65911E+03 -2.5215E+00 2.0734E+07 -3.6455E+04 1.3677€-03 298
Feg0, 0.4 800
MAGNETITE 369.1 9.6823E+01 5.2733E-02 5.6413E+07 900
Fes0, 0.6 1800
STEAM 188.8 2.7057E+01 1.7584E-02 2.7696E+05 -2.7656E+01 -2.5097E-06 298
uzo (ideal gs) 0.04 2500
DIPOTASSIUM MONOXIDE 94.1  7.450E+01  3.965E-02 -2.346E+05 298
K50 6.3 2000
DILITHIUM MONOXIDE 37.6  6.133E+01  3.568£-02 -1.168E+06 -7.0506+01 -7.318E-06 298
Liy0 0.8 2000
PERICLASE 26.9  6.653E+01 -6.143E-03 -6.093E+05 -3.592E+02  2.451E-06 298
Mgo 0.2 2500
BRUCITE 63.2  1.0226+02  1.511E-02 -2.617E+06 298
Mg(OH), 0.1 900
MANGANOSITE 59.7  6.0286+01  3.5106-03 -2.975E+02 298
MnO 0.1 2000
PYROLUSITE 52.8  2.904E+02 -1.442E-01  2.012E+06 -3.787+03  4.541E-05 298
Mn0, 0.1 850
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR OXIDE AND HYDROXIDE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 M AS Trange T, A H®
J-mol-x" m (S ) (1% $) K K kJ-mol”

BIXBYITE 113.7  1.624E+02  1.211E-02  1.046E+06 -1.317E+03  3.462E-06 325
Mn,03 0.2 1400
HAUSMANNITE 164.1 -7.432E+00  9.487€-02 -6.712E+06  3.396E+03 298
BRAUNITE 416.4  4.301E+02  1.110E-01 -7.325E+06 298
Nn,Si0,, 0.8 1500
MOLYBDITE 77.7  6.433E+00  6.278E-02 -2.460E+06  1.337€+03 298 1074
M3 0.4 1074
NITROGEN DIOXIDE 260.1  1.0186+02 -1.121E-02  1.218E+06 -1.300E+03  1.461E-06 298
NO, 0.1 2500
DISODIUM MONOXIDE 75.3  1.1397E+02  7.4857E-03 -8.1335E+02 298
Nay0 0.8 1000
BUNSENITE 38.0 4.1107E+03 -5.3024E+00 2.43067E+07 -5.3039€+04  3.5206E-03 298
Nio 0.2 519
BUNSENITE 67.7 -8.776E+00 4.223E-02 3.607E+06 7.873c+02 -7.526E-06 519
NiO 0.5 1800
LITHARGE 66.5 5.102E+01  1.027E-02 -7.387E+05 298
PbO 0.2 1000
PLATTNERITE 71.8 7.312E+01 7.484E-03 -1.261E+06 298
PbO, 0.4 1200
MINIUM 212.0  1.779E+02  3.326E-02 -2.926E+06 298
Pb30, 6.7 1800
SULFUR DIOXIDE 248.2  9.890E+01 -1.161E-02  8.465E+05 -1.1276+03  1.78BE-06 298
SO, (IDEAL GAS) 0.1 2500
SULFUR TRIOXIDE 256.8  1.478E+02 -1.898E-02  1.079E+06 -1.794E+03  2.763E-06 298
$O5 (IDEAL GAS) 0.8 2500
SILICON MONOXIDE 211.6  5.686E+01 -5.8616E-03  4.922E+05 -5.3356+02 8.5943E-07 298
Si0 (IDEAL GAS) 0.8 2500
QUARTZ 41.5 8.1145E+01  1.828E-02 -1.810E+05 -6.985E+02  5.406E-06 298
sio, 0.1 844
QUARTZ 104.6 5.796E+01 9.330E-03 1.835E+06 8“‘
sio, 0.2 1700
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR OXIDE AND HYDROXIDE MINERALS

NAME AND FORMULA ENTROPY A1 A2 A3 A AS T range T, A H°
J-mol'-K" (¢2) T (1°%) ) K K kd-mol”
CRISTOBALITE 43.4  -4.160E+03  2.5486+400 -6.286E+07  7.168E+04 298
$i0, 0.1 523
CRISTOBALITE 76.3  7.2756401  1.3006-03  -4.132E+06 523
sio, 1.0 1800
COESITE 38.5  2.331E402 -7.777E-02  2.604E+06 -3.375E+03  1.924E-05 298
sio, 1.0 1800
STISHOVITE 27.8  1.474E+02 -4.027€-02 -2.834E+05 -1.559E+03  1.203E-05 298
sio, 0.4 1800
SILICA GLASS 48.5  T.464E+01  -7.259E-03  -3.114E+06 5.570E-06 298
si0, 1.0 1700
CASSITERITE 49.0  7.604E+01  7.364E-03  -2.224£+06 298
$no, 0.1 1500
STRONTIUM MONOXIDE 55.5  5.365E401  5.982E-03 -3.666E+05 -1.019E+02 298
$r0 0.4 2500
THORIANITE 65.2  7.1388401  7.556E-03 -1.053E+06 298
Tho, 0.2 1200
RUTILE 50.6  8.462E+01  5.990E-04 -1.101E+06 -2.957E+02 298
Tio, 0.2 2100
ANATASE 49.9  4.396E+01  1.374E-02 -2.595E406  6.294E+02 298
Tio, : 0.3 1300
URANINITE 77.0  5.845E401  1.606E-02 -1.867E+06  3.689E+02 298
vo, 0.2 1800
KAREL IANITE 98.1  5.799E+01  4.120-02 -3.872E+06  1.351E+03 298
V,03 1.3 1800
TUNGSTEN DIOXIDE 50.6  6.638E+01  1.3266-02 -1.294E+06 298
vo, 0.3 2500
ZINCITE 43.2  4.350E+01  7.6586-03 -7.S73E+405  5.456E+01 298
0 0.1 1800
BADDELEYITE 50.4  1.073E402 -5.011E-03 -2.203E+05 -B.141E+02 298 1478 8.08
zr0, 0.3 1478
BADDELEYITE 167.1  7.448E+01 1478

2ro, 1.5 2000
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR MULTIPLE OXIDE MINERALS
NAME AND FORMULA ENTROPY Al A2 A3 Mo A5 T renge T, A H°
J-mol-x" m (r? (5 ) K K kJ-mol™
TIALITE 109.6  2.111E+02  1.461E-02 -3.625E+06 -6.610E+02 298
ALy Tiog 0.8 1800
CHRYSOBERYL 66.3  3.627+02 -8.353E-02 -6.798E+04 -4.034E+03  2.248E-05 298
BeAl,0, 0.1 1800
CALCIUM FERRITE 145.4  9.588E+01  4.666E-02 -3.360E+06  1.410E+03 298
CaFezo‘ 0.8 1510
DICALCIUM FERRITE 188.8  2.2236+02  9.728E-03 -5.661€+06  5.420E+02 298
CayFex05 1.3 1750
PEROVSKITE 93.6  1.2506+01  4.516E-02 -6.302E+06  2.462E+03 298
c:rios 0.4 1530
HERCYNITE 116.0  2.247E+02  4.480E-03 -1.581E+06 -1.370E+03 298
FeAl,0, 3.0 1200
CHROMITE 146.0  3.018E402 -4.157E-02  4.877e+05 -2.803E+03  1.147E-05 298
ILMENITE 108.9  2.627E+02 -7.999E-02  3.827E+05 -2.538E+03  3.388E-05 298
FeTiOg 0.3 1000
ULVOSPINEL 168.9 -1.026E+02  1.425E-01 -9.1456+06  5.271E+03 298
Fe,Ti0, 2.5 1800
PSEUDOBROOKI TE 156.5  2.136E+02  1.625E-02 -2.345E+06 -4.795E+02 298
Fe2TiOg 1.3 1800
SPINEL 84.5  2.2296402  6.127E-03  -1.686E+06 -1.551E+03 298
MgAL,0, 0.04 1800
MAGNES10CHROMI TE 106.0  1.961E+02  5.398E-03 -3.126E+06 -6.169E+02 298
MAGNESIOFERRITE 123.8 1.782E+02  1.275€-02 665
MgFe,0, 0.8 1230
MAGNESIOFERRITE 379.2 1.066E+02  5.716E-02 1230
GEIKIELITE Th.6  2.225E+02 -5.274E-02 -6.092E+05 -1.8746E+03  1.878E-05 298
MgTi0g 0.2 1800
PYROPHANITE 104.9  1.217e+02  9.288E-03 -2.188E+06 298
MnTi0g 0.3 1600
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COEFFICIENTS FOR MEAT CAPACITY EQUATIONS FOR MULTIPLE OXIDE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A H°
J-mol'-x! ($3) (1?3 (75 (1» K K kd-mol™
TREVORITE 165.0  9.559e+01  1.705E-01 3.9927E+04 298
NiFey0, 3.0 1000
FRANKLINITE 150.7  1.9956+02  3.0456-02 -1.352E+06 298
ZnFey0, 0.3 600
ZINC TITANIUM SPINEL 143.1  2.6136402 -5.1386-03  -4.317E+05 -2.095E+03 298
0.3 1800

2n,Ti0,




HALIDES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR HALIDE MINERALS
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NAME AND FORMULA ENTROPY Al A2 A3 M AS T range T, A N°
Jemol-K"' m () (5 ) K K kd-mol!
BROMARGYRITE 107.1  3.317e+01  6.443E-02 298
AgBr 0.4 703
POTASSIUM BROMIDE 95.9 -4.392E+01 5.8556-02 -1.839E+06 1.717e+03 298
KBr 0.2 1000
CHLORARGYRITE 96.2 5.996E+01  7.620E-03 -1.017E+06 298
AgCl 0.2 728
HYDROPHILITE 104.6 -4.725E+00  4.504E-02 -2.037E+06  1.503E+03 298 1045  28.54
caCl, 1.3 1045
HYDROPHILITE 230.2  1.025E+02 1045
cacl, (liquid) 5.0 1800
LAWRENCITE 118.0 -1.123e+02  8.951E-02 -5.115E+06  3.790E+03 298
FeCl, 0.4 950
MOLYSITE 142.3 -2.56E+02 1.1755€+00 7.89E+06 -9.738E-04 298
FeClg 0.4 577
HYDROGEN CHLORIDE 186.9  1.738E+01 1.165E-02 -7.597€+03  1.477+02 -2.052E-06 298
HCl (ideal gas) 0.03 2500
SYLVITE 82.6 -2.452E+01 4.852E-02 -1.605E+06 1.371E+03 298
Kcl 0.2 1043
CHLOROMAGNESITE 89.6  7.690E+01  B8.496E-03  -7.463E+05 298
"QClz 0.8 987
SCACCHITE 118.2  7.626E+01 1.191E-02  -6.04BE+05 298
NnCL, 0.2 923
SALAMMONIAC 95.0  8.410E+01 298
NH,CL 0.4
HALITE 72.1  4.515+01  1.797E-02 298
NaCl 0.2 1074
HALITE 170.3  7.2008E+01 -3.2228E-03 1074
NaCl (liquid) 2.2 1791
NICKELOUS CHLORIDE 97.7 -5.078E+01  S5.748BE-02 -4.064E+06  2.608E+03 298
Nicl, 0.2 1303
COTUNNITE 136.0 1.229€+02 -8.585E+02 298
PbCL, 2.1 768
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR HALIDE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A N°
J-mot™ k"' ) (T (1°%) ) K K kJ-mol”

FLUORITE 68.9  2.033E+03  -1.436E+00  2.988E+07 -3.312E+04  5.040E-04 298

CaF, 0.3 1400

HYDROGEN FLUORIDE 173.8  6.8456+00  1.301E-02 -4.1086+05  4.007e+02 -1.911E-06 298

HF (ideal gas) 0.04 2500

SELLAITE 57.3  9.474E+01  1.595E-04 -7.328E+05  -4.322E+02 298 1536 58.16

MgF, 0.4 1536

VILLIAUMITE 51.5 -2.612E+00  3.347E-02 -1.402E+06  9.542E+02 298 1269 33.14

NaF 0.1 1269

CRYOLITE 238.5 4.042276+03 -3.8582E+00 3.4071E+07 -5.5876E+04  2.004E-03 298 836 8.20

NazAlFg 0.5 836

CRYOLITE 512.4 2.3669€E+02 4.7986E-02 836 1153 1.8

NazALFg 2.5 1153

CRYOLITE 605.5 3.0041E+02 1153 1290 113.75

NagALF, 2.5 1290

CHIOLITE 515.3  5.099E+02  8.768E-02 -7.301E+06 298 1010  80.83

IODARGYRITE 115.5 2.4351E+01  1.0083E-02 298

Agl 1.7 423

MARSHITE 96.6 -1.6941E+03  1.0046E+00 -2.8543E+07 3.0558E+04 298

Cut 0.5 643
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR CARBONATE AND NITRATE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A N°

Jemol oK' m (%) (1% (1) X K kd-mol™
WITHERITE 112.1  -9.936E+01  1.258E-01 -6.274E+06 - 3.760E+03 298
BaCOy 2.1 1079
ARAGONITE 88.0  8.153E+01  4.567E-02 -1.141E+06 298
CaCoy 0.2 1000
CALCITE 91.7  9.97T2E+01  2.692E-02 -2.158E+06 298
CaCO5 0.2 1200
DOLOMITE 155.2  S5.479E+02 -1.676E-01  2.840E+06 -6.548E+03  7.708E-05 ‘298
CaMg(C03), 0.3 1100
SIDERITE 95.5  2.574E+02 -4.620E-02  1.523E+06 -3.082E+03 298
FeCOy 0.2 600
MAGNESITE 65.1  8.112E+01  5.225E-02 -1.832E+06 298
MgCO 0.1 1000
RHODOCHROSI TE 98.0  1.497E+02  1.876E-02  1.417E+05 -1.3142E+03 298
NnCO 0.1 600
THERMONATRITE 168.1  7.240E+01  2.607E-01 -1.258E+05 298
NayCO3°H,0 0.8 380
DAWSONITE 132.0  3.441E401  3.34TE-04  T.464LE+02 298
NaALCO3(OH), 0.5 500

STRONTIANITE 97.1  -1.618E+02 1.2795E-01 -9.018E+06  5.294E+03 298 1197  18.82
Srcog 1.7 1197
SMITHSONITE 81.2 1.4838E+02  2.835E-02  4.796E+05 -1.419E+03 298
Zncoy 0.2 1200
NITROBARITE 213.8  1.255E+02  1.497E-01 -1.670E+06 298
Ba(NO3), 0.8 800
CALCIUM NITRATE 193.3  7.815E+01  1.734E-01 -2.778E+06  B.722E+02 298
Ca(NO3), 0.4 800
MAGNESIUM NITRATE 164.0 5.8417E+01  2.7292E-01  1.8949E+05 298
Mg(NO3), 0.8 600
SODA NITER 116.5  2.570E+01  2.237E-O1 1.161E+01 298
NakOg 0.7 549
STRONTIUM NITRATE 194.6 1.33896+03  -3.79E-01 2.57STE+07 -2.3582E+04 298
0.5 900

Sr(NG3),
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SULFATE AND PHOSPHATE MINERALS

NAME AND FORMULA ENTROPY A1 A2 A3 A AS T range T A H°
Jemol " 133 (r?) (1°% (1) K K kd-mol!
ALUMINUM SULFATE 239.3  7.877E+02 -9.899E-02 -8.615E+03 298
Al2(804)3 1.2 1100
BARITE 132.2  1.412E+02 -3.507E+06 298
Baso, 0.8 1300
ANHYDRITE 107.4  3.728E+02 -1.574E-01 1.695E+06 -4.3308E+03  7.99E-05 298
Caso, 0.2 1000
CHALCOCYANITE 109.5  1.6156+02  4.796E-02 -3.192E+06 298
Cuso, 0.6 1200
FERRIC SULFATE 282.8  2.553E+02  2.269E-01  -4.260E+06 298
Fez(so‘)s 0.8 800
ARCANITE 175.6 1.2037E+02  9.958E-02 -1.782E+06 298
¢-K2804 0.6 856
ARCANITE 360.9 -8.445E+02  6.845E-01  3.499E+08 856
K-Al SULFATE 204.6  2.370E+02  7.828E-02 -5.988E+06 298
KAL(SO,), 1.3 1000
ALUNITE 321.0  5.1456+03  1.1375E-01 -1.5635E+07 298
KAls(OH)6(SO‘)2 5.0 700
LANGBEINITE 389.3  5.3596+02  1.101E-01 -1.020E+06 -4.040E+03  -4.909E-05 298
K Mgy(S0, ) 0.8 1000
MAGNESIUM SULFATE 91.4  1.056E+02  4.7T17€-02 -2.129E+06 298
MgsO, 0.8 1400
MANGANOUS SULFATE 127.0  1.2036+02  3.999E-02 -2.818E+06 298
MnSO, 2.0 1000
MASCAGNITE 220.5 1.0436E+02  2.788E-01 298
(NH, )80, 1.3 600
THENARDITE 239.7 1.2193E+02  8.141E-02 514
Na,S0, (hexagonal) 1.0 1155
THENARDITE 424.6  2.011E+02 -3.941E-03 1155
Na;S0, (liquid) 2.0 1800
NICKELOUS SULFATE 101.3  1.240E+02  3.062E-02 -3.150E+06 298
Niso, 0.2 1200
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SULFATE AND PHOSPHATE MINERALS
NAME AND FORMULA ENTROPY Al A2 A3 A4 AS Trange T, A H°
J-wmol-k*! M (r?y) (1% (T3 K X kd-mol™!
ANGLESITE 148.5  4.683E+01  1.27BE-01  1.724E+06 298
PbsO, 0.6 1100
ZINKOSITE 110.5  4.099E+01  1.243E-01  2.389€+06 298
Znso, 1.3 1100
BERLINITE 90.8  1.9833E+03 -1.64948E+00  2.0607E+07 -2.93193E+04 7.72E-04 298
AlPO, 0.2 830
WHITLOCKITE 236.0  1.9296+02  1.742E-01  -1.174E+06 298
CI3(P°4)2 0.8 1373
FLUORAPATITE 387.9  7.543E+02 -3.026E-02 -9.084E+05 -6.201E+03 298
Cag (PO, )5 (F) 1.7 1600
HYDROXYAPATITE 390.4  3.878E+02  1.186E-01 -1.270E+07  1.811E+03 298
Cag(PO, )5 (OH) 1.7 1500
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR ORTHO AND RING STRUCTURE SILICATE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 A AS T range
Je-mol'-k! () (T (1°%) 4] K

TOPAZ 105.4 4.T14E+02 -8.165E-02 1.270E+06 -5.486E+03 298
AL;ST0.F, 0.2 ' 1000
KYANITE 82.8  2.794E+02 -7.124E-03 -2.056E+06 -2.289E+03 298
ALSi0g 0.5 2000
ANDALUSITE 91.4 2.77306E+02 -6.583E-03 -1.9141E+06 -2.2656E+03 298
AL,Siog 0.1 2000
SILLIMANITE 95.4 2.8019E+02 -6.900E-03 -1.376E+06 -2.399E+03 298
ALSi0g 0.6 2000
MULLITE 275.0  7.546E+02 -2.943E-02 -3.454E+06  -6.576E+03 298
AlgSiz03 5.0 1800
DUMORTIERITE 334.9 1.43871E+03  -2.427E-01  3.860E+06 -1.682E+04  4.88B4E-05 298
Al6.75 a _253i33017.25(0").75 5.0 1800
PHENAKITE 63.6 4.2849E+02 -9.958E-02  2.083E+06 -5.6705E+03  1.989€-05 298
Be,Si0, 0.3 1800
BERYL 346.7  1.625E+03 -4.252E-01  6.825E+06 -2.018£+04  1.203E-04 298
BERTRANDITE 172.1 8.253E+02 -9.965E-02 3.662E+06 -1.057E+04 298
Be, Si,0,(0H), 0.8 1400
EUCLASE 89.1  5.329E402 -1.507E-01  2.198E+06 -6.726E+03  4.122E-05 298
BeALSi0, (OH) 0.4 1800
EPIDOTE 328.9  3.676E+02 298
CasAl Fe,Si3045(0H) 2.5

LAWSONITE 230.0 2.77326+02  2.341E-01 -6.389E+06 298
CaAl,;S1,0,(0H)H,0 0.4 600
GEHLENITE 210.1 4.057E+02 -7.099E-03 -1.188E+06 -3.174E+03 298
CapAl,Si0, 0.6 1800
201SITE 295.9  1.134E+03  -4.523€-01 -1.157E+04  2.391E-04 298
CapAl3Si3045(0H) 0.3 750
GROSSULAR 260.1  1.5293E403  -6.990E-01  7.443E+06 -1.894E+04  2.530E-04 298
CozAL,Si3045 0.5 1200
GLASS 329.9+ 3.3926+02 298

0.7
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR ORTHO AND RING STRUCTURE SILICATE MINERALS
NAME AND FORMULA ENTROPY Al A2 A3 A A5 T range T, A H°
J-mol'-x' m aT? (1% 1) K K kJ-mol"!
DATOLITE 110.2  1.9446E+02 1.B447€-01 4.0191E+05 -2.0305E+03  -1.01E-04 298
CaB(Si0,)(OH) 0.6 1000
ILVAITE 292.3  B.569E+03 -5.2407E+00 9.6449E+07 -1.3456E+05 290
CaFe3(Si507)0(0H) 0.6 376
ANDRADITE 316.4  8.092E+02 -7.025E-02 -6.789E+05  -7.403E+03 298
CazFe,Siz0q, 2.0 1000
MONTICELLITE 108.1 2.314E+02 -8.531E-04 -1.247E+06 -1.623E+03 -1.333E-06 298
CaMgSio, 0.3 1000
AKERMANITE 212.5 7.8146E+01 1.6573E-01 -6.7905E+06 2.8646E+03 -3.3437E-05 298  357.9 0.68
Cazngsizo7 0.4 1731
MERWINITE 253.1  6.50BE+02 -1.816E-01 -6.053E+03  7.036E-05 298
CagMg($10,), 2.1 1600
TITANITE (Sphene) 129.2  1.767E+02  2.385E-02 -3.991E+06 298
CaTiSiOg 0.8 1670
LARNITE 127.6  2.4B7E+02 -8.315E-04 -9.077E+04 -2.052E+03 298
a- cazs i04 0.8 970
BREDIGITE 314.2  1.3456E+02  4.611E-02 970
a'-Ca,$i0, 1.0 1710
CALCIO-OLIVINE 120.5 1.327E+02 5.251E-02 -1.905E+06 298
HATURITE (ALITE) 168.6  3.339E+02 -4.651E-03 -6.526E+04 -2.766E+03 298
Ce3Si0g 0.3 1800
RANKINITE 210.6  4.732E402 -4.207€-02  3.397E+05 -4.319E+03 298
ROSENHAHNITE 281.8 3.650E+02 5.419E-02 -8.161E+06 298
Ca3Siz0g(0H), 3.0 1800
SPURRITE 331.0  6.141E+02 -3.508E-03 -2.493E+06 -4.168E+03 298
Cag($i0,),C05 2.0 1300
TILLEYITE 304.0  7.417E+02 -5.345E-03  -1.435E+06 -5.879E+03 298
COBALT-OLIVINE 142.6 3.0583E+02 -3.195E-02  2.693E+05  -2.865E+03 298
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR ORTHO AND RING STRUCTURE SILICATE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 Ab A5 T range Ty A H°
J-mol”-x"* m (480 (1% 4 K K kd-mol”

FAYALITE 151.0 1.7602E+02 -8.808E-03 -3.889E+06 2.471E-05 298 1490

ALMAND INE 342.6  8.629E+02 -8.288£-02  1.697E+06  -8.875E+03 298

STAUROLITE 985.0  2.798E+03  7.921E-02 -9.952E+06 -2.474E+04 298

Fe,Al;gSig0, 4 (OH), 4.0 1000

OSUMILITE 5.842E+02  1.276E+00 -3.967E+06 -1.556E+03  -6.497E-04 298

KMg ALz [S140AL 0541 “Ho0 1000

CORDIERITE 407.2  8.123E+02  4.334E-02 -8.211E+06  -5.000E+03 298

Mg AL3(ALSig0q) 3.8 1700

FORSTERITE 94.1  8.736E+01  8.717E-02 -3.699E+06  8.436E+02 -2.237E-05 298

Mg,Sio, 0.1 1800

PYROPE 266.3  8.730E+02 -1.374E-01  4.500E+03 -8.794E+03  3.341E-05 298 1570 241.0

GLASS 346.3  5.1386+02  7.1196-02 -5.857E+05  -2.439E+03 298

MgzAlSi30,5 12.0 1020

GLASS 6.300E+02 3.50E-02 1083

PYROPE-GROSSULAR ss 268.3+  3.280E+02 298

("91 _8ca1 .Z)Alzsi3°12 0.5

GLASS 311.8+ 3.329e+02 298

("91 .SC&' .5)A125i3012 0.6

TEPHROITE 155.9  2.613E+02 -1.378E-02 -2.218E+03 298

Mn,Si0, 0.5 1600

LIEBENBERGITE 128.1 2.89TE+02 -2.402€E-02 1.310e+05 -2.779E+03 298

Ni Sio, 0.2 1300

Ni,Si0,-SPINEL 126.1  1.654E+02  1.412E-02 -4.345E+06 350

Nisio, 0.4 800

WILLEMITE 131.4  1.233E+02 298

Zn,si0, 0.8

ZIRCON 84.0  2.370E+402 -1.788E-02 -1.496E+05 -2.268E+03 298

2rsio, 1.3 1600
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR CHAIN STRUCTURE SILICATE MINERALS
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NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, AH®
J-mol’-k" ') (r? (1% ) K K kJ-mol™!

WOLLASTONITE 81.7 2.0078E+02 -2.589E-02 -1.579E+05 -1.826E+03  7.434E-06 298 1398 5.93

CasiOg 0.1 1400

PSEUDOWOLLASTONITE 87.2  1.578E+02 -1.045E-03 -6.396E+05 -1.077€+03 298 1821 . 57.30

Casiog 0.9 1821

GLASS 94.8 9.689E+01 3.425E-02 -1.804E+06 298

Casiog 3.0 1821

Ca-Al PYROXENE 161.0  4.652E+02 -7.838BE-02  6.729E+05 -4.941E+03  1.934E-05 298

CaAl,Si0 2.0 1000

2%

GLASS 155.3  1.661E+02 298

CaAl,Si0, 0.3

FERROBUSTAMITE 180.5  4.038E+02 -4.444E-02 -3.757e+03  1.597E-05 298

CaFesizo6 0.3 1600

HEDENBERGITE 174.2 3.1046E+02  1.257E-02 -1.846E+06 -2.040E+03 298

GLASS 185.7+ 1.732E+02 298

CaFesi206 0.4

DIOPSIDE 142.7 4.7025E+02 -9.864E-02 2.454E+05  -4.823E+03 2.813E-05 298 1668 137.70

CaMgSi ;0 0.3 1700

GLASS 166.0 1.041E+03 -6.358E-01 6.677TE+06  -1.351E+04 2.724E-04 298

CaMgSi;0, 3.0 1400

FERROSILITE 94.6  1.243E402  1.454E-02 -3.378E+06 298

Fesiog 0.3 800

a-SPODUMENE 129.3  4.212E+02 -2.401E-02  1.910E+06  -4.776E+03 298

LiALSi 0 0.8 1200

8- SPODUMENE 154.6  3.628E+02 -3.684E-03 -3.4356+03 298

LiALSi 04 1.2 1700

ENSTATITE 66.3 3.507e+02 -1.472E-01 1.769E+06  -4.296E+03 5.826E-05 298 1834 73.20

MgSiog 0.1 1000

GLASS 74.1  8.2056+01 298

MgSiOg 0.2

CLINOENSTATITE 67.9  2.056E+402 -1.280€-02  1.193E406 -2.298E+03 298

Mgsios 0.4 1600
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

~ COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR CHAIN STRUCTURE SILICATE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 A4 A5 range T, A H°
: J-mol'-x! m T (1% (T3 K K kd-mol™

MgSiO3- ILMENITE 60.6  6.912E+01  7.330E-02  1.037E+06 298
MgSiog 3.0 700
HYPERSTHENE 69.0+ 2.079E+02 -1.489E-02  1.921E+05 -2.135E+03 298
(Mg_ggFe 45)Si0; 0.2 1000
RHODONITE 100.5  9.904E+01  1.915E-02 -3.041E+06  2.745E+02 298
MnSiOg 1.0 ' 1500
JADEITE 133.5  3.011E+02  1.014E-02 -2.239E+06 -2.055E+03 298
NaAlSi 0, 1.3 1300
GLASS 170.5  1.663E+02 298
NaAlSi 0, 0.4

ACMITE 170.6  1.994E+02  6.197E-02 -4.267E+06 298
NeFeSi 0, 0.8 1300
TREMOLITE 548.9  6.131E+03  -4.1896+00  S5.139E+07 -8.566E+04  1.757E-03 298
cazngssiaozz(on)z 1.3 1100
GRUNERITE 725.0  7.555E+02  3.620E-01 -1.621E+07 298
Fe;Sig0,5(0H), 7.0 900
ANTHOPHILLITE 534.5  1.260E+03  1.888£-02 -1.164E+07 -8.127E+03 298
Mg7S 10,5 (0H), 3.5 1200
RIEBECKITE 691.0  7.721E+02  2.827€-01  -1.598E+07 298
llazFe;Fezsiaozz(ON)z 6.0 1000
GLAUCOPHANE 541.2  1.718E+03 -1.211€-01  7.075E+06 -1.927E+04 298
NagMgzAL,Sig055(0H), 3.0 1200
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR FRAMEWORK STRUCTURE SILICATE MINERALS

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A H°
J-mot'-K! m a3 (1% 45 K K kJ-mol!

EDINGTONITE (ordered) 434.8  4.220E+02 298

BaAl,Si3040"3H,0 1.5

ANORTHITE 199.3  5.1686+402 -9.249€-02 -1.408E+06 -4.589E+03  4.188E-05 298

CaAl,Si0g 0.3 1800

CaAl,Si,0q-glass 237.3  3.752E+02  3.197E-02 -2.815E+06 -2.459E+03 298 1830 133.0

CaAl,Si,0q 2.5 1500 4.0

BICCHULITE 213.1  2.803E+02  8.204E-02 -5.679E+06 298

CayAL,Si04(0H), 5.0 1800

MEIONITE (ordered) 715.2  9.1036+02 1.94356-01 -2.300E+07 298

DANBURITE 155.3  1.4886+02  2.173E-01 -3.280E+06 298

POLLUCITE 207.2  1.128E+02  1.876E-01  4.556E+05 298

(Cs_ésﬂa_19Rb_03)Al2$i4012‘HZO 0.4 700

MICROCL INE 214.2  7.595E+02 -2.171E-01  &4.746E+06 -9.527+03  6.433E-05 298

KALSi30g 0.4 1400

SANIDINE 232.8  6.934E+02 -1.717E-01  3.462E+06 -8.305E+03  4.919E-05 298 1500 54.0

KALSi30g 0.5 1400

GLASS 261.6  6.295E+02 -1.084E-01  2.496E+06 -7.210E+03  -1.928E-05 298

KAlSi30g 1.8 1300

KALIOPHILLITE 133.3  1.889E+02  5.519€-02 -1.479E+03 298 810 0.5

KALSiO, 1.2 810

LEUCITE 200.2  1.4842E+02  1.343E-01 -2.165E+06 298

KALST 04 1.7 955

LEUCITE 450.1  1.964TE+02 2.7666E-02  1.2261E+07 955

KALSi;0, 2.0 1800

EUCRYPTITE 103.8  2.470E+02 -1.290E+06 -2.058E+03 298

LiAlsio, 0.8 v 1300

PETALITE 233.2  8.763e+02 -2.079e-01  4.033E+06 -1.069E+04  5.301E-05 298

LiALSi 0,0 0.6 1300

ALBITE 207.4  5.839E+02 -9.285E-02  1.678E+06 -6.424E+03  2.272E-05 298

NaALSi30q 0.4 ) 1400



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR FRAMEWORK STRUCTURE SILICATE MINERALS

NAME AND FORMULA ENTROPY At A2 A3 A AS T range T, A H°
J-mot-x" m T (res (r [4 K kd-mol™

ANALBITE 225.6  6.TV4E+02  -1.46TE-01  3.174E+06 -7.974E+03  3.659E-05 298 1393 64.5
NaAlSiz0g 0.4 : 1400

GLASS 251.9  9.180E+02 -3.824E-01  5.280E+06 -1.151E+04  1.474E-04 298

NaAlSi30g 1.5 1200

NEPHELINE 126.4  2.774E+01  2.954E-01 298

NaAlSiO, 1.3 457

NEPHEL INE 1.1209e+02  6.711E-02 457

NaALSiO, 1180

NEPHELINE 338.3  1.720e+02  5.520E-03 1180

NaAlsio, 2.0 1525

CARNEGIEITE 118.7 1.1613E+02  8.5956-02 -2.000E+06 273 966 8.5
NaALSio, 0.3 966

CARNEGIEITE 311.1  1.5232E+02  2.883E-02 966

NaAlsio, 1.5 1700

GLASS 134.5  3.1716402 -4.320E-02  4.163E+05 -3.244E+03 272

NaAlsio, 0.5 1033

NEPHELINE 1.1216+02  6.711E-02 467
(“a.nx.zz)AlSio‘ 1180

ANALCIME 227.7 1.3438e+02 2.5415E-01 1.845E+05 298

NaAlSi,04°H50 0.3 700

DEHYDRATED ANALCIME 172.5 1.92116+02 8.07356-02 -4.723E+06 298

NaAlSi,;04 0.2 1000




SHEET STRUCTURE SILICATES

COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SHEET STRUCTURE SILICATES
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NAME AND FORMULA ENTROPY A A2 A3 Ao AS T range T, A H°
Jmol-x" 4] T (1°%) (45) 4 K kd-mol™

DICKITE 197.1  9.084E+02 -2.113E-01  3.804E+06 -1.120E+04 298
ALpSij05(0H), 1.3 1000
KAOLINITE 200.4 1.4303E+03 -7.885E-01  8.334E+06 -1.852E+04  3.034E-04 298
ALpSi 505 (OH), 0.5 800
HALLOYSITE 203.0  2.463E+02 298
AL,Si505(0H), 1.3

PYROPHYLLITE 239.4  7T.468E+02  -5.345€-02 -7.578E+03  1.986E-05 298
AL;S1,044(0H), 0.4 800
ILLITE 1104.2  1.291E+03 298
K3(Al789)(Alzsi1‘)040(0||)8 2.5

MARGARITE 263.6 8.265E+02 -5.040E-01 -8.7274E+03 298
CaAl, [AL,S120441 (OH), 0.3 1200
PREHNITE 292.8  9.460E+02 -1.1506€E-01 2.755E+406 -1.056E+04 298
Ca AL [ALSi 50401 (OH), 0.7 1200
MUSCOVITE (disordered) 306.4 9.177E+02 -8.111E-02  2.834E+06 -1.035E+04 298
KAL, [ALSi 30401 (OH), 0.6 1000
MUSCOVITE (ordered) 287.7  9.177E+02 -8.111E-02  2.834E+06 -1.035E+04 298
KAL, [ALS 30,41 (OH), 0.6 1000
ANNITE 415.0  6.366E+02  8.208E-02 -4.860E+06 -3.731E+03 298
KFe3 [ALSi3044] (OH), 10.0 1000
PHLOGOPITE (disordered) 334.6 8.639E+02 -7.6076E-02 3.5206E+05 -8.470E+03 298
KMg [ALST30401 (OH), 1.0 1000
PHLOGOPITE (ordered) 315.9 8.639E+02 -7.6076E-02 3.5206E+05 -8.470E+03 298
KiMgs [ALSi 30,01 (OH), 1.0 1000
FLUORPHLOGOPITE (disordered) 336.3 4.92886+02  4.910E-02 -6.599E+06 -1.569E+03 298
FLUORPHLOGOPITE (ordered)  317.6 4.9288E+02  4.910E-02 -6.599E+06  -1.569E+03 298
TALC 260.8 5.654E+03  -5.272E+00 4.021E+07 -7.693E+04 2.729€-03 298
CHRYSOTILE 221.3 8.996E+02 -1.448E-01 4.500E+06 -1.093E+04 298
Mg3Si;05(0H), 0.8 900
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COEFFICIENTS FOR HEAT CAPACITY EQUATIONS FOR SHEET STRUCTURE SILICATES

NAME AND FORMULA ENTROPY Al A2 A3 Ab AS T range T, A H°
Jomol oK' m (1% (1% (1% K K kd-mol!
CLINOCHLORE 421.0 9.47951E+03 -7.8834E+00 8.31194E+07 -1.3594E+05 3.6206E-03 298
MgsAL(ALSi30,0)(OH)g 15.0 800
PARAGONITE (disordered) 295.8 6.6B44E+02  3.627€-02 -1.860E+06 -5.816E+03 298
"Mlzu‘SiBOAloJ(o“)z 0.9 800
PARAGONITE (ordered) 277.1  6.6844E+02  3.627E-02 -1.860E+06 -5.816E+03 298
NaAl, [ALST3040] (OH), 0.9 800




THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 67

Thermodynamic Properties at High Temperature of Individual Phases

SILVER (REFERENCE STATE) Formula wt 107.868

Ag: Face-centered cubic crystals 298.15 to melting point 1234.9 K; liquid 1234.9 to 1800

K.
FORMATION FROM THE ELEMENTS

Temp. ca s% (H3-H3gg) /T —(G3-H3gg)/T AgH® AgG° Log K¢

K Jemol~1.x"1 kJemol™l —

298.15 25.40 42.55 0.00 42.55 0.0 0.0 0.0
300 25.41 42.71 0.16 42.55 0.0 0.0 0.0

400 25.87 50.08 6.53 43.55 0.0 0.0 0.0

500 26.33 55.90 10.44 45.46 0.0 0.0 0.0

600 26.88 60.75 13.14 47.62 0.0 0.0 0.0

700 27.52 64.94 15.14 49.80 0.0 0.0 0.0

800 28.24 68.66 16.73 51.93 0.0 0.0 0.0
900 29.03 72.03 18.06 53.98 0.0 0.0 0.0
1000 29.86 75.14 19.19 55.94 0.0 0.0 0.0
1100 30.73 78.02 20.20 57.82 0.0 0.0 0.0
1200 31.64 80.73 21.12 59.62 0.0 0.0 0.0
1234.9 31.96 81.73 21.41 60.32 0.0 0.0 0.0
1234.9 33.47 90.88 30.57 60.31 0.0 0.0 0.0
1300 33.47 92.52 30.71 61.81 0.0 0.0 0.0
1400 33.47 95.00 30.91 64.09 0.0 0.0 0.0
1500 33.47 97.31 31.08 66.23 0.0 0.0 0.0
1600 33.47 99.47 31.23 68.24 0.0 0.0 0.0
1700 33.47 101.50 31.36 70.14 0.0 0.0 0.0
1800 33.47 103.41 31.48 71.93 0.0 0.0 0.0
Melting T 1234.9 K Boiling T K

A H° kJ
A H® 11.94 kJ
Molar Vol. 1.0272 J-bar!

H3gg-H} 5.745 kJ 10.272 cm?

6/18/92
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ALUMINUM (REFERENCE STATE)

Formula wt 26.982

Al:

Face-centered cubic crystals 298.15 to melting point 933.5 K. Liquid 933.5 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cp 8% (H3-H39g) /T —(G§~H3gg)/T AgH® Agce Log K¢

K Jemo1~1.x"1 kJemol™! ——

298.15  24.21 28.30 0.00 28.30 0.0 0.0 0.0

300 24.25 28.45 0.15 28.30 0.0 0.0 0.0

400 25.76 35.65 6.38 29.27 0.0 0.0 0.0

500 26.84 41.52 10.37 31.15 0.0 0.0 0.0

600 27.90 46.50 13.20 33.31 0.0 0.0 0.0

700 29.12 50.89 15.38 35.51 0.0 0.0 0.0

800 30.57 54.87 17.19 37.69 0.0 0.0 0.0

900 32.30 58.57 18.77 39.80 0.0 0.0 0.0

933.5 32.96 59.74 19.26 40.48 0.0 0.0 0.0

933.5 31.75 71.21 30.73 40.48 0.0 0.0 0.0
1000 31.75 73.40 30.81 42.59 0.0 0.0 0.0
1100 31.75 76.43 30.89 45.54 0.0 0.0 0.0
1200 31.75 79.19 30.96 48.23 0.0 0.0 0.0
1300 31.75 81.73 31.00 50.73 0.0 0.0 0.0
1400 31.75 84.08 31.08 53.00 0.0 0.0 0.0
1500 31.75 86.27 31.12 55.15 0.0 0.0 0.0
1600 31.75 88.32 31.16 57.16 0.0 0.0 0.0
1700 31.75 90.25 31.19 59.06 0.0 0.0 0.0
1800 31.75 92.06 31.23 60.83 0.0 0.0 0.0
Melting T 933.5 K Boiling T K

A H° kJ
A H° 10.71 kJ
Molar Vol. 0.9999 J-bar’

H8gg-H} 4.565 kJ 9.999 cm3

4/22/92
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ARSENIC (REFERENCE STATE) Formula wt  74.922

As: Rhombohedral crystals 298.15 to sublimation point 875 K. Ideal tetratomic gas 875 to

1800 K.
FORMATION FROM THE ELEMENTS

Temp. c3 s$ (H3-H3gg) /T -(G§-H3gg)/T AgH® AgGe Log K¢

K J-mol~1.x"1 kJ-mol™l ——

298.15  24.65 35.69 0.00 35.69 0.0 0.0 0.0

300 24.67 35.84 0.15 35.69 0.0 0.0 0.0

400 25.38 43.04 6.37 36.66 0.0 0.0 0.0

500 25.96 48.77 10.23 38.54 0.0 0.0 0.0

600 26.51 53.55 12.90 40.65 0.0 0.0 0.0

700 27.05 57.68 14.88 42.80 0.0 0.0 0.0

800 27.60 61.33 16.43 44.89 0.0 0.0 0.0

875 28.03 63.82 17.31 46.51 0.0 0.0 0.0

875 20.60  103.62 57.11 46.51 0.0 0.0 0.0

900 20.61  104.14 56.14 48.00 0.0 0.0 0.0
1000 20.64  106.31 52.59 53.72 0.0 0.0 0.0
1100 20.67  108.28 49.68 58.59 0.0 0.0 0.0
1200 20.69  110.08 47.26 62.81 0.0 0.0 0.0
Melting T K Boiling T 875 K

A H° 34.828 kJ
Molar Vol. 1.2963 J-bar’

H3gg-HJ 5.130 kJ 12.963 cm3

6/10/92
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GOLD (REFERENCE STATE)

Formula wt 196.967

Au: Face-centered cubic crystals 298.15 to melting point 1336.15 K.

FORMATION FROM. THE ELEMENTS

Temp. Cp s$ (H§-H39g) /T -(G3-H3g9g)/T AgH® AgG® Log K¢

K Jemol~1l.x"1 kJemol™! —

298.15 25.18 47.49 0.00 47.49 0.0 0.0 0.0
300 25.19 47.65 0.16 47.49 0.0 0.0 0.0
400 25.88 55.00 6.51 48.49 0.0 0.0 0.0

500 26.26 60.82 10.43 50.39 0.0 0.0 0.0

600 26.57 65.63 13.09 52.54 0.0 0.0 0.0

700 26.91 69.76 15.04 54.71 0.0 0.0 0.0

800 27.36 73.38 16.55 56.83 0.0 0.0 0.0

900 27.93 76.63 17.78 58.85 0.0 0.0 0.0
1000 28.67 79.61 18.83 60.78 0.0 0.0 0.0
1100 29.57 82.38 19.77 62.62 0.0 0.0 0.0
1200 30.66 85.00 20.63 64.37 0.0 0.0 0.0
1300 31.95 87.51 21.45 66.06 0.0 0.0 0.0
1336.15 32.47 88.55 21.80 66.74 0.0 0.0 0.0
1336.15 33.54 97.94 31.20 66.74 0.0 0.0 0.0
1400 32.75 99.34 31.23 68.11 0.0 0.0 0.0
1500 31.49 101.54 31.28 70.26 0.0 0.0 0.0
1600 30.81 103.54 31.25 72.29 0.0 0.0 0.0
1700 30.81 105.39 31.21 74.18 0.0 0.0 0.0
1800 30.81 107.15 31.19 75.96 0.0 0.0 0.0
Melting T 1336.15 K Boiling T K

A H° kJ
A H° 12.55 kJ
Molar Vol. 1.0215 J-bar?!

H8gg-HY 6.017 kJ 10.215 cmd

01/07/93
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BORON (REFERENCE STATE) Formula wt

1

10.811

B: Rhombohedral crystals 298.15 to melting point 2350 K.

FORMATION FROM THE ELEMENTS

Temp. CB Si (H%—Higs)/T -(G%"‘Higa)/'r Afﬂ° AfG° Log Kf

K Jemol~1l.x"1 kJmol ™l —

298.15 11.32 5.83 0.00 5.83 0.0 0.0 0.0

300 11.42 5.90 0.07 5.83 0.0 0.0 0.0

400 15.84 9.84 3.51 6.34 0.0 0.0 0.0

500 18.69 13.71 6.28 7.43 0.0 0.0 0.0

600 20.69 17.30 8.52 8.78 0.0 0.0 0.0

700 22.18 20.61 10.37 10.24 0.0 0.0 0.0

800 23.33 23.65 11.92 11.72 0.0 0.0 0.0
900 24.25 26.45 13.24 13.21 0.0 0.0 0.0
1000 25.01 29.05 14.38 14.66 0.0 0.0 0.0
1100 25.66 31.46 15.38 16.08 0.0 0.0 0.0
1200 26.21 33.72 16.26 17.46 0.0 0.0 0.0
1300 26.71 35.83 17.04 18.79 0.0 0.0 0.0
1400 27.16 37.83 17.75 20.08 0.0 0.0 0.0
1500 27.57 39.72 18.39 21.33 0.0 0.0 0.0
1600 27.96 41.51 18.98 22.53 0.0 0.0 0.0
1700 28.33 43.22 19.52 23.70 0.0 0.0 0.0
1800 28.69 44.85 20.02 24.83 0.0 0.0 0.0
Melting T 2350 K Boiling T K

A, H® kI
A H® 22.55 kJ
Molar Vol. 0.4386 J-bar!

H39g-Hp 1.22 kJ 4.386 cm3

6/10/93
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BARIUM (REFERENCE STATE)

Formula wt 137.327

a-crystals (body-centered cubic) 298.15 to lambda-anomaly in heat capacity at 582 K.

B-crystals 582 to second-order lambda-anomaly in heat capacity at 768.13 K. y-crystals

768.13 to melting point 1002 K.

Liquid 1002 to boiling point 2169 K.

FORMATION FROM THE ELEMENTS

Temp. cg s (H§-H3gg) /T  -(G$-H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15  28.09 62.42 0.00 62.42 0.0 0.0 0.0
300 28.14 62.59 0.17 62.42 0.0 0.0 0.0
400 33.23 71.24 7.68 63.56 0.0 0.0 0.0
500 43.74 79.72 13.78 65.94 0.0 0.0 0.0
582 54.43 86.71 18.19 68.52 0.0 0.0 0.0
582 32.47 87.13 18.61 68.52 0.0 0.0 0.0
600 33.94 88.16 19.18 68.97 0.0 0.0 0.0
700 - 42.36 94.02 21.89 72.13 0.0 0.0 0.0
768 48.10 98.02 23.64 74.38 0.0 0.0 0.0
768 39.07 98.34 23.96 74.38 0.0 0.0 0.0
800 39.07 99.81 24.56 75.24 0.0 0.0 0.0
900 39.07 104.41 26.17 78.24 0.0 0.0 0.0
1000 39.07  108.52 27.46 81.06 0.0 0.0 0.0
1002 39.07  109.34 27.87 81.46 0.0 0.0 0.0
1002 40.62 117.07 35.61 81.46 0.0 0.0 0.0
1100 40.37 120.60 36.13 84.48 0.0 0.0 0.0
1200 40.12 124.20 36.57 87.64 0.0 0.0 0.0
1300 39.86  127.44 36.86 90.58 0.0 0.0 0.0
1400 39.61  130.38 37.08 93.30 0.0 0.0 0.0
1500 39.36  133.08 37.20 95.88 0.0 0.0 0.0
1600 39.10  135.58 37.30 98.28 0.0 0.0 0.0
1700 38.85 137.92 37.37 100.55 0.0 0.0 0.0
1800 38.60  140.13 37.44 102.69 0.0 0.0 0.0
Melting T 1002 K Boiling T K
AH® kJ
A H® 7.749 kJ
Molar Vol. 3.821 J-bar!
H$gg-HY 6.912 kJ 38.21 cm?

6/12/92
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BERYLLIUM (REFERENCE STATE) Formula wt 9.012

Be: Hexagonal close-packed crystals 298.15 to 1550 K; beta crystals 1550 to melting point

1560 K; liquid 1560 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CJB S% (H%-Higa)/'r ‘(G&"H&ga)/'f AfH° . AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l ——
298.15 16.44 9.50 0.00 9.50 0.0 0.0 0.0
300 16.52 9.60 0.10 9.50 0.0 0.0 0.0
400 19.64 14.83 4.64 10.19 0.0 0.0 0.0
500 21.58 19.43 7.84 11.59 0.0 0.0 0.0
600 23.06 23.50 10.26 13.24 0.0 0.0 0.0
700 24.32 27.15 12.18 14.97 0.0 0.0 0.0
800 25.47 30.47 13.77 16.71 0.0 0.0 0.0
900 26.54 33.54 15.13 18.41 0.0 0.0 0.0
1000 27.58 36.39 16.32 20.07 0.0 0.0 0.0
1100 28.59 39.06 17.39 21.67 0.0 0.0 0.0
1200 29.57 41.59 18.37 23.23 0.0 0.0 0.0
1300 30.55 44.00 19.27 24.73 0.0 0.0 0.0
1400 31.52 46.30 20.11 26.19 0.0 0.0 0.0
1500 32.47 48.51 20.90 27.61 0.0 0.0 0.0
1550 32.95 49.58 21.28 28.30 0.0 0.0 0.0
1550 30.00 50.94 22.64 28.30 0.0 0.0 0.0
1560 30.00 51.13 22.68 28.45 0.0 0.0 0.0
1560 30.00 59.20 30.76 28.44 0.0 0.0 0.0
1600 30.00 59.96 30.74 29.22 0.0 0.0 0.0
1700 30.00 61.78 30.70 31.08 0.0 0.0 0.0
1800 30.00 63.50 30.66 32.84 0.0 0.0 0.0
Melting T 1560 K Boiling T K
A xJ
A H® 12.21 kJ
Molar Vol. 0.488 J-bar*
H3gg-H} 1.95 kJ 4.88 cm’

6/18/92
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BISMUTH (REFERENCE STATE)

Formula wt 208.980

Bi: Rhombohedral crystals 298.15 to melting point 544.5 K. Liquid 544.5 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CE’ S.i. (H%‘H%gs)/T -(G%‘H§98)/T AfH° AfGo Log Kf
K Jemol~1l.x~1 kJ-mol™l ——
298.15 25.41 56.74 0.00 56.74 0.0 0.0 0.0
300 25.43 56.90 0.16 56.74 0.0 0.0 0.0
400 26.62 64.36 6.61 57.75 0.0 0.0 0.0
500 28.66 70.50 10.80 59.70 0.0 0.0 0.0
544.52 29.83 73.40 12.39 61.01 0.0 0.0 0.0
544.52 30.48 94.15 33.14 61.01 0.0 0.0 0.0
600 29.61 96.64 32.76 63.88 0.0 0.0 0.0
700 28.61 101.13 32.24 68.89 0.0 0.0 0.0
800 28.02 104.90 31.74 73.16 0.0 0.0 0.0
900 27.67 108.18 31.31 76.87 0.0 0.0 0.0
1000 27.45 111.08 30.93 80.15 0.0 0.0 0.0
1100 27.31 113.69 30.61 83.08 0.0 0.0 0.0
1200 27.24 116.07 30.33 85.74 0.0 0.0 0.0
1300 27.19 118.25 30.09 88.16 0.0 0.0 0.0
1400 27.17 120.26 29.88 90.38 0.0 0.0 0.0
1500 27.17 122.13 29.70 92.43 0.0 0.0 0.0
1600 27.18 123.89 29.54 94.35 0.0 0.0 0.0
1700 27.19 125.54 29.41 96.14 0.0 0.0 0.0
1800 27.21 127.09 29.28 97.81 0.0 0.0 0.0
Melting T 544.52 K Boiling T 1835 K
A H® kJ
A, H® 11.299 kJ
Molar Vol. 2.131 J-bar?
H3gg-HY 6.43 kJ 21.31 cmd

4/23/92
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BROMINE (REFERENCE STATE) Formula wt 159.808
Bry: Liquid 298.15 to boiling point 332.5 K; ideal diatomic gas, P = 1 bar, 332.5
to 2200 K.
FORMATION FROM THE ELEMENTS
K Jemol~1l.x1 kJemol™! ——
298.15 75.67 152.20 0.00 152.20 0.0 0.0 0.0
300 75.60 152.67 0.47 152.20 0.0 0.0 0.0
332.5 75.30 160.43 7.79 152.64 0.0 0.0 0.0
332.5 36.33 249.34 96.70 152.64 0.0 0.0 0.0
400 36.71 256.09 86.55 169.54 0.0 0.0 0.0
500 37.08 264.33 76.62 187.71 0.0 0.0 0.0
600 37.31 271.11 70.05 201.06 0.0 0.0 0.0
700 37.48 276.87 65.39 211.49 0.0 0.0 0.0
800 37.60 281.89 61.91 219.98 0.0 0.0 0.0
900 37.70 286.32 59.21 227.11 0.0 0.0 0.0
1000 37.78 290.30 57.06 233.23 0.0 0.0 0.0
1100 37.87 293.90 55.31 238.59 0.0 0.0 0.0
1200 37.95 297.20 53.86 243.34 0.0 0.0 0.0
1300 38.04 300.24 52.64 247.60 0.0 0.0 0.0
1400 38.14 303.06 51.60 251.46 0.0 0.0 0.0
1500 38.24 305.70 50.71 254.99 0.0 0.0 0.0
1600 38.36 308.17 49.93 258.24 0.0 0.0 0.0
1700 38.49 310.50 49.26 261.24 0.0 0.0 0.0
1800 38.63 312.70 48.66 264.04 0.0 0.0 0.0
Melting T 265.9 K Boiling T 332.5 K
A H° 29.56 kJ
A, H® 10.57 kJ
Molar Vol. 5.458 Jebar’
H3gg-HY 24.51 kJ 54.58  cm3

4/23/92
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GRAPHITE (REFERENCE STATE) Formula wt

12.011

C: Hexagonal crystals 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. c3 s$ (H}-H39g) /T  -(G§-H3gg)/T AgH® AgGe Log Kg¢
K Jemol~1l.x-1 kJemol™l ——
298.15 8.52 5.74 0.00 5.74 0.0 0.0 0.0
300 8.59 5.79 0.05 5.74 0.0 0.0 0.0
400 11.88 8.72 2.60 6.12 0.0 0.0 0.0
500 14.64 11.68 4.75 6.93 0.0 0.0 0.0
600 16.79 14.55 6.58 7.97 0.0 0.0 0.0
700 18.47 17.27 8.17 9.10 0.0 0.0 0.0
800 19.77 19.82 9.54 10.29 0.0 0.0 0.0
900 20.80 22.21 10.73 11.48 0.0 0.0 0.0
1000 21.63 24.45 11.78 12.67 0.0 0.0 0.0
1100 22.29 26.54 12.71 13.83 0.0 0.0 0.0
1200 22.83 28.51 13.53 14.98 0.0 0.0 0.0
1300 23.27 30.35 14.26 16.09 0.0 0.0 0.0
1400 23.64 32.09 14.92 17.17 0.0 0.0 0.0
1500 23.95 33.73 15.51 18.22 0.0 0.0 0.0
1600 24.22 35.29 16.05 19.24 0.0 0.0 0.0
1700 24.46 36.76 16.54 20.23 0.0 0.0 0.0
1800 24.67 38.17 16.98 21.18 0.0 0.0 0.0
Melting T K Boiling T K
AH® kI
A H® kI
Molar Vol. 0.5298 J+bar’
H8gg-H§ 1.05 kJ 5.298 cm®

4/23/92
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Formula wt 12.011

C: Cubic crystals 298.15 to 1600 K.

FORMATION FROM THE ELEMENTS

Temp. cs S§  (H$-H39g)/T -—(G3-H3gg)/T AgHO AgGe Log K¢

K Jemol~1.x"1 — kJemol™l ——

298.15 6.14 2.38 0.00 2.38 1.9 2.9 -0.51

300 6.21 2.42 0.04 2.38 1.9 2.9 -0.51

400 10.24 4.76 2.09 2.67 1.7 3.3 -0.43

500 13.60 7.43 4.07 3.35 1.6 3.7 -0.38

600 16.12 10.14 5.88 4.26 1.5 4.1 -0.36

700 18.02 12.77 7.48 5.29 1.4 4.6 -0.34

800 19.48 15.28 8.90 6.38 1.4 5.0 -0.33

900 20.65 17.64 10.14 7.50 1.3 5.5 -0.32
1000 21.63 19.87 11.24 8.63 1.3 5.9 -0.31
1100 22.52 21.98 12.23 9.75 1.4 6.4 -0.30
1200 23.36 23.97 13.12 10.85 1.4 6.8 -0.30
1300 24.20 25.87 13.94 11.93 1.5 7.3 -0.29
1400 25.08 27.70 14.70 13.00 1.6 7.7 -0.29
1500 26.04 29.46 15.43 14.04 1.8 8.2 -0.28
1600 27.08 31.18 16.12 15.05 2.0 8.6 -0.28
Melting T K Boiling T K

A H® kJ
AL H® kJ
Molar Vol. 0.3417 J-bar!
H$gg-HY 0.523 kJ 3.417 cm?
A= 1.37E+00 B= 0.453E-02 C= 1.S47E+04

11/18/92



78 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CALCIUM (REFERENCE STATE)

Formula wt 40.078

Ca: a-crystals (face-centered cubic) 298.15 to 716 K.
to melting point 1115 K.

= 1 bar, 1774 to 1800 K.

Liquid 1115 to boiling point 1755 K.

f-crystals (body-centered cubic) 716
Ideal monatomic gas, P

FORMATION FROM THE ELEMENTS

Temp. cs Si- (Hiu"'aigs)/T -(G%-Hﬁga)/T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l

298.15 25.77 42.90 0.00 42.90 0.0 0.0 0.0
300 25.79 43.06 0.16 42.90 0.0 0.0 0.0

400 26.95 50.63 6.71 43.93 0.0 0.0 0.0

500 28.48 56.80 10.90 45.90 0.0 0.0 0.0

600 30.34 62.16 13.98 48.17 0.0 0.0 0.0

700 32.41 66.98 16.46 50.52 0.0 0.0 0.0

716 32.74 67.73 16.83 50.90 0.0 0.0 0.0

716 31.50 69.03 18.13 50.90 0.0 0.0 0.0

800 33.82 72.65 19.65 52.99 0.0 0.0 0.0
900 36.71 76.80 21.39 55.41 0.0 0.0 0.0
1000 39.71 80.82 23.07 57.75 0.0 0.0 0.0
1100 42.76 84.75 24.72 60.03 0.0 0.0 0.0
1115 43.23 85.33 24.96 60.37 0.0 0.0 0.0
11185 35.00 92.99 32.62 60.32 0.0 0.0 0.0
1200 35.00 95.55 32.79 62.76 0.0 0.0 0.0
1300 35.00 98.36 32.96 65.40 0.0 0.0 0.0
1400 35.00 100.95 33.11 67.84 0.0 0.0 0.0
1500 35.00 103.37 33.24 70.13 0.0 0.0 0.0
1600 35.00 105.63 33.35 72.28 0.0 0.0 0.0
1700 35.00 107.75 33.44 74.31 0.0 0.0 0.0
1774 35.00 109.23 33.50 75.73 0.0 0.0 0.0
1774 20.84 193.25 117.52 75.73 0.0 0.0 0.0
1800 20.84 193.55 116.12 77.43 0.0 0.0 0.0
Melting T 1115 K Boiling T 1774 K

A H° 330.915 kJ
A H® 8.54 kJ
Molar Vol. 2.619 J-bar’

H3gg-H} 5.707 kJ 26.19 cnm®
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

CADMIUM (REFERENCE STATE)

79

Formula wt 112.411

Cd: Hexagonal close packed crystals 298.15 to melting point 594.18 K. Liquid 594.18 to
boiling point 1039 K. Ideal monatomic gas 1039 to 1800 K.
FORMATION FROM THE ELEMENTS

K Jemol~l.x"1 kJemol™l ——

298.15 25.98 51.80 0.00 51.80 0.0 0.0 0.0
300 26.00 51.96 0.16 51.80 0.0 0.0 0.0
400 27.14 59.59 6.76 52.83 0.0 0.0 0.0
500 28.37 65.78 10.95 54.82 0.0 0.0 0.0

594.18 29.53 70.79 13.81 56.98 0.0 0.0 0.0

594.18 29.71 81.21 24.23 56.98 0.0 0.0 0.0

600 29.71 81.48 24.28 57.19 0.0 0.0 0.0

700 29.71 86.06 25.05 61.00 0.0 0.0 0.0
800 29.71 90.03 25.64 64.39 0.0 0.0 0.0
900 29.71 93.53 26.09 67.44 0.0 0.0 0.0
1000 29.71 96.66 26.45 70.21 0.0 0.0 0.0
1039 29.71 97.97 26.52 71.44 0.0 0.0 0.0
1039 20.79 193.90 122.45 71.44 0.0 0.0 0.0
1100 20.79 194.88 116.81 78.06 0.0 0.0 0.0
1200 20.79 196.69 108.81 87.88 0.0 0.0 0.0
1300 20.79 198.35 102.04 96.31 0.0 0.0 0.0
1400 20.79 199.89 96.23 103.65 0.0 0.0 0.0
1500 20.79 201.33 91.20 110.12 0.0 0.0 0.0
1600 20.79 202.67 86.80 115.86 0.0 0.0 0.0
1700 20.79 203.93 82.92 121.01 0.0 0.0 0.0
1800 20.79 205.12 79.47 125.65 0.0 0.0 0.0
Melting T 594.18 K Boiling T 1039 K

A H® 99.667 kJ
A H® 6.19 kJ
Molar Vol. 1.3005 J-bar’

H3gg-HY 6.25 kJ 13.005 cm?

6/10/92
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CERIUM (REFERENCE STATE)

Formula wt 140.115

Ce: a-crystals (face-centered cubic) 298.15 to 999 K. f-crystals 999 to melting point 1071
K. Liquid 1071 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cy 5% (H$-H3gg) /T  =(G$-H3gg)/T AgH® AgGe Log K¢

K Jemol~1.x~1 kJemol™l ——

298.15 26.93 72.00 0.00 72.00 0.0 0.0 0.0

300 26.96 72.17 0.17 72.00 0.0 0.0 0.0

400 28.29 80.10 7.03 73.07 0.0 0.0 0.0

500 29.70 86.57 11.42 75.14 0.0 0.0 0.0

600 31.20 92.11 14.59 77.52 0.0 0.0 0.0

700 32.77 97.04 17.07 79.96 0.0 0.0 0.0

800 34.40 101.52 19.14 82.38 0.0 0.0 0.0

900 36.07 105.67 20.93 84.74 0.0 0.0 0.0

999 37.76 109.35 22.34 87.01 0.0 0.0 0.0

999 37.61 112.46 25.45 87.01 0.0 0.0 0.0
1000 37.61 112.55 25.52 87.03 0.0 0.0 0.0
1071 37.61 115.19 26.32 88.88 0.0 0.0 0.0
1071 37.70 120.29 31.41 88.88 0.0 0.0 0.0
1100 37.70 121.24 31.58 89.66 0.0 0.0 0.0
1200 37.70 124.52 32.09 92.43 0.0 0.0 0.0
1300 37.70 127.53 32.53 95.00 0.0 0.0 0.0
1400 37.70 130.33 32.89 97.44 0.0 0.0 0.0
1500 37.70 132.93 33.21 99.72 0.0 0.0 0.0
1600 37.70 135.36 33.49 101.87 0.0 0.0 0.0
1700 37.70 137.65 33.74 103.91 0.0 0.0 0.0
1800 37.70 139.80 33.96 105.84 0.0 0.0 0.0
Melting T 1071 K Boiling T K

A H® kJ
A H® 5.46 kJ
Molar Vol. 2.077 J-bar!

H3gg-HY 7.28 kJ 20.77 cm®

6/17/92
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CHLORINE (REFERENCE STATE) Formula wt 70.905

Cly,: Ideal diatomic gas 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. cg 5§  (H§-H39g)/T ~—(G$-H39g)/T AgH® AgG® Log K¢

K Jemo1~1l.x71 kJ-mol”™l ——

298.15 33.95 223.08 0.00 223.08 0.0 0.0 0.0
300 33.98 223.29 0.21 223.08 0.0 0.0 0.0
400 35.28 233.26 8.83 224.43 0.0 0.0 0.0
500 36.05 241.22 14.20 227.02 0.0 0.0 0.0
600 36.55 247.84 17.89 229.95 0.0 0.0 0.0
700 36.89 253.50 20.58 232.92 0.0 0.0 0.0
800 37.13 258.45 22.63 235.81 0.0 0.0 0.0
900 37.31 262.83 24.26 238.58 0.0 0.0 0.0
1000 37.45 266.77 25.57 241.20 0.0 0.0 0.0
1100 37.57 270.34 26.65 243.69 0.0 0.0 0.0
1200 37.67 273.62 27.57 246.05 0.0 0.0 0.0
1300 37.76 276.64 28.35 248.29 0.0 0.0 0.0
1400 37.85 279.44 29.02 250.41 0.0 0.0 0.0
1500 37.94 282.05 29.61 252.44 0.0 0.0 0.0
1600 38.03 284.50 30.14 254.37 0.0 0.0 0.0
1700 38.13 286.81 30.61 256.21 0.0 0.0 0.0
1800 38.24 288.99 31.03 257.97 0.0 0.0 0.0
Melting T 172.16 K Boiling T 239.1 K

A H® 20.41 kJ
A H® 6.406 kJ
Molar Vol. 2478.97 J-bar’

H3gg-HY 9.18 kJ 24789.7 cmd
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COBALT (REFERENCE STATE)

Formula wt 58.933

Co: a-crystals (hexagonal close packed) 298.15 to 700 K. f-crystals (face-centered cubic)

700 to melting point 1768 K.

Liquid 1768 to 1800 K. Curie point at 1394 K.

FORMATION FROM THE ELEMENTS

Temp. cg S§  (H$-H3gg)/T -(G3-H3gg)/T AgHe AgGe Log K¢

K Jemol~1l.x"1 kJemol™l —

298.15 24.81 30.04 0.00 30.04 0.0 0.0 0.0

300 24.85 30.19 0.15 30.04 0.0 0.0 0.0

400 26.56 37.58 6.54 31.04 0.0 0.0 0.0

500 28.19 43.68 10.71 32.97 0.0 0.0 0.0

600 29.70 48.96 13.75 35.21 0.0 0.0 0.0

700 31.05 53.64 16.13 37.51 0.0 0.0 0.0

700 30.51 54.27 16.78 37.49 0.0 0.0 0.0
800 32.58 58.50 18.63 39.88 0.0 0.0 0.0

900 34.55 62.45 20.28 42.17 0.0 0.0 0.0
1000 36.85 66.20 21.82 44.38 0.0 0.0 0.0
1100 39.77 69.84 23.31 46.53 0.0 0.0 0.0
1200 43.52 73.46 24.83 48.63 0.0 0.0 0.0
1300 48.26 77.12 26.45 50.67 0.0 0.0 0.0
1394 53.70 80.67 28.15 52.52 0.0 0.0 0.0
1400 44.22 80.88 28.24 52.64 0.0 0.0 0.0
1500 39.75 83.72 29.12 54.61 0.0 0.0 0.0
1600 38.28 86.23 29.73 56.50 0.0 0.0 0.0
1700 37.78 88.53 30.21 58.32 0.0 0.0 0.0
1768 37.74 90.00 30.50 59.50 0.0 0.0 0.0
1768 40.50 99.16 39.66 59.50 0.0 0.0 0.0
1800 40.50 99.98 39.68 60.30 0.0 0.0 0.0
Melting T 1768 K Boiling T K

| A H® kJ
A H® 16.19 kJ
Molar Vol. 0.667 J-bar!

H3gg-H} 4.766 kJ 6.67 cm3
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CHROMIUM (REFERENCE STATE)

Formula wt 51.996

Cr: Body-centered cubic crystals 298.15 to melting point 2130 K.

Néel temperature 311.5 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S‘or (H%-Hige)/'r -(G%-Hﬁga)/T AfH° Afc° Log Kf
K Jemol~1l.x"1 kJemol™1 —
298.15 23.47 23.62 0.00 23.62 0.0 0.0 0.0
300 23.53 23.77 0.14 23.62 0.0 0.0 0.0
311.50 23.81 24.66 0.98 23.64 0.0 0.0 0.0
400 25.64 30.88 6.31 24.58 0.0 0.0 0.0
500 26.56 36.71 10.27 26.44 0.0 0.0 0.0
600 27.35 41.62 13.05 28.57 0.0 0.0 0.0
700 28.27 45.90 15.16 30.75 0.0 0.0 0.0
800 29.37 49.75 16.86 32.89 0.0 0.0 0.0
900 30.65 53.28 18.32 34.96 0.0 0.0 0.0
1000 32.09 56.58 19.63 36.96 0.0 0.0 0.0
1100 33.67 59.71 20.83 38.88 0.0 0.0 0.0
1200 35.38 62.71 21.97 40.75 0.0 0.0 0.0
1300 37.19 65.62 23.07 42.55 0.0 0.0 0.0
1400 39.11 68.44 24.15 44.30 0.0 0.0 0.0
1500 41.11 71.21 25.21 46.00 0.0 0.0 0.0
1600 43.19 73.93 26.27 47.66 0.0 0.0 0.0
1700 45.35 76.61 27.33 49.28 0.0 0.0 0.0
1800 47.57 79.27 28.39 50.88 0.0 0.0 0.0
Melting T 2130 K Boiling T 2945 K
A H® 344.31 kJ
A H® 16.933 kJ
Molar Vol. 0.7231 J+bar’
H39g-H} 4.058 kJ 7.231 cm®

5/26/93



CESIUM (REFERENCE STATE)

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 132.905

Cs: Body-centered cubic crystals 298.15 to melting point 301.55 K. Liquid 301.55 to boiling
point 947.96 K. 1Ideal monatomic gas, P = 1 bar, 942 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CB Si. (H%-Higa)/'l' -(G%-Higa)/'r Afl-l° AfG° Log Kf
K Jemol~1l.x-1 kJemol™l —
298.15 32.19 85.23 0.00 85.23 0.0 0.0 0.0
300 32.35 85.43 0.16 85.27 0.0 0.0 0.0
301.55 32.50 85.60 0.33 85.27 0.0 0.0 0.0
301.55 32.39 92.52 7.25 85.27 0.0 0.0 0.0
400 31.51 101.54 13.34 88.20 0.0 0.0 0.0
500 31.15 108.53 16.94 91.59 0.0 0.0 0.0
600 30.99 114.20 19.29 94.90 0.0 0.0 0.0
700 30.94 118.97 20.96 98.01 0.0 0.0 0.0
800 30.93 123.10 22.21 100.89 0.0 0.0 0.0
900 30.95 126.75 23.18 103.57 0.0 0.0 0.0
947.96 30.97 128.36 23.57 104.78 0.0 0.0 0.0
947.96 20.78 199.73 94.95 104.78 0.0 0.0 0.0
1000 20.78 200.84 91.09 109.75 0.0 0.0 0.0
1100 20.78 202.82 84.70 118.12 0.0 0.0 0.0
1200 20.79 204.63 79.37 125.26 0.0 0.0 0.0
1300 20.79 206.29 74.86 131.43 0.0 0.0 0.0
1400 20.81 207.84 71.00 136.83 0.0 0.0 0.0
1500 20.84 209.27 67.66 141.61 0.0 0.0 0.0
1600 20.88 210.62 64.73 145.88 0.0 0.0 0.0
1700 20.95 211.89 62.16 149.73 0.0 0.0 0.0
1800 21.04 213.09 59.87 153.22 0.0 0.0 0.0
Melting T 301.55 K Boiling T 942 K
A H° 67.71 kJ
A H® 2.09 kJ
Molar Vol. 6.973 J-bar’
H39g-H§ 7.71 kJ 69.73 cm?

6/11/92



COPPER (REFERENCE STATE)

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

85

Formula wt 63.546

Cu: Face-centered cubic crystals 298.15 to melting point 1357.8 K. Liquid 1357.8 to

1800 K.
FORMATION FROM THE ELEMENTS

Temp. cp s$ (H3-H3gg) /T -(G3-H39g)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 24.43 33.14 0.00 33.14 0.0 0.0 0.0
300 24.45 33.29 0.15 33.14 0.0 0.0 0.0
400 25.34 40.45 6.34 34.11 0.0 0.0 0.0
500 25.99 46.18 10.21 35.97 0.0 0.0 0.0
600 26.48 50.96 12.88 38.08 0.0 0.0 0.0
700 26.92 55.08 14.85 40.22 0.0 0.0 0.0
800 27.40 58.70 16.39 42.31 0.0 0.0 0.0
900 27.97 61.96 17.65 44.31 0.0 0.0 0.0
1000 28.69 64.94 18.71 46.23 0.0 0.0 0.0
1100 29.57 67.72 19.66 48.06 0.0 0.0 0.0
1200 30.65 70.34 20.53 49.81 0.0 0.0 0.0
1300 31.93 72.84 21.35 51.48 0.0 0.0 0.0
1357.8 32.77 74.25 21.82 52.43 0.0 0.0 0.0
1357.8 32.80 83.94 31.51 52.43 0.0 0.0 0.0
1400 32.80 84.95 31.55 53.40 0.0 0.0 0.0
1500 32.80 87.21 31.63 55.58 0.0 0.0 0.0
1600 32.80 89.32 31.70 57.62 0.0 0.0 0.0
1700 32.80 91.32 31.77 59.55 0.0 0.0 0.0
1800 32.80 93.19 31.82 61.37 0.0 0.0 0.0
Melting T 1357.8 K Boiling T K

A H® kJ
A, H° 13.14 kJ
Molar Vol. 0.7113J+bar”

H3gg-H} 5.00 kJ 7.113 cm3
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FLUORINE (REFERENCE STATE)

Formula wt

37.997

Fp: 1Ideal diatomic gas at P = 1 bar 298.15 to 2500 K.
FORMATION FROM THE ELEMENTS

Temp. c3 S%  (H3-H3g9g)/T -(G$-H3gg)/T AgH® AgGe Log K¢

K Jemol~1.x~1 — xJemol™l ——

298.15 31.31 202.79 0.00 202.79 0.0 0.0 0.0

300 31.35 202.98 0.19 202.79 0.0 0.0 0.0

400 33.14 212.27 8.23 204.04 0.0 0.0 0.0

500 34.28 219.80 13.33 206.47 0.0 0.0 0.0

600 35.11 226.12 16.89 209.23 0.0 0.0 0.0

700 35.75 231.59 19.54 212.04 0.0 0.0 0.0

800 36.27 236.40 21.60 214.79 0.0 0.0 0.0

900 36.70 240.69 23.26 217.43 0.0 0.0 0.0
1000 37.07 244.58 24.62 219.96 0.0 0.0 0.0
1100 37.38 248.13 25.77 222.36 0.0 0.0 0.0
1200 37.66 251.39 26.75 224.64 0.0 0.0 0.0
1300 37.89 254.42 27.60 226.82 0.0 0.0 0.0
1400 38.10 257.23 28.34 228.89 0.0 0.0 0.0
1500 38.28 259.87 29.00 230.87 0.0 0.0 0.0
1600 38.44 262.34 29.58 232.76 0.0 0.0 0.0
1700 38.57 264.68 30.11 234.57 0.0 0.0 0.0
1800 38.69 266.89 30.58 236.31 0.0 0.0 0.0
Melting T 53.48 K Boiling T 84.95 K

A H° 6.54 kJ
A H® 0.51 kJ
Molar Vol. 2478.97 Je+bar"

H3gg-H} 8.82 kJ 24789.7 cm3

6/03/93



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 87

IRON (REFERENCE STATE) Formula wt 55.847

Fe: Body-centered cubic crystals 298.15 to 1185 K. Curie point 1043 K; face-centered cubic
crystals 1185 to 1667 K; body-centered cubic crystals 1667 to melting point 1809 K.

FORMATION FROM THE ELEMENTS

Temp. 3 S$  (H3-H39g)/T -(G$-H3gg)/T Agne AgGe Log K¢

K Jemo1~1.x"1 kJemol™l ——

298.15 25.08 27.09 0.00 27.08 0.0 0.0 0.0

300 25.13 27.24 0.16 27.08 0.0 0.0 0.0
400 27.43 34.80 6.69 28.10 0.0 0.0 0.0

500 29.64 41.15 11.06 30.09 0.0 0.0 0.0

600 32.01 46.76 14.35 32.41 0.0 0.0 0.0

700 34.62 51.89 17.06 34.83 0.0 0.0 0.0
800 37.92 56.72 19.45 37.27 0.0 0.0 0.0
900 43.16 61.46 21.76 39.70 0.0 0.0 0.0
1000 54.46 66.50 24.39 42.11 0.0 0.0 0.0
1043 83.77 69.14 25.97 43.18 0.0 0.0 0.0
1100 44.35 71.91 27.31 44.60 0.0 0.0 0.0
1185 40.00 75.01 28.33 46.67 0.0 0.0 0.0
1185 33.78 75.717 29.10 46.67 0.0 0.0 0.0
1200 33.90 76.19 29.16 47.04 0.0 0.0 0.0
1300 34.81 78.94 29.56 49.38 0.0 0.0 0.0
1400 35.75 81.56 29.97 51.59 0.0 0.0 0.0
1500 36.69 84.06 30.38 53.67 0.0 0.0 0.0
1600 37.63 86.45 30.81 55.65 0.0 0.0 0.0
1667 38.26 88.01 31.09 56.92 0.0 0.0 0.0
1667 40.40 88.52 31.60 56.92 0.0 0.0 0.0
1700 41.45 89.32 31.78 57.54 0.0 0.0 0.0
1800 44.65 91.78 32.41 59.37 0.0 0.0 0.0
Melting T 1809 K Boiling T K

A H° kJ
A H® 13.81 kJ
Molar Vol. 0.7092 J-bar?

H8gg-HY 4.51 kJ 7.092 cm3
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GERMANIUM (REFERENCE STATE)

Formula wt 72.61

Ge: Face-centered cubic crystals (diamond structure) 298.15 to 1211.4 K.

boiling point 3107 K.

Liquid 1211.4 to

FORMATION FROM THE ELEMENTS

Temp. CB s% (H%-Hige) /T -(G%-HSQB) /T AfH° AfG° Log Kf

K Jemol~1.x"1 — kJemol™l ——

298.15 23.22 31.09 0.00 31.09 0.0 0.0 0.0
300 23.25 31.23 0.14 31.09 0.0 0.0 0.0
400 24.31 38.08 6.06 32.02 0.0 0.0 0.0

500 24.96 43.58 9.78 33.80 0.0 0.0 0.0

600 25.45 48.18 12.36 35.82 0.0 0.0 0.0

700 25.87 52.13 - 14.26 37.88 0.0 0.0 0.0
800 26.24 55.61 15.73 39.88 0.0 0.0 0.0
900 26.59 58.72 16.92 41.80 0.0 0.0 0.0
1000 26.93 61.54 17.90 43.64 0.0 0.0 0.0
1100 27.25 64.12 18.74 45.39 0.0 0.0 0.0
1200 27.57 66.51 19.46 47.05 0.0 0.0 0.0
1211.4 27.61 66.77 19.54 47.23 0.0 0.0 0.0
1211.4 27.60 97.34 50.11 47.23 0.0 0.0 0.0
1300 27.60 99.29 48.57 50.72 0.0 0.0 0.0
1400 27.60 101.33 47.07 54.26 0.0 0.0 0.0
1500 27.60 103.24 45.78 57.46 0.0 0.0 0.0
1600 27.60 105.02 44.64 60.38 0.0 0.0 0.0
1700 27.60 106.69 43.64 63.05 0.0 0.0 0.0
1800 27.60 108.27 42.75 65.52 0.0 0.0 0.0
Melting T 1211.4 K Boiling T 3107 K

A, H° 330.92 kJ
A H® 37.03 kJ
Molar Vol. 1.363 J-bar!

H39g-H} 4.64 kJ 13.63 cm?

6/12/92
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HYDROGEN (REFERENCE STATE)

Formula wt 2.016

Hy: 1Ideal diatomic gas at P = 1 bar 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. -3 5% (H§-H3gg) /T  =-(G$-HSgg)/T AgH AgGe Log K¢

K J-mo1~1.x"1 kJ+mol™l ——

298.15  28.82  130.68 0.00 130.68 0.0 0.0 0.0

300 28.84  130.86 0.18 130.68 0.0 0.0 0.0

400 29.24  139.23 7.41 131.82 0.0 0.0 0.0

500 29.25  145.76 11.78 133.98 0.0 0.0 0.0

600 29.29  151.09 14.69 136.40 0.0 0.0 0.0

700 29.41  155.61 16.78 138.83 0.0 0.0 0.0

800 29.62  159.55 18.38 141.18 0.0 0.0 0.0

900 29.90  163.06 19.64 143.42 0.0 0.0 0.0
1000 30.24  166.23 20.68 145.54 0.0 0.0 0.0
1100 30.61  169.13 21.57 147.56 0.0 0.0 0.0
1200 31.01 171.81 22.34 149.47 0.0 0.0 0.0
1300 31.43 174.31 23.02 151.28 0.0 0.0 0.0
1400 31.86  176.65 23.64 153.01 0.0 0.0 0.0
1500 32.29  178.86 24.20 154.66 0.0 0.0 0.0
1600 32.71  180.96 24.72 156.24 0.0 0.0 0.0
17 33.12  182.96 25.20 157.75 0.0 0.0 0.0
1800 33.53  184.86 25.65 159.21 0.0 0.0 0.0
Melting T 13.80 K Boiling T 20.27 K

A H° 0.904 kJ
A H° 0.117 kJ
Molar Vol. 2478.97 J-bar’

H3gg-HY 8.468 kJ 24789.7 cm3
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MERCURY (REFERENCE STATE) Formula wt 200.59

Hg: Liquid 298.15 to boiling point 629.0 K. Ideal monatonic gas at P = 1 bar, 629.0 K.

FORMATION FROM THE ELEMENTS

Temp. C§ Si. (H%—Higs)/r -(G%-Higs)/r AfH° AfG° Log Kf

K Jemo1~1.x"1 — kJemol™l ——

298.15 27.96 75.90 0.00 75.90 0.0 0.0 0.0
300 27.95 76.07 0.17 75.90 0.0 0.0 0.0
400 27.41 84.03 7.04 76.99 0.0 0.0 0.0
500 27.17 90.12 11.09 79.03 0.0 0.0 0.0
600 27.14 95.07 13.76 81.31 0.0 0.0 0.0
629.0 27.17 96.35 14.38 81.97 0.0 0.0 0.0
629.0 20.79 190.49 108.52 81.97 0.0 0.0 0.0

700 20.79 192.71 99.62 93.09 0.0 0.0 0.0
800 20.79 195.48 89.77 105.71 0.0 0.0 0.0
900 20.79 197.93 82.10 115.83 0.0 0.0 0.0
1000 20.79 200.12 75.97 124.15 0.0 0.0 0.0
1100 20.79 202.10 70.96 131.14 0.0 0.0 0.0
1200 20.79 203.91 66.78 137.14 0.0 0.0 0.0
1300 20.79 205.58 63.24 142.34 0.0 0.0 0.0
1400 20.79 207.12 60.21 146.91 0.0 0.0 0.0
1500 20.79 208.55 57.58 150.97 0.0 0.0 0.0
1600 20.79 209.89 55.28 154.61 0.0 0.0 0.0
1700 20.79 211.15 53.25 157.90 0.0 0.0 0.0
1800 20.79 212.34 51.45 160.89 0.0 0.0 0.0
Melting T 234.32 K Boiling T 629.0 K

A H° 59.214 kJ
A H® 2.297 kJ
Molar Vol. 1.4822 J-bar’

H3g9g-H} 9.343 kJ 14.822 cm?
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IODINE (REFERENCE STATE)

Formula wt

91

253.809

I,: Crystals 298.15 to melting point 386.8 K; liquid 386.8 to boiling point 457.7 K; ideal
diatomic gas, P=1 bar, 457.7 to 2200 K.
FORMATION FROM THE ELEMENTS

Temp. ¢ s3 (H3-H3gg) /T  =(G3-H3gg)/T Agn® AgGe Log K¢

K Jemol~1.x"1 kJemol™l ——

298.15 54.44 116.14 0.00 116.14 0.0 0.0 0.0
300 54.51 116.48 0.34 116.14 0.0 0.0 0.0
386.8 63.54 131.22 13.32 117.90 0.0 0.0 0.0
386.8 80.67 171.34 53.44 117.90 0.0 0.0 0.0
400 80.67 174.06 54.35 119.71 0.0 0.0 0.0
457.7 80.67 184.93 57.67 127.26 0.0 0.0 0.0
457.7 37.39 276.61 149.35 127.26 0.0 0.0 0.0
500 37.48 279.93 139.88 140.06 0.0 0.0 0.0
600 37.53 286.77 122.82 163.96 0.0 0.0 0.0
700 37.55 292.56 110.63 181.93 0.0 0.0 0.0
800 37.62 297.58 101.50 196.08 0.0 0.0 0.0
900 37.76 302.01 94.41 207.61 0.0 0.0 0.0
1000 37.96 306.00 88.75 217.25 0.0 0.0 0.0
1100 38.23 309.63 84.15 225.48 0.0 0.0 0.0
1200 38.56 312.97 80.34 232.64 0.0 0.0 0.0
1300 38.93 316.07 77.14 238.94 0.0 0.0 0.0
1400 39.34 318.97 74.42 244.55 0.0 0.0 0.0
1500 39.79 321.70 72.10 249.61 0.0 0.0 0.0
1600 40.27 324.29 70.09 254.19 0.0 0.0 0.0
1700 40.78 326.74 68.35 258.39 0.0 0.0 0.0
1800 - 41.31 329.09 66.84 262.25 0.0 0.0 0.0
Melting T 386.8 K Boiling T  457.7 K

A H® 41.96 kJ
A H® 15.52 kJ
Molar Vol. 5.129 J-bar!

H39g-HY 13.20 kJ 51.29 cm3
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POTASSIUM (REFERENCE STATE)

Formula wt

39.098

K: Crystals 298.15 to melting point 336.4 K; liquid 336.4 to boiling point 1039.5 K; ideal
monatomic gas, P=1 bar, 1039.5 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cs G (H3-H39g) /T -(G3-H3gg)/T AgHe AgGe Log K¢

K Jemol~l.x"1 — kJemol™l ——

298.15 29.50 64.67 .0.00 64.67 0.0 0.0 0.0
300 29.57 64.85 0.18 64.67 0.0 0.0 0.0
336.4 34.57 68.37 3.49 64.88 0.0 0.0 0.0
336.4 32.14 75.31 10.43 64.88 0.0 0.0 0.0
400 31.50 80.82 13.83 66.99 0.0 0.0 0.0

500 30.70 87.76 17.28 70.48 0.0 0.0 0.0

600 30.14 93.31 19.47 73.84 0.0 0.0 0.0

700 29.82 97.92 20.97 76.95 0.0 0.0 0.0

800 29.76 101.90 22,07 79.83 0.0 0.0 0.0
900 29.94 105.41 22.93 82.48 0.0 0.0 0.0
1000 30.36 108.59 23.65 84.94 0.0 0.0 0.0
1039.5 30.60 109.77 23.91 85.86 0.0 0.0 0.0
1039.5 20.79 186.30 100.44 85.86 0.0 0.0 0.0
1100 20.79 187.48 96.07 91.41 0.0 0.0 0.0
1200 20.79 189.28 89.78 99.50 0.0 0.0 0.0
1300 20.79 190.95 84.48 106.47 0.0 0.0 0.0
1400 20.79 192.49 79.93 112.56 0.0 0.0 0.0
1500 20.80 193.92 75.99 117.93 0.0 0.0 0.0
1600 20.81 195.27 72.54 122.73 0.0 0.0 0.0
1700 20.84 196.53 69.50 127.03 0.0 0.0 0.0
1800 20.87 197.72 66.80 130.92 0.0 0.0 0.0
Melting T 336.4 K Boiling T 1039.5 K

A H° 79.92 kJ
A H® 2.33 kJ
Molar Vol. 4.536 J-bar®

H3gg-H} 7.09 kJ 45.36 cm3

4/29/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 93

LITHIUM (REFERENCE STATE) Formula wt 6.941

Li: Crystals 298.15 to melting point 453.2 K; liquid 453.7 K to boiling point 1620 K; ideal
monatomic gas, P=1 bar, 1620 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cs S% (H%-Hﬁga) /T -(G%‘Higs) /T AfH° AfGo Log Kf

K Jemo1~1l.x~1 kJemol™l ——

298.15 24.62 29.09 0.00 29.09 0.0 0.0 0.0
300 24.67 29.24 0.15 29.08 0.0 0.0 0.0
400 27.61 36.70 6.62 30.08 0.0 0.0 0.0

453.7 29.39 40.29 9.21 31.08 0.0 0.0 0.0

453.7 30.39 46.90 15.82 31.08 0.0 0.0 0.0

500 30.13 49.84 17.16 32.69 0.0 0.0 0.0

600 29.54 55.28 19.27 36.01 0.0 0.0 0.0

700 28.99 59.79 20.70 39.10 0.0 0.0 0.0

800 28.94 63.66 21.73 41.93 0.0 0.0 0.0

900 28.89 67.07 22.53 44.54 0.0 0.0 0.0
1000 28.84 70.11 23.16 46.95 0.0 0.0 0.0
1100 28.79 72.85 23.67 49.18 0.0 0.0 0.0
1200 28.74 75.36 24.10 51.26 0.0 0.0 0.0
1300 28.70 77.66 24.45 53.20 0.0 0.0 0.0
1400 28.62 79.78 24.75 55.02 0.0 0.0 0.0
1500 28.54 81.75 25.01 56.74 0.0 0.0 0.0
1600 28.45 83.59 25.23 58.36 0.0 0.0 0.0
1620 28.43 83.95 25.27 58.68 0.0 0.0 0.0
1620 20.79 173.97 115.30 58.67 0.0 0.0 0.0
1700 20.80 174.97 110.85 64.12 0.0 0.0 0.0
1800 20.81 176.16 105.85 70.31 0.0 0.0 0.0
Melting T 453.2 K Boiling T 1620 K

A H® 145.84 kJ
A H® 3.00 kJ
Molar Vol. 1.3017 J-bar’

H$og-H} 4.62 kJ 13.017 cm3
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MAGNESIUM (REFERENCE STATE)

Formula wt 24.305

Mg: Hexagonal close-packed crystals 298.15 to melting point 923 K. Liquid 923 to boiling
point 1366.1 K. Ideal monotomic gas, P = 1 bar, 1366.1 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. CB S-iy (H%‘Hﬁga)/f -(G%-Hﬁga)/l‘ AfH° AfG° Log Kf

K Jemol~1l.x"1 — kJemol™l —

298.15 24.87 32.67 0.00 32.67 0.0 0.0 0.0
300 24.90 32.82 0.15 32.67 0.0 0.0 0.0
400 26.14 40.17 6.50 33.66 0.0 0.0 0.0
500 27.18 46.11 10.54 35.58 0.0 0.0 0.0

600 28.20 51.16 13.39 37.76 0.0 0.0 0.0

700 29.29 55.58 15.59 40.00 0.0 0.0 0.0

800 30.51 59.57 17.37 42.20 0.0 0.0 0.0

900 31.90 63.25 18.91 44.34 0.0 0.0 0.0
923 32.24 64.05 19.23 44.82 0.0 0.0 0.0
923 34.31 73.23 28.42 44.82 0.0 0.0 0.0
1000 34.31 75.98 28.87 47.11 0.0 0.0 0.0
1100 34.31 79.25 29.36 49.89 0.0 0.0 0.0
1200 34.91 82.24 29.78 52.46 0.0 0.0 0.0 .
1300 34.31 84.98 30.12 54.86 0.0 0.0 0.0
1366.1 34.31 86.69 30.33 56.36 0.0 0.0 0.0
1366.1 20.79 180.29 123.93 56.36 0.0 0.0 0.0
1400 20.79 180.80 121.43 59.34 0.0 0.0 0.0
1500 20.79 182.23 114.72 67.49 0.0 0.0 0.0
1600 20.79 183.57 108.85 74.72 0.0 0.0 0.0
1700 20.79 184.83 103.67 81.16 0.0 0.0 0.0
1800 20.79 186.02 99.07 86.95 0.0 0.0 0.0
Melting T 923 K Boiling T 1361.1 K

A H° 127.87 kJ
A H® 8.477 kJ
Molar Vol. 1.3996 J-bar!

H$gg-H} 5.00 kJ 13.996 cm3
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MANGANESE (REFERENCE STATE)

Formula wt 54.938

Mn: a-crystals 298.15 to 980 K. B-crystals 980 to 1360 K. y-crystals 1360 to 1410 K. A-
crystals 1410 to melting point 1517 K. Liquid 1517 to boiling point 2335 K.
FORMATION FROM THE ELEMENTS
Temp. cg s% (H3-H3gg) /T  =(G§-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 26.19 32.01 0.00 32.01 0.0 0.0 0.0
300 26.23 32.17 0.16 32.01 0.0 0.0 0.0
400 28.30 40.01 6.95 33.07 0.0 0.0 0.0
500 30.16 46.53 11.40 35.13 0.0 0.0 0.0
600 31.89 52.18 14.68 37.50 0.0 0.0 0.0
700 33.49 57.22 17.25 39.97 0.0 0.0 0.0
800 34.93 61.79 19.37 42.42 0.0 0.0 0.0
900 36.18 65.98 21.17 44.81 0.0 0.0 0.0
980 37.04 69.05 22.35 46.70 0.0 0.0 0.0
980 37.59 71.40 24.70 46.70 0.0 0.0 0.0
1000 37.68 72.12 24.96 47.16 0.0 0.0 0.0
1100 38.11 75.73 26.14 49.59 0.0 0.0 0.0
1200 38.54 79.07 27.15 51.92 0.0 0.0 0.0
1300 38.97 82.17 28.04 54.13 0.0 0.0 0.0
1360 39.15 84.01 28.52 55.49 0.0 0.0 0.0
1360 42.41 84.97 29.48 55.49 0.0 0.0 0.0
1400 43.43 86.75 30.47 56.28 0.0 0.0 0.0
1410 43.51 87.07 30.56 56.51 0.0 0.0 0.0
1410 45.23 88.41 31.89 56.52 0.0 0.0 0.0
1500 45.97 91.21 32.72 58.49 0.0 0.0 0.0
1517 46.11 91.86 32.87 59.00 0.0 0.0 0.0
1517 46.02 99.81 40.81 59.00 0.0 0.0 0.0
1600 46.02 102.13 41.08 61.05 0.0 0.0 0.0
1700 46.02 104.92 41.38 63.55 0.0 0.0 0.0
1800 46.02 107.55 41.63 65.92 0.0 0.0 0.0
Melting T 1517 K Boiling T 2335 K
A H° kJ
A, H® 12.06 kJ
Molar Vol. 0.7354 J-bar’
H$gg-HY 4.996 kJ 7.354 cm?
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MOLYBDENUM (REFERENCE STATE)

Formula wt 95.94

Mo: Body-centered cubic crystals 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. ci; s$ (H3-H3gg) /T -(G3-H3gg)/T AgH® AgGe Log K¢

K Jemol~1.x"1 — kJemol~l ——

298.15 23.90 28.66 0.00 28.66 0.0 0.0 0.0

300 23.92 28.81 0.15 28.66 0.0 0.0 0.0
400 25.05 35.86 6.24 29.61 0.0 0.0 0.0

500 25.86 41.54 10.09 31.45 0.0 0.0 0.0

600 26.47 46.31 12.77 33.54 0.0 0.0 0.0

700 26.99 50.43 14.76 35.66 0.0 0.0 0.0

800 27.46 54.06 16.32 37.74 0.0 0.0 0.0

900 27.92 57.32 17.58 39.74 0.0 0.0 0.0
1000 28.40 60.29 18.64 41.65 0.0 0.0 0.0
1100 28.92 63.02 19.55 43.47 0.0 0.0 0.0
1200 29.49 65.56 20.36 45.20 0.0 0.0 0.0
1300 30.11 67.95 21.08 46.86 0.0 0.0 0.0
1400 30.80 70.20 21.75 48.45 0.0 0.0 0.0
1500 31.56 72.35 22.38 49.97 0.0 0.0 0.0
1600 32.40 74.42 22.98 51.44 0.0 0.0 0.0
1700 33.31 76.41 23.56 52.85 0.0 0.0 0.0
1800 34.30 78.34 24.13 54.21 0.0 0.0 0.0
Melting T 2890 K Boiling T 4912 K

A H° 598.07 kJ
A H° 32.54 kJ .
Molar Vol. 0.9387 Jebar’

H3g9g-H} 4.594 kJ 9.387 cm?
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NITROGEN (REFERENCE STATE) Formula wt 28.013

Ny: 1Ideal diatomic gas at P = 1 bar 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. Ca S.} (H%-Higa)/T -(G%-Hige) /T AfH° AfGo Log Kf

K Jemol~1l.x"1 kJemol™l —

298.15 29.13 191.61 0.00 191.61 0.0 0.0 0.0
300 29.13 191.79 0.18 191.61 0.0 0.0 0.0
400 29.24 200.17 7.42 192.75 0.0 0.0 0.0
500 29.70 206.74 11.83 194.92 0.0 0.0 0.0
600 30.26 212.21 14.85 197.35 0.0 0.0 0.0
700 30.86 216.91 17.09 199.82 0.0 0.0 0.0
800 31.45 221.07 18.85 202.22 0.0 0.0 0.0
900 32.03 224.81 20.29 204.53 0.0 0.0 0.0
1000 32.58 228.22 21.49 206.73 0.0 0.0 0.0
1100 33.10 231.35 22.52 208.83 0.0 0.0 0.0
1200 33.58 234.25 23.42 210.83 0.0 0.0 0.0
1300 34.03 236.95 24.22 212.73 0.0 0.0 0.0
1400 34.45 239.49 24.94 214.55 0.0 0.0 0.0
1500 34.82 241.88 25.58 216.30 0.0 0.0 0.0
1600 35.16 244.14 26.17 217.97 0.0 0.0 0.0
1700 35.45 246.28 26.71 219.57 0.0 0.0 0.0
1800 35.71 248.31 27.20 221.11 0.0 0.0 0.0
Melting T 63.14 K Boiling T 77.35 K

A H° 5.586 kJ
A H® 0.720 kJ
Molar Vol. 2478.97 J-bar!

H3gg-HY 8.669 kJ 24789.7 cm3
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SODIUM (REFERENCE STATE)

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt

22.990

Na:
boiling point 1170.5 K.

Ideal monotomic gas, P=1 bar, 1170.5 to 1800 K.

Body-centered cubic crystals 298.15 to melting point 371 K; liquid 371 to fictive

FORMATION FROM THE ELEMENTS

Temp. cp S§  (H$-H3gg)/T -(G$-H3gg)/T AgH® AgGe Log Kg¢

K Jemol~1.x"1 — kJ'mol™l ——

298.15 28.15 51.46 0.00 51.46 0.0 0.0 0.0
300 28.20 51.63 0.17 51.46 0.0 0.0 0.0

371 31.83 57.90 5.80 52.10 0.0 0.0 0.0
371 31.83 64.92 12.82 52.10 0.0 0.0 0.0
400 31.51 67.30 14.18 53.12 0.0 0.0 0.0

500 30.55 74.22 17.54 56.68 0.0 0.0 0.0

600 29.81 79.73 19.66 60.07 0.0 0.0 0.0

700 29.27 84.28 21.06 63.22 0.0 0.0 0.0

800 28.94 88.16 22.06 66.10 0.0 0.0 0.0

900 28.84 91.56 22.82 68.74 0.0 0.0 0.0
1000 28.94 94.61 23.43 71.18 0.0 0.0 0.0
1100 29.26 97.38 23.94 73.44 0.0 0.0 0.0
1170.5 29.61 99.21 24.28 74.93 0.0 0.0 0.0
1170.5 20.79 182.09 107.16 74.93 0.0 0.0 0.0
1200 20.79 182.61 105.04 77.57 0.0 0.0 0.0
1300 20.79 184.28 98.56 85.72 0.0 0.0 0.0
1400 20.79 185.82 93.01 92.81 0.0 0.0 0.0
1500 20.79 187.25 88.19 99.06 0.0 0.0 0.0
1600 20.79 188.59 83.97 104.62 0.0 0.0 0.0
1700 20.79 189.85 80.26 109.59 0.0 0.0 0.0
1800 20.79 191.04 76.96 114.08 0.0 0.0 0.0
Melting T 371 K Boiling T 1170.5 K

A H® 97.610 kJ
A HC 2.598 kJ
Molar Vol. 2.381 J-bar!

H3gg-H} 6.460 kJ 23.81 cmd
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NICKEL (REFERENCE STATE) Formula wt 58.69

Ni: Face-centered cubic crystals (magnetic) to Curie point 631 K; nonmagnetic 631 to
melting point 1728 K; liquid 1728 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cg 8% (H3-H89g) /T  -(G$~H3qg)/T  AgH® AgG® Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 25.99 29.87 0.00 29.87 0.0 0.0 0.0
300 26.05 30.03 0.16 29.87 0.0 0.0 0.0
400 28.38 37.87 6.95 30.92 0.0 0.0 0.0

500 30.82 44.45 11.46 32.99 0.0 0.0 0.0

600 34.85 50.39 15.00 35.40 0.0 0.0 0.0

631 39.83 52.26 16.08 36.19 0.0 0.0 0.0

700 30.79 55.58 17.63 37.94 0.0 0.0 0.0
800 31.00 59.10 19.29 - 39.81 0.0 0.0 0.0
900 31.59 63.38 20.62 42.76 0.0 0.0 0.0
1000 32.22 66.74 21.75 44.99 0.0 0.0 0.0
1100 32.93 69.85 22.73 47.11 0.0 0.0 0.0
1200 33.68 72.74 23.61 49.13 0.0 0.0 0.0
1300 34.52 75.47 24.42 51.05 0.0 0.0 0.0
1400 35.40 78.06 25.17 52.89 0.0 0.0 0.0
1500 36.32 80.53 25.88 54.65 0.0 0.0 0.0
1600 37.28 82.91 26.57 56.34 0.0 0.0 0.0
1700 38.28 85.20 27.23 57.97 0.0 0.0 0.0
1728 38.54 85.83 27.41 58.42 0.0 0.0 0.0
1728 38.91 95.75 37.34 .58.42 0.0 0.0 0.0
1800 38.91 97.34 37.40 59.94 0.0 0.0 0.0
Melting T 1728 K Boiling T K

A H® kJ
A, H® 17.16 kJ
Molar Vol. 0.6588 Jebar!

H3gg-HJ 4.79 kJ | 6.588 cm3
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OXYGEN (REFERENCE STATE)

Formula wt

31.999

Oy: 1Ideal diatomic gas at P = 1 bar 298.15 to 2500 K.
FORMATION FROM THE ELEMENTS

Temp. Ci’, s&; (H%-Hﬁga)/'r -(G%-H§98)/T AfH° AfGo Log Kf

K Jemol~1l.x"1 — kJ'mol™l —

298.15 29.35 205.15 0.00 205.15 0.0 0.0 0.0

300 29.35 205.33 0.18 205.15 0.0 0.0 0.0
400 30.04 213.85 7.54 206.31 0.0 0.0 0.0

500 31.12 220.67 12.15 208.52 0.0 0.0 0.0

600 32.14 226.43 15.40 211.04 0.0 0.0 0.0

700 33.00 231.45 17.85 213.60 0.0 0.0 0.0
800 33.72 235.91 19.79 216.12 0.0 0.0 0.0

900 34.33 239.92 21.37 218.54 0.0 0.0 0.0
1000 34.85 243.56 22.70 220.86 0.0 0.0 0.0
1100 35.29 246.90 23.82 223.08 0.0 0.0 0.0
1200 35.67 249.99 24.79 225.20 0.0 0.0 0.0
1300 36.00 252.86 25.64 227.22 0.0 0.0 0.0
1400 36.31 255.54 26.39 229.14 0.0 0.0 0.0
1500 36.58 258.05 27.06 230.99 0.0 0.0 0.0
1600 36.84 260.42 27.67 232.75 0.0 0.0 0.0
1700 37.08 262.66 28.21 234.45 0.0 0.0 0.0
1800 37.32 264.79 28.71 236.08 0.0 0.0 0.0
Melting T 54.35 K Boiling T 90.18 K

A H° 6.816 kJ
A H® 0.444 kJ
Molar Vol. 2478.97 J-bar®

H39g-HY 8.682 kJ 24789.7 cmd

4/29/92
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PHOSPHORUS (REFERENCE STATE)

Formula wt 30.974

P: Crystals (white, a) 298.15 to melting point 317.3 K.

Liquid 317.3 to sublimation point

1180 K. 1Ideal diatomic gas 1180 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cg s (H3-H39g) /T  -(G$-H3gg)/T AgH® AgG® Log K¢

K Jemol~1.x"1 kJ-mol™l ——

298.15 23.82 41.09 0.00 41.08 0.0 0.0 0.0
300 23.87 41.22 0.14 41.08 0.0 0.0 0.0
317.3 24.35 42.57 1.45 41.12 0.0 0.0 0.0
317.3 26.32 44.65 3.53 41.12 0.0 0.0 0.0
400 26.32 50.75 8.24 42.51 0.0 0.0 0.0
500 26.32 56.62 11.86 44.76 0.0 0.0 0.0
600 26.32 61.42 14.27 47.15 0.0 0.0 0.0
700 26.32 65.48 15.99 49.49 0.0 0.0 0.0
800 26.32 68.99 17.28 51.71 0.0 0.0 0.0
900 26.32 72.09 18.29 53.80 0.0 0.0 0.0
1000 26.32 74.87 19.09 55.78 0.0 0.0 0.0
1100 26.32 77.38 19.75 57.63 0.0 0.0 0.0
1180 26.32 79.22 20.19 59.03 0.0 0.0 0.0
1180 18.54 133.23 74.20 59.03 0.0 0.0 0.0
1200 18.55 133.54 73.27 60.27 0.0 0.0 0.0
1300 18.60 135.03 69.07 65.96 0.0 0.0 0.0
1400 18.64 136.41 65.46 70.95 0.0 0.0 0.0
1500 18.68 137.70 62.34 75.36 0.0 0.0 0.0
1600 18.72 138.91 59.62 79.29 0.0 0.0 0.0
1700 18.75 140.04 57.21 82.83 0.0 0.0 0.0
1800 18.77 141.11 $5.08 86.03 0.0 0.0 0.0
Melting T 317.3 K Boiling T 1180 K

A H® 63.84 kJ
A H® 0.659 kJ
Molar Vol. 1.73 Jebar?

H8gg-HY 5.36 kJ 17.3 cnd

6/18/92
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LEAD (REFERENCE STATE) Formula wt 207.2

Pb: Face-centered cubic crystals 298.15 to melting point 600.6 K. Liquid 600.6 to boiling
point 2021 K.

FORMATION FROM THE ELEMENTS

K J-mol~1l.x"1 kJ-mol~l ——

298.15  26.65 64.80 0.00 64.80 0.0 0.0 0.0
300 26.67 64.96 0.16 64.80 0.0 0.0 0.0
400 27.79 72.80 6.94 65.86 0.0 0.0 0.0

500 28.78 79.10 11.21 67.89 0.0 0.0 0.0

600 29.74 84.44 14.22 70.22 0.0 0.0 0.0

600.6 29.74 84.47 14.23 70.24 0.0 0.0 0.0

600.6 30.63 92.48 22.24 70.24 0.0 0.0 0.0

700 30.31 97.15 23.41 73.74 0.0 0.0 0.0
800 29.98  101.17 24.25 76.92 0.0 0.0 0.0
900 29.66  104.68 24.87 79.81 0.0 0.0 0.0
1000 29.37  107.79 25.34 82.45 0.0 0.0 0.0
1100 29.17  110.58 25.69 84.89 0.0 0.0 0.0
1200 28.90  113.10 25.97 87.13 0.0 0.0 0.0
1300 28.73  115.41 26.19 89.22 0.0 0.0 0.0
1400 28.60  117.54 26.36 91.18 0.0 0.0 0.0
1500 28.51  119.50 26.51 92.99 0.0 0.0 0.0
1600 28.46  121.34 26.63 94.71 0.0 0.0 0.0
1700 28.45  123.07 26.74 96.33 0.0 0.0 0.0
1800 28.48  124.70 26.84 97.86 0.0 0.0 0.0
Melting T 600.65 K Boiling T 2021 K

A H° 177.7 k3
A H® 4.81 kJ
Molar Vol.  1.8267 J-bar!

H3g9g-H} 6.870 kJ 18.267 cm®
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PLATINUM (REFERENCE STATE)

Formula wt 195.08

Pt: Face-centered cubic crystals 298.15 to melting point 2042 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%‘Higs)/l‘ "(G%'H&ga)/'r AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 25.81 41.63 0.00 41.63 0.0 0.0 0.0

300 25,83 41.79 0.16 41.63 0.0 0.0 0.0
400 26.49 49.32 6.67 42.65 0.0 0.0 0.0

500 27.02 55.29 10.68 44.60 0.0 0.0 0.0

600 27.53 60.26 13.45 46.81 0.0 0.0 0.0

700 28.04 64.54 15.50 49.04 0.0 0.0 0.0

800 28.56 68.32 17.10 51.22 0.0 0.0 0.0

900 29.08 71.71 18.40 53.31 0.0 0.0 0.0
1000 29.61 74.80 19.49 55.31 0.0 0.0 0.0
1100 30.15 77.65 20.44 57.21 0.0 0.0 0.0
1200 30.69 80.30 21.27 59.03 0.0 0.0 0.0
1300 31.22 82.78 22.02 60.76 0.0 0.0 0.0
1400 31.76 85.11 22.69 62.42 0.0 0.0 0.0
1500 32.29 87.32 23.31 64.00 0.0 0.0 0.0
1600 32.82 89.42 23.89 65.53 0.0 0.0 0.0
1700 33.34 91.42 24.43 66.99 0.0 0.0 0.0
1800 33.86 93.34 24.94 68.40 0.0 0.0 0.0
Melting T 2042 K Boiling T K

A H® xJ
A H® 19.648 kJ
Molar Vol. 0.9091 J-bar’

H3gg-H 5.724 kJ 9.091 cm3

01/07/93
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SULFUR (REFERENCE STATE) Formula wt 32.066

S8: Orthorhombic crystals 298.15 to 368.3 K; monoclinic crystals 368.3 to melting point
388.36 K; liquid 388.36 K to fictive boiling point 882.1 K. Ideal diatomic gas, P=1
bar, 882.1 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cg 5% (H§-H3gg) /T  -(G§-H3gg)/T AgH® Agee Log K¢
K Jemol~1l.x~1 kJemol™l ——
298.15 22.70 32.05 0.00 32.05 0.0 0.0 0.0
300 22.74 32.19 0.14 32.05 0.0 0.0 0.0
368.3 24.24 37.01 4.47 32.54 0.0 0.0 0.0
368.3 24.77 38.10 5.56 32.54 0.0 0.0 0.0
388.36 25.17 39.43 6.57 32.86 0.0 0.0 0.0
388.36 31.06 43.86 11.00 32.86 0.0 0.0 0.0
400 32.16 44.79 11.60 33.19 0.0 0.0 0.0
500 37.98 53.53 17.13 36.40 0.0 0.0 0.0
600 34.31 60.08 20.25 39.82 0.0 0.0 0.0
700 32.68 65.24 22.14 43.10 0.0 0.0 0.0
800 31.70 69.53 23.39 46.14 0.0 0.0 0.0
882.1 31.66 72.62 24.16 48.47 0.0 0.0 0.0
882.1 18.47 133.08 84.61 48.47 0.0 0.0 0.0
900 18.51 133.45 83.29 50.16 0.0 0.0 0.0
1000 18.68 135.41 76.82 58.59 0.0 0.0 0.0
1100 18.85 137.20 71.55 65.65 0.0 0.0 0.0
1200 19.00 138.85 67.16 71.69 0.0 0.0 0.0
1300 19.15 140.37 63.46 76.91 0.0 0.0 0.0
1400 19.28 141.80 60.30 81.50 0.0 0.0 0.0
1500 19.42 143.13 57.57 85.56 0.0 0.0 0.0
1600 19.55 144.39 55.19 89.20 0.0 0.0 0.0
1700 19.67 145.58 53.10 92.48 0.0 0.0 0.0
1800 19.79 146.71 51.24 95.46 0.0 0.0 0.0
Melting T 388.36 K Boiling T 882.1 K
A H° 53.32 XkJ
A H® 1.72 kJ
Molar Vol. 1.5511 J-bar’
H3gg-H} 4.412 kJ 15.511 cm®
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S5 (gas) Formula wt 64.132

S5: 1Ideal diatomic gas, P = 1 bar, 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. CE, S% (H%-HQQB)IT -(G%-Hﬁgs)/T AfH" AfG° Log Kf

K Jemol~1.x"1 kJ-mol™l —

298.15 32.49 228.17 0.00 228.17 128.6 79.7 -13.96

300 32.53 228.37 0.20 228.17 128.6 79.4 -13.82

400 34.05 237.96 8.49 229.47 122.7 63.4 -8.27

500 34.98 245.66 13.70 231.96 118.3 49.0 -5.12

600 35.65 252.10 17.31 234.80 114.7 35.5 -3.09

700 36.17 257.64 15.97 237.67 111.6 22.6 -1.68

800 36.62 262.50 22.02 240.48 108.8 10.0 -0.66

900 37.01 266.84 23.66 243.17 0.0 0.0 0.0
1000 37.37 270.75 25.02 245.74 0.0 0.0 0.0
1100 37.69 274.33 26.16 248.18 0.0 0.0 0.0
1200 38.00 277.62 27.13 250.49 0.0 0.0 0.0
1300 38.29 280.68 27.98 252.70 0.0 0.0 0.0
1400 38.57 283.53 28.72 254.80 0.0 0.0 0.0
1500 38.84 286.20 29.39 256.81 0.0 0.0 0.0
1600 39.09 288.71 29.99 258.72 0.0 0.0 0.0
1700 39.34 291.09 30.53 260.56 0.0 0.0 0.0
1800 39.59 293.34 31.03 262.32 0.0 0.0 0.0
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 2478.97 J-bar!

H3g9g-H} 9.124 kJ 24789.7 cm3

11/18/92
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ANTIMONY (REFERENCE STATE)

Formula wt 121.75

Sb: Rhombohedral crystals 298.15 to melting point 904 K.

Liquid 904 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%‘HSgs) /T -(G%-Hﬁgs) /T AfHo AfGo Log Kf

K Jemol~1l.x-1 kJemol™l ——

298.15 25.25 45.52 0.00 45.52 0.0 0.0 0.0

300 25.27 45.69 0.16 45.52 0.0 0.0 0.0

400 25.91 53.04 6.52 46.52 0.0 0.0 0.0

S00 26.48 58.88 10.45 48.43 0.0 0.0 0.0

600 27.17 63.77 13.18 50.59 0.0 0.0 0.0

700 28.09 68.02 15.24 52.78 0.0 0.0 0.0

800 29.32 71.85 16.92 54.93 0.0 0.0 0.0

900 30.92 75.39 18.38 57.01 0.0 0.0 0.0

904 30.99 75.54 18.41 57.11 0.0 0.0 0.0

904 31.38 97.53 40.42 57.11 0.0 0.0 0.0
1000 31.38 100.68 39.55 61.12 0.0 0.0 0.0
1100 31.38 103.67 38.81 64.86 0.0 0.0 0.0
1200 31.38 106.40 38.19 68.21 0.0 0.0 0.0
1300 31.38 108.91 37.66 71.24 0.0 0.0 0.0
1400 31.38 111.24 37.22 74.02 0.0 0.0 0.0
1500 31.38 113.40 36.83 76.57 0.0 0.0 0.0
1600 31.38 115.41 36.49 78.94 0.0 0.0 0.0
1700 31.38 117.33 36.18 81.14 0.0 0.0 0.0
1800 31.38 119.12 35.92 83.20 0.0 0.0 0.0
Melting T 904 K Boiling T 1860 K

A He 86.525 kJ
A H® 19.874 kJ
Molar Vol. 1.8178 J-bar!

H3gg—HY 5.870 kJ 18.178 cm?
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SELENIUM (REFERENCE STATE) Formula wt 78.96

Se: Crystals 298.15 to melting point 494 K. Liquid 494 to boiling point 957 K. 1Ideal
diatomic gas 957 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cp s$ (H3-H3gg) /T  ~(G3-H39g)/T AgH® AgGe Log K¢
K Jemol~1l.x-1 kJemol™l ——
298.15 25.06 42.27 0.00 42.27 0.0 0.0 0.0
300 25.06 42.42 0.15 42.27 0.0 0.0 0.0
400 26.44 49.83 6.56 43.27 0.0 0.0 0.0
494 27.30 55.51 10.45 45.06 0.0 0.0 0.0
494 35.95 67.97 22.91 45.06 0.0 0.0 0.0
500 35.85 68.38 23.06 45.32 0.0 0.0 0.0
600 34.37 74.79 25.07 49.72 0.0 0.0 0.0
700 33.54 80.03 26.34 53.69 0.0 0.0 0.0
800 33.29 84.48 27.21 57.27 0.0 0.0 0.0
900 33.93 88.43 27.92 60.51 0.0 0.0 0.0
957 34.78 90.50 28.30 62.19 0.0 0.0 0.0
957 19.27 146.44 84.28 62.19 0.0 0.0 0.0
1000 19.31 147.29 81.48 65.81 0.0 0.0 0.0
1100 19.41 149.13 75.83 73.30 0.0 0.0 0.0
1200 19.52 150.82 71.14 79.68 0.0 0.0 0.0
1300 19.62 162.39 67.17 85.22 0.0 0.0 0.0
1400 19.73 153.84 63.78 90.06 0.0 0.0 0.0
1500 19.83 155.21 60.84 94.37 0.0 0.0 0.0
1600 19.94 156.49 58.28 98.21 0.0 0.0 0.0
1700 20.04 157.70 56.03 101.67 0.0 0.0 0.0
1800 20.15 158.85 54.03 104.82 0.0 0.0 0.0
Melting T 494 K Boiling T 957 K
A H° 53.57 kJ
A H® 6.16 kJ
Molar Vol. 1.642 J-bar!
H3gg-H} 5.52 kJ 16.42 cm?
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SILICON (REFERENCE STATE) Formula wt 28.086

Si: Cubic crystals 298.15 to melting point 1685 K; liquid 1685 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CB Sia (H%‘H&gs) /T - (G%-Higa) /T AfH° AfG° Log Kf
K Jemol1~1.x-1 kJemol~l ——
298.15 20.00 18.81 0.00 18.81 0.0 0.0 0.0
300 20.06 18.93 0.12 18.81 0.0 0.0 0.0
400 22.14 25.02 5.40 19.63 0.0 0.0 0.0
500 23.33 30.10 8.87 21.23 0.0 0.0 0.0
600 24.16 34.43 11.36 23.08 0.0 0.0 0.0
700 24.81 38.21 13.23 24.97 0.0 0.0 0.0
800 25.36 41.56 14.71 26.84 0.0 0.0 0.0
900 25.86 44.57 15.93 28.65 0.0 0.0 0.0
1000 26.33 47.32 16.94 30.38 0.0 0.0 0.0
1100 26.78 49.85 17.82 32.04 0.0 0.0 0.0
1200 27.21 52.20 18.58 33.62 0.0 0.0 0.0
1300 27.63 54.40 19.26 35.13 0.0 0.0 0.0
1400 28.05 56.46 19.87 36.58 0.0 0.0 0.0
1500 28.47 58.41 20.43 37.98 0.0 0.0 0.0
1600 28.88 60.26 20.95 39.31 0.0 0.0 0.0
1685 29.22 61.75 21.35 40.40 0.0 0.0 0.0
1685 27.20 91.55 51.15 40.40 0.0 0.0 0.0
1700 27.20 91.79 50.94 40.85 0.0 0.0 0.0
1800 27.20 93.35 49.62 43.73 0.0 0.0 0.0
Melting T 1685 K Boiling T K
A H° kJ
A H® 50.2 kJ
Molar Vol. 1.2056 Jebar’
H39g-H} 3.218 kJ 12.056 cm3

6/19/92
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TIN (REFERENCE STATE) Formula wt 118.710
Sn: Crystals 298.15 to melting point 505.1 K. Liquid 501 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cf, S|°r (H%—Higs)/'r -(G%-Hige)/'r Afl‘lo AfGo Log Kf

K Jemol~1l.x"1 — kJemol™l ——

298.15 27.11 51.18 0.00 51.18 0.0 0.0 0.0
300 27.15 51.35 0.17 51.18 0.0 0.0 0.0
400 28.90 59.40 7.13 52.27 0.0 0.0 0.0
500 31.03 66.06 11.69 54.37 0.0 0.0 0.0
505.1 31.16 66.38 11.88 54.50 0.0 0.0 0.0
505.1 29.42 80.63 26.13 54.50 0.0 0.0 0.0
600 28.66 85.62 26.58 59.04 0.0 0.0 0.0
700 28.25 90.00 26.85 63.15 0.0 0.0 0.0
800 28.04 93.76 27.01 66.75 0.0 0.0 0.0
900 27.96 97.06 27.12 69.94 0.0 0.0 0.0
1000 27.95 100.00 27.20 72.80 0.0 0.0 0.0
1100 27.98 102.67 27.27 75.40 0.0 0.0 0.0
1200 28.04 105.10 27.33 77.717 0.0 0.0 0.0
1300 28.13 107.35 27.39 79.96 0.0 0.0 0.0
1400 28.23 109.44 27.44 82.00 0.0 0.0 0.0
1500 28.34 111.39 27.50 83.89 0.0 0.0 0.0
1600 28.46 113.22 27.56 85.66 0.0 0.0 0.0
1700 28.58 114.95 27.61 87.34 0.0 0.0 0.0
1800 28.70 116.59 27.67 88.92 0.0 0.0 0.0
Melting T 505.1 K Boiling T 2876 K

A H° 295.77 kJ
A H® 7.195 kJ
Molar Vol. 1.629 J-bar’

H3gg-HY 6.323 kJ 16.29 cm3

6/17/92
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STRONTIUM (REFERENCE STATE) Formula wt 87.62

Sr: a-crystals (face-centered cubic) 298.15 to 820 K; y-crystals (body-centere cubic) 820 to
melting point 1050 K; liquid 1050 to boiling point 1685.5 K; ideal monatomic gas, P=l
bar, 1685.5 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c s$ (H3-H39g) /T  =(G3-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 26.79 §5.69 0.00 55.69 0.0 0.0 0.0
300 26.81 §5.86 0.17 55.69 0.0 0.0 0.0
400 27.77 63.70 6.94 56.75 0.0 0.0 0.0
500 28.78 70.00 11.21 58.79 0.0 0.0 0.0
600 29.82 75.34 14.23 61.12 0.0 0.0 0.0
700 30.87 80.02 16.53 63.49 0.0 0.0 0.0
800 31.93 84.21 18.39 65.82 0.0 0.0 0.0
820 32.15 85.01 18.72 66.28 0.0 0.0 0.0
820 29.79 86.03 19.74 66.29 0.0 0.0 0.0
900 30.13 88.81 20.65 68.17 0.0 0.0 0.0
1000 30.45 92.01 21.62 70.39 0.0 0.0 0.0
1050 30.75 93.51 22.05 71.46 0.0 0.0 0.0
1050 39.46 100.58 29.12 71.46 0.0 0.0 0.0
1100 39.46 102.42 29.59 72.82 0.0 0.0 0.0
1200 39.46 105.85 30.42 75.44 0.0 0.0 0.0
1300 39.46 109.01 31.11 77.90 0.0 0.0 0.0
1400 39.46 111.94 31.71 80.23 0.0 0.0 0.0
1500 39.46 114.66 32.23 82.43 0.0 0.0 0.0
1600 39.46 117.20 32.68 84.53 0.0 0.0 0.0
1685.5 39.46 119.26 33.02 86.24 0.0 0.0 0.0
1685.5 20.84 200.65 114.41 86.24 0.0 0.0 0.0
1700 20.84 200.83 113.62 87.21 0.0 0.0 0.0
1800 20.88 202.02 108.46 93.56 0.0 0.0 0.0
Melting T 1050 K Boiling T 1685 K
A H° 137.18 kJ
A H® 7.42 kJ
Molar Vol. 3.392 Jebar!
H3gg-H} 6.36 kJ 33.92 cm3
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TELLURIUM (REFERENCE STATE)

Formula wt

111

127.600

Te: Crystals 298.15 to melting point 723 K.

diatomic gas 1261 to 1800 K.

Liquid 723 to boiling point 1261 K.

Ideal

FORMATION FROM THE ELEMENTS

Temp. ¢ S$ (H3-H39g) /T -(G3-H39g)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 — kJemol™l —

298.15 25.70 49.71 0.00 49.71 0.0 0.0 0.0

300 25.74 49.87 0.16 49.71 0.0 0.0 0.0

400 27.95 57.58 6.83 50.75 0.0 0.0 0.0

500 30.15 64.05 11.27 52.78 0.0 0.0 0.0

600 32.36 69.74 14.60 55.14 0.0 0.0 0.0

700 34.57 74.90 17.30 57.60 0.0 0.0 0.0

723 35.07 76.43 17.86 58.57 0.0 0.0 0.0

723 37.66 100.62 42.05 58.57 0.0 0.0 0.0

800 37.66 104.04 41.63 62.41 0.0 0.0 0.0

900 37.66 108.48 41.19 67.29 0.0 0.0 0.0
1000 37.66 112.44 40.83 71.60 0.0 0.0 0.0
1100 37.66 116.03 40.54 75.48 0.0 0.0 0.0
1200 37.66 119.31 40.30 79.01 0.0 0.0 0.0
1261 37.66 121.18 40.18 81.00 0.0 0.0 0.0
1261 18.66 161.10 80.10 81.00 0.0 0.0 0.0
1300 18.66 161.67 78.25 83.41 0.0 0.0 0.0
Melting T 723 K Boiling T 1261 K

A H° 50.341 kJ
A H® 17.489 kJ
Molar Vol. 2.048 J-bar!

H3gg-HJ 6.121 kJ 20.48 cm?
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THORIUM (REFERENCE STATE)

Formula wt 232.038

Th: a-crystals (face-centered cubic) 298.15 to 1650 K. p-crystals (body-centered cubic)
1650 to melting point 2023 K.
FORMATION FROM THE ELEMENTS

Temp. Ci', Si. (H%"Higa) /T -(G%-Hﬁgs) /T AfH° AfG° LOg Kf

K Jemol~l.x"1 kJemol~l ——

298.15 26.23 51.80 0.00 51.83 0.0 0.0 0.0

300 26.24 51.99 0.16 51.83 0.0 0.0 0.0

400 27.09 59.66 6.79 52.87 0.0 0.0 0.0

500 27.95 65.79 10.93 54.86 0.0 0.0 0.0

600 28.83 70.97 13.84 57.12 0.0 0.0 0.0

700 29.71 75.48 16.05 59.43 0.0 0.0 0.0

800 30.60 79.50 17.81 61.69 0.0 0.0 0.0

900 31.50 83.16 19.28 63.88 0.0 0.0 0.0
1000 32.39 86.52 20.55 65.98 0.0 0.0 0.0
1100 33.29 89.65 21.67 67.99 0.0 0.0 0.0
1200 34.19 92.59 22.67 69.92 0.0 0.0 0.0
1300 35.08 95.36 23.59 71.77 0.0 0.0 0.0
1400 35.98 97.99 24.44 73.55 0.0 0.0 0.0
1500 36.88 100.51 25.24 75.26 0.0 0.0 0.0
1600 37.77 102.91 25.99 76.92 0.0 0.0 0.0
1650 38.20 104.08 26.35 77.73 0.0 0.0 0.0
1650 35.42 106.21 28.48 77.73 0.0 0.0 0.0
1700 36.02 107.27 28.69 78.58 0.0 0.0 0.0
1800 37.21 109.36 29.13 80.23 0.0 0.0 0.0
Melting T 2023 K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 1.979 Jebar!

H3gg-H} 6.350 kJ 19.79 cm?

6/12/92
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TITANIUM (REFERENCE STATE)

Formula wt 47.88

Ti: a-crystals (hexagonal close packed) 298.15 to 1166 K. p-crystals (body-centered cubic)
1166 to melting point 1939.
FORMATION FROM THE ELEMENTS

Temp. cg s$ (Hp-H3gg) /T  =-(G$-H3gg)/T AgHe AgGe Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 25.25 30.76 0.00 30.76 0.0 0.0 0.0

300 25.27 30.92 0.16 30.76 0.0 0.0 0.0
400 26.82 38.39 6.62 31.77 0.0 0.0 0.0

500 27.98 44.51 10.79 33.72 0.0 0.0 0.0

600 28.59 49.67 13.71 35.96 0.0 0.0 0.0

700 29.01 54.11 15.87 38.25 0.0 0.0 0.0

800 29.57 58.02 17.54 40.48 0.0 0.0 0.0

900 30.52 61.55 18.92 42.63 0.0 0.0 0.0
1000 32.05 64.84 20.16 44.69 0.0 0.0 0.0
1100 34.30 68.00 21.33 46.66 0.0 0.0 0.0
1166 36.22 70.06 22.12 47.94 0.0 0.0 0.0
1166 29.24 73.64 25.70 47.94 0.0 0.0 0.0
1200 29.46 74.48 25.80 48.68 0.0 0.0 0.0
1300 30.18 76.86 26.10 50.76 0.0 0.0 0.0
1400 31.02 79.13 26.43 52.70 0.0 0.0 0.0
1500 32.00 81.30 26.76 54.54 0.0 0.0 0.0
1600 33.12 83.40 27.12 56.28 0.0 0.0 0.0
1700 34.36 85.45 27.52 57.93 0.0 0.0 0.0
1800 35.74 87.45 27.93 59.52 0.0 0.0 0.0
Melting T 1939 K Boiling T K

A H® kJ
A H® 14.15 kJ
Molar Vol. 1.063 J-bar’

H8gg-HY 4.83 kJ 10.63 cm3

6/17/92
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URANIUM (REFERENCE STATE)

Formula wt 238.029

U: a-crystals (orthorhombic) 298.15 to 942 K.
crystals (body-centered cubic) 1049 to melting point 1408 K.

p-crystals (tetragonal) 942 to 1049 K. y-

Liquid 1408 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c;, S§  (H$-H39g)/T ~—(G3-H3gg)/T AgH® AgGe Log K¢
K J-mol~1.x"1 kJemol™l ——
298.15 27.66 50.20 0.00 50.20 0.0 0.0 0.0
300 27.69 50.37 0.17 50.20 0.0 0.0 0.0
400 29.65 58.60 7.29 51.31 0.0 0.0 0.0
500 31.95 65.46 11.99 53.47 0.0 0.0 0.0
600 34.68 71.51 15.53 55.98 0.0 0.0 0.0
700 37.91 77.10 18.49 58.60 0.0 0.0 0.0
800 41.65 82.40 21.15 61.25 0.0 0.0 0.0
900 45.92 87.54 23.66 63.88 0.0 0.0 0.0
942 47.88 89.69 24.69 65.00 0.0 0.0 0.0
942 42.40 92.64 27.64 65.00 0.0 0.0 0.0
1000 42.40 95.17 28.50 66.67 0.0 0.0 0.0
1049 42.40 97.20 29.15 68.05 0.0 0.0 0.0
1049 38.30 101.71 33.66 68.05 0.0 0.0 0.0
1100 38.30 103.52 33.87 69.65 0.0 0.0 0.0
1200 38.30 106.86 34.24 72.62 0.0 0.0 0.0
1300 38.30 109.92 34.55 75.37 0.0 0.0 0.0
1400 38.30 112.76 34.82 77.94 0.0 0.0 0.0
1408 38.30 112.98 34.84 78.14 0.0 0.0 0.0
1408 47.74 119.17 41.03 78.14 0.0 0.0 0.0
1500 47.91 122.20 41.45 80.75 0.0 0.0 0.0
1600 48.12 125.30 41.86 83.44 0.0 0.0 0.0
1700 48.36 128.22 42.23 85.99 0.0 0.0 0.0
1800 48.60 130.99 42.58 88.41 0.0 0.0 0.0
Melting T 1408 K Boiling T K
A, H° xJ
A, H® 8.720 kJ
Molar Vol. 1.250 Jebar’
H39g-H} 6.364 kJ 12.50 cm3

6/11/92



VANADIUM (REFERENCE STATE) Formula wt 50.942

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 115°

V: Body-centered cubic crystals 298.15 to 2175 K. i

FORMATION FROM THE ELEMENTS |

Temp. CB S.i. (H*'Hgga) /T -(G*-Higa) /T AfH° AfGo Log Kf
K Jemol~l.x"1 — kJ'mol™l —— |
|
298.15 24.90 28.94 0.00 28.94 0.0 0.0 0.0
300 24.94 29.09 0.15 28.94 0.0 0.0 0.0
400 26.30 36.49 6.55 29.94 0.0 0.0 0.0
500 26.91 42.43 10.57 31.86 0.0 0.0 0.0
600 27.42 47.38 13.33 34.05 0.0 0.0 0.0
700 27.97 51.65 15.38 36.26 0.0 0.0 0.0
800 28.60 55.42 16.99 38.43 0.0 0.0 0.0
900 29.31 58.83 18.32 40.51 0.0 0.0 0.0
1000 30.10 61.96 19.46 42.50 0.0 0.0 0.0 }
1100 30.96 64.87 20.47 44.40 0.0 0.0 0.0
1200 31.87 67.60 21.38 46.22 0.0 0.0 0.0
1300 32.83 70.19 22,22 47.97 0.0 0.0 0.0
1400 33.83 72.66 23.01 49.64 0.0 0.0 0.0 ‘
1500 34.88 75.03 23.77 51.26 0.0 0.0 0.0
1600 35.95 77.31 24.50 52.81 0.0 0.0 0.0
1700 37.06 79.52 25.20 54.32 0.0 0.0 0.0
1800 38.19 81.67 25.89 55.78 0.0 0.0 0.0
|
Melting T 2175 K Boiling T K |
A H° xJ
A, H® 20.928 kJ ‘
Molar Vol. 0.835 Jebar' |
H$gg—HY 4.64 kJ 8.35 cm®

4/30/92
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TUNGSTEN (REFERENCE STATE)

Formula wt 183.85

W: Body-centered cubic crystals 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. c3 s$ (H3-H39g) /T  -(G3-H3gg)/T AgH® AgGe Log K¢

K Jemol™1.x"1 kJ+mol™l —

298.15  24.33 32.65 0.00 32.65 0.0 0.0 0.0

300 24.34 32.80 0.15 32.65 0.0 0.0 0.0

400 24.90 39.88 6.27 33.61 0.0 0.0 0.0

500 25.45 45.49 10.05 35.45 0.0 0.0 0.0

600 25.92 50.18 12.66 37.52 0.0 0.0 0.0

700 26.33 54.20 14.58 39.62 0.0 0.0 0.0
800 26.69 57.74 16.07 41.67 0.0 0.0 0.0

900 27.03 60.91 17.27 43.64 0.0 0.0 0.0
1000 27.36 63.77 18.26 45.51 0.0 0.0 0.0
1100 27.69 66.39 19.11 47.29 0.0 0.0 0.0
1200 28.04 68.82 19.84 48.98 0.0 0.0 0.0
1300 28.40 71.08 20.48 50.60 0.0 0.0 0.0
1400 28.79 73.20 21.06 52.14 0.0 0.0 0.0
1500 29.20 75.20 21.59 53.61 0.0 0.0 0.0
1600 29.65 77.10 22.08 55.02 0.0 0.0 0.0
1700 30.13 78.91 22.54 56.37 0.0 0.0 0.0
1800 30.65 80.64 22.97 57.67 0.0 0.0 0.0
Melting T 3680 K Boiling T K

A HC kJ
A, H° 35.397 kJ
Molar Vol. 0.9545 J-bar’

H3gg-H} 4.979 kJ 9.545 cm3

4/30/92
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ZINC (REFERENCE STATE)

Formula wt 65.390

Zn: Hexagonal close-packed crystals 298.15 to melting point 692.7 K. Liquid 692.7 to
boiling point 1180.2 K. Ideal monatomic gas 1180.2 to 2000 K.

FORMATION FROM THE ELEMENTS !

Temp. c; S3 (H§-H3gg) /T  -(G3-H3g9g)/T AgH® AgG° Log K¢
K J-mol~1.x"1 kJ-mol™l —— |
298.15 25.39 41.63 0.00 41.63 0.0 0.0 0.0
300 25.41 41.79 0.16 41.63 0.0 0.0 0.0 |
400 26.36 49.23 6.59 42.64 0.0 0.0 0.0
500 27.39 55.22 10.64 44.57 0.0 0.0 0.0 |
600 28.57 60.31 13.53 46.78 0.0 0.0 0.0
692.7 29.81 64.50 15.62 48.88 0.0 0.0 0.0 |
692.7 31.38 75.07 26.19 48.88 0.0 0.0 0.0
700 31.38 75.40 26.24 49.16 0.0 0.0 0.0 |
800 31.38 79.59 26.89 52.70 0.0 0.0 0.0 |
900 31.38 83.29 27.39 55.90 0.0 0.0 0.0
1000 31.38 86.59 27.78 58.81 0.0 0.0 0.0
1100 31.38 89.58 28.11 61.47 0.0 0.0 0.0
1180.2 31.38 91.79 28.33 63.46 0.0 0.0 0.0 |
1180.2 20.79 189.50 126.04 63.46 0.0 0.0 0.0
1200 20.79 189.84 124.29 65.55 0.0 0.0 0.0
1300 20.79 191.51 116.33 75.18 0.0 0.0 0.0
1400 20.79 193.05 109.51 83.54 0.0 0.0 0.0
1500 20.79 194.48 103.59 90.89 0.0 0.0 0.0
1600 20.79 195.82 98.41 97.41 0.0 0.0 0.0
1700 20.79 197.08 93.85 103.23 0.0 0.0 0.0
1800 20.79 198.27 89.79 108.48 0.0 0.0 0.0
|
Melting T K Boiling T 1080.2 K
A H® 115.30 kJ
A H® 7.32 kJ
Molar Vol. 0.9162 J-bar!
H3gg-H} 5.648 kJ 9.162 cmd

4/30/42
|



118 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

ZIRCONIUM (REFERENCE STATE) Formula wt 91.224

Zr: a-crystals (hexagonal close packed) 298.15 to 1135 K. f-crystals (body-centered
cubic) 1135 to melting point 2125 K.

FORMATION FROM THE ELEMENTS

Temp. CB S% (Hi‘-aﬁgs)/T -(G%—Hﬁga)/T Afﬂo AfG° Log Kf
K Jemol~1l.x"1 — kJemol™l —
298.15 25.20 38.87 0.00 38.87 0.0 0.0 0.0
300 25.23 39.03 0.16 38.87 0.0 0.0 0.0
400 26.04 46.42 6.55 39.87 0.0 0.0 0.0
500 26.52 52.28 10.49 41.79 0.0 0.0 0.0
600 27.16 57.17 13.21 43.96 0.0 0.0 " 0.0
700 27.99 61.42 15.26 46.15 0.0 0.0 0.0
800 28.96 65.22 16.91 48.30 0.0 0.0 0.0
900 30.04 68.69 18.31 50.38 0.0 0.0 0.0
1000 31.18 71.91 19.54 §2.37 0.0 0.0 0.0
1100 32.33 74.93 20.65 54.29 0.0 0.0 0.0
1135 32.74 75.94 21.02 54.92 0.0 0.0 0.0
1135 28.33 79.48 24.56 54.92 0.0 0.0 0.0
1200 28.51 81.06 24.76 $6.30 0.0 0.0 0.0
1300 28.88 83.36 25.07 58.29 0.0 0.0 0.0
1400 29.35 85.51 25.35 60.16 0.0 0.0 0.0
1500 29.93 87.56 25.64 61.92 0.0 0.0 0.0
1600 30.62 89.51 25.93 63.58 0.0 0.0 0.0
1700 31.41 91.39 26.23 65.16 0.0 0.0 0.0
1800 32.31 93.21 26.54 66.67 0.0 0.0 0.0
Melting T 2125 K Boiling T K
A kI
A HO kJ
Molar Vol. 1.4016 J-bar’
H3gg-H 5.497 kJ 14.016 cm3

11/30/92



METHANE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 119
\

|
Formula wt 16. 043!

CH,: 1Ideal gas, P = 1 bar, 298.15 to 1800 K ‘

FORMATION FROM THE ELEMENTS
Temp. cy S$  (H3-H39g)/T -(G$-H3gg)/T AgHe AgG® Log K¢
K Jemol~1.x"1 kJemol™l —— |
|
298.15 35.70 186.26 0.00 186.26 -74.8 =-50.7 8.88 |
300 35.72 186.48 0.22 186.26 -74.9 -50.6 8.80
400 39.91 197.22 9.52 187.70 -78.0 -42.0 5.48 |
500 46.21 206.79 16.22 190.57 -80.8 -32.7 3.41 |
600 52.42 215.77 21.74 194.03 -83.3 -22.8 1.98 1
700 58.08 224.29 26.54 197.75 ~85.4 -12.5 0.93
800 63.14 232.38 30.80 201.58 -87.2 -2.0 0.13
900 67.65 240.08 34.65 205.43 -88.6 8.8 ~0.51 |
1000 71.67 247.42 38.16 209.27 -89.8 19.7 -1.03 |
1100 75.26 254.43 41.37 213.05 -90.7 30.7 -1.45 1
1200 78.48 261.11 44.33 216.78 -91.5 41.7 -1.82
1300 81.36 267.51 47.07 220.44 -92.0 52.9 -2.12
1400 83.95 273.64 49.61 224.02 -92.4 64.0 -2.39
1500 86.26 279.51 51.98 227.53 -92.7 75.2 -2.62
1600 88.33 285.14 54.19 230.95 -92.9 86.4 -2.82 |
1700 90.17 290.56 56.25 234.30 -92.9 97.6 -3.00 |
1800 91.80 295.76 58.18 237.57 -93.0 108.8 -3.16
Melting T K Boiling T K
B A kJ
AL H® kI
Molar Vol. 2478.97 J-bar!
H3gg-HY 10.025 kJ 24789.7 cmd

2/25/94
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COHENITE Formula wt 179.552

Fe3C: Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CB s% (H%‘Hﬁge)/'f -(G%-Hﬁgs)/'r AfHo AfGo Log Kf

K Jemol~1l.x"1 — kJemol™l ——

298.15 111.04 104.40 0.00 104.40 24.9 19.7 -3.45
300 111.06 105.09 0.68 104.40 24.9 19.7 -3.43
400 112.31 137.21 28.43 108.77 27.2 17.6 -2.29

500 113.57 162.40 45.34 117.07 28.6 15.0 -1.56

600 114.82 183.22 56.81 126.41 29.2 12.2 -1.06

700 116.07 201.01 65.19 135.83 29.0 9.3 -0.70

800 117.32 216.59 71.63 144.97 27.9 6.6 -0.43

900 118.58 230.49 76.77 153.71 25.6 4.1 -0.24
1000 119.83 243.04 81.02 162.03 21.0 1.9 -0.10
1100 121.08 254.52 84.60 169.92 13.8 0.4 -0.02
1200 122.34 265.11 87.69 177.42 8.9 -0.7 0.03
1300 123.59 274.95 90.41 184.55 8.6 -1.5 0.06
1400 124.84 284.16 92.82 191.34 8.1 -2.3 0.08
1500 126.10 292.82 95.00 197.82 7.4 -3.0 0.10
1600 127.35 300.99 96.98 204.01 6.5 -3.6 0.12
1700 128.60 308.75 98.80 209.95 2.7 -4.2 0.13
1800 129.85 316.14 100.49 215.64 0.2 -4.5 0.13
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.323 Jebar?

H398~H3 ky 23.23 cmwd

01/06/93
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|
AMMONIA Formula wt  17.031

NH3: Ideal gas, P = 1 bar, 298.15 to 1800 K. |

FORMATION FROM THE ELEMENTS
|
Temp. cy S}  (H3-H39g)/T ~-(G§-H3gg)/T AgHO AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
1
298.15  35.68  192.77 0.00 192.77 -45.9 -16.4 2.87
300 35.72 192.99 0.22 192.77 -45.9 -16.2 2.82
400 38.59  203.63 9.43 194.20 -48.1 -5.9 0.78
500 41.99  212.60 15.60 197.01 -49.9 4.8 -0.50
600 45.32  220.56 20.28 200.28 -51.4 15.9 -1.38 |
700 48.44  227.78 24.08 203.70 -52.6 27.2 -2.03
800 51.34  234.44 27.31 207.13 -53.6 38.7 -2.53
900 54.03  240.65 30.13 210.51 -54.4 50.3 -2.92
1000 56.52  246.47 32.65 213.82 -55.0 61.9 -3.24 |
1100 58.82  251.96 34.92 217.04 -55.4 73.7 -3.50 |
1200 60.96  257.18 37.01 220.17 -55.8 85.4 -3.72
1300 62.94  262.13 38.93 223.21 -55.9 97.2 -3.91
1400 64.77  266.87 40.71 226.16 -56.0 109.0 -4.07
1500 66.45  271.39 42.37 229.03 -56.0 120.8 -4.21
1600 68.00  275.73 43.92 231.81 -55.9 132.5 -4.33
1700 69.42  279.90 45.38 234.52 -55.7 144.3 -4.43
1800 70.71  283.90 46.75 237.15 -55.5 156.1 -4.53
i
Melting T K Boiling T K
A H° kJ
A H® kJ |
Molar Vol. 2478.97 J-bar“‘
H8gg-H} 10.045 kJ 24789.7 cm?

i
11/18/9?
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ACANTHITE (ARGENTITE)

Formula wt 247.802

Ag,S: Monoclinic crystals 298.15 to 451.3 K; cubic crystals (argentite) 451.3 to 865 K.

y phase 865 to 1000 K.

Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. Cﬁ S% (H3-H3gg) /T -(G}-H39g)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 — kJemol™l ——
298.15 75.31 142.89 0.00 142.89 -32.0 -39.7 6.95
300 75.39 143.35 0.46 142.89 -32.0 -39.7 6.92
400 80.47 165.67 19.78 145.89 -34.0 -42.2 5.52
500 87.26 193.79 41.08 152.71 ~30.5 -44.7 4.67
600 86.03 209.59 48.67 160.92 -30.7 -47.5 4.14
700 84.80 222.75 53.91 168.84 -31.0 -50.3 3.75
800 84.69 234.05 57.75 176.30 -31.3 -53.0 3.46
900 80.38 244.84 61.53 183.31 -84.1 -54.7 3.17
1000 80.57 253.28 63.38 189.90 -83.8 -51.5 2.69
Melting T K Boiling T K
A _H° kJ
A HC kJ
Molar Vol. 3.419 J-bar!
H8gg—Hp 17.132 kJ 34.19 cm®

9/30/92
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Formula wt 106.988

AsS: Monoclinic crystals 298.15 to melting point 580 K; liquid 580 to 800 K.

Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. CB S§ (H%-Higs)/T -(G%-Hﬁgs)/T AfHo AfGo Log Kf
K Jemol~1l.x"1 — kJemol™l —
298.15 47.02 63.50 0.00 63.50 -30.9 -29.6 5.19
300 47.08 63.80 0.29 63.51 -30.9 -29.6 5.16
400 49.32 77.68 12.29 65.39 -33.2 -29.1 3.80
500 51.18 88.88 19.88 69.00 -34.6 -27.9 2.92
600 67.12 110.35 36.84 73.51 -28.7 -26.7 2.33
700 ©71.48 121.00 41.46 79.54 -27.8 -26.4 1.97
800 77.50 130.90 45.57 85.33 -26.3 -26.3 1.72
Melting T 580 K Boiling T K
|
A H° kJ |
A H® 6.668 kJ |
Molar Vol. 2.980 J-bar!
H3gg-H} kJ 29.80 cm3

9/30/92




124 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
GREENOCKITE Formula wt 144.477
CdS: Cubic crystals 298.15 to 1100 K. Reference state for sulfur is orthorhombic sulfur.
FORMATION FROM THE ELEMENTS
Temp. ¢ s% (H3-H3gg) /T  -(G§-H39g)/T Agne AgG® Log K¢
K Jemol~1l.x"1 — kJemol™! ——
298.15 47.30 72.18 0.00 72.18 -149.6 -146.1 25.60
300 47.36 72.47 0.29 72.18 -149.6 -146.1 25.44
400 49.46 86.42 12.35 74.07 -152.0 -144.8 18.91
500 50.70 97.60 19.90 77.69 -153.7 -142.8 14.92
600 51.68 106.93 25.12 81.81 -161.2 -140.5 12.23
700 52.55 114.96 28.98 85.99 -162.3 -136.9 10.22
800 53.37 122.03 31.98 90.06 -163.2 -133.2 8.70
900 54.16 128.37 34.40 93.97 -217.1 ~128.4 7.45
1000 54.93 134.11 36.41 97.70 -216.5 -118.5 6.19
1100 55.67 139.38 38.13 101.25 -314.8 -102.9 4.89
Melting T K Boiling T K
B nH® kJ
A H° kJ
Molar Vol. 2.993 Jebar?
H3gg-HJ 8.818 kJ 29.93 cmd

9/30/92



CATTIERITE

|
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Formula wt 123.065

CoS;: Cubic crystals 298.15 to 1000 K. Reference state for sulfur is orthorhombic sulfur.j

FORMATION FROM THE ELEMENTS |

Temp. cg S§  (H§-H3gg)/T ~-(G$-H3gg)/T AgHe AgGe Log Kg |
K Jemol~1.x"1 kJ'mol™l ——

|
298.15  68.26 74.80 0.00 74.80 -150.9 ~145.1 25.42
300 68.39 75.22 0.42 74.80 ~150.9 -145.1 25.26
400 74.28 95.76 18.20 77.56 -155.5 -143.0 18.67 |
500 78.63  112.82 29.87 82.96 -158.5 -139.5 14.57 |
600 82.38  127.50 38.31 89.18 ~160.5 -135.5 11.80 |
700 85.85  140.46 44.86 95.60 -161.8 -131.2 9.79 |
800 89.16  152.14 50.19 101.95 -163.1 -126.7 8.27
900 92.38  162.83 54.70 108.13 -269.8 -120.0 6.97
1000 95.55  172.72 58.63 114.10 -267.7 -103.5 5.41 |
\
|
Melting T K Boiling T K ‘
W
A H® kJ |
Molar Vol. 2.552 J-bar!

H3gg-HJ 12.301 kJ 25.52 cm3
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COVELLITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 95.612

CuS: Hexagonal crystals 298.15 to 800 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. c3 Sy (H3-H39g) /T —(G3-H8g9g)/T AgH® AgG° Log K¢
K Jemol~1l.x"1 kJ-mol~l —
298.15 47.53 67.40 0.00 67.40 -54.6 -55.3 9.68
300 47.59 67.69 0.29 67.40 -54.6 -55.3 9.62
400 50.29 81.77 12.47 69.30 -56.8 -55.4 7.23
500 52.62 93.24 20.27 72.98 -58.1 -54.9 5.74
600 54.82 103.03 25.84 77.19 -59.0 -54.2 4.72
700 56.94 111.64 30.14 81.51 -59.4 -53.3 3.98
800 59.03 119.38 33.62 85.77 -59.5 -52.4 3.42
Melting T 780i K Boiling T K
A H° kJ
A, H° kJ
Molar Vol. 2.042 J-bar®
H3gg-HY 9.45 kJ 20.42 cm?

9/30/92



CHALCOCITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 127

1
Formula wt 159.158

CuyS: Orthorhombic crystals 298.15 to 376 K; hexagonal crystals 376 to 710 K; cubic \

crystals 710 to melting point 1403 K. Reference state for sulfur is orthorhombic

sulfur.
FORMATION FROM THE ELEMENTS
|
Temp. cs S  (H3-H39g)/T -(G§-H3gg)/T AgH® AgG° Log K¢
K Jemol~1.x"1 kJ-mol™l ——

298.15  76.84  116.20 0.00 116.20 -83.9 -89.2 15.62
300 77.01  116.67 0.47 "116.20 -83.9 -89.2 15.53
400 98.83  151.07 31.14 119.93 -81.1 -91.3 11.92
500 95.31  172.84 44.33 128.51 -80.5 -93.9 9.81
600 92.30  189.93 52.56 137.37 -79.9 -96.7 8.42
700 89.79  203.97 58.06 145.91 -79.5 -99.5 7.43
800 82.76  216.94 62.85 154.09 -78.5 -102.5 6.69
900 82.50  226.66 65.04 161.62 -132.1 -104.5 6.06
1000 85.02  235.65 67.02 168.63 -131.1 -101.5 5.30
1100 85.02  243.77 68.68 175.09 -130.3 -98.6 4.68

1200 85.02  251.17 70.03 181.14 -129.7 -95.7 4.17
1300 85.02  257.95 71.71 186.24 -128.7 -92.2 3.1
1400 85.02  264.23 72.15 192.08 -155.6 -89.2 3.33

|

i

i

|

|

‘j

Melting T 1403 K Boiling T K g

A H® kJ |

Molar Vol. 2.748 J-bar’

H3gg-H} 15.80 kJ 27.48 cn? |

9/30/§2




128 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CHALCOPYRITE

Formula wt 183.525

CUF332 H
crystals 930 to 1200 K.

Tetragonal crystals 298.15 to 820 K; tetragonal crystals 820 to 930 K; cubic

Reference state for sulfur is orthorhombic sulfur.

Above 820 K, the phase is called ISS (intermediate solid solution).

FORMATION FROM THE ELEMENTS

K Jemol~1.x"1 — kJemol™l ——
298.15 95.80 124.90 0.00 124.90 -194.9 -195.1 34.18
300 96.24 125.49 0.59 124.90 -194.9 -195.1 33.97
400 106.26 155.01 26.15 128.86 -199.0 -195.0 25.47
500 109.15 179.02 42.45 136.57 -201.5 -193.8 20.24
600 114.53 199.34 53.97 145.38 -203.2 -192.1 16.72
700 123.84 217.64 63.24 154.41 =-204.0 =-190.1 14.19
800 136.83 234.99 71.59 163.40 -203.8 -188.2 12.29
900 203.75 264.70 91.48 173.22 -298.0 -185.0 10.74
1000 172.49 285.00 101.42 183.58 -290.2 -173.0 9.04
1100 172.49 301.44 107.88 193.56 -285.3 -161.5 7.67
1200 172.49 316.45 113.27 203.18 -279.8 -150.6 6.55
Melting T K Boiling T K
A H® xJ
A H® kJ
Molar Vol. 4.392 Jebar!
H39g-HY 18.34 kJ 43.92 cm3

9/30/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES
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BORNITE Formula wt 501.841
CugFeS,: Orthorhombic crystals 298.15 to 470 K; cubic crystals 470 to 535 K; cubic
crystals 535 to 1200 K. Reference state for sulfur is orthorhombic sulfur.
i
FORMATION FROM THE ELEMENTS |
Temp. c;, s% (H3-H39g) /T -(G3-H3g9g)/T AgH® AgG° Log K¢
K Jemol~1l.x~1 kJemol™l |
298.15 242.90 398.50 0.00 398.50 -371.6 -394.7 69.15 |
300 243.20 400.00 1.50 398.50 -371.6 -394.8 68.75
400 260.60 472.40 64.09 408.31 -379.9 -402.3 52.54
500 369.45 549.41 121.22 428.19 -376.3 -407.9 42,62
600 327.89 615.63 161.33 454.30 -370.6 -414.9 36.12
700 323.50 665.90 184.73 481.17 -368.2 -422.6 31.53
800 325.20 709.20 202.19 507.01 -365.8 -430.5 28.11
900 327.30 747.53 215.89 §31.64 -576.1 -434.4 25.21
1000 332.90 782.29 227.29 555.00 -569.5 -419.1 21.89 |
1100 340.00 814.34 237.21 577.13 -563.5 -404.3 19.20 1
1200 348.30 844.27 246.12 598.15 -556.7 -390.1 16.98
|
|
\
%
i
|
i
Melting T K Boiling T K
A e A
A H® kJ i
Molar Vol. 9.873 Jebar?
H$gg-HY 53.011 kJ 98.73 cm3
ﬁL




130 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

TROILITE Formula wt 87.913

FeS: Hexagonal crystals (NiAs structure) 298.15 to a complex transition at 411 K and a Néel
temperature at 590 K; paramagnetic 590 to melting point at 1468 K; liquid 1468 to 1800
K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. cy s (H§-H8gg) /T  -(G§-H3gg)/T AgH® AgG® Log Kg¢
K Jemol~1l.x"1 — kJemol™l ——
298.15  50.49 60.30 0.00 60.30 -102.6 -102.9 18.03
300 50.64 60.62 0.31 60.31 -102.6 -102.9 17.92
400 70.02 76.87 14.44 62.43 -104.1 -103.0 13.46
500 72.06  102.86 34.29 68.57 -99.5 -103.6 10.83
600 67.33 116.98 41.52 75.46 -98.4 -104.5 9.10
700 58.13  126.32 44.23 82.09 -99.1 -105.5 7.87
800 57.73  134.00 45.90 88.10 -100.1 -106.3 6.94
900 58.65 140.86 47.27 93.59 -154.6 -106.0 6.15
1000 60.64  147.13 48.49 98.64 -155.3 -100.6 5.25
1100 62.00  152.82 49.52 103.30 -156.8 -95.0 4.51
1200 62.99 158.17 50.52 107.65 -157.5 -89.3 3.89
1300 63.99  163.32 51.56 111.76 -156.5 -83.7 3.36
1400 64.99  168.22 52.60 115.62 -155.3 -78.2 2.92
1500 71.13  194.95 75.20 119.75 -121.7 -73.4 2.56
1600 71.13  199.51 74.94 124.57 -120.3 -70.2 2.29
1700 71.13  203.82 74.72 129.10 -119.8 -67.1 2.06
1800 71.13  207.88 74.52 133.36 ~119.0 -64.0 1.86
Melting T 1468 K Boiling T K
A H® kJ
A H® 32.34 kJ -
: Molar Vol. 1.820 J-bar®
H39g-HJ 9.351 kJ 18.20 cm?

2/17/93
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PYRRHOTITE Formula wt  80.932

1
Fe g75S: Monoclinic crystals 298.15 to combined structural and magnetic transition at 590

K; hexagonal crystals (Ni-As-type) 590 to 1000 K. Reference state for sulfur ié

orthorhombic sulfur. |

_

FORMATION FROM THE ELEMENTS
Temp. cp %  (H}-H3qg)/T -(G$-H3gg)/T AgH® AgGe Log Kg |
K Jemol~1l.x"1 ' kJ'mol™1 ——
298.15 49.88 60.70 0.00 60.70 -97.5 -98.9 17.33 |
300 50.01 60.70 0.31 60.39 -97.4 -98.8 17.21
400 56.24 76.28 13.53 62.75 -99.0 -99.4 12.98
500 63.56 89.57 22.76 66.81 -99.5 -99.5 10.39 |
600 67.35 104.51 32.47 72.04 -97.7 -99.8 8.69 |
700 65.30 114.53 37.37 77.16 -97.2 -100.0 7.46 |
800 57.42 122.64 40.28 82.36 -97.6 -100.3 6.55
900 57.19 129.39 42.17 87.22 -151.6 -99.6 5.78 j
1000 58.38 135.46 43.71 91.75 -151.9 -93.8 4.90 |
|
1
|
|
Melting T K Boiling T K
AHe A
A H® kJ |
Molar Vol. 1.749 J-bar"i
H39g-HJ 9.21 kJ 17.49 cm3

1/13/%3
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PYRITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 119.979

FeS,: Cubic crystals 298.15 to 1000 K.

Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. cﬁ S.‘i. (H%"Higs) /T —(G%-Higs) /T AfHo AfG° Log Kf
K Jemol~1l.x"1 kJemol™l —
298.15 62.17 52.90 0.00 52.90 -171.5 -160.1 28.05
300 62.39 5§3.29 0.38 52.90 -171.6 -160.1 27.87
400 69.15 72.34 16.88 55.45 -176.7 -155.9 20.36
500 71.95 88.10 27.64 60.45 -180.4 -150.3 15.70
600 73.93 101.39 35.20 66.20 -183.3 -144.0 12.54
700 75.90 112.94 40.87 72.07 -185.9 . -137.3 10.24
800 78.10 123.21 45.38 77.83 -188.2 -130.2 8.50
900 80.57 132.55 49.15 83.40 -296.8 ~120.6 7.00
1000 83.29 141.18 52.43 88.75 -297.1 -101.1 5.28
Melting T 1015i K Boiling T K
BHe kJ
A H kJ
Molar Vol. 2.394 J-bar’
H39g-HY 9.63 kJ 23.94 cm3

9/30/92



|
THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 133 [

MARCASITE Formula wt  119.979

FeSy;: oOrthorhombic crystals 298.15 to 700 K. Reference state for sulfur is orthorhombic

sulfur.
FORMATION FROM THE ELEMENTS

Temp. c; s (H§-H3gg) /T  -(G§-H3gg) /T AgH® AgG® Log K¢ |
K Jemol~1.x"1 kJemol™l —— |
§
298.15  62.43 53.90 0.00 53.90 -169.5 -158.4 27.75 |
300 62.60 54.29 0.39 53.90 -169.5 -158.3 27.56
400 69.17 73.31 16.86 56.45 -174.7 -154.3 20.15
500 72.44 89.13 27.68 61.45 -178.3 -148.8 15.54 |
600 74.59  102.53 35.32 67.21 -181.2 -142.6 12.41 |

700 77.00  114.20 41.10 73.11 -183.7 -136.0 10.14
i
|
|
|

Melting T K Boiling T K
B0 kI

ApH® k3
Molar Vol. 2.458 J-bar!
H39g-H§ 9.74 kJ 24.58 cm® |

i
|

3/6/9%




134 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HYDROGEN SULFIDE

Formula wt 34.082

HyS: 1Ideal gas at p = 1 bar, 298.15 to 1800 K. Reference state for sulfur is orthorhombic
sulfur.
FORMATION FROM THE ELEMENTS

Temp. CB S-i. (H%‘Higa)/r -(G%-Hﬁgs)/T AfHo AfG° Log Kf

K Jemol~1l.x"1 kJemol™! ——

298.15 34.20 205.80 0.00 205.80 -20.6 -33.4 5.86
300 34.21 206.01 0.21 205.80 -20.6 -33.5 5.84
400 35.48 216.01 8.85 207.15 -24.7 -37.5 4.89
500 37.22 224.11 14.35 209.76 -27.9 -40.3 4.21
600 39.05 231.05 18.31 212.74 -30.6 -42.5 3.70
700 40.85 237.21 21.40 215.81 -32.9 -44.3 3.31
800 42.58 242.78 23.94 218.83 -34.9 -45.8 2.99
900 44.21 247.89 26.11 221.78 -89.7 -46.0 2.67
1000 45.72 252.63 27.99 224.63 -90.1 -41.1 2.15
1100 47.13 257.05 29.67 227.38 -90.4 -36.2 1.72
1200 48.41 261.21 31.18 230.03 -90.6 -31.3 1.36
1300 49.58 265.13 32.55 232.58 -90.7 -26.3 1.06
1400 50.62 268.84 33.80 235.04 -90.8 -21.4 0.80
1500 51.55 272.37 34.96 237.41 -90.8 -16.4 0.57
1600 52.35 275.72 36.02 239.70 -90.8 -11.5 0.37
1700 53.04 278.92 37.00 241.91 -90.8 -6.5 0.20
1800 53.60 281.96 37.91 244.06 -90.7 -1.6 0.05
Melting T K Boiling T K

A H° kJ
A HC kJ
: Molar Vol. 2478.97 J-bar’

H8gg-H} 9.96 kJ 24789.7 cm?

9/30/92
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 135

Formula wt 87.004

IMnS: Cubic crystals 298.15 to 1800 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. 3 S§  (H}-H3gg)/T -(G§-H3gg)/T AgHe AgGe Log K¢
K Jemol~l.x"1 — kJemol™l ——
298.15 49.98 80.30 0.00 80.30 -213.9 -218.7 38.32
300 49.99 80.61 0.31 80.30 -213.9 -218.8 38.09
400 51.10 95.13 12.86 82.27 -216.2 -220.3 28.77
500 52.14 106.65 20.62 86.04 -217.9 -221.2 23.10
600 52.83 116.22 25.93 90.29 -219.3 -221.7 19.30
700 53.25 124.40 29.81 94.59 -220.6 -222.0 16.56
800 53.55 131.53 32.76 98.78 -221.9 -222.1 14.50
900 53.84 137.85 35.08 102.77 -276.3 -220.9 12.82
1000 54.21 143.55 36.98 106.57 -278.7 -214.7 11.22
1100 54.73 148.74 38.56 110.17 -278.9 -208.3 9.89
1200 55.44 153.53 39.94 113.59 -279.1 -201.9 8.79
1300 56.39 158.00 41.17 116.83 -279.3 -195.5 7.85
1400 57.60 162.22 42.30 119.93 -281.7 -188.9 7.05
1500 59.10 166.24 43.36 122.88 -284.2 -182.2 6.34
1600 60.91 170.11 44.40 125.71 -296.9 -174.7 5.70
1700 63.04 173.87 45.43 128.43 -297.3 -167.0 5.13
1800 65.51 177.54 46.48 131.06 -297.4 -159.4 4.62
}

Melting T K Boiling T K

A H® kJ |
A, H® kI |

Molar Vol. 2.146 J-bar!
H3gg-H}Y xJ 21.46 om®

9/30/92
|




136 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MOLYBDENITE Formula wt 160.072
MoS,: Hexagonal crystals 298.15 to 1200 K. Reference state for sulfur is orthorhombic
sulfur.
FORMATION FROM THE ELEMENTS
Temp. cp s$ (H§-H8gg) /T  =(G3-H8gg)/T AgH® Agce° Log K¢
K Jemol~l.x"1 kJ-mol™l ——
298.15 63.51 62.60 0.00 62.60 -271.8 -262.8 46.04
300 63.63 62.99 0.39 62.60 -271.8 -262.7 45.75
400 68.45 82.01 16.85 65.16 -276.8 -259.5 33.88
500 71.58 97.65 27.50 70.14 -280.2 -254.7 26.61
600 73.77 110.90 35.04 75.86 -282.7 -249.4 21.71
700 75.35 122.40 40.69 81.70 -284.6 -243.7 18.18
800 76.54 132.54 45.10 87.44 -286.2 =-237.7 15.52
900 77.44 141.61 48.65 92.96 -393.7 -229.5 13.32
1000 78.12 149.81 51.56 98.24 -392.5 -211.3 11.03
1100 78.65 157.28 54.00 103.28 -391.3 -193.2 9.17
1200 79.04 164.14 56.07 108.07 -390.1 -175.3 7.63
Melting T K Boiling T K
A H® xJ
A, H® kJ
Molar Vol. 3.202 J+bar!
H3gg-H} 8.82 kJ 32.02 cnm®

9/30/92
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MILLERITE Formula wt 90.756 |

NiS: Rhombohedral crystals 298.15 to 623 K; hexagonal crystals 623 to melting point 1066 K.‘i
Reference state for sulfur is orthorhombic sulfur. ‘

!
FORMATION FROM THE ELEMENTS
Temp. cg §%  (H$-H3gg)/T —-(G$-H3gg)/T AgHe Agee Log K¢ |
K Jemol™1l.x"1 kJemol™l ——
298.15 47.11 52.97 0.00 52.97 -91.0 -88.3 15.47 j
300 47.24 53.26 0.29 52.97 -91.0 -88.3 15.38 |
400 50.79 67.36 12.55 54.81 -93.4 -87.3 11.40
500 53.68 79.04 20.42 58.62 -95.1 -85.6 8.94 |
600 56.27 89.04 26.22 62.82 -96.4 -83.6 7.27 J
700 59.45 102.68 34.91 67.77 -94.4 -81.7 6.10
800 62.55 110.79 38.18 72.61 -94.6 -80.3 5.24
900 65.65 118.37 41.05 77.32 -147.6 -77.0 4.47
1000 68.74 125.44 43.68 81.76 -145.9 -69.2 3.61
1100 71.13 159.58 72.73 86.85 -114.7 -62.5 2.97 |
|
|
|
|
!
Melting T 1066 K Boiling T K 1
A He xJ |
A H® kJ
Molar Vol. 1.689 J-gar“i*
- . .8 J
H39g-H} 8.47 kJ 16.89 cm> |

|
9/30/9]2

|
|
|



138 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HEAZLEWOODITE Formula wt 240.202

Ni3S,: Hexagonal crystals 298.15 to 834 K; cubic crystals 834 K to incongruent melting point
1064 K; liquid 1064 to 1400 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. CB s% (H%-Hﬁgs) /T - (G%-Higs) /T AfHo AfG° Log Kf

K Jmol~1l.x~1 kJemol™l ——

298.15 118.24 133.20 0.00 133.20 -216.3 -210.2 36.82
300 118.45 133.93 0.73 133.20 -216.3 -210.1 36.59
400 129.01 169.52 31.54 137.98 -221.3 -207.8 27.14
500 136.05 199.12 51.79 147.34 -224.7 -204.1 21.32
600 141.59 224.42 66.29 158.12 -227.8 -199.7 17.38
700 148.35 246.72 77.51 169.22 -230.1 ~194.8 14.53
800 158.39 267.14 86.95 180.20 -230.5 -191.1 12.48
900 189.15 355.52 159.38 196.14 ~278.4 -187.1 10.86
1000 191.81 375.52 162.41 213.11 -272.8 -177.3 9.26
1100 189.12 411.84 182.56 229.28 -247.9 -168.7 8.01
1200 189.12 428.28 183.11 245.17 -242.7 -161.7 7.03
1300 189.12 443.42 183.57 259.85 -237.9 -155.1 6.23
1400 189.12 457.44 183.97 273.47 -233.3 -148.9 5.56
Melting T 1064 K Boiling T K

A H° xJ
A H® 19.66 kJ
Molar Vol. 4.095 Jebar’

H3gg-H} 21.50 kJ 40.95 cnm®

9/30/92
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 134

Formula wt 239.266

PbS: Cubic crystals 298.15 to 900 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS |

Temp. cg S$  (H$-H8gg)/T —-(G$-H39g)/T Ao AgG° Log K¢
K Jemo1~1.x"1 kJemol™l —— 5
i
298.15 49.49 91.70 0.00 91.70 -98.3 -96.8 16.95
300 49.52 92.01 0.31 91.70 -98.3 -96.8 16.85
400 51.16 106.48 12.81 93.66 -100.6 -96.1 12.55
500 52.80 118.07 20.65 97.42 -102.1 -94.9 9.91 |
600 54.44 127.84 26.14 101.70 -103.3 -93.3 8.12
700 56.08 136.36 30.30 . 106.05 -109.0 -90.8 6.77 |
800 57.72 143.95 33.63 110.32 -109.5 -88.1 5.75
900 59.36 150.84 36.40 114.45 -162.9 -84.3 4.90
|
E
L.
i
|
f
Melting T 1400 K Boiling T K
|
A H° kJ ‘
H (fusion) kJ J
Molar Vol. 3.149 J-bar!
H3gg-HJ 11.51 kJ 31.49 cmd®

9/30/%2



140 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
STIBNITE Formula wt 339.698
SbyS3: Orthorhombic crystals 298.15 to 900 K. Reference state for sulfur is orthorhombic
sulfur.
FORMATION FROM THE ELEMENTS
Temp. cp 8§  (H3-H39g)/T ~—(G§-H39g)/T AgHC Agce Log K¢
K Jemol~1l.x"1 kJemol~l —
298.15 119.75 182.00 0.00 182.00 -151.4 -149.8 26.25
300 119.81 182.74 0.74 182.00 -151.4 -149.8 26.09
400 123.38 217.70 30.96 186.74 -158.1 -149.0 19.46
500 126.46 245.58 49.76 195.82 -162.7 -146.3 15.28
600 128.94 268.86 62.76 206.10 -166.0 -142.7 12.42
700 130.92 288.89 72.36 216.53 -168.6 -138.6 10.34
800 132.51 306.48 79.78 226.70 -170.8 -134.1 8.76
900 133.80 322.17 85.72 236.45 -332.2 -126.2 7.33
Melting T 829 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 7.341 J-bar!
H8gg-HY kJ 73.41 cm’

10/1/92



HERZENBERGITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 141 i

f
Formula wt 150.776(

SnS: Orthorhombic crystals 298.15 to 875 K; cubic crystals 875 to melting point 1153 K.

Liquid 1153 to 1300 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS j

Temp. cs s} (H3-H3gg) /T  -(G3-H39g)/T AgH® AgG° Log K¢
K Jemol~1.x"1 kJ'mol~l —— |
|
298.15 49.25 77.00 0.00 77.00 -106.5 -104.6 18.33 |
300 49.32 77.30 0.30 77.00 -106.5 -104.6 18.22 f
400 50.87 91.76 12.81 78.95 -108.9 -103.9 13.57
500 52.02 103.22 20.52 82.70 -110.6 -102.5 10.70
600 54.51 112.91 25.96 86.95 -119.0 -99.3 8.65 |
700 58.40 121.50 30.30 91.20 -119.6 -96.0 7.16 |
800 63.50 129.71 34.12 95.59 -119.5 -92.7 6.05
900 54.04 137.47 37.81 99.66 -171.8 -88.1 5.11 |
1000 57.07 143.32 39.59 103.73 -170.9 -78.9 4.12 j
1100 60.11 148.90 41.32 107.58 -169.7 -69.7 3.31
1200 75.61 181.98 69.64 112.34 -136.3 -62.0 2.70 j
1300 75.61 188.03 70.10 117.93 -133.5 -55.9 2.25
i
f
]
Melting T 1153 K Boiling T K
Ao ks
A H® 31.59 kJ
Molar Vol. 2.901 J-bar’
H3gg-HY kJ 29.01 cmd |

10/1/Q2



142

BERNDTI

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

TE

Formula wt 182.842

Sn82=

Hexagonal crystals 298.15 to 1000 K.
sulfur.

Reference state for sulfur is orthorhombic

FORMATION FROM THE ELEMENTS

Temp. Cs S% (H%-3598)/T ‘(G%-Hﬁge)/T Afﬂ‘ AfG° Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 70.12 87.50 0.00 87.50 -149.8 -141.5 24.79
300 70.17 87.93 0.43 87.50 -149.8 -141.5 24.63
400 72.05 108.41 18.13 90.28 -154.7 -138.4 18.08
500 73.52 124.64 29.06 95.58 -158.2 -134.0 14.00
600 75.19 138.19 36.60 101.59 -168.1 -127.5 11.10
700 77.13 149.92 42.25 107.67 -170.0 -120.6 9.00
800 79.33 160.36 46.75 113.61 -171.4 -113.5 7.41
900 81.74 169.84 50.50 119.34 -278.6 ~-104.0 6.04
1000 84.33 178.59 53.75 124.84 -276.9 -84.7 4.42
Melting T K Boiling T K
BoHe kI
A, H® kJ
Molar Vol. 4.096 J-bar’!
H$og-H}Y kJ 40.96 cm?

10/1/92
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Formula wt 247.982

WS,: Hexagonal crystals 298.15 to 1500 K.

Reference state for sulfur is orthorhombic

sulfur.
FORMATION FROM THE ELEMENTS
Temp. cg s% (H§-H3gg) /T  -(G$-H3gg)/T AgHe AgGe Log K¢
K Jemol~l.x"1 — kJ'mol™! ——
298.15 63.83 67.80 0.00 67.80 -241.6 -233.0 40.81
300 63.99 68.20 0.39 67.80 -241.6 -232.9 40.55
400 69.67 87.50 17.10 70.39 -246.5 -229.8 30.00
500 72.41 103.37 27.92 75.45 -249.8 -225.2 23.53
600 74.01 116.72 35.48 81.25 -252.2 -220.0 19.16
700 75.09 128.22 41.06 87.15 -254.1 -214.5 16.01
800 75.90 138.30 45.37 92.93 -255.6 -208.8 13.63
900 76.57 147.28 48.80 98.48 -363.1 -200.7 11.65
1000 77.16 155.38 51.61 103.77 -361.9 -182.7 9.54
1100 77.71 162.76 53.95 108.80 -360.6 -164.9 7.83
1200 78.24 169.54 55.96 113.58 -359.4 -147.1 6.40
1300 78.76 175.82 57.69 118.13 -358.2 -129.5 5.20
1400 79.29 181.68 §9.21 122.47 -357.0 -111.9 4.18
1500 79.83 187.17 60.57 126.60 -355.8 -94.5 3.29
Melting T K Boiling T K
A, H° kJ
A H° kJ
Molar Vol. 3.207 J-bar!
H3gg-HY 11.01 kJ 32.07 cm3

10/1/92
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SPHALERITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 97.456

ZnS: Cubic crystals 298.15 K to 1300 K. Reference state for sulfur is orthorhombic sulfur.

FORMATION FROM THE ELEMENTS

Temp. C§ s-i- (H%-Hﬁgs)/T -(G%-Higa)/'r Afao AfG° Log K¢
K Jemol~1.x~1 kJemol™l ——
298.15 45.76 58.70 0.00 58.70 ~-204.1 =-199.6 34.97
300 45.82 58.98 0.28 58.70 -204.1 -199.6 34.75
400 48.30 72.53 12.00 60.53 -206.6 -198.0 25.85
500. 49.93 83.50 19.43 64.06 -208.3 -195.6 20.44
600 51.12 92.71 24.62 68.09 -209.6 -193.0 16.80
700 52.04 100.66 28.47 72.19 -218.0 -190.1 14.18
800 52.79 107.66 31.47 76.19 -219.1 ~186.0 12.14
900 §3.42 113.92 33.87 80.04 -273.2 -180.7 10.49
1000 53.96 119.57 35.85 83.72 -272.8 -170.4 8.90
1100 54.43 124.74 37.52 87.22 -272.4 -160.2 7.61
1200 54.85 129.49 38.95 90.54 -387.1 -148.1 6.45
1300 55.23 133.90 40.19 93.71 -385.6 -128.2 5.15
Melting T K ' Boiling T K
A He | X3
A H® kJ
Molar Vol. 2.383 J-bar!
H3gg-HY 8.82 kJ 23.83 cm?

10/1/92
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Formula wt 97.456‘

ZnS: Hexagonal crystals 298.15 to 1300 K. Reference state for sulfur is orthorhombic |

sulfur.
1
FORMATION FROM THE ELEMENTS
Temp. cg s$ (H3-H3gg) /T  -(G$-H39g) /T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol™l —— |
298.15 45.89 58.80 0.00 58.80 -203.8 -199.4 34.93
300 45.96 59.08 0.28 58.80 -203.8 -199.3 34.71
400 48.72 72.74 12.09 60.64 -206.2 -197.7 25.82
500 50.13 83.77 19.57 64.20 -207.9 -195.4 20.41
600 51.09 93.00 24.75 68.25 -209.2 -192.8 16.78
700 51.86 100.94 28.57 72.37 -217.17 -189.8 14.17
800 52.55% 107.91 31.52 76.38 -218.8 -185.8 12.13
900 53.21 114.13 33.90 80.24 -272.9 -180.6 10.48
1000 53.86 119.77 35.86 83.91 -272.5 -170.3 8.90
1100 54.50 124.94 37.52 87.41 -272.1 -160.1 7.60
1200 55.15 129.71 38.97 90.74 -386.8 -148.0 6.44
1300 55.80 134.15 40.24 93.91 -385.2 -128.2 5.15 |
|
|
}
i
Melting T K Boiling T K f
|
A H® kJ |
A H® kJ
Molar Vol. 2.385 Jebar!|
H$gg-H}Y 8.85 kJ 23.85 cm?

10/1/9

N



146 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
BERTHIERITE Formula wt 427.611
FeSbyS,: Orthorhombic crystals 298.15 to 836 K. Reference state for sulfur is orthorhombic
sulfur.
FORMATION FROM THE ELEMENTS
Temp. cp s% (H§-H39g) /T  ~(G§-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™1 ——
298.15 175.23 245.00 0.00 245.00 -256.2 -255.8 44.81
300 175.60 246.09 ~1.08 245.00 -256.2 -255.8 44.54
400 186.17 298.40 46.33 252.06 -264.1 -255.4 33.36
500 189.05 340.31 74.64 265.67 -269.1 -252.8 26.40
600 190.44 374.90 93.83 281.07 -272.9 -249.1 21.69
700 191.92 404.37 107.73 296.63 -276.0 -244.9 18.27
800 193.91 430.12 118.37 311.74 -279.0 -240.2 15.68
900 196.48 453.10 126.91 326.20 -494.4 -230.9 13.40
Melting T K Boiling T K
A H kJ
A H® kJ
Molar Vol. 9.222 J-bar!
H3gg-HJ kJ 92.22 cm®

2/17/93
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Formula wt 249.428

CuSbS,: Orthorhombic crystals 298.15 tO 826 K. Reference state for sulfur is orthorhombici

sulfur. !
|
FORMATION FROM THE ELEMENTS
Temp. cp s% (H3-H8gg) /T —-(G3-H3gg)/T AgH® AgGe Log K¢ |
K J-mol~1.x"1 kJemol™l ——
298.15 100.15 149.20 0.00 149.20 -130.8 -132.7 23.25
300 100.22 149.82 0.62 149.20 -130.8 -132.7 23.11
400 104.26 179.20 26.02 153.18 -134.8 -133.3 17.40
500 108.30  202.90 42.07 160.83 -137.2 -132.6 13.85
600 112.34  223.01 53.45 169.56 -138.7 -131.5 11.45
700 116.38  240.63 62.15 178.48 -139.3 -130.3 9.72
800 120.42 256.43 69.18 187.25 -139.5 -129.0 8.42
900 124.46  270.85 75.10 195.75 = =-245.5 -125.5 7.29 |
|
|
Melting T 826 K Boiling T K
A H° kJ
A, H° kJ |
Molar Vol. 5.006 J+bar?|
H8gg-HJ kJ 50.06 cm3




148 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

ACANTHITE (ARGENTITE) Formula wt 247.802

Ag,S: Monoclinic crystals 298.15 to 451.3 K; cubic crystals (argentite) 451.3 to 865 K.
Y phase 865 to 1000 K. Reference state for sulfur is ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. c S§  (H3-H39g)/T ~-(G$-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x~1 kJemol™l ——
298.15 75.31 142.89 0.00 142.89 -96.3 -79.5 13.93
300 75.39 143.35 0.46 142.89 -96.3 -79.4 13.83
400 80.47 165.67 19.78 145.89 -95.3 -73.9 9.65
500 87.26 193.79 41.08 152.71 -89.6 -69.2 7.23
600 86.03 209.59 48.67 160.92 -88.1 -65.3 5.68
700 84.80 222.75 53.91 168.84 -86.7 -61.6 4.60
800 84.69 234.05 57.75 176.30 -85.7 -58.1 3.79
900 80.38 244.84 61.53 183.31 -84.1 -54.7 3.17
1000 80.57 253.28 " 63.38 189.90 -83.8 -51.5 2.69
Melting T K Boiling T K
A H® kJ
Molar Vol. 3.419 J-bar!
H3gg-HQ 17.132 kJ 34.19 cm?
A= -8,355E+01 B= 3.273E-02 C= =5.14E+05

9/24/92
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

149

Formula wt 106.988

AsS: Monoclinic crystals 298.15 to melting point 580 K; liquid 580 to 800 K.

Reference state for sulfur is ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. cp s% (H3-H39g) /T  —(G§-H39g)/T AgHe Agce Log K¢
K Jemol~1l.x"1 — kJemol™l ——

298.15 47.02 63.50 0.00 63.50 -95.2 -69.5 12.17

400 49.32 77.68 12.29 65.39 -94.5 -60.8 7.94

500 51.18 88.88 19.88 69.00 -93.8 -52.4 5.48

600 67.12 110.35 36.84 73.51 -86.0 -44.5 3.87

700 71.48 121.00 41.46 79.54 -83.6 -37.7 2.82

800 77.50 130.90 45.57 85.33 -80.7 -31.4 2.05

Melting T 580 K Boiling T K 3
A H° kJ

A H® 6.668 kJ ;
Molar Vol. 2.980 J-bar?

H$gg-HY kJ 29.80 cmd

= -84.07 B= 0.06734 C= -4.98E+05

3/25/92
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GREENOCKITE Formula wt 144.477

CdS: Cubic crystals 298.15 to 1100 K. Reference state for sulfur is ideal S; gas at p = 1

bar.
FORMATION FROM THE ELEMENTS
Temp. C; s% (H%‘Hﬁga) /T -(G%-Higa) /T AfHo AfG° Log Kf
K Jemol~1l.x"1 — kJ'mol™l ——
298.15 47.30 72.18 0.00 72.18 -213.9 -186.0 32.58
300 47.36 72.47 0.29 72.18 -213.9 -185.8 32.35
400 49.46 86.42 12.35 74.07 -213.4 -176.5 23.05
500 50.70 97.60 19.91 77.69 -212.8 -167.4 17.48
600 51.68 106.93 25.12 81.81 -218.6 ~158.2 13.78
700 52.55 114.96 28.98 85.99 -218.1 -148.2 11.06
800 53.37 122.03 31.98 90.06 -217.6 -138.3 9.03
900 54.16 128.37 34.40 93.97 -217.1 -128.4 7.45
1000 54.93 134.11 36.41 197.70 -216.5 -118.5 6.19
1100 55.67 139.38 38.13 101.25 -314.8 -102.9 4.89
Melting T K Boiling T K
A, H° kJ
A H® kJ
Molar Vol. 2.993 J-bar’
H3gg-H} 8.81 kJ 29.93 cm®
A= =2.177E+02 'B= 9.880E-02 C= 2.109E+05

9/24/92
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}
CATTIERITE Formula wt 123.065

CoSy: Cubic crystals 298.15 to 1000 K. Reference state for sulfur is ideal S, gas at p =

1 bar.
FORMATION FROM THE ELEMENTS
|
Temp. ) CB S.} (H%-Hﬁga) /T -(G%“Higs)/'r AfH° AfG° Log Kf
K Jemo1~1l.x"1 kJemol™l —— |
I
|
298.15 68.26 74.80 0.00 74.80 -279.5 -224.8 39.38 |
300 68.39 75.22 0.42 74.80 -279.5 -224.5 39.08 !
400 74.28 95.76 18.20 77.56 -278.2 -206.3 -26.94 J
500 78.63 112.82 29.87 82.96 -276.8 -188.5 19.69 |
600 82.38 127.50 38.31 89.18 -275.1 -171.0 14.89 J
700 85.85 140.46 44.86 95.60 -273.4 -153.8 11.48 |
800 89.16 152.14 50.19 101.95 -271.9 -136.8 8.93
900 92.38 162.83 54.70 108.13 -269.8 -120.0 6.97
1000 95.55 172.72 58.63 114.10 -267.7 -103.5 5.41
\
\
\
Melting T K Boiling T K
\
BoH° kJ
ALH® kJ
Molar Vol. 2.552 J-bar’!
H3gg-H} 12.30 kJ 25.52 cm3
A= -2.710E+02 B= 1.682E-01 C= -3.57E+05

3/26/42
|
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COVELLITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt

95.612

CuS: Hexagonal crystals 298.15 to 800 K.

Reference state for sulfur is ideal S, gas at p

= ] bar.
FORMATION FROM THE ELEMENTS
Temp. Ci’, S.i. (H%-Hﬁgs)/i‘ -(G&;"Hﬁgs)/T AfH° AfGo Log Kf
K Jemol~1l.x-1 — kJemol™! ——
298.15 47.53 67.40 0.00 67.40 -118.9 -95.1 16.66
300 47.59 67.69 0.29 67.40 -118.9 -95.0 16.53
400 $0.29 81.77 12.47 69.30 -118.1 -87.1 11.37
500 52.62 93.24 20.27 72.98 -117.3 =-79.4 8.30
600 54.82 103.03 25.84 77.19 -116.3 -71.9 6.26
700 56.94 111.64 30.14 81.51 -115.2 -64.6 4.82
800 59.03 119.38 33.62 85.77 -113.9 -57.5 3.75
Melting T 780i K Boiling T K
A H® kJ
A H® kJ
Molar Vol. 2.042 J-bar?
H3gg-Hj 9.45 kJ 20.42 cm?

A= -1.148E+02

B= 7.208E-02

C= -1.60E+05

3/26/92
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Formula wt 159.158

Cu,8: Orthorhombic crystals 298.15 to 376 K; hexagonal crystals 376 to 710 K; cubic crystals
710 to melting point 1403 K. Reference state for sulfur is ideal S, gas at p = 1 bar.
i
|
FORMATION FROM THE ELEMENTS
|
Temp. c3 s% (H}-H8gg) /T  ~-(G3-H3gg) /T AgHe Agce Log K¢ |
K Jemol~1l.x~1 kJemol™l ——
1
298.15 76.84 116.20 0.00 116.20 -148.2 -129.1 22.61
300 77.01 116.67 0.47 116.20 -148.2 -129.0 22.45
400 98.83 151.07 31.14 119.93 -142.5 -123.0 16.06
500 95.31 172.84 44.33 128.51 -139.7 -118.5 12.38
600 92.30 189.93 52.56 137.37 -137.3 -114.5 9.97 |
700 89.79 203.97 58.06 145.91 -135.3 -110.8 8.27 |
800 82.76 216.94 62.85 154.09 -132.9 -107.6 7.02
900 82.50 226.66 65.04 161.62 -132.1 -104.5 6.06
1000 85.02 235.65 67.02 168.63 -131.1 -101.5 5.30 J
1100 85.02 243.77 68.68 175.09 -130.3 ~98.6 4.68 |
1200 85.02 251.17 70.03 181.14 -129.7 =-95.7 4.17
1300 85.02 257.95 71.71 186.24 -128.7 -92.2 3.71 |
1400 85.02 264.23 72.15 192.08 -155.6 -89.2 3.33 i
|
i
|
1‘
|
Melting T 1403 K Boiling T K
A H° kJ |
A H® kJ |
Molar Vol. 2.748 J-bar’
H$gg-HY 15.80 kJ 27.48 cm®
|
A= -1,304E+02 B= 2.957E-02 C= -6.73E+05
01/13/93
|




154 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
CHALCOPYRITE Formula wt 183.525
CuFeS,;: Tetragonal crystals 298.15 to 820 K; tetragonal crystals 820 to 930 K; cubic
crystals 930 to 1200 K. Reference state for sulfur is ideal S, gas at p = 1 bar.
Above 820 K, phase is called ISS (intermediate solid solution).
FORMATION FROM THE ELEMENTS
Temp. CB Si. (H%-Higs)/T '(G%‘H%gs)/'f AfH° AfG° Log Kf
K Jemol~1l.g"1 — kJemol™l ——
298.15 95.80 124.90 0.00 124.90 -323.5 -274.8 48.14
300 96.24 125.49 0.59 124.90 -323.5 -274.5 47.79
400 106.26 155.01 26.15 128.86 -321.7 -258.4 33.74
500 109.15 179.02 42.45 136.57 -319.8 -242.8 25.37
600 114.53 199.34 53.97 145.38 -317.9 -227.6 19.81
700 123.84 217.64 63.24 154.41 -315.6 -212.7 15.87
800 136.83 234.99 71.59 163.40 -312.6 -198.2 12.94
900 203.75 264.70 91.48 173.22 -298.0 -185.0 10.74
1000 172.49 285.00 101.42 183.58 -290.2 -173.0 9.04
1100 172.49 301.44 107.88 193.56 -285.3 -161.5 7.67
1200 172.49 316.45 113.27 203.18 -279.8 -150.6 6.55
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.392 J-bar?
H$gg-HY 18.34 kJ 43.92 cm®
A= -2,9995E+02 B= 1.2712E-01 C= -1.19E+06

3/26/92
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BORNITE Formula wt 501.841 |

CugFeS,: Orthorhombic crystals 298.15 to 470 K; cubic crystals 470 to 535 K; cubic
crystals 535 to 1200 K. Reference state for sulfur is ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS g

Temp. c 5% (H3~H3gg) /T  =(G$-H3gg)/T AgH® AgG° Log K¢

K Jemol~l.x"1 — kJ'mol™l — J

|

|

298.15 242.90  398.50 0.00 398.50 -628.8 -554.1 97.07 |
300 243.20  400.00 1.50 398.50 -628.7 -553.6 96.39

400 260.60  472.40 64.09 408.31 -625.3 -529.1 69.09

500 369.45  549.41  121.22 428.19 -612.9 -506.0 52.86 |

600 327.89  615.63  161.33 454.30 -600.0 -485.9 42.30
700 323.50  665.90  184.73 481.17 -591.4 -467.7 34.90
800 325.20  709.20  202.19 507.01 -583.4 -450.6 29.42
900 327.30  747.53  215.89 531.64 -576.1 -434.4 25.21

1000 332.90  782.29  227.29 555,00 -569.5 -419.1 21.89 |

1100 340.00  814.34  237.21 577.13 -563.5 -404.3 19.20
1200 348.30  844.27  246.12 598.15 -556.7 -390.1 16.98

i

|

|

Melting T K Boiling T K

i

A H° kJ |

A H® kJ 1

Molar Vol. 9.873 J-bar’
H3gg-HJ 53.01 kJ 98.73 cm® |
A= -5.714E+02 B= 1.542E-01 C= -2.625E+06

3/26/92
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TROILITE Formula wt 87.913

FeS: Hexagonal crystals (NiAs structure) 298.15 to a complex transition at 411 K and a Néel
temperature at 590 K; paramagnetic 590 to melting point at 1468 K; liquid 1468 to 1800
K. Reference state for sulfur is ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. Cs S.i. (H%‘Hﬁgs)/r -(G%-Hige)/r Afli° AfGo Log Kf

K Jemol~1.x"1 — kJ'mo1”l ——

298.15 50.49 60.30 0.00 60.30 -166.9 -142.8 25.01

300 50.64 60.62 0.31 60.31 -166.9 -142.6 24.83
400 70.02 76.87 14.44 62.43 -165.5 -134.7 17.59

500 72.06 102.86 34.29 68.57 -158.7 -128.1 13.39

600 67.33 116.98 41.52 75.46 -155.8 -122.3 10.65

700 58.13 126.32 44.23 82.09 ~-154.9 -116.8 8.71

800 57.73 134.00 45.90 88.10 -154.5 -111.4 7.27

900 58.65 140.86 47.27 93.59 -154.6 -106.0 6.15
1000 60.64 147.13 48.49 98.64 -155.3 -100.6 5.25
1100 62.00 152.82 49.52 . 103.30 -156.8 =-95.0 4.51
1200 62.99 158.17 50.52 107.65 -157.5 ~-89.3 3.89
1300 63.99 163.32 51.56 111.76 -156.5 -83.7 3.36
1400 64.99 168.22 52.60 115.62 -155.3 -78.2 2.92
1500 71.13 194.95 75.20 119.75 -121.7 -73.4 2.56
1600 71.13 199.51 74.94 124.57 -120.3 -70.2 2.29
1700 71.13 203.82 74.72 129.10 -119.8 -67.1 2.06
1800 71.13 207.88 74.52 133.36 -119.0 -64.0 1.86
Melting T 1468 K Boiling T K

A, H® kJ
A H® 32.34 kJ
Molar Vol. 1.820 J-+bar!
H3gg-H} 9.351 kJ 18.20 cm?
A= -1.488E+02 B= 4.910E-02 C= -8.05E+05

2/17/93
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PYRRHOTITE Formula wt 80.93ﬂ

—
1

Fe g75S: Monoclinic crystals 298.15 to combined structural and magnetic transition at 590%
K; hexagonal crystal (NiAs-type) 590 to 1000 K. Reference state for sulfur is
ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. 05 s'i' (H%'H&ga) /T - (G%-Hﬁga) /T A£H° AfG° Log Kf }
K Jemol~l.x"1 kJemol™l ——
298.15 49.88 60.70 0.00 60.70 -161.8 -138.8 24.31
300 50.01 60.70 0.31 60.39 -161.7 -138.5 24.12
400 56.24 76.28 13.53 62.75 -160.4 -131.1 17.12 |
500 63.56 89.57 22.76 66.81 -158.6 -124.0 12.95 |
600 67.35 104.51 32.47 72.04 ~155.0 -117.5 10.23
700 65.30 114.53 37.37 77.16 -153.0 -111.2 8.30
800 57.42 122.64 40.28 82.36 -151.9 -105.4 6.88
900 57.19 129.39 42.17 87.22 -151.6 -99.6 5.78
1000 58.38 135.46 43.71 91.75 -151.9 -93.8 4.90 |
Melting T K Boiling T K
B H° K
A H° kJ ;
Molar Vol. 1.749 J-bar!|
H$gg-HY 9.21 kJ 17.49 cmd
A= -1.513E+02 B= 5.811E-02 C= -4.30E+05

01/13/93



158 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

PYRITE Formula wt 119.979

FeSp;: Cubic crystals 298.15 to 1000 K. Reference state for sulfur is ideal S, gas at p =

1 bar.
FORMATION FROM THE ELEMENTS
Temp. ci’, 8% (H3-H39g) /T ~-(G3-H39g)/T AgH® AgG° Log K¢
K Jemol~1l.x-1 kJemol™l ——
298.15 62.17 52.90 0.00 52.90 -300.1 -239.8 42.01
300 62.39 53.29 0.38 52.90 -300.1 -239.4 41.69
400 69.15 72.34 16.88 55.45 -299.5 -219.3 28.64
500 71.95 88.10 27.64 60.45 -298.7 -199.3 20.82
600 73.93 101.39 35.20 66.20 -298.0 -179.5 15.63
700 75.90 112.94 40.87 72.07 -297.4 -159.8 11.93
800 78.10 123.21 45.38 77.83 -297.0 -140.2 9.15
900 80.57 132.55 49.15 83.40 -296.8 -120.6 7.00
1000 83.29 141.18 52.43 88.75 -297.1 -101.1 5.28
Melting T 10151 K Boiiing T K
A H° kJ
A H® kJ
Molar Vol. 2.394 Jebar!
H3gg-H} 9.63 kJ 23.94 cmd
A= -=2,.967E+02 B= 1.958E-01 C= -1.36E-05

9/25/92
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J
MARCASITE Formula wt 119.979

FeS,: Orthorhombic crystals 298.15 to 700 K. Reference state for sulfur is ideal S, gas ai}:
P = 1 bar. i

FORMATION FROM THE ELEMENTS |
Temp. cs S§  (H$-H3gg)/T =-(G$-H3gg)/T AgH® AgGe Log Kg¢

K Jemol~1l.x"1 kJemol™l —— i

‘1

i
298.15 62.43 53.90 0.00 53.90 -298.1 -238.1 41.71
300 62.60 54.29 0.39 53.90 -298.1 -237.7 41.39
400 69.17 73.31 16.86 56.45 -297.4 -217.7 28.42
500 72.44 89.13 27.68 61.45 -296.6 -197.8 20.66
600 74.59 102.53 35.32 67.21 -295.9 -178.1 15.50
700 77.00 114.20 41.10 73.11 -295.2 -158.5 11.83

|

|

|

|

|

|

Melting T K Boiling T K

|

A H° kJ

A H° kJ |

Molar Vol. 2.458 J-bar’

H3gg-HJ 9.74 kJ 24.58 cm’ |

A= -2,.952E+02 B= 1.955E-01 Cc= -1.08E+05




160 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HYDROGEN SULFIDE

Formula wt 34.082

HpyS: 1Ideal gas at p = 1 bar, 298.15 to 1800 K. Reference state for sulfur is ideal S, gas
at p = 1 bar.
FORMATION FROM THE ELEMENTS

Temp. CE, S§ (Hi‘"aige)/r -(G%-Higs)/T AfH° AfG° Log Kf

K Jemo1~1.x"1 kJ'mol™l ——

298.15 34.20 205.80 0.00 205.80 -84.9 -73.3 12.84
300 34.21 206.01 0.21 205.80 -84.9 -73.2 12.75

400 35.48 216.01 8.85 207.15 -86.0 -69.1 9.03

500 37.22 224.11 14.35 209.76 -87.0 -64.8 6.77

600 39.05 231.05 18.31 212.74 -87.9 -60.3 5.25

700 40.85 237.21 21.40 215.81 -88.7 -55.6 4.15
800 42.58 242.78 23.94 218.83 ~-89.2 -50.8 3.32
900 44.21 247.89 26.11 221.78 -89.7 -46.0 2.67
1000 45.72 252.63 27.99 224.63 -90.1 -41.1 2.15
1100 47.13 257.05 29.67 227.38 -90.4 -36.2 1.72
1200 48.41 261.21 31.18 230.03 -90.6 -31.3 1.36
1300 49.58 265.13 32.55 232.58 -90.7 -26.3 1.06
1400 50.62 268.84 33.80 235.04 -90.8 -21.4 0.80
1500 51.55 272.37 34.96 237.41 -90.8 -16.4 0.57
1600 52.35 275.72 36.02 239.70 -90.8 -11.5 0.37
1700 $3.04 278.92 37.00 241.91 -90.8 -6.5 0.20
1800 53.60 281.96 37.91 244.06 -90.7 -1.6 0.05
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 2478.97 J-+bar!

H3gg—HJ 9.96 kJ 24789.7 cmd

A= -9,.067E+01

B= 4.942E-02

C= 2.447E+05

3/26/92



|
|
THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 161
i

ALABANDITE

Formula wt

87.00ﬁ

MnS:

Cubic crystals 298.15 to 1800 K.
bar.

Reference state for sulfur is ideal S, gas at p =

FORMATION FROM THE ELEMENTS

Temp. c; 5% (H3-H3gg) /T  =(G3-H3g9g)/T AgH® AgG® Log Kfi
K Jemol~1.x71 kJ-mol=l — |
|
298.15 49.98 80.30 0.00 80.30 ~278.2 -258.6 45.30 |
300 49.99 80.61 0.31 80.30 -278.2 -258.5 45.00 ‘
400 51.10 95.13 12.86 82.27 -277.5 -252.0 32.91 i
500 52.14 106.65 20.62 86.04 -277.0 -245.7 25.66 |
600 52.83 116.22 25.93 90.29 -276.6 -239.4 20.84
700 §3.25 124.40 29.81 94.59 -276.4 -231.3 17.41
800 53.55 131.53 32.76 98.78 -276.3 =-227.1 14.83
900 53.84 137.85 35.08 102.77 -276.3 -220.9 12.82 ‘
1000 54.21 143.55 36.98 106.57 -278.7 -214.7 11.22 |
1100 54.73 148.74 38.56 110.17 -278.9 -208.3 9.89 |
1200 55.44 153.53 39.94 113.59 -279.1 -201.9 8.79
1300 56.39 158.00 41.17 116.83 -279.3 -195.5 7.85
1400 57.60 162.22 42.30 119.93 -281.7 -188.9 7.05
1500 59.10 166.24 43.36 122.88 -284.2 -182.2 6.34
1600 60.91 170.11 44.40 125.71 -296.9 -174.7 5.70
1700 63.04 173.87 45.43 128.43 -297.3 -167.0 5.13
1800 65.51 177.54 46.48 131.06 -297.4 -159.4 4.62
Melting T K Boiling T K
A,.H° kJ |
A H® kJ
Molar Vol. 2.146 Jebar-
H3gg-H§ kJ 21.46 cm
A= -2 _.807E+02 B= 6.621E-02 C= 2.459E+05
3/26/92
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162 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MOLYBDENITE Formula wt 160.072
MoS,: Hexagonal crystals 298.15 to 1200 K. Reference state for sulfur is ideal 8, gas at
P = 1 bar.
FORMATION FROM THE ELEMENTS
K Jemol~1l.x~1 — kJemol™l ——
298.15 63.51 62.60 0.00 62.60 =-400.4 -342.5 60.00
300 63.63 62.99 0.39 62.60 -400.4 =342.1 59.57
400 68.45 82.01 16.85 65.16 -399.6 -322.8 42.16
500 71.58 97.65 27.50 70.14 -398.5 -303.8 31.73
600 73.77 110.90 35.04 75.86 -397.4 -284.9 24.80
700 75.35 122.40 40.69 81.70 -396.2 ~-266.3 19.87
800 76.54 132.54 45.10 87.44 -395.0 -247.8 16.18
900 77.44 141.61 48.65 92.96 -393.7 -229.5 13.32
1000 78.12 149.81 51.56 98.24 -392.5 ~-211.3 11.04
1100 78.65 157.28 54.00 103.28 -391.3 -193.2 9.17
1200 79.04 164.14 56.07 108.07 =-390.1 -175.3 7.63
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 3.202 J-bar®
H39g-H§ 8.818 kJ 32.02  cmd

A= -3.933E+02

B= 1.822E-01

C= =-3.21E+05

3/26/92
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MILLERITE

NisS: Rhombohedral crystals 298.15 to 623 K; hexagonal crystals 623 to melting point ;
at 1066 K. Reference state for sulfur is ideal S, gas at p = 1 bar. %

FORMATION FROM THE ELEMENTS

Temp. cy s% (H3-H39g) /T  —(G§-H3gg)/T AgHe AgGe Log K¢ j
K Jemol~1.x"1 kJemol™l —— }

| T
298.15  47.11 52.97 0.00 52.97 -155.3 -128.2 22.45
300 47.24 53.26 0.29 52.97 -155.3 -128.0 22.29 |
400 50.79 67.36 12.55 54.81 -154.8 -119.0 15.53 |
500 53.68 79.04 20.42 58.62 -154.2 -110.1 11.50
600 56.27 89.04 26.22 62.82 -153.8 -101.3 8.82
700 59.45  102.68 34.91 67.77 -150.2 -93.0 6.94 |
800 62.55  110.79 38.18 72.61 -149.0 -85.4 5.57 |
900 65.65  118.37 41.05 77.32 -147.6 -77.0 4.47
1000 68.74  125.44 43.68 81.76 -145.9 -69.2 3.61 |
1100 71.13  159.58 72.73 86.85 -114.7 -62.5 2.97 |
}

i

;

Melting T 1066 K Boiling T K |
A1 kI

A H® kJ |
Molar Vol. 1.689 J-bar?

H3gg-HY 53.01 kJ 16.89 cm J
A= -1.434E+02 B= 7.351E-02 C= -6.29E+05 |
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HEAZLEWOODITE Formula wt 240.202
Ni3S,: Hexagonal crystals 298.15 to 834 K; cubic crystals 834 K to incongruent melting
point 1064 K; liquid 1064 to 1400 K. Reference state for sulfur is ideal S, gas at
p = 1 bar.
FORMATION FROM THE ELEMENTS
Temp. CB s-i- (H&-"‘H§98)/T -(G%—Hﬁgs)/T AfH° AfG" Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 118.24 133.20 0.00 133.20 -344.9 -289.9 50.78
300 118.45 133.93 0.73 133.20 -344.9 -289.5 50.41
400 129.01 169.52 31.54 137.98 -344.0 -271.2 35.41
500 136.05 199.12 51.79 147.34 -343.0 -253.1 26.44
600 141.59 224.42 66.29 158.12 -342.5 -235.2 20.47
700 148.35 246.72 77.51 169.22 -341.7 -217.3 16.22
800 158.39 267.14 86.95 180.20 -339.3 -201.1 13.13
900 189.15 355.52 159.38 196.14 -278.4 -187.1 10.86
1000 191.81 375.52 162.41 213.11 -272.8 -177.3 9.26
1100 189.12 411.84 182.56 229.28 -247.9 -168.7 8.01
1200 189.12 428.28 183.11 245.17 -242.7 -161.7 7.04
1300 189.12 443.42 183.57 259.85 -237.9 -155.1 6.23
1400 189.12 457.44 183.97 273.47 -233.3 -148.9 5.56
Melting T 1064 K Boiling T K
A H° kJ
A H® 19.66 kJ
Molar Vol. 4.095 Jebar®
H3gg-Hp 21.501 kJ 40.95 cm’

A= -2.815E+02

B= 1.016E-01

C= -3.71E+06

4/1/92
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Formula wt 239.264

PbS: Cubic crystals 298.15 to 900 K.

Reference state for sulfur is ideal S, gas at p = #

bar.

i

FORMATION FROM THE ELEMENTS ;

1

Temp. C§ Sqor (H-i--nigs) /T -(G%-Hﬁga) /T AfH° AfG° Log Kf 3

K Jemol~l.x"1 kJ-mol™l ——

298.15 49.49 91.70 0.00 91.70 -162.6 -136.6 23.93

300 49.52 92.01 0.31 91.70 -162.6 -136.4 23.76 ;

400 51.16 106.48 12.81 93.66 -161.9 -127.8 16.69 1

500 52.80 118.07 20.65 97.42 -161.3 -119.4 12.47 |
600 54.44 127.84 26.14 101.70 -160.6 -111.0 9.67
700 56.08 136.36 30.30 106.05 -164.8 -102.0 7.61
800 57.72 143.95 33.63 110.32 -163.9 -93.1 6.08
900 59.36 150.84 36.40 114.45 -162.9 -84.3 4.90

|

!!

Melting T 1400 K Boiling T K |

kJ

Aﬁ-H‘ kJ i

Molar Vol. 3.149 J-bar!

H$ 9g-HY kI 31.49 cm3 |

|
i

A= -1.640E+02

B= 8.830E-02

C= 9.946E+04

9/25/42
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STIBNITE Formula wt 339.698
SbyS3: Orthorhombic crystals 298.15 to 900 K. Reference state for sulfur is ideal S, gas
at p = 1 bar.
FORMATION FROM THE ELEMENTS
Temp. c s3 (H3~H39g) /T -(G3-H3g9g)/T AgH® AgG° Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 119.75 182.00 0.00 182.00 ~-344.3 -269.4 47.19
300 119.81 182.74 0.74 182.00 -344.3 -269.8 46.82
400 123.38 217.70 30.96 186.74 -342.2 -244.1 31.88
500 126.46 245.58 49.76 195.82 -340.1 -219.8 22.96
600 128.94 268.86 62.76 206.10 -338.0 -195.9 17.06
700 130.92 288.89 72.36 216.53 -335.9 -172.4 12.87
800 132.51 306.48 79.78 226.70 -334.0 -149.2 9.74
900 133.80 322.17 85.72 236.45 -332.2 -126.2 . 7.33
Melting T 829 K Boiling T K
b1 kJ
A, H kJ )
Molar Vol. 7.341 J-bar!
H3gg-H} kJ 73.41 cn®

A = =3.338E+02

B = 2.315E~01

C = -4.19E+05

4/1/92
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HERZENBERGITE Formula wt 150.776

SnS: Orthorhombic crystals 298.15 to 875 K; cubic crystals 875 to melting point 1153 K. |
Liquid 1153 to 1300 K. Reference state for sulfur is ideal S, gas at p = 1 bar. )
|

FORMATION FROM THE ELEMENTS

Temp. c;, 8%  (H3-H3gg)/T —(G$-H3gg)/T AgHe AgGe Log Kg¢
K Jemol~1l.x"1 kJ-mol™l —— ;‘
|

298.15 49.25 77.00 0.00 77.00 -170.8 -144.5 25.31

300 49.32 77.30 0.30 77.00 -170.8 -144.3 25.13
400 50.89 91.76 12.81 78.96 -170.2 -135.6 17.71 ‘

500 52.03 103.22 20.52 82.70 -169.8 -127.0 13.26
600 54.52 112.91 25.96 86.95 -176.4 -117.1 10.19 I
700 58.41 121.50 30.30 91.20 -175.4 -107.3 8.00 f
800 63.50 129.71 34.12 95.59 -173.9 -97.7 6.38 |
900 54.04 137.47 37.81 99.66 -171.8 -88.1 5.11 f
1000 57.07 143.32 39.59 103.73 =-170.9 -78.9 4.12 §
1100 60.11 148.90 41.32 107.58 -169.7 -69.7 3.31 é
1200 75.61 181.98 69.64 112.34 -136.3 -62.0 2.70 {
1300 75.61 188.03 70.10 117.93 -133.5 -55.9 2.25 i
1

Melting T 1153 K Boiling T K
1‘
Bof® I

A, HC 31.59 kJ

Molar Vol. 2.901 J-bar!

H3gg-HJ kJ 29.01  em®

A= -1.696E+02 B= 8.941E-02 C= -1.74E+0S
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BERNDTITE Formula wt 182.842

SnS,: Hexagonal crystals 298.15 to 1000 K. Reference state for sulfur is ideal S, gas at

p = 1 bar.
FORMATION FROM THE ELEMENTS
Temp. cp s% (H3-H39g) /T  -(G3-H3gg)/T AgHC AgG° Log K¢
K Jemol~1.x~1 kJemol™l ——
298.15 70.12 87.50 0.00 87.50 -278.4 -221.2 38.75
300 70.17 87.93 0.43 87.50 -278.4 -220.8 38.45
400 72.05 108.41 18.13 90.28 -277.4 -201.8 26.35
500 73.52 124.64 29.06 95.58 -276.6 -183.0 19.12
600 75.19 138.19 36.60 101.59 -282.8 -163.1 14.19
700 77.13 149.92 42.25 107.67 -281.6 ~143.2 10.69
800 79.33 160.36 46.75 113.61 -280.2 -123.5 8.06
900 81.74  169.84 50.50 119.34 -278.6 -104.0 6.04
1000 84.33 178.59 53.75 124.84 -276.9 -84.7 4.42
Melting T K ) Boiling T . K
A H® kJ
A H® kJ
. Molar Vol. 4.096 J-bar
H39g-H} kJ 40.96 cm?
A= -2.818E+02 B= 1.973E-01 C= 1.613E+05

4/1/92
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 169 ‘\

Formula wt 247.982
|

WS,: Hexagonal crystals 298.15 to 1500 K. Reference state for sulfur is ideal 8, gas at #

= ] bar.

‘1

!

FORMATION FROM THE ELEMENTS {

|

Temp. CS S% (H%‘Hﬁgs)/'r -(G%‘Hﬁgs)/T AfH" AfG° Log Kf ‘}

K Jemol~1l.x"1 kJemol™l —— |

298.15 63.83 67.80 0.00 67.80 -370.2 -312.7 54.77 |

300 63.99 68.20 0.39 67.80 -370.2 -312.3 54.37 |
400 69.67 87.50 17.10 70.39 -369.3 -293.1 38.28
500 72.41 103.37 27.92 . 75.45 -368.1 -274.2 28.65
600 74.01 116.72 35.48 81.25 -366.9 -255.6 22.25
700 75.09 128.22 41.06 87.15 -365.6 -237.1 17.69
800 75.90 138.30 45.37 92.93 ~-364.4 -218.8 14.29
900 76.57 147.28 48.80 98.48 -363.1 -200.7 11.65
1000 77.16 155.38 51.61 103.77 -361.9 -182.7 9.54
1100 77.71 162.76 53.95 " 108.80 -360.6 -164.9 7.83
1200 78.24 169.54 55.96 113.58 -359.4 -147.1 6.40
1300 78.76 175.82 57.69 118.13 -358.2 -129.5 5.20
1400 79.29 181.68 59.21 122.47 -357.0 -111.9 4.18

1500 79.83 187.17 60.57 126.60 -355.8 -94.5 3.29

1

i

Melting T K Boiling T 239.1 K J

: : A H° 20.41 kJ |

A, H® kJ \

Molar Vol. 3.207 a-baxﬂ

H3gg-H§ 11.01 kJ . 32.07 - cm3 |

|

!

A= -3.610E+02 B= 1.782E-01 = -4.51E+05 |

VEVED
1



170 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

SPHALERITE Formula wt 97.456

ZnS: Cubic crystals to 1300 K. Wurtzite is the stable form of ZnS above 1300 K.
Reference state for sulfur is ideal S, gas at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. Ci’, S% ‘H%—Hﬁga)/'r -(G%“Higs)/'r AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 45.76 58.70 0.00 58.70 -268.4 -239.5 41.95
300 45.82 58.98 0.28 58.70 -268.4 -239.3 41.66
400 48.30 72.53 12.00 60.53 -267.9 -229.7 29.99
500 49.93 83.50 19.43 64.06 -267.4 -220.2 23.00
600 51.12 92.71 24.62 68.09 -266.9 ~210.7 18.35
700 52.04 100.66 28.47 72.19 -273.8 -201.3 15.02
800 §2.79 107.66 31.47 76.19 -273.5 -191.0 12.47
900 53.42 113.92 33.87 80.04 -273.2 -180.7 10.49
1000 53.96 119.57 35.85 83.72 -272.8 -170.4 8.90
1100 54.43 124.74 37.52 87.22 -272.4 -160.2 7.61
1200 54.85 129.49 38.95 90.54 -387.1 -148.1 6.45
1300 55.23 133.90 40.19 93.71 -385.6 -128.2 5.15
Melting T K Boiling T K
A H° kJ
Molar Vol. 2.383 J-bar!
H3gg-H} 8.82 kJ 23.83 cm?
A= -2.821E+02 B= 1.131E-01 C= 8.609E+05

01/06/93



WURTZITE

1
THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 17i

ZnS: Hexagonal crystals 298.15 to 1300 K. Reference state for sulfur is ideal S, gas atjp
|

= 1 bar.
i
|
FORMATION FROM THE ELEMENTS
Temp. c s$ (H§-H3gg) /T  -(G3-H3gg)/T AgH® AgG® Log Ke|
K Jemol~1l.x"1 kJemol™l —— j
298.15 45.89 58.80 0.00 58.80 -268.1 -239.2 41.91
300 45.96 59.08 0.28 58.80 -268.1 -239.0 41.62
400 48.72 72.74 12.09 60.64 -267.6 -229.4 29.96
500 50.13 83.77 19.57 64.20 -267.1 -219.9 22.97
600 51.09 93.00 24.75 68.25 -266.6 -210.5 18.33
700 51.86 100.94 28.57 72.37 -273.5 -201.2 15.01
800 52.55 107.91 31.52 76.38 -273.2 -190.9 12.46
900 53.21 114.13 33.90 80.24 -272.9 -180.6 10.48
1000 53.86 119.77 35.86 83.91 -272.5 -170.3 8.90,
1100 54.50 124.94 37.52 87.41 -272.1 -160.1 7.60
1200 55.15 129.71 38.97 90.74 -386.8 -148.0 6.44
1300 55.80 134.15 40.24 93.91 -385.2 -128.2 5.15
|
|
|
!
Melting T K . Boiling T K L
A H® kJ

A H® kJ
Molar Vol. 2.385 J+bar?
H$gg-H}Y 8.85 kJ 23.85 cm3
j

A= -2.8172E+02 B= 1.1284E-01 C= 8.613E+06

01/06/93




172 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

BERTHIERITE Formula wt 427.611

FeSbyS,4: Orthorhombic crystals 298.15 to 836 K. Reference state for sulfur is ideal S, gas
at p = 1 bar.

FORMATION FROM THE ELEMENTS

Temp. Cl‘; s-i. (H%‘Hﬁgs)/l‘ -(G%'Hzgs)/'r AfH° AfG° Log Kf
K Jemol~1l.x-1 kJemol™l ——
298.15 175.23 245.00 0.00 245.00 -513.4 -415.2 72.75
300 175.60 246.09 1.08 245.00 -513.3 -414.6 72.18
400 186.17 298.40 46.33 252.06 -509.5 -382.2 49.91
S00 189.05 340.31 74.64 265.67 -505.8 -350.8 36.65
600 190.44 374.90 93.83 281.07 -502.3 -320.1 27.87
700 191.92 404.37 107.73 296.63 -499.2 -290.0 21.64
800 193.91 430.12 118.37 311.74 -496.6 -260.3 17.00
900 196.48 453.10 126.91 326.20 -494.4 -230.9 13.40
Melting T K Boiling T K
B kJ
Molar Vol. 9.222 J-bar!
H$gg-HY kJ 92.22 cm3
A= -4,957E+02 B= 2.954E-01 C= -6.84E+05

2/17/93
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES
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!
Formula wt 249.4285

Reference state for sulfur is ideal S, gasf

CuSbS;: Orthorhombic crystals 298.15 tO 826 K.
at p = 1 bar. |
FORMATION FROM THE ELEMENTS
Temp. cp s$ (H3-H89g) /T  —-(G§-H39g) /T AgHe® Agce Log K¢ 5
K Jemol~1.x"1 kJ-mol™l —— !
298.15 100.15 149.20 0.00 149.20 -259.4 -212.4 37.21
300 100.22 149.82 0.62 149.20 -259.4 -212.1 36.93
400 104.26 179.20 26.02 153.18 -257.5 -196.6 25.68
500 108.30 202.90 42.07 160.83 -255.5 -181.6 18.97 |
600 112.34 223.01 53.45 169.56 -253.3 -167.0 14.54 |
700 116.38 240.63 62.15 178.48 -250.9 -152.9 11.41
800 120.42 256.43 69.18 187.25 -248.3 -139.0 9.08 %
900 124.46 270.85 75.10 195.75 -245.5 -125.5 7.29 |
|
Melting T 826 K Boiling T K
LI kJ
Molar Vol. 5.006 Jebar™
H39g-HY kJ 50.06 cm3
T
A= -2.486E+02 B= 1.377E-01 C= -4.38E+05




174 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CORUNDUM Formula wt 101.961

Al,03: Rhombohedral crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c s (H3-H3gg) /T  ~(G§-H3g9g)/T AgH® AgG® Log Kg¢

K Jemol~1.x"1 kJemol™1 ——

298.15  79.10 50.92 0.00 50.92 -1675.7 -1582.3 277.20
300 79.53 51.41 0.49 50.92 -1675.7 . -1581.7 275.39
400 96.45 76.87 22.60 54.28 -1676.3 -1550.2 202.43
500 106.04 99.51 38.40 61.11 -1676.0 -1518.7 158.66
600 112.31  119.43 50.23 69.21 -1675.3 -1487.3 129.48
700 116.79  137.10 59.43 77.67 -1674.4 -1456.1 108.65
800 120.19  152.93  66.82 86.10 -1673.5 -1424.9 93.04
900 122.88  167.24 72.91 94.34 -1672.7 -1393.9 80.90
1000 125.08  180.31 78.02 102.29 -1693.4 -1361.5 71.12
1100 126.93  192.32 82.38 109.93 -1692.3 -1328.3 63.08
1200 128.52  203.43 86.16 117.27 -1691.2 -1295.3 56.38
1300 129.91  213.78 89.48 124.30 -1690.0 -1262.3 50.72
1400 131.13  223.45 92.41 131.04 -1688.8 -1229.5 45.87
1500 - 132.23  232.53 95.03 137.51 -1687.4 -1196.8 41.67
1600 133.23  241.10 97.39 143.72 -1686.0 -1164.1 38.00
1700 134.14  249.21 99.52 149.68 -1684.5 -1131.5 34.77
1800 134.99  256.90  101.47 155.43 -1683.0 -1099.0 31.89
Melting T 2345 K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.558 Jebar!
H3gg-HJ 10.016 kJ 25.58 cm3
A= -1.686E+03 B= 3.257E-01 C= 6.538E+05

4/4/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 175 r‘

BOEHMITE Formula wt §9.988

AlO(OH): Orthorhombic crystals 298.15 to 600 K. ‘
/

FORMATION FROM THE ELEMENTS |

|
!
(H%‘H&gs) /T - (G%"Higa) /T AfH" AfG° Log xf ’}

Temp. C§ ¢
K Jemol~1l.x"1 kJ-mol™l —— f
|
298.15 54.24 37.20 0.00 37.20 -996.4 -918.4 160.90
300 54.50 37.54 0.34 37.20 -996.4 -917.9 159.82
400 66.40 54.95 15.46 39.49 -997.3 -891.6 116.43
500 74.51 70.70 26.51 44.19 -997.3 -865.2 90.38
600 80.03 84.80 35.00 49.80 -997.0 -838.8 73.02
/
|
|
1
ﬁ‘
|
|
Melting T K Boiling T K |
[
A H° kJ |
A H® kJ
Molar Vol. 1.954 J-bar!
H3gg-HJ 8.83 kJ 19.54 cmd
—j—
A= -9,.976E+02 B= 2.646E-01 C= 2.644E+04
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DIBORON TRIOXIDE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

tcrmula wt 69.620

B,03: Hexagonal crystals 298.15 to melting point 723 K.
FORMATION FROM THE ELEMENTS

Temp. Ci‘) S% (H*‘Higa)/r -(Gi\-H&ga)/T AfHo AfG° Log Kf

K Jemol~1.x"1 kJemol™l ——

298.15 62.60 54.00 0.00 54.00 -1273.5 -1194.4 209.24

300 62.93 54.39 0.39 54.00 -1273.5 -1193.9 207.87

400 78.07 74.68 18.02 56.67 -1273.6 -1167.3 152.43

500 89.31 93.37 31.20 62.17 -1273.3 -1140.8 119.17

600 98.08 110.46 41.65 68.81 -1272.6 -1114.3 97.01

700 105.19 126.13 50.23 75.90 -1271.6 -1088.0 81.19

800 129.70 - 175.88 89.55 86.33 -1244.7 -1064.5 69.50

900 129.70 191.16 94.02 97.14 -1241.6 -1042.1 60.48
1000 129.70 204.83 97.58 107.25 -1238.7 -1020.1 53.28
1100 129.70 217.19 100.51 116.68 -1236.1 -998.4 47.41
1200 129.70 228.47 102.94 125.53 -1233.6 -976.9 42.52
1300 129.70 238.86 105.00 133.86 -1231.3 -955.6 38.39
1400 129.70 248.47 106.76 141.71 -1229.2 ~934.5 34.86
1500 129.70 257.42 108.29 149.13 -1227.1 -913.5 31.81
1600 129.70 265.79 109.63 156.16 -1225.2 -892.6 29.14
1700 129.70 273.65 110.81 162.84 -1223.5 -871.9 26.79
1800 129.70 281.06 111.86 169.20 -1221.8 -851.2 24.70
Melting T 723 K Boiling T K

‘ A H° kJ
A H® 24.07 kJ
Molar Vol. 2.722 J-bar’!

H3gg-H} 9.30 kJ 27.22 om?

A= -1.240E+03 B= 2.148E-01

C= -2,28E+06

9/9/92



BARIUM MONOXIDE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 177 i

Formula wt 153.326
|

BaO: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. ¢ s3 (H3-H39g) /T  -(G3-H3gg)/T AgH® AgG® Log K¢
K Jemol~l.x"1 kJemol~l —— |
|
298.15 47.28 72.07 0.00 72.07 -548.1 -520.4 91.17 |
300 47.35 72.36 0.29 72.07 -548.1 -520.2 90.58
400 49.98 86.37 12.41 73.96 -547.7 -511.0 66.73
500 51.78 97.73 20.11 77.62 -548.0 -501.8 52.42
600 53.17 107.30 25.51 81.79 -548.9 -492.5 42.87
700 54.33 115.58 29.55 86.04 -549.0 -483.1 36.05 |
800 55.36 122.91 32.71 90.20 -549.5 -473.6 30.92
900 56.29 129.48 35.28 94.20 -549.5 -464.1 26.94
1000 57.15 135.46 37.42 98.03 -549.5 -454.6 23.75 |
1100 57.96 140.94 39.25 101.69 -557.8 -444.3 21.10 |
1200 58.73 146.02 40.85 105.17 -557.8 -434.0 18.89
1300 59.48 150.75 42.25 108.50 -557.8 -423.7 17.02
1400 60.19 155.18 43.51 111.68 -557.6 -413.4 15.42 |
1500 60.89 159.36 44.64 114.72 -557.2 -403.1 14.04 |
1600 61.58 163.31 45.68 117.63 -556.8 -392.9 12.83
1700 62.25 167.07 46.63 120.43 -556.3 -382.6 11.76
1800 62.90 170.64 47.52 123.12 -555.8 -372.4 10.81
Melting T 2286 K Boiling T K
A HC - kJ |
A H® kJ |
Molar Vol. 2.559 Jebar!
H3gg-H} 9.98 kJ 25.59 cm3
|
!
A= -5,518E+02 B= 9.893E-02 c= 2.781E-01

8/27/9?
|




178 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

BROMELLITE Formula wt 25.012

BeO: Hexagonal crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cp s% (H3-H8gg) /T  -(G$-H8gg)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 25.56 13.77 0.00 13.77 -609.4 -580.1 101.63
300 25.76 13.93 0.16 13.77 -609.4 -579.9 100.97
400 33.93 22.57 7.68 14.89 -609.7 -570.0 74.44

500 38.90 30.71 13.46 17.25 -609.6 -560.1 58.51
600 42.28 38.12 18.00 20.12 -609.4 -550.2 47.90

700 44.73 44.83 21.65 23.18 -609.0 -540.4 40.32
800 46.61 50.93 24.66 26.28 -608.6 -530.6 34.64
900 48.09 56.51 27.18 29.33 -608.2 -520.9 30.23
1000 49.30 61.64 29.33 32.31 -607.7 -511.2 26.70
1100 50.31 66.39 31.20 35.19 -607.3 -501.6 23.82
1200 51.18 70.81 32.83 37.98 -606.9 -492.0 21.41
1300 51.94 74.93 34.27 40.66 -606.6 -482.4 19.38
1400 52.62 78.81 35.55 43.25 -606.3 -472.9 17.64
1500 53.24 82.46 36.71 45.75 -606.0 -463.4 16.14
1600 53.82 85.91 37.77 48.15 -620.3 -453.5 14.80
1700 54.37 89.19 38.73 50.47 -619.7 -443.1 13.61
1800 54.90 92.32 39.61 52.71 -619.1 -432.7 12.56
Melting T 2681 K Boiling T K

A H® kJ
A, HO kI
Molar Vol. 0.8309 Jebar’
H39g-HJ 2.88 kJ 8.309 cm3
A= ~-6.089E+02 B= 9.754E-02 C= -4.08E-02

8/27/92



BISMITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

179]

Formula wt 465. 959;

312033

Monoclinic crystals 298.15 to melting point 1098 K.

FORMATION FROM THE ELEMENTS
Temp. Cs S% (H&-Hﬁga)/T -(G%-H§98)/T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 113.55 151.50 0.00 151.50 -573.9 -493.5 86.45 |
300 113.61 152.20 0.70 151.50 -573.9 -493.0 85.83 1
400 116.94 185.34 29.34 156.00 -572.0 -466.3 60.89 |
500 120.28 211.80 47.20 164.60 -570.2 -440.1 45.98 f
600 123.62 234.02 59.66 174.36 -591.3 -411.9 35.86 |
700 126.95 253.33 69.03 184.30 -589.5 -382.2 28.52
800 130.29 270.50 76.48 194.02 -587.3 -352.7 23.03
900 133.62 286.03 82.64 203.39 -584.7 -323.5 18.78 |
1000 136.96 300.29 87.91 212.38 -581.9 -294.7 15.39
|
{
1
i
|
Melting T 1098 K Boiling T K |
boie k3
A H® kJ |
Molar Vol. 4.973 J-bar?
H$gg—HY kJ 49.73 cm3 |

A= -5.909E+02 B= 2.957E-01 C= 8.426E+05




180 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CARBON MONOXIDE

Formula wt

28.010

CO: 1Ideal gas at p = 1 bar, 298.15 to 2200 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S&n (H%-Hﬁgs) /T -(G%-Higa) /T AfH° AfGo Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 29.14 197.27 0.00 197.27 -110.5 -137.1 24.01
300 29.13 197.45 0.18 197.27 -110.5 -137.2 23.89
400 29.15 205.80 7.39 198.41 -110.1 -146.2 19.09
500 29.79 212.37 11.81 200.57 -110.0 -155.2 16.22
600 30.55 217.87 14.87 203.00 -110.2 -164.2 14.30
700 31.29 222.64 17.16 205.48 -110.5 -173.2 12,93
800 31.97 226.86 18.97 207.89 -110.9 -182.2 11.89
900 32.58 230.66 20.45 210.21 -111.4 -191.0 11.09
1000 33.14 234.12 21.69 212.43 -112.0 -199.9 10.44
1100 33.64 237.31 22.75 214.55 -112.6 -208.6 9.91
1200 34.09 240.25 23.68 216.57 -113.2 -217.3 9.46
1300 34.50 243.00 24.50 218.50 -113.9 -226.0 9.08
1400 34.86 245.57 25.22 220.34 -114.6 -234.6 8.75
1500 35.18 247.98 25.88 222.11 -115.3 -243.1 8.47
1600 35.47 250.26 26.47 223.80 -116.0 -251.6 8.21
1700 35.72 252.42 27.01 225.42 -116.7 -260.1 7.99
1800 35.94 -254.47 27.50 226.97 -117.4 -268.5 7.79
Melting T 68.05 K Boiling T K

A H° kJ
A H® 0.837 kJ
Molar Vol. 2478.97 J-bar!
H3gg-Hj 8.67 kJ 24789.7 cm?
A= -1.131E+02 B= -8.667E-02 C= 1.858E+05

4/4/92



CARBON DIOXIDE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

Formula wt

181

44.010

CO,: Ideal gas at p = 1 bar, 298.15 to 2200 K.
FORMATION FROM THE ELEMENTS

'.l‘emp. Cs S.-i. (H%-Hﬁgs) /T -(G%-Hige) /T AfH° AfG° Log xf

K Jemol~1l.x"1 kJemol™l ——

298.15 37.12 213.79 0.00 213.79 -393.5 -394.4 69.09
300 37.20 214.02 0.23 213.79 -393.5 -394.4 68.67
400 41.20 225.28 9.98 215.30 -393.6 -394.7 51.54

500 44.62 234.85 16.58 218.28 -393.17 -394.9 41.26
600 47.39 243.24 21.49 221.75 -393.8 -395.2 34.40
700 49.64 250.72 25.36 225.37 -394.0 -395.4 29.50
800 51.48 257.47 28.51 228.96 -394.2 -395.6 25.83 -

900 53.01 263.63 31.15 232.48 -394.4 -395.7 22.97
1000 54.29 269.28 33.40 235.88 -394.6 -395.9 20.68
1100 55.38 274.51 35.35 239.16 -394.8 -396.0 18.80
1200 56.31 279.37 37.06 242.31 -395.0 -396.1 17.24
1300 57.10 283.90 38.57 245.34 -395.2 -396.1 15.92
1400 57.79 288.16 39.92 248.25 -395.5 -396.2 14.78
1500 58.38 292.17 41.13 251.04 -395.7 -396.3 13.80
1600 58.90 295.95 42.23 253.73 -395.9 -396.3 12.94
1700 59.35 299.54 43.22 256.32 -396.1 -396.3 12.18
1800 59.74 302.94 44.13 258.82 -396.3 -396.3 11.50
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 2478.97 J-bar’

H3gg-HJ 9.36 kJ 24789.7 cm®

A= -3.944E+02

B= -1.248E-03 C= 5.480E-02

12/17/91



182 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

LIME Formula wt 56.077

Ca0: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

K Jemol~l.x"1 — kJemol™! ——

298.15 42.07 38.10 0.00 38.10 -635.1 -603.1 105.66

300 42.21 38.36 0.26 38.10 -635.1 -602.9 104.97

400 46.99 51.25 11.43 39.83 -634.7 -592.2 77.33

500 49.34 62.01 18.80 43.22 -634.2 -581.6 60.76

600 50.72 71.14 24.01 47.13 -633.7 -571.2 49.72

700 51.65 79.03 27.90 51.14 -633.4 -560.8 41.84

800 52.35 85.98 30.91 55.07 -634.0 -550.3 35.93

900 52.90 92.18 33.32 58.85 -634.0 -539.9 31.33
1000 53.36 97.78 35.31 62.47 -634.2 -529.4 27.65
1100 53.77 102.88 36.97 65.91 -634.7 -518.9 24.64
1200 54.13 107.58 38.38 69.19 -643.3 -507.7 22.10
1300 54.47 111.92 39.61 72.32 -643.1 -496.4 19.95
1400 54.80 115.97 40.68 75.29 -643.0 -485.1 18.10
1500 55.10 119.76 41.63 78.13 -642.8 -473.8 16.50
1600 55.40 123.33 42.48 80.84 -642.6 -462.6 15.10
1700 55.68 126.69 43.25 83.44 -642.4 -451.3 13.87
1800 55.96 129.88 43.95 85.94 -790.9 -437.9 12.71
Melting T 3200 K Boiling T K

A, H° kJ
A H® kJ
, Molar Vol. 1.676 J-bar’
H3gg-HJ 6.75 kJ 16.76 cm3
A= -6.395E+02 B= 1.105E-01 C= 3.497E+05

8/27/92
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PORTLANDITE Formula wt 74.093

Ca(OH),: Hexagonal crystals 298.15 to 700 K.

FORMATION FROM THE ELEMENTS

Temp. CB s.i\ (H%-H§98)/T -(G%-Higs)/'r AfH" AfGo Log Kf
K Jemol~l.x"1 kJemol~l ——
298.15 87.51 83.40 0.00 83.40 -986.1 -898.0 157.33
300 87.75 83.94 0.54 83.40 -986.1 -897.5 156.27
400 97.94 110.71 23.73 86.98 -985.3 -868.1 113.36
500 104.19 133.29 39.24 94.05 -983.9 -838.9 87.64
600 108.23 152.67 50.43 102.24 -982.3 -810.1 70.52
700 110.89 169.57 58.89 110.68 -980.7 -781.5 58.32
Melting T K Boiling T K
A H° xJ
Molar Vol. 3.306 Jebar’
H8gg-HJ 14.16 kJ 33.06 cm?
A= -9.810E+02 B= 2.857E-01 C= =-1.98E+05

4/8/92



184

CERIANI

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

TE

Formula wt 172.114

Ce02 H

Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cg S§  (H$-H3gg)/T -(G3~H3gg)/T Agne AgGe Log K¢

K Jemol~1.x"1 — kJemol™l —

298.15 61.63 62.30 0.00 62.30 -1088.7 ~-1024.6 179.51
300 61.78 62.68 0.38 62.30 -1088.7 -1024.2 178.33
400 67.52 81.33 16.52 64.80 -1087.9 -1002.9 130.96
500 70.83 96.78 27.08 69.70 -1086.9 -981.7 102.56
600 73.11 109.91 34.57 75.33 -1085.9 -960.7 83.64
700 74.86 121.31 40.21 81.11 ~-1085.0 -940.0 70.14
800 76.29 131.40 44.63 86.77 -1084.1 -919.3 60.02
900 77.52 140.46 48.22 92.25 -1083.4 -898.7 52.16
1000 78.62 148.69 51.20 97.48 -1085.7 -878.3 45.87
1100 79.63 156.23 53.74 102.49 -1090.5 -857.4 40.71
1200 80.56 163.20 55.94 107.26 -1089.8 ~-836.2 36.40
1300 81.45 169.68 57.87 111.81 -1089.1 -815.2 32.75
1400 82.29 175.75 59.58 116.17 -1088.3 -794.1 29.63
1500 83.09 181.45 61.12 120.33 -1087.4 -773.1 26.92
1600 83.88 186.84 62.52 124.32 -1086.5 -752.2 24.56
1700 84.64 191.95 63.80 128.15 -1085.6 -731.3 22.47
1800 85.38 196.81 64.98 131.83 -1084.5 -710.5 20.62
Melting T K Boiling T K

A HC kI
A H® xJ
Molar Vol. 2.385 Jebar’
H3gg-H} 10.37 kJ 23.85 cm®
A= -1.0865E+03 B= 2.088E-01 C= -5.536E-02

8/27/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

COBALT MONOXIDE

Formula wt

185

74.933

Co0: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cs s% (H%‘Higa)/r -(G.°1.-H§98)/'1‘ AfH° AfG° Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 43.34 52.83 0.00 52.83 -237.9 -214.1 37.51
300 43.62 53.10 0.27 52.83 -237.9 -214.0 37.25
400 51.88 67.04 12.37 54.68 -237.1 -206.1 26.91
500 54.00 78.90 20.53 58.37 -236.0 -198.5 20.73
600 54.51 88.80 26.16 62.64 -235.1 -191.0 16.63
700 54.67 97.22 30.22 66.99 -234.3 -183.8 13.71
800 54.90 104.53 33.29 71.24 -234.1 -176.5 11.53
900 55.30 111.02 35.71 75.30 -233.6 -169.4 9.83
1000 55.92 116.87 37.70 79.17 -233.4 -162.3 8.48
1100 56.75 122.24 39.39 82.85 -233.3 -155.2 7.37
1200 57.76 127.22 40.88 86.34 -233.5 -148.0 6.44
1300 58.95 131.89 42.22 89.67 -234.1 -140.9 5.66
1400 60.28 136.30 43.46 92.84 =235.1 -133.8 4.99
1500 61.75 140.51 44.63 95.88 -234.9 -126.6 4.41
1600 63.34 144.55 45.75 98.80 -234.4 -119.4 3.90
1700 65.03 148.44 46.84 101.60 -233.6 -112.2 3.45
1800 66.81 152.21 47.90 104.31 -249.0 -104.6 3.04
Melting T 2078 K Boiling T K

AHe kI
A H® xJ
Molar Vol. 1.164 J-bar!

H39g-H} 9.45 kJ 11.64 cmd

A= -2.336E+02

B= 7.152E-02

C= -1.63E+05

9/9/92



186 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

TRICOBALT TETROXIDE

Formula wt 240.797

Co304: Cubic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. CB S{. (H%'Higs) /T -(G%-Hﬁgs) /T Afﬂ° AfG° Log Kf
K Jemol~1l.x"1 — kJemol™l ——
298.15 123.39 109.30 0.00 109.30 -918.8 -802.2 140.54
300 123.85 110.06 0.76 109.30 -918.8 -801.5 139.54
400 142.51 148.50 34.08 114.42 -919.0 -762.3 99.54
500 154.69 181.68 57.05 124.63 -918.5 -723.1 75.54
600 164.32 210.76 74.15 136.61 -917.5 -684.1 59.56
700 172.75 236.73 87.64 149.09 ~-916.3 -645.4 48.16
800 180.54 260.31 98.77 161.54 -916.2 -606.5 39.60
900 187.96 282.01 108.27 173.74 -914.6 -567.9 32.96
1000 195.14 302.18 116.60 185.58 -913.1 -529.5 27.66
Melting T K Boiling T K
A1 kJ
A H® kJ
Molar Vol. 3.977 Jebar’
H$gg-H} 18.13 kJ 39.77 cmd

A= -9,.157E+02 B= 3.866E-01

C= -1.61E+05

9/9/92
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ESKOLAITE Formula wt 151.990

Cry03: Rhombohedral crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c3 S§  (H§-H39g)/T =(G$-H3gg)/T Agne AgGe Log K¢

K Jemol~l.x"1 — kJemol™l ——

298.15 105.41 81.20 0.00 81.20 -1134.7 -1053.1 184.49
300 105.63 81.85 0.65 81.20 -1134.7 -1052.6 183.26
400 113.62 113.48 28.02 85.46 -1133.1 -1025.4 133.90
500 117.83 139.32 45.60 93.73 -1131.3 -998.7 104.33
600 120.55 161.06 57.87 103.19 -1129.5 -972.4 84.65
700 122.58 179.80 66.98 112.82 -1127.8 -946.3 70.62
800 124.22 196.28 74.03 122.25 -1126.2 -920.5 60.10
900 125.65 211.00 79.69 131.31 -1124.8 -894.9 51.94
1000 126.95 224.30 84.35 139.95 -1123.7 -869.4 45.41
1100 128.15 236.46 88.28 148.18 -1122.7 -844.1 40.08
1200 129.30 247.66 91.65 156.01 -1122.1 -818.7 35.64
1300 130.40 258.05 94.59 163.46 -1121.7 -793.5 31.88
1400 131.47 267.76 97.19 170.57 -1121.7 -768.2 28.66
1500 132.52 276.86 99.51 177.36 ~1122.0 -743.0 25.87
1600 133.55 285.45 101.60 183.85 -1122.6 -717.7 23.43
1700 134.56 293.58 103.51 190.06 -1123.6 -692.4 21.27
1800 135.57 301.29 105.26 196.03 -1125.0 -666.9 19.35
Melting T 2603 K Boiling T K

A H° kJ
A, H® kJ
Molar Vol. 2.909 J-bar®

H$gg-HY 9.45 kJ 29.09 cm?

A= -1.1225E+03 B= 2.533E-01 C= -5.635E-01

10/1/92
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TENORITE Formula wt 79.545

CuO: Monoclinic crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%-Higa) /T - (G%-Hﬁgs) /T AfH° AfG° Log Kf

K Jemol~1l.x"1 — kJ'mol~l —

298.15 42.30 42.60 0.00 42.60 -156.1 -128.3 22.48
300 42.44 42.86 0.26 42.60 -156.1 -128.2 22.32
400 47.07 55.80 11.47 44.33 -155.6 -118.9 15.53
500 49.32 66.57 18.83 47.74 -154.8 -109.9 11.48
600 50.80 75.70 24.04 51.65 -154.0 -100.9 8.79
700 51.98 83.62 27.95 §5.67 -153.2 -92.2 6.88
800 53.05 90.63 31.02 59.61 -152.3 -83.5 5.45
900 54.09 96.94 33.53 63.41 -151.4 -74.9 4.35
1000 55.13 102.69 35.64 67.06 -150.5 -66.5 3.47
1100 56.18 108.00 37.46 70.54 ~149.6 -58.1 2.76
1200 57.25 112.93 39.06 73.87 -148.7 -49.9 2.17
1300 58.33 117.56 40.50 77.05 -147.9 -41.7 1.67
1400 59.43 121.92 41.81 80.10 -160.2 -33.1 1.23
ﬁelting T K ' Boiling T K

B u® kJ
A H® kJ
Molar Vol. 1.222 J-bar?
H$gg~HY 7.10 kJ 12.22 cm?
A= -1.506E+02 B= 8.412E-02 C= -2.64E+05

8/28/92
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Formula wt 143.091

Cu20:

Cubic crystals 298.15 to 1509 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%"Higa) /T - (G%"Hﬁgs) /T AfH" AfGo LOg Kf

K Jemol~1l.x-1 kJemol™l —

298.15 62.54 92.40 0.00 92.40 -170.6 -147.8 25.89

300 62.59 92.79 0.39 92.40 -170.6 -147.7 25.71

400 67.18 111.37 16.47 94.90 -170.6 -140.0 18.28

500 71.49 126.85 27.07 99.79 -170.3 -132.4 13.83

600 74.27 140.16 34.72 105.43 -169.8 -124.9 10.87

700 76.00 151.74 40,50 111.24 -169.3 -117.4 8.76

800 77.28 161.98 45.02 116.95 -168.7 -110.0 7.18

900 78.60 171.15 48.68 122.48 -168.2 -102.7 5.96
1000 80.33 179.52 51.75 127.77 -167.6 -95.5 4.99
1100 82.76 187.29 54.46 132.83 -167.0 -88.3 4.19
1200 86.10 194.62 56.95 137.68 -166.4 -81.2 3.53
1300 90.51 201.68 59.35 142.33 -165.6 -74.1 2,98
1400 96.12 208.59 61.77 146.82 -191.0 -66.2 2.47
1500 103.03 215.45 64.28 151.16 -189.4 -57.4 2.00
Melting T 1509 K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 2.344 Jebar?
H398~H3 kJ 23.44 cm3
A= -1.690E+02 B= 7.367E-02 C= -6.26E+04

8/26/92
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WUSTITE Formula wt

68.887

Fe _g470: Rhombohedral crystals 298.15 to melting point 1652 K.

FORMATION FROM THE ELEMENTS

Temp. cg S§  (H3-H39g)/T ~-(G§-H3gg)/T AgH® AgGe Log K¢

K Jemol~l.x"1 _ kJemol™l —

298.15 48.13 56.60 0.00 56.60 -266.3 -244.9 42.91
300 48.27 56.90 0.30 56.60 -266.3 -244.8 42.62
400 5§1.99 71.43 12.87 58.56 -265.2 -237.8 31.05
500 52.78 83.13 20.79 62.34 -264.2 -231.1 24.14
600 53.04 92.78 26.15 66.64 -263.4 -224.6 19.55
700 53.38 100.98 30.01 70.97 -262.8 -218.1 16.28
800 53.95 108.14 32.97 75.18 -262.6 -211.8 13.83
900 54.76 114.54 35.34 79.20 -262.7 -205.4 11.92
1000 55.80 120.36 37.33 83.03 -263.4 -199.0 10.40
1100 57.05 125.74 39.07 86.67 -264.9 -192.5 9.14
1200 58.48 130.76 40.62 90.14 -265.6 -185.9 8.09
1300 60.05 135.51 42.06 93.45 -264.7 -179.3 7.20
1400 61.76 140.02 43.40 96.62 -263.7 -172.8 6.45
1500 63.58 144.34 44.69 99.65 -262.7 -166.3 5.79
1600 65.51 148.50 45,93 102.58 -261.6 -159.9 5.22
Melting T 1652 K : Boiling T K

A H° kJ
A, H® kJ
Molar Vol. 1.204 J-bar’
H3g9g-H} kJ 12.04 cm?
A= =-2.632E+02 B= 6.455E-02 C= -8.06E+04

2/5/93
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FERROUS OXIDE (Fictive)

Formula wt 71.846

FeO: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. C; S'i. (H%'Higs)/'f -(G%-Higa)/l‘ AfHo AfG° Log Kf

K Jemol~1.x"1 kJ-mol™l —

298.15 47.68 60.60 0.00 60.60 -272.0 -251.4 44.05

300 47.75 60.90 0.29 60.60 -272.0 -251.3 43.75

400 50.26 75.03 12.52 62.51 -271.2 -244.5 31.93

500 51.47 86.39 20.20 66.19 -270.5 -237.9 24.85

600 52.26 95.84 25.48 70.36 -269.9 -231.5 20.15

700 52.91 103.95 29.35 74.60 -269.6 -225.1 16.79

800 53.51 111.05 32.33 78.72 -269.6 -218.7 14.28

900 54.11 117.39 34.72 82.67 -270.0 -212.3 12.32
1000 54.72 123.12 36.69 86.43 -271.0 -205.9 10.75
1100 55.34 128.37 38.36 90.01 -273.0 -199.3 9.46
1200 55.98 133.21 39.80 93.41 -274.1 -192.5 8.38
1300 56.63 137.72 41.07 96.65 -273.7 -185.7 7.46
1400 57.30 141.94 42.20 99.73 -273.3 -179.0 6.68
1500 57.98 145.91 43.23 102.68 -273.0 -172.3 6.00
1600 58.68 149.68 44.18 105.50 -272.7 -165.6 5.40
1700 59.38 153.26 45.05 108.21 -273.4 -158.8 4.88
1800 60.10 156.67 45.87 110.81 -273.6 -152.1 4.41
Melting T K Boiling T K

A H kJ
A H® kJ
Molar Vol. 1.200 J-bar®

H$gg-HY kJ 12.00 cm?

A= -2.719E+02

B= 6.634E-02

C= 7.599E+04

2/24/94
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HEMATITE Formula wt  159.692
Fey03: Rhombohedral crystal 298.15 to Ne€l temperature 950 K. Hexagonal crystals 950 to
1800 K.
FORMATION FROM THE ELEMENTS

Temp. CB Si. (H%-Higs)/r -(G%-H§98)/T AfH° AfGo Log Kf

K Jemol~1l.x"1 — kJemol™l ——

298.15 104.05 87.40 0.00 87.40 -826.2 -744.4 130.41
300 104.32 88.04 0.64 87.40 -826.2 -743.9 129.51
400 120.29 120.27 28.59 91.68 ~824.6 -716.6 93.58

500 131.72 148.44 48.16 100.28 -822.3 -689.9 72.07

600 139.33 173.16 62.75 110.41 -819.6 -663.6 57.77

700 146.52 195.17 74.19 120.98 -816.9 -637.8 47.59
800 156.12 215.32 83.79 131.53 -814.0 -612.4 39.99
900 170.22 234.47 92.57 141.90 -810.9 -587.4 34.09

950 179.45 243.91 96.89 147.03 -809.3 -575.3 31.65
950 151.69 244.58 97.54 147.03 ~807.9 -575.3 31.65
1000 148.49 252.27 100.16 152.11 -808.9 -562.8 29.40
1100 143.55 266.18 104.32 161.86 -810.8 -538.0 25.55
1200 140.74 278.53 107.45 171.08 -811.9 -513.2 22.34
1300 140.07 289.76 109.98 179.78 -810.1 -488.4 19.62
1400 141.42 300.18 112.16 188.02 -808.5 -463.8 17.30
1500 144.64 310.03 114.21 195.82 -806.9 -439.2 15.29
1600 149.58 319.52 116.26 203.26 -805.2 -414.7 13.54
1700 156.06 328.77 118.40 210.37 -804.9 -390.3 11.99
1800 163.95 337.91 120.71 217.20 -803.1 -366.0 10.62
Melting T 1895 K Boiling T K

A nH® kJ
A H® kJ
Molar Vol. 3.027 Jebar?
H3gg—HJ 65.10 kJ 30.27 cm®
A= -8.089E+02 B= 2.466E-01 C= -8.423E+05

9/9/92
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MAGNETITE Formula wt  231.539
Fej04: Cubic (ferrimagnetic) crystals 298.15 to Neél temperature 845.5 K. Cubic
crystals (paramagnetic) 845.5 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. C§ S% (H%-Hﬁga)/T -(G%-Hﬁgs)/T AfH° AfG° Log Kf

K Jemol~1l.x"1 KJemol™l ——

298.15 150.90 146.14 0.00 146.14 -1115.7 -1012.7 177.42
300 151.40 147.07 0.93 146.14 -1114.6 -1012.1 176.21

400 176.18 194.21 41.81 152.40 -1113.0 -977.9 127.70

500 192.90 235.43 70.45 164.98 -1109.2 -944.5 98.67

600 207.91 271.89 92.08 179.81 -1104.8 -912.0 79.40
700 228.68 305.38 110.00 195.38 -1099.5 -880.3 65.69
800 260.76 337.86 126.70 211.16 -1092.7 -849.4 55.46
845.5 330.50 354.00 135.66 218.34 -1087.8 -835.3 51.60
900 213.93 369.13 142.05 227.08 -1085.1 -819.5 47.56
1000 205.97 391.22 148.81 242.41 -1085.5 -790.0 41.27
1100 201.45 410.62 153.78 256.84 -1089.1 -760.3 36.10
1200 199.28 428.04 157.65 270.39 -1091.0 -730.4 31.79
1300 198.76 443.96 160.82 283.14 -1088.6 -700.4 28.14
1400 199.43 458.71 163.55 295.16 -1086.5 -670.6 25.02
1500 201.00 472.52 165.99 306.53 -1084.6 -641.0 22,32
1600 203.23 485.56 168.24 317.32 -1082.9 -611.5 19.96
1700 205.99 497.96 170.38 327.58 -1084.1 -582.0 17.88
1800 209.15 509.82 172.45 337.37 -1083.7 ~552.4 16.03
Melting T 1870 K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 4.452 J-bar!
H39g-HY 102.80 kJ 44.52 cmd
A= -1.086E+03 B= 2.969E-01 c+ -1.437E+06

9/9/92
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STEAM Formula wt 18.015

Hy0: Ideal gas at p = 1 bar, 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. cs s% (H3-H3gg) /T  =(G3-H$gg)/T AgH® AgG° Log K¢

K Jemol~1l.x"1 — kJemol™l ——

298.15 33.59 188.84 0.00 188.84 -241.8 -228.6 40.05

300 33.59 189.05 0.21 188.84 -241.8 -228.5 39.79
400 34.04 198.75 8.59 190.16 -242.9 ~223.9 29.24

500 35.09 206.45 13.78 192.67 -243.9 -219.0 22.88

600 36.34 212.96 17.43 195.52 -244.8 -214.0 18.63

700 37.66 218.66 20.23 198.43 -245.7 -208.8 15.58

800 38.97 223.77 22.49 201.28 -246.5 -203.5 13.28

900, 40.27 228.44 24.39 204.05 -247.2 -198.0 11.49
1000 41.53 232.75 26.04 206.70 -247.8 -192.6 10.06
1100 42.76 236.76 27.51 209.26 -248.4 -187.0 8.88
1200 43.94 240.53 28.83 211.71 -248.9 -181.4 7.90
1300 45.07 244.10 30.03 214.06 -249.4 -175.7 7.06
1400 46.15 247.48 31.15 216.33 -249.8 -170.1 6.35
1500 47.19 250.70 32.18 218.51 -250.2 -164.4 5.72
1600 48.18 253.77 33.15 220.62 -250.5 -158.6 5.18
1700 49.12 256.72 34.06 222.66 -250.7 -152.9 4.70
1800 50.01 259.56 34.93 224.63 -251.0 -147.1 4.27
Melting T K Boiling T K

A, H® kJ
A H° kJ
Molar Vol. 2478.97 J-bar’
H3gg-H} kJ 24789.7 cmd
A= -2,4896E+02 B= 5.632E-02 C= 3.354E+05

8/26/92
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DIPOTASSIUM MONOXIDE Formula wt 94.196

Ky0: Cubic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. Cp s% (H§-H89g) /T -(G3-H$gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 83.68 94.10 0.00 94.10 -363.2 -322.1 56.43
300 83.79 94.62 0.52 94.10 -363.2 ~321.9 56.04
400 88.89 119.45 21.99 97.45 -367.0 -307.3 40.13
500 93.39 139.77 35.83 103.94 -365.6 -292.6 30.56
600 97.64 157.17 45.78 111.40 ~363.7 -278.1 24.21
700 101.78 172.54 53.48 119.05 -361.4 -264.0 19.70
800 105.85 186.39 59.77 126.62 -358.6 -250.3 16.34
900 109.90 199.10 65.12 133.98 -355.5 -237.0 13.75
1000 113.92 210.88 69.80 141.08 -352.0 -224.0 11.70
1100 117.92 221.93 73.99 147.94 -506.2 -202.1 9.60
1200 121.92 232.36 77.82 154.54 -500.2 -174.7 7.61
Melting T K Boiling T K
AL H° kI
A H® kJ
Molar Vol. 4.038 J-bar’
H3gg-HY kJ 40.38 cm®
A= -3,.816E+02 B= 1.640E-01 C= 1.032E+06

5/20/93
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DILITHIUM MONOXIDE Formula wt 29.881

Lij0: Cubic crystals 298.15 to melting point 1700 K.

FORMATION FROM THE ELEMENTS

Temp. CE, Si. (H%‘Hﬁgs) /T -(G%-Higs) /T Afﬂo AfG° Log Kf

K Jemol~1l.x"1 kJ'mol™l ——

298.15 54.10 37.60 0.00 37.60 -597.9 -561.2 98.31
300 54.33 37.94 0.33 37.60 -597.9 -561.0 97.67
400 63.61 54.96 15.10 39.86 -598.7 -548.5 71.63

500 69.52 69.83 25.43 44.40 -605.4 -535.3 §5.92

600 73.98 82.91 33.16 49.75 -605.7 -521.2 45.38

700 77.67 94.60 39.26 55.34 -605.6 -507.1 37.84
800 80.87 105.19 44.27 60.92 -605.2 -493.1 32.20

900 83.72 114.88 48.50 66.38 -604.4 -479.1 27.81
1000 86.29 123.83 52.15 71.68 -603.4 -465.3 24.30
1100 88.63 132.17 55.36 76.81 -602.2 -451.5 21.44
1200 90.76 139.98 58.22 81.75 -600.7 -437.9 19.06
1300 92.70 147.32 60.80 86.51 -599.1 -424.4 17.05
1400 94.46 154.25 63.15 91.11 -597.3 -411.0 15.33
1500 96.05 160.83 65.29 95.54 -595.3 -397.7 13.85
1600 97.47 167.07 67.25 99.82 -593.2 -384.6 12.56
1700 98.72 173.02 69.07 103.95 -881.4 -357.3 10.98
Melting T 1700 K Boiling T K

A HC kJ
A H® kJ
Molar Vol. 1.476 J-bar!
H3gg-HY kJ 14.76 cm?
A= -6.086E+02 B= 1.425E-01 C= 4.563E+06

12/7/92
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PERICLASE Formula wt 40.304

MgO: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. C; Sio (H%"Hﬁgs)/'r -(G%-Hﬁge) /T AfH° AfG° Log Kf

K Jemol~1l.g"1 kJemol™l ——

298.15 37.26 26.90 0.00 26.90 -601.6 -569.3 99.74

300 37.40 27.13 0.23 26.90 -601.6 -569.1 99.09

400 42.70 38.70 10.26 28.44 -601.6 -558.3 72.90

500 45.57 48.57 17.06 31.51 -601.4 ~547.4 57.19

600 47.37 57.05 21.97 35.07 -601.1 -536.7 46.72

700 48.61 64.45 25.69 38.75 -600.8 -526.0 39.25

800 49,53 71.00 28.62 42.38 -600.5 -515.3 33.64

900 50.26 76.88 30.98 45.89 -600.4 -504.7 29.29
1000 50.87 82.21 32.94 49.26 -608.9 -493.3 25.77
1100 51.40 87.08 34.60 52.48 -608.9 -481.8 22.88
1200 51.90 91.57 36.02 55.56 -609.0 -470.2 20.47
1300 52.36 95.75 37.26 58.49 -609.0 -458.6 18.43
1400 52.82 99.64 38.35 61.29 -736.4 -443.9 16.56
1500 53.28 103.30 39.33 63.97 -735.0 -423.1 14.73
1600 §3.76 106.76 40.22 66.54 ~733.5 -402.3 13.13
1700 54.25 110.03 41.03 69.00 -732.1 -381.7 11.73
1800 54.76 113.15 41.78 71.37 =-730.6 -361.1 10.48
Melting T 3125 K Boiling T K

A He K
A H® kJ
Molar Vol. 1.125 J-+bar?!
H3gg-H} 5.17 kJ 11.25 cmd
A= -6.373E+02 B= 1.449E-01 C= 2.512E+06

8/26/92
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BRUCITE Formula wt 58.320
Mg(OH),: Hexagonal crystals 298.15 to 900 K.
FORMATION FROM THE ELEMENTS
Temp. cg S  (H§-H39g)/T ~-(G§-H3gg)/T AgH® Agee Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 77.27 63.20 0.00 63.20 -924.5 -833.5 146.02
300 77.66 63.68 0.48 63.20 -924.5 -832.9 145.02
400 91.89 88.23 2]1.78 66.45 -924.4 -802.4 104.78
500 99.29 109.60 36.61 73.00 -923.4 -772.0 80.64
600 104.00 128.15 47.47 80.68 -922.1 -741.8 64.58
700 107.44 144.45 55.80 88.65 -920.6 -711.9 53.12
800 110.20 158.98 62.43 96.55 -919.0 -682.1 44.54
900 112.57 172.10 67.87 104.23 -917.3 -652.6 37.88
Melting T K Boiling T K
BnH° kJ
A H® kJ
Molar Vol. 2.463 J-bar!
H3gg-HY 11.40 kJ 24.63 cm?

A= -9,195E+02

B= 2.971E-01

C= -2.30E+05

4/9/92
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MANGANGSITE Formula wt 70.937

MnO: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. 3 S$  (H$-H3g9g)/T -(G$-H3gg)/T AgHe AgGe Log K¢

K Jemol~l.x"1 — kJemol™l ——

298.15 44.10 59.71 0.00 59.71 -385.2 -362.9 63.58

300 44.16 59.98 0.27 59.71 -385.2 -362.8 63.16

400 46.81 73.07 11.60 61.48 -384.9 -355.3 46.40

500 48.73 83.74 18.84 64.90 -384.5 -348.0 36.35

600 50.24 92.76 23.95 68.81 -384.3 -340.7 29.66

700 51.49 100.60 27.80 72.80 -384.1 -333.4 24.88

800 52.57 107.55 30.83 76.72 -384.0 -326.2 21.30
900 53.52 113.80 33.30 80.50 -383.9 -319.0 18.51
1000 54.38 119.48 35.37 84.12 -386.2 -311.7 16.28
1100 55.17 124.70 37.13 87.57 -386.2 -304.3 14.45
1200 55.91 129.53 38.67 90.87 -386.3 -296.8 12.92
1300 56.59 134.04 40.02 94.02 -386.3 -289.4 11.63
1400 57.24 138.26 41.23 97.03 -388.6 -281.9 10.52
1500 57.87 142.23 42.31 99.91 -391.1 -274.1 9.54
1600 58.46 145.98 43.31 102.67 -403.8 -265.6 8.67
1700 59.03 149.54 44.21 105.33 -404.4 -256.9 7.89
1800 59.59 152.93 45.05 107.88 -404.9 -248.3 7.20
Melting T 2054 K Boiling T K

A H® xJ
A HC kJ
Molar Vol. 1.322 J-bar!
H$gg-HY kJ 13.22 cmd
A= -3.880E+02 B= 7.651E-02 C= 2.398E+05

4/9/92
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PYROLUSITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 86.937

MnO,: Crystals 298.15 to 850 K.

FORMATION FROM THE ELEMENTS

Temp. CE, S% (H%'Hﬁga) /T - (G&‘-Higs) /T AfHo AfGo Log Kf
K Jemol~1l.x~1 kJemol™l ——
298.15 54.76 52.75 0.00 52.75 -520.0 -465.0 81.47
300 54.94 53.09 0.34 52.75 -520.0 -464.7 80.91
400 63.21 70.11 15.09 55.01 -519.8 -446.3 58.27
500 68.34 84.81 25.27 59.54 -519.1 -427.9 44.71
600 71.21 97.56 32.72 64.84 -518.4 -409.8 35.67
700 72.68 108.66 38.33 70.32 -517.7 -391.7 29.23
800 73.36 118.41 42.67 75.74 -517.2 -373.8 24.40
900 73.65 127.07 46.10 80.97 -516.8 -355.9 20.65
Melting T K Boiling T K
B8 k
A HC kJ
Molar Vol. 1.661 Jebar!
H3gg-H} kJ 16.61 cm®

A= =5.172E+02

B= 1.795E~-01

C= ~1.20E+0S

8/26/92
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BIXBYITE . Formula wt 157.874

Mny,03: Cubic crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. cs, S§  (H$-H39g)/T -(G3-H3qg)/T AgH® AgGe Log K¢

K Jemol~1.x"1 kJemol™l ——

298.15 101.81 113.70 0.00 113.70 -959.0 -882.1 154.53
300 101.93 114.33 0.63 113.70 -959.0 -881.6 153.49
400 108.49 144.55 26.77 117.78 -958.4 -855.9 111.76
500 114.61 169.43 43.74 125.69 -957.6 -830.3 86.74
600 120.05 190.81 56.01 134.80 -956.9 -804.9 70.08
700 124.93 209.69 65.52 144.18 -956.0 -779.7 58.18
800 129.38 226.67 73.22 153.45 -955.2 -754.5 49.27
900 133.49 242.15 79.69 162.45 -954.2 -729.5 42.34
1000 137.37 256.42 85.27 171.15 -957.7 -704.5 36.80
1100 141.07 269.68 90.18 179.51 -956.6 -679.3 32.26
1200 144.63 282.11 94.57 187.55 -955.3 -654.1 28.47
1300 148.09 293.82 98.55% 195.27 -953.8 -629.0 25.27
1400 151.47 304.92 102.21 202.71 -956.7 -604.0 22.54
Melting T K Boiling T K

A H° kJ
A H® xJ
Molar Vol. 3.137 J+bar!
H$gg-HY 17.56 kJ 31.37 cmd
A= -9,.550E+02 B= 2.508E-01 C= -1.645E+05

8/27/92



202 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HAUSMANNITE Formula wt 228.812

Mn304: Tetragonal crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. Cs Sq‘in (H%-Hﬁgs) /T - (G%-Hﬁga) /T AfH° AfG° Log Kf
K Jemol™1l.x"1 — kJemol™l ——
298.15 142.02 164.10 0.00 164.10 -1384.5 -1282.5 224,68
300 142.52 164.98 0.88 164.10 -1384.5 -1281.8 223.18
400 158.37 208.55 38.62 169.94 -1383.4 -1247.7 162.93
500 165.03 244.68 63.30 181.38 -1382.1 -1214.0 126.82
600 169.49 275.18 80.64 194.54 -1381.0 -1180.5 102.77
700 173.64 301.61 93.63 207.99 -1380.2 -1147.1 85.60
800 178.04 325.08 103.90 221.18 -1379.5 -1113.8 72.73
900 182.86 346.33 112.40 233.93 -1379.0 -1080.7 62.72
1000 188.12 365.86 119.71 246.16 -1385.1 -1047.4 54.71
1100 193.77 384.05 126.18 257.87 -1384.4 -1013.7 48.14
1200 199.78 401.17 132.06 269.11 -1383.3 -980.0 42.66
1300 206.12 417.41 137.51 279.90 -1381.8 -946.5 38.03
1400 212.72 432,92 142.65 290.28 -1386.7 -912.9 34.06
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.695 J-bar!
H3gg-HJ 24.78 kJ 46.95 cm’
A= ~1,.3809E+03 B= 3.3405E-01 = =9,874E+05

4/10/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES - 203

BRAUNITE Formula wt 604.645
Mn,;Si0,5: Tetragonal crystals 298.15 to 1500 K.
FORMATION FROM THE ELEMENTS
Temp. cg S$  (H3-HSgg)/T =-(G$-H3gg)/T AgH® AgGe Log K¢
K Jemol™1l.x"1 kJemol™l ——
298.15 380.79 416.40 0.00 416.40 -4260.0 -3944.7 691.09
300 382.01 418.76 2.35 416.41 -4260.0 -3942.8 686.48
400 428.72 535.79 103.74 432.05 ~4258.2 -3837.2 501.08
500 456.30 634.62 171.68 462.94 -4254.9 -3732.3 389.91
600 476.35 719.66 220.85 498.81 -4251.4 -3628.2 315.86
700 492.85 794.36 258.56 535.80 -4247.8 -3524.6 263.00
800 507.45 861.14 288.78 572.37 -4244.2 -3421.5 223.40
900 520.96 921.70 313.83 607.87 -4240.7 -3318.8 192.62
1000 §33.78 977.26 335.19 642.07 -4252.6 -3216.4 168.00
1100 546.15 1028.71 353.81 674.91 -4248.9 -3112.9 147.82
1200 558.21 1076.75 370.34 706.41 -4244.5 -3009.8 131.01
1300 570.07 1121.90 385.25 736.65 -4239.4 -2907.1 116.81
1400 581.76 1164.58 398.87 765.71 -4249.7 -2804.4 104.63
1500 593.34 1205.11 411.45 793.66 -4260.6 -2700.4 94.04
Melting T K Boiling T K
BngH® kJ
A H® kJ
Molar Vol. 12.508 J-bar
H3gg-H} 65.68 kJ 125.08 cm3
A= -4,2437E+03 B= 1.0286E+00 C= -6.946E+05

02/24/94



204

MOLYBDITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 143.938

MoO3: Orthorhombic crystals 298.15 to melting point 1074 K; liquid 1074 to 1500 K.

FORMATION FROM THE ELEMENTS

Temp. 05 Si. (H%'H%ga) /T - (G%-Higa) /T AfHo AfG° Log Kf

K Jemol~1l.x-1 kJemol™l ——

298.15 74.91 77.70 0.00 77.70 -745.2 -668.1 117.04

300 75.13 78.16 0.46 77.70 -745.2 -667.6 116.24

400 83.02 101.00 20.24 80.76 -744.1 -641.9 83.82

500 87.78 120.06 33.29 86.77 -742.7 -616.5 64.40

600 91.85 136.42 42.71 93.71 -741.1 -591.4 51.48

700 95.89 150.89 50.02 100.87 -739.3 -566.6 42.28

800 100.08 163.96 56.01 107.95 -737.2 -542.0 35.39

900 104.46 176.00 61.15 114.85 -734.8 -517.8 30.05
1000 109.03 187.24 65.71 121.53 -732.2 -493.8 25.79
1100 126.95 197.87 69.85 128.02 -729.2 -470.1 22.32
1200 126.95 207.97 73.71 134.26 -725.8 -446.7 19.44
1300 126.95 217.67 77.36 140.31 -722.0 -423.6 17.02
1400 126.95 227.02 80.85 146.17 -717.9 -400.8 14.95
1500 126.95 236.09 84.22 151.87 -713.3 -378.3 13.17
Melting T 1074 K Boiling T . K

A H° kJ
A H® 48.91 kJ
Molar Vol. 3.056 Jebar!

H3gg-HJ 12.59 kJ 30.56 cm?

A= ~7,.299E+02

B= 2.358E-01

C= -8.02E+05
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 205
NITROGEN DIOXIDE Formula wt 46.006
NOp: 1Ideal gas at p = 1 bar, 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. CB S.‘i. (H%-Hﬁgs)/l‘ '(G%-Higa)/'r AfHo AfGo Log Kf

K Jemol~d.x"1 kJ'mol~l ——

298.15 37.00 240.10 0.00 240.10 33.1 51.2 -8.98

300 37.05 240.33 0.23 240.10 33.1 51.4 -8.94
400 40.16 251.39 9.81 241.59 32.5 57.5 -7.51

500 43.29 260.70 16.20 244.50 32.2 63.8 -6.67

600 45.91 268.83 20.94 247.89 32.0 70.2 -6.11

700 48.02 276.08 24.66 251.41 31.9 76.6 -5.71

800 49.71 282.60 27.69 254.91 31.9 83.0 -5.42
900 51.06 288.54 30.22 258.32 31.9 89.3 -5.18
1000 52.16 293.98 32.36 261.62 32.0 95.7 -5.00
1100 53.05 298.99 34.20 264.79 32.1 102.1 -4.85
1200 53.77 303.64 35.80 267.84 32.3 108.4 -4.72
1300 54.36 307.97 37.21 270.76 32.4 114.8 -4.61
1400 54.85 312.01 38.45 273.56 32.5 121.1 -4.52
1500 55.25 315.81 39.56 276.26 32.6 127.4 -4.44
1600 55.58 319.39 40.55 278.84 32.8 133.7 -4.37
1700 55.86 322.77 41.44 281.33 32.9 140.1 -4.30
1800 56.09 325.97 42.25 283.72 33.0 146.4 -4.25
Melting T K Boiling T K

A H° kJ
A, H° xJ
Molar Vol. 2478.97 J-bar’

H8gg-HY kJ 24789.7 cmd

A= 3.210E+01

B= 6.353E-02

C= 1.451E+0

4
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206 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

DISODIUM MONOXIDE Formu

lawt 61.979

Naj0: Cubic crystals 298.15 to melting point 1193 K.
FORMATION FROM THE ELEMENTS
Temp. Cf, S.i. (H%-Hﬁga)/'r -(G%—Hgga)/T AfH° AfGe Log Kf
K Jemol~1.x"1 kJemol™l ——
298.15 69.10 75.30 0.00 75.30 -414.8 -376.0 65.87
300 69.26 75.73 0.43 75.30 -414.8 -375.7 65.42
400 76.30 96.68 18.57 78.11 -420.2 -362.3 47.31
500 81.34 114.27 30.64 83.63 ~420.1 -347.8 36.33
600 85.26 129.46 39.43 90.03 -419.3 -333.4 29.03
700 88.47 142.85 46.21 96.64 -418.2 -319.2 23.82
800 91.20 154.85 51.67 103.18 -416.7 -305.1 19.92
900 93.60 165.73 56.20 109.53 -414.9 -291.3 16.91
1000 95.74 175.71 60.05 115.66 -413.0 -277.7 14.50
Melting T 1193 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 2.588 Je-bar!
H3gg-H}§ 12.40 xJ 25.88 cm?

A= -4.180E+02 B= 1.407E-01 C= ~5.93E+03

9/10/92



BUNSENITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

Formula wt 74.689

NiO: Rhombohedral (distorted cubic) crystals 298.15 to N&el temperature 519 K.
crystals 519 to 1800 K.

Cubic

FORMATION FROM THE ELEMENTS

Temp. ce S (H3-H39g) /T  -(G$-H3g9g)/T AgH® AgGe Log K¢
K Jemol™1.x"1 — kJemol™l ——
298.15 44.49  37.99 0.00 37.99 -239.3 -211.1 36.99
300 44.70  38.27 0.28 37.99 -239.3 -211.0 36.73
400 53.00  52.38 12.52 39.86 -238.6 -201.6 26.33
500 64.90  65.25 21.59 43.66 -237.3 -192.5 20.11
519 69.15  67.74 23.25 44.49 -236.8 -190.9 19.21
600 56.01  76.07 27.86 48.21 -236.2 -183.6 15.99
700 54.22 84.55 31.73 52.82 -235.6 -175.0 13.05
800 53.66  91.74 34.50 57.24 -235.1 -166.8 10.89
900 53.83  98.06 36.63 61.43 -234.5 -157.8 9.16
1000 54.43 103.76 38.38 65.38 -234.0 -149.3 7.80
1100 55.29  108.99 39.88 69.11 -233.5 -140.8 6.69
1200 56.29 113.84 41.20 72.64 -233.1 -132.4 5.76
1300 57.37 118.39 42.40 75.99 -232.6 -124.0 4.98
1400 58.48 122.68 43.51 79.17 -232.1 -115.7 4.32
1500 59.57 126.76 44.55 82.21 -231.6 -107.4 3.74
1600 60.62 130.63 45.52 85.11 -231.1 -99.1 3.24
1700 61.61 134.34 46.44 87.90 -230.6 -90.9 2.79
1800 62.52 137.89 47.30 90.59 -247.3 -82.0 2.38
Melting T 2257 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 1.097 J-bar’
H8gg-HY 6.69 kJ 10.97 cm?
A= -2.331E+02 B= 8.392E-02 C= -2.85E+05

9/9/92



208 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

LITHARGE Formula wt 223.199

PbO: Tetragonal crystals (red) 298.15 to 1000 K.

. FORMATION FROM THE ELEMENTS
Temp. Ci’, S-i. (H%-Hﬁgs)/‘r -(G%“Higs)/T AfH° AfGo Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 45.77 66.50 0.00 66.50 -219.0 -188.9 33.10
300 45.89 66.78 0.28 66.50 -219.0 -188.7 32.86
400 50.51 80.69 12.33 68.37 -218.4 -178.7 23.34
500 53.20 92.27 20.25% 72.02 -217.5 ~-168.9 17.65
600 55.13 102.15 25.91 76.24 -216.6 -159.3 13.87
700 56.70 110.77 30.20 80.57 -220.5 -149.0 11.12
800 58.08 118.43 33.60 84.83 -~219.4 -138.9 9.07
900 59.35 125.35 36.39 88.96 -218.3 -128.9 7.48
1000 60.55 131.66 38.75 92.92 -216.9 -119.0 6.22
Melting T K Boiling T K
A H° kJ
A H® xJ
Molar Vol. 2.391 Jebar!
H3gg-HY xJ 23.91 cm®
A= =2,]194E+02 B= 1.004E-01 C= 4.877E+04

9/9/92



PLATTNERITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 209

Formula wt 239.199

PbO,y: Tetragonal crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. 3 S§  (H$-H3gg)/T ~-(G$-H3gg)/T Agu® AgG° Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 61.17 71.80 0.00 71.80 -277.4 -218.3 38.2%5
300 61.35 72.18 0.38 71.80 -277.4 -218.0 37.95
400 68.23 90.90 16.59 74.31 -276.6 -198.3 25.89
500 71.82 106.54 27.31 79.23 -275.4 -178.8 18.68
600 74.11 119.85 34.93 84.92 -274.2 -159.6 13.89
700 75.79 131.41 40.65 90.76 -277.8 -139.8 10.43
800 77.14 141.62 45.13 96.49 -276.5 -120.2 7.85
900 78.30 150.77 48.75 102.02 -275.1 -100.7 5.84
1000 79.34 159.08 51.76 107.32 -273.7 -81.4 4.25
1100 80.31 166.69 54.31 112.37 -272.1 -62.2 2.96
1200 81.23 173.71 56.52 117.20 -270.5 -43.2 1.88
Melting T K Boiling T K
A H° kJ
AL H® kJ
. : Molar Vol. 2.501 J-bar’!
H3gg—HY 36.78 kJ 25.01 cm3
A= -2,752E+02 B= 1.937E-01 C= -7.72E+04

9/9/92



210 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MINIUM Formula wt 685.598

Pb304: Tetragonal crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CE, Sin (H%‘Higa)/T -(G%-Higa)/'r Afﬂ" AfG° Log Kf

K Jemol~1l.x"1 kJ-mol™1l ——

298.15 154.90 212.00 0.00 212.00 -718.7 -601.6 105.40

300 155.37 212.96 0.96 212.00 -718.7 -600.9 104.62

400 172.92 260.35 42.01 218.35 -716.3 -562.0 73.38

500 182.83 300.08 69.25 230.83 -713.0 -523.7 54.71

600 189.73 334.06 88.78 245.27 -709.5 -486.2 42.33

700 195.21 363.73 103.61 260.12 ~720.3 -446.9 33.35
800 199.94 390.11 115.36 274.75 -716.3 -408.1 26.65

900 204.22 413.91 125.00 288.91 -711.8 -369.8 21.46
1000 208.23 435.64 133.12 302.51 -707.0 -332.1 17.35
1100 212.07 455.66 140.13 315.54 -701.8 -294.9 14.00
1200 215.78 474.28 146.28 328.00 -696.2 -258.1 11.24
1300 219.41 491.69 151.76 339.93 -690.2 -221.9 8.91
1400 222.97 508.08 156.72 351.36 -683.9 -186.1 6.94
1500 226.49 523.59 161.26 362.33 -677.3 -150.7 5.25
1600 229.97 538.31 165.44 372.87 -670.4 -115.8 3.78
1700 233.43 552.36 169.34 383.02 -663.1 -81.4 2.50
1800 236.86 565.80 173.00 392.80 -655.6 -47.4 1.37
Melting T K Boiling T K

A H® xJ
A H® kJ
Molar Vol. 7.681 Jebar!
H39g-H} kJ 76.81 cm3
A= -6.975E+02 B= 3.642E-01 C= -1.26E+06

8/21/92



SULFUR DIOXIDE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 211

Formula wt 64.065

SO0,: 1Ideal gas at p = 1 bar, 298.15 to 2500 K.

FORMATION FROM THE ELEMENTS

Temp. cg s% (H}-H89g) /T  -(G§-H3gg)/T AgHO AgG® Log Kg¢
K Jemol~l.x~1 kJ°mol~1 ——
298.15 39.85 248.20 0.00 248.20 -296.8 -300.1 52.57
300 39.92 248.45 0.25 248.20 -296.8 -300.1 52.25
400 43.48 260.42 10.61 249.81 -300.2 -300.9 39.30
500 46.53 270.47 17.50 252.96 -302.7 -300.8 31.43
600 48.92 279.17 22.55 256.62 -304.7 -300.3 26.14
700 50.78 286.86 26.45 260.40 -306.3 -299.4 22.34
800 52.23 293.74 29.59 264.15 -307.7 -298.3 19.48
900 53.38 299.96 32.17 267.78 -362.1 -296.0 17.18
1000 54.29 305.63 34.34 271.29 -362.0 -288.6 15.08
1100 55.01 310.84 36.19 274.65 -361.9 -281.3 13.36
1200 55.60 315.65 37.78 277.87 -361.8 -274.0 11.93
1300 56.07 320.12 39.17 280.95 -361.7 -266.7 10.71
1400 56.46 324.29 40.39 283.90 ~-361.6 -259.3 9.68
1500 56.79 328.20 41.47 286.72 -361.5 -252.1 8.78
1600 57.06 331.87 42.44 289.43 -361.5 -244.8 7.99
1700 57.29 335.34 43.31 292.03 -361.4 -237.4 7.30
1800 57.49 338.62 44.09 294.53 -361.4 -230.2 6.68
Melting T K Boiling T K
AH° X
A H® xJ
Molar Vol. 2478.97 J-bar’
H3gg-H} 10.55 kJ 24789.7 cm?

A= -3.536E+02

B= 6.628E-02 C= 3.246E+06

9/9/92



212 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

SULFUR TRIOXIDE

Formula wt

80.064

803: Ideal gas at p = 1 bar, 298.15 to 2200 K.

FORMATION FROM THE ELEMENTS

Temp. c s$ (H3-H3gg) /T  -(G3-H39g)/T AgH® AgGe Log K¢

K Jemol~1.x"1 kJ-mol™l — —

298.15 50.63 256.80 0.00 256.80 -395.7 =371.0 64.99
300 50.77 257.11 0.31 256.80 =395.7 -370.8 64.56
400 57.69 272.70 13.82 258.88 -399.3 -362.2 47.30

500 63.09 286.18 23.16 263.02 -401.8 -352.6 36.84

600 67.16 298.06 30.17 267.89 -403.6 =-342.6 29.83

700 70.26 308.66 35.69 272.97 -405.0 -332.3 24.80
800 72.64 318.20 40.16 278.04 -406.0 -321.9 21.02
900 74.49 326.87 43.88 282.99 -460.0 =310.2 18.00
1000 75.93 334.80 47.02 287.78 =459.6 ~293.6 15.34
1100 77.07 342.09 49.70 292.39 ~459.0 =-277.0 13.15
1200 77.96 348.83 52.02 296.82 -458.5 -260.5 11.34
1300 78.68 355.10 54.04 301.06 -458.0 -244.0 9.80
1400 79.25 360.96 55.82 305.13 -457.4 ~-227.6 8.49
1500 79.71 366.44 57.40 309.04 -456.9 -211.2 7.35
1600 80.08 371.60 58.81 312.79 =-456.3 -194.8 6.36
1700 80.38 376.46 60.07 316.39 =-455.8 -178.5 5.48
1800 80.64 381.06 61.20 319.86 -455.3 -162.2 4.71
Melting T K Boiling T K

B H° k3
A H° kJ
Molar Vol. 2478.97 J-bar®
H3g9g-H} kJ 24789.7 cm3
A= -4.504E+02 B= 1.580E-01 C= 3.103E+06

4/9/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 213

SILICON MONOXIDE Formula wt 44.085

8i0: Ideal gas at p = 1 bar, 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CB s% (H%-Hﬁgs) /T -(G%‘Hﬁga) /T AfH" AfG° Log Kf

K Jemo1~1.x"1 kJemol™l ——

298.15 29.90 211.60 0.00 211.60 -100.4 -127.3 22.30
300 29.92 211.79 0.18 211.60 -100.4 -127.5 22.19
400 31.15 220.55 7.77 212.79 -101.0 -136.4 17.81
500 32.38 227.64 12.57 215.07 -101.6 -145.2 15.17
600 33.39 233.64 15.96 217.68 -102.3 -153.8 13.39
700 34.19 238.85 18.51 220.34 -103.0 -162.4 12.12
800 34.82 243.45 20.51 222.95 -103.7 -170.8 11.15
900 35.33 247.59 22.13 225.46 -104.4 -179.2 10.40
1000 35.72 251.33 23.47 227.86 -105.2 -187.4 9.79
1100 36.04 254.75 24.60 230.15 -106.0 -195.6 9.29
1200 36.30 257.90 25.56 232.33 -106.9 -203.7 8.87
1300 36.51 260.81 26.40 234.41 -107.8 -211.8 8.51
1400 36.67 263.52 27.13 236.40 -108.7 -219.7 8.20
1500 36.81 266.06 27.77 238.29 -109.7 -227.6 7.93
1600 36.93 268.44 28.34 240.10 -110.7 -235.5 7.69
1700 37.03 270.68 28.84 241.84 -162.0 -242.8 7.46
1800 37.11 272.80 29.30 243.50 -162.8 -247.5 7.18
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2478.97 J-bar’

H3gg-HY 8.71 xJ 24789.7 cm3

A= -1.084E+02 = -7.908E-02 C= 4.562E+05

4/10/92



214

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

QUARTZ Formula wt 60.084
8i0,: Trigonal crystals 298.15 to a-p transition at 844 K. P-crystals 844 to 1700.
The melting point is estimated to be 1700 K. Liquid 1700 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. Ci’, S.‘]'_. (Hi‘ﬂiga)/'r -(G%*Hﬁge)/T AfHo AfG° Log Kf

K Jemol~1.x"1 — kJemol™l ——

298.15 44.59 41.46 0.00 41.46 -910.7 -856.3 150.01

300 44.78 41.74 0.28 41.46 -910.7 -855.9 149.03
400 5§3.27 55.85 12.52 43.33 -910.9 -837.7 109.38

500 59.68 68.45 21.34 47.11 -910.5 -819.4 85.60

600 65.04 79.82 28.18 51.64 -909.8 -801.2 69.75

700 69.82 90.21 33.80 56.41 -908.8 ~-783.2 58.44

800 74.25 99.83 38.58 61.25 -907.4 ~765.3 49.97

900 68.62 109.00 42.93 66.07 -905.6 -747.7 43.39
1000 69.12 116.25 45.52 70.73 -904.8 =-730.2 38.14
1100 69.74 122.87 47.69 75.18 -904.1 -712.8 33.85
1200 70.43 128.96 49.56 79.40 -903.3 -695.4 30.27
1300 71.17 134.63 51.19 83.44 -902.5 -678.1 27.25
1400 71.96 139.93 52.65 87.28 -901.8 -660.9 24.66
1500 72.77 144.92 53.96 90.96 -901.0 -643.7 22.41
1600 73.60 149.65 55.16 94.49 -900.2 -626.6 20.46
1700 74.45 154.14 56.27 97.87 -949.6 -609.0 18.71
1800 81.37 164.31 62.89 101.42 -938.5 -589.6 17.11
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 2.269 J-bar!

H39g-H} 6.916 kJ 22.69 cm3

A= -9.047E+02 B= 1.744E-01

C= -3.39E+05

01/06/93
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CRISTOBALITE Formula wt 60.084

8i05: Tetragonal crystals, a, 298.15 to 523 K. Cubic crystals, B, 523 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Ci’, S.‘i (H%-Hﬁgs)/'r -(G%-Higa)/'r AfHo AfG" Log Kf

K Jemol~1.x"1 kJemol™l ——

298.15 44.95 43.40 0.00 43.40 -908.4 -854.6 149.71
300 45.15 43.70 0.28 43.42 -908.4 -854.2 148.73
400 50.73 57.93 12.63 45.31 -908.5 -836.1 109.19
500 68.59 70.56 21.48 49.08 -908.2 -818.1 85.46
600 62.06 84.60 29.96 54.64 -906.5 -800.7 69.71
700 65.23 94.42 34.78 59.64 -905.8 -783.1 58.44
800 67.34 103.28 38.73 64.55 -905.0 ~765.7 49.99
900 68.82 111.30 41.99 69.31 -9504.2 -748.3 43.43
1000 69.92 118.61 44.74 73.87 -903.3 -731.0 38.18
1100 70.77 125.32 47.07 78.26 -902.4 -713.8 33.90
1200 71.44 131.50 49.07 82.43 -901.6 -696.7 30.33
1300 72.00 137.24 50.81 86.43 -900.7 -679.7 27.31
1400 72.47 142.60 52.34 90.26 -899.9 -662.7 24.73
1500 72.87 147.61 53.70 93.91 -899.1 -645.8 22.49
1600 73.22 152.32 54.91 97.41 -898.3 -628.9 20.53
1700 73.53 156.77 55.99 100.78 -947.8 -611.7 18.79
1800 73.82 160.98 56.98 104.00 -946.8 -591.9 17.18
Melting T 1996 K Boiling T K

B A k3
A HC xJ
Molar Vol. 2.574 Jebar!
H8gg-HJ 7.04 kJ 25.74 cmd
A= -9.029E+02 B= 1.719E-01 C= =-2.62E+05

01/06/93
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COESITE Formula wt 60.084

8i05: Monoclinic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%-H%SB)IT -(G%"Higs)/T AfH° AfG° Log Kf

K Jemol~1l.x"1 — kJemol™l ——

298.15 45.46 38.50 0.00 38.50 -907.8 -852.5 149.35

300 45.58 38.78 0.28 38.50 -907.8 -852.2 148.37

400 52.60 52.85 12.48 40.37 -908.0 -833.6 108.85

500 58.51 65.26 21.12 44.13 -907.7 -815.0 85.14

600 62.81 76.33 27.73 48.59 -907.2 =796.5 69.34

700 65.84 86.25 32.97 53.28 -906.5 -778.1 58.06
800 67.94 95.19 37.22 57.97 -905.6 -759.8 49.61

900 69.41 103.28 40.72 62.56 -904.7 -741.6 43.04
1000 70.45 110.65 43.64 67.01 -903.8 -723.6 37.79
1100 71.23 117.40 46.12 71.28 -902.9 -705.6 33.50
1200 71.86 123.63 48.24 75.39 -902.0 -687.7 29.93
1300 72.45 129.40 50.08 79.33 -901.1 -669.9 26.91
1400 73.06 134.79 51.70 83.10 -900.2 -652.1 24.33
1500 73.75 139.86 53.14 86.71 -899.3 -634.4 22.09
1600 74.56 144.64 54.46 90.19 -898.5 -616.8 20.14
1700 75.54 149.19 55.67 93.52 -947.7 ~598.8 18.40
1800 76.71 153.54 56.80 96.74 -946.6 -578.2 16.78
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.064 J-bar’
H39g-HJ 6.89 kJ 20.64 cm3
A= -9,036E+02 ) B= 1.799E-01 C= -2,.39E+05

8/28/92
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STISHOVITE

Formula wt

60.084

8i05: Tetragonal crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cs S-} (H%’Higs)/'r -(G%-Hﬁga)/T AfH° AfG° Log Kf

K Jemol~1.x"1 kJ-mol™l ——

298.15 42.99 27.78 0.00 27.78 -861.3 -802.8 140.65

300 43.24 28.05 0.27 27.78 -861.3 -802.4 139.72

400 53.50 42.04 12.42 29.62 -861.5 -782.8 102.22

500 59.42 54.67 21.28 33.39 -861.2 -763.1 79.72

600 63.14 65.85 27.97 37.89 -860.6 -743.6 64.73

700 65.60 75.78 33.18 42.61 -859.8 -724.1 54.03

800 67.32 84.66 37.34 47.32 -859.0 -704.8 46.02

900 68.58 92.67 40.75 51.92 -858.2 -685.6 39.79
1000 69.58 99.95 43.58 56.36 -857.4 -666.4 34.81
1100 70.42 106.62 45.99 60.63 -856.5 -647.4 30.74
1200 71.20 112.78 48.05 64.72 -855.7 -628.4 27.35
1300 71.97 118.51 49.86 68.64 -854.9 -609.5 24.49
1400 72.79 123.87 51.47 72.40 -854.0 -590.6 22.04
1500 73.68 128.92 52.92 76.00 -853.2 -571.8 19.91
1600 74.68 133.71 $4.25 79.46 -852.3 -553.1 18.06
1700 75.80 138.27 55.48 82.79 -901.6 -534.0 16.41
‘1800 77.06 142.64 56.65 85.99 -900.3 -512.4 14.87
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 1.4014 J-bar!

H3gg-H} 7.74 kJ 14.014 cm?

A= -8.572E+02 B= 1.907E-01 C= -2,.28E+05

12/17/91
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SILICA GLASS

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 60.084

8i0,: Glass 298.15 to estimated melting point 1700 K.

FORMATION FROM THE ELEMENTS

Temp. g S§  (H3-H3gg)/T -(G$-H39g)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 — kJemol™l ——

298.15 37.94 48.50 0.00 48.50 -901.6 -849.3 148.79
300 38.36 48.74 0.24 48.50 -901.6 -849.0 147.81
400 53.17 62.11 11.89 50.22 -902.0 -831.3 108.56
500 59.95 74.79 20.90 53.89 -901.7 -813.7 85.00
600 63.64 86.07 27.74 58.33 -901.0 -796.1 69.31
700 65.93 96.07 33.04 63.02 -900.2 -778.7 58.11
800 67.53 104.98 37.26 67.72 -899.4 -761.4 49.71
900 68.77 113.01 40.69 72.31 -898.6 -744.2 43.19
1000 69.84 120.31 43.56 76.75 -897.7 -727.1 37.98
1100 70.82 127.01 45.99 81.02 -896.8 -710.1 33.72
1200 71.79 133.22 48.10 85.12 -895.9 -693.2 30.17
1300 72.77 139.00 49.96 89.04 -895.0 -676.3 27.17
1400 73.81 144.43 51.63 92.81 -894.1 -659.5 24.61
1500 74.90 149.56 §3.14 96.42 -893.1 -642.8 22.38
1600 76.07 154.43 54.54 99.90 -892.1 -626.1 20.44
1700 77.32 159.08 55.84 103.24 -941.2 -609.1 18.71
Melting T 1700 K Boiling T K

A H° kJ
A HO xJ
Molar Vol. 2.727 J+bar?
H3g9g-H} 6.998 kJ 27.27 cm®
A= -8.966E+02 B= 1.694E-01 C= -3.06E+05

2/25/93
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CASSITERITE Formula wt 150.709
SnO,: Tetragonal crystals 298.15 to 1903 K.
FORMATION FROM THE ELEMENTS

Temp. 05 S§ (H%-Higa)/r -(G%‘Higa)/T AfI-I° AfGo Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 53.22 49.02 0.00 49.02 -577.6 -515.8 90.36

300 53.54 49.35 0.33 49.02 -577.6 -515.4 89.74

400 65.09 66.56 15.27 51.29 -577.4 -494.7 64.60

500 70.83 81.76 25.86 55.90 -576.6 -474.1 49.53

600 74.28 95.00 33.66 61.34 -582.6 -452.3 39.38

700 76.66 106.64 39.64 66.99 -581.1 -430.8 32.14

800 78.46 117.00 44.39 72.61 -579.5 -409.4 26.73

900 79.92 126.32 48.26 78.07 -577.8 -388.2 22.53
1000 81.18 134.81 51.49 83.32 -576.0 -367.3 19.18
1100 82.30 142.60 54.24 88.36 -574.1 -346.5 16.45
1200 83.33 149.81 56.62 93.19 -572.2 -325.9 14.18
1300 84.30 156.52 58.71 97.80 -570.2 -305.4 12.27
1400 85,21 162.80 60.57 102.22 -568.2 -285.1 10.64
1500 86.10 168.71 62.25 106.46 ~566.1 -265.0 9.23
Melting T 1903 K Boiling T K

B H® kJ
A H® kJ
Molar Vol. 2.155 J-bar!
H8gg-HY 8.38 kJ 21.55 cm3
A= -5,763E+02 B= 2.084E-01 C= -1.755E+05

6/11/93
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STRONTIUM MONOXIDE

Formula wt 103.619

SrO: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cs Sviw (H%-Higs) /T - (G%-Hﬁgs) /T Afl-l° AfG° Log Kf

K Jemol~1l.x"1 — kJe'mol™1 ——

298.15 45.41 55.52 0.00 55.52 -591.3 -560.7 98.22
300 45.49 55.80 0.28 55.52 -591.3 -560.5 97.59
400 48.66 69.37 12.02 57.35 -590.8 -550.3 71.86
500 50.62 80.45 19.55% 60.89 -590.2 -540.2 56.43
600 52.06 89.81 24.86 64.95 -589.5 -530.3 46.16
700 53.24 97.93 28.83 69.10 -588.9 -520.5 38.84
800 54.26 105.10 31.95 73.16 -588.4 -510.7 33.35
900 55.19 111.55 34.48 77.07 -588.5 =-501.0 29.07
1000 56.04 117.41 36.59 80.82 -587.7 -491.3 25.66
1100 56.86 122.79 38.40 84.39 -594.7 -481.3 22.86
1200 57.63 127.77 39.97 87.80 -594.7 -471.0 20.50
1300 58.38 132.41 41.36 91.06 -594.7 -460.7 18.51
1400 59.11 136.76 42.60 94.17 -594.5 -450.4 16.80
1500 59.83 140.87 43.72 97.14 -594.4 -440.1 15.33
1600 60.53 144.75 44.75 100.00 -594.1 -429.8 14.03
1700 61.22 148.44 45.70 102.74 -730.7 -418.4 12.86
1800 61.90 151.96 46.58 105.38 -728.5 -400.1 11.61
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.069 J-bar?

Higa"Hﬁ 8.675 kJ 20.69 cm3

A= -5.956E+02

B= 1.047E-01

C=

3.940E+05

10/2/92
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THORIANITE Formula wt 264.037

ThO,: Cubic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. C; S,i. (H%-Higa)/'r -(G%-H§98)/T AfH° AfGo Log Kf
K Jemol~1l.x"1 kJ-mol™l ——
298.15 61.79 65.20 0.00 65.20 -1226.4 -1169.2 204.84
300 61.95 65.58 0.38 65.20 -1226.4 -1168.9 203.51
400 67.82 84.31 16.60 67.72 -1225.5 -1149.8 150.15
500 70.95 99.81 27.18 72.63 -1224.4 -1131.0 118.15
600 72.99 112.94 34.66 78.28 -1223.2 -1112.5 96.85
700 74.52 124.31 40.25 84.06 -1222.0 -1094.1 81.64
800 75.78 134.34 44.61 89.73 -1220.8 -1075.9 70.25
900 76.88 143.34 48.14 95.20 -1219.7 -1057.9 61.40
1000 77.88 151.49 51.06 100.43 -1218.6 -1040.0 54.32
1100 78.82 158.96 53.54 105.41 -1217.5 -1022.2 48.54
1200 79.72 165.85 55.69 110.17 -1216.5 -1004.5 43.72
Melting T K Boiling T K
A H® kJ
A H® kJ
Molar Vol. 2.637 Jebar!
H$gg-HY 10.56 kJ 26.37 cm®
A= -1,219E+03 B= 1.794E-01 C= -3.21E+05

9/10/92
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RUTILE - Formula wt 79.879

TiO,: Tetragonal crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cﬁ S-‘i. (H%‘Higs) /T - (G%-Hﬁgs) /T AfHo AfG° Log Kf

K Jemol~l.x"1 kJ-mol™! ——

298.15 55.29 50.62 0.00 50.62 -944.0 -888.8 155.70

300 55.49 50.96 0.34 50.62 -944.0 -888.4 154.68
400 63.19 68.12 15.21 52.91 -943.6 -869.9 113.60

500 67.29 82.70 25.25 57.45 -942.8 ~851.6 88.96

600 69.85 95.21 32.49 62.72 -942.0 -833.4 72.56

700 71.62 106.12 37.96 68.16 -941.0 -815.4 60.85

800 72.92 115.77 42.25 73.52 -940.1 -797.5 52.07

900 73.94 124.42 45.72 78.70 -939.1 -779.8 45.26
1000 74.77 132.25 48.58 83.67 -938.3 -762.1 39.81
1100 75.45 139.41 50.99 88.42 -937.6 -744.5 35.35
1200 76.04 146.00 53.06 92.95 -941.0 -726.9 31.64
1300 76.55 152.11 54.85 97.26 -940.0 -709.1 28.49
1400 76.99 157.80 56.41 101.39 -939.0 -691.4 25.79
1500 77.39 163.13 57.80 105.33 -938.0 -673.7 23.46
1600 77.76 168.13 59.03 109.10 -937.2 -656.1 21.42
1700 78.09 172.86 60.14 112.71 -936.5 -638.5 19.62
1800 78.39 177.33 61.15 116.18 -935.9 -621.0 18.02
Melting T 2103 K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 1.882 Jebar!
H3gg-H} 8.67 kJ 18.82 cm3
A= -9,385E+02 B= 1.766E-01 C= -2,.66E+05
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ANATASE Formula wt 79.879

TiOy: Tetragonal crystals 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. Cﬁ S.i. (H%-Higs)/T -(G%-Hﬁga)'/'r AfHo AfGo Log Kf
K Jemol~l.x"1 kJ-mol™l ——
298.15 55.32 49.90 0.00 49.90 -938.7 -883.2 154.74
300 55.59 50.24 0.34 49.90 -938.7 -882.9 153.72
400 64.71 67.69 15.47 52.22 -938.2 -864.4 112.87
500 68.60 82.60 25.76 56.85 -937.3 -846.0 88.38
600 70.69 95.31 33.09 62.22 -936.3 -827.8 72.07
700 72.07 106.32 38.56 67.75 -935.3 -809.8 60.43
800 73.15 116.01 42.82 73.19 -934.3 -792.0 51.71
900 74.10 124.68 46.24 78.44 -933.3 -774.2 44.93
1000 75.01 132.54 49.07 83.46 -932.5 -756.6 39.52
1100 75.91 139.73 51.47 88.26 -931.8 -739.1 35.09
1200 76.82 146.37 53.55 92.83 -935.2 -721.4 31.40
1300 77.74 152.56 55.37 97.19 -934.0 -703.7 28.27
Melting T K Boiling T K
BugH® kJ
A H® kJ
Molar Vol. 2.052 Jebar!
H3gg-HJ xJ 20.52 cmd
A= -9,331E+02 B= 1.767E-01 C= -2.60E+05

9/10/92
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URANINITE Formula wt 270.028

UOy: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c s% (H3-H39g) /T ~(G3-H39g)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 — kJemol™l —

298.15 63.60 77.03 0.00 77.03 -1084.9 -1031.7 180.75

300 63.82 77.42 0.39 77.03 -1084.9 -1031.4 179.58

400 71.65 97.01 17.37 79.65 -1083.9 -1013.7 132.38

500 75.51 113.46 28.64 84.81 -1082.7 -996.3 104.08

600 77.96 127.45 36.67 90.78 -1081.5 -979.2 85.24

700 79.82 139.62 42.71 96.91 -1080.5 -962.2 71.80

800 81.42 150.38 47.45 102.93 -1079.7 -945.4 61.72

900 82.90 160.06 51.31 108.75 -1079.3 -928.6 53.89
1000 84.31 168.87 54.54 114.33 -1081.6 -911.7 47.62
1100 85.70 176.97 57.31 119.66 -1085.3 -894.5 42.48
1200 87.07 184.48 59.73 124.75 -1084.1 -877.2 38.18
1300 88.45 191.51 61.89 129.62 -1082.7 -860.0 34.56
1400 89.84 198.11 63.83 134.28 -1081.2 -843.0 31.45
1500 91.24 204.36 65.61 138.74 -1089.3 -825.4 28.74
1600 92.64 210.29 67.26 143.03 -1088.5 -807.8 26.37
1700 94.05 215.95 68.79 147.16 ~-1087.7 -790.3 24.28
1800 95.48 221.37 70.24 151.13 -1086.8 -772.8 22.43
Melting T 3151 K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.4618 J-bar’
H3gg-H} 11.28 kJ 24.618 cmd
A= -1,083E+03 B= 1.718E-01 C= 1.932E+04

12/17/91
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KARELIANITE Formula wt 149.881

V203: Rhombohedral crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. c3 $$ (H$-H39g) /T  -(G$-H3gg)/T AgHo AgGe Log K¢
K Jemol~1.x"1 kJ'mol™l ——
298.15 104.96 98.10 0.00 98.10 -1218.8 -1139.0 199.55
300 105.33 98.75 0.65 98.10 -1218.8 -1138.6 198.23
400 117.82 131.04 28.62 102.42 -1217.1 -1112.0 145.21
500 123.52 158.01 47.09 110.92 -1214.9 -1086.0 113.45
600 127.11 180.86 60.14 120.72 -1212.6 -1060.4 92.32
700 129.99 200.68 69.92 130.76 -1210.1 -1035.3 77.25
800 132.67 218.21 77.60 140.62 -1207.7 -1010.5 65.97
900 135.32 233.99 83.86 150.13 -1205.2 -986.0 57.22
1000 138.04 248.39 89.14 159.25 -1202.6 -961.7 50.24
1100 140.84 261.68 93.72 167.96 -1200.1 -937.8 44.53
1200 143.74 274.05 97.76 176.29 -1197.4 -914.1 39.79
1300 146.73 285.68 101.41 184.26 -1194.7 -890.5 35.78
1400 149.80 296.66 104.76 191.90 -1192.0 -866.3 32.36
1500 152.95 307.11 107.87 199.24 -1189.2 -844.1 29.39
1600 156.17 317.08 110.79 206.29 -1186.2 -821.3 26.81
1700 159.46 326.65 113.55 213.09 -1183.4 -798.5 24.53
1800 162.80 335.85 116.19 219.66 -1180.4 -775.9 22.52
Melting T K Boiling T K
A H° kJ
AH® xJ |
Molar Vol. 2.985 Jebar!
H3gg—HJ kJ 29.85 cm3
A= =-1.197E+03 B= 2,.355E-01 C= -1.14E+06

6/11/93
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TUNGSTEN DIOXIDE

Formula wt 215.849

WO,: Monoclinic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. 3 s% (H3-H39g) /T =(G$~H8gg)/T AgH® AgGe Log K¢

K Jemol~l.x~1 kJ-mol™l ——

298.15 55.78 50.60 0.00 50.60 -589.7 -533.9 93.53
300 55.98 50.95 0.34 50.60 ~-589.7 -533.5 92.89
400 63.60 68.22 15.32 52.90 -589.1 -514.9 67.24

500 67.83 82.91 25.43 57.48 -588.1 -496.4 51.86

600 70.74 95.54 32.75 62.79 -586.9 -478.2 41.63

700 73.02 106.62 38.35 68.28 -585.6 -460.2 34.34
800 74.97 116.51 42.81 73.70 -584.1 -442.4 28.89

900 76.72 125.44 46.48 78.96 -582.6 -424.8 24.65
1000 78.35 133.61 49.58 84.02 -581.1 -407.3 21.28
1100 79.90 141.15 52.27 88.88 -579.4 -390.0 18.52
1200 81.39 148.16 54.63 93.53 -577.7 -372.9 16.23
1300 82.85 154.74 56.75 97.99 -575.9 -355.9 14.30
1400 84.28 160.93 58.66 102.26 -574.0 -339.1 12.65
1500 85.69 166.79 60.42 106.37 -572.0 -322.3 11.22
1600 87.09 172.37 62.04 110.32 -570.0 -305.8 9.98
1700 88.47 177.69 63.56 114.13 -567.9 -289.3 8.89
1800 89.85 182.78 64.98 117.80 -565.8 -273.0 7.92
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 2.003 J-bar!

H89g-H} kJ 20.03 cm3

A= -5.776E+02 B= 1.702E-01

C= -6.726E+05

9/10/92
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ZINCITE Formula wt 81.389
ZnO: Hexagonal crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. cy s% (H3-H39g) /T  =(G3~H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJ-mol™l ——
298.15 40.42 43.20 0.00 43.20 -350.5 -320.4 56.12
300 40.53 43.45 0.25 . 43.20 -350.5 -320.2 55.75
400 44.56 55.73 10.89 44.85 -350.3 -310.1 40.49
500 46.74 65.93 17.86 48.07 -349.9 -300.1 31.35
600 48.22 74.59 22.80 51.79 -349.6 -290.2 25.26
700 49.38 82.11 26.52 55.60 -356.6 -280.2 20.91
800 50.37 88.77 29.44 59.34 -356.4 -269.4 17.59
900 51.28 94.76 31.81 62.94 -356.1 -258.5 15.00
1000 52.13 100.20 33.80 66.40 -355.8 -247.7 12.94
1100 52.94 105.21 35.51 69.71 -355.5 -236.9 11.25
1200 53.74 109.85 36.99 72.86 -470.2 -224.2 9.75
1300 54.52 114.18 38.31 75.87 -468.6 -203.7 8.18
1400 55.29 118.25 39.50 78.76 -467.0 -183.4 6.84
1500 56.06 122.09 40.57 81.52 -465.3 -163.1 5.68
1600 56.82 125.74 41.57 84.17 -463.6 -143.0 4.67
1700 57.58 129.20 42.49 86.72 -461.8 -123.0 3.78
1800 58.34 132.52 43.35 89.17 -460.0 -103.3 3.00
Melting T 2242 K Boiling T K
A H° kJ
A, H° kJ
Molar Vol. 1.434 J-bar®
H3gg-HY 6.93 kJ 14.34 cm3

10/7/92



228 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
BADDELEYITE Formula wt 123.223
2rOy5: Monoclinic crystals 298.15 to 1478 K. Tetragonal crystals 1478 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. Cs S% (H%-Higa)/T -(G%-Hsgs)/'r AfH° AfG° Log K¢
K Jemol~l.x~1 kJemol™l ——
298.15 56.18 50.40 0.00 50.40 -1100.6 -1042.9 182.70
300 56.35 50.75 0.35 50.40 -1100.6 ~-1042.5 181.51
400 63.21 67.99 15.28 52.70 -1100.1 -1023.2 133.61
500 67.51 82.59 25.33 57.26 -1099.2 -1004.1 104.89
600 70.45 95.17 32.62 62.55 -1098.2 '=-985.1 85.76
700 72.57 106.20 38.18 68.02 -1097.1 -966.4 72.11
800 74.16 116.00 42.58 73.41 -1095.9 -947.8 61.88
900 75.38 124.80 46.16 78.64 -1094.8 -929.4 53.94
1000 76.32 132.80 49.13 83.66 -1093.7 -911.0 47.59
1100 77.06 140.11 51.64 88.47 -1092.7 -892.8 42.40
1200 77.63 146.84 53.78 93.05 -1095.5 -874.5 38.06
1300 78.08 153.07 55.64 97.43 -1094.2 -856.1 34.40
1400 78.41 158.87 57.25 101.62 -1092.9 -837.8 31.26
1478 78.62 163.13 58.37 104.75 -1092.2 -822.5 29.07
1500 74.48 168.28 62.60 105.68 -1085.8 -819.8 28.55
1600 74.48 173.09 63.34 109.75 -1085.0 -802.1 26.18
1700 74.48 177.60 64.00 113.60 -1084.4 -784.4 24.10
1800 74.48 181.86 64.58 117.28 -1083.8 -766.7 22.25
Melting T 3123 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 2.115 Jebar!
H3gg-H} 8.75 kJ 21.15 cm?

A= ~1.0934E+03

B= 1.81734E-01

C= -4.273.01E+05

9/9/92



CHRYSOBERYL

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 229

Formula wt 126.973

3%12043

Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. (3 S§  (H§-H3gg)/T -(G3-H3gg)/T AgH® AgGe Log Kg

K Jemol~1l.x"1 kJ-mol™l ——

298.15  105.40 66.26 0.00 66.26 -2298.5 -2176.2 381.26
300 106.01 66.91 0.65 66.26 -2298.5 -2175.5 378.78
400 130.76  101.12 30.36 70.76 -2299.3 -2134.3 278.71
500 145.88  132.05 52.07 79.98 -2298.9 -2093.0 218.66
600 155.80  159.58 68.58 91.00 -2297.8 -2051.9 178.64
700 162.63  184.14 81.57 102.58 -2296.5 -2011.1 150.07
800 167.53  206.19 92.01 114.18 -2295.1 -1970.4 128.65
900 171.18  226.15  100.62 125.53 -2293.8 -1929.9 112.01
1000 174.02  244.33  107.82 136.51 -2314.0 -1888.0 98.62
1100 176.33  261.03  113.95 147.09 -2312.7 -1845.5 87.63
1200 178.34  276.46  119.23 157.23 -2311.3 -1803.1 78.48
1300 180.18  290.81  123.85 166.96 -2309.8 -1760.7 70.75
1400 181.97  304.23  127.94 176.29 -2308.5 -1718.6 64.12
1500 183.80  316.85  131.60 185.25 -2307.0 -1676.5 58.38
1600 185.72  328.77  134.92 193.85 -2320.1 -1634.2 53.34
1700 187.80  340.09  137.97 202.12 -2318.1 -1591.3 48.89
1800 190.08  350.89  140.80 210.09 -2316.1 -1548.6 44.94
Melting T K Boiling T K

A H° xJ
ALH® kJ
Molar Vol. 3.432 J+bar?
H3gg-HY 13.09 kJ 34.32 cw?
A= -2.308E+03 B= 4.208E-01 C= 5.946E+0S

7/17/92



230 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CALCIUM FERRITE

Formula wt 215.770

CaFey0,: Orthorhombic crystals 298.15 to melting point 1510 K.

FORMATION FROM THE ELEMENTS

Temp. cs S§  (H§-H39g)/T =(G§-H3gg)/T AgH® AgGe Log Kg¢

K Jemol~1l.x"1 kJ-mol™l ——

298.15 153.65 145.40 0.00 145.40 -1520.3 -1412.4 247.44

300 153.95 146.35 0.95 145.40 -1520.3 -1411.7 245.79

400 164.04 192.25 40.65 151.59 -1518.1 -1375.8 179.66

500 168.83 229.41 65.85 163.56 -1516.0 -1340.5 140.04

600 172.11 260.50 83.30 177.20 -1514.4 -1305.6 113.66

700 174.98 287.24 96.19 191.05 -1513.4 -1270.9 94.83

800 177.81 310.79 106.22 204.58 -1513.8 -1236.1 80.71

900 180.73 331.90 114.33 217.57 -1514.3 -1201.4 69.73
1000 183.77 351.10 121.12 229.98 -1516.4 -1166.6 60.93
1100 186.94 368.76 126.96 241.80 -1520.3 -1131.4 53.72
1200 190.24 385.17 132.10 253.07 -1530.6 -1095.3 47.68
1300 193.66 400.53 136.70 263.83 -1529.0 -1059.1 42.55
1400 197.17 415.01 140.89 274.12 -1527.2 -1023.0 38.17
1500 200.78 428.74 144.77 283.97 -1525.4 -987.1 34.37
Melting T 1510 K Boiling T K

A H® xJ
A H® 108.2 kJ
Molar Vol. 4.498 J-bar!

H3g9g-H} 25.42 kJ 44.98 cm®

A= -1.519E+03 B= 3.537E-01

C= 1.473E+05

5/15/92



DICALCIUM FERRITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 231

Formula wt 271.847

CajFey0g: Orthorhombic crystals 298.15 to melting point 1750 K.
FORMATION FROM THE ELEMENTS

Temp. CB S:i\ (H%-Hige)/T -(G%-Higa)/'r AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 192.91 188.80 0.00 188.80 -2138.3 -1999.9 350.37
300 193.61 190.00 1.19 188.80 -2138.3 -1999.1 348.06
400 217.91 249.55 52.79 196.76 -2135.4 -1953.1 255.04

500 228.76 299.48 87.02 212.45 -2131.9 -1907.9 199.31

600 234.54 341.74 111.17 230.57 -2128.7 -1863.4 162.22

700 238.04 378.18 129.06 249.12 -2126.1 -1819.4 135.76
800 240.40 410.13 142.84 267.29 -2126.2 -1775.5 115.92
900 242.13 438.55 153.78 284.77 -2125.7 -1731.7 100.50
1000 243.51 464.13 162.69 301.45 -2127.3 -1687.8 88.16
1100 244.66 487.40 170.09 317.31 -2131.2 -1643.7 78.05
1200 245.69 508.73 176.35 332.38 -2149.8 -1598.0 69.56
1300 246.63 528.44 181.72 346.72 -2148.0 -1552.1 62.36
1400 247.52 546.74 186.39 360.36 -2146.4 -1506.4 56.20
1500 248.37 563.85 190.49 373.36 -2144.9 -1460.7 50.86
1600 249.20 579.91 194.13 385.77 -2143.17 -1415.1 46.20
1700 250.02 595.04 197.40 397.64 -2144.4 -1369.5 42.08
Melting T 1750 K Boiling T K

A, H° kJ
A H® 31.65 kJ
Molar Vol. 6.718 J-bar’
H3gg-H 25.42 kJ 67.18 cm3
A= -2.135E+03 B= 4.491E-01 C= 1.854E+05
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232 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
PEROVSKITE Formula wt 135.956
CaTiO3: Orthorhombic crystals 1530 K; cubic crystals 1530 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CB S% (H%-Hige)/T -(G%-Higa)/'r AfHo AfG“ Log Kf
K Jemol~1l.x1 kJemol™l ——
298.15 97.65 93.64 0.00 93.64 -1660.6 -1574.8 275.89
300 98.17 94.25 0.60 93.64 -1660.6 -1574.3 274.10
400 114.28 125.13 27.38 97.74 -1659.5 -1545.6 201.83
500 119.98 151.34 45.42 105.92 -1657.8 -1517.4 158.51
600 122.60 173.47 58.09 115.38 -1656.2 -1489.4 129.66
700 124.31 192.50 67.43 125.07 -1654.8 -1461.7 109.07
800 125.83 209.20 74.63 134.56 -1654.4 -1434.1 93.64
900 127.43 224.11 80.41 143.70 -1653.4 -1406.7 81.64
1000 129.21 237.62 85.20 152.43 -1652.7 -1379.3 72.04
1100 131.20 250.03 89.29 160.74 ~1652.4 -1352.0 64.20
1200 133.39 261.54 92.87 168.67 -1664.1 -1323.9 57.63
1300 135.76 272.31 96.08 176.23 -1662.5 -1295.6 5§2.06
1400 138.31 282.46 99.00 183.46 -1660.8 ~-1267.5 47.29
1500 141.01 292.10 101.71 190.38 -1658.9 -1239.4 43.16
1600 134.01 302.46 105.26 197.20 -1655.3 -1211.8 39.56
1700 134.01 310.58 106.95 203.63 -1654.4 -1184.1 36.38
1800 134.01 318.28 108.47 209.81 -1802.2 -1154.3 33.50
Melting T 2188 K Boiling T K
A H° kJ
A, H° kJ
Molar Vol. 3.363 J-bar’
H3gg-H} kJ 33.63 cmd
A= -1.657E+03 B= 2.783E-01 C= -4.73E+04

5/15/92



HERCYNITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 233

Formula wt 173.808

FSA12°43

Cubic crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. cg s$ (H3-H3gg) /T  -(G$-H3gg)/T AgH® AgG® Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 128.91 117.00 0.00 117.00 -1950.5 -1838.1 322.03

300 129.38 117.80 0.80 117.00 -1950.5 -1837.4 319.92

400 148.11 157.85 35.52 122.34 -1950.1 -1799.7 235.02

500 159.35 192.20 59.24 132.96 -1948.9 -1762.3 184.10

600 167.07 221.97 76.60 145.37 -1947.5 -1725.1 150.18

700 172.83 248.18 89.95 158.22 -1946.0 -1688.1 125.97
800 177.38 271.56 100.61 170.95 -1944.7 -1651.4 107.82

900 181.11 292.68 109.35 183.33 -1943.9 -1614.7 93.71
1000 184.28 311.93 116.69 195.24 -1965.2 -1576.7 82.36
1100 187.01 329.62 122.96 206.66 -1965.7 -1537.8 73.02
1200 189.43 346.00 128.40 217.60 -1965.2 -1498.9 65.25
1300 191.59 361.25 133.18 228.07 -1963.1 -1460.1 58.67
1400 193.55 375.52 137.42 238.10 -1961.0 -1421.6 §3.04
Melting T K Boiling T K

kJ
A, HO kI
Molar Vol. 4.075 J-bar!
H8gg-HJ kJ 40.75 cm3
A= -1.955E+03 B= 3.799E-01 C= 3.842E+05

7/17/92



234 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
CHROMITE Formula wt 223.837
FeCry04: Cubic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. CE, s'?.‘ (H%-Higa)/T -(G%-Hige)/'r AfHo AfG° Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 133.58 146.00 0.00 146.00 -1445.5 -1344.5 235.55
300 133.95 146.83 0.82 146.00 -1445.5 -1343.9 233.99
400 149.91 187.72 36.25 151.47 -1444.7 -1310.1 171.08
500 160.48 222.38 60.10 162.27 -1443.4 -1276.6 133.36
600 167.91 252.33 77.49 174.84 -1441.7 -1243.4 108.25
700 173.37 278.64 90.81 187.83 -1440.1 -1210.5 90.33
800 177.55 302.08 101.40 200.67 -1438.6 -1177.8 76.90
900 180.85 323.19 110.05 213.13 -1437.5 -1145.3 66.47
1000 183.55 342.39 117.27 225.11 -1437.3 -1112.8 58.13
1100 185.84 359.99 123.40 236.59 -1438.0 -1080.4 51.30
1200 187.86 376.25 128.69 247.56 -1438.3 -1047.8 45.62
1300 189.69 391.36 133.32 258.04 -1437.3 -1015.3 40.80
1400 191.42 405.48 137.40 268.08 -1436.6 -982.9 36.67
1500 193.10 418.74 141.06 277.68 -1436.3 -950.5 33.10
1600 194.77 431.26 144.37 286.89 -1436.4 -918.1 29.97
1700 196.47 443.12 147.38 295.74 -1437.8 -885.7 27.21
1800 198.22 454.40 150.16 304.24 -1439.1 -853.2 24.76
Melting T K Boiling T K

A H° kI
A, H® kJ
Molar Vol. 4.401 J-bar!

H3gg-HJ kI 44.01 cn3

A= -1.437E+03

B= 3.242E-01

C= -4.01E+05

= 5/15/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

ILMENITE

235

Formula wt 151.725

FeTiO3: Rhombohedral crystals 298.15 to 1640 K.

FORMATION FROM THE ELEMENTS

Temp. CB S§ (H%-Higs) /T - (G%-Hﬁga) /T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 99.18 108.90 0.00 108.90 -1232.0 -1155.0 202.43
300 99.47 109.51 0.61 108.90 -1232.0 -1155.0 201.10
400 111.62 139.94 26.97 112.97 -1231.1 -1129.5 147.49
500 119.20 165.72 44.72 121.01 -1229.7 -1104.2 115.35
600 124.35 187.94 57.58 130.36 -1228.1 -1079.2 93.95
700 128.16 207.41 67.41 140.00 -1226.6 -1054.6 78.69
800 131.26 224.73 75.20 149.53 -1225.2 -1030.1 67.26
900 134.02 240.35 81.58 158.77 -1224.1 -1005.8 58.37
1000 136.71 254.61 86.96 167.65 -1223.6 -981.5 51.27
1100 139.50 267.77 91.61 176.16 -1224.1 -957.3 45.46
1200 142.50 280.03 95.72 184.31 -1227.7 -933.0 40.61
1300 145.81 291.57 99.45 192.12 -1225.1 -908.5 36.50
1400 149.48 302.51 102.89 199.62 -1222.3 -884.2 32.99
1500 153.58 312.96 106.13 206.83 -1219.4 -860.2 29.95
1600 158.15 323.01 109.23 213.78 -1216.3 -836.3 27.30
Melting T K Boiling T K

A H° kJ
A, H® kJ
Molar Vol. 3.169 J-bar!
H3g9g-H} 16.992 kJ 31.69 cm3
A= -=1.224E+03 B= 2.424E-01 C= -3.82E-01

5/15/92



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

236
ULVOSPINEL Formula wt 223.572
Fe,TiO4: Cubic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CE, Sui. (H&‘Higs)/'r -(G%*Higa)/T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 142.27 180.40 0.00 180.40 -1493.8 -1399.9 245.26
300 142.86 181.28 0.88 180.40 -1493.8 -1399.4 243.64
400 160.79 225,33 39.04 186.29 ~-1492.2 -1368.1 178.65
500 167.80 262.05 64.17 197.88 -1490.3 -1337.3 139.70
600 172.68 293.08 81.85 211.22 -1488.6 -1306.8 113.77
700 177.71 320.07 95.18 224.89 -1487.2 -1276.6 95.26
800 183.47 344.16 105.85 238.32 -1485.9 ~1246.6 81.40
900 190.06 366.15 114.83 251.31 -1485.1 -1216.8 70.62
1000 197.44 386.55 122.72 263.83 -1485.4 -1187.0 62.00
1100 205.52 405.74 129.87 275.87 -1486.9 -1157.0 54.94
1200 214.21 423.99 136.53 287.45 -1490.4 -1127.0 49.05
1300 223.43 441.50 142.86 298.63 -1485.5 ~1096.9 44.07
1400 233.11 458.41 148.96 309.45 -1480.1 -1067.2 39.82
1500 243.18 474.83 154.90 319.93 -1473.9 -1037.9 36.14
1600 253.60 490.86 160.74 330.11 -1467.1 -1009.0 32.94
1700 264.33 506.55 166.52 340.03 -1461.5 -980.6 30.13
1800 275.32 521.97 172.26 349.71 -1454.1 -952.5 27.64
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.682 J-bar!
H3987HY kJ 46.82 cm’
A= -1.482E+03 B= 2.956E-01 C= -5,73E+05

5/26/93



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 237

SPINEL Formula wt 142.266
MgAl,0,: Cubic crystals 298.15 to 1800 K.
FORMATION FROM THE ELRMENTS
Temp. cg S$  (H$-H39g)/T =(G$-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol~1l ——
298.15 115.94 88.70 0.00 88.70 -2299.1 -2176.6 381,32
300 116.46 89.42 0.72 88.70 -2299.1 -2175.9 378.84
400 137.26 126.06 32.51 93.56 -2299.8 -2134.6 278.74
500 149.86 158.14 54.81 103.34 -2299.5 -2093.3 218.68
600 158.57 186.28 71.41 114.87 -2298.6 -2052.1 178.65
700 165.13 211.24 84.35 126.89 -2297.5 -2011.2 150.07
800 170.33 233.64 94.78 138.85 -2296.5 -1970.3 128.65
900 174.63 253.96 103.42 150.53 -2295.3 -1929.7 111.99
1000 178.29 272.55 110.73 161.82 -2324.3 -1886.9 98.56
1100 181.48 289.70 117.02 172.67 -2323.0 -1843.2 87.52
1200 184.31 305.61 122.51 183.10 -2321.6 -1799.7 78.33
1300 186.85 320.46 127.37 193.10 -2320.0 -1756.1 70.56
1400 189.17 334.40 131.70 202.70 -2445.17 -1709.8 63.79
1500 191.29 347.52 135.60 211.92 -2442.3 -1657.3 57.71
1600 193.27 359.93 139.15 220.79 -2438.9 -1605.1 52.40
1700 195.12 371.70 142.38 229.32 -2435.3 -1553.0 47.72
1800 196.85 382.91 145.36 237.54 -2431.6 -1501.2 43.56
Melting T K Boiling T K
A H° kJ
Molar Vol. 3.971 J-bar!
H$gg-H} 15.41 kJ 39.71 cm?
A= -2.3446E+03 B= 4.598E-01 C= 3.114E+06

5/21/93



238 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MAGNESIOCHROMITE (picrochromite)

Formula wt 192.295

MgCr,04: Cubic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cg s% (H3-H89g) /T  -(G3-H3g9g)/T AgH® AgG® Log K¢

K Jemol~1l.x"1 kJ-mol~l ——

298.15 126.82 106.00 0.00 106.00 -1783.6 -1669.1 292.41

300 127.37 106.79 0.78 106.00 -1783.6 -1668.4 290.48

400 147.88 146.60 35.31 111.29 -1783.2 -1630.0 212.85

500 158.71 180.87 59.00 121.87 -1781.8 -1591.8 166.29

600 165.47 210.44 76.22 134.22 -1780.1 -1554.0 135.28

700 170.18 236.32 89.32 147.00 -1778.2 -1516.4 113.16

800 173.72 259.29 99.66 159.63 -1776.5 -1479.2 96.58

900 176.54 279.92 108.05 171.87 -1774.9 -1442.1 83.70
1000 178.86 298.64 115.02 183.62 -1782.1 -1404.5 73.36
1100 180.85 315.79 120.92 194.87 -1781.2 -1366.8 64.90
1200 182.60 331.60 125.99 205.61 -1780.4 -1329.1 57.85
1300 184.16 346.28 130.40 215.87 -1779.9 -1291.6 51.89
1400 185.57 359.98 134.29 225.68 -1907.2 -1250.9 46.67
1500 186.88 372.83 137.76 235.07 -1905.9 -1204.0 41.93
1600 188.09 384.93 140.86 244.06 -1905.0 -1157.2 37.78
1700 189.23 396.36 143.68 252.69 -1904.5 -1110.5 34.12
1800 190.31 407.21 146.24 260.97 -1904.3 -1063.8 30.87
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 4.356 Jebar’

H3gg-H} kJ 43.56 cm?

A= -1.7945E+03

B= 3.960E-01

C= 1.0556E+00

5/20/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

MAGNESIOFERRITE

239

Formula wt 199.997

Cubic (a) crystals 298.15 to 665 K.
1230 to 1800 K.

HgFe204:

Cubic (B) crystals 665 to 1230 K. y-crystals

FORMATION FROM THE ELEMENTS

Temp. c; s% (H3-H89g) /T  -(G§-H3g9g)/T AgH® AgG® Log K¢

K Jemol~1.x"1 kJemol™l —

298.15 143.72 121.80 0.00 121.80 -1441.5 -1329.6 232.93
300 144.10 122.62 0.71 121.91 -1441.5 -1328.9 231.38
400 164.30 167.06 39.35 127.71 -1439.7 -1291.6 168.66
500 180.83 205.54 66.02 139.52 -1437.0 -1254.9 131.09
600 196.01 239.86 86.43 153.43 -1433.4 -1218.8 106.10
700 187.13 269.98 102.86 167.12 -1429.3 -1182.7 88.25
800 188.40 295.05 113.47 181.58 -1427.4 -1147.6 74.93
900 189.68 317.31 121.87 195.44 -1426.5 -1112.7 64.58
1000 190.95 337.36 128.71 208.65 -1435.8 -1077.1 56.26
1100 192.23 355.62 134.43 221.19 -1438.4 -1041.0 49.43
1200 193.50 372.40 139.30 233.10 -1439.6 -1004.9 43.74
1300 180.93 388.05 143.60 244.45 -1437.5 -968.8 38.93
1400 186.64 401.67 146.47 255.20 -1564.3 -929.6 34.68
1500 192.36 414.74 149.34 265.40 -1561.9 -884.4 30.80
1600 198.07 427.34 152.21 275.13 -1559.3 -839.3 27.40
1700 203.79 439.52 155.07 284.45 -1558.1 -794.3 24.40
1800 209.50 451.33 157.94 293.39 -1555.6 -749.4 21.75
Melting T K Boiling T K

A H® xJ
A H® kJ
Molar Vol. 4.457 J-bart

H3gg-HY kJ 44.57 cm3

A= -1.464E+03

B= 3.886E-01

C= 1.938E+06

5/20/93



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

GEIKIELITE

Formula wt 120.183

MgTiO3: Rhombohedral crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. < 5% (H3-H39g) /T =(G3-H39g)/T AgH® AgG® Log K¢

K Jemol~1l.x-1 kJ-mol~l ——

298.15 93.03 74.64 0.00 74.64 -1572.8 -1484.4 260.05
300 93.37 75.22 0.57 74.64 -1572.8 -1483.8 258.35
400 106.87 104.13 25.64 78.49 -1572.3 ~1454.2 189.90

500 114.55 128.87 42.72 86.16 -1571.2 -1424.8 148.85

600 119.39 150.22 55.12 95.10 -1569.8 -1395.7 121.50

700 122.69 168.88 64.55 104.33 -1568.4 ~1366.8 101.99
800 125.10 185.43 71.98 113.46 -1566.9 -1338.1 87.37

900 127.01 200.28 77.99 122.29 ~-1565.5 -1309.6 76.00
1000 128.65 213.75 82.97 130.77 -1572.9 -1280.5 66.88
1100 130.19 226.08 87.20 138.89 -1572.0 -1251.3 59.42
1200 131.72 237.47 90.84 1146.63 -1575.1 -1222.0 53.19
1300 133.32 248.08 94.05 154.03 -1573.7 -1192.7 47.92
1400 135.06 258.02 96.91 161.11 -1699.6 -1160.3 43.29
1500 136.97 267.41 99.52 167.89 -1696.7 -1121.9 39.07
1600 139.09 276.31 101.93 174.39 -1693.7 -1083.6 35.38
1700 141.44 284.81 104.18 180.63 -1690.7 -1045.5 32.12
1800 144.04 292.97 106.32 186.65 -1687.6 -1007.7 29.24
Melting T K Boiling T K

A H° kJ
A H® kJ
' Molar Vol. 3.086 J-bar’

H3gg-H} 13.64 kJ 30.86 cm?

A= -1.601E+03 B= 3.214E-01

C= 2.118E+06

5/20/92



PYROPHANITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 241

Formula wt 150.816

MnTiO3: Rhombohedral crystals 298.15 to 1600 K.

FORMATION FROM THE ELEMENTS

Temp. c s% (H§-H39g) /T  -(G3-H3gg) /T AgH® AgGe Log K¢

K Jemo1~1l.x"1 — kJemol™! ——

298.15  99.86 104.90 0.00 104.90 -1360.1 -1280.9 224.41
300 100.18  105.52 0.62 104.90 -1360.1 -1280.4 222.94
400 111.74 136.14 27.14 109.00 -1359.2 -1254.0 163.75
500 117.59 161.76 44.70 117.06 -1358.0 -1227.8 128.27
600 121.20 183.54 57.17 126.37 -1356.7 -1201.9 104.63
700 123.74  202.43 66.51 135.92 -1355.5 -1176.2 87.77
800 125.71  219.08 73.79 145.29 -1354.3 -1150.7 75.13
900 127.36  233.99 79.65 154.34 -1353.4 -1125.3 65.31
1000 128.80  247.48 84.50 162.99 -1354.8 -1099.9 57.45
1100 130.11  259.82 88.58 171.24 -1354.2 -1074.5 51.02
1200 131.33  271.19 92.10 179.10 -1357.8 -1048.9 45.66
1300 132.48  281.75 95.16 186.59 -1356.8 -1023.2 41.11
1400 133.59  291.61 97.86 193.75 -1358.2 -997.6 37.22
1500 134.66  300.86 100.28 200.58 -1359.8 -971.7 33.84
1600 135.71  309.59 102.46 207.13 -1371.7 -945.2 30.86
Melting T K Boiling T K

A, H® kJ
A H® kJ
Molar Vol. 3.277 J+bar!

H3gg-H 16.69 kJ 32.77 cmd

A= -1.355E+03 B= 2.557E-01 C= -1.72E+05

2/24/94



242

TREVORITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formu

la wt 234.382

NiFe,04: Cubic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. C§ S% (H%-Hﬁga)/T -(G§-H§98)/T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJ-mol”™l ——
298.15 146.87 140.90 0.00 140.90 -1070.5 -965.1 169.08
300 147.18 141.81 0.91 140.90 -1070.5 -964.5 167.93
400 164.04 186.46 39.58 146.88 -1068.8 -929.4 121.36
500 181.00 224.88 66.17 158.71 -1066.4 -894.8 93.47
600 198.00 259.38 86.72 172.66 -1063.2 -860.7 74.93
700 215.02 291.18 103.83 187.35 -1059.0 -827.3 61.73
800 232.05 321.01 118.80 202.21 -1053.7 -795.0 51.91
900 249.09 349.32 132.33 217.00 ~-1047.6 -762.5 44.25
1000 266.13 376.45 144.86 231.59 -1041.6 -731.1 38.19
Melting T K Boiling T K
B H° kJ
A H® kJ
Molar Vol. 4.365 J-bar’!
H3gg-HJ kJ 43.65 cm?

A= ~1.053E+03

B= 3.232E-01

C= -8.04E+05

5/26/93



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

FRANKLINITE

243

Formula wt 241.082

ZnFe,0,: Tetragonal crystals 298.15 to 600 K.

FORMATION FROM THE ELEMENTS

Temp. c s (H}-H39g) /T —-(G3-H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 — kJ'mol”l —
298.15  193.37 150.70 0.00 150.70 -1188.1 -1082.1 189.58
300 193.61 151.90 1.19 150.70 -1188.0 -1081.5 188.30
400 203.23 209.05 50.62 158.43 -1181.9 -1046.9 136.71
500 209.32 255.09 81.78 173.31 -1175.7 -1013.9 105.91
600 214.01 293.68 103.44 190.24 -1169.9 -982.0 85.49
Melting T K Boiling T K
A H° k3
A H® kJ
Molar Vol. 4.494 J-bar’!
H3gg-H} kJ 44.94 co?

A= -1.167E+03 B= 3.112E-01

C= -7.364E+05

2/24/94



THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

ZINC TITANIUM SPINEL

Formula wt 242.658

ZnyTi0y: Tetragonal crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. Cﬁ S (Hp-H3gg) /T -(Gp—H3gg) /T Afﬂ° AfG° Log K¢

K Jemol~1.x"1 kJ-mol™l ——

298.15 133.58 143.10 0.00 143.10 -1652.1 -1538.4 269.52
300 134.01 143.93 0.83 143.10 -1652.1 -1537.7 267.74
400 151.80 185.13 36.53 148.60 -1651.4 -1499.7 195.83

500 163.31 220.32 60.81 159.51 -1649.9 -1461.9 152.72

600 171.49 250.85 78.61 172.25 -1647.9 -1424.5 124.01

700 177.64 277.77 92.33 185.44 -1660.3 -1387.3 103.52

800 182.45 301.82 103.31 198.51 -1658.2 -1348.4 88.04
900 186.31 323.54 112.32 211.21 -1655.8 -1309.8 76.02
1000 189.48 343.34 119.89 223.45 -1653.3 -1271.5 66.42
1100 192.12 361.52 126.34 235.19 -1650.9 -1233.5 58.57
1200 194.36 378.34 131.91 246.42 -1882.6 -1191.6 51.87
1300 196.26 393.97 136.79 257.18 -1877.3 -1134.2 45.57
1400 197.90 408.58 141.10 267.48 -1872.1 -1077.3 40.19
1500 199.31 422.28 144.93 277.35 -1866.8 -1020.7 35.54
1600 200.54 435.18 148.37 286.81 -1861.6 -964.4 31.48
1700 201.60 447.37 151.47 295.90 -1856.4 -908.5 27.91
1800 202.54 458.93 154.28 304.64 -1851.3 -852.9 24.75
Melting T K Boiling T K

A H® kJ
A, H® kJ
Molar Vol. 4.558 J-bar!

H3gg-H} xJ 45.58 cm3

A= =-1.751E+03 B= 4.850E-01

C= 6.790E+06

9/11/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

BROMARGYRITE

245

Formula wt 187.772

AgBr:

Cubic crystals 298.15 to melting point 703 K.

Liquid 703 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. c3 §%  (H}-H39g)/T -(G$-H3gg)/T AgH® AgG® Log K¢
K Jemol~1.x"1 kJ'mol~l ——
298.15 52.38 107.10 0.00 107.10 -100.4 -97.0 16.99
300 52.50 107.42 0.32 107.10 -100.4 -96.9 16.88
400 58.94 123.41 14.17 109.24 -114.6 -92.8 12.11
500 65.39 137.25 23.717 113.48 -112.9 -87.5 9.14
600 71.83 149.75 31.24 118.50 -110.5 -82.6 7.19
700 78.27 161.30 37.50 123.80 -107.6 -78.2 5.83
703 78.46 162.63 37.70 124.93 -107.5 -78.3 5.82
800 62.34 182.76 52.14 130.62 -96.8 -75.4 4.92
900 62.34 190.08 53.28 136.80 -95.3 -72.7 4.22
1000 62.34 196.65 54.18 142.47 -93.9 -70.3 3.67
Melting T 703 K Boiling T K
B He xJ
Molar Vol. 2.899 Jebar!
H3gg-HY xJ 28.99 cm

A= -1.0054E+02 B= 3.173E-02

C= -5.577E+05

5/20/93



246 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

POTASSIUM BROMIDE

Formula wt 119.002

KBr: Cubic crystals 298.15 to melting point 1007 K. Liquid 1007 to boiling point 1671 K.
FORMATION FROM THE ELEMENTS
Temp. cp 5% (H§-H8gg) /T  ~-(G$-HSgg)/T AgHe AgGe - Log K¢
K Jemol~1.x"1 — kJemol™l —
298.15 52.29 95.90 0.00 95.90 -393.8 -380.4 66.65
300 52.34 96.22 0.32 95.90 -393.8 -380.3 66.22
400 53.86 111.54 13.56 97.98 -411.2 -372.3 48.61
500 54.79 123.65 21.71 101.94 -410.7 -362.6 37.88
600 §6.20 133.75 27.33 106.42 -410.1 -353.0 30.73
700 58.21 142.56 31.59 110.97 -409.2 =343.6 25.64
800 60.75 150.49 35.07 115.42 -408.2 -334.3 21.83
900 63.74 157.82 38.09 119.73 ~406.8 -325.1 18.87
1000 67.09 164.70 40.82 123.89 -405.2 -316.1 16.51
1100 69.87 196.66 66.62 130.04 -456.6 -305.1 14.49
1200 69.87 202.73 66.89 135.84 -453.6 -291.4 12.68
1300 69.87 208.32 67.12 141.20 -450.6 -278.0 11.17
1400 69.87 213.50 67.32 146.18 -447.6 -264.9 9.88
1500 69.87 218.32 67.49 150.83 -444.6 -251.9 8.77
1600 69.87 222.83 67.64 155.19 -441.6 -239.2 7.81
Melting T 1007 K Boiling T K
A H® kJ
A H® 25.5 kJ
Molar Vol. 4.328 J-bar’
H39g-H} 12.21 kJ 43.28 om®

A= -4.330E+02 B= 1.198E-01

C= 1.642E+06

4/8/93



CHLORARGYRITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 247

Formula wt 143.321

AgCl:

Cubic crystals 298.15 to melting point 728 K; liquid 728 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cg S$  (H}-H3gg)/T -(G$-HSgg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJemol™! ——
298.15 50.79 96.23 0.00 96.23 -127.1 -109.8 19.24
300 50.95 96.54 0.31 96.23 =-127.1 -109.7 19.10
400 56.65 112.08 13.77 98.31 -125.9 -104.1 13.59
500 59.70 125.08 22.68 102.40 -124.5 -98.8 10.32
600 61.71 136.15 29.03 107.13 -122.9 -93.8 8.17
700 63.22 145.78 33.81 111.98 -121.2 -89.1 6.65
728 63.81 148.97 34.93 114.04 -120.7 -88.3 6.33
800 66.94 172.34 53.92 118.42 -106.4 -85.9 5.61
900 66.94 180.20 55.37 124.83 -104.4 -83.5 4.84
1000 66.94 187.27 56.52 130.75 -102.5 -81.3 4.25
Melting T 728 K Boiling T K
AL He k3
A H® 1289 kJ
Molar Vol. 2.573 J-bar!
H39g-HJ 12.033 kJ 25.73 cm

A= -1.102E+02 B= 3.084E-02 Cc= -8.08E+05

5/20/92



248

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HYDROPHILITE

Formula wt 110.983

CaC12 H

Orthorhombic crystals 298.15 to 1045 K.

Liquid 1045 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cs s% (B%"H%ga)/‘r -(G%-Hﬁge)/r Afao AfG° Log Kf

K Jemol~1l.x~1 — kJemol~! ——

298.15 72.83 104.60 0.00 104.60 -795.8 -747.7 130.99

300 72.93 105.05 0.45 104.60 -795.8 -747.4 130.13
400 75.71 126.50 18.99 107.51 -794.4 -731.5 95.52

500 76.86 143.52 30.46 113.07 -793.1 -715.9 74.78

600 78.00 157.63 38.28 119.35 -792.0 -700.5 60.99

700 79.45 169.76 44.06 125.71 -790.9 -685.4 51.14

800 81.26 180.48 48.59 131.89 -790.8 -670.3 43.76

900 83.40 190.18 52.34 137.84 -789.8 -655.3 38.03
1000 85.81 199.09 55.56 143.53 -788.9 -640.4 33.45
1100 102.53 235.46 85.12 150.34 -758.7 -627.1 29.78
1200 102.53 244.37 86.57 157.80 -764.4 -614.6 26.75
1300 102.53 252.58 87.80 164.78 -761.4 -602,2 24.20
1400 102.53 260.17 88.85 171.32 -758.4 -590.1 22.02
1500 102.53 267.24 89.76 177.48 -755.4 -578.2 20.13
1600 102.53 273.86 90.56 183.30 -752.5 -566.4 18.49
1700 102.53 280.07 91.26 188.81 -749.5 -554.9 17.08
1800 102.53 285.93 91.89 194.04 -895.3 -541.4 15.71
Melting T 1045 K Boiling T K

A H® kJ
A H® 28.54 kJ
Molar Vol. 5.075 J-bar’

H3gg~HY 15.27 kJ 50.75 cm’

A= -7.714E+02

B= 1.293E-01

C= -1.447E+06

3/04/94



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 249

LAWRENCITE Formula wt 126.752

FeCly: Rhombohedral crystals 298.15 to 950 K; liquid 950 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. CS S% (H%‘Hﬁge)/'r -(G&»-H§98)/T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 76.34 117.95 0.00 117.95 -341.7 -302.2 52.95
300 76.54 118.42 0.47 117.95 -341.6 -302.0 52.58
400 81.04 141.27 20.23 121.04 -339.8 -289.1 37.75
500 81.49 159.42 32.45 126.96 -338.1 -276.6 28.89
600 81.92 174.30 40.65 133.65 -336.6 -264.4 23.02
700 83.17 187.01 46.63 140.39 -335.4 -252.5 18.84
800 85.31 198.25 51.32 146.93 -334.3 -240.7 15.72
900 88.28 208.46 55.25 153.21 -333.3 -229.1 13.30
1000 102.17 263.64 102.17 161.47 -289.4 -219.8 11.48
1100 102.17 273.34 102.16 171.18 -288.6 -212.8 10.11
1200 102.17 282.21 102.16 180.05 -287.1 -206.0 8.97
1300 102.17 290.41 102.15 188.26 -284.1 -199.4 8.01
Melting T 950 K Boiling T 1347 K
A H° 124.81 kJ
A H® 43.01 kJ
Molar Vol. 3.946 J-bar!
H39g-H} 16.27 kJ 39.46 cm?
A= -=3.136E+02 B= 9.168E-02 C= -1.52E+06

3/26/93



250

MOLYSITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 162.205

FeClj: Crystals 298.15 to melting point 577 K; liquid 577 to boiling point 605 K; Ideal gas
(dimer) 605 to 700 K.

FORMATION FROM THE ELEMENTS

Temp. cs, s (H3-H39g) /T  ~(G§~H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 — kJemol™! ——
298.15 96.67 142.26 0.00 142.26 -399.2 ~-333.8 58.47
300 96.67 142.86 0.60 142.26 -359.4 ~333.4 58.04
400 107.70 171.86 25.72 146.14 -396.9 -311.8 40.71
500 119.86 197.34 43.46 153.88 -393.7 -290.8 30.38
600 133.89 294.42 128.55 165.87 -346.8 -272.3 23.71
700 71.13 344.71 154.70 190.01 -324.5 -263.3 19.64
Melting T 577 K Boiling T 605 K
A, HC 21.88 kJ
A, H® 43.10 kJ
Molar Vol. 5.786 J-bar’
H3gg-H} 19.71 kJ 57.86 cm3

A= -3.455E+02

B= 1.274E-01

C=

-2.375E+06

5/21/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 251

HYDROGEN CHLORIDE Formula wt 36.461

HCl: Ideal gas at p = 1 bar, 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp . C§ S.i. (H%"H&ga)/r —(G.%-H§98)/T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJ-mol™l ——

298.15 29.14 186.90 0.00 186.90 -92.3 -95.3 16.70

300 29.13 187.08 0.18 186.90 -92.3 -95.3 16.60
400 29.05 195.44 7.40 188.04 -92.6 -96.3 12.57

500 29.27 201.94 11.75 190.19 -92.9 -97.2 10.15

600 29.64 207.31 14.70 192.61 -93.3 ~-98.0 8.53

700 30.10 211.91 16.86 195.05 -93.6 -98.7 7.37
800 30.60 215.96 18.55 197.41 -93.9 -99.4 6.49

900 31.12 219.60 19.92 199.68 -94.1 -100.1 5.81
1000 31.64 222.90 21.06 201.84 -94.4 -100.8 5.26
1100 32.16 225.94 22.05 203.89 -94.6 -101.4 4.82
1200 32.66 228.76 22.91 205.85 -94.8 -102.0 4.44
1300 33.15 231.40 23.68 207.72 -94.9 -102.6 4.12
1400 33.61 233.87 24.37 209.50 -95.0 -103.2 3.85
1500 34.05 236.20 25.00 211.20 -95.2 -103.8 3.61
1600 34.46 238.41 25.58 212.83 -95.3 -104.4 3.41
1700 34.83 240.51 26.12 214.40 -95.3 -104.9 3.22
1800 35.17 242.52 26.61 215.90 -95.4 -105.5 3.06
Melting T K Boiling T K

A H® kJ
AH® kJ
Molar Vol. 2478.97 J-bar’!
H3g9g-H} 8.64 kJ 24789.7 cmd
A= -9.476E+01 B= -6.043E-03 C= 1.185E+05

3/04/93



252 : THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

SYLVITE Formula wt

74.551

KCl: Cubic crystals 298.15 to 1043 K, melting point; liquid 1043 to fictive boiling point

1475 K.
FORMATION FROM THE ELEMENTS

Temp. Cl") S,i. (H%-Hﬁga) /T -(G&--Higs) /T AfH° AfGo Log Kf

K Jemol~1l.x"1 — kJemol™l ——

298.15 51.29 82.59 0.00 82.59 -436.5 -408.6 71.58
300 51.36 82.91 0.32 82.59 -436.5 -408.4 71.10
400 53.41 98.01 13.38 84.64 -438.4 -398.6 52.06
500 54.63 110.06 21.51 88.56 -437.9 -388.8 40.61
600 56.10 120.15 27.14 93.00 -437.2 -379.0 32.99
700 57.99 128.93 31.41 97.52 -436.4 -369.3 27.56
800 60.26 136.82 34.87 101.95 -435.3 -359.8 23.49
900 62.87 144.07 37.83 106.23 -434.0 -350.5 20.34
1000 65.75 150.84 40.48 110.36 -432.4 -341.3 17.83
1100 66.94 182.80 67.19 115.61 -482.9 -329.1 15.63
1200 66.94 189.20 67.72 121.48 -479.5 -315.2 13.72
1300 66.94 195.10 68.18 126.92 -476.1 -301.7 12.12
1400 66.94 200.54 68.56 131.98 -472.7 -288.4 10.76
Melting T 1043 K Boiling T 1750 K

A H° 155.39 kJ
A H® 26.28 kJ
Molar Vol. 3.752 J-bar’
H39g-HJ 11.37 kJ cm3
A= ~4.584E+02 B= 1.207E-01 C= 1.373E+06

3/26/93



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 253

CHLORMAGNESITE Formula wt 95.210
MgCl,: Rhombohedral crystals 298.15 to melting point 987 K. Liquid 987 to boiling point
1710 K.
FORMATION FROM THE ELEMENTS

Temp. c3 S$  (H$-H3gg)/T -(G§-H3gg)/T AgHo AgG® Log K¢

K Jemol~1l.x"1 kJ-mol™l ——

298.15 71.04 89.60 0.00 89.60 -641.3 -591.8 103.68
300 71.16 90.04 0.44 89.60 -641.3 -591.5 102.98
400 75.63 111.20 18.74 92.46 -639.9 -575.0 75.09
500 78.16 128.37 30.39 97.98 -638.5 -559.0 58.40
600 79.92 142.78 38.51 104.27 -637.0 -543.2 47.29
700 81.32 155.21 44.53 110.68 -635.4 -527.7 39.38
800 82,53 166.15 49.20 116.95 -633.9 -512.4 33.46
900 83.63 175.94 52.97 122.97 -632.5 -497.3 28.86
1000 92.47 228.82 99.37 129.45 -596.4 -482.4 25.20
1100 92.47 237.65 98.74 138.28 -594.3 -470.5 22.34
1200 92.47 245.68 98.22 146.94 -592.3 -459.4 20.00
1300 92.47 253.09 97.78 154.87 -590.2 -448.5 18.02
1400 92.47 259.91 97.40 162.13 -715.6 -434.6 16.22
1500 92.47 266.31 97.07 168.91 -712.2 -414.8 14.44
1600 92.47 272.29 96.78 175.22 -708.8 -395.1 12.90
1700 92.47 277.90 96.53 181.12 -705.5 -375.7 11.54
Melting T 987 K Boiling T K

A, H° kJ
A H° 43.1 kJ
Molar Vol. 4.081 Jebar!

H3gg-HY 13.76 xJ 40.81 cm3

A= -6.293E+02 B= 1.445E-01

C= -4.868E+05

4/23/93



254 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

SCACCHITE Formula wt 125.844

MnCl,: Rhombohedral crystals 298.15 to 923 K; liquid 923 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. C§ Si. (H&'Higa)/l‘ -(G%-Hags)/'r AfH° AfG° Log Kf

K Jemol~1l.x"1 — kJemol™l —

298.15 73.01 118.24 0.00 118.24 -481.3 -440.5 77.17
300 73.11 118.69 0.45 118.24 -481.3 -440.2 76.65
400 77.24 140.35 19.19 121.17 -479.9 -426.8 55.73
500 79.80 157.88 31.07 126.81 -478.6 -413.6 43.21
600 81.73 172.60 39.36 133.25 -477.2 -400.8 34.89
700 83.36 185.33 45.53 139.80 -475.9 -388.1 28.96
800 84.84 196.56 50.35 146.21 -474.6 -375.7 24.53
900 86.23 206.63 54.26 152.37 -473.3 -363.4 21.09
1000 94.56 257.19 95.73 161.46 -436.1 -354.4 18.51
1100 94.56 266.19 95.62 170.57 -434.2 -346.3 16.44
1200 94.56 274.43 95.54 178.89 -432.3 -338.4 14.73
1300 94.56 282.00 95.46 186.54 -430.5 -330.6 13.29
1400 94.56 288.99 95.40 193.59 -431.0 -322.9 12.05
Melting T 923 K Boiling T K

B k3
A H® 37.53 kJ
Molar Vol. 4.211 J-bar!
H8gg-H}Y 15.071 kJ 42.11 cmd
A= -4.505E+02 B= 9.437E-02 C= -1.734E+06

3/26/93



HALITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 255

Formula wt 58.442

NaCl: Cubic crystals 298.15 to 1073.8 K; liquid 1073.8 to fictive boiling point 1791 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S% (H%-Hﬁgs)/T -(G%*Hige)/'r AfH° AfG° Log Kf

K Jomol~1l.x"1 kJemol~l ——

298.15 50.51 72.12 0.00 72.12 -411.3 -384.2 67.30
300 50.54 72.43 0.31 72.12 -411.2 -384.0 66.86

400 52.34 87.22 13.09 74.12 -413.5 -374.8 48.94

500 54.14 99.09 21.12 77.97 -413.0 -365.2 38.15

600 55.93 109.12 26.77 82.35 -412.4 -355.6 30.96

700 57.73 117.88 31.07 86.81 -411.5 -346.3 25.84

800 59.53 125.70 34.51 91.19 -410.4 -337.0 22.00
900 61.32 132.82 37.39 95.43 =-409.1 -327.9 19.03
1000 63.12 139.37 39.87 99.50 -407.6 =319.0 16.66
1100 68.46 171.89 67.93 103.96 -377.5 -310.8 14.76
1200 68.14 177.83 67.96 109.87 -472.3 -302.4 13.16
1300 67.82 183.27 67.96 115.31 -469.5 -288.3 11.59
1400 67.50 188.29 67.94 120.35 -466.7 -274.5 10.24
1500 67.17 192.93 67.90 125.03 -463.9 -260.9 9.08
1600 66.85 197.26 67.85 129.41 -461.2 -247.4 8.08
1700 66.53 201.30 67.78 133.52 -458.5 -234.2 7.19
Melting T 1074 K Boiling T K

A H° kJ
A H® 28.16 kJ
Molar Vol. 2.702 J-bar?
H8gg-H} 10.61 kJ 27.02  cmd
A= -4,283E+02 B= 1.1044E-01 C= 1.132E+06

5/21/92



256 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

NICKELOUS CHLORIDE Formula wt 129.595

NiCl,: Rhombohedral crystals 298.15 to melting point.

FORMATION FROM THE ELEMENTS

Temp. cg s (H3-H39g) /T  -(G3-H39g)/T AgH® AgGe Log K¢

K Jemol~1.x"1 kJemol™l —

298.15 71.68 98.20 0.00 98.20 -304.9 -258.8 45.33

300 71.88 98.64 0.44 98.20 -304.9 -258.5 45.00

400 77.21 120.25 19.14 101.11 -303.6 -243.2 31.76

500 78.34 137.63 30.89 106.74 -302.3 -228.3 23.85

600 78.89 151.96 38.84 113.12 -301.3 -213.6 18.59

700 79.74 164.18 44.62 119.56 -300.4 -199.0 14.85

800 81.06 174.91 49.09 125.82 -299.2 -184.6 12.05

900 82.87 184.55 52.74 131.82 -297.8 -170.3 9.89
1000 85.11 193.40 55.86 137.54 -296.4 -156.2 8.16
1100 87.72 201.63 58.63 143.00 -294.7 -142.3 6.76
1200 90.66 209.39 61.18 148.21 -292.9 -128.5 5.59
1300 93.87 216.77 63.57 153.20 ~290.9 -114.9 4.62
Melting T 1303 K Boiling T K

A H° kJ
A H® 77.17  kJ
Molar Vol. 3.670 Jebar’
H$gg-H} 14.43  kJ 36.70 cm?
A = -2.965E+02 B = 1.403E-01 C = -3.75E+05

4/8/93



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

COTUNNITE

257

Formula wt 278.105

Orthorhombic crystals 298.15 to 768 K; liquid 768 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cp S%  (H$-H39g) /T -(G3-H3gg)/T AgH® AgG® Log K¢
K Jemol~1.x"1 kJ-mol™l ——
298.15  73.18  136.00 0.00 136.00 -359.4 -314.1 55.03
300 73.33  136.45 0.45 136.00 -359.4 -313.8 54.64
400 79.98  158.53 19.56 138.97 -357.9 -298.9 39.03
500 84.51  176.89 32.12 144.77 -356.0 -284.3 29.70
600 87.85  192.61 41.15 151.46 -354.0 -270.2 23.52
700 90.45  206.35 48.01 158.34 -356.6 -255.6 19.07
768 91.89  215.09 51.72 163.37 -355.0 -246.2 16.74
800 113.80  250.41 83.99 166.42 -329.7 -242.4 15.82
900 113.80  263.80 87.31 176.49 -325.0 -231.7 13.45
1000 113.80  275.77 89.96 185.81 -320.3 -221.5 11.57
Melting T 768 K Boiling T K
B kJ
A H® 23.85 kJ
Molar Vol. 4.709 Je-bar!
H$gg-HY 16.94 kJ 47.09 cm?

A= -3.405E+02 B= 1.218E-01

C= -9.24E+05

5/21/92



258

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

FLUORITE

Formula wt

78.075

Can H

Cubic crystals 298.15 K to transition at 1424 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%-Higa ) /T - (G%‘H%ga) /T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l —

298.15 67.68 68.90 0.00 68.90 -1228.0 -1175.3 205.90

300 67.38 69.32 0.42 68.90 -1228.0 -1175.0 204.57

400 69.99 88.47 16.98 71.49 -1227.2 -1157.4 151.14

500 79.35 105.16 28.58 76.58 -1225.8 -1140.1 119.10

600 83.72 120.09 37.48 82.62 -1224.0 -1123.1 97.77

700 83.92 133.05 44.13 88.92 -1222.3 -1106.5 82.56
800 82.48 144.17 49.02 95.15 -1221.8 -1089.9 71.16
900 81.73 153.82 52.68 101.14 -1220.8 -1073.5 62.30
1000 83.53 162.50 55.65 106.85 -1220.0 -1057.1 55.22
1100 89.33 170.70 58.41 112.29 -1219.3 -1040.9 49.43
1200 100.22 178.90 61.40 117.49 -1225.8 -1024.1 44.58
1300 117.06 187.54 65.00 122.54 -1222.2 -1007.4 40.48
1400 140.52 197.03 69.51 127.52 -1216.7 -991.1 36.98
Melting T 1691 K Boiling T K

A H° kJ
ALH® kJ
Molar Vol. 2.454 J-bar!

H8gg-HY 11.64 kJ 24.54 cm®

A= -1.221E+03 B= 1.643E-01

C= -2.93E+05

11/25/92



HYDROGEN FLUORIDE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

Formula wt

259

20.006

HF: Ideal gas at p = 1 bar, 298.15 to 2500 K.
FORMATION FROM THE ELEMENTS

Temp. c3 5% (H§-H8gg) /T  -(G$-H3gg)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 kJ-mol™l ——

298.15 29.14 173.78 0.00 173.78 -273.3 -275.4 48.25
300 29.15 173.96 0.18 173.78 -273.3 -275.4 47.95
400 29.21 182.36 7.44 174.93 -273.5 -276.1 36.05
500 29.15 188.87 11.79 177.09 -273.7 -276.7 28.91
600 29.18 194.19 14.68 179.51 -274.0 -277.3 24.14
700 29.32 198.70 16.76 181.94 -274.3 -277.9 20.73
800 29.55 202.63 18.34 184.28 -274.6 -278.3 18.17
900 29.86 206.13 19.61 186.52 -275.0 -278.8 16.18
1000 30.20 209.29 20.65 188.64 -275.3 -279.2 14.58
1100 30.59 212.18 21.53 190.65 -275.6 ~279.6 13.28
1200 30.99 214.86 22.31 192.56 -276.0 -279.9 12.18
1300 31.40 217.36 22.99 194.37 -276.3 -280.2 11.26
1400 31.81 219.70 23.60 196.10 -276.6 -280.5 10.47
1500 32.22 221.91 24.17 197.75 -276.9 -280.8 9.78
1600 32.63 224.00 24.68 199.32 -277.2 -281.0 9.17
1700 33.02 225,99 25.16 200.83 ~-277.5 -281.2 8.64
1800 33.39 227.89 25.61 202.28 -277.8 -281.5 8.17
Melting T K Boiling T K

A, H° kJ
A, H® kJ
Molar Vol. 2478.97 J-bar’

H3gg-H} 8.599 kJ 24789.7 cm?

A= -2.759E+02

B= -3.234E-03 C= 1.443E+0S

11/19/92



260 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
SELLAITE Formula wt 62.302
MgF,: Tetragonal crystals 298.15 to melting point 1536 K. Liquid 1536 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CE, Sviv (H%-Higs)/'r -(G%-Hﬁgs)/'r AfH° AfG° Log Kf
K Jemol™l.x"1 kJemol™l ——
298.15 61.51 57.20 0.00 57.20 -1124.2 -1071.1 187.64
300 61.69 57.58 0.38 57.20 -1124.2 -1070.7 186.42
400 68.61 76.38 16.67 59.72 -1123.4 -1053.0 137.51
500 72.56 92.15 27.48 64.67 -1122.4 -1035.5 108.18
600 75.16 105.63 35.22 70.40 -1121.2 -1018.2 88.64
700 77.02 117.36 41.07 76.29 -1120.0 -1001.2 74.71
800 78.44 127.74 45.66 82.09 -1118.9 -984.3 64.27
900 79.57 137.05 49.36 87.68 -1117.7 -967.5 56.15
1000 80.50 145.48 52.43 93.05 -1125.3 -950.2 49.63
1100 81.28 153.19 55.02 98.17 -1124.3 -932.7 44.29
1200 81.95 160.29 57.24 103.06 -1123.3 -915.3 39.84
1300 82.53 166.88 §9.16 107.71 -1122.3 -898.0 36.08
1400 83.04 173.01 60.85 112.16 -1248.7 -877.7 32.75
1500 83.49 178.75 62.34 116.41 -1246.3 -851.3 29.64
1600 94.56 222.46 100.45 122.01 -1185.0 -827.5 27.01
1700 94.56 228.19 100.10 128.09 -1181.4 -805.2 24.74
1800 94.56 233.59 99.80 133.79 -1177.9 -783.2 22.73
Melting T 1536 K Boiling T K
A H° kJ
A H® 58.69 kJ
Molar Vol. 1.961 J-bar!

A= -1.145E+03 B= 1.963E-01

C= 1.628E+06

11/19/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

VILLIAUMITE

Formula wt

261

41.988

NaF:

Cubic crystals 298.15 to melting point 1269 K.

Liquid 1269 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Ca s% (H%-Higa) /T -(G%-Higs) /T AfH° AfG° Log Kf

K Jemol~1.x"1 kJemol™l ——

298.15 46.86 51.50 0.00 51.50 -573.6 -543.4 95.20
300 46.94 51.79 0.29 51.50 -573.6 -543.2 94.58
400 49.72 65.74 12.36 53.38 -576.0 -532.9 69.59
500 51.19 77.00 19.98 57.02 =-575.7 ~-522.2 $4.55
600 52.53 86.45 25.29 61.16 -575.3 -511.5 44.53
700 54.02 94.66 29.29 65.37 -574.7 -500.9 37.38
800 55.71 101.98 32.48 69.49 -573.9 -490.4 32.02
900 57.59 108.65 35.17 73.48 -573.0 -480.0 27.86
1000 59.63 114.82 37.51 77.31 -571.8 -469.8 24.54
1100 61.82 120.60 39.62 80.98 -570.5 -459.6 21.82
1200 64.12 126.08 41.56 84.52 -665.8 -447.1 19.46
1300 68.51 157.48 69.57 87.91 -629.2 -429.0 17.24
1400 68.51 162.55 69.49 93.06 -626.4 -413.7 15.44
1500 68.51 167.28 69.43 97.85 -623.5 -398.6 13.88
1600 68.51 171.70 69.37 102.33 -620.6 -383.7 12.53
1700 68.51 175.85 69.32 106.53 -617.8 -369.0 11.34
1800 68.51 179.76 69.27 110.49 -615.0 -354.5 10.29
Melting T 1269 K Boiling T K

A He xJ
A H® 33.14 kJ
Molar Vol. 1.498 J-bar!

H39g-HJ 8.49 kJ 14.98 cm3

A= -6.018E+02 B= 1.344E-01

C= 1.835E+06

11/19/92



262

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CRYOLITE Formula wt 209.941
NajAlFg: Monoclinic (a) crystals 298.15 to 836 K transition to cubic (B) crystals. Cubic
crystals 836 to 1153 K. ¢y crystals 1153 to melting point 1290 K. Liquid 1290

to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cg s% (H§-H89g) /T  ~(G3-H3gg)/T AgH® AgG® Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15 217.37 238.50 0.00 238.50 -3316.8 -3152.1 §52.22
300 217.73 239.85 1.34 238.50 -3316.8 -3151.0 548.63
400 238.77 305.46 58.16 247.31 -3323.0 -3095.4 404.21
500 251.60 360.26 95.69 264.57 -3320.4 -3038.8 317.45
600 262.30 - 407.03 122.52 284.51 -3317.0 -2982.8 259.67
700 281.11 448.71 143.68 305.03 -3312.3 -2927.4 218.44
800 315.99  488.31 162.84 325.47 -3305.1 -2872.9 187.58
900 279.88 532.93 186.63 346.30 -3290.1 -2820.0 163.66
1000 284.68 562.66 196.20 366.46 -3295.5 -2767.3 144.54
1100 289.47 5§90.02 204.46 385.56 -3289.9 -2714.7 128.91
1200 300.41 617.49 213.76 403.73 -3571.9 -2655.4 115.58
1300 396.91 730.45 308.67 421.78 -3447.8 -2580.3 103.67
1400 396.91 759.86 314.97 444.89 -3429.0 -2514.3 93.81
1500 396.91 787.23 320.43 466.80 -3410.1 -2449.6 85.30
1600 396.91 812.84 325.21 487.63 -3391.4 -2386.2 77.90
1700 396.91 836.89 329.43 507.46 -3372.6 -2323.9 71.40
1800 396.91 859.57 333.18 526.39 -3354.0 -2262.7 65.66
Melting T 1290 K Boiling T K

A H® kJ
A H® 113.75 kJ
Molar Vol. 7.081 J-bar’

H3gg-H} 38.223 kJ 70.81 cm?

A= -3.370E+03

B= 6.097E-01 C= -3.62E+06

11/19/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

263

CHIOLITE Formula wt 461.871
NagAl3F,,: Tetragonal crystals 298.15 to melting point 1010 K.
FORMATION FROM THE ELEMENTS
Temp. C§ Sui: (a&*aiga)/T -(G%-Higs)/T AfHo AfG° Log Kf
K Jemol~1.x"1 kJ-mol™l ——
298.15 453.91 515.30 0.00 515.30 -7546.3 -7174.7 1256.95
300 455.08 518.11 2.80 515.31 -7546.3 -7172.4 1248.79
400 499.34 655.82 122.04 533.78 -7556.5 -7047.1 920.24
500 524.54 770.16 200.20 569.96 -7552.3 -6920.2 722.94
600 542.23 867.43 255.80 611.63 -7546.5 -6794.3 591.49
700 556.38 952.11 297.76 654.35 -7539.6 -6669.5 497.67
800 568.64 1027.22 330.87 696.35 -7532.1 -6545.7 427.38
900 579.80 1094.85 357.91 736.94 -7524.1 -6422.9 372.77
1000 590.28 1156.48 380.63 775.85 -7547.6 -6298.8 329.01
Melting T 1010 K Boiling T K
BugH® kJ
A H® 80.831 kJ
Molar Vol. 15.408 J-bar’
H8gg-HJ 38.223 kJ 154.08 cm3
A= -7.5366E+03 B= 1.239E+00 C= -7.07E+05

11/20/92



264

IODARGYITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 234.773

AgI: Hexagonal crystals 298.15 to 423 K; cubic crystals 423 to 831 K.

FORMATION FROM THE ELEMENTS

Temp. Ci’, Si (H%-Hﬁga) /T -(G%-Higs) /T AfH" AfG° Log Kf
K Jemol~1l.x~1 kJemol™l ——
298.15 54.41 115.48 0.00 115.48 -61.8 -66.3 11.61
300 54.60 115.82 0.34 115.48 -61.8 -66.3 11.54
400 64.68 132.91 15.16 117.74 -69.3 -67.6 8.82
500 56.48 160.54 36.15 124.39 -84.0 -66.3 6.93
600 56.48 170.88 39.54 131.34 -82.8 -62.9 5.47
700 56.48 179.54 41.96 137.58 -81.8 -59.6 4.45
800 56.48 187.07 43.78 143.29 -80.8 -56.5 3.69
Melting T 831 K Boiling T K
B He kI
A H® kJ
Molar Vol. 4.130 J-bar!
H3g9g-H} kJ 41.30 cm®

A= -9,280E+01

B= 4.399E-02

C= 1.196E+06

11/19/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 265

MARSHITE Formula wt 190.450

Cul: Cubic crystals 298.15 to transition point at 643 K. There is a second transition at
679 K. Cul melts at 868 K.

FORMATION FROM THE ELEMENTS

'.l‘emp. CE, S'} (H%-Higs)/T -(G%-Higs)/T AfHo AfGo Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 54.06 96.60 0.00 96.60 -67.8 -69.4 12.16
300 54.14 96.93 0.33 96.60 -67.8 -69.4 12.09
400 57.20 112.92 14.17 98.75 -75.5 -69.7 9.10
500 60.59 125.89 22.98 102.91 -96.4 -66.3 6.92
600 76.90 137.85 30.12 107.73 -94.3 -60.4 5.26
700 68.62 163.05 49.32 113.73 -82.4 -55.6 4.15
800 68.62 172.22 51.74 120.48 -80.1 -51.9 3.39
900 65.75 189.35 62.33 127.02 -70.1 -48.8 2.83
1000 63.45 196.15 62.56 133.59 -68.3 -46.5 2.43
1100 61.43 202.11 62.55 139.56 -66.9 -44.4 2.11
1200 59.68 207.38 62.38 145.00 -65.8 -42.5 1.85
1300 58.20 212.09 62.11 149.98 -65.0 -40.5 1.63
1400 56.99 216.36 61.79 154.57 -77.6 -38.3 1.43
Melting T 868 K Boiling T K
AHe X3
A H® 7.93 kJ
Molar Vol. 3.335 J-bar’
H3gg-Hp xJ 33.35 cmd
A= =-7.665E+01 B= 2.882E-02 C= -2.219E+05

11/19/92



266

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

WITHERITE

Formula wt 197.336

33003 H

Orthorhombic crystals 298.15 to 1079 K; tetragonal crystals 1079 to 1241 K; cubic

crystals 1241 to 1600 K.

FORMATION FROM THE ELEMENTS
Temp. cs s% (H3~H8gg) /T  -(G3-H3gg)/T AgHC AgGe Log K¢
K Jemol~1.x1 kJemol™l ——
298.15 85.32 112.13 0.00 112.13 -1210.9 -1132.2 198.35
300 85.75 112.66 0.53 112.13 -1210.8 -1131.7 197.05
400 99.75 139.57 23.87 115.71 ~1209.9 -1105.5 144.36
500 106.60 162.62 39.77 122.84 -1209.3 -1079.4 112.77
600 112.19 182.55 51.38 131.17 -1209.3 ~1053.5 91.71
700 118.01 200.28 60.48 139.80 -1208.3 -1027.6 76.68
800 124.41 216.45 68.06 148.38 -1207.4 -1001.8 65.41
900 131.45 231.50 74.71 156.79 -1205.7 -976.2 56.65
1000 139.07 245.74 80.76 164.98 -1203.4 -950.8 49.66
1100 154.81 275.81 102.47 173.34 -1191.2 -925.3 43.94
1200 154.81 289.28 106.83 182.45 -1187.4 -901.3 39.23
1300 158.98 304.39 113.13 191.26 -1180.3 -877.7 35.27
1400 158.98 316.17 116.40 199.77 -1176.1 ~-854.7 31.89
1500 158.98 327.13 119.24 207.89 -1172.0 -831.8 28.97
1600 158.98 337.39 121.73 215.66 -1167.8 -809.3 26.42
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.581 J-bar’
H8gg-HY kJ 45.81 cm?

A= -1.196E+03 B= 2.438E-01

C= -9.15E+05

9/11/92



ARAGONITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

267

Formula wt 100.087

03003 H

Orthorhombic crystals 298.15 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cg S$  (H$-H3gg) /T —(G}-H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 82.31 87.99 0.00 87.99 -1207.4 -1127.4 197.51
300 82.55 88.50 0.51 87.99 -1207.4 -1126.9 . 196.21
400 92.67 113.75 22.38 91.37 -1206.7 -1100.2 143.66
500 99.80 135.22 37.18 98.04 -1205.8 -1073.6 112.16
600 105.76 153.96 48.13 105.83 -1204.8 -1047.3 91.17
700 111.17 170.67 56.75 113.92 -1203.7 =1021.2 76.20
800 116.28 185.85 63.87 121.98 ~1203.4 -995.0 64.97
900 121.22 199.84 69.97 129.86 -1202.2 -969.1 56.24
1000 126.06 212.86 75.34 137.52 -1201.0 -943.2 49.27
Melting T K _ Boiling T K
A H® xJ
A H® kJ
Molar Vol. 3.415 J-bar!
H$gg-H}Y 14.31 kJ 34.15 cm?
A= -1.203E+03 B= 2.598E-01 C= -1,96E+05

9/18/92
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CALCITE Formula wt 100.087

CaCO;3: Rhombohedral crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. p S}  (Hj-H3gg)/T -(Gj-H3gg)/T - AgH® Agce Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15  83.47 91.71 0.00 91.71 -1207.4 -1128.5 197.70
300 83.82 92.23 0.52 91.71 -1207.4 -1128.0 196.39
400 97.00  118.36 23.18 95.19 -1206.3 -1101.6 143.86
500 104.55  140.88 38.75 102.13 -1204.9 -1075.6 112.37
600 109.88  160.43 50.18 110.25 -1203.5 -1049.9 91.40
700 114.16  177.70 59.02 118.68 -1202.0 -1024.4 76.44
800 117.88  193.19 66.15 127.04 -1201.6 -999.0 65.23
900 121.28  207.28 72.09 135.18 -1200.3 -973.8 56.52
1000 124.48  220.22 77.17 143.05 -1199.1 -948.7 49.55
1100 127.55  232.23 81.61 150.62 -1198.1 -923.7 43.86
1200 130.53  243.46 85.57 157.89 -1204.9 -898.2 39.10
Melting T K Boiling T K
B He K
Molar Vol. 3.693 J-bar’
H3gg-H} 14.48 kJ 36.93 cm3
A= -1,200E+03 B= 2.518E-01 C= -3.036E+05

10/14/92
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DOLOMITE Formula wt 184.401

CaMg(CO3),: Rhombohedral crystals 298.15 to 1100 K.

FORMATION FROM THE ELEMENTS

Temp. cg 5% (H§-H3gg) /T  -(G§-H$gg)/T AgH AgGe Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 157.51 155.18 0.00 155.18 -2324.5 -2161.3 378.64
300 158.06 156.16 0.97 155.18 -2324.5 -2160.3 376.13
400 183.54  205.32 43.61 161.71 -2323.4 -2105.7 274.97
500 201.89 248.35 73.52 174.83 -2321.4 -2051.4 214.31
600 215.66 286.43 96.12 190.32 -2318.8 -1997.7 173.91
700 226.65 320.53 114.00 206.53 -2316.0 -1944.4 145.09
800 236.08  351.42 128.69 222.74 -2313.9 -1891.4 123.47
900 244.73 379.73 141.10 238.63 -2310.8 -1838.7 106.72
1000 253.15 405.96 151.89 254.07 -2316.2 -1785.7 93.28
1100 261.72 430.48 161.48 269.00 -2312.9 -1732.9 82.28
Melting T K Boiling T K
A H° kJ
Molar Vol. 6.434 J-bar’
H3gg-H} 25.98 kJ 64.3¢ cm’
A= -2.314E+03 B= 5.283E-01 C= -4.81E+05

5/22/92
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SIDERITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 115.856

FeCO3: Rhombohedral crystals 298.15 to 600 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i‘ (H%-Higa) /T -(G%-Hﬁga) /T AfH° AfGo Log Kf
K Jemol~1l.x~1 kJemol~l ——
298.15 82.27 95.47 0.00 95.47 -755.9 -682.8 119.63
300 82.52 95.98 0.51 95.47 -755.9 -682.4 118.81
400 94.34 121.43 22.57 98.86 -755.1 -658.0 85.92
500 102.56 143.43 37.80 105.63 -754.0 -633.8 66.21
600 108.09 162.65 49.08 113.56 -752.9 -609.9 53.09
Melting T K Boiling T K
B e kJ
A H® kJ
Molar Vol. 2.938 J-bar!
H3gg-H} 14.59 kJ 29.38 cm?
A= -7.525E+02 B= 2,383e-01 C= -~1,23E+05

5/22/92
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21
MAGNESITE Formula wt 84.314
MgCO3: Rhombohedral crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS

Temp. cg 5% (H$=HSgg) /T  =(G$-H3gg)/T AgHO AgGe Log K¢

K Jemol~1.x"1 kJ-mol™l ——

298.15 76.09 65.09 0.00 65.09 -1113.3 -1029.5 180.36

300 76.44 65.56 0.47 65.09 -1113.3 -1029.0 179.15

400 90.57 89.67 21.39 68.28 -1112.9 -1000.9 130.70

500 99.92 110.94 36.20 74.73 -1111.9 -973.0 101.65

600 107.38 129.83 47.46 82.37 -1110.6 -945.3 82.30

700 113.96 146.89 56.50 90.39 -1109.1 -917.9 68.49

800 120.06 162.51 64.07 98.44 -1107.3 -890.7 58.16

900 125.88 176.98 70.61 106.37 -1105.3 -863.7 50.13
1000 131.54 190.54 76.42 114.12 -1111.6 -836.3 43.68
Melting T K Boiling T K

A H® kJ
A, H° kJ
Molar Vol. 2.802 J-bar’
H3gg-H} 11.63 kJ 28.02 cm3
A= -1,108E+03 B= 2.718E-01 C= =-2.42E+05

5/22/92
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RHODOCHROSITE

Formula wt 114.947

MnCO3: Rhombohedral crystals 298.15 to 600 K.

FORMATION FROM THE ELEMENTS

Temp. cp s$ (H3-H89g) /T  -(G3-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 80.78 98.03 0.00 98.03 -892.9 -819.1 143.50
300 81.03 98.53 0.50 98.03 -892.9 -818.7 142.54
400 92.38 123.49 22.13 101.36 -892.4 -794.0 103.68
500 100.87 145.05 37.06 107.99 -891.6 -769.5 80.38
600 107.70 164.07 48.29 115.78 -890.6 ~-745.2 64.87
Melting T K Boiling T K
A HC kJ
A, H® kJ
Molar Vol. 3.107 J-bar’
H3gg-H} 14.12 kJ 31.07 cmd
A= -8.894E+02 B= 2.425E-01 C= -9.44E+04

5/22/92
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DAWSONITE

Formula wt 143.995

NaRlCO;(OH)5: Orthorhombic crystals 298.15 to 500 K.

FORMATION FROM THE ELEMENTS

Temp. CB St (Ha‘i‘-ﬂiga)/'f -(G%'Higa)/‘r Afﬂ" AfG° Log K¢
K Jemol~1.x"1 kJemol™l ——

298.15 34.52 132.00 0.00 132.00 -1964.0 -1786.0 312.89
300 34.52 132.21 0.21 132.00 -1964.2 -1784.9 310.77
400 34.55 142.15 8.79 133.35 ~1980.2 -1722.9 224.98
500 34.58 149.86 13.95 135.91 -1994.4 -1656.9 173.09 -
Melting T K Boiling T K

A H° kJ
A H° kJ

Molar Vol. 5.93 J-bar!
H3gg-HY 22.17 kJ 59.3 cm?

A= -2.010E+03 B= 6.937E-01 C= 1.518E+06

7/17/92
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STRONTIANITE Formula wt 147.629
8rCO3: Orthorhombic crystals 298.15 to 1197 K; hexagonal crystals 1197 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. cg 8%  (H3-H3gg)/T =-(G$-H39g)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol~l ——
298.15 81.50 97.07 0.00 97.07 . -1218.7 -1137.6 199.29
300 82.03 97.58 0.50 97.07 -1218.7 -1137.1 197.97
400 97.72 123.80 23.26 100.54 -1217.7 -1110.0 144.94
500 102.86 146.24 38.74 107.50 -1216.4 -1083.2 113.16
600 106.05 165.28 49.69 115.58 -1215.2 -1056.6 91.99
700 109.46 181.87 57.98 123.89 -1214.1 -1030.3 76.88
800 113.64 196.75 64.67 132.09 -1213.0 -1004.1 65.56
900 118.69 210.42 70.38 140.04 -1212.4 -978.0 56.76
1000 124.54 223.22 75.50 147.72 -1210.6 -952.0 49.73
1100 131.11 235.40 80.25 155.15 -1216.3 -925.9 43.97
1200 144.77 262.84 100.48 162.36 -1195.5 -899.7 39.16
1300 144.77 274.42 103.89 170.53 -1192.6 ~-875.1 35.16
1400 144.77 285.15 106.81 178.34 -1189.9 -850.8 31.74
Melting T K Boiling T ' K
BnH° k3
A, RB° kJ
Molar Vol. 3.901 J-bar!
H3g9g-HJ kJ 39.01 cm®
A = -1.210E+03 B = 2.577E-01 C = -4.37E+05

7/17/92
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Formula wt 125.399

ZnCO3: Rhombohedral crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. Cs S:‘f (H%"Higa) /T "(Gi"ﬂ§98) /T Af!-l° AfG' Log Kf
K Jemol~1l.x"1 kJemol™d ——
298.15 80.05 81.19 0.00 81.19 -817.0 -735.3 128.82
300 80.29 81.69 0.49 81.19 -817.0 -734.8 127.94
400 91.77 106.42 21.93 84.49 -816.4 -707.5 92.39
500 101.01 127.92 36.86 91.07 -815.4 -680.4 71.08
700 115.57 164.34 57.36 106.98 -819.7 -626.8 46.77
800 121.64 180.17 65.02 115.15 -817.9 -599.4 39.13
900 127.19 194.82 71.63 123.20 -815.7 -572.2 33.21
1000 132.34 208.49 77.44 131.05 -813.2 -545.3 28.48
1100 137.18 221.34 82.66 138.68 -810.3 -518.6 24.63
1200 141.77 233.47 87.39 146.08 -922.2 -490.3 21.34
Melting T K Boiling T K
AnHe xJ
A H® kJ
Molar Vol. 2.828 J-+bar!
H$gg-Hp 13.49 kJ 28.28 cm3
A= -8.163E+02 B= 2.711E-01 C= 1.690E+04

5/22/92
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NITROBARITE Formula wt 261.337
Ba(NO3)5: Cubic crystals 298.15 to 800 K.
FORMATION FROM THE ELEMENTS
Temp. ci', s$ (H3-H39g) /T -(G3-H39g)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 151.35 213.80 0.00 213.80 -992.1 -796.6 139.55
300 151.85 214.74 0.93 213.80 -992.1 -795.4 138.48
400 174.94 261.75 41.70 220.06 -990.5 -730.0 95.33
500 193.67 302.85 70.26 232.59 -988.0 -665.2 69.49
600 210.68 339.68 92.26 247.42 -984.9 -600.9 52.31
700 226.88 373.38 110.34 263.04 -979.6 -537.3 40.09
800 242.65 404.71 125.90 278.81 -973.6 ~-474.4 30.98
Melting T K Boiling T K
A, H® kJ
A, H° kJ
Molar Vol. 8.058 J-+bar’
H8gg-HY kJ 80.58 cm3

A= -9,791E+02

B= 6.323E-01

C= -5.41E+05

5/22/92
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CALCIUM NITRATE

Formula wt 164.088

Ca(NO3)5: Cubic crystals 298.15 to 800 K.
FORMATION FROM THE ELEMENTS
Temp. 3 5% (H3-H3gg) /T  =(G§-H$gg)/T AgH® AgGe Log K¢
K J-mol~1l.x"1 kJemol™l ——
298.15 149.11 193.30 0.00 193.30 -938.4 -742.6 130.10
300 149.66 194.22 0.92 193.30 -938.4 -741.4 129.08
400 173.76 240.79 41.30 199.49 -936.6 -675.9 88.27
500 192.74 281.65 69.73 211.92 -933.1 -611.2 63.85
600 210.08 318.34 91.69 226.64 -928.4 -547.2 47.64
700 226.83 351.98 109.81 242.18 -922.5 -484.1 36.12
800 243.37 383.35 125.47 257.88 -916.3 -421.8 27.54
Melting T K Boiling T K
B H° kJ
A H® kJ
Molar Vol. 6.609 J-bar!
H3gg-HY kJ 66.09 cm3

A= -9.217E+02

B= 6.267E-01

C= =-6.975+05

5/22/92
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NITER Formula wt 101.103

KNO3: Orthorhombic crystals 298.15 to 401 K; Rhombohedral crystals 401 to 610 K; liquid
610 to 700 K.

FORMATION FROM THE ELEMENTS

Temp. 05 S.} (Hi-ﬂigs)/r -(Go}'aiga)/T AfH° AfG° Log Kf
K Jemol~l.x-1 — kJ'mol™l —
298.15 96.27 133.09 0.00 133.09 -494.5 -394.5 69.12
300 96.27 133.69 0.60 133.09 -494.4 -393.9 68.59
400 108.41 163.09 26.05 137.05 -495.6 -360.1 47.03
500 120.50 204.68 56.74 147.94 -486.8 -328.1 34.27
600 120.50 226.64 67.36 159.28 -484.0 -296.6 25.82
700 123.43 262.08 89.73 172.35 -471.1 -267.0 19.92
Melting T 610 K Boiling T K
A H° kJ
A, H® 10.10 kJ
Molar Vol. 4.804 J-bar’
H3g9g-H} kJ 48.04 cm?
A= -4,736E+02 B= 2.981E-01 C= -8.83E+05

5/22/92
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MAGNESIUM NITRATE Formula wt 148.315

Mg(NO3),: Cubic crystals 298.15 to 600 K.

FORMATION FROM THE ELEMENTS

Temp. cg S$  (H3-H3gg)/T -(G3-H3gg)/T Agne AgGe Log K¢
K Jemol~1l.x"1 kJ'mol™l ——
298.15 141.92 164.01 0.00 164.01 -790.7 -589.2 103.22
300 142.40 164.89 0.88 164.01 -790.6 -587.9 102.37
400 168.77 209.45 39.54 169.91 -789.5 -520.5 67.97
500 195.63 249.99 68.07 181.92 -786.0 -453.6 47.38
600 222.70 288.05 91.58 196.47 -780.4 -387.6 33.74
Melting T K Boiling T K
B i kg
A H® kJ
Molar Vol. 6.293 J-bar?
H3gg-H} xJ 62.93 cm3
A= =-7.811E+02 B= 6.577E-01 C= =3,.732+05

5/22/92
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AMMONIA-NITER Formula wt 80.043

NH4NO;: Ammonia-niter undergoes phase changes at 305.3, 357.4, 398.4 K. It melts at 442.8

FORMATION FROM THE ELEMENTS

Temp. cs S.i. (H%-Higs)/T -(G%-Higs)/'r AfH° AfG° Log Kf
K Jemol~1l.x"1 — kJemol™1l ——
298.15 139.37 151.08 0.00 151.08 -365.6 -183.8 32.20
300 139.37 151.94 0.86 151.08 -365.6 -182.7 31.81
400 190.79 208.94 51.26 157.68 -358.5 -122.3 15.97
500 161.08 260.24 86.69 173.55 -349.1 -64.5 6.74
Melting T 442.8 K Boiling T K
A H° kJ
A H® 5.44 kJ
Molar Vol. 4.649 J-bar!
H39g-H} kJ 46.49 cm?
A= =3,384E+02 B= 5.556E-01 C= -9.90E+05

5/22/92
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SODA NITER Formula wt 84.995

NaNO3: a-crystals 298.15 to 549.2 K. P-crystals 549.2 to 583.2 K. Liquid 583.2 to 700 K.

FORMATION FROM THE ELEMENTS

Temp. Cs Si. (H%"H&ga) /T - (G%’Higa) /T AfHo AfGo Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 93.07 116.52 0.00 116.52 -468.0 -367.1 64.32
300 93.48 117.10 0.58 116.52 -468.0 -366.5 63.81
400 115.76 147.04 26.59 120.45 -469.1 -332.6 43.43
$00 138.07 175.27 46.56 128.62 -465.5 -298.9 31.22
600 154.81 234.63 94.82 139.81 -441.2 -266.7 23.22
700 154.81 258.48 103.39 155.09 -435.1 -238.1 17.77
Melting T K Boiling T K
Ape kI
A H® kJ
Molar Vol. 3.76 J-bar’
H3gg-H}Y xJ 37.6  cm?
A= -4.447E+02 B= 2.995E-01 C= =~1.05E+06

5/22/92
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STRONTIUM NITRATE

Formula wt 211.630

Sr(NO3),: Crystals 298.15 to 900 K.

FORMATION FROM THE ELEMENTS

Temp. CB s% (H%"Higs)/T -(G%-Hgge)/r AfH° AfGo Log Kf
K Jemol~1l.x"1 kJ-mol~l ——
298.15 149.93 194.56 0.00 213.80 -978.2 -779.0 136.47
300 149.88 195.49 0.92 213.80 -978.2 -777.8 135.42
400 169.18 240.55 39.98 220.06 -977.0 -711.1 92.86
500 197.81 281.44 68.73 232.59 -973.6 -644.9 67.37
600 220.32 319.61 92.23 247.42 -968.0 -579.7 50.47
700 234.85 354.76 111.66 263.04 -961.1 -515.5 38.47
800 242.20 386.68 127.58 278.81 -953.4 -452.4 29.54
900 243.53 415.33 140.44 274.89 -946.4 -390.1 22.64
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 7.093 J-bar’
H39g-H} kJ 70.93 cm3

A= -9,566E+02 B= 6.317E-01

C= -9.810+05

5/22/92
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ALUMINUM SULFATE Formula wt 342.154

Al,(S04)3: Orthorhombic crystals 298.15 to 1100 K.

FORMATION FROM THE ELEMENTS

Temp. c3 s$ (H}-H8gg) /T  =(G$-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 259.26 239.30 0.00 239.30 -3441.8 -3100.6 543.20
300 260.62 240.91 1.60 239.30 -3441.9 -3098.5 539.48
400 317.35 324.34 74.05 250.30 -3449.3 -2983.5 389.60
500 352.93 399.26 126.52 272.74 -3451.1 -2866.9 299.49
600 376.60 465.84 166.35 299.49 -3449.7 -2750.1 239.41
700 392.79 525.19 197.62 327.57 -3446.5 -2633.7 196.53
800 403.92 578.41 222.75 355.66 -3442.2 -2517.9 164.40
900 411.44 626.45 243.33 383.12 -3596.9 -2399.4 139.25
1000 416.28 670.07 260.40 409.67 -3609.7 . -2265.3 118.32
1100 419.06 709.89 274.71 435.18 -3600.9 -2131.3 101.20
Melting T K Boiling T K
A H° kJ
A H® xJ
Molar Vol. 7.341 J-bar’
H$gg—HY 40.22 kJ 73.41  cmd
A= -3.501E+03 B= 1.233E+00 C= 3.117E+06

6/10/93
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BARITE Formula wt 233.391

BaSO,: Orthorhombic crystals 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. cp S3 (H3-H3g9g) /T =(G3-H39g)/T AgHC AgGe Log K¢
K Jemol~1.x"1 — kJemol™l ——
298.15 101.75 132.21 0.00 132.21 -1473.6 -1362.5 238.70
300 102.23 132.84 0.63 132.21 -1473.6 -1361.8 237.11
400 119.28 164.94 28.47 136.47 -1476.0 -1324.4 172.95
500 127.17 192.50 47.51 144.99 -1477.5 -1286.4 134.39
600 131.46 216.10 61.17 154.93 -1479.0 -1248.0 108.65
700 134.04 236.57 71.41 165.16 -1479.4 -1209.5 90.25
800 135.72 254.59 79.35 175.24 -1480.1 -1170.9 76.45
900 136.87 270.65 85.68 184.96 -1533.5 -1131.1 65.65
1000 137.69 285.11 90.85 194.27 -1532.4 -1086.5 56.75
1100 138.30 298.27 95.13 203.13 -1539.8 -1041.1 49.44
1200 138.76 310.32 98.75 211.57 -1539.1 -995.8 43.35
1300 139.12 321.44 101.84 219.60 -1538.3 -950.6 38.19
Melting T K Boiling T K
A H° k3
Molar Vol. 5.21 J-bar
H3gg-H} kJ 52.10  cm3
A= -7,496E+01 B= -9.007E-02 C= 4.067E-01

5/22/92
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Formula wt 136.142

Casoy,:

Orthorhombic crystals 298.15 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cs S  (H§-H3gg)/T —-(G3-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 101.23  107.40 0.00 107.40 -1434.4 -1321.8 231.57
300 101.57  108.03 0.63 107.40 -1434.5 -1321.1 230.02
400 116.68  139.45 27.87 111.58 -1436.6 -1283.2 167.56
500 127.18  166.68 46.74 119.94 -1437.2 -1244.7 130.03
600 135.03  190.59 60.83 129.77 -1437.0 -1206.3 105.01
700 141.54  211.91 71.90 140.01 -1436.1 -1167.9 87.15
800 147.55  231.20 80.98 150.22 -1435.8 -1129.5 73.75
900 153.59  248.93 88.71 160.21 -1487.3 -1090.2 63.27
1000 160.04  265.44 95.52 169.92 -1484.2 -1046.3 54.65
Melting T 1723 K Boiling T K
A, H° kJ
A H® 28.03 kJ
Molar Vol. 4.601 J-bar!
H3gg-HY 17.30 kJ 46.01 cm?
A= -1.4465E+02 B= 3.971E-01 C= 5.860E+05

9/16/92
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CHALCOCYANITE

Formula wt 159.610

CuSO,4: Crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. CB Si. (H%"Higa) /T -(G”r—ﬂﬁge) /T AfH° AfG° Log Kf
K Jemol~1l.x"1 — kJemol™l ——
298.15 139.89 109.50 0.00 109.50 -771.4 -662.3 116.03
300 140.42 110.37 0.86 109.50 -771.3 -661.6 115.19
400 160.73 153.87 38.57 115.30 -769.2 -625.5 81.69
500 172.71 191.11 64.28 126.83 -765.1 -590.1 61.65
600 181.41 223.40 83.11 140.29 -759.9 -555.6 48.37
700 188.56 251.91 97.67 154.24 ~753.9 -522.0 38.95
800 194.88 277.51 109.44 168.08 -747.3 -489.3 31.95
900 200.72 300.81 119.26 181.55 -793.4 -456.4 26.49
1000 206.27 322.24 127.68 194.56 -784.6 -419.4 21.91
1100 211.62 342.15 135.07 207.08 -775.6 -383.3 18.20
1200 216.84 360.79 141.67 219.12 -766.1 -348.1 15.15
Melting T K Boiling T K
A, H° xJ
A, HO xJ
Molar Vol. 4.088 J-bar’
H3gg-H} 16.87 kJ 40.88 cm®

A= -7.631E+02 B= 3.445E-01

C= ~1.35E+05

11/25/92



FERRIC SULFATE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 287

Formula wt 399.885

Fe,;(S804)3: Orthorhombic crystals 298.15 to 800 K.
FORMATION FROM THE ELEMENTS
Temp. CB S.} (H%-Hﬁgs) /T - (G%-Hﬁga) /T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l ——
298.15 275.03 282.80 0.00 282.80 -2581.9 -2254.4 394.96
300 276.04 284.50 1.70 282.81 -2581.9 -2252.4 392.16
400 319.44 370.29 76.08 294.21 -2588.8 -2142.1 279.73
500 351.71 445.15 128.08 317.07 -2591.1 -2030.2 212.09
600 379.61 511.78 167.72 344.07 -2590.4 -1918.0 166.98
700 405.44 572.26 199.85 372.41 -2587.4 -1806.2 134.78
800 430.16 628.02 227.10 400.92 -2582.5 -1694.9 110.66
Melting T K Boiling T K
A H® kJ
A HC kJ
Molar Vol. 13.08 Jebar?!
H$gg-HY kJ 130.80 cm3

A= -2.592E+03 B= 1.121E+00 C= 2.722E+05

6/10/93
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ARCANITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 174.260

K2804 H

Orthorhombic crystals (a) 298.15 to 856 K.

point 1342 K.

Liquid 1342 to 1700 K.

Hexagonal crystals (f) 856 to melting

FORMATION FROM THE ELEMENTS

Temp. Cs S-ir (H&:‘Higa) /T "(G%'H%gs) /T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJ'mol™l ——

298.15 130.01 175.56 0.00 175.56 -1437.7 -1319.6 231.18

300 130.44 176.37 0.80 175.56 -1437.7 -1318.9 229.63
400 149.06 216.62 35.70 180.93 -1445.2 -1278.2 166.91

500 163.03 251.43 59.81 191.62 -1445.8 -1236.3 129.15

600 175.17 282.25 78.04 204.21 -1444.9 -1194.5 103.99

700 186.44 310.11 92.73 217.38 ~-1442.6 -1152.9 86.03
800 197.25 335.71 105.12 230.59 -1439.3 -1111.7 72.59

900 203.55 368.88 125.49 243.39 -1479.5 -1069.8 62.09
1000 189.91 389.40 132.41 256.99 -1474.8 -1024.5 53.51
1100 197.63 407.72 137.86 269.86 -1628.5 -970.4 46.08
1200 219.88 425.78 143.69 282.09 -1620.8 -910.9 39.65
1300 252,38 444.61 150.77 293.84 -1610.5 -852.1 34.24
1400 197.61 485.93 180.08 305.85 -1567.7 -795.0 29.66
1500 197.61 499.57 181.25 318.32 -1561.4 =740.1 25.77
1600 197.61 512.32 182.28 330.04 -1555.0 -685.5 22.38
1700 197.61 524.30 183.18 341.12 -1548.8 -631.3 19.40
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 6.550 Jebar’
H3g9g-H} 25.43 kJ 65.50 cm’
A= -],.541E+03 B= 5,285E-02 C= 6.26776E+06

5/27/92
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K-Al SULFATE

Formula wt 258.207

KAl(S04): Hexagonal crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. ¢ s3 (H3-H3gg) /T -(G-H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJ-mol™l ——
298.15 192.98 204.60 0.00 204.60 -2470.9 -2240.4 392.50
300 193.95 205.80 1.19 204.60 ~2470.9 -2239.0 389.83
400 230.89 267.25 54.52 212.73 -2478.5 -2160.8 282.17
500 252.19 321.23 92.07 229.16 -2480.1 -2081.2 217.42
600 267.33 368.61 120.08 248.53 -2479.17 -2001.4 174.24
700 279.58 410.76 142.01 268.75 -2477.9 -1921.9 143.41
800 290.27 448.80 159.89 288.92 -2475.2 -1842.6 120.31
900 300.06 483.57 174.92 308.64 -2577.9 -1761.6 102.24
1000 309.29 515.66 187.90 © 327.76 -2581.9 -1670.5 87.25
Melting T K Boiling T K
A H° k3
Molar Vol. 9.233 J-bar!
H3gg-H} 32.22 kJ 92.33 cmd

A= -2,.499E+03 B= 8.218E-01

C= 1.235E+06

5/27/92
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ALUNITE Formula wt 414.214

KAl3(OH)g(S0,)5: Crystals 298.15 to 700 K.

FORMATION FROM THE ELEMENTS

Temp. Cs S% (H%-Hﬁge)/r ‘(G%-Hﬁgs) /T AfH° AfGo Log Kf
K Jemol~1l.x~1 kJ'mol™l ——
298.15 372.53 321.00 0.00 321.00 -5176.5 -4663.5 817.00
300 374.90 323.31 2.30 321.01 -5176.6 -4660.3 811.41
400 462.28 444.70 107.73 336.96 -5185.9 -4487.0 585.92
500 508.84 553.29 183.69 369.60 -5186.2 -4312.1 450.48
600 539.32 648.92 240.57 408.35 -5183.0 -4137.6 360.20
700 562.22 733.84 284.94 448.90 -5177.7 -3963.8 295.77
Melting T K Boiling T K
8. kJ
A H® kJ
Molar Vol. 29.360 J-bar’
HSgg-H} kJ 293.60 cm3
A= -5.116E+03 B= 1.594E+00 C= =-2.065E+06

11/25/92
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LANGBEINITE

Formula wt 414.997

KyMg,(80,4)3: Cubic crystals 298.15 to 1203 K.

FORMATION FROM THE ELEMENTS

Temp. cy s (H}-H39g) /T  -(G§-H3gg) /T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol~™l ——
298.15 318.92  389.30 0.00 389.30 -4071.0 -3733.4 654.05
300 319.93  391.28 1.97 389.31 -4071.1 -3731.3 649.66
400 363.71  489.76 87.32 402. 44 -4084.4 -3616.5 472.25
500 393.92 574.34  145.78 428.56 -4088.1 -3499.1 365.54
600 416.52 648.25 189.10 459.15 -4088.9 -3381.1 294.35
700 434.14  713.84  222.90 490.93 -4087.6 -3263.3 243.50
800 448.13  772.75  250.21 522.54 -4085.1 -3145.7 205.39
900 459.30  826.21  272.85 553.36 -4241.1 -3025.2 175.57
1000 468.13  875.08  291.95 583.12 -4250.8 -2889.0 150.90
1100 474.96  920.03  308.29 611.73 -4401.2 -2744.0 130.30
1200 480.00  961.58  322.40 639.18 -4391.4 -2593.8 112.90
Melting T 1203 K Boiling T K
A H® kJ
A H® xJ
Molar Vol. 14.695 J-bar®
H3gg-H} 57.066 kJ 146.95 cm?

A= -4.191E+03

B= 1.309E+00

C= 6.392E+06

11/25/92
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MAGNESIUM SULFATE Formula wt 120.369

MgSO,: Crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S-iv (H%‘H&ga) /T -(G%-Hﬁga) /T AfHo AfG° Log Kf

K Jemol~l.x~1 kJemol™l ——

298.15 95.71 91.40 0.00 91.40 -1284.9 -1170.5 205.07
300 96.10 91.99 0.59 91.40 -1284.9 -1169.8 203.68
400 111.16 121.91 26.54 95.38 -1287.6 -1131.3 147.72
500 120.67 147.80 44.46 103.34 -1288.7 -1092.1 114.08
600 127.99 170.47 57.80 112.67 -1288.9 -1052.7 91.64
700 134.27 190.68 68.28 122.40 -1288.5 -1013.4 75.62
800 140.01 208.99 76.89 132.10 -1287.7 -974.1 63.60
S00 145.42 225.80 84.21 141.59 -1339.6 -933.9 54.20
1000 150.64 241.39 90.59 150.80 -1345.4 -888.3 46.40
1100 155.73 255.99 96.28 159.70 -1342.4 -842.7 40.02
1200 160.73 269.75 101.45 168.30 -1339.0 -797.4 34.71
1300 165.66 282.81 106.20 176.61 -1335.2 -752.4 30.23
1400 170.55 295.27 110.62 184.65 -1458.4 -704.6 26.29
Melting T 1400 K Boiling T K

B He k3
A, H® kJ
Molar Vol. Jebar!
H3gg-H} 1539 kJ cm3
A= -1.325E+03 B= 4.385E-01 C= 2,288E+06

11/25/92
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Formula wt 151.002

MnSO4: Orthorhombic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. ci; s% (H3-H39g) /T  —(G3-H3gg)/T Agne AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 100.52 127.00 0.00 127.00 -1065.7 -962.1 168.56
300 100.99 127.62 0.62 127.00 -1065.7 -961.5 167.40
400 118.68 159.38 28.17 131.21 -1067.9 -926.6 120.99
500 129.02 187.05 47.38 139.68 -1068.4 -891.3 93.10
600 136.47 211.26 61.63 149.63 -1068.2 -855.8 74.49
700 142.54 232.77 72.77 160.00 -1067.3 -820.5 61.21
800 147.89 252.16 81.83 170.33 -1066.1 -785.3 51.26
900 152.81 269.86 89.45 180.42 -1117.7 -749.2 43.47
1000 157.47 286.21 96.02 190.19 -1116.9 -708.4 36.99
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.362 Jebar’
H39g-HY xJ 43.62 cm3

A= -1.077E+03

B= 3.657E-01 C= 5.563E+05

6/10/93
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MASCAGNITE Formula wt 132.141
(NH4),804: Orthorhombic crystals 298.15 to 600 K.
FORMATION FROM THE ELEMENTS
Temp. ¢ s% (H3-H39g) /T -(G$-H393)/T AgHC AgG® Log K¢
K Jemol~l.x"1 — kJemol™l ——
298.15 187.48 220.50 0.00 220.50 -1182.7 -903.5 158.29
300 188.00 221.66 1.16 220.50 -1182.7 -9501.8 157.01
400 215.88 279.56 §1.35 228.21 -1187.6 -807.6 105.46
500 243.76 330.73 87.05 243.68 -1189.3 -712.4 74.42
600 271.64 377.64 115.49 262.15 -1188.2 -617.0 53.72
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 7.468 J-bar!
H3g9g-H} kJ 74.68 cm3

A= -1.193E+03

B= 9.583E-01

C= 3.227E+05

3/24/93
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THENARDITE

295

Formula wt 142.043

N32 804 H

Orthorhombic crystals (V) 298.15 to 450 K.

Orthorhombic crystals (III) 450 to 514

K. Hexagonal crystals (I) 514 to 1155 K. Liquid 1155 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. c 5% (H$-H3gg) /T  =(G$~H3gg)/T AgH® Agee Log K¢

K Jemol~1.x~1 kJemol™l ——

298.15 127.28 149.60 0.00 149.60 -1387.8 -1269.8 222.46
300 127.63 150.35 0.79 149.56 -1387.8 -1269.1 220.96
400 146.82 191.96 36.81 155.15 -1395.1 -1229.0 160.49
500 173.30 234.389 68.03 166.86 -1392.0 -1187.8 124.09
600 170.78 279.30 96.29 183.01 -1384.2 -1148.4 99.97
700 178.92 306.23 107.51 198.72 -1382.5 -1109.2 82.77
800 187.06 330.66 116.95 213.71 -1379.9 -1070.3 69.88
900 195.20 353.16 125.19 227.97 -1429.6 -1030.7 59.82
1000 203.34 374.15 132.60 241.55 -1424.3 -986.7 51.54
1100 211.48 393.91 139.40 254.51 -1418.2 ~943.2 44.79
1200 196.37 431.72 165.14 266.58 -1581.8 -895.0 38.96
1300 195.98 447.42 167.53 279.89 -1575.4 -838.0 33.67
1400 195.58 461.93 169.54 292.39 -1569.2 -781.5 29.16
1500 195.19 475.41 171.27 304.14 -1563.0 -725.5 25.26
1600 194.80 487.99 172.75 315.24 -1557.0 -669.9 21.87
1700 194.40 499.79 174.04 325.75 -1551.0 -614.6 18.88
1800 194.01 510.89 175.16 335.73 -1545.2 -559.6 16.24
Melting T 1155 K Boiling T K

A, H® kJ
A H® kJ
Molar Vol. 5.333 Jebar’

H3gg-H}Y 23.22 kJ 53.33 cm®

A= -1.482E+03 B= 5.020E-01

C= 6.251E+06

2/5/92
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NICKELOUS SULFATE

Formula wt 154.754

NisO4: Orthorhombic crystals 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. cp s (H3-H39g) /T  -(G4-H39g)/T AgHC AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 97.69 101.30 0.00 101.30 -873.2 -762.7 133.61
300 98.19 101.91 0.60 101.30 -873.3 -762.0 132.67
400 116.56 132.98 27.57 105.41 -875.7 ~724.7 94.64
500 126.71 160.17 46.46 113.71 -876.5 -686.9 71.76
600 133.62 183.92 60.44 123.48 -876.6 -648.9 56.49
700 139.01 204.93 71.29 133.64 -876.2 -611.0 45.59
800 143.57 223.80 80.05 143.75 -875.0 -573.7 37.46
900 147.67 240.95 87.34 153.61 -926.6 -534.5 31.02
1000 151.47 256.71 93.56 163.14 =923.7 =-491.1 25.65
1100 155.08 271.31 98.99 172.32 -920.5 ~-448.0 21.27
1200 158.56 284.96 103.81 181.15 -917.1 -405.2 17.64
Melting T K Boiling T K
A H® kJ
A H® kJ
Molar Vol. 3.857 J-bar’
H3gg-H} 15.94 xJ 38.57 cm®

A= ~8.988E+02 B= 4.077E-01

C= 1.381E+06

2/5/93
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ANGLESITE Formula wt 303.264

PbSO,4: Orthorhombic crystals 298.15 to 1100 K.

FORMATION FROM THE ELEMENTS

Temp. cp s (H3-H39g) /T  -(G§-H3g9g)/T AgH® AgG° Log K¢
K Jemo1~1l.x"1 kJ'mol™l ——
298.15 104.33 148.50 0.00 148.50 -920.0 -813.1 142.44
300 104.33 149.15 0.64 148.50 -920.0 -812.4 141.45
400 108.73 179.59 26.96 152.62 -922.7 -776.4 101.38
500 117.63  204.76 44.16 160.59 -924.2 -739.6 77.27
600 128.30  227.13 57.28 169.85 -924.8 -702.6 61.17
700 139.81  247.76 68.24 179.52 -929.1 -664.8 49.61
800 151.76  267.21 77.93 189.28 -927.4 -627.2 40.95
900 163.98  285.79 86.81 198.98 -977.7 -588.7 34.17
1000 176.35 303.70 95.15 208.56 -972.4 -545.8 28.51
1100 188.83  321.10  103.09 218.00 -966.0 -503.4 23.90
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.795 J-bar!
H8gg-H} 20.05 kJ 47.95 cm?
A= -9.455E+02 B= 3.981E-01 C= 1.275E+06

11/25/92
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ZINKOSITE Formula wt 161.454

ZnSO,4: Orthorhombic crystals 298.15 to 1100 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.‘i. (H%-Hﬁgs)/‘r -(G%-Higs)/'r AfH° AfG° Log Kf
K Jemol~1.x"1 kJemol~l ——
298.15 104.12 110.50 0.00 110.50 -980.1 -868.7 152.20
300 104.02 111.14 0.64 110.50 -980.1 -868.1 151.14
400 104.84 140.94 26.38 114.56 -982.9 -830.5 108.46
500 111.90 165.03 42.72 122.31 -984.8 -792.2 82.76
600 121.41 186.25 55.02 131.23 -985.8 -753.6 65.61
700 132.08 205.75 65.26 140.50 -993.3 -714.8 53.34
800 143.36 224.12 74.31 149.81 -992.5 -675.1 44.08
900 155.01 241.67 82.63 159.05 -1043.8 -634.4 36.82
1000 166.88 258.62 90.46 168.16 -1039.6 -589.1 30.77
1100 178.89 275.09 97.95 177.14 -1034.4 -544.3 25.85
Melting T K Boiling T K
AH° kJ
Molar Vol. 4.157 Jebar®
H$gg-H} 17.24 kJ 41.57 cm®
A= -1.010E+03 B= 4.187E-01 C= 1.501E+06

11/25/92
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BERLINITE

Formula wt 121.953

AlPO4: Rhombohedral crystals 298.15 to a-P transition at 855 K.

B-crystals 855 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cp 5%  (H$-H3gg)/T =(G§-H$gg)/T AgH® AgG® Log K¢
K Jemol~1.x"1 kJemol™l —
298.15 93.96 90.80 0.00 90.80 -1733.8 -1617.9 283.44
300 94.15 91.38 0.58 90.80 -1733.8 -1617.1 281.56
400 109.86 120.53 25.86 94.67 -1735.3 -1577.9 206.05
500 122.79 146.53 44.04 102.49 -1735.0 -1538.6 160.73
600 131.82 169.75 57.95 111.80 -1734.0 -1499.4 130.53
700 140.83 190.72 69.12 121.60 -1732.4 -1460.4 108.97
800 153.40 210.29 78.82 131.47 -1730.0 -1421.7 92.82
900 140.70 229.96 88.62 141.34 -1725.9 -1383.4 80.29
1000 142.50 244.88 93.92 150.96 -1735.2 -1344.7 70.24
Melting T K Boiling T K
B H xJ
Ay HC kJ
Molar Vol. 4.658 J-bar’
H3gg-H} 14.76 kJ 46.58 cm?

A= -1.731E+03

B= 3.866E-01

C= -2.087E+05

11/25/92
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

WHITLOCKITE

Formula wt 310.177

Caj(PO4),: Rhombohedral crystals 298.15 to 1373 K. Monoclinic crystals 1373 to 1600 K.

FORMATION FROM THE ELEMENTS

Temp. cg S$  (H$-H3gg)/T =(G§~H$gg)/T AgH® AgG° Log K¢

K Jemol~1l.x~1 kJemol™l ——

298.15 231.63 236.00 0.00 236.00 -4120.8 -3883.6 680.38

300 232.12 237.43 1.43 236.00 -4120.8 -3882.2 675.93

400 255.24 307.49 62.09 245.40 -4122.7 -3802.1 496.50

500 275.30 366.64 102.76 263.88 ~4121.9 -3722.1 388.83

600 294.16 418.51 133.10 285.41 -4120.2 -3642.3 317.08

700 312.44 465.23 157.42 307.82 -4117.6 -3562.8 265.85

800 330.43 508.13 177.92 330.21 -4116.6 =-3483.5 227.44

900 348.23 548.08 195.86 352.22 -4112.2 -3404.6 197.59
1000 365.93 585.69 211.98 373.70 -4107.0 -3326.2 173.74
1100 383.55 621.39 226.78 394.61 -4101.2 -3248.4 154.25
1200 401.12 655.52 240.57 414.94 -4245.0 -3167.2 137.86
1300 418.67 688.32 253.60 434.72 -4232.6 -3077.8 123.67
1400 330.54 729.26 275.09 454.17 -4205.8 -2989.8 111.55
1500 330.54 752.05 278.79 473.26 -4201.6 -2903.0 101.09
1600 330.54 773.38 282.02 491.36 ~4197.5 -2816.6 91.95
Melting T Boiling T K

A H° kJ
A HC kJ
Molar Vol. 9.762 Jebar!
H$gg—HY 97.62 cn®
-4.148E+03 B= 8.253E-01 C= 1.823E+06

11/25/92
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FLUORAPATITE Formula wt 504.302

Cag (PO, )3F: Hexagonal crystals 298.15 to 1600 K.

FORMATION FROM THE ELEMENTS

Temp. cg 5% (H$-HSgg) /T  —-(G&-H3gg)/T AgH® AgGe Log K¢

K Jemol~1.x"1 kJemol™!l ——

298.15 375.94 387.90 0.00 387.90 -6872.0 -6489.7 1136.95
300 377.11 390.23 2.32 387.91 -6872.0 -6487.4 1129.52
400 426.47 506.06 102.70 403.37 -6874.0 -6358.5 830.32
500 458.22 604.87 170.83 434.03 -6871.4 -6229.9 650.82

600 480.47 690.49 220.68 469.80 -6867.7 -6102.0 531.21

700 496.89 765.84 259.02 506.82 -6863.7 -5974.7 445.83
800 509.43 833.05 289.57 543.47 -6864.1 -5847.4 381.79
900 519.24 893.64 314.57 579.07 -6860.4 -5720.6 332.00
1000 527.04 948.77 335.44 613.33 -6857.7 -5594.1 292.20
1100 533.30 999.30 353.15 646.15 -6856.1 -5467.8 259.64
1200 538.35 1045.93 368.38 677.55 -7085.0 -5335.3 232.23
1300 542.44 1089.19 381.62 707.57 -7077.5 -5189.8 208.52
1400 545.74 1129.51 393.23 736.28 -7069.7 -5044.8 188.22
1500 548.40 1167.26 403.49 763.77 -7061.9 -4900.4 170.64
1600 §50.50 1202.72 412.62 790.11 -7054.1 -4756.6 155.28
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 15.756 Jebar’!
H3gg-HJ 63.47 kJ 157.56 cm3
A= -6.931E+03 B= 1.344E+00 C= 4.048E+06

11/25/92



302 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HYDROXYAPATITE

Formula wt 502.311

Cag (PO,4)3(OH): Hexagonal crystals 298.15 to 1500 K.

FORMATION FROM THE ELEMENTS

Temp. cg S$  (H§-H3gg)/T -(G$-H3gg)/T AgH® AgG® Log K¢

K Jemol~1l.x~1 kJemol™l ——

298.15 385.17 390.40 0.00 390.40 -6738.5 -6337.1 1110.22

300 386.83 392.79 2.38 390.41 -6738.5 -6334.7 1102.94

400 446.42 513.36 106.92 406.44 -6740.1 -6199.4 809.55

500 477.29 616.59 178.17 438.42 -6736.9 -6064.6 633.55

600 497.62 705.50 229.81 475.70 -6732.7 -5930.6 516.29

700 513.35 783.43 269.23 514.21 -6728.4 -5797.2 432.58

800 526.86 852.88 300.60 552.28 -6728.4 -5663.9 369.81

900 539.23 915.66 326.44 589.22 ~6724.2 -5531.1 321.01
1000 550.97 973.08 348.31 624.77 -6720.7 -5398.8 282.00
1100 562.37 1026.13 367.25 658.88 -6717.9 -5266.7 250.09
1200 573.58 1075.54 383.98 691.57 -6945.1 -5128.6 223.24
1300 584.69 1121.90 398.99 722.90 -6935.1 ~-4977.6 200.00
1400 595.76 1165.63 412.65 752.98 -6924.2 -4827.4 180.11
1500 606.82 1207.11 425.23 781.88 -6912.5 -4678.0 162.90
Melting T K Boiling T K

A H® kJ
A H® kJ
Molar Vol. 15.960 J-bar’

H39g-HY 64.24 kJ 159.60 cm3

A= -6.777E+03 B= 1.386E+00

C= 2.726E+06

11/25/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 303

TOPAZ Formula wt 184.043
Al;8iO4F,: Orthorhombic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. cg S$  (H}~H3gg)/T -(G§-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJmol™l ——
298.15 143.63 105.40 0.00 105.40 -3084.5 -2910.6 509.92
300 144.28 106.29 0.89 105.40 -3084.5 -2909.6 506.59
400 172.38 151.96 40.52 111.44 -3084.9 -2851.1 372.31
500 190.31 192.49 68.81 123.68 -3083.7 -2792.8 291.76
600 201.97 228.30 90.10 138.19 -3081.7 -2734.8 238.08
700 209.49 260.04 106.66 153.38 -3079.3 -2677.2 199.77
800 214.10 288.34 119.83 168.51 -3076.9 -2619.9 171.06
900 216.62 313.72 130.46 183.26 -3074.6 -2562.9 148.75
1000 217.54 336.61 139.13 197.47 -3093.9 -2504.7 130.83
Melting T K Boiling T K
kJ
A H° kJ
Molar Vol. 5.153 J-bar!
H3gg-HY 19.77 kJ 51.53 cm’
A= -3,079E+03 B= 5.740E-01 C= -2,.85E+05

7/23/92



304

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

KYANITE Formula wt 162.046
Al,SiOg: Triclinic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

K Jemol~1.x"1 kJemol™l ——

298.15 121.58 82.80 0.00 82.80 -2593.8 -2443.1 428.01

300 122.26 83.55 0.75% 82.80 -2593.8 -2442.2 425.21
400 149.25 122.81 34.84 87.97 -2594.7 -2391.4 312.28

500 165.25 157.97 59.44 98.53 -2594.1 -2340.6 244.52

600 175.97 189.10 78.02 111.08 -2592.7 -2290.1 199.36

700 183.70 216.84 92.59 124.24 -2591.0 -2239.8 167.13
800 189.56 241.77 104.36 137.40 -2589.2 -2189.7 142.97
900 194.15 264.37 114.09 150.27 -2587.3 -2139.9 124.19
1000 197.84 285.02 122.29 162.73 -2606.8 -2088.8 109.11
1100 200.85 304.02 129.30 174.72 -2604.6 -2037.1 96.73
1200 203.35 321.61 135.37 186.24 -2602.3 -1985.6 86.43
1300 205.44 337.97 140.68 197.29 -2599.9 -1934.2 77.72
1400 207.20 353.26 145.37 207.89 -2597.5 -1883.2 70.26
1500 208.70 367.61 149.54 218.06 -2595.0 ~-1832.2 63.80
1600 209.97 381.12 153.28 227.84 -2592.5 -1781.5 58.16
1700 211.06 393.88 156.65 237.23 -2640.1 -1730.4 §3.17
1800 211.99 405.97 159.70 246.27 -2637.3 -1677.0 48.66
Melting T K Boiling T K

A H° kJ
A HO kJ
Molar Vol. 4.415 J+bar’!

H3gg-H} 15.86 kJ 44.15 cm’

A= -2.599E+03

B= 5.109E-01

C= 3.358E+05

7/29/92



ANDALUSITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 305

Formula wt 162.046

AleiOsz

Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cy s$ (H3-H39g) /T  -(G§-H39g)/T AgH® AgGe Log K¢

K Jemo1~1l.x"1 kJemol™l ——

298.15 122.60 91.39 0.00 91.39 -2589.9 -2441.8 427.77
300 123.26 92.15 0.76 91.39 -2589.9 -2440.8 424.98
400 149.43 131.57 34.98 96.59 -2590.7 -2391.0 312.22
500 165.03 166.71 59.54 107.17 -2590.1 -2341.1 244.56
600 175.54 197.79 78.05 119.74 -2588.8 -2291.4 199.48
700 183.16  225.45 92.55 132.90 -2587.2 -2241.9 167.29
800 188.94  250.30  104.25 146.05 -2585.4 -2192.7 143.17
900 193.49 272.83 113.92 158.90 -2583.6 -2143.8 124.42
1000 197.16  293.41 122.07 171.34 -2603.1 -2093.5 109.35
1100 200.16  312.35 129.04 183.31 -2601.0 -2042.6 96.99
1200 202.67 329.88  135.07 194.80 -2598.8 -1992.0 86.71
1300 204.77 346.18 140.36 205.83 -2596.4 -1941.4 78.01
1400 206.56  361.43 145.02 216.40 -2594.1 -1891.2 70.56
1500 208.08  375.73 149.18 226.55 -2591.6 -1841.1 64.11
1600 209.38  389.20 152.90 236.30 -2589.2 -1791.1 58.47
1700 210.50  401.93 156.26 245.67 -2636.8 -1740.8 53.49
1800 211.46  413.99 159.30 254.69 -2634.1 -1688.2 48.99
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 5.152 Jebar’

H3gg-HY 16.90 kJ 51.52 cmd

A= -2.595E+03

B= 5.027E-01

C= 3.590E+05

7/29/92



306 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

SILLIMANITE

Formula wt 162.046

Al,S8i0g: Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS
Temp. Cﬁ Si (%-Hﬁga) /T -(G%-Higa) /T AfH" AfG° Log K¢
K Jemol~l.x~1 kJemol™l —
298.15 123.72 95.40 0.00 95.40 -2586.1 -2439.1 427.32
300 124.33 96.17 0.76 95.40 -2586.1 -2438.2 424.52
400 148.88 135.63 35.01 100.62 -2586.9 -2388.8 311.93
500 163.95 170.58 59.40 111.91 -2586.4 -2339.3 244.38
600 174.29 201.44 77.73 123.71 -2585.2 -2289.9 199.35
700 181.88 228.91 92.09 136.81 -2583.7 -2240.9 167.21
800 187.70 253.59 103.70 149.89 -2582.0 -2192.0 143.12
900 192.31 275.97 113.29 162.68 -2580.4 ~-2143.4 124.39
1000 196.05 296.44 121.39 175.05 -2598.0 -2093.4 109.35
1100 199.13 315.27 128.32 186.95 -2598.0 -2042.8 97.00
1200 201.70 332.71 134.33 198.38 -2595.9 -1992.5 86.73
1300 203.87 348.94 139.60 209.34 -2593.6 ~1942.2 78.04
1400 205.71 364.12 144.26 219.86 =-2591.4 -1892.3 70.60
1500 207.29 378.37 148.41 229.96 -2589.0 -1842.3 64.16
1600 208.64 391.79 152.13 239.66 -2586.6 -1792.7 58.52
1700 209.80 404.47 155.49 248.98 -2634.3 -1742.6 §3.54
1800 210.80 416.50 158.54 257.96 -2631.7 -1690.3 49.05
Melting T K Boiling T K
A1 K
A, HO kI
Molar Vol. 4.986 J-bar?
H8gg-H} 17.44 kJ 49.86 cm’

A= -2.592E+03 B= 4.998E-01

C= 4.086E+05

7/29/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 307

MULLITE Formula wt 426.052

AlgS8iz073: Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cp S$ (H3-H39g) /T =(G3-H3gg)/T AgH® AgGe Log K¢

K Jemo1~1l.x"1 kJemol™l —

298.15 326.13 275.00 0.00 275.00 -6819.2 -6441.8 1128.55

300 327.73 277.02 2.02 275.01 -6819.3 -6439.4 1121.18
400 392.44 381.04 92,29 288.75 -6821.5 -6312.3 824.29

500 431.98 473.17 156.55 316.62 -6820.4 -6185.1 646.14

600 458.88 554.45 204.83 349.62 -6817.5 -6058.3 527.41

700 478.40 626.72 242.59 384.14 -6813.7 -5932.1 442.65

800 493.16 691.61 273.03 418.59 -6809.8 -5806.4 379.11

900 504.65 750.39 298.15 452.24 -6806.0 -5681.2 329.72
1000 513.76 804.05 319.27 484.78 -6866.2 -5552.0 290.00
1100 521.10 853.37 337.30 516.07 -6861.6 -5420.8 257.40
1200 527.05 898.98 352.87 546.11 -6856.7 -5290.0 230.26
1300 531.91 941.36 366.46 574.90 -6851.4 -5159.5 207.31
1400 535.88 980.93 378.43 602.51 -6846.3 -5029.8 187.66
1500 539.13  1018.02 389.04 628.98 -6840.9 -4900.2 170.64
1600 541.76  1052.90 398.50 654.40 -6835.6 -4771.0 155.75
1700 543.88 1085.81 406.99 678.82 -6930.5 -4641.0 142.60
1800 545.56 1116.95 414.65 702.30 -6924.8 -4506.7 130.78
Melting T 2123 K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 13.46 J-+bar’
H8gg-HY 46.07 kJ 134.6 cm?
A= -6.844E+03 B= 1.295E+00 C= 1.613E+06

5/4/92



308 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

DUMORTIERITE Formula wt 565.938

[Alg 751l ].258i3B037 25(OH) ;g5: Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cp s$ (H3-H39g) /T -(G3-H3g9g)/T AgH® AgG® Log K¢

K Jemol~1l.x"1 kJemol™l —

298.15  440.00 334.90 0.00 334.90 -9109.0 -8568.2 1501.08

300 442.08 337.63 2.72 334.91 -9109.1 -8564.9 1491.24
400 532.57 478.13 124.68 353.45 -9112.5 -8382.8 1094.65

500 592.80 603.87 212.67 391.20 -9111.0 -8200.4 856.67

600 634.72 715.87 279.71 436.16 -9106.7 -8018.7 698.07

700 664.89 816.10 332.70 483.41 -9100.7 -7837.8 584.85

800 687.16 906.41 375.68 530.73 -9094.2 -7657.9 499.99

900 703.94 988.36 411.26 577.10 -9087.6 -7478.7 434.04
1000 716.81 1063.23 441.20 622.02 -9153.0 -7295.3 381.06
1100 726.88  1132.04 466.73 665.30 -9145.4 -7109.9 337.61
1200 734.93  1195.64 488.76 706.88 -9137.5 -6925.2 301.44
1300 741.52  1254.74 507.96 746.78 -9129.2 -6741.0 270.85
1400 747.09  1309.90 524.85 785.05 -9121.2 -6557.9 244.67
1500 751.98  1361.61 539.83 821.78 -9112.9 -6375.0 221.99
1600 756.43  1410.29 553.23 857.06 -9104.6 -6192.7 202.17
1700 760.66  1456.27 565.31 890.97 -9246.7 -6009.4 184.64
1800 764.83  1499.87 576.27 923.59 -9237.7 -5819.4 168.87
Melting T K Boiling T K

A H° kJ
A H° kJ
Molar Vol. 16.84 J-bar!
H9g-H§ 59.84 kJ cm3
= -9.125E+03 B= 1.833E+00 C= 1.061E+06

7/22/92



EUCLASE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 309

Formula wt 145.084

BeAl5iO, (OH):

Crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. 3 s (H}-H39g) /T  -(G§-H3gg) /T AgH® AgGe Log K¢

K Jemol~1l.x"1 kJemol™l ——

298.15  126.83 89.10 0.00 89.10 -2532.9 -2370.2 415.24

300 127.50 89.89 0.78 89.10 -2532.9 -2369.2 412.50
400 156.65  130.86 36.37 94.49 -2533.9 -2314.4 302.22

500 175.85  168.02 62.47 105.55 -2533.3 -2259.5 236.05

600 188.84  201.30 82.52 118.78 -2531.8 -2204.9 191.95

700 197.87  231.13 98.39 132.74 -2529.7 -2150.6 160.48
800 204.36  258.00  111.25 146.75 -2527.4 -2096.6 136.89
900 209.17  282.36  121.88 160.48 -2525.0 -2042.9 118.56
1000 212.92  304.60  130.80 173.80 -2533.3 -1988.7 103.88
1100 216.03  325.04  138.41 186.63 -2530.7 -1934.4 91.85
1200 218.78  343.96  145.00 198.96 -2528.2 -1880.3 81.84
1300 221.41  361.57  150.77 210.80 -2525.6 -1826.4 73.38
1400 224.07  378.08  155.91 222.17 -2523.0 -1772.7 66.14
1500 226.91  393.63  160.55 233.08 -2520.4 -1719.2 59.87
1600 230.01  408.38  164.79 243.58 -2532.2 -1665.5 54.37
1700 233.47  422.42  168.73 253.69 -2579.2 -1610.9 49.50
1800 237.34  435.87  172.43 263.44 -2575.6 -1554.1 45.10
Melting T K Boiling T K

A He kJ
A HO xJ
Molar Vol. 4.686 J+bar!

H3gg-HY 16.83 kJ 46.86 cm3

A= -2,529E+03 B= 5.403E-01 C= -2.31E+0S

7/23/92



310 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

PHENAKITE Formula wt 110.107

Be;Si0,: Hexagonal crystals 298.15 to 1800 K. Decomposes to BeO and SiO, above 1833 K.

FORMATION FROM THE ELEMENTS

Temp. cﬁ S-‘i. (ai-ﬂﬁga)/'r -(Gi-Hﬁga)/T AfH° AfG° Log Kf

K Jemol~1l.x"1 — kJemol™l —

298.15 95.60 63.37 0.00 63.37 -2143.1 ~2028.4 355.36

300 96.16 63.96 0.59 63.37 -2143.1 -2027.7 353.04
400 121.33 95.31 27.84 67.47 -2143.9 -1989.0 259.74

500 138.41 124.34 48.35 75.99 -2143.3 -1950.4 203.75

600 150.19 150.68 64.40 86.28 -2142.1 -1911.9 166.44

700 158.46 174.49 77.28 97.21 -2140.3 -1873.7 139.81

800 164.33 196.06 87.82 108.24 -2138.3 -1835.7 119.86

900 168.53 215.67 96.56 119.10 -2136.2 -1798.0 104.35
1000 171.57 233.59 103.92 129.67 -2134.2 -1760.5 91.96
1100 173.77 250.05 110.18 139.87 -2132.2 -1723.3 81.83
1200 175.39 265.24 115.55 149.70 -2130.3 -1686.2 73.39
1300 176.61 279.33 120.20 159.13 -2128.7 -1649.2 66.27
1400 177.57 292.46 124.26 168.19 -2127.2 -1612.4 60.16
1500 178.39 304.74 127.85 176.89 -2125.9 -1575.7 54.87
1600 179.13 316.27 131.03 185.25 -2153.9 -1538.3 50.22
1700 179.88 327.15 133.88 193.28 -2202.4 -1499.4 46.07
1800 180.68 337.46 136.46 201.00 -2200.6 -1458.0 42.31
Melting T K Boiling T K

A HC kJ
A H® xJ
Molar Vol. 3.718 J-bar!
H39g-HJ 12.16 kJ 37.18 cm3
A= -2.135E+03 B= 3.744E-01 C= —-4.46E+05

7/22/92



BERYL

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 311

Formula wt 537.502

833A12 (Sisola) H

Hexagonal crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. Cp s$ (H3-H3gg) /T -(G3-H3g9g)/T AgH® AgGe Log K¢

K Jemol~l.x"1 kJemol™l ——

298.15 417.00 346.70 0.00 346.71 -9006.6 -8500.5 1489.21
300 419.01 349.29 2.58 346.71 -9006.7 ~-8497.3 1479.48
400 507.82 482.86 118.55 364.32 -9010.0 -8326.9 1087.35
500 567.30 603.00 202.73 400.26 -9008.6 -8156.2 852.05
600 608.30 710.27 267.11 443.16 -9004.7 -7986.0 695.23
700 637.50 806.36 318.05 488.31 -8999.1 -7816.7 583.27
800 659.03 892.96 359.39 533.56 -8992.8 -7648.1 499.36
900 675.52 971.57 393.64 §77.93 -8986.1 ~7480.5 434.14
1000 688.78  1043.45 422.51 620.94 -9000.6 -7312.1 381.93
1100 700.03  1109.64 447.24 662.40 -8993.5 -7143.5 339.21
1200 710.19  1170.99 468.73 702.26 -8986.1 -6975.7 303.64
1300 719.89  1228.22 487.68 740.54 -8978.7 -6808.5 273.56
1400 729.66  1281.93 504.61 777.31 -8971.1 -6641.9 247.81
1500 739.86 1332.61 519.95 812.66 -8963.4 -6475.7 225.50
1600 750.81 1380.71 534.04 846.67 -8999.0 -6309.0 205.96
1700 762.75 1426.58 547.13 879.44 -9290.5 -6138.4 188.60
1800 775.87 1470.54 559.47 911.07 -9278.7 -5953.2 172.75
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 20.33 J-bar?

H3gg-H} 64.43 kJ 203.3 cm3

A= -8.995E+03

B= 1.683E+00 C= -6.74E+05

7/22/92



312

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

BERTRANDITE Formula wt 238.230
89431207(03)23 Crystala 298.15 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. cﬁ Si (H%—Hggs)/T -(G%-Hﬁgs)/'r Afll" AfG‘ Log Kf
K Jemo1~1l.x"1 kJemol™l —
298.15 224.64 172.10 0.00 172.10 -4580.5 -4295.1 752.46
300 225.83 173.49 1.39 172.10 -4580.6 -4293.3 747.51
400 279.83 246.33 64.67 181.67 -4582.9 -4197.1 548.07
500 317.42 313.06 111.68 201.38 -4582.4 -4100.6 428.38
600 344.16 373.43 148.32 225.11 -4580.2 -4004.5 348.61
700 363.51 428.01 177.75 250.26 -4576.7 -3908.8 291.67
800 377.60 477.52 201.90 275.63 -4572.5 -3813.6 249.00
900 387.80 522.62 222.02 300.60 -4568.1 -3719.0 215.84
1000 395.06 563.88 238.98 324.90 -4563.5 -3624.9 189.34
1100 400.01 601.78 253.41 348.37 -4559.1 -3531.3 167.68
1200 403.13 636.73 265.77 370.96 -4555.0 -3438.0 149.65
1300 404.76 669.07 276.41 392.67 -4551.4 -3345.1 134.41
1400 405.16 699.09 285.60 413.49 ~4548.3 -3252.4 121.35
Melting T K Boiling T K
8. H° kJ
A H® kJ
Molar Vol. 9.179 J-bar!
H39g-HY 31.04 kJ 91.79 cm3

A= -4.564E+03 B= 9.388E-01

C= -1.03E+06

7/29/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 313

LAWSONITE Formula wt 314.238

CaAl;Sij07(OH) 5 Hy0: Crystals 298.15 to 600 K.

FORMATION FROM THE ELEMENTS

Temp. cg s (H}-H39g) /T  -(G§-H39g)/T AgH® AgGe Log Kg¢
K Jemo1~1l.x"1 kJ-mol~l ——
298.15 275.24  230.00 0.00 230.00 -4869.0 -4512.9 790.63
300 276.56  231.71 1.70 230.01 -4869.1 -4510.7 785.37
400 331.03  319.37 77.78 241.59 -4871.0 -4390.9 573.38
500 368.81  397.47  132.37 265.10 -4869.7 -4270.9 446.17
600 400.03  467.54  174.43 293.10 -4866.0 -4151.5 361.41
Melting T K Boiling T K
A H® kJ
A HC kJ
Molar Vol. 10.132 Jebar!
H3gg-HJ 41.36 kJ 101.32  cm3
A= -4.869E+03 B= 1.196E+00 C= -7.02E+04

7/29/92



314

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

GEHLENITE Formula wt 274.200
CajAl,SiO5: Tetragonal crystals 298.15 to incongruent melting point at 1866 K.
FORMATION FROM THE ELEMENTS
Temp. cg s§ (H3-H39g) /T  —(G3-H39g)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 206.40 210.10 0.00 210.10 -3985.0 -3785.5 663.19
300 207.12 211.38 1.28 210.10 -3985.0 -3784.3 658.88
400 236.74 275.39 56.76 218.63 -3985.5 -3717.2 485.41
500 255.45 330.37 94.75 235.62 -3984.6 -3650.2 381.33
600 268.56 378.16 122.69 255.48 -3983.2 -3583.5 311.96
700 278.34 420.33 144.25 276.08 -3981.6 -3517.0 262.44
800 285.95 458.01 161.51 296.50 -3981.9 -3450.5 225.29
900 292.04 492.06 175.69 316.37 -3980.8 -3384.2 196.41
1000 297.04 523.09 187.58 335.52 -4001.6 -3316.4 173.23
1100 301.21 551.61 197.73 353.88 -4001.2 -3247.9 154.23
1200 304.73 $77.97 206.50 371.47 -4016.6 -3178.2 138.34
1300 307.74 602.48 214.17 388.31 -4014.6 -3108.3 124.89
1400 310.33 625.39 220.95 404.43 -4012.6 -3038.8 113.38
1500 312.57 646.88 226.99 419.89 -4010.3 -2969.3 103.40
1600 314.53 667.11 232.40 434.71 -4008.1 -2900.0 94.67
1700 316.24 686.23 237.28 448.95 -4055.9 -2830.3 86.96
1800 317.74 704.35 241.71 462.64 -4350.6 -2753.9 79.91
Melting T 1866 K Boiling T K
A H® kJ
A H® kJ
Molar Vol. 9.015 J-bar?
H3gg-HJ 33.21 kJ 90.15 cm3

A= -4.005E+03

B= 6.909E-01

C= 1.392E+06

7/22/92
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ZOISITE Formula wt 454.357
CagAl3Siz07,(OH): Orthorhombic crystals 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. C§ s% (H%‘Higa)/'r -(G&-Higa) /T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l —
298.15 350.34 295.85 0.00 295.85 -6901.1 -6504.5 1139.54
300 351.83 298.02 2.17 295.86 -6901.2 -6502.1 1132.08
400 412.84 408.40 97.91 310.49 -6902.5 -6368.7 831.65
500 450.20 504.83 164.89 339.94 -6900.8 -6235.4 651.39
600 476.35 589.34 214.73 374.61 -6897.7 ~6102.6 531.27
700 497.24 664.38 253.63 410.74 -6893.8 -5970.4 445.51
800 516.12 732.02 285.28 446.74 -6891.2 -5838.5 381.21
900 534.93 793.89 311.96 481.93 -6886.4 -5707.2 331.23
1000 554.92 851.27 335.25 516.02 -6913.1 -5574.3 291.16
1100 576.93 905.17 356.20 548.97 -6906.3 -5440.7 258.35
1200 601.55 956.41 375.60 580.81 -6914.2 -5306.5 230.98
Melting T K Boiling T K
A H° kJ
Molar Vol. 13.65 Jebar!
H3gg-HY 52.07 kJ 136.5 cm3

A= -6.898E+03

B= 1.325E+00

C= -1.37E+05

7/22/92
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GROSSULAR Formula wt 450.446

CajAly,Sij079: Cubic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. CB S% (H%‘Higs)/T -(G%-Hﬁgs)/l‘ AfH° AfGo Log Kf
K Jemol~1l.x"1 — kJemol™l ——
298.15 330.22 260.12 0.00 260.12 -6640.0 -6278.5 1099.94
300 331.57 262.17 2.04 260.13 -6640.1 -6276.2 1092.77
400 389.70 366.16 92.25 273.91 -6640.8 -6154.7 803.71
500 425.80 457.32 155.64 301.68 -6638.6 -6033.4 630.29
600 448.43 537.11 202.69 334.41 -6635.3 -5912.7 514.73
700 463.30 607.42 238.93 368.49 -6631.6 -5792.6 432.24
800 474.02 670.02 267.67 402.34 -6630.9 -5672.6 370.37
900 482.99 726.37 291.11 435.27 -6628.0 -5553.0 322.28
1000 491.81 777.71 310.73 466.98 -6647.1 -5432.2 283.74
1100 501.62 825.04 327.63 497.41 -6645.2 -5310.8 252.18
1200 513.24 869.17 342.60 526.57 -6666.7 -5187.7 225.81
Melting T K Boiling T K
BH° k3
Molar Vol. 12.528 J-bar’
H3gg-H} 47.66 kJ 125.28 cm3
A= -6.637E+03 B= 1.206E+00 C= -1.07E+05
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DATOLITE Formula wt 159.979
CaB(Si,)OH: Crystals 298.15 to 1000 K. Datolite decomposes in air at about 970 K.
FORMATION FROM THE ELEMENTS
Temp. cg 5% (H§-H8gg) /T  =-(G3-H8gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJ-mol~l ——
298.15 127.41 110.20 0.00 110.20 -2477.8 -2318.1 406.12
300 127.95 110.99 0.79 110.20 -2477.8 -2317.1 403.44
400 153.07 151.41 35.87 115.54 -2478.7 -2263.4 295.56
500 172.25 187.72 61.31 126.41 -2478.3 -2209.6 230.83
600 187.00 220.49 81.08 139.41 -2477.0 -2155.9 187.69
700 198.17 250.20 97.05 153.14 -2475.0 -2102.6 156.89
800 206.23 277.22 110.23 166.99 -2473.6 -2049.4 133.81
900 211.49 301.84 121.21 180.63 -2471.1 -1996.6 115.87
1000 214.12 324.28 130.39 193.89 -2468.9 -1944.0 101.54
Melting T K Boiling T K
A H° xJ
A HC kJ
Molar Vol. 5.332 Jebar?
H8gg-HY 19.25 kJ 53.32 cm?

A= -2.473E+03

B= 5.301E-01

C= -2.53E+05
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ILVAITE Formula wt 408.793
CaFe3S8i;0,0(0OH): Monoclinic crystals 298.15 to 900 K.
FORMATION FROM THE ELEMENTS
Temp. Cs St (H%-Higa)/'r -(G%"Haga)/T AfH° AfG" Log K¢
K Jemol~1l.x"1 kJemol™l —
298.15 298.90 292.30 0.00 292.30 -3692.8 -3437.0 602.13
300 299.90 294.20 1.85 292.35 -3692.8 -3435.4 598.15
400 343.40 387.70 83.02 304.68 -3689.7 -3350.0 437.45
500 362.50 466.50 137.00 329.50 -3685.5 -3265.6 341.14
600 380.90 534.20 176.10 358.10 -3681.0 -3182.0 277.01
700 398.50 594.30 206.70 387.60 -3676.1 -3099.2 231.26
800 408.10 648.10 213.20 434.90 -3686.8 -3031.4 197.93
900 417.80 696.70 251.40 445.30 -3668.6 -2935.3 170.36
Melting T K Boiling T K
Bopie kg
A H® kJ
. Molar Vol. 10.107 Jebar!
H39g-H} 48.09 kJ 101.07 cm3

A= -3.664E+03

B= 8.052E-01 C= -1.20E+06
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ANDRADITE Formula wt 508.177
CajFe;8i3095: Cubic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. cg S%  (H$3-H39g)/T —(G$-H3gg)/T AgHe AgG® Log K¢
K Jemol~l.x"1 kJemol™l ——
298.15 351.88 316.40 0.00 316.40 -5771.0 -5427.0 950.77
300 353.17 318.58 2.17 316.41 -5771.0 -5424.9 944.53
400 406.71 428.17 97.19 330.99 -5770.1 -5309.5 693.33
500 440.29 522.80 162.68 360.11 -5766.8 -5194.7 542.67
600 462.94 605.20 210.95 394.24 -5762.7 -5080.7 442.30
700 478.83 677.82 248.15 429.67 -5758.5 -4967.3 370.66
800 490.20 742.55 277.74 464.81 -5757.4 -4854.2 316.94
900 498.37 800.78 301.82 498.96 -5754.7 -4741.5 275.18
1000 504.17 853.61 321.78 531.83 -5754.2 -4629.0 241.79
Melting T K Boiling T K
LI kJ
A H° kJ
Molar Vol. 13.204 J-bar’
H3gg-HY 53.49 kJ 132.04 cm?
A= -5,756E+03 B= 1.128E+00 C= -6.85E+05
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MONTICELLITE Formula wt 156.466

CaMgSiO,: Orthorhombic crystals 298.15 to 1100 K.

FORMATION FROM THE ELEMENTS

Temp. ci, s% (H3-H39g) /T =(G3-H3gg)/T AgHC AgG° Log K¢
K Jemo1~1.x"1 kJemol~l ——
298.15 123.00 108.10 0.00 108.10 -2251.0 -2132.8 373.64
300 123.46 108.86 0.76 108.10 -2251.0 -2132.0 371.21
400 141.90 147.16 33.96 113.20 -2250.9 -2092.3 273.23
500 153.07 180.11 56.75 123.37 -2249.9 ' -2052.8 214.45
600 160.69 208.73 73.47 135.26 -2248.6 -2013.5 175.29
700 166.26 233.94 86.35 147.60 -2247.3 -1974.4 147.33
800 170.53 256.44 96.61 159.82 -2246.8 -1935.4 126.37
900 173.91 276.72 105.02 171.70 -2245.6 -1896.6 110.07
1000 176.64 295.19 112.05 183.14 -2253.2 -1857.2 97.01
1100 178.88 312.14 118.03 194.11 -2252.7 -1817.6 86.31
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 5.13 J-bar?
H39g-H} 18.76 kJ 51.3 cmd
A= -2.248E+03 B= 3.910E-01 C= -1.25E+05
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AKERMANITE Formula wt 272.628
CapyMgSi;04: Tetragonal crystals 298.15 to melting point at 1731 K. A small transition at
357.9 K has an enthalpy of 0.68 kJ.
FORMATION FROM THE ELEMENTS

Temp. cp s% (H3-H39g) /T —(G§-H3gg)/T AgH® AgGe Log K¢

K Jemol~1l.x"1 kJ-mol™! ——

298.15  214.10 212.50 0.00 212.50 -3864.8 -3667.5 642.52

300 214.79 213.83 1.32 212.50 -3864.8 -3666.3 638.35

400 239.88 281.42 58.23 223.19 -3864.4 -3600.9 470.22

500 253.60 336.53 96.03 240.50 -3863.1 -3535.2 369.31

600 263.63 383.69 123.16 260.53 -3861.7 -3469.8 302.06

700 272.19 424.98 143.85 281.13 -3860.3 -3404.6 254.05

800 280.00 461.84 160.38 301.46 -3860.8 -3339.3 218.03

900 287.32 495.25 174.08 321.16 -3859.7 -3274.2 190.03
1000 294.24 525.88 185.76 340.12 -3867.4 -3208.5 167.59
1100 300.75 554.23 195.92 358.32 -3866.9 -3142.6 149.23
1200 306.85 580.67 204.91 375.76 -3882.1 -3075.6 133.87
1300 312.52 605.46 212.97 392.48 -3879.6 -3008.5 120.88
1400 317.73 628.81 220.27 408.54 -4004.1 -2938.5 109.63
1500 322.45 650.84 226.93 423.96 -3999.6 -2862.5 99.68
1600 326.68 671.84 233.03 438.81 -3994.8 -2786.8 90.98
1700 330.38 691.76 238.65 453.11 -4090.1 -2710.5 83.28
1800 382.00 784.60 315.23 469.37 -4253.3 -2629.6 76.31
Melting T 1731 K Boiling T K

A He kJ
A H® 124.5 kJ
Molar Vol. 9.254 J-bar’

H3gg-HY 34.91 kJ 92.54 cm3

A= -3.904E+03 B= 6.968E-01 C= 2.903E+06
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MERWINITE Formula wt 328.705
CajMg(SiO4)5: Monoclinic crystals 298.15 to 1600 K.
FORMATION FROM THE ELEMENTS

Temp. ¢ s% (H3-H39g) /T -(G3-H3gg)/T AgH® AgGe Log K¢

K Jemol~l.x"1 kJemol™l ——

298.15 252.36 253.10 0.00 253.10 -4536.2 -4307.7 754.67

300 253.18 254.66 1.56 253.10 -4536.2 -4306.2 749.77

400 286.77 332.55 69.05 263.50 -4535.6 -4229.6 552.32

500 306.89 398.87 114.76 284.11 -4533.6 -4153.3 433.89

600 320.06 456.07 147.95 308.12 -4531.2 -4077.5 354.97

700 329.37 506.14 173.24 332.90 -4528.9 -4002.1 298.63

800 336.54 550.61 193.22 357.39 -4529.6 -3926.6 256.38

900 342.58 590.60 209.49 381.12 -4528.1 -3851.4 223.52
1000 348.15 626.99 223.08 403.91 -4535.9 -3775.5 197.21
1100 353.67 660.43 234.70 425.73 ~4535.9 -3699.5 175.67
1200 359.46 691.45 244.85 446.60 -4559.8 -3621.6 157.64
1300 365.75 720.46 253.90 466.56 -4557.3 -3543.5 142.38
1400 372.69 747.82 262.14 485.68 -4681.7 -3462.5 129.18
1500 380.42 773.79 269.76 504.03 -4676.9 ~3375.5 117.54
1600 389.04 798.61 276.94 521.67 -4671.4 -3288.9 107.37
Melting T K Boiling T K

A He kI
A, H° kJ
Molar Vol. 9.85 J-bar!

H3gg-HY kJ 98.5 cm’

A= -4.557E+03

B= 7.840E-01

C= 1.573E+06

7/22/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 323

TITANITE (SPHENE)

Formula wt 196.041

CaTiSiOg: Monoclinic crystals 298.15 to 1670 K.
FORMATION FROM THE ELEMENTS
Temp. Ci") s% (H%-Hﬁge)/l‘ -(G%-Higa)/'r AfHo AfG° Log K‘f
K Jemol1~1l.x"1 kJemol™l ——
298.15 138.91 129.20 0.00 129.20 -2596.6 -2454.6 430.03
300 139.51 130.06 0.86 129.20 -2596.6 -2453.8 427.23
400 161.30 173.58 - 38.59 134.99 -2596.2 -2406.2 314.20
500 172.66 210.90 64.37 146.54 -2594.9 -2358.8 246.42
600 179.92 243.07 83.06 160.01 -2593.3 -2311.7 201.25
700 185.25 271.22 97.29 173.93 -2591.6 -2264.9 169.01
800 189.54 296.24 108.56 187.68 -2590.9 -2218.3 144.83
900 193.24 318.79 117.77 201.02 -2589.3 -2171.8 126.04
1000 196.56 339.32 125.49 213.83 -2588.0 -2125.4 111.02
1100 199.64 358.20 132.09 226.11 -2587.1 -2079.2 98.73
1200 202,55 375.70 137.84 237.86 -2598.2 -2032.3 88.46
1300 205.34 392.02 142.93 249.10 -2596.0 -1985.3 79.717
1400 208.05 407.34 147.48 259.86 -2593.7 -1938.4 72.32
1500 210.70 421.78 151.61 270.17 -2591.3 -1891.7 65.87
1600 213.30 435.47 155.38 280.08 -2588.9 -1845.1 60.23
Melting T 1670 K Boiling T K
Avvne kJ
A H® kJ
Molar Vol. 5.574 J-bar!
H3gg-HY kJ 55.74 cm3
A= -2.591E+03 B= 4.661E-01 C= -2.27E+05

7/22/92



324 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
LARNITE Formula wt 172.239
a-CaySi0,: Monoclinic crystals 298.15 to 1000 K. Bredigite (a') is the stable modification
of Cay8i0, between 970 and 1710 K. a-crystals 1710 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. Ci’, S§ (H%‘Higa)/T -(G%-Higa)/T Afll° A£G° Log Kf
K Jemol~1.x~1 kJ-mol™l ——
298.15 128.59 127.60 0.00 127.60 -2306.7 -2191.2 383.88
300 128.97 128.40 0.79 127.60 -2306.7 -2190.5 381.39
400 145.20 167.89 35.02 132.88 -2306.3 -2151.8 280.99
500 156.15 201.54 58.21 143.33 -2305.1 -2113.3 220.77
600 164.18 230.76 75.24 155.52 -2303.6 -2075.1 180.65
700 170.37 256.55 88.40 168.15 -2302.1 -2037.1 152.01
800 175.34 279.63 98.97 180.66 -2302.4 -1999.2 130.53
900 179.44 300.53 107.69 192.84 ~2301.1 -1961.4 113.83
1000 180.66 319.64 115.05 204.59 -2300.1 -1923.7 100.48
1100 185.28 337.21 121.35 215.86 -2299.6 -1886.1 89.56
1200 189.89 353.50 126.84 226.66 -2315.0 -1847.2 80.41
1300 194.50 368.67 131.66 237.01 -2313.0 -1808.3 72.66
1400 199.11 382.87 135.95 246.92 -2310.8 -1769.6 66.02
1500 203.72 396.23 139.79 256.44 -2308.6 -1731.0 60.28
1600 208.33 408.83 143.26 265.57 -2306.3 -1692.6 55.26
1700 212.94 420.76 146.41 274.35 -2354.1 -1653.8 50.81
1800 205.02 444.84 160.60 284.24 -2628.4 -1610.9 46.75
Melting T K Boiling T K
A H° k3
A H® kJ
Molar Vol. 5.16 J-bar?
H3gg-H kJ 51.6 cm3

A= -2.308E+03

B= 3.850E-01

C= 2.243E+05
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 325

Formula wt 172.239

Y-Ca281043

Orthorhombic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. cﬁ s% (H&-Hﬁga)/T -(G%-Higs)/T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJemol™l —
298.15 126.93 120.50 0.00 120.50 -2316.5 -2198.9 385.23
300 127.29 121.29 0.78 120.50 -2316.5 -2198.2 382.73
400 141.80 160.08 34.39 125.69 -2316.3 -2158.7 281.90
500 151.34 192.80 56.87 135.93 -2315.5 -2119.4 221.41
600 158.91 221.08 73.26 147.82 -2314.6 -2080.3 181.10
700 165.57 246.09 85.98 160.10 -2313.6 -2041.3 152.32
800 171.73 268.60 96.32 172.28 -2314.3 -2002.3 130.73
900 177.61 289.17 105.03 184.14 -2313.3 -1963.3 113.95
1000 183.31 308.18 112.57 195.61 -2312.4 -1924.5 100.52
1100 188.89 325.91 119.26 206.66 -2311.7 -1885.7 89.54
1200 194.39 342.58 125.29 217.30 -2326.7 -1845.8 80.34
Melting T K Boiling T K
AH° k3
A H® kJ
Molar Vol. §5.801 J-bar!
H$gg-H} kJ 58.01 cm?

A= -2,314E+03

B= 3.898E-01 C= -9.84E+04
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HATURITE (ALITE)

Formula wt 228.317

Ca38i0g: Triclinic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cs s% (H3-H39g) /T -(G3-H3gg)/T AgH® AgG° Log K¢

K Jemol~1l.x~1 kJ-mo1™l ——

298.15 171.59 168.60 0.00 168.60 =-2933.1 -2786.5 488.17
300 172.08 169.66 1.06 168.60 -2933.1 -2785.6 485.00
400 193.33 222.31 46.67 175.64 -2932.2 -2736.5 357.34

500 207.61 267.07 77.51 189.56 -2930.3 -2687.8 280.78

600 218.01 305.89 100.10 205.79 -2928.1 -2639.5 229.78

700 225,97 340.12 117.54 222.58 -2925.9 -2591.5 193.38
800 232.28 370.72 131.50 239.22 -2926.4 -2543.6 166.07

900 237.43 398.39 143.00 255.39 -2924.6 -2495.8 144.85
1000 241.72 423.63 152.66 270.97 -2923.3 -2448.3 127.88
1100 245.33 446.84 160.92 285.92 -2922.8 -2400.8 114.00
1200 248.43 468.33 168.09 300.24 -2946.1 -2351.5 102.35
1300 251.10 488.32 174.38 313.94 -2943.4 -2302.0 92.50
1400 253.43 507.01 179.94 327.07 -2940.4 -2252.8 84.05
1500 255.48 524.57 184.91 339.66 -2937.4 -2203.8 76.74
1600 257.28 541.12 189.38 351.74 -2934.4 -2155.0 70.35
1700 258.89 556.76 193.42 363.34 -2981.4 -2105.9 64.70
1800 260.31 571.60 197.10 374.51 =-3424.0 -2048.0 59.43
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 7.274 J-bar!

H3gg-H§ xJ 72.74 cm3

A= -2.936E+03 B= 4.891E-01

C= 4.480E+05
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RANKINITE Formula wt 288.401
Ca38i;07: Monoclinic crystals 298.15 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. s S  (H}-H3gg)/T  -(G}-Higg)/T Agne Agce Log K¢
K Jemol~1l.x"1 kJemol~l ——
300 215.00 211.93 1.32 210.60 =3949.0 -3746.9 652.37
400 242.55 277.86 58.46 219.41 -3948.5 -3679.5 480.48
500 260.37 334.03 97.17 236.86 -3946.9 -3612.4 377.38
600 272.58 382.65 125.45 257.20 -3944.9 -3545.7 308.68
700 281.20 425.35 147.12 278.23 -3942.9 -3479.4 259.63
800 287.38 463.33 164.29 299.04 -3943.7 -3413.0 222.84
900 291.79 497.44 178.22 319.22 =-3942.4 -3346.7 194.23
1000 294.89 528.36 189.74 338.61 -3941.8 ~-3280.6 171.36
1100 296.98 556.57 199.41 357.16 -3942.2 -3214.4 152.64
1200 298.27 582.47 207.60 374.88 -3966.7 -3146.4 136.95
1300 298.92 606.38 214.60 391.78 -3965.3 -3078.1 123.68
1400 299.05 628.54 220.63 407.91 -3964.2 -3009.9 112.30
Melting T 1633 K Boiling T K
BgH® k3
Molar Vol. 9.651 J-bar!
H39g-H} kJ 96.51 cm3
A= ~-3.948E+03 B= 6.684E-01 C= 5.979E+04
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ROSENHAHNITE Formula wt 366.500
Ca38i30g(OH)5: Triclinic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS
Temp. CE, S% (H%-Higs) /T -(G&-Higs) /T AfHo AfG" Log Kf
K Jemol~l.x"1 kJ-mol™l —
298.15 289.35 281.80 0.00 281.80 -5198.1 -4882.1 855.31
300 290.58 283.59 1.79 281.81 -5198.1 -4880.2 849.69
400 335.67 374.18 80.33 293.85 -5198.5 -4774.0 623.41
500 359.45 451.87 133.98 317.89 -5197.0 -4668.1 487.66
600 374.84 518.85 172.92 345.93 -5195.0 -4562.4 397.19
700 386.28 577.52 202.61 374.91 -5192.9 -4457.2 332.59
800 395.60 629.73 226.17 403.56 -5193.5 -4351.9 284.14
900 403.70 676.80 245.45 431.35 -5191.8 -4246.8 246.47
1000 411.03 719.72 261.65 458.07 -5190.7 -4141.9 216.35
1100 417.86 759.22 275.54 483.67 -5190.1 -4037.0 191.70
1200 424.36 795.86 287.68 508.18 -5213.4 -3930.4 171.08
1300 430.62 830.07 298.43 531.64 -5210.4 -3823.6 153.63
1400 436.70 862.21 308.09 554.12 -5207.2 -3717.0 138.68
1500 442.66 892.54 316.87 575.68 ~-5203.6 -3610.7 125.73
1600 448.52 921.30 324.91 596.39 -5199.8 -3504.6 114.41
1700 454.30 948.66 332.35 616.31 -5346.2 -3397.4 104.39
1800 460.02 974.79 339.29 635.50 -5787.1 -3276.3 95.07
Melting T K Boiling T K
A H k3
A H° kJ
Molar Vol. 12.646 J-bar®
H39g-H§ xJ 126.46 cm?

A= -5.206E+03 B= 1.065E+00

C= 6.937E+05
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SPURRITE Formula wt 444.565
Cag(8i04),C03: Crystals 298.15 to 1300 K.
FORMATION FROM THE ELEMENTS
Temp. C; s% (H&-Higs)/l‘ -(G&-Higa)/T Afﬂ" AfG° Log K¢
K Jemol~1l.x"1 kJ-mol™l —
298.15 343.62 331.00 0.00 331.00 -5840.2 -5525.6 968.04
300 344.71 333.13 2.12 331.01 -5840.2 -5523.6 961.73
400 388.72 438.91 93.78 345.13 -5838.1 -5418.4 707.55
500 415.98 528.78 155.67 373.11 -5834.3 -5313.9 555.12
600 434.91 606.39 200.72 405.67 -5830.1 -5210.2 453.58
700 449.02 674.54 235.23 439.31 -5826.2 -5107.2 381.09
800 460.04 735.24 262.67 472.57 -5826.9 -5004.2 326.73
900 468.93 789.96 285.11 504.85 -5824.0 -4901.5 284.47
1000 476.30 839.76 303.87 535.89 -5822.2 -4799.1 250.68
1100 482.51 885.45 319.84 565.62 -5821.7 -4696.9 223.03
1200 487.84 927.67 333.62 594.05 -5861.1 -4591.5 199.86
1300 492.46 966.91 345.66 621.24 -5857.1 -4485.9 180.24
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 14.697 J-bar!
H$gg-HY kJ 146.97 cm3

A= -5.829E+03

B= 1.031E+00 C= -3,84E+05
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TILLEYITE Formula wt 488.575
CagSiy0,(CO3)5: Monoclinic crystals 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. Cp s% (H3-H3gg) /T -(G3-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJ'mol™l ——
298.15  383.49 394.00 0.00 394.00 -6372.2 -6013.5 1053.52
300 384.73 396.38 2.37 394.01 -6372.2 -6011.3 1046.63
400 436.64 514.78 104.98 409.80 -6369.6 -5891.3 769.30
500 470.37 616.07 174.89 441.17 -6365.1 -5772.2 603.00
600 494.50 704.07 226.25 477.82 -6360.0 -5654.1 492.22
700 512.82 781.73 265.94 515.80 -6354.9 -5536.8 413.15
800 527.33 851.19 297.74 553.46 -6354.4 -5419.8 353.87
900 539.15 914.01 323.92 590.08 -6350.0 -5303.2 307.78
1000 549.01 971.34 345.95 625.38 -6346.6 -5187.1 270.94
1100 557.38 1024.07 364.80 659.26 -6344.4 -5071.3 240.81
1200 564.58 1072.88 381.16 691.72 -6382.0 -4952.5 215.57
Melting T K Boiling T K
A H° kJ
A H° kJ
Molar Vol. 17.050 J-bar’
H3g9g-H} kJ 170.50 cm3

A= -6.351E+03 B= 1.165E+00

C= -8.90E+05

01/07/93
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COBALT-OLIVINE Formula wt 209.950

Co,8i04: Orthorhombic crystals 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. cg s (H3-H3gg) /T  -(G$~H3gg) /T AgH® AgGe Log Kg¢
K Jemol~1.x"1 kJ-mol™l ——
298.15 133.41 142.60 0.00 142.60 -1412.0 -1308.7 229.27
300 133.83 143.43 0.82 142.60 -1412.0 -1308.0 227.74
400 151.48 184.55 36.46 148.09 -1410.8 -1273.5 166.30
500 162.81  219.65 60.67 158.98 -1409.0 -1239.4 129.47
600 170.44  250.05 78.37 171.68 -1406.8 -1205.7 104.96
700 175.73 276.75 91.92 184.82 -1404.5 -1172.4 87.48
800 179.40 300.47 102.64 197.83 -1403.1 -1139.2 74.38
200 181.91 321.75 111.32 210.43 -1401.1 -1106.3 64.21
1000 183.55 341.01 118.47 222.54 -1399.5 -1073.7 56.08
1100 184.52 358.56 124.43 234.12 -1398.4 -1041.1 49.44
Melting T 1693 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 4.449 J-bar!
H3gg-HY 22.52 kJ 44.49 cm®
A= -1.401E+03 B= 3.282E-01 C= -4.72E+05
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FAYALITE Formula wt 203.777

Fe,8i04: Orthorhombic crystals 298.15 to 1490 K. Fayalite melts incongruently at 1490 K.
Liquid 1490 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. ¢ s% (H3-H39g) /T —(G3-H3gg)/T AgH® AgGe Log K¢

K Jomol1~1.x-1 kJemol™! ——

298.15 131.84 151.00 0.00 151.00 -1478.2 -1379.1 241.61
300 132.39 151.82 0.81 151.00 -1478.2 -1378.5 240.02
400 152.14 192.99 36.51 156.48 -1477.1 -1345.4 175.69

500 162.24 228.12 60.73 167.39 -1475.5 -1312.7 137.13
600 168.83 258.31 78.23 180.09 -1473.8 -1280.3 111.45

700 174.03 284.74 91.55 193.19 -1472.3 -1248.1 93.14
800 178.71 308.29 102.16 206.13 -1471.0 -1216.2 79.41
900 183.31 329.60 110.92 218.68 -1470.4 -1184.4 68.74
1000 188.03 349.16 118.39 230.77 -1470.9 -1152.6 60.21
1100 193.02 367.31 124.95 242.36 -1472.9 -1120.7 53.21
1200 198.33 384.33 130.84 253.49 -1473.0 -1088.7 47.39
1300 204.03 400.43 136.25 264.18 -1469.6 -1056.8 42.46
1400 210.14 415.77 141.30 274.46 -1466.0 -1025.2 38.25
1500 240.60 490.58 205.80 284.78 -1372.5 -994.4 34.63
1600 240.60 506.10 207.98 298.12 -1366.1 -969.4 31.65
1700 240.60 520.68 209.89 310.79 -1412.0 -944.3 29.01
1800 240.60 534.43 211.60 322.83 -1406.7 -916.9 26.61
Melting T 1490 K Boiling T K

A H° kJ
A H® 89.3 kJ
Molar Vol. 4.631 J-bar!
Higs'l‘la 22.49 kJ 46.31 cm3
A= -1.457E+03 B= 3.049E-01 C= -1.30E+06
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ALMANDINE Formula wt 497.753

FejAl;8i30;,: Cubic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. c S§  (H$-H39g)/T -—(G$-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol~l —
298.15 343.29  342.60 0.00 342.60 -5264.7 -4941.9 865.79
300 344.49  344.73 2.12 342.61 -5264.7 -4939.9 860.10
400 396.60  451.51 94.70 356.81 -5264.5 -4831.6 630.93
500 431.35  543.98  158.77 385.21 -5262.0 -4723.6 493.46
600 455.57  624.89  206.33 418.56 -5258.5 -4616.2 401.87
700 472.90  696.49  243.24 453.25 -5254.6 -4509.5 336.50
800 485.47  760.51  272.78 487.73 -5251.0 -4403.3 287.50
900 494.57  818.24  296.94 521.30 -5248.4 -4297.5 249.42
1000 501.06  870.71  317.05 553.66 -5269.5 -4190.5 218.88
1100 505.54  918.69  334.00 584.69 -5271.4 -4082.4 193.85
1200 508.42  962.81  348.42 614.39 -5271.3 -3974.4 173.00
Melting T 1683 K Boiling T K
A H° kJ
Molar Vol. 11.532 J-bar!
H3gg-HY 52.74 kJ 115.32 cm3
A= -5.257E+03 B= 1.068E+00 C= -3.13E+05

4/6/93



334 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CORDIERITE Formula wt 584.953

MgoAl3(AlSigO;g): Orthorhombic crystals 298.15 to 1700 K.

FORMATION FROM THE ELEMENTS

Temp. CB S{. (H*‘Hﬁgs)/r -(G%-Hﬁga)/r AfH° AfGo Log Kf

K Jemol~1.x"1 kJ-mol~l —

298.15 443.28 407.20 0.00 407.20 -9161.5 -8651.1 1515.61

300 445.39 409.95 2.74 407.21 -9161.6 -8648.0 1505.71
400 528.32 550.66 124.83 425.83 -9164.9 -8476.1 1106.84

500 577.52 674.23 210.80 463.43 -9164.2 -8303.9 867.48

600 611.37 782.68 274.89 507.79 -9161.6 -8132.1 707.94

700 636.90 878.92 324.86 554.06 -9157.8 ~7960.8 594.03

800 657.37 965.35 365.18 600.16 -9153.5 -7790.1 508.63

900 674.50 1043.79 398.63 645.16 -9149.2 -7619.9 442.24
1000 689.32 1115.64 426.97 688.67 -9204.5 ~-7445.9 388.92
1100 702.43 1181.97 451.43 730.54 -9199.3 -7270.2 345.22
1200 714.27 1243.60 472.84 770.76 -9193.4 -7095.1 308.83
1300 725.11 1301.21 491.84 809.37 -9186.9 -6920.4 278.06
1400 735.16 1355.32 508.86 846.45 -9434.8 -6740.2 251.48
1500 744.56 1406.36 524.27 882.09 -9424.6 -6548.0 228.02
1600 753.44 1454.70 538.31 916.38 -9414.0 -6356.6 207.52
1700 761.87 1500.63 551.22 949.41 -9653.8 -6163.4 189.37
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 23.322 J-bar!
H3gg-HY kJ 233.22 cnm®
A= -9.227E+03 B= 1.785E+00 C= 4.350E+06
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Formula wt 140.693

M9281048

Orthorhombic crystals 298.15 to 1800 K.

FORMATION FROM THE ELEMENTS

Temp. cy s (H3-H39g) /T  -(G3-H3gg)/T AgH® AgG® Log K¢
K Jemol~1.x"1 kJ-mol™l ——
298.15 118.61 94.11 0.00 94.11 -2173.0 -2053.6 359.78
300 119.10 94.85 0.73 94.11 -2173.0 -2052.9 357.43
400 137.71 131.97 32.92 99.05 -2173.2 -2012.8 262.84
500 148.28 163.92 55.01 108.91 -2172.6 -1972.7 206.09
600 155.77 191.65 71.21 120.44 -2171.6 -1932.9 168.27
700 161.75 216.12 83.73 132.39 -2170.5 -1893.2 141.27
800 166.83 238.06 93.81 144.25 -2169.2 -1853.6 121.03
900 171.25 257.97 102.17 155.80 -2167.9 -1814.2 105.29
1000 175.14 276.22 109.28 166.94 -2183.8 -1773.6 92.64
1100 178.56 293.08 115.42 177.65 -2182.7 -1732.6 82.27
1200 181.54 308.74 120.81 187.93 -2181.3 -1691.8 73.64
1300 184.08 323.38 125.58 197.79 ~-2179.8 -1651.1 66.34
1400 186.21 337.10 129.84 207.26 -2433.0 -1604.2 59.85
1500 187.92 350.01 133.66 216.35 -2428.5 -1545.1 53.80
1600 189.21 362.18 137.09 225.09 -2424.0 -1486.3 48.52
1700 190.08 373.68 140.19 233.49 -2469.7 -1427.4 43.86
1800 190.53 384.56 142.97 241.59 -2465.0 -1366.2 39.64
Melting T 2163 K Boiling T K
boi® k3
A, H® xJ
Molar Vol. 4.365 J-bar!
H3gg-H} 17.22 kJ 43.65 cm?
A= -=2,240E+03 B= 4.675E-01 C= 4.724E+06
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PYROPE Formula wt 403.127
Mg3Al;8i30;5: Cubic crystals 298.15 to 1570 K.
FORMATION FROM THE ELEMENTS
Temp. Ci’, s% (H*-Higs)/'r -(G%-Hige)/'f AfH° AfG° Log K¢
K Jemol~1.x"1 kJemol™l —
298.15 325.76 266.27 0.00 266.27 -6285.0 -5934.5 1039.67
300 327.12 268.29 2.01 266.28 -6285.1 -5932.3 1032.88
400 383.71 370.83 90.96 279.87 -6286.1 -5814.4 759.27
500 419.39 460.56 153.33 307.24 -6284.3 -5696.7 595.12
600 443.59 539.30 199.81 339.49 -6280.9 -5579.5 485.72
700 460.82 609.04 235.93 373.11 -6276.9 -5462.9 407.64
800 473.55 671.45 264.87 406.57 -6272.6 -5346.9 349.11
900 483.27 727.81 288.62 439.19 -6268.5 -5231.4 303.62
1000 490.92 779.14 308.49 470.65 -6311.8 -5112.8 267.06
1100 497.14 826.23 325.36 500.87 -6308.0 -4993.0 237.09
1200 502.37 869.72 339.90 529.82 -6304.0 -4873.7 212.14
1300 506.94 910.11 352.58 557.54 -6299.9 -4754.6 191.04
1400 511.10 947.84 363.75 584.08 -6678.0 -4626.6 172.62
1500 515.01 983.23 373.71 609.52 -6669.6 -4480.3 156.01
Melting T 1570 K Boiling T K
A H° kJ
A H® 241.0 kJ
Molar Vol. 11.312 J-bar’
H3gg-H} 47.85 kJ 113.12 cm?

A= -6.316E+03 B= 1.208E+00

C= 2.167E+06
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GLASS Formula wt 403.127

Mg3Al,Sij075: Glass 298.15 to glass transition 1020 K.

FORMATION FROM THE ELEMENTS

Temp. ¢ s (H3-H39g) /T  -(G3-H3gg)/T AgH® AgG° Log K¢
K Jemol~1.x"1 kJ-mol”l ——
298.15 387.18  346.30 0.00 346.3 -6163.0 -5836.3 1022.48
300 387.83 348.70 2.39 346.3 -6162.9 -5834.3 1015.82
400 416.67 464.47 102.57 361.9 -6159.5 -5725.2 747.62
500 437.98 559.83 167.61 392.2 -6155.1 -5617.2 586.81
600 455.32 641.26  214.16 427.1 -6150.3 -5510.0 479.68
700 470.25 712.60  249.70 462.9 -6145.2 -5403.7 403.22
800 483.61  776.28  278.12 498.2 -6140.0 -5298.2 345.93
200 495.85 833.95 301.64 532.3 -6134.8 -5193.2 301.40
1000 507.28  886.79 321.64 565.2 -6176.6 -5085.3 265.62
Melting T 1570 K Boiling T K
A H° kJ
A H° kJ
Molar Vol. 14.61 J-bar!
H3gg—H} 50.09 kJ 146.1 cm3
A= -6.143E+03 B= 1.058E+00 C= -7.88E+05
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TEPHROITE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 201.959

Mn28104:

Orthorhombic crystals 298.15 to 1524 K. Tephroite melts incongruently at 1524 K.

FORMATION FROM THE ELEMENTS

Temp. cﬁ S (H%‘HSQS)/T -(G%‘HEQS)/T AfH° AfGo Log K¢

K Jemol~1l.x"1 kJ-mol™l ——

298.15 128.74 155.90 0.00 155.90 -1731.5 -1631.0 285.73

300 129.11 156.70 0.80 155.90 -1731.5 -1630.3 283.86

400 144.89 196.18 35.00 161.18 -1731.3 -1596.6 208.49

500 155.22 229.69 58.08 171.62 -1730.4 -1563.0 163.29

600 162.48 258.67 74.90 183.76 -1729.5 -1529.7 133.17

700 167.82 284.14 87.82 : 196.32 -1728.4 -1496.4 111.66

800 171.86 306.82 98.08 208.74 -1727.5 -1463.4 95.55

900 174.96 327.25 106.46 220.79 -1726.6 -1430.4 83.02
1000 177.38 345.82 113.43 232.38 -1730.3 -1397.4 72.99
1100 179.27 362.81 119.34 243.48 -1729.8 -1364.2 64.78
1200 180.74 378.48 124.39 254.08 -1729.2 -1331.0 57.93
1300 181.87 392.99 128.77 264.22 -1728.7 -1297.8 52.15
1400 182.73 406.50 132.60 273.90 -1732.9 -1264.6 47.18
1500 183.36 419.13 135.96 283.17 -1737.6 -1230.8 42.86
Melting T 1524 K Boiling T K

A He kJ
A H® kJ
Molar Vol. 4.899 J-bar’
H3gg—HJ 22.35 kJ 48.99 cm?
A= -1.730E+03 B= 3.321E-01 C= -3.65E+04
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LIEBENBERGITE Formula wt 209.463

Ni;S8i0,: Orthorhombic crystals 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S.i. (H&-Higa) /T -(G&-Higs) /T Afﬁ‘ AfGo Log Kf
K Jemol~l.x"1 kJemol™l ——
298.15 123.07 128.10 0.00 128.10 -1396.5 -1288.9 225.81
300 123.50 128.86 0.76 128.10 -1396.5 -1288.3 224.30
400 141.96 167.13 33.93 133.19 -1396.7 -1252.1 163.51
500 153.93 200.18 56.82 143.36 -1396.1 -1216.1 127.04
600 162.20 229.02 73.73 155.29 -1395.6 -1180.1 102.73
700 168.12 254.49 86.81 167.68 -1394.7 -1144.2 85.38
800 172.44 277.24 97.26 179.98 -1393.0 -1109.5 72.44
900 175.61 297.74 105.80 191.94 -1391.2 -1073.1 62.28
1000 177.93 316.37 112.90 203.47 -1389.4 -1037.9 54.21
1100 179.60 333.41 118.89 214.52 -1387.7 -1002.8 47.62
1200 180.74 349.09 124.00 225.09 -1386.2 -967.9 42.13
1300 181.48 363.59 128.40 235.19 -1384.8 -933.1 37.49
Melting T K Boiling T K
A H° kI
A, H® xJ
Molar Vol. 4.257 Jebar?
H3gg-H} 19.72 kJ 42.57 cmd
A= -1.391E+03 B= 3.528E-01 C= -3.04E+05
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Ni,S8i0,-SPINEL ‘ Formula wt 209.463

Ni,8iO4: Cubic crystals 298.15 to 800 K.

FORMATION FROM THE ELEMENTS

Temp. cp 8% (H3-H39g) /T -(G3-H39g)/T AgH® AgG° Log K¢
K Jemol~1l.x"1 kJ-mol™l ——
298.15 120.73 124.10 0.00 124.10 -1389.7 -1280.9 224.41
300 121.36 124.85 0.75 124.10 -1389.7 -1280.3 222.91
400 143.89 163.28 34.09 129.19 -1389.8 -1243.7 162.41
500 155.08 196.71 57.28 139.43 -1389.1 -1207.3 126.12
600 161.80 225.63 74.18 151.45 -1388.5 -1171.0 101.94
700 166.42 250.93 87.05 163.89 -1387.7 -1134.8 84.68
800 169.91 273.39 97.19 176.20 -1386.2 -1099.7 71.80
Melting T K Boiling T K
A H° kJ
A, H® kJ
Molar Vol. 3.981 J-bar!
H$gg-Hg kJ 39.81 cm3
A= -1.385E+03 B= 3.578E-01 C= -2.19E+05
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ZIRCON Formula wt 183.307
2rsiOy: Tetragonal crystals 298.15 to 1600 K.
FORMATION FROM THE ELEMENTS
Temp. CB s* (H%-Higs)/r ‘(G%"Higa)/'f AfH° AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l ——
298.15 98.64 84.03 0.00 84.03 -2034.2 -1919.7 336.32
300 99.03 84.64 0.61 84.03 -2034.2 -1919.0 334.12
400 115.51 115.58 27.45 88.14 -2034.0 -1880.6 245.58
500 126.03 142.57 46.18 96.39 -2032.9 -1842.4 192.47
600 133.27 166.23 60.13 106.10 -2031.3 -1804.4 157.08
700 138.46 187.18 70.97 116.21 -2029.5 -1766.7 131.83
800 142.28 205.93 79.65 126.28 -2027.4 -1729.3 112.91
900 145.12 222.86 86.78 136.08 -2025.4 -1692.2 98.21
1000 147.25 238.27 92.72 145.54 -2023.4 -1655.3 86.46
1100 148.83 252.38 97.76 154.62 -2021.4 -1618.5 76.86
1200 149.97 265.38 102.06 163.32 -2023.2 -1581.8 68.85
1300 150.76 277.42 105.78 171.64 -2021.0 -1545.1 62.08
1400 151.28 288.61 109.01 179.60 -2018.8 -1508.6 56.28
1500 151.55 299.06 111.84 187.22 -2016.7 -1472.2 51.27
1600 151.63 308.84 114.33 194.52 -2014.8 -1436.0 46.88
Melting T K Boiling T K
BugH® k3
Molar Vol. 3.926 J-bar!
H3gg-H} kJ 39.26 cm3
A= -2.023E+03 B= 3.674E-01 C= -6.21E+05
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WOLLASTONITE Formula wt 116.162

CaSio3: Triclinic crystals 298.15 to 1400 K. Pseudowollastonite is stable above 1398 K.

FORMATION FROM THE ELEMENTS

Temp. 3 8% (H3-H39g) /T ~-(G3-H3gg)/T AgH® AgGe Log K¢

K Jemol~l.x"1 —_— kJemol~l —

298.15 86.19 81.69 0.00 81.69 -1634.8 -1549.0 271.37
300 86.50 82.22 0.53 81.69 -1634.8 -1548.5 269.61
400 99.33 109.02 23.77 85.26 -1634.7 -1519.7 198.45
500 107.40 132.12 39.74 92.38 -1633.9 -1491.0 155.76
600 112.94 152.22 51.50 100.71 -1633.0 -1462.5 127.32
700 116.96 169.94 60.58 109.36 -1631.9 -1434.2 107.02
800 120.02 185.77 67.83 117.94 -1631.8 -1405.9 91.80
900 122.44 200.05 73.77 126.28 -1630.9 -1377.8 79.96
1000 124.42 213.06 78.74 134.32 -1630.1 -1349.7 70.50
1100 126.11 225.00 82.97 142.03 -1629.6 -1321.7 62.76
1200 127.60 236.03 86.63 149.41 -1637.1 -1293.1 56.28
1300 128.95 246.30 89.83 156.47 -1635.9 -1264.4 50.80
1400 130.22 255.90 92.67 163.23 -1634.7 -1235.9 46.11
Melting T K Boiling T K

A H° kJ
AL H® kJ
Molar Vol. 3.990 Jebar!
H3gg-HJ 13.84 kJ 39.90 cm3
A= -1.632E+03 B= 2.827E-01 C= -1.12E+05
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PSEUDOWOLLASTONITE
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Formula wt 116.162

casiog:

Triclinic crystals 298.15 to melting point 1821 K.

FORMATION FROM THE ELEMENTS

Temp. cg s3 (H3-H3gg) /T  -(G3-H3gg)/T AgH® AgG° Log K¢

K Jemol~1.x"1 kJ-mol™1l —

298.15 87.92 87.20 0.00 87.20 -1627.6 -1543.5 270.40
300 88.20 87.74 0.54 87.20 -1627.6 -1542.9 268.64
400 99.53 114.82 24.00 90.82 -1627.4 -1514.7 197.80
500 106.55 137.84 39.86 97.98 -1626.7 -1486.6 155.30
600 111.43 157.72 51.40 106.32 -1625.8 -1458.7 126.99
700 115.06 175.18 60.25 114.93 -1625.0 -1430.9 106.77
800 117.89 190.74 67.28 123.45 -1625.0 -1403.2 91.61
900 120.17 204.76 73.04 131.72 -1624.3 -1375.5 79.83
1000 122.06 217.52 77.85 139.67 -1623.8 -1347.8 70.40
1100 123.65 229.23 81.94 147.29 -1623.6 -1320.3 62.69
1200 125.01 240.05 85.48 154.57 -1631.3 -1292.1 56.24
1300 126.19 250.10 88.56 161.54 -1630.4 -1263.8 50.78
1400 127.23 259.49 91.29 168.21 -1629.4 -1235.7 46.10
1500 128.14 268.30 93.72 174.59 -1628.4 -1207.6 42.05
1600 128.95 276.60 95.89 180.71 -1627.5 -1179.6 38.51
1700 129.68 284.44 97.86 186.58 -1676.7 -1145.1 35.37
1800 130.34 291.87 99.65 192.23 -1824.1 -1118.1 32.44
Melting T 1821 K Boiling T K

A H° kJ
A H® 57.3 kJ
Molar Vol. 4.008 Jebar!

H3gg-HJ xJ 40.08 cm3

A= -1.629E+03

B= 2.815E-01 C= 1.853E+05

7/31/92



344 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Casioj glass

Formula wt 116.162

CasiO3: Glass 298.15 to 1821 K, melting point of pseudowollastonite.
FORMATION FROM THE ELEMENTS

Temp. cf, S% (H%"Higa)/'r -(G%-Hige)/T AfH° AfGo Log xf

K Jemol~1l.x"1 — kJemol™l —

298.15 86.81 94.80 0.00 94.80 -1608.7 -1526.8 267.49

300 87.12 95.34 0.54 94.80 -1608.7 -1526.3 265.75

400 99.31 122.25 23.86 98.39 -1608.5 -1498.8 195.72

500 106.80 145.27 39.75 105.52 -1607.8 -1471.5 153.72

600 112.43 165.26 51.41 113.85 -1606.9 -1444.3 125.74

700 117.18 182.95 60.47 122.48 -1605.9 -1417.3 105.76

800 121.47 198.88 67.83 131.05 ~1605.7 -1390.3 90.78

900 125.49 213.42 74.02 139.41 -1604.5 -1363.5 79.13
1000 129.34 226.85 79.36 147.49 -1603.4 ~-1336.8 69.82
1100 133.07 239.35 84.07 155.28 -1602.3 -1310.1 62.21
1200 136.74 251.09 88.31 162.78 -1609.0 -1283.0 55.85
1300 140.35 262.17 92.17 170.00 -1606.8 -1255.9 50.46
1400 143.92 272.70 95.74 176.96 -1604.3 -1229.0 45.85
1500 147.46 282.76 99.07 183.68 -1601.5 -1202.3 41.87
1600 150.99 292.38 102.21 190.18 -1598.5 -1175.8 38.39
1700 154.49 301.64 105.18 196.46 -1645.3 -1149.0 35.30
1800 157.98 310.57 108.02 202.56 -1790.2 -1117.8 32.44
Melting T 1821 K Boiling T K

: A H° kJ
A, H® kJ
Molar Vol. 4.013 J-bar!

H3gg-HY 14.20 kJ 40.13 cm®

A= -1.606E+03 B= 2.698E-01

7/31/92



Ca-Al PYROXENE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES - 345

Formula wt 218.123

CaRl,8iOg: Monoclinic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. ci', s% (H3-H3gg) /T =-(G3~H8gg)/T AgH® AgG° Log K¢
K Jemol~1.x"1 kJ-mol™l ——
298.15 164.97 141.00 0.00 141.00 -3306.3 -3129.6 548.27
300 165.63 142.02 1.02 141.00 -3306.3 -3128.5 544.70
400 194.10 193.89 46.01 147.88 -3306.9 -3069.0 400.77
500 212.57 239.32 77.59 161.73 ~-3306.0 -3009.7 314.41
600 225.29 279.27 101.21 178.06 -3304.3 -2950.5 256.86
700 234.43 314.72 119.62 195.10 -3302.4 -2891.7 215.78
800 241.23 346.49 134.42 212.07 -3301.3 -2833.1 184.98
900 246.45 375.22 146.59 228.63 -3299.5 -2774.7 161.04
1000 250.58 401.40 156.79 244.61 -3319.2 -2715.0 141.81
Melting T K Boiling T K
A H° kJ
A, H® kJ
Molar Vol. 6.357 J-bar’
H$og-H}Y 24.40 kJ 63.57 cm3
A= -3.303E+03 B= 5.877E-01 C= -1.73E+05

04/30/93



346 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

HEDENBERGITE Formula wt 248.092

CaFeSij,Og: Monoclinic crystals 298.15 to 1300 K. Decomposes at 1238 K.

FORMATION FROM THE ELEMENTS

Temp. g S§  (H$-H89g)/T -(G$-H3gg)/T AgH® Agce Log K¢

K Jemol~l.x"1 kJemol™l ——

298.15 175.30 174.20 0.00 174.20 -2839.9 -2676.3 468.86

300 175.94 175.29 1.08 174.20 -2839.9 -2675.2 465.79

400 201.95 229.81 48.35 181.46 -2839.3 -2620.4 342.18

$00 218.13 276.73 80.79 195.94 -2837.6 -2565.9 268.05

600 229.59 317.57 104.69 212.88 -2835.4 -2511.7 218.66

700 238.39 353.65 123.18 230.46 -2833.2 -2457.9 183.41

800 245.51 385.96 138.04 247.92 -2831.8 -2404.4 156.99

900 251.49 415.23 150.32 264.90 -2829.8 -2351.1 136.45
1000 256.67 442.00 160.71 281.29 -2828.6 -2298.0 120.03
1100 ' 261.25 466.68 169.64 297.04 -2828.4 -2244.9 106.60
1200 265.37 489.59 177.45 312.14 -2835.2 -2191.3 95.38
1300 269.13 510.99 184.36 326.63 -2831.6 -2137.6 85.90
Melting T K Boiling T , K

A H° xJ
AH® kJ
Molar Vol. 6.795 Jebar!
H3gg—HY 28.23 kJ 67.95 cm3
A= -2.830E+03 B= 5.328E-01 C= =4.43E+05

7/31/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 347

DIOPSIDE Formula wt 216.550

CaMgSij;Og: Monoclinic crystals 298.15 to incongruent melting point at 1668 K.

FORMATION FROM THE ELEMENTS

Temp. Cs S* (H%‘H&gs) /T "(G%-Hige) /T AfHo AfG° Log Kf

K Jemol~1l.x"1 : kJemol™l —

298.15 166.78 142.70 0.00 142.70 -3201.5 -3026.8 530.27
300 167.46 143.73 1.03 142.70 -3201.5 -3025.7 526.81
400 195.68 196.12 46.47 149.65 -3201.6 -2967.1 387.45
500 213.25 241.81 78.19 163.62 -3200.2 -2908.6 303.85
600 224.98 281.80 101.74 180.06 -3198.2 -2850.4 248.14
700 233.19 317.13 119.97 197.17 -3196.0 -2792.6 208.38
800 239.21 348.68 134.51 214.17 -3194.6 -2735.0 178.58
900 243.80 377.13 146.41 230.72 -3192.4 -2677.7 155.41
1000 247.47 403.02 156.34 246.68 -3199.1 -2619.9 136.85
1100 250.57 426.75 164.77 261.98 -3197.6 -2562.1 121.66
1200 253.33 448.67 172.03 276.64 -3204.0 -2503.8 108.98
1300 255.94 469.05 178.39 290.66 -3201.7 ~2445.5 98.26
1400 258.51 488.11 184.02 304.09 -3326.7 -2384.3 88.96
1500 261.16 506.04 189.07 316.97 =-3322.9 -2317.1 80.69
1600 263.96 522.98 193.67 329.32 -3319.0 -2250.2 73.46
Melting T 1668 K Boiling T K

A H° KJ
A H® 137.7 kJ
Molar Vol. 6.609 Jebar!
H8gg-HY 25.24 kJ 66.09 cm3
A= ~3,.213E+03 B= 5.949E-01 C= 9,377E+05

7/31/92



348 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

CaMgSi,O¢ GLASS Formula wt 216.550

CaMgSi,Og: Glass 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. cp s$ (H§-H39g) /T  -(G$-H3gg) /T AgH® AgGe Log Kg¢

K Jemol~1l.x"1 — kJemol™l —

298.15 168.31 166.00 0.00 166.00 -3156.1 -2988.3 523.53
300 168.93 167.04 1.04 166.00 -3156.1 -2987.3 520.12
400 196.43 219.69 46.69 172.99 ~3156.1 -2931.0 382.74
500 213.62 265.52 78.50 187.02 ~3154.7 -2874.9 300.33
600 224.44 305.50 101.99 203.51 -3152.7 -2819.1 245.42
700 232.22 340.70 120.06 220.65 -3150.5 -2763.7 206.22
800 239.22 372.17 134.51 237.65 -3149.2 -2708.4 176.84
900 247.01  400.78 146.57 254.21 -3146.8 -2653.5 154.00
1000 256.65 427.28 157.07 270.21 -3152.9 -2598.1 135.71
1100 268.92 452.30 166.66 285.63 -3150.1 -2542.7 120.74
1200 284.36  476.33 175.80 300.53 -3154.1 -2487.0 108.26
1300 303.39  499.82 184.86 314.96 -3147.9 -2431.7 97.71
1400 326.34 523.12 194.12 328.99 -3267.2 -2373.8 88.56
Melting T K Boiling T K

A H° kJ
A H® kJ
Molar Vol. 7.609 Jebar!
H3gg-H} 26.94 kJ 76.09 cm3
A= -3.152E+03 B= 5.546E-01 C= -1.44E+05

10/15/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 349

FERROSILITE Formula wt 131.931

FeSiO3: Orthorhombic crystals 298.15 to 800 K.

FORMATION FROM THE ELEMENTS

Temp. Ci') S% (H%"Hﬁga)/‘r ‘(G%‘Hige)/l‘ Afa° AfG° Log K¢
K Jemo1~1.x"1 kJemol~l ——
298.15 90.63 94.60 0.00 94.60 -1195.2 -1118.0 195.86
300 91.13 95.16 0.56 94.60 -1195.2 -1117.5 194.57
400 109.00 124.16 25.73 98.43 -1194.3 -1091.7 142.56
500 118.06 149.56 43.37 106.18 -1192.6 -1066.2 111.39
600 123.64 171.61 56.32 115.29 -1190.7 -1041.1 90.64
700 127.58 190.98 66.23 124.75 -1188.8 -1016.4 75.84
800 130.65 208.22 74.10 134.12 -1187.0 -991.9 64.76
Melting T K Boiling T K
Bogit® kI
A H® kJ
Molar Vol. 3.300 J-bar!
H$gg-HY xJ 33.00 cm?
A= -1.188E+03 B= 2.460E-01 C= -2.90E+05

05/07/93



350 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

a-SPODUMENE Formula wt 186.090

LiAlSi,O¢: Monoclinic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. cp 5% (H3-H39g) /T -(GH-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l —
298.15 158.93 129.30 0.00 129.30 -3053.5 -2880.2 504.59
300 159.48 130.28 0.98 129.30 -3053.5 -2879.2 501.29
400 184.73 179.81 43.93 135.88 -3054.5 -2820.8 368.36
500 203.25 223.13 74.03 149.09 -3057.3 -2762.1 288.55
600 217.12 261.47 96.78 164.69 -3056.3 -2703.2 235.33
700 227.78 295.77 114.76 181.01 ~3054.4 -2644.5 197.33
800 236.12 326.75 129.43 197.32 -3052.1 -2586.0 168.85
900 242.75 354.96 141.67 213.29 -3049.6 -2527.9 146.71
1000 248.07 380.82 152.08 228.77 -3057.4 -2469.4 128.98
1100 252.37 404.68 160.98 243.69 -3054.3 -2410.7 114.47
1200 255.84 426.79 168.75 258.04 -3050.9 -2352.3 102.39
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 5.837 J+bar’
H3gg-HY kJ 58.37 cm3
A= -3.054E+03 B= 5.849E-01 C= -5.34E+04

9/18/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

f-SPODUMENE

351

Formula wt 186.090

LiAlSi,0¢: Tetragonal crystals 298.15 to 1700 K.

Melting point is 1696 K.

FORMATION FROM THE ELEMENTS

Temp. c s$ (H3-H8gg) /T  -(G3-H3gg)/T AgH® AgGo Log Kg¢

K Jemol~1l.x"1 kJemol™l ——

298.15 162.77 154.40 0.00 154.40 -3025.3 -2859.5 500.96
300 163.37 155.41 1.01 154.40 -3025.3 -2858.5 497.69
400 189.58 206.27 45.11 161.16 -3025.8 -2802.7 365.99
500 207.34 250.60 75.88 174.71 -3028.2 -2746.7 286.94
600 220.36 289.60 98.93 190.68 -3026.8 -2690.5 234.23
700 230.39 324.36 117.02 207.34 -3024.7 -2634.7 196.60
800 238.41 355.66 131.71 223.95 -3022.1 -2579.1 168.40
900 244.98 384.14 143.94 240.19 -3019.3 -2523.9 146.48
1000 250.49 410.24 154.33 255.91 -3026.9 -2468.3 128.93
1100 255.18 434.34 163.29 271.05 -3023.5 -2412.6 114.56
1200 259.22 456.72 171.12 285.60 -3019.9 -2357.2 102.60
1300 262.74 477.61 178.03 299.58 -3016.0 -2302.1 92.50
1400 265.84 497.20 184.20 313.00 -3012.1 -2247.4 83.85
1500 268.58 515.63 189.73 325.90 -3008.0 -2192.9 76.36
1600 271.03 533.05 194.74 338.31 -3003.8 -2138.7 69.82
1700 273.23 549.55 199.29 350.25 -3245.1 -2076.7 63.81
Melting T 1696 K Boiling T K

A H° kI
A H®° kJ
Molar Vol. 7.825 J-bar!

H3gg-HY xJ 78.25 cm?

A= -3.023E+03 B= 5.543E-01 C= -2.00E+05

10/16/92



352 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

ENSTATITE Formula wt 100.389

MgSiO3: Orthorhombic crystals 298.15 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cp 8% (H3-H39g) /T -(G§-H3gg)/T AgHC AgGe Log K¢
K Jemol~1l.x~1 kJemol™l —
298.15 83.09 66.27 0.00 66.27 -1545.6 -1458.3 255.48
300 83.41 66.78 0.51 66.27 -1545.6 -1457.7 253.81
500 106.62 115.63 38.95 76.68 -1544.9 -1399.1 146.16
600 112.88 135.66 50.78 84.87 -1543.8 -1370.1 119.27
700 117.44 153.41 59.99 93.42 ~1542.5 -1341.2 100.08
800 121.10 169.34 67.41 101.93 =1541.1 -1312.6 85.70
900 124.39 183.80 73.56 110.24 -1539.6 -1284.1 74.52
1000 127.68 197.07 78.81 118.27 -1546.7 -1255.1 65.56
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 3.131 J-bar’
H39g-H} 11.99 kJ 31.31 cmd®
A= -1.542E+03 B= 2.869E-01 C= -1.78E+05

7/31/92



CLINOENSTATITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 353

Formula wt 100.389

MgSiog:

Crystals 298.15 to melting point at 1830 K.

FORMATION FROM THE ELEMENTS

Temp. CB S.i. (H%'Hige)/r '(G%-Higs)/r AfH" AfG° Log Kf
K Jemo1~1.x"1 kJ-mol™l —
298.15 82.12 67.86 0.00 67.86 -1545.0 -1458.1 255.45
300 82.34 68.37 0.51 67.86 -1545.0 -1457.6 253.78
400 93.04 93.59 22.36 71.23 -1545.3 -1428.4 186.52
500 101.20 115.27 37.35 77.92 -1545.1 -1399.2 146.17
600 107.42 134.29 48.53 85.76 -1544.6 =-1370.0 119.27
700 112.22 151.23 57.30 93.92 -1543.8 -1341.0 100.06
800 115.98 166.47 64.41 102.06 -1542.9 -1312.1 85.67
900 118.95 180.30 70.31 109.99 -1541.9 -1283.3 74.48
1000 121.32 192.96 75.30 117.67 -1549.6 -1253.9 65.49
1100 123.22 204.62 79.57 125.05 -1548.7 -1224.3 58.14
1200 124.73 215.41 83.27 132.13 -1547.7 -1194.9 §2.01
1300 125.93 225.44 86.51 138.93 -1546.7 -1165.5 46.83
1400 126.87 234.81 89.36 145.45 -1673.1 -1133.1 42.28
1500 127.60 243.59 91.89 151.70 -1670.8 -1094.6 38.12
1600 128.14 251.84 94.14 157.71 -1668.5 -1056.3 34.48
Melting T 1830 K Boiling T K
AHC k3
A H® 61.50 kJ
Molar Vol. 3.128 J-bar?
H3g9g-H} xJ 31.28 cm?

B= 3.088E-01 C= 1.138E+06

10/16/92



354

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MgSiO3~ILMENITE

Formula wt 100.389

MgSiO3: Ilmenite structure form stable only at high pressure 298.15 to 700 K.
FORMATION FROM THE ELEMENTS
Temp. ci‘, Si\ (H%-Hﬁgs)/'r -(G%-Higs)/'r AfH° AfGo Log Kf
K Jemol~l.x"1 kJ-mol™l —
298.15 102.64 60.40 0.00 60.40 -1486.6 -1397.5 244.83
300 102.63 61.03 0.63 60.40 -1486.6 -1397.0 243.23
400 104.92 90.77 26.33 64.44 -1485.4 -1367.3 178.54
500 109.92 114.69 42.52 72.17 -1484.2 -1337.9 139.77
600 115.98 135.26 54.25 81.01 -1482.8 -1308.8 113.94
700 122.55 153.62 63.53 90.09 -1481.0 -1279.9 95.51
Melting T K Boiling T K
A H° kJ
Molar Vol. 2.636 J-bar!
H3gg-H} kJ 26.36 cm?

A= -1.481E+03

B= 2.885E-01

C= -1.88E+05S

12/9/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

RHODONITE

355

Formula wt 131.022

MnSiO3: Triclinic crystals

298.15 to 1600 K. Melts incongruently at 1564 K.

FORMATION FROM THE ELEMENTS

Temp. C§ S% (H&’H&ge) /T -(G.°r-H§98) /T Afa" AfG° Log Kf

K Jemol~1l.x"1 kJ-mol™l ——

298.15 86.44 100.50 0.00 100.50 -1321.6 -1244.7 218.05
300 86.84 101.04 0.53 100.50 -1321.6 -1244.2 216.63
400 101.42 128.30 24.18 104.12 -1321.4 -1218.4 159.10
$00 108.73 151.79 40.43 111.37 -1320.6 -1192.7 124.60
600 113.29 172.04 52.21 119.83 -1319.8 -1167.2 101.61
700 116.61 189.77 61.19 128.58 -1318.9 -1141.9 85.21
800 119.31 205.52 68.29 137.23 -1318.0 -1116.6 72.91
900 121.67 219.71 74.09 145.62 -1317.2 -1091.5 63.35
1000 123.83 232.64 78.96 153.69 -1318.6 -1066.4 55.70
1100 125.87 244.54 83.13 161.41 -1317.8 -1041.3 49.44
1200 127.83 255.58 86.77 168.81 -1317.0 -1016.2 44.23
1300 129.75 265.89 90.01 175.88 -1316.1 -991.1 39.82
1400 131.63 275.57 92.91 182.66 -1317.4 -966.1 36.05
1500 133.50 284.72 95.56 189.16 -1318.9 -940.9 32.76
1600 135.35 293.39 97.99 195.41 -1330.5 -915.1 29.87
Melting T 1564 K Boiling T K

A H° kJ
A, HC kI
Molar Vol. 3.494 J-bar!

H39g-HY 14.55 kJ 34.94 cm®

A= -1.318E+03

B= 2.513E-01 C= -1.87E+05

4/5/93



356 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

JADEITE Formula wt 202.139

NaAlSi;Og: Monoclinic crystals 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. cg §%  (H3-H39g)/T ~-(G§-H3gg)/T AgH® AgG® Log K¢
K Jemol~1l.x"1 kJemol~l ——
298.15 159.92 133.50 0.00 133.50 -3029.3 -2850.6 499.40
300 160.62 134.49 0.99 133.50 -3029.3 -2849.5 496.13
400 188.41 184.89 44.71 140.19 -3033.0 -2789.1 364.22
500 205.31 228.88 75.25 153.63 -3032.7 -2728.2 285.01
600 217.07 267.41 97.96 169.45 -3031.6 -2667.4 232.21
700 225.96 301.57 115.64 185.93 -3029.9 -2606.8 194.52
800 233.06 332.22 129.89 202.33 -3027.8 -2546.5 166.27
900 238.96 360.02 141.69 218.33 -3025.6 -2486.5 144.31
1000 244.02 385.46 151.67 233.79 -3033.8 -2426.0 126.72
1100 . 248.44 408.93 160.27 248.66 -3031.1 -2365.3 112.32
1200 252.39 430.72 167.79 262.94 -3125.0 -2302.4 100.22
1300 255.96 451.07 174.44 276.63 -3121.1 -2234.0 89.76
Melting T K Boiling T K
B k3
Molar Vol. 6.040 J-bar’
H3gg-H}Y kJ 60.40 cm3
A= -3,.,039E+03 B= 6.146E-01 C= 4,.741E+05S

7/31/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 357

ACMITE Formula wt 231.004
NaFeSi,Og: Monoclinic crystals 298.15 to 1300 K.
FORMATION FROM THE ELEMENTS
Temp. cy S$  (H§-H3gg)/T ~-(G§-H3gg)/T AgH® AgG® Log K¢
K Jemol~1.x"1 kJ+mol™l ——
298.15 169.88 170.57 0.00 170.57 -2584.5 -2417.2 423.48
300 170.58 171.62 1.05 170.57 -2584.5 -2416.2 420.69
400 197.52 224.81 47.17 177.64 -2587.4 -2359.8 308.15
500 213.32 270.70 78.93 191.78 -2586.4 -2303.0 240.59
600 224.73 310.65 102.32 208.33 -2584.9 -2246.4 195.57
700 234.07 346.01 120.49 225.52 -2582.9 -2190.2 163.43
800 242.31 377.81 135.21 242.60 -2580.6 -2134.3 139.35
900 249.91 406.80 147.54 259.26 -2578.2 -2078.6 120.64
1000 257.10 433.50 158.13 275.37 -2576.2 -2023.2 105.68
1100 264.04 458.33 167.45 290.88 -2574.5 -1968.0 93.45
1200 270.80 481.60 175.78 305.82 ~-2668.5 -1910.5 83.16
1300 277.44 503.54 183.35 320.19 -2662.8 -1847.6 74.24
Melting T K Boiling T K
A He kI
A, H® kJ
Molar Vol. 6.460 J-bar’
H3gg-H} 26.94 kJ 64.60 cm3

A= -2.587E+03 B= 5.648E-01

C= 9.860E+04

7/31/92



358 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

TREMOLITE Formula wt 812.366
CajMggSig0y5(OH)5: Monoclinic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. c s$ (H}3-H39g) /T  -(G§-H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 — kJemol™l ——
298.15 655.44 548.90 0.00 548.90 -12303.0 -11574.6 2027.77
300 657.85 552.96 4.05 548.91 -12303.1 -11570.0 2014.47
400 774.71 759.08 182.86 576.22 -12304.7 -11325.2 1478.89
500 850.48 940.81 309.46 631.36 ~-12299.8 -11080.8 1157.59
600 895.82 1100.21 403.71 696.50 -12292.0 -10837.7 943.48
700 926.86 1240.73 476.31 764.42 -12283.0 -10596.1 790.67
800 956.04 1366.36 534.42 831.94 -12275.3 -10355.5 676.13
900 992.18 1480.95 583.18 897.77 -12265.0 -10116.1 587.11
1000 1041.58 1587.91 626.42 961.49 -12295.7 -9874.4 515.78
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 27.290 J-bar?
H3gg-HY 97.63 kJ 272.90 cm3

A= -]1.228E+04 B= 2.405E+00 C= ~1.24E+06

7/31/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 359

GRUNERITE Formula wt 1001.614

Fe;Sig0,5(OH)5: Monoclinic crystals 298.15 to 900 K.

FORMATION FROM THE ELEMENTS

Tp. CB s-i' (H&-Hﬁga) /T -(Gi'-aigs)/f Afﬂ’ AfGo Log Kf
K Jemol~1l.x"1 kJemol~l ——
298.15 681.08 725.00 0.00 725.00 -9623.0 -8964.8 1570.56
300 683.99 729.22 4.21 725.01 -9623.1 -8960.7 1560.17
400 798.99 943.37 189.94 753.43 -9622.2 -8739.9 1141.28
500 871.66 1129.92 319.42 810.50 -9616.4 -8519.9 890.05
600 927.67 1293.95 416.28 877.68 -9607.7 -8301.4 722.68
700 975.82 1440.64 492.84 947.80 -9597.4 -8084.5 603.26
800 1019.77 1573.85 555.99 1017.86 -9586.0 -7869.1 513.79
900 1061.29 1696.37 609.84 1086.53 -9574.5 -7655.1 444.28
Melting T K Boiling T K
A H kJ
A, B° kJ
Molar Vol. 27.870 Jebar®
H3gg-HJ xJ 278.70 cm3
A= ~-9,590E+03 B= 2.154E+00 C= -1.52E+06

9/18/92



360 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

ANTHOPHYLLITE Formula wt 780.820
Mg,8ig09,(0H)5: Monoclinic crystals 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. ¢ s% (H}-H3gg) /T =(G3-H3gg)/T AgH AgGe Log K¢
K Jemol~1l.x"1 kJ-mol~l —
298.15 664.02 534.50 0.00 §34.50 -12070.0 -11343.4 1987.26
300 667.12 538.62 4.10 534.51 -12070.1 -11338.8 1974.22
400 788.45 748.97 186.60 562.37 -12070.0 -11094.9 1448.81
500 859.43 933.12 314.60 618.53 -12063.8 -10851.7 1133.64
600 907.21 1094.29 409.61 684.68 -12054.7 -10610.1 923.67
700 942.29 1236.89 483.32 753.58 -12043.9 -10370.2 773.82
800 969.58 1364.57 542.46 822.11 -12032.2 -10131.9 661.53
900 991.72  1480.09 5§91.19 888.90 -12020.3 -9895.0 574.28
1000 1010.24 1585.56 632.19 953.37 -12068.5 -9654.6 504.29
1100 1026.11 1682.61 667.30 1015.31 -12057.1 -9413.7 447.01
1200 1039.97 1772.50 697.79 1074.71 -12045.0 -9174.0 399.32
Melting T K Boiling T K
A H® kJ
A H® kJ
Molar Vol. 26.540 J-bar’
H3gg-HE 96.78 kJ 265.40 cm®

A= -1.204E+04

B= 2.389E+00

C= -1,29E+06

4/5/93



GLAUCOPHANE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 361

Formula wt 783.543

Na2Mg3A12518022(0H)2=

Monoclinic crystals 298.15 to 1200 K.

FORMATION FROM THE ELEMENTS

Temp. Cﬁ S% (H%-Higa)/T —(G%-Higa)/T Afﬁo AfG° Log Kf
K Jemol~1.x"1 kJ-mol™l ——
298.15 645.48 541.20 0.00 541.20 -11964.0 -11230.8 1967.54
300 647.73 545.20 3.99 541.21 -11964.1 -11226.2 1954.61
400 750.28 746.42 178.46 567.95 -11973.3 -10979.0 1433.68
500 823.97 922.19 300.59 621.60 -11971.7 -10730.6 1120.99
600 878.30 1077.46 392.56 684.89 -11966.2 -10482.8 912.59
700 919.33 1216.07 465.02 751.05 -11958.0 -10236.2 763.82
800 950.88 1340.98 523.86 817.12 -11948.3 -9990.9 652.32
900 975.41 1454.45 572.73 881.73 =-11937.7 -9746.8 565.68
1000 994.60 1558.26 613.99 944.26 -11973.7 -9500.4 496.24
1100 1009.62 1653.79 649.31 1004.48 -11962.3 -9253.5 439.40
1200 1021.32 1742.16 679.84 1062.32 -12144.0 -9003.0 391.88
Melting T K Boiling T K
BogH® k3
A H® kJ
Molar Vol. 26.210 J-bar’
H$gg-H} 95.62 kJ 262.10 cm3

A= -1.196E+04

B= 2.462E+00 C= -4.11E+05

8/5/92



362 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES
ANORTHITE FPormula wt 278.207
CaAl,SijOg: Triclinic (Pi) crystals 298.15 to 510 K: triclinic (Ii) crystals 510 to melting
point 1830 K.
FORMATION FROM THE ELEMENTS
Temp. ci, S% (H3-H39g) /T  -(G3-H3gg)/T AgH® AgG° Log K¢
K Jemol~1l.x"1 kJemol™l —
298.15 211.34 199.30 0.00 199.30 -4234.0 -4007.9 702.15
300 212.23 200.61 1.31 199.30 -4234.0 -4006.5 697.57
400 248.25 267.09 58.96 208.12 ~4234.6 -3930.5 513.25
500 270.17 325.01 99.17 225.84 -4233.4 -3854.5 402.67
600 285.13 375.67 128.98 246.68 -4231.4 -3778.9 328.98
700 296.26 420.49 152.12 268.37 -4229.1 -3703.7 276.37
800 305.17 460.65 170.71 289.94 -4227.5 -3628.7 236.93
900 312.78 497.04 186.08 310.96 -4225.2 -3554.0 206.27
1000 319.67 530.36 199.10 331.26 -4244.3 -3478.1 181.67
1100 326.21 .561.13 210.36 350.78 -4241.8 -3401.6 161.52
1200 332,67 589.80 220.28 369.51 -4246.9 -3324.7 144.72
1300 339.23 616.68 229.18 387.50 -4243.0 -3248.0 130.50
1400 346.03 642.07 237.28 404.79 -4238.6 -3171.7 118.33
1500 353.18 666.18 244.77 421.42 -4233.8 -3095.6 107.79
1600 360.75 689.22 251.78 437.44 -4228.4 ~3019.9 98.59
1700 368.81 711.33 258.42 452.90 -4322.7 -2943.6 90.44
1800 377.41 732.65 264.79 467.86 -4464.2 -2860.5 83.01
Melting T 1830 K Boiling T K
A H° kI
A H® 133.0 kJ
Molar Vol. 10.079 J-bar!
H$gg~Hg 33.33 kJ 100.79 cm3

A= -4.240E+03

B= 7.634E-01

C= 4.945E+05

7/30/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 363

Formula wt 278.207

CaRAl,Si,0Og: Glass 298.15 to 1500 K.
FORMATION FROM THE ELEMENTS

Temp. cy s (H§-H39g) /T  -(G§-H3gg) /T AgH® AgG® Log K¢

K Jemol~1.x"1 kJemol™l ——

298.15 210.65  237.30 0.00 237.30 -4163.2 -3948.4 691.73
300 211.54  238.61 1.30 237.30 -4163.2 -3947.1 687.23
400 247.44  304.86 58.76 246.09 -4163.9 -3874.9 505.99
500 269.96  362.65 98.89 263.76 -4162.7 -3802.7 397.26
600 286.17  413.37 128.82 284.55 -4160.7 -3730.9 324.79
700 298.89  458.48  152.24 306.24 -4158.2 -3659.4 273.06
800 309.44  499.09  171.25 327.85 -4156.3 -3588.3 234.28
900 318.53  536.08  187.12 348.96 -4153.5 -3517.4 204.14
1000 326.59  570.06  200.67 369.39 -4171.9 -3445.4 179.97
1100 333.90  601.54  212.45 389.08 -4168.7 -3372.9 160.16
1200 340.62 630.88  222.86 408.03 -4173.0 -3300.1 143.65
1300 346.89  658.40  232.16 426.24 -4168.3 -3227.5 129.68
1400 352.80  684.33  240.57 443.76 -4163.2 -3155.4 117.73
1500 358.41  708.86  248.24 460.62 -4157.8 -3083.6 107.38
Melting T K Boiling T K

b A k3
A H® xJ )
Molar Vol. 10.30 J-bar’
H3gg-HJ 33.15 kJ 103.0 cm3
A= -4.164E+03 B= 7.199E-01 C= 1.207E+05

9/16/92



364 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

BICCHULITE Formula wt 292.216
CajAly8i0g(OH)5:  Cubic crystals 298.15 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. cp s$ (H}-H39g) /T -(G3~H8gg)/T AgHC AgGe Log K¢

K Jemo1~1l.x"1 — kJemol™l —

298.15 240.87 213.10 0.00 213.10 -4341.2 -4073.0 713.56

300 241.81 214.59 1.49 213.10 -4341.2 -4071.4 708.87

400 277.62 289.63 66.54 223.09 -4342.2 -3981.2 519.88

500 298.60 353.99 111.00 243.00 -4341.6 -3891.0 406.48

600 313.75 409.83 143.58 266.25 -4340.3 -3801.0 330.90

700 326.14 459.15 168.80 290.36 -4338.6 -3711.3 276.93

800 337.06 503.43 189.16 314.27 -4338.6 ~3621.5 236.46
900 347.12 543.71 206.16 337.56 -4336.9 -3532.0 204.99
1000 356.66 580.78 220.73 360.05 -4356.6 -3441.2 179.74
1100 365.85 615.21 233.51 381.70 -4354.8 -3349.7 159.06
1200 374.80 647.43 244.91 402.52 -4368.4 -3257.2 141.78
1300 383.59 677.78 255.24 422.53 -4364.0 ~3164.7 127.16
1400 392.26 706.52 264.72 441.80 -4359.1 -3072.7 114.64
1500 400.84 733.88 273.51 460.37 -4353.3 -2981.0 103.80
1600 409.35 760.02 281.73 478.29 -4347.0 -2889.7 94.34
1700 417.80 785.09 289.49 495.60 -4390.2 -2798.3 85.98
1800 426.22 809.21 296.85 512.36 -4679.6 -2700.6 78.37
Melting T K Boiling T K

A H° k3
A H° kJ
Molar Vol. 10.368 J-bar’

H3gg-H} kJ 103.68 cm?

A= ~4.356E+03 B= 9.167E-01

C= 9.910E+05

7/30/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 365

MEIONITE (Al/Si ORDERED) Formula wt 934.709

CayAlgSig0,4C03: Tetragonal crystals 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. cp S%  (H§-H3gg)/T ~(G§-H3gg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJmol™l ——
298.15 709.51 715.20 0.00 715.20 -13881.4 -13131.8 2300.58
300 713.05 719.60 4.39 715.21 -13881.5 -13127.1 2285.58
400 844.29 945.01 199.95 745.06 -13882.2 -12875.3 1681.30
500 915.47 1141.70 336.51 805.18 -13877.0 -12624.1 1318.80
600 963.02 1313.04 437.18 875.86 -13869.8 -12374.1 1077.24
700 999.41 1464.33 514.99 949.33 -13861.6 -12125.5 904.80
800 1029.84 1599.81 577.49 1022.32 -13856.8 -11877.6 775.51
900 1056.82 1722.70 629.28 1093.42 -13848.8 -11630.7 675.01
1000 1081.65 1835.34 673.29 1162.05 -13905.1 -11380.3 594.43
1100 1105.08 1939.54 711.49 1228.06 -13896.8 -11128.1 528.42
1200 1127.55 2036.67 745.23 1291.44 -13919.2 -10874.3 473.33
Melting T K Boiling T K
A H° kJ
A H° kJ
Molar Vol. 34.036 Jebar?
H3g9g-H} kJ 340.36 cm?

A= -1.387E+04

B= 2.495E+00

C= -2.94E+0S

7/30/92



366

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

MICROCLINE Formula wt 278.332
KAlSijOg: Triclinic crystals 298.15 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. c; S.i. (H%"Higa)/T -(G%‘Higa)/'f AfH° AfG° Log Kf
K Jemol~1l.x"1 kJmol™l ——
298.15 202.13 214.20 0.00 214.20 -3974.6 -3749.3 656.84
300 202.85 215.45 1.25 214.20 -3974.7 -3747.9 652.54
400 236.27 278.64 56.05 222.59 -3978.8 -3671.5 479.44
500 259.96 334.06 94.60 239.46 -3978.7 -3594.6 375.52
600 276.64 383.02 123.63 259.39 -3977.4 -3517.9 306.25
700 288.65 426.62 146.39 280.22 -3975.3 -3441.5 256.80
800 297.58 465.77 164.76 301.01 -3972.8 -3365.4 219.73
900 304.51 501.23 179.91 321.32 -3970.2 -3289.6 190.92
1000 310.21 533.62 192.67 340.95 -3978.0 -3213.4 167.85
1100 315.20 563.42 203.58 359.84 -4054.0 -3132.5 148.74
1200 319.89 591.05 213.08 377.97 -4049.7 -3048.9 132.71
1300 324.56 616.84 221.48 395.37 -4045.3 -2965.7 119.16
1400 329.45 641.07 229.01 412.06 -4040.7 -2882.8 107.56
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 10.872 J-bar!
H3gg-H} 33.99 kJ 108.72 cm3
A= -4.002E+03 B= 7.941E-01 C= 1.562E+06

7/30/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 367

SANIDINE Formula wt 278.332
KAlSi3Og: Monoclinic crystals 298.15 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. cp 5% (H3-H89g) /T —(G$-H3gg)/T AgH® Agce Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 204.55 232.80 0.00 232.80 -3965.6 -3745.8 656.23
300 205.29 234.07 1.26 232.80 -3965.6 -3744.4 651.95
400 238,98 298.03 56.74 241.30 -3969.5 -3670.0 479.24
500 262.28 354.02 95.66 258.36 -3969.2 -3595.1 375.57
600 278.65 403.37 124.87 278.50 -3967.7 -3520.4 306.47
700 290.48 447.26 147.73 299.54 -3965.4 -3446.0 257.14
800 299.30 486.65 166.15 320.51 -3962.7 -3372.0 220.16
900 306.15 522.32 181.34 340.98 -3959.9 -3298.3 191.42
1000 311.72 554.87 194.11 360.76 -3967.6 -3224.2 168.41
1100 316.51 584.81 205.02 379.79 -4043.4 -3145.4 149.36
1200 320.85 612.54 214.49 398.04 -4039.0 -3064.0 133.37
1300 325.03 638.39 222.84 415.55 -4034.5 -2982.9 119.85
1400 329.24 662.63 230.29 432.34 -4029.9 -2902.2 108.28
Melting T 1473 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 10.905 J-bar’
H3gg-H§ 34.02 kJ 109.05 cm3

C= 1.497E+06

5/12/93



368 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

KA1S8i30g-GLASS Formula wt 278.332

KAlSi308: Glass 298.15 to 1300 K.

FORMATION FROM THE ELEMENTS

Temp. cp s% (H}3-H39g) /T -(G3~H3gg)/T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™l ——
298.15 209.41 261.60 0.00 261.60 -3920.8 -3709.6 649.89
300 210.18 262.90 1.29 261.60 -3920.8 -3708.3 645.65
400 244.32 328.36 58.06 270.30 -3924.2 -3636.8 474.90
500 267.66  385.54 97.79 287.75 -3923.3 -3565.0 372.42
600 283.99 435.87 127.54 308.33 -3921.3 -3493.5 304.13
700 295.65 480.57 150.77 329.81 -3918.5 -3422.4 255.38
800 304.11 520.63 169.43 351.20 -3915.3 -3351.7 218.84
900 310.30 556.83 184.76 372.07 -3912.0 -3281.5 190.45
1000 314.88 589.77 197.55 392.22 -3919.3 -3210.9 167.72
1100 318.26 619.95 208.38 411.57 -3994.9 -3135.6 148.89
1200 320.78 647.75 217.65 430.11 -3990.4 -3057.7 133.09
1300 322.67 673.51 225.66 447.85 -3986.0 -2980.1 119.74
Melting T K Boiling T K
A H® kJ
Molar Vol. 11.650 J-bar’
H$gg-HJ 34.88 kJ 116.50 cm3
A= -3.937E+03 B= 7.307E-01 C= 9.138E+05

9/16/92



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

KALIOPHILLITE (KALSILITE)

369

Formula wt 158.163

KAlSiO,: Hexagonal crystals 298.15 to 810 K. High kaliophillite 810 to 1800 K.
FORMATION FROM THE ELEMENTS

Temp. CB S% (H%-Hﬁgs)/'.l‘ —(G%-Hﬁgs)/'r AfH° AfGo Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 119.70 133.26 0.00 133.26 -2124.7 -2008.8 351.92
300 120.07 134.00 0.74 133.26 -2124.7 -2008.1 349.62
400 137.03 170.98 32.79 138.19 -2127.9 -1968.6 257.06
500 150.35 203.04 55.02 148.02 -2127.6 -1928.8 201.49
600 161.63 231.47 71.87 159.61 -2126.5 -1889.1 164.46
700 171.63 257.15 85.42 171.74 -2124.6 -1849.7 138.02
800 180.76 280.68 96.77 183.90 -2122.1 -1810.5 118.21
900 177.65 303.87 106.26 197.61 -2119.4 -1773.3 102.92
1000 177.65 322.58 113.39 209.19 -2128.1 -1734.2 90.59
1100 177.65 339.52 119.23 220.29 -2205.2 -1690.3 80.27
1200 177.65 354.97 124.10 230.87 -2202.5 -1643.6 71.54
1300 177.65 369.19 128.22 240.97 -2199.9 -1597.2 64.17
1400 177.65 382.36 131.75 250.61 -2197.4 -1550.9 57.87
1500 177.65 394.61 134.81 259.80 -2195.0 -1504.8 52.40
1600 177.65 406.08 137.49 268.59 -2192.7 -1458.9 47.63
1700 177.65 416.85 139.85 277.00 -2240.7 -1412.6 43.40
1800 177.65 427.00 141.95 285.05 -2238.3 -1364.0 39.58
Melting T K Boiling T K

A H° k3
A H® kJ
Molar Vol. 5.959 Jebar’

H3987H3 kJ 59.89 cm3

A= =2.170E+03

B= 4.426E-01

C= 2.954E+06

1/12/94



370 THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

LEUCITE Formula wt 218.247

KAl18i,0g: Tetragonal crystals 298.15 to 955 K. Cubic crystals 955 to melting point 1959 K.

FORMATION FROM THE ELEMENTS

Temp. CE, Si- (H%-Hﬁga) /T - (G%‘Higa ) /T AfH° AfG° Log Kf

K Jemol~1l.x"1 kJemol™l ——

298.15 164.11 200.20 0.00 200.20 -3037.8 -2875.1 503.69

300 164.65 201.22 1.01 200.20 -3037.8 ~-2874.0 500.40

400 188.61 252.08 45.11 206.98 -3041.2 -2818.8 368.09

500 206.91 296.20 75.69 220.50 -3040.9 -2763.2 288.67

600 222.99 335.36 98.92 236.44 -3039.4 -2707.8 235.73

700 238.01 370.87 117.73 253.15 -3036.8 -2652.8 197.95

800 252.48 403.61 133.67 269.93 -3033.3 -2598.1 169.63

900 266.62 434.16 147.66 286.50 -3028.8 -2544.0 147.64
1000 236.40 462.95 160.23 302.72 -3034.0 -2489.6 130.04
1100 237.04 484.04 165.82 318.22 -3112.9 -2430.5 115.41
1200 238.18 504.71 171.80 332.91 -3110.4 -2368.6 103.10
1300 239.69 523.83 176.96 346.87 -3108.0 -2306.9 92.69
1400 241.46 541.66 181.51 360.15 -3105.6 -2245.4 83.77
1500 243.42 558.39 185.57 372.82 -3103.2 -2184.0 76.05
1600 245.53 574.16 189.25 384.91 -3100.8 -2122.8 69.30
1700 247.74 589.11 192.62 396.49 -3198.6 -2060.8 63.32
1800 250.08 603.34 195.75 407.59 -3195.6 -1994.0 57.86
Melting T 1959 K Boiling T K

A H° kI
A H® kJ
Molar Vol. 8.827 J-bar?
H3gg-H} xJ 88.27 cm3
A= -3.082E+03 B= 5.979E-01 C= 2,833E+06

1/12/94



THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES

371

EUCRYPTITE Formula wt 126.006
LiAlSiOs: a-eucryptite 298.15 to 1300 K. B-eucryptite 1300 to 1600 K.
FORMATION FROM THE ELEMENTS
Temp. CB S} (H*-Higs)/'r -(G.°1.-H§98)/T AfH° AfG' Log K¢
K Jemol~1.x"1 kJ-mol™l ——
298.15 113.30 103.80 0.00 103.80 -2123.3 -2009.2 352.00
300 113.85 104.50 0.70 103.80 -2123.3 -2008.5 349.70
400 136.04 140.59 32.02 108.57 -2123.9 -1970.1 257.26
500 149.80 172.53 54.29 118.24 -2126.5 -1931.4 201.76
600 159.40 200.73 71.05 129.68 -2125.4 ~-1892.4 164.75
700 166.58 225.87 84.21 141.66 -2123.9 -1853.7 138.32
800 172.22 248.49 94.87 153.62 -2122.0 -1815.2 118.52
900 176.81 269.05 103.73 165.32 -2119.9 -1777.0 103.13
1000 180.63 287.88 111.23 176.65 -2128.4 -1738.3 90.80
1100 183.88 305.26 117.69 187.56 -2125.9 -1699.4 80.70
1200 186.69 321.38 123.33 198.05 -2123.2 -1660.7 72.29
1300 189.16 336.42 128.30 208.12 -2120.3 -1622.3 65.18
1400 191.34 350.52 132.73 217.80 -2117.4 -1584.2 59.10
1500 193.29 363.79 136.70 227.09 -2114.3 -1546.2 53.84
1600 195.05 376.32 140.29 236.03 -2111.1 -1508.4 49.24
Melting T 1670 K Boiling T K
AHe xJ
A, H® kJ
Molar Vol. 5.363 J-bar!
H3gg-H kJ 53.63 cm?

A= -2.123E+03 B= 3.846E-01

C= -1.10E+05

9/16/92
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PETALITE Formula wt 306.259

LiAl8is 0193 Monoclinic crystals 298.15 to 1300 K. Petalite decomposes above about 1100 K.

FORMATION FROM THE ELEMENTS

Temp. Ci’, S.i. (H§-H598) /T -(G%-Higs) /T AfH° AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l ——
298.15 245.30 233.20 0.00 233.20 -4886.5 -4610.7 807.75
300 246.32 234.72 1.52 233.20 -4886.6 -4608.9 802.47
400 292.33 312.31 68.84 243.47 -4887.9 -4516.1 589.73
500 323.66 381.13 116.87 264.26 -4889.9 -4422.9 462.05
600 345.43 442.18 153.25 288.92 -4887.5 -4329.8 376.93
700 360.93 496.65 181.87 314.78 -4884.0 -4237.1 316.17
800 372.26 545.63 205.00 340.63 -4879.9 -4144.9 270.63
900 380.77 589.99 224.08 365.91 -4875.5 -4053.3 235.24
1000 387.40 630.46 240.09 390.37 -4881.6 -3961.5 206.92
1100 392.77 667.64 253.73 413.91 -4876.8 -3869.7 183.75
1200 397.36 702.02 265.52 436.50 -4871.9 -3778.3 164.46
1300 401.52 733.99 275.82 458.17 -4866.9 -3687.4 148.16
Melting T K Boiling T K
Avqtlo kJ
A H® kJ
Molar Vol. 12.840 J-bar!
H8gg-HJ 38.31 kJ 128.40 cm3
A= -4 .879E+03 B= 9.174E-01 C= -5.17E+05

8/7/92
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ALBITE Formula wt 262.223
NaAlSijOg: Triclinic crystals 298.15 to 1400 K.
FORMATION FROM THE ELEMENTS
Temp. Ci’, S% (H%-Higa)/l‘ -(G%‘Hﬁgs) /T AfH" AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l ——
298.15 205.07 207.40 0.00 207.40 -3935.0 -3711.6 650.24
300 205.84 208.67 1.27 207.40 -3935.0 -3710.2 645.98
400 239.68 272.86 56.93 215.93 -3939.0 -3634.8 474.64
500 262.58 328.96 95.91 233.05 -3938.6 -3558.7 371.77
600 278.77 378.34 125.11 253.23 -3937.1 -3482.9 303.20
700 290.66 422.25 147.95 274.30 -3934.7 -3407.4 254.26
800 299.66 461.68 166.38 295.30 ~-3931.9 -3332.2 217.57
900 306.68 497.39 181.59 315.80 -3929.0 -3257.4 189.05
1000 312.30 530.01 194.39 335.61 -3936.5 -3182.2 166.22
1100 316.95 560.00 205.33 354.67 -3933.1 -3107.0 147.53
1200 320.92 587.75 214.80 372.95 -4026.3 -3029.6 131.87
1300 324.41 613.58 223.10 390.48 -4021.9 -2946.7 118.40
1400 327.61 637.74 230.45 407.28 -4017.4 -2864.2 106.86
Melting T K Boiling T K
A H° kJ
Molar Vol. 10.007 J-+bar’
H3gg-H} 33.45 kJ 100.07 cm3
A= -3.949E+03 B= 7.694E-01 C= 7.970E+05

8/7/92
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ANALBITE Formula wt 262.223

NaAlSijOg: Triclinic crystals 298.15 to 1400 K.

FORMATION FROM THE ELEMENTS

Temp. cg Sio (H%"Hsga) /T -(G%-Higs) /T A£H° AfGo Log Kf
K Jemol~1l.x-1 — kJemol™l —
298.15 204.81  225.60 0.00 225.60 -3923.6 -3705.6 649.19
300 205.57  226.87 1.27 225.60 -3923.6 -3704.2 644.95
400 239.71  290.99 56.87 234.11 -3927.6 -3630.6 474.10
500 263.29  347.17 95.94 251.23 -3927.2 -3556.4 371.53
600 279.83  396.72  125.29 271.43 -3925.5 -3482.4 303.16
700 291.73  440.80  148.26 292.54 -3923.1 -3408.7 254.36
800 300.49  480.35  166.77 313.58 -3920.2 -3335.4 217.78
900 307.13  516.15  182.01 334.13 -3917.2 -3262.5 189.35
1000 312.30 548.78  194.79 353.99 -3924.7 -3189.2 166.58
1100 '316.50  578.75  205.67 373.08 -3921.3 -3115.8 147.95
1200 320.06  606.45  215.06 391.39 -4014.6 -3040.3 132.34
1300 323.25  632.19  223.26 408.93 -4010.3 -2959.3 118.90
1400 326.24  656.26  230.51 425.75 -4005.9 -2878.6 107.40
Melting T 1391 K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 10.043 J-bar’!
H$ gg~HY 33.42 kJ 100.43 cm?
A= -3.937E+03 B= 7.507E-01 C= 7.781E+05

8/7/92



NaA1Si;0g-GLASS

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 375

Formula wt 262.223

NaRlSi;Og: Glass 298.15 to 1200 K.
FORMATION FROM THE ELEMENTS
Temp. c; S§  (H}-H39g)/T -(G$-H3gg)/T AgHO AgG° Log K¢
K Jemol~1.x"1 kJ'mol™l ——
298.15 209.90  251.90 0.00 251.90 -3875.5 -3665.3 642.14
300 210.68  253.20 1.30 251.90 -3875.5 -3664.0 637.95
400 246.12  318.98 58.35 260.63 -3878.9 -3593.1 469.21
500 270.03  376.65 98.45 278.19 -3877.8 -3521.8 367.91
600 286.40  427.42  128.49 298.92 -3875.5 -3450.8 300.41
700 298.28  472.50  151.94 320.56 -3872.4 -3380.3 252.23
800 307.73  512.96  170.84 342.12 -3868.9 -3310.2 216.13
900 316.09  549.70  186.52 363.18 -3865.0 -3240.6 188.07
1000 324.30  583.42  199.89 383.54 -3871.5 -3170.7 165.61
1100 333.04  614.74  211.59 403.15 -3866.7 -3100.8 147.24
1200 342.78  644.12  222.11 422.02 -3958.1 -3029.0 131.84
Melting T K Boiling T K
B k3
A HC kJ
Molar Vol.  11.010 J-bar’
H8gg-HY 34.17 kJ 110.10 cm3

A= -3.871E+03

B= 7.012E-01 C= -3.14E+05

12/9/92
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NEPHELINE

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 142.054

NaAlSiO,: Orthorhombic(?) crystals 298.15 to 467
Orthorhombic crystals 1180 to 1521 K.

NaAlsio4 between 1521 and 1799 K.

K. Hexagonal crystals 467 to 1180 K.
Carnegieite is the stable phase of

FORMATION FROM THE ELEMENTS

Temp. c3 s$ (H3-H3gg) /T  -(G$-H3gg) /T AgH® AgGe Log K¢
K Jemol~l.x"1 kJemol™1l ——
298.15 115.81 124.35 0.00 124.35 -2090.4 -1975.8 346.14
300 116.36 125.12 0.72 124.40 -2090.4 -1975.0 343.88
400 145.90 161.59 32.37 129.22 -2093.5 -1936.3 252.84
500 145.64 196.36 52.55 143.81 -2094.7 -1899.3 198.41
600 152.36 223.80 72.66 151.14 -2091.8 -1858.0 161.75
700 159.07 247.82 84.58 163.24 -2091.0 -1819.0 135.73
800 165.78 269.33 94.14 175.19 -2089.9 -1780.3 116.24
900 172.49 288.91 102.13 186.77 -2088.7 -1741.6 101.08
1000 179.20 306.86 108.99 197.86 -2098.0 -1702.4 88.92
1100 185.91 324.09 115.51 208.58 -2095.7 -1662.9 78.96
1200 178.62 341.12 122.21 218.92 -2188.8 -1621.3 70.57
1300 179.18 355.47 126.58 228.89 -2186.0 -1574.1 63.25
1400 179.73 368.78 130.36 238.42 -2183.4 -1527.2 56.98
1500 180.28 381.20 133.66 247.54 -2180.7 -1480.4 51.55
Melting T K Boiling T K
AH® kI
A H® kJ
Molar Vol. 5.419 J-bar!
H3gg-H} kJ 54.19 cm’

A= -2.118E+03 B= 4.188E-01

C= 1.718E+06

8/17/92



CARNEGIEITE

THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 377

Formula wt 142.054

NaAlSiO,:

Triclinic crystals 298.15 to 966 K; cubic crystals 966 to melting point 1799 K.

FORMATION FROM THE ELEMENTS

Temp. 3 s (H}-H3gg) /T  -(G§-H3gg)/T AgH® AgG® Log K¢

K Jemo1~1.x"1 kJemol™l ——

298.15 119.26 118.70 0.00 118.70 -2089.3 -1973.0 345.65

300 119.69 119.44 0.74 118.70 -2089.3 -1972.2 343.39
400 138.01 156.58 32.94 123.64 -2092.5 -1932.9 252.41

500 151.11 188.84 55.31 133.53 -2092.2 -1893.0 197.76

600 162.14 217.39 72.22 145.17 -2091.0 -1853.3 161.34

700 172.21 243.15 85.79 157.36 -2089.0 -1813.8 135.35
800 181.77 266.77 97.19 169.58 -2086.4 -1774.7 115.87
900 191.02 288.71 107.11 181.60 -2083.1 -1735.9 100.75
1000 181.15 317.40 123.78 193.62 -2082.1 -1697.0 88.64
1100 184.03 334.80 129.13 205.67 -2079.6 -1658.6 78.76
1200 186.92 350.94 133.82 - 217.12 -2173.7 -1618.1 70.43
1300 189.80 366.01 138.02 227.99 -2170.0 -1571.9 63.16
1400 192.68 380.18 141.82 238.36 -2166.2 -1526.0 56.94
1500 195.57 393.57 145.31 248.26 -2162.1 -1480.4 51.55
1600 198.45 406.29 148.54 257.75 -2157.9 -1435.1 46.85
1700 201.33 418.40 151.56 266.84 -2203.7 -1389.6 42.70
1800 204.21 429.99 154.40 275.59 -2198.8 -1341.9 38.94
Melting T 1799 K Boiling T K

A H° kI
A H® 21.7 kJ
Molar Vol. 5.603 J-bar!
H8gg-HY 19.45 kJ 56.03 cm?
A= -2.122E+03 B= 4.276E-01 C= 2.200E+06

1/12/94
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NaAlSi04-GLASS

Formula wt 142.054

NaAlsSiO,: Glass-liquid 298.15 to glass transition 1000 K.

FORMATION FROM THE ELEMENTS

Temp. Cf, S.i. (Hi-aigs)/r -(G%-Higs)/r AfH° AfG" Log Kf
K Jemol~1l.x"1 kJemol™l —
298.15 121.03 134.50 0.00 134.50 -2089.0 -1977.4 346.42
300 121.47 135.25 0.75 134.50 -2089.0 -1976.7 344.17
400 140.22 172.98 33.46 139.52 -2092.0 -1939.0 253.20
500 152.09 205.64 56.09 149.55 -2091.5 -1900.7 198.56
600 159.90 234.11 72.78 161.33 -2090.3 -1862.7 162.16
700 165.10 259.17 85.62 173.55 -2088.8 -1824.9 136.17
800 168.50 281.46 95.79 185.67 -2087.2 -1787.2 116.69
900 170.60 301.44 103.99 197.45 -2085.7 -1749.8 101.56
1000 171.73 319.48 110.72 208.76 -2094.9 -1711.9 89.42
Melting T K Boiling T K
BHe kI
A H® kJ
Molar Vol. 5.686 Jebar!
H39g-HJ 19.99 kJ 56.86 cm3

A= -2.089E+03 B= 3.771E-01 C= ~9.27E+04

9/16/92
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ANALCIME Formula wt 220.154
NaAlSij;Og°HyO: Cubic crystals 298.15 to 800 K. Analcime starts to lose H,O above 500 K.
FORMATION FROM THE ELEMENTS
Temp. cg %  (H$-H39g)/T ~(G$-H3gg)/T AgHe AgGe Log K¢
K Jemol~l.x"1 kJemol™l ——
298.15 212.23 227.70 0.00 227.70 -3310.1 =3090.0 541.33
300 212.68 229.01 1.31 227.70 =-3310.1 -3088.6 537.76
400 237.19 293.54 57.20 236.34 =3313.3 -3014.4 393.63
500 262.19 349.14 95.69 253.45 -3312.2 -2939.8 307.11
600 287.38 399.17 125.54 273.63 -3309.3 -2865.5 249.46
700 312.66 445.37 150.47 294.90 -3304.3 =2792.0 208.33
800 337.99 488.77 172.32 316.45 =3297.3 -2719.2 177.54
Melting T K Boiling T K
Ao H° xJ
A, H° kJ
Molar Vol. 9.680 J-bar’
H3gg-HJ 35.74 kJ 96.80 cm3

A= -3.306E+03

B= 7.344E-01

5/12/93
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DEHYDRATED ANALCIME

Formula wt 202.139

NaAlS8ij;Og: Cubic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. CE, S{. (H%-Higs)/"r -(G%-Higa)/'f AfHo AfG° Log Kf
K Jemol~1l.x"1 — kJemol™l —
298.15 163.05 172.50 0.00 172.50 -2983.1 -2816.0 493.35
300 163.85 173.51 1.01 172.50 -2983.1 -2815.0 490.12
400 194.89 225.37 46.01 179.36 -2986.3 -2758.6 360.23
500 213,59 271.00 - 77.77 193.23 -2985.3 -2701.8 282.25
600 227.43 311.21 101.60 209.61 -2983.2 -2645.3 230.29
700 238.99 347.16 120.42 226.74 -2980.3 -2589.2 193.20
800 249.32 379.76 135.90 243.86 -2976.8 -2533.5 165.42
900 258.94 409.68 149.04 260.64 -2972.8 -2478.3 143.84
1000 268.12 437.44 160.49 276.95 -2978.8 -2422.9 126.56
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. Jebar
H§98-H6 27.18 kJ cnl

A= -2.978E+03 B= 5.560E-01

C= -3.36E+05

5/12/93
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DICKITE Formula wt 258.160
Al;8i505(0OH)5: Triclinic crystals 298.15 to 900 K
FORMATION FROM THE ELEMENTS
Temp. CB S§ (H%-Higa)/'r ‘(G-or-ﬂigs)/‘r AfH° AfG° Log Kf
K Jemol~1.x"1 kJemol™l ——
298.15 239.56 197.10 0.00 197.10 -4118.5 -3796.0 665.04
300 240.64 198.59 1.48 197.10 -4118.6 -3794.0 660.58
400 287.65 274.77 67.60 207.17 -4120.4 -3685.5 481.26
500 317.09 342.38 114.78 227.59 -4119.5 -3576.8 373.66
600 334.95 401.91 150.12 251.79 -4117.2 -3468.5 301.95
700 344.93 454.38 177.32 277.06 -4114.4 -3360.6 250.76
800 349.32 500.78 198.59 302.19 -4111.7 -3253.1 212.40
900 349.59 541.97 215.39 326.58 -4109.5 -3145.9 182.58
Melting T K Boiling T K
A H® kJ
A, H° kJ
Molar Vol. 9.856 J-bar’
H$gg-HJ kJ 98.56 cm>
= -4,.113E+03 B= 1.075E+00 = -3.31E+05

7/29/92
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THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

KAOLINITE Formula wt 258.160
Al,8i,05(0H)5: Triclinic crystals 298.15 to 800 K
FORMATION FROM THE ELEMENTS
Temp. cg S$  (H§-H39g)/T —(G$-H3gg)/T AgH® AgG° Log K¢
K Jemol~l.x"1 — kJ'mol™l —
298.15 243.37 200.40 0.00 200.40 -4119.0 -3797.5 665.29
300 244.40 201.91 1.50 200.40 -4119.1 -3795.5 660.84
400 289.53 278.90 68.31 210.59 -4120.6 -3687.3 481.50
500 317.00 346.72 115.53 231.19 -4119.6 -3579.1 373.89
600 333.50 406.10 150.60 . 255.50 -4117.3 -3471.1 302.18
700 344.03 458.35 177.53 280.82 -4114.5 -3363.7 251.00
800 351.92 504.82 198.85 305.97 -4111.6 -3256.6 212.63
Melting T K Boiling T K
A1 k3
A H® kJ
Molar Vol. 9.934 J-bar’
H39g-HJ 35.75 kJ 99.34 cm3

A= -4.115E+03

B= 1.074E+00

7/29/92
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PYROPHYLLITE Formula wt 360.314
Al;8i4090(0H)5: Monoclinic crystals 298.15 to 800 K
FORMATION FROM THE ELEMENTS
Temp. Ci’, S.} (H%’Higa) /T - (G%"Hige) /T AfH° AfGo Log Kf
K Jemol~1l.x~1 kJemol™l —
298.15 293.76 239.40 0.00 239.40 -5640.0 -5266.1 922.58
300 295.04 241.22 1.82 239.41 -5640.1 -5263.8 916.49
400 349.70 334.18 82.47 251.71 -5641.8 ~5138.0 670.94
500 386.14 416.37 139.78 276.59 -5640.6 -5012.1 523.60
600 412.51 489.22 183.14 306.08 -5637.5 -4886.7 425.42
700 432.69 554.39 217.41 336.98 -5633.1 -4761.9 355.33
800 448.83 613.25 245.36 367.89 -5628.0 -4637.8 302.81
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 12.81 J-bar!
H3gg-HY 42.70 kJ 128.1 cm?

A= -5.634E+03

B= 1.246E+00

C= =3.54E+05

7/29/92
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MARGARITE Pormula wt 398.184
CaAl,(Aly8i5)019(0H)5: Monoclinic crystals 298.15 to 1200 K
FORMATION FROM THE ELEMENTS
Temp. cp s (H3-H3gg) /T =(G3-H3gg)/T AgHC AgGe Log K¢
K Jemol~1l.x"1 — kJ'mo1™l ——
298.15  323.41 263.60 0.00 263.60 -6244.0 -5858.9 1026.43
300 324.82 265.60 2.00 263.61 -6244.1 -5856.5 1019.68
400 384.97 367.96 90.81 277.15 -6245.9 -5726.9 747.84
500 424.42 458.38 153.83 304.55 -6244.5 -5597.2 584.73
600 452.21 538.35 201.37 336.98 -6241.1 ~-5468.1 476.03
700 472.69 609.68 238.74 370.94 -6236.7 -5339.6 398.44
800 488.23 673.86 269.00 404.86 -6232.8 -5211.6 340.28
900 500.23 732.08 294.05 438.03 -6228.0 -5084.3 295.08
1000 509.60 785.29 315.16 470.14 -6265.9 -4954.5 258.79
1100 516.96 834.22 333.18 501.04 -6260.8 -4823.6 229.05
1200 522.74 879.46 348.75 5§30.71 -6263.4 -4692.5 204.26
Melting T K Boiling T K
8. H° kJ
A H® kJ
Molar Vol. 12.963 J-bar’
H39g-H 48.14 kJ 129.63 cm3

A= -6.243E+03

B= 1.291E+00

C= 6.216E+02

7/29/92
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PREHNITE

385

Formula wt 412.384

08231[31313010](03)23

Orthorhombic crystals 298.15 to 1200 K

FORMATION FROM THE ELEMENTS

Temp. C§ S& (H&‘Higs)/T -(Gi'ﬁﬁga)/T Afﬂo AfGe Log Kf
K Jemol~1l.x~1 kJemol™l ——
298.15 331.12 292.80 0.00 292.80 -6202.6 -5824.7 1020.43
300 332.41 294.85 2.05 292.81 -6202.7 -5822.3 1013.73
400 389.19 398.83 92.23 306.60 -6203.7 -5695.3 743.71
500 427.23 490.03 155.67 334.36 -6201.7 -5568.3 581.71
600 453.51 570.39 203.25 367.14 -6198.0 -5442.0 473.76
700 471.95 641.76 240.39 401.37 -6193.4 -5316.4 396.70
800 484.90 705.68 270.20 435.48 -6190.4 -5191.2 338.94
900 493.85 763.34 294.58 468.76 -6185.9 -5066.5 294.05
1000 499.76 815.71 314.83 500.88 -6203.2 -4940.9 258.08
1100 503.31 863.52 331.82 531.71 -6199.7 -4814.8 228.63
1200 505.00 907.40 346.19 561.21 -6212.4 -4687.7 204.05
Melting T K Boiling T K
A _H° kJ
A, H° xJ
Molar Vol. 14.110 J-bar’
H3gg-H 50.66 kJ 141.10 cm?

A= -6.194E+03

B= 1.255E+00 C= -3.99E+0S

5/14/92
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MUSCOVITE (Al/Si disordered) Formula wt 398.308

KAlz[Alsi3010](0H)2: Crystals 298.15 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cg s (H}-H8gg) /T  -(G§-H39g) /T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJ-mol™l ——
298.15 325.99  306.40 0.00 306.40 -5974.8 -5598.8 980.86
300 327.30  308.42 2.01 306.41 -5974.9 -5596.4 974.40
400 385.47  411.09 91.08 320.01 -5979.1 -5469.5 714.22
500 425.61  501.68  154.21 347.47 -5977.5 -5342.2 558.08
600 454.37  581.96  201.96 379.99 -5973.8 -5215.4 454.03
700 475.51  653.67  239.61 414.06 -5968.6 -5089.5 379.77
800 491.31  718.24  270.13 448.11 -5962.6 -4964.2 324.12
900 503.20  776.83  295.40 481.43 -5956.4 -4839.8 280.89
1000 512.13  830.33  316.64 513.69 -5981.9 -4713.9 246.22
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 14.081 J-bar!
H3gg-HJ 49.41 kJ 140.81 cm3

A= ~5.966E+03 B= 1.253E+00 C= ~5.87E+05

7/15/92
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MUSCOVITE (Al/Si ordered)

387

Formula wt 398.308

KAl,[A18130;) (OH) 52

Monoclinic crystals 298.15 to 1000 K.

FORMATION FROM THE ELEMENTS

Temp. cs 83  (H§-H3gg)/T -(G§-H39g)/T AgHC AgGe Log Kg¢
K J-mo1~1l.x"1 kJ-mol™l ——
298.15  325.99  287.70 0.00 287.70 -5990.0 -5608.4 982.55
300 327.30  289.72 2.01 287.71 -5990.1 -5606.0 976.07
400 385.47  392.39 91.08 301.31 -5994.3 -5477.2 715.23
500 425.61  482.98  154.21 328.77 -5992.7 -5348.0 558.69
600 454.37  563.26  201.96 361.29 -5989.0 -5219.4 454.38
700 475.51  634.97  239.61 395.36 -5983.8 -5091.6 379.93
800 491.31  699.54  270.13 429.41 -5977.8 -4964.5 324.14
900 503.20  758.13  295.40 462.73 -5971.6 -4838.2 280.79
1000 512.13  811.63  316.64 494.99 -5997.1 -4710.4 246.04
Melting T K Boiling T K
A H° K3
A H® xJ
Molar Vol.  14.081 J<bar!
H$gg-H} 49.41 xJ 140.81 cm3

A= -5.981E+03

B= 1.271E+00

C= -5.87E+05

3/5/93
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ANNITE Formula wt 511.886
KFe3(Al18i3099](OH)3: Crystals 298.15 to 1000 K
FORMATION FROM THE ELEMENTS
Temp. C§ S-i. (H%‘Higa)/'f -(G%-Hﬁgs)/'r Af8° AfG° Log Kf
K Jemol~l.x"1 kJemol™l —
298.15 390.32 415.00 0.00 415.00 -5149.3 -4798.3 840.62
300 391.81 417.42 2.41 415.01 ~5149.3 -4796.1 835.06
400 452.51 539.23 108.03 431.20 -5149.7 -4678.2 610.89
500 491.34 644.64 181.04 463.60 -5144.8 -4560.7 476.45
600 520.03 736.87 235.25 501.62 -5138.3 -4444.5 386.92
700 543.12 818.82 277.63 541.19 -5130.7 -4329.5 323.06
800 562.76 892.65 312.07 580.58 -5122.7 -4215.6 275.24
900 580.11 959.96 340.91 619.05 -5114.9 -4102.6 238.10
1000 595.84 1021.90 365.63 656.28 -5119.0 -3989.8 208.40
Melting T K Boiling T K
BgH® kJ
A H® kJ
Molar Vol. 15.43 J-bar!
H3gg-HY kJ 154.3 cm3

A= -5.122E+03 B= 1.135E+00 C= -1.31E+06

7/29/92
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PHLOGOPITE (Al/Si Disordered)

Formula wt 417.260

KMgB[AlSisolol(OH)zﬂ Crystals 298.15 to 1000 K

FORMATION FROM THE ELEMENTS

Temp. cs 8& (H%‘Hige)/T -(G%-Higa)/T AfHo AfG° Log Kf
K Jemol~1l.x"1 kJ-mol™l —
298.15 354.65 334.60 0.00 334.60 -6226.0 -5846.0 1024.18
300 355.97 336.80 2.19 334.61 -6226.1 -5843.7 1017.45
400 412.17 447.54 98.22 349.32 -6230.1 -5715.4 746.74
500 448.48 543.69 164.88 378.80 -6228.8 -5586.8 583.64
600 473.45 627.79 214.35 413.44 -6225.8 -5458.7 475.21
700 491.23 702.19 252.70 449.48 -6221.8 -5331.2 397.81
800 504.13 768.67 283.37 485.30 -6217.4 -5204.2 339.79
900 513.53 828.62 308.45 520.17 -6213.1 -5077.8 294.70
1000 520.33 883.10 329.31 $53.78 -6245.5 -4949.0 258.50
Melting T K Boiling T K
A H° kJ
A H® kJ
: Molar Vol. 14.965 J-bar’
H8gg-H} 54.08 kJ 149.65 cm?

A= -6.222E+03 B= 1.273E+00

C= -3.45E+05

7/29/92



390

PHLOGOPITE (Al/Si ordered)

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 417.260

KMg3[AlS8i3090] (OH)5: Monoclinic crystals 298.15 to 1000 K.
FORMATION FROM THE ELEMENTS
Temp. cy 5% (H3-H8gg) /T  =-(G3~H8gg)/T AgHC AgG° Log K¢
K Jemol~1l.x"1 — kJmol™l —
298.15 354.65 315.90 0.00 315.90 -6246.0 -5860.5 1026.71
300 355.97 318.10 2.19 315.91 -6246.1 -5858.1 1019.96
400 412.17 428.84 98.22 330.62 -6250.1 -5727.9 747.97
500 448.48 524.99 l164.88 360.10 -6248.8 -5597.5 584.75
600 473.45 609.09 214.35 394.74 -6245.8 -5467.5 475.97
700 491.23 683.49 252.70 430.78 -6241.8 -5338.1 398.32
800 504.13 749.97 283,37 466.60 -6237.4 -5209.2 340.12
900 5§13.53 809.92 308.45 501.47 -6233.1 -5081.0 294.89
1000 520.33 814.40 329.31 535.08 -6265.5 -4950.3 258.57
Melting T K Boiling T K
A H° kJ
A, H® kJ
Molar Vol. 14.962 J-bar?
H39g-HJ kJ 149.62 cm?

A= ~-6.242E+03 B= 1.291E+00

C= -3.45E+05
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FLUORPHLOGOPITE (Al/Si disordered)

391

Formula wt 421.242

KMg3{Al8i3019]F,: Crystals 298.15 to 1700 K. Approximate melting point 1670 K.
FORMATION FROM THE ELEMENTS
Temp. cg s$ (H§-H8gg) /T  ~(G$-HSgg)/T AgH® AgGe Log K¢
K Jemol~1.x"1 kJemol™l ——
298.15 342.42 336.30 0.00 336.30 -6355.5 -6015.7 1053.90
300 343.70 338.42 2.12 336.31 -6355.5 -6013.6 1047.04
400 392.83 444.81 94.33 350.48 -6358.5 -5899.0 770.31
500 420.87 535.72 157.05 378.67 -6356.9 -5784.3 604.26
600 439.96 614.23 202.69 411.54 -6354.4 -5670.0 493.60
700 454.48 683.18 237.66 445.52 -6351.3 -5556.2 414.60
800 466.38 744.67 265.53 479.14 -6347.9 -5442.8 355.37
900 476.62 800.21 288.43 511.78 -6344.6 -5329.8 309.33
1000 485.76 850.90 307.71 543.19 -6377.8 -5214.4 272.37
1100 494.13 897.60 324.28 573.32 -6453.5 -5093.6 241.87
1200 501.92 940.93 338.77 602.17 -6448.8 -4970.2 216.34
1300 509.29 981.40 351.60 629.80 -6443.7 -4847.1 194.76
1400 516.32 1019.40 363.12 656.28 -6820.5 -4715.2 175.92
1500 523.09 1055.26 373.56 681.70 -6810.5 -4565.1 158.97
1600 529.64 1089.23 383.11 706.12 -6800.2 -4415.6 144.15
1700 536.01 1121.53 391.92 729.61 -6940.0 -4265.5 131.06
Melting T 1670 K Boiling T K
B kJ
A, H® kJ
Molar Vol. 14.652 J-bar!
H3gg-HY kJ 146.52 cm?

A= -6.476E+03

B= 1.272E+00

C= 8.177E+06

01/14/93
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FLUORPHLOGOPITE (Al/Si ordered)

Formula wt 421.242

Kng3[Alsi3olo]F2:k Crystals 298.15 to 1700 K. Approximate melting point 1670 K.

FORMATION FROM THE ELEMENTS

Temp. cg S% (H%-Hgge) /T -(G%-H§98) /T AfH° AfG° Log Kf

K Jemol~l.x"1 kJ-mol™l ——

298.15 342.42 336.30 0.00 336.30 -6375.5 -6030.1 1056.43

300 343.70 338.42 2.12 336.31 -6375.5 -6028.0 1049.54

400 392.83 444.81 94.33 350.48 -6378.5 -5911.5 771.95

500 420.87 535.72 157.05 378.67 -6376.9 -5794.9 605.38

600 439.96 614.23 202.69 411.54 -6374.4 -5678.7 494.37

700 454.48 683.18 237.66 445.52 -6371.3 -5563.1 415.11

800 466.38 744.67 265.53 479.14 -6367.9 -5447.8 355.70

900 476.62 800.21 288.43 511.78 -6364.6 -5333.0 309.51
1000 485.76 850.90 307.71 543.19 -6397.8 -5215.7 272.43
1100 494.13 897.60 324.28 573.32 -6473.5 -5093.0 241.84
1200 501.92 940.93 338.77 602.17 -6468.8 -4967.7 216.23
1300 509.29 981.40 351.60 629.80 -6463.7 -4842.8 194.58
1400 516.32 1019.40 363.12 656.28 -6840.5 -4709.0 175.69
1500 523.09 1055.26 373.56 681.70 -6830.5 -4557.0 158.69
1600 529.64 1089.23 383.11 706.12 -6820.2 -4405.7 143.83
1700 536.01 1121.53 391.92 729.61 -6960.0 -4253.7 130.70
Melting T 1670 K Boiling T K

A H° kJ
A H® xJ
Molar Vol. 14.652 J-bar’!

H3gg-H} kJ 146.52 cm’

A= -6.496E+03 B= 1.291E+00

C= 8.177E+06

01/14/93
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TALC Formula wt 379.266
Mg38140,09(0H),: Monoclinic crystals 298.15 to 800 K.
FORMATION FROM THE ELEMENTS
Temp. cy s% (H3-H39g) /T  —-(G3-HSgg)/T AgH® AgGe° Log K¢
K Jemol~1l.x"1 kJ-mol™l ——
298.15 321.77 260.80 0.00 260.80 -5900.0 -5520.1 967.08
300 323.23 262.79 1.99 260.81 -5900.1 -5517.8 960.71
400 386.65 365.29 90.94 274.35 -5901.1 -5390.1 703.85
500 420.68 455.61 153.83 301.78 -5899.0 -5262.5 549.76
600 444.28 534.40 200.28 334.12 -5895.5 -5135.5 447.08
700 475.19 605.03 237.17 367.85 -5890.5 ~-5009.3 373.79
800 $25.90 671.51 269.84 401.68 -5882.6 -4883.9 318.88
Melting T K Boiling T K
A He k3
A, H® kJ
Molar Vol. 13.625 J-bar’
H$gg-H} 46.88 kJ 136.25 cm3

A= -5.890E+03

B= 1.260E+00

C= -4.84E+05

7/29/92
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CHRYSOTILE (Antigorite) Formula wt 277.112

Mg3Si,05(0H)4: Monoclinic crystals 298.15 to 900 K.

FORMATION FROM THE ELEMENTS

Temp. cf, Si. (H%‘Higs)/'r -(G%-Higs)/'r AfH° AfG° Log K¢
K Jemol~1l.x"1 kJemol™l —
298.15 274.05 221.30 0.00 221.30 -4360.0 -4032.4 706.44
300 275.12 223.00 1.69 221.31 -4360.1 -4030.3 701.73
400 323.31 309.17 76.44 232.73 -4361.0 -3920.2 511.91
500 356.40 385.10 129.33 255.77 -4359.1 -3810.1 398.03
600 379.00 452.21 169.18 283.03 -4355.4 =-3700.7 322.16
700 394.31 511.86 200.32 311.54 -4350.8 -3591.9 268.03
800 404.36 565.22 225.24 339.97 -4345.7 -3483.8 227.47
900 410.50 613.23 245.52 367.71 -4340.7 -3376.4 195.96
Melting T K Boiling T K
B H° K
A HC kJ
Molar Vol. 10.75 J-bar!
H3g9g-H} xJ 107.5 cm®
A= ~4,348E+03 B= 1.081E+00 C= -6.03E+05

5/14/92
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THERMODYNAMIC PROPERTIES AT HIGH TEMPERATURE OF INDIVIDUAL PHASES 395

Formula wt 382.200

N“lz [313130101 (OH) 23

Monoclinic crystals 298.15 to 800 K.

FORMATION FROM THE ELEMENTS

Temp. cs s (H}-H39g) /T  -(G§-H3gg) /T AgH® AgGe Log K¢
K Jemol~1l.x"1 kJemol™d ——
298.15 321.50  288.80 0.00 288.80 -5933.0 -5555.7 973.31
300 322.86  290.79 1.99 288.81 -5933.1 -5553.3 966.90
400 380.52  392.22 89.98 302.24 -5937.9 -5426.1 708.56
500 419.03  481.51  152.15 329.36 -5936.9 -5298.2 553.49
600 447.59  560.55  199.12 361.43 -5933.8 -5170.7 450.14
700 470.21  631.30  236.29 395,02 -5929.2 -5043.9 376.37
800 488.92 695.35  266.73 428.62 -5923.5 -4917.8 321.09
Melting T K Boiling T K
A H° kJ
A H® kJ
Molar Vol. 13.211 J-bar?
H3gg—HY 48.12 kJ 132.11 cm?
A= -5.931E+03 B= 1.268E+00 C= -2.33E+05

5/14/92
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PARAGONITE (Al/Si ordered)

THERMODYNAMIC PROPERTIES OF MINERALS AND RELATED SUBSTANCES

Formula wt 382.200

NaAl,[Al18i3070] (OH)5: Monoclinic crystals 298.15 to 800 K.
FORMATION FROM THE ELEMENTS
Temp. cp 8% (H3-H39g) /T  —(G§-H39g)/T AgH® AgGe Log K¢
K Jemo1~l.x"1 kJemol™l ——
298.15 321.50 277.10 0.00 277.10 -5949.3 -5568.5 975.55
300 322.87 279.09 1.99 277.11 -5949.4 -5566.1 969.12
400 380.52 380.52 89.98 290.54 -5954.2 -5437.7 710.08
500 419.04 469.81 152.16 317.66 -5953.2 -5308.7 §54.58
600 447.60 548.85 199.12 349.73 -5950.1 -5180.0 450.95
700 470.21 619.61 236.29 383.32 -5945.5 -5052.0 376.98
800 488.92 683.65 266.73 416.92 -5939.8 -4924.8 321.55
Melting T K Boiling T K
A H° kI
A HC kJ
Molar Vol. 13.211 J-bar®
H$gg~HY 48.12 kJ 132.11 cmd

A= -5.947E+03

B= 1.279E+00 C= -2,34E+05

12/9/92
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