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bstract
Using a static method three individual compounds in system of Pt–Cl: PtCl4, PtCl3, and PtCl2 are shown to exist. PtCl was shown not to exist.
The enthalpies of formation of platinum chlorides were measured by calorimetry by reduction of the compounds with gaseous hydrogen.
The recommended values for the enthalpies of formation at 298.15 K are −137.7 ± 0.3, 194.2 ± 1.0, and 245.6 ± 1.9 kJ/mol for PtCl2(s), PtCl3(s)

nd PtCl4(s), respectively.
2008 Elsevier B.V. All rights reserved.
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. Introduction

The existence of three individual condensed platinum chlo-
ides PtCl2, PtCl3 and PtCl4 was established in the investigation
f the P–T–x diagram of platinum–chlorine system [1–3]. The
ompound which is assumed by some authors [4–6] to have the
omposition PtCl is in fact a mixture of compounds described
y the general formula Pt6Cl12·nH2O containing H2O or [OH−]
long with platinum and chloride. Thermodynamics of plat-
num chlorides have been investigated by different methods in

number of works (see Table 1). Only the heat of formation
f platinum tetrachloride has been determined by calorimetry
7]. Other authors [1–6,9–11] determined thermodynamic char-
cteristics of platinum chlorides on the basis of the investigation
f thermal dissociation of these compounds.

Wohler and Streicher [4] determined the dissociation temper-
ture of platinum chlorides in chlorine flow at a pressure of 1 atm
nd used the approximate Nernst’s equation [8] to calculate heat
f dissociation for PtCl, PtCl2, PtCl3 and PtCl4. No convinc-
ng evidence for the existence of platinum monochloride was
eported therein [4]. Moreover, the analysis of that work gives us

rounds to state that chlorine used in the experiments contained
oisture and oxygen, which was the reason of the formation of
t6Cl12·HnO, interpreted by the author as platinum monochlo-
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ide. Because of this, we did not take into account the results
n PtCl in the calculation of heats of formation of platinum
hlorides using Wohler’s data (Table 1).

The step corresponding to the formation of PtCl3 did not
ccur during the stepwise decomposition of platinum tetrachlo-
ide as studied in [5] by means of the isoteniscope procedure.
he equilibrium of dissociation 2PtCl3(s) = 2PtCl2(s) + Cl2(g)
as investigated with specially prepared PtCl3 samples. In some

xperiments, after the step corresponding to PtCl2 dissociation,
he authors observed one more step which they attributed to plat-
num monochloride. They failed to isolate and characterize that
roduct. The standard enthalpies of formation of PtCl3 and PtCl2
alculated by us on the basis of experimental data reported in
5] are shown in Table 1.

The results of the investigation of PtCl2 dissociation pro-
ess by means of the effusion–torsion procedure were published
n [6]. It was stressed that the decomposition of platinum
ichloride resulted in the formation of an intermediate com-
ound along with metal platinum and chlorine. This intermediate
as assumed to be PtCl. Treating the experimental data
n the basis of the second law of thermodynamics the
uthors determined the heat of platinum dichloride dissociation:
H◦

T = 127.356 ± 0.791 kJ/mol. This value cannot be consid-
red as reliable, because effusion procedures can give distorted

esults for platinum chlorides because dissociation equilibrium
s a kinetically hindered process.

Krustinson [10] investigated dissociation of platinum dichlo-
ide and tetrachloride by means of isoteniscope. These

mailto:chu@che.nsk.su
dx.doi.org/10.1016/j.tca.2008.01.005
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xperiments were carried out with better purity, so the decom-
osition of platinum dichloride proceeded to metal platinum
ithout the intermediate step noticed in [4–6]. The mean value
f the heat of PtCl2 formation calculated by Krustinson using
he approximate Nernst’s equation and shown in Table 1 is equal
o −123 kJ/mol. Data treatment on the basis of the second law of
hermodynamics gives the value −247 ± 121 kJ/mol. The data
f that author on the pressure of PtCl4 dissociation were not
onsidered by us because the decomposition of platinum tetra-
hloride proceeded to platinum dichloride leaving aside the step
f PtCl3 formation, that is, following the non-equilibrium route.

Even more unsatisfactory are the data reported in [10],
here measurements were carried out under essentially non-

quilibrium conditions (under continuous heating of the
ample).

Meanwhile, it was stressed as early as in [4,9] that the equi-
ibrium of dissociation of platinum chlorides is established very
lowly (within several days). So, the data of [10] cannot be
onsidered reliable.

Shafer and Wiese [11] used the equilibrium quenching
ethod to determine the pressure of PtCl2 dissociation at

23 K. Then, using the approximate Nernst’s equation he found
fH

◦
298.15 (PtCl2) = −134 kJ/mol.

The most reliable data on dissociation pressure of platinum
hlorides were obtained using the static method with a mem-
rane null manometer [1–3]. These experiments were carried out
n the modes of isothermal and non-isothermal thermostating.
he equilibrium pressure of dissociation of platinum chlorides
as settled within a very long time (24–200 h and more), so it
as possible to approach the equilibrium only from the side of

ower pressures. The heats of formation of platinum chlorides,
alculated from tensimetric data, required additional verifica-
ion with an independent procedure because these values could
e distorted due to the difficulty of equilibrium establishment
nd unaccounted features of the behaviour of compounds. We
hose calorimetric procedure as such an independent method.
ince platinum dichloride and trichloride are almost insoluble

n solvents, the methods of solution calorimetry turned out to be
nsuitable. We used reduction as the calorimetric reaction:

tClx(s) + 0.5 × H2(g) = Pt0(s) + xHCl(g) + �rH

. Experimental

.1. Synthesis and identification of initial compounds

.1.1. PtCl4
PtCl4 was synthesized by thermal decomposition of chloro-

latinic acid in chlorine flow (pCl2 = 1 atm) [12] obtained by the
nteraction of HCl and KMnO4. The optimal synthesis tempera-
ure at which the final product had the composition nCl/nPt = 3.94
nd contained a minimal amount of water (nH2O/nPt = 0.01)
as 493 K. Gaseous chlorine was dried preliminarily by pass-
ng above H2SO4 and CaCl2. The duration of the reaction was
–10 h, with the initial weighed portion of 300 mg. To deter-
ine platinum and chlorine content of platinum tetrachloride,

he weighed portion was reduced in hydrogen flow at 473–573 K,
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Cl was absorbed with water; chloride was determined by
eans of potentiometry. Platinum was determined gravimet-

ically after calcination in a crucible in the air at 873 K. The
ynthesized compound was identified by elemental and X-ray
hase analyses, as well as by IR spectroscopy. Found (%): Pt,
7.60; Cl, 42.20. PtCl4—calculated (%): Pt, 57.86; Cl, 42.14.
nterplanar spacings for the samples of platinum tetrachloride
re satisfactorily described by the data obtained previously
13,14]; the IR spectra coincide with the results reported pre-
iously [13,15]. A compound from one and the same lot was
xamined in calorimetric experiments.

.1.2. PtCl3
The method of synthesis of platinum trichloride by the

ecomposition of PtCl4 in chlorine flow [12,16] is insufficiently
eliable because in many cases it results in the formation of a
ixture of PtCl3 and PtCl2. A possible reason is essentially non-

quilibrium conditions of PtCl4 decomposition. Because of this,
e carried out platinum tetrachloride decomposition in a closed
olume. About 8 g of platinum tetrachloride was placed into a
hree-section ampoule with a volume about 15 ml, the ampoule
as pumped out and then sealed. The section with PtCl4 was
laced into a furnace; two other sections were kept at room tem-
erature. The furnace temperature was gradually increased to
83 K; after exposure for 2 days, the gas phase (H2O) was frozen
ut and the corresponding section was sealed off. Then temper-
ture was gradually increased during 4 days up to 673–683 K;
he substance was kept at this temperature for 2 days. Then
he ampoule was put out of the furnace, quickly cooled in air
ow, then frozen with liquid nitrogen; the released chlorine was
ealed off. The temperature of decomposition of platinum tetra-
hloride was determined on the basis of tensimetric experiments
1]. The product was identified by means of elemental, X-ray
hase analyses, and IR spectroscopy. Found (%): Pt, 64.67; Cl,
5.50. PtCl3—calculated (%): Pt, 64.72; Cl, 35.28. Interplanar
pacings in PtCl3 coincide with d� values calculated from the
tructural data [17]. The IR spectrum of PtCl3 (υ, cm−1): 255
.s, 302 s, 323 s, 362 m. No data on the IR spectrum of PtCl3
ere found in literature. A compound from one and the same lot
as examined in calorimetric experiments.

.1.3. PtCl2
Synthesis of �-PtCl2: according to a known procedure [12] by

he decomposition of H2PtCl6·6H2O in chlorine flow at 753 K
fine olive-green powder was formed in the reaction (synthesis
)).

Synthesis of �-PtCl2: by means of sublimation of fine plat-
num dichloride (synthesis 1, weighed portions of 0.5–0.7 g)
n a sealed pumped-out ampoule (15 cm3); transfer occurred
rom the hot region (890 K) into the cool one (800 K). About
/3 of the initial substance was deposited into the cool region
f the ampoule within 10 days. The product was a dark-violet
ubstance composed of dendrites 0.5–1.0 cm in size (synthesis

).

The synthesized products were identified by means of ele-
ental and X-ray phase analyses, as well as IR spectroscopy.
or synthesis 1, found (%): Pt, 73.42; Cl, 26.47. For synthesis 2,

t

w
a

chimica Acta 469 (2008) 59–64 61

ound (%): Pt, 73.26; Cl, 26.67. PtCl2—calculated(%): Pt, 73.34;
l, 26.66. Interplanar spacings for the samples obtained by syn-

hesis 1 are in satisfactory agreement with those calculated from
he structural data [18]. The interplanar spacings for samples
btained by synthesis 2 coincide with those reported in [17] and
o not coincide with those for the samples obtained by synthesis
. We established previously [19] that the compound obtained
n synthesis 1 gets transformed into the compound obtained by
ynthesis 2 (judging form the set of interplanar spacings) during
hermal annealing at 777 K, whereas no reverse transition can
e observed. According to Shafer’s classification, the products
btained in syntheses 1 and 2 were called � and � modifica-
ions of PtCl2, respectively. For �-PtCl2, the samples from three
ots were used in calorimetric experiments, and for �-PtCl2 the
ubstances from two lots were used. All the manipulations of
acking into ampoules were carried out in a dry box (argon,
rying agent: P2O5).

.2. Experimental procedure

In order to determine the enthalpies of formation of plat-
num chlorides, we measured the heats of reduction of these
ompounds with gaseous hydrogen. The following major
equirements were taken into account when choosing the optimal
eduction temperature:

) First of all, it is necessary that the thermodynamic state of
the final products of reduction is rather well reproducible
in parallel experiments, that is, platinum should be formed
in the same structural from and disperse state. Experiments
showed that this requirement is met if the substance for use
in calorimetric experiments is ground (in a mortar). In this
case, platinum is obtained in the form of platinum black with
approximately the same grain size distribution for all the
three chlorides.

) Reduction should proceed at a sufficient rate. Preliminary
investigation of the interaction of platinum chlorides by
means of differential thermal analysis and thermogravimetry
showed that even in the case of platinum dichloride reduction
occurs at a noticeable rate even at 343 K, while the maxi-
mal rate corresponds to the temperature of 403 K (with the
heating rate of 8◦ min−1).

) It was necessary to take into account the possibility to carry
out calibration experiments with a reference substance. We
chose water as the latter; its heat of evaporation is known
with a high accuracy [20].

The temperature point that met the listed requirements best
f all was 369 K.

Heats of reduction were determined in a flow calorimeter
ith isothermal shell. The calorimeter was a glass silver-plated
ewar vessel 0.7 l in volume, enclosed in a copper shell and

mmersed into a thermostat filled with silicone oil. The liquid in

he calorimeter was mixed at a constant rate.

A weighed portion of the substance in a sealed glass ampoule
as placed in the lower part of the glass reaction vessel shaped

s a tube with a tap in the lower part and immersed into the
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Table 2
Heat capacity (C◦

p (J mol−1 K−1) = a + bT + c/T 2) of crystal platinum, plat-
inum chlorides, gaseous hydrogen and hydrogen chloride within temperature
range 298–900 K

Compound a b c

Pt(�p) [21] 28.49 5.27 × 10−3 0.25 × 105

PtCl2(s) [22] 63.5 21.4 × 10−3 0.883 × 105

PtCl3(s) [23] 121.34 – –
PtCl4(s) [23] 146.44 – –
H2(g) [21] 28.83 – –
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alorimetric liquid by 2/3 of the tube length. Hydrogen flow
ntered the reaction vessel through a copper heat exchanger
ocated at the thermostat cap and then passed through the tap
nto a glass spiral which served to increase the pass length of
aseous products inside the calorimeter. The spiral was made of
thin-wall glass tube 5 mm in diameter and about 2 m long; the

piral was completely immersed into the calorimetric liquid. The
xperiments were carried out with the optimal hydrogen flow
ate of 1.8 l/h, at a temperature of 293 K and total pressure of
atm.

The ampoule with the substance was broken with a glass pin;
he design of the latter allowed us to prevent diffusion of gases
rom the lower part of the reaction vessel into its upper part.

Temperature of the calorimetric liquid was measured with a
hermistor (r369 K = 11,650 �) and a direct current bridge with
n error of ±0.0001◦, which corresponded to a change in ther-
istor resistance by 0.03 �. The indications of the thermistor
ere read from the chart strip of a plotter. The heat value of

he calorimeter was determined by means of calibration over
urrent after each experiment with the substance. The thermal
ffect and mean temperature of the calibration experiment were
et approximately the same as those in the corresponding experi-
ent with the substance. Power conditioner was used as a power

upply. Voltage at the calibration heater and current strength in
he circuit was measured with a potentiometer. Pulse duration
as recorded with a printing chronograph. The working element
f the heater was a manganin wire 0.1 mm in diameter having
he resistance of 25 �, which was placed in a thin-wall glass
apillary filled with silicone oil. The electric circuit of calibra-
ion provided the accuracy of heat measurement with an error
ot larger than 0.05%. Scattering in heat values did not exceed
.3% of the mean value. Heat values averaged over the series
ere used to calculate heats of reaction.
The absence of essential systematic errors of the calorimetric

ystem was established by measuring the heat of water evapora-
ion. The mean result for the heat of evaporation determined in 10
xperiments at 369 K was 40.79 ± 0.13 kJ/mol (here and below,
he error for the 95% confidence interval is shown), which is in
ood agreement with the literature [20] value 40.8216 kJ/mol.

The cooling constant was 0.0072 min−1 as a mean. Devia-
ions from the mean value usually did not exceed ±10%.

. Discussion of results

The results of calorimetric experiments are shown in
upplementary Table S2, where K is the constant of cooling, δ is
correction for heat exchange, �r is the corrected resistance of

hermistor in the calorimetric experiment, τ is the duration of the
ain period, �H◦

369.15 is the heat effect of the reduction of the
orresponding platinum chloride. Enthalpies of reactions were
alculated for 298.15 K using thermodynamic values shown in
able 2.

Attention should be paid to a substantial difference between

eats of reaction for the ground and non-ground platinum dichlo-
ide samples. It should be noted that in the latter case the main
eriod was about two times longer. In addition, a substantial
ifference was also observed in the appearance of platinum sam-

d

c
t

Cl(g) [21] 29.12 – –

les. As we have already mentioned above, platinum black was
ormed as a result of reduction of platinum dichloride ground in a
ortar. In the cases when coarse crystals were loaded into calori-
etric ampoules, platinum was obtained in the form of light-gray

articles conserving the shape of initial crystals. To explain the
ndicated difference, we assumed that the reduction of coarse
rystals results in a less stable state of platinum. Because of this,
e accepted the heat of �-PtCl2 reduction to be equal to the value
btained in experiments with the ground substance. The values
f �rH

◦
298.15 for reduction reactions (see Supplementary Table

2) along with �fH◦
298.15 (HCl) = −92.3121 ± 0.130 kJ/mol

24] were used to calculate the enthalpy of formation of platinum
hlorides.

When evaluating the reliability of thus obtained heats of for-
ation, the following should be taken into account:

) Reduction resulted in the formation of platinum black, that
is, platinum in thermodynamically unstable state.

) Platinum (especially in the form of platinum black) readily
sorbs H2 and HCl. The mentioned circumstances can be taken
into account by introducing the corresponding corrections.
The latter differ in sign; therefore, they partially compensate
each other. To our regret, we failed to estimate the heat of
the transition of platinum black into compact platinum and
the correction connected with possible sorption of HCl. It
may be assumed that both corrections are not large. We mea-
sured the heat of H2 sorption at 369 K experimentally; two
parallel experiments gave results −0.63 and −0.88 kJ/g-at.
of platinum.

The experiment was carried out as follows. A weighed por-
ion of ground �-PtCl2 was reduced with hydrogen under the
onditions simulating the calorimetric experiment. The result-
ng platinum black was placed into the calorimetric ampoule;
esorption of gases from the surface of platinum was carried out
y pumping out (10−5 Torr) at 323 K for three hours. After that,
he ampoule was sealed under vacuum and placed into the flow
alorimeter; the heat released after breaking the ampoule was
etermined.
Heats of dissociation and heats of formation of platinum
hlorides, calculated on the basis of data of calorimetric and
ensimetric experiments [1–3], are shown in Tables 3 and 4.
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Table 3
Heat of dissociation (�rH◦

298.15 kJ/mol)

Reaction Tensimetric Calorimetric

PtCl2(s) = Pt(s) + Cl2(g) 136.7 ± 0.7 (second law)a 138.6 ± 4.6 (�-PtCl2)
137.7 ± 0.3 (third law) 138.0 ± 2.4 (�-PtCl2)

2PtCl3(s) = 2PtCl2(s) + Cl2(g) 123.1 ± 1.7 (second law) 111.3 ± 5.6

2PtCl4(s) = 2PtCl3(s) + Cl2(g) 104.4 ± 1.8 (second law) 102.8 ± 2.9
101.70 ± 1.76 (third law)

a Calculation according to the second and third laws of thermodynamics.

Table 4
Heats of formation of platinum chlorides (−�fH◦

298.15 kJ/mol)

Compound Tensimetric Calorimetric Recommended −�fH◦
298.15 kJ/mol

PtCl2 (s) 137.7 ± 0.3 137.95 ± 2.38 (�–PtCl2) 137.7 ± 0.3
138.62 ± 4.60 (�-PtCl2)

P 194
P 245
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tCl3 (s) 199.2 ± 1.2
tCl4 (s) 246.3 ± 1.3

. Conclusion

Close values of the heats of formation of platinum dichlo-
ides, calculated from tensimetric measurements and determined
y means of calorimetry, provide evidence of the relatively small
rror connected with the failure of calorimetric experiments to
ake account of the heats of gas sorption on platinum and the
eat of transition of platinum black into the stable form. This
rror may be assumed to be approximately the same for all plat-
num chlorides. Because of this, it should be expected that the
eats of dissociation of platinum tri- and tetrachloride calculated
rom calorimetric data would not contain noticeable systematic
rrors. The enthalpy of platinum dichloride dissociation under
tandard conditions was calculated on the basis of the second and
he third laws of thermodynamics (see Table 3). One can see that
oth types of treatment give results that are in agreement with
ach other. Nevertheless, we prefer the results of calculation
ccording to the third law of thermodynamics because the good
ccuracy of determination of the absolute entropy of PtCl2(s)
chieved earlier [22,25] provided smaller errors in these calcu-
ations. Heats of formation of platinum dichloride, calculated
rom tensimetric and calorimetric data, are in good agreement
ith each other. However, since the latter gives a larger error of
etermination, we propose to consider the value calculated from
ensimetric data according to the third law of thermodynamics
s the recommended value.

A deviation between calorimetric and tensimetric determina-
ions of the enthalpy of PtCl3(s) formation goes out of the error
imits. One of the possible reasons of this deviation can be the
stimated thermal capacity values used by us in treating tensi-
etric data on the dissociation of platinum trichloride. Since the

eat of reduction of platinum trichloride, on the basis of which
ts heat of formation was calculated, has been measured in six

alorimetric experiments and exhibited good reproducibility of
esults, we propose the heat of formation obtained from calori-
etric measurements to be considered as the recommended

alue.
.2 ± 1,00 194.2 ± 1.0

.6 ± 1.9 245.6 ± 1.9

Using the value of the heat of formation of platinum trichlo-
ide [3] we calculated the standard heat of formation of PtCl4
see Table 4). This value is in good agreement with the results
btained by means of calorimetry, and in satisfactory agree-
ent with the heat of formation of PtCl4 reported in [7]

−248.5 kJ/mol).
We propose to consider the calorimetric value as the recom-

ended one for the heat of formation of PtCl4, because when
alculating the heat of formation on the basis of tensimetric data
e had to rely upon the estimated values of heat capacity for
tCl4.

The calorimetric investigation carried out by us confirmed the
orrectness of interpretation of the results of tensimetric exper-
ments [1–3], as well as the reliability of heats of formation
alculated on that basis for platinum chlorides (Table 4).

ppendix A. Supplementary data

Supplementary data associated with this article can be found,
n the online version, at doi:10.1016/j.tca.2008.01.005.

eferences

[1] (a) Z.I. Semenova, V.A. Titov, T.P. Chusova, Izv. Akad. Nauk, Ser. Khim.
(2004) 2028–2031;
(b) Z.I. Semenova, V.A. Titov, T.P. Chusova, Russ. Chem. Bull. Int. Ed. 53
(2004) 2117.

[2] (a) Z.I. Semenova, T.P. Chusova, A.A. Titov, Izv. Akad. Nauk, Ser. Khim.
(2004) 2032–2034;
(b) Z.I. Semenova, T.P. Chusova, A.A. Titov, Russ. Chem. Bull. Int. Ed. 53
(2004) 2121.

[3] (a) Z.I. Semenova, T.P. Chusova, A.A. Titov, Izv. Akad. Nauk, Ser. Khim.
(2005) 1345–1348;
(b) Z.I. Semenova, T.P. Chusova, A.A. Titov, Russ. Chem. Bull. Int. Ed. 54
(2005) 1387.
[4] L. Wohler, S. Streicher, Ber. Deutsch. Chem. 46 (1913) 1591–1597.
[5] (a) S.A. Shchukarev, M.A. Oranskaya, T.S. Shemyakina, Zh. Neorg. Khim.

1 (1956) 17–23;
(b) S.A. Shchukarev, M.A. Oranskaya, T.S. Shemyakina, J. Inorg. Chem.
U.S.S.R. 1 (1956) (Engl. Transl.).

http://dx.doi.org/10.1016/j.tca.2008.01.005


6 ermo

[
[
[

[
[
[
[
[

[

[

[

[

[

[

[

1989.
4 T.P. Chusova, Z.I. Semenova / Th

[6] W.G. O’Brien, J.I. Harvey, R.N. Benedict, R.G. Bautista, Met. Trans. 7
(1976) 671–677.

[7] M. Pigeon, Ann. Chim. Phys. 11 (1894) 433–502.
[8] M.Kh. Karapetyants, Chemical Thermodynamics, Khimiya, Moscow,

1975, pp. 420–421 (in Russian).
[9] J. Krustinson, Z. Electrochem. Angew. Phys. Chem. 44 (1938) 537–547.
10] J. Krustinson, Z. Electrochem. Angew. Phys. Chem. 45 (1939) 83–93.
11] H. Shafer, U. Wiese, J. Less Common Met. 24 (1971) 55–61.
12] G. Brauer, Handbuch der Preparativen Anorganischen Chemie, Ferdinand

Enke Verlag, Stuttgart, 1956.
13] M.F. Pilbrow, J. Chem. Soc., Chem. Commun. 5 (1972) 270–271.
14] M.T. Falqui, Ann. Chim. (Rome) 48 (1958) 1160–1167.
15] M.D. Dillamore, D. Edwards, J. Inorg. Nucl. Chem. 31 (1969) 2427–2430.
16] L. Wohler, F. Martin, Ber. Deutsch. Chem. Ges. 42 (1909) 3958–3965.
17] U. Wiese, H. Schafer, H. Schnering, C. Brendel, K. Rinke, Angew. Chem.
82 (1970) 135–136.
18] K. Brodersen, G. Thiele, H. Schnering, Z. Anorg. Allg. Chem. 337 (1965)

120–127.
19] (a) Z.I. Zasorina, G.A. Kokovin, S.V. Zemskov, N.V. Podberezskaya, Izv.

Sib. Otd. Akad. Nauk SSSR, Ser. Khim. Nauk 14 (1980) 26–31;

[

chimica Acta 469 (2008) 59–64

(b) Z.I. Zasorina, G.A. Kokovin, S.V. Zemskov, N.V. Podberezskaya, Izv.
Sib. Otd. Akad. Nauk SSSR, Ser. Khim. Nauk 14 (1980) (Engl. Transl.).

20] N.B. Vargaftik, A Handbook on Thermal Physical Properties of Gases and
Liquids, Nauka, Moscow, 1972, pp. 43–71 (in Russian).

21] K.K. Kelley, Contributions to the Data on Theoretical Metallurgy, vol. 584,
US Government Print., Bull. Bur. Mines, Washington, 1960, 232 pp.

22] (a) Z.I. Zasorina, G.A. Kokovin, Izv. Sib. Otd. Akad. Nauk SSSR, Ser.
Khim. Nauk 15 (1984) 17–18;
(b) Z.I. Zasorina, G.A. Kokovin, Izv. Sib. Otd. Akad. Nauk SSSR, Ser.
Khim. Nauk 15 (1984) (Engl. Transl.).

23] O. Knacke, O. Kubaschewski, K. Hesselmann, Thermochemical Properties
of Inorganic Substances, Springer, Berlin, 1991.

24] J.D. Cox, D.D. Wagman, V.A. Medvedev, CODATA recommended key
values for themodynamics, Hemisphere Publishing Corp., New York,
25] K.S. Sukhovei, Z.I. Zasorina, I.E. Paukov, Teploemkostı̌, entropiya i
entalı̌piya PtCl2 v intervale 11–300 K [Heat capacity, entropy, and Enthalpy
of PtCl2 in the 11–300 K Interval], Moskov, 1977, 15 pp. (deposited at
VINITI, 3.02.1977 (in Russian).).


	Thermodynamics of the Pt-Cl system
	Introduction
	Experimental
	Synthesis and identification of initial compounds
	PtCl4
	PtCl3
	PtCl2

	Experimental procedure

	Discussion of results
	Conclusion
	Supplementary data
	References


