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PHYSICAL CHEMISTRY
A. S. ABBASOV, A. V. NIKOLSKAYA, Corresponding Member of the Academy
of Sciences of the USSR
Ya. I. GERASIMOV, V. P. VASILIEV

INVESTIGATION OF THE THERMODY-
NAMIC PROPERTIES OF GALLIUM AN-
TIMONIDE BY THE ELECTROMOTIVE-
FORCE METHOD
Gallium antimonide (GaSb) is the only compound formed in the gallium—anti-
mony system (1); it melts at 703∘C, crystallizes in the sphalerite structure, and
belongs to the group of semiconductor compounds 𝐴𝐼𝐼𝐼𝐵𝑉 .

According to the literature, the possibility is allowed of a slight deviation of
the chemical composition of gallium antimonide from the stoichiometric one,
although there is as yet no direct proof of such an assumption. There are
indications that the width of the homogeneity range of gallium antimonide is
not determined even by the precision X-ray method (2).
The thermodynamic properties of gallium antimonide are considered by Renner
in his article devoted to a review of literature data on compounds of the 𝐴𝐼𝐼𝐼𝐵𝑉

group up to and including 1959 (3). By that time, for gallium antimonide, the
standard enthalpy of formation had been determined by means of tin calorimetry
(4), as well as the vapor pressure over solid gallium antimonide using mass-
spectrometric analysis of the vapor composition (5). In work (4), in addition
to the heat of formation of the compound, the heat of its melting was also
determined by the method of quantitative thermal analysis. On the basis of the
results of their investigation and the value of the phase diagram of the gallium—
antimony system, the authors (4), using Wagner’s equation (6), calculated the
isobaric potential (Δ𝐺∘

298) and the entropy of formation of gallium antimonide.

The literature also contains data on the mean heat capacities of gallium anti-
monide in the temperature interval 293—980∘K (7).
From the work of Piesbergen (8), devoted to the study of the heat capacities of
𝐴𝐼𝐼𝐼𝐵𝑉 compounds in the interval 11—273∘K, the standard entropy of gallium
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antimonide is known, calculated by the author (8) by graphical integration of
the temperature dependence of the heat capacity.

Our objective was the experimental study of the principal thermodynamic prop-
erties of gallium antimonide: the isobaric-isothermal potential, entropy, and
enthalpy of formation. As in our previous investigations (9−11), we used the
electromotive-force method for this purpose.

The investigation was carried out in the temperature interval 360—560∘C. The
e.m.f. of cells was studied

(−) Ga(ℓ) ∣ (KCl—LiCl) + GaCl3 ∣ (GaSb + Sb)(+)
(s) .

melt

The e.m.f. of the cells corresponds to the reaction

Ga(ℓ) + Sb(s) = GaSb(s). (1)

Directly from the magnitude of the e.m.f. there is calculated the change in the
isobaric-isothermal potential of reaction (1)

Δ𝐺 = −𝑧𝐹𝐸, (1)

𝑧 is the charge of the potential-forming metal; for gallium 𝑧 = 3, 𝐹 is the
Faraday number = 23062 cal/V ⋅ g-equiv., 𝐸 is the e.m.f. in volts.

The temperature coefficient of the e.m.f. makes it possible to calculate the
change in enthalpy and entropy of the process

Δ𝑆 = − 𝑑(Δ𝐺)
𝑑𝑇 = 𝑧𝐹 𝑑𝐸

𝑑𝑇 , (2)

Δ𝐻 = Δ𝐺 + 𝑇 Δ𝑆. (3)

High-purity metals were used in the work: gallium —99.999%, and zone-melted
antimony —99.999%.

Gallium antimonide with an excess of antimony was prepared by melting the
components in evacuated quartz ampoules. In some experiments, previously
prepared gallium antimonide (lattice constant 𝑎 = 6.09 Å) mixed with antimony
was used.

Fig. 1
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Fig. 1

Figure 1: Fig. 1

As electrolyte there served a eutectic mixture of KCl—LiCl with a small addition
of gallium chloride. Gallium chloride was prepared under a melt of the KCl—LiCl
electrolyte by burning metallic gallium in a stream of chlorine. The concentrated
electrolyte thus prepared with respect to gallium chloride was then added in a
small portion to the cell electrolyte. The details of the method are described
in papers (9, 10); a description of the cell apparatus is given in (11). Recording
the e.m.f.–temperature curve during direct and reverse temperature runs usually
required a period of 5–6 days of round-the-clock operation. Figure 1 presents the
experimental results obtained for 7 electrodes of different methods of preparation
and different excess antimony contents.

By the method of least squares, with joint treatment of all points, the equation
obtained was:

𝐸 = 161.1 − 0.095 𝑇 mV. (II)

The straight line in Fig. 1 corresponds to this equation. The method we used
of joint treatment of all points is possible in the present case, since all the alloys
studied belong to one and the same two-phase region GaSb—Sb.

Table 1

633–833
°K

633–833
°K

633–833
°K 298°K 298°K 298°K 298°K

−Δ𝐻,
kcal/g-
at.

−Δ𝑆,
e.u./g-
at.

−Δ𝐺,
kcal/g-
at.

−Δ𝐻∘,
kcal/g-
at.

−Δ𝑆∘,
e.u./g-
at.

−Δ𝐺∘,
kcal/g-
at.

𝑆∘,
e.u./g-
at.

5.6 ± 0.5 3.3 ± 0.7 3.2 ± 0.3 4.7 ±
0.54.97±
0.22(4)

0.7 ±
0.71.4 ±
0.3(4)

4.5 ±
0.34.56±
0.35(4)

9.67 ±
0.69.09±
0.05(8)

On the basis of the equation 𝐸 = 𝑓(𝑇 ), in accordance with relations 1–3, the
thermodynamic functions for the temperature interval 360–560°C were calcu-
lated; they are summarized in Table 1. The accuracy of the quantities presented
is determined by the error in determining 𝐸 and the coefficients of equation (II);
it is calculated by least-squares formulas as twice the sample variance (12).
Using literature data on the heat capacities of gallium, antimony, and gallium
antimonide in the temperature interval 293–980°K (7), we recalculated the ther-
modynamic functions from their values in the interval 633–833°K to the standard
temperature (298°K); they are also collected in Table 1.
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Table 2 gives the thermodynamic functions of formation of gallium antimonide
from monatomic gaseous atoms, calculated from the results of our work and the
atomization energies of gallium and antimony according to (13). Table 2 also
includes the values of the same functions reported in Renner’s paper (3); there
the heat of atomization of gallium arsenide calculated by Folbert and the entropy
of atomization calculated from the vapor pressure over gallium antimonide at
900°K according to (5) are given.

Table 2

Δ𝐻∘
298, kcal/g-at. Δ𝑆∘

298, e.u./g-at. Δ𝐺∘
298, kcal/g-at. Source

68.5 32.1 59.0 Present study
69.2 33.05 59.35 (3)

From the data of Table 1 it is clear that there is good agreement between
the results of our work on the heat of formation of gallium antimonide and
the calorimetric determinations of Schottky and Bever. The entropy of the
compound, within the accuracy of the experimental data, agrees with (8).
The atomization energies calculated on the basis of results obtained by various
research methods, as is seen from Table 2, agree well with one another.

Moscow State University
named after M. V. Lomonosov

Received
22 II 1964

REFERENCES
1. M. Hansen, K. Anderko, Structures of Binary Alloys, Moscow, 1962.

2. N. A. Goryunova, Chemistry of Diamond-like Semiconductors, Leningrad,
1963, pp. 82, 101.

3. Th. Renner, Solid State Electronics, 1, 39 (1960). (Russian transl.: New
Semiconductor Materials, ed. A. Ya. Nashelsky, Moscow, 1964).

4. W. Schottky, M. Bever, Acta Metallurg., 6, No. 5, 320 (1958).

5. P. Goldfinger, M. Jeunehomme, Joint Conference on Mass Spectrometry,
London, 1959.

6. C. Wagner, Acta Metallurg., 6, No. 5, 309 (1958).

7. N. M. Kochetkova, T. N. Rezukhina, Problems of the Metallurgy and
Physics of Semiconductors, Publishing House of the Academy of Sciences

sovietrxiv.org/items/ru-196401.44930 Machine Translation

https://sovietrxiv.org/items/ru-196401.44930


of the USSR, 1961, p. 34.

8. U. Piesbergen, Zs. Naturforsch., 18a, 141 (1963).

9. A. V. Nikolskaya, V. A. Geiderikh, Ya. I. Gerasimov, Dokl. Akad. Nauk
SSSR, 130, No. 5, 1074 (1960).

10. Ya. I. Gerasimov, A. V. Nikolskaya, Problems of the Metallurgy and
Physics of Semiconductors, Publishing House of the Academy of Sciences
of the USSR, 1961, p. 30.

11. Ya. I. Gerasimov, A. S. Abbasov, A. V. Nikolskaya, Dokl. Akad. Nauk
SSSR, 147, No. 4, 835 (1962).

12. V. V. Nalimov, The Application of Mathematical Statistics in the Analysis
of Matter, Moscow, 1960.

13. D. R. Stull, G. C. Sinke, Thermodynamic Properties of Elements, Wash-
ington, 1956.

Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196401.44930 Machine Translation

https://sovietrxiv.org/items/ru-196401.44930

	Abstract
	Full Text
	Reports of the Academy of Sciences of the USSR
	PHYSICAL CHEMISTRY

	INVESTIGATION OF THE THERMODYNAMIC PROPERTIES OF GALLIUM ANTIMONIDE BY THE ELECTROMOTIVE-FORCE METHOD
	REFERENCES


