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Abstract
Full Text
PHYSICAL CHEMISTRY
V. A. GEIDERIKH and Corresponding Member of the Academy of
Sciences of the USSR Ya. I. GERASIMOV

INVESTIGATION OF THE THERMODY-
NAMIC PROPERTIES OF COBALT ANTI-
MONIDES BY THE METHOD OF ELECTRO-
MOTIVE FORCES
Cobalt forms three antimonides: CoSb3 with the skutterudite structure (1,2),
CoSb2 with the marcasite structure (1,3), and CoSb with the nickel arsenide
structure (3,4).

The phase diagram of the Co—Sb system is given in (5). The compound CoSb
has no substantial deviations from stoichiometry. According to Rosenqvist (1),
the compound CoSb2 exists with some excess of cobalt (cobalt atoms replace
antimony atoms in the crystal lattice of the compound). In (6), Rosenqvist
assigns this compound the composition CoSb1.9. On the phase diagram of the
Co—Sb system in (5), the homogeneity range of CoSb2 is marked by a dashed
line within 64—66.7 at. % Sb. Other authors (including (2)) give no indication
of nonstoichiometry of CoSb2. According to Ageev and Makarov (7), the CoSb
phase exists in the concentration interval 43.4—49.2 at. % Sb, with the excess
cobalt atoms occupying paired tetrahedral voids of the antimony sublattice.

Integral thermodynamic quantities were calculated by us for the compositions
CoSb3, CoSb2, and CoSb, although in fact CoSb2 deviates from the stoichio-
metric composition, and the antimony-rich boundary of the homogeneity range
based on CoSb is at the composition 49.2 at. % Sb (experimental data were
obtained for this composition). The errors introduced by such a calculation are
smaller than the experimental errors.

The thermodynamic properties of cobalt–antimony alloys were investigated by
the electromotive-force (e.m.f.) method. The method used has been described
by us previously in its main features (8,9). The equation for the dependence of
the e.m.f. on the absolute temperature (in the form of a straight-line equation)
was found by treating, by the method of least squares, the experimental data
relating to all experiments with all alloys of the given heterogeneous region of
the phase diagram. By the formulas of the method of least squares (10), the
errors in the e.m.f. and in the coefficients of the equation 𝐸 = 𝑓(𝑇 ) were also
calculated.

For preparing the alloys, the following metals were used: zone-melted antimony

sovietrxiv.org/items/ru-196101.73676 Machine Translation

https://sovietrxiv.org/items/ru-196101.73676


of purity 99.999% Sb and cobalt prepared from Co(NO3)2 of the grade “chem-
ically pure, nickel-free.”

The reaction

Co + 3Sb = CoSb3 (1)

is the potential-forming process of the electrochemical cell:

(−) Co | CoCl2 + KCl + LiCl | CoSb3 + Sb (+). (I)

melt solid heterogeneous alloy

The change in the isobaric-isothermal potential in reaction (1) can be expressed
through the e.m.f. of cell (I):

Δ𝐺1 = −𝑧𝐹𝐸1, (A)

where 𝑧 = 2 is the charge of the cobalt ion, 𝐹 is the Faraday number, and 𝐸𝐼 is
the emf of element (I). For the temperature interval investigated (790–890∘K),
the experimental data are described by the following equation:

𝐸𝐼 = (302.2 + 1.45 ⋅ 10−3𝑇 ) mV ± 9.6 mV.

Then

Δ𝐺1 = (−13.94 − 0.067 ⋅ 10−3𝑇 ) kcal/mol CoSb3.

The reaction

Co + 2CoSb3 = 3CoSb2 (2)

is the potential-forming process of the element:

(−) Co | CoCl2 + KCl + LiCl | CoSb2 + CoSb3 (+). (II)

melt solid heterogeneous alloy

For the temperature interval 800–990∘K:

𝐸II = (136.3 + 30.4 ⋅ 10−3𝑇 ) mV ± 15.0 mV.
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According to equation (A),

Δ𝐺2 = (−6.29 − 1.40 ⋅ 10−3𝑇 ) kcal/g-at. Co.

The formation of CoSb2 from the elements by the reaction

Co + 2Sb = CoSb2 (3)

can be represented as a combination of reactions (1) and (2):

Δ𝐺3 = 2Δ𝐺1 + Δ𝐺2
3 = (−11.39 − 0.51 ⋅ 10−3𝑇 ) kcal/mol CoSb2.

The reaction

Co + CoSb2 = 2CoSb (4)

is the potential-forming process of the element:

(−) Co | CoCl2 + KCl + LiCl | CoSb + CoSb2 (+). (III)

melt solid heterogeneous alloy

For the temperature interval 770–980∘K:

𝐸III = (98.8 + 35.5 ⋅ 10−3𝑇 ) mV ± 4.2 mV,

Δ𝐺4 = (−4.56 − 1.55 ⋅ 10−3𝑇 ) kcal/g-at. Co.

The formation of CoSb from the elements by the reaction

Co + Sb = CoSb (5)

can be represented as a combination of reactions (3) and (4), then

Δ𝐺5 = Δ𝐺3 + Δ𝐺4
2 = (−7.98 − 1.03 ⋅ 10−3𝑇 ) kcal/mol CoSb.

The heats and entropies of formation of the cobalt antimonides were obtained
from the expressions for Δ𝐺1, Δ𝐺3, and Δ𝐺5, according to the relations
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Δ𝑆 = − (𝜕Δ𝐺
𝜕𝑇 )

𝑝
and Δ𝐻 = Δ𝐺 + 𝑇 Δ𝑆.

The magnitudes of the changes in thermodynamic functions upon the formation
of solid cobalt antimonides from the elements, calculated per 1 g-at. of cobalt
antimonide, are given in Table 1.

Table 1

Δ𝐺 = 𝑓(𝑇 ),
kcal Δ𝐺850∘K, kcal Δ𝐻, kcal Δ𝑆, e.u.

CoSb3 −3.48 − 0.02 ⋅
10−3𝑇

−3.50 ± 0.11 −3.5 ± 0.6 0.0 ± 0.7

CoSb2 −3.80 − 0.17 ⋅
10−3𝑇

−3.94 ± 0.17 −3.8 ± 0.7 +0.2 ± 0.8

CoSb −3.99 − 0.52 ⋅
10−3𝑇

−4.43 ± 0.18 −4.0 ± 0.6 +0.5 ± 0.7

Moscow State University
named after M. V. Lomonosov

Received
10 VI 1961

References
1. T. Rosenqvist, Acta Metallurgica, 1, 761 (1953).

2. L. D. Dudkin, N. Kh. Abrikosov, Problems of Metallurgy and Physics of
Semiconductors, Moscow, 1957, p. 97.

3. U. Fürst, F. Halla, Zs. Phys. Chem., B40, 285 (1938).

4. I. Oftedal, Zs. Phys. Chem., 128, 135 (1927).

5. M. Hansen, K. Anderko, Constitution of Binary Alloys, 1958.

6. T. Rosenqvist, Magnetic and Crystallographyc Studies on the Higher
Antimonides of Iron, Cobalt and Nickel, Trondheim, 1953.

7. N. V. Ageev, E. S. Makarov, Izv. AN SSSR, OKhN, 1943, 87.

8. A. V. Nikol’skaya, V. A. Geiderikh, Ya. I. Gerasimov, DAN, 130, 1074
(1960).

sovietrxiv.org/items/ru-196101.73676 Machine Translation

https://sovietrxiv.org/items/ru-196101.73676


9. V. A. Geiderikh, A. A. Vecher, Ya. I. Gerasimov, ZhFKh, 34, 2789 (1960).

10. V. V. Nalimov, Application of Mathematical Statistics in the Analysis of
Matter, 1960.

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-196101.73676 Machine Translation

https://sovietrxiv.org/items/ru-196101.73676

	Abstract
	Full Text
	PHYSICAL CHEMISTRY
	INVESTIGATION OF THE THERMODYNAMIC PROPERTIES OF COBALT ANTIMONIDES BY THE METHOD OF ELECTROMOTIVE FORCES
	References


