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CHEMICAL ASPECT OF THE STRUCTURAL  

DISORDER IN CuCrS2 AND CuCr1–xVxS2 SOLID SOLUTIONS 

I. G. Vasilyeva UDC 541.221:546.56+546.76

A gradient chemical structure of micron-sized crystals of CuCrS2 and CuCr1–xVx
S2 powders is established 

by the differential dissolution technique. It is shown that their surface region coherently conjugated with 

planar faces of CuCrS2 crystals is enriched with copper whereas the bulk is depleted of copper and the 

copper sublattice is disordered. A possible mechanism of the formation of surface regions due to a high 

bulk mobility of copper atoms in the defect copper sublattice is proposed. It is shown that for solid 

solutions the disordering process involves copper and vanadium atoms and vacancy complexes. The 

phenomena found are discussed together with the structural and magnetic data. 
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INTRODUCTION 

The layered compound CuCrS2 and its solid solutions CuCr1–xVx
S2 have long been considered as promising 

multifunctional materials for modern electronics [1-3]. The necessity to understand and explain the specific electrical and 

magnetic properties of these objects has started an extensive investigation of their structural and chemical states. However, 

the scatter of physical properties altering from a sample to sample being macroscopically identical proved to be so serious 

that the statement that the properties of an object depended on its preparation conditions became inacceptable for the 

materials science. Two factors gave rise to the main problems of ambiguity in the interpretation of microstructure–property 

correlations. These are the absence of quality crystals with a size sufficient for large-scale studies and a set of diagnostic 

techniques restricted by the powder state of the objects. The specific features of the layered compound itself also contributed 

to the ambiguity. Many researchers considered it as an intercalate of a small Cu+ ion in tetrahedral voids of the space between 

[CrS2]
– layers of the matrix structure. In fact, the bond between positively charged Cu+ layers and negatively charged [CrS2]

– 

layers is not purely electrostatic but there is a strong salt-type interaction between interlayer copper atoms and sulfur from  

S–Cr–S layers, which at high temperatures predetermines the disordering process of the copper sublattice. 

A large number of works have been devoted to the study of structural disordering of powder CuCrS2 samples and 

CuCr1–xVx
S2 solid solutions by powder X-ray diffraction, neutron diffraction, X-ray emission spectroscopy and measurements 

of the electrical and magnetic properties [1-12]. Despite a large factographic material the final conclusion about the character 

of the copper distribution in the matrix compound CuCrS2 and the vanadium distribution in the CuCr1–хVx
S2 solid solution  
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has not been drawn so far. Some researchers consider CuCr1–xVx
S2 to be a substitutional solid solution, the others consider it 

to be a substitution-intercalation solution, indicating that vanadium can occupy irregular octahedral voids of the CuCrS2 

interlayer space. 

Powder X-ray diffraction, neutron diffraction, X-ray absorption and photoelectron spectroscopy methods would 

seem to provide these data and discriminate between different models of the structure. However, in practice, with regard to 

limitations of each of these methods when applied to disperse sized powders with a violated surface state and a long interface, 

the unambiguous structure solution of both matrix and solid solutions, which is consistent with the specific features of the 

measured electrical and magnetic properties, has not been obtained so far. This is facilitated by the fact that as the distribution 

of copper and vanadium is complicated in CuCrS2 and CuCr1–xVx
S2, the ordering process starts to involve vacancies in copper 

and chromium layers, which predetermines an intricate ordering process with several degrees of order. 

The necessity of understanding the order–disorder process in CuCrS2 and CuCr1–xVx
S2 solid solutions forced us to 

return to this problem and develop new approaches to its solution. To examine the fine structure of a series of CuCrS2 and 

CuCr1–xVx
S2 samples we have chosen an independent chemical method of differential dissolution (DD) [13]. The targeted 

choice of the DD method is based on its ability to precisely determine the phase composition and stoichiometry of the matrix 

and impurity phases, but its major advantage is the opportunity to monitor the spatial chemical heterogeneity with  

a resolution of 50 Å/cm2 and to determine the concentration of diffusively mobile ions in the structure by its specific 

reactivity [7]. This work is devoted to the development of representations of the nature of disordering in these interesting 

layered compounds that are two-dimensional in the structure and properties, with the attention focused on the chemical aspect 

of the problem. We were sure that the analysis of chemical DD spectra correlated with the structural data on possible models 

of CuCrS2 and CuCr1–xVx
S2 structures, contributing to the available knowledge about these objects, would provide new and 

more complete information on the phenomenon under study. 

EXPERIMENTAL 

The object of study was a series of samples of micron-sized powders of the composition CuCrS2 and CuCr1–xVx
S2 

with x = 0÷0.6 that were obtained by sulfurizing a stoichiometric mixture of copper, chromium, and vanadium oxides in a gas 

medium of decomposition products of ammonium rhodanide. In their synthesis, gradual heating of the mixture was applied 

which ensured the completeness of the final product formation. The key parameters of the synthesis were five hour heating at 

a final temperature of 850 °С and cooling to room temperature with a rate of 25 °C/min or 60 °C/min. The grained 

composition of the samples was found to be 1-25 μm with the preferred concentration of the micron fraction. We and other 

researchers have previously studied in detail these samples within the international project [14]. However, the DD data were 

not published because they did not principally influence the main conclusions. Since the question about the disorder of 

CuCrS2 and CuCr1–xVx
S2 structures still remains a topic of discussions, here we consider it from a new standpoint, focusing 

our attention on the chemical aspect of the problem of disorder and measuring the magnetic properties of the samples. We 

used the structural data previously obtained by T. Yu. Kardash [14] to support the representations being developed. 

DD was performed in the HNO3 solvent with increasing concentration from 3N to 6N at temperatures of 20-80 °С. 

The samples were completely dissolved in 25-30 min, except Cr2O3 grains remaining on the reactor walls after the 

completion of dissolution. The initial information was the kinetic dissolution curves of elements composing the sample, 

which were transformed into stoichiograms and the stoichiometric formulas of phases and their quantities were calculated.  

A detailed description of all procedures is given in [13]. 

The magnetic properties of CuCr1–xVx
S2 were measured on a magnetic balance according to the Faraday scheme at 

temperatures of 80-300 K and the magnetic field power of ∼1 T (10 kOe). 

The methods of examining the structure are described in detail in [7, 14]. Here we present only brief information on 

the measurement conditions. The measurements were conducted on an X′TRA diffractometer with CuKα radiation in the 

angle range 2θ = 10-70° (the interval of reflections with I/I0 ≥ 1%) with a step of 0.02° and the point acquisition time of 5 s. 
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Fig. 4. Kinetic dissolution curves of Cu, Cr, V, S elements in CuCr0.85V0.15S2 (а) and CuCr0.8V0.2S2 (b) 
samples. Kinetic dissolution curves of Cumob components (1), surface (2), bulk (3) in CuCr0.80V0.20S2 (c) and 
CuCr0.95V0.05S2 (d) samples. 

 

TABLE 2. Characteristics of CuCr1–xVx
S2 Samples from the DD Data 

x 
Cu, wt.%  
mobile 

Surface Bulk phase Atomic ratio 

Composition Concentration, % Composition Concentration, % Сu Cr V S 

0 3.5  20 Cu0.59CrS2 77 60.5 61.0 – 122

0.05 11 V:Cu = 0 21 Cu0.39Cr0.95V0.06S2 69 50.0 47.7 3.0 100

0.15 3 V:Cu ∼ 0.02 27 Cu0.26Cr0.79V0.22S2 67 86.8 79.9 8.3 168

0.20 3 V:Cu = 0.037 11 Cu0.23Cr0.80V0.21S2 65 78.7 60.7 18 157

0.25 3 V:Cu = 0.040 28 Cu0.21Cr0.75V0.22S2 68 75.9 69.5 6.5 153

0.4 2 V:Cu = 0.059 30 Cu0.06Cr0.6V0.4S2 70 45.6 30.5 14.8 90 

0.6  V:Cu ∼ 0.33 40 Heterophase sample 52.3 22.3 30.1 105
 

detected. Therefore both objects were beyond the scope of our interest. For the samples with x < 0.4 with the found chemical 

stoichiometry the surface and bulk states were discussed in detail. From Table 2 it is seen that the composition of the crystal 

bulk is depleted of copper, and the larger х, the higher this deficit. Together with the copper deficit in the bulk, the length of 

the surface region enriched with copper increases, and its estimate reaches already 90-100 nm. When sizes exceed the 

nanoscale size, it is possible to expect a violation of the coherence of surface layers and the appearance of nuclei of the Сu9S5 

phase as colloidal and larger associates, which is detected by weak fluctuations of stoichiograms of the samples with x < 0.25 

and an additional set of dissolution curves for the samples with x ≥ 0.25. The removal of the Сu9S5 phase from the surface 

region breaks the total stoichiometry and charge neutrality of the sample, thus making the bulk change the composition. Here 

the non-stoichiometry is compensated by the localization of V3+ in the copper sublattice, which is confirmed by two facts: the 

known ability of chromium atoms to intercalate into the interlayer space [11] and DD vanadium experimentally found in the 

surface region of the samples with x ≥ 0.15. The latter fact cannot be explained by anything other than the motion of 

vanadium atoms from the interlayer o-octahedral positions that are fast diffusion channels. The model of localizing vanadium 
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