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abSTRacT

7KLV�VWXG\�UHSRUWV�IRU�WKH�¿UVW�WLPH�WKH�ODWWLFH�SDUDPHWHUV�DQG�WKH�FRPSOHWH�FU\VWDO�VWUXFWXUH�HYROXWLRQ�
with increasing pressure for a thiospinel with composition CuCr1.7V0.3S4 (space group Fd3m) measured 
by single-crystal X-ray diffraction as a function of pressure up to 7 GPa. The P-V data are adequately 
GHVFULEHG�WR�D�IRXUWK�RUGHU�%LUFK�0XUQDJKDQ�HTXDWLRQ�RI�VWDWH�ZLWK�WKH�IROORZLQJ�FRHI¿FLHQWV��V0 = 
947.86(6) Å3, KT0 = 88(1), and Kƍ� ���������KƎ� �±��������7KLV�LV�WKH�¿UVW�WLPH�WKDW�WKH�FRPSUHVVLELOLW\�
behavior of a spinel structure has been described by a fourth-order Birch-Murnaghan equation of state. 
The unit-cell volume shows a compression of about 6.3% over the entire pressure range investigated. 
The crystal structure evolution clearly indicates that the main compression mechanism is related to 
the compression of the CuS4�WHWUDKHGURQ��ZKLFK�LV�VLJQL¿FDQWO\�JUHDWHU�WKDQ�WKH�&U66 octahedron. The 
tetrahedral volume decreases by 7.8% over the pressure range studied while the octahedral volume 
decreases by 5.5%. The change in the octahedral volume is accompanied by a decrease in the angular 
distortion of the CrS6 octahedra.
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inTRoducTion

CuCr2S4 belongs to the thiospinel group and crystallizes in 
the cubic spinel structure (space group Fd3m). It is a normal 
spinel with Cu2+ occupying the tetrahedrally coordinated sites 
and the Cr3+ occupying the octahedrally coordinated sites. In the 
last decade, this class of compounds has attracted great interest 
because of their unusual optical, electrical, and magnetic proper-
ties (Berry et al. 2007; Dmitrieva et al. 2007; Haacke and Beegle 
1968; Ito et al. 2005, 2006; Koroleva et al. 1991; Lotgering 1964; 
Masrour et al. 2011; Nogues et al. 1979; Saha-Dasgupta et al. 
2007; Samokhvalov et al. 1976a; Siberchicot 1993; Snyder et 
al. 2001; Tewari et al. 2010; Tressler and Stubican 1968; Zub 
1983). Many phases belonging to the thiospinel group, with 
the same symmetry as CuCr2S4 (Fd3m) have shown interesting 
structure-property changes under extreme high-temperature and 
high-pressure conditions. For example, it was demonstrated that 
some thiospinels undergo structural phase transitions at high 
pressure that are correlated changes in their magnetic properties 
(i.e., Garg et al. 2007; Ito et al. 2003; Nakamoto et al. 2005). It is, 
therefore, crucial to investigate the structural evolution of such 
important materials, which closely correlate with their unusual 
material properties.

In particular CuCr2S4 has always been considered to be a good 

candidate as a base material for the production of magneto-optical 
devices and as cathodes for Li-secondary batteries (Imanishi et al. 
1993; Saha-Dasgupta et al. 2007). Because of its unique features 
involving magnetic phase transitions (i.e., higher ferromagnetic, 
metal-insulator, and semiconductor-metal phase transitions), 
CuCr2S4 has been investigated under low- and high-temperature 
conditions to better understand how resistivity, conductivity, and 
ferromagnetic properties are affected under non-ambient condi-
tions (Albers and Rooymans 1965; Banus and Lavine 1969; Ito 
et al. 2003; Samokhvalov et al. 1976a, 1976b; Tressler et al. 
1968). In this study, we present results of the elastic properties 
and crystal structure evolution of CuCr2S4 as a function of pres-
sure to evaluate how chemical composition variations affect the 
high-pressure behavior in the thiospinel group.

expeRimenTal meThodS
The natural crystal investigated in this study was selected from the same 

crystal batch studied by Reznitsky et al. (2011) who determined the following 
FRPSRVLWLRQ�� �&X0.98Fe0.02Zn0.01)1.01(Cr1.65V0.34As0.01)2.00S3.99 (hereafter abbreviated 
as CuCr1.7V0.3S4). The crystal studied under high-pressure conditions (size 0.130 
× 0.090 × 0.060 mm) was selected on the basis of its size, absence of twinning, 
and X-ray diffraction profiles. The crystal was loaded in an ETH-type diamond-
anvil cell (DAC, Miletich et al. 2000) using a steel gasket (T301) pre-indented to 
D�WKLFNQHVV�RI����ȝP�DQG�ZLWK�D�KROH�RI�����ȝP�LQ�GLDPHWHU��$�VLQJOH�FU\VWDO�RI�
quartz was used as an internal diffraction pressure standard (Angel et al. 1997) and 
D�����PL[WXUH�RI�PHWKDQRO�HWKDQRO�ZDV�XVHG�DV�SUHVVXUH�PHGLXP��ZKLFK�UHPDLQV�
hydrostatic throughout the entire pressure range investigated (Angel et al. 2007). 
The unit-cell parameters were determined by single-crystal X-ray diffraction us-
ing a Huber four-circle diffractometer (non-monochromatized MoKĮ�UDGLDWLRQ��
operating at 50 kV and 40 mA, automated by the SINGLE software (Angel and 
Finger 2011). The unit-cell parameters were measured at 13 different pressures 
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