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Report: 
 In this experiment, we intended to study pressure-temperature (P-T) phase diagram of 
delafossite-derived sulfide AuCrS2 and related sulfides. AuCrS2, which is synthesized in 
evacuated quartz tube at high temperature, has a delafossite-derived structure represented as a 
stacking of the gold atoms and edge-shared CrS2 octahedra shown in Fig. 1 [1]. On the other 
hand, another delafossite-derived sulfide AuVS2, which is synthesized under high pressure 
and high temperature (HPHT) , has trigonal prismatic VS2 layer (Fig. 1) [2]. To our first 
prediction, AuCrS2 might be transformed into AuVS2-type structure under HPHT. The ID 27 
beamline is the most stable one for studying the structural phase transition under HPHT. 
 Unfortunatelly, we failed in heating of sample due to furnace trouble. However, we 
oberved pressure-induced phase transition for AuCrS2 at high pressure of 6.5 GPa at room 
temperature. Fig. 2 (a) shows the X-ray diffraction (XRD) patterns collected under high-
pressure. The (00l) reflections are almost unchanged below 6.5 GPa while the others were 
shifted to higher angle by compression, which indicates a strong anisotropic compressiblity of 
AuCrS2. Anisotropic compressibility was reported for delafossite-type oxides [3,4]. However, 
AuCrS2 is less compressive along c axis than than oxides. The strong anisotropic property of 
AuCrS2 probably originates from the covalent property of the linear S2-–Au+–S2- bond 
stronger than that of O2-–Cu+–O2- in delafossite oxides. The lattice constants changed 
discontinuously at 6.5 GPa; c axis expanded while a axis shrunk. Note that such an expansion 
of the axis (c axis in this case) has never been reported for delafossite oxides although 
pressure-induced phase transition was known [3]. Since the XRD patterns in decompression 
recovered into those below the transition pressure shown in top two patterns in Fig. 2(a), the 



 

phase transition is reversible. That is contrast to the irreversible phase transition in delafossite 
oxide [3]. The detailed crystal strucutre analysis of the high-pressure phase was impossible 
because the quality of the data was unsufficient. However, optimisation of the setting and 
improvement of sample preparation should make detailed crystal structure analysis possible. 
Futhermore, comparison study of AuCrS2, AuVS2, and the solid solution AuCr1-xVxS2 under 
HPHT may lead to remarkable results in the phase diagram of delaffosite-derived sulfides. 
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Fig. 2 (a) XRD patterns under high pressure collected at the ID 27 beamline. 00l reflections 
were unchanged below 6.5 GPa and slightly shifted to lower angle above 6.5 GPa while other 
reflections monotonically shifted to higher angle with increasing the pressure. The top two 
patterns show those on decompressing. (b) Lattice constants and unit cell volume as a function 
of the applied pressure. Clear discontinuity can be seen at 6.5 GPa. 

Fig. 1 Crystal structure of (a) AuCrS2 and (b) AuVS2  
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