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Pressure Induced Phase Transitions in Spinel and Wurtzite Phases of ZnAl,S; Compound
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ZnAl,S; single crystals with spinel (a-phase) and wurtzite (w-phase) structures have been studied by Raman spectroscopy
under hydrostatic pressures of up to 300 kbar. Significant changes in the phonon spectrum of the c-phase have been observed
at the critical pressure of 230 kbar, which are attributed to a reversible phase transition to a denser high-pressure phase, having
a similar structure to that of calcium ferrite. In the pressure interval of 180 to 230 kbar, the two phases coexist. The irreversible
disappearance of the Raman signal of w-ZnAl,S4 doped by Cd at pressures above 90 kbar was attributed to a phase transition to
a rocksalt-type structure. This critical pressure is 40 kbar lower than that in undoped w-ZnAl,S4 and is explained on the basis
of crystal structure quality. Different structures were realized upon removing the pressure, depending on the highest pressure
previously reached, such as a mixture of wurtzite and spinel phases, a spinel quasi-crystalline structure, or a pressure-induced
amorphous phase. The behavior of the quasi-crystalline spinel structure upon repeating the pressure cycle was found to be

different from that of the a-phase single crystal.
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1. Introduction

Structural studies of semiconductors have become a funda-
mental problem of high-pressure science since the discovery
of pressure-induced phase transitions. A systematic struc-
tural study of the standard II-VI, II--V and group IV semi-
conductors has been undertaken over the past few years.!™>
While considerable efforts were put on the study of pressure-
induced phase transitions in I-III-VI, chalcopyrites,*® only
a single high-pressure study has been reported on II-1II,—VI4
ordered vacancy compounds.” Since these materials crystal-
lize in different structures, depending on the growth condi-
tions,>1? their behavior under hydrostatic pressure appears
to be an interesting problem. One of the most important ma-
terials in this regard is ZnAl;S4 which can be obtained as
different structural modifications, depending on growth tem-
perature.!!-1? Three phases exist in the region of low-growth
temperatures (700-900°C), namely, the spinel structure (-
phase), the wurtzite-type structure with a statistical distribu-
tion of the cations, called w-phase, and the layered struc-
ture with a hexagonal lattice, called the L- or ~y/-phase. At
high-growth temperatures (1050-1100°C) an orthorhombic
(-phase and a thombohedral y-phase can be obtained. Fur-
thermore, quaternary solid solutions ZnAly(; _;)Gaz;S4 (ob-
tained by adding gallium atoms to the Zn—Al-S system) crys-
tallize in a defect chalcopyrite (DC) structure.'® In this work,
we present the results of a structural study of o~ and w-
type phases of ZnAl,S4 under hydrostatic pressure of up to
300 kbar.

2. Experimental

The a- and w-phase ZnAlsS, crystals were grown by the
chemical transport technique, with iodine used as the trans-
port agent. The initial elements Zn, Al and S (total mass
2-2.5 g) were loaded in quartz ampoules (15 mm in diame-
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ter, 15cm in length). For the a-phase, the temperatures at
the charge and growth zones were 850 and 750°C, respec-
tively. The spinel structure of the single crystals was con-
firmed through X-ray analysis, with a lattice parameter of
10.01 A; w-phase crystals were obtained when the growth
temperature was 50°C lower than that for the a-phase. Two
types of w-ZnAl,S, crystals were grown, one with full stoi-
chiometry and a second one with about 10 % of the Zn atoms
substituted by Cd atoms. According to the X-ray analysis,
both types of w-ZnAl,Sy4 crystals possess a random distribu-
tion of cations and stoichiometric vacancies among the possi-
ble tetrahedral sites of the lattice, with unit cell parameters of
a=376Aandc=6.15A1

Unpolarized Raman spectra were taken in a diamond anvil
cell at ambient temperature. The pressure was calibrated to
within 0.1kbar using the ruby luminescence lines. The Ra-
man spectra were measured with a double spectrometer in
nearly back-scattering geometry. The 514.5 nm line of an ar-
gon laser was used at power levels of approximately 30 mW.
The laser spot on the sample was 50 um and the resolution
was better than 1 cm™1.

3. Results and Discussion

31 a-phase of ZnAl;Sy

The a-ZnAl,S, exhibits a normal spinel structure (space
group Fd3m) with two formula units per unit cell. The ideal
spinel structure consists of a cubic closed array of anions in
which one-third of the cations (Zn) are on tetrahedrally co-
ordinated sites and two-thirds of the anions (Al) are on octa-
hedrally coordinated sites. The presence of vacancies in the
crystal structure results in distortions in the anion sublattice.
This effect is usually quantified by the so-called internal dis-
tortion parameter u, the value of which is 3/8 for the ideal fcc
structure. In the case of a-ZnAl,S, it is equal to 0.385.

Forty-two normal vibrations are expected in a normal
spinel structure at & = 0.1 These vibrations are described by
the following reduction into the irreducible representations of
the point group,



