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Lattice dynamics of ZnAl,0, and ZnGa,0,4
under high pressure
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In this work we present a first-principles density functional study of the vibrational properties of ZnAl2O4
and ZnGaz 04 as function of hydrostatic pressure. Based on our previous structural characterization of these
two compounds under pressure, herewith, we report the pressure dependence on both systems of the vi-
brational modes for the cubic spinel structure, for the CaFe2O4-type structure (Pnma) in ZnAl2O4 and for
marokite (Pbcm) ZnGaz04. Additionally we report a second order phase transition in ZnGa2O4 from the
marokite towards the CaTi2O4-type structure (Cmcm), for which we also calculate the pressure dependence
of the vibrational modes at the I" point. Our calculations are complemented with Raman scattering mea-
surements up to 12 GPa that show a good overall agreement between our calculated and measured mode
frequencies.
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1 Introduction

AB>0,4 compounds are ceramics with many interesting mechanic, electric, magnetic and optical properties.
Many of these oxides crystallize in the cubic spinel structure (Fd3m) exemplified by MgAl;Oy. In partic-
ular, ZnAl»O4 and ZnGas 0,4 have gained recent interest for their applications as phosphors because they
combine a wide direct band-gap above 3.5 eV, transparent and electroconductive properties, high thermal
stability, low acidity, and hydrophobic behavior to be used in many different new dispositives [1-3].

Little is known about the pressure dependence of the mechanical, electrical, and optical properties of
ZnAl;,0,4 and ZnGay0, spinels. High pressure X-ray diffraction studies of these two compounds have
shown that while ZnAl;O4 does not undergo any phase transition till 43 GPa [4], ZnGa;O4 undergoes two
phase transitions towards the tetragonal spinel (/41/amd) and marokite (Pbcm) structures around 34 and
55 GPa, respectively [5]. Recently, S. Lopez et al. have performed first principles calculations to study the
stability of the spinel structures of ZnAl,O4 and ZnGazO,4 under high pressure and phonon frequencies in
the I" point at zero pressure [6, 7]. It has been predicted that ZnAl,O4 should undergo a pressure-induced
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