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a b s t r a c t

Optical absorption measurements at high pressure have been performed in two phases of the ordered- 

vacancy compound (OVC) ZnGa2Se4: defect stannite (DS) and defect chalcopyrite (DC). The direct bandgap 

energy of both phases exhibits a non-linear pressure dependence with a blueshift up to 10 GPa and a 

redshift at higher pressures. We discuss the different behavior of both phases in these two pressure ranges 

in relation to the pressure-induced order-disorder processes taking place at cation sites. Measurements 

performed in both phases on downstroke after increasing pressure to 22 GPa show that the direct bandgap 

energy of the recovered samples at room pressure was 0.35 eV smaller than that of the original samples. 

These results evidence that different disordered phases are formed on decreasing pressure, depending on 

the cation disorder already present in the original samples. In particular, we attribute the recovered samples 

from the original DC and DS phases to disordered CuAu (DCA) and disordered zincblende (DZ) phases, 

respectively. The decrease of the direct bandgap energy and its pressure coefficient on increasing disorder in 

the four measured phases are explained. In summary, this combined experimental and theoretical work on 

two phases (DC and DS) of the same compound has allowed us to show that the optical properties of both 

phases show a similar behavior under compression because irreversible pressure-induced order-disorder 

processes occur in all adamantine OVCs irrespective of the initial crystalline structure.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND 

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

ZnGa2Se4 is one of the most studied, and probably one of the 

most controversial semiconductors of the adamantine-type tetra-

hedrally-coordinated AIIB2
IIIX4

VI family of ordered-vacancy com-

pounds (OVCs) [1–3]. Contrary to most AIIB2
IIIX4

VI adamantine OVCs, 

which crystallize at room conditions in the defect chalcopyrite (DC) 

structure (space group (S.G.) I-4, Fig. 1a), ZnGa2Se4 crystallizes 

mainly in the defect stannite (DS) structure, also known as defect 

famatinite (S.G. I-42m, Fig. 1b) [4–10], but also in the DC structure 

[11–16]. This has generated a considerable controversy regarding the 

true crystalline structure of this compound and its corresponding 

properties. Note that in the DC structure, cations and vacancies are 

completely ordered, being Ga atoms located at 2a and 2c Wyckoff 

sites, vacancies at 2b Wyckoff sites, and Zn atoms at 2d Wyckoff sites, 

while in the DS structure, there is a certain disorder at the cation- 

vacancy sites that leads up to 5 different phases or models pre-

viously discussed [14,17–19]; i.e, the DS structure is not a single 

structure but may correspond up to 5 different phases depending on 

the disorder [18,19].

The discrepancy in the structure of ZnGa2Se4 under room con-

ditions comes from the lack of detailed information on crystal 

growth procedure and preparation of the studied samples in many 

studies. This information is important because phase diagram stu-

dies of ZnGa2Se4 reveal that it presents several order-disorder 
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has been proved that the pressure coefficient of the direct bandgap 

energy decreases on increasing the disorder degree in ZnGa2Se4; a 

result which is in good agreement with previous measurements on 

disordered samples of HgGa2Se4. Finally, we have explained that the 

decrease of the pressure coefficient of the direct bandgap energy 

with increasing disorder in adamantine OVCs can be explained by 

the nature of the lowermost CB in disordered phases. This CB is 

Supercomputación (RES) and MALTA-Cluster.
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