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FIRST-PRINCIPLES INVESTIGATIONS OF ZnO/ZnS MIXED 

COMPOUNDS, POLYTYPISM AND (HETERO)STRUCTURES 

Dejan Zagorac1,2, Jelena Zagorac1,2, Tamara Škundrić1,3,  

Dušica Jovanović1,3, Maria Čebela1, Dragana Jordanov1, Milena Rosić1, 

Branko Matović1,2 

1Materials Science Laboratory, Institute of Nuclear Sciences “Vinča”, 

University of Belgrade, Serbia 
2Center for Synthesis, Processing and Characterization of Materials for 

Application in the Extreme Conditions “CextremeLab”, Belgrade, Serbia 
3Dept. Chemistry, Faculty of Sciences & Mathematics, University of Niš, Serbia 

Zinc oxide (ZnO) is one of the most extensively investigated compounds in 

computational and experimental materials science, but in nature it only rarely occurs 

in pure form, as the mineral zincite. In contrast, zinc sulfide (ZnS) is very common 

and the main source of zinc found in nature, where it mainly appears as the mineral 

sphalerite. Both compounds have a large number of desirable properties for 

industrial applications, where they are successfully employed in electronics (e.g. 

LED, LCD, etc.), batteries and in optical materials, as well as additives to various 

materials, closely related to the structure–property relationships. As ZnS is the most 

common natural form of zinc, whereas ZnO is rarely found, it is not surprising that 

ZnO/ZnS solid solutions have not been found in nature. Recently, studies of 

ZnO/ZnS heterostructures and heterojunctions with various morphologies have been 

reported usually presenting improved physical and chemical properties for 

biosensors, electronics, magnetism, optics, catalysis, mechanics and 

electrochemistry. The main topic of this study are newly discovered ZnO/ZnS 

polytypes, which provide alternative structural arrangements of ZnO/ZnS 

compounds, including bulk crystal structures, various nanostructures, 

heterostructures and heterojunctions. In particular, pristine ZnO and ZnS compounds 

and mixed ZnO1-xSx compounds (x = 0.20, 0.25, 0.33, 0.50, 0.60, 0.66, and 0.75) 

have been investigated. First-principles calculations have been performed using 

Density Functional Theory (DFT), Local Density Approximation (LDA) and hybrid 

Heyd–Scuseria–Ernzerhof (HSE06) functionals. A multitude of possible stable 

polytypes for ZnO/ZnS compounds have been discovered creating new possibilities 

for synthesis of new materials with improved physical and chemical properties. 

 
1. D. Zagorac, J. Zagorac, J.C. Schön, N. Stojanović, B. Matović, Acta Cryst. B, 74 

(2018) 628. 


