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Abstract - In this study density of electronic states and optical conductivity of ZnIr2O4 semiconducting spinel compounds 
using PBE and TB-mBJ scheme is discussed. We found good agreement of the calculated bandgap with experimental value. 
It indicates that TB-mBJ scheme is better suited to study the optical conductivity of ZnIr2O4 spinel. The transitions that are 
responsible for the structures in optical conductivity are also identified by the calculated density of states. 
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I. INTRODUCTION 
 
ZnIr2O4 spinel is interesting system reported to be 
Transparent Conducting Oxides (TCO). Transparent 
conducting oxides (TCO) constitute a unique class of 
materials which combine two physical properties 
together- high optical transparency and high electrical 
conductivity. This unique material property makes it a 
technologically important class of materials and TCOs 
are widely used in commercial applications such as 
liquid crystal displays, touch screens, solar cells, 
organic light emitting displays, smart windows, etc. 
Dekkars et al. [1] reported the growth of ZnIr2O4 
spinal by pulsed laser deposition. They observed band 
gap as large as 3eV. 
 
Besides the experimental studies, there have been 
several band structure calculations on this spinel. 
TB-mBJ calculations on ZnIr2O4 performed by Singh 
and Schwinggenschlogl [2] yielded a direct band gap 
of 1.25 eV with strong enhancement of the optical 
absorption in S-doped ZnIr2O4. Dixit et al. [3] 
presented electronic band structures of spinel ZnIr2O4 
calculated using the TB-mBJ potential. They 
concluded that the calculated band gap compare well 
with the experimental and GW results and found that 
the band gap is improved by TB-mBJ method over 
PBE method. Recently. Scanlon et al. [4] studied the 
the geometry and electronic structure of ZnIr2

IIIO4 
using the Perdew-Burke-Ernzerhof generalized 
gradient approximation (PBE-GGA) to DFT and a 
hybrid density functional, (Heyd-Scuseria-Ernzerhof) 
HSE06. They found that GGA underestimates the 
band-gaps of these materials, while HSE06 severely 
overestimates the band-gaps. 
Though some literature is available for electronic 
structure and optical properties of ZnIr2O4 spinel 
compound, we do not found a study of optical 
conductivity of this compound. Here, we present our 
theoretical results for this spinal compound, including 

the density of states (DOS) and optical conductivity as 
obtained with the FPLAPW method using PBE and 
mBJ scheme. The paper is organized as follows: First 
we describe the computational details adopted for the 
calculations. In the next section we discussed the 
analysis of results obtained for DOS and optical 
conductivity of ZnIr2O4 spinel compound. In last 
section we concluded our findings on the suitability of 
using TB-mBJ scheme for predicting optical properties 
of this spinel compound. 
 
II. COMPUTATIONAL DETAILS 
 
We have performed the first principle calculations by 
using the scalar relativistic version of the FPLAPW 
method [2, 5-9], based on DFT [10], as implemented in 
WIEN2k package [11]. In the FP-LAPW method, the 
unit cell is divided into non-overlapping spheres 
centered at atomic sites (muffin- tin spheres) of radius 
RMT and an interstitial region. The 
exchange-correlation (XC) potential used are the GGA 
based on Perdew et al. [12] and TB-mBJ potential [13, 
14]. The RMT are taken to be 2, 1.95 and 1.68 (a.u.) for 
Zn, Ir and O, respectively. The plane wave expansion 
of the wave function in the interstitial region was 
truncated at RMTKMAX=9. We obtained 
self-consistency by using 47 k-points in the Irreducible 
Brillouin Zone (IBZ). The self-consistent calculations 
are considered to be converged when the total energy 
of the system is stable within 10-4 Ry. The cut-off 
energy, which defines the separation of valence and 
core states, was chosen as -8 Ry. For the calculation of 
the optical properties, which usually requires a dense 
mesh of uniformly distributed k-points, the BZ 
integration was performed using a 14 × 14 × 14 
Monkhorst-Pack [15] k-point mesh, which yields 104 
k-points in the IBZ. The convergence was also checked 
with a refined mesh with no appreciable change in 
energy or properties. The k space integration was 
performed using the modified tetrahedron method 
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[16]. Optical responses were calculated within the 
electric dipole approximation. Since the ZnIr2O4 
spinel is cubic, there is only one important component 
of the optical conductivity. 
 
III. RESULTS AND DISCUSSIONS 
 
ZnIr2O4 crystallizes in a cubic spinel structure with 
space group Fd-3m (#227). The Zn atoms are located 
at the Wyckoff positions, 8a (1/8, 1/8, 1/8) tetrahedral 
sites, while the Ir atoms are located at the 16d (1/2, 1/2, 
1/2) octahedral sites and the oxygen atoms at 32e (u, u, 
u). The spinel structure is characterized by the lattice 
parameter a0 and internal parameter u. We have shown 
our calculated results of the lattice constant a0 and the 
internal parameter u with the available experimental 
and theoretical data in Table 1. The calculated 
equilibrium lattice constants and internal parameters 
are in good agreement with experimental results [1]. 

 a0 U 
Present work 8.759 0.262 
Experimental [1] 8.507 0.263 

Table 1. Calculated lattice constants a0 in Å, internal structure 
parameters u, along with experimental value for ZnIr2O4. 

 
3.1 Density of States 
We have shown the total and partial density of states 
(DOS) in Fig. 1 to understand electronic structure 
clearly by the use of PBE and TB-mBJ scheme. The 
above calculated total DOS show bandgaps in both 
schemes. The band gaps calculated with PBE and 
TB-mBJ along with experimental band gaps are given 
in Table 2. Our calculated band gap with TB-mBJ 
scheme is similar to Dixit et al. with same scheme [3]. 
The band gap obtained by PBE scheme underestimates 
the experimental observations by large magnitude 
while those obtained by TB-mBJ scheme are much 
close to it. 

 

 
Fig. 1: Calculated DOS of ZnIr2O4 using PBE (left panel) and TB-mBJ (right panel). Solid, dashed and dotted lines show the 

contributions of individual states of ZnIr2O4. 
 
The valence band between -9.14 eV to EF for PBE 
scheme is shifted towards EF between -8.53 eV to EF 
for TB-mBJ scheme. The valence band is formed by 
strong hybridization of Zn d, Ir d and O- p orbitals. 
The conduction band structure lies between 0.41 eV 
and 4.38 eV for PBE and between 2.31 eV and 6.45 eV 
for TB-mBJ. The conduction band is formed by mixing 
of unoccupied Ir-d and O-p orbitals. We found 
splitting of Ir-d states in both PBE as well as in 
TB-mBJ schemes. This splitting is more pronounced 
in TB-mBJ as compared to PBE. The splitting is 

responsible for larger band gap in TB-mBJ for ZnIr2O4 
compound. 
 

 PBE TB-mBJ 
Present 0.416 2.320 
Others 0.28a 2.30a 

Experimental 2.97b 

a Reference [3]; b Reference [1]; 
Table 2. Band gap (Eg) with PBE and TB-mBJ along with 

experimental value for ZnIr2O4 (in eV). 
3.2 Optical conductivity 
The TB-mBJ enhanced band gap value, compared to 
PBE, motivates further study of the band gap 
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dependent optical conductivity and can predict the 
potential use in opto-electronic devices. Further there 
is no experimental as well as theoretical study reported 
on the optical conductivity of ZnIr2O4 spinel. We hope 
our calculation will stimulate experiments in this 
direction. 
The calculated absorptive part of diagonal optical 
conductivity, σ (ω) of ZnIr2O4 using PBE and TB-mBJ 
potential are exhibited in Fig. 2. The onset of optical 
conductivity calculated by PBE and TB-mBJ scheme 
occurs at 0.39 and 1.51 eV respectively. The late onset 
of optical conductivity in TB-mBJ scheme than 
corresponding PBE scheme is due to the increase in 
bandgap for TB-mBJ scheme compared to PBE 
scheme. The peaks at 2.97 eV and 7.08 eV in PBE 
scheme is shifted to 3.87 eV and 7.9 eV in TB-mBJ 
scheme. Analysing DOS results, we found that the 
prominent peaks in the optical conductivity in both 
PBE and TB-mBJ mainly arise from the occupied Ir-d 
orbitals to unoccupied Ir-d orbitals. The shifting of the 
peaks towards higher energy in TB-mBJ is due to the 
shifting of conduction band minima towards higher 
energy in TB-mBJ scheme. There are no prominent 
peaks in optical conductivity at higher energies except 
some faint shoulder at 12-13 eV showing insignificant 
response. 

 
Fig. 2: Calculated Optical Conductivity, σ, of ZnIr2O4 using PBE 

and TB-mBJ scheme. 
 
CONCLUSIONS 
 
Our calculated DOS using PBE and TB-mBJ scheme 
show that the Zn, O-d states and O-p states constitute 
the broad valence band, while Ir-d and O-p states 
constitute the conduction band. The total DOS shows a 
significant improvement of the energy band gap 
calculated by TB-mBJ scheme over the PBE scheme 
and closer to the experimental data. The pronounced 
splitting of Ir-d states is responsible for larger band 
gap in TB-mBJ. The late onset of optical conductivity 
in TB-mBJ scheme than corresponding PBE scheme is 
due to the increased bandgap by TB-mBJ compared to 
PBE. Good agreement of the calculated band gap with 
the experimental value shows that the TB-mBJ 
functional is best suited to study the optical 

conductivity of ZnIr2O4. Furthermore the frequency 
dependent optical conductivity results also indicate 
that TB-mBJ scheme is superior to PBE scheme for 
ZnM2O4 spinel. 
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