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Abstract –. This paper presents a comprehensive exploration of the electronic structure and properties of 

magnesium aluminate (MgAlO3), a perovskite oxide with significant potential for diverse applications. 

Leveraging the power of Density Functional Theory (DFT), we delve into the fundamental aspects of 

MgAlO3, unravelling its electronic band structure, density of states, and defect properties. The electronic 

structure calculations offer valuable insights into the material's conductivity, optical characteristics, and 

bandgap, essential for understanding its suitability in electronic devices and other technological domains. 

Furthermore, the study investigates the stability of MgAlO3 under different conditions and explores the 

impact of defects, such as vacancies and dopants, on its properties. Through DFT simulations, we provide 

a detailed analysis of the interplay between electronic structure and defect engineering, offering a roadmap 

for tailoring MgAlO3 to specific applications. This research bridges the gap between theory and 

experiment, contributing to the broader understanding of perovskite oxides and facilitating the informed 

design of materials for future technological advancements. The investigation of the structural, electronic, 

and optical properties of the crystal structure was made using the Wien2k computer package program. 
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I. INTRODUCTION 

In the realm of materials science and condensed 

matter physics, the exploration of novel materials 

with unique properties and functionalities is at the 

forefront of research endeavors. Among these 

materials, perovskite oxides have garnered 

significant attention due to their diverse and tunable 

characteristics[1, 2]. One such compound, 

magnesium aluminate (MgAlO3), exhibits 

promising features for various applications, ranging 

from electronic devices to catalysis [3-5]. In this 

paper, we delve into a comprehensive study of 

MgAlO3 utilizing Density Functional Theory 

(DFT), a powerful computational approach that has 

revolutionized our understanding of the electronic 

structure and properties of materials. 

1.1. Perovskite Oxides: A Brief Overview 

Perovskite oxides, with their distinctive ABX3 

crystal structure, have become a focal point in 

materials research due to their intriguing physical 

and chemical properties [6-8]. The general 

perovskite structure consists of an A-site cation, a 

B-site cation, and an oxygen framework. This 

arrangement allows for a myriad of compositions 

and, consequently, a wide range of functionalities. 

MgAlO3, with magnesium (Mg) occupying the A-

site and aluminium (Al) at the B-site, represents a 

subset of perovskite oxides that holds promise for 

applications demanding tailored electronic and 

optical properties. 
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1.2. Significance of MgAlO3 in Materials 

Science 

MgAlO3's significance lies in its potential 

applications in various technological domains [9]. 

For instance, its high thermal stability and excellent 

chemical resistance make it an attractive candidate 

for refractory materials. Furthermore, the 

compound's electronic properties make it a subject 

of interest in the development of electronic devices. 

Understanding the fundamental aspects of MgAlO3, 

such as its electronic structure and stability, is 

crucial for harnessing its full potential in practical 

applications. 

1.3. Computational Framework: Density 

Functional Theory 

Theoretical methods play a pivotal role in 

unraveling the intricacies of materials at the atomic 

and electronic levels. Among these methods, 

Density Functional Theory has emerged as a 

cornerstone for predicting and interpreting the 

properties of diverse materials [10-13]. DFT offers 

a balance between accuracy and computational 

efficiency, making it particularly well-suited for the 

study of complex systems like MgAlO3 [14]. 

In the realm of DFT, the Schrödinger equation is 

solved by considering the electron density rather 

than the wave function, significantly reducing the 

computational burden [15]. The success of DFT lies 

in approximating the exchange-correlation 

functional, and various formulations, such as the 

widely used generalized gradient approximation 

(GGA) and hybrid functionals, have been employed 

to enhance accuracy [16]. 

1.4. Electronic Structure of MgAlO3: 

Insights from DFT 

A fundamental aspect of MgAlO3 that DFT allows 

us to explore is its electronic structure. By 

calculating the electronic band structure and density 

of states, we gain valuable insights into the behavior 

of electrons within the material. This information is 

critical for understanding its conductivity, optical 

properties, and potential as a semiconductor [4, 17]. 

Previous experimental studies have indicated that 

MgAlO3 exhibits a wide bandgap, a characteristic 

often desirable in electronic materials. DFT 

calculations enable a deeper understanding of the 

bandgap, providing information about the nature of 

electronic transitions and the influence of defects on 

the electronic structure. 

1.5. Stability and Defects in MgAlO3 

Stability is a crucial factor determining the practical 

viability of materials. DFT allows us to assess the 

stability of MgAlO3 under various conditions and 

identify potential phase transitions. Additionally, 

the investigation of defects, such as vacancies and 

dopants, is essential for tailoring the properties of 

MgAlO3 to specific applications. Through DFT 

simulations, we can predict the impact of defects on 

the electronic structure and explore strategies to 

enhance or modify the material's characteristics. 

In conclusion, the application of Density Functional 

Theory to MgAlO3 provides a robust framework for 

unraveling its electronic structure, stability, and 

defect properties. By bridging theory and 

experiment, this computational approach enhances 

our understanding of perovskite oxides, paving the 

way for informed design and optimization of 

materials for diverse technological applications. 

This paper aims to contribute to the evolving 

landscape of materials science by providing a 

comprehensive exploration of MgAlO3 through the 

lens of DFT. 

II. MATERIALS AND METHOD 

1. Computational details 

 

The structural, electronic, and optic properties 

of the MgAlO3 compound were performed by the 

full potential linearized augmented plane wave 

method (FP-LAPW) using the Wien2k code. The 

separation energy of valence and core states (Ecut) 

was chosen as -7 Ry. The convergence of the basis 

set was controlled by a cut-off parameter RmtKmax 

was selected as 7. The size of the largest vector in 

the charge density Fourier expansion (Gmax) was 

chosen as 12. 
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III. RESULTS AND DISCUSSION 

  

 

3.1. Structural Properties 

 

MgAlO3 compound is cubic with Pm3̅m (no. 5) 

space group (Fig. 1). The calculation was started 

with experimental data and calculated the total 

energy of the compound for various volumes around 

experimental data to find ground state properties. 

The calculated total energy depending on unit cell 

volume is given in Fig. 2. 

 

 

 

Fig 1. Unit cell of MgAlO3 

 

Fig 2. Calculated total energy versus unit cell volume of MgAlO3 compound

 

The Calculated Structural Parameters of MgAlO3 

According to Murnaghan’s equation, the calculated 

volume (V0), bulk modulus (B0), minimum energy 

(E), and derivative pressure (Bı) values are 

336.1474 a.u. 3, 164.7119 GPa, -1338.18875Ry, 

and 3.9909 GPa, respectively. 

 

3.2.Electronic properties 

 

DOS (Figure 3), electronic band plot (Figure 4), and 

electron density plot (Figure 5) were drawn to 

determine the electronic properties of the 

compound. 

 

The valence band maximum (VBM) is at M, the 

conduction band minimum (CBM) is at M point and 

MgAlO3 has a direct gap (M–M). 
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Fig 3. Calculated total DOS of MgAlO3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                    Fig 4. Electronic band plot of MgAlO3 
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Fig 5. Electron density plot of MgAlO3

3.1. Optical properties 

 

Fig 6. The optical properties of MgAlO3 

Fig. 6 shows the energies calculated for MgAlO3 
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IV. CONCLUSION 

The investigation of the structural, electronic, 

and optical properties of the crystal structure was 

made using the Wien2k computer package program. 

The calculation was started with experimental data 

and calculated the total energy of the compound for 

various volumes around experimental data to find 

ground state properties. The calculated total energy 

depending on unit cell volume is given graphically. 

Future studies could be carried out to reveal other 

phsical properties of the similar matarials. 
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