
European Journal of Material Sciences 

Vol.2, No.1, pp.1-5, September 2015 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

1 
 

THE EFFECT OF CONCENTRATION ON THE ELECTRONIC PROPERTIES OF 

ALXIN1-XSB NANOCRYSTALS 

Akram HashimTaha1, Radhyah M. Aljarrah2, Ahmad Abdulsatar salih Goyan3 

 

ABSTRACT: AlxIn1-xSb nanocrystals have been studied using ab-initio calculations. The 

electronic properties were simulated using different core atoms ( usualy 8, 16, 54 and 64). The 

calculations uesd showed a that the concentration increament effects on the crystal size. All 

calculations were done using Gaussian 03 code with Hartree-Fock calculation with the GGA 

approximation.   
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INTRODUCTION 

The III-V semiconductors form a very wide used ternary crystal with a many applications both 

in industrially and academic. A nanosized materials are those materials which have at least one 

of their dimensions to be in the range 1-100 (nm), and they are called A nanomaterials. 

Nanomaterial semiconductors have been a subject of intense study for last several years due to 

their size dependent physical and chemical properties [1-3]. Previous work done on III-V 

compound semiconductors with Type-I active regions specifically AlxIn1-xSb metamorphic and 

AlGaInAsSb quaternary buffers on GaSb substrates has shown near room and room 

temperature operation of MWIR lasers at wavelengths above 2.5 μm [4-8]. Ab-initio 

calculation is one of the most important and famous methods used to simulate and predict the 

behavior of the element, compounds and crystals. In this work, this method is used to predict 

some of the electronic properties for ternary semiconductor AlInSb crystals by using Gaussian 

03 package.      

 

THEORY 

One of the most important goals of physics is to describe the physical properties of interacting 

many-particle systems. A solution of the Schrödinger equation yields the electron state and 

their characteristics for a given arrangement of the atoms [9].  The  Hartree-Fock method 

coupled with large unit cell (LUC) and applying generalized gradient approxima- tion (GGA) 

level. For n electrons systems the Schrödinger equation  is given by 

   ).......,,,,....,,().......,,,,....,,(ˆ
21212121 nNnN rrrRRRErrrRRRH                (1) 

The non-relativistic Hamiltonian for a system consisting n electrons and N nuclei is given by 

(all equations are expressed in atomic units): 
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 where the lower-case indexes are the electron and the upper-case indexes are the nuclei.  r is a  

distance between the objects specified by the subscripts. 

 Born-Oppenhiemer applied an approximation by presuming that the nuclear’s mass is very 

large relative to the mass of electrons then we can imagine  the nucleus is at rest [10, 11]. Then 

the Hamiltonian will be reduced to  
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Then  the expectation value of Hamiltonian operator due to the Hartree-Fock representation is 

given by: 
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iH  defines the contribution due to the kinetic energy and the electron-nucleus attraction. 

The unrestricted Hartree-Fock is based upon the use of a single determi- nant total 

wavefunction in which orbitals of the same n, l, and ml  values but different ms. values are 

regarded as being independent [12]. This method is the most common molecular orbitals 

method for open shell molecules where the number of electrons of each spin is not equal. It is 

an extremely convenient method because it is a very natural extension of the conventional 

Hartree-Fock method, and the many-electron wave function is written in the form of a single 

determinant so that calculations are relatively easy.  

 

RESULTS AND DISCUSSION 

Gaussian 03 is one of the most powerful software, that deals with large  numbers of atoms. 

The lattice constant optimization of 8, 16, 54 and 64 core atoms LUC has been tested in order 

to find the best value for lattice constant. They show a reduction of the total energy in the core 

part versus increment in the lattice constant till it reaches the equilibrium lattice constant (the 

distant where the attraction and the repulsion forces are equal at which the total energy has 

minimum value). The attractive force is the dominant at large distances between atoms hence 

increasing the total energy fig. (1). The fitting of the potential curve with polynomial equation 

gives the equilibrium lattice constant which is shown at the bottom of the total energy curve. 

Table (1) Shows different Indium concentrations in the Al1-xInxSb alloy with the corresponding 

lattice constants. The lattice constant’s value can be calculated from [13] 

    A(alloy)= x(a1)+(1-x)a2                     (5)     

   Where x is the concentration 

The lattice constant is the basic parameter characterizing the crystal. According to equation (5) 

the lattice constants for Al25In75Sb, Al50In50Sb, and Al75In25Sb appears to be 0.62255, 0.63145, 

and 0.64045 nm respectively. Comparing with the table these values are in good agreement 

with the values simulated in this work and is obeying the Vegard’s law, i.e the change of the 

lattice constant is proportional to the concentration of the dopant [14].  
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Figure 1. Shows the optimization of the lattice constant at minimum energy for  Al25In75Sb 

8 core atoms nanocrystals. 

 

Table (1) represents the values of lattice constant for many concentrations of In in the 

Al1-xInxSb alloy. 

 Lattice Constant (nm) 

8 core 

atoms 

16core 

atoms 

54core 

atoms 

64core 

atoms 

Al25In75Sb 0.630 0.627 0.616 0.615 

Al50In50Sb 0.624 0.622 0.612 0.610 

Al75In25Sb 0.618 0.613 0.605 0.605 

 

The total energy decreases with core number increment which means more energy needed to 

overcome the binding energy (see Fig. 2).   

 

Fig. 2. The total energy as a function of number of core atoms for In concentrations (0.25, 

0.5 and 0.75).  
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The relationship between the cohesive energy and the number of core atoms is shown in figure 

(3). The cohesive energy has been calculated By the following equation [15] 

    )6(0. EE
n

E
E Free

T
coh   

 

Fig. 3 The cohesive energy vs the number of core atoms for Al1-xInxSb nanocrystals for 

three concentrations of In 0.25, 0.5 and 0.75.  

Finally varying the Indium concentration in the AlxIn1-xSb crystal causes in an decreament in 

the crystal dimensions see fig. 4.     

 

Fig. 4 the concentration of In in the AlxIn1-xSb nanocrystals as a function of lattice 

constant (for x= 0.25, 0.5, and 0.75)  
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