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Density of molecules like GaAs as several method to find its density but the most 

efficient one is always preferred over the other, here work has been done to find out 

the density of Gallium Arsenide (GaAs) through Density Functional Theory, an 

empirical way to find the density of molecule having more than one electron in the 

atom. The method is suitable to find out density approximately in few times. The 

conventional theory of Schrödinger’s would require seven years to solve the problem 

with complex molecular structures. Avogadro software is utilized to draw the structure 

of GaAs and theories of Miller has been utilized to find the position of atoms in the 

molecule. DFT has several approximation methods, to be most accurate, Hartree-

Fock method was utilized to find out the density of the molecule which was achieved 

close in the simulation from the actual result. The report proves the suitability of 

finding the density of various complex molecules through the DST approximation 

methods. 
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Introduction 

In the past decade, GaAs has been the preferred 

semi-conductor material for the manufacturing of integrated 

circuits (IC’s) precisely microwave IC’s and monolithic IC’s. 

They have been also used in manufacturing of transistors, 

solar cells LED’s and other electronic consumer goods.  

 

GaAs are highly preferred in applications requiring 

high speed circuits and hence has been the hot topic of 

research so as to improve its electronic and structural 

properties. The elements gallium and arsenide combine to form 

a III-V direct band semi-conductor with a zinc blend crystal 

structure. GaAs can convert electricity directly into coherent 

light (laser diodes) and is employed in electroluminescent light-

emitting diodes (LED's). It is also used for doping other 

semiconductors and in solid-state devices such as hetero-

junction bipolar transistors (HBTs) and high power, high speed 

metal semiconductor field effect transistors (MESFETs).  

 

In this paper electronic structure of GaAs has been 

investigated using Density Functional Theory (DFT) and model 

was simulated using a number of computational and imaging 

software’s. Nwchem and Gabedit were used for DFT analysis 

whereas imaging of susceptibilities and energy level diagrams 

were obtained from MOPAC and  

 

MOCALC 2012. There are roughly three types of 

density functional methods. Local density approximation (LDA) 

methods assume that the density of the molecule is uniform 

throughout the molecule, Gradient corrected (GC) methods 

look to account for the non-uniformity of the electron density 

and hybrid methods, as the name suggests, attempt to 

incorporate some of the more useful features from ab-initio 

methods (specifically Hartree-Fock methods) with some of the 

improvements of DFT mathematics. Hybrid methods, such as 

B3LYP, tend to be the most commonly used methods for 

computational chemistry practitioners. The most significant 

advantage of using DFT methods is its computational accuracy 

without the significant increase in computing time. DFT 

methods such as B3LYP/6-31G are often times considered to 

be standard model chemistry for many applications. 

 

The Hartree-Fock method was employed for the 

analysis and to obtain the wave function of the compound and 

the energy of a quantum many body system in a stationary 

state. The Hartree–Fock method often assumes that the 

exact N-body wave function of the system can be 

approximated by a single Slater determinant by a singular 

permanent of N type of spin orbitals. By invoking the various 

variational methods, one can derive a set of N-coupled 

equations for the N spin orbitals. A solution of these equations 

yields the Hartree–Fock wave function and energy of the 

system. The Hartree–Fock method is typically used to solve the 

time-independent Schrödinger equation for a multi-electron 

atom or molecule as described. Since there are no known for 

its analytical methodologies for many-electron systems the 

problem is solved numerically. 
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Table 1. Characters taken under consideration for the calculation of density. 

S.No. Property Specification 

1. Total number of atoms 18 

2. Total number of electrons 566 

3. Alpha Electrons 283 

4. Beta electrons  283 

5. Net Charge 0 eV 

6. Spin Multiplicity 1 

7. Ga (Atomic Mass) 68.925700 u 

8. As (Atomic Mass) 74.921600 u 

 

Structure of GaAs 

Silicon basically has the diamond structure whereas 

the GaAs has the zinc blend structure which is almost the 

same. Assigning the molecule in the “Avogadro software” we 

found almost the diamond shaped structure of GaAs as shown 

in figure1. The structure can be said of diamond structure due 

to the reason that the behaviours shown is in (111) planes, the 

relative is the direction of one atom with respect to the centre 

as shown in the Figure 2, it can be observed that repetition is in 

all direction hence giving the Structure as diamond shaped.

 
Figure 1: Structure of GaAs 

 

 
Figure 2: Truncation of GaAs unit 

 

 
Figure 3: Vander Waal Spheres cube by [111] plane 
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Figure 4: Coordinates of atoms in the molecule 

 

Methodology adopted for DFT 

We can solve the problem through Schrodinger’s 

equation for one electrons only, therefore he gave the equation 

for the Hydrogen as after solving the standard Hamiltonian 

Equation as: 

 ------- (1) 
 

This equation was directly used for calculations, but in 

any atom other than hydrogen, there are more than one 

electron, hence this equation limits to Hydrogen only or for any 

such similar conditioned elements. Writing the Schrodinger 

equation for individual electron is not practically possible as 

most of the molecule has huge number of electrons, for some 

complex molecules, it will take more than seven years for super 

computers to solve (studies said). Therefore, for the calculation 

some approximation is required for certain constants.  

 

Molecular modeling was done using Avogadro 

software, Geometry optimization and energy optimization was 

also performed in order to make the parameters suitable for 

precise results. The molecule file was converted to NW Chem 

extension on Linux OS using Gabedit (interface for 

computational chemistry packages), preceded by DFT 

simulation using Hatree-Fock method (PM7) frequency 

optimized. PM7 is a basically under the processes modified 

from a form of PM6.  All atomic and diatomic parameters were 

re-optimized.  Over all on averaging the errors in organic 

compounds have been successfully reduced by ~10%, and 

errors in large organics and solids have been significantly 

reduced, see PM7 and PM6-D3H4 Accuracy and JSmol 

representations of Molecules, Solids, and Animations. By this 

calculation Humo-Lumo gap, energies were calculated.  

 

Using some molecule file, we generated a MOPAC file 

(Molecular Orbital package) is a semiempirical quantum 

chemistry program based on Dewar and Thiele’s NDDO 

approximation. This MOPAC generated output was used in 

MoCalc (Efficient Graphical User Interface for MOPAC) this is 

used to get lot of graphical information’s like orbitals, 

sensibilities, energy level diagrams and susceptibilities. 

Molecular Calculation Interface is a graphical user interface for 

the molecular calculation programs Games, Mopac, Tinker. 

MoCalc is basically a leading software that helps the user in 

various preparation of input files, the submission of 

calculations, the analysis of the outcomes and the visualization 

of the involved chemical systems. Some properties can also be 

calculated by MoCalc, also gives the data like heat of 

formation, ionization potential and energies.  

 

Observation 

The observation was calculated through Hartree–

Fock (HF) method of approximation as it was fit for defining 

through the wave functions. Various observations were drawn 

depending upon the various localized examinations. 

 

It was observed that in the applied magnetic field the 

degree of polarization was supposed to be maximum at the 

centre of the structure of GaAs, therefore it can be said that the 

molecule has high chances to get polarized within the core of 

the molecule being in diamond shaped. As the electrophilic 

susceptibility was maximum was found to be maximum at the 

centre of the molecule, as can be seen in figure (5). This is 

found by complex equation of Schrodinger which is 

represented by simple simulations. Figure (6) represents the 

Nucleophilic Susceptibility which was maximum at the various 

bond lengths, henceforth being a good electron donor whereas 
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the variations of Radical Susceptibility can be explained in 

figure (7). 

The electromagnetic dispersion within the molecule 

was found to be almost negative as can be observed in the 

figure (8) as it shows more dispersed variation. 

 

 
Figure 5: representing Electronic Susceptibility which is maximum at the centre and the bonding sites. 

Red- Maximum 

Green- Minimum 

 

 
Figure 6: representing Nucleophilic Susceptibility which is maximum at the bond length. 

Red- Maximum 

Green- Minimum 

 
Figure 7: representing Radical Susceptibility 

Red- Maximum 

Green- Minimum 
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Figure 8: representing Non covalent interaction within the molecule. 

Red- Maximum 

Green- Minimum 

 

Simulation was done on approximation with 

calculation of distanced of the atom from the various centres as 

represented as shown in figure (9). Dimensions and geometry 

were taken according to the structure assumed through the 

Avogadro software, the total energy of the molecule was 

achieved as 1351.79973 eV in magnitude, A.G.U. Perera et al 

[1], found it to be 1.89 MeV at Nd = 4.7 × 1015in their 

experiment. The density was approximated using simulation 

and electron density was maximum at the centre, as shown in 

figure (10), after getting various values, for 15 different energy 

level, various intensities of the density was calculated, the 

density was approximated to 5.611875 g/cm^3, which was in 

slight variation from the actual density of GaAs for the given 

population which is 5.3176 g/cm^3  [2]. Calculation was done 

by taking mean of 15 such values at different energy level, and 

the intensity was taken in consideration accordingly as shown 

in figure (11). Complex reading was achieved due to large 

number of electrons which was due to such numbers of atoms 

in the GaAs molecule, Zing.W et al [3] found the densities 

though structural approximation. The energy level diagram can 

be seen in figure (12) which was simulated for the given 

structure from the software. T.E. Schlesinger et al [4] reported 

variation in same due to different population of the 

semiconductor in various energy level. 

 

 

 
Figure 9: Various outputs from the software. 
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Figure 10: Electron Density at various sites of the GaAs molecule 

 

 
Figure 11: Density of GaAs at various energy levels 

 

 
Figure 12: Energy Level Diagram of GaAs molecule. 
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Conclusion 

This work has successfully employed Density 

Functional Theory method to calculate and estimate the band 

structure of Gallium-Arsenide (GaAs) using Northwest 

Computational Chemistry Package (NWChem) 7.0.0, which 

was successfully installed and the knowledge of the input 

parameters which was carefully optimized for the band 

structure studies. 

 

 The present work to simulate the electronic structure 

of gallium arsenide nanocrystals. The method we used was 

cluster geometrical optimization method that uses Hartree-Fock 

theory with STO-3G basis to complete their molecular orbital 

calculations for analysis. The above basis and method is used 

to allow the reach to higher number of atoms. This method 

includes the variation of all atomic positions until we arrive to a 

nearly zero forces (with a given tolerance) acting on all atoms 

in the nanocrystal in their stationary positions. 

 

The calculated electronic band structure results GaAs 

is a direct semiconductor with energy band gap of 0.37 eV. 

This shows significant improvement compared to other 

theoretical calculation obtained. 

 

For imaging of susceptibilities and energy level 

diagrams, MOPAC and MoCalc 2012 was used. 

 

The DOS energy level within the semiconductors 

shows considerable high state of electron occupation and the 

DOS observed around the Fermi level for the semiconductors 

at zero level indicate that they have conducting properties. The 

obtained density from the simulation through the software was 

achieved at be 5.611875 g/cm^3 from NWChem and Gabedit 

code. In general, Nwchem and Gabedit code has shown better 

accuracy and prediction of band structure calculation within a 

reasonable computational time when compared to some other 

DFT theoretical programs observed in literature. 
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