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Abstract
The present paper presents electronic structure and optical properties of the GaxAsx clusters for x= 10, 13, 15, 18, 20, 25 and 30 using density functional theory (DFT) 
method. The Ga-Ga bond length lies in range of 2.50-2.69 A0, the As-As bond length lies in range 2.58-2.62 A0 and Ga-As bonds length is in range 2.46-2.52 A0. 
The variation of polarizability, which reflects optical activity, with increase cluster size is presented and the study suggests that Ga25As25 cluster has more optical 
activity in comparison with other studied clusters.
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Introduction
Low-dimensional semi-conducting material is of great interest to 

researchers in Nano science [1-4]. Micro-clusters present a new phase 
of a solid with novel properties and are formed by aggregation of atoms 
or molecules, and also exhibit properties significantly different from 
that of the bulk solid state of the constituent molecules or atoms. The 
dependence of electronic structure of the micro-cluster on its physical 
size gives rise to new physical, optical [5] electronic [6] chemical as 
well as magnetic properties [7]. Since the properties of a micro-cluster 
depend on its composition so it enables to fine tune different properties 
of micro-clusters, particularly in case of semiconductor clusters, 
resulting in novel optical and electronic capabilities. Investigation 
of clusters also enables to study the emergence of bulk crystalline 
properties from atomic or molecular scale. In order to obtain some 
desired property from a cluster, a detailed study about the properties 
of the cluster and its flexibility to control its size. The present day 
computational resources and techniques have enabled to model and 
investigate these clusters with ease and accuracy.

Fullerenes that have a special structure which consists only of 
pentagonal and hexagonal rings with hollow cage like structure and 
belong to the class of micro-clusters. With all possible arrangement 
of collections of atom between these pentagon and hexagon many 
isomers can be constructed by varying the number of atoms [7]. 
After the discovery of Carbon fullerene the interest has now shifted 
towards the search of new fullerene like structures formed by other 
elements/combination of different elements because fullerene 
type structure offers several unique properties that can be used in 
different Nano-technology applications like synthesis of Nano-
structured semiconducting magnets [6]. With the rapid increase in 
the density of the electrons with the reduced size of components in 
the electronic devices such as quantum dots and quantum clusters. 
Currently available technology has already made it possible to fabricate 
semiconductor clusters by using laser vaporization technique and mass 
spectroscopy. A great interest in the field of clusters has arisen because 
of the advancement in computational and theoretical techniques along 
with development of advanced spectroscopic techniques.  

III – V group semiconductor materials have been the focus of 
numerous experiments [8-9]. Due to high electron mobility of III – V 
compounds such as GaAs, these have the capability of replacing Si in 
the electronics industry. GaAs is a direct band gap semiconductor with 
band gap energy of ~1.43 eV. In the recent years several experimental 
and theoretical investigations of GaAs clusters have been done. These 
studies have enabled to know more about the structural stability, 
reactivity and nature of bonding in these clusters. It is expect that 
gallium arsenide cluster may exhibit different bonding characteristics 
than their bulk because of their strong anion-anion bonds [10]. 
Investigations based on density functional techniques (DFT) have 
proved to be very useful for studying these type of micro-clusters. The 
DFT scheme is accurate enough to explain the physical properties of 
the cluster which depend on several parameters like the size, charge or 
the stoichiometric composition of the cluster [11-13].

The present work is focused on the structures, as well as electronic 
properties of fullerene type GaxAsx micro-clusters for x=10, 13, 15, 18, 
20, 25 and 30 atoms.

Computational method
The fullerene like GaxAsx structures were generated using Gauss 

View 5.0The optimization and study of the structures and characteristics 
of these clusters has been carried out by using the DFT with unrestricted 
B3LYP exchange-correlation potential as implemented in Guassion 09 
program [14-15]. For describing the good geometrical and bonding 
feature for heavy atom, the basis set with effective core potential, 
LanL2DZ [16] is used for Gallium (Ga ) and Arsenic(As) atoms. The 
basis set LanL2DZ describes the outermost electrons of 3s2 3p6 4s2 3d10 
4p1for Ga and As atoms. The interaction between core and valence 
electron was handled by Torullier-Martins norm conserving pseudo 
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energy of the clusters lies between 0.1078-0.114976 eV. The binding 
energy in eV for GaxAsx clusters for X=10, 13, 15, 18, 20, 25 and 30 is 
shown in Figure 4. The binding energy increases monotonically with 
increase in cluster size.

The energetic of possible reaction from reactants Ga and As to the 
products i.e. cluster depending on the stoichiometric the clusters are 
obtained by the reaction 

x(GaAs)  →   GaxAsx

The binding energy change ∆E shown in figure 4 is a function of 
total number of atoms X+X in GaxAsx. It is obvious from figure 4 that 
the binding energy increases as the cluster size increases. 

Electronic structure of the gallium arsenide fullerenes

The energy gap Eg is considered as the difference between energy 
highest occupied orbital (HOMO) and energy of lowest unoccupied 
orbital (LUMO), this also represents the chemical stability of clusters. 
The Eg of GaxAsx clusters are lie between 2.20-2.50 eV.  The variation 
of Eg of GaxAsx cluster for x = 10, 13, 15, 18, 20, 25 and 30 is shown in 
Figure 5. The optical activity of a cluster is related to its corresponding 
polarizabillity. The variation of polarizability in au for GaxAsx clusters 
for x= 10, 13, 15, 18, 20, 25 and 30 is presented in Figure 6. The 
polarizabilty increase gradually till x=25 in GaxAsx cluster and it falls 
for Ga30As30. From figure 6 is clear that Ga25As25 is higher than other 
studied clusters.

Conclusions 
The electronic structure and optical properties of the GaxAsx 

clusters for x=10, 13, 15, 18, 20, 25 and 30 were studied using DFT 
method. The binding energy and HOMO-LUMO gap (Eg) confirms the 
stability of the clusters. The variation of polarizability, which reflects 
optical activity, with increase cluster size is presented and the study 
suggests that Ga25As25 cluster has more optical activity in comparison 
with other studied clusters.

potential in their fully separable form and the pseudo potential also 
includes d orbitals in the valance configuration [17,18].

Optimized geometries were obtained without any symmetry 
constraints and continued until the force components on each atom 
are less than 0.01 eV/Ȧ using a conjugated gradient algorithm. 
These optimized geometries were subsequently verified by frequency 
calculations. The presence of real imaginary frequencies confirms the 
stability of obtained geometries. The gap between energy of the highest 
occupied molecular orbital and lowest unoccupied molecular orbital 
levels and the binding energy is also used to determine the stability 
of the micro-clusters.  The method and the basis set used are well 
established for the similar type study metal clusters [19].      

Results and discussion
The optimized structures for gallium arsenide fullerenes (GaXAsX) 

are presented in Figure 1 for X= 10, 13, 15, 18, 20, 25 and 30, the dark 
red colours represent the Ga atom and violet colours represent the As 
atoms. In each structure has 12 pentagons and six edges are shared by 
adjacent pentagons. Common edges of pentagons consist of Ga-Ga and 
As-As homo nuclear bonds. The Ga-Ga bond length lies in range of 
2.50-2.69 A0, the As-As bond length lies in range 2.58-2.62 A0 and Ga-
As bonds length is in range 2.46-2.52 A0. The variation of bond lengths 
for Ga-Ga, As-As and Ga-As is shown Figure 2. The figure 2 clearly 
indicates that the dependency bond lengths in clusters are insignificant 
of cluster size. The homo-nuclear Ga-Ga and As-As bonds are almost 
constant, except for Ga-Ga bond in case of Ga10As10, which confirms 
their bonding. The Ga-As-Ga bond angle is 1000-1090 but the As-Ga-As 
bond angles tends to have larger values 1130-1300. The As-Ga-Ga 
bond angle at the shared pentagon edge is ≈1110 and Ga-As-As bond 
angles at shared pentagon edge is ≈ 980 but lies between the above 
bond angle ranges.

The variation of formation energy in eV for GaxAsx clusters for 
X=10, 13, 15, 18, 20, 25 and 30 is shown in Figure 3.  The formation 

Figure 1. The optimized structures GaxAsx micro-clusters for x= 10, 13, 15, 18, 20, 25 and 30.
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Figure 2. Variation of bond lengths in Å the GaxAsx clusters for x = 10, 13, 15, 18, 20, 25 
and 30.

Figure 5. The variation of homo-lumo gap (Eg) in eV for GaxAsx clusters for x = 10, 13, 
15, 18, 20, 25 and 30.

Figure 6. The variation of polarizability in au for GaxAsx clusters for x= 10, 13, 15, 18, 
20, 25 and 30.

Figure 4. The Variation of binding energy in eV for GaxAsx clusters for x = 10, 13, 15, 18, 
20, 25 and 30.

Figure 3. Variation of formation energy in eV for GaxAsx clusters for x = 10, 13, 15, 18, 
20, 25 and 30.
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