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ABSTRACT 

In recent years there has been considerable interest in the structures, energies and thermodynamics of 
(GaN)4 clusters and it is the subject of many experimental and theoretical studies because of their 
fundamental importance in chemical and physical process. All calculation of this study is carried out 
by Gaussian 98. Geometry optimization for (GaN)4 nanocluster are be fulfilled at B3LYP, B1LYP 
and LSDA levels of theory with LANL2DZ basis set. Calculated are accomplished at 298 K. The 
structures, energetic and thermodynamic properties and vibrational spectra will be discussed.  
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INTRODUCTION

1
 Recent progress in the synthesis and 

characterization of one-dimensional 
nanostructures has been driven by the need 
to understand the novel physical properties 
of one-dimensional nanoscale materials, and 
their potential application in constructing 
nanoscale electronic and optoelectronic 
devices [1]. Group III–V semiconductors are 
promising materials because of the potential 
applications in optical communications and 
full colour displays. GaN is a wide and 
direct band-gap semiconductor, which 
exhibits less thermal quenching and stronger 
RE emission at room temperature [2]. The 
wide-band-gap semiconductor GaN is 
currently of great interest for development of 
optoelectronic devices at blue and near-
ultraviolet wavelengths as well as high-
temperature and -frequency electronics, such 
as violet light emitting diodes (LEDs). The 
one-dimensional GaN semiconductor 
nanostructures are electronic confines 
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systems ideal for fundamental studies of 
their physical properties and for the 
fabrications of new optoelectronic 
nanodevices [3]. Over a past decade, 
different high performance devices systems 
with nitride material have been concentrated 
for intense research [4–6]. These materials 
represent wide band gaps in the ultraviolet 
(UV) and visible (VIS) range, i.e. Eg (eV) 
=6.2 (AlN), 3.4 (GaN) and 1.9 (InN) [7]. 
Current GaN-based device technologies 
include light-emitting diodes (LEDs), laser 
diodes and UV detectors on the photonic 
side and microwave power and ultra-high 
power switches on the electronics side [8].  

The applications for GaN-based devices 
include displays and data storage, solar-blind 
UV detectors, new sensor technologies, 
wireless communications, solid-state 
lighting and high power microwave 
generation for radar [9]. In order to growth 
of GaN and relative semiconductors  
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synthesis the most usual techniques are 
Metalorganic chemical simulavapor 
deposition and molecular beam epitaxy 
(MBE). However, in spite of lots of efforts 
made in the past decades, many fundamental 
problems related to a growth mechanism still 
remain unsolved. Even though there are 
many experimental studies of group IIIA 
nitrides [10-21], the GaN formation kinetics, 
for example, is still not well understood. Up 
to now, Monte Carlo simulation has been 
widely used for studying GaAs growth 
mechanisms and its related semiconductors 
[22, 23]. The information on the structural, 
energetic and thermodynamics properties of 
this class of materials was in favour due to 
our little physical information about them. In 
this letter, we demonstrated atomic structure 
of (GaN)4 with ab initio method using 
density functional theory calculations with 
LANL2DZ basis set for representing 
energies, enthalpies, thermochemistry 
parameters and vibrational spectra. The 
details of the computational method will be 
given in the next chapter.  
 
COMPUTATIONAL DETAIL 
Ab initio techniques provide detailed 
information that was unavailable 
experimentally. Our calculations on (GaN)4 
clusters are based on first-principles density 
functional theory (DFT) [24, 25] because 
electron correlation effects play an important 
role on these systems. A DFT study of this 
system were performed using the 
GAUSSIAN 98 package of programs [22] 
by employing B3LYP, B1LYP and LSDA 
density functional model which exhibits 
good performance on electron affinities, 
excellent performance on bond energies and 
reasonably good performance on vibrational 
frequencies and geometries of inorganic or 
ion compounds [23] as well as organic and 
neutral compounds [24], combined with the 
Lanl (Los Alamos National Laboratory) 
basis sets, also known as Lanl2dz (Lanl-2-
double zeta) and developed by Hay and 

Wadt [25] have been widely used in 
quantum chemistry, particularly in the study 
of compounds containing heavy elements. 
Geometry optimizations have been carried 
out for this cluster. A molecular 
representation of this system can be found in 
Fig. 1 and the results are discussed in more 
details in the next sections. Herein, we 
report, structures, energetic, thermodynamic 
investigation and vibrational spectra of this 
system. 

 

 
Fig. 1. Atomic structures of (GaN)4 semiconductor 

with Td point group. 
 

RESULTS and DISCUSSION 
 
Structure 
Based on the optimized structure parameters 
(GaN)4 system is constructed for 
calculations, which contains 8 atoms in this 
nanocluster using different methods of 
density functional theory (DFT) with 
LANL2DZ basis set. Calculated and 
observed bond lengths and angles of this 
system represented in table 1 which the 
variation and comparison between B3LYP, 
B1LYP and LSDA methods were 
demonstrated. It should be noted that there is 
a little variation between them. 
 
Energies and thermodynamic quantities 
As a matter of fact, the energies and thermo 
chemical parameters can give valuable 
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information about structures and relative 
stabilities of these systems. The relative 
stability of various structures of (GaN)4 
nanocluster  are computed in DFT methods 
using B3LYP, B1LYP and LSDA levels of 
theory which present thermodynamic 
properties  of (GaN)4  and comparison of 
these different levels with each other's were 
shown in table 2 . The energetic information 
is thermodynamically favoured to determine 
the most stable structure at finite pressure 
and temperature in which individual terms 
are refered to 298K, and the Gibbs free 
energy G = E+pV−TS should be used. To 
verify structural stability of our system we 
have optimized (GaN) 4. As can be seen in 
fig. 2, the ∆G value decreased from B3LYP 

to LSDA, although the relative differences 
of the ∆G are almost the same as the ∆H and 
∆E.   Therefore, in this paper, by using ab 
initio calculations, we analyze the Gibbs free 
energy of the formation. We found that 
between these methods, the results obtained 
at the LSDA level are more negative than 
those of the other calculations though LSDA 
shows the best results for (GaN) 4 systems 
which are the most stable one with the 
minimum at 590.2 kcal/Mol. As can be seen 
in fig. 3 which display different levels of 
theory as a function of energy (scf) the 
lowest value of energy is belong to LSDA 
levels at the -0.95 kcal/Mol for (GaN) 4 
systems which indicate that at this point our 
system have got the most stability. 

 
Table 1. Optimized parameters of Bond length (angstrom) and Bond angle (degree) for (GaN)4 system 

calculated in B3LYP, B1LYP and LSDA levels of theory using LANL2DZ basis 

 

Table 2. Relative thermodynamic data for (GaN) 4 system in kcal/mol and antropy in cal/mol.kelvin 

 

 

 

Basis set LANL2DZ 
Method E(scf) ∆E ∆H ∆G S 
B3LYP 0.00 0.00 0.00 0.00 97.868 
B1LYP -0.16 -101.51 -101.51 -101.47 97.993 
LSDA -0.95 -590.07 -590.07 -590.2 97.444 
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Fig. 2. Different levels of theory as a function of ∆G, ∆H, ∆E in kcal/mol. 

 

 
Fig. 3. Different levels of theory as a function of energy (scf) in kcal/mol. 

 
Vibrational spectra 
Frequency and IR intensities of (GaN)4 
nanosemiconductor cluster are calculated 
with B3LYP, B1LYP and LSDA methods 
using LANL2DZ basis sets and IR spectrum 
of this nanocluster shown in fig. 4, 5, 6 for 
B3LYP, B1LYP and LSDA methods of 
density functional theory (DFT), 

respectively. As can be seen the maximum 
intensity in B3LYP levels of theory is at 
frequencies of 486.812 cm-1with 160.736 
intensities, for B1LYP is at frequencies of 
485.494 cm-1 with 162.834 intensities and 
for LSDA levels of theory is at frequencies 
of 492.57 cm-1 with 139.749 intensities. 
LSDA method has largest blue shift in 
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comparison of B3LYP and B1LYP levels of theory. 

 
Fig. 4. IR spectrum of (GaN)4 system obtained from B3LYP/LANL2DZ methods. 

 

 
Fig. 5. IR spectrum of (GaN)4 system obtained from B1LYP/LANL2DZ methods. 

 

 
Fig. 6. IR spectrum of (GaN)4 system obtained from LSDA/LANL2DZ methods. 
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