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Abstract: Superatoms have being researched because they could replace other elements. 

Superatom availability has drawn attention to the solution-phase synthesis of superatoms. The 

preceding method, however, is essentially restricted to the development of a single cluster. 

Here, superatoms are studied, and the presence of different numbers of gallium atoms is 

designed to alter the amount of valence electrons in these superatoms. Clusters of 3, 12, 13, 

and various numbers of atoms have been manufactured using the dendrimer template 

approach. Ga13 is structurally and electrochemically observed to be entirely distinct from the 

other clusters due to its halogen-like superatomic composition. The reactivities of the 13 and 

3 atom gallium clusters, which may fill the 2P and 1P superatomic orbitals, respectively, 

vary. 

Keywords: gallium nitrate clusters, DFT, molecular interaction, superatoms 

mailto:devendras193@gmail.com


44  

 

INTRODUCTION 

 
 

Since 1970, group iii-nitrides have been a promising material system for the applications of 

semiconducting electronics, particularly for the creation of blue and ultraviolet light emitting 

devices (UV-LED s) (De, 2009). Due to the fact that these types of nitrides form direct alloy 

systems with direct band gaps of 0.7 eV for indium nitride, 3,4 for gallium nitride, and 6.2 eV 

for aluminium nitride (Zhang, 2020), they have been essential materials for optoelectronic 

applications over a wide range of photon energy (Hill, 1952). The excellent mechanical and 

thermal stability, large piezoelectric constant, and high likelihood of producing a layer with 

Ga 2 O 3 or Al 2 O 3 with a band gap of roughly 4.2 eV and 9 eV are all benefits of these 

nitrides [4]. Most III-nitride compound semiconductors are made of GaN ((Roy, 1952; Shi, 

2022). Ammonia was originally used to create this gallium nitride, which created tiny needles 

and platelets when it was applied to heated gallium (Hasan, 2021). Due to their unique 

physical characteristics, gallium nitride and related III-V nitrides have also generated a great 

deal of experimental and theoretical interest in basic studies (Ji, 2006). Gallium nitride 

powder is commonly produced in commercial quantities by reacting Ga2O3 with NH3, which 

produces a significant amount of residual oxygen (Kim, 2020). 

 

Figure 1: Ga8N7 double ring 
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GaN single crystal dislocation density is increased by the high concentration, which also 

prevents continuous development (Kaya, 2017). Since the output is very poor, there are 

relatively few commercial Ga powders available. Bin Song and Pei-Lin Cao cover the 

theoretical investigations of Ga3N in their book (Kanu, 2021). 

Bin Song and Pei-Lin Cao discuss the theoretical research on clusters and learn more about 

the FP-LMTO MD calculations, which have been used to determine the fall potential 

(Stepanav, 2016). 

 
Examine the Ga 3 N 3 clusters' structures and energies. They have chosen to look at the 

details of all fifteen of the Ga 3 N 3 structures. They discovered that the N 2 subunit- 

containing isomers are unstable in the face of Ga3N and N 2 dissociation. The N 3 subunit- 

containing isomers, however, remain stable (Zhao, 2017). The three-dimensional structure, 

which has a lower energy than the planer structure suggested by Kandalam et al., is the 

cluster's most stable structure (Ready, 2015). 

 
Through the computation of the density of state, they discovered that the Ga 3 N 3 clusters 

with the highest stability exhibited semiconductor-like features (Xu, 2020). According to 

Yurong Dai, XIAOJIE, and Chenghuan Jiang, they all came to the same conclusion by 

applying first principle investigation about the electronic structure of zigzag AlN, GaN 

nanoribbons, and Al x Ga 1-x N nanoribbon heterojunction (Huang, 2010). In summary, they 

have come to the conclusion that the goal of their work was to demonstrate the continuous 

tunability of the band gap of AlN and GaN nanoribbons using DFT calculations (Gao, 2018). 

They also have heterojunctions. The AlN, GaN nanoribbons' band gap narrows as the width 

changes from n=5 to n=16. Additionally, Aln, GaN nanoribbons' band gap fluctuation has 

been determined to be between 0.40 eV and 0.45 eV. These figures are based on their GGA 

computations, respectively (Chen, 2019). Additionally, for nanoribbon heterojunctions of a 

single width, the band gap may be further modified by the AlN or GaN concentration and can 

fill the gap between pure AlN and GaN nanoribbons (Jamwal, 2019). 

Despite the well acknowledged fact that DFT/GGA techniques undervalue the band gap of 

the It is true that the electronic characteristics of nanoribbons rely on their size and 

concentration when used as a semiconductor (Merezao, 2022). According to S. Karthikeyan, 

E. Deeika, and P. Murugan's work on the structural stability and electronic characteristics of 

CdS condensed clusters, the study of gallium nitride clusters is too broad, which is why 

several studies have been done in succession (Alhalili, 2018). To comprehend the structural 
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stability and electrical characteristics of the 1-D condensed clusters and their essential 

constituent Cd n S n (n=1-6) tiny clusters, they applied the first-principles technique from 

which they operate. The isomers of the CdS are mimicked by linear stacking of these stable 

isomers (Kohn, 1957). The electronic density of states is used to determine the structural 

stability of condensed clusters and the components that make them up, and this information 

suggests that s-p hybridization is crucial to the stability of these clusters (Cuorg, 2009). 

Additionally, they discovered that because condensed clusters with n > 4 have a smaller 

energy gap than bulk, their electrical characteristics are attractive in photocatalytic 

applications (He, 2006). The CdS clusters are energetically more stable than other sized 

condensed clusters, according to his estimates, but they can be split into two smaller clusters 

by applying an external temperature of around 450 k (Ahma, 2021). A brief theoretical 

research by Bagavathi Chandrasekara and K. A. Narayankutty is also included. Gallium 

nitride nanotubes and their use in transistors have been researched by them. Due to their 

exceptional electrical and optical characteristics, gallium nitride clusters have been chosen as 

a candidate for the purpose of studying nanotubes while looking for them. Since density 

functional theory (DFT) has not been extensively used to apply gallium nitride as a transistor 

channel, it is mostly semiconducting. They have studied the gallium nitride and boron nitride 

nanotubes and discovered that the two clusters had distinct characteristics. They determined 

that the band gaps of gallium nitride and boron nitride are 2.5–3.5 eV (Saurat, 1971). They 

determined that for nanotubes with a radius of fewer than 6 angstroms, the band gaps for 

gallium nitride and boron nitride, respectively, are 2.5–3.5 eV. They also came to the 

conclusion that the armchair configuration, which determines the amount of electrons, has the 

greatest fermy function. The lowest energy architectures of Al n P n (n=1-9) clusters have 

been explored by Jijun zhao, lu wang, jamming Jia, and xiao Shuang chan using density 

functional theory with the gradient correction (Masatake, 2016). He made the decision to 

present lowest energy architectures for tiny clusters. He created the various gallium arsenide 

and aluminium phospdide cluster formations. He discovered that a sizable Gallium nitride 

cluster is dedicated to comprehending how the fundamental features of materials change over 

time (Plyford, 2014). 

Understanding how fundamental characteristics of materials vary as a function of scale, from 

an isolated atom or tiny molecule to a bulk phase, is the focus of the gallium nitride cluster. 

The energy difference between the valence and conduction bands is crucial for the 

characteristics of a solid. It governs the majority of the material's behaviour, including 

intrinsic conductivity, optical transitions, and electronic transitions. Any adjustment to the 
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gap may have a major impact on the physics and chemistry of the materials. When a solid is 

shrunk to the nanoscale length scale, this happens. Therefore, a band gap that differs from 

that of the bulk must be considered in non-materials research and technology. The N9Ga9 

structure as shown in Figure 2. 

 
 

Figure 2: N9 Ga9 Structure 

The purpose of this research is to ascertain empirically and conceptually how the energy gap 

for particles with decreased sizes to the nanometer range depends. The gap can also be altered 

by factors such structural modifications, lattice contractions, atomic relaxation, and surface 

reconstruction. We focus on semiconductor nanoparticles, which are generally less than 100 

nm and where size effects can be seen. Gallium nitride clusters that are extremely tiny do fit  

the effective mass approximation (EMA) criteria. To compute the gap as cluster size 

increases, the fundamental approach to cluster attributes is to start with the atom. Surface 

passivation would drastically alter the inherent characteristics of clusters with only a few 

atoms. A molecular solid with numerous distinctive qualities is gallium. 

 

 

 

 
CONCLUSION 



48  

The superatom is an appealing way to make novel building blocks by using cluster structures, 

and its synthesis represents a key application-oriented aim. The mainstays of superatom 

research for a very long time have been theoretical computations and gas-phase detection. 

Such investigations have been crucial in predicting the superatomic nature, or the mimicking 

of other elements.The amount of valence electrons in a superatom is an important 

consideration when designing superatoms because it affects the character of the superatom by 

determining how many valence electrons are present in its superatomic orbitals. For instance, 

the addition of one aluminium atom with three valence electrons transforms the halogen-like 

superatom Al13 into the alkali-earth-like superatom Al14. 
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