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Abstract 

Density Functional Theory (DFT) is the most sought computational approach in recent days to understand 
the electronic structure of matter. In this article, we have reported application of Conceptual DFT in 
materials science. DFT technique play an immense importance role in predicting the structure and physico-
chemical properties of materials. In recent years, transition metal clusters have fascinated a lot of attention 
because of their stimulating physical as well as chemical behaviour and their wide range of applications in 
various technological and strategic sectors. DFT studies have proven that incorporation of suitable dopant 
in host clusters enhances the structure, electronic, optical and magnetic properties of overall system. 
HOMO- LUMO energy gap shows an odd-even alteration behaviour with the cluster size, specifying that 
cluster with even number of atoms have large energy gap as compared to their neighbouring cluster with 
odd number of total atoms. HOMO-LUMO of bimetallic clusters are found in linear correlation with the 
chemical hardness and inverse relation with softness.  
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1. Introduction 

Since decades various powerful computational techniques have been developed by a number of 
researchers to solve Schrodinger equation for many-body problems. For instance, on the basis of 

Theory (DPT) in physics, similarly in chemistry Configuration Interaction (CI) approach is 
designed on the basis of Slater determinants [1]. However, these approaches require huge 
computational resources and for larger systems these techniques do not provide efficient results 
[2]. Density Functional Theory (DFT) is an approach which provide a viable alternative, more 
adaptable and also offer high accuracy. The prominence to which DFT has led to the science and 
technology is recognized in the year 1998 Nobel prize in chemistry, which was conferred to 
eminent scientists Walter Kohn [3], the originator of DFT, and John Pople [4], who was able to 
implement DFT in computational chemistry.  

 

DFT is the most efficient, accurate and efficacious computational approach to examine the 
electronic structure of many-body systems. DFT is widely used in various domains ranging from 
physics, chemistry, life sciences, biosciences, drug modelling, nuclear sciences, materials 
sciences, electronic engineering, electrical engineering, mechanical engineering to earth sciences 
[5]. It helps in the calculation and understanding of various physico-chemical properties of 
chemical species like binding energy, stability, geometry, ionization potential, electron affinity 
etc. DFT is categorized into three types- theoretical, conceptual and computational [6-9]. 
Conceptual DFT (CDFT) acts as a bridge between theoretical and computational DFT. The CDFT 

 
 
Worldwide a large number of scientists are involved in exploring suitable materials for 
applications in semiconductors, fabrications, photovoltaic, optoelectronic, and thermoelectric 
devices. In materials science, DFT has evolved as a strong approach for identifying a variety of 
problems for example- point defects, obtaining the ground state configuration, bandgap issue, 
dislocations, free energies etc.  
 
 
2. Results and Discussion 
 
Nowadays transition metal clusters especially copper, gold and silver have shown huge potential 
applications for semiconductors, fabrication, nanotechnology, life sciences etc. because of their 
distinctive physical and chemical properties [11-28]. There is a large chunk of researchers 
globally- experimentalists as well as theoretician are working on pure metallic clusters as well as 
doped clusters. Study found that doped atoms play vital role in enhancing the structure and other 
physico-chemical properties especially stability, electronic as well as optical properties of parent 
clusters [29-31]. The electronic shell structure of transition metal clusters is comparable to those 
of alkali-metal clusters [29-31]. The unique physical and chemical properties of copper, gold and 
silver clusters and their applications in various technological and strategic sectors have motivated 
scientists to envisage the structure, reactivity, and other physico-chemical properties [32, 33]. DFT 
study reveals that structural transition from 2-D to 3-D transpires at smaller size of atoms for Cu 
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and Ag as compared to Au clusters [34]. For Au clusters, structural transition from 2-D to 3-D 
occurs at n=14, whereas for cationic and anionic state of Au clusters it starts at n=8 and n=12 
respectively [35, 36]. Metallic clusters are designed on the basis of alkali-metal clusters to study 
the jellium model and to understand the bonding behaviour among dopants atoms and parent 
system [29-31]. DFT studies have already been proven that impurity-doped metallic clusters offer 
enhanced stability, electronic and optical properties as compared to the pure metallic clusters [37, 
38]. It is reported that in the case of AunAg (n=1-12) clusters, chemical stability of overall system 

is improved after incorporation of silver atom [39]. For mixed cluster Ag-Au,  

incorporation of Ag atoms [40].  

 

Our research group have studied various bimetallic and multi-metallic clusters for applications in 
optoelectronics, and photovoltaic devices [41-53]. Ranjan et al. [44] reported that inclusion of 
dopant atom i.e. Au enhanced the stability as well as electronic properties of AuSin clusters. In this 
work, authors optimized several isomers of AuSin and Sin+1 (n=1-12) nanoalloy cluster for neutral 
and cationic state. Relative stability in terms of binding energy, fragmentation energy, and second 
order difference in energy is studied. Binding energy of pure and doped clusters increases with the 
size of cluster. For cationic AuSin cluster binding energy is higher than the pure Sin+1 cluster which 
shows that doping of transition metal i.e. Au improves the stability of overall cluster. HOMO 
(Highest Occupied Molecular orbital)- LUMO (Lowest Unoccupied Molecular orbital) energy gap 
shows an odd-even alteration behaviour with the cluster size, specifying that cluster with total 
number of even atoms have large energy gap as compared to their neighbouring cluster with odd 
number of total atom. Conceptual DFT based descriptors of these clusters display an interesting 
correlation with HOMO-LUMO energy gap. 

   

System AunPt (n=1-8) is investigated by using CDFT approach in which it is stated that cluster 
Au3Pt is having maximum stability [45]. In the case of AunPt cluster, the ground state configuration 
for n=3 is a rhombus like structure in which platinum is positioned at extremely coordinated sites 
of structure. Second order difference in energy, HOMO-Luo gap and chemical hardness display 
an odd-even oscillation phenomena with respect to size of cluster n.   Nanoalloy cluster of [AunV] 

for neutral, cationic and anionic state are studied invoking CDFT approach. There are a number of 
isomers are optimized in which it is found that at n=3, 5 and 3 clusters are stable for neutral, 
cationic and anionic state.  The HOMO-LUMO energy gap fluctuates of these clusters are found 
in the range of 1.04 eV to 2.37 eV signifying their probable uses in optoelectronic devices and 
solar cells [48]. HOMO-LUMO energy gap of these clusters are found in linear correlation with 
the chemical hardness and inverse relation with softness.  

 

Conclusion 

Density Functional Theory (DFT) is the most efficient, accurate and computational friendly 
technique which helps in the prediction of structure, and physico-chemical properties of metallic 
clusters. In this article, we have presented the application of conceptual DFT in materials science. 
In the domain of cluster science, metallic clusters especially transition metal clusters have shown 
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large interest due to their significant physico-chemical properties and potential technological 
applications. Dopant atom have significant role in the enhancement of physical and chemical 
properties of materials. Study found that structural transition from 2-D to 3-D transpires at smaller 
size of atoms for Cu and Ag as compared to Au clusters. The impurity-doped metallic clusters 
offer enhanced stability, electronic and optical properties as compared to the pure metallic clusters. 
Binding energy of pure and doped clusters increases with the size of cluster. HOMO-LUMO 
energy gap shows an odd-even alteration behaviour with the cluster size, specifying that cluster 
with total number of even atoms have large energy gap as compared to their neighbouring cluster 
with odd number of total atom. HOMO-LUMO energy gap of these clusters are found in linear 
correlation with the chemical hardness and inverse relation with softness.  
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