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1. INTRODUCTION 
Currently nano-particle systems attract 

considerable interest from both academia and 
industry because of their interesting and diverse 
properties, which deviate from those of the bulk. 
Owing to the change of the properties, the fabrication 
of nano structural materials and devices with unique 
properties in atomic scale has become an emerging 
inter disciplinary field involving solid-state physics, 
chemistry, biology and materials science [1]. For 
example silver nano-particles can be applied in 
various widespread bases such as optical sensors, 
biosensor materials [2], cryogenic superconducting 
materials [3], and antibacterial applications [4]. The 
deviation of the corresponding conventional bulk 
thermodynamic behaviour is probably the lowering 
of the melting point of small particles of metallic 
species. The first experimental investigation of 
melting temperature dependence on particle size 
was conducted more than 50 years ago [5]. The term 
nano-clusters simply refer to large clusters whose 
dimensions are most conveniently measured in 
nanometres. In the last two decades many 
microscopic, thermodynamic analysis has been 
carried out on the physical properties of nano-
particles. Among the properties, melting is one of the 
best characterized processes of nano-particles. In 
nano-particles surface and core atoms are not 
distinct and solid-liquid phases are not in 
coexistence, but they are in dynamic equilibrium. In 
between the fusion temperature and the melting 
temperature, nano-particles fluctuate between solid 
and liquid state like equilibrium between two 
chemical isomers [6, 7]. As early as 1909, Pawlow [8] 
predicted the melting point of argon nano- particles 

would reduce with size. A relation between the 
radius of nano-particles and melting temperature 
was first established. The results reveal that the 
melting temperature of the nano-particles is much 
lower as compared to bulk materials. This physical 
phenomenon is originated because the ratio of 
number of surface to volume atoms is enormous and 
liquid/vapour interface energy is generally lower 
than average solid/vapour interface energy. Hence, 
as the particle size decreases, its surface to volume 
atom ratio increases and melting temperature 
decreases due to improved free energy at particle 
surfaces [8,9].Melting behaviour and 
thermodynamics properties of free silver nano-
clusters have been investigated and found that the 
melting point of nano-clusters decreases with 
decreasing cluster size [10-13]. 

Based on nonmaterial, nanotechnology has 
stimulated unprecedented innovation and 
breakthrough in science and technology, including 
brand-new concepts emerged from micro level of 
molecules or atoms within 1–100 nm and new 
functions due to micro formations. As the initial form 
of condensed matter, nano-particles consisted of 
several to hundreds or even thousands of atoms are 
essential in the development from atoms or 
molecules to bulk materials. The physical and 
chemical properties of this non-dimensional material 
are different from single atom as well as bulk 
material. Later Takagi [5] first observed small size 
effect of thin films of Pb, Sn, and Bi in experiments. So 
since a long time there is a fundamental interest in 
knowing the melting process of metal crystals among 
theoreticians and experimentalists. Different 
thermodynamic models assumed the nano-particles 
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as spherical particles with homogeneous surfaces 
and yield the conclusion that the melting point 
decreases linearly with decrease in cluster diameter 
r[14,15]. Some breath taking studies have been done 
on the melting and crystallization behavior of iron 
(Fe) nano-particles by Sibutta and Suzukii [16].They 
showed crystal growth in liquid Fe and influence of 
the cooling rate all through solidification [17].  

A linear relationship was observed between the 
thermodynamic property and particle’s size in nano-
particles. Ding et al [18] observed amalgamation and 
melting of Fe nano-clusters, which consisted of 
10,000 atoms. Wu et al. have examined melting of 
FCC Fe nano-particles [19] and observed that a quite 
high proportion of surface atoms were advantageous 
to the phase transition of the FCCFe nano-particles. C. 
Cao and group have worked on Ag NCs having 
diameters in the range of 2.4–5 nms using MD 
simulations [20]. Various researchers have analysed 
the thermal behaviour of the Ag NCs by using 
experimental techniques like, Differential Scanning 
Calorimetry (DSC) and Thermo Gravimetric Analysis 
(TGA). These works demonstrated that clusters of 
sintered nano-particles exhibit a high melting point 
than a single one but still it is much lesser than the 
corresponding bulk materials.  

Molecular dynamics simulations offer an effective 
tool to study the melting and coalescence of nano-
particles [21,22].These atomistic simulations require 
accurate atomic interaction potentials to compute 
the total energy of the system. In the present work, 
the melting point temperatures of two Ag nano-
clusters consisting of 108 atoms and 1372 atoms 
have been estimated through MD simulations by 
using MEAM potentials. 
2. Simulation Details 

The simulations are initiated by creating FCC silver 
crystals consisting of 108 atoms and 1372 atoms 
from a unit cell by replicating it along X, Y and Z 

directions appropriately. The dimensions of the cubic 
crystals are 12.24Ǻand 28.56Ǻ respectively along all 
three directions. After equilibrating the crystal, the 
nano-cluster has been achieved by removing the 
periodic boundary conditions (PBC) in all three 
dimensions. The NCs have been studied in canonical 
ensemble (constant NVT) at various temperatures in 
the range of 300K-1000K for the equilibration and 
then micro-canonical ensemble (constant NVE) runs 
are performed to obtain their melting points. MEAM 
potential parameters are used for the interaction 
among Ag atoms [23].The MD simulations are 
performed by using LAMMPS program [24].The 
equations of motion are integrated using the velocity 
Verlet algorithm with a time step of 1fs [25]. The 
systems has been equilibrated for 1ns and 
production runs were for about 1ns.The functional 
form of the MEAM potential energy is given by 

𝑉(𝑟𝑖) = ∑ 𝐹(𝜌𝑖
𝑁
𝑖=1 ) + ∑ 𝑆𝑖𝑗𝜑𝑖𝑗𝑖≠𝑗 (|𝑟𝑖 − 𝑟𝑗|)      (1) 

Where Fi is embedding energy function, ρi is electron 
density at the position of atom i, φij is a pair potential 
and Sij is the screening function. 
 
3. RESULTS AND DISCUSSION 
 

Figure 1depicts the snapshots of the Ag clusters at 
their respective melting point temperatures. Figure 
1(a) is the snapshot of Ag nano-cluster consisting of 
108 atoms at its melting temperature i.e at 380K and 
Figure 1(b) is the snapshot of the NC consisting of 
1372 atoms at its melting temperature i.e at 730K. 
Figure 1(a) and (b) are showing the melted clusters 
which are almost spherical.  

The most commonly used way to obtain the 
melting point temperature of metal clusters is by 
monitoring the variation potential energy versus 
temperature for the NCs under observation, which is 
shown in Figure 2. 

 
 
 

 
FIG. 1. Snapshots of Ag Nano-clusters at their respective melting point temperatures 

(a) 108 atoms and (b) 1372 atoms. 
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(a) 

 

 
(b) 

FIG.2. Potential energy per atom versus temperature (a) 108 atoms cluster (b) 1372 atoms cluster 
 

 

 
(a) 
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(b) 

FIG.3MSD versus temperature (a) 108 atoms cluster (b) 1372 atoms cluster 
 

Figure 2(a) and 2(b) show the variation of 
potential energy per atom versus temperature for 
108 atoms and 1372 atoms Ag NCs respectively. The 
decrease in potential energy per atom with increase 
in temperature is evident from the Figures, but 
sudden jumps could be observed at 370K and 720K 
for the NCs in Figure 2(a) and 2(b), respectively. This 
indicated the occurrence of phase change. Hence, the 
melting point temperature of the Ag NC with 108 
atoms is estimated to be 380K and that of 1372 
atoms is 730K from the study.                                          

 We deployed another method to countercheck the 
result found from the first observation. This method 
has been successfully implemented to find melting 
point temperature by observing the mean square 
displacements (MSD) of the atoms during diffusion. 
The equation of MSD is given by, 

2 2( ) (0) ( )i ir t r r t   (2) 

Where ri(t) is the location of the atom i at time t and 
the angular brackets denote averages over several 
initial times. The temperature dependence of MSD is 
illustrated in figure 3. 

 
Figure 3 shows the plot of variation of MSDs with 

temperature. From Figure 3(a),it can be observed 
from the plot that up to 370K, the variation in MSDs 
is negligible. Appreciable variation in MSD could be 
observed at 380K indicating the melting process. 
Hence, the melting temperature of Ag nano-cluster 
with 108 atoms is estimated to be 380 K. In Figure 
3(b), a clear and sudden change in the plot is 
observed at 710K to 730K. Hence, the melting 
temperature of Ag nano-cluster with 1372 atoms is 
730K. 
 
4. CONCLUSION 

MD simulation runs for one nanoseconds duration 
have been carried out to study the melting point 
phenomena and to determine the melting point 
temperature of two silver nano-clusters consisting of 
108 atoms and 1372 atoms respectively. The melting 
point temperatures were estimated to be 380K and 

730K for the two clusters respectively from various 
analyses, like: variation of potential energy per atom 
and mean square displacements with temperature. 
Hence, it is inferred that as cluster size increases, 
melting point temperature also increases. The 
melting point temperature of bulk has also been 
calculated (data not shown). The melting point 
temperatures of clusters are much smaller than that 
of the bulk. The size dependency characteristic of 
melting point temperatures for Ag NCs is under study 
by considering NCs of different sizes. 
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