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Abstract. The classical molecular dynamics was used to study Au and Ag nanoparticles focusing 

mainly on their structural stability. The structures were modelled at various temperatures in an 

NVT Evans ensemble. The many-body Sutton-Chen potential was employed to describe the 

interactions between atoms in both nanoparticles. Variation of total energy with temperature was 

investigated for both Au and Ag nanoparticles; in the process, entropy was calculated. Radial 
distribution functions were utilised to predict the most probable Au and Ag nanoparticle 

structures. To probe the mobility of Au and Ag atoms in their systems, the mean square 

displacements (MSDs) were plotted, in which diffusion constants were calculated to be 0.58 and 
1.87 Å2/ps for Au and Ag atoms respectively at 300 K. 

1.  Introduction  

Nanoparticles of gold (Au) and silver (Ag) have stirred up considerable scientific interest, because of 

their high potential for clinical applications in different areas such as biological sensing, biomedical 

imaging and drug delivery [1]. The outstanding potential is due to their unique physical-chemical 
properties, such as chemical surface functionalization, optical and electronic characteristics [1].The 

fascinating properties of these nanomaterials are attributed to the electronic distribution on the metal 

along the nanoparticle surface, which depends mostly on its size and shape that can be controlled during 
the synthesis procedure [1, 2]. Gold and silver nanoparticles, with various morphologies, can be fine-

tuned to produce nanospheres [2], nanocubes [3], and nanorods [4].  

 
Both gold and silver nanomaterials (AuNMs and AgNMs) can be synthesized using different 

methods which involve physical, chemical and biological procedures. As reported by Sttaler et.al [5], 

biologically prepared AgNMs can be obtained in abundance, with high solubility and stability 

probabilities when compared to the physical and chemical prepared samples. Besides, Gurunathan et.al 
[6] and Kalishwaralal et.al [7] commented on physically and chemically produced AgNMs as hazardous 

and quite expensive to fabricate. On the AuNMs front, literature suggest that Au nanorods are the most 

favoured on biomedical applications [8]. Despite being instrumental in drug delivery, Au nanorods can 
be obtained cost effectively and their synthesis methods are quite favourable. Quantitatively, according 
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to Faraday et.al [9] and Davey et.al [10] at nanoscale both the gold and silver samples adopt the face-

centred cubic (FCC) phase. In this FCC phase, thermodynamic properties of the two nanomaterials can 

be studied well by variation of energy, temperature, and pressure. Consequently, in this paper, the most 
probable Au and Ag nanospheres are being explored with the aid of the molecular dynamics approach. 

2.  Methodology  

The classical molecular dynamics (MD) method using leapfrog verlet (LF) algorithm was used in this 
study. This method is one of the popular computational method that studies the physical movement of 

atoms and molecules [11]. It has already been established that the molecular dynamics method can 

simulate nanoparticles in sheets or aggregates and reveal many details of these nanomaterials that are 

not accessible experimentally [11]. Particularly, the DL_POLY [12] software was utilized in all the 
calculations. Au and Ag atoms supercells which consist of 4000 atoms each were explored at 0 K  in an 

NVT ensemble; As a result, the convincing equilibrium structures of the supercells was attained at 

48.943 and 60.121 Å respectively for both Au and Ag bulk supercells at 0 K. From these bulk supercells, 
the Au and Ag nanospheres were extracted for the ultimate stability analysis. The-many-body potentials 

such as the Sutton-Chen potential [13] was used to describe the inter-atomic interactions. Variation of 

total energy with temperature was investigated for the Au and Ag nanospheres. Radial distribution 
functions (RDFs) were utilized to predict the most probable Au and Ag-nanospheres structures while 

mean square displacements (MSDs) were considered to study the mobility of Au and Ag atoms in their 

structures. 

3.  Results and Discussion 
3.1.  Modelled Bulk Au and Ag crystals at 0 K. 

Both Au and Ag precious metals can be obtained in bulk as well as nanoparticles. In this section, the 

possible stability of the bulk forms on these two are being discussed. The ultimate idea is to extract the 
nanospheres of the Au and Ag from the known properties of the bulk formations. The bulk forms of Au 

and Ag supercells each with 4000 atoms were modelled at 0 K using the NVT ensemble. In the process, 

the total energy of the supercells were observed with the changing supercell lattice constants. Figure 1, 

present the acquired equilibrium structures of both the Au and Ag supercells. The Au supercell lattice 
constant of 48.943 Å and Ag supercell lattice constant of 60.121 Å are noted in Table 1. From this data, 

the cohesive energies of the two were computed to be 3.673 eV/atom and 2.810 eV/atom for Au and Ag 

supercells respectively. Moreover, computed values agree well with experimental measurements in 
Table 1 [14]. 

 

 
Figure 1. The graphs of energy vs a-axis for the Bulk Au and Ag structures with 4000 atoms at 0 K. 
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Table 1. The supercell a-axis, the total energy, the cohesive energy and its experimental reference all 
at 0 K for both Au and Ag bulk structures. 

 
a

supercell  
(Å) E

total
 (eV) x10

4

 
Cohesive energy 

(eV/atom) 

Cohesive energy 

(eV/atom) 

(experimental) [14] 

Au 48.943  -1.469  3.673  3.810 

Ag 60.121  -1.124 2.810  2.950 

 

3.2.  Au-nanospheres and Ag-nanospheres 

3.2.1. Energy-temperature relations. The Au-nanospheres (Au-nss) and Ag-nanospheres (Ag-nss) are 
extracted directly from the bulk Au and Ag supercells discussed above in section 3.1. Subsequently, the 

Au-nss and Ag-nss are made of 2067 atoms each with lattice constants (ananosphere) of 48.943 and 60.121 

Å at the original 0 K. As can be seen in Figure 2, the energy increases with increasing temperature for 
both Au-nss and Ag-nss respectively. In this linear energy – temperature response a disjoint can be 

observed probable at temperature regions of 700 – 800 K and 900 – 1000 K respectively for the Au-nss 

and Ag-nss. Such behavior suggest the probable transition temperature in which Au-nss and Ag-nss 
change from one form to the other. Similar behavior of energy-temperature variation was reported by 

Wang et al. [15] on icosahedral Au nanoparticles. Interestingly, Gafner et al. [16] reported a similar 

behavior for Cu and Ni nanoparticles. Comparable energy-temperature transitions were also reported on 

clusters and nanoalloys [17, 18]. To predict the entropy change of the nanospheres and possible 
transition temperature, energy – temperature variations were explored for both Au and Ag nanospheres 

as displayed in Figure 2. From these results, Table 2 displays the change in entropy for both Au-nss and 

Ag-nss which was found to be 7 x 10-4 and 8 x 10-4 eV/K respectively. A greater change in entropy on 
the Ag-nss than the Au-nss is also observed. 

 

 
 Figure 2. The variation of energy against temperature for Au- and Ag-nanospheres. 
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Table 2. Change in entropy for Au- and Ag-nanospheres. 

 Au-nanosphere Ag-nanosphere 

Entropy (eV/K) x10
-4

 7.000 8.000 

 
3.2.2. Radial distribution functions. The radial distribution functions (RDFs) are necessary when 

analysing the structure of fluids and solids [19]. Researchers including Phanthania et.al [19] have used 

RDFs for the analysis of fluid structures. For this reason, the RDFs have been utilized on identifying a 
possible phase change of Au-nss and Ag-nss over a prescribed temperature range. In Figure 3 (a) and 

(b), the RDFs at 300, 600, 700, and 800 K for the Au-nss and Ag-nss respectively are presented. In the 

plots, it can be seen that the peak heights (g(r)) decrease with the increasing temperature, as well as 

diminishing with the increasing radial distance (r). The trend suggest a possible phase transition from 
solid to fluid state. For instance, on the Au-nss at 800 K, only the first and second nearest neighbor Au 

– Au displacements can be described with slight uncertainty (Figure 3(a)) in position. This observation 

seems to support the energy – temperature relation observed in Figure 2. Using the similar argument 
and observations on the Ag-nss, the projected phase transition temperature could be in the region of 900 

– 1000 K. 

 
Figure 3. The radial distribution functions (RDFs) for Au- (a) and Ag-nanospheres (b). 

3.2.3.  Mean square displacements. Mean square displacements (MSDs) have been utilised to describe 

the movement of atoms in solids, liquids as well as gases [20]. Therefore, it has been reported that the 

MSDs will increase linearly with relation to time when diffusion takes place [20]. As such, to probe the 
mobility of the Au and Ag ions in their Au-nss and Ag-nss systems respectively, the mean square 

displacements (MSDs) plots were constructed. From such MSDs plots, the respective ions diffusion 

constant were calculated. Figures 4 (a) – (b), illustrates the MSDs graphs of Au-nss and Ag-nss 
respectively at 300, 600, and 700 K. The values of the calculated diffusion constants are displayed in 

Table 3. For Au ions the diffusion constants increase with increasing temperature. In the case of Ag-nss, 

the diffusion constants seems to decrease with the increasing temperature. This should not come as a 

surprise since the chosen temperature range is far from the suggested transition temperature for the Ag-
nss. 
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Figure 4. Mean square displacements for Au- (a) and Ag-nanospheres (b). 

Table 3. Diffusion constants for Au- and Ag-nanospheres. 

Temperature (K) 300 600 700 

Diffusion constant (D) for 
Au-nanospheres (Å2/ ps) 0.58 1.46 1.70 

Diffusion constant (D)  

for Ag-nanospheres (Å2/ 

ps) 1.87 0.87 0.12 

 

4.  Conclusion  

In the radial distribution functions (RDFs), the height of the peaks decreases with an increase in 
temperature followed by the number of peaks. Hence, the transition from solid to liquid can successfully 

be traced through the radial distribution functions. It can be concluded that Au-nanopspheres show quick 

melting point at 800 K as compared to Ag-nanospheres. The mobility of the Au and Ag ions was 

satisfactorily described and tracked through the mean square displacements graphs, in which the 
mobility of Au atoms was found to increase with an increase in temperature and vice versa for the 

mobility of Ag atoms. As such, the stable structures of Au and Ag nanospheres are accumulated at low 

temperatures or below transition temperature. The transition temperature, change in entropy and the 
diffusion constants all suggests that the Au-nanospheres phase transformation is obtained readily than 

Ag-nanospheres. 
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