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Abstract: Transition metal group 10 nanowires exhibit exceptional 
mechanical properties, particularly those with FCC structures, making 
them promising candidates for electromechanical devices. This study used 
classical MD simulations with EAM potentials to explore the mechanical 
behavior of nickel, palladium, and platinum nanowires with varying 
diameters. Our findings reveal a strong correlation between nanowire 
diameter and mechanical properties. Increasing diameter reduces surface 
effects, leading to higher tensile strength. Deformation mechanisms are 
complex, involving phase transformations such as FCC to HCP and BCC. 
These results will contribute to the fundamental understanding of 
nanoscale mechanics and pave the way for the design of advanced 
nanodevices.  
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Introduction  
 

Advancements in nanotechnology, particularly 
within the semiconductor industry, have led to the 
creation of increasingly smaller devices through the 
characterization and manipulation of materials at the 
nanoscale (Benelmekki, 2019) Various techniques for 
synthesizing and forming one-dimensional 
nanostructures exist; however, only a few have been 
extensively studied, including spontaneous growth, 
template-based synthesis, electrospinning, and 
lithography (Cao & Wang, 2011) 

Nickel, palladium, and platinum, which belong to 
Group 10 of the transition metals, are utilized in 
numerous applications such as decoration, catalysis, 
superconductivity, electrical components, and alloys. 
Nickel is the seventh most abundant transition metal 
and the 22nd most prevalent element in the Earth's crust, 
with an abundance of 99 parts per million (ppm). In 
contrast, palladium and platinum are much rarer, with 
abundances of about 0.015 ppm and 0.01 ppm, 
respectively, highlighting their significant value and 

importance in nanotechnology (Greenwood & 
Earnshaw, 1997) 

Research by (Aish & Starostenkov, 2016) examined 
the mechanical properties of metallic nanowires using a 
tight-binding model and molecular dynamics 
simulations. Their study focused on nickel nanowires, 
which were subjected to uniaxial tensile loading at 
temperatures ranging from 100 K to 1500 K. The results 
showed a decrease in tensile strength as temperature 
increased and indicated that the location of fracture 
depended on temperature. 

In a separate study, (Y.-H. Wen, Huang, Zhu, & 
Wang, 2012) performed an atomistic investigation into 
the mechanical properties of single-crystal and five-fold 
twinned platinum nanowires using molecular dynamics 
simulations. Uniaxial tensile tests revealed that the five-
fold twinned nanowire exhibited higher yield strength, 
but lower ductility compared to the single-crystal 
structure. The elastic modulus was calculated based on 
the deformation behavior of the nanowires using 
classical elasticity theory. 

(Lao & Moldovan, 2008) employed the embedded-
atom method (E.A.M.) potential in molecular dynamics 
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simulations to investigate the tensile behavior of 
palladium nanowires. The study found a spontaneous 
phase transformation from the face-centered cubic 
(F.C.C.) structure to the body-centered cubic (B.C.C.) 
structure at temperatures exceeding a critical threshold 
of 22.5 K, driven by surface tension effects. 

While the mechanical properties of individual 
nickel, palladium, and platinum nanowires have been 
extensively studied, a comprehensive comparative 
study of these three noble metal nanowires has yet to be 
reported. This study employs molecular dynamics 
simulations using the Large Scale Atomic/Molecular 
Massively Parallel Simulator (LAMMPS) (Plimpton, 
1995; Thompson et al., 2022) to investigate the 
deformation behavior of nickel, palladium, and 
platinum nanowires with varying diameters. The 
primary objectives are to determine the influence of 
diameter on maximum tensile stress and elucidate the 
deformation mechanisms of these noble metal 
nanowires under tensile loading. This research is crucial 
for advancing our understanding of the mechanical 
properties of these nanomaterials, as the findings will 
provide valuable insights into their deformation 
behavior and serve as a benchmark for future studies on 
nanowires with different dimensions. 

 
Method  

 
In this study, molecular dynamics simulations were 

conducted using the LAMMPS (Plimpton, 1995; 
Thompson et al., 2022) program, as illustrated in Figure 
1. 

 
Figure 1. Dimension of Nanowire 

 
The simulations were conducted at a constant 

temperature of 300 K to replicate room-temperature 
conditions. A velocity ranges from 10-3 to 10-13 Å/ps was 
selected, with an optimal value of 0.1 Å/ps. Given the 
metallic nature of the materials, we used the potential of 
an embedded atom model (EAM)(Daw & Baskes, 1984; 
Daw, Foiles, & Baskes, 1993). A typical neighbor distance 
of 0.3 Å was employed for the metals. We chose the 

canonical (NVT) ensemble, maintaining a constant 
temperature while allowing for variable energy.  

The materials investigated included nickel, 
palladium, and platinum, all characterized by a face-
centered cubic (FCC) structure with specific lattice 
parameters: αNi = 3.52 Å, αPd = 3.89 Å, and αPt = 3.92 Å, 
respectively. The diameters of the nanowires ranged 
from 30 nm to 50 nm, with the minimum diameter set at 
30 nm, as this consistently yielded well-formed 
nanowires in the simulations. This approach enabled 
subsequent tensile test analysis of the Common 
Neighbor Atom (CNA), visualization results in the 
tensile test, and their correlation with diameter using the 
Open Visualization Tool (OVITO).(Stukowski, 2009) 

 

Result and Discussion 

 
Figure 2. Stress-strain curves of nickel nanowires with 

diameters of 30, 40, and 50 nm 

 
As depicted in Figure 2, the tensile strength of 

nickel nanowires increases with diameter, reaching a 
maximum of 4.2 GPa at 50 nm. Conversely, Young's 
modulus exhibits a more complex trend, with values of 
109.49 GPa for 30 nm, 109.41 GPa for 40 nm, and 152.85 
GPa for 50 nm diameters. While showing an overall 
trend of increasing strength with diameter, these results 
deviate from previous experimental studies (Budrovic, 
Van Swygenhoven, Derlet, Van Petegem, & Schmitt, 
2004), which reported a lower tensile strength of 2.25 
GPa. This discrepancy can be attributed to the presence 
of defects such as dislocations and voids in experimental 
samples, which can significantly influence the 
deformation behavior, as suggested by (Wang, Shan, & 
Huang, 2017). In contrast, simulations by (Y. H. Wen, 
Zhu, Shao, & Zhu, 2005) predicted a higher tensile 
strength of 8.62 GPa, likely due to the absence of such 
defects in the simulated structures. 

The stress-strain curves obtained in this study 
exhibit a non-linear behavior characterized by a zigzag 
pattern, consistent with previous studies by (Y. H. Wen, 
Huang, Zhu, & Wang, 2012). Young's modulus values of 
188.7 (Y. H. Wen et al., 2012) and 80.6 GPa (Y. H. Wen et 
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al., 2005) for nickel nanowires vary significantly, 
indicating a strong dependence on simulation 
parameters such as potential and diameter. The 
strengthening effect observed with increasing diameter 
can be attributed to the reduced influence of surface 
effects and the increasing dominance of the bulk 
material behavior. The presence of defects in 
experimental samples, as highlighted by (Seo et al., 2013) 
can significantly impact the mechanical properties of 
nanowires, with defect-free nanowires exhibiting 
superplastic behavior. 

 
Figure 3. Stress-strain curves of palladium nanowires with 

diameters of 30, 40, and 50 nm 
 

The tensile strength of palladium nanowires, as 
illustrated in Figure 3, shows a positive correlation with 
increasing diameter, peaking at 2.2 GPa for 50 nm 
diameters, compared to only 0.63 GPa for 30 nm. In 
contrast, Young's modulus exhibits an inverse 
correlation with diameter, decreasing from 111.84 GPa 
at 30 nm to 51.58 GPa at 50 nm. These results differ from 
those that (Y. H. Wen et al., 2012) reported, who found 
Young's modulus for platinum nanowires to be 181.1 
GPa. The decline in Young's modulus with increasing 
diameter indicates that size effects significantly impact 
the mechanical properties of palladium nanowires. The 
difference between our findings and those of previous 
studies may be due to variations in material, simulation 
parameters, and the dimensions of the nanowires. The 
observed trends can be explained by the influence of 

surface effects on the inhomogeneity of the nanowire's 
cross-section, as predicted by (Hasmy & Medina, 2002; 
Wu, 2006) 

 
Figure 4. Stress-strain curves of platinum nanowires with 

diameters of 30, 40, and 50 nm 

 
As shown in Figure 4, the tensile strength of 

platinum nanowires increases with diameter, reaching a 
maximum of 2.74 GPa at a diameter of 50 nm. In contrast, 
Young's modulus demonstrates a non-monotonic trend, 
peaking at 109.49 GPa for a diameter of 40 nm. These 
findings differ from earlier research by (Y. H. Wen et al., 
2012) which reported a Young's modulus of 238.5 GPa 
for platinum nanowires. 

The size-dependent mechanical behavior of metal 
nanowires is apparent. While Young's modulus 
decreases, the yield strength increases as the diameter 
grows. This trend is particularly noticeable for 
nanowires with diameters below 10 nm, where surface 
effects dominate. As the diameter increases, the 
mechanical properties tend to converge toward bulk 
values. This size-dependent behavior can be attributed 
to the increasing ratio of surface atoms to bulk atoms, 
which significantly influences the overall mechanical 
response of the nanowire. The surface atoms, extending 
beyond the outermost layer, play a crucial role in 
determining nanowires' mechanical properties, as (Wu, 
2006) reported. 

 

  
(a) (b) 

Figure 5. Simulation results from 0 to 25 fs on nickel nanowires with a diameter of 30 nm: a) tensile test simulation, b) structural 
percentage. 
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(a) (b) 
Figure 6. Simulation results from 0 to 25 fs on nickel nanowires with a diameter of 40 nm: a) tensile test simulation, b) structural 

percentage. 

 

  
(a) (b) 

Figure 7. Simulation results from 0 to 25 fs on nickel nanowires with a diameter of 50 nm: a) tensile test simulation, b) structural 
percentage. 

 
Figures 5, 6, and 7 illustrate a correlation between 

increasing diameter and enhanced mechanical strength 
in nickel nanowires. This enhancement is attributed to 
the increasing prevalence of the face-centered cubic 
(FCC) structure within the nanowires, as determined by 
Common Neighbor Analysis (CNA). The 50 nm 
diameter nanowire exhibited the highest percentage of 
FCC structure at 82%. However, a phase transformation 
from the FCC structure to a mixture of body-centered 

cubic (BCC), hexagonal close-packed (HCP), and other 
structures was observed under tensile loading. These 
findings align with the work of (Y. H. Wen et al., 2005), 
who reported the coexistence of FCC, BCC, and other 
structures during the tensile deformation of nickel 
nanowires. Consequently, it can be inferred that the 
initial FCC structure undergoes deformation-induced 
phase transformations to BCC, HCP, and other 
structures. 

 

  
(a) (b) 

Figure 8. Simulation results from 0 to 25 fs on palladium nanowires with a diameter of 30 nm: a) tensile test simulation, b) 
structural percentage. 
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(a) (b) 

Figure 9. Simulation results from 0 to 25 fs on palladium nanowires with a diameter of 40 nm: a) tensile test simulation, b) 
structural percentage. 

 

  
(a) (b) 

Figure 10. Simulation results from 0 to 25 fs on palladium nanowires with a diameter of 50 nm: a) tensile test simulation, b) 
structural percentage. 

 
The analysis of palladium nanowires with 

varying diameters (Figures 8-10) reveals a direct 
correlation between diameter and mechanical strength. 
This correlation is attributed to the increasing 
proportion of face-centered cubic (FCC) and hexagonal 
close-packed (HCP) structures within the nanowires, as 
determined by Common Neighbor Analysis (CNA). The 
50 nm diameter nanowire exhibited the highest 

percentage of these structures. However, tensile testing 
induced a phase transformation from the initial FCC 
structure to a mixture of BCC, HCP, and other 
structures. The observed trends can be explained by the 
influence of surface effects on the inhomogeneity of the 
nanowire's cross-section, as predicted by (Hasmy & 
Medina, 2002; Wu, 2006). 

 

  
(a) (b) 

Figure 11. Simulation results from 0 to 25 fs on platinum nanowires with a diameter of 30 nm: a) tensile test simulation, b) 
structural percentage. 
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(a) (b) 

Figure 12. Simulation results from 0 to 25 fs on platinum nanowires with a diameter of 40 nm: a) tensile test simulation, b) 
structural percentage. 

 

  
(a) (b) 

Figure 13. Simulation results from 0 to 25 fs on platinum nanowires with a diameter of 50 nm: a) tensile test simulation, b) 
structural percentage. 

 
The analysis of platinum nanowires with varying 

diameters (Figures 11-13) reveals a direct correlation 
between diameter and mechanical strength. This 
correlation is attributed to the increasing proportion of 
face-centered cubic (FCC) structures within the 
nanowires, as determined by Common Neighbor 
Analysis (CNA). The 50 nm diameter nanowire 
exhibited the highest percentage of FCC structure. 
However, tensile testing induced a phase transformation 
from the initial FCC structure to a mixture of BCC, HCP, 
and other structures. This size-dependent behavior can 
be attributed to the increasing ratio of surface atoms to 
bulk atoms, which significantly influences the overall 
mechanical response of the nanowire. The surface 
atoms, extending beyond the outermost layer, play a 
crucial role in determining nanowires' mechanical 
properties, as (Wu, 2006) reported. 
 

Conclusion  

 
The findings suggest that diameter significantly 

influences the mechanical properties of nanowires. The 

50 nm nickel nanowire displayed the highest tensile 
strength and Young's modulus, while the 30 nm 
platinum nanowire exhibited the lowest. The increase in 
tensile strength with diameter can be attributed to the 
reduced influence of surface effects and the increasing 
dominance of the bulk material behavior. The observed 
structural transformations from FCC to HCP, BCC, and 
other structures during deformation support the notion 
that the deformation mechanism is complex and 
involves phase transformations. 
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