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Abstract: Molecular dynamics simulations were used to study the deformation behaviors of the [100] single-

! and

crystal copper nanowire subjected to uniaxial tension. The tensile strain rates are 0.02% -ps™, 0.2% -ps~
2.0% +ps”', and the simulated temperatures are 100, 300 and 600 K, respectively. The deformation behaviors,
mechanical property, radial distribution function and the energy curve were studied in detail. The results show
that the deformation of the nanowire at low, middle and high strain rates correspond to the equilibrium, quasi-
equilibrium and non-equilibrium states, respectively. The structure reveals crystalline, local disorder and

amorphous forms at low, middle and high temperature, respectively.
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Top data are selected loops of the nanowire, and the bottom data
are the corresponding strain of the nanowire in the deformation
process; Red replaces the surface atoms and the blue replaces
““ “u ” ; the bulk atoms, respectively
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Fig.1b  Snapshots of copper nanowire stretching along
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Top data are selected loops of the nanowire, and the bottom data

are the corresponding strain of the nanowire in the deformation
[100] direction at the middle strain rate of

0.2%-ps™

process; Red replaces the surface atoms and the blue replaces

the bulk atoms, respectively

Bl la SKEATEAEEER 0.02%- ps F Rt F o Steps=10000 13000 25000 35000 50000 62000 63000

O A i S SV NV
Fig.1a Snapshots of copper nanowire stretching along a “ 7 AR 3

[100] direction at the low strain rate of
0.02%-ps™
M 1b FTLAE K AE 0.2% - ps™ P it
B, TEFRPEIE AR N ATI IR DR 4 T A Y A IR 45
Fe S La AHEE, O LUTE U AR (R TE 25 #fu
e o N > N NS 62 65
B0 A R 0 (100 TR P AR DD A . )
02t IRORERAT SRS, 1T e
Fﬁ%@g E/‘J i m] }% iEﬁE”E HH 7% E]/J )?¥ii jj[] E £ = process; Red replaces the surface atoms and the blue replaces

0.83, QI’J 7KQ£ Jt éb{ﬁﬁd }J\ &l ':P Ay L Hﬂ ) ﬁ @J y AHXF the bulk atoms, respectively

0.09 0.47 0.78 [B25

T 2T 1 R i S - 1 L T Lo SR 3 20 pst TR A
it W RE L/ TR I BT DL SR T i 1 S I 5 A A ]

TR 7 R A 4 B B Wi 2 FEDb R AR MR | Fig.lc  Snapshots of copper nanowire stretching along
Hi TR A AR R R BAR 2808 T Nosé-Hoover [100] direction at the high strain rate of

J5 15 B AT AF T AE LA ) Al B 1 R B 2%-ps”

E-3 WA GBI CPOE P 35271k Ao s

Table 1 Effect of stretching conditions on the mechanical properties of the nanowires

Stretching conditions ~ Number of surface atom (/V.) Number of bulk atom (/V,) Ratio of N,/N, Yield strain Yield stress / GPa
0.02%:-ps™, 300 K 268 284 0.94 0.07 5.83
0.2%-ps™', 300 K 466 546 0.85 0.08 6.23*
2%:-ps™, 300 K 72 107 0.67 0.09 7.90
0.2%-ps™', 100 K 203 203 1.00 0.08 8.76
0.2%-ps™, 300 K 326 349 0.93 0.08 6.72%
2%-ps™, 600 K 198 268 0.74 — —

*Under different initial conditions, the fracture behavior is slightly different.
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Top data are selected loops of the nanowire, and the bottom data
are the corresponding strain of the nanowire in the deformation
process; Red replaces the surface atoms and the blue replaces the

bulk atoms, respectively
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Fig.2a Snapshots of copper nanowire stretching along [100]

direction at the low temperature of 100 K
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Top data are selected loops of the nanowire, and the bottom data

are the corresponding strain of the nanowire in the deformation

process; Red replaces the surface atoms and the blue replaces the

bulk atoms, respectively
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Fig.2b  Snapshots of copper nanowire stretching along [100]
direction at the middle temperature of 300 K
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are the corresponding strain of the nanowire in the deformation
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bulk atoms, respectively
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direction at the high temperature of 600 K
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