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Tensile Deformation Analyses of a Gold Nanowire
Using Molecular Dynamics and Parallel Replica Method
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In order to exploit the potential applications of gold nanowaires, it is important to reveal their mechanical

properties. Although Molecular Dynamics (MD) simulations can treat dynamic conformational modifications in

atomic scale, the analysis time scale is strictly limited. In this paper, Parallel Replica (PR) method which can extend

the analysis time scale is employed to investigate mechanical properties of a gold nanowire at slower strain rates. We

performed tensile-loading simulations at wide strain-rate range (1.0x10° ~ 1.0x10* s™") using MD and PR method,

and revealed that the deformation behavior changes depending on the strain rate. Furthermore, we predict the yield

strain at practical strain rate based on the transition state theory.
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Fig.1 Schematic illustration of PR method.
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Fig.2 Analysis model.
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Fig.3 Comparison between results of MD and PR method at
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Fig.5 Influence of strain rate and temperature on yield strain.
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Fig.6 Analysisresultsat ¢=1.0x10"s", T=150K.
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Fig.8 Analysis results at &=1.0x10° s™', T =300 K.

WFEAVE U 2 REOIREEL, &, SIFKA(QR), @)THREND

BETORMTHS.
_a)
)= 207
b(T )2
8(T)= KT

LD a, bIIUTORTERIND.
c=a(T)e—b(T)&?
a(T)=a,+aT +a, T’

b(T)=b, +bT +b,T?

F72, AQ)TOATEMALERETH Y, RN Z R

<RT

QT)=ay +o,T

@

©)

4)

®)

(6)

U]

PLEX Y, ag a, ap by, b, by Qo ap, on 3K FENIZ,
KA)LY, OFTHHE ¢, RET OB E L TRHRIROT A
ETRTAZENTES.

AT ClE, OFHEE1.0x10° s, iRE SK, 50K,
100 K, 150 K, 200 K, 250 K, 300 K CT? MD iEDFE R % v
TI7A4 YT AT ETS. 7, oG LRIBERE
TOIGH-OFT i Ez @)k 74 v T 07352
L Tag ay,ay by, by, b, 2R, 0%, K(D)%E, OTH
WEE1.0x10°% s T MDIEIC L W RO TR OFAITIRE T
DREBELT T 4T 4T THZET, Q o o %
5%, F£72, N=68, v=1.0x102s'Z 5.

T4 vT 4 THERE Tablel, 212, ROTHHEETO
THIEARE Fig.9 (TR 7. Fig9 LV, HiNHDZLOF
NiETd2b00, PRIBEICEIY EERD ZKHR
(£6=1.0x10° ~1.0x107s ) L B —HLTWB Z b T
RN ZUTHLZENDMNE. ZDOZ EMS, YIHk
ROWBERNEL LRV EWIRED T, OF ik
1.0x10° s ' OFER L 0, ROT AT T 5 BIROT 2
ETPRUTLHZENTETCNDEZZONDS. BlxIE, EEE
(72 OFHHE TH 51.0x1072 s Tik, 300 K TOFER
P 2% 0.018(K RIS /11T 14 GPa)RRETH Y, MD DD
P HHEFRIACTREDMOB LT 5% LR\ Enb
N5,

Table 1 Obtained parameters (parameters in Eq.(5), (6)).
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Table 2 Obtained parameters (Qo, g, @1).
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Fig.9 Prediction of yield strain at slower strain rates.
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