Chinese Physical Society
ME#E Acta Physica Sinica :

€D Institute of Physics, CAS

ERAREE M MR R TN R EAEN IR 5

mET 4%

Simulations of the size effect on the elastic properties and the inherent mechanism of metallic nanowire
Yang Xi-Yuan Quan Jun

5| {5 & Citation: Acta Physica Sinica, 64, 116201 (2015) DOI: 10.7498/aps.64.116201

1E 25 7% 132 View online:  http://dx.doi.org/10.7498/aps.64.116201
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/111

ERTRERC B B S &
Articles you may be interested in

BRI P AR VAR S 1Y
A nonlinear plate theory for the monolayer graphene
VP 2A4%.2014, 63(15): 156201  http://dx.doi.org/10.7498/aps.63.156201

MnPd & AHAL, SR PEANIA ) S T R 58— TR B BT 7T

Ab initio calculation of phase transitions, elastic, and thermodynamic properties of MnPd alloys
PP 22 H%.2012, 61(24): 246201  http://dx.doi.org/10.7498/aps.61.246201

SRS JIR BAH B et e A AR TR RV T A AL B — P SR BT 7T

Elastic properties of 5-HMX under extra pressure: a first principles study
PP 2EH%.2012, 61(20): 206201 http://dx.doi.org/10.7498/aps.61.206201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.116201
http://dx.doi.org/10.7498/aps.64.116201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I11
http://wulixb.iphy.ac.cn/CN/abstract/abstract60311.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60311.shtml
http://dx.doi.org/10.7498/aps.63.156201
http://wulixb.iphy.ac.cn/CN/abstract/abstract51391.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51391.shtml
http://dx.doi.org/10.7498/aps.61.246201
http://wulixb.iphy.ac.cn/CN/abstract/abstract50436.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50436.shtml
http://dx.doi.org/10.7498/aps.61.206201

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 11 (2015) 116201

ERMAREEM MR RT NN ERNE
BET:NE RN

fE& Tt

aE!

(VP ITE 2 BE BB 2 SRR 25, VT 524048)

(2014 4 11 A 13 He®; 2014 4 12 A 31 HUKEIES5F )

AL 4318 715 (MD) J7 380 Bk 73 A B N R A (MAEAM) #7817 Ni, ALFIV 44K 26 1) 5
PV BB RS 20082 B SR TN L2 mm, RT3 T A S 8 B AR MR S PR R e 25 IR AR SO e AR AR
s e 5 O SCI A EIS 45 RARRF & TTHE TS & 6 B 4K 26 1 A48 5 BH SWAIK T AR LA R 25
R, HBEAUOKL I R B S8 EO8 N, JEEGE TR 8. LR b, IR 7T NI, ALFIV K2 R ae )
T 30080 e F A AR A 1 — B4R T B R THIAE RT R g oK B s e P i 12 b )4 FH A N FE R,

KA IETERE, ROT RN, WAENLEE, 9KEk
PACS: 62.23.Hj, 62.20.D-, 64.60.an, 68.35.Gy

15 7

VENGRM B R P R R 0L, PR A
VAR I A R A SR, FEARORGR e T
AR I R 48 (MNEMS) S5 4188 3 )12 1
IR 5. CAUH TR BEAE MR BN,
RS 2R A&7 28 2008 R W, IR AR A 5 T
R EF e U, R R T 40K 255 A
NIRRT LR, 3G R T VR SR, T SO
T 285 K FIAR S 1R AN [ - Je A b ok 1291 SR,
It R BT 98 BORI 26 A S8 AN TR, 0 40 oK 4Rt
PTG 45 RAFAEROR 22 57, TR AT SR A oK 2R 1) o
TR 45 ¥ S LA R RIE 7 NATT BT SR I 8 s T
iz —

SV 1 A R A ) P S Gl 45 ) e At
J R FEA, GIKAHREBE T3 7E MNEMS 45 UscfE ) B
FIECR T EATA R 1 2 e S L a5 T AR AT A,
DRI X A KR R A 2R 0 22 AT 9 B — 5 B SR B

DOI: 10.7498 /aps.64.116201

R ESC e g b7 R B RS,
GRKABTRE ) S AL B A R ) RS RS I S, Rt
F T 2R R T 82 -6 e e vk 7] 4
PEBTRTEL. 10 5 — e ST T AR LIE AR R
FOF RS, FE AR 18 R X H A2 AL A 52
41 Peng 45 1 ) F4 48 v 1 S A BEE FC R AR ER K
LRI ORGSR IR, R e B I R Ak
WA, HL W AR 5 R 02 sy T RAR AR AR, [ e
Hlf 5B 23 B RF kN T8 0. Wang 45 101 45
FUHM N 2 AR 1Y) Nig ALK 2818 A LB ) ROSE R0,
RIURSE AW/, Nig A1GHR L ) AR L IZ B
M e A N BT, FLllm e A RS 4055 T
4 nm, 5 HABGR LB 1112,

LT &, ATOREE B 26 AF S 9K 715
AT NN AR, AL L A 11 2 A TR B 70 5
ik, TP 2 TR B 0 SRR MR ) S B L A
AE BRI, 2 7 YRMRE AL ) 2
fifl. (ERAESMINEAT 26 AT T, RN AR L) 24T
NI RRZ, HIXLERE Z 6 KN

* [EH K HARBIER S (HHES: 11304276, 11147152) MU EITTE 5B A A BIE5 H (HdES: ZL1405) BEIFRE.

T B E1E#E . E-mail: oyxy889@163.com
1 #E/E#H. BE-mail: rgquan0224@Qgmail.com

© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

116201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.116201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 116201

FEME R A28, AR H S RAR B 1 240, A6 75 iR A1
AT ST 1 2 T BRI AR RUSE R R A E L
PSR . BT FIR R, AR SCRANG, Al(fec)
V(bee) KRG, T G373 B R IRON A5 7
(MAEAM) BF 5 48 K 22 ) 3 14 1% e RU~T 28087 2
WAEHLHL.

2 TEEASHEAK
2.1 BFERY

AIKH MAEAM Y5 T Johson &5 #4) & B R A\
JE A (BAM) 81 JE 0 HAEH TE X BIE, =
BAE 2 AR R SRR 5| NMBIET M (P),
A R e s Ab B ELAT 1 Cauchy 74 57 A F4 AL BR
SR, MAEAM 1K & [ fE ok

Eiot = ZE (1)

Hh, By AR R BEA R TREE. X TS0 8
ﬁﬁﬂﬂﬁm,ﬁAﬁ%d‘%ﬁ
§:¢ng+NUP> (2)
Jsﬁz

H @) RN ELE —BF (p;) MR BE, 5 0
¢ (rij) NIE TR 5, 58 =10 M (P) N#5I A
REEAEIEIN. F (p;) W70 F:

O

1M fee Fl bee 4 J& W IR 1 18] X% 3 ¢ (i) 0 0l 2w
wr:

¢ (rij) = ko + K1 exp (1 — T”)

T1

+ ko exp {2~ (1 — T”)]
™
’I"ij

+ksexp |3-[1——
r1

E;=F(pi) +

+ k4exp {4- (1 — T”)]
1

+k4@m<1—”ﬁ, (4)
T1

’I”z] Z k <TU> (5)
1=
WRFEFReEME T M (P;) R
aPP,
M (P;) = —m- (6)

E (2)—(6) 3, ry J9EE— IR A, ri; J9 )R
Ti5jAEEE, Fo, n, ki (i =—1,0,1,2,3,4)f
o NERBISH WA 1. p; K1 Py 4353 i iR FE Bl ) P
TR S R &,

= Zf(rij)a (7)
J#

P = Zf%”j)? (8)
J#i

1117 L5 5 PR EON

71 0 T — Tii 2

) — - _ce 9
ro=n () (==2) . o
fo T E BT EMN, — MBI, X T VI Ni(8(
AN E, HETHERBEREEE SN e =
r3+0.545 X (r3 —ro) Mree = 14 +0.75 X (rgy —13),
Horprg, rg Flry 20 N EE — 0 ZFDYIE AR Ji 18] #E
B RN, 6T fee Fl bee kg SR, (9) 2 6 4351
ST 4.7 F4.5.

2.2 HEHEAR

T BEAAE IE ) 2R 45 (NVT) JE T, X B3R AT
FH Nosé-Hoover i fii 52 A (14151 sfe 4 35 48 2 I 48
5E (~300 K). 1 FH Gear 532 101 3R g )l 712 3 2 )5
T2, R IR 2B Ko 5 fs. 3@ 30000 B a] 25 1)

TR AE AR R B IA P87, SR 5 X ISR 1) P FE A
5000 B 8] 25 ) Ge 11 DA 2 W &

#1 MAEAM MR S4
Table 1. The model parameters of MAEAM.

Fo/eV n a/1073eV  k_1/eV ko/eV k1/eV ko/eV ks /eV ka/eV
Ni 2.543 0.195 1.789 104.221 —49.549 —31.61 —17.381 13.447 —19.373
Al 2.463 0.380 3.922 61.850 —29.433 —18.470 —11.344 9.463 —12.185
\% 3.280 0.730 —9.182 493.975 —476.769 229.634 —43.791 54.775 —258.123
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Table 2. The size A\, atom number N ( x 103), lattice constant a of three metallic nanowires.

Ni Al Y
a/A 3.530 4.060 3.027
(AX X AN) N (AX x AX) N (AX x AX) N
NW1 4a X 4a 3.24 4a X 4a 3.24 10a x 10a 2.44
NW2 10a x 10a 4.84 10a x 10a 4.84 12a X 12a 3.40
NW3 12a X 12a 6.76 12a X 12a 6.76 14a x 14a 4.52
NW4 14a x 14a 9.00 14a x 14a 9.00 16a x 16a 5.80
NW5 16a x 16a 11.56 16a x 16a 11.56 20a x 20a 8.84
NW6 18a x 18a 14.40 18a x 18a 14.40 21a x 21a 10.60
NW7 20a x 20a 17.64 20a x 20a 17.64 22a x 22a 12.52
NW8 21a x 21a 21.16 21a x 2la 21.16 24a x 24a 16.84
NW9 22a x 22a 25.00 22a x 22a 25.00 26a x 26a 21.80
NW10 — — — 30a x 30a 33.64
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Fig. 1. (color online) The structural specimen of nanowire: (a) Ni and Al nanowires; (b) the cross section of Ni and Al

nanowires; (¢) V nanowire; (d) the cross section of V nanowire.
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Table 3. The elastic constants and the bulk moduli of Ni, Al and V bulk materials.

HETERE c11/GPa c12/GPa cq4/GPa b/GPa

A4 249.50 145.60 138.70 180.20

Ni i 19] 241.30 150.80 127.30 181.00

s 1201 246.50 147.30 124.70 180.40

ARG R 112.12 69.91 51.90 83.98

Al Hig [19] 116.80 60.10 31.70 79.00

s (20) 114.00 61.90 31.60 79.00

AR 236.43 125.50 52.56 162.48

Hig 21 281.72 124.63 36.09 176.99

4 (22] 268.30 130.30 51.00 176.30

v e (23] 205.00 111.00 30.00 142.33

g 24 205.00 130.00 5.00 155.00

42K 237.00 121.00 58.00 159.67

STy [25] 270 K 231.65 120.03 44.03 157.24

300 K 230.98 120.17 43.77 157.11
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Fig. 2. (color online) The ratio, AE/V, versus the

microscopic strain, d, of the perfect Ni, Al and V ma-

terials.
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Fig. 3. (color online) the size effect on the bulk mod-
uli of Ni, Al and V nanowires. The horizontal lines
denote the values of the bulk materials (as described
in Table 3).
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Fig. 4. (color online) The size effect on the surface
energy of nanowire, the dashed lines represent the ter-

minal values of the surface energy of nanowire.
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Table 4. The fitted parameters of Eq. (13) and the

referenced values of the surface energy.

Ooo/J-m~2 £/Jm=2A Xo/A
AER 1.84 458  11.74
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= )
0.92[411 0.93[42] (.98[42]
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v ‘
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E=isl

1.7330381 1.831[39]
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Fig. 5. (color online) The difference of the averaged
energy between the inner core and surface regions of

Ni, Al, and V nanowires.
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Fig. 6. (color online) The energy distribution of the

cross section of nanowire: (a) Ni; (b) Al; (¢) V.
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Fig. 7. (color online) The size dependence of the atom
energy of the inner core region of nanowire: (a) Ni;

(b) AL () V.
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Simulations of the size effect on the elastic properties
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Abstract

In this paper molecular dynamics (MD) method and the modified analytical embedded atom model (MAEAM) are
used to investigate the size effect on the elastic properties of Ni, Al and V nanowires and the role the free surface plays. For
convenience of comparison, the elastic properties of these corresponding perfect bulk materials are also studied. Results
obtained indicate that the calculated values of the elastic properties of these perfect materials are in good agreement
with those previously given theoretical and experimental ones. But the calculated bulk moduli of the nanowires, which
are lower than those of the prefect materials, increase exponentially with increasing size of the nanowire and are nearly
close to a constant (180.20 GPa for the Ni nanowire, 83.98 GPa for the Al nanowire and 162.48 GPa for the V nanowire).
Meanwhile, the surface energy of the nanowire decreases exponentially with the increase of its size and reaches a minimal
value (1.84 J-m~2 for the Ni nanowire, 0.77 J-m~2 for the Al nanowire, and 1.71 J-m~? for the V nanowire), which is
consistent with the corresponding bulk material. And the critical value of the size, which has a distinct effect on the
elastic properties and the surface energy, is about 5.0 nm for all nanowires. On this basis, the free surface dependence
of the elastic properties of these metallic nanowires and the inherent mechanisms are further discussed by exploring the
size effect on the surface energies of Ni, Al and V nanowires and their distribution characteristics, showing that the
free surface plays a more and more important role in the diminution of the elastic properties of nanowires as the size
decreases. The mode of the surface impacting on the elastic properties of nanowire is described as follows: The surface
first reduces the compressional stress of the internal core region of nanowires and then the reduced compressional stress

results further in the decrease in the elastic properties of nanowires.

Keywords: elastic properties, size effect, inherent mechanism, nanowire
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