Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

T Cu KL T X FHEITHEMITE

Calculation of coherent X-ray diffraction from bent Cu nanowires

Gao Feng-Ju

5| F{% K Citation: Acta Physica Sinica, 64, 138102 (2015) DOI: 10.7498/aps.64.138102

7 £ %13 View online:  http://dx.doi.org/10.7498/aps.64.138102
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/113

AT RERH B BB S &
Articles you may be interested in

Eu B2k Si 9K &R BUROGRE
Photoluminescence properties of Eu doped Si nanowires
PP A%, 2015, 64(14): 148103  http://dx.doi.org/10.7498/aps.64.148103

AUPd AL T A HE AL ) 25 B 0 K 2 B He 3 B P T
Preparation of boron nanowires using AuPd nanoparticles as catalyst and their field emission behavios
VP 224%.2014, 63(4): 048102  http://dx.doi.org/10.7498/aps.63.048102

ZnO YKL IR G B S 5 2R TSN £ 0% R 90
Relationships between synthesizing parameters morphology and contact angles of ZnO nanowire films
YEZ4.2013, 62(21): 218102  http://dx.doi.org/10.7498/aps.62.218102

P15 7% W1sOu9 GK LA =il p BT 5 NO, UM fE
P-type conductivity and NO, sensing properties for V-doped W;30,49 nanowires at room temperature
PP 27 4%.2013, 62(20): 208104  http://dx.doi.org/10.7498/aps.62.208104

— PR AR R KPR A KA 1 S0 BB 72
A Monte Carlo simulation study on growth mechanism of horizontal nanowires on crystal surface
YEA4.2012, 61(22): 228101  http://dx.doi.org/10.7498/aps.61.228101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.138102
http://dx.doi.org/10.7498/aps.64.138102
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract64771.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64771.shtml
http://dx.doi.org/10.7498/aps.64.148103
http://wulixb.iphy.ac.cn/CN/abstract/abstract57989.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57989.shtml
http://dx.doi.org/10.7498/aps.63.048102
http://wulixb.iphy.ac.cn/CN/abstract/abstract56529.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56529.shtml
http://dx.doi.org/10.7498/aps.62.218102
http://wulixb.iphy.ac.cn/CN/abstract/abstract55942.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55942.shtml
http://dx.doi.org/10.7498/aps.62.208104
http://wulixb.iphy.ac.cn/CN/abstract/abstract50851.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50851.shtml
http://dx.doi.org/10.7498/aps.61.228101

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 13 (2015) 138102

T CuiK & T X ST T8 Bt E*

B R

(AFESERFHIR, AKXE  050043)
(A FFERRTE RS N B ST, AR E 050043)

(2014 4E 12 A 12 HIE®; 2015 4F 1 A 28 HURBME R )

ARSCER T RS I GOR LR BOAR T X SR AT I 5k, RIS () ek, AR ikt 5 T
Tl Cu PR 2 AT X S ZRAT S I8, IR 5 W5 i T S8 AT 1 bR R B P 180 2 A e e v v 55 B
i I [ 2O ITER 1/ (2N + 1) (N BHERE TN, 535k, 58178 8] el DL J 21 H A 9K 221
ASCAGDL, A (I 4e) A, ASCxs HAf TR 8.

KR QKL 073, M X SYEATST, A kil Ao

PACS: 81.07.Gf, 61.05.cc, 62.20.F—

1 5 =

£ B8 A 7] A 5 6 VR LE 40 K AR AT 5T b
Iz F =31 AATTRT B SRe Y v o 3 26 4 XU R AT A
(high resolution sub-micro X-ray diffraction) >l
ERARGCKRE R LRI R 8 1R R T B
(atomic force microscope) [ #E B, {45 I &
MY EAE MBI T s R T RE ) #Eie
WHFCIT I, 7§ 8 /1 RE AU 9K 2 i) 25 i, B3
& BT X 2T ia 3 2 BEAG, mREAS 2 A AT
S

S R BRE, 713l 1 A AR R L B AR 44
KA, AT H BELE BRI K B AR AR R H 25
T B a0 5 A% e 1100 2 T i, Sl R A
12 55 AT AR BB AE T B 8 49 3 18 A T 2 T8 9 )
KB, X — AR SRR L, BN X 3 2
AT 86, 6 AR MG B N 40K ZOR BB AR 4K
LA —f8 0y, ANAFAE T R, X2 A fE A
LYK LR (R X S AT ST, BT 2313 ) A
LB 4R FH ) J a0 5 Sk A

DOI: 10.7498 /aps.64.138102

THEL AR R BUI X G AT 5 1 1) 8 LT v
e IR e ik, XA EE SO & T 2N
MEBET AT, & 2R TSR
Ub, BAGEH T Rk, RIE TR X BT 2RAT I
By, REE L& T WIET TR, SRR a TN
JELF AR DR A 308 T T AT IR A 8] 2 T ) e B AT
SR AL AR ARSI A SCEL Cu KL 7 By,
R 8] A TH L T AT X SR AT ST IR, JF
5IEAS At 1 B 53 b, 8133 A e ik AT
PR e 2 P A e e 511k 2 5 SR A S B K 43R
TGO, i (Hd) AL, A SCas i 7 AR R
B

2 = A

TEFRATHRE AL A, oK 28 1 B FR A o0 & 7 A
IN MG E TR TESRWT: 1) AR H
STB 1, A I A AR, B
A RO R 2) AR YR il A A R &
fE, & TR B 2N Mg & T, 1537 i
AR B 3) R R 2 (e 5k it AT X

* LA SRR E BRI H (b5 Z22013060) Flidk B E X BB T H (HL#E5: ANR-11-BS10-01401 MECANIX) %l

HIURA.
T BEVE#H. BE-mail: fengju.gao@stdu.edu.cn
© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

138102-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.138102
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 138102

S ERATH .

2.1 SFEHFEEREN

X5, fE R AR 18 7
AR ALHE S BE R A 25 i A AR A

K fE PR & SMA (Second-moment approxi-
mation of the density of states in the tight-binding
formalism) # (1, LV A0 AE G IR I 225 SOk
[12]. FERLALFE b, I (8] AR 73 2K FH Verlet 5LV
Gear 1 IETMIE.

] I T T
" ﬁfl’fﬁgz V&7 2| JL?RL{%{ K

\

- bz FTe—o_

Bl 2 R R
Fig. 1. The schematic diagram of bending periodic

boundary condition.
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Fig. 3. (color online) The coherent X-ray diffraction patterns of segment of bent nanowire ¢, = 0: (a)

rotation in the reciprocal space; (b) rotation in the real space.
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Fig. 4. (color online) The coherent X-ray diffraction patterns of segment of bent nanowire: (a) g, scan;
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Abstract

A method of calculating coherent X-ray diffraction from a bent nanowire, simulated by the molecular dynamics
technique under the bent periodic boundary condition, is reported. The segment of nanowire under the X-ray beam
consists of the central box and 2N image boxes. X-ray diffraction from this segment of nanowire is obtained from a
single calculation of the amplitude of diffraction from the atoms in the central box according to the kinematic theory.
Contributions from the image boxes are then obtained by rotations of this amplitude in the reciprocal space and additional
phase factors to take into account the position of the image boxes with respect to the central box. This method will be
called rotation in the reciprocal space (RRS). Comparison between the RRS and the full calculation of the diffracted
amplitude from all the atoms in the central box and the 2N image boxes (full kinematic sum) is done in the Cu nanowire
case. The bending of an FCC Cu nanowire oriented along a (110) direction with an equilibrium shape made up of {100}
and {111} facets is calculated by using the SMA (The second-moment approximation of the density of states in the
tight-binding formalism) potential. The Cartesian z, y, and z axes correspond, respectively, to [112], [111] and [110]
directions. The bending occurs in the y-z plane. The calculation time of the RRS method is about 1/(2N + 1) times
that obtained by doing the full kinematic sum, the RRS method being more efficient when the number of image boxes
N is a bigger one. A very small difference in the calculated intensity between the RRS and the full kinematic sum
comes from the interpolation in the reciprocal space. So the RRS method is more accurate, when there are more points
calculated in the reciprocal space. Similarly, the RRS method can be applied to tension, compression and torsion of the
nanowires, When using the molecular dynamics simulation under periodic boundary conditions. In the cases of tension

and compression, it is simpler as only the phase factors have to be considered. Results are also reported in this paper.

Keywords: nanowire, molecular dynamics, coherent X-ray diffraction, periodic boundary conditions
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