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Abstract:

Classical molecular dynamics simulations were employed to investigate the structural and dynamical

properties of water near an Au nanoparticle at room temperature. The simulation results showed that a well-defined multi-

layered structure of water was formed close to the surface of the Au nanoparticle and the orientation of water molecules

in the interfacial region changed gradually from the random arrangement to the ordered arrangement with the reduction

in the radial distance. By analyzing the mean square displacement and occupation time distribution in different water

layers, we found that water molecules in the first and second layers display very low diffusivity, whereas water

molecules in the third and fourth layers could migrate from the interfacial region to the bulk region at short time. Additionally,

the average number of hydrogen bonds per water molecule in the interfacial region was higher than that in the bulk phase.
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Fig.1 Snapshot of an Au nanoparticle in water after
equilibration
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Fig.2 Radial density profiles of oxygen and hydrogen
atoms relative to the center of Au nanoparticle
The numbers 1-4 correspond to four minima shown in the radial

density profile of oxygen atoms, respectively.
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Fig.3 Illustrations for the orientation of water (a)
and the formation of hydrogen bond (b)

FE KA 2SI ] A 1) . A8 3() R, —A4~
SR F B AR, T T8 t AR T8 1 A SR
TR A S B T, P 75— e SR TS
i1 5 — AN EE T, g KT e T 7
A 1) 3 330 5 F 0 K ST 0 3 ) AR DR B [
Teo Z G A& 2 R o Fil B, LLARR T 19 490
AR FEUE, FEE] 2 TR AT DUE 2R 20 7E r=1.60 nm 4b
JE SR X 5 EARAR D 43 . &l 2 B, AR DY
A FZE A ALE, FRATTRE A RN KR A S 18 X
74 e 29 s 1Y 1577 SR (W7 3 71| 7 7 7 e 1 N
SRR HUO R S - 7E 0.70-0.87 nm, 0.87-1.00
nm, 1.00-1.30 nm A& 1.30-1.60 nm PU-/>3Z FR X 3,
X B — A DU K 2

4 25 H T 7K 5T DA~ 22 B DX I 25 ]
LI oA . AEAS TRl 32 B [X 38, 7K 43102 B B i) 43
A BB AN ] AR5 — K2, B3R 45 A0 A 0 A A
cosa Al cosB 435 h—0.15 A1 0 &b, ke o #1 8 43
S22 98.6°F1 90°. X 15 BH 4 4H K FR 58 20 i 5 |
YERMER S — K2 oK R A T U1
Tia] (Lt 2 2 L Pl AT F 0 3 S ) ) o 7).
FESS ZOKIZ, KT A T U2y [,
BZIK 5300 07 W S5 58— /K 2 TRk orF 1Y 5 1]
AL SRR B A 43 A1 A Bl T 5 A R 2 7K
43T 8] g 25 1) BEARURE , LAAHE B 22 (R 7K 43T RE % T
WA JIURE 2 T S FEAICAIORE I 22 T RE. LA, MR 4
F 5, 24r1£1.30-1.60 nm)5Z FR Xk B, Ko FFE4
AT 1) AR L R AR A Y, B2 T AR AEIK 43
TP . 38 A X A R K2 A A ik, AT &



2050 Acta Phys. -Chim. Sin., 2008 Vol.24
0.05 30
281
0.04f I
26 F
5 0.03F 2
S 241
= 0.02F
——r: 0.70—0.87 nm 29k
LW/t wit
00022 e 130-1.60mm 5T s 20 2.5
=10 —0.5 0 0.5 1.0 #/nm
. H5 Sk FHERTHMERNEENEL
® Fig.5 Average numbers of hydrogen bond as a
0.04 function of the radial distance
< 003} FRAIE. Bl 6 45 T EF AN [FIZK)Z H, 7K 5311
§002 _ _ B (i RS RER [R] A8 4k, S 1T L, IR [RlREZE T
e 0 0m0sTam T AR L. P 2 AR AN E T 447
ponp 0810 BRI PR K 53 1 R B A/, St xe e, % 30
- 130160 LTI A K 5 T4 O 3 /T 2 DK 0 ok
T s T LB % 8 0RTBOIT, S3Rh 22 BE LA 2 4 K.

B4 KO FEARRZRXIEHERES %
Fig.4 Orientational distribution of water molecules
in different confined regions
To enhance visual clarity, the fourth curve is shifted downward by 0.005.

P, FEIT B R TR 7K 2, 7K A 023 [a] B o] i )
FREALIC 5 T 7EH2 0 A0k 2 1 i K )=, K o1
HEF S LA .

Bl 5 Hheg i TR IR R S I B )
FEE AR b, YRR E X, SR A 1 2R R 3R
ik AR TCIS S MIR—FE S, et ) SRR AR AR
ARG, A& 3(b) R, PIA7K 538 BB
AT [ B 36 J2 RS 25 AR PR S T 14 (R BEAS 75
it 0.35 nm; HA i —41~ O—H #FO—O5 1
AR T30°. I, XA AR O N E &2
i T HEATIP3PAL Y /K 7 F B AL, [&]5 R T 7E
S AL 7K 43 (B S R R A TR 2L 3, i HL
T IRTA () ST A RO R A EARAOK 4. IEAR,
HEA FE AR X 35k P K o R - B0 B T 2.5,
X —RHAEIT T Xenides 255 17 QM/MM(quan—
tum mechanical/molecular mechanical)MD 2 J7 72
TSR S5 R (ns=2.8). X HH T ASCH Tk $E 1
A E SRR PR,

22 HAhEURSW

R T K B 25 1 BT AE B T A S5 A E RS —

R, FATTRE A P DL H 5 A (Y 30 7 R T s A

BETE S — RS K2 R K+, HAR R &R L
PR 0, RIS RUT BA R R, X — 7 T W] B2
FH T S AR ABORL BRI 7K 5352 300 5 14 FH A sk B
K, W 17K F Y B 5 — AT R TR
— IS K2 XA DX B Y 5% B R . an &
5 FiR, FEEE] r 78 0.70-1.00 nm HI5E K, KT
A AR S - SR A Y AR FH R A FR
TR F BT HL. BORE B R R A AR AR X A X
BIK 3 0 BiE 23 B R T X

feJa, FATHFE K o7 F T A AN 7] 32 PR X Sk
B4 155 B3 B 8] 4313 (occupation time distribution, OTD).
OTD PREL R(t) AT AR AN T T 2

0.8
0.6
= r:1.30—1.60 nm
g
= 04 r
2 #:1.00-1.30 nm
=
02k 7 0.70—0.87 nm
#:0.87—1.00 nm

0.0
0

———
10

5 15 20

{/ps
E6 KOFEARBZREIBHHFARE
Fig.6 Mean square displacement (MSD) of water
molecules in different confined regions
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Fig.7 Occupation time distribution of water
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