124 (= A = S 4 No. 12
2013 4 12 A ACTA POLYMERICA SINICA Dec., 2013

KRR E R B AR BN S RS Y
SFHHFEH
BOE ARt AR
CPEBEBAAEIIRT &0 TS EZEAERE  JLa 100190)

W OB R Tl BT R AT IE TR B R IR AT N K BRI AR BB R T K
KL RSE ey 16 e A LS A1 3R Bl e 5 189 R/ X i az sl ) 22 4T D9 (R . B SR A BEAE S B S IO, B A
AR G K AU 1 5 AL AT 0L S 3 R, HG v oA S R 52 R I R Y AR AL, X 5 2 B A B BROE 9 K kL
R34 AR AR AN T 5 T B ) <2 B e 7 i R A 49 R B e/ O A A RO R LR X S RS2 T
01 0 B T — B0 AL R — H 3758 BT, AOIRBURL ¥ 155 IROAL ik L BROW IR/ JUAS B — A B0t ¢, T 15 R
P[5 DU TUAYS . 55 BRI JBORE AR L, 480 DR ABURE 7 240 4 — RE A e e 1 e 2 A A BB, TR MG R AT Dl o R R Y
5 U I B 5 S i BT 2 SRR T NI T A [ TE R 94 K ORI i o ) A o o A K A Y

Wit EA—EmNSH L.
KB GUORERL, K, s, B, T

AN KUK 2 725 L o 5 SOOI L o 7 Z ]
A SE, E Rl % R 1 ~ 100 nm, Ff B A A [H
TAPRBE R B0 S PR . fh T 40K BORE A A1 B
VA A Wy 2 57 45 D T B AT H A I A S, AT
S ROCEEE H 2 2 E A2 Sk
B T A RIEAR (Z5 4 D RE A4 2 K BURE B4 1 45
WEFH 2SR SR N R R 1 fik (1 AL £ 1 ok
B, A5 A TR T R R B
b A A W AR G T 8 R U L R A
G ITORL S A R  E  ATAE
1 & B 75 12 2 B 40 i v, 5 Y A 22 200 2R f | af.
I L LA AL R 5 55— T T, AR ORI BE S AT
T PE I 4 AR B AE AN [ 1 40 B sl — S 7 2 D 45 4
L GOKIBURL I X Se R PR S RE T AR 25 Wt is Ak
PR 2 1 20 M AR B A A% I A5 T T N T O
Bl A — S SRR T T 48 Ok UKL Y
PR, T A K UKL 1 R A 3 5 R, o
TR B 0 K UKL AE A2 W) B 7 05 161 B4 82
Ko 2 K SURE 1) BV HIL BE A B AT R

SR, o T S92 56 B R B Joy BRAE: , 94 R JBOR 15 Ji
iz 1 8l 7y 24 o FRAR ME N SE 6 25 2R AR, N

(PSR TTR v S UIN R IN AR G LN S B gt PN i
IR LR MW 3 & 8 TR E &
T ST RIS 2R A Z AR T 2 ROl T 247 9 Y
FEFR, W, ST IRRG A4 A
Ap L R B A s T A A g S AL BF 5T
RERZ AR 4y (Ol B, B = 5] S LI BF 9. i, 5
PUR AL Bl B T T WF 52 40 K JBORE 1 125 5% i 18 iod
R U E W LR L R B K
AR AHA— 4R A9, Yang Hl Ding 45 Al id 35
PUBLLE IR R e o8 1 98 oK UKL I TR RS K&
T X L A 3 A R e AT A T
R T ORBURL 5 1% 04 52 2% A AR T, 45 2 T
K PURLES B £ R RS — L5 TAEA
PRI A RV B e T B LA T A R K 4R
TONATTRS 2P A UK 5 5% 3 5 ) AR (E 4 R AT] 5C
kR W T, K B T AR R 2 DL AR W B Ol
T2 AR AT SCHR AR G4 A TR 2 A 4 K 3 3
UBURENE o ol I 0P S BRI DEAE ok AN 14 4
ARGF IR 25, DN I 45 4G A 1) 494 K 3l i 3% 5
B FE I TR, I © 28 B 4K BORLAG I 55 73 5
(T BT BT L, R SE AR Y A 44 K o TE

% 2013-04-22 YR ,2013-05-30 1655 ; [HK H AR 2234 (345 21204093, 21174154, 20874110) BT H .

=% il THEK 22 A , E-mail ; jysu@ iccas. ac. cn; hxguo@ iccas. ac. cn
doi;10.3724/SP. J. 1105.2013. 13144

1561



1562 = Zas

% 1 2013 4

AT LA 1 2 200 M 1 2 O G Y R AR AL R
e, I b TF 5 49 oK 90k 25 8 40 oK 3 3 /9 3
SEAT I AL RE A% 35 5 T 4106 49 K IOk 78 A Ak
fiy 125 He AR B AR T LB — i B B S

TEFRA TR AT 09 TAE R ™) i 2% 22 BRIE 44 K
S % TAT FEL 767 9 40 5 2 A X G 5 M 38 1 IR
SR, TR AT % B < 4 I FL 6 29 K IR 15 7K 18 VR £ A
AR A e g8 0K URE (4 55, DAL 0 TF Hh 44 0K
R T2 5 0 A K, LA 0 B 5
A, TE FL 4 K TR F B AL R L 0 v R A A
T LT AR B 2 A0k i T K Ok g R
FUEARE % o0 s s 4 5 B ripm
TEARSCH AR, AT — 2 Z 8T 3 R
BRI AITORE . 15 BRI 98 K IORLAH LU , 450k 94 K 5
BEAE TR _F T LA Sy 2 45 1) S 4k e, RO 7
WA — 2 B B P A B HE AELGE . DL 2
SEAE B T3k — £, A0k 90K UL I 5 I
GE AR S ALL YA

1 HBEHE&%

B 1 (a) 25 T 90 K UKL S 5 iz 1) 7 = A
R MK ET (3.1 mmx3.1 mmx7.3 nm) {7
(] 151 2 A P02 58 7 A — A B g OK Al 3 (K
2.56 nm, HAE 1. 62 nm) , FLA~E IR 047 HL 90 K 59
RV R TE KW D, 78 A Fa 37 B 3K 3l aF A 94 0K
3 I8 I MR ) — 0 A s 3 O — 0. R 35 [ A Y
BT +2) BMEREEA 1481 KT,
24 6000 > 5. FRAT PR SR R B BRI FP AR A )
JEE S A oy e B R Al p O, B T R AT
ST YK UL 55 R i S i R AR L. AT 2 AT A 5
MY ERIE 9K kL B 60 4N+ 20 WG, IF 4 A 6e (1)
A N TS 2 B T e X B
TR G4 K SR A I X PR A R AR SO 2 R
()Y 1E FL A R G OK ORI 5 #g a1 1 (b) BT 7, A
B4 o FE(6,6) ((5,5) FI(4,4) 1yg8k
B, EMMERSS A 0.81 nm, 0.67 nm, Fl
0.54 nm, K& 4 0.52 nm, 0.65 nm A1 0.91 nm,
SrFRIC A type 1+ ,type 2 + K type 3 + (A
R B 20 oK ORI O type 1-, type 2-F11 type
3-) . BT ARRRGY R IBORL /) B R RO S5 AR — 2
RE M I S , type 3 + A 64 A5+ B FATIE
() PUAS J5 ARl L () . PRI, 3 3 gl ok
KA 60 Al a7 Hy, Ho B LAl 0. Te 1Y
L7, I 5 Z A5 0 BROB 0R—#F 78 [F]— L 3%

K30~ e AA A SRS 7.

Fig. 1

(a) Snapshot of the simulation system with

nanoparticles ( NPs) driven through a fluidic channel by an
external electric field; (b) Three tube-like NPs with different
sizes marked by type 1 +, type 2 +, type 3 +, respectively,
from left to right

Green atoms have positive charge and blue atoms are charge
neutral. The negative NPs (type 1-, type 2-, type 3-) are
counterparts of positive ones with same size ( Colors are only

shown in the online version. )
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Fig. 2 The NP flux as a function of the electric field E
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Fig. 3 The translocation time of NP as a function of the

electric field E with power law fittings
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Fig. 4 The NP flux for different types under £ =0.5 V/nm
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Fig. 5 The translocation time of NP with different types
under £ =0.5 V/nm
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Fig. 6 The NP-water (a) coulomb and (b) hydrophobic

interaction
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MOLECULAR DYNAMICS SIMULATION OF THE TRANSPORT OF CHARGED
TUBE-LIKE NANOPARTICLES THROUGH A FLUIDIC CHANNEL

Liang Hao, Jia-ye Su, Hong-xia Guo

( State Key Laboratory of Polymer Physics and Chemisiry, Institute of Chemisiry, Chinese Academy of Sciences, Beijing 100190)

Abstract Molecular dynamics simulation is used to study the transport of charged tube-like nanoparticles
(NPs) through a fluidic channel. Herein , the effect of NP size,charge nature and external electric field (E) on
the transport dynamics is considered. With the increase of E,the NP flux increases remarkably,where some of
them exhibit nonmonotonous variations that are different from the flux behaviors of spherical NPs. The
translocation time yields to a power law decrease with E,which is in agreement with the prediction of Langevin
dynamics. Under a given E ,the flux of tube-like NPs is several times and even an order smaller than that of
spherical NPs,and inversely the translocation time is several times larger. Compared to spherical NPs,the tube-
like NPs should always sacrifice some rotational freedom to enter the channel,thus they have smaller flux and
longer translocation time. These results enrich the understanding of the NP shape effect, which has implications
in the design of high efficient nanocarriers.

Keywords Nanoparticle, Water, Transport, Channel, Molecular dynamics



