BIKE DA R IR AT AR
T2 and 38AAL
Citation: Bl2£iB1R 62, 209 (2017 ); doi: 10.1360/N972016-00877

View online: http://engine.scichina.com/doi/10.1360/N972016-00877

View Table of Contents:http://engine.scichina.com/publisher/scp/journal/CSB/62/2-

Published by the _(PERZ) ZeiEit

3

Articles you may be interested in

\fH’K_ZMng—E ‘xaﬂl‘fz\j— t “I'E & EI&AEE
FIEIR 62, 152 (2017);

IR N8 T ak FE K RS ATk Ak B 3T
hERY (k¥ 47, 70 (2017);

R AE BN EFIR i~k
RIE283R 55, 2675 (2010);



http://engine.scichina.com
http://engine.scichina.com/search?fq={"author":["\"%E9%99%88%E6%B1%9F%E6%98%9F\""]}
http://engine.scichina.com/search?fq={"author":["\"%E6%9D%A8%E6%98%8E%E6%88%90\""]}
http://engine.scichina.com/publisher/scp/journal/CSB
http://engine.scichina.com/doi/10.1360/N972016-00877
http://engine.scichina.com/publisher/scp/journal/CSB/62/2-3
http://engine.scichina.com/publisher/scp
http://engine.scichina.com/doi/10.1360/N032016-00161
http://engine.scichina.com/doi/10.1360/N972016-00843
http://engine.scichina.com/doi/10.1360/N032016-00174
http://engine.scichina.com/doi/10.1360/N972016-01139
http://engine.scichina.com/doi/10.1360/csb2010-55-27-28-2675

M ZE B 2017HE Fe62% H2-3H: 209 ~ 222 é'\(q:*j#) JuAk
EE: EIKh Tk SCIENCE CHINA PRESS

F 30l IR AR S AR ) B VR UL

Gz 2 Y, AR 2

1. AU TR RZEY AR, Hii 310018;
2. PEFER Y EGFZTAT, LT 100190
* B & A, E-mail: jxchen@hdu.edu.cn

2016-08-12 i, 2016-10-27 14171, 2016-11-16 4257, 2016-12-28 M2 i &k 3
R [ SRRl 345 (11674048, 11404379, 11674365)FIHI VT4 7% H 75 4E B} 24 3 4 (LR17A050001) ¥ Bf

% ETRINE RSN LR A FAL+ 2 FE, HRERTLRE THRRRS S WER G AR R
X EFAFAWRETOR. B D E#TERRA REGR G RAFTFMEER, BABANN AR AXH
ENBT —HBRANABENT E—— SR THEN N FEAT &, WREG T2 THNFMUERLNKEE
E BEMEHR T ZRET RN ERGVIE, FEEEH T LA KEENFROERHER, REMATNA S
TR A 7 o A B B FRNER, Q) ZHAEE 5T, UK ® 5B REMIEA DS ) F.

Kytinl SR TR S FE, AWABI DK, WHE, HEEAAR

19594F, 2 & 7E JIJM B T2 B 2647 114 35 [ 4y 3
SES BT W R R KA A ) Y 2 i S, B
TERUNRE F ARG . 2t kA2
W22 AN SS T1, A R Sk ik oy IS T
R, LI FEFHAZANL. MR, 4
J& . . DNA . REWET & TIEEL RN FEE /N
PLE, 878 T4 AHIR A ShPLE. 2% IR0
KHUMGE Zh R RE RO IR, KRBT Rids: —KR2%
SNz, kA, e o pimtY; Bk
1 R G R I Ak 2 B AR O, Th ik A JE Bl 3R 55 35
FRFgefe e, JBoR HORShAT . ABTE S, A9 5k
(AT 26 11 0 1 53K il 7E ATPEL GTP/K fift 77 Ak i i 1k
BT, vaIRAR I 3 52908 1047 78 s RE, AR 40
i P9 R ) T s A AL S s 0L Ak, 4
RN B RSl ik 5 AR Y DIk T O AR AL

RUE T Dk e R W IR 8 43 % WL, SR il 4
T K RO B A R ik HORAE T LAk A f T %
. 20044F, Paxton: A\ 1845 T WL 4 & (Pt-Au) i/

AHE Sk, TE H O3 W M P o A A 1) AL AL i I
SN AR AR B WL g, S S IR T A L KL Y
gk, SR, SCE b A A SIS L LR R R, H
A E Y2 BFSE 4 38 T ARG A 0 i e Aoz 7012
BRIE SRR A AR [IKE AT S AR 1)
Y is . WORARZG PSS | 5 AR ERIN S
il ZEPNARYY . A4S SUR R A )T
AL TR S, IR BIE S8 TE SO AR B P A A

ENCIRRERY/ S BN Gt (bl i Wasle P e B
X H IR B ik A S s, RS R FR Ak A RN
TE By 3K JA il 7= A i B I ok 3R 8. X 2K s s A
K APLEE, B2 S R e, Bl
an, ALK, R ROR SRR A YRk . REY
FE ARG PGB E R 5R K A B S
S b, AT g S A R = TR T 3 2
THRRA IR I, ASOR 2 2 2Tk AL,

FIRIT 2 K Sk i BT AT Ak T 30 B By, 32 20T
JB T SRR TR, JRBUR TARKREERE. St

62: 209-222, doi: 10.1360/N972016-00877

IR BRILE, S HIRE) ik A 2 240058 th I B R WAL, )23 4z, 2017, 62: 209-222

Chen J X, Yang M C. Design and mesoscopic description of self-propelled nanomotor in complex environment (in Chinese). Chin Sci Bull, 2017,

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com




M % B B 2017E1P Fe62% F2-3H

I, B AU FN B A S SR A T 55 —Fho B R B 5T
AR, WS B AT OE ST, LA SRS R bR — L
BeJe, IRA YR LR . 5 S, T RASERT
Ik AR 1 B BT RIS S AT, W Bl Bk
TR0 58 A U8 A2 I 3K Bl 40 ok 7 ik JELAR T
. HOR, AT LAY ik gl Oy 2k B AT VREAN Y 4
Qi e AR S 6 4 1 Ak Bl g S HEAT T B
o3, A HBEARRIE GEACE EE UM AR A . B
Ja, L, NGETH P A 0 B AR B e, kAT
PAXS [ SRS HEAT B 3 M, i 8 AR A WAL
) 2818 AR K i B [ B 3k 5 AL T 1 2

PR BN T E 3R A a0 RS VIR B SO A
Bi, UKy Ikiz sl Ja) e W i sk, xRy
AR T3MNEOR: (1) BENLBKIEIRE L, (2) ATE K
TR T2 08 5 (3) Re BTl W rh &2k Ak S
U 545 Rl 25 AR AL RS AN BE 1. PRk, Balh A B
AR RS, R T RURDRL A Bl ) 2 A
O A AR AR, — BB g R T s, gy
F3h J1%# 7 (molecular dynamics, MD), #& T-3% /R 2%
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FEIA, BR T 1ENER 5 T HG 416 BB, 35T th 2 1
UK J, TR I e LS A A —
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(a)

Bl 1 (M) (@) Ay BukEol R 4R 2. CBRF-3&imnl L
AR T B SOV A—B, 72 A S IR BT EERE RE, b S
TG DT B IR XA A T N IR SZ B3 A R Bl Ve
BERSEES = AR B0k Sy, TSR 8 AR ARGZ 3). (b) KON
ZRAR. TR IT DL ] R AV A G i 0 S ) 7 AR R BE R
HrP S B — A AR Bk eI IR R T = A R
VKT, ISR Eh Ak [ I 50

Figure 1 (Color online) (a) Catalytic (C) and noncatalytic (N) dimer
spheres and the collision events that occur on interaction of the A and B
species with each sphere with the reaction A—B. (b) Schematic diagram
of the simulated nanodimer solution. The monomer can be heated to a

fixed temperature and it is strongly linked to a second monomer p. The
system has then aradially symmetric temperature gradient!®
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Figure2 (Color online) (a) Potential interactions between the two solvent species and the Janus particle. Schematic representation of the catalytic and
non-catalytic hemispheres of the Janus particle and the interaction of the A and B species with each hemisphere, for the A—B reaction. The right hem-
isphere corresponds to the catalytic part. (b) Local number density distribution of B-type particles induced by a self-diffusiophoretic Janus particle with

the A—B reaction*?
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Bl 3 (MR A) ) sl DinER. RhEa 2 Mk
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AL BT B 115 2R B A SN, 4 B8 — S AR AE i Bk
Ty 4BR B IAR R PO IR Y RWIR, PR —A5 AR T, (b)
1B IR 7 A Y B AL (1 e BE 434730

Figure 3 (Color online) (a) Sketch of simulation system setup. Chem-
ical reaction from A to B is catalyzed by beads |11 and when the distance
between system center and B is greater than Rw, chemical reaction from

B to A takes place. (b) Concentration distribution of B solvent in steady
state™
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Figure 4 (Color online) Angular velocity as a function of reaction
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Self-propulsion of micron and nanoscale objects in the low Reynolds number regime are commonly observed in
biological systems. Micron and nanoscale synthetic self-propelled objects have been fabricated recently and the
mechanisms that underlie their operation have been described. Researches about such motors are the interesting topic
because of their potential applications as vehicles for drug delivery, cargo transport, motion-based bio-sensing, nanoscale
assembly, targeted synthesis, nano- and microfluidics, etc. One type of such motors based on phoretic self-propulsion
exhibit various dynamical phenomena that have attracted increasing attentions in the front interdiscipline fields of soft
condensed matter, statistical physics, and nanotechnology. Studies on designing interesting nano-motor that can execute
special tasks and exploration of their dynamics behavior in complex active matter have been more attractive recently.

In this review, we introduce the mesoscopic dynamical scheme that is based on a coarse-grain description of molecular
collisions-multiple particles collision dynamics (MPC). There are severa attractive features of such a mesoscopic
description. Due to simple dynamics, it is both easy and efficient to simulate. The equations of motion are easily written
and the techniques of nonequilibriun statistical mechanics can be used to derive macroscopic laws and correlation
function expressions for the transport properties. One can derive accurate anaytical expressions for the transport
coefficient. Especialy, the mesoscopic description can be combined with full molecular dynamicsin order to describe the
properties of solute species, such as motor or colloids, in solution. Since all of the physical conservation laws are
satisfied, hydrodynamic interactions, which play an important role in the dynamical properties of such systems, are
automatically taken into account without additional assumption. This method can be combined with full molecular
dynamics (MD) to construct a hybrid MPC-MD method. Furthermore, the reaction in solution can be taken into account,
which extends the method as reactive multiple particles dynamics (RMPC). Therefore, the mesoscopic method can be
utilized to simulate complex systems.

In these examples, the motors move by selfphoresis, where the gradient of some field across the motor, which is
generated by asymmetrical activity. It induces fluid flow in the surrounding medium resulting in propulsion. The phoretic
propulsion mechanisms include self-electrophoresis, self-diffusiophoresis and selfthermophoresis. Here, we describe the
basic theory for phoretic propulsion mechanisms.

Then, we briefly review the process of simulation on self-propelled motor in recent years. Especially, we introduce the
results in designing motor with different dynamics by means of MPC. For example, an asymmetric gear with
homogeneous surface properties is presented as a prototype to fabricate catalytic microrotors.

Lastly, we introduce the dynamical properties of sphere dimer motors, composed of linked catalytic and non-catalytic
monomers, in active media. Synthetic chemically powered nanomotors often rely on the environment for their fuel supply.
The propulsion properties of such motors can be atered if the environment they move is chemicaly active. Two
examples are presented. The chemotactic properties of a sphere dimer motor are studied in a gradient field of fuel. We
aso consider how a sphere dimer motor moves in a chemically active medium and interacts with a chemical wave. It is
found that a chemical wave can reflect a dimer motor, which suggests that the effect can provide a possible mechanism
for the control of nanomotor motion in a patterned chemical system. Our investigation provides an introduction to the
broader issue of self-propulsion in active media and suggests the possibility of a new class of applications and control
scenarios.

multiple particles collision dynamics, self-propulsion of micron and nanoscale motor, self-phoretic mechanism,
chemical active media
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