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Fig. 1. (color online) Schematic of fabrication of
Janus microspheres through electron beam evapora-
tion (a) and the microscopic image of Janus micro-
sphere (b).
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Fig. 2. Typical movement trajectories of Janus mi-
crospheres in different self-propellant mode: (a) Self-
diffusiophoresis; (b) bubble propulsion.
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Fig. 3. The relationship of velocity V;, versus H2O2

concentration Cp, 0, for microspheres with diameter
d=1-2 pm (a) and d = 2040 pum (b).

3 HEAEA

H S 96 W] 0 SRS R T REIS K R T AL
S0 AR B R A RS Bl R shiE R AL A R S

Ak ALIF I S RVARE Sk /b RIS il P e SN |
M. HbAh, BT SIS IS R R Janus Bk HaOo 1
WA TR AR, BAEE F JCiEM I 2] Janus
BRI EE B 50K I W EE RS 3 d R, ik H
BT ARG SR FZad B2, IF H, ST B AU
B ITVE R S 2%, ART Rt 5 9K 5 4 3 1) @5
B B ) S8, PR AR SO B AOE AT Janus SUER H
BB A EARAS. A g LA Wiz sh S
MR AR 2 P = VA eI DA e IR G IR i N 7]
ot BB RN IRAT 3 W BRI 2 (8] 73 AT, e EE )
VR BE 5 KR

N TR B AY | T B B O AR T Y
. AEALR I R, DASEE ) H 3KV, AR
HE EREAR d, NRHERE, 8BRS O 99
BURE Do, = 2.3 x 1072 m?/s, 1H5 Oyt 2
) Peclet #{ Pe = V,, - d,,/Do,. WIFIRLAR T 53000t
HAZH| Peqa ~ 1072 ]2 Peqao ~ 10, HH T fhxr d2
F1d20 43 HIARE EAE A2 um A120 pm 9 Janus 1§
IR, AT W /NKLAR R DAY O 32 A, T R
A2 I ORI S A RO AN AT 2. AR, GE R B
FEANE] 1] ) Reynolds #L, Re = pV,, - dyp /p, Ferh,
p 9 Janus TR ) [ AU 16 %5 B (B2 kg /m?),
N Janus fl BR ) BRI A4 1R Bl 70 B R E (R AL N
Pa-s), 735151 Reqa ~ 1070 & Reqap ~ 1073,
ZH R TR Re B ) 1) L.

BT RASNMEMFEEZE R ZIREK. N
K2 rl DU Y, ANREAR TIOR3 3h B BAT 5 2
I BENURFAE, DRI — o) @ 2 3 80K /) Foee - B8
MUAG B 77 Farown & Stokes FH /7 Fatokes T S, X
TRRARTUER ) B 3K, — B\ iR AR H RORE B4
KT 5 um J5 A BIE 3 AT LU, L 23 # B 2
RSB, K L EE ELiash 55—tz
2, BT HK 2 Ve 7y, BT AL 1Y) 1)
WPERRFEVE, 24 BT B J R (o % 22 36
PR A TR XS R 23 A ) 36— 5 42 P ) AN KRR 43 AT
I, 3X ][] S AT LA AR R R T 3 B e 2 12 3.
BTS2 N B3RS AT, ARSCUCNYT B a2 AR
MRS EED) 2 —. TEYW, £ LM
R, TSRO A B R A B AR FE AR R 0N, T
BWE T ATHOK A1, WO ) 2 IR B RIS B
IME—20 ). (2, BORE T IE-FEIE < 55
BRZ (A — A Al ) 7 2 (B 2), T AR,
B2 S HEBN IR N G 24 R 7 H 212 5. b4,

220201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 220201

T E IR i) 2 AL R R MU e e A R R, B )
(AR A SR Y5 A Pt 2 [T PR R A0 20 e S B, AR K
S e R A, A1k BN f oA U5 T B T A PRI 9
VKR FEEIR S 7.
WA 3R 3 BT @ 57 5 SRS A BUE R R,
%, MW AAAE— IR HoOg B, HoOo 5 Pt
Fefih 23 K A3 ik,
9,05 — 2H,0 + Os (1)

02 J B AT DL T B A 6 — 2 s 8L Bl Fg 2 T RR
BEAT IR, SCHER [5] 45 X — B R
WB k2 N2.5 x 1073 m/s. FEREL P T E
HoOo AT T 23 B30 55 S A B 4 BE AR IR FE, 1% 1)
HyO04 XF M F 294 mol/m3. #5 LA PLitH5 H Pt %
Il HoOo MIYH#EIE & Fluzn,o0, = —k:Ch,0,, AKX
AL O B A2 OB & Fluzo, = %krcHzom Hfi
JNmol/m?-s. X HL T E M EI H 00 I BUREL, N
Dy,0, = 1.4 x 1072 m?/s. 4561k Re 11 Nevier-
Stokes J7 F& K6 LA B 3 75 R, S S T R 4H

wr:
VU =0,
) (2)
pV=U = Vp,
UVC — DV?C = R;, (3)

AR T 30 RS0 AR o L Tl e DA ¢4 el X 7]
A, T SRR R TR S b A RO A X, B
(il oA I 4 Bz, BT Janus T8O 7E A Wi it
Bz, alIE I ] B A Bis sh S A, 75
B Janus FERHF2FEEE VL, A RS JE T
T, BENLAN I H R EE RORIR T B 3R 3h 7,
BET BLZE . FEIX — I [E] REER, AT A TMER AL
TR ELIZFPRG, X IX R & A AT LU
T AR X AR A 110 Ak B 7 SR AR R T, R
BRI E, R A N 30 57 v BN PA V3 TR
AN FEN DA AT T8 Og TN, HoOg AR
FARGE RIS BEE. SRR T R AL 3N 1 7 Ak A
NEHIBIF KA, Ugip = Caip VO, BIE I8
IR VO AEDN A B VO, 511 R K Caip
FITiR g, R B R AL T 7 IO HLEE AT LAS 25 3
R [8]. Bk Pt il 2 25 1F, SiO, My Jo il & 2%
P ARy, ZE M9 iR ok, BRI AN TE
A RN S, T AR T e

I R R ASEADL, P T 3 B AR X RR P R AN K,
T AT X BT LA [ RS ] R 5 A A A
MK Re BUF ROERKI & J1IN%E.

il FERER )]

SR

4 HIKE) Janus BURLHUE AL I8 S 2% A
Fig. 4. Boundary conditions for numerical simulation

of self-propelled Janus particle.

A LUE ), X — R R R AR TR 5 i
Tt XA R, R TR R 120 SR A A E IR A R
5E , AR BT RIS 18 37 50K, A SR A Com-
sol Multiphysics 2 ¥) BRI 4% & AT EAT KA. A4
LT RS REUE R & S8, X TR E )
S S AR SR E A LT RS R, AR
TR EMERR RS, AT DAE — € Y0 N B HeA
28, MHRAF R R FEM. A SCEMR S SL3e 315
FRBIUREL ] BK Sl T 23 3RS T R AORLAE T BV
R, 35N Caipe = 3 x 1071 m®/mol-s (d = 2
um) A& Cyipzo = 3 x 10719 m® /mol's (d = 20 pm).

N RARCKIAR T B E SR B 1) R T, ] 32
YRR RS (R AT, A B S O AR A SR
WA, R/INKLAR T B 45 FRACHEAT X EE U B, TE4H Y
SiRESFH AT, Bl 5 gt T RRAR TR
HI [ Og BRIy, B3V 25 A1 00 Ho Og MR 3%,
Vp = 400 pm/s. Bl 5 TR AL RSURL AR % # 1 1
T e 4 N RORLIE Bl R B 7 A LS (a) AT B
A, WORIERTHAAB AT, B A N IE, Tk
JeAMIE Ji5 77 10 B B3 7 el AT5 O TE, S 0 AR S
Ab I BE Y 9 400 pm /s, 3X BT 0RE HE AR LE DL
Vo W FE a1 45 P2l fERERIE 07 4b, S2EE W #2
FAFHIFEE , 1240 B O B n B B KA, X T
LA PR B A PR R, B 2% e O S5 ) T R 328 ik
AN B R A  25 HT TR SRS AR R T 1) Y
iR

KI5 (b) 9 Og WY 73T, W LA H, 72 Bk
AT 3 Og WK BN 2, X T Ik Al 350 JC i A 711 47
1, HAERE @ FEROR, X fE o 9 #fE i

220201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 220201

3 ST AR ORI i A A — S R O 11
JREE X, JHL R i A5 S ) TR P R T v ok
Ik, RERAE BLACAE AR AR OR MR LR, B 7= 2R
RGP BRI, XS5 RITRRY, Z AT SR 1
RAR I N 2 3 BOR ELAR LT B2 AN 1), 1X— 45
WAEY BON IR T A AL, 57
IRSRI, 2B R Oy T ZAE A/ NE R I REIZ X I,
& AR K IR L.

(b)

E5  (MTIEE) Janus MERITEE R (a) B Og WRE 5
i (b), BRI

Fig. 5. (color online) The velocity field distribu-
tion (a) and Oz concentration distribution (b) around

Janus microsphere (microsphere moves to right side).
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Janus microsphere with diameter of 20 pm.
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Abstract

A Janus particle is a general term for a non-uniform particle that has different properties on different sides of
particle. For a Pt-SiO2 type of Janus microsphere, Pt side serves as the catalysis surface to decompose H2O2 solution,
leading to the self-propulsion motion of particle. In this paper, the relevant experimental phenomena in two driven modes
are compared first. The results show that under the same concentration of solution, the microsphere with a diameter of
about 1 pm experiences self- diffusiophoresis propulsion; whereas, the one with an about 20 um diameter experiences
bubble self-propulsion. Significant differences in motional trajectory and propulsion velocity are found between them.
Then, the dominated physical factors are analyzed and the multi-field coupling numerical model is constructed based
on the simplified force balance analysis. Subsequently, the velocity field distribution and Oz concentration distribution
around Janus microsphere are also studied. According to these studies, we explain the position and size of the bubble
generated. Further more, we infer that the wall slip coefficient is a key matching parameter in the numerical model, and
two slip coefficients with a difference of an order of magnitude are given corresponding to the two types of self-propulsion
modes. Then we explain the possible mechanism for the changes of wall slip coefficient under different particle sizes. The
present study is beneficial to the in-depth exploration of the self-propulsion mechanism and also provides the theoretical

foundation for improving the performance of self-propellant device.

Keywords: Janus microsphere, self-diffusiophoresis, bubble self-propulsion, slip boundary
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