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Abstract An in-situ observation of the initial nucleation of the colloidal crystal was performed by utilizing a
long working distance microscope. The streamlines in the vicinity of the three-phase contact line are calculated
by the fluid dynamics software Fluent. The trajectory of the particle indicates that the streamline is bent
around short chains. When the particle goes close to a short chain, a horizontal flow pushes the particle to
the end of the short chain (flowing-around, FA). The simulation indicates that the particles have the ability
of self-adjusting when they are assembled into a colloidal crystal. The FA would inhibit too fast growth in a
local area, which would lead to a straight growth front. This study provides an insight into the self-assembling

dynamics and the nucleation process for colloidal crystal growth.

Key words colloidal crystal, flow-around, self-assembling

T S HUTBIE R R Nogayama % 117 g2l

Btk BT TR ANE S E ey eveme F Y KON E AT T A b
gl s s O e gy TVERZBRE R RN £
HRR TR | BERRAEERE O | K m ok TR BRI A AL A
&6 R 1) ST T S A ook SR BRRI TR A MR R
BRSO R R g g o, ETRBRERDER, LR, 52
PIME LU, ROV A4, BRSBTS A B m

‘ KIORITA R, # e s R % A

, QET \\ { =} 23 =] 7 7] ? ?

o, EEURRE TR HAERRRAEEN o he B b9 TR = A% AL
L e A A A T 12

2010-05-14 W B% 1§, 2011-03-07 WP fEBEH.

1) BREARMBIARRITRME (973 i+2)(2011CB710901), BX A ARl 4 (10832011) fod Rl MiRGIH TR (KICX2-
YW-L08) #B1MA.

2) FFA, B, TENERENFEMNAMRAE. ABMRBELSHH & RIDEEMHTR. E-mail: yurenwang@imech.ac.cn



£ 2 M

RIS - R BARIRPRER S RAER 9

WHETE SRR BB R4, HFREATL A P
R AR, B SRR R E AT
BB LIRS, HRDHN T ZAEms i
Wi 5 At DL LA R i 3 38 J Ak B A1 e i A g 32
M Bt 5L

T3 Z AT AR A MR i B 4R g B 21T
TRAWSELRIT, HENENREEYN BFE
HAEZREEFHNRESE. BTEESNER-1
FEHERNTE, BRBATY G A HITE M
EEE T -E0E05, BU%EARAABKT
FKIAE. AP T E T XS Rl B AR BT BB B
TR R RIS, AT ST 5w i i AR K
FREBASIEER. ELRPRAIERT R E
RHAERIRAE, TR T BAR BRI E 33
LACEREL RIE-ZIGESS 0 & i [ vl preity|
. BEEEN FRAEKRIEFEEN . FIL,
BB A AR N B AR RR RE S A B A AR HLBE OB A
REER, FHTXEARNNEIBETERA
HBE 2.

1 WEELE

B 1 ATREEREE BEERNE K,
F SR B HOR S AR ER TSI, T N SR AR
HEATELRLWEE, R4 KB A B — R ¥
B, PR A gk A I T
(. SCIET, A M K T VERE S AR — I R 5
KB A T, GUKIE 1 BEM A BT LUERIE
BAETE BB A SRR, &K
B, WS R 41 AR A
BIGAR IS, K BT OB e, B
TRIFHIE S, PR RS R A R T B
WA E, BTREAES - EOEE KBRS
70 KR L AT, IR T (0 B BUFE 80°C
EIMLA SRR 4h 2575, BT B Ak 2R O B A K
LB R AT % F A K, WA K HBTE 80°C
LA R T2 4h, SRISECH K 5 2 B kb
WTGER. WETEET LR EHBEEN,
BYEEEL H MRS 4 2.2emx 1 om, LR BTE BN T
HBPER 120 DL F, ZEEHRREMAEETK
WRETR AR, ASaRSRT, B LRhEEE
PR AR S B P . S0 o A B A R
HZIEMER, BN 29 um, MIEETRES,

BC B RRYR BE A 0.1 % (1R FAE 40 Lb) BRI Z ARk

M1 XBEEREE

Wi SR R VAU 3 ml, SCI0 ROK B
AL

RSB RR Z RRE BV, S
RN 27°C, BB BB PRMB K,
fe K TAFEE B (%8 Questar AR g, BB N
QM100, 43 %4 1.5um, BN TAEEE 15cm) TH
£, BRI R BN BB, 2 REE
AR HHE X B, (0 1 BT, K TFIE R
BB, ARALIE IR BI85 AL BER L B TE
BEESHER, BHE T, FMTBK THEESH
Bi %175 A AL BERHEF LR BT 55 W B BRI AE.
ST W (OB A K T B B S AR 2
MFRHLRT. O T MBS, FExt
ZHATHH. FR, i ERIX T R S
2 3 2 AR A ) B B 5 S .

2 SR

R AR, ERVRHE, BREERRTEHE
THE, JF BBEPLHER E =R m b Bz
PR EY, BEMEFHEMRLREER LK. M
B, =HEEARLk BN 18] E 401 F S0 H BRI
B (A 2 o), ISR+ 0%18, e
14 2min.

B AT AR, BB & KUBUR EA = MR A 2 T R
EREE, WE 3() Fion. MR, BT TRENA
BREHEANEERECEHE TS, MEAKRAN
ShEREEWME, WE 3(e) Frn. BhEshPEERY
REABERERESH. YERNEERER, K
37 e s ORL ) A R TR RS B (BRX PRI Bh A SR



10 %5

2011 F % 33 %

2 SARBERRZE D EANEA T RERREAR

B3 EhAEEREEE (AT ERKEY 15um, BREHZHEERN 3.01um/s, KFEgh#EER 0.75um/s)

K 4 AsemmEaEsif Rl SREHS
Bt B4R ERIRAAERYM, CREERH
PE = MEME EOHPIE, FHFARERAT =
AL EEM AN, SR IR EREE
KRR FE, XN THERREREREET
TEEH.

xOOOOOQOOO%

\iii!ﬁ

4 BRIHESRON ) R BRI E A A B R

AT EH ST BLRPLEANER, 8B
W1 R S A Fluent Xof 2 (A BER T B335
FATHRUT L. SHEERmE 5 frs. B 5(a) £oR
ZARBE AL | ¥ A U B AL AR A i B IR 93 A
B0l RS, WL FE2BEm L. B 5(b)
A4 NREEMHE MRS 2 TR O, kA K R
KEZH. 75, BEZIFAREERLEK, XEY
BEAL KL RERK.

(b) B = AR EHILAEEE, MALRERERIL T PR
REA 30pm (B AEE), RN Spm (Bl EE/RRE), A2 1] A9 3E
By 1000 (FE401 057 i 2 [ BE )

(c) ZHHREM R D AR AR REE, Z KRB RIREEUA P
FHREEA 60um(BRIEE), BEN Spm(EHIR#ER), TRZ
i) ¥ BE B % 40 om (IR B 22 1A 3 BY)

5 BEIHESR (R ESERRs, EiFiy 1077,
AOHEREERX 10-%m/s)



E 2l

MIAE - BRI RIS RREW 11

B 5(c) AEKEEMG MRS HEDL. B
IR AR A, B FRRAERIEK, X
R KR ERRZAE A 2 bR 5
AR ALAR, T R I 2 B BE AR B 4
7% 3.01um/s #1 0.75um/s, [ 6 i AEEH 10 4
TR AL, N —15, BERrEE 07 B E

N s T

FO7K - HEFE 4y 924 3.30pum/s 1 1.38um/s. 1B,
FRAA S T 7 B SR 3 3 3 S B A R A A P o
B, XS5BT E S RARR.

X RTRE SN TIERA P RS IERE &
B SMERXMBAVRNNFERR, EHH
TR RIET IR AEK, IR S

(]) ((,)

T

T ™

10pm

[E—

B 6 WhnZsh ERENRE (RPREREN 29um, Bk EHIZs RN 3.30um/s, KFZFHEFEH 1.38um/s)

3 N g

IO P T W5 1) 5 0t 9 TR A R AR T RO AR O
RIAGHIE. KRS R H S R RS
W AR SRR A ERR N, B —4ERE
HMRELENT: &5, REEHESIHRDOEERH
FEHBH ST EHAMEME L. M5, =M
ik b PR B B i — SR AE B IE R T R E R
Rtk REHERUE, ML ESHILE,
SRR B FE 2 = A 5 i 2 B 30 1 SR 2 ) S
W, MEAEH AR, KEERE &, BZ
TERIEE IR

SW BN TR AEERTIHEE B TRRK
BRI, URLI AR SR Bh T 1 B TE = AR ER
sk b RS, B E = AL
MBS AEEEN LRSI EFETT, MREEZRN
W T EHRT, ZKFBEERLENTE
415 ERBRUKFRSIERE. 55, BRI
S, e v RS Bl O BURL 32 B R B 3 R,
BEMM SRR, EERE~ S50, BMEK
PREEC BN, BEZRIMAE EH A, R RE
WK, XSS R S SR &5 AT

2 X X K
1 Teh LK, Tan NK, Wong CGC, et al. Growth imperfections in
three-dimensional colloidal self-assembly. Applied Physics
A: Materials Science & Processing, 2005, 81: 1399-1404
2 Bertone JF, Jiang P . Thickness dependence of the optical

properties of ordered silica-air and air-polymer photonic
crystals. Phys Rev Lett, 1999, 83: 300-303

3 Vlasov YA, Bo XZ, Sturm JC, et al. On-chip natural as-
sembly of silicon photonic bandgap crystals. Nature, 2001,
414: 289-293

4 Von FG, John S, Wong S, et al. Measurement of group ve-
locity dispersion for finite size three-dimensional photonic
crystals in the near-infrared spectral region. Appl Phys
Lett, 2005, 86: 053108

5 Myguez H, Kitaev V, Ozin GA. Band spectroscopy of col-
loidal photonic crystal films. Appl Phys Lett, 2004, 84:
1239-1241

6 Mihi A, Miguez H, Rodriguez I, et al. Surface resonant
modes in colloidal photonic crystals. Phys Rev B, 2005,
71: 125131

7 Prasad TD, Mittleman M, Colvin VL. A photonic crystal
sensor based on the superprism effect. Opt Mater, 2006,
29: 56-59

8 Galisteo-Lopez JF, Galli M, Andreani LC, et al. Phase
delay and group velocity determination at a planar defect
state in three dimensional photonic crystals. Appl Phys
Lett, 2007, 90: 101113-101115

9 Pusey PN, Megen W Van. Phase behaviour of concentrated
suspensions of nearly hard colloidal spheres. Nature, 1986,
320: 340-342

10 Johnson NP, McComb DW, Richel A, et al. Synthesis and
optical properties of opal and inverse opal photonic crys-
tals. Synth Met, 2001, 116: 469-473

11 Dimitrov AS, Nagayama K. Continuous convective assem-
bling of fine particles into two-dimensional arrays on solid
surfaces. Langmuir, 1996, 12: 1303-1311

12 Eiki A, Antony SD, Nagayama K. Stripe patterns formed

Cin particle films: cause and remedy. Langmuir, 1995, 11:
1057

13 Lozano G, Miguez H. Growth dynamics of self-assembled
colloidal crystal thin films. Langrnuir, 2007, 23: 9933-9938

(TH#% 23 )



TR - RN AT B S e N R T 23

%28
96 x10~%
92l = o —s— {=300s
—e— t=1300s
g 88}
¥
B 8.4} /
8.0
7.6 . L
0.5 1.0 1.5 2.0
fE¥ERE /mm
B7 S thRrRmXs
4 &

S ST B 5 ¥ i 5 B AR T 1, B
ST R PR AT AR AT SR AR A i R AR X IR
R KA. SRR AR R
L sy A i R R E UMK, e iR LR
AN, BEMA; NABAEHIEMREREN 1mm
B, BE R H NN ) A A B Hh
RERINTTE . Fi, dEREEN, B ETHR
R, SFBURKKEREEEFMN S, MTAELEH
KA, A—HElRLERKR, M
e MRIBRIIGR, MERLEE 1~1.5mm B, A%
BaAHE. :

2 £ x
1 Max L. Blosser, Isaiah M.Blankson, Steve Schwoerke, et al.
Wing leading-edge design concepts for airbreathing hyper-
sonic waveriders. Journal of Aircraft, 1995, 32(2): 307-312
2 HEEN, BEHE, ZR% CHEAGEEEHTERDEH
BFF. LB %E, 2008, 22(2): 64-67 (Xiao Yabin, Yue
Lianjie, Gong Peng, et al. Research on the flow pattern of

three dimensional compression hypersonic inlet. Journal

w

of Ezperiments in Fluid Mechanics, 2008, 22(2): 64-67 (in
Chinese})

Eckert RG. Survey of boundary layer heat transfer at high
velocities and high temperature. WADC-TR-59-624, 1960

IRE, EXHE, RHEH. FHGRE A @ BRI REETT i

. WIKSHETE, 2008, 25(1): 33-35(Wang Zhiyong,

10

11

12

13

Ju Yatang, Huang Shiyong. Research on cold wall heat flux
boundary of thermal structural experiment. Spacecraft En-
vironment Engineering, 2008, 25(1): 33-35(in Chinese))
Eckert RG. Engineering relations for friction and heat
transfer to surfaces in high velocity flow. Journal of the
Aeronautical Sciences, 1955, 22(8): 585-587

Pramote Dechaumphai, J. Flow-thermal-structural study
of aerodynamically heated leading edges. Spacecraft, 1989,
26(4): 201-209

Liu QY, Luke EA, Cinnella P. Coupling heat transfer and
fluid flow solvers for multidisciplinary simulations. Journal
of Thermophysics and Heat Transfer, 2005, 19(4): 417-427
S BT LSRR A SR B
M IRIE: MR/RET L A%, 2008 (Sun Haifeng. Numerical
simulation of forehead aerodynamic heat transfer of high
speed aircraft. [Master Thesis]. Harbin: Harbin Institute
of Technology, 2008(in Chinese))

EETEN, %5, WIER. SHAEBARRERRTE NA
J¥ ¥R, 2006, 23(2): 259-262 (Lii Lili, Zhang Weiwei,
Ye Zhengyin. Hypersonic reentry surface flux calculation.
Chinese Journal of Applied Mechanics, 2006, 23(2): 259-
262(in Chinese))

TOWERE, ZHE, TH. SNEGERAREARIE RI%¥
iR, 2002, 23(1): 142-144 (Fan Xiaogiang, Li Hua, Ding
Meng. Surface flux calculation of blunt double-cone an-
gle of attack. Acte Armamentar, 2002, 23(1): 142-144(in
Chinese))

Fay JA, Riddell FR. Theory of stagnation point heat trans-
fer in dissociated air. Journal of the Aeronautical Sciences,
1958, 25(2): 73-85

BASL. ARBERENL. S FEBEERKEHRM,
2008

Kays WM, Crawford ME, Weigand B. ¥ &#hS &K &
HEE bR SFHF LR, 2007

(Friethdt. XET)

(L% 11 )

14 Nagayama K.Two-dimensional self-assembly of colloids in
thin liquid films. Colloids and SurfacesA: Physicochemical
and Engineering Aspects, 1996, 109: 363-374

15 Kralchevsky PA, Denkov ND. Capillary forces and struc-
turing in layers of colloid particles. Current Opinion in

Colloid & Interface Science, 2001, 6: 383-401

16 Deegan RD, Bakajin O, Dupont TF, et al. Capillary flow

as the cause of ring stains from dried liquiddrops. Phys

17

18

Rev E, 2000, 62: 756-758

Yao Can, Wang Yuren, Lan Ding, et al. An in-situ obser-
vation on initial aggregation process of colloidal particles
near three-phase contact line of air, water and vertical sub-
strate. Chinese Physics Letters, 2008, 25: 3811-3814
Velev OD, Jede TA, Lobo RF, et al. Porous silica via col-
loidal crystallization. Nature, 1997, 389: 447-448

(Friethit. xiem)



