Journal of the Korean Ceramic Society
Vol. 39, No. 10, pp. 981~987, 2002.

FE0|= Xte| Xt7| viedA® O] 28 Monolayer A0 28t o137

& - O[S+ - UF M - BFES'
AH NSt Aee) ok}
*§=2 75 7|EA 7Y Y AEAFAE
(20023 109 18¢ H5 2002 109 18U %9)

Process Development of Self-Assembled Monolayers(SAMs) of Colloidal Particles

Hwayoung Ko, Hae-Weon Lee*, Joo-Sun Kim* and Jooho Moon'
Department of Ceramic Engineering, Yonsei University, Seoul 120-749, Korea
*Nano-Materials Research Center, KIST, Seoul 136-791, Korea
(Received October 18, 2002; Accepted October 18, 2002)

x =B

Stober processE ©| &3t @A FRol= A7t AXIFAY. 271EZF Q] TEOS(Tetraethylorthosilicate)?t NH,OH,
g@e 2 759 dRf%S 2359 100 nmH, 200 nmF, 300 nmF 279 GEA A7} YAE AZXY £ AT, A
Z¥ 287 YA Scanning Electron Microscope(SEM) 2 laser scattering particle analyzerS $3) ##3t}. Dip
coating L& o]&std AZH 300nm =7)2] F2o|= Ag7te] A7) wi DA (self-assembly) Ao B3 A7+-E A3}
At gt 2 P AFEHAY, ZHAS, A& )Y 2HE F3tY dip coatingAlol 7] wiEAR @E
(monolayer)& HAs] @ F e AL AFINEY 2, SEMe g FFs] 2 A3 HF 24 AeHdA vzd We 99
(1.5 mmx 1.5 mm)*| A hexagonally ordered packing® FZolt= Uz} AA @FoE AL F AT

ABSTRACT

Monodispersed colloidal silica was prepared by Stober process. We have synthesized monodispersed colloidal silica of various sizes
(100 nrn, 200 nm and 300 nm) by controlling volume ratios of TEOS(Tetraethylorthosilicate), NH,OH, Ethanol and D.I. water. Shape and
monodispersity of the synthesized colloidal particles were observed by Scanning Electron Microscopy(SEM) and laser light scattering
particle analyzer. Self-assembled monolayer of monodispersed colloids was achieved by dipping Si substrate into a well-dispersed silica
suspension. It was determined that uniformity and spatial extent of the self-assemble monolayer of monodispersed colloids are
significantly influenced by the experimental parameters such as concentration, pH and surface tension of the colloidal suspension. We have
observed a hexagonally well-ordered packing colloidal monolayer in a relatively large area (1.5 mm x1.5 mm) as confirmed by SEM.
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Az Th. A AHEE A2k TEOS(Aldrich, 99.9%),

o]
A o HTZAZE 93 building blocke. 2 THEA F
2olr YAE AT § USE ovlgit) mA@e]
HEG S e F20)= YRt AR AETH 4 R
WA 2], Fer2E a2t 2 B4 (photonic crystal), AlA] o]
glo], 7154 dEHelE, v3ed 2lA2d 34 mask,
IUE A7 S0 A 5 g FgoA] 1 $-8Ado] g
el b g Z2ols AR WAAEL 23}
¢ 2 3399900 bluiding blockd] FEo]=]=}e] =}
ZIAFER L Aojeke 716724 Bk Yo FdA
AR FATE ZoWHME g1 EE MHE Joox
F2ole ZARE FH3k= Aol d4drieo] ). A7t
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# LY FAZES S L-2AREHE T8 A
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o A7 FE 0l E F UE TEA E2olE A ¢
& Stober processE AME&td AlZsAc'® TEOS
(Tetracthylorthosilicate)?} NH,OH, 7/, &2 &
ZA3t 100 nmF, 200 nm+, 300 nmy 78 9EAF A
g7l YRE AR & AU Axd F2ol= Hust
HA A7 4L o|83td, FRolm &9 dip
coating 378% 3l F=2ol= YxAR dFu A &
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2.1. 20| = Silicag] M= &'y
Stober processe ©]-&-3t] TEAF FRO|E silica YRE

Substrate
|~ Soivent Evaporation

| Meniscus Region

|~ Colloidal Particles

@)
A O G;I-— Solvent

»
Convective flux

(@

A eh-2(H 4, 99.9%), NH,OH (Aldrich, 28% NH; in water),
B2 27 AXFAE B8 AP F/HTE A
t} ¥hg-8-99] TEOS, Jl&h&, NH,OH, FHF59 2L
Table 1] vtehict

Hk-S-8- 908 water bath(fisher isotemp heating circulators
model No. 2013P)E E3ko] 50°ColA X181 80&-F<t
N, 971 8tollA magnetic stirer® EEAH A HEE-o]
AP =& st HA vlo]A FH/, NH,OH H A

Table 1. Compositions of Sample Solution
Concentration of Constituents (mole)

Sample No.
ample TEOS  NH, H,0  Ethanol
1 0.10 1.10 8.80 13.59
2 0.40 1.20 6.40 13.15
3 0.40 0.56 7.04 13.21
Colioidal Silica
Manufacturing Procedure
TEOS (28 wt%) N HO
Ethanol (99.9 wt%) 3 FHO +
TEOS + 1/2Ethanol
AN} NH,0H (29 wt%) 1/2Ethanol
D.i. Water
E-EE-» Mixing in Solution <+

-

Stirring at 50°C for 80 min in N,

Centrifugation (4000 rpm, 10 min)

Washing (3 -4 times)

Fig. 1. Synthesis procedure of monodispersed colloidal silica.
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Fig. 2. Colloidal crystallization mechanism during dip coating.
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F2ol= YAje] A7) wjEdE o183t Monolayer B4

ALZFY 12%Y LS ¥ o JoRle 12%9]
UZd) 23iAZ TEOSE 713t dAT oA 80
ZHHESGAIF T W EL A EEVE &S O
NEHEE 33 AHI F AFeE YA AxIATH
(Fig. 1).

2.2. Dip Coatingi %! Monolayer 34

A Z3 F20|= Fo sample No. 39] T4} silica £
& ARE-3HA silicon 71 Yol e F2ol= YRER &
3% ¥ dip coating® 3+ AAISST) Dip coating
Fot] dolvte E=ol= At wid(Fig 2)'Pe 1H
3t 7kX] WEE AYEanh AA, SRe AgLe)
Byu)g 2EsA@IES : B =1:4,1:1, 4:1) ¥
3 By g FUEnrt o8 §98 AMEEEoH,
EA4), pH 28 (11.24, 7.12, 556)2 53] Y4=e) FHA
2 gEEdt. A MA de2e 94 WY silica
o] 0.5 wt%, 2 wit%, 5 wt%)S DS, NS
T 04 cnymin®] QA& ECA dip coating AHE 4
A3kt
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Stober processE F-3] AZE F20|= silica(sample No.
1, 2, 3)& AAH0|7(HITACHI FE-SEM)2.2 #2313
ChFig. 3). Al 24 EFoIA 7E9 FZo|= silica YA}
& dAgo] FAHRUI, SEM ARRE B3] #EAF oA =
silica YAF] Z7]= sample No. 12 2F 140nm, sample
No. 2% ¢} 220 nm, sample No. 3= ¢F 290 nm= B<IE Y
¥, FYEE sample No. 391 Y3l sample No. 17} sample
No. 204 Ewdd U7 Bol FHAZY. &S
UAe] Z7] € FYUESE QI A YEEA7I
(Microtrac UPA-150)8 A}8-3t9 QI=8-¥E FH A
(Fig. 4). Y=EXE Z3] sample No. 19} HIFAE ¢ ¥
THARRE 0.14871£0.0271 um=Z RIS 13, sample No. 2
£ 02133£0.0327 um, sample No. 3& 0.2801:£0.0212 pm
2 AT AYEHE YA 271 2 = 9F
S 2 F JdE 4%E TEOS? ¥, NHy/H,02 mole
H], H,0/TEOS®] mole H], ¥+-&2%7} ot TEOSS] &
57} E7184E, NHyH,02 mole ®7} F/1E4E,
H,0/TEOSY] mole H|7} S7Hd4E, 2571 wold
TE 4AY 27Vt FUtete A¥E Holye ALE B
aoigiek? B8], At #UEE TEOSY FES
H,O/TEOSS] mole B, ¥re-2xo & JF& o= 84
22 sample No. 1 & sample No. 2914 9]¢ 8 4=
8} premature nucleation®] Ao A3ty BFEHI
7F ARG B 220l G5 AR FAH AP
7H3 G EXdo] $43 sample No. 39 silicad A}
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Fig. 3. SEM images of the synthesized colloidal silica :
(a) sample No. 1, (b) sample No. 2, (c) sample No. 3.
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HFE FEsle] AAEHT A, SR SAshe
A S AEHET. B Feo R Qs
Fig. 20149} 7ro] 7]7h-H47ke] meniscus”t AHAJ = 2L,
o] AAWE B3 &9 FRLE sl FHRFHo=z &
oje] thF&Edo] WA (convective flux)dte] YAe 719
#Ho R o]FatA Aot PAFTFF WUF oW dip
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Fig. 4. Partilce size distribution of the synthesized colloidal
silica : (a) Sample No. 1, (b) Sample No. 2, (¢) Sample
No. 3.
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Fig. 5. SEM images of the self-assembled silica on the Si
substrated prepared from different solid loading
conditions : (a) 0.5 wt%, (b) 2 wt%, (c) 5 wt%
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I-7187ke] AR URA K} B wjfoll 31d- 829
FEHE FA87 AsiA] 93} 7Aool & meniscus
Fo] LAsHA ErhFig. 2). SMEHT ] wE EHF
H o] W3l= meniscus®] 71 &71E HAIA, HH F¥o]
E4E 7127177 AA L, ©)& A3} Fig. 2(a)dlA e} 7ol
convective flux®l] o] 8k QJ=}e] Fgo] d&shA Hrh W
Hell 71&717F UFE ARAA =Y, meniscus F3Fo] &
e} Qe S0 TEE T3 ARHA E3l Y

Fig. 6. SEM images of the self-assembled silica on the Si
substrated prepared from different solvent systems :
(a) water : ethanol=1 : 4, (b) water : ethanol=1 : 1,
(c) water : ethanol=4 : 1.

o] Fgol o3 Ao P2 fYLoT HoXA &
o} B3 718717 UF ZoH, Fig. 2(b)0lA gl 2ol con-
vective fluxol] 2]3F QJAte] FFo] &3 LA Ho] B
2 A9 dFHS FA4sH Eoh FUEEE meni-
scus FG-E ol QoA YAt ©F e P T
g Fe 8424 YE BEW Yt FE A ujgel
EFEANAY, YR =29 44 Jug gAde s AYE
& HojAth YA F 2 wit, ASEE 0.4 cn/min, pH
11242 IAANTI, ZF559} ofek-&e HE 1:4, 1:1,
4:18 243} dip coating A¥E A3, 1 A3
£ SEMo.g #FE%thFig. 6). Aehe<] v7t Y& & 73
Solle ¢ $%7F U5 82 =17} hexagonally ordered
packing®] ©]F0]R)A] gkgo] AAHUL, 2 BT Y
7 2 Ade 3% 27 =8A F78 9FTo] 3
AE Lol FEHAD

Al iR 242 Rbe] B Hshe] ol sk 4
e AARA FROIE silicas BWA HAsE U
ERNZ 913, IEP(soelectric Pointy= °F pH 22 &4
AT silicon wafer 3 pH 29] F49 &o|r] &4
35 YeRIZ ot §99] pHE 71&9] H¥=x7A9 1124
B} g2o] 28 F2olE gilica @ silicon waferd] &
Hate G AA =5, o]2A3) M2k FHFHo] Fi
Al Aot Y AR As] YA wafer FH O
ZE3 2 7 AR HAdEe] FRolx g9 7
3E pH 5.56, pH 7.12, pH 11242 AdA s IS
AT 2 wt%d] YATHFH, FSSE 0.5 cm/min,
file FHTY dEE HE 1:12 AR, 7]
Eoll AzH e pH 11249 Ao FiHg H7le}
& pH 7.12, pH 55602 Z43} dip coatingS A A
33, SEMe 2 #@3tHFig. 7). pH 7.12, pH 5.560
AMe daRE d4o2A B WA dxte A7y
o] o] FoHAT, Y7t hFoz A= ol &
FE A ol FE EHAS N A @Yol 4R
o &R B, o249l YAt dEue A
A X3 gFo g FAjHe dAo] B ez
waEd, vl pH 11.2490M & kg3l d3ere o
< 5 UAh

AEHOE AR F=2olz dFus FAYs=d
a3 842 convective fluxdl] &3] 7|3l 7 2
T A= YR 2715 71He FeFd Sl 7]
A2 gAre] S g dFE F= 99 B
WA, 282 719929 YR $IHE FUMT=
pHY ZH& B3 43S AYsH 3, JF2ACE &

29 =4 ¥4= : 0.5cm/min, pH: 11.24, 75

e
(¢F 1.5 mmx 1.5 mm)°lX] monolayerS A2 4 AU+
(Fig. 8).
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Fig. 7. SEM images of the self-assembled silica on the Si substrated prepared from different pH of the suspension : (a) pH 7.12,

(b) pH 11.24,

Fig. 8. SEM image of the self-assembled monodispersed silica in a large area (1.5 mmx1.5 mm)

4d E

Stéber processE ©] 83t ©EAF FEo|& silicaE 3
7HR) 2Aem Az, 27] 2 FYEE FHsA
olF UY=EE FUE7} 7P & 280nm F7)8 E
2o)= silicag AMHE3lA] dip coatingg AAISATE ¥
FEM YA T, e ZHA, £ ¥HA
g 2 3EEEE 1Y 4ES Ao, 43
< 53 =&8d 324 (44% : 0.4 cm/min, pH :

e DAL

1124, 75 @ AdeEE=1:1, YATFZF 2wi%)olA ¥
oA YW F9(%F 1.5mmx 1.5 mm)2] hexagonally ordered
packing® EEo|= YAER @FEE & + M
(Fig. 8).
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