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Abstract As nanoscience and nanotechnology advance, techniques for selective pattern growth have
attracted significant attention. Silica nanoparticles (NPs) are used as a promising nanomaterials for
bio-labeling, bio-imaging, and bio-sensing. In this study, silica NPs were synthesized by a sol-gel process
using a modified Stéber method. In addition, the selective pattern growth of silica NPs was achieved by
the surface functionalization of the substrate using a micro-contact printing technique of a hydrophobic
treatment. The particle size of the as-synthesized silica NPs and morphology of selective pattern growth
of silica NPs were characterized by FE-SEM. The contact angle by surface functionalization of the
substrate was investigated using a contact angle analyzer. As a result, silica NPs were not observed on
the hydrophobic surface of the OTS solution treatment, which was coated by spin coating. In contrast,
the silica NPs were well coated on the hydrophilic surface after the KOH solution treatment. FE-SEM
confirmed the selective pattern growth of silica NPs on a hydrophilic surface, which was functionalized
using the micro-contact printing technique. If the characteristics of the selective pattern growth of silica
NPs can be applied to dye-doped silica NPs, they will find applications in the bio imaging, and bio
sensing fields.
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Fig. 1. Schematic diagram of selective pattern growth of single-layered silica nanoparticles by
surface functionalization of substrates using a micro-contact printing technique of

hydrophobic treatment.
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Fig. 2. FE-SEM images of as-synthesized silica NPs by
spin coating on (a) normal surface of glass
substrate, (b) hydrophilic surface of glass
substrate, (c) hydrophobic surface of glass
substrate.
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Photographs of contact angle (CA) measurement
for different surface functionalization with (a)
KOH 1.0 wt% solution (hydrophilic treatment),
(b) OTS solution of 5 mM, and (c) OTS
solution of 30 mM (hydrophobic treatment).

Fig. 3.

Fig. 4. Photographs of (a) Lego mold for fabrication
of PDMS stamp(left), fabricated PDMS
stamp(right), and (b) selective pattern growth
of silica NPs by micro-contact printing
technique on functionalized glass substrate.



SHARSH71 &38| =5 2] #2138 A4%, 2020

Fig. 5. FE-SEM images of selective pattern growth of

silica NPs by micro-contact printing technique;
(a) large scale image, (b) boundary area of
selective pattern growth, and (c) magnification
image of boundary area of selective pattern
growth with mono-layered silica NPs.

e A2l Stols Sk B AdEA g9
tiste] mAEEEER 71ES A8sta] T AR
ths, Dip-Coating ‘§¥C2 A7t UdAE HE
g AR gTtol= ZkA9] ARE Fig. 4 (b)oll HE
Wiodth 971e] ¥ wid & &2 9oz BAE 72
A%y sielof st FE-SEM 4 AAlstgla, 1 4
& Fig. 50 Uit Fig. 5 (@94 & &= A= A
A", pCP 71&= T A2 JIolAe A2t e
UA7E s FEEA ook, 24 g A2 99 9
Aol A7t e dApt Agz oz e Jd A
< 2T = . 59] 3usiE SdiE Fig. 5(0)2

24

et At
Ae BT 4 ek
39| BY et A E B R
o] BIEYLAT], £ AToIH THF Z3t 2L 0]
ARERAY 71ee G2t =8 Aot gl
e gl Heeche, vole oju]d, Hole 2uy
% volo 14 Rolo] % £-83pl S-8F & Urk

o
[elxe)

4 72

E dFoAE &4 FHOE 200 nm 2719 8
A7 e QZs 34519, nAdSEdY Ve
Hgoto] Aea] JAS A4 A E W Aesto] A
893 gYof tiste] A7t YiedAe fe 43S A
Yot om, ATANE thadt Zo] a9kt &= Utk

AR, vAEESEAY 7]&E FJ8517] Yot &eto]
= ZetA9] IS KOH 8902 zl4 Aot9S of
A& 9F 33 °0]9la, FAsrA A= A7 Y
219] e ggo] EgstErt. viHo] OTS §Ho= o
4 AR Yole OTS 899 vvt Z71d=
AE4e 234 71T 30 mMY wo] FEzhe
oF 113 °0]91, WHA ] HHCINE A7t ezt
9] e gd7go] At

EA4, OTS 8402 W AEd &pol= FehA ¢
oA= 21 Folu, Dip-Coating THL== A7t
YA Ae IR A e RS RIS kA
&eto|E FEpA0] HHS LAY T WA
uet Aej7b edAe] feggS 243
gelstairt.

AR, nMEETdY 7|&S o83t OTS &9o
2 &dole ZFekao] FHS PDMS ARITE XeiF
PGl thote] W= Aot A, 4 H2d I
ofAwt P o] A7t A7t ddFoR FESHA

2~ 0]O0. o
T x| =

BEE RS sk,
ool AwlE ANY nAES LAY 714S e
st} 239] Aelrh hegart Aea gl dhsted

e gt 22 Stk olefst wAEE R
7ee gt 2uE et ool 488 & 9
on|, YU oAl Hol . ofuld, Hole. e
He, 9 Hole. A4 oo 8514 WEHD=, ¥
Aot UhegiRte] selg7]4e vol o Hoto] §-85

A &g2 =+ o



7% B 7)) o et tedAe) de fd 4

(1]

(2]

(3]

(4]

(5]

(0]

(71

8l

9]

(10]

(11]

References

A. Pick, G. Witte “Patterned growth of organic
semiconductors: Selective nucleation of perylene on
self-assembled monolayers”, Langmuir, Vol. 32, pp.
8019-8028, 2016.

DOI: https://doi.org/10.1021/acs.langmuir.6b01833

M. Faustini, D. Grosso, “Self-assembled inorganic
nanopatterns (INPs) made by sol-gel dip-coating:
Application in nanotechnology and nanofabrication”,
C. R Chimie, Vol. 19, pp. 248-265, 2016.

DOI: https://dx.doi.org/10.1016/j.crci.2015.05.011

S. N. Chopra, Z. Zhang, C. Kaihlanen, J. G. Ekerdt,
“Selective growth of titanium nitride on HfO, across
nanolines and nanopillas”, Chemistry of Materials,
Vol. 28, pp. 4928-4934, 2016.

DOI: https://doi.org/10.1021/acs.chemmater.6b01036

C. Bae, H. Kim, J. M. M. Moreno, G-R. Yi, H. Shin,
“Toward coordinated colloids: Site-selective growth of
titania on patchy silica particles”, Scientific Reports,
Vol. 5, p. 9339, 2015.

DOI: https://doi.org/10.1038/srep09339

C-K Chiu, T-J. M. Luo, “Selective growth of silver
nanoparticle arrays on nanoimprinted sol-gel silica
patterns”, ACS Applied Materials and Interfaces, Vol.
5. pp. 5423-5429, 2013.

DOLI: https://dx.doi.org/10.1021/am401947r

F. Arciprete, E. Placidi, R. Magri, M. Fanfoni, A.
Balzarotti, F. Patella, “The unexpected role of arsenic
in driving the selective growth of InAs quantum dots
on GaAs”, ACS Nano, Vol. 7, No. 5, pp. 3868-3875, 2013.
DOLI: http://doi.org/10.1021/nn401338v

D. Gao, R. He, C. Carraro, R. T. Howe, P. Yang, R.
Maboudian “Selective growth of Si nanowire arrays
via galvanic displacement processes in water-in-oil
microemulsions”, Journal of American Chemical
Society, Vol. 127, pp. 4574-4575, 2005.
DOI: https://doi.org/10.1021/ija043645y

K. S. Park, K. S. Lee, M. M. Sung, “Soft lithographic
method to micro/nanofabrication”, Polymer Science
and Technology, Vol. 23, No. 6, pp. 629-635, 2012.

B. H. Lee, M. M Sung, “Selective atomic layer
deposition of metal oxide thin film on patterned
self-assembled monolayers formed by microcontact
printing’, Journal of  Nanoscience and
Nanotechnology, Vol. 7, pp. 3758-3764, 2007.

DOI: http://doi.org/10.1166/inn.2007.018

M. H. Park, Y. J. Jang, H. M. Sung-Suh, M. M. Sung,
“Selective atomic layer deposition of titanium oxide
on patterned self-assembled monolayers formed by
microcontact printing”, Langmuir, Vol. 20, pp.
2257-2260, 2004.

DOI: http://dx.doi.org/10.1021/1a035760cv

B. H. Choi, C. M. Park, S-H. Song, M. H. Son, S. W.
Hwang, D. Ahn, E. K. Kim, “Selective growth of InAs

25

[12]

[13]

[14]

[15]

[16]

(171

self-assembled quantum dots on nanopatterned
Si02/Si substrate”, Applied Physics Letters, Vol. 78,
No. 10, pp. 1403-1405, 2001.

DOL: http://doi.org/10.1063/1.1352049

S-H. Wu, C-Y. Mou, H-P. Lin, “Synthesis of
mesoporous silica nanoparticles’, Chemical Society
Reviews, Vol. 42, pp. 3862-3875, 2013.

DOI: http://dx.doi.org/10.1039/c3cs35405a

W-H. Zhang, X-X. Hu, X-B. Zhang, ‘Dye-doped
fluorescent silica nanoparticles for live cell and /n
Vivo bioimaging”, Nanomaterials, Vol. 6, p. 81, 2016.
DOL: http://doi.org/10.3390/nano6050081

M. Montalti, L. Prodi, E. Rampazzo, N. Zaccheroni,
“Dye-doped silica nanoparticles as luminescent
organized systems for nanomedicine”, Chemical
Society Reviews, Vol. 43, pp. 4243-4268, 2014.

DOL: http://doi.org/10.1039/c3¢cs60433k

J. Han. X. Liu, J. Tan, Z. He, C. Li, “Facil method of
preparing highly luminescent silica gel glass
incorporating hydrophobic semiconductor quantum
dots”, Chemistry Letters, Vol. 44, pp. 1434-1436, 2015.
DOI: http://doi.org/10.1246/cl.150508

S. P. R. Kobaku, A. K. Kota, D. H. Lee, J. M. Mabry, A.
Tuteja, “Patterned superomniphobic-superomniphilic
surfaces: Templates for site-selective self-assembly”,
Angewante Chemie International Edition, Vol. 51, No.
40, pp. 10109-10113, 2012.

DOI: http://doi.org/10.1002/anie.201202823

J-H. Yoon, K-C. Kim, ‘A study on the blue
fluorescence characteristics of sililca nanoparticles
with different particle size”, Journal of the Korea
Academia-Industrial cooperation Society, Vol. 20, No.
5, pp. 115-121, 2019.

DOL http://doi.org/10.5762/KAIS.2019.20.5.115

4 7| &(Ki-Chul Kim)

+ 1993¢ 29 : ofFdisty &3}
EIN Gl

+ 19964 249 : ol &g}
3} (o]5H4 AR

+ 20029 29 : ol5dgtu &5t

3} (o]s}apAp
- 20024 49 ~ 20064 39 :
HAAFAATY HAD7

=

Ol

+ 200849 3¢ ~ @A : Eddista AAASIeEEa W

TAEoR
oA AFEA, 7HAANA, oA StHIAY A



