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oll7|2 FRE it ZEAEE YRS Alx F ERI-ER Y 55 A4 (oil-in-water emulsion) W5
oM JAE A7] ZH (self-assembly)r]F ThFst tha Al (polyhedra) 7322 *“EO] =] 2~E(colloidal cluster)Z Al
Z3I5inh. F20)= S AE 2] oA &-A(sol-gel) WS- et H o] A7tE ZRE E3H(composite) T
2ol= SFYAHE AT F %1‘3&- o]& 7% (template)© = &-g-30] T Aol o3l UiF-2] EFIAEl YAE
AAstaL o] Zn]E] 2719 vhekst 29 H[FE4 35 UK (hollow particle)E AlZsF3itt. Wil 422
(density gradient centrifugation)oll 2J3l EE|AEJR A IAFe] =8} F37) Hdst FEol= SHAEE AxY
Ao FH £ Jhge) g3 v T2 FF YAE AlEsIsiTh

Abstract — We demonstrate the sol-gel coating technique of colloidal clusters for producing hollow micro-particles
with complex morphologies. Cross-linked amidine polystyrene (PS) microspheres were synthesized by emulsifier-free
emulsion copolymerization of styrene and divinylbenzene. The amidine PS particles were self-organized inside toluene-in-
water emulsion droplets to produce large quantities of colloidally stable clusters. These clusters were coated with thin silica
shell by sol-gel reaction of tetraethylorthosilicate (TEOS) and ammonia, and the organic polystyrene cores were removed
by calcination at high temperature to generate nonspherical hollow micro-particles with complex morphologies. This pro-
cess can be used to prepare hollow particles with shapes such as doublets, tetrahedra, icosahedra, and others.
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[8-9].
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Fig. 1. Schematic of the fabrication of nonspherical hollow particles
from colloidal clusters as sacrificial templates by surface sol-
gel reaction of TEOS.
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Table 1. Detailed emulsion polymerization condition for amidine polysty
rene particles

Chemicals Seed particles Istgrown particles
Deionized water 450 ml 350 ml
Styrene 449 ¢ 449 ¢
Divinylbenzene 057¢ 057¢
Seed particles suspension - 100 ml (9.1 wt.%)
Initiator 037¢ 037¢
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Table 2. Detailed reaction condition for the silica coating reaction of
amidine polystyrene clusters

Chemicals Condition 1 Condition 2
Cluster suspension 1.5ml 1.5ml
NH,OH 0.05 ml 0.05 ml
H,0 0.15ml 0.15ml
EtOH 0.53 ml 0.53 ml
TEOS 16 ul 4 ul
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A7) 7 (TEM, transmission electron microscope, F20 Tecnai)
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Fig. 2. Scanning electron micrographes of amidine polystyrene parti-
cles dried from (a) water and (b) toluene.
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Fig. 3. FT-IR analysis results of amidine polystyrene particles.
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Fig. 4. Optical microscope images of (a) toluene-in-water emulsion drop-
lets encapsulating amidine polystyrene particles and (b) colloi-
dal clusters of amidine polystyrene particles.
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Fig. 5. Scanning electron micrographes of colloidal clusters for N=2
to 14. N indicates the number of particles for each cluster. Scale
bar is 1 pm.
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Fig. 6. Test tube containing colloidal clusters of PS microspheres sep-
arated by density gradient centrifugation and scanning elec-
tron micrograph images of clusters extracted from each band.
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Fig. 7. Scanning electron micrographes of nonspherical hollow parti-
cles made of silica generated from (a) [TEOS]=31.94 mM and
(b) ITEOS]=8.03 mM.
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Fig. 8. Scanning electron micrographs of nonspherical hollow particles
for N'=2 to 12. N' indicates the number of macropores inside
the particles. Scale bar is 1 pm.
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Fig. 9. Transmission electron micrographs of silica coated polystyrene
clusters. [TEOS]=8.03 mM was used for silica coating (condi-
tion 2 in Table 3).
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Fig. 10. TGA results of polystyrene powder and silica-coated polysty-
rene clusters.

Fig. 11 W7l lelel ol ol el ele ol gt
v e)E 5] o kgl ARIAA He S -2 e Hels
€ sl 212k 58 PIAZLD L 242 ol el o
el QA AAR A2 Vet 74

Fig. 11. Scanning electron micrographes of nonspherical hollow dimer
particles. Scale bar indicates 2 pm.
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Fig. 12. (a) Optical microscope image of colloidal clusters of sulfonate
polystyrene particles and (b) scanning electron microsgraph
of nonspherical hollow particles generated from colloidal clus-
ters of sulfonate polystyrene particles as templates with lack
of structural robustness.
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A=
r; : position of i-th particle in the cluster
r, : center of mass of cluster

M : second moment of particles
N : number of polystyrene particles for each colloidal cluster
N' : number of macropores for each nonspherical hollow particles
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