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1
1.1
N- NIPAM
MBA
/ 60/40
V50
DMC
Al 0,
TMOS
1.2
250 mL
NIPAM MBA DMC
pH 4. 1
700 r/min 30 min
70°C V50
140 r/min. 2 min 3
min
5h
99.7% .
2.0%
Table 1 The formula of cationic emusion of poly NIPAM-co-DMC
NIPAM DMC MBA V50 H,0
pH
g g g g mL
2 0.02 0.2 0.02 98 4
1.3 Sio,
? TMOS
3
poly-
NIPAM-co-DMC /SiO,
1.4
NMR '"H-NMR
Varian INOVA 600
D,0
5824 Hz 45 16

LCST
15C 50%C.
FTIR Perkin Elmer
KBr
4 cm”! 128
TGA Perkin Elmer
800°C
20 K/min.
TEM TEM Tecnai G20
microscope FEI Corp. USA
200 kV.
EDX
DLS LCST
Malvern Zetasizer Nano
S U.K. 15 ~50C.
2
2.1
1 TEM
200 nm.
DLS
440 nm. TEM DLS
DLS TEM
TEM
DLS
2.2
PNIPAM
LCST . PNIAPM
LCST 32°C .
LCST 2
PNIPAM LCST DLS
23 24
DLS LCST.
2 a DLS LCST 34°C

"H-NMR
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LCST
2.3 poly NIPAM-co-DMC /SiO,

25

Fig. 1 Representive TEM image of poly NIPAM-co- N N-
bmcC microgel synthesized by soap-free emulsion
PDMA
copolymerization of NIPAM and DMC monomers by using 2

MBA as crosslinker
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Fig. 3 FTIR spectra of a poly NIPAM-co-DMC

microgel b

poly NIPAM-co-DMC /SiO, hybrid

nanoparticles synthesized by stirring a mixture of 0.4 mL

TMOS and 2.0 mL of 2. 0% microgel solution at 20°C for 2

h and ¢ pure silica by calcining poly NIPAM-co-
DMC /SiO, hybrid nanoparticles at 500°C for 3 h

Fig. 4 TEM images of poly NIPAM-co-DMC /SiO, hybrid nanoparticles synthesized by stirring a mixture of 0. 4 mL TMOS and
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Table 2 The ratios of Si/N and O/N in the regions of core and shell

of poly NIPAM-co-DMC /SiO, hybrid nanoparticles

Ratio of Si/N Ratio of O/N

Synthesized ~Synthesized ~Synthesized Synthesized

at 20°C at 40°C at 20°C at 40°C
Shell 1.2 2.5 2.0 3.4
Core 0.9 1.7 1.7 2.3

J"‘:‘n"

4 gy ¢
> v

200 nm

Fig. 5

TEM image of poly

NIPAM-co-DMC /SiO,
hybrid nanoparticles synthesized by stirring a mixture of
0.4 mL TMOS and 2. 0 mL of 2. 0% microgel solution at
40C for2 h b

is a high-magnification image from

2.4
20°C
4 32.9%
40°C 5
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Fig.6 TGA curves of a poly NIPAM-co-DMC microgel and

b poly NIPAM-co-DMC  /SiO, hybrid

nanoparticles
synthesized by stirring a mixture of 0. 4 mL TMOS and 2. 0 mL of
2.0% microgel solution at 20°C for 2 h

2.5 'H-NMR
'"H-NMR
7 poly-
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Fig. 7 '"H-NMR spectra of a poly NIPAM-co-DMC microgel and
b poly NIPAM-co-DMC /SiO, hybrid nanoparticles synthesized

by stirring a mixture of 0. 4 mL TMOS and 2. 0 mL of 2. 0% microgel
solution at 20°C for 2 h
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SYNTHESIS OF CATIONIC THERMO-RESPONSIVE MICROGELS AND THEIR
APPLICATION FOR BIOMIMETIC MINERALIZATION OF SILICA

CHAI Shigan ZHANG Jinzhi PI Mengwei YANG Tingting YUAN Jianjun CHENG Shiyuan

Ministry-of-Education Key Laboratory for the Green Preparation and Application of

Functional Materials Faculty of Materials Sciences and Engineering Hubei University Wuhan 430062

Abstract Cationic thermo-responsive microgels of P NIPAM-co-DMC  were synthesized by copolymerizing
mononers of N-isopropylacrylamide  NIPAM  and 2-methylacryloyloxyethyltrimethyl ammonium chloride
DMC in the presence of a crosslinker N N'-methylene-bis-acrylamide MBA by soap-free emusion
polymerization. TEM observation indicates that the average diameter of copolymer microgels is about 200 nm.
The lower critical solution temperature LCST of the prepared microgel is estimated to be about 34°C by both
DLS and 'H-NMR measurements. This cationic microgel was further used as a colloidal template for biomimetic
mineralization of silica. The silica deposition was performed by simply stirring a mixture of aquous solution of
microgel and TMOS at room temperature and neutral pH. The combination of FTIR TEM 'H-NMR and TGA
characterizations indicated that silica mainly deposited on the shell region of microgels. Moreover we observed
that hybrid nanoparticles with shringaged shape were formed when the silicification was performed at 40°C .

Keywords SiO, Biomimetic deposition Hybrid nano particles Soap-free emulsion polymerization





