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N N’ -methylene-bisacrylamide MBA  Aldrich

25C

dodecyl sodium sulfate SDS

acrylic acid AA  Acros 99.5%
Al O,
tetra-methyl-ethylene-diamine TEMED  Acros
98% KPS
APS
Direct Q
Millipore
1.2 N- PNIPAM
NIPAM MBA
SDS 60 mL 100 mL
N, lh
70C 5 mL

pH/ 639
0.0415 ¢ KPS N, 70°C
4 h PNIPAM
1.3 PNIPAM/ PAA 1PN
7 mL PNIPAM
10 100 mL
MBA AA
N, 1 h.
3 mL 0.04 ¢ APS  0.04 ¢
TEMED N, 23°C 23
min.
14000 1
3
. PNIPAM PNIPAM/PAA
IPN 1.

Table 1 The synthesis recipes of PNIPAM/PAA IPN microgels

PNIPAM microgels

PNIPAM/PAA IPN microgels

Sample code NIPAM ¢ MBA ¢ SDS ¢ Sample code AA g MBA ¢
MGL 0.95 0.017 0.025 IPNMG1 0.46 0.10
MG2 0.95 0.017 0.015 IPNMG2 0.30 0.10
MG3 0.95 0.017 0.015 IPNMG3 0.46 0.10
MG4 0.95 0.017 0.015 IPNMG4 0.56 0.10
1.4 PNIPAM/PAA IPN 1.4.4 pH
1.4.1
0.1 mol/L
KRS-5 NaOH  HCI pH
FTIR  Nicolet NEXUS-670
R . 4000 ~ 500 cm ™ + 0.01C.
4 em™t. DLLS  Brookheaven BI-200SM pH
1.4.2 SEM Dy
pH
532 nm 90°.
SEM  JSM-5600LV JOEL 15 min
3
1.4.3 TEM Dy .
0.4 mL 4
mL 0.75 mmol/L 2
1 h. 2.1 PNIPAM/PAA IPN
TEM  H-800 PNIPAM/PAA TPN
Hitachi PNIPAM
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PNIPAM/PAA 1PN

AA PAA
PNIPAM
PNIPAM
MBA
NIPAM 1.79%
PNIPAM/PAA IPN
PNIPAM
AA MBA. 9 10
AA —COOH
PNIPAM —CONH—

. - APS-
TEMED 23°C
PNIPAM ~ LCST AA
MBA PNIPAM

PAA
PNIPAM IPN .-

2 PNIPAM
PNIPAM/PAA IPN
20C 45 pH=7.0 .
20°C 45
PNIPAM/PAA 1PN

PNIPAM

PAA PNIPAM

Table 2 The particle size of PNIPAM microgel seeds and PNIPAM/PAA
IPN microgels pH=7.0

PNIPAM microgels PNIPAM/PAA IPN microgels

Sample Dy 2oc  Du ¢ Sample Duac  Duasc
code nm nm code nm nm
MG1 185 62 IPNMG1 207 170
MG2 260 63 IPNMG2 271 213
MG3 260 63 IPNMG3 280 222
MG4 260 63 IPNMG4 276 229

la b PNIPAM MG3
PNIPAM/PAA IPN IPNMG3
SEM .
PNIPAM/PAA 1PN
PNIPAM 2
MG3 IPNMG3  45C
PNIPAM/PAA IPN
PAA

PNIPAM IPN

2.2 PNIPAM/PAA IPN

Fig. 1 The SEM images of MG3 and IPNMG3
a MG3 b IPNMG3

2a b ¢ PNIPAM
PAA PNIPAM/PAA IPN
. a 1647 cm™'
1539 em ™ PNIPAM 1
I} 3306 cm ™' N—
H . b 1708 cm™"
PAA C=0
3125 cm™! O—H
c a b
PNIPAM  PAA
2.3 PNIPAM/PAA IPN
IPN
PNIPAM 5
PNIPAM
PNIPAM/PAA IPN
TEM
3. U PNIPAM
PNIPAM
3 a
PNIPAM

3 b PNIPAM/PAA IPN

PAA PNIPAM
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pH/TEMPERATURE DUAL STIMULI RESPONSIVE MICROGELS BASED ON
INTERPENETRATING POLYMER NETWORK STRUCTURE

YANG Jun' LIU Xiaoyun® YAN Jie® LI Lan’ ZHA Liusheng' *
U State Key Laboratory for Modification of Chemical Fibers and Polymer Materials
2 Research Center for Analysis and Measurement  Donghua University ~ Shanghai 201620

Abstract The microgels with interpenetrating polymer network IPN  structure based on poly N-
isopropylacrylamide PNIPAM and poly acrylic acid PAA were synthesized by seed-emulsion polymerization
using redox initiator at room temperature and the less crosslinked PNIPAM microgels as seeds. The microgels were
determined to be composed of PNIPAM and PAA by Fourier transform infrared spectrometer FTIR and the IPN
structure in the microgels was confirmed by transmission electron microscopy TEM . The results obtained by
dynamic laser light scattering DILLS  showed that the microgels had good pH/temperature dual stimuli
responsiveness without any marked interaction. In the case of the pH of the aqueous media > 5.5 the PAA
component in the microgels had no effect on their volume phase transition temperature but when the pH of the
aqueous media was 4.0 their volume phase transition temperature was slightly decreased due to the formation of
hydrogen bonds between PNIPAM and PAA.The pH stimuli responsiveness of the microgels was enhanced by the
PAA content within the microgels.

Keywords Poly N-isopropylacrylamide  Poly acrylic acid  Interpenetrating polymer network Microgel pH

stimuli-responsiveness Temperature stimuli-responsiveness





