—
=

o

53 4]
2010 4£3 A

¥

ACTA POLYMERICA SINICA

i1

No. 3
Mar. , 2010

FUR
&2

2554

ol

BEEHRARERER &

x * FNF RAE"

(BTT R

e > TALSA DRI DIRER T AR T A EL A

FHE  KHE 300071)

B B AR N-5 NN MBI (PNIPAM) BUSE A AL — J= N-53 49 2 9 0 BE I/ T4 4 TR 3L SR 1
(P(NIPAM-co-AA) ) FEMIIMEAT IR T — RIS A5 AL TIREI . TUBE I 78 J2 5% B2 BB L 1) 58 ik e 1 VL) 184
BTN, WEFE T pH =3. 5 IS B B IR AR FUARFL A2 47 . th T PNIPAM 1 P(NIPAM-co-AA) 72 B AR F
ARt BEAR T , PRt FOWLEE 3 — M ARELAS. 7 EDC AL T i 3-Z LR ANIR 15 7 J2 b B R 5L O, B 4 Tl PR
(PBA) 5 ABUBEIE , 15 514% ) PNIPAM 5220 P (NIPAM-co-AMPBA ) (K% 7 25 K ROBE I AP I 1) U i 2 B
3 AR BUHE A I B P — XL T P (NIPAM-co-AMPBA ) 52 JZ (9 /R BURT e A2 45 — RIS =4~ 2
PNIPAM A% ARG AL ik fe . i TAEUIVE R G 3R] BIS S MM SR, PNIPAM A% 5K AR 34— JE A BIS & &
P %7 R BIS SRR 527 BIS SRRy 72" BE— R K ) P(NIPAM-co-AMPBA) e 5, i K T H
AT R AR IRLEE A 22 50, DRI B T RE T B P A AL S e PBA AT A TSR I ) Ao 2 L T 2

R, (HAE A AR A 18 TV IR I UL B

KR R N-SRNEENIGBERG , OBEIL , B-Seaim, A R

A TR B R R TR R AR R (self-
regulated insulin delivery) fEAR H& A {2 1fil 4% 7K S B
Sl B B 2R R A, e TR0 JBR I 2R R
PR A A UBA R B 5 R R P
Py SR A 2. Kataoka 2512 89 31l 46 1T LA
T S 4 e W U e 1 A 2 R BBURROK BE . 5
RILBEIAH L , J8 T AR ¥~ Y1 W 1) ol B Jie B AT
W %7 S FE PR, AT 3 S 4 2 SO0 A, SR ARAT W T R
TGRS FRATT B il 4 T — & 2
TR M SR ON-S N RN I IR IR L BE IR
(P(NIPAM-co-AMPBA) ) " i 5% 2 W] i F i 5k
I X AT A AR 1 i 7, Rt A g 2 AR B A &R
Hh R A WG 2 0 T T, PR A B T ET
H R Y B R AR R

HRAE Lyon 45 BYMFFE, 5B V-3 T 255 D9 445 9k g
( PNIPAM ) TR e 71 2 JB % 2% I g 5 R £ 22 W)
A0 M 7 B M R 4% 4 ] B R P NIPAM-co-
AMPBA ) fBEIE H Ui T A T Wi R, PRy
Jid iy TR AR T REAFAE S LR A B A
SCBETH A T — R HA S A R OB,
A% o PNIPAM, ¢ 4 # %5 #F B B
P(NIPAM-co-AMPBA ) . PNIPAM #% 75 & 15 F 4t T

TR MCAR S, R D 1 5 2% S 28R AL, i ] 2 B
1) P(NIPAM-co-AMPBA ) 52 J22 JU n] FH 4 i ik 5
AR MCR . B B A% 7 4 Bl i T B B v JR
HENINE A

1 SEIGERS

L1 3R

N-55 79 5 TN 0 Tt e ( NIPAM) (N, N'-3I7 I 5
KRG (BIS) (1-2, 8- (3- I L JL N 3E)
Wkt — e ER IR (EDC) (3-Z BL AT R 1 it 12
R (APBA) DL K+ — e JE Bt 2 4l (SDS) 1 A
ACROS. iR EE (APS) [N R (AA) F1% %5 4l
T B KAk 2R 4 & 28\l NIPAM. 7 1F & %/
PO P E A . AA SRR ZE .
1.2 #ZEMERIHEE

2.800 g NIPAM .0.060 g BIS LJ } 0.116 g
SDS %5 T+ 200 mL 7K H, 3 &R E I in# ] 70°C.
1 hJGHMA 5.0 mL0.06 mol/L APS 5| R 4. X
NFE 70°C #4715 h. AKEHr 1L = R A
PNIPAM T 5ERAZ R

¥ 1.400 g NIPAM .0.030 g BIS 1 0.113 g
AA T 50.0 mL 7K, T 5 7 i &5 1 W, 0. 570 g

#2009-02-24 Wi Fi ,2009-04-13 &7 ; BB 3 B bR AL & 1E W H (5545 2007DFA50760 ) H1 20T #1405 3 40 20w 5 (4 %
20070055079 ) BT H 5 # 3 AIE R A , E-mail ; yongjunzhang@ nankai. edu. cn

280



34 K BEEE MSTAH A AT U I 1 1 7 281

SDS %5 F 50. 0 mL 7KL A% SDS fiff & 15 . #c3% 1
HH R C 7R A ] B A9 T e A% V5 W L SDS K IR
B I ABRE I I FE] 70°C, SR JE A A ) 5T
BRI, 45238 2 30 min J5AMA 5.0 mL 0. 06
mol/L APS 51 &R 4A. RN FFEE 5 h. Kz 1
JEalifk. P24y B 4% A PNIPAM (75 NIPAM-AA
W) (P (NIPAM-co-AA ) ) 11 4% 7¢ 5 1) T BB 1
CSMI ~3.

Table 1  Recipe for the synthesis of core-shell microgels with

different shell thickness

Core Shell 0. 06 mol/L
Sample  solution Water SDS solution solution APS

(mL) (ml) (mL) (mL) (mL)
CSM1 25 58.75 10 6.25 5
CSM2 25 52.5 10 12.5 5
CSM3 25 40 10 25 5

VKK B 0. 233 ¢ APBA F10.239 ¢ EDC
T 45 mL KA, FE% N 5 mL PNIPAM ( core )/
P(NIPAM-co-AA) (shell) #%7¢ W0 BE ¢, [ 1 7E UK
KU HRFEE 4 he BTk 2 K. A1 CSML ~ 3 X i
(AR BIR 2P 1 A% 7€ T S 53 Sl A ic i CSBMIL
~3.

T3 B BRI T A T A% ST IR IR
HLAA A T8 2 0.700 g NIPAM . 0.015 g BIS J%
0.057 g SDS ¥ T 100 mL 7K, i & B A IF it
#70°C. 1 h JFHIA 1.0 mL 0.060 mol/L APS 5|
KB4 HE 100 mL £ 0. 700 g NIPAM 0. 050 g
AA 0.015 g BIS 0. 057 g SDS }% 0. 04 g APS [fi%
VW, B AR A . RN AET0C T ## T4 h J5
P BT REI A B 10 mL, 1 b inse. i
SEIGAE T0°C QK247 4 h. afifb Fnek P AE LR 1.
FIFAR SR SE e ISR e ol CSBMA4.
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90°.
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[F 7 2 V5B A A e S AR R M . T3k o 7 12 Wil 7
T H A A g PNIPAM % A A A & /Y

P(NIPAM-co-AA) 52 [ — Z B 4% 7c 45 ¥4 1ol o5 i
CSM1 ~3.
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Bt o PRI 7 ik 26 Y TR ) B TR . A
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R E R A R P 78 3 B WA A S TR Y pH
T IGIRAY pK, (297 4.25) I, BUEE IS IR
PR A T AR A BEIR S R 1R A1 -5 T i 2 A )
FAER) B P(NIPAM-co-AA) 72 )22 M A2 T
JEME SRR DR A e 2 B e A i R AR 4
AT, MR T FRATT R BB B — A e A i 2
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Fig. 1 Phase transition of the PNIPAM core microgel and
PNIPAM ( core)/P(NIPAM-co-AA) (shell) microgel at pH =3.5
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Fig. 2 Phase transition of the core microgel and PNIPAM
(core) /P(NIPAM-co-AMPBA ) (shell) microgel at pH =
3.5



282 s

T S

E 2010 4F

FFHFE 2 P (R R IR FE T LR SRR L A1 5 A
+CH2—CHHCHZ—CH)7
t=o

=0 APBA
| I
II\]H Ol EDC
CH
N
H;C CH;

BAVERTSC P B ZIE I, 3R S Ry Hh AR R AR
AL ILT-J2 100% . 5] A KR I 1 )5 #%
SR (1) 4% 475 & PNIPAM, 1fij 572 J2 W) 52 b | &
NIPAM F1 3-T5 s B Bie 56 28 o /2 19 3t 2R 9
P(NIPAM-co-AMPBA ) .t 4 B 2 5 i /K 1R
SR, 3X —JE AT Y 5 | ACKSE T 3h5e 2 AR A A IR R 1 R
KPEARG. i S 2 38 [R) AR 4 10 Tl v e AR s AR TR
JE 2 17°C.

ARBR O S 1 A% S S8R CSBMI ~ 3 [ AR FH
FHELARAT R 2 iR, nf DL 852 )2 R 7%
STURE AR % A2 AT Sy S 8 O 25 BEAX AT R T
EMES AWML ZREMERER(FZZED
17°C %0 31°C) , S BCE 5 B A% 5e JoRnks 22 30
LB I T A% AT SR A% B ARG S (0 T S AR AR
R SRS R UE A IR k. qn &l 2 R, 3 F
K5 E URLBL - #4032 A B B S 0 1 A R A A i
T2 ORH WS MO, XF o )2 R R 1Y CSBM2 Al
CSBM3 , bi (A4 g 2 21458 Bt o ik B2 0 T e
ZE80N , RN T 58 U RS X Foe 2R AR
/NG CSBMI, HARSEARAT Ry W) 5 REAZ AR B AH G

FRARIRER I & B0, 4% 5e AUk A R 4 AR SIE B |
S 3 AN B 04 A A AR o AR A AR 1) ke
CSBM2 AT AT LA 43 B th 43 Bl 4E 2 15°C [ 21°C il
28°CHEAER 3 A/INAHAEL AR ani&l 2 i =k firi.
X3 A/ IN AR A A8 A X ERAR G, PRI IR A A A AR
FLE T2 — H T R .

Richtering 2" ] DSC #F 5% i, i8R 5¢ WO I
FHALARAT by 0 s i AR BG & BRI AZ 72 S e 1 3
T3 AR R SRR IR A — I AE
AT AR, FRATTIA R 7E TR Ak R v s B 5
— AR AR SRR AT A 258 P (NIPAM-co-AMPBA )
FEJE WIRIEEAS T 48 — RN E = AN A8 3 7 0 Al )
455% PNIPAM #% (4 4 5% 22 . PNIPAM 4% 1) 9 1~ AH
B AR R R T AR AN ) P

AR SCR ) 28 BRI 28 ) BIS. AR Z
VEFAE B i F BIS JZ I 1% 74 %5 F NIPAM,

TR 722, RO U R 2R,
+CH2—CH);(CHZ—CH)7
t=o ¢

! =
Il\JH NH
CH OH
N /
H,( CH, B

OH

PNIPAM F g v BIS & ft H PN ] A1 3 3 B 1K
RIS G5k T DL Lt H A% 5e S5 b 4 A, B
£ BIS /1 “587 F1 BIS S En A% . “ 727 (AH
AR AR T A (R 3K b 25 BIAR /N, X ik
38 1) PNIPAM faf B¢ e L 30— A AR A A2 3R AT
W R BRI AR REY K P (NIPAM-co-AMPBA ) i ¢
JREH A% I SE B X I (5 EL R R A A
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S EBEAEN 2 A AN, H—
H1 T P(NIPAM-co-AMPBA ) 52 ]2 1) 353 B3 1M 7 A5 1Y
BUMESE Fe AR, W i K M 1 P (NIPAM-co-
AMPBA) 52 1t 75 S A . 3 PR J7 11 A A FH # fil
“57 2T PNIPAM £ %) T R4 | RECL AR,
AR B A, IR R T R B 258 R R
527 43 5 2= B0t — S AH 55 A% 5 B2 PNIPAM
(#%)/P( NIPAM-co-AMPBA ) ( 7%) 4% 5% 18 58 & 11
gEFNIE 3 FR.
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Fig. 3 Schematic illustration of the structure of PNIPAM

(core)/ P(NIPAM-co-AMPBA) (shell) microgel particles
The PNIPAM core can be further divided as a BIS-rich “core”
and a BIS-poor “shell”.
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Fig. 4 Hydrodynamic radii of PNIPAM ( core )/

P(NIPAM-co-AMPBA) (shell) microgel CSBMI ~3 in the
presence of glucose at pH =9.0 and 25°C
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Fig. 5 Phase transition of PNIPAM ( core)/P( NIPAM-co-
AMPBA) ( shell ) microgel CSBM4 in the presence of
glucose at pH =9.0

[ glucose] =0 mol/L ([J), 0.002 mol/L (O ), 0.004
mol/L (A ), 0.01 mol/L ( V),0.03 mol/L( <) and
0.05 mol/L (¢ ), respectively pH =9.0
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SYNTHESIS OF GLUCOSE-SENSITIVE CORE-SHELL MICROGELS

GUAN Ying, LUO Qiaofang, ZHANG Yongjun
(Key Laboratory of Functional Polymer Materials, Ministry of Education ,Institute of Polymer Chemistry,
College of Chemistry, Nankai University, Tianjin 300071 )

Abstract A series of core-shell microgels with a poly-( N-isopropylacrylamide) ( PNIPAM) core and a poly-
( N-isopropylacrylamide-co-acrylic acid) (P ( NIPAM-co-AA ) ) shell were synthesized. The shell thickness
increases with the increasing feeding of the shell solution. The thermosensitive phase transition behavior of
these microgels was studied at pH =3.5. Only one phase transition was observed because the volume phase
transition temperature ( VPTT) of the core was close to that of the shell. Phenylboronic acid (PBA) groups
were introduced by EDC coupling of 3-aminophenylboronic acid with carboxylic acid in the shell of the
microgel. Three phase transitions were observed in the PBA-modified core-shell microgels. The first one was
attributed to the transition of the shell, while the second and the third transitions reflected a heterogeneous
structure of the core which originated from the fast incorporation of the BIS crosslinker during precipitation
polymerization. The VPTT difference between the BIS-rich “core” and the BIS-poor “shell” was enlarged by
the coverage of the hydrophobic P ( NIPAM-co-AMPBA ) shell. The glucose-sensitivity of the PBA-modified
core-shell microgels was revealed by their increasing hydrodynamic radii in the presence of glucose, however,
the increase in particle size was limited because of the non-glucose-sensitive core. The phase transition
behavior of the PBA-modified core-shell microgels in the presence of glucose was also studied. With increasing
glucose concentration, the VPTT of the shell increased and approached to that of the core. As a result, the
core-shell microgels presented only one transition at high glucose concentrations.

Keywords Poly( N-isopropylacrylamide ) , Microgels, Core-shell, Glucose-sensitive





