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PEG {EARBAFNR(N-RRERHEHE-co- N HER)
KB M RE R

KER RUX BLM RLHET

(RRASEFEEATREER SYEATSFHNEEREAZRE AR 8072)

# E 1l PEG400,1000,6000 AN , ERT —RAR(N-F R B H MBI -co-FIIERR) K BB BT 50T W
A FRABREREENEN EREW RLZ-MOEEOAFTFALIRAA AS 51N PECHTE
A ANEE FEEFANACER LEERLZ AZERTUSAESHN AL T BNEKROELX.
BB R TL G WA R AR Tk b, B LR B bl S R AR RO PEG A TR K LB EHMEE,

W) o7 S5 4 A B R BR

X@E BEES, BV-REERSBRE), RAHMK, KR, X7, RZT¥

B (N-7 N E R BERE) (PNIPA) X i FE E 4L
BHESEE, ZRTFTETAR. G TFERSBH
BOYEEAEGNABCLU LN, B4 THE5IH
B, MOKBW RIS K, ZRRERIETRE
(7, ) B% % K W A 75 2 I JF (lower critical solution
temperature, LCST)!' =) . A5k PNIPA /K@ REFEIR IR
TR, BERT LCST HERE®E, &K
BKA, BRI X RS PERRS 2
R T A=Y B R R AR 4 R S, 2 A 4 )
BT B ALY A ET %,

HERTHAKKN PNIPA BREBIBER
TLCSTHI KSR BB EEE SR EMIE, B
HEmRE, B KL TR, T B B i Ak
W8 ANTR IR — F 77 i 1 % th B W BZ PNIPA
AREEE, WA BT B AGIA B,
Lo E BRE S F LIRS R
JBE S BFL A e T o 45 K FL PNIPA BERE .
X F &R PNIPA BERHETRE M E A
PNIPA BEE — ¥, & BCAGR, AEHLEANK
VCHER. BLMFEKLEKERTURS
PNIPA #%E B (] LCST, {H - R 15 %€ B2 ) 1 S0k
H EEEENSRAESEHTRE FRER
R E #Y IR B SURR K BRI

BISCHM™ AT PEGE000 N R FLF, il &
T AR w5 AR B KL R oK B A L

AE A F & PEG ML, &8 T &5 NIPA
PR RER, TR T RALA a7 A
) 3k FE R B 2 ) , 5 Pk BE R ) L X K B 0

1 ERHFHS

1.1 &7

N-R VI T4 Btk (NIPA) ¥ H £ B Aldrich
NAE EARMMECK/ T EELE R, AR (AL,
SHTE) , WE LEERAF ERAMER . BL_
B 400, 1000, 6000 ( PEG400, 1000, 6000), N, N’-1E
B B TN S BRI (BIS) , iE BRERER (APS) #1 N, N,
NN 7, B (TEMED) 3924 43 7 4 i
.
12 B(NRATEFREBRB-o-FHR)
[P(NIPA-co-AA) 17K BEBEET & FE

HREEMBRITRCGRE AR B—F
B B ik (NIPA, AA) . ZBE A (BIS) Fl A L 7
(PEG)HE T 2 mL 7K &1, L APS #1 TEMED & 4t
B3 &EFET20C5 EE A RN 24 h. KB 5K
aL BB, M AKEN 3 K, HEEREILD
feh B 4 2 1 K B 2 L L 7 R SR R LAY R R B
EREBRESFREREL
1.3 KEEHEMRE

KERTHEKWKERAES T4, 8 KBr it
BEE R, 3l 2 HAE 400 ~ 4000 em”™' 2 B P9 Y 40 4
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i RS % 8 A PerkinElmer-2 £1 4h 0%
ENME BERTARKSGERFT, REWE &4
B, # A Hitachi650 74 A1 1 1B 4 85 W 2% 4% %
ECSUEET O

Table 1 Feed compositions and samples 1D of P ( NIPA-co-AA )

hydrogels®

Composition
Sample ID
AA(ul.) PEG400(mg) PEGI1000(mg) PEG6000{mg)

PNIPA{PNHO) O 0 ] 0
PNA, 1 0 0 0
PNA,p 150 1 150 ] 0
PNA 00 150 1 0 150 0
PNAgpo20 1 0 20
PNAgyo 80 1 0 0 80
PNAgo0 150 1 0 ] 150
PNA 0300 1 0 ] 300
PNHgopn 20 0 0 ] 20
PNHgyg 80 0 0 () 80
PNHggo0 150 0 0 ) 150

* The amounts of NIPA and BIS are 100 mg and 3 mg, respectively.

1.4 RERABRMER

KEB WV HERE(SR)E XN SR =
(W, - W)/ W,. 7 25CE 46 CTEE M, 4% K&K
BEFARBERZE®RA P ER BULER, A
BEAEABELZREAS, WERRHBE W,,
KERES TR, AETE V,. 48 SR EZHR
754 T A TR AR T A R B 60 C IR K 38
S A [ 2] 5 B R, W S K M IR O ik 3
FEKFER(WR)ENLR WR=100x (W, -
W(W,-W,), W BEE—NZEKNER,W,,
W, L.

2 #R5i1e

2.1 KEEBMEH

APST Z B Fk#l B B &R 5, TEMED £ 254
RBERATINREAS LN M#T. MASIERE,
BRRHER, BEE U hEEEEL2ES. WA
8 PEG 43 1% 76 2488 B K0 45 7L i A48 4R, H A &
S5R&RMN RETHEE S TRAKRS, FLFERE
FERERE PSR P . Bl SCIRTE T B2 A PEG6000 iy i L
M, & L PONIPA-co-AA) B BE, BFFE T 8 B (4 ] i
PeEE!™ R T RARS T B PEG FA [ AL
AEMEREENE W, & L& F PEG400,
PEG1000 1 PEG6000 154 ALK E B —F 5 P
(NIPA-co-AA)BEE N 1 FTn TR BB E &

B, B R AR R TR R TEMREN &
AREMDE.
2.2 KRR AILL S0

IKBERL I AL 41 Y6 3% ML 1. P(NIPA-co-AA) 8
JBE A £ A1 W Wi A S PNIPA HE B JE 8 2518, 3200
~ 3600 cm™' 2y OH F1 NH A48 48 #= 50,2800 ~ 3000
em™ 'y B A M0 R VR RIBR S8 Uk 3 TR UK, 1649
em 'HEERE I L,BT C— 0 B M4 ESN, 1546
em 'AHBERI¥, BT V—HNEEIES, 1387
1 1459 cm ' A—CH(CH, ), MR i . AA ) Bk 3
Wi F0 NIPA I ERH I Uk B & . £ 1050 ~ 1150
em WA MEINHRE A c—0—C Rk, IR PEC
STFREREEBESBRRYRAN BESS
R B, OB JE BBk 2 .

PNHgp00150

NAgo0p150
NA 609150

PNA 400150
NAO
PNIPA

1 1 1 1
4000 3000 2000 1000 0
Wavenumber (cm™)

Fig. 1 IR spechtra of porous P{NIPA-co-AA} hydrogels

2.3 KERHEEERSHK

B2 RKERHEBEREL MNBFTHE
HPNAOBEC R R LB H A HEHRA
EEF . BRALH PEC Y F RN ERNE NG HE H
B, FERBA AREMWBHE, ILEMR
K™ PEG400 FI 1000 B9 4 T & i/, PNA,, 150
M PNAw 150 BRI A — L F 2044, EHF
85 & . fin A PEG6000 148 19 8 i B4 8 B B KA
EH,MAMPE BB E, LERK. &1
PNA4 20 A K PEG ¥ B8/, B BB FL 12
/vy G I PNAg, 150, PNA, 300 B, I A PEG
BE AREHEFAE.
2.4 KREROBKE

PNIPA 4% | A 35 7K W Bt i 2 B (—CONH—)
FIBiK 8 FFE(—CH(CH, ), ), 7E PNIPA % K
FERNFE—TFEKGKEE, K TFHEHFE
EEAREABKSBURR S FHZE S @
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Fig. 2 SEM micrograghs of the conventional and porous P( NIPA-co-AA) hydrogels
a) PNAO; b) PNAwo150; ©) PNAwoo150; d) PNAgw205 &) PNAgy150; ) PNAgoo300

[E#EF{E PNIPA S5 E =R T 7T AR 3% T K
Fl2) ap B—Fb3EKMESIE 1% AA 5IA PNIPA
BERMNSAREBETEKBKL, &orELB
¥ K 4T 22 18] 38 Y S 1 (o B I D 45 B 3R
AKHE B 2 K, B7 LU= B B PNAO B9 SR {H L
PNIPA KB % MARILFER SR A BEFHZ
mE LA 3 BA AA B9 f KL PNA JKEEBLRY SR
SHEEMXARE, AE 3 7K, PEG 7 FRBEK,
SRBA,XEHNFFEKRH PEC FHEKRH
LA, USRS LIRS F RITHR T AL
FlAEAMEREETHBERENERE, B 44
A A [l & PEG6000 & BB A & AA B B 2
(PNH) 15 AA BB (PNA) WP HEKRELR
#E, T MR, BEE PEG6000 B A L, K
EEJE i SR X948 X, H PNA A9 SR &8 b A48 K. ¥ PNH
K.OEAFBREMSFLAHANE, 2T
K, LRAFAELAKS T, B M SR B PEG6000
B Imisghn . PNA & KK AA H 5, B8
PNA BFS IS5 7K ¥ Hr PNH B2 RS8R, Fir LI K SR B
x.

W k¥ Bk K R RS R4 0, SR AR BE K &
ity 2% 7T D435 B 7K %E i A0 1 BT R At N 3 T L
ER.ERTEEN SR LEG. BERENA
% SR ZH E K. MRE F R H] 33°CHf, PNIPA B
BZ i SR 2 BIREAR, %R B A PNIPA BERLHY LCST.
TF PNA B, 7€ 37°C A BT, BER B 48 K K,
SRZRB T, ZBEN PNABKWHETRE
(LCST) . 4B F F# 3 LcsT L Er, BB ® SR

—=—PNIPA
—o—PNAO

=7=PNA, 40130
——PNA4150

120+
l\LT

80

Swelling ratio

2530 35 40 45 50
Temperature (°C)

Fig. 3 Temperature dependence of the swelling ratio of
the conventional and porous P(NIPA-co-AA) hydrogels in
the temperature range from 25 to 46°C
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Fig. 4 Swelling ratio of the porous PNIPA and P{NIPA-
co-AA} hydrogels at room temperature (25%C)
* based on the feed compesition
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Fig. 5 Temperature dependence of the porous P( NIPA-co-
AA) hydrogels in the temperature range from 23 10 46°C , using
different amount PEG6000 as pore-forming agent

PNIPA B4 FHFABHEERTUEZR
TREMFETAF,SIFREFARD LCST &, =
S/E R RS, BEAKME R b A, BB T e W
Whok, RAMEE XMEILY RE®N
4% AA 3| A PNIPA £ERBE Pl f# H LCST L #A 3
50°C, [# K LCST A& B 37T CNFREL I 1%
B AN B TCER 1% AN R K EENEERE
BEROREN . 5] AEKAIA AN, K KIRE T B A
KK b {8 B K KR BB LA K B K A T B
BE/, SHAAL B AR S B, 72 PNA &
BMgT, FEE MR A BITHRAK/HEAF
# 5 I fiTH LCST k. PNIPA % B 5. % A
LCST /46 % 4 i 3t 28, PEC 4 F (XA H B AL &
FLoEERIE G , PEG UL, S B R AL A
LA, B e TR LeST d Al | . 2498 B T & 3
LCST A BB, KBRS T 4 Wi 4, SERE W 28 4k T 8
WRE, TR MK, B4 SR ZH AKX,
2.5 JKEEEHTIR Bk ¥

RS EE PEG SHERBEK N 1EM
0 WL 6. M AT LAE H, PNIPA B I H U4
MR 8, 40 min B {48 %K 7K 46% , PNAO,
PNA.y, 150, PNA i 150, PNAg, 150 43+ 31 UK 48 % K
54% ,69% ,79% ,98% , N A BRFLFI AT Li 48 & K 8¢
FE 4 W o7 33 €, RRFL ) A F 2R K, R Y Wi O B
HER .

Wz T 74 Bk B9 PNIPA BE R 67 B 4k
BRI AR, R M o,
EREER—ZER, B T2 2Ry die s, 5

—s—FNIPA
—o—PNAO
—ae=PNA 4001 50
=v-PNA g9
—+=PNAggn0150
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Fig. 6 Shrinking kinetics of the conventional and poreus
P{NIPA-co-AA) hydrogels at 60°C
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BHETEEEEE SR AEERI -C2EN,
BE2 Wk AR IE B & 1 R 4T, 0] S B RK T B Y AR
K7, SEERRE A5 kT
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PNAgy 150 BB M F E B R R BBRPKE,
[EE R E KIS AA 5] AT PNIPA 4T 1)
BWHBAKWSE S ERBER, B K o FELH
RELAS /7, PNA % Ji¢ o 0 45 7 R EE O A PEG,
HE B ) £ o = A AL, FLIE A9 R P BE PEG 4T &
BB T B R, B R B WK A F, PNA 150,
PNA o0 150, PNAy, 150 %E BX A9 W B 3 7 % tL PNA

e, 1 B o 7 5 A R
100 RPN A 0,20
—o-PNAS
—aPNAS 50
- 80 ﬁ = PNASY350
£ w0 ﬁ
£
= 40-
g L
= 20 Y\i ]
\
b
0 35 16 15 20 25 30
Time (min)

Fig. 7 Shrinking kinetics of the porous P(NIPA-co-AA}
hydrogels at 60°C, using different amount PEG6000 as
pore-forming agent
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A BLFL ) B B AS [, 5 M A o) R Rt AN
A, B 7 3 AL R B & PEG6000 Fii 18 8 I i Y&
HEBh 1% PNAGY, 300 B W 48 & FEF R, 7 20
min P Ik W45 EHE, 5 7K 95% BA B, PNA 20
PNA ¢ 80 T M8 89 EL 018 X B A B PNAgm-
008, RALME L, MEEENILEE L, LE
K Mgt K 4y F AT LAAR B 5 i, 5 30 B 3
B X T PNAGw20 S, 1A ) PEG6000 7,

RLAL S H B, FLER A K, BT LAUYR 5% 7K 2 2
1.

& LR LR E 4 F '8 PEGC AN &
T 7] P(NIPA-co-AA) K BERE, IR G BECE
KALEW, B PEG o TR AMBOB & Ay m, 5
B2 LA R 0 4 B 38, 1R A o B Y S A
Vi B S0 e, 38 A, e o B AR AR
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EFFECT OF PEG AS PORE-FORMING AGENTS ON THE PROPERTIES OF POROUS
POLY( N-ISOPROPYLACYLAMIDE- co-ACRYLIC ACID) HYDROGELS

ZHANG Jiantao, HUANG Shiwen, XUE Yanan, ZHUO Renxi
{ Key Laboratory of Biomedical Polymers, Ministry of Education , Department of Chemistry, Wuhon University, Wuhan  430072)

Abstract A series of porous poly ( N-isapropylacrylamide- co-aerylic acid) [ P ( NIPA-¢o-AA )] hydrogels were
prepared by radical polymerization using PEG400, 1000, 6000 as pore-forming agents during the reaction process.
SEM macrographs revealed that the pore size of the hydrogels could be modulated by adjusting the molecular weight
or the amount of PEG. The swelling ratio of the porous gels at room temperature was higher than that of the
conventional P{NIPA-co-AA} hydrogels due to the porous microstructure. When the hydrogels were transferred to an
aqueous medium of 60°C, they shrank rapidly to an equilibrium state and exhibited faster response properties.
What s more, the swelling ratio and responsive rate increased with elevating the molecular weight or the amount of
PEG . The prepared macroporous hydrogels have potential applications m controlled release of macromolecular active
agents .

Key words Temperature-sensitive, Poly( N-isopropylacrylamide}, Poly(acrylic acid), Hydrogel, Macroporous,
Poly(ethylene glycol)



