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N-isopropylacrylamide®} 7)1% 3% ZZgA 9 A
q&E ATl # AT

<o o>

4ol WA poly(N-isopropylacrylamide)[poly(NIPAAm)],  poly(N-isopropylacrylamide—co-
acrylamide)[poly (NIPAAm-co-AAm)], poly(N-isopropylacrylamide-co-N,N-dimethylacrylamide)
[poly(NIPAAm-co-DMAm)] 28] 3. poly(N-isopropylacrylamide-co-N,N-diethylacrylamide) [poly
(NIPAAm-co-DEAm)]& 7} #]Ql ethylene glycol dimethacrylate(EGDMA)SF 7HA) A ¢l
N,N-azobisisobutyronitrile(AIBN) & Al-8-314 gz Sgoz gAeqd.

TTEAY BE ATS 1A I L FEFAY A4 mEt zALEE T A
7b A JA5A40 AAm¥ FFEH U poly(NIPAAm-co-AAmM)S poly(NIPAAm) X T}
BEH S LCST7 Eghow, B3 o o] F715ke) wel B &9 LCSTE oL Fo}
Fot, ¥t GFRNIT 7 2549 DEAm#FY FEEA poly(NIPAAm-co-DEAmM)E
BBk LCSTZE 71 wked, F5EA A G#FA DEAmS ko] F718e] uwhet
Paulel LCSTE v volith

TEEAY BEulE FEFAY A &9 2L poly(NIPAAm-co-AAm)> poly
(NIPAAm-co-DMAm) > poly(NIPAAm-co-DEAmM)®] &£olglew, LCST T3 2 44
2 BEEHY

Study on the synthesis and swelling behavior of
copolymers based on N-isopropylacrylamide

Koo-Sik Yoon - Min-Ae Bae”
School of Chemistry and Biological Science
University of Ulsan, Ulsan 680-749, Korea
"Dept. of Science, Ulsan Technical High School, Ulsan 680-013, Korea
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poly(N-isopropylacrylamide-
and poly(N-isopropylacrylamide-
Also, the LCST was

HEE el A AHA, A

.

o

1.4 &

Thermosensitive hydrogels of poly(N-isopropylacrylamide)[poly(NIPAAm)], poly(N-
o] A

isopropylacrylamide—co-acrylamide)[poly (NIPAAm-co-AAmM) ],
co-N,N-dimethylacrylamide)[poly(NIPAAm-co-DMAm)]

The swelling behavior of hydrogels was investigated as a function of hydrophilicity

The swelling ratio of these copolymers were poly(NIPAAm-co-AAm)> poly(NIPAAmM-

co-DMAm)> poly(NIPAAm-co-DEAm) in decreasing order.

observed in same order.

<Abstract>
(NIPAAm-co-DMAm) which was prepared from NIPAAm and hydrophobic comonomer,

DEAm, the swelling ratio and LCST of copolymer were decreased with increasing of

copolymerization with ethylene glycol dimethacrylate(EGDMA) as crosslinking agent.
DEAm content.

and composition of copolymer. The swelling ratio and LCST of poly(NIPAAm-co-
AAm) were much higher than that of poly(NIPAAm), and as the AAm content

increased the swelling ratio and LCST were increased. On the other hand, in the poly

co-N,N-diethylacrylamide)lpoly (NIPAAm-co-DEAm)] were prepared by free radical
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Poly(NIPAAmM)& EWiztAd Xz o
alkyl side groupdl] 7]%% dugA 329 7
F 8.5k},

Poly(NIPAAm)e] &l E Okano S5'7¢] N-isopropylacrylamide$} acrylamide®] 2%t
Aol e BEAL SEwste] wa FAEFOH, Wang F°& gole w¥AE
NIPAAm# TFFAA TFFAY B& A F9 Hdo] 2EE ZRA6g L, Yan Liu
s a4 TEFAE NIPAAMT FTF5EAA o859 H& 54
Tenhu 57°¢ NIPAAmE 2540z AAAA o5y A% &
Grasshoff 5%l <8 NIPAAm® @Y %4 2 acrylamideste] 3=
o gk A7 BaEdt.

21 F7HA Poly(NIPAAm)2] &l ofg ufi
d TEFAE TEFANA @A oY HE A

e B Ay 3E 2EE Hste 54 AR o @A AAm, DMAm,
DEAmME AHE3to] poly(NIPAAm), poly(NIPAAm-co-AAm), poly(NIPAAm- co-DMAm)
22 1 poly(NIPAAm-co-DEAm) 5 4 79 &R A& F439 4 2F, A5
-5 AE D ALY A3 2E S dste A #E EA #Ee Agn
om ofE oA Ao AL WIE dodE FHAH i

m-1. Aok 4 717

Age] Al€38 N-isopropylacrylamide(NIPAAm, Aldrich Chemical Company, Inc.
USA)E 18 Al n-#itell A AZASH @E Az A7 g Agstgden, MAAR
A+4-%¥ N N-azobisisobutyronitrile(AIBN, Junsei Chemical Company, Inc.)2 o g2 o] A
AAZee AREEATE n-FAde A 34 FHAY EPE S 55 JYEES 4ol 74
A A ALLstH o, b AGEL HAASA &3 adE AL S

7tal FHAE A7) #std F271F AL, §4" FEAE syl Yskd
UnicamA}2] Mattson 5000 224 23 ZF=AFT-IR)E AH&34).

0-2. =gA9 g4
I -2-7}. Poly(N-isopropylacrylamide)2] ¥4
100m¢ T vy Zekx=o] NIPAAm 100g (8.84 XlO'Zmol), EGDMA 0.17m¢, AIBN

0.14g% ¥ 3 dimethylformamide(DMF) 10.0m{Z Z =< & 308 5¢ Ax d4=2 27
E A@sle] Eg23 &9 A4AE AASAY.
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Table 1. Feed compositions of poly(NIPAAm-co-AAm) hydrogel

Feed
AIBN
()

DMF
(md)

EGDMA
(mf)

AAm
()

NIPAAm(g)

Sample code

10.0

0.17
0.16
0.17
0.16
0.17
0.17
0.16

0.14
0.14
0.13
0.14
0.13
0.13
0.14

0.0

0.5

10.0

AAm- 0

10.0

95

AAm- 5

10.0

1.0
15
2.0
25
3.0

9.0
8.5

8.0

AAm-10
AAm-15

10.0

10.0

AAm-20

10.0

75
7.0

AAm-25

100

AAm-30

* EGDMA was 2 mol% of the total monomer.

AAm-X means poly(N~isopropylacrylaide-co~acrylamide) containing X wt% of

acrylamide.
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M-2. 3FEA & A%

M-2-7}. Poly(N-isopropylacrylamide-co-acrylamide)®] & A%
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dojitil ¥ 2ndAME e 2xd Ugd EHAIZ ol EEAS) NIPAAmQ]
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Figure 1. Temperature dependent equilibrium swelling ratio of

poly (NIPAAm-co-AAm) series.
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N-isopropylacrylamidee] 712 F5@A 47 B& Asd B I+ 7

e

M-2-4. Poly(N-isopropylacrylamide—-co-dimethylacrylamide)$] & A%

Figure 2] poly(NIPAAm-co-DMAmM)Y #& AFol 2x9 €42 el uth

AAmMTe] T poly(NIPAAm-co-AAm)¥= 2¢] DMAmMmY F5EE poly(NIPAAm-
co-DMAmM)E LCSTHET 2 2%oA poly(NIPAAmE T 2318 H&H7 o @i
ol DMAm® 4] NPAAm® AR ok LCST eofdte] w2 koA
poly(NIPAAm-co-DMAmM) 9] 2 2% F3o] I3V vt F, AAme] o[ =719
Fa7t fEZlz 88 wet B £ 2 T & Qe v Eo] FAs A W §
Fgo| ZAastgrt wHel LCSTETY &8 2Xd s DMAmMS o] ZF713Hd) ulel A9
BEHE Eobinh o]AL2 DMAmY o] S7isel wEt F5EA U9 NIPAAmS] o] &
o} isopropyl group®] Zrastgor o2 <lF] 2gid AT Eo| ZaHe] T5go] FIHHIUTh

DMAmS] o] Z71842 F3AL 25 g B Uzxr} Hojxx LCST7

| =

NIPAAm®] A#o] Auifez T3}y
DMAme] 2% Ao g 93 A5d 2T
of LCST7t ¢ oAt

FOZARZ AAmS 283 poly(NIPAAm-co-AAm) 2ot DMAmE Agdte] &A% ¥
%4 poly(NIPAAm-co-DMAm)ol Al #&ule} LCST7F ¢ @A degEd o3
DMAmS 4&%FAo AAmET Adides =4 veygi =3 £422¢FAQ N-H9 H
7} ez AgEH7] g o F£42 AF 8o Rolxr] wWEelztn A4

1000
—e— DMAM 0%
800 - —O— DMAm 5%
—v— DMAm 10%
—o— DMAm 15%
S 600+ —#— DMAm 20%
s —0— DMAM 25%
-(.93 —o— DMAmM 30%
o 400 -
£
B
2
@ 200
O .
. T : . :
15 20 25 30 35 40 45

Temperature(°C)

Figure 2. Temperature dependent equilibrium swelling
ratio of poly(NIPAAm-co-DMAmM) series.
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Ao 2 MEAMNZ dA=Ho] IAFAHF 182 HE

Brvh. DEAmS AAme] H3] 4 AY FHol A3 EoX7] w9 polyNIPAAm-co-

DEAmM)S] &4 poly(NIPAAm-co-AAm)Y] #H&¥aEo R 24 Yeidd. S, AAm9
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Poly(NIPAAm)°] 43} DEAm%e] ZZFFA¢ poly(NIPAAm-co-DEAmM)Y H-&97}

ol woru DEAm®] o] 713 wat W&u7t Z4sY 2 LCSTE Ropxled oA
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F7F g% ol Aoz LCSTZF o 2ol A "o,

B&o] e &5 YR ER DEAmS §Fo] F71EE Hojz e oA DEAmY]

o] F71&4E A o] £ 49744 NIPAAmS] ¥o] #Z4shr] gl

2L H
Emﬂ o

o 2 o

ot

1000
800 - —o— DEAmMm 0%
~O— DEAm 5%
—v— DEAm 10%
. —~ DEAM 15%
g 6004 —&— DEAm 20%
3 —0— DEAmM 25%
5 ~&— DEAm 30%
o 400
£
B3
=
w 200
0 d
15 20 25 30 35 40 45

Temperature(°C)

Figure 3. Temperature dependent equilibrium swelling
ratio of poly(NIPAAm-co~-DEAm) series.
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N-isopropylacrylamide®] 7} % F5849 493 #4 AFd A9 4F 9
AAm)Y] Eu7F 78 =A JERRTh o] RS AAme] Aol Bdte NIPAAm#F 35
FHo e A FFHAN F2 2F 5ol SUHY] wFolo gFAY J5Ae A
=+ AAm> DMAm> DEAm®| ¢4 ol @& ¥F5EH e FF5EAY
B % poly(NIPAAmM~-co-AAmM)> poly(NIPAAm-co-DMAm)> poly(NIPAAm-co-DEAm)
co2 #AAHUY. DEAmFA Y FF5 A< poly(NIPAAm-co-DEAm)e] 714 ¥& =3
& YeEUdEd olAL Ao 714 7% DEAmS &4 g&olth
STEA L AFAo] ZFEFE A9 HHo] Lol ¥ ARHE AAUE AL F

T ATH

[tlojg,r‘:{o

o
me of &=

LS
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1000 ~ —o— NIPAAM

~—— NIPAAm-co-AAM
—w— NiPAAm-co-DMAmM
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800 A

600 4

400

Swelling rario(%)

200 A
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Figure 4. Swelling ratio of poly(NIPAAm) copolymer containing 5% of comonomer.

1400
—&—~ NIPAAM
1200 + —— NIPAAM-co-AAM
—w— NIPAAM-co-DMAmM
1000 - ~{~ NIPAAm-co-DEAm
3
S 800+
®
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=
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@
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. . , . —
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Figure 5. Swelling ratio of poly(NIPAAm) copolymer containing 15% of comonomer.
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Figure 6. Swelling ratio of poly(NIPAAm) copolymer containing 25% of comonomer.
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24 T T T
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Figure 7. The change of LCST as a function of comonomer content.
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