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ROk gHZoA X0 wWHE w©ge UehlE  poly( MN-isopropylacrylamide)[poly
(NIPAAm) ]2} poly( A-isopropylmethacrylamide)[ipoly(NIPMAAm) ]2 o] F17l FF & ¢]
Ao} @Aty 1 43l WS dhsle] A7stAt. Poly( M-isopropylacrylamide-co- N-
isopropylmethacrylamide)[ poly(NIPAAm-co-NIPMAAm) &= dioxane  gulafells] 2,2
azobisisobutyronitrile (AIBN)&  7AA2 3slod AP en, 7ladFHFA=  dimethyl-
sulfoxide (DMSQ) £ul3toll ] 7}2A] ethyleneglycol dimethacrylate (EGDMA)9} N N'-
methylenebisacrylamide (MBAAm) & o} &-3le] A3t 25U 2] NIPMAAmSE] grol
0 wt.%ollA 100 wt.% 2 2718 wel 233Aue] AYAEE2= (LCST)7E 29.5 Coll A
48 co] ex7tx Zvisidrh 7tuAle FFHd wWE HugEEAe AeEs I8 ThaA
MBAAm?| #3o] 271842 & AEEE Ueriddh F3 ojgo] Uehlle 4dol 2=&
AmzzgAad el NIPMAAmME] %ol 0wt.%olA] 100 wt.% o2 F71gel wat 32 Collx] 42
T2 E718e s

ABSTRACT: The phase transition and swelling behavior of opolymeric hydrogels composed of
poly( M-isopropylacrylamide- co- N-isopropylmethacrylamide)l poly(NIPAAm-co-NIPMAAm)]

in aqueous solution have been investigated. The homopolymers and their copolymers differing
in the mole ratio of NIPMAAm to NIPAAm were obtained by free radical polymerization in
dioxane using 2,2'-azobisisobutyronitrile (AIBN) as an initiator at 60 °C for 5hrs. The
crosslinked copolymers were synthesized from NIPAAm and NIPMAA with crosslinkers such
as ethylene glycol dimethacrylate (EGDMA) and N, N'-methylene-bisacrylamide (MBAAm)
in dimethylsulfoxide (DMSO). The lower critical solution temperatures (LCSTs) of the copoly-
mers were increased with increasing NIPMAAm content in the poly(NIPAAm-co-
NIPMAAmMm). The swelling ratio of the copolymeric hydrogels crosslinked with MBAAm was
higher than that of the hydrogels crosslinked with EGDMA. The LCSTs of the crosslinked
copolymeric hydrogels were also increased with increasing NIPMAAm content in the poly
(NIPAAm-co-NIPMAAm).

Keywords: lower critical solution temperature (LCST), cloud point, swelling ratio, polz(N-
isopropylacrylamide- co- N-isopropylmethacrylamide), phase transition.
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Scheme 1. Synthesis of poly(N-isopropylacrylamide
- co- N-isopropyl-methacrylamide) [ poly(NIPAAm-co-
NIPMAAm)].

F ¥oixl AL methanolyd Eo EZFLa[(100,
75/25, 50/50, 0/100) (v/v)%]el a2 HR)A|#
ek EW S AASE B2 83 Aold 3 4
T 3zl A2 Foll 2441705 20 H AEA7
3 72A17HERE 50 CollA dARAZ E gx R
FTLE oA ARAIA Fv)sych

S5eHle] LCST ZAN. 22849 1.0, 50 2
10.0 (wt/v)% 84L& 247} A =3k UV-Vis &
PPEAE o]&3led 450 nme] YA Tt A
25 CAM 45T =g 2TCH Z7HN7EA
F3Ee] ¥3E FY3ld 2yl g2 LCSTe
ZA sty oh e

JIHEEEH S 220 e WA 5.

FAS2of 28t EX: 71 E poly(NIPAAmM-co-
NIPMAAm) 3179 Bl i H4EE A5
Azt AzAID Aol RAEZ A ZHn
20mLe] FFFdA A F L5E 12 TN
50 C7HA 2 TR F7MAIIEA dAFeEdA B
=28 s3de] BAE FA3HY. 234 rlaEE
T FHe] B B& ARz AANALH, o
o] HEEE ohga) e o s gy

r

g

o] FAl, Ws)
of S, Wp)

3

i,
M

(
(

W -&-& (Swelling ratio) =

iy

LA HoHol oS HX A LTNA HEP
=2 A il WFEgrd Y3 AaUE
Bl A 25~300 C7HA] 20 C/ming &5& Z714)
7I8A 253l g FRERE FARAY o
st} A3ttt

X MNE &£H.

ARREAIEZIAIY - 250l 1.0, 5.0 2 10.0

Polymer(Korea) Vol. 22, No. 1, January 1998



MN-Isopropylacrylamide®} N-Isopropylmethacrylamide® 74 & 5 2

~3

(Wt/v)% &AL Azd 3
o dFuE 4709 Yo WEy)
60 T74] 10 C/mint.2 &%
ojAl e FEvlojag &3

EFA ENY: I 2 NEFEINEL 5~
8mgH FHale| WFGrld] Y FAVE sl 30
~500 CT7HA] 20 C/minE £E& Z7lA7)HA &
STHisle] a2 A 2489,

O£05mg® Hs}
slel| A 25 CellA
s A7IEA A

p4=

Rl o "
'~ O

(I

40 8 F

NIPMAAmMS| gfol. 48 NIPMAAmMS A9
IAEHR acetone™ p-hexaned o] &8k -3t
APEES A mp=88 C, R;=0.52 (methanol
chloroform=1:9)]. FT-IR 2"HEHA 23}
amide®] 2}¥ band7} oy, 3290 cm!, 3310 em™,
Uc-y 2900 em™, peag 1654 em™, weo 1607 em™! 2
ve=y 1541 em™, 1459 cm 'O A Uehl= Aoz 3§
AEAEE ERIT = AUt 'H-NMR 2" Eo|xs=
olFAYe] T4t 427t 5.29} 5.6 ppmos Ea|s o]
UEten, olamzdrle] a4t 4.09 ppmel A
nEzlel eas 27 119, 1129 1.15 ppmoi| A
Uebdo 2 FYENULS EA" 5 o) 13C-
NMR 2#lEddld= 7l2Rd e 47} 168.08 ppm
ANA, o]FZPL o] F= &a
ppmoll A 22t Yeldn od
23.12 2 14.84 ppmo| A YE}Z
FHEUSE A & Ak

SEA A 7tuEeAe gel. FT-IR ¢ 'H-NMR
of ot I A GaM Yehdd g
1607 cm™ band7} ZASHEAM vy 1654 cm’!
band7} WAl Jebsta, @Al Yehdd 5.2 ppm,
5.6ppme 4 Fojzvl AlgHo=zAM  poly
(NIPAAm-co-NIPMAAm) 9 7t2g& 87t ¢
AHEAEE FAF 5 AU

SSEHIY LCST. zt2te] 3589 el 54
Aol Mo =g glsle xdsld wE LCSTE
248 A5 282 480 255} 1.0, 5.0 2 10.0
(wt/v)% 22 ZF7185:% poly(NIPAAm)F& o]
LCST7 24zt 32.3, 29.8 2 29.3 CollA Jehgdm,
poly(NIPMAAmM) 88 ZA¢E= 47.0, 450 9

< 119.087} 140.89
gars 74z 1911,
NIPMA Amo]}

e

#2|H A229 A1z 19983 19

ot

4 2 B4

@ a7

fuc)

41.0 CAM 4 debdoza m8a} 890
=7t A ASE Fal B 2xdlal Uehys A
A% YA} w3 SgAYo] TRl EnE
AR skal FEEANS] NIPMAAmS Fe
10, 20, 30, 50 ¥ 100% 2 Z7}N 73 AnE
7 1.0% FZHA &Y poly(NIPAAm)
ST&Y0] 32.3 Tl Yehl= v "atz 32.7,
33.3, 34.3, 36.3, 40.3 2 47.0°Ce & 2544
LCST7F vebdtt (Figs. 1~3). Poly(NIPAAmM-

iy o we off

-
S

co-NIPMAAm) FZ33 o] NIPMAAme! ek

ol F7HEFE 323 CAA 47.0 Co olz= =
S&olA Aol 7t Yehde He NIPMAAMS o
g 1A ERshs WEsz Qe YE o)
A Ab-31E 2 4E S et gFeln 1
A F2 BRI} Faso] nBal- o7ty 4
I frelaly] gEo e 2T oz
Uebl= Holgt AT wepy sabw Lzl
o] o] Belror Hrp Be oA E2x}o of
B PR FAREZR] &0z ulel dialv)
Yot Aoz pakgn
DSCol| 2i8t M™o| 2o AY. #5847 =
d AL FHil 2RE 25 ColA 60 THx
10 C/ming] =2 A5A7|8A 4bdolA] Frwty
© §€ Folz9 A (Th.0S 8 2y 2
FEAgel  NIPMAAmMS] o] 10 wt.% o)Al
100 wt.% 2 Z718FE F4dsolarl 33 ColA
34, 34.6, 35.8, 36.9, 40.7 ¥ 48.7 C 2] L&)
A deRdon, ol UV-Visdl os) w#zat
LCSTat#t= oA sigint (Fig. 4). T8 2534
TE&Ae] =7t 1.0, 5.0 ¥ 10.0 (wt/v)% 2 Z7}
45 o B 22X Fauolart Yehin 4
HojAl s = FEvjolas] wWHo Zrlsl= A
ol Uebsdth (Figs. 4~6). ]9} e A= ni
Ao Fx7t A A-E a2 As e
F71sta® faslo] Y B2l ojgn mEajzt
o &Fol g0l wEolgtn mAHC S px
A 9 =7} 1.0 wt. % o] 2 (NIPAAm/
NIPMAAm)e] ZAu)7} 70/30 (wt.%)Ql HLx=
36 TollA do)7} doldrt. DSCol 28 AHd
2E9 M EFFEAES 0|48 LCST 27
AREZHE poly(NIPAAm) ©=o] viehy

o o7

rir



484 A8 - HdA

NIPAAm
1 4 NIP/YIPM5
NIP/NIPM10
;00 s
g s
o NIP/NIPMSO
£ 0.6 1 NIPNAAMm
o N
Q L=
2
< 0.4 -
0.2
0 - :
20 60 70

Temperature (°C)

Figure 1. Absorbance at 450 nm of 1.0wt.% poly
(NIPAAm-co-NIPMAAm) aqueous solution against
temperature according to the NIPMAAm content in
the copolymer.
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Figure 2, Absorbance at 450 nm of 5.0 wt.% poly
(NIPAAm-co-NIPMAAm) aqueous solution against
temperature according to the NIPMAAm content in
the copolymer.
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Figure 3. Absorbance at 450 nm of 10.0 wt.% poly
(NIPAAm-co-NIPMAAm) aqueous solution against
temperature according to the NIPMAAm content in
the copolymer.
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Figure 4. DSC thermograms for 10wt.% poly
(NIPAAm-co-NIP-MAAm) in aqueous solution ac-
cording to NIPMAAm content in the copolymer, (a)
poly(NIPMAAm), (b) poly(NIPAAm-co-NIPMAAmM-
50), (¢) poly(NIPAAm-co-NIPMAAm-30), (d)} poly
(NIPAAm-co-NIPMAAm-20), (e) poly(NIPAAm-co-
NIPMAAm-10), (f) poly(NIPAAm-co-NIP-MAAm-5),
(g) poly(NIPAAm).
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Figure 5. DSC thermograms for 5.0 wt.% poly
(NIPAAm-co-NIP-MAAm) in aqueous solution ac-
cording to NIPMAAm content in the copolymer, (a)
poly(NIPMAAm), (b) poly(NIPAAm-co-NIPMAAm-
50), (c) poly(NIPAAm-co-NIPMAAm-30), (d) poly
(NIPA Am-co-NIPMAAmM-20), (e) poly(NIPA Am- co-
NIPMAAm-10), (f) poly(NIPAAm-co-NIP-MAAm-5),
(g) poly(NIPAAm).
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Figure 6. DSC thermograms for 10.0 wt.% poly
(NIPAAm-co-NIP-MAAm) in aqueous solution ac-
cording to NIPMAAm content in the copolymer, (a)
poly(NIPMAAm), (b) poly(NIPAAm-co-NIPMA Am-
50), (¢} poly(NIPAAm-co-NIPMAAm-30), (d) poly
(NIPAAm-co-NIPMAAmM-20), (e) poly(NIPAAm-co-
NIPMAAm-10), (f) poly(NIPAAm-co-NIP-MAAm-5),
(g) poly(NIPAAm).
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Figure 7. Temperature dependent equilibrium swell-
ing ratio of poly(NIPA Am-co-NIPMA Am) gels with
EGDMA as a crosslinker.
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Figure 8. Temperature dependent equilibrium swell-
ing ratio of poly(NIPAAm-co-NIPMAAm) gels with
MBAAm as a crosslinker.
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Figure 9. TG curves of the swollen poly(NIPMAAm)
gels with EGDMA and MBAAm as crosslinkers, (a)
EGDMA 1mole%, (b) EGDMA 5 mole%, (c) MBAAmM
5 mole%, (d) MBAAm 1 mole%.
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Figure 10. TG curves of the swollen poly(NIPAAm-
co-NIPMA Am) gels with MBAAm as a crosslinker, (a)
poly(NIPAAm), (b) poly(NIP-AAm-co-NIPMAAmM-
10), (¢) poly(NIPAAm-co-NIPMAAm-20), (d) poly
(NIPAAm-co-NIPMAAm-30), (e) poly(NIPAAm-co-
NIP-MAAm-50), (f) poly(NIPMA Am).
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