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Qo e%/pH 784 FZFFAA poly( MNisopropyl acrylamide-co-acrylic acid){ poly(NIP-
AAm-co-AAc)]E @A N-isopropyl acrylamide (NIPAAm)®} acrylic acid (AAc), 7}A]
A 2,2-azobisisobutyronitrile (AIBN) & A}£-3lod dioxane &0 £ojA gl)zt 2o o] A
stk olmf FEEA W AAce] 4ol 10, 20, 30, 40, 50 mol% 7} H=& A& T, 4—%*’-'!
Aol A poly(NIPAAm-co-AAc)2 23 (cloud point, CP)dl] mlal= £ & BA7 4

o] 9&& poly(ethylene oxide) (PEQ)E Adisld pH 2.0~7.49] oA Zk}ﬁ}ﬁt}
PEO9] #zl8ke 4x10% 6x10% 1x10% 1x105% 1x105Q1 & Aesle ALsdn g3
A EFFEESPYPE o8] FPIA FEAdNM poly(NIPAAm-co-AAc)e] B4
pH, 384 Fo AAc §3, PEO9] Bx8 o] & 4&8g @itk =%, pH 2.0, 3.0, 5.0, 74
A= PEOS] 717} poly(NIPAAm-co-AAc) F#4H9 B3 & 9L nixx| ggtor} pH
4.091 5= PEO (M.W. : 1x10% 7} #8718 poly(NIPAAm-co-AAc) $8l9] 242 PAAco}
PEO Ajo)o} 12t 42 %0l 28l PEO7 H71EA] & ALKt} w8 2504 Yehdo).

ABSTRACT: Temperature/pH sensitive copolymers were synthesized by free radical
polymerization of N-isopropy! acrylamide (NIPAAm) and acrylic acid (AAc) in dioxane using
2,2-azobisisobutyronitrile (AIBN) as an initiator. The poly( N-isopropyl acrylamide-co-acrylic
acid)s [poly(NIPAAm-co-AAc)s] were prepared by varying molar percentage of AAc in the
copolymers. The influence of inter- and intra-hydrogen bonding on the cloud points (CPs) of
aqueous poly(NIPAAm-co-AAc) solution was investigated in the pH range of 2.0~7.4, mak-
ing use of poly(ethylene oxide) (PEOQ). The molecular weights of used PEO were 4x 102, 6Xx
10% 1x10% 1x10° 1x 105 respectively, and the CPs were determined by UV/visible spectro-
photometry. The CPs of the aqueous poly(NIPAAm-co-AAc) solutions were affected by pH,
AAc content, and molecular weight of PEO. At pH 4.0, the CP of the copolymer containing
PEO (M.W.:1x 105 was higher than those of the copolymer itself due to intermolecular
hydrogen bonding between PAAc and PEO.

Keywords: temperature/pH sensitive polymer, inter- and intramolecular hydrogen bondings,
cloud point, lower critical solution temperature (LCST).

#2lof A23d A5E 1999d 9¢ 755



M

A e B L84 B4 E Holgprt B
e oj4o] Hu ¥ & F&HE el
Z, oA g8 = (lower critical solution temper-
ature, LCST) &' Yehlle &5784 2EAEd
T A7} 2o de) AdPso] ofF AL A&
923 2aly)et g aad° o E° 5o a3l o
£33 ok o8 F79 AR A3 HE3e= £
53] &5 7847 pH 2848 & FAd 7HA=
e 2% /pH 284 A of

e e

EAl
2y

A AE g gko)
& A7s Rasm ok’ ex /pH

= e el £x 784 483 pH 284 4%
& £ Zgshe 144 nEAelt. old FR

183 sojl=zAe 259 pHol wWg HE=s
LCSTe] @sjo] 43 ABH &4 e Yehdn’

LCST A%& vehi= AEHY 1E8Z poly(N-
isopropyl acrylamide) (PNIPAAm)+ 32~34 TC
oA ERE Abde] ALY Uehly]l
PNIPAAm &loj=222 3t&3d FHdA 2
olla} ¢4l AT AT tdezA Py sl
A olgxm Uch1%! PNIPAAmS] LCST+ o
EFY H7HIE o8 doz == Fed
2} & ggstAl A48 = Aok olAd 53 e 9
# 571 AFH71E R B3R 8P
Au, 28z gdo F4o,B @M £ AWy
£151° ¥ra71s wg ol Aok

A AFYAE 25 724 E Ad N-iso
propylacrylamide (NIPAAm) =} pH 7ZgA4& el
W acrylic acid (AAc)E &7 FHAA 22/
pH 784 A poly(NIPAAm-co-AAc)E
FA8ta, F7H2A poly(allylamine)(PAA) %
poly(L-lysine)(PLL) F¢] ¥ol24 nEAAHZ
A F, nEA-TEAe] FAH7NA A
o3 23N Aol PNIPAAme} B3 (cloud
point, CP)dll ulx]& Je A7 v} AP

2 d3olA= H7HEIE  poly(ethylene oxide)
(PEO)E dd3td nEA-IEARY F2ZA R0l
poly(NIPAAm-co-AAc) £ e PNIPAAm

olE

UE
A

o

=

9| CPo| oH@ J&e nA & 718 ZAEIL BZ -

3ot

756

4 H

Ajet al 7|7|. 1,4-Dioxane 3 N-hexane (Duk-
san Chem. Co.)& F#& AAs7] 43lH Na/
benzophenoneketyl 2588 #FA17 § FEZ7F31o
AME3ldel.  N-isopropylacryl amide (NIPAAm,
Polyscience) 2} 2,2-azobisisobutyronitrile (AIBN,
Tokyo Kasei Kogyo Co.)& ZZt toluene/ N-hex-
ane (1:9, v:v%)3 methanol/chloroform (1 :5,
v:iv%)E olgsld YAFE F AU Acrylic
acid (AAc, Junsei Chemical Co.)&= Z¢5F (37.0
~39.0 /10 mmHg) 3l F¥1 EEES AAT
% Alg3lgch Poly(ethylene oxide) (PEO, Al
drich Chemical Co.)& STAIYS EAE (4
10% 6x10% 1x10% 1x10% 1x10%2 F4i3ld
A}38t9ch.  Sodium hydroxide®} hydrochloric
acid ¥&89 (Katayama Chem. Co.)& 13 Ajt
£ a2 AHE-stgh

FT-IR spectrat KBr 4 €d#gl& & & FT-IR
23357 (Bomem MB 100 Spectrophotometer)
£ ol&3ld FA3sidth &k Wi ©E FR=E
25 247] (HP89090A Peltier Temperature Con-
trol Accessory)7} &gl UV/VIS E33x=A
(Hewlett-Packard 8452 A Aiod Array Spectro-
photometer) & o] &3l FA3Act. & Al&e] pH
pH meter (Orion 420A)& o]&3led ZA 3y

£

2 A €38 ddn 4FA
dza BAM7) (Perkin Elmer TGS-2
Thermal Gravimetric Analyzer)& o] &3¢t}
Poly(NIPAAmM-co-AAc) @  &tA. s
NIPAAm3} AAcE 748 558N 2 3584
o] gAe A EA AIBN (949 0.3 mol%)
& AR} 1,4-dioxane £1f (25 wt%)ZoAl 3
3t o} of NIPAAm] of§t I3 AAce]
mol% 7} 242z} 0, 10, 20, 30, 40, 50, 100 mol % 7} &
Al #4381} o] oj2] feed compositiong Table
1o vehiglol. £E42E AASN A9 714
AA= 2087t bubbling Al ¥ 24 E9)7] 3l
Al 802 TollAl 5A17t FQt whgAI ATt v)ukg- Gt
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Table 1. The Feed Compositions of NIPAAm and AAc in Poly(NIPAAm-co-AAc)

code(mol%) NIPAAm AAC AIBN? dioxane"
PNIPAAm r:ol 6.197%010-2 1.8%23110" o
Poly(NIPAAm- co-AAc 10) r:ol 5.576>'<310-2 61%i4170'3 1.8%23110“ o
Poly(NIPAAm-co-AAc 20) r:ol 4‘9555510-2 1.2%%0—2 1,8%23110'4 948
Poly(NIPAAm-co-AAc 30) rfol 4_334>'<910*2 1.82.:?;)0‘2 1.8%23110“ o7
Poly(NIPAAm- co-AAc 40) x:ol 3.714>.<210'2 2.421830-2 1.8%23110“ e
Poly(NIPAAm-co-AAc 50) o 3.093;510'3 3 1%i7f0-2 1.8%23110“ e

% mol% of AAc in the poly(NIPAAm-co-AAc). ¢ AIBN as an initiator (0.3 mol% of monomers). < Dioxane as a solvent (25 wt% of mono-

mers).
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Figure 1. FT-IR spectra of poly(NIPAAm-co-AAc
X) (X is moi% of AAc in copolymers). (a) NIPAAm,
(h) PNIPAAm, (c) poly(NIPAAm-co-AAc 10), (d) poly-
(NIPAAm-co-AAc 30), and (e) poly(NIPAAm-co
AAc 50).
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Figure 2. TG curves of poly(NIPAAm-co-AAc X) (X
is mol% of AAc in copolymers). (a) PNIPAAm, (b)
poly-(NIPAAm-co-AAc 30), (c) poly(NIPAAm-co-
AAc 50), and (d) PAAc.
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44920 Poly(NIPAAm-co-AAc)dl u]xl& PEO9] 48 A% AF

Table 2. pK, Values and AAc Composition in the
Poly(NIPAAm-co-AAc) Copolymer

comonomer AAc

. AAc composition  pK,’
feed molar composition pos 2

(mol%) (mol%) at200)
0 0 -
10 138 5.14
20 21.8 496
- 30 329 4.86
40 35.8 4.79
50 458 4.77

“ The pK, values were obtained by the titration method.
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Figure 3. Absorbance at 450 nm of aqueous poly-
(NIPAAm-co-AAc X) solution against temperature at
pH 4.0 (X is mol% of AAc in copolymers).
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Figure 4. Absorbance at 450 nm of aqueous poly-
(NIPAAm-co-AAc X) solution in the presence of PEO
against temperature at pH 4.0 (X is mol% of AAc in
copolymers, M.W. of PEO: 1 x 109).
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Figure 5. The doud points of poly(NIPAAm-co-
AAc) and poly(NIPAAm-co-AAc)/PEQO against con-
tent of AAc at pH 3.0 (M.W. of PEO: 1 x 10%).
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Figure 6. The cloud points of poly(NIPAAm-co-
AAc) and poly(NIPAAm-co- AAc)/PEO against con-
tent of AAc at pH 4.0 (M.W. of PEO: 1 x 105).
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Table 3. The Cloud Points of Aqueous Poly-
(NIPAAm-co-AAc) Solutions against pH as a
Function of AAc Content

AAc content pH
{mol%) 2.0 30 40 5.0 74
10 27cC 28T 31C 40°<T »
20 26cC 30C 31T * -
30 22¢C 21t 34T * =
40 19C 24¢C 37T - =
50 17C 21C 49T = »

* The cloud points were not observed below 70 C.

Table 4. The Cloud Points of Aqueous Poly-
(NIPAAm-co-AAc) Solutions in the Presence of
PEO against pH as a Function of AAc Content

AAc content pH
(mol%) 20 30 4.0 50 74
10 27C 29¢ 31C 39T -
20 27C 30cC 32T » »
30 21c 27t 38°<T - x
40 19¢C 23T 40<C * »
50 16C 19T 52°<TC - x

* The cloud points were not observed below 70 C.

334952 CPE 4z Table 37 Table 49 Azl
gl pH 49 7353 A 93 poly(NIPAAm-
co-AAc) F£45} poly(NIPAAm-co-AAc)/PEO
Efq499 CP&= A9 Hlxd koA et
ol pH 3 oldlllA = AAce oj23irt A Y
sx go}® Ea} Abgo] §Asl] W] EAp
FaAfo] $A85L pH 5 o] dollAE AAce] o]
3l71 ol Mo} Faolo] dalx7| wia &
Al Ee BRI FAaFFe] AL o)RoXA] e
YA, pH 4 B2 AAce] o237t o= A%
Aol nR2} Aze] A 8ol F71H7] wEd
AR 2 el vjs) £ ARl 43
g EQl ez Algdrch T3 RE FEEAE9
CP= pH7F 718l wet 1202 o|Fshz Zd
pH oj&A4E& Jepliled, Table 29 +5€ Z
FFHANES] pK, &7 #HAUE pH 4~5 o]}
A ol2sid FI2EAT|ET ] AV whady
o] FFHAUY £F47IA olaZ2Tr|E &
A-254 BEFAEE HHEe 1ia) kg 3
o] dojuiz] A el uie}t Ado] dao] AletA

#2|of A]23A A5% 19994 9€

"% PEOS| 9@ B¢ 47

56
54 |
s 52
IS
[]
oL
B 50}
o
O
48
46 Lt oot ead el
102 10° 104 10° 10° 107
Molecular Weight of PEO
Figure7. The cloud points of aqueous poly-

(NIPAAm-co-AAc) solution in the presence of PEO
against molecular weight of PEO at pH 4.0.
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PEQ Atolo] Ex1zt #4239 A& I
VA, EAFo] F7HETE  poly(NIPAAm-co-
AAc)e] CP71 #oHe Ag JEE 4 Aded,
ol 49 ZdA PAAce e Ril=BAs
3 dH2Aloldlz FAAHo] BASE driving
force7t uj¢- oF3l7] w2 PAAc-PEO E{A&E

o oo at ¥
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N-isopropyl acryvlamide (NIPAAm)3%} acrylic
acid (AAc) 258 2% /pH 784 &= poly-
(NIPAAm-co-AAc)E @43l &% 9 pH ¥z
o W& CPE Z%3ln poly(NIPAAm-co-AAc)
£88 = PNIPAAm®] CPd ujx]= PEOe] J&
& 2A 23 Oe e ZEg YT

1. pH 2.0~7.4 AjelolA pH7} F71gel wet
poly(NIPAAm-co-AAc)e] CPE Z7}3l¢it}.

2. pH 2.0~74 ApoldlM FFE Z3t poly-

(NIPAAm-co-AAc)e] CP= pH 4.0u]gidj4
AAce] mol% 7} Z74e4% 2485, pH 4.0 o]
2ol AAce] mol% 7t 37185& Fvisiac.

3. Poly(NIPAAm-co-AAc) 894 317t 4
AZ%o] 848 # Jd& H7H PEOE ¥ u
pH 4.09|4 CPE= Z7}s19®, ¥7bd PEOe Bz
&o] 10000 ol 7397 poly(NIPAAm-co-
AAc) 489 % PNIPAAm® CPo u]x& 27
2 axrt Jehd e 3EE £ A

ZALe] 2: o] dAFE 19979 3=t
A7) %A Y] (95-03-00-08-02-3)¢] x| ol ot
Aoz old ZAl=gUth
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