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Abstract

In this work, we discussed the synthesis, properties, and
application of ¥-isopropyl acrylamide (NIPAAM/Chitosan
copolymer latexes. The NIPAAM/Chitosan crosslinked latex
was synthesized by emulsion polymerization. Anionic initiator,
ammonium persulfate[ APS], and cationic initiator,
2,2°-Azobis(2-methylpropionamidine) dihydrochloride [AIBA],
were used to initiate the polymerization respectively.
Therefrom latex particles of different morphology were
obtained attributed to different reaction mechanisms, We
changed several variables such as the proportion of Chitosan/
NIPAAM, the concentration of crosslinking agent, solid content,
the content of acetic acid and the content of initiator, and
discussed their effects on particle size, reaction rate,
zeta-potential etc. in the emulsion polymerization. We also
studied the swelling and thermo-sensitive behavior of the film
made by NIPAAM/Chitosan latexes. The effects of the
proportion of Chitosan/NIPAAM, the concentration of
crosslinking agent and the pH value of environment were
discussed.Finally, we discussed the application of this latex on
drug release with different proportion of Chitosan/NIPAAM
and different concentration of crosslinking agent. Their effects
on drug capsulation and drug release were examined.

wE

AB% 25t -B & X% 7 M %R (V-1sopropylacrylamide)
Fofh TH 8 (Chitosan) 89 £ Rt & - M K ERF #—
Bt - a4AF T MELHRAILESHFELSE
NIPAAM #v Chitosan ¢) R ¥ Mt L X4 - 35 R b7 1
A 3% # APS (ammonium persulfate}fo i 72 42 45 8] AIBA
(2,2'-Azobis {2-methyl propionamidine)) » 3F+ £ -4 & ik o
TR - AP TRES & RSB O
Chitosan /NIFAAM (L - SEM AR ~ b d4 - B4
¥ SMSF - EREF FIANNILAMLLEA
S BEBER - ABTHEMSAGBE - ERAKMABEH
SAESRE Y - RIF A El A4 |58 - Chitosan /
NIPAAM b - ZMERIRA » A pH S 2 B £ HILB M
MR BRAWMETHBE - Bk S FLFEY AR
e 455 F) Chitosan / NIPAAM i) - SEBMRET - #5
EHeRARGERGEYE -

AE

#iniE ) B (drug controlled-release) R & A
1960 FMLEXHEN > LOMENERBERAE - £H
wAEHERERT B4 (target) - AR FH A
BTEHRGEAARNGRARE F T2 895
:-QRRAMBR ETHI R RPRESR IR

B Ry EhYu G RhTHY B RREERE

HTHESRBHERBFLRR  FISREHNBETRS S
B BN~ EHEBGRBMT (Hiv: SHRESHL
BRE) HAHTI ML EM UKV S WL mmd
HBE -

HUEH M SR TR 40T 4 e ()
4o | PH - light - temperature... } M2 » MMM MEAER R
¥ (intelligent materials )} - f£30 £ RAG K20 A7 B i
E#HE- .

X T #k 4 4 #H LCST ¢ Lower Critical Solution
Temperature) 2 REKERE5F > LRAEBHBHESFF
REARIMAREh- P - BERKEH S FEHLCST
EMBLATE > EFETREFF (F%RBE<LCST)
RAREN  RFLURAA TR MA B SR —2ua

B g MAEHHARRTBHIS

HRperABHm e A (HE>LCST) BRAESHEHE
g FRARAESE THRMSLELETR T SHER
B4hAT R AR -

B BRI AHERE ST THOHB 4 NEA
BRARFTHER . LE M & LB S 8 %4
(FEHEREAR)FTRAENHRASS LB E Ak
Titgz & R RBEAR LS RHL -

%

L% &-% &% &% & 8% (Misopropylacrylamide -
NIPAAM) # T % & (Chitosan) Z B %
NN -methylencbisacrylamide(MBA) - #& 4 # ammonium
persulfate{ APS) - 42 45 #{ 2.2°-Azobis(2-methylpropionamidine)
dihydrochloride ( AIBA )~ 8% 8% ( acetic acid )~ S4s2 8 (PTA)
spwedk B ( Caffeine) ,

2.4 g polyNIPAAN-Chitosan 3 % 3,58 9k - KM HL T Ao A
NIPAAM B4 - MBA 3 # - Chitosan ~ £ 8-F 7K - BE& -
AERBTREFMEGH - AEE 50T - 3% 300rpm »
fardse A 0 B 3 6§ o 2% Chitosan B X B E -
JEAAHRE AR ERZIUERENARERES LS 25
ZWE - FHAAREREHEMRETF AL pHY - pH7 - pH? 2
ST T Rtk (SR swelling ratio ) = SR(swelling
ratio)= (WeWy3 /Wy E¢ v W, AERPRNEz
RE-Wy: #5hzR T~

4 E BRI B RESHFERE 2L Caffeine
solution 423 & 2720m 2 UV & Jc 4k + 3 2 Caffeine =
Calibration curve s B4 W2 R r S RILABRILA K
i# 7 Caffeine &) & f B -

SHR 2z R FHNR

Process |18 4 47 B4 B4 4% & Caffeine 2 3554,
R ER 50g & 3TCpH7.4 S 88 B s vz b ik 782 B 2 o5
felBe i 2g #h %3 - Bl B4 R 2g #75E 37CpH7.4 S8k i 4
e Bl 2R S AT 2T20m 2 UV B w7 -

Process 2. 3830 14 sRfT B4 B3 18 & B & Caffeine 2 3%
HAERREHLF - TR TREH 1A LHFER
Process | »

Process 3 A TREBA LR 1K MiTRHBEHK M
AR F Caffeine 2 A K ERATHE ATETRERI
Fo B B A Caffeine 2 £ 6H FA T T 4R 0.6%
Z & THRBEREASR(BE25%)F I5afaal.
BAUWE HERTREE A THHRATESAELY
Z 4R A - L4 A0E) Process | - S N ML R -

HERHE
L.NIPAAM-Chitosan 5LAF £l 4 & 2 M k45 31 ¢

KL APS iz 45 % % 4 NIPAAM-Chitosan 8% + 7 8% Bl 04
£L 4 NIPAAM E Chitosan &y SLESR# » X AIBA B #E -
75 gk, & NIPAAM 4 ™ Chitosan 4 #h &% core-shell #£4% +

FBREEE oL APS(Fe 8T 4 ) B A 4 B % & NIPAAM-
Chitosan 8% * THFELAA BT =E ((—)-APS#HATH
A i: NIPAAM B R d di 4 » 4TRSS0 B R
B A A T 5 e polyNIPAAM Bidt » (=)~ 44 APS de sty
%A § NIPAAM R % £ § & Chitosan 4 #4735 & A2
# B, NIPAAM #e Chitosan & % R ILBM4r - (Z) RER F
#EE A Chitosan 2F «» ()R IH S EAF L
B (Z)#9E T4 Chitosan 4 F# it » iR Dz Mey
Al FE(—N=)a B P+ (Z)9EH Chitosan H-F4k
RELHGTRE QBB AR KR BESE
BAN > BA AL E | BENREAD
Chitosan 4+ FE 2 P ETH + B2 F4(—N=)840%
(=) 2 &4 Chitosan 4+ F R A L LB HGH AT 8



(=) A B o8 K 56+ #8 W (coaguiation) i $ & 69 ¥R
0 H3(Z) WEEH Chitosan & FHALBY L DTS
B MBI E S MPAEH - &
PR ES  EAR LT 0 THH £ 300nm o
EtmELSaHaaE  ARAESTHBSIBEHLETa4E
£ BiYRigRI Gl - £ TEM B LTA SR
AR ol B disdia Bt -8
b - PR K = M B B 55 4 4 polyNIPAAM A& Chitosan 49
A e TEM i St A TR (HFRE L(b))-
FlX » ot AIBA(KY 8T 3008 42 2 8] R 4 NIPAAM-

Chitosan 5§ + £ B 2(a)¥ T4 £[ 4 400nm fod+ nm £ & &Y
iRt - AR AR T F480E 0 Bk b s
AR M mas A% st APS Bz Bat k-
i S » Bl AIBA B a®eg - (—) (=)
AR S R (Z)IE S EE S o £ Chitosan #+-F8.7F &
AR LG BARDEE - Bt Mo Ene
BB sk ATBA Ade 5 R8% » MRS 00 SLAR DAL B4 80
A s bk o ¥ AIBA B de &5 855 - polyNIPAAM &
Chitosan % # E @ 47 - #k:P] polyNIPAAM & Chitosan &% &9
HERE HAEGXEEMNRE BE RTEM @R et
kB E - KB 5 APS AR A 64 B85 4 K polyNIPAAM &
Chitosan & fLEFMR4L » 54 ATBA Zpde 45 #5450 % 64 SLBLTH
#r & Chitosan( T & ;44 8 )& s -NIPAAM 45 9 &9 core-shel]
Sk (AWE b)) -

LI 2 A

BB 2 ME &k LTH L8 F Chitosan / NIPAAM
b i he « KB EF M ah G - RELE Chitosan &
SRR FEAURBE MBSN85 HiA
BAFBR-SR2ZTHE 2WAREEH RARER
R-BEBXTEMMNELS SRV ZRABIEN » Tk
HEELRER -

# 1. E] Chitogan / NTPAAM th {5l sk (B eg M {8
Chitosan/NIPAAM & $ b | Z &8 E | B
1710 83.68
2/10 3% 37.94
3/10 92.48
£ 2 SR { ; ;
SH2 AR | Chitosan/NIPA it E
0% 99.07
3% 3/10 92.48
3% 87.51

TEM : & Bl 3- B 4448 > & Chitosan / NIPAAM tk
MEH ALWMARETSHF - LML ES - RBZ
{EH L B2 F - Chitosan 3 T e me - §
Chitosan 49 F & % - N OEM MU AT THAL - &
B TIMWAMRE S U sl
B5 - HIABTARES) -

Zeta-potential © &k 3 T + 4 Chitosan £ F & & -
HEMMAL G TS - Zeta-potential s9 4 S A HAY - B
B & + 4§ Chitosan 4 8 dotd - JLARFdR b B A B APS A
EAGTATHNMLE BAE Chitosan (5 E B TP LEEH -
B 1§ Chitosan 4§ £ % Zeta-potential A FHR X A —F
W EEMAER AW polyNIPAAM &4 75 3K 25
B FHMERETH S Chitosan £4 &+ B b M L4
o BEHFEERS & Zetz-potential A4 -

F 3 [ % M AGE K W Zeta-potential( B (o mV)eh 1 %

0/10 [ 1710 §2/10] 3710 | 5710 ’
0% | -2.85| -1.60]-1.65 0.65] -1.15
3% | -335 -220-1.85 5971 6.87

3% | -2.90| -2.40|-1.05] 630¢ 3.73
B T R ke b B{H 89 Zeta-potential A% - & 4
TRE e ML APS (BT ) Siest RN ma
LAIBA (FEaE-F81 ) Sde sk 8oy S MM » & Chitosan
% NIPAAM { @ % & £ § 4 - 3 Zeta-potential & 45 25 # & -

4 5] At Zeta-potential & A (3
AL MEEN | 4k | Zeta potential{mV)
APS 2/10-3% - £.85
AIBA 36.35

3 9% stk A LCST 4%,

KL APS %45 8 2 NIPAAM-Chitosan i K + # fr#
25-35°C 2 ney LCST s WX B 2 Chitosan - & & i &8
B LCST 93 8 % /2 % A8 4k - £ LCST 20 F %+ Chitosan
STERLIHWMEERS s g8 - M4 LCST 1t
Lo RlA AN (H 5-8) R4 pH Rigd -pH £S -
MEETEE A 0 kit Ar 2 0 R F) Chitosan/ NIPAAM EoiH
ATE LMY RO ERFTHBE(N 5-10) -

HEREA® » Chitosan fo NIPAAM 2 ¢ + NIPAAM #
VAT R A o B ASENF ¢ Chitosan & F £ E(RY
NIFAAM a3t 88) r k&£ BB A b - 825 —14
BAERAL - AR NIPAAM HRFeHEARE - 28
Chitosan tb{f & %04 + & M& T NIPAAM M - &2
B & LCST 8% 1 T8 A4 bR 55 & Chitosan kL #
NIFAAM £ Z B L S &) R 05+ & 24 % Chitosan/NIPAAM #)
Eedel  MEAEE (frA 0-2 2 M) B 45 LCST W L%
NIPAAM 8k & 12 Chitosan &) 78 £ 40 & & M & T NIPAAM
&y 403m  MIEME LCST & K+ 4 Chitosan NIPAAM b {H
T W R B G - Flikay  EREE - TWAGE
Ead RSl BN B0 NIPAAM 5
M EETHAREILSE  HERN THA EHEBE
Pk Bl gbER L LCST 5L 185 - S HMRESE o8
EEE A RAGIE -

28 A ) pH g - A 4E pH £ % 2 32 - Chitosan
EHEFEFAMN L polyNIPAAM #AMH &6 - &N
tER AR A E D R2 0 4 pH 2% P Chitosan
e sk & & A polyNIPAAM SR Ar4F - BN A -
ok K AT

Thess MU B AIBA W BREE AT BAEMSE
£ pH4,7.9 P o (B 11-12) e £ The B 0 fo Wy L Af ik -
18 # R APS T35 B Bl 8% £ 4 NIPAAM A Chitosan 89 LB IR
dr 0 2% AIBA Aefi s o 73R AL NIPAAM 42 A ~ Chitosan &
#b &% core-shell SLAEMRA » B gt « & polyNIPAAM sk & B3
o g gt eh AL A5 4k 4 SRR Chitosan &y MM @ ik 5 di ik
HERMEM o MBI AR - B2 5L APS Bk
B2 JLREFAR IR R - Moaidn 48 5 NIPAAM & Chitosan %
Blapdp et fl - BOb © A7 3 A G 8 1 o9 NIPAAM T &
B R B IR E T RO R B e R R - & T A Blod B
¥ LCST -
4G WP Chitosan 4 ¥ 8 & L LBANEESE B
MLBEFH S (E 13- 14)- FRZLELLRAYE
Bl—& TR Z F - NIPAAM 3 Chitosan 5 #1465 B At »
4 Chitosan/NIPAAM b f#| & & (NIPAAM dasi ) oF - 4,
WRFRELAEACHEIE P LR B ]« Catfeine £ 8 F S MAER
AHANEY  F-FH-LEMMNLLET HRET
MM £ 8T B Caffeine ERSREAALEHL T -
SN = B IR A ) i,

fiMmBat Sird Mt ERA N KHFLET (Chitosen
WMESHREAT RS FERSEFT R EERE
ReBE 15-16 T 3 - MM % Process 3<2<] r Process3
BT HFLEROERT -

WA R E BAITCHIRIY  BEER
i B — - A4 200N & K Caffeine #& - 48
ERBERCY TR LAGK BHaITCHE  S&
ILAmERfmERFeR R = o Mokl £
3TC R 0 B — AR R T &8 th(swelling
ratio) * SbBEM LB K i AR ER LG TR A -
L HRFEET 1L Process 2 B » 18
Chitosan/NIPAAM th i &0 % iR E SR (WL i#—
HOEE) MARMALORPEIFE AN 24
Pt et A (EBfk —liEd ).



& |

W5 £ A4 ¥ polyNIPAAM/Chitosan &) SLER DR - 4
MERAER-T YRS ATBA LLERE T Hemd APS
T84 FFHL ATBA £ » LBEME 4% & Chitosan
4 ¢ - NIPAAM 5 M & core-shell s54k © 5L APS Bdedda% -
75 %, ] B &2, 4 NIPAAM & Chitosan &9 SLER S + 3 nise
FHFSLEAEMBEEEA LR R R LIS -

FE#R# * [ b » Chitosan / NIPAAM AR % » &4 %
BMAARS fACILBRAY ) £RAKAHE o
APS & & # # NIPAAM-Chitosan 5 K # £ 25-35C 2 &
& LCST » BLR#E Chitosan/NIPAAM b4 &, 3 5% 88 K 9 7
F ML Mok AIBA BAe s ER B E R KM - ARA
HFd £ LCST 2L F » Chitosan 4 R8T £ THARE L
W BB A{E ;£ LCST el b » Rl %48 K « K F e pH
P pH €& BME& N Bk 2 @K E Chitosan/
NIFPAAM L SR T WB AN BAN OB ERITHERE-
@Byt Chitosan 4+ ¥ £ % HLEWHMNAFLE

W RBeRERY - HARH SRR £ EHNK
K Bl % 3%5¥ » Chitosan/NIPAAM &6 » R EHER
o mEMMEESEEERA R AR DAL
Chitosan/NIPAAM 2 2/10 BE A7 » M AEF 5%e% » g8
By R A ) A2 B, -

FAXTER

1. Shiroya T., Tamura N, Yasui M., Fujimoto K., Kawaguchi H.
“Enzyme immobilization on thermosensitive hydrogel
micraspheres,” Colloids and Surfaces B:Biointerfaces, 4,
267-274(1995).

2. Gehrke S. H., Palasis M., Akhtar M.E., “Effect of synthesis
conditions on properties of poly(N-isopropylacrylamide)
gels,” Polymer International ,29,29-36(1992).

. Ataman M., Coll.Polym.Sct.265,19(1987)

. Rao 5.B., Sharma C.P, ] Biomed Res, 34, 21(1997)

5. Tarsi R., Muzzarelli R.A.A., Guzman C.A., Pruzzp C., J

Dent Res, 76, 665(1997)

6. Klokkevold P.R., Vandemark L., Kenney E.B., Bernard G.W.,
I Periodonto] 67, 1170(1996)

7. Muzzarelli R.A.A,, Biagimi G., Bellardini M., Simonelli L.,
Castaldini C., Fratto G., Castaldini C., Biomaterials, 14(1),
39(1993)

8. Muzzarelli R.A A, Zucchini C., Ilari P, Pugnaloni A,
Martioli Belmonte M., Biagimi G., Castaldini C.,
Biomaterials, 14(12), 925(1993)

PR

W 2. TEM (a) /10-3%AIBA {b) 2/10-3%AIBA 58 3 hEE &g K -

S (b)2/10-3%APS (c)3/10-3%APS

B 3.TEM (a)1/10-3%AP
(d)5/10-3%APS

4. TEM (a)1/10-3%APS (b}1/10-5%APS

et P11
—=l0le
——N0 1%
=50 1%

sl rae

H ] 1"© an

w
e prracarc(

B 5 f5£80F 2k F R 5 Chitosan/NIPAAM (e 2 58 4 9B L o B

i AR I8
UL NIy

B 6 45 WCHe 37C £ F A ¢ Chitosan/NIPAAM bofr S8 2k ot W £k

31019

* ——2101%

£ —— 210 5%

Z 10 1%
-'é’lll

" 1 3 w0 £ an B 5

15
temperaured T )

7 AEEAT AP T L AR 2 R S L ot ]

SN RS 0
dzan. pwabsgnc
W s APS QN T
SR APS 0 D
e sari g
LI Py IR
LR TV E N
SN0 APE I

LT F YL LI LT

W3 5 20°Cao 37'C ERTF ok o R SR A M L i B4R



L] el
i —=—2/10-3% AP ia pH4 Y
. ——2/10-3% APS in pH? a i
2 ®—210-3% APS in pHY “
., “*=310-3% APS in pH# &
£, —=—3/:0-3% APS in pHT i “
I —®—3/.0-3% APS in pHO 4 = S 10-3% profes t
f T e == 2/10-3% process ?
1 1]
"
L] - o -3 w L1} L1 10
B} n FH H an a lime (min)

n
tempeoice(T )

B 9 F A ChitosatNIPAAM Lo 42 7 5 pH 4 31583 ¢ K 985 Mk 49 0 4 B 15 3R 2/10-3%& Process| Fo Process2 2 84 SEAL M 10 & bb

n
" "
n == 7/10-1% APS ip pH4 W o :?IIG-S% process 2
H=310-1% APS in pH? " BIA-5% process 3
" =®=2/10-3% APS in pHY “
- —*=2110-5% APS ix pH4 "
£ ~=—2/10.5% AFS ia pH? 3.
3 ~®—2110-5% APS ia pHY ; .
: g -
i I
0,5 o M o 1 “ . ! o s aan ) 1 200 MK
lemperalurs(C } Gmelmin.)
W10 F P8 AR AR R B pH iR 4 04 A & M Ok 16 # R 2/10-3%4A Process2 #c Process3 2 # 4 830 058 0 th
. I: 10 iRArS
"I —— i 3% 4 Ps " :mn-ssus
102 APE
" FUIE- AP

= 3R A LB A

Felling i
o R Ty
B s & %s

” 8 H 1 u

1"
em persiurel T |

(5] % 1 1% e e us 5%
Chima A I F R

W1 2T FAea A APS Mg s AIBA B8 R R oy Ml B thig
B 17 F B Chitosan/NIPAAM bL4H 2 18 A SR8 H 4 % 67 M 44

u
=== 2019 1% APS mgHd
Y ==—2/10 1% APS n gH7 ™
" “H—2/10 1% APS w pHY , .
i, —=—3/10 1% AIBA w pHd = SN 5 A2
—®—3/12 3% AIBA :x pH? i
2 P - B0 1% APE
2. —®— 114 3% AIBA ia pHY £
: T ow BY10.10 4TS
-
" \_._’_//.
=
.
3 " 5 m 1 an 15 ;'_i n
cmpeame(T ) m
o
.
B 2 d¥s ¥ APS & AIBA A& A 5 pH 4t o 8 5 S 89 ek wd) B 12 " I s w " ey LS
1, e g MBA g NP
i
are =i A RS -
4 su'a &N IWAFS
1. . saars B 18 Az &R R E R G
i - 30038405
H ]
_E amns
H
T e
™
wa
- i ™ s o e 1 v

Chimmmdmt N e w

B 13 F B Chitosan/NIPAAM iz 38 K S 6 /8 & &4 1 1%

S

2a1n

L FUTEE Wy

s

L EUTIE WY F)
- AP

(1] ST

an = = PELY It 2] s
4 BH M K MEA KIPLAU

WM l4 FRZHAMREELRR LR Farhik



