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(Po/ D) Y2 , b P © T .
, Ac A Gp
AGQ [4,16]'
AGy, = kgT[(1- @)In(L- D) +P - XDP?] AGy = 3kg TP[A%- 1- ]/ (2N)
(1)
N X Huggins : X
X =AG. 2ksT) = (AHn - TASH)/ (2kgT) (2)
AH, As, - . ,
Mn=®29(AGP) o (3)
M =o. D 3
1 As _kB_[QO 3 5 6 P, 3 6]
T_AH+AHD%N(a-m)-mlnl-GS-sz(p( (4)
( Rw(0)) (81321
_KCawm_ _1_[ 1 2]
Ru(Q) ~ My 1+ 3 Ry .07 + 2A2C (5)
K2 =4m%n?(dn/ dC)% (NAE) , q= (4mn/Ao) Sn®/2) ,Na nAg ©
Avogadro ,C (gml), Ry (
Rg) ,AZ
[33,34]
c®(t,q = A[L1+Bl g% (1,017 (6)
A B t g% (t, 9
.gW(t,q G(M)
g% (g =f eM)e’'d (7
r c 6 (59 G2 (t,q Laplace c().
. T cC-0 q-0 D. ,G(M)
G(D), Stokes Einstein Ry = kg T/ (6 D)
f (R, ke N Boltzmann
2
2.1
N- (NIPAM , Kohjin ) -
. N ,N- (BI19) . (KPS,
Aldrich ) (DS, 99 % BDH )
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2.2
PNIPAM .3.84 g NIPAM 0.0730 g BIS 0.0629 g
DS 240 ml . , (
200 )40 min , 0.1536 g KPS 25 ml , 70
4.5 h. , 1x10°%  1x10 °gml,
2.3
ALV (a1 AL V-5000
(ADLASDPY425 , 532 , 400 ).
0. 87. 6 154
: (6 20°) :
, Ry 1, Mw Ry D.
3
1 PNIPAM G/ d) : 9
<20° r/q 9.95x10 °cm% s.
: f(Re); 8200 , <I>/¢ 1.45x1°7
cm?/'s , . ,
& <6 <110° ,
PNIPAM 15 <R,> 1905 nm.
2 < Ry > . T<31 ,
. 31 35 , )
PNIPAM ,
. 33.0 PNIPAM
( 32 ). T>35 , < Ry > 65nm. < R, >
6.00F :qf’, 011"0“ X o
R 33":2? s ; 1.2 .
S § 3 v ;
© 200t PR 0.8t H
@ ™y a%o o o
0,00 L easB ol B OS99 2900 30:00 3600 4000 46.00
1078 107 7Co)

Fg.1 LineWdth dstribution of PNIPAM microgd in water Fg.2 Temperature dependanceof < R, > of PNIPAM
at dfferent anges T=15 ,C=1.182x10 °g m microgel
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, - PN IPAM
3 35 1.00
PN IPAM Zimm fon &R »
= 080} R R
’ KC/ RVV (e) e é ” dIlu b;’b a;) 0490 K P
c , 5 T & af LS
y o A X (5) rcm = 0.60 F ..." & R woqf g
< > 2. , < = A I
w g g Q ;ﬁ! ;”D &w% @99% e
y < Rh > s § 0.40 * ¢ . N
S
(6 20°) KC/ Ry (©) = 020
o 30 ( ) 35 000 050 100 L350 200 2.0
( ) . 30 (c]2+/((,‘)/10ll
35 ,dn/dC 0.181 ml/g 0.201 ml/ , , .
Fig.3 Typicd Z2mm plot of PNIPAM microgd in water
9. 1 P <Ry> . T=35 2.95x10 °gm<C<1.48x10 °g ml
94 %
. My T
30 3B ,<Rg> Ay . < Rg>
VA2 . 35 , PNIPAM
As PNIPAM O 31
PNIPAM
Table1l Satteringof PNIPAM microgd at two different temperatures
Microgd Linear chain
T( ) | —niac My, A R R RYR, —R— R/R, —R— —do/dC
(m/gh (g mol) (/)  nm  nm (gm™h) (gm™M (migh
30.01 | 0.181 2.19x10° 3m@x10°° 124 160 0.78  0.021 1.52  0.0063 0.167
35.01 [ 0.201 2.25x10° -25x10°° 57 70 0.81 0.30° 0.65° 0.20° 0.171°
* Vaues &ter shrinkage
1 PNIPAM (M, 1.08x10" g
mol ,My/ M, 1.05) ,PNIPAM <Ry>/<Ry> ( 0.78+0.03)
(0.774)%", : ,
) < Ry >/
< Ry > ,
PN IPAM , < Rg>/ < Ry>
1.52 0. 65. , T<30 , PN IPAM
< Rp> , < Rg>/ < Ry> : ;
(draining) ,< Ry >
) ) , < Ry >
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328
< Rg>, < Rg>/ <Rp> 0. 774. 1 )
,PNIPAM 0.30 g/cm®,
(21 PNIPAM , ,
PNIPAM ( 1gcmd). ,
4.00 4 a[= < Ry, >/
° < Rp>0] , < Ry >0
X 3.00 t i T ° T=0 “ "
§ ol ° Xe% PNIPAM (M, 1.08x10" g
S ! mol ,M,/ M,  1.05, 4.60x10 ° g/
0] o e om0 m)e ( 118x10°°g
1.00 PNIPAM gel particl mi)
ml) . 4
O'0(1)5.00 20|.00 25100 30l.00 35'.00 40.00 , ,
T(°C) ,
Fg. 4 Expandon factor of PNIPAM microgd and ,
dnge chan( M, = 1. 08 x 10’ ¢/ mol , M,/ M, = 1. 05) ,
O =< Ry>/ < Ry,>0] at dfferent temperatures ’ PN | PAM
, PN IPAM
1.5 , ., PNIPAM ,
. (1)
AG=AG,, ANAG=AG,+AGy. AG<O0,
, AG>0 - :
1, a>1, A Gy >0,
; a<1, AGy<0,AGy AG
(1) A Gy v ,
, , [38].
5 <|> T>0
dn/ dC , 35 30 dn/ dC 1.2 . , T>0
, PN IPAM dn/ dC dn/ dC .
PN I1PAM PNI1PAM
,o. 39 ,
; , PN IPAM
33 , : (3],
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Fig.5 Temperature dependance of average intersty of Fig. 6 Swdling and shrinking kinetics of PNIPAM

scatteredlight < | > of PNIPAM microgd C = 1.182 x
10°5gm P =20°

(m?
10°

© 00 N O U~ WN P

[ R S e N < Il e
N UM WNR O

35 30 35

D) .

4. ,PNIPAM

, 150 nm,
ooil-to-globule

microgd in water when temperature was raised abruptly
from30.0 to 35.0
35.0 t030.0

,or was dropped suddenly from

t= RY
10" "em¥ s, t

PNIPAM
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STUDY OF THE PHASE TRANSITION OF POLY ( N ISOPROPYL A-
CRYLAMIDE) SPHERICAL MICROGH. INWATER

GAO Jun
(University of Science and Technology of China, Hefei  230026)
WU Qi
( The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong)
(University of Science and Technology of China, Hefei  230026)

Abgract Narrowly distributed sphericd microgd partides of poly(N-isopropylacrylamide)
(PNIPAM) were prepared by emulson polymerization in water. The volume phase trandtion of the
microgel partides was studied by satic and dynamic laser light scattering. The results were compared
with the coil-to-globule trangtion of individud long linear PNIPAM chans. The microge particles
have a higher trangtion temperature ,but aless sharp phase transtionin comparison with that of long
linear chains. This difference has been attributed to both the short length and the broad length
digribution of the subchains insde the microgds. A combination of static and dynamic laser light
scattering results reveded that evenin a highly oollgpsed state the microgd particesretained 70 %
of water and the dendty of the microgel networksincreased from0.021 ¢/ ml to 0.3 ¢/ ml during
the phase trandtion. The phase trandtion of the microgd partides is continuous,in contrast to the
dsontinuous volume phase trandtion in buk PNIPAM gds. The microge partides are
thermodynamicaly gable even at ther oollgpang limit. The behavior of microgd partides is
compared with that of individud PNIPAM chans.

Key words Poly(N-isopropylacrylamide) ,Microgd ,Volume phase transtion ,Laser light scattering
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