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We hawe studied the shrinking pha® transitian of cylindrica poly(N-isopropylacrylamidggels with
submillimete diameter The macroscop conformatian chang ard the pha® transitin velocity
were obtainel during the heatirg proces by two differert methods One is a continuow heating
proces with a constahtemperatue drift rate and the othe is an isothermé&proces after a steplike
temperatue increag beyord the transitian point In the former measurementhe pha transition
can be controlled by the nucleatim mechanim in the smalle temperatue drift rates at the
transitin point, after the fine patten appeas and disappeas on the surface for instance the gel
gradualy ard uniformly shrinks while keepirg a smooh surface On the othe hand at the larger
temperatue drift rates the pha® transition comes into the unstabé region before being completed;
after the fine patten disappearsa coar® patten appeas on the surface and the entire gd becomes
opaque The gd gradualy becoms transparenwith time from the surfa® layer to the core portion.
Thes two processescharacterizeé by two types of surfae patten as well as the growth of a
collapse surfae skin layer, can be clearly observed in the latter measurementsvhich depem on
the degre of super-heatig (how far the final temperatue is from the transitian point). The results
are discussd qualitatively on the bass of the classich pha® separatio modé of nucleation and
spinodé decompositionas well as the pha® diagranm of the presemhgd system © 199 American

Institute of Physics [S0021-960699)70125-X]

I. INTRODUCTION

Polymea gd is adilute solid with a complex network
structue swollen in a liquid, and one can view it as asoft
condensd materid of a randon two-phag system polymer
(solid) and solvert (liquid). It is well known tha a polymer
gel, mack of slightly cross-linkel networls of homopoly-
mers displays both solidlike and liquidlike behavio due to
its elastc ard osmott nature Suc a gd can exid in two
distind phasesswollen and collapsedin aliquid. A number
of studies on slightly cross-linkel polyme gels have shown
a very shap volume change which has bee considered
a discontinuos volume pha transition>® Hirokawa and
Tanala reported® for the first time, tha amorg the
pha® transitim gels neutrd poly(N-isopropylacrylamide
(NIPA) gel, which is weakly cross-linkel by N,N’-
methylenebicrylamide (BIS), can exhibit the volume
pha® transitin in wate only if the temperatue is changed.
The transition mechanim has bee attributed to the change
in the balane of hydrophilic and hydrophobt interactions.
The swelling curve is easily reproducedIn the ca® of this
neutra NIPA gd with submillimete diameter’® for ex-
ample the pha® transition can be induced at exad tempera-
tures when the temperatue is regulatel at an accurag of
+0.06°C (increasd or decrease with a minimum tempera-
ture stegp of 0.1°C) in the vicinity of the transition tempera-
ture The effect of the compositio of NIPA, BIS, ard total
monome concentratia on the transiticn behavia hawe been
well investigated. The static properties of mechanicail con-
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strainel NIPA gels throuch the pha® transitian behaviof 2°
hawe also been experimentajf establishedin our reports>*°
the diamete ard the force of cylindricd NIPA gels of sub-
millimeter diamete have been measurd with slight elonga-
tion in the uniaxid direction The qualitative swelling behav-
ior unde mechanichconstrain has been describé by the
equatio of stae on the bass of Flory-type free energy?!
Almost all the swelling properties of this materiaf-51212
hawe been quite successfull describe by the equation of
states of gels Although the statc swelling behaviao as well
as the kinetic properties of NIPA gels hawe bea extensively
studied the phag transitimn velocity ard its fundamentals
are not yet fully understoodAs for the kinetic properties of
polyme gels mog studied**® hawe beea basel on the col-
lective diffusion of polyme networks the Tanaka-Fillmore
model® has often been usel to understad the time cours of
the volume change In this mode| the diamete chang to
approab an equilibrium stat is expresse by a simple func-
tion of time after the chang in the environment For the
generasituations sud as bulk gels with all sorts of shapes,
the bast kinetic mechanim is still not well understoodand
no theoly can explan completey the initial to fina size
chang of the pha transition We beliewe tha the reasa for
the deficiert modé resuls from nat taking into consideration
the netwok imperfectiors ard that this problem is also re-
lated to the netwok structures The NIPA polyme has the
lower critical solution temperatue (LCST), ard the cloud
point is arourd 31 °C.%° Therefore one can expet the net-
work inhomogeneit* > to depem strongy on the gelation
temperatue belov or abowe the cloud point Recently Hi-
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rokawa et al. studiad the internd structue of NIPA gels by
mears of confocd microscopy lase light scattering and
smal angk neutra scattering® They found tha the meso-
scopt levd netwok structue could be constructd by
highly cross-linkel microgek connectd by the loose net-
work.

This pape focuses on the kinetic properties of the neu-
tral NIPA gd and the velocity of the shrinking pha transi-
tion during the heatirg process The purpo® of the work is
to establi§ an underlying foundatian of the pha® separation
processs by the shrinking pha® transition We discus the
macroscop conformatian chang during the pha® transi-
tion in terms of the conventionanucleation mode and spin-
odd decompositionand we presem the mechanis of the
proces of making up the collapsel network.

Il. EXPERIMENTAL METHOD

Gels were synthesizd by a free radicd polymerization
reaction in glass microcapillay tubes with an inner diameter
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of 141.5 um. In this synthesis, the base solution Wasgg, 1. Equilibrium diamete chang of the neutrd NIPA gd as afunction

the standad mixture of NIPA gel® 7.8 g of purified
NIPA (main constituent Kohjin), 133 mg of BIS
(cross-linker, Wako), and 240 ul of N,N,N’,N’-
tetramethylethylenediameén (TEMED, acceralatar Wako)
were dissolval in 100 g water The solution was stored at
0 °C. After the solution was fully saturatd with nitrogen 40
mg of ammoniun persulfaé (APS initiator, Wako was
addel to this mixture to initiate the reaction The microcap-
illaries were then insertal into the pregé solution Gelation
was carried out overnigh at 0 °C. After gelation was com-
pleted cylindricd gels were removel from microcapillaries
and washe in distilled deionizel wate to remowe residual
chemicas ard unreactd monomes from the polyme net-
works.

The experimenthsetp was similar to tha used in Ref.
6. Wate tha was temperature-controlteto an accurayg of
+0.06°C was circulatal in the cell. After reachirg equilib-
rium at ead temperaturgthe gd was imaged by an optical
microscoe apparate with a calibratal charge coupled de-
vice (CCD) camen and avideo processarFor the measure-
mert of pha® transitin velocity, the temperatug was con-
tinuousy increasd with a constah heatirg rate using a
compute controlled water-bath and the circulating initial
watea temperatue (336°C) was abruptly increasd to the
final temperature by switching the wate flow from one
water-bal to another Note that the sane gd was usal for all
measurementsNeverthelessone can beliewe tha it did not
distuib the generé pictures sinae the gels synthesizd from
the sarre solution at the sarre time exhibit quantitativey the
same shrinking behavio within the preseh macroscopic
measurementsud as the absolue diamete ard the transi-
tion temperature.

Ill. RESULTS

A. Swellin g curve

We first measurd the diamete chang of the neutral
NIPA gd as afunction of temperatureFigure 1 shows the
equilibrium diamete during the heatirg and cooling pro-

of temperatue during the heatirg proces (open circles and on the cooling
proces (closal circles. The hysteress less than 0.2 °C is observed.

cessesAs is reportel in the literature? the gd exhibited a
slight discontinuos pha® chang with asmal hysteress as
a function of temperatureOn the gradu# heatirg process,
the gd was transforme from the swollen to collaps& phase
by raising the temperatug only 0.1°C; the gd usal in the
presemn study startel to shrirk when the temperatue was
increasd from 336 to 33.7 °C (minimum step 0.1 °C). With
the temperatug at a constah 33.7 °C, the gd finally reached
its collapsel stak after a long time (more than an hour. On
the cooling processthe collapsel to swollen pha transition
occurral when the temperatug was decrease from 336 to
335°C. It shoul be notal that the collapse& diamete just
after the transitian (abou 73 um) was larger than the com-
pletely collapsel diamete (abou 68 wm); the gel gradually
shrark with increasilg temperatue after the pha® transition
(highe than the transitin point). Little attention has been
paid to this fact until now, and it is relatal to the fact that the
gd synthesizd by the presem recipe was nea the critical
point*’

B. Shrinkin g patter n and conformatio n change

The conformatian change and the pha® transitian veloc-
ity were studied in the vicinity of the volume phag transition
temperatue during the heatirg proces by two different
methods The first was acontinuows heatirg proces with a
constamh temperatue drift rate ard the othe was an isother-
md temperatue proces after a steplike temperatug increase
beyord the transitin point In acontinuow heatirg process,
when the temperatue drift rate v+, is high enough we ob-
tained the characteristi pictures shown in Fig. 2, with an
opticd microscope We observe two types of surfae pat-
terns At the transition point, a fine patten appeard on the
surfae and then quickly disappeared_ater, the gd became
opaque with a larger, coar® surfa@ pattern After that, the
gd agan becane transparenstartirg with the surfae layer,
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FIG. 2. Pictures of the neutrd NIPA gd on a continuows heatirg process
(during the swollen to collaps@ pha® transition). The temperatue was
increasd with a temperatue drift rate vy, highe than approximately
0.05°C min~%. Shown are the (a) swollen state (b) fine surfa® pattern (c)

coare surfa@ pattern (d) growth of collapsel skin layer, and (e) completely
collapsel state.

and the surfa@ skin (collapsel phasé developd with time.
The dak core portion becane smalle and smaller finally
disappearig in a completey collapse phase When v, was
decrease (less than approximatef 0.05°Cmin~1), the
coar® patten could not be observedbut the collapsel sur-
face skin layer grew after the appearaneof the fine pattern.
When v was low enough the coar® patten as well as the
collapse skin growth could not be observed but the gel,
which had a smooh surface continuousy and uniformly
shrark after the fine patten disappearedin this ca® the
pha transitin endel a a temperatue lower than 345°C.
Thes characteristi conformatia change can be clearly ob-
serval in the latter measurementsvhich depem on the de-
gree of “super-heating,” AT (the differene betwea the
final temperatue and 33.6°C); the shrinking patterrs in the
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FIG. 3. Characteristi temperature on continuos heatirg processg with
constantemperatue drift rates vt . (8) Tonserand Tenp in the whole range
of v7 betwea 0.00L and 0.3°Cmin~%, ard (b) Tonsers Teno, ad Tey,
togethe with the disappeararetemperatue of the fine patten in the smaller
temperatue range.

cass of smalle and large AT correspod to those of
smalle ard large v, respectively The critical differenc of
macroscopi observatios in low or high v or AT could be
related to different shrinking mechanismsNote tha the fine
patten can be observe on both processs unde all condi-
tions of vy (0.0@°Cmin*<y;<0.3°Cmin~Y) or AT at
the first stage of pha® transition althoud it is too fag to
identify when AT exceed 5.0°Cmin~! on the isothermal
process.
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FIG. 4. Time, 7com, from onseé to erd of the swollen to collapsel phase
transitin as a function of the temperatue drift rate vy, on continuous
heatirg processLines addel are to guide the eye.

C. Transitio n temperatur e durin g the heatin g process
with constan t drift rates

Figure 3(a) shows the onsé ard erd temperatue of the
pha® transiti;mm on the continuows heatirg processesThe
onseé temperatureT onseT, 1S definal as the temperatue of
the appearane of the fine surfa® pattern The end tempera-
ture, Tenp, IS definad as the temperatue where the length
chang stops One can see tha Tonset IS @almog constant
with increasilg v (or shows aslight increasg while Tgyp
greaty increases When v decreasesTgyp approaches
Tonser, and Tenp=Tonser & the limit of v+—0. In Fig.
3(b), Tonsers Tenp. ard the characterist temperature,
Tch, in the smalle region of vy are plotted togethe with
the disappeararetemperatug of the fine pattern where Ty
is definal as the temperatue of the appearaneof the coarse
surfa@ pattern This kind of patten does not appeawhen v
is lower than 0.05°C min~ L. Note tha Ty is not lower than
345°C.

Figure 4 shows the time, 7oy, t0 complee the swollen
to collapsel pha® transitian in the continuow heatirg pro-
CeSS;TCON: (TEND_ TONSET)/UT . OrE can see that TCON de'
creass with increasig vt and increase after reachimy its
minimum at arourd 0.03°Cmin . One can expet tha a
crossove phenomenn of two competirg shrinking mecha-
nisims stars at arourd this characteristi vt.

D. Phase transitio n velocit y on steplik e temperature
change

Figure 5 shows the time, 7,50, to finish the swollen to
collapsel phag transitian in the isothermé proces after a
steplike temperatug increase AT. To take this measure-
ment the solvert temperatue was quickly increasd beyond
the transition point from 336°C (just below the transition
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FIG. 5. Times, 1150, from onse to erd of the swollen to collapsel phase
transitian as afunction of the degre of “super-heating,” AT, on isothermal
proces after severd steplike temperatug increass beyord the transition
point The initial temperatue was 336 °C (just below the transitian point).

Tiso exhibits aminimum at AT=0.9 (final temperature345°C) (a), ard a
maximun at AT=7.5 (final temperature41.1°C) (b). Lines addel are to

guide the eye.

point). One can see that 75o decreas# with increasing
AT, reachig a minimum at AT=0.9°C (final temperature
=345°C) [Fig. 5(a)]. Then it steepy increasedreachimy a
maximum at AT=75°C, ard rapidly decreasein the larger
AT [Fig. 5(b)]. When AT approaché zero, 7,5 rapidly in-
creasesThis can be attributed to acritical slowing-down of
the gels which has been reportel in bulk gels in the vicinity
of the discontinuos volume pha® transition?> We hawe two
characteristi super-heatig degrees AT, (0.9 ard AT,
(75°C) (see Fig. 5). It shoul be notal tha this character-
istic AT, shoutl correspod to the minimum vy, above
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FIG. 6. (a) Time cour® of the diamete chang on the steplike temperature
increase for AT=02 (<AT,), 5 (>AT;, <AT,), ad 18 50°C
(>AT,). Solid lines addel are the beg fits by doubke exponentifunctions.
(b) Characteristi times for the diamete change on the isothermé pro-
cesss obtainel by the beg fits. Lines addel are to guide the eye.

which the coar® patten could appea (see Sec Il C ard Fig.
4). The transformatio from the minimum a AT, to the
maximum at AT, suggest a crossove of two competing
mechanisrm characterizé by the appearane of the coarse
pattern The absolue value of 7i5g in the smalle range of
AT<AT, is much smalleg than tha in the large range of
AT,<AT. One can see tha the dominarn pha® transition
mechanim would transfe one to the othe throuch the cross-
ove range of AT <AT<AT,.

E. Characteristi ¢ times of isotherma | proces s on
steplik e temperatur e change

The diamete was measurd as afunction of time on the
isothermé proces after steplike super-heatig from the ini-

Suzuki, Yoshikawa, and Bai

tial temperatue of 336°C. Typicd exampls of diameter
chang vs time are shown in Fig. 6(a). In this figure time in

the horizontd axis is scalel by respectiver|so, while diam-
ete in the verticd axis is normalizel by the respectie di-

amete at 336°C. One can see tha the scalal time course
depend on the fina temperatue (the degree of super-
heating AT) ard tha it can be well describé by double
exponentiafunctiors (solid lines), indicating two relaxation
processe with two time constants,r; and =, . Figure 6(b)

shows; and 7, againg AT. With increasig AT, 7, de-
creass rapidly and takes avery smal value when AT ex-
ceed AT, . On the otha hand,r, exhibits abehavia similar
to that of 750 and showsamaximun at AT, . It was difficult

to identify a minimum at AT, becaus of the scatterimgy of

the dat points The absolué value of 7, is mudh large than
7. As will be discussd later, 7; is related to the formation
of the collapsel surfa@ skin layer, while 7, is relatel to the
relaxation of the phase-separadebulk networls throuch the
collapsa skin layer growth.

IV. DISCUSSION
A. Conformatio n change

In the presenh study severa interestiry features ap-
peara in the swollen to collapse phag transitian of neutral
NIPA gels The resuls indicate tha the macroscopi confor-
mation chang (the surfa@ patten ard the growth of col-
lapsal skin layer is related to the characteristi times, 7con.»
Tiso, and 7, agains vy or AT. First, the fine patten was
observe on both processeunde all conditiors of vy or AT
a the first stage of pha® transition This was due to the
formation of the collaps@ surfa@ skin layer, indicating that
the pha® transition startel at the surface In the second
stage the time cours of the macroscopi behavia depended
completey on the absolue value (smalle ard largep of vt
or AT. In the ca® of the isothermé& processit is interesting
to obsere that 7,50 reaché its minimum at AT, ard its
maximum at AT, ; 750 decreasa with increasiig AT in the
ranges of AT<AT, aswell asof AT,<AT. Evidene of the
existene of the crossove behavio in the range of AT,
<AT<AT, suggest the existene of two differert shrink-
ing mechanismsThe former decremehcorrespond to the
initial decremenof 7oy With increasig v+ on the continu-
ous heatirg proces (see Secs Il C ard D). The mos pos-
sible explanatiom lies with the traditiond pha® separation
phenomenaThe macroscopi conformation chang during
the pha® transitian in sone binaly systens can be inter-
pretal in terns of the pha® separatia of two mechanisms
of nucleatim growth (coarsening and spinodd de-
compositior?®=2® |n the presen system the pha® transition
can be controlled by the nucleation mechanis in the meta-
stabkregion (AT<AT,). On the othe hand the pha tran-
sition is dominatel by the spinodd decompositia in the
unstabé region (AT,<AT). In the intermedia¢ range
(AT{<AT<AT,), the transitimn comes into the crossover
region.
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B. Thermall y activate d nucleatio n and phase
transitio n velocity

The critical difference betwee the traditiond nucleation
phenomea and the pha® separatia in the presem study is
that the gd is anetwok of cross-linkel polymers swollen in
liquid. The netwok in a polymea gd systen is continuously
connectd to form a dilute three-dimensiorasolid with a
complicatel structure The phag separatios occu nat only
betwea the swollen ard the collapsel networls but also
betwea the respectie netwok ard the solvent*® Even if the
embrya (or clusters of the collapsel phag emergd in the
swollen network they could not remah in the locd potential
minimum, which is too smal to fall into the swollen nuclei
becaus of the surroundilg networks This is becaus the
energy gain from the netwok volume change will not exceed
the loss of the elastc enery from the bounday strain.
Therefore thermally activatel nucleation could be strongly
suppressain bulk gels by the distortion of the elastt field in
three-dimensioragels?®*° In spite of the considerations,
however the presen study suggest tha thermally activated
nucleation is expecté on the surfae at the first stag of the
transition Of the various possibilities being consideredthe
imperfection of the surfae structue is essentiglthe nucle-
ation can experimentall occu on the gd surface leadirg to
the formation of a stabk surfae layer of the new phaseThis
is becaus the netwok surfae structue is far from the per-
fed lattice it has mary defects Nucleation could stat with
sud portions Therefore the volume phag transitian takes
place by mears of the nucleatism mechanismwhen the gel
stays betwee the binodd and the stability limit (spinoda) of
the swollen stat of the gel.

When the phag transition starts the initial collapsed
portion can emerg on the surfae through the nucleation
mechanismwhich correspond to the macroscopi fine pat-
tern The characteristi time, 7;, may be relatal to the net-
work relaxatian during the formation of the initial collapsed
skin layer. This can be attributed to the fact that in the
presen study, the temperatug was continuousy increasd in
all experimentseven on the isothermé processe the tem-
peratue jump to the unstabé region was conducté with
finite velocities Therefore just after the temperatue exceeds
336°C, the embrys were able to becone nuclé of the new
collapse pha at the interfae betwea the collapsel skin
layer ard the unchangd swollen core and the coarsenig of
nucle increasd the collapsel volume from the outside This
pha® separatia by the nucleatim mechanim could con-
tinue until the temperatug was forced into the unstabé re-
gion. If the pha® transitic endel in the metastald region,
the formation ard coarsenig of nuclé would continwe until
the gd reached acompletey collapsel state This nucleation
mechanim is characterize by two factors of the formation
rate as well as the coarsenig velocity of the nuclei Accord-
ing to the classica nucleation model?®>! the formation and
the coarsenig rates of nucld depem on the degre of
“super-cooling’ (how deepy the gd stae can be brought
into the metastald region in the preseh case AT). The
formation rate (probability) of nuclé is assumd to be pro-
portiond to exp(~Gy /kgT), where Gy, is the minimum for-
mation energy of the nuclé and kB is the Boltzmam con-
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stant This formula is proportion& to exp(—C/AT?), where
the positive coefficiert C has a negative correlation with
temperatureT [roughly, = (kgT) ~3]. On the othe hand the
coarsenig of nuclé is expecté to be atherma activation
process; therefore, it could be in the form of
exp(—Gc/kgT), wher G isthe activation energy This for-
mula also decreasewith increasig T (AT) sinee G does
nat deper on T. From thes expressionsone can expect
tha the numbe of nucle and the coarsenig velocity will
both increa® with increasiig AT, which can accelera the
pha® transition resultirg in the initial decremenof 7,55 in
the range of 0<XAT<AT,. As for the secom decremenof
Tiso, the relaxation velocity increase with AT in the range
of AT,<AT; the large the AT, the faste the phase-
separatd stak by spinodd decompositia turns into the col-
lapsal state We beliewe tha this behavia could be attrib-
uted to the incremen of the diffusion constam of polymer
networls with AT.?® It shoutl be noted tha the reasm for
the extremey large time constanis tha the relaxation during
the coarsenig proces of nucldé requires cooperatie mo-
tions of the pha® bounday at the interface betwea the col-
lapsel skin layer ard the swollen core portion This is be-
cau® neighborig domairs in the interfae are under
mechanichconstrainf 1032

C. Phase diagram and crossove r of two mechanisms

The abowe consideratioa can be clearly expressd by
the pha® diagran of the presemh system In the literature the
pha® diagran of polyme gels has been experimentally
determined;3 and it has been reportel that the unstabé re-
gion, defina by the bulk modulis K<0, was theoretically

Copyright ©2001. All Rights Reserved.
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calculatel by the mean field theory?® In Fig. 7, the unstable
region is schematicall drawn in the diamete vs temperature
plare of the presen system The swelling curve is also sche-
matically plotted in this figure Three passe from the swol-
len to collapsel phag transitian on the isothermé processes
can be considerd in this plane typicd example are drawn
in the case of smaller intermediateard larger AT. Accord-
ing to the classich model®~2® one might exped¢ tha the
transformatio from the nucleation to spinodd decomposi-
tion mechanisn would take place at AT,. However the
preseh experimenth observatios are not consisten with
this estimation as mentiond in Sec 111 D, a crossove phe-
nomenm of two competirg shrinking mechanisra can be
observe in the characteristi time, 7,50 Or 7,, again$ AT in
alargerange of AT;<AT<AT,. Evidene of the existence
of crossove cannad be explainal by the simple pha® dia-
gram Of the various possibilities to explan the discrepancy,
two importart facts shoull be taken into accoun for the
existene of AT,. Onreis the rapid formation ard growth of
nuclé to form the collapsel surfae skin layer. This is be-
caug the temperatue of gd does nat instantly chang even
after switching the wate flow. Therefore even if the tem-
peratue exceed AT,, the surfa@ nucleatim canna be
ignored since the relaxation time of temperatuge contrd is
mucdh large than tha of the collective diffusion of a poly-
me netwok relative to wate (less than 1 min for the gel

Suzuki, Yoshikawa, and Bai

levd in the sane sampe are desirable This is a subjed for
future investigations.

V. CONCLUSION

We hawe observe the conformation change during
the shrinking pha® transitim of neutrd poly(N-iso-
propylacrylamidg gel. The resuls can be summarizd as fol-
lows. All gels stat to shrirk from the surface showirg afine
pattern The collapse portion develog from the collapsed
surfae layer to the core portion in differert mannes depend-
ing on the temperatue drift rate v or the degree of “super-
heating,” AT. If vy or AT is smal enough the pha® tran-
sition is governe by the nucleatim mechanism When it
exceed the threshold the spinod& decompositia has an
importart role. The pha® transitian velocity has a strong
correlation to the surfae patterns which can be determined
by the pha diagran of the polyme gels The resuls have
bee discussd qualitatively in terms of nucleation spinodal
decompositionand inhomogeneosi stres distribution dur-
ing pha® separation.

The resuls of the presen study shav identicd proper-
ties for the polyme gels of submilimete diameter if
the diamete is comparal® to the skin layer, we cannot
obsene the seconl stage if the gd is ionized the phase
coexistene can be observedFurthe experimentsincluding
those for different shape of gels and for ionized gels are

with 100 um size, therefore, approximately 1 msec for thedesirable.

gd with 1 um size’®). The othea is the stress-induced
modificatin of the pha® diagran of the swollen stak in
the vicinity of the interface Jug abowe AT, the coexistence
of the stabk and metastal® states plays an important
role, realized by the temperatue gradient in the polymer
networlks at the initial stage of temperatug jump. It is,
therefore necessar to take into accoun that the locally
collapse skin layer is subjet to stres by proximity to the
swollen portion, which is a a maximun a the boundary
betwea the two phasesAccording to the pha® transition
in mechanicall constraind NIPA gels it has bea estab-
lished tha the mechanich stretchirg induces the incre-
mert of the transitin temperaturé;l®3? the collapsed
stak just abowe the transitian point can retum to the swollen
stae upan application of a smal tensie stress Sud an
effed may be understod in terms of the mean field theory;
the stres in the transition& bounday region betwea two
phass can affed the free energy of the system Hence the
diamete vs temperatue curve shoutl be modified as sche-
matically shown by the broken curves in Fig. 7. When AT
exceed AT,, thee effects can be ignored since the col-
lapsel skin layer will becone too thin to affed the relaxation
proces of the phase-separadenetwok by the spinod4 de-
composition.

It shoutl be noted tha the netwok structue of the
presemn kind of polyme gels is not homogeneosiby nature,
but rathe consiss of microdomaing? resultirg in inhomo-
geneos stran distribution at the microscopc level. These
frozen inhomogeneitie affed the pha® transitian velocity.
In orde to verify thes considerationsnot only macroscopic
observatios but also kinetic experimers at the microscopic
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