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SUMMARY: The translational mobility of linear macromolecules of poly(ethylene glycol) (PEG) within a
weakly cross-linked poly(methacrylic acid) (PMAA) hydrogel was investigated by means of the pulse field
gradient (PFG) NMR method in order to reveal the effect of PMAA/PEG complex formation. It was found
that inside the collapsed gel a fraction of the PEG molecules has self-diffusion characteristics like those of
the network chains. This suggests the formation of an interpolymer complex, as a result of which some linear
molecules acquired the dynamic properties of the network chains. Another fraction of the PEG macromolecu-
les inside the collapsed gel enjoyed free diffusion, for they were not included in the complex with PMAA. In
contrast, within the swollen gel (at concentrations of PEG higher than 5 wt.-%) the self-diffusion coefficient
of all PEG molecules was independent of the diffusion time, which indicates an absence of the interpolymer
complex (or at least that its lifetime is negligibly short).

Introduction becomes a good solvent for hydrophobic complex PMAA

. el/PEG. This statement should imply that the complex
In recent years polymer gels have been extensively stg- . ) .
. . . o oes not dissociate much into the components, although
died both experimentally and theoreticatf) This is :
) . . . the processes, which take place on a molecular level dur-
connected with their useful properties, many of which

have found a practical application. One of these pro e'rr—]g the gel reswelling, were not studied.
P bp | brop The present work is one of the first attempts to study

ties is the ability of gels to change drastically their d|men,Ehe dynamic characteristics of molecular components in

sions with infinitesimal variation of external parameterﬁ o ) .
e he conditions of interpolymer complex formation by
such as temperature, pH and solvent composition. This

. pulse field gradient (PFG) NMR method. Recently PFG
phenomenon is called polymer gel collapse. . . . . )
. . . NMR was applied to investigate some simple systems:

Gel collapse can also be induced by the addition of a lin; . . L
hree-dimensional (3D) networks of radiation cross-

ear polymer. For instance, the collapse of poly(methacrylic . ) .
acid) (PMAA) gel can be induced by the addition of IinearlmkeOI poly (butadienéy, the hydrogels of gelatiri€ and

poly(ethylene glycol) (PE@) It was shown that in this of ceIIqusg triacetat®. T.he.translatlonal ’T‘Ob.'“ty was
; . shown to differ both qualitatively and quantitatively from
case the collapse is caused by the formation of a hydrophp- ) L .
that of linear molecules. The qualitative difference con-

bic interpolymer complex formed by hydrogen bonding .~ e . .
between the carboxy groups of PMAA and the ether oxgs_lsts in the anomalous diffusion of chains forming 3D net-

gens of PE®. The transition of weakly cross-linked work, i.e., in the time dependence of the effective self-

. diffusion coefficient. This feature allows one to differ-
PMAA gel from a swollen to the collapsed state is_ . . . -
entiate sol and gel components, which gives the possibi-

observed at low concentrations of PEG solutior® ( |
wt.-%). The detailed study of the effects of moleculaf [0 use the PFG NMR method for the study of gel-for-

) ; S : qnation kinetic process¥s'®. Also it was showf® that a
weight and concentration of PEG, cross-linking density o : : :
cP_rreIann exists between the value of the effective self-

th [, temperature and other parameters on th I . o : .
Iaesgeem’/ag rep orteud ?n ; Z@ Inprifsllgz) thseo rocgsgeescalﬁusmn coefficient and the cross-link density of the net-
P P Papers. ' P work. All these results give us a hope to succeed in the

of interpolymer complex formation were investigated by oplication of PFG NMR method for the investigation of

NMR methods that measured relaxation times an . .
) . : 1 . e processes connected with the complex formation
obtained high resolution spectra of teand'*C nuclei. . .
%Snetween linear and cross-linked polymers.

At rather high concentrations of PEG (ca. 5—10 wt.
a reswelling of the collapsed gel is obsert&d® As .
opposed to the collapse transition, the reswelling igxperlmental part
poorly understood. It was suggestethat the reentrant Samples preparation

transition of the gel from collapsed to swollen state is dughe PMAA gel was prepared by free-radical polymerization
to the fact that PEG solution of rather high concentrationf methacrylic acid (MAA) in 10 wt.-% aqueous solution in
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the presenceof the cross-linking agentN,N'—methernebis-
(acrylamide) (BAA) at MAA/BAA molar ratio of 100:1.

Ammonium persulfate (4,4 X10° mol/L) was used as an

initiator. Gelationwas carriedout in cylindrical glasstubes
with innerdiameter8 mm at40°C for 24 h. The preparedyel

waswashedwith 5 X10* M HCI for oneweekandthenwith

distilled waterfor two weeks.

PEG (“Loba Chemie”, Austria) with M, = 6000 g/mol and
polydispersityM,/M, = 1,1 wasusedasreceived.

For PFGNMR experimentghreetypesof samplegA, B
andC) wereused.To preparesamplesA andB a cylindrical
piece of waterswollen PMAA hydrogelwith both diameter
and length of about 1 cm was immersedin water The
volumeof waterwasabouttwice the volumeof the gel sam-
ple. Thenthe calculatedamountof PEG was added.When
calculatingthe weight concentratiorof PEG, C,, the overall
volumeof the systemincluding the volumeof the gel sample
was takeninto account.The gel was keptin PEG solution
until the equilibrium wasreachedduring a week). Thenthe
systemwasdivided into two parts.One of them (sampleA)
representshe PMAA hydrogelwith absorbed”EG macro-
molecules.The secondpart (sampleB) representthe PEG
solution, within which the PMAA hydrogel had been
immersedIn orderto control the changeof PEG concentra-
tion in the solution surroundingthe hydrogel,aqueoussolu-
tions of PEG with the concentrationC, were also prepared
(sample<C).

Methodsof measuement

In the PFGNMR method”!® the informationaboutthe self-

diffusionprocessets obtainedrom theanalysisof thedepen-
denceof spinechoamplitudeof a signalA(q,t) onthepara-
metersof the magneticfield gradientandthe diffusiontimert.

Thevalueofg=(2mM* }5@ (whereyis thegyromagneticatio

of theresonancauclei)is directly connectedo theamplitude
g andthe durationo of the gradientpulses The valueof q is

theanalogueof thewavevector, for examplejn neutronscat-
tering. Thus,the diffusion decayA(q,t) canbe presentedy

thedynamiccorrelationfunctionof vanHove

A(q,t) :/ p(r)Ps(r;r',t)exp(iZTuq(r'—r)drdr'

wherep(r) is the initial spindensity Ps (r; r’ t) is a “propa-
gator”, a density of the conditionalprobability to observea
spinin the positionof radius-vector’ atmomentof thetime
t, providing that the spin was at position of r at the initial
momentof time. For the free diffusion P (r; r’ t) hasthe
form of a Gaussiarfunction:

lr" —rP
4Dt

(1)

1
PS(T,T',t) :W exp)—

with a mean-squaralisplacemen F'(t) - T(O)]2> = 6D,
whereD;s is the self-diffusion coeficient. For simplicity the
mean-squardisplacementvill bemarkedbelowas(rz(t))“z.

For a systemwhich is characterizedy a single self-diffu-
sion coeficient andby a singlevalueof relaxationtime, i. e.,
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for a one-phasesystemfrom the point of view of NMR, the
diffusiondecayfor stimulatedechosequencé?® whendg >
To (Whereq, is the constantgradientof the magneticfield)
canbewritten as:

A(gz) :A(Z‘L', ‘L’l)<exp(i }gé(r' —r)))
=A(27, 7, Jexp(—Fg?FtDs ) 2)

where{...) denotesthe averagingover the all spins.In the
caseof anexponentiarelaxationwe have:

2T T
A@n) :%GXF’(—TZ _?11)

whereA, is the initial amplitudeof the free inductiondecay
after the first 90° radio-frequencypulse; T, is the spin-spin
relaxationtime, T; is a spin-latticerelaxationtime; T and 7
are correspondinglythe intervals betweenthe first and the
secondand the secondand the third 90° radio-frequency
pulses;Ais theinterval betweengradientpulsesity = (A- of
3) is thediffusiontime.

For a multiphasesystem(that is a systemin which there
will be a set of relaxationtimes and self-diffusion coefi-
cients),which hasa “propagator”in the form of a Gaussian
function (Eqg. (1)), the diffusion decaycanbe presentecisa
sumof exponentiaterms:

W@ =AE S Wew(—rion), (23

whereeachapparenpopulationpi' is determinedby:

' — 2t __ U
' P exp( Tai Tai

= Vo2t 1

dP exp( T Ty )
whereN is the numberof phasesandp; is the real population
of resonatingnuclei characterizedy parameterd,, Ty and
Dg. It is easyto seethatthe experimentshouldbe carriedout
at constantt and 7;. Thisis possibleif the diffusiondecayis
obtainedby varying the value of the magneticfield gradient
g or, lessfrequently by varyingthegradientpulseduration5.
For this reasonwe will further considerthe diffusion decay
asthe dependencef the amplitudeof the sPin echosignal
on the value of the magneticfield gradientA' (g% at constant
valuesof all otherexperimentaparameters.

In fact the propagatorPs (r; r t) doesnot alwayssatisfy
the Eq. (1). In this casethe form of the diffusion decaycan
differ from the simple form of Eq. (2). Especially strong
deviatiors can be observedfor poroussystem¥®2Y. How-
ever the experimentalstudy of “anomalous” diffusion of
radiation cross-linkedpoly(butadiene)a chemical gel)**®
swollenin deuteratedenzenalid not revealany significant
deviatiors of the shapeof diffusion decayfrom the Eq. (2),
althougha strongdependencef the determinedcoeficients
for poly(butadiene)macromoleculeson the diffusion time
was observedThe deviationsof the propagatorfrom Gaus-

(20)
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sianform are negligible, probably becauseof the boundary
conditionsbeingfuzzy, if we considerthe boundingof mobi-

lity of the polymerchainelementscausedy their structure.
In order to describethe dependenceof the value of the

mean-squardisplacementsf the spinson the diffusiontime

formally, one canusethe effective coeficient D with units

m?/s,

SO O G0

* 6 t

&)

The effective self-diffusion coeficient D}, as opposedto
the usualself-diffusion coeficient Ds, is a function of time
and,asarule, may be representedby a powerlaw D} oct™,
wherethe exponenin cantakea maximumvalueof 1 for the
so-called‘completelyrestricteddiffusion™®. Whenn = 1 the
mean-squareize of the constraintsis easily obtainedfrom
Eq. (3). An additionaldifficulty of the studyof multicompo-
nentsystemss that the propagatorcan be non-Gaussiaffior
oneonly or for severalcomponent®f the molecularsystem.
In this case further investigationsof the diffusion decay
shapeare necessaryn orderto presentthe propagatorin a
correctway for oneof the simplestforms of type (Eg. (2a)),
wherethe separatecomponentswvill be characterizedy the
time-dependengffective coeficient D, (£)**)

The measurementsvere performedon an NMR spectro-
meterwith a protonresonancérequency64 MHz andamax-
imum valueof the pulsemagneticfield gradientof 200 T/m.
A standard stimulated echo sequenc® and modified
sequence&?? were usedfor the evaluationof the nuclear
magneticrelaxationcontributions.The self-diffusion coefi-
cientsfor differentmolecularcomponent®f the systemand
their fractions connectedwith the populationsof the diffu-
siondecaycomponets weredeterminedrom the analysisof
the measureddiffusion decays.The primary experimental
resultswerereceivedin the conditionsof scanningof pulse
gradientg at fixed valuesof all otherparametersThe meas-
urementsvereconductedat 35°C. The valuesof parameters
T and Ty =T, werevariedfrom 1 to 4 andfrom 5 to 50 ms,
respectively The duration of the magneticfield gradient
pulsedid notexceed.5ms.

Resultsand discussion

Therange of PEGconentrationsC, for the presentstudy
(C, = 1-15wt.-%) waschosersothatwe could study the

collapsedgel (at C, = 1-4 wt.-%), the swolen gel (at C,

= 5-15 wt.-%) and the transiton betweenthese two

statesof thegel (at C, = 4—5 wt.-%). Thelatter is referred
to as a reentrantgel sweling*!?, becase at high PEG

concentationsthe degreeof sweling of the gel becomes
closeto that for the gel in pure wate in the absenceof

linear polyme. The deternination of the compositon of

PMAA gel/PEG samplesreportedpreviously*'® shows
thatin the collapsedgel the PMAA/PEG ratio of repeat
units is approxmately 1 indepenént of C,, while in the

swollen gel the concentrationof PEG is approxmately

thesameasin the externa solution
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Fig.1. Thediffusiondecgsfor PMAA hydrogel/PEGsampés
atdiffusiontime 11 ms for differentconcentrationef PEG:C, =
0 wt.-% (curveA (9), 1 wt.-% (curveB (@), 2,5wt.-% (curveC
(A: scaledalongy-axis by multiplying the valuesby a factor of
4), 3wt.-% (curveD (*): scaledalongy-axis by multiplying the
valuesby a factor of 8), 4 wt.-% (curveE (4)), 5 wt.-% (curveF
( X): scaledalongy-axis by multiplying the valuesby a factor of
8 andscaledalongx-axis by multiplying the valuesby a factor
of 10) and 10 wt.% (curve G (+): the samescalingas for the
curveF)

Let us startwith the simplestsystemi.e., the aqueous
soluion of PEG Diffusiondecaydor aqueous?EGsolu
tions (sampés C) as well as for the PEG solutiors sur
rounding the PMAA hydrogel (sampks B) can be fitted
by the Eq. (2a) with two (N = 2) exponentialterms. One
of them (with the populationp, andself-diffusion coefi-
cient Dgp) charaterizesthe PEG macromdecules,while
andher one (with parametersp, and Ds,) chamacterizes
the watermolecues. In thesesampleghe shag of A'(gz)
did dependheitheron diffusiontime ty nor on paramesr T
in thewholerangeof their variations which canbea con-
sgjuenceof sufiiciently large nudear relaxaton times
Tip, Tan @nd Ty, Ton This fact allows us to considerthe
obtained valuesof population for thesesampes as reli-
able

Fig. 1 depcts typical diffusion deca in the system
PMAA hydrogelPEGat differentPEGconcentrationsC,.
All curveswerefoundat fixed valuesof 7= 1,4 msandt
= 11 ms. Thesesamplesare more conmplicatedthan PEG
soluions becausethey corsist of three components
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In order to approxmate the curvesB—E by the Eq.
(2a), it is necessaryto input at least three exponatial
tems. It shoudd be noted that comparéive anaysis of
populatiors and self-diffusion coeficients allows oneto
be surethat the water molecule contibution is still one
exponential. Therefae, this is the diffusion decay for
PEG macromdecules in the hydrogel which becomes
more complicatedin this range of concentations (C, =
1-4 wt.-%). Additiond informationcanbe obtainedfrom
the analysis of the datapresentedn Fig. 2, where the dif-
fusion decaysfor the PMAA gel/PEG system(C, = 3
wt.-%) are given at various diffusion times t;. Fig.2
unambiguousy demonstras the dependece of the
slopesof thefinal partof the curvesonthe diffusiontime,
which formally indicatesthe ti-dependenceof the corre-
spording sdf-dif fusion coeficients.

Therefore,the generalanalytical represetation of the
diffusion decayshapefor the experimenal datacan be
presentedn theform:

A(927 T? Tl)

10° I T I T T T

V8 g- t, /(1 0™ s-m?

Fig.2. Diffusion decay of the systemPMAA hydrogel/PEG
(Cp = 3 wt.-%) at variousdiffusion times: ty = 9 ms (curve A

( X)), 15ms(curveB (®): scded alongy-axis by multiplying the
valuesby a factor of 2) and25 ms (curveC (/): scaledalongy-

axisby multiplying the valuesby afactor of 4)

(PMAA, PEGandwater),eachof which is ableto contri-
buteto the stimulaed echosigral. Therefae the diffusion
decayat zero PEG corcentrationis of a specialinterest
(Fig. 1, curve A). This diffusion decayis well descibed
by Eqg. (2a) with two exponenial terms. Oneof themcor-
respondgo watermolecules,andthe otha oneto PMAA.

The populaton p,gm of the PMAA comporent is small
(lessthen10-®) anddependsignificantly ontime 7 andty,
which indicates a constlerabledifferencebetweenspin
spinandspin-latice relaxaton of protonsin waterandin
PMAA. Sothe smal contribufon of PMAA to the echo
signal makes the anaysis of the resultseasier One can
see(Fig. 1, curve B) thatevenat minimum PEG concen-
tration (1 wt.-%) the echoamgitude at the endof the dif-
fusion decayis ten times higherthanthe contribuion of
PMAA. This allows usto attribute this comporentwith a
good accurcy to PEG protons only. At the increaseof
the PEG coneentration (Fig. 1, curvesD, E) the sigral
from PEGprotonsbecomesiominant. At PEGconcenta-
tions C, =5 wt.-% (Fig. 1, curvesF, G) the diffusion
decaysare simple:they are charaterizedby two conmpo-
nentswith self-dffusion coeficients Ds, (PEG) and Dsy,
(water) and with populations p, and p, independentof
time paraneterst andt,.

A0,7,7)

2T T
=p,exp[ —— ——— \exp(—g**t.Dsn)
T2h Tlh

2T T
o exp( ——— ——— \exp(—FFt:Dqyn)
T2pl Tlpl
(4)
2T T *
+pp2exp _ — eXp(_Vzgz§thsp2(td))
T2p2 T1p2

2
(T PRI

Theindices“h”, “p” and“pm” referto water, PEGand
PMAA, respectively. The valuesof the effective self-df-
fusion coeficients that dependon the diffusion time
(“anomalows” diffusion) are markal by aderisks. The
indices“p;,” and“p,” for PEG macromdeculesare used
in orderto separatethe contibutions with “anomalous”
(D% and usual (D) self-diffusion coeficients. The
total fraction of PEG macromoleulesin the systemis
chamcterizedby the populationp, = pp1 + Ppz-

The data presated in Fig.3 denonstrate that the
values D, and D’ do dependon the diffusion time.
Moreover, this dependace correspond to completely
resticted regime (D', OCtq %) both for PEG (curvesA—
D) and PMAA chains(curve K). At the sametime, the
datafor the systemPMAA hydrogelPEGat C,= 5 wt.-%
(curve E) showthat all PEG macromdeculesare charae
terized by a free diffusion regime: Ds, OCtJ. In the same
way onecanattribute to the free diffusionregme the part
of PEG macromoéculesp,; with self-diffusion coefi-
cient Dgpat C,= 1-4 wt.-%. Strictly speakingthe uncer-
tainty in the deternination of the valuesof theseinter-
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Fig.3. Dependencef the self-diffusion coeficients of PEGon the diffusiontime
tq in the systemPMAA hydragel/PEGat various PEG concentrationsC,; 1 wt.-%:
D*;p2 (curve A (W), Dopi (9); 2 Wt.-%: D*%p, (curve B (@), Dspy (O); 3 wt.-%: D%,
(curveC (A)), Dep1 (A; 4 Wt.-%: D%, (curveD (W), Depr (V); 5 Wt.-%: D%, (* ). The
curve K (+) correspondgo the depemenceof the self-diffusion coeficients of
PMAA (D*%pm on the diffusiontime tyat C, = 0 wt.-%. The dependencie®s <t *

andDs oct§ areshownby solid lines
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Fig.4. Theconcentationdepemlenciesof self-diffusion coeficients of PEGmacromole
cules:curveA (0) —in usualaqueais solutions(samplesC), curveB (@) —in agueoussolu-
tion surroundingthe hydrogel (samplesB), curvesC, D, E (g A ) —in PMAA hydrogel/
PEG systen (sample A). The concentrationdependenciesf Dg, D, and D%y, (tg) are
shownby curvesn, Aandm, respetively. All dataarebroughtat diffusiontime 10ms

mediate sdf-dif fusion coeficients doesnot allow us to
discoverthet;-depenénce.

Fig. 4 illustratesthe con@ntrationdependeaies of the
measuredself-diffusion coeficients of PEG macromoé-
culesbothin aqueussolutiors (curve A, sample<C) and
in PMAA hydrogel(curves C—E, samplesA). For com

paisonthe datafor aqueousolutionof PEGsurrowunding
the hydrogel(curve B, samplesB) arepresenteciswell.

It is seenthatthe self-diffusion coeficients of the sam-
plesB andC arealmostidentical (curvesA andB). This
suggeststhat PMAA hydrogeldoesnot much reduce the
initial concentréon of PEGby sorption.
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Fig.5. The dependencef mean-squarelisplacemats of PEG macromoleulesin the

systemPMAA gel/PEGon the diffusion time at variouspolymer concenrations.These
valuesaredeterminel from D%, (@). Thevaluemarkedby * correspond$o zeroconcen-
tration of PEG,i. e., it is determinedrom the value of D%, (SeeEq. (4)). This value of

the mean-squarelisplacementharacterize the scaleof the restrictionsof the mobility

of elemantsof thethree-dinensionanetworkof PMAA

As to PMAA gel/PEG sampes (sampls A), in the
swollengel at C, = 5—-15 wt.-% the self-diffusion coefi-
cientof PEGinsidethe gel andin the solutionis almost
the same(cf. curvesB andC in Fig. 4). The closevalues
of the self-diffusion coeficients indicate that the values
of PEG corcentrationsin thesesamples are practically
the same.This is consistat with the data obtained ear
lier*19,

Now let us considerthe behavio whenthe PEG con-
centrationwasbelow 5 wt.-%. At C, = 4-5 wt.-% the gel
shrinks.The shapeof the curve E showsthatthis leads to
a sharpdecreas®f the value of self-dffusion coeficient
of PEG maacomolecuks.A comparisonof the curvesA,
B andE shows that, to achiewe sucha significantdrop of
the self-diffusion coeficients, the concentation of PEG
insidethe gel shoud beincreasedy more thanoneorder
of magitude, which seens unrealisic. An additional
argumentin favor of sucha statementcomesfrom the
comparisn of the relative contributions of PEG conmpo-
nentsin diffusion decaysfor sampes A, B andC: in all
types of samples the relative contributon of PEG is
almostthe same.The queston aboutthe concentation of
PEG inside the hydrogel will be consderedin detal
below but the drop of the sdf-diffusion coeficients of
PEGat the shrinking transitioncanrot be connectednly
with the changeof PEGconcentrationin the gel.

The mostimportart fact is that for the collapsedgel
samples(at C, = 1-4 wt.-%) we obsene not only the
quantitdive, but alsothe quditative changein the beha
vior of the self-diffusion coeficients of PEG:one part of
PEG macromoéculesis chamacterizedby free diffusion
Dsp1 (curve D),while anoher partt of themhasa self-diffu-

sion coeficient D’(ts) (curve E) which is dependenon
the diffusion time t4. Suchan effect can be obseved=*-19
in the resticted self-diffusion of the polymer netwok
chans. In the samplesunder study a netwak indeed
exists (PMAA gel), but herethe effect of resticted self-
diffusion is obsened for linearPEG sol macranolecules.
Most probalty this is due to the formation of PMAA/
PEGconplex, asaresut of which thetranslatonal mobi-
lity of PEG macranolecules becanes connectedwith
that of the PMAA netwok chairs. In turn this allows us
to usethe dataon the translatonal mobility of PEG to
take insight aboutthe stateof the PMAA gel/PEG sys-
tem.

The obsenedregme D, <ty * for the patt p,, of PEG
moleculesat concentationsC, = 1-4 wt.-% indicates a
independenceof the meansquaredisplacenents of the
diffusion time, andallows usto find the mean-squaresize
of restricfons: {r2())2; = (6t.D%)"2 The resuts so
obtainedaregivenin Fig. 5.

It is seenthat the most “rigid” gel (with minimum
values of {2(t))2) is formed at PEG corcentration of
abaut 3 wt.-%. As the concentation of PEG deceasego
1 wt.-%, the possbility of translatonal displacenentsof
PEG macromdecules connected with PMAA chans
increass by a factor of three.As hasbeenalreadymen
tioned, for all PEG concentrationshigherthan 5 wt.-%,
no indications of PMAA gel/PEG complex formation
hawe been detected.lt shoud be noted that the value
(M2, = (6tD%)"2 (point *) derived from data for
PMAA chansin hydrogelat zeroPEGconcentation cor-
relates quite well with the data obtained for restriced
sdf-dif fusion of PEG macromdecules. This fact counts
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Fig.6. The real populationsp, (curve A (4)) andp,. (curve B (9); left y-axis) and their
ratio ppa/p, (curveC (W), right y-axis)in the PMAA hydrogel/PE sampksasa function of
theinitial concentrationof PEGC,. Thesolid line correspondso the conditionp, = C,

in favor of the suggestion about the formation of the
interpolymercomplex PMAA gel/PEG thatasaresut of
the complex formationthe PEG macranolecules acqure
translatonal charateristics similar to those of PMAA
chains.

Whenstudyingthe systens PMAA hydrogelPEG, it is
importantto allow for the absorpion of PEGmacromog-
culesfrom the externalsoluion. This informaton canbe
obtainedfrom ananalysisof populatiorsin Eq. (4). There
is a problem of taking into account the nudear relaxation
in appaent values of populatiors (2b) pi' = (7, w)
becauseof the impossilility of estabishing zero values
for Tand . In orderto find the real paramegrs pyi, Pp2
andthe total fraction p, = pp1 + pp2 Of PEGin a hydrogel,
the double procedire?? of extrapdation of p = (T, 7))
measuredat various valuesof T and 7; in the stimulaed
echosequene is used:p, = ]jInpi’(T,Tl). The obtained
resultsaregivenin Fig.6.

At PEG concentations C, =5 wt.-% the fraction of
polymer p, in the hydrogel is strictly the same asin the
externalsolution (curve A). At lower concentations of
PEGthefraction of PEGin the hydrogelexceed the cor-
respondingralue of C,, sofor the samplewith C, = 1 wt.-
% the conentrationof PEGin the gel is almosttwice its
concentation in the solution The curve B showsthe
valuesof the fraction of p,;, which charcterizethe PEG
macromoéculesin the interpolymer complex. One may
perceivea maximumon this curve,at C, = 3 wt.-%, the
same concentation as the minimum in the of value
{2 (2, = (6tD%y)"2 we sawin Fig. 5. This againsug-
geststhat the dynamt chamcterigics of the gel chains
arerelatedto theamountof PEGin the complexedstate.

We considerthe most interestingresuts are provided
by curveC, denonstrating the dependece of the fraction
of PEGmacromoéculesincluded in the complexon their
total amountinsidethe hydrogel. It is seen thatthe value
of pp/p, tends to zero at C, =5 wt.-%. Therefore, this
value of the initial PEG concentrationin a given system
canbe supposedo be critical for the formation of inter-
polymercomplexandhenc for the observabn of thegel
collapse.At the deceaseof C, the part p,./p, of PEG
maaomolecuksin the complex increasesand practically
appoachego 1 at C, <1 wt.-%.

Conclusions

In the collapsed gel (at PEG corcentrationsC, < 5
wt.-%), for patt of PEGmoalecules.the regime of conple-
tely restricteddiffusionis realized,which is chamacteristic
for polymer chairs constitiing a three-dinensionalnet-
work®®. The peculiaity is thatin this casethe netwok is
formed by PMAA chairs, but the effect is observedfor

linearPEGmacromdecules.The only reasm for thisis a
conplex formationbetweenPMAA gel andPEG sothat
the translatonal mobility of PEG macromdecules
becamesrestricedto that of the PMAA chains.It should
be noted that the PMAA is chemically cross-linkel and
therebre musthaverestriced diffusion at all conentra-
tions. Howewer, we failed to deternine the lifetime of

PMAA/PEG complexbecausef too limited rangeof dif-

fusiontimes(asaresultof a sharpdecreaeof spinlattice
relaxation). One can only statethat the lifetime of the
complex PMAA gel/PEG in the collapsedstateexceels
50 ms — a maxmum value of the diffusion time usedin
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the expeiments.An important resultof this studyis that
not all PEG macromdeculesform the interpolymer com
plex PMAA gel/PEG. A part of them remains free,
althoughthis pait deceasesvhentheinitial PEGconcen-
tration C, becanes smaller Therefore, we can supmse
that in the collapsedgel the PMAA/PEG conplex is
formedaccoding to the rule “all or nore”, i.e., someof
PEG molecuks are conpletely bound and others are
completly free. It is interestingto note that the transla-
tional chamcterigics of such“free” PEGmacromdecules
arecloseto thaseof PEGmacromdeculesin PMAA gel/
PEGsamplewith C, = 5 wt.-%.

The obsevation of only free diffusion regme at PEG
concentationsC, =5 wt.-% indicates eitherthe conplete
absencef interpolymercomplexformation at thesecon-
centrationor the shortlifetime of thesecomplees.
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