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Abstract The effect of urea solutions on the equilibrium swelling of lightly crosslinked potvl2- 
h}drox3eth_\l mcthacr.~latel (PHEMA) gels and on the viscometric behaviour of PHEMA. for various 
concentrations of urea and temperatures, has been studied. Urea raises the degree of swelling of gels and 
the intrinsic viscosity of PHEMA; the temperature coefficient of both quantities is negative. A 
thermodynamic analysis of the swelling data shows that a change in entropy is the driving force for the 
increase in swelling at low temperatures, while at higher temperatures (50-80 °) a negative change in 
enthalpy prevails, both corresponding to the transport of PHEMA from the aqueous medium into urea 
solutions. The entrot)y and enthalpy of dilution parameters derived from viscometric measurements have 
negative values, and their absolute values decrease with increasing urea concentration. It has also been 
found that the PHEMA molecules in urea solutions under the 0-conditions are much more coiled than in 
an organic 0-soh,ent. The results are interpreted in terms of the existence of inter- and inlramoleeular 
hydrophobic bonds and b5 the destruction of hydrophobic clusters caused by urea. 

Aqueous urea solutions are known to cause the dena- 
turation of proteins (cf. e.g. [1]). Addition of urea also 
raises the solubility of a number of polar organic 
compounds (e.g. amino acids)in water [2]. The effect of 
urea is explained, on the one hand, by the destruction of 
the hydrophobic bonds between nonpolar parts of the 
molecule connected with the structure of water, and on 
the other, by the attack of urea "on the inter- or 
intramolecular hydrogen bonds. It can be said that the 
molecules of urea certainly disturb the structure of 
water, in the first place owing to their different 
geometry with respect to the water molecules [3]. 

The effect of urea was also investigated for a number 
of synthetic hydrophilic polymers, but in most cases 
these studies (mainly viscometric [4]) were not carried 
out systematically. The structures of synthetic polymers 
are often much simpler than those of biopolymers and 
their investigation could contribute to the elucidation 
of the mechanism of the effect of urea. 

Poly(2-hydroxyethyl methacrylate) is one of the 
comparatively simple synthetic polymers containing 
both hydrophobic groups and proton donors and 
acceptors capable of forming interchain hydrogen 
bonds and bonds with the water molecules. Since this 
polymer is widely used in practice (implants, tissue 
substitutes}, an investigation of the effect of urea has 
also a practical importance. We therefore investigated 
the effect of urea in concentrated systems--poly(2- 
hydroxyethylmethacrylate)(PH EMA)gels -by  measur- 
ing the equilibrium degree of swelling, and also studied 
viscometrically the solution behaviour in dilute solu- 
tions. The phase equilibria in lightly crosslinked 
PHEMA gels allow, after subtracting the small contri- 
bution of the elastic free energy of the network, the 

calculation of quantities directly related to the excess 
thermodynamic functions, which therefore makes 
possible a characterization of the nature of interaction 
changes caused by urea. Viscometrx supplements these 
results for the region of infinitel.~ dilute solutions: 
however, owing to the limited solubility of PHEMA, 
the viscosity measurements can be carried out only with 
solutions having a higher concentration of urea. The 
literature already contains some data about the 
effects of urea on the swelling of PHEMA gels. 
Data [5] indicate a dramatic effect of ver$ low urea 
concentrations: in 0-01 M urea the degree of swelling 
with respect to water increases more than twice, and 
decreases again at higher urea concentrations. The 
existence of such an important effect of low urea 
concentrations could be proved neither in later [6] nor 
in our measurements. A more detailed investigation [6] 
of the effect of 0--1.0 M urea on PHEMA gels seems 
to suggest that, in the low concentration region under 
investigation, urea affects rather the hydrogen bonds 
than the association of nonpolar parts of macromole- 
cules. This conclusion follows mainly from the weak 
influence of urea on the fluorescence of dye adsorbed 
in hydrophobic associates. It should be added, however, 
that the low urea concentrations given above affect the 
gel properties only slightly, and that it is rather higher 
concentrations which are interesting. 

EXPERIMENTAL 

Swellin 9 of gels 
Preparation of PHEMA gels. Crosslinked PHEMA gels 

were obtained by bulk copolymerization of HEMA with 
0'32 per cent ethylene dimethacrylate in the form of plates 
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in a Teflon mould. The mixture of monomers was bubbled 
with nitrogen and degassed, and the polymerization was 
initiated with 0.15 per cent diisopropyl percarbonate. The 
polymerization proceeded at 60~C for 6 hr; the gels were 
extracted with boiling water and used either swollen or after 
drying in vacuo over P2Os. 

Measurement of the equilibrium degree of  swelling. The 
volume degree of swelling was measured dilatometrically 
with an Abb6 comparator (Zeiss, Jena, GDR ). Gel strips were 
fixed in their centre to a Teflon support and placed in a 
thermostated cell which was fixed to the comparator desk. 

unfractionated samples were prepared from monomer 
of high purity (with less than 0"01 per cent ethylene 
dimethacrylate) by radical polymerization in water or 
ethanol solution with isopropyl percarbonate as initia- 
tor. The fractions were prepared by fractional precipi- 
tation [7]. The samples were stored in a desiccator 
over P,,O5. They were characterized by their intrinsic 
viscosity in dimethylformamide (25°C) and the weight 
average molecular weight M,~ (determined by light 
scattering [7]). 

Two pieces of a platinum wire at the ends of the strip The solutions in 6 M and 8 M urea were prepared 
served as marks for measuring the linear dimensions. The ' by shaking overnight an appropriate amount  of the 
time dependences were measured during 1-2 days and the polymer with solvent at room temperature. The whole 
equilibrium value was obtained by extrapolation to infinite 
time, if necessary. The equilibrium values L/L o (L and Lo 
are the respective distances between the marks of the 
swollen and the dry extracted sample) were used for 
calculating the volume degree of swelling (L/Lo) 3 and the 
volume fraction of the polymer ~op = (Lo/L) 3. 

Viscometry  

The viscometric measurements were performed with 
two unfractionated samples and six fractions. The 

process of sample preparation in 4 M urea was carried 
out in a refrigerator at ~2°C. The samples thus 
obtained were transparent. Prior to measurements, the 
solutions were filtered through sintered glass (G2). 

The measurements were carried out in Ubbelohde 
viscometers adapted for direct dilution. The flow times 
of the solvent were never lower than 100 sec, so t ha t - -  
with respect to the size of the viscometer--no further 
viscometric correction was necessary. The flow times 

Table 1. Equilibrium degree of swelling of PHEMA gels in urea solutions and the 
interaction parameters 

[U] t ~p Z h Z* Z~ 

0 80 0"549 0"821 200 0'566 0"255 
70 0"563 0'834 120 0'350 0'484 
55 0'568 0"841 0 0 0'841 
40 0"565 0"837 - 5 0  -0"159 0'966 
25 0"553 0"825 - 9 0  -0'301 1"126 

I 80 0'536 0"804 15 0"042 0"762 
70 0"537 0"805 10 0"029 0'776 
55 0'538 0'805 - 15 -0"046 0"851 
40 0'535 0"801 - 5 0  -0"159 0"960 
25 0'521 0"790 - 9 0  -0"301 1"091 

2 80 0"509 0'776 0 0 0"776 
70 0"507 0"775 -25  -0"073 0'848 
55 0'500 0'768 -65  -0'198 0'966 
40 0'489 0"757 - 9 0  -0"287 1"044 
25 0'468 0"740 -110 -0"368 1"108 

4 80 0'459 0'732 -35  -0'100 0"832 
70 0"455 0'729 -55  -0'160 0'889 
55 0'443 0"719 - 9 0  -0"274 0"993 
40 0"425 0"704 -100 -0'319 1'023 
25 0"401 0'687 - 100 -0"335 1"022 

6 80 0"413 0"694 -65  -0'184 0"878 
70 0"405 0'688 -70  -0"204 0"892 
55 0'390 0"678 -85  -0"259 0'937 
40 0"372 0"665 - 9 0  -0'287 0'952 
25 0"349 0-649 -100 -0"335 0'984 

8"2 80 0"373 0"665 - 105 -0"297 0"962 
70 0"361 0"657 -100 -0"291 0"948 
55 0"340 0'644 -95  -0'290 0"934 
40 0"322 0'631 - 9 0  -0"287 0"918 
25 0'300 0'615 - 9 0  -0'301 0"918 

[U] concentration of urea solutions in mol/I at 25°C; t temperature in °C; ~op 
volume fraction of the polymer in the swollen gel; Z (-+ 0.001) the Flory-Huggins 
interaction parameter; h °K (+10), Zh (_+0.04), respectively ;G are enthalpic, 
respectively entropic contributions to Z. Z = h/T  + Zs = Z, + Z~ 



Effccl of urea on the behaviour of PHEMA-water mixtures 241 

were read with an accuracy of +0-05 sec: the bath 
temperature was constant to +0-02C.  

The intrinsic viscosities [~l] were obtained by extra- 
polation to zero concentration of data obtained at four 
or five polymer concentrations chosen so that the 
specific viscosities lay between 0,15 and 0-8. The deter- 
mination of the intrinsic viscosity and H uggins constant 
kH was made according to Heller [8]. If necessary, the 
It/] values were corrected for changes in the density 
of urea solutions. 

RESULTS AND DISCUSSION 

Equilibrium swelling of the PHEM A gels 

The results of measurements of the equilibrium 
degree of swelling in 0-8-2 M urea at 25-80°C are 
summarized in Table 1. The equilibrium degree of 
swelling increases (the volume fraction of the polymer 
~0~ decreases) with increasing urea concentration at all 
temperatures, but the temperature dependence of the 
volume fraction of the polymer changes with increasing 
urea concentration. The minimum of the degree of 
swelling which exists in the PHEMA-water  systems at 
55°C is gradually shifted to higher temperatures with 
increasing urea concentration and finally disappears, so 
that at higher urea concentrations the PHEMA gels 
deswell with increasing temperature over the whole 
range of temperatures studied. 

To obtain more detailed information about the 
thermodynamics of mixing of PHEMA with urea 
solutions, we calculated the Flory-Huggins interaction 
parameter from the swelling data. For simplicity, we 
assumed that the urea solutions can be regarded as a 
single-component solvent, implying the same composi- 
tion of the aqueous urea solution both in the gel and 
in the liquid phase. Such a "single-liquid" approxi- 
mation can to a certain degree affect the values of the 
thermodynamic quantities, but probably gill not change 
the course of their dependence on the temperature and 
concentration of urea. 

The interaction parameter Z is determined by Flory's 
swelling equation [9]: 

ln( l  - % )  + ~,, + Z ~o~ + F, ,,* 
(q)~ 3 (:~2)o _ (pp..'2) = 0. (1) 

Here, v* is the concentration of elastically active chains 
in the dry gel, ~:, is the mean molar volume of urea 
solutions, and the parameter ( : d )  o characterizes the 
ratio of the mean square end-to-end distance of the 
network in the dry and reference state. The value of 
v* (approximately 0.1 tool/l) was determined from the 
stress-strain data on swollen gels. and the factor 
(~2) o was taken to be close to unity, since the cross- 
linking took place in the absence of diluent. The mean 
molar volume of urea solutions was calculated from 

v ,  = tO00/(c./ l~io + (lOOO p - c . ) / ~ ) .  (2) 

where c, is the urea concentration in g/l, p is the 
specific weight of urea solutions (g/roll. and ]~,  and 

M,, are molecular weights of urea and water, re- 
spectively. Temperature dependence of Z yields the 
enthalpic (Y.h) and entropic (Z,) terms 

Z = h/T + Z~ = Zh + /..~, (3) 

where h = [67./6(1/T)]. These terms are related to the 
excess enthalpy and entropy of mixing with respect to 
an ideal and athermal mixing. It should be noted that 
the positive value of Zh means positive heat of mixing 
(endothermal mixing) and the positive value of y.~ 
means negative excess entropy of mixing. 

It can be seen (Fig. 1) that the maximum value of 
y. is shifted to higher temperatures and at high urea 
concentrations the decrease of Z with temperature is 
almost linear in I/T. Table 1 demonstrates that the 
mixing of PHEMA with water is exothermal at lower 
temperatures and becomes endothermal at higher 
temperatures; the change in entropy is less negative. 
The mixing becomes exothermal for all temperatures 
with increasing urea concentration, while entropy 
increases at low temperatures and decreases at higher 
temperatures. 

The thermodynamic behaviour of PHEMA mixtures 
with water or urea solutions is typical of the so- 
called "aqueous .solutions", for which it holds that 
IAHrI < TIASrI, i.e. the effect of the entropic contri- 
bution prevails in the free enthalpy of mixing [10]. 
Only in the PHEMA-water  system at 80~C, the 
relationship is a reverse one, which would indicate 
transition to the behaviour of the so-called "non- 
aqueous solutions", High positive Z, and negative 7.h for 

0.7 

06 
2.8' 

o.et.-c>--o _ 

I I 
3.0 32 

(1/T).103 

Fig. I. Dependence of the interaction parameter Z on (abso- 
lute temperature)- ~. Designation of curves corresponds to 
urea concentration in mol"l in aqueous solution at 25°C. 
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Fig. 2. Dependence of(Azh), and (Az,) , corresponding to the 
transfer of PHEMA from water into urea solutions. Desig- 

nation of curves indicates temperature in C.  

PHEMA-wate r  systems seem to suggest (as in aqueous 
solutions of aliphatic alcohols of the corresponding 
concentration [11]) the existence of hydrophobic 
associates and formation of new H-bonds. The associ- 
ates dissociate with increasing temperature and the H- 
bonds also disappear so that the system becomes more 
"non-aqueous ' .  The effect of urea can be studied by 
using the values of (Az~) , and (Az,) , corresponding to 
the transfer of PHEMA from the aqueous solution into 
a urea solution (Fig. 2). The low value of (AZh) , at 
25:C, which is little dependent on the urea concen- 
tration, suggests that the addition of urea will not 
cause an essential change in the concentration of the 
hydrogen bonds in the system, although they certainl3 
undergo rearrangement with the participation of the 
urea molecules. The driving force of the increase in 
swelling is the positive entropy change [negative 
(AZ,),]. At higher temperatures, the strongly negative 
(Azh), values indicate the formation of new hydrogen 
bonds in systems with urea; this change is compensated 
for by a large decrease in entropy. Thus, the addition 
of urea seems to lead to an increase both in order and 
in the number of hydrogen bonds. 

It is interesting that, as in a number of other aqueous 
systems, compensation exists between h and Z, corres- 
ponding to different temperatures (Fig. 3). All straight 
lines for different urea concentrations have the same 
slope of -340°K,  but are somewhat shifted. 

200 

h 

100 

-100 

0 

2 

6 

0-5 1.0 Xs 

Fig. 3. Compensation of h and X,. Designation of curves 
corresponds to urea concentration in mol/l in aqueous 

solution at 25:C. 

Viscosi ty  measurements  

The range of viscosity measurements was determined 
by the ranges of temperature and of concentration of 
urea within which it is possible to prepare stable 
solutions of PHEMA. Preliminary experiments have 
shown that solutions of PHEMA in 4 M urea allow 
work at temperatures below 12°C, in 6 M urea below 
35 :C and in 8 M solutions below 55°C. The viscometric 
results are summarized in Figs. 4 and 5 and Tables 2, 
3 and 4. 

I I ! 

1-5 

1-2 

0 . 9  

0.16 

0.12 
I I 

5 6 ? 8 
[U] 

Fig. 4. Dependence of the intrinsic viscosity of PHEMA on 
urea concen tration. Temperature 25 °C. Polymers M x 10- 6: 

0.105 O. 5.0 O. 



Effect of urea on the behaviour of PHEMA-water  mixtures 243 
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o.6t , I I I I 

o2~- "-'0'---0. 

L i I I I I 
0 10 20  30 1,0 50 

Fig. 5, Dependence of the intrinsic viscosity of PHEMA 
solutions on temperature. Urea concentration 8 M. Polymers 

M × 10-+:0,105(I):0.2750;0.860(}:5.0@, 

In the fol lowing analysis  of  viscometr ic  data,  equa-  
t ions [12, 133 

[~I] = Ko  M I ' :  (I + C t B  M t  2 + . . . ) (4) 

and  

(d In [r/]/dTiB = o = (d In K o / d T ) a  = o 

+ Cl (dB/dT)~=o M x:2, (5) 

are used, where  the symbol  C~ deno tes  the numer ica l  
coefficient. 

For  this re lat ionship,  we assume that  also for our  
systems it is possible  to separate  the effect of inter-  
ac t ions  of  the adjacent  chain m o n o m e r  uni ts  (the 
measure  of  which is the cons tan t  K o and  its t empera -  

I + i 1 i 

2 

7 I I I I 

3 
I I I I 

~ / ~ *  (c) 

t ,  ~ u = . - -  1 - I  • 

I I 

o os ~ ,!s ¢o 
M ~o. 10 o 

Fig. 6. Determination of the parameter Ko. (a) [/5] = 4 M: 
t (°C): 2, 7, 10 (@ @ ~ / ;  (b) [U] = 6 M ;  t (:C): 18, 25, 32 

(IDO(});(c/[U] = 8 M ; t ( ° C ) : 2 5 , 4 0 , 5 1 . 5 5 ( O q ? @ @ ) .  

ture coefficient d In K o / d T )  from the effect of inter- 
ac t ions  of r emote  m o n o m e r  units  and of in teract ions  
with solvent  (parameter  B and dB/dT) .  When  applying 
Eqn. (4) we have no ted  the empirical  rule [14] that  the 
ex t rapo la t ion  of  the plot  [r /] /M ~2 vs M ~2 to zero 
molecular  weight  based on E q n . ( 4 ) i s  reliable only if 
[ r / ] /KoMt  2 ~ 1'6. 

The  p rocedure  and  results  of analysis can be sum- 
mar ized  as fol lows:  (1) S t o c k m a y e r - F i x m a n ' s  plots  
[r /] /M t'2 vs M *a (Fig. 6) meet  the above condi t ion  of 
a reliable ex t rapo la t ion  for solut ions in 4 M and  6 M 
urea at  all t empera tu re s  and in 8 M urea at tempera-  
tures 40-55 :C.  The  cons tan t s  K 0 increase with increas- 
ing urea concentrat ion,  probab ly  to a limit (Table 5). 
(2) We  de t e rmined  the slopes (Ssv) of the s traight  lines 
in Fig. 6;  f rom their dependence  on 1/T (Fig. 71 we 

Table 2, Viscometric data of the system PHEMA---4 M urea solution 

M × 10 - 6  
tCCI: 2"0 

[r/] (dl/g) k .  

4-0 7-0 10.0 2.0 4.0 7.0 10.0 

0 .620  0265 0-245 0,225 0.195 1.07 1 17 1-43 1.97 
3.68 0.760 0.695 0 . 6 0 0  0 -500  0.75 0.85 0.05 1 38 
5.00 1.00 0.900 0-760 0.570 0.70 0.81 1-03 I 65 

Table 3. Viscomelric data of the system P H E M A - - 6  M urea solution 

M x 10 -6 
t (°C): 

[r/] (dl/g) k n 

18"0 25'0 32"0 18"0 25"0 32'0 

0"105 - -  0"127 - -  - -  0'97 - -  
0"275 0"238 0"206 0"204 0'69 1-06 0.77 
0-860 0-444 0"378 0"342 0-54 0"70 0-74 
1-25 0'618 0-519 0"407 0"48 0'59 0"88 
3"68 1'10 0"851 0"605 0-48 0'65 1"0 
5-00 1"34 1-03 0-695 
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determined by interpolation those temperatures at 
which B = 0. They increase with increasing urea con- 
centration; linear extrapolation gives us an estimate of 
this temperature for pure water (ca. 240°K) (Fig. 9, 
Table 5). (3) At these temperatures we determined the 
coefficients (d In D1]/dT),-o, plotted them against 
M ' - '  (Fig. 8) and obtained the coefficients d In 
Ko/dT  and (dB/dT)B= o (ca. - 5  x 10-3). 

Table 5. Characteristics of the systems PHEMA-aqueous 
urea solutions 

[U]: 4M 6M 8M 
0(°C) 10'0 27"2 52"5 

Ko x 10 a 2"5* 4.0* 4-25* 
CIB o x l0 s -12'45" -7-0"t -4.1"i- 

-10"5 C -6"9+ -3-9* 
S O x 10 ° -37§ -23§ -12§ 
(O/T)C1Bo x 103 -11"8 -7"011 - 4 " 6  

10 

1 I I 1 

6 
, 4 

2 

I I , I I 
0 0.5 1 1.5 2 

M, r2.10-3 
Fig. 8. Determination of parameters d lnKo/dT and 

(dB/dT)~=o. [U] = 4 M ~, 6 M e, 8 M O. 

* At the respective 0-temperature. f Determined from 
Fig. 7. ** Determined from Fig. 8. § Slope of straight lines 
i n F i g S . ( d l n K o : d T =  - 5  x 10-3). I IForT=298:K.  

I 

1-51 

1-0! / 
0'5 

- 05 I t 

30 32 3.4 36 
O/T).IO 3 

Fig. 7. Temperature dependence of slopes Ssr. SsF (--= 
CIBKo) slope of straight lines in Fig. 6. [/_7] = 4 M O). 6 M 

0 . 8 M  O. 

If we look for the explanation of results in point (1). 
it seems advisable to compare them with K 0 determined 
under the 0-conditions in an organic solvent [15] (iso- 
propanol, 0 = 3TC,  K0 = 6.0 x 10-41. The values 
found in aqueous urea solutions amount only to 42-70 
per cent of the above value and mean that the radius 
of an equivalent hydrodynamic sphere has been 
reduced to 7%89 per cent of the radius in isopropanol. 

According to the theory [12] of the intrinsic vis- 
cosity of polymers with a flexible chain, the changes in 
the constant K o due to solvent (less than 10-20 per cent 
in most cases) are explained by the changes in the 
so-called characteristic ratio; the decrease in both 
quantities indicates less hindered rotation in the main 
chain and more frequent participation of conforma- 
tions with smaller steric requirements (without change 

10 ~ 

-C,Bo. P 
5 

340 
B,*K 

300 

260 

I t t I 

I I I I 
2 L 6 8 [u] 

Fig. 9. Dependence of parameters 0 and CIB o on urea 
concentration. 

in the Gaussian character of the chain). A question 
arises if the dramatic reduction of the K0 values found 
by us is compatible with the view that the only 
process that occurred here was a release of the barriers 
of rotation, or that there were some other causes 
involved. We favour the latter alternative. 

In the part devoted to the swelling of crosslinked 
PHEMA gels, we concluded that in the P H E M A  
networks the nonpolar parts of the chains become 
associated inside the network. It is easy to imagine that 
the same type of interaction is operative also between 
close monomer repeat units inside the coils of linear 
molecules, which is reflected in low values of K0. 
Intramolecular associations decrease in number with 
increasing urea concentration, so that the dimensions 
of molecules (in the absence of the excluded volume 
effect) and the constant K o increase. However, uncoil- 
ing does not attain such a degree as in an organic 
0-solvent where the hydrophobic interactions are not 
operative. The abrupt slope of the Ko- [U]  dependence 
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which appears if one proceeds to low urea concentra-  
tions indicates that at [-U] < 4 M (if solutions could 
be prepared under such conditions) the P H E M A  
molecules would be strongly coiled and very compact.  
One can see here a certain resemblance to proteins. 

As can be seen from Fig. 7 (plot Ssr = C1BKo  vs I /T) ,  
the dependence of the parameter  B on teml~erature in 
the surroundings of the temperature at which B = 0 can 
be described by the equation 

B = B o (l~O/T), (6) 

the parameters of which (B o, 0) are given in Table  5. 
Practically, the same B o values are obta ined from plots 
in Fig. 8, the slope of which according to Eqns. (5) and  
(6) is S o = C1 Bo/O. 

According to the s ta t is t ica l - thermodynamic theory 
1-16] of polymer solutions, the empirical parameters  
B and B 0 are directly related to the Flory parameters  
of the heat of dilution (~) and entropy of dilution 
(0). It can be said on the basis of viscometric 
measurements that  the systems P H E M A - a q u e o u s  urea 
solutions are exothermal (that they become less exo- 
thermal with increasing urea concentrat ion)  tha t  the 
parameter of the entropy of dilution is negative and  
that its absolute value decreases (Table 5). For  the 
dissolution of the polymer, the former fact is unfavour-  
able and the latter favourable. In the concent ra t ion  and 
temperature range in which the viscometric measure- 
ments could be carried out, the above conclusion is 
in a qualitative agreement with that  derived from 
swelling. 

It should be pointed out, in conclusion to the above 
analysis of the viscometric results, that  the Huggins 
constant k n has extremely high values, exceeding by 
50-300 per cent those found by us for P H E M A  in 
isopropanol [15] under comparable  conditions.  The 
high k n values indicate strong intermolecular  inter- 

actions and their decrease with increasing urea concen- 
tration means also weakening of these interactions. 
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R~sum~-On a ~tudid l'effet de solutions d'uree sur l'equilibre de gonflement de gels legerement rtticules 
de poly(hydroxy~thyl-2-mfithacrylate) (PHEMA) et sur le comportement viscosimttrique du PHEMA. 
pour diverses concentrations d'urte et diverses temperatures. Le taux de gonflement des gels et la viscosit6 
intrinseque du PHEMA augmente avec la concentration d'uree; leurs coefficients de temperatures sont 
tous deux n~gatifs. L'analyse thermodynamique des donntes de gonflement montre qu'aux basses tempera- 
tures I'augmentation de gonflement est regie par le changement dans l'entropie tandis qu'aux temperatures 
plus dev~es (50-80 :) domine le changement n~gatif dans l'enthalpie: dans les deux cas ceci correspond 
au transport de PHEMA du milieu aqueux dans les solutions d'uree. L'entropie et l'enthalpie des 
paramttres de dilutions, calculds a partir des mesures viscosim4triques, sont ntgatives et leurs valeurs 
absolues diminuent lorsque la concentration d'ur~e augmente. On a ~galement trouv6 que darts des solu- 
tions d'urte aux conditions 0 les moltcules de PHEMA sont beaucoup plus enroulees que dans un solvant 
0 organique. Les resultats sont interprft~s par l'existence de liaisons hydropbobes inter- et intra-molecu- 
laires et par la destruction d'aggr~gats hydrophobes provoqufs par I'uree. 
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Sommario Si ~ studiato l'effetto che soluzioni di urea presentano sul rigonfiamemo d'equilibrio di geli 
di poli(2-idrossietilmetacrilato)(PHEMAte sul compor tamenlo  ~.iscometrico del PHEMA. con ~arie tem- 
perature e concentrazioni di urea. L'urea aumema  il grado di rigonfiamento dei geli e la ~iscosilA m- 
trinseca del PHEMA ; il coefficiente di temperatura di entrambe le quanfil/t b negati~o. L'analisi termo- 
dinamica dei dati di rigonfiamento moslra che il cambiamento di enlropia e la forza mortice per I'aumcn.lo 
del rigonfiamento a basse temperature, mentre a temperalure pi(~ elevate 150 ,";fl ~ prevalc un cambiamcnlo 
negativo dell 'entalpia; in entrambi i casi si ha il trasporto di PHEMA dal mezzo acquoso alia soluzione 
d'urea. L'entropia e I'entalpia dei parametri di diluizione rica~ati da misura,'ioni ~iscomctrichc po~,seg- 
gono valori negativi e i Ioro valori assoluti diminuiscono con I'aumentare della concentrazione dell'urea. 
Si 6 pure trovalo che le molecole di PHEMA in soluzioni di urea in condizioni 0 sono molto piil avxolle 
a spirale di quanto Io sarebbero in un s o h e m e  organico 0. Si spiegano i risultati con l'csistcnza dl Icgami 
idrofobi inter- e intramolecotari e con la distruzione dei gruppi idrofobi da partc dell'urct~. 

Zusammenfassung- -Untersuch t  wurde der EinfluB yon Harnstofltosungen auf dic Gleichgewichtsqucllung 
yon nur schwach vernetzten Poly-(2-hyhroxiathylFmethacrylat (PHEMAFGclen und auf das viskosime- 
trische Verhalten yon PHEMA bei verschiedenen Harnstoflkonzentrationen und Tcmperaturcn.  Harnsloff  
erh6ht den Grad der Quellung der Gele und der Viskosidit yon PHEMA: fi.ir beidc Gr6f.~cn lsl der 
Temperaturkoeffizient negativ. Eine thermodynamische Anal).~ tier Quellungsdaten zeigl, da3 einc 
,~nderung der Entropie die treibende Kraft fiir die Zunahme der Quellun 8 bei tiefen Temperaluren isL 
w~,hrend bei hisheren Temperaturen (50-80)  eine negatixe )i, nderung in der Enthalpic i.ibcr~ iegt: beides 
h/ingt yon dem Transport  yon PHEMA yon dem w/issrigen Medium in die Harn.,,tottl,Ssung ab  Die 
Verdi.innungsentropie- und -enthalpieparameter, abgeleitet aus Viskosit~it~mcssungen. haben negatixe 
Werte. deren absolute Werte rail zunehmender  Harnstoft 'konzentration abnehmcn. Es wurde fcrner 
gefunden, dab die PHEMA-Molekii le in Harnstoffl6sung unter 0-Bedingungen mehr gckni.iucll, sind als in 
organischen o-L/Ssungsmitteln. Die daraus erhaltenen Ergebnisse werden unter Berucksichtigung xon 
inter- und intramolekularen h~drophoben Bindungen interprctiert: Harn~tofl"/crsl,i~,l die h)drophoben 
Klus ter  


