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Introduction 
Polyelectrolyte hydrogels are highly swelling polymer 

networks. They possess many interesting properties. 
They may swell to hundreds of times their initial volume 
in water or drastically reduce their size under the 
influence of external forces or in response to changes 
in the surrounding media. This makes them a very 
interesting scientific object of observation and a useful 
material for practical applications as well. Many pub- 
lished works have dealt with experimental and theoreti- 
cal studies of hydrogel swelling in low molecular weight 
water-salt solutions when the pH of the solution and/ 
or the amount of metal ions are changed (see, for 
example, refs 1-31, A more complicated and less 
studied system is a polyelectrolyte hydrogel placed in a 
linear polymer solution. There have been a limited 
number of papers describing hydrogel collapse in op- 
positely charged polymer  solution^^.^ or the additional 
swelling in noncharged polymer solutions.6 However, 
all the above investigations describe the results of the 
gel interactions with different solutions once equilibri- 
um has been attained. Theoretical models and a few 
experimental data on the kinetics of hydrogel swelling 
behavior can be found in refs 7-9. They are restricted 
to the simplest case where the gel is placed in pure 
water. One reason may be the lack of experimental data 
concerning polymer concentration changes during hy- 
drogel swelling in low or high molecular weight poly- 
mers in aqueous solutions. However, such kinetic 
studies are very important for understanding and 
predicting the properties of the whole hydrogel + 
aqueous solution system in the equilibrium state. The 
first step in solving this experimental problem is to find 
a suitable linear polymer solution in which it will be 
possible to record the swelling of the gel particle and 
the polymer concentration redistribution that it will 
induce in the whole system as a function of time. 

The aim of this Note is to propose a simple method 
to measure the swelling rate and the polymer concen- 
tration changes around a polyelectrolyte hydrogel par- 
ticle in an aqueous solution of (hydroxypropy1)cellulose 
(HPC). It is based on the fact that the local increase in 
HPC concentration around the swollen particle will 
induee an isotropic liquid to liquid crystal phase transi- 
tion which can be evaluated by optical microscopy. 

The combination of liquid crystalline order and gels 
is not new, and many researchers have either prepared 
liquid crystalline polymer gelsloJ1 or studied its defor- 
mation.’* To take advantage of the liquid crystalline 
phase transition of the surrounding fluid during swell- 
ing has apparently not been considered yet. 

Experimental Section 
The polyelectrolyte hydrogel used in this study was a 75- 

25 poly(acry1ate-acrylic acid) copolymer cross-linked by N,”- 

7 Permanent address: Institute of Macromolecular Compounds, 
Russian Academy of Sciences, Bolshoi prosp. 31, 199004 St. 
Petersburg, Russia. 

Figure 1. Development of the swelling of a hydrogel particle 
in a 40% HPC solution: (a) 3 min after contact; (b) 7 min aRer 
contact; (e) 55 min after contact. The pictures are taken 
between crossed polarizers. 

methylenebisacrylamide, kindly provided by Atoehem. The 
size of dry gel particles was 0.5-1 mm, consisting of 10-20 
smaller particles stuck together. The preparation of the 
aqueous (hydroxypropylkellulose (Klucel Type E, molecular 
weight 6 x lo‘, kindly provided by Aqualon, a Hercules 
company) solution was performed by a gentle mixing followed 
by centrifugation to remove bubbles. HPC concentrations are 
given in weight percent. In water HPC solutions are isotropic 
below C* = 42% and display a transition to a cholesteric liquid 
crystalline phase above this concentration. Between 42 and 
44%, the solution is biphasic, while it is fully anisotropic above 
c** = 44%. 

One dry hydrogel particle was placed in the HPC solution 
between two glass slides. The swelling and the development 
of birefringence around the particle were monitored with a 
polarizing microscope. 

Results and Discussion 
When a dry hydrogel particle is placed in a HPC 

aqueous solution, the particle swells, drawing water 
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Figure 2. Enlargement of an area of Figure 1. The fully 
anisotropic area is denoted A and the biphasic one B. The 
boundary between A and B corresponds to C**, and the 
boundary between B and darkness corresponds to C*. The 
dark line in area A is an artifact due to the black-and-white 
print of the color original. 

inside it. As a consequence, there is a local increase in 
HPC concentration around it. In the present experi- 
ment, only one particle is placed in a large amount of 
HPC solution. When the initial concentration of HPC 
is less than 20%, the particle swells but no birefringence 
can be seen around it. When the HPC concentration is 
larger than 20% and lower than 42%, a birefringent 
layer develops around the particle, grows, and then 
decreases in size before completely disappearing. The 
first signs of birefringence appear very quickly (i.e., a 
few seconds). The growth and disappearance process 
can be quick, say a few minutes, when the concentration 
is around 20% or very slow (a few days) when the 
concentration is closer to 42%. 

Figure 1 is an  example of the growth of a birefringent 
layer around a swelling hydrogel particle in a 40% HPC 
solution. Two different boundaries can be clearly seen. 
The first one corresponds to the isotropic-biphasic 
transition. The biphasic region is composed of bright 
spots. The second boundary corresponds to the bipha- 
sic-fully anisotropic transition. This is more clearly 
seen in Figure 2, which shows an enlargement of the 
area around a particle. The fully anisotropic area is 
denoted A and the biphasic B. The boundaries between 
A and B, corresponding to C**, and B and darkness, 
corresponding to C*, are very clear. It is easy to monitor 
the position of these two concentrations as a function 
of time. An example of such a result is given in Figure 
3. The curve with the right-hand side arrow represents 
the growth of a 56 pm dry gel particle placed in a large 
amount of a 40% HPC solution (acting as a reservoir) 
as a function of time. As previously seen in Figure 1, 
the gel swells and then keeps a nearly constant size 
(note that there is a slight increase of size at long times). 
The curve with the left-hand side arrow is the width of 
the birefringent (anisotropic) zone (i.e., the distance 
between the gel surface and the boundary between area 
B and the isotropic region). The width increases with 
the swelling of the gel due to the decrease of the water 
content around the particle. When the particle stops 
swelling, the HPC concentration decreases and the 
width of the birefringent zone decreases. It slowly 
returns to the isotropic 40% concentration. In fact, a 
small layer of birefringent solution stays around the 

Figure 4. Optical micrograph of a fully anisotropic region of 
an HPC solution, obtained from an initially isotropic solution 
allowed to dry in the air, between two glass slides. The grainy 
aspect is very typical of such solutions and due to a complex 
director field. 

swollen particle even at very long time. The birefrin- 
gence which is observed is not due to strain-induced 
birefringence owing to the very long relaxation times 
involved. The appearance and disappearance of the 
birefringence are controlled by the diffusion of water and 
HPC molecules. The long times which are required to 
equilibrate the concentration of HPC around the particle 
are due to the high viscosity of these concentrated 
solutions (a typical order of magnitude of the viscosity 
of a 40% HPC solution is 450 Pa%). 

A closer look at the rim of the particle (Figure 2) 
shows that if the HPC concentration is large enough, 
colors develop and disappear with time. These colon 
are connected to the increase of birefringence andlor 
thickness of the anisotropic layer. The latter parameter 
can be fixed and the knowledge of the birefringence 
versus concentration will be used in future studies to 
give the full concentration profile around the particle. 
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The structure of the fully anisotropic region around 
the particle is another point of interest. It is a well- 
known fact that aqueous anisotropic HPC solutions at  
rest are characterized by the presence of many orien- 
tational defects, typical of liquid crystals.13 This gives 
the aspect of a domain-like like the one 
shown in Figure 4, obtained by leaving an isotropic HPC 
solution placed between two glass slides to dry in the 
air. On the contrary, the anisotropic region around the 
gel particle does not contain defects. This is a most 
unusual fact that cannot be explained. It may be 
related to the rapid concentration change associated 
with some flow due to the swelling. 

Conclusion 
The use of a polymer having an isotropic-to-anisotro- 

pic phase transition can provide a simple way to study 
the evolution of the polymer concentration around a 
swelling particle. This was demonstrated using an HPC 
solution. The defect-free structure of the anisotropic 
region is very intriguing and will require further 
investigations. 


