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ABSTRACT

Non-ionic polyacrylamide gels immersed in aqueous solutions of
poly(ethylene glycol) (PEG) exhibit a continuous volume change upon
continuous increase of the PEG concentration in the external solution.
The volume change becomes discontinuous when ionizable groups are
incorporated into the network. As the proportion of ionizable groups
increases, or, as the molecular weight of PEG decreases, the critical
concentration of PEG required for a discontinuous volume collapse
rises. The distribution of PEG inside and outside the gel phase changes
with gel volume; it also exhibits a discontinuous change at the phase
transition. Flory—Huggins theory gives a qualitative description of the
phenomenon. © 1997 Elsevier Science Limited

1 INTRODUCTION

Polymer gels are important materials of both fundamental and technologi-
cal interests. In recent years, hydrophilic gels called hydrogels have
received considerable attention for use as specific sorbents and as support
carriers in biomedical engineering. Investigations of the swelling behavior
of hydrogels in low molecular weight solvents have been reported in the
last four decades. In more recent years attention has turned to the
swelling and collapse phenomena that are observed when a hydrogel
network is brought into contact with a solvent. The possibility of phase
transitions has been predicted theoretically’® and proved experimentally

*To whom correspondence should be addressed.
167



168 N. Kayaman, O. Okay, B. M. Baysal

on hydrolyzed polyacrylamide (PAAm) gels swollen in acetone—water
mixtures.”'® In such a transition, a change in a variable like pH, solvent
composition or temperature can induce a discontinuous change in the
volume of the swollen gel.'*3

Although many studies have dealt with gels swollen in solvents, only a
few were concerned with swelling in polymer solutions. The first theoreti-
cal studies on such (quasi)ternary systems assumed that the linear
macromolecules cannot enter the gel phase. Others neglected the
energetic interactions between the polymer and network segments.'
Recent experimental results indicate that these assumptions are
unrealistic.''® Linear polymers can penetrate into the network depending
on the thermodynamic parameters of the system, leading to the contrac-
tion of the gel. Since the linear polymer concentration inside the network
depends on the size of the macromolecules, the gel excludes high
molecular weight polymers. This characteristic of the gels is of
pronounced practical interest; for example, polymeric gels can be
used as extraction solvents to concentrate aqueous solutions of proteins
or other biological systems.'”?* More recently, theoretical calculations
using the classical Flory-Huggins theory predicted the possibility of
a discontinuous phase transition in such systems, even for non-
ionic gels.”?* This prediction was proved with poly(N-isoproplylacryl-
amide) (NIPA) gels swollen in aqueous poly(ethylene glycol) (PEG)
solutions.”

This paper presents the results of observations on PAAm gels immersed
in aqueous solutions of PEG with molecular weights ranging from 194 to
35000 g/mol. Here, we report the first observation of a discontinuous
phase transition in ionic PAAm gels swollen in PEG solutions. The
swelling behavior of PAAm gels as well as the PEG distribution inside
and outside the gel phase were investigated as a function of the
concentration and the molecular weight of PEG in the outer solution. We
also give a qualitative interpretation of the swelling and absorption
behavior of PAAm gels in polymer solutions in terms of the classical
Flory-Huggins theory of the swelling equilibrium.

2 EXPERIMENTAL
2.1 Materials

PAAm gels were prepared by free-radical cross-linking copolymerization
of acrylamide with a small amount of N ,N’-methylenebis(acrylamide)






