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Introduction

The solubility parameter is a fundamental thermody-
namic property of polymers and is used extensively for
the discussion of the miscibility of polymers in solvents.
In this paper, the solubility parameter of an N-isopro-
pylacrylamide (NIPA) gel has been determined viaswelling
experiments. The theory of Gee! predicts that a polymer
is swollen to a maximum in a solvent whose solubility
parameter is the same as that of the polymer. The de-
termination of the solubility parameter of an NIPA gel
can lead to the understanding of the thermoresponsive
volume phase transition of an NIPA gel in water.2-

Experiments

Materials. NIPA monomer, provided by Eastman Kodak
Co., was purified by recrystallization from a benzene/n-hexane
mixture. Thesolvents used in this experiment are listed in Table
1. All these solvents were supplied by Wako Pure Chemicals Co.
and used without further purification.

Sample Preparation. Gel samples were prepared by a
previously reported procedure.* The gel samples were immersed
in an excess amount of the organic solvents at 25 °C until equi-
librium was attained. As a reference volume, V, we adopted the
volume when the gel was synthesized in a capillary glass tube of
1.6-mm diameter in water, do.

After equilibration, the diameter of the gel, d, was measured
for each solvent by calibrated scale photography. The swelling
ratio of the gel, @ (=V/V,), was calculated from the equilibrium
gel diameter, d, and the reference diameter, dy, as follows:

Q= V/V, = (d/dy)’® @
The previously reported value of the swelling ratio of the NIPA

gel in water at 25 °C* was used for comparison.

Theory

Gee! extended the theory of Hildebrand and proposed
that a requirement of mutual solubility is that the solubility
parameter of the polymer, dpjymer, and that of the solvent,
Ssclvent should not differ by much. That is, when &polymer
equals d50lvent, the polymer shows a maximum swelling in
the solvent. The theory of Gee was represented by eq 2
where @ = swelling ratio, Qs = maximum swelling ratio,

Q/ Qmu = exP[—a Q(‘Ssolvent_ 6polymer)2] (2)

dacivent = solubility parameter of the solvent, dpolymer =
solubility parameter of the polymer, and a = constant.
Equation 2 can be rewritten as follows:

Q7 1n (Quo/ D12 = 18" 2 Byoivent — Spolymer)] (3
By plotting [@ In (gmax/Q)]11/2 against dsoivent, @*/2 and

0024-9297/92/2225-2997$03.00/0

Table 1
Solvents Used in This Study and Their Solubility
Parameters®
solubility param
solvent at 25 °C, (cal/cm8)1/2
acetaldehyde 10.6
acetone 9.9
aniline 10.3
1-butanol (1-BuOH) 11.4
diethylamine (DEA) 10.6
dimethylformamide (DMF) 12.1
dioxane 10.0
ethanol (EtOH) 12.7
methanol (MeOH) 14.5
1-propanol (1-PrOH) 11.9
tetrahydrofuran (THF) 9.1
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Figure 1. Relationship between the swelling ratio of the N-
isopropylacrylamide gel and the solubility parameter of the
various solvents.
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Figure 2. Plots of [@ In (Qma/®@)]Y/2 versus the solubility
parameter of the solvents.

dpolymer can be determined from the slope and the inter-
section of the horizontal axis, respectively.

Results

Figure 1 shows the relationship between the swelling
ratio of the NIPA gel and the solubility parameter of the
various solvents. The swelling ratio in water was also
plotted for comparison with that in the organic solvents.
The NIPA gel exhibited the largest swelling ratio in 1-
butanol (5 = 11.4) among the solvents used. The solvent
1-butanol was able to swell the NIPA gel, and we found
that water was not good for the NIPA swollen gel. Figure
2 shows the relationship between [@ ! In (Qmax/®Q)11/2 and
Osolvent- All the swelling data for the solvents except
methanol can be correlated with a linear relation, con-
firming the applicability of Gee’s theory. From the plot,
dgel = 11.5 and a = 0.176 were acquired by a least-squares
regression. The experimentally determined solubility
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Figure 3. Plots of [@! In (Q@mas/Q)]1/2 versus b4, 5, and 8 of the
solvents.

parameter of the NIPA gel, 65, = 11.5, is very close to that
of the polymer of NIPA, 3 = 11.18, which was evaluated
by a group contribution technique.®! With the values of
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a and &, eq 2 can correlate the experimental data well
(solid line in Figure 1). However, the swelling ratio in
methanol or water shows a large deviation from the
correlation with eq 2 as shown in Figure 1. This deviation
may be considered to result from a polarity of methanol
and water. The solubility parameter may be divided into
a three parts

8% =8+ 0.2+ 6, @

where 89 = contribution of the dispersion force, é, =
contribution of the polar force, and &, = contribution of
hydrogen bonding. With the values of &g, ép, and oy, we
tried to correlate the experimental data with eq 3. The
results are plotted in Figure 3. It may be noted that the
correlation with &y, could represent the experimental data
including those for methanol. This may suggest that
hydrogen bonding plays an important role in the swelling
of an NIPA gel.
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