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WATER VAPOR SORPTION BY THE POLYELECTROLYTE
COMPLEX OF POLY (ACRYLIC ACID) AND POLY (4-VINYL-
METHYLPYRIDINIUM BROMIDE)

YOSHIYUKI HIRAI* and TOSHINARI NAKAJIMA

Department of Textiles and Clothing
Faculty of Home Economics
Ochanomizu University

Bunkyoku, Tokyo 112, Japan

INTRODUCTION

A great number of studies of polyelectrolyte complexes have been carried
out by various investigators; most of them concentrated on the reaction be-
tween oppositely charged polyelectrolytes [1-3]. The structure and properties
of the resultant complexes have been investigated to a lesser extent, and the
understanding of this new class of polymer materials is still insufficient. Thus,
we have been investigating the sorption of water vapor by the complexes and
the morphological changes caused by this sorption [4, 5].

The present paper deals with the equilibrium sorption of water vapor in
stoichiometric and nonstoichiometric complexes of poly(acrylic acid) and
poly(4-vinyl-N-ethylpyridinium bromide). These complexes consist of loosely
crosslinked networks but have a different ionic character [5].

EXPERIMENTAL
Poly(acrylic acid) (PAA) was commercially obtained. Poly(4-vinyl-V-ethyl-

pyridinium bromide) (PVPyEtBr) was prepared by the reaction of poly(4-
vinylpyridine) with ethyl bromide in nitromethane at 50°C.
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Films of the stoichiometric and nonstoichiometric complexes were pre-
pared by solvent casting from solution in 1:1 water:formic acid. The 1/1
complex is stoichiometric, while the 1/2 complex contains 1 mol poly-
(acrylic acid) to 2 mol poly(4-vinyl-N-ethylpyridinium bromide).

The details of sorption apparatus and sorption experiments have been de-
scribed elsewhere [4, 5] .

RESULTS AND DISCUSSION

Figure 1 gives the water sorption isotherms for the PAA/PVPyEtBr com-
plex at 30°C and, for comparison, for the complex of poly(acrylic acid)/
poly(4-vinylpyridine) (PAA/PVPy)[6]. The difference between the PAA/
PVPy curve and the 1/1 curve corresponds just to the change of polymer com-
ponents from 0.5 mol VPy to 0.5 mol VPyEtBr. The difference between the
1/1 curve and the 1/2 curve corresponds to the conversion of 0.5 X 1/3 mol
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FIG. 1. Sorption isotherms of water in the 1/1 complex, the 1/2 complex,
and the PAA/PVPy complex at 30°C. (O, ®): Data from integral sorption ex-
periments. (4, 4): Data from successive differential sorptions. C is mol H, O
sorbed per mol structural unit; p/pg is relative vapor pressure.
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FIG. 2. Cluster function G, /v, as a function of relative vapor pressure.
(0): 1/1 Complex. (®): 1/2 Complex.

AA to 0.5 X 1/3 mol VPyEtBr. The PAA and PVPy polymers are not much
ionized because they are weak polyelectrolytes. In contrast, PVPyEtBris a
strong polyelectrolyte, and hence its ionic character is high.

The sorption of ionic networks can be described in terms of the charges
on the polymers and the elastic reaction of the networks [7]. The charges
increase the amount of water incorporated, while the elastic reaction tends
to suppress the penetration of water, As mentioned above, the PAA/PVPyEtBr
complexes consist of a loosely crosslinked network, as do the PAA/PVPy com-
plexes [4]. Consequently, the elastic reaction does not play an important part
in the water sorption of these complexes.

Sorption is also affected by the morphology of polymer materials. All
these complexes are glassy in the dry state and undergo very similar structural
changes during moisture sorption [4, 5]. The differences in sorption, there-
fore, must be ascribed to the ionic character of the complexes.

Figure 2 shows the cluster function Gy, /v, calculated from the sorption
isotherms [8]. Values higher than -1 indicate a tendency toward clustering
of sorbate molecules, while those below -1 show sorbate molecules isolated
from each other by the polymer medium. As can be seen from Fig. 2, G, /v,
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TABLE 1. Differential Heat of Sorption as a Function of the Water Content
-AH, kcal/mol?

H, O sorbed, mol/mol 0.4 0.6 0.8 1.0 1.2
1/1 Complex 2.0 1.4 1.1 0.7 -
1/2 Complex 2.1 1.7 1.3 1.1 0.9

4Calculated from isotherms for 15 and 30°C.

takes on large negative values for all of these complexes, suggesting specific
polymer sites-water interactions in the low vapor-pressure region. The G,, /v,
values for the PAA/PVPy complex increase to highly positive values, indicating
clustering in the high vapor-pressure region;e.g., Gy, /v, = 10 at p/po = 0.8.
On the other hand, the values for the 1/1 and 1/2 complexes are near zero at
p/po = 0.7;i.e., there is no tendency for water in the complexes to cluster.

Opacity is observed when the films of the PAA/PVPyEtBr complexes are
immersed in water; the opacity is related to the clustering [9]. Thus, the water
sorbed in the 1/1 and 1/2 complexes can be dispersed homogeneously in the
networks if there is less than about 1.2 mol/mol. The lack of a clustering ten-
dency for the PAA/PVPyEtBr complexes is attributed to their ionic character.

Table 1 shows that the sorption process is accompanied by the evolution
of heat but that the magnitude of this effect diminishes as the concentration
of water increases. The effect for the 1/2 complex, which is highly ionic, ap-
pears to continue to higher concentrations. The AH values are rather small
compared to those for viscose rayon and high-tenacity rayon, which have three
hydroxy! groups in a structural unit [10].

The ionic character of the complexes was not reflected in successive differ-
ential sorptions, while it affected integral sorptions [4, 5]. The ionic character
appears to affect equilibrium sorptions significantly but not the sorption rate
processes.
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