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ANOMALOUS OSMOSIS THROUGH A MODEL MEMBRANE CONSTRUCTED WITH
POTASSIUM POLYSTYRENESULFONATE SOLUTION

Masayasu TASAKA and Suec NAGASAWA *

Department of Industrial Chemistry, Faculty of Engineering,

Shinshu Utiversity, Wakasato, Nagano, Postal Code 380, Japan

It is reported that anomalous osmosis can be observed through liquid membranes which arz made by placing a potas-
sium polystyrenesulfonate solution between two inert cellophane membranes. No anomalous osmosis is observed with

pure water instead of polyelectrolyte solution.

1. Introduction

Permeation of water through a membrane is ob-
served if two solutions of different concentration of
an electrolyte are separated by a membrane. However,
the permeation velocity of a solvent is not proportion-
al to the difference of chemical potential of water or
to that of osmotic pressure on both sides of the mem-
brane if the membrane is a charged membrane such as
oxidized colladion, interpolymer membrane of collo-
dion and polystyrenesulfonic acid, etc. Sometimes it
appears to be accelerated by an unknown factor. In
some cases, moreover, the flow of water occurs against
the chemical potential gradient of water (negative os-
mosis). Many reports have been published to discuss
the cause for the “anomalous” osmosis through charged
membranes [1—-5]. Some authors, including one of the
present authors (M.T.), showed that the anomalous os-
mosis can be caused by strong interaction between flow
of ions and that of water. That is, the cross terms in
the phenomenological equations for fluxes of ions and
water may be so high that the flow of solute retards
the flow of water [S—7].

This paper presents additional data using a polyelec-
trolyte solution as 2 model membrane. Since the mem-
brane phase is a solution, any abnormal pressure distri-
bution in the direction of flow as was assumed in vari-
ous papers [4,8,9] cannot be assumed in this case.

* Present address: Water Re-use Promotion Center, Akasaka
2-3-4, Minato-Ku, Tokyo, Postal Code 107, Japan.

2. Experimental

Half of the cell used for the measurements of sol-
vent flow is shown in fig. 1. The thickness of the solu-
tion part (E) is 0.3 cm. Deformation of the cellophane
mesabranes due to osmotic pressure was prevented by
mounting a pair of plastic supports (C) with an effec-
tive area of 0.88 cm2. Two samples of potassium poly-
styrenesulfonate (KPSS) solutions were used. The de-
gree of sulfonation of sample M-1 is about 50%% and
its concentration is about 0.07 gfcm3 . Thus, the con-
centration of fixed charges in the membrane phase X
is 2 X 10~% eq/cm3. The concentration of the other
sample M-2, the degree of sulfonation of which is un-
determined, is about 0.2 g/cm>. Besides, pure water
was also employed instead of KPSS solution for refer-
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Fig. 1. Half of the decomposed cell. A, compartment for salt
solution; B, rubber gasket; C, plastic support; D, cellophane:
E, compartment for polyelectrolyte solution; a, capillary;

b. magnetic strirrer tip.



306 M. Tasaka, S. NagasawalAnomalous osmosis

ence. We denote those model membranes by M-1
(0.07 g/cm3 KPSS), M-2 (0.2 g/cm3 KPSS), and
M-3 (H,0), respectively.

The rate of volume flow was determined from
movement of the liquid meniscus in a capillary (a).
The raie of water transport, expressed in molcm™
min—!, was calculated from the rate of volume flow.
The bulk solutions of electrolyte (A) on both sides of
the model membrane were stirred by a pair of mag-
netic stirrer tips (b).

The diffusion potential (tnembrane potential) Ay
was measured in the same cells. The transference num-
ber of cation 1, were calculated from

~AY = (26, —1)(RT/F) In(e;/a), )

where R is the gas constant, F the Faraday constant,

T the temperature. and 2, and 4, are the mean activi-
ties of salt on both sides of the membrane. The trans-
ference numbers in M-1 and M-2 are plotted against
the lower concentration of KCl, ¢', with concentration
ratio ¢”/c’ = 2 in fig. 2.

3. Results

The velocities of water transport, J,, through M-1
with ratio of KCI concentrationr =5 and 10 and
through M-2 with r = 10 are plotted against the lower
concentration, ¢, in fig. 3 (r = ¢”/c"). The data for
M-1 and M-2 clearly show the features of anomalous
osmosis, i.e., the N-shape dependence of Jy on the
logarithmic concentration of electrolyte as through
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Fig. 2. The dependence of transference number on electrolyte
concentration, ¢, for M-1 (o) and M-2 (®). The solid line is
calculated from eq. (3) for M-1.
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Fig. 3. Solvent flows through M-1, M-2, and M-3. Elecirolyte:
KCLM-1:0,r=5;0,r=10. M-2: ©,r = 10. M-3: o, r = 10.

collodion based membranes {1-5]. In fig. 3, the data
for M-3 with r = 10 are also shown for comparison
with the data for M-1 and M-2. No anomalous osmosis
is observed. The data for M-3 may correspond to the
data for an untreated collodion membrane [5] or the
oxyhemoglobin membrane at the isoelectric state [3].

4. Discussion

In fig_ 2 the transference number of cation decreases
from 1.0 to 0.5 because of the increase of coion in
membranes with increasing concentration of KCI. If
the membrane phase can be approximated as a polyelec-
trolyte solution and the effect of water flux on mem-
brane potential is negligible, the membrane potential
appearing ou both sides of the membrane is given by [10]

¢l +¢X)) RT (1,,—1_ )
g @ voxy F o\ s
(EZ +OX1 /(. + 1_))

n 3

C_ +OX1 (I, +1])

where ¢ is a parameter expressing the non-ideality of
the solution in the membrane and [; is the mobility in
the membrane phase. The concentraiion of coion in
polyelectrolyte solution can be calculated assuming the
Donnan membrane equilibrium between polyelectrolyte
solution and external solutions. Assuming that [+ =

Iy from eqgs. (1) and (2) the mean transference num-
ber of K* ion, rye+, is given by

—A§U=§—; ln(

2)
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—if o —t + ”®
Fp-s =%{1 + ln(%—iX)_) 2 ln(if—)} 3)
= c_(c_ +¢X) a,

From studies in polyelectrolyte solutions, it can be
speculated that ¢ is about 0.f to 0.5 {11, 12]. The cal-
culated values of £, for membrane M-1 assuming ¢ = 0.1
is shown by a solid line in fig. 2. The agreement be-
tween the theory and experiments is satisfactory.

As was discussed in detail in a previous paper [5],
the anomalous osmosis occurs due to the interaction
between the flux of salt and that of water. Water per-
meates through the membrane from the dilute solution
to the concentrated solution by osmotic force and the
permeation coefficient is a constant independent of
electrolyte concentration and membrane fixed charges.
The electrolyte permeates from the concentrated solu-
tion to the dilute solution due to concentration differ-
ence. The permeability coefficient of electrolyte, which
is defined by the flux of electrolyte per unit difference
of electrolyte concentration, is dependent upon the
electrolyte concentration and the concentration of
membrane fixed charges [10].

Because of the strong interaction between both
fluxes, the flow of water is markedly affected by the
flux of electrolyte. If the membrane has no fixed charges,
that is, in M-3, the flow of water does not show any ab-
normal behaviour though there is an interaction be-
tween them since the transference number 7 is kept
constant (== 0.5) in the whole range of electrolyte con-
centrations. The flow of water is approximately pro-
portional to the difference of concentration on both
sides of membrane. If J, is plotted against concentra-
tion in a semi-logarithmic plot, therefore, it shows
monotonous increase as the concentration of KCl in-
creases (see M-1 in fig. 3).

If the membrane has fixed charges, however, the
transference number of cation £ is almost unity at low
concentrations of electrolyte but decreases sharply as
the concentration of electrolyte increases. If ¢ is close
to unity, the flux of KCl is almost completely stopped,
whereas if 7, is close to 0.5, the electrolyte permeates
thsough the membraue as if the membrane has no
charges. This increase of electrolyte flux causes the de-
crease of water flux because of the strong interaction
between both fluxes. It was shown in 2 quantitative
way by using interpolymer membranes that the maxi-
mum in fig. 3, i.e., the anomalous osmosis is caused by
this effect of electrolyte flux on water flux. In this paper
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it is pointed out that such anomalous osmosis is ob-
served not only through membranes having rigid struc-
tures but also through membranes having solution
strucrures.

In some papers [4, 8] the anomalous osmosis is ex-
plained by the change of pressure difference inside the -
membrane as concentration of electrolyte increases. At
both interfaces between the outer solutions and the
polyelectrolyte solution, there must be an osmotic
pressure difference. The osmotic pressure difference
may be calculated from
AT =RT 2 ¢;Ac; . @)

1
where ¢; is the osmotic coefficient of the ith species
dissolved in the solution. In the present case, however,
no pressure difference can be set up inside the mem-
brane phase, since the phase is a uniform solution.
That is, the pressure distribution in the direction of
flow cannot reach any equilibrium state or steady state.
Therefore, the anoma
membrarne constructe
cannot be explained v,
inside the membrane.

1s osmosis through the model
with polyelectrolyte solution
" -~ abnormal pressure difference
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