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Ion exchange is commonly employed for purification of sodium polystyrene sulfonate (NaPSS), a molecule widely used as a model
polyelectrolyte. However, the present work demonstrates that the ion exchange process itself may introduce some extraneous
species into NaPSS samples by two possible mechanisms: (i) chemical transformation of polystyrene sulfonic acid (HPSS), a
relatively unstable intermediate formed during ion exchange and (ii) release of small amount of “condensed” acid from cationic
resins during the elution of NaPSS molecules. Based on these observations, it is proposed that simple dialysis is adopted as a
standard protocol for the purification of primary NaPSS sample.

1. Introduction

Sodium polystyrene sulfonate (NaPSS) has been extensively
used as a model polyelectrolyte system. It also has a wide vari-
ety of applications such as flocculation, personal care prod-
ucts, and drug, [1]. One of the critical applications involves
its use as a drug during acute kidney failure; the oral dose for
adult person is as high as 30 g/day [2]. The measurement of
the properties of NaPSS as well as their prediction is useful
from application point of view.

However, several workers [3–5] have indicated that com-
mercial samples of NaPSS could contain ionic impurities at
levels that may not be insignificant. Different types of pos-
sible impurities have been suggested: surface-active agents
[3] or inorganic salts such as Na2SO4 [5]. The presence of
the above impurities has strong effect on the polyelectrolyte
properties like viscosity [4, 6–11], osmotic coefficiency [12–
15], surface tension [16–19], and so forth. So the removal of
the impurities from the commercial sample is essential.

As Tondre and Zana[20] have pointed out, the removal
of ionic impurities from the polyelectrolyte system is not
possible by conventional solution and precipitation tech-
nique; for such system dialysis followed by ion exchange
method is necessary. Indeed, several researchers [5, 21, 22]
have employed ion exchange method for purification of

NaPSS. However, as reported by Reddy and Marinsky[14],
polystyrene sulfonic acid—an intermediate formed during
ion exchange—is unstable at room temperatures, and thus
any associated “degradation” process may inadvertently
introduce impurities in the original sample, if proper care
is not taken. In essence for experimental investigations, it is
necessary to ensure that there are no additional substances
present in a polyelectrolyte system such as NaPSS; or that, if
present, they are trace levels, such that they do not affect the
properties of the molecule.

In the present paper, we report experimental studies
aimed at the standardizing the method of purification of
NaPSS samples. The set of results reported here pertains to
commercial samples of NaPSS obtained from M/s Sigma
Aldrich (M.Wt. 70,000). We demonstrate that one of the
sources by which “foreign” molecules may be introduced
is a possible uncontrolled degradation of the polystyrene
sulfonic acid (HPSS), which is formed as an intermediate
during ion-exchange-based purification. This has already
been suggested by Reddy and Marinsky [14]; however, we
have subjected the phenomenon to a more detailed study
here. In addition our experiment suggests that the ion ex-
change process itself may introduce ionic species not present
in the original sample. In the opinion of the present authors
a one-step dialysis of the parent NaPSS solution may
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constitute an adequate and reliable method of purifying
NaPSS molecule after its synthesis.

2. Materials

The main materials used were sodium polystyrene sulfonate
(molecular weight: 70,000), cation exchange resin (Amberlite
200), and anion exchange resin (Amberlite IRA 400C).
Semipermeable membrane (cutoff molecular weight: 12,000)
was used for dialysis of all NaPSS solutions. All the above
materials were purchased from Sigma Aldrich Co., USA.
Millipore water is used for dialysis and solution purposes.

3. Experimental

3.1. Dialysis of Commercial NaPSS Sample. NaPSS solution
of concentration 50 g/L was used for dialysis. The NaPSS
solution was taken in sealed semipermeable membrane
(cellulose acetate) and placed in distilled water. The external
medium, that is, the dialyzate, was replaced from time to
time (each replacement of water is referred as cycle) with
fresh distilled water. The conductivity and UV absorbance
of the dialyzate was measured at the end of each cycle. This
was repeated until both the conductivity and UV absorbance
of the dialyzate were practically equal to that of distilled
water. The NaPSS solution within the membrane was finally
evaporated to dryness in oven at 110 ± 5◦C to its solid form
(this sample is referred as D-NaPSS). The dialyzate solution
was similarly evaporated and the resulting powder (referred
to as DM) used for further property measurements. The
original (undialyzed) sample is referred to as UD-NaPSS.

3.2. Ion Exchange Method. Ion-exchange-based purification
constitutes a critical step for removal of possible ionic
impurities from the original NaPSS sample. Here we followed
the procedure due to Reddy and Marinsky [14], which is
as follows. The solution of D-NaPSS is first eluted through
the anionic resin (Amberlite IRA 400C in hydroxide form)
column for 4-5 cycles. The final elutant is next passed
through cationic resin (Amberlite 200 in acid form, with five
times weight equivalent of polyions) column, also for 4-5
cycles. Finally the resulting acid form of NaPSS is neutralized
quantitatively with NaOH solution. The final solution was
evaporated to dryness in oven at 110± 5◦C to its solid form.
Before passing polyelectrolyte solutions, all the resins were
thoroughly washed until they were free from acid or alkali.

Three separate types of NaPSS samples were collected
from the above ion exchange process. Sample I is collected as
the elutant from the anionic exchange resin column (alkaline
in nature). The other two samples are collected from the
cationic exchange resin column as follows. Sample II is
collected just after the cation exchange process (HPSS) is over
followed by neutralization with NaOH. Lastly, a portion of
the unneutralised elutant (HPSS) from the cation exchange
column is left standing at 30◦C for 24 hours and then
neutralized with NaOH to obtain sample III. In summary all
the three samples correspond to NaPSS solutions collected at
different points of the ion exchange process.
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Figure 1: Surface tension of NaPSS solution.

3.3. Measurement of Osmotic Coefficient. Osmotic coefficient
of the polyelectrolyte solutions was measured by Knorr vapor
pressure osmometer (model K 7000) by dissolving solid
NaPSS in distilled water. The instrument was first calibrated
with a NaCl solution of known concentration and then the
osmotic coefficient of polyelectrolyte solutions were mea-
sured. Further details are provided in [23].

3.4. Measurement of Surface Tension. The surface tension of
different NaPSS solutions was measured using a Fischer Du
Nouy ring tensiometer. All measurements were performed
at 30◦C (±1◦C). Since the attainment of equilibrium values
of surface tension of NaPSS solution may take 1 to 3 hours
depending on the solution concentration [24], prior to
the actual surface tension measurement, each solution was
equilibrated for at least three hours, following which the
measurements were carried out at five-minute intervals (for
about 30 min). This ensured that the measured property
corresponds to the equilibrium value.

4. Results and Discussion

4.1. Surface Tension of NaPSS Solution. The surface tension
variation of UD-NaPSS and D-NaPSS sample of NaPSS are
plotted in Figure 1. In the same plot similar data from the
literature on NaPSS [3, 17, 19] are also shown for compari-
son. Actual numerical data available with us show that none
of the curves suggest surface activity of the polyelectrolyte
concentrations below (less than) 1 kg/m3. However as seen
from Figure 1, at higher polymer concentrations, the D-
NaPSS sample from our work shows less surface activity
than the corresponding UD-NaPSS sample. The surface
tension exhibited by our D-NaPSS sample is almost similar
to that from the work of Theodoly et al. [17]. However,
results reported by Asnacios et al. [3], Yim et al. [19], and
Noskov et al. [24] do not match with that of our D-NaPSS
sample, rather they compare well with that of our UD-NaPSS
sample. The reason for these disagreements is not obvious to
the present authors.
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Figure 2: Absorbance and conductivity versus cycles (Hours) for
dialyzate solution.

4.2. Analysis of DM Sample. The conductivity and absorb-
ance of the DM solutions were checked for each cycle of
water replacement. Figure 2 shows the values of conductivity
and absorbance spectra of the DM solution after each cycle.
As evident from the figure after ∼10–12 dialysis cycles the
conductivity and absorbance values (at 224 nm wave length)
match those of distilled water and do not change thereafter.
These results suggest that the DM is ionic in nature and is
also UV active. Millipore water is used for dialysis purposes
which has no absorption in the measured range (200 nm to
300 nm).

4.3. Osmotic Coefficient of NaPSS. Osmotic coefficient of a
solution is dependent on the number of osmotically active
particles in the solution. If a particular chemical (degrada-
tion) process increases the number of particles in the original
solution, its osmotic coefficient will increase after degra-
dation. The osmotic coefficients of different NaPSS (UD-
NaPSS, D-NaPSS, sample I, Sample II and sample III) sam-
ples from our work are plotted in Figure 3. The UD-NaPSS
sample shows highest osmotic coefficient (∼0.6), whereas the
D-NaPSS sample shows the lowest (∼0.2). The high osmotic
coefficient of UD-NaPSS sample suggests possible presence
of additional small (ionic) molecules as “impurity.” The
osmotic coefficient of NaPSS passed through anionic resin
column (sample I) is almost similar to that of the D-NaPSS
sample. This implies that no significant change in chemical
composition of the NaPSS solution results from the passage
through the anionic resin.

But the samples obtained from cationic resin column
(sample II and sample III) have higher osmotic coefficients
than that of the D-NaPSS sample. A higher osmotic coeffi-
cient suggests that the number of osmotically active particle
is higher in both samples II and III. The enhancement in the
osmotic coefficient in sample II implies that some changes
in the solution composition may be taking place during the
cationic exchange process itself. Also, the high osmotic coef-
ficient of sample III suggests that HPSS formed in the cation
exchange process is probably unstable at room temperature
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Figure 3: Osmotic coefficient of NaPSS solution.

and undergoes some form of transformation leading to
creation of greater number of osmotically active particles.
This is in agreement with the observation of Reddy and
Marinsky [14], mentioned earlier in this paper. According to
these authors such increase in osmotic coefficient may be due
to various reactions that HPSS may undergo at room temper-
ature such as degradation, crosslinking, sulfone formation.

Indeed, Reddy and Marinsky [14] have reported rel-
atively high osmotic coefficients (∼0.6 and above) of the
degraded NaPSS sample, which are also similar to those
reported by Ise and Okubo [13]. In their paper Reddy and
Marinsky do not explicitly mention the conditions used for
degradation. Nevertheless, they have suggested that the high
osmotic coefficient of Ise and Okubo is also possibly due to
degradation of HPSS solution during purification. We next
investigated if cation exchange process could also directly
introduce any ionic species in the NaPSS solution.

4.4. Osmotic Coefficient of Eluted NaPSS Samples. If indeed
the ion exchange resin is the source of any extra ionic species
then the variations in the inlet NaPSS solution concentration
during elution may impact the elutant composition. To verify
this we measured the osmotic coefficient of two eluted NaPSS
samples that were obtained as follows. Two NaPSS solution
of concentration 10 kg/m3 and 20 kg/m3, respectively, were
eluted through cationic resin beds of the same loading. The
elutant was neutralized quantitatively with NaOH and then
evaporated to dryness in both instances. The solid obtained
from the first case is referred to as sample X, while that
obtained in the latter case is termed sample Y. The osmotic
coefficients of samples X and Y were in turn measured by
preparing solutions of varying concentration. The results are
plotted in Figure 4. In both the cases the osmotic coefficient
is higher than that of D-NaPSS. In addition the osmotic coef-
ficient of sample Y derived from original NaPSS of 20 kg/m3

sample is higher compared to that of sample X obtained from
NaPSS solution of 10 kg/m3 strength. In both the cases the
time required for the entire process of purification (elution
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Figure 4: Osmotic coefficient of different eluted NaPSS sample.

and neutralization) was one and halfhour. These findings
suggest that higher the presolution NaPSS concentration the
greater is its capacity to release residual ions from the resin,
which may be excess acid.

It is significant that these results are obtained after both
the cationic and anionic resin columns were washed thor-
oughly with distilled water to remove any traces of free acid
or alkali after the resin regeneration step. We have observed
that the NaPSS solutions (sample I) become alkaline (pH∼
10) after passing through the anionic resin column, but as
evident from Figure 3, it has little or no effect on the osmotic
coefficient. This suggests that the anionic resin-based purifi-
cation may not be the likely source of any additional anionic
substances in NaPSS samples.

One possible reason behind such a phenomenon may
be as follow. The cation exchange resins are prepared by
sulfonation of crosslinked polystyrene beads, which contains
microchannels. After sulfonation this microchannels are ex-
pected to be highly charged, which can promote strong coun-
terion (H+) condensation so that the high electrostatic repul-
sion between adjacent sites are reduced [25, 26]. This excess
(condensed) acid may be difficult to remove by simply wash-
ing with distilled water. Thus, when NaPSS solution is eluted
through the acid form of cationic rein column, some acid
molecules (HCl) may be released from the microchannels
and which may be replaced by NaPSS. The acid molecules
so released can lead to the observed enhancement of osmotic
coefficient of the NaPSS sample (i.e., sample II in this work).

In the present work we have used HCl for the regen-
eration of cationic resin. To check the possible presence of
chloride ion in the eluted NaPSS sample we added silver
nitrate solution to it. In case of sample II, the addition of
silver nitrate solution gave white precipitate. However, fol-
lowing the regeneration step, the water eluting from the
resin column (during the wash phase) was tested with litmus
paper, which showed no presence of the acid. In contrast, the
D-NaPSS solution does not show any white precipitate.

Thus, our data suggests that the higher osmotic coeffi-
cient of the final NaPSS solution may not only be due to pos-
sible degradation of the intermediate HPSS (at room tem-
perature). It could also be due to the presence of extra acid
molecules, which may be released from cation exchange resin
column during the formation of HPSS intermediate.

5. Conclusions

The extraneous species in NaPSS may be introduced in
two ways during ion exchange purification method: from
direct chemical transformation of HPSS and from the cation
exchange process. The former situation has also been sug-
gested by other workers [14]. The introduction of additional
ionic species by cation-resin-based purification process is
possibly due to the following phenomenon. Some of the
HCl used for regeneration of the cationic resin column may
be present within the resin particles micropores even after
thorough wash with distilled water. This is owing to strong
counterion condensation required for decreasing electro-
static interactions between the adjacent ionic (sulfonated)
sites on the pore walls. Since like the polyelectrolyte the
cationic resin micropore wall sites are also sulfonated as
NaPSS molecules elute through such a resin bed, during the
ion exchange process part of the condensed acid may be
released and part of HPSS retained.

It may thus be concluded that since resin purification
method introduces some additional ionic species, simple
dialysis is desirable for purification of NaPSS, which is capa-
ble of removing the majority of the extra chemical species
present in the NaPSS solution. As shown in the present paper,
10–12 dialysis cycles involving replacement of the dialyzate
by fresh distilled water alone can help purify NaPSS sample
reliably.

The present work emphasizes that it is necessary to stan-
dardize the protocol for purification of NaPSS as its proper-
ties are known to be highly sensitive to the presence of other
ionic species. This is necessary for ensuring accuracy and
reliability of studies involving the polyelectrolyte, as it has
several critical applications including that of healthcare.
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