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A method to prepare sulfonated polystyrene-containing block copolymers has been investigated by
neutralizing styrene sulfonic acid with trioctylamine to produce the hydrophobic monomer tri-
octylammonium p-styrenesulfonate (SS–TOA). This monomer was polymerized by reversible addition
fragmentation chain transfer (RAFT) polymerization to produce PSS–TOA homopolymers. A PSS–TOA
homopolymer was then used as a macro-RAFT agent for the polymerization of styrene to prepare poly-
(trioctylammonium p-styrenesulfonate)-block-poly(styrene) (PSS-TOA-b-PS). These block copolymers
could be ion-exchanged to produce either the hydrophilic sodium salt form of PSS or a hydrophobic
quaternary ammonium salt. This approach will be useful for preparing PSS-containing block copolymers
with a range of hydrophobic blocks for applications such as ion-exchange membranes.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Poly(styrenesulfonic acid) (PSS) is a water soluble, strong acid
polyelectrolyte. Recently, there has been interest in synthesizing
amphiphilic block copolymers containing PSS blocks. The self-
assembly of the neat block copolymers into ordered nanostructures
is useful for producing ion-exchange membranes with tunable
properties, such as water uptake, ionic conductivity and solvent
selectivity for applications including fuel cells and reverse osmosis
water desalination [1–6].

Sodium p-styrenesulfonate (SS–Na) is an inexpensive,
commercially available monomer. However, the challenge in the
preparation of amphiphilic PSS-containing block copolymers is the
strong immiscibility of the hydrophilic SS–Na and PSS–Na with
most hydrophobic monomers and organic solvents. While block
copolymers of PSS–Na with polystyrene (PS) and poly(methyl
methacrylate) (PMMA) have been prepared, the homogeneous
copolymerization and subsequent characterization over a wide
range of PSS–Na volume fractions is difficult [7,8].

Sulfonated polystyrene block copolymers have also been
prepared by the post-polymerization sulfonation of polystyrene [1].
However, there are drawbacks to this approach. First, it is difficult to
achieve 100% sulfonation of the PS block [9]. Second, side-reactions
can occur during the post-polymerization sulfonation giving rise to
.
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intramolecular sulfone linkages [10]. Third, it is not always possible
to selectively sulfonate the PS block. For example, polydienes are
more reactive under polystyrene sulfonation conditions and can be
selectively sulfonated in the presence of polystyrene using a sulfur
trioxide/1,4 dioxane complex [11].

An alternative approach to the previous two methods is to
modify the p-styrenesulfonate monomer to a more hydrophobic
form, which is amenable to controlled free radical polymerization
with hydrophobic monomers. Previously, this has been achieved by
converting the sulfonic acid group to a sulfonate ester, which can be
hydrolyzed back to the acid form after copolymerization. Neopentyl
p-styrenesulfonate (SS-nP) was prepared by the esterification of
p-styrene sulfonyl chloride with neopentyl alcohol and PS-b-PSS-
nP block copolymers were prepared by nitroxide mediated free
radical polymerization [12]. Ethyl p-styrenesulfonate (SS-E) was
prepared by the metathesis reaction between silver p-styrenesul-
fonate and ethylbromide and PS-c-PSS-E comb polymers were
synthesized by atom transfer radical polymerization [13–15].

A third monomer modification investigated was to neutralize
p-styrene sulfonic acid with trioctylamine to produce a hydro-
phobic trioctylammonium p-styrenesulfonate monomer. This
monomer was copolymerized with styrene by suspension poly-
merization to prepare sulfonated polystyrene ionomers, but has not
been used in a controlled free radical polymerization [16].
Compared to the sulfonate esters, this method avoids the use of
water sensitive sulfonyl chlorides or light sensitive silver sulfonate
salts. In addition to using the tertiary amine to protect the p-styrene
sulfonate groups, this acid–base neutralization approach has also
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Scheme 1. Synthesis of (a) trioctylammonium hydrochloride and (b) tri-
octylammonium p-styrenesulfonate.

Fig. 1. 1H NMR spectrum of SS–TOA monomer.
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been used to prepare different ionic liquid polymers by varying the
chemistry of the acidic monomer and tertiary amine and subse-
quent free radical polymerization [17–20].

This paper describes an investigation of the polymerization of
trioctylammonium p-styrenesulfonate (SS–TOA) by reversible
addition fragmentation chain transfer (RAFT) polymerization.
These PSS–TOA polymers were subsequently used as macro-RAFT
agents for the synthesis of PSS-TOA-b-PS block copolymers. The
ion-exchange of the PSS with aqueous sodium hydroxide produces
the amphiphilic PSS-Na-b-PS block copolymer. This can further be
ion-exchanged to a hydrophobic quaternary ammonium salt.

2. Experimental

2.1. Materials

S-1-docecyl-S0-(a,a0-dimethyl-a00-acetic acid)-trithiocarbonate
(RAFT-COOH) was synthesized according to a previous reported
procedure [21]. A PSS–Na homopolymer standard was purchased
from Fluka (reported Mw ¼ 6530, polydispersity < 1.2). All other
reagents were used as-received.

2.2. Trioctylammonium p-styrenesulfonate (SS–TOA) synthesis

Trioctylammonium hydrochloride was prepared based on
a previously reported procedure [22]. 20 mL trioctylamine (TOA,
0.0457 mol) was dissolved in 40 mL hexane and placed in an ice
bath followed by the dropwise addition of 5 mL of concentrated HCl
(0.0605 mol). The solution was stored in the freezer for w5 h and
a white precipitate (trioctylammonium hydrochloride) formed. The
precipitate was filtered and washed with cold hexane to remove
excess HCl. The product (TOA–HCl) was dried in a vacuum oven
overnight (16 h) at room temperature. White solid; yield 15.8 g
(89%). 1H NMR: d 2.95(6H, s, N–CH2–), 1.80 (6H, s, N–CH2–CH2–),
1.27 (30H, s, –CH2–), 0.89 (9H, s, CH3).

10 g TOA–HCl (0.0256 mol) was dissolved in 50 mL benzene, and
5.8 g sodium p-styrenesulfonate (0.0282 mol) was dissolved in
40 mL deionized water. Both solutions were added to a separation
funnel, mixed and allowed to settle. The top layer (benzene) was
collected and washed three times with deionized water. The solu-
tion was concentrated on a rotary evaporator, frozen in a freezer
and then dried in a vacuum oven overnight at room temperature to
yield a white solid. White solid; yield 11.5 g (84%). 1H NMR: d 10.4
(1H, s, SO3H) 7.84 (2H, d, aromatic), 7.42 (2H, d, aromatic), 6.70 (1H,
d, CH2]CH–), 5.81(H, d, CH2]CH–), 5.31(H, d, CH2]CH–), 3.02
(6H, s, N–CH2–), 1.71 (6H, s, N–CH2–CH2–), 1.27 (30H, s, –CH2–), 0.89
(9H, s, CH3).

2.3. RAFT polymerization of PSS–TOA

In a typical polymerization of SS–TOA 2 g SS–TOA monomer,
RAFT-COOH, AIBN (1:5 molar ratio to RAFT-COOH) and 1.86 mL
benzene were added to make a 2 M monomer solution. The solu-
tion and a stir bar were added to a round bottom flask sealed with
a rubber septum. The solution was sparged with nitrogen for
15 min in an ice bath and heated to 80 �C. During the polymeri-
zation, aliquots were collected by a gas-tight syringe under
nitrogen pressure. The aliquots were concentrated on a rotary
evaporator and dried under vacuum at room temperature for 24 h.
At the end of the polymerization the remaining viscous solution
was added dropwise to cyclohexane to precipitate the polymer.
Three polymerizations were run with RAFT agent concentrations of
0.0783 g/mL, 0.0391 g/mL, and 0.0196 g/mL (g RAFT-COOH/mL
benzene) to target PSS–TOA molecular weights of 5 kDa, 10 kDa,
and 20 kDa.
2.4. RAFT polymerization of PS-b-PSS-TOA block copolymers

PSS–TOA (5 kDa target) was used as macro RAFT agent to
synthesize PSS-TOA-b-PS diblock copolymers. Two polymerizations
were run with different PSS–TOA concentrations of 0.2 g/mL and
0.1 g/mL (g PSS–TOA/mL styrene). The solutions were sparged with
nitrogen for 15 min and heated to 120 �C for 6 h. During the
polymerizations, aliquots were removed by a gas-tight syringe
under nitrogen pressure and precipitated in hexane. The samples
were dried in a vacuum oven at 80 �C overnight.
2.5. Ion-exchange of PS-b-PSS-TOA block copolymers

To generate the sodium salt form of the PSS block, 0.05 g PSS-
TOA-b-PS (75 wt% PS) was dissolved in 2 mL benzene and mixed
with 2 mL 1 M aqueous NaOH for 24 h. The benzene layer was
collected and the polymer was precipitated in hexane and dried
under vacuum. The quaternary ammonium form of the PSS block
was generated by dissolving 0.02 g of the polymer in the sodium
salt form in 1 mL of a 0.1 M solution of Aliquat 336 (tri-
alkylmethylammonium chloride with a mixture of octyl and decyl



Scheme 2. RAFT polymerization of trioctylammonium p-styrenesulfonate.
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chains) in benzene and stirred for 12 h. The polymer was precipi-
tated in hexane and washed with hexane and dried under vacuum.
2.6. Characterization

1H NMR spectra were measured on a Varian Mercury-300 MHz
spectrometer. Samples were dissolved in deuterated chloroform or
deuterated acetone at concentrations of 10 mg/mL and relaxation
time of 5 s was used. The molecular weight and molecular weight
distribution of the polymers was characterized by size exclusion
chromatography (SEC) using a Waters Breeze system with three
Styragel columns at 35 �C and a refractive index detector with
either tetrahydrofuran (THF) or a mixture of THF and 2% trioctyl-
amine (2 g/100 mL THF). The molecular weight vs. elution time was
calibrated using low polydispersity polystyrene standards.
3. Results and discussion

3.1. Monomer preparation

The trioctylammonium p-styrenesulfonate (SS–TOA) monomer
was prepared from sodium p-styrenesulfonate in two steps as
shown in Scheme 1. This monomer was soluble in a wide range of
organic solvents including cyclohexane, diethylether, tetrahydro-
furan, toluene, benzene, chloroform and methanol at room
temperature at a concentration of 10 mg/mL. The 1H NMR spectrum
of the monomer is shown in Fig. 1. Integration confirmed a stoi-
chiometric ratio of styrene sulfonic acid and trioctylamine.
Fig. 2. 1H NMR spectra of PSS–TOA 5 kDa target molecular weight at 1, 2, 4 and 8 h
polymerization times.
3.2. PSS–TOA homopolymers

SS–TOA was polymerized by RAFT polymerization in benzene at
2 M monomer concentration at 80 �C using RAFT-COOH as the RAFT
agent and ABIN as the free radical source as shown in Scheme 2.
5 kDa, 10 kDa and 20 kDa molecular weights at 100% monomer
conversion were targeted by varying the ratio of monomer to RAFT
agent. Aliquots were removed during the polymerizations to monitor
the conversion of the reaction. As SS–TOA is non-volatile the samples
were dried under vacuum after evaporating the solvent, re-dissolved
in deuterated chloroform and analyzed by 1H NMR to determine the
ratio of SS–TOA to PSS–TOA. The NMR spectra for the 5 kDa MW
target are shown in Fig. 2. The conversion was determined by
comparing the intensity of the peak at 0.9 ppm of the terminal
methyl groups of trioctylamine, which is present in both the
monomer and polymer, to the peaks at 5.3 and 5.8 ppm for the
CH2]CH– peaks present in only the monomer. The pseudo first
order kinetic plots are shown for each targeted molecular weight in
Fig. 3. The solid lines are a linear fit to the data. The linearity of the
data implies that the radical concentration is constant with time as
expected for a controlled polymerization [23]. In the 20 kDa target
polymerization it could be argued that there is some non-linearity in
the data reflecting a reduction in the radical concentration with time
due to a higher probability for irreversible termination reactions as
the concentration of RAFT agent was decreased. A small induction
time and retardation of the polymerization rate with increasing RAFT
agent:monomer ratios was observed, which has been observed in
other RAFT homopolymerizations [24]. High conversions are
Fig. 3. Pseudo first order kinetic plots for the SS–TOA RAFT polymerizations. Target
molecular weights: (-,,) 5 kDa (�) 10 kDa (:) 20 kDa. The filled and open symbols
indicate values determined from 1H NMR experiments in deuterated chloroform and
deuterated acetone, respectively.



Table 1
PSS–TOA homopolymer data.

Polymer Mn,SEC (kDa) PDI Mn,NMR (kDa)

PSS–TOA (standard) 8.3 1.14 N/A
PSS–TOA-5 kDa 2.9 1.09 4.8
PSS–TOA-10 kDa 4.4 1.20 9.8
PSS–TOA-20 kDa 8.3 1.51 18.4
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observed after 8 h of polymerization with 95% conversion for the
5 kDa target polymer and 98% conversion for the 10 kDa polymer. The
20 kDa target polymerization was stopped after 5 h at 92% conver-
sion due to cessation of stirring of the high viscosity solution.

Investigation of the 1H NMR data of all three PSS–TOA poly-
merizations indicated that the intensity of the methylene peak
(–N–CH2–) at 3.0 ppm decreased with respect to the terminal tri-
octylamine methyl group peak at 0.9 ppm with increasing poly-
merization time. For example, while an integral ratio of 3:2 is
expected for the methyl to methylene peaks, ratios of 3:1.8 to 3:1.6
were observed for the 5 kDa target polymer. One explanation for
this data is that the solubility of the polymer decreases with
increasing molecular weight and the mobility of the polymer near
the sulfonic acid groups is reduced compared to the side-chains. For
example, integral intensities different from the theoretical ratios
have been observed in polyelectrolyte–surfactant complexes in
water [25]. A second possibility is that an irreversible chain transfer
reaction takes place with the monomer or polymer. Trialkylamines
have been observed to act as chain transfer agents where hydrogen
abstraction from the alpha carbon of the trialkylamine generates
a new initiating radical [26]. For example, triethylamine was found
to be a highly active chain transfer agent in the free radical poly-
merization of acrylonitrile and methyl acrylate, but only moder-
ately active in the free radical polymerization of styrene and methyl
methacrylate. The 1H NMR characterization of the 5 kDa MW target
polymers was re-run using deuterated acetone as the solvent. As
shown in Fig. 3 similar kinetic data was obtained as when deuter-
ated chloroform was used as the solvent. Integral ratios ranging
from 3:2 to 3:1.7 were obtained that are closer to the expected ratio
than observed in chloroform. This is consistent with the explana-
tion that discrepancies in the integrated peak intensities are due to
the solvation of the polymer although irreversible chain transfer
reactions cannot be entirely ruled out.

The PSS–TOA homopolymers were soluble in tetrahydrofuran
(THF), but no intensity was observed from the refractive index
detector during size exclusion chromatography (SEC) measure-
ments of these polymers using THF as the eluting solvent. This was
likely due to the PSS–TOA polymer strongly interacting with the
column. Similar effects have been observed with the SEC measure-
ments of sulfonated polystyrene ionomers in THF [27]. One solution
to mediate these interactions is to add a small molecule additive to
the solution, such as an inorganic or quaternary ammonium salt
[27–30]. 1 wt% solutions of lithium nitrate, tetrabutylammonium
bromide, triethylamine in THF and 2% trioctylamine (TOA) in THF
Fig. 4. GPC traces of: (a) THF þ 2% TOA blank sample, (b) PSS–TOA standard (c) PSS–
TOA-5 kDa target (d) PSS–TOA-10 kDa target and (e) PSS–TOA-20 kDa target.
(2 g TOA/100 mL THF) were prepared. The PSS–TOA polymers were
found to precipitate in all of these solutions except for the 2% TOA/
THF. Fig. 4 shows the SEC traces of the 5, 10 and 20 kDa target PSS–
TOA polymers, a PSS–Na standard that was converted to the PSS–
TOA form, and a blank sample in 2% TOA/THF. In each sample a TOA
peak is observed centered at an elution time of 21 min. The PSS–TOA
standard was prepared by converting a commercial PSS–Na stan-
dard (Mn ¼ 5440, polydispersity ¼ 1.2) to the PSS–TOA form with
a predicted Mn of 14,200. The Mn and polydispersity (PDI) values for
each sample compared to polystyrene standards (Mn, SEC and PDIsec)
and the Mn values determined by NMR (Mn, NMR ¼ (%
conversion) � (target MW)) are listed in Table 1.

The molecular weights obtained from the PS standards did not
match the molecular weights obtained from the conversion data.
This is not unexpected as the elution time is proportional to the
hydrodynamic radius of the polymer, which is likely different for PS
and PSS–TOA in THF. The polydispersity is narrow for the low target
MW polymer and increases with increasing target MW indicating
some loss of control with higher targeted molecular weights. To
optimize the polymerization conditions and obtain lower poly-
dispersity polymers 20 kDa target molecular weight polymeriza-
tions were run under different conditions varying the solvent,
initial monomer concentration, AIBN:RAFT agent ratio, and poly-
merization temperature. The results of these polymerizations are
listed in Table 2. In most cases it was found that changing the
polymerization conditions were not beneficial as the polydispersity
was found to either stay the same or increase compared to the
initial polymerization conditions (Sample 1 in Table 2). However, it
was found that a lower polydispersity could be achieved in the
20 kDa target polymerization if the initial monomer concentration
was reduced to 1 M (Sample 2 in Table 2). A polymer with Mn,

SEC ¼ 7900 and PDI ¼ 1.34 was obtained from a 5 h polymerization
(88% conversion from 1H NMR). Therefore, one factor for the loss of
control in these polymerizations is the increase in solution viscosity
with the increasing molecular weight of the polymer. Such
a viscosity effect has been observed previously [31].

3.3. PSS-TOA-b-PS polymers

The 5k PSS–TOA polymer was used as a macro-RAFT agent for
the synthesis of PSS-TOA-b-PS block copolymers. PSS–TOA was
Table 2
PSS-TOA-20 kDa Target polymerization data.

Sample Solvent T (�C) [M]o
a AIBN:RAFTb Time

(h)
Mn,SEC

(kDa)
PDI

1 Benzene 80 2M 1:5 5 8.3 1.51
2 Benzene 80 1M 1:5 5 7.9 1.34
3 Benzene 80 1M 3:10 5 7.7 1.48
4 Benzene 80 2M 1:10 6.5c 10.5 1.67
5 Benzene 80 1M 1:10 6 7.5 1.61
6 Benzene 65 2M 1:5 12 10.5 1.61
7 Chlorobenzene 80 2M 1:5 5 8.5 1.47
8 Chlorobenzene 100 2M 1:5 5 8.2 1.63
9 Chlorobenzene 100 1M 1:5 5 6.7 1.51

a Starting monomer concentration in solvent.
b Molar ratio of initiator to RAFT agent.
c Polymerization stopped stirring at this time.



Fig. 5. Pseudo first order kinetic plots for the polymerization of styrene with a PSS–
TOA RAFT agent: (-) 0.1 g PSS–TOA/1 mL styrene, (�) 0.2 g PSS–TOA/1 mL styrene.

Table 3
PSS-TOA-b-PS Block copolymer data.

PSS–TOA:styrene Time (h) Mn,SEC (kDa) Mn,NMR (kDa) PDI

0.1 g:1 mL 0.25 7.0 9.4 1.27
0.1 g:1 mL 0.5 8.5 10.4 1.30
0.1 g:1 mL 1 9.3 11.5 1.23
0.1 g:1 mL 2 13.4 12.7 1.25
0.1 g:1 mL 3 14.7 15.2 1.28
0.1 g:1 mL 4 17.6 16.6 1.29
0.1 g:1 mL 6 21.6 19.7 1.28
0.2 g:1 mL 0.25 4.5 6.8 1.15
0.2 g:1 mL 0.5 5.6 8.2 1.17
0.2 g:1 mL 1 7.0 9.0 1.18
0.2 g:1 mL 2 8.0 9.8 1.16
0.2 g:1 mL 4 9.9 11.0 1.19
0.2 g:1 mL 6 11.6 12.6 1.19
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dissolved in styrene monomer to form a homogeneous solution.
Polymerizations were run at 120 �C to generate radicals by the
thermal initiation of styrene. Aliquots were removed periodically
where the polymer was precipitated in hexane, dried under
Fig. 6. SEC traces of PSS-TOA-b-PS (a) (0.1 g:1 mL PSS–TOA:styrene monomer) (i)
THF þ 2% TOA blank, (ii) 0 h, (iii) 0.25 h, (iv) 0.5 h, (v) 1 h, (vi) 2 h, (vii) 3 h, (viii) 4 h, (ix)
6 h polymerization time (b) (0.2 g:1 mL PSS–TOA:styrene monomer) (i) THF þ 2% TOA
blank, (ii) 0 h (iii) 0.25 h, (iv) 0.5 h, (v) 1 h, (vi) 2 h, (vii) 4 h, (viii) 6 h polymerization time.
vacuum, dissolved in deuterated acetone and characterized by 1H
NMR to determine the mole and weight fraction of the PS block by
comparing the integrated intensity of the methyl peaks from the
trioctylamine units on the PSS block (0.9 ppm) to the benzyl
protons on the PS (6–7.2 ppm) after subtracting the contribution
from the benzyl protons of the PSS. For the low concentration of
PSS-RAFT (0.1 g/mL styrene) PS weight fractions of 45–75% were
obtained, while for the higher concentration of PSS-RAFT (0.2 g/mL
styrene) PS weight fractions of 26–60% were obtained. The PS
conversion was calculated by comparing the molecular weight of
the PS block to the theoretical molecular weight of the PS block at
100% conversion assuming a 4.8 kDa PSS–TOA block. Fig. 5 shows
the pseudo first order kinetic plots at both PSS–TOA:styrene ratios.
The kinetics appear much faster at short time (t � 0.5). This is
attributed to a change in the radical concentration with time during
the polymerization. The radical concentration is dependent on the
thermal initiation rate of the styrene monomer. As the radical
concentration is increased relative to the RAFT agent concentration
the probability of irreversible termination reactions will increase.
As the styrene monomer is depleted the rate of radical formation
and tendency towards irreversible termination reactions would
decrease and therefore a steady-state concentration of radicals
could be achieved. This would be consistent with an initial fast
conversion leveling of to a slower, linear rate of conversion in the
pseudo first order kinetic plots in Fig. 5.

The SEC traces of the PSS-TOA-b-PS block copolymers at
different polymerization times are shown in Fig. 6a–b where 2%
TOA/THF solution was used as the eluting solvent. Monomodal
peaks are observed where their elution times increase with
increasing polymerization time reflecting the increasing molecular
Fig. 7. Mn,SEC (solid points) and polydispersity (hollow points) vs. conversion for the
PSS-TOA-b-PS polymerizations: (-,,) 0.1 g PSS–TOA/1 mL styrene, (�, B) 0.2 g PSS–
TOA/1 mL styrene. The solid lines are linear fits to the Mn,SEC vs. conversion data.



Fig. 8. 1H NMR spectra of (a) PSS-TOA-b-PS, (b) PSS-Na-b-PS and (c) PSS-A336-b-PS.
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weight of the PS block. The polydispersity of the polymers is 1.15–
1.20 for the PSS–TOA:styrene ratio of 0.2 g:1 mL and 1.25–1.30 for
the PSS–TOA:styrene ratio of 0.1 g:1 mL. The higher polydispersity
at the lower PSS–TOA:styrene ratio is attributed to the increased
tendency towards irreversible termination reactions broadening
the molecular weight distribution. The molecular weight charac-
teristics of the block copolymers are listed in Table 3. A plot of the
Mn, SEC and polydispersity vs. conversion is shown in Fig. 7. The Mn,

SEC values are not quantitative as they are determined from
comparison to PS standards. However, good linear fits of the Mn,SEC

vs. conversion data are obtained for both PSS–TOA:styrene ratios
using the SEC determined Mn of the starting PSS–TOA (2.9 kDa) as
the as the y-intercept. This linear increase of the molecular weight
with time demonstrates that the PSS–TOA macro-RAFT agent is able
to control the polymerization of the styrene.

3.4. Ion-exchange to sodium poly(p-styrenesulfonate)

Ion-exchange reactions were carried out with aqueous sodium
hydroxide to convert the PSS–TOA block to the sodium salt form
(PSS–Na) and then with Aliquat 336 (mixture of trioctyl and tri-
caprylmethylammonium chloride) to convert the PSS–Na block
back to the hydrophobic PSS-A336. Fig. 8 shows the 1H NMR spectra
of the PS-b-PSS in the trioctylammonium, sodium and Aliquat 336
salt forms. Both the ammonium salts formed clear solutions in
deuterated chloroform while the sodium salt form was translucent.
Since PSS–Na is insoluble in chloroform these blocks could aggre-
gate in chloroform. After ion-exchange to the sodium salt form the
peak from methylene protons on the alpha carbon of the trioctyl-
amine at 3.0 ppm disappears. After ion-exchanging back to the
A336 salt form the N–CH2– peak reappears accompanied by
the methylammonium peak (N–CH3) at 3.5–3.7 ppm. Therefore, the
ionic groups in these polymers can be exchanged to different forms
from the starting TOA salt form.
4. Conclusions

PSS-TOA-b-PS block copolymers were successfully synthesized
by the sequential RAFT polymerization of SS–TOA and styrene.
These materials were successfully ion-exchanged to a hydrophilic
sodium salt form and back to a hydrophobic quaternary ammonium
salt form. Therefore, in addition to preparing amphiphilic PSS-
containing block copolymers, this route will also be useful for
making other types of PSS blocks, such as polyelectrolyte–surfac-
tant complexes or polymeric ionic liquids. Future studies will
concentrate on characterizing the thermodynamics and ordering of
these block copolymers.
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