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Introduction

In recent years, conjugated polymers have been a target of
intensive investigation for application in a variety of areas
such as light-emitting diodes, organic transistors, and sen-
sors etc.”® In particular, water-soluble conjugated polyelec-
trolytes have been widely recognized as biological and
chemical sensors for specific targets such as ions, proteins,
and nucleic acids.”' Several studies have shown that the
fluorescence of conjugated polyelectrolytes can be effi-
ciently quenched by ionic species such as methyl viologen
(MV?*) with extremely high sensitivity. The Stern-Volmer
constants (Kgy) for MV?** quenching of poly(2,5-methoxy-
proplyoxy sulfonate phenylene vinylene) (MPS-PPV) and
sulfonated poly(phenylene ethynylene) (PPE-SO5’) in water
range from 107 to 10° M™'."** The mechanism for the effi-
cient quenching was proposed to be due to a combination of
efficient exciton migration within the polymer chain and a
rapid charge transfer quenching between the polymer and
MV 1921 The efficient fluorescence quenching of conju-
gated polyelectrolytes provides a basis for a new class of
sensitive biological and chemical sensors.”

Chen ef al. demonstrated that optical and chemical prop-
erties of the polymer can be controlled by combining the
anionic conjugated polyelectrolyte, MPS-PPV, with a
cationic surfactant dodecyltrimethyl-ammonium bromide
(DTA).>'* They showed, by studying the quenching behavior
of MV?", that the conjugated polymer associated with the
surfactant has different geometric conformation from that of
the free polymer, which can hinder the self-aggregation of
the polymer chain in water.

In this work, based on the fluorescence quenching study,
we report on the complexation characteristics of the anionic
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conjugated polyelectrolyte, PPE-SO;, with the cationic
surfactant, tetraoctylammonium bromide (TOAB).

Results and Discussion

The anionic conjugated polymer, PPE-SO; was prepared
based on a literature procedure.”® The M, value of PPE-SOy
was estimated to be 62,000 (M,,/M,=1.4) based on the GPC

analysis.

SO3Na

Na0sS PPE-SO;

The polymer-surfactant complexes were prepared by add-
ing an aqueous solution of TOAB (10™-10°M) into n
aqueous solution of PPE-SO;” (10*-10°M in repeating
units) at 50°C. -

The absorption and PL spectra of PPE-SO;™ and the PPE-
SO, -TOAB complexes are shown in Figure 1. The absorption
maximum of PPE-SQ; in aqueous phase in the absence of
TOAB appeared at 440 nm, and the emission maximum at
530 nm (A, = 440 nm). The emission spectra of PPE-SO5’
were not affected by the excitation wavelength. However,
the emission spectra of MPS-PPV were strongly dependent
on the excitation wavelength due to a heterogencous
distribution of independent emitters, i.e. a distribution of
conjugation lengths or chain conformations for MPS-PPV
in solution.?. This result suggests that the conformation of
the PPE-SO;™ chain is more uniform than that of MPS-PPV.

The PL spectra of the polymer-surfactant complexes were
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Figure 1. Absorption and PL spectra of PPE-SO5 depending on
the TOAB concentration.
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highly affected by the concentration of TOAB. Addition of
TOAB to an aqueous solution of PPE-SO; induced a blue
shift with increase of PL intensity. When the molar ratio of
the repeating unit of PPE-SO; to TOAB, [PPE-SO;7:
[TOAB], was in the range of 10:1-1:1, the emission
maximum was blue-shifted from 530 to 510 nm with the
increase of PL intensity. When the ratio of [PPE-SO;]:
[TOAB] became 1:2, the blue shift in the emission spectra
became saturated, suggesting that the complex formation of
polymer-TOAB is in a steady state.”"”” The complex at this
stage is stable for months without any precipitation. The
MPS-PPV-DTA complex forms precipitates when the ratio
of MPS-PPV to DTA becomes 3:1.” These results suggest
that PPE-SQ; forms stable complexes with TOAB. In
addition, upon forming the PPE-SO;-TOAB complex, the
surfactant molecules on the polymer chain play an
important role in suppressing self-aggregation between the
chains of PPE-SO; to induce blue shift of the emission
spectra, while the chains of PPE-SO; without TOAB are
strongly aggregated in water.

A cationic surfactant with short alkyl groups such as
tetrabutylammonium bromide (TBAB) shows little effects
on the fluorescence characteristics of PPE-SQOs itself in
water possibly because buty! moiety is not long enough to
wrap the polymer chain. Therefore, the aggregated chains of
PPE-SO; could not be dissociated even in the presence of
TBAB.

In addition to hindering self-aggregation of PPE-SO;
chains in aqueous solution, the complex formation of PPE-
SO, with TOAB can protect the polymer chain from the
penetration of quencher MV*", so that the PPE-SO,-TOAB
complexes suppress the fluorescence quenching of PPE-
SO; by MV?*. The fluorescence intensity of PPE-SO; in
water decreases with increasing the concentration of MV>*
as shown in Figure 2 indicating that the fluorescence of the
PPE-SO;, in the absence of TOAB, can be efficiently
quenched by MV*" * The Stern-Volmer constant (Ky) for
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Figure 2. PL spectra of PPE-SO;(18.2 um) depending on con-
centration of MV*,
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MV?* quenching of PPE-SO; (18.2 uM) was 3.4 X 10° M.
The efficient quenching is due to a combination of efficient
exciton migration within the polymer chain and electron
transfer from the polymer to MV*"."2> However, Figure 3
(a) and (b) show that the MV*" quenching of PPE-SO; is
remarkably suppressed when the PPE-SO;-TOAB complexes
are formed. Compared with the MV*" quenching of PPE-
SO; in the absence of TOAB as shown in Figure 2, the
fluorescence of the complexes with [PPE-SO;]:[TOAB]
ratio of 1:2 (Figure 3(a)) and 1:1 (Figure 3(b)) was much
less quenched by MV>'. The quenching constant (K ~
3.4% 10° M) of PPE-SO;/MV? is decreased to 1X 10° M™
and 8% 10* M, respectively with [PPE-SO;]:[TOAB]
ratio of 1:1 and 1:2. These results indicate that the polymer
chain of PPE-SO; becomes more effectively wrapped by
TOAB with increase of TOAB concentration, so that the
penetration of MV?' to the chain of PPE-SO; would be
hindered. Therefore, a remarkable decrease of the fluor-
escence quenching is observed as the concentration of
TOAB increased, which indicates that the optical and
chemical properties of the conjugated polyelectrolyte can be
controlled with suitable surfactants.

We also observed that the quenched fluorescence of PPE-
SO; by MV*" in water was entirely recovered when TOAB
was added into the solution of PPE-SO;” and MV*" in which
the quenching was pronounced as shown in Figure 2. Figure
3(¢) and (d) show that the quenched fluorescence of PPE-
SO; was recovered by adding TOAB, and the degree of
recovery was more pronounced with increasing the concen-
tration of TOAB. In addition, the recovered fluorescence
has similar spectral structure and intensity of PPE-SO;-
TOAB complexes with MV** shown in Figure 3(a) and (b),
respectively. These results suggest that the formation of the
PPE-SO;-TOAB complex is much more favorable than that
of PPE-SO;- MV*',

In summary, the anionic conjugated polyelectrolyte, PPE-
SOy, forms stable complexes with a cationic surfactant,
TOAB. Upon forming the polymer-surfactant complex in
water, the surfactant molecules on the polymer chain play
an important role in suppressing the self-aggregation between
the chains of conjugated polymers, while PPE-SO;™ chains
are self-aggregated in the absence of TOAB. In addition, the
formation of polymer-surfactant complex protects the con-
jugated polymers from the fluorescence quenching by a cat-
ionic quencher (MV?") in aqueous solution because the
surfactant molecules wrap the chain of PPE-SO; and the
polymer-surfactant complex is stable. When TOAB was
added into the aqueous solution of PPE-SO; and MV™, the
fluorescence of the polymer was entirely recovered due to a
strong preference for forming the polymer-surfactant
complex. The interaction of conjugated polyelectrolytes
with surfactant molecules remarkably affects the photonic
characteristics of the conjugated polymers in aqueous phase.
This approach is expected to provide a unique route to a

461



C.K.Kimand C. Kim

(8  MV?inPPESO; (18 uMNTOAB (36 M)
f‘\

—18 M
—aTuM

PL Intensity(a. u.)

PL intensity(a. u.)

: (b) MV*2 in PPE-SO5 (18 uM)+TOAB (18 uM)

(a3

—18,M
p —9.7uM
5 —18M
—0.6uM
- ~0.26uM
—0.18,M
-0.06uM

40 45 S0 50 600 60 700

3 ” . . r = :;«’..,; P
400 450 6500 550 600 650 700 750

Wavelength(nm)

750
Wavelength (nm) Wavelength (nm)

L © Mv*2 in PPE-SO; (18 yM) E (d) . MV*?in PPE-SO5 (18 uM)
3 —18,M 3
8 —97M st —18uM
= —18M =t e 9.7uM
@ ——06uM . —1.8:M
8 -0.26uM E i — &M
e -0 T ——0.26uM
= ~——e0.18uM i L —0.18uM
g -0.06uM - —.0.06pM

400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750

Wavelength{nim)

Figure 3. PL spectra of PPE-SO;- TOAB complexes in water after adding MV*'. Molar ratio of repeating unit of PPE-SO;” to TOAB
was (a) 1:2 and (b) 1:1. PL spectra of PPE-SO;/MV?* in water after adding TOAB. Molar ratio of repeating unit of PPE-So; to TOAB

was (c) 1:2 and (d) 1:1concentration.

new class of biological or chemical sensor application.
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