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1-butyl-3-methylimidazolium tetrafluoroborate (BMIMBF4), one kind of ionic liquids, has been used
as electrolyte to electropolymerize soluble conducting polymer, poly(3,4-ethylenedioxythiophene)
(PEDOT). This polymer with the particles size of several hundred nanometres in diameter has
a porous structure and can be solubilized in acetonitrile, acetone, chloroform and other organic
solvents, but it is insoluble in water. Moreover, it displays fluorescence in a wide wavelength region.
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1. INTRODUCTION

Solubility can offer many new application opportuni-
ties for conducting polymers, such as, as anticorrosive
layer for metals,1–2 as active layers in organic field-effect
transistors,3–4 as buffer layer and emissive layer materials
in inkjet printing fabricated organic LEDs5–6 and as highly
sensitive fluorescent sensory materials in the detection of
DNA hybridization.7–9 Among various types of conduct-
ing polymers, poly(3,4-ethylenedioxythiophene) (PEDOT)
has occupied a prominent position owing to the multiple
well-established technological applications of its various
conducting form.10–11 High environmental stability, high
conductivity and outstanding electrochemical/thermal sta-
bility stimulate interest of both academic and commercial
research on PEDOT and its derivatives.

In general, the insolubility of PEDOT is due to the
strong inter- and intra-molecular interactions and cross-
linkings.12 Thus approaches have been taken to solubi-
lize it by introduction of long alkyl side chains into
the structure of 3,4-ethylenedioxythiophene (EDOT).13–15

However, the attachment of substitutents would cause a
steric interference that unfavorably twist the conjugation
interface, and consequently lower the degree of �-orbital
overlap, lead to the decrease of the polymers in con-
ductivity. Subsequently, this problem is circumvented by
doping polyelectrolyte, such as, poly(styrenesulfonic acid),
during polymerization to improve the solubility of poly-
mer in organic solvents.16–17 More recently, Rumbau et al.
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have reported enzymatically catalyzed method to synthe-
size water-soluble PEDOT doped with the anionic surfac-
tant dopant.18 However, they just obtained a blue-colored
solution, which contained template, biocatalyst, unreacted
monomer and the resultant. Moreover, the major pity of
this approach is that the enzymatic catalysis reaction has to
be carried out in acidic medium with a pH of 2, in which
most of HRP enzyme will be deactivated; only the part of
HRP enzyme localized in the phase of monomer partici-
pates in the reaction. Thus the low rate of utilization for
HRP enzyme would increase the cost of polymerization.

Ionic liquids have experienced a cometlike boost and
are now the focus of the worldwide attention. Being dis-
tinct from traditional solvents, ionic liquids offer a unique
combination of chemical and physical properties that make
them interesting as electrolyte and solvent in one.23 They
are highly polar liquids that can dissolve or disperse
polymers,19 and they favor forming uniform films due
to the high viscosity.20 Rescent researches have shown
that use of an ionic liquid as electrolyte, which both the
cation and the anion of the ionic liquid form an integral
part of the polymer matrix,21–22 is extremely beneficial to
the electrochemical efficiency and lifetime of conducting
polymers.23�25 Furthermore, the negligible volatility and
non-flammability of ionic liquids make them ideal solvents
for safety and environmental considerations. It is recently
reported that ionic liquids have been investigated as growth
solvents for the electrochemical synthesis of conducting
polymers with special properties and structures.22–24 But
there has not been found any report on the synthesis of
soluble PEDOT in ionic liquids.
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In this paper, an attempt was made by using 1-butyl-3-
methylimidazolium tetrafluoroborate (BMIMBF4) as elec-
trolyte to electropolymerize soluble PEDOT film. The
morphological structures of these films were characterized
by environmental scanning electron microscopy (ESEM),
whereas the chemical structure of polymer was investi-
gated by FTIR and UV-vis. The experimental results show
that this polymer has good fluorescent characterizations
in a wide wavelength region. To our knowledge, this is
the first time that the electrochemical synthesis of soluble
PEDOT in ionic liquids is reported.

2. EXPERIMENTAL DETAILS

2.1. Reagents and General Techniques

BMIMBF4 was prepared using a previously reported
method and were purified by constant potential electro-
lysis.25 EDOT was purchased from Bayer AG (more than
97%). Acetonitrile was of HPLC grade and distilled prior
to use. All the other reagents were of analytical grade
and were used as received. Indium tin oxide (ITO) glass,
which had a surface resistance of 30∼60 �/cm2 and a
surface area of about 3.0 cm2, were purchased from Con-
due Optics and Electronics Technology Co. Ltd. (Jintan,
China) and used as working electrode. The counter elec-
trode was a platinum sheet and a silver rod was used as
reference electrode.

The FTIR Instrument (VECTOR-22, Bruker, German)
and UV-vis Instrument (UV-3600, 230VCE, Shimadzu,
Japan) were used to study the chemical nature of poly-
mer. ESEM images have been taken on a XL-30(FEI,
USA). The fluorescent measurements were carried out on
RF5301-PC (Shimadzu, Japan) and TE2000-U inverted
optical microscope (Nikon, Japan).

2.2. Electropolymerization of EDOT

Electrochemical polymerizations of EDOT were carried
out in a one-compartment cell with the use of a CHI 660b
electrochemical workstation at temperatures of 20 �C,
25 �C, 30 �C, 35 �C, 40 �C respectively. The polymeric
solutions were 0.5 mol · L−1 EDOT in neat BMIMBF4.
The polymeric process involved two steps. Firstly, the ITO
glass electrode was immersed in electrolyte and applied a
constant potential of +0.8 V for 20 s. Subsequently, the
polymerization was performed at a potential of +1.25 V
that was applied for 700 s. Prior to all the polymerizations,
the solutions were purged with nitrogen for 30 minutes and
a nitrogen atmosphere was maintained over the solution
during the experiment.

3. RESULTS AND DISCUSSION

After the electropolymerization for 700 s with the con-
sumed charge of 0.2 C, a black green-colored poly-
mer solution was obtained on the ITO substrate, which

indicates that the polymer is soluble in ionic liquid.
And the obtained polymer solution can disperse into ace-
tonitrile solvent. Figure 1 displays the photographs of
both the polymer acetonitrile solution gained at 30 �C
and a acetonitrile solvent. As can be observed, in con-
trast to the colourless acetonitrile, this polymer solution
is green. The chemical structure of PEDOT in acetoni-
trile solution was studied by FTIR spectroscopy. The
FTIR spectrum was performed among the spectrum band
range of 400∼4000 cm−1 and the absorption bands at
654–1002 cm−1, 1228 cm−1, 1368 cm−1, 1426 cm−1,
1711 cm−1 indicate the presence of PEDOT in acetoni-
trile solution.26 Moreover, the resultant PEDOT film can
be dissolved in acetone, chloroform and other organic
solvents, while displays insolubility in water. These
results demonstrate that acetonitrile-soluble PEDOT can be
obtained in BMIMBF4 without further attaching soft long
chains.

Additional characterizations, in the form of UV-vis
absorption, as shown in Figure 2(A) also furnish physi-
cal data in harmony with the absorption spectrum data of
PEDOT. Take the absorption spectrum of polymer solu-
tion obtained at 30 �C for example, it exhibits two peaks.
One peak located at 372 nm is attributed to �–�∗ tran-
sition in thiophene units and the other broad peak around
800 nm is consistent with the formation of charge carry-
ing bipolaronic states.27–28 And along with the increase of
temperature, the peaks both at 372 nm and at 800 nm show
a significant shift towards long wavelength, which means
that the polymerization degree increases along with the
temperature increase.29–30 The PEDOT acetone solutions
also display similar absorption characteristic as shown in
Figure 2(B).

ESEM images of PEDOT films shown in Figure 3
reveal that the morphologies obtained at different tem-
peratures are nodular-accumulating and the particle size

(a) (b)

Fig. 1. Photographs of (a) acetonitrile solvent, (b) PEDOT acetonitrile
solution (<74 �g ·ml−1), and the polymer was synthesized at 30 �C with
the working potential of 1.25 V.
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(A)

(B)

Fig. 2. UV-vis spectra for PEDOT dissolved in different solvents
(<74 �g · ml−1): (A) acetonitrile, (B) acetone. These polymers were
obtained under the working potential of 1.25 V at different temperatures.
The insert in Figure 2(B) shows the absorption among the wavelength
region of 500 to 1300 nm more clearly. The a∼e in the figure represents
the experimental temperatures, which are 40 �C, 35 �C, 30 �C, 25 �C,
20 �C respectively.

ranges from several hundred nanometers to one micron in
diameter. And can be observed from Figure 3, along with
the increase of temperature, the polymer particles become
small, their surfaces become more and more porous and
spongy. Especially when the temperature rises to 40 �C,
the average particle size is only 100 nm. This porous struc-
ture is favourable for the organic molecules to penetrate
into the polymer, and thus the polymer can be solubilized
in organic solvent.

To obtain further information on the properties of
PEDOT film, the fluorescent experiments were carried out
on the polymer both in acetonitrile solution and in film.
Figure 4 depicts the fluorescence micrographs of PEDOT
film upon various wavelength irradiation. When exci-
tated at green light, blue light, purple light, orchid light,
the polymer film shows red fluorescence, yellow fluores-
cence, navy-blue fluorescence and shake-blue fluorescence
respectively. The fluorescence of PEDOT acetonitrile solu-
tion is shown in Figure 5. On excitation of this solu-
tion at 394 nm, a decent fluorescence can be recorded
with a emission band around 455 nm. The notable fea-
ture of the spectrum is that the tail of emission peak is

(a) (b)

(c) (d)

(e)

Fig. 3. ESEM images of PEDOT film obtained at different tempera-
tures: (a) 20 �C, (b) 25 �C, (c) 30 �C, (d) 35 �C, (e) 40 �C, with the
working potential of 1.25 V.

fairly long and even in the range of wavelength from
640 to 900 nm, the fluorescence can be observed. Espe-
cially at 779 nm, a fluorescent intensity of 5.9 a.u is
recorded.

(a) (b)

(c) (d)

Fig. 4. Fluorescence micrographs of PEDOT film irradiated under the
various wavelength band: (a) green light; (b) blue light; (c) purple light;
(d) orchid light. The polymer obtained at 30 �C with the working poten-
tial of 1.25 V.
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Fig. 5. Emission spectra of PEDOT acetonitrile solutions
(<49 �g ·ml−1), �ex = 394 nm. The insert shows the detail of emission
behaviour between 590 and 900 nm.

4. CONCLUSIONS

In summary, acetonitrile-soluble PEDOT has been suc-
cessfully synthesized through a potentiostatic method in
BMIMBF4. It is a simple, mild and environmentally
benign method. Moreover, this acetonitrile-soluble PEDOT
can be disolved in acetone, chloroform and other usual
organic solvents. Considering that the presence of resid-
ual water of water-soluble polymers will seriously affect
the lifetime and stability of the final devices in some
applications, the acetonitrile-soluble PEDOT can avoid this
disadvantage. Additionally, this gained polymer displays
fluorescence in a wide wavelength region, which indicates
its promising foreground in optical material field.
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