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The electrochemical copolymerization between selenophene and 3-chlorothiophene monomers 
was successfully realized. The influence of the applied polymerization potential and the monomer 
feed ratio on the copolymer properties were investigated, and the results revealed that the obtained 
polymer films strongly depended on the polymerization conditions. The obtained copolymers 
showed good redox stability in acetonitrile-based electrolyte solution. Band gap energy of the 
homo- and copolymer films was estimated and the values were between 1.95-2.11 eV. The electrical 
conductivity measurements of selenophene-3-chlorothiophene copolymers were successfully 
achieved using a four-probe technique and generally increased with increasing temperature. Fourier 
transform infrared (FTIR) characterization disclosed that the bands of homopolymers were retained 
in the spectra of copolymers with typical assignments suggesting that α-positions in the polymer 
chains were involved in the polymerization.
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Introduction

Since the synthesis of highly conducting doped-
polyacetylene,1 conducting polymers have generated 
significant research interest and have become a rapidly 
growing field in chemistry.2 The great importance of these 
materials is their ability to conduct electric current after 
being partially p-doped or n-doped.

The characteristics of conductive films are mainly 
dependent on the electropolymerization conditions. 
Furthermore, different composition of heteroatoms in similar 
systems can vary significantly in their electrical properties, 
chemical stability and simplicity of polymerization. 

In spite of the similarity in chemistry between 
selenophene and thiophene rings,3-6 very little is known 
about selenophene-based polymers even though efforts 
have lately been made to use them instead of polythiophene 
in optoelectronics applications.7,8

Polyselenophene has been synthesized previously. 
Its chemical, electrochemical and optical properties are 
investigated.6,9-14 However, the quality of the obtained 
film was “not too good”. Also, the conductivity of doped 
polyselenophenes ranges from 10-4 to 10-1 S cm-1,3 which 

is remarkably lower than the conductivity of doped 
polythiophenes (up to 1000 S cm-1).

Thiophene-based polymers are very stable in its 
oxidized form which makes these systems one of the most 
studied conducting polymers.15,16 Much interest has been 
generated toward substituted polythiophenes. Integration 
of substitutions in the monomers influences appreciably the 
properties of the obtained polymer films.17-19 Poly(3-halide 
thiophene)s have been also studied and investigated.20-22 In 
particular, poly(3-chlorothiophene) (PChrTh) films have 
been obtained potentiostatically by direct oxidation of 
3-chlorothiophene (ChrTh) in mixed electrolytes of boron 
trifluoride diethyl etherate (BFEE) and trifluoroacetic acid 
(TFA) or sulfuric acid (SA).23,24 Using of such superacid 
decreases the oxidation potential of the monomer and 
improves the general quality of the polymer films.

Copolymerization is a useful technique to overcome the 
weaknesses in mechanical, physical and chemical properties 
of conducting polymers. These kinds of copolymer materials 
have been considered recently and have been found to reveal 
potentially useful electrochromic properties and improved 
features in terms of conductivity and redox stability.25-28 

Electrochemical copolymerization of furan and 
3-chlorothiophene was effectively realized in a binary 
solvent system at constant electrode potential. The electro-
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optical properties of the copolymers showed intermediate 
characteristics between the homopolymer films.29

The lack of synthetic methodologies to obtain substituted 
selenophene-based monomeric precursors is a major key 
to remain polyselenophenes practically unexplored.30 
Therefore, further improvement in mechanical, physical 
and chemical properties of selenophene-based polymer 
films can be attained through copolymerization process. 
Very recently in our lab, poly(selenophene-co-thiophene) 
films have been achieved electrochemically. The redox 
stability and electrical conductivity of polyselenophene 
by copolymerization with thiophene monomer units have 
been remarkably improved.31-33

According to our knowledge, there are no reports 
concerning the electrochemical behavior of selenophene-
3-chlorothiophene copolymer films. In this paper, we report 
on the electrochemical copolymerization of selenophene 
and 3-chlorothiophene in mixed solvent system consisting 
of BFEE + EE (ethyl ether) (2:1) with 10% of TFA (v:v). 
The spectroelectrochemical properties of the obtained 
copolymers are investigated and are compared with the 
pristine homopolymers.

Experimental

Selenophene (TCI, 98%) and 3-chlorothiophene 
(Oakwood, 98%) were distilled under nitrogen just prior to 
use. Ethyl ether (Fisher Scientific) was dried and distilled in 
the presence of sodium. Boron trifluoride-ethyl ether (BFEE; 
Acros, NJ, United State, 48% BF3) was used as received. 
Tetrabutylammonium tetrafluoroborate (TBATFB; Acros, 
Geel, Belgium, 98%) was dried under vacuum at 80 oC for 
24 h. Acetonitrile (Merck, anhydrous, < 10 ppm H2O) and 
trifluoroacetic acid (TFA; Thermo Scientific, NJ, United 
State, 99.5%) were used without further purification.

The electrochemical polymerizations between 
selenophene and 3-chlorothiophene were carried out in 
a one-compartment three-electrode cell by using a 150 
potentiostat - galvanostat (Bio-Logic, Claix, France) 
under computer control EC-Lab software. A platinum 
disc electrode (area 0.1 cm2) was used as working 
electrode for electrosynthesis and cyclic voltammetry 
(CV) measurements; where as a platinum wire was used 
as counter electrode. Saturated calomel electrode (SCE) 
was used as reference electrode. The process was carried 
out potentiostatically in BFEE + EE (2:1, v/v) solution 
containing 0.1 mol L-1 TBATFB as supporting electrolyte 
at room temperature at constant electrode potential for 
2 min. After polymerization, the film was washed with 
acetonitrile to remove any traces of mono- and oligomers. 
CV of the obtained polymers was carried out in a monomer 

free acetonitrile solution containing a 0.1 mol L-1 TBATFB 
as supporting electrolyte. All solutions were deaerated by a 
dry N2 stream for 10 min before the experiment and a slight 
N2 over-pressure was maintained during the experiment. 

The in situ UV-Vis spectra were recorded with the 
homo- and copolymer films deposited on a modified 
optically transparent ITO glass electrode (area 3 cm2) in the 
supporting electrolyte solution (acetonitrile + 0.1 mol L-1 

TBATFB) in a standard 10 mm cuvette using a UV-Visible 
spectrophotometer Shimadzu UV 1800-PC instrument 
(Kyoto, Japan), resolution 1 nm. A cuvette with the same 
solution and an uncoated ITO glass was placed in the 
reference beam. Spectra were recorded at increasingly 
positive electrode potentials using the CVs to determine 
the suitable range of electrode potentials. The absorption 
maximum λ1max assigned to the π → π* transition was 
measured with the polymer in its neutral state. Where as 
the absorption maximum λ2max assigned to an intraband 
transition from the valence band into the upper bipolaron 
band of the polymer was conducted in its oxidized form. 

Conductivity measurements were performed using a 
four-probe technique (SES Instruments Pvt. Ltd., Roorkee, 
India). The homo- and copolymer films were deposited 
onto a platinum sheet electrode. After p-doping to desired 
potentials (up to E / V vs. SCE = 1.50 V) in acetonitrile 
monomer free solution, the deposited films were scraped 
off from the electrode surface, dried and then pressed to 
discs with relatively thin thickness. 

For Fourier transform infrared spectroscopy (FTIR) 
spectroscopy measurements, the pristine films were scraped 
off from the electrode and dried. FTIR spectra of the homo- 
and copolymer films using KBr-discs were recorded on 
Shimadzu FTIR 8400 spectrometer (Duisburg, Germany) 
at 2 cm-1 resolution.

Results and Discussion

Electrosynthesis and electrochemical behavior

The anodic polarization curves of monomers in a binary 
solvent system consisting of BFEE + EE (2:1, v/v) solutions 
containing 0.1 mol L-1 TBATFB are displayed in Figure 1a. 
The background electrolyte solution is electrochemically 
silent in the whole potential range.

The threshold polymerization potential of selenophene 
is initiated at E vs. SCE = 1.30 V, which is much lower 
than the oxidation onset in ACN + 0.1 mol L-1 TBATFB 
(1.83 V) and (1.55 V).3,32 Whereas the onset potential 
needed to sustain growth of poly(3-chlorothiophene) is 
initiated at E vs. SCE = 1.65 V. This value is much lower 
than that of 3-chlorothiophene in ACN + 0.1 mol L-1 
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TBATFB (2.18 V vs. SCE).23 Boron trifluoride-ethyl ether 
(BFEE) complex was used as a binary system to anodic 
oxidative polymerization of various aromatic monomers.34-36 

It has been suggested that the potential-lowering effect of 
BFEE on the electrosynthesis of polymers results from the 
interaction of BFEE and monomer rings, thus lowering the 
aromatic resonance energy of the rings. The addition of 
TFA (10%, v/v) to BFEE + EE (2:1, v/v) may lead to the 
formation of π complexes between the monomers and the 
strong acid and can also increase the conductivity of the 
electrolyte appreciably.23,29 Consequently, further decreases 
of the oxidation potential of the monomers, and the obtained 
polymer films have well-defined conjugated structures and 
good mechanical properties. The small difference between 
the oxidation potentials of the two monomers suggests a 
large probability of copolymerization between them. A 
current-potential curve was obtained for a solution containing 
0.1 mol L-1 selenophene and 0.1 mol L-1 3-chlorothiophene. 
The oxidation potential of the mixture started at E vs. SCE = 
1.45 V, which is between the oxidation potentials of the two 
monomers. Consequently, the oxidation of both monomers 
is expected and the copolymer chains may accordingly be 
composed of selenophene and 3-chlorothiophene units.31,32 

After two minutes of applying polymerization 
potential, the CVs of the obtained polymer films have 
been measured in a monomer free acetonitrile solution 
containing a 0.1 mol L-1 TBATFB as supporting electrolyte. 
Figure 1b shows the CVs of polyselenophene and poly(3-
chlorothiophene), respectively. Polyselenophene has 
a broad anodic peak at E vs. SCE = 0.92 V caused by 
polymer oxidation and a consequent broad cathodic peak 
around E vs. SCE = 0.70 V due to polymer reduction. This 
steady-state CV is similar to the results reported before.3,31 
For poly(3-chlorothiophene), the respective peaks are 
at E vs. SCE = 1.35 V and 1.28 V, with a difference of 
0.07 V indicates a high reversibility of the associated redox 
processes. Copolymerization is carried out at constant 
electrode potentials. Figure 1b reveals also a typical CV of 
a copolymer obtained from solution containing 0.1 mol L-1 
selenophene and 0.1 mol L-1 3-chlorothiophene prepared 
at E vs. SCE = 1.45 V. The copolymer shows one anodic/
cathodic peak couple at a position quite different from 
the positions observed with the homopolymer films. The 
appearance of one redox peak indicates uniform redox 
properties. Apparently, both the cathodic and the anodic 
current are higher than those found with the pristine 
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Figure 1. (a) Anodic polarization curves of monomers and mixture; (b) CVs of homopolymers and copolymer; (c) CVs of copolymer at different scan 
rates and (d) dependence of redox currents on square root of scan rate. dE/dt = 100 mV s-1.
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homopolymers indicating that the redox capacity and 
the amount of deposited copolymer is higher after the 
same time of polymerization.26 The broad redox waves 
existing in the CVs of the homo- and copolymer films are 
explained by the diffusion of the dopant ions in and out 
of the polymer films as well as to some coupling defects 
which are distributed statically and are appeared in a 
series of energetically nonequivalent chain segments.37,38 

Moreover, the CVs of the homo and copolymer films 
are not measured within the same potential range due 
to the effect of overoxidation process. The degradation 
and overoxidation of conducting polymers is a complex 
process related to different purposes. With polythiophene, 
it proceeds mostly at electrode potentials positive to the 
range wherein deposition and reversible redox cycling 
take place. As a result, the reversible redox processes and 
the irreversible degradation process can be distinguished 
clearly. In the case of polyselenophene, the degradation 
process might take place in the same potential range in 
which the reversible redox process occurs (oxidized from its 
neutral to doped state). Using copolymerization technique 
between 3-chlorothiophene and selenophene monomers 
can increase the film stability from overoxidation and 
irreversible degradation. However, some irreversible 
processes still exist in the obtained copolymers.

Figures 1c and 1d shows CVs at different scan rates 
ranging from dE/dt = 25-100 mV s-1 of copolymer film 
obtained at E vs. SCE = 1.45 V. The redox currents are mainly 
dependent on the square root of the scan rate which indicates 
that the electrochemical processes are diffusion-controlled 
and a redox couple is attached to the electrode.24,26,31 

Electrochemical copolymerization both at different 
polymerization potentials and with different monomer 
concentrations has been investigated. The data in Table 1 
shows that the redox peak potentials of the copolymers shift 
to higher values with increasing polymerization potential 
of the copolymer films. 

The results point out that keeping the polymerization 
potential of copolymers obtained in mixed solutions 
near the threshold potential of ChrTh may result in 

ChrTh-based copolymers and vice versa. Moreover, 
when the concentration of ChrTh is increased in the 
polymerization solution a positive shift of the redox 
potentials of the copolymers is observed. This implies that 
more ChrTh units are integrated into the copolymer film 
when its concentration in the feed increases.

Redox stability of homo- and copolymer films

Comparing with homopolymers, selenophene-3-
chlorothiophene copolymer films confirm a good long-term 
stability of redox activity after cycling in dry acetonitrile. 
As shown in Figure 2, the peak separation of redox couple 
is between 0.06-0.19 V which may conclude that the 
process is considered to be reversible, i.e., fast with some 
irreversibility occurred during cycling specially with 
selenophene polymer films. This behavior is a common 
feature and is usually observed in the electrochemistry of 
intrinsically conducting polymers.32,38

The obtained copolymer films can be cycled frequently 
between the oxidized and neutral state with slight decrease 
in its electroactivity. The retention of the redox activity of 
the copolymer film after 100 times cycling in dry acetonitrile 
is about 65% (in terms of current density), indicating the 
coexistence of both long and short conjugation lengths in 
the copolymer chains. 

Additionally the stability of the copolymer film declined 
sharply after exceeding 25 cycles and lost 25% of its 
redox capacity, while polyselenophene lost 45% beyond 
25 cycles (Figure 3). The copolymers are more stable and 
less affected than polyselenophene by frequent cycling 
most probably due to the existence of 3-chlorothiophene 
units in the copolymer chains which may increase the 
stability of the material film. This observation demonstrates 
that the degradation of conjugated structures occurs 

Table 1. Peak potentials of copolymers prepared at E vs. SCE = 1.45 and 
1.60 V from BFEE + EE (2:1) with 10% of TFA (v/v) solutions containing 
different monomer feed ratio

Se/ChrTh  
(mole ratio)

Epol = 1.45 V Epol = 1.60 V

Epa / V Epc / V Epa / V Epc / V

1:1 1.11 1.06 1.19 1.15

5:1 1.01 0.93 1.08 0.99

1:5 1.25 1.18 1.30 1.24
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ratio 1:1). dE/dt = 100 mV s-1.
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when the obtained polyselenophene films are oxidized 
from its undoped to a doped state.31 Nevertheless, the 
copolymers have lower redox stability than pristine 
poly(3-chlorothiophene). The pristine polymer film lost 
around 12% of its electroactivity after 75 cycles. The steric 
hindrance which may result from the larger size of the Se 
atom and the chlorine atom at the 3-position of thiophene 
ring is a major factor interrupting the coplanarity of adjacent 
monomer units in the copolymer chains, which sequentially 
leads to loss of inter-ring conjugation and may decrease 
the redox stability.39

In situ UV-Vis spectroscopy

Figures 4a and 4b shows the optical absorption spectra 
changes of polyselenophene and poly(3-chlorothiophene) 
during electrochemical oxidation, respectively. In the 
neutral state, polyselenophene shows a broad absorption 
band with λ1max around 510 nm (2.43 eV). This absorption 
band relates to the π → π* transition, where as the band’s 
width indicates the coexistence of both long and short 
effective conjugation lengths in the polymer film.3 The 
longer wavelength of polyselenophene films obtained 
electrochemically from BFEE + EE (2:1, v/v) confirms 
the high-quality and longer conjugation length than those 
prepared chemically.40,41 According to the zero-order 
approximation,14,42 the band gap energy of polyselenophene 
(Eg) from a direct interband transition can be evaluated 
from the absorption edge (ca. 652 nm) of the spectrum to 
be about 1.90 eV. This value is close to the reported band 
gap energy of electropolymerized poly(biselenophene)43 
and polyselenophene.10,44 

The passage from the undoped to the doped state is 
accompanied by weakening of the interband transition. As 
an alternative, a very broad characteristic appeared with 

its maximum shifting into NIR upon further oxidation. 
The optical transition with λ2max from the valence band 
into the higher bipolaron band (the upper subgap state) 
is located at 820 nm (1.51 eV) above the valence band. 
These remarkable changes were typical characteristics of 
conducting polymers and this assignment was previously 
suggested.45

Poly(3-chlorothiophene) revealed a single absorption 
peak at 2.83 eV in its neutral state which is consistent with 
our previous work.29 This broad λ1max assigned to the π → π* 
interband transition. Upon oxidation to 1.35 V, the peak 
height of the interband transition is diminished and another 
broad absorption band λ2max is appeared simultaneously 
at about 765 nm (1.72 eV). These spectral changes may 
be explained in terms of removing electrons from the 
valence band and the formation of polaron/bipolaron  
states upon electrochemical doping. In the band gap, two 
bipolaron energy states/bands are formed and the upper one 
is located at 0.53 eV below the conduction band. 

In situ UV-Vis spectra both at different electrode 
potentials and with different monomer feed ratio in 
the polymerization solution are also investigated. The 
copolymers have typical spectra and still represented 
a broad absorption band in the neutral state. This λ1max 
attributed to the interband transition demonstrating 
that both of long and short effective conjugated lengths 
containing selenophene and 3-chlorothiophene monomer 
units are coexisting along the copolymer chains. According 
to the results in Table 2, it is clear that by increasing the 
polymerization potential of the copolymers a blue shift of 
the absorption band in the neutral state is observed. 

In addition, a higher concentration of selenophene in 
the feed leads to a bathochromic shift of the interband 
transition of the obtained copolymers. Moreover, the band 
gap energies of the investigated copolymers are between 
the individual homopolymers. This implies that the 
oxidation of monomers is feasible and the obtained films 
are composed of both selenophene and 3-chlorothiophene 
units which may eliminate the opportunity of having block 
copolymers.29 The film deposited at E vs. SCE = 1.6 V 
with 1:5 feed ratio may involve structure close to those 
of poly(3-chlorothiophene)-based copolymer films while 
the film obtained at E vs. SCE = 1.45 V with 5:1 feed ratio 
may be regarded as polyselenophene-based material films. 

Electrochemical conductivity measurements

As shown in Figure 5a, selenophene homopolymer film 
depicted a single conductivity change which is increased 
5 times after p-doping. When the applied potential is 
increased, the conductivity of poly(3-chlorothiophene) 
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film is further enhanced after E vs. SCE = 1.15 V and is 
attained around 6.9 S cm-1 (Figure 5a). The conductivity 
of polythiophene is around twenty times higher than of 
poly(3-chlorothiophene).33 This is due to the difference 
between the hydrogen and chlorine radii (26 pm) which 
may increase the steric hindrance and distortion along the 
polymer chain.21,29 The lower electrical conductivity of 
polyselenophene compared with poly(3-chlorothiophene) 
can be attributed to the overoxidation, even in small 
amount, which leads to more structural defects and shorter 
conjugation lengths. Furthermore, the larger size of Se 
atom increases the interchain distances preventing hopping 
process within the polymer backbone.3,10 In addition, when 
the polymer film was oxidized from its neutral to doped 
state, degradation process might take place and distort 
the conjugated structures.33 The effect of temperature 
on conductivity values of homopolymer films has been 
also conducted (Figure 5b). The conductivity generally 
increases with increasing temperature since the electrons 

may obtain enough energy to move from the valence to the 
conducting band.46 Electrical conductivity measurements 
both at different polymerization potentials and with 
different monomer feed ratios have been performed. The 
copolymers still show a single change in conductivity 
upon oxidation and rise with increasing temperature. 
When the polymerization potential is changed from E vs. 
SCE = 1.45 V to E vs. SCE = 1.6 V and when ChrTh ratio 
is increased in the solution, the conductivity is clearly 
improved and increased 2.5 times (Figures 5c and 5d). 
Accordingly, it can be considered that the number of 
ChrTh units in the obtained copolymer chains increased 
with increasing polymerization potential and ChrTh 
concentration as well. 

FTIR measurements of homo- and copolymer films

Figure 6 shows the FTIR spectra of a copolymer 
obtained at E vs. SCE = 1.45 V in a BFEE + EE (2:1) with 
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Table 2. Absorption bands and band gaps of copolymers obtained from BFEE + EE (2:1, v/v) solution containing different monomer feed ratio at potentials 
E vs. SCE = 1.45 and 1.6 V

Se/ChrTh 
(mole ratio)

Polymerization 
potential

λ1 max λ2 max Band gap

nm eV nm eV nm eV

1:1 1.45 488 2.54 800 1.55 617 2.01

1.6 472 2.63 782 1.59 598 2.07

5:1 1.45 505 2.45 807 1.54 636 1.95

1.6 493 2.51 790 1.57 614 2.02

1:5 1.45 470 2.64 795 1.56 605 2.05

1.6 452 2.74 772 1.61 588 2.11
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10% of TFA (v/v) containing Se/ChrTh (mole ratio 1:1); 
for comparison, the data of the respective homopolymers 
are included in Table 3. The spectra of the pristine 
homopolymers are in agreement with the previously 
published in the literature3,23,24,43 with typical bands for five 
bonded heterocycles are observable in their IR spectra. The 
two homopolymers have C=C stretching vibration mode 
between 1400-1600 cm-1, absorption band between 660 and 
820 cm-1 related to C–H out-of-plane deformation which is a 

characteristic of α-substituted five-membered heterocyclic 
compounds, suggesting that α-positions in the polymer 
chains are involved in the polymerization.

The IR assignments of the as-prepared copolymer film 
show ring stretching vibrations in between 1325-1570 cm-1, 
C–H in-plane deformation at 1082-1150 cm-1, C‑Cl stretching  
vibration around 650 cm-1, 460-540 cm-1 out-of-plane 
ring deformation. These bands are characteristics of 
monosubstituted five-membered heterocyclic compounds 
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Figure 5. (a) Electrical conductivity of homopolymers (b) temperature dependence of electrical conductivity of as-prepared homopolymers (c) conductivity 
data of copolymers deposited at E vs. SCE = 1.45 and 1.60 V and (d) conductivity data of copolymers deposited at E vs. SCE = 1.45 V with different feed ratio.

Figure 6. FTIR spectra of copolymer deposited at E vs. SCE = 1.45 V in a BFEE + EE (2:1) with 10% of TFA (v/v) containing Se/ChrTh (mole ratio 1:1) 
(a) as-prepared copolymer; (b) doped copolymer.
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Table 3. FTIR band assignments of PSe, PChrTh and a copolymer 
deposited at E vs. SCE = 1.45V, all figures in wavenumbers (cm-1)

Mode PSe / 
cm-1

PChrTh / 
cm-1

As-prepared 
copolymer / 

cm-1

Doped 
copolymer / 

cm-1

va (C=C)ring 1400-1600 1450-1530 1430-1570 1390-1545

v (C–C)ring 1290 1350 1325 1290

δb (C–H) 1020-1085 1070-1150 1082-1150 1060-1115

γc (C–H) 700-820 660-750 750-987 730-945

v (C–Cl) – 620 650 635

γ (Ring) 544 565 460-540 440-525

aν = stretching; bδ = in-plane deformation; cγ = out-of-plane deformation.

representing that selenophene and 3-chlorothiophene 
rings are remained jointly after polymerization. α-CH 
and β-CH out of plane bending at 750-987 cm-1 indicates 
that α-α’ coupling of radical cations has been taken place 
in the copolymerization process. The absorption between 
1670-1720 cm-1 related to the C=O stretching vibration 
showing that some defects still exist in the polymer films.

The infrared bands of the homopolymers are retained in 
the spectra of copolymers without increase in the intensity 
which may be regarded as evidence of copolymerization 
distinguishing itself from the simple addition of the spectra 
of pure homopolymers.47 The IR bands of the doped 
copolymer are shifted to lower frequencies with respect to 
those of the as-prepared films. This shift to lower energies 
indicates bond weakening due to the removal of electron 
density from π-bonding orbitals of the ring as a result of 
the copolymer oxidation.14

Conclusion

The electrochemical synthesis of selenophene and 
3-chlorothiophene homo and copolymer films has 
been achieved in a binary solvent system consisting of 
BFEE + EE (2:1) with 10% of TFA (v/v) at constant 
electrode potential. The spectroelectrochemical properties 
of the obtained material films are investigated using cyclic 
voltammetry, in situ UV-Vis spectroscopy, electrical 
conductivity measurements, and FTIR spectroscopy. All 
the above results point out that the obtained copolymer 
films show intermediate properties between those of 
homopolymers. The copolymer features depend not only 
on the electrochemical polymerization potential but also 
on the monomer feed ratio. At higher polymerization 
potentials and at higher concentrations of ChrTh in the 
feed more ChrTh units are incorporated into the copolymer 
chains. The copolymer films have only one redox couple 
caused by polymer oxidation and reduction. The obtained 

material films display a single conductivity change at 
room temperature, and upon oxidation the conductivity 
remarkably increased. The interband λ1max almost vanishes 
and another broad band (λ2max) rises instead with its 
maximum shifting into NIR upon further oxidation due 
to the formation of polaron/bipolaron energy states. FTIR 
data demonstrate that α-α’ coupling of radical cations has 
been taken place in the copolymerization process, and the 
IR bands of the doped films shift to lower frequencies due 
to the removal of electron density from π-bonding orbitals 
of the ring as a result of the polymer oxidation.
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