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Conducting polymer has many applications in electronics, optical devices, sensors, and so on; however, there is still a massive scope
of improvement in this area. Therefore, towards this aim, in this study, we synthesized a new thiophene-based conducting polymer,
2-heptadecyl-5-hexyl-6-(5-methylthiophen-2-yl)-4-(5-((E)-prop-1-enyl)thiophen-2-yl)-5H-pyrrolo[3,4-d]thiazole (HHMPT).
Further, to increase its application, the interactions between the conducting polymer (HHMPT) and ionic liquids (ILs) were
investigated by UV-Vis spectroscopy, FTIR spectroscopy, and confocal Raman spectroscopy techniques. Moreover, film
roughness and conductivity of the polymer film with or without ILs were also studied. The imidazolium- and ammonium family
ILs with the potential to interact with the newly synthesized conducting polymer were used. The results of the interaction
studies revealed that the imidazolium family IL-polymer mixtures and ammonium family IL-polymer mixtures have almost
similar conductivity at low concentration of ILs. This study provides an insight into the combined effect of a polymer and ILs
and may generate many theoretical and experimental opportunities.

1. Introduction

From many years, conducting polymers have been playing a
promising role for the fabrication of biochemical and chemi-
cal sensors. To fulfill all the criteria, they should have high
electrical conductivity, chemical stability, and electrochemi-
cal reversibility [1–5]. Polythiophene, polypyrrole, and polya-
niline have been used as electrocatalysts for sensing biological
and organic molecules from many years [1]. Poly(3,4-ethyle-
nedioxythiophene) (PEDOT) has been reported extensively
owing to its ability to promote electron transfer reactions
and electroanalysis using conducting film. The PEDOT-
modified glassy carbon electrodes were used for detecting
dopamine and ascorbic acid [6]. The PEDOT-modified
electrodes have also been used for determining pesticides
[7]. PEDOT-modified screen-printed carbon electrode is
also used for the detection of nitrite [8]. Su and Cheng
used the PEDOT-modified screen-printed electrode for

the determination of cysteine [9]. Conducting polymer mod-
ification is a very good technique, but has limitations because
of its low sensitivity [10]. Even though the sensitivity can be
improved by the addition of nanomaterials such as Pd and
gold nanoparticles, it still has some limitations [11–13].

Ionic liquids (ILs) are promising materials in the field of
chemistry [14–29]. They can be synthesized with various
combinations of anion and cation [26–29] and have a wide
range of the potential window, good electrochemical stability,
and high ionic conductivity [14, 17]. They can also have the
benefits in the variation of various surface properties such
as adhesion, wettability, and biocompatibility [30]. IL-based
electrodes possess prominent electrochemical properties,
for example, carbon paste electrodes are used as pasting
binders to detect certain biomolecules [31, 32].

The progress of polymer composites has a huge impact
on the potential industrial applications and fundamental aca-
demic researches. Conducting polymer composites have
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been used for the synthesis of various chemical or biological
sensors [33]. However, the interactions between the conduct-
ing polymer and IL composite film have not been studied
well so far. Therefore, the aims of this study were to develop
a new conducting polymer with better physical properties
(high thermal stability and better electrochemical properties)
and investigate its interaction with ILs to find new possibili-
ties. In this study, we synthesized thiophene-based polymer
[2-heptadecyl-5-hexyl-6-(5-methylthiophen-2-yl)-4-(5-((E)-
prop-1-enyl)thiophen-2-yl)-5H-pyrrolo[3,4-d]thiazole
(HHMPT)] and its interaction with various imidazolium and
ammonium ILs such as 1-butyl-3-methylimidazolium bro-
mide [Bmim]Br, 1-ethyl-3-methyl-imidazolium-bromide
[Emim]Br, triethylammoniummethanesulfonate [TMEAS],
and tributylmethylammoniummethyl sulfate [TBMS] ILs
was investigated.

2. Materials and Methods

2.1. Materials.All the chemicals and reagents required for the
synthesis of the polymer and ILs were purchased from
Aldrich Chemical Co. (USA). [Bmim]Br, [Emim]Br, and
TBMS were purchased from Sigma-Aldrich. Moreover, all
the chemicals and reagents were used without any further
purification. The rest of the TEMS was synthesized in the lab-
oratory and analyzed by methods described in the literature
[34]. Schematic representation of the polymer synthesis is
shown in Figure 1.

2.2. Synthesis of Polymer. The reaction of stearic thioamide
with (4-hydroxymethyl-2-heptadecyl-thiazol-5-yl)-methanol
was performed following the reported method [14].

2.2.1. Synthesis of 4,5-Bis(bromomethyl)-2-heptadecylthia-
zole. (4-hydroxymethyl-2-heptadecyl-thiazol-5-yl)-metha-
nol (6.45 g, 16.8mmol) was added in 200mL of THF,
followed by adding pyridine (1.464 g, 18.5mmol) at 0°C.
The reaction mixture was stirred for 5min, followed by the
slow addition of phosphorous tribromide (PBr3) (10 g,
37.0mmol). The resulting reaction mixture was stirred for
1 h at 0°C and 5h at RT. The reaction mixture was quenched
with ice water at 0°C and extracted with ether, and the com-
bined ether extract was dried over anhydrous MgSO4, afford-
ing 4,5-bis-bromomethyl-2-heptadecyl-thiazole as a white
solid in 97% yield (1H NMR (400MHz, CDCl3) δ 4.68 (s,
2H), 4.56 (s, 2H), 2.92 (t, 2H, J=7.7Hz), 1.76 (m, 2H), 1.25
(s, 28H), 0.88 (t, 3H, J=6.6Hz) ppm; 13C NMR (100MHz,
CDCl3) δ 171.64, 149.47, 131.75, 33.58, 32.45, 31.72, 30.81,
29.69, 29.27, 29.12, 28.96, 23.93, 22.55, 21.73, and
14.03 ppm; FTIR (KBr) ν 2922, 2849, 1535, 1487, 1462,
1432, 1097, and 609 cm−1).

2.2.2. Synthesis of 2-Heptadecyl-5-hexyl-5,6-dihydro-4H-
pyrrolo[3,4-d]thiazole. 4,5-Bis-bromomethyl-2-heptadecyl-
thiazole (3.18 g, 6.3mmol) was dissolved in 80mL toluene.
To that solution, hexylamine (1.27 g, 12.6mmol) with tolu-
ene was added. The resulting solution was maintained at
8°C with stirring for 1 h and further stirred for 48 h at room
temperature. White solid, 2-heptadecyl-5-hexyl-5,6-dihy-
dro-4H-pyrrolo[3,4-d]thiazole was isolated in 33% yield after

workup (1H-NMR (400MHz, CDCl3) δ 3.97 (s, 2H,
J=3.3Hz), 3.89 (s, 2H, J=3.3Hz), 2.96 (t, 2H, J=7.7Hz),
2.77 (t, 2H, J=7.6Hz), 1.74 (m, 2H), 1.55 (m 2H), 1.37–
1.25 (m, 34H), 0.86 (m, 6H) ppm; 13C-NMR (100MHz,
CDCl3) δ 175.50, 157.85, 128.73, 56.78, 54.81, 54.57, 34.00,
31.92, 31.78, 30.16, 29.69, 29.66, 29.64, 29.62, 29.59, 29.46,
29.35, 29.28, 28.99, 28.79, 26.99, 22.69, 22.63, 14.13, and
14.07 ppm).

2.2.3. Synthesis of 2-Heptadecyl-5-hexyl-5H-pyrrolo[3,4-
d]thiazole. 2-Heptadecyl-5-hexyl-5,6-dihydro-4H-pyrrolo[3,
4-d]thiazole (0.93 g, 2.07mmol) was added in toluene
(400mL), followed by dropwise addition of 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (0.52 g, 2.28mmol) in
100mL toluene at 40°C and stirred for 3 h, affording 2-hepta-
decyl-5-hexyl-5H-pyrrolo[3,4-d]thiazole as a white solid in
99% yield (1H-NMR(400MHz, CDCl3) δ 6.94 (d, 1H,
J=1.9Hz), 6.55 (d, 1H, J=1.9Hz), 3.92 (t, 2H, J=7.2Hz),
2.88 (t, 2H, J=7.7Hz), 1.75 (m, 4H), 1.32 (m, 2H), 1.24–
1.22 (m, 32H), 0.82 (m, 6H) ppm; 13C-NMR (100MHz,
CDCl3) δ 171.74, 107.54, 107.44, 51.23, 34.57, 31.93, 31.72,
31.36, 29.68, 29.48, 29.43, 29.34, 29.20, 26.37, 22.66, 22.47,
14.04, and 13.92 ppm; FTIR (KBr) ν 3179, 2957, 2921,
2050, 1529, 1470, 1390, 1215, 1149, 1089, 752, 717, 629,
and 590 cm−1).

2.2.4. Synthesis of 4,6-Dibromo-2-heptadecyl-5-hexyl-5H-pyr-
rolo[3,4-d]thiazole. 2-Heptadecyl-5-hexyl-5H-pyrrolo[3,4-d]
thiazole (0.5 g, 1.11mmol) was dissolved in 25mL anhydrous
dichloromethane. To that solution, a solution of N-
bromosuccinimide (NBS) (0.398 g, 2.22mmol) in 10mL
MC was added at −5°C. The reaction mixture was poured
in water and extracted with dichloromethane. The organic
extract was washed with water, followed by brine, dried over
anhydrous MgSO4, filtered, and concentrated, affording 4,6-
dibromo-2-heptadecyl-5-hexyl-5H-pyrrolo[3,4-d]thiazole as
a white solid in 88% yield (1H-NMR (400MHz, CDCl3) δ
4.10 (t, 2H, J=7.7Hz), 2.95 (t, 2H, J=7.7Hz), 1.76 (m, 4H),
1.33–1.25 (m, 34H) 0.87 (m, 6H) ppm; 13C-NMR
(100MHz, CDCl3) δ 173.22, 146.17, 119.71, 87.64, 86.97,
49.39, 48.19, 34.91, 34.76, 34.61, 31.91, 31.31, 30.63, 30.44,
30.26, 29.68, 29.58, 29.48, 29.44, 29.15, 29.02, 28.62, 26.11,
22.68, 22.48, 14.19, 14.04, 14.02, and 13.87 ppm; FTIR
(KBr) ν 2957, 2824, 2851, 1533, 1464, 1330, 1129, 1064,
883, 782, 653, and 604 cm−1).

2.2.5. Synthesis of 2-Heptadecyl-5-hexyl-4,6-di(thiophen-2-
yl)-5H-pyrrolo[3,4-d]thiazole. 4,6-Dibromo-2-heptadecyl-5-
hexyl-5H-pyrrolo[3,4-d]thiazole (0.4566 g, 0.75mmol) and
tributyl(thiophen-2-yl)stannane (0.734 g, 1.96mmol) were
added in 5mL toluene, followed by adding Pd(PPh3)4. The
reaction mixture was stirred to make a clear solution and
refluxed for 48h. The reaction mixture was cooled affording
2-heptadecyl-5-hexyl-4,6-di(thiophen-2-yl)-5H-pyrrolo[3,4-
d]thiazole as a white solid in 40% yield (1H-NMR (400MHz,
CDCl3) δ 7.40 (d, 2H, J=4.4Hz), 7.34 (d, 1H, J=4.7Hz), 7.15
(m, 3H), 4.38 (t, 2H, J = 7.9Hz), 3.02 (t, 3H, J=7.3Hz), 1.86–
1.68 (m, 4H), 1.45–1.20 (m, 34H), 0.88 (m, 6H) ppm; 13C-
NMR (100MHz, CDCl3) δ 173.12, 147.15, 132.02, 127.57,
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127.49, 127.26, 125.65, 125.10, 124.52, 120.05, 115.59, 101.97,
93.23, 87.90, 60.08, 48.84, 39.65, 36.16, 34.80, 31.92, 31.34,
31.11, 29.62, 29.48, 29.35, 29.22, 28.79, 26.21, 26.09, 22.69,
22.42, 14.12, and 13.91 ppm).

2.2.6. Synthesis of 4,6-Bis(5-bromothiophen-2-yl)-2-
heptadecyl-5-hexyl-5H-pyrrolo[3,4-d]thiazole. 2-Heptade-
cyl-5-hexyl-4,6-di(thiophen-2-yl)-5H-pyrrolo[3,4-d]thiazole
(0.2 g, 0.33mmol) was added in 20 mL MC. NBS (0.121 g,
0.68mmol) was dissolved in 15mL MC, and the solution
was cooled to 10°C. White solid 4,6-bis(5-bromothio-
phen-2-yl)-2-heptadecyl-5-hexyl-5H-pyrrolo[3,4-d]thiazole
was obtained in 80% yield following the standard workup
procedure (1H-NMR (400MHz, CDCl3) δ 7.08 (s, 2H),
7.07 (d, 1H, J=3.9Hz), 6.88 (d, 1H, J=3.9Hz), 4.28 (t,
2H, J=7.8Hz), 3.00 (t, 2H, J=7.7Hz), 1.81 (m, 2H), 1.68
(m, 2H), 1.42 (m, 2H), 1.32–1.21 (m, 34H), 0.87 (m,
6H) ppm; 13C-NMR (100MHz, CDCl3) δ 173.19, 147.50,
135.54, 133.50, 130.52, 130.47, 127.43, 125.79, 114.82,
112.51, 111.46, 46.55, 34.72, 31.85, 31.02, 29.63, 29.54,
29.29, 29.12, 25.98, 22.61, 22.34, 14.05, and 13.83 ppm).

2.2.7. Synthesis of Polymer. 4,6-Bis(5-bromothiophen-2-yl)-
2-heptadecyl-5-hexyl-5H-pyrrolo[3,4-d]thiazole (0.174 g,
0.22mmol) was added in toluene (4mL), followed by adding
trans-1,2-bis(tributylstannyl)ethene (0.137 g, 0.22mmol),
Pd2(dba)3 (0.004 g, 0.004mmol), and p(o-tol)3 (0.0055 g,
0.0181mmol) in 2mL toluene. The resulting reaction mix-
ture was stirred for 5 h. Excess of trans-1,2-bis(tributylstan-
nyl)ethane was added and further stirred for 1 h, followed
by adding excess of 2-bromothiophene and stirring for 1 h.
The solution was then washed with chloroform and

evaporated under vacuum. The obtained polymer has
Mn~33, 093, Mw~36, 765, and PD 1.11 (1H-NMR
(400MHz, CDCl3) δ 7.39 (br, 3H), 7.06 (br, 1H), 7.05 (br,
2H), 4.50 (br, 2H), 3.06 (br, 2H), 2.05 (br, 2H), 1.87 (br,
4H), 1.26 (s, 34H), and 0.88 (s, 6H) ppm).

2.3. Measurements. 1H NMR and 13C NMR spectra were
obtained using a JEOL MSL 300 spectrometer and used to
identify the structure of the synthesized compounds. Polysty-
rene standards in tetrahydrofuran solutions were utilized as
the standards for gel permeation chromatography. S-3100
UV-Vis spectrophotometer with the following features was
used: wavelength resolution, 0.95 nm; wavelength accuracy,
±0.5 nm; and wavelength reproducibility, ±0.02 nm. FTIR
spectra were recorded using a Bomem MB Series MB100
FTIR spectrometer. Electrical conductivity was measured
using a standard four-in-line probe apparatus. The thickness
of the polymer thin films was measured using an Alpha-Step
profilometer. Raman spectra were measured at room temper-
ature using a confocal Raman microscope (WITec, Alpha
300 R) equipped with a 632.8 nm He-Ne laser. In addition,
AFM studies were performed using Park systems, model:
XE-100 with noncontract measuring mode.

2.4. Sample Preparation. A small amount (0.001 g) of the
polymer was dissolved in 4mL of chloroform. Later, 1, 2,
and 5wt% of ILs were dissolved in this polymer-chloroform
mixture at room temperature and this mixture was then vig-
orously stirred for 1 h at 20°C. Subsequently, the polymer
solutions with or without ILs were cast on clean glass plates
(150μm thickness) and then dried under vacuum. These
films were used for various spectroscopy studies.
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Figure 1: Schematic representation for the synthesis of new conducting polymer.
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3. Results and Discussion

3.1. Study of Interactions between Polymer and ILs by UV-Vis
Spectroscopy at Various Temperatures. A new thiophene-
based conducting polymer, 2-heptadecyl-5-hexyl-6-(5-
methylthiophen-2-yl)-4-(5-((E)-prop-1-enyl)thiophen-2-yl)
-5H-pyrrolo[3,4-d]thiazole (HHMPT), was synthesized, as
shown in Figure 1. The mechanical and conducting proper-
ties of polymer-IL mixtures depend on the miscibility of the
polymer in ILs; hence, determining this aspect is very impor-
tant. Further, molecular interactions between the polymer
and ILs were measured by mixing them. UV-Vis spectros-
copy may aid in elucidating these interactions. The UV-Vis
spectra of the polymer at 20°C shows a peak at ~530nm,
reflecting the conjugated π-systems (Figure 2). However,
after the addition of different ILs such as [Bmim]Br,
[Emim]Br, TMEAS, and TBMS, the polymer peak at
~530nm disappeared and other peaks originated for all the
ILs-polymer mixtures.

The polymer + [Bmim]Br showed new peaks at ~425 and
~724nm. A small hump also appeared at ~654 nm for poly-
mer + [Bmim]Br. In the presence of [Emim]Br IL and poly-
mer mixtures, the new peak appears at ~423nm and
~724nm for the polymer + [Emim]Br and a small hump at
~657nm, similar to the polymer + [Bmim]Br mixtures,
whereas for the ammonium ILs TMEAS and TBMS, a similar
pattern of the peaks was observed. For polymer +TMEAS, the
peaks appear at ~423 and ~728 nm and hump at ~660nm.
However, for the polymer +TBMS mixture, new peaks at
~424 and ~728nm and hump at ~660nm appeared. In both
the families of ILs, similar peaks and a hump appeared, indi-
cating approximately similar interactions or reaction occurs
in the polymer in the presence of ILs. Although, in the pres-
ence of ammonium ILs + polymer, the peak and hump at
~728nm and ~660nm, respectively, slightly red shifted as
compared to those in imidazolium ILs+ polymer mixture.
The peaks at ~420nm correspond to the π–π∗ transitions,
and peak at ~700nm resembles either an aggregation state
of a conformation or arrangement of the polymer chains that
are changing upon the addition of ILs.

3.2. Study of Interactions between Conducting Polymer and
ILs by Using FT-IR and Confocal Raman Spectroscopies. FTIR
spectroscopy is another important tool for studying the inter-
actions between the polymer and ILs [35]. FTIR spectra of
the conducting polymer were recorded with or without ILs,
as shown in Figure 3. Some peak shifts in the FTIR spectra
were obtained after the interaction of polymer with the ILs.
The FTIR peaks at ~2922 and 2851 cm−1 may be due to the
alkyl chain of the polymer, and the peaks at ~1637 and
1495 cm−1 may originate because of the aromatic -C=C- bond
stretching of the polymer. The peak at~1100 cm−1may be due
to the =C-H groups. After the interaction of [Bmim]Br
(1wt%) with the conducting polymer, the peaks are mainly
due to the alkyl chain shifts to longer wavelength at ~2964
and 2875 cm−1. Moreover, the peaks due to the -C=C- bond
of the polymer shifted to ~1601 and 1521 cm−1. These peak
shifts in the composite film of polymer and [Bmim]Br IL
(1wt%) reveal the possible interactions between them. The

peak shift for the other [Emim]Br(imidazolium IL) (1wt%)
and polymer is approximately same as that for the [Bmim]Br
IL and polymer. The intensity of the C–H (sp3) and aromatic
C=C stretching decreased for the polymer-TMEAS (1wt%)
mixtures; however, for other ammonium IL (TBMS) (1wt%)
polymer mixture, the peak shift is more for aromatic
C=C stretching. However, no change in peak shift was
observed with the increase in IL concentration (data not
shown). These shifts occurred because of the interaction
of polymer with the ILs. There can be H-bonding between
the anions of ILs and polymer, or other interactions such
as van der Wall interactions are also possible between
the ILs and polymer. To understand more exact interac-
tions between the ILs and the polymer, the study is ongo-
ing and will be reported in the near future.

Another sophisticated technique such as confocal
Raman spectroscopy was used to investigate the interac-
tions between the polymer and ILs (1wt%). The polymer
film was not damaged during the confocal Raman spec-
troscopy, because of its highly selective and sensitive
laser. As shown in Figure 4, a significant peak appeared
at 1453 cm−1, corresponding to the β(C–H) in the poly-
mer. In contrast, the polymer + [Bmim]Br showed the
peaks at 1025, 1113, 1341, and 1421 cm−1 corresponding
to the γ(C–C–C), γ(C–O), C–N+, and β(C–H), respectively,
whereas the polymer+ [Emim]Br showed the peaks at 956,
1086, 1336, 1422, and 1567 cm−1 corresponding to the
(β(C–O), C–C), (γ(C–C–C)), (C–N+), (β(C–H)), and
(γ(NC)+γ(NH)), respectively. In both cases, the peak at
1453 cm−1 corresponding to β(C-H) shifted to 1422 and
1421 cm−1 for polymer + [Emim]Br andpolymer + [Bmim]Br,
respectively, probably because of the interaction of polymer
and ILs. Later, the polymer and TBMS complex showed peaks
at 978, 1052, and 1428 cm−1 corresponding to the C–H, γ(C–
C–C), and –CH2, respectively. The polymer +TMEAS shows
peaks at 951, 1049, 1425, and 1456 cm−1 corresponding to
the β(C–O), C–C), γ(C–C–C), β(C–H), and β(C–H), respec-
tively. Similar to the FTIR spectroscopy, no peak shift was
observed in confocal Raman spectroscopy with the increase
in the concentration of ILs (data not shown).

3.3. Effect of the Polymer and IL Interaction on the
Conductivity and Surface Roughness Measurements.
Recently, there has been a keen interest in enhancing
the conductivity of polymer. Such enhanced conductivity
can be achieved by adding secondary dopants or addi-
tives such as diethylene glycol, 2-nitroethanol, glycerol,
dimethyl sulfoxide, and tetrahydrofuran [36, 37]. How-
ever, this method has many drawbacks. Therefore, we
attempted to enhance the conductivity of polymer by
utilizing ILs. Our experimental results mentioned above
clearly indicate good interaction between the polymer
and ILs, suggesting a significant possibility of enhancing
the conductivity of polymer by utilizing ILs. The exper-
imental conductivity data listed in Table 1 demonstrate
that the polymer has a very good conductivity (I2
doped) of ≈4.0± 0.9× 10−2 S cm−1 at 20°C. The addition
of ILs was found to increase or decrease the conductiv-
ity depending upon the IL properties.
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The conductivity of ammonium ILs +polymer (I2 doped)
measured is as follows: polymer +TMEAS is 1.6
± 0.8× 10−1 S cm−1 and polymer +TBMS is 1.2± 0.7×
10−1 S cm−1 at 1wt%, but with increasing content of the ILs
to 5wt%, the conductivity decreases to 1.3± 0.7× 10−1 and
7.2± 0.2× 10−2 S cm−1 for polymer+TMEAS and polymer
+TBMS, respectively, as listed in Table 1. For imidazolium
ILs (I2 doped), the conductivities are as follows: [Bmim]Br
+polymer, 2.1± 0.2× 10−1 S cm−1; [Emim]Br +polymer, 1.8
± 0.9× 10−1 S cm−1 for 1wt% of IL, whereas the conductivity
values are 1.9± 0.2× 10−1 S cm−1 and 9.9± 0.7× 10−2 S cm−1

for 5wt% of polymer+ [Bmim]Br and polymer + [Emim]Br,
respectively. These results show that the conductivity does
not change significantly with the change in ILs (at lower con-
centrations), while the conductivity decreases with increase
in the concentration for [Emim]Br and TBMS ILs. Although,
the conductivity of polymer-[Bmim]Br IL film does not
change with the increase in the IL concentration. The surface

roughness of polymer and polymer + ILs can be understood
by atomic-force microscopy (AFM). The surface roughness
of the polymer alone is 4± 0.696 nm, as shown in Figure S1–
S3, whereas with the addition of the ILs (1wt%) such as
[Bmim]Br, [Emim]Br, TMEAS, and TBMS, the average
roughnesses were 0.5± 0.617, 1.9± 0.350, 3.1± 0.809, and 0.6
± 0.472 nm, respectively (Figure S1). However, the average
roughnesses were 1.2± 0.617, 2.7± 0.350, 71± 0.809, and 3.4
± 0.472 nm, in the presence of polymer + [Bmim]Br (2wt%),
+[Emim]Br (2wt%), +TMEAS (2wt%), and +TBMS (2wt%),
respectively (Figure S2). And the average roughnesses for
the polymer + [Bmim]Br (5wt%), +[Emim]Br (5wt%),
+TMEAS(5wt%), and +TBMS (5wt%) were 2.4± 0.617,
41.7± 0.350, 114.9± 0.809, and 4.4± 0.472 nm, respectively
(Figure S3). The above AFM data show that [Bmim]Br IL
shows the least roughness among all the studied systems,
including the polymer (without IL mixtures). ILs may
induce the formation of a three-dimensional conducting
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Figure 2: UV-Vis spectra of the polymer and polymer + ILs (1, 2, and 5wt%) mixtures: (a) polymer + [Bmim]Br; (b) polymer + [Emim]Br; (c)
polymer + TMEAS; (d) polymer +TBMS.
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network using the polymer domains [38], resulting in
increasing the conductivity of polymer + ILs. Timoshevskii
et al. concluded that the presence of a small roughness
in the structures drastically reduces the electrical

conductivity [39]. Hence, the presence of imidazolium
and ammonium ILs in low concentration helps in the
development of smooth surface of film that results in the
increase of conductivity.
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Figure 3: FTIR spectra of the polymer and polymer-IL (1wt%) mixtures.
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Figure 4: Confocal Raman spectroscopy data of polymer and polymer-IL (1wt%) mixtures.

Table 1: Conductivity of polymer and polymer-IL mixture (I2 doped).

Sample
Conductivity (S/cm)

0wt% 1wt% 2wt% 5wt%

Polymer 4.0± 0.9× 10−2

Polymer + [Bmim]Br 2.1± 0.2× 10−1 2.0± 0.3× 10−1 1.9± 0.2× 10−1

Polymer + [Emim]Br 1.8± 0.9× 10−1 1.7± 0.8× 10−1 9.9± 0.7× 10−2

Polymer + TMEAS 1.6± 0.8× 10−1 1.4± 0.7× 10−1 1.3± 0.7× 10−1

Polymer + TBMS 1.2± 0.7× 10−1 9.9± 0.7× 10−2 7.2± 0.2× 10−2
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The new synthesized polymer HHMPT has good solubil-
ity in chloroform along with high conductivity of 4.0
± 0.9 × 10−2 S cm−1 at 20°C. Moreover, the presence of
electron-rich thiophene with electron-deficient thiazole, in
our newly synthesized polymer, opens the door for the appli-
cation in solar cells, OLED, transistors, and sensors. How-
ever, we have not studied these possible applications of our
polymer, but based on the literature, the polymers with
electron-donating heterocycles and an electron-accepting
building block are capable materials for photovoltaic applica-
tions [40, 41]. Moreover, after the combination of polymer
with ILs, we are excepting high possibilities of this material
for application in photovoltaics.

4. Conclusions

A new conducting polymer was synthesized, and its phys-
ical properties were studied with or without ILs. In addi-
tion, the conductivity and interaction level between the
polymer and ILs were found to be dependent on the ILs.
The polymer with [Bmim]Br IL exhibited the least rough-
ness and higher conductivity even at higher IL concentra-
tions, probably because of strong interactions with the
polymer, while the conductivity of polymer decreases with
increase in concentration of TBMS IL. This study shows
new possible interactions of polymer and ILs and also
opens new possibilities in different fields.
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