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Abstract

A novel monomer of S-2-mercaptoethyl 2-(thiophen-3-yl)ethanethioate (MTE) were synthesized via esterification 
reaction between 2-(thiophen-3-yl)acetic and ethane-1,2-dithiol in the presence of dicyclohexyl-carbodiimide (DCC) 
and N,N’-dimethylpyridin-4-amine (4-DMAP) as catalytic system. The structure of monomer was characterized via 
MS, 1H-NMR and 13C-NMR spectroscopies. The electrochemical polymerization of MTE monomer was performed in 
acetonitrile using lithium perchlorate (LiClO4) as electrolyte agent. The obtained polymer film (PMTE) was characterized 
via cyclic voltammetry and it exhibited the main oxidation peaks centered at +2V.

Keywords: polythiophene, electrochemical polymerization, cyclic voltammograms.

1. Introduction

Since the discovery of oxidized polyacetylene that could 
achieve a very high electrical conductivity, the field of 
conducting polymers has developed enormously. Nowadays 
there are many classes of conducting polymers including 
polyacetylene, polypyrrole, polyaniline, polythiophene and 
their derivatives. Due to their extremely high conductivity, 
which results from the delocalization of electrons along 
the polymer backbone, they are termed “synthetic metals”. 
Besides their notable conductivity, these materials also 
exhibit interesting optical properties which show dramatic 
color shifts in response to changes in solvent, temperature, 
applied potential, and binding to other molecules. Both the 
changes in conductivity and color of conjugated polymers 
are induced by twisting of the polymer backbone and 
disrupting conjugation, making them attractive for their 
use as responsive electrical and optical devices[1-4].

Among the numerous polymers which have been developed 
and researched over the several decades, polythiophenes 
and their derivatives are one of the most interesting 
classes of conjugated polymers that exhibit advantageous 
characteristics such as high electrical conductivity, good 
environmentally and thermally stability[5]. The applications 
of these conducting polymers include non-linear optical 
devices, polymer light emitting diodes, sensors, organic field 
effect transistors, organic solar cells, and electrochromic 
devices[6-12]. However, polythiophene has the disadvantage of 
being insoluble, and hence of being difficult to be processed. 
Instead, substituted polythiophenes with aliphatic or polar 
substituents are often used for improving the solubility. Base 
on that viewpoint, the synthesis of new thiophene derivatives 
through substitution to the 3 and/or 4 position has opened 
to exciting new materials with enhanced performances. 

For example, incorporation of flexible pendant chains into 
the backbone improves the processability and solubility, 
and could also results in polymers having a low oxidation 
potential and moderate band gap with good stability 
in the oxidized state. Some other types of substituents 
reveal thermalchromic, photoluminence behaviors and 
electrochromic properties[13-15].

In recent years, much attention has been paid to 
gold nanoparticles due to their potential applications in 
nanotechnology, such as in single electron transistors or 
nonlinear optical devices[16,17]. Gold-thiol self-assembled 
monolayers (SAMs) have been widely studied[18-20] because 
it has high molar absorptivity in the visible region, making 
them useful for a variety of applications as nanoelectronics, 
catalysis, molecular recognition systems and developing 
new optical analytical methods. Therefore, this study aims 
to synthesize new conducting thiophene-based monomer 
containing functional thiol group based on S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate (MTE). Then, the polymerization 
of the synthesized monomers was also investigated via 
electrochemical polymerization technique.

2. Materials and Methods

2.1 Materials

2-(thiophen-3-yl)acetic, 1,2-Ethanedithiol, dicyclohexyl-
carbodiimide (DCC), N,N’-dimethylpyridin-4-amine 
(4-DMAP) and dimethylene chloride, lithium perchlorate 
(LiClO4), Acetonnitril, were purchased from Aldrich. 
Sodium bicarbonate and chlorohydric acid were purchased 
from Daejung.
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 2.2 Characterization
1H NMR and 13C NMR spectra were recorded in deuterated 

chloroform (CDCl3) with TMS as an internal reference, on 
a Bruker Avance 300 MHz

The cyclic voltammograms were recorded to investigate 
the electroactivity of the polymer and the oxidation-reduction 
peak behaviour of the monomer. Acetonnitril (ACN)/lithium 
perchlorate (LiClO4) was used as a solvent-electrolyte couple. 
The CV system consists of a potentiostat, a XY recorder, a CV 
cell containing Pt or Au foil working and counter electrodes, 
and a Ag/Ag+ reference electrode. The measurements were 
performed at room temperature under nitrogen atmosphere.

2.3 Synthesis of S-3-mercaptopropyl 2-(thiophen-3-yl)
ethanethioate

An amount of 2-(thiophen-3-yl)acetic (1 g, 7.03 mmol), 
1,2-ethanedithiol (0.66 g, 7.03 mmol), and 4-DMAP (0.214 g, 
1.75 mmol) was dissolved in 80 ml of dimethylene chloride 
in a three necked round –bottomed flask. The  solution 
was heated to 60 °C while stirring continuously under 
nitrogen. An amount of DCC (2.89 g, 14.06 mmol) in 20 ml 
methylenedichloride was slowly added into the solution. 
After 9 hours, the solution was filtered and the filtrate was 
washed with Na2CO3 repeatedly and dried over Mg2SO4. 
The solvent was removed under reduce pressure to obtain 
a yellow oil. The crude product was purified via a silica 
column using methylenchloride/methanol (60:1 v/v) as an 
eluent to yield the pure product as a yellow oil. 1H NMR 
(300 MHz, CDCl3), δ (ppm): 7.33 (s, 1H), 7.20 (s, 1H), 7.07 
(s, 1H), 3.86 (s, 2H), 2.92 (m, 2H), 1.87 (m, 2H), 1.56 (s, 1H). 
13C NMR (75.5MHz, CDCl3), δ (ppm) 196.7, 133.4, 128.8, 
126.05, 123.77, 44.92, 37.54, 28.15. MS m/z (M+): 232.

2.4 Electrochemical polymerization

Electrodepositions were performed via cyclic voltammetry 
to study the redox behavior of the monomer and the oxidation 
stability of the polymer film.

All electrochemical experiments were carried out in a 
usual, one-compartment cell with a Ag/Ag+ (in aqueous 
saturation of potassium chloride) reference electrode (RE) 
and a platinum wire counter electrode (CE).

Electrodeposition of the MTE monomer was firstly 
examined by cyclic voltammetry to optimize the polymerization 
condition. The experiment was performed on a Pt disc 
electrode (surface area of 0.03 cm2) from 0.05 M monomer 
solution in acetonniltrile (ACN) containing 0.05 M LiClO4 
by using a potentiostat (parstat 2263).

The obtained the polymer films were rinsed with acetonnitrile 
(ACN), and were placed into the monomer‑free solutions 
of 0.05 M LiClO4 in ACN for further electrodeposition 
measurements, which were conducted potentiostatically 
at 2.0 V.

3. Results and Discussions

3.1 Synthesis of S-2-mercaptoethyl 2-(thiophen-3-yl)
ethanethioate (MTE)

The mechanism of the reaction between 2-(thiophen‑3‑yl)
acetic and ethane-1,2-dithiol is described in Scheme 1. 
3-thiophene acetic acid reacts with DCC to form 
N,N’‑dicyclohexylcarbamimidic 3-thiophene acetic acid 
anhydride which again reacts with another 3-thiophene acetic 
acid to create 3-thiophene acetic acid anhydride and release 
1,3-dicyclohexylurea (DCU). Then 3-thiophene acetic acid 

Scheme 1. Synthesis of S-2-mercaptoethyl 2-(thiophen-3-yl)ethanethioate monomer.
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anhydride reacted with 4-DMAP to form an acylpyridinium 
species. A Nucleophilic substitution appeared on the acyl 
group by ethane-1,2-dithiol to provide the thioester.

The chemical structure of the synthesized S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate monomer was confirmed by 

1H-NMR and 13C-NMR spectroscopies (Figures 1 and 2). 
The 1H NMR spectrum shows all charateritic peaks that 
corresponding to the chemical strucure of monomer, a peak 
was abserved at 1.56 ppm which contributed to the thiol end 
group of monomer, and the peaks appear from 7.0-7.4 ppm 

Figure 1. 1H-NMR of S-2-mercaptoethyl 2-(thiophen-3-yl)ethanethioate.

Figure 2. 13C-NMR of S-2-mercaptoethyl 2-(thiophen-3-yl)ethanethioate.
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that corresponding to protons in thiophene ring. The chemical 
structure of S-2-mercaptoethyl 2-(thiophen-3-yl)ethanethioate 
monomer was confirmed via 13C-NMR which exhibited a 
peak at 196 ppm corresponding to the thioate group which 
indicating the formation of a thioester compound.

3.2 Electropolymerization

The electrochemical polymerization of the S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate (MTE) monomer was 
successfully achieved shown in Figure 3 that performed in 
acetonniltrile (ACN) solution containing 0.05 M LiClO4, 
with a Pt disc electrode (surface area of 0.03 cm2) and 
using of 0.05 M of MTE monomer solution. The Figure 3 
revealed an oxiadation peak at 2.1V and a reduction peak 
at 1.1V of monomer, respectively. The film thickness was 
increasing according to the increasing of scans, denoting 
the formation of a continuous film on the WE electrode.

After electropolymerization of the S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate monomer, the resulting 
polymer film were continuously measured for oxidative 
stability by cyclic voltametry in the monomer-free solution 
in the potential range of 0 to 2.5 V at different scan rates. 

The obtained polymer films were rinsed several times with 
acetonnitril (ACN) after electropolymerization process. 
Following, the polymer film were placed into the monomer‑free 
solutions of 0.05 M LiClO4 in ACN for characterization. 
The cyclic voltammogram of polymer film (Figure  4) 
shows an oxidation peak at 2.1 V on Pt electrode which 
contributed to the oxidation peaks of poly(S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate). The film of PMTE was very 
stable during the redox process. Furthermore, the PMTE 
film showed the same redox potential peaks in its cyclic 
voltammogram after being stored at room temperature for 
four months, denoting a good stability of PMTE.

4. Conclusions

In this study, a novel monomer S-2-mercaptoethyl 
2-(thiophen-3-yl)ethanethioate (MTE) which has a thiol 
end group was successfully synthesized via esterification 
of 3-thiophene acetic acid and ethane-1,2-dithiol using 
DCC and 4-DMAP as catalytic systems. The monomer was 
found to form electroactive polymer films on the working 
electrodes, and the polymer films exhibit good stability, 
reversible behavior and an oxidation potential of 2.1 V.
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