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ABSTRACT 
  
Electrochemical polymerization of 
hydroxypropyl cellulose (HPC)/dimethylformamide (DMF) 
voltammetry and in situ UV-vis absorption measurements
were carried out to investigate redox properties
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Introduction  

Conjugated polymers are attractive materials 
because of lightness, flexibility, facile tuning of 
conductivity, and so on.  Polythiophene 
are one of the most studied polymers for various 
applications [1]. In the previous research, 
4,4-dimethyl-2,2’-bithiophene (4DMBT)
electrochemically polymerized in hydroxypropyl 
cellulose (HPC)/dimethylformamide (DMF) liquid 
crystal (LC) electrolyte solution [2]. Here, we report 
cyclic voltammetry and in situ UV-vis absorption
poly(4,4-dimethyl-2,2’-bithiophene)  (P

 
Experimental 

4DMBT (monomer) was previously synthesized
prior to electrochemical measurements
and tetrabutylammonium perchlorate (TBAP) 
(supporting salt) were dissolved in DMF. Then, HPC 
was added to the solution and stirred 
The electrolyte solution was stood
room temperature to obtain a homogeneous
solution. The LC solution was injected into 
sandwiched indium tin oxide (ITO) glass electrode. 
Direct current of 3.0 V was applied to the cell for 10 
min (Scheme 1). After 
polymerization, P-4DMBT was deposi
ITO glass at anode side as  a film. The polymer 
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polymerization of 4,4-dimethyl-2,2’-bithiophene (4DMBT) was conducted in a 
hydroxypropyl cellulose (HPC)/dimethylformamide (DMF) liquid crystalline electrolyte solution. 

vis absorption measurements of poly(4,4-dimethyl-2,2’-b
were carried out to investigate redox properties.  

cyclic voltammetry, in situ UV-vis absorption 

attractive materials 
lightness, flexibility, facile tuning of 

conductivity, and so on.  Polythiophene derivatives 
are one of the most studied polymers for various 

previous research, 
(4DMBT) was 

d in hydroxypropyl 
)/dimethylformamide (DMF) liquid 

[2]. Here, we report 
vis absorption of 
)  (P-4DMBT).  

was previously synthesized 
to electrochemical measurements [3]. 4DMBT 
tetrabutylammonium perchlorate (TBAP) 

(supporting salt) were dissolved in DMF. Then, HPC 
added to the solution and stirred mechanically. 

ood for 1 week at 
homogeneous LC 

injected into a 
sandwiched indium tin oxide (ITO) glass electrode. 

applied to the cell for 10 
 electrochemical 

T was deposited onto the 
film. The polymer 

film was washed with distilled 
remove the residual HPC, u
TBAP. 

 

S
S Electrochemical polymeriztion

HPC/DMF

 
Scheme 1. Electrochemical polmyeirzation of 
4,4-dimethyl-2,2’-bithiophene
cellulose (HPC)/dimethylfo
crystal solution. 
 
Results and discussion 

Cyclic voltammetry measurements 
film was carried out in 0.1 M TBAP 
solution between -0.1 V and 1.5 V 
mV/s (Figure 1). Polymer deposited 
Ag/Ag+ electrode, and platinum wire 
working electrode, reference electrode, and counter 
electrode, respectively. 
confirmed at 1.1 V in oxidation process
signal, however, was not observed 
process, indicating that redox 
P-4DMBT film is not good.
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measurements of P-4DMBT 
film was carried out in 0.1 M TBAP acetonitrile 

and 1.5 V at scan rates of 50 
Polymer deposited on ITO glass, 
and platinum wire was used as 
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electrode, respectively. Oxidation peak was 
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that redox reversibility of 
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Figure 1. Cyclic voltammogram of P-4DMBT film in 
0.1 M TBAP acetonitrile solution at scan rate of 50 
mV/s. 
 
In situ UV-vis absorption measurements were 
carried out in 0.1 M TBAP acetonitrile solution with 
cyclic voltammetry. UV-vis absorption spectra of 
P-4DMBT at oxidation process are shown in Figure 
2. Absorption band at 378 nm is attributed to * 
transition. A new absorption band at 680 nm is 
attributed to polaron band (radical cation).  
 

 

 
Figure 2. In situ UV-vis absorption spectra of 
P-4DMBT film in oxidation process. (a) -0.1 V-0.9 V, 
(b) 1.0 V -1.5 V. 
 
 

The absorption intensity at 680 nm increases with 
application of voltages upto 0.9 V, indicating 
progress of electrochemical oxidation (Figure 2a). 
While, absorption intensity at 680 nm decreases 
with increase of application of voltages from 1.0 V 
to 1.5 V, indicating occurrence of excess oxidation at 
higher voltage (Figure 2b). Figure 3 shows in situ 
UV-vis absorption spectra of P-4DMBT in reduction 
process from 1.5 V to -0.1 V. Absorption band at 680 
nm is due to polaron band. The absorption intensity 
decreases with application of voltages from 1.5 V to 
-0.1 V. Excess oxidation of the polymer in the 
experiment may result in degradation, or dopant 
(ClO4

-) can not be removed mechanically from the 
polymer surface because the film thus obtained in 
HPC is a form of composite consisting of P-4DMBT 
and HPC. Excess oxidation fixes the dopant tightly 
in the entangled HPC with P-4DMBT.  
 

 
Figure 3. In situ UV-vis absorption spectra of 
P-4DMBT film at reduction process from 1.5 V to 
-0.1 V. 
 
Conclusions 
   Redox properties of P-4DMBT film are 
investigated by cyclic voltammetry and in situ 
UV-vis measurements. In situ UV-vis absorption 
measurements reveal progress of oxidation during 
the electrochemical oxidation process from -0.1 V to 
0.9 V. Excess oxidation of the polymer film is 
occurred during application of voltage from 1.0 V to 
1.5 V. 
 
Acknowledgments 

We would like to thank the OPEN FACILITY, 
Research Facility Center for Science and 
Technology, University of Tsukuba, for supporting 
measurement.  

This research was supported by JSPS 
KAKENHI (Grants-in-Aid for Scientific Research) 
Grant Number 17K05985. 



 

 

References 
1. Tomoya Higashihara, Hung

Tetsunari Mizobe, Chien Lu, Mitsuru Ueda, 
and Wen-Chang Chen, 
Thiophene-Based π-Conjugated Polymers 
Containing Oxadiazole or Thiadiazole Moieties 
and Their Application to Organic Photovoltaics
Macromolecules, 45(22), 9046-9055 (2012).

2. Naoto Eguchi, Kohsuke Kawabata
Goto, Electrochemical Polymerization of 
4,4-Dimethyl-2,2’-Bithiophene in Concentrated
Polymer Liquid Crystal Solution
Materials and Chemical Engineering, 5, 64
(2017). 

3. Kohsuke Kawabata, Masaki 
Hiromasa Goto, Optical Activity of 
Heteroaromatic Conjugated Polymer Films 
Prepared by Asymmetric Electrochemical 
Polymerization in Cholesteric Liquid Crystals: 
Structural Function for Chiral Induction.
Macromolecules, 46, 2078-2091

 
 
Received: 29 Dec, 2017.  
Accepted: 10 Jan, 2018. 
 
Correspondence to H. Goto* 
E-mail: gotoh@ims.tsukuba.ac.jp 
 

 
 

© University of Tsukuba Library 

 

Futurum - Tsukuba Science Journal   

31 

Tomoya Higashihara, Hung-Chin Wu, 
Lu, Mitsuru Ueda, 
, Synthesis of 

Conjugated Polymers 
Containing Oxadiazole or Thiadiazole Moieties 
and Their Application to Organic Photovoltaics, 

9055 (2012). 
Naoto Eguchi, Kohsuke Kawabata, Hiromasa 
Goto, Electrochemical Polymerization of 

Bithiophene in Concentrated 
Polymer Liquid Crystal Solution, Journal of 
Materials and Chemical Engineering, 5, 64-70 

Masaki Takeguchi and 
Optical Activity of 

Conjugated Polymer Films 
Prepared by Asymmetric Electrochemical 

in Cholesteric Liquid Crystals: 
Structural Function for Chiral Induction. 

2091 (2013). 

 


