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An ionic conjugated polymer, poly(2-ethynylpyridinium bromide) having

propargyl side chain (PEPB-P), was prepared by the activated polymerization

of 2-ethynylpyridine with propargyl bromide in high yield. The electrochemi-

cal properties of PEPB-P were studied by using cyclic voltammograms. PEPB-P

showed the well-defined and stable redox process at �0.1 to þ1.6V. The

oxidation and reduction occurred at 0.84 and 0.69V, respectively. The redox

current value increased as the increased scan rate and the exponent of scan

rate, x value was found to be 0.75, which means that the redox kinetics is

mainly controlled by both electron transfer and diffusion process.

Keywords: 2-ethynylpyridine; conjugated polymer; cyclic voltammograms; poly

(2-ethynylpyridinium bromide)

INTRODUCTION

For the past three decades, electric conduction in organic solids has been
one of the most fascinating topics for synthetic chemists and solid-state
physics [1–3]. This considerable interest was triggered by the discovery
of high electric conductivity in molecular crystals of tetrathiafulvalene-
tetracyanoquinodimethane (TTF-TCNQ) in 1973 [4] and in the oxidized form
of p-conjugated polyacetylene (PA), a few years later [5]. The polymers
having a conjugated backbone are expected to show unique properties such
as electrical conductivity, paramagnetism, migration and transfer of energy,
color, and chemical reactivity and complex formation ability [6–8].

A number of mono- and di-substituted PAs has been prepared by the
simple linear polymerization of the corresponding acetylene monomers
by various catalyst systems [6–11]. The ionic polyacetylenes have potentials
as materials for mixed ionic and electronic conductivity, energy storage
devices such as batteries, permselective membrane, light-emitting devices
[8], due to their extensive conjugation and ionic nature.

Acetylenic compounds such as 2- and 3-ethynylpyridines, dipyridyl-
acetylene, and dipyridyl-diacetylene are known to be spontaneously
polymerized by the alkyl halide treatment in polar solvents such as acet-
onitrile, methanol, DMF, etc. without the simple N-alkyl products [12–14],
which is similar to the vinyl polymer formation from 4-vinylpyridine
including cation radical. In recent years, we reported on the synthesis
of an series of conjugated ionic polymers by the activated polymerization
of 2-ethynylpyridine with functionalised alkyl halides [15–17]. In our pre-
vious paper [18], we reported on the synthesis and its electro-optical
properties of poly(2-ethynylpyridinium bromide) having propargyl side
chain (PEPB-P). Now we report on the electrochemical properties of
PEPB-P.

238=[516] T.-L. Gui et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

31
 1

1 
A

ug
us

t 2
01

2 



EXPERIMENTAL

PEPB-P sample was prepared by the activation polymerization of the 1:1
mixture of 2-ethynylpyridine and propargyl bromide at MeOH reflux
condition for 24 hrs without any additional initiator or catalysts. The poly-
mer yield and inherent viscosity were 95% and 0.21 dL=g, respectively.
Details of preparation and purification procedures have already been
reported in the previous paper [18]. Because of solubility of PEPB-P in
polar solvents such as water, methanol, ethanol, acetonitrile, DMF, DMSO,
etc., the electrochemical characteristics were studied in solution and also
by utilizing Nafion film which is a perfluorinated ion exchange membrane
having sulfonate groups, as a solid electrolyte.

To examine the electrochemical properties, the polymer was coated with
solution-coating method onto platinum foil as a working electrode with the
area of 1 cm2. After coating, the films adhered to the electrode were dried
in a vacuum oven for 30min. The thickness of the polymer film was 5 mm.
The electrochemical measurements were performed in 0.1M tetraethylam-
monium tetrafluoroborate [(t-Et)4NBF4] containing DMF solution. Ag wire
and platinum foil were used as a reference and a counter electrode,
respectively. Cyclic voltammetric waves were produced by using a Hokuto
Denko HA-301 potentiostat=galvanostat (AUTOLAB=PG-STAT12)
equipped with a HA-301 functional generator and a X-Y reorder.

RESULTS AND DISCUSSION

The cyclic voltammograms of PEPB-P with the consecutive scan are shown
in Figure 1. As the cycling number increased up to 250 cycles at the poten-
tial range of �0.1 to þ1.6 V, PEPB showed the well-defined and stable
redox process and there was no characteristic change such as the increase
of current density in cyclic voltammograms. On the other hand, the
oxidation and reduction occurred at 0.84 and 0.69 V, where the pendant
pyridinium units were oxidized and reduced.

We also observed the variation of the redox peak current density as the
various scan rates (20mV=s � 120mV=s) to investigate electrochemical
kinetic behavior. The peak potential shifts were almost independent of scan
rate. Also, the redox current value was typically increased as the scan rate
is increased. This result suggests that the electrochemical process is repro-
ducible in the potential range of �0.1 �1.6 V vs. Ag=Ag. It has been
reported that the relationship between redox peak current and the scan
rate can be expressed as a power law type as follows [19]

ip;a ¼ kvx ½1�

Electrochemical Properties of Poly(2-Ethynylpyridinium Bromide) 239=[517]

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

31
 1

1 
A

ug
us

t 2
01

2 



Assuming that electrode kinetics satisfies Eq. [1], the electrochemical
redox reaction on the electrode is controlled by either the electron transfer
process, where x ¼ 1, or the reactant diffusion process, where x ¼ 0.5 [20].
The value of x can be calculated by using Eq. [2], obtained by rearranging
Eq. [1].

Log ip;a ¼ log kþ x log v ½2�

FIGURE 1 Cyclic voltammograms of PEPB with consecutive scan at 100mV=s
(0.1M Et4NBF4=DMF).

FIGURE 2 Plot of log ip,a vs. log v for PEPB-P.
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Relations between the oxidation current density (log ip,a) and the scan rate
(log v) are shown in Figure 2. The oxidation current density vs. the scan
rate is approximately linear relationship in the range of 20–120mV=s.
The exponent of scan rate, x value was found to be 0.75. It was
concluded that the kinetics of the redox process is mainly controlled by
both electron transfer and diffusion process. This means that insertion=
desertion of BF4

� ions is responsible for the charge electron neutrality dur-
ing the redox process of PEPB-P.

CONCLUSIONS

In this article, we presented the electrochemical properties of a water-
soluble ionic conjugated polymer, PEPB-P, which was prepared by the acti-
vated polymerisation of 2-ethynylpyridine and propargyl bromide. This
polymer showed the well-defined and stable redox process in the range
of �0.1 to þ1.6 V. The oxidation and reduction occurred at 0.84 and
0.69 V, respectively. The redox current value was increased as the scan rate
was increased. The exponent of scan rate, x value was found to be 0.75,
which means that the redox kinetics is mainly controlled by both electron
transfer and diffusion process.
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