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Abstract

In this study, electrochemical impedance of nanostructured titanium dioxide polyaniline composite prepared by
cyclic voltammetry was investigated and suggested an equivalent circuit in which 5 elements taken part, such as R
represents the electrolyte resistance, Ccpe represents the constant phase element, Cy represents the young’s surface layer
impedance, R and C; represent the resistance and capacitance of material film, respectively. The results showed that
the more TiO, takes part in synthesis solution the bigger electrochemical impedance receives the composite, the more
cyclic number carried out during synthesis of material the larger Nyquist cirle from which becomes.
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1. INTRODUCTION

Titanium oxide polyaniline (TiO,-PANiI) is a
potential composite for electrochemical application
in the praxis. It can be hybrided by many ways, such
as chemical, electrochemical or enzymatic synthesis
[1-4]. A large number of studies on those composite
materials have been reported, most of their
researches are still focusing on the preparation of
materials and characterization [5,6], such as
morphology and chemical structures as well as
electrochemical ~ properties [3,7], such as
electrochemical impedance and cyclic polarization.
But a few reports evaluated their electrochemical
impedance, when thickness of the composite film
varied by cyclic number during synthesis.

In this paper, the Ti/TiO,-PANI electrodes were
prepared by cyclic voltammetry under variation of
cyclic number from 50 to 150 during synthesis and
mass ratio of TiO, to aniline from 1/6 to 1/12. Their
electrochemical impedance was analysed and
evaluated in comparison with polyaniline (PANI)
film.

2. EXPERIMENTAL
2.1. Material preparation

All chemicals used in this study were provided

by Merck (Germany). Aniline was freshly distilled
under vacuum before use. The titanium electrodes
were polished by sandpaper with 2000 grit and then
removed lubricant from their surface by distilled
water and then cleaned by cyclic voltammetry under
scan rate of 100 mV/s in 0.5 M H,SO, solution. The
TiO,-PANi composites were synthesized from
mixed solution of 0.1 M H,SO, + 0.1 M Aniline +
TiO, sol by cyclic voltammetry under variation of
cycle number from 50 to 150 and mass ratio of TiO,
to aniline from 1/6 to 1/12 at scan rate of 20 mV/s in
the potential area of 0411V on the
electrochemical workstation unit IM6 (Zahner-
Elecktrik, Germany).

2.2. Detection method

The morphological structure of materials was
carried out by TEM on a Jeol 200CX (Japan). The
impedance measurement of materials was carried
out in 0.5 M H,SO, at amplitude of 5 mV in the
frequency area of 10 mHz+100 kHz. The impedance
simulation was done for evaluation of influence of
film thickness on impedance parameter of materials.

Diffusion coefficient D was calculated by the
following formulation [8,9]:
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where 6 —Warburg constant (Qs™?); A- electrode
surface area (cm?); n — exchange electron number in
the charge transfer process; T-absolute temperature
(K), R-Boltzman gas constant (8.314 J/mol.K; F -
Faraday constant (96.500 As); C- oxidant/reductant
concentration of titanium in the electrode material
(=1 mol/cm?).

3. RESULTS AND DISCUSSION
3.1. Morphological study

There was found on TEM images (Fig. 1) two
different colours among them the light one
belonging to PANI enclosing the dark one belonging
to TiO, which forming together in nanostructured
composite. The obtained result explained that
nanostructured composites based on TiO, and PANI
were successfully prepared by cyclic voltammetry
method.

3.2. Study on electrochemical impedance
spectroscopy (EIS)
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The data given on figure 2 showed that the
measurement data (symbols) fitted good into
simulation data (solid lines) following equivalent
circuit (d) which was found with 5 elements, where
Rs represents the electrolyte resistance, Ccpe
represents constant phase element, W represents a
Warburg diffusion as a part of a charge transfer
reaction, Rs represents the resistance of material film
and Cy represents the young’s surface layer
impedance. The results expressed that the more
cyclic number used for synthesis of material the
bigger electrochemical impedance had the material
because of thicker film formed, the smaller mass
ratio between TiO, and aniline used the smaller
electrochemical impedance had the material also
(figure 2 and tables 1 to 3). Conversely, capacitance
of PANi and composite film increased with raising
of cyclic number during synthesis, however,
compared with PANi film, the capacitance of
composite was smaller, except the case of composite
B (1/12) prepared under 50 cycle. It was found
nearly no big different value of the constant phase
element Ccpe (table 3) in the case of applying 150
cycles.
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Fig. 1: TEM image of TiO,-PANi composite (a) (A: ratio 1/6) and (b) (B: ratio 1/12)

Table 1: Electrochemical parameters corresponding figure 2 estimated from fitting of experimental data to
schema shown in figure 2a (50 cycles)

Materials R Core Cv Ry w
Q@ T [ m [ M| p [1Gs)| &) [ 5s™ | D(cm7s)
Composite A (1/6) | 3.314 | 2.413 | 0.938 | 0.670 | 0.146 | 269.1 | 1.010 | 159.7 0.56x10
Composite B (1/12) | 2.523 | 2.330 | 0.917 | 4292 | 0.142 | 4193 | 1.221 | 1314 0.83x10T
PANi 3.274 | 2.467 | 0935 | 1.890 | 0.146 | 269.1 | 0.716 | 156.6 0.59x107%®

Table 2: Electrochemical parameters corresponding figure 2 estimated from fitting of experimental data to

schema shown in figure 2b (100 cycles)

- RS CCPE CY Rf W
Materials Q@ [ @B | m | mP) | p |<Gs) | &kQ) [o@s™ [ D (cmhs)
Composite A (1/6) | 2.552 | 2.327 | 0.930 | 2.811 | 0.146 | 269.1 | 2.532 | 169.6 | 0.50x10™°
Composite B (1/12) | 2.705 | 2.229 | 0.922 | 5.885 | 0.146 | 269.1 | 2.302 | 241.1 | 0.25x10™°
PANi 3.233 | 1.661 | 0.918 | 5.693 | 0.146 | 269.1 | 1.741 | 1175 | 1.04x10™
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Rs: Solution resistance
R¢: Material film resistance
W: Warburg diffusion

Cecpe: Constant phase element
Cv: Young’s surface layer impedance

Figure 2: Nyquist diagrams of TiO,-PANi composites prepared under different conditions
(mass ratio of TiO,to aniline: 1/6 (composite A) and 1/12 (composite B)) compared with PANi film.
Cyclic number during synthesis of materials: a): 50, b) 100 and ¢) 150; equivalent circuit (d)

6
—e— PANI
4 -0~ composite B
a 1 —+— composite A
=
o
y /\
0
25 50 75 100 125 150
Cycle number
20
—o— PANI
15 -0~ composite B
™ —&— composite A
E 10
>
(@)
5 E
0 —
25 50 75 100 125 150

Cycle number

3.0 ;
——PANiI
1.04 —0—composite B
—&—composite A
0.0
25 50 75 100 125 150
Cycle number
2.0
—e— PANI
. -~ composite B
K 1.51 —a— composite A
S
(&)
2 1.07
o
=
2 0.5
0.0
25 50 75 100 125 150

Cycle number

Figure 3: The dependence of some fitting electrochemical parameters on cyclic number applying in synthesis
process of materials. The mass ratio of TiO,to aniline: 1/6 (composite A) and 1/12 (composite B)
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to schema shown in figure 2¢ (150 cycles)

Phan Thi Binh, et al.
Table 3: Electrochemical parameters corresponding figure 2 estimated from fitting of experimental data

Materials s Core O R W
@ Fm T [T p <G| & [o@s™ [ D ems)
Composite A (1/6) | 3.112 | 1.698 | 0.916 | 3.693 | 0.146 | 269.1 | 4964 | 351.0 | 0.12x10™
Composite B (1/12) | 3.953 | 1.733 | 0.898 | 11.540| 0.146 | 269.1 | 3.133 | 149.8 | 0.64x10™
PANi 3.584 | 1.771 | 0.909 [17.920| 0.146 | 269.1 | 1.258 | 120.4 | 0.99x107°

Young’s surface layer impedance is element
describing a passive layer with conductivity
penetrating from one side and decaying
exponentially [10] for which the three parameters
can be shown such as dimensionless p (relative
penetration depth of the conductivity within the
dielectric), time constant T (built from a slice of the
dielectric with its capacity and resistance at the site
of the highest conductivity) and total capacity Cy (of
the layer neglecting the conductivity).

It was found that all materials had the same
value of p (0.146) and 1 (269.1 Gs) except composite
B (1/12) prepared by 50 cycles. The reason for it
may be explained that the TiO, makes influence on
which only when the material film is still thin.
Compared with PANi, the composite prepared
under the same condition of 150 cycles had very
lightly difference in Ccpg, but larger difference in Ry,
Cy and D caused not only by the thickness of
material film but also the mass ratio between TiO,
and aniline of synthesis solution following which R¢
increased, Cy and D decreased (figure 3).

4. CONCLUSIONS

From above results we conclude that
nanostructured TiO,-PANi composite was prepared
successfully by cyclic voltammetric method. The
more cyclic number applied for synthesis of material
the bigger electrochemical impedance received
material, the smaller mass ratio between TiO, and
aniline used the smaller impedance value received
material. Nearly no big different value of the constant
phase element (Ccpe) was found, but there was found
big difference for material film resistance (Ry),
young’s surface layer impedance (Cy) and Warburg
diffusion coefficient (D) in the case of applying 150
cycles during synthesis of materials.
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