
INTRODUCTION

ZnO is material of interest in modified
electrode like other transition metal to show
particular electrochemical and electrocatalytic
behavior via electrooxidation of some substrates1.
Modification of electrode surface with electroactive
materials is an important area of research in
electrochemistry for one decade2-4. Zinc oxide has
been promising applications in catalytic, electrical,
optoelectronic, photochemical fields and
sensors5-7. In recent years, metallic nanoparticles
have attracted much attention in electroanalysis
because of their unusual physical and chemical
properties including electrodeposition attachment
of metal oxide particles and nanoparticles such as
as Au8, Pt9,10, Ag11, Cu12, Ni13 and ZnO2 

14, MnO2 
15,
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ABSTRACT

Modification of a glassy carbon (GC) electrode surface by adhered microparticles of zinc
oxide (ZnO) using electrochemical performance of microparticles of ZnO/GC electrode shows excellent
electrocatalytic activity towards the oxidation of ascorbic acid in 0.1 M KH2PO4 electrolyte solution by
cyclic voltammetry (CV).  This paper seeks to critically examine the modification of GC electrode with
Zinc oxide microparticles and the effect on oxidation of ascorbic acid using cyclic voltammetry technique.
ZnO/GC electrode exhibited obvious enhancing and electrocatalyzing effect as it causes the oxidation
current of ascorbic acid to increase by 1.5 times as compared to bare GC electrode. The sensitivity
under conditions of cyclic voltammetry is significantly dependent on pH and ZnO dosage. The variation
of scan rate study shows that the system undergoes diffusion-controlled process. Diffusion coefficient
and rate constant of ascorbic acid were determined using hydrodynamic method (rotation disk electrode)
with values of 5.4 x 10-6 cm2s-1 and 2.5x 10-3cms-1 respectively for unmodified electrode, while the
values of diffusion coefficient and rate constant of ascorbic acid using ZnO/GC electrode were 5.7 x
10-6 cm2s-1 and 2.1x10-3cms-1 respectively.
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SnO2 
16, TiO2 in oxidation of some organic and

biological substances17. The electrode surface can
be modified with metal hexacyanoferrate by different
ways such as electrodeposition, adsorption,
mechanically attaching using gold electrode18-23. Also
the metal hexacyanoferrate modified electrode have
been widely used in electrochemistry to catalyze
the oxidation of dopamine24, glutathione25-26,
cysteine27. The analysis of ascorbic acid is important
because it involves wide area of usage such as in
drugs, and as chelating agents for heavy metals in
body. Ascorbic acid is essential in human body due
to its importance in antioxidant property.  Ascorbic
acid is a water-soluble type of organic acid, which
is also known widely as vitamin C. Many studies
have been reported on the catalytic oxidation of
ascorbic acid28-34. In this paper, we are reporting
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the modification of GC electrode with zinc oxide
microparticles using various voltammetric
techniques. Finally, the electrocatalytic behavior of
ZnO/GC electrode was investigated towards
oxidation of ascorbic acid in 0.1 M KH2P04 electrolyte
solution.

EXPERIMENTAL

Instrumentation and electroanalytical analysis
methods

Electrochemical workstations of
Bioanalytical System Inc. USA: Model BAS 50W with
potentiostat driven by electroanalytical measuring
software were connected to computer to perform
cyclic voltammetry (CV), chronoamperometry (CC)
and chronoamperometry (CA). Ag/AgCl (3M NaCl)
and platinum wire were used as a reference and
counter electrodes respectively. The working
electrode used in this study was 3 mm diameter
glassy carbon (GC). Unless otherwise stated, the
voltammetric experiments were carried out at 25 ±
2oC using 0.1 M KH2P04 as supporting electrolyte.
Solution was degassed with nitrogen gas for ten
minutes prior to recording the voltammogram.
Hydrodynamic voltammetry using rotating (carbon)
disk electrode (RDE-1) and model: BAS-100A
voltammetric workstation was also employed in this
study.

Reagents
Zinc oxide was obtained from A Johnson

Mattney Company, with 99.9% purity. All solutions
were prepared using deionized water from reverse
osmosis (RO) water model Elken (BIO PURE).
Unless otherwise specified, the supporting
electrolyte was 0.1 M KH2P04 in aqueous media at
room temperature.

Preparation of zinc oxide modified glassy
carbon electrode

The solid compound Zinc oxide (ZnO) was
transferred to the surface of glassy carbon (GC)
electrode as follows: Sample amounts of 1-3 mg of
microcrystalline ZnO were placed on a coarse grade
filter paper. The glassy carbon electrode was
pressed onto the substance and rubbed over the
material, causing some compound to adhere to the
electrode surface.  The clean glassy carbon surface
could be renewed after the measurement by

polishing with 0.5 µm alumina slurry, followed by
ultrasonic cleaning for about 2-3 minutes, rinsing
with distilled water.

Fig. 1(a) shows the cyclic voltammograms
of 0.5 mM ascorbic acid in 0.1 M KH2P04 supporting
electrolyte at pH 4.5 using bare GC electrode.
Modified GC electrode with ZnO microparticles
shows the effect on the catalytic oxidation of ascorbic
acid at the ZnO/GC electrode as shown in Fig. 1(b)
as it causes the oxidation current of ascorbic acid
to increase by 1.5 times as compared to bare GC
electrode. The oxidation of ascorbic acid is
irreversible during cyclic voltammetry as there is an
absence of electroactivity during the reverse scan.

Effect of pH
The pH was varied from pH 2.5 to 8 to

determine its effect on the catalytic oxidation of 0.5
mM ascorbic acid at the ZnO/GC modified electrode.
Figure 2 shows that the oxidation current of 0.5 mM
ascorbic acid increases with an increase in pH
between 2.7 to 4.5 with a maximum current
response at pH4.5. However, current decreased
gradually from pH 5 onward until pH 6.0

Effect of temperature
In general current markedly increased with

an increase in temperature. Figure 3 shows the
Arrhenium plot of log iox versus reciprocal of
temperature using ZnO/GC electrode is obeyed for
the oxidation of ascorbic acid over the temperature
range of  30 to 80 0C. This indicates that the rate of
the oxidation process of ascorbic acid species

Table 1.  Effect of amount ZnO attached
onto a GC electrode on the oxidation of
0.5mM ascorbic acid in 0.1 M KH2PO4

(pH 4.5) electrolyte

Amount of Ipa/(AA) Enhancement
[ZnO]/mg further

0 3.01 -
0.05mg 3.65 1.2
0.1mg 3.98 1.3
0.2mg 5.43 1.8
0.3mg 5.9 1.9
0.5mg 6.2 2.0



47Tan et al., Orient. J. Chem.,  Vol. 26(1), 45-52 (2010)

Fig. 1: Cyclic voltammograms for oxidation of 0.5 mM ascorbic acid obtained at (a) bare
GC electrode and (b) ZnO/GC in 0.1M KH2P04 at a scan rate of 100mV/s at 25°C and pH 4.5

Fig. 3: Dependence of the log of oxidation current ascorbic acid on reciprocal
of temperature in 0.1M KH2P04, pH 4.5 at ZnO/GC modified electrode

Fig. 2:   Effect of varying pH on the oxidation of ascorbic acid in
0.1 M KH2P04 using ZnO/GC electrode, and a scan rate of 100 mV/s

increases as the temperature increases as
expected. The temperature dependence may be
associated with a change in conductivity and

diffusivity of the solid because temperature has a
significant influence on the energy formation of a
compound. The effect of temperature on
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Fig. 4. Effect of dosage ZnO cast  onto a GC electrode from a solution on the oxidation of 0.5 mM
ascorbic acid in 0.1 M KH2PO4 (pH 4.5) electrolyte.  Segments 2 and 3 of experiments are shown

Fig. 5.Cyclic voltammograms obtained for the oxidation of microcrystal ZnO mechanically
attached to a glassy carbon electrode and 0.5mM ascorbic acid in in 0.1 M KH2P04 at pH4.5

using a scan rate of (a) 20mV, (b)50mV, (c)100mV,(d)300mV,(e)500mV,(f )700mV

conductivity or diffusivity is given by equations (1)
and (2).

0 =  exp (- H/RT) σ σ ∆ ...(1)

or

0D = D  exp (- H/RT)∆ ...(2)

where,
σ / D = conductivity / diffusivity
σ0 / D0 = standard conductivity or initial diffusivity of
the material
∆H = formation energy

So, conductivity or diffusivity would be
predicted to change exponentially with temperature.
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Fig. 6. Plot of log Ipa versus log v. Effect of varying scan rates of 0.5
mM ascorbic acid using ZnO/GC  electrode in 0.1 M KH2P04 at pH4.5

Fig. 7: Rotating disk voltammogams for the oxidation of AA (0.5mM) using ZnO/GC
modified electrode at various rotating speed of 100-900 rpm in 0.1 M  KH2PO4 at pH 4.5

Fig. 8: Kentucky- Levich plots for the oxidation of 0.5 mM ascorbic
acid at rotating ZnO/GC desk electrode in 0.1 M  KH2PO4 at pH 4



50 Tan et al., Orient. J. Chem.,  Vol. 26(1), 45-52 (2010)

Fig. 9: Scanning electron micrographs of ZnO mechanically attached to a basal
graphite electrode (5 mm diameter) and immersed in 1.0M  KH2PO4 electrolyte
(a) before electrolysis  (b) after electrolysis with an enlargement of 3000 times

(a) (b)

Effect of varying amount of ZnO
The effect of varying the amount of

microparticles ZnO attached on the 3 mm diameter
glass carbon electrode surface ranging from 0.05mg
to 0.5mg was studied. As shown in Fig. 4, the results
show that the use of increase amount of ZnO was
associated with an increase in oxidation peak current
of ascorbic acid and that of Zn peak at -0.1V as
expected. However, 0.2mg was employed in this
study because the use of a higher dosage would
lead to a higher error due to the small electrode
surface area.

Effect of Varying Scan Rate
The effect of varying scan rates (v) on the

cyclic voltammograms of 0.5 mM ascorbic acid using
modified ZnO/GC as working electrode in 0.1 M
KH2P04 supporting electrolyte was studied over 20–
700 mV/s. The oxidation peak current of zinc oxide
increase with scan rate and also the oxidation
current of ascorbic acid was observed to increase
with scan rate due to heterogeneous kinetics.

Fig. 5.Cyclic voltammograms obtained for
the oxidation of microcrystal ZnO mechanically
attached to a glassy carbon electrode and 0.5mM
ascorbic acid in in 0.1 M KH2P04 at pH4.5 using a
scan rate of (a) 20mV, (b)50mV, (c)100mV, (d)
300mV, (e) 500mV, (f )700mV .

The log plot of peak currents at various
scan rate are linearly related. Based on a plot of log
(peak current) versus log (scan rate, v) for oxidation
current of the first cycle, a straight line was obtained
fulfilling the equation y = 0.49 x – 0.61 with R2=0.991.
A slope of 0.49, which is comparable with theoretical
slope of 0.5 for diffusion controlled process, was
obtained.

Hydrodynamic Voltammetry Using Rotating Disk
electrode (RDE)

The RDE technique was used to determine
the diffusion coefficient and rate constant of ascorbic
acid under specified condition. Figure 7 shows the
oxidation of ascorbic acid at bare GC electrode and
ZnO/GC modified electrode. The enhancement
factor for low rotation rate is even better. At low
rotation rate the current was controlled by transport
of ZnO through the thick levich layer so that the
behavior Ilim vs. ω1/2appeared to be linear. Since the
electrode material used is different the potential of
the oxidation ascorbic acid was observed to shift
positively with increasing the electrode rotation rate.
Based on the Kouteckey- Levich equation (3) below

1/2 2/3 -1/6
l k 0 01/i  = 1/i  + 1/(0.62nFA  D  V  C )ω ...(3)

Where ik is the kinetic current and w is
rotation rate/angular velocity, the other parameters
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have its usual meaning. The value of diffusion
coefficient was obtained by plotting a reciprocal
graph of limiting current il versus square root of
angular velocity, ω35. The diffusion coefficients
obtained experimentally are 5.4 × 10-6 cm2s-1 and
5.7 × 10-6 cm2s-1 as shown in figure 8 for bare GC
electrode and ZnO/GC modified electrode
respectively. The rate constant for the catalytic
reaction kf of the system were also calculated for
both unmodified and modified GC using the
equation (4) below:

k f 0i = FAk (E)C * ...(4)

where ik is the partition coefficient of the
chemical reaction between  ascorbic acid and redox
sites of surface confined  ZnO . The values of kinetic
rate constant using the bare GC and ZnO/GC
modified electrode are 2.5x10-3cms-1 and 2.1x 10-

3cms-1 respectively. Difference between the kinetic
rate constants is small but it is significant (19%
increases in ks) as it implies the catalytic reaction
become dominant with different electrode surface,
which would invariably modify the electrochemical
rate constant of the analyte.

Scanning Electron Microscopy (SEM)
Before electrolysis, ZnO appear rather

scattered and powdery, penetrated with presence

of agglomerate. Figure 9 (a) and (b) showed a more
or less spherical shape and their average particle
size is about 0.4 mm. As shown in Fig. 9 (b), the
size of particle agglomeration increased to crystallite
size (9mm) diameter after electrolysis with the
magnification of 3000 times.

CONCLUSIONS

ZnO/GC electrode was successfully
fabricated and has exhibited electrocatalytic effect
on the oxidation of ascorbic acid. The amount of
ZnO microparticles were optimized, in which an
important condition of the experiment is 0.2mg. The
oxidation current of ascorbic acid at ZnO/GC
modified electrode appeared with enhancement of
1.5 times compared to bare GC electrode. The
modified electrode has been shown to increase the
electrocatalytic oxidation current of ascorbic acid.
From the hydrodynamic studies using rotation disk
electrode, the values of kinetic rate constant and
diffusion coefficient for ascorbic acid were found to
be 5.7× 10-6 cm2s-1 and 2.1x10-3cms-1 respectively
using ZnO/GC modified electrode.
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