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Bismuth oxide (Bi»O3) modified glassy carbon electrode (GCE) was fabricated by mechanical
attachment. Electrochemical performance of microparticles of Bi,O3/GCE shows excellent
electrooxidation of ascorbic acid (AA) in 0.1M KH,PQO, using cyclic voltammetry. The effect of
Bi,O3/GCE is evident by the observation of high peak oxidation current of AA, showing an increase of
2 folds as compared to bare GCE. The detection limit of this modified electrode was found to be 8.1 x
10°M. Hydrodynamic method (RDE) was used to determine the diffusion coefficient and rate constant
of AA with values of 5.4x10°® cm?s™ and 2.7x10° cms™ for unmodified electrode, while the values of
6.2x10° cm’s™ and 2.3x10° cms™ for GCE modified with Bi,Os, respectively.

Keywords: Bi,O3 Microparticles, modified GC electrode, ascorbic acid, current enhancement, cyclic
voltammetry

1. INTRODUCTION

Electrocatalysis is the science of modification of the overall rates of electrochemical reaction so
that, modified electrode are widely used in the field of electrocatalysis [1, 2]. In recent years, metallic
nanoparticles have attracted much attention in electroanalysis because of their unusual physical and
chemical properties including electrodeposition attachment of metal or metal oxides nanoparticles,
such as Au [3], Pt [4, 5], Ag [6], Cu [7], Ni [8] and ZnO, [9], MnO, [10], SnO, [11], TiO; in oxidation
of some organic and biological substances [12]. Since microcrystalline Bi,O3 can offer large surface
area, electrochemical stability and catalysis behavior, it makes a significant contribution to the
advancement of electrochemistry technology. Electrode surface modified with compound such as
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transition metals with ligand (eg. porphyrins, phenanthrolines, phthalocyanines ) have been found to
catalyze the activity for electrochemical oxidation or reduction of many substances [13-15]. Bismuth
oxide modified carbon electrode has been employed for the determination of heavy metal ions in
drinking water, mineral water and urine [16]. Bismuth oxide is known to be an important transition
metal oxide due to its characteristic parameters such as energy band gap, and photoconductivity that
are suitable for large range applications [17]. In recent years, the fabrication of chemically modified
electrode (CME) has been widely reported to improve sensitivity and selectivity in the determination
of amino acids, vitamins, DNA and many more [18-19]. The mechanical attachment method was
employed to modify the working electrode surface by attaching the MWCNT [20] .The analysis of
ascorbic acids important because it involves wide area of usage such as in the manufacture of drugs
and as chelating agents for heavy metals in human body. Ascorbic acid is essential in human body due
to its importance as an antioxidant. It is widely known as vitamin C, a water-soluble vitamin that is
commonly required for metabolism and consumed on a large scale. Studies on the catalytic oxidation
of ascorbic acid have been extensively conducted [21-27]. In the present work, an attempt is made to
describe the electrocatalytic oxidation of ascorbic acid by a Bi,O3 microparticles modified GC
electrode using various voltammetric technigues.

2. EXPERIMENTAL

2.1. Instrumentation and electroanalytical analysis methods

Electrochemical workstations of Bioanalytical System Inc. USA: Model BAS 50W with
potentiostat driven by electroanalytical measuring softwares were connected to computer to perform
cyclic voltammetry (CV), chronoamperometry (CC) and chronoamperometry (CA). An 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 + 2°C using 0.1 M KH,P0,4 as supporting electrolyte.
Solutions were degassed with nitrogen for ten minutes prior to recording of the voltammogram.
Hydrodynamic voltammetry using rotating (carbon) disk electrode (RDE-1) at voltammetric
workstation (Model: BAS-100A) was also employed in this study.

2.2. Reagents

Bismuth oxide (Bi,O3 ) was obtained from A Johnson Mattney Company, with 99.9% purity.
Deionized water by reverse osmosis (RO) via Elken’s water filteration system (BIO PURE) was used
in the preparation of solutions. Unless otherwise specified, the supporting electrolyte was 0.1 M
KH,P0, in agueous media at room temperature. All solutions were deaerated with oxygen-free
nitrogen gas for 15 minutes prior to making the measurement.
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2.3. Procedures

2.3.1. Preparation of a Bi,O3- modified electrode and determination of ascorbic acid in
a vitamin Tablet and juices

The solid compound Bismuth oxide (Bi,O3) was transferred to the surface of glassy carbon
(GC) electrode as follows: Sample amounts of 1-3 mg of microcrystalline Bi,O3 were placed on a
coarse grade filter paper. A clean glassy carbon electrode was pressed and rubbed onto the Bismuth
oxides to absorb the microparticles to the electrodes surfaces. The modified glassy carbon surface was
cleaned after the measurement by physical removal of the coat/film, followed by polishing with 0.5um
alumina slurry, and ultrasonic cleaning for 1 minute.

Recovery experiments were carried out using commercially available vitamin C tablet (1000
mg of Vitamin C per tablet) dissolved in solution and another source of vitamin C extracted from apple
and mango juice. Standard addition method was employed in the presence of 0.1 M KH,P0, solutions
at pH 6.0.

3. RESULTS AND DISCUSSION

3.1. Enhancement study

Fig. 1 shows the cyclic voltammograms for the oxidation of 0.5 mM ascorbic acid in 0.1 M
KH,PQ, supporting electrolyte at pH 6.0 at the GC electrode and Bi,O; modified (Bi,O3 /GC) electrode
surfaces. It is evident that the Bi,O3/GC electrode exhibits a significant electrocatalytic activity as it
causes the oxidation current of ascorbic acid to increase by as much as 2 times Fig. (1b) as compared
to those obtained by a bare GC electrode Fig. (1a). the oxidation of ascorbic acid appears irreversible
due to the absence of electroactivity on the reverse scan during cyclic voltammetry for both the
electrodes.

E/V (vs. Ag/ AgCl (NaCl)

Figure 1. Cyclic voltammograms for oxidation of 0.5 mM ascorbic acid obtained at (a) bare GC
electrode and (b) Bi,O3/GC in 0.1M KH,P0, ), with potential scanning in the positive direction
from -1000 to +800 mV vs Ag/AgCl at a scan rate of 100mV/s at 25°C and pH 6.0
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3.2. Effect of pH

The pH of the solutions was varied from 4.0 to 10.0, in order to determine the optimum pH
range with the electrocatalytic oxidation of 0.5 mM ascorbic acid at the Bi,O3/GC modified electrode.
Fig. 2 shows that the oxidation current of 0.5 mM ascorbic acid increases sharply from pH 4.2 to 6.0.
Despite the current decreases slightly from pH 6.0 onwards, it remains high until pH 10 (Fig. 2).
Therefore, the optimum pH range for current enhancement is between pH 6 to 10 with a maximum
enhancement observed at pH 6.0. Consequently, pH 6.0 was employed in subsequent studies.
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Figure 2. Dependence of the oxidation current on pH using Bi,Os/GC electrode in 0.5 mM ascorbic
acid , 0.1 M KH,P0, with potential scanning in the positive direction from -1000 to +800 mV
vs Ag/AgCI at a scan rate of 100mV/s at 25°C and pH 6.0 .

3.3. Effect of temperature

Effect of temperature on the oxidation process of ascorbic acid was studied. The current
increases gradually from 20°C to 70°C. Fig. 3 shows the plot of log oxidation current of ascorbic acid
versus reciprocal of temperature was found to be fairly linear in agreement with thermodynamic
expectation of Equations 1 and 2. The conductivity of the Bi,Oz microparticles with the increase in
temperature also played a significant influence on the activation energy for diffusion of the substrate of
interest, Ea [28-29] as described by the Arrhennius equation (Egs.1 and 2) given below.

o = o’Exp(-EdJRT) (1)

D =D°exp (- Ea/ RT) (2)
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Where o /D are conductivity/diffusibility and o ° / D° is standard conductivity the initial
diffusibility. However while use at elevated temperature, it can result to an increase in current, in
nanopractical sense application needs to be continued close to ambient temperature. The activation
energy (Ea) due to the oxidation of ascorbic acid at Bi,O3; modified GC electrode was found to be equal
to 5 kJ.mol™.
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Figure 3. Arrhenius plot showing dependence of the current on temperature using 0.5mM ascorbic
acid in 0.1M KH2P04, pH 6.0 at Bi,O3/GC electrode.

3.4. Effect of varying ascorbic acid concentrations

The concentration of standard ascorbic acid was determined using Bi,O3/GC modified
electrode as shown in (Fig 4). Optimization of pH was performed to obtain best sensitivity towards
ascorbic acid. Voltammograms shows that peak current increases rapidly and linearly with increasing
concentration of ascorbic acid from 0.5 to 5 mM. The relationship shows a strong correlation between
the two parameters (R? = 0.984) with an equation slope of 50.43 mA M™ (Fig. 4).
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Figure 4. Calibration graph of various ascorbic acid concentrations at Bi,O3/GC electrode immersed in
0.1 M KH;P04, pH 6.0, with potential scanning in the positive direction from -1000 to +800
mV vs Ag/AgCI at a scan rate of 100mV/s at 25°C and pH 6.0.
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3.5. Effect of varying Bi,O3 Dosages

The effect of varying the dosage of Microparticles Bi,O3 attached on the 3 mm diameter glass
carbon electrode surface ranging from 0.1mg to 0.4mg was studied. As shown in (Table 1), the results
show that the use of increase Bi,O3 dosages was associated with an increasing oxidation peak current
of ascorbic acid as expected. However, 0.2mg is employed because use of a higher dosage would lead
to a higher error due to the small electrode surface area.

Table 1. Effect of dosage Bi,O3 cast onto a GC electrode from a solution on the oxidation of 0.5
mM ascorbic acid in 0.1 M KH,PO, (pH 6.0) electrolyte.

Dosage of Microparticles Oxidation current of Ascorbic acid(pA)
0.1:0.4 mg( Bi;03) Enhancement

0.1 4.11

0.2 5.18

0.3 5.12

0.4 5.52

3.6. Effect of varying scan rate

The effect of varying scan rates (v) on the cyclic voltammograms of 0.5 mM ascorbic acid
using modified Bi,O3/GC as working electrode in 0.1 M KH,P0, supporting electrolyte was studied
over 5— 1000 mV/s. Oxidation currents of ascorbic acid was observed to increase with scan rate due
to heterogeneous Kinetics. Fig. 5 shows the 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 = 0.48 x — 0.26
with R?=0.9899. A slope of 0.48, which is comparable with theoretical slope of 0.5 for diffusion-
controlled process, was obtained.

calibration

y= 048 - 0.26
R%=0.9899

Logv

Figure 5. Plot of log Ip, versus log v. Effect of varying scan rates of 0.5 mM ascorbic acid using
Bi,O3/GC electrode in 0.1 M KH,P0, at pH6.0.
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3.7. 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. (Fig. 6) shows steady-state voltammograms for the oxidation
of ascorbic acid at bare GC electrode and Bi,O3/GC modified electrode. Since the electrode material
used are different the potential of the oxidation of ascorbic acid was observed to shift positively with
increasing the electrode rotation rate based on the Kouteckey- Levich equation below,

1/i = Uiy + 1/(0.62nFA® 2 D2° V¥ Cy)  (3)

Rotation rate increases
from 100rpm to 900rpm

Rotation rate increases

7 from 100rpm to 900rpm = r
+40 \ L +104
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Figure 6. Rotating disk voltammogams for the oxidation of AA (0.5mM) at rotating (a) bare and (b)
Bi,O3/GC electrode at various rotation speed of 100- 900 rmp in 0.1 M KH,PO, at pH 6.

Where iy is the kinetic current and o is rotation rate/angular velocity, the other parameters have
its usual meaning. The value of diffusion coefficient was obtained by plotting a reciprocal graph of
limiting current i, versus square root of angular velocity o [30]. The diffusion coefficients of ascorbic
acid at room temperature obtained experimentally are 5.4 x 10° cm?s™ and 6.2 x 10°® cm?s™ for bare
GC electrode and Bi,O3/GC modified electrode respectively. The value of D was found above which is
in good agreement with that obtained from RDE voltammetry and quite comparable with those earlier
in study, where D = (5.5 £0.1) x 10°° cm?™[31] . The rate constants for the catalytic reaction ks of the
system were also calculated for both unmodified and modified GC using the equation shown below:

ix= FAk¢(E)Co* (4)

where iy is the partition coefficient of the chemical reaction between ascorbic acid and redox
sites of surface confined Bi,O3 as shown in (Fig. 7). The values of kinetic rate constant using the bare
GC and Bi;03/GC modified electrode are 2.3x103cm s™ and 2.7x 10cm s™ respectively. A marked
difference of 10 s™ or 18 % increase in kinetic rate value was obtained when the Bi,O3/GC modified
electrode was used in place with GC electrode. Quite a similar difference (of 24%) in rate constant
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was also observed for the oxidation of methionine in the presence of GC and Cg modified Au
electrode [32] . It can be attributed to the catalytic reaction, which becomes dominant with different
electrode surface, which would invariably modify the electrochemical rate constant of the analyte.
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Figure 7. Kentucky- Levich plots for the oxidation of 0.5 mM ascorbic acid at rotating (a) bare and (b)
Bi,O3/GC desk electrode in 0.1 M KH,PO, at pH 6.0.

3.8. Interference study

The effect of interfering amino acids and paracetamol on oxidation peak of ascorbic acid was
studied using (CV) within a working range of -1000mV to +2000mV. It was observed that cysteine,
methionine, glutamic acid, and folic acid in the ratio from 1:1 to 1:5 (ascorbic acid: interference
substance) posed no interference on the oxidation peak of 0.05mM ascorbic acid. Fig. 8(a) shows that
the oxidation peak of paracetamol (PC) concentrations at 0.6V increases in the presence of increasing
amount of ascorbic acid at Bi,O3-GC modified electrode. The peak current of ascorbic acid at +0.2 V
was found to remain essentially unchanged with a significant shift in peak potential of 200 mV. While
that of (PC) peak increases with a peak shift of 30mV Fig. 8(b), indicating the presence of an
unexpected electrocatalytic behavior of AA, in addition to the electrocatalytic effect exerted by
Bi,O3/GC electrode. The synergistic effect demonstrated by AA and Bi,O3 microparticles is currently
being explored further in our lab.

3.9. Scanning Electron Microscopy (SEM)

Scanning electron micrographs of Bi,O3 mechanically attached to a basal graphite electrode (5
mm diameter) and immersed in 0.1M KH,PQO, electrolyte (a) before electrolysis (b) after electrolysis
with an enlargement of 3000 times. The results shows in (Fig. 9 ) that after electrolysis the
microparticles of Bi,O3 appears not too different in Sizes ( 2 - 10 um diameter), less lumpy with more
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well defined features of solid materials dominated by a 1-3 um diameter microparticles indicating solid
to solid conversion process. The stability of the coat is evident as the solids appear intact dominated
by well defined edges of micro sizes solid particles even after 20 potential cycling.

T
-1.0 -0.6 02 +0.2 +0.6 +1.0 an ne 02 0 0.6 i

E/V (vs. Ag/ AgCl (NaCly E/V (vs. Ag/ AgCl (NaCl)

Figure 8.Cyclic voltammogram of the oxidation of different concentrations of AA and paracetamol at
the Bi,O3-GC modified electrode, with potential scanning in the positive direction from -1000
to +1000 mV vs Ag/AgCl at a scan rate of 100mV/s at 25°C and pH 6.0 .
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Figure 9. Scanning Electron Microscopy shows the effect of electrolysis (a-before electrolysis; b-
after electrolysis) on the morphology of neutral Bi,O3 microparticles

3.10. Recovery concentration of ascorbic acid in tablet and fruit juices

An evaluation of Bi,O3 modified electrode for determination of ascorbic acid in Cebion vitamin
C tablet of 1000 mg ascorbic acid was diluted to prepare 1.0mM and 0.5mM solution. Five replications
were found to give excellent recoveries of 97.6 *2.7 for 1.0mM and 98.4 2.3 for 0.5mM ascorbic
acid were obtained (Table 2). In summary, the effectiveness of the Bi,O; / GC electrode for the
recovery concentration of ascorbic acid compared to ascorbic acid content stated by the manufacturer.
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Table 2. Recovery rate obtained for Cebion concentration of vitamin C tablet using freshly prepared
modified electrode and diluted solution for both 1.0 and 0.5 mM ascorbic acid concentration,
determined using Bi,O3 electrode under optimized condition in 0.1M KH,PO, supporting electrolyte.

Real life Recovered Recovery  Mean RSD (%)
sample concentration rate (%) recovery
(mM) (%)

.96 5l 6 02 76 8.4 N

94 48 4 6

97 48 7 6

Table 3. Recovery concentration of ascorbic acid in Marigold peel Fresh-Tropical Mango juice and
Apple juice, determined using Bi,O; —modified GC electrode under optimized condition in 0.1
M KH,PO, supporting electrolyte.

Real life sample Unknown Mean (mM) | RSD (%)
concentration (mM)
Marigold  peel  Fresh-
Tropical Mango juice
1 0.83
2 0.88
3 0.89 0.85 2.8
4 0.84
5 0.84
Marigold  peel  Fresh-
Tropical Apple juice
1 0.85
2 0.80
3 0.81 0.82 3.5
4 0.80
5 0.87

Indicated in terms of both reproducibility and reliability are found to be excellent provided a modified
electrode is used for each experiment. The feasibility of Bi,O3; /GC modified electrode was further
assessed using fruit juices. The, standard addition method was used to determine the unknown
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concentration of ascorbic acid in these juices. (Table 3) shows that the ascorbic acid concentration
found in mango and orange juices were 0.85 £ 2.8% mM and 0.82 £ 3.5% mM respectively.

4. CONCLUSIONS

Bi,O3/GC electrode was successfully fabricated and has exhibited electrocatalytic effect on the
oxidation of ascorbic acid. The use of 0.2mg dosage of Bi,O3; microparticles with 3mm diameter of GC
electrode resulted in the optimization of the oxidation current, which appeared to be 2.5 times more
enhanced compared to bare GC electrode. Based on interference studies, most amino acids with the
exception of paracetamol, do not pose serious interference in the analysis of ascorbic acid. Some
physical constants such as diffusion coefficient, recovery of ascorbic acid in vitamin C tablet and fruit
juices samples were found to be excellent. From the hydrodynamic studies using rotation disk
electrode, the values of kinetic rate constant and diffusion coefficient for ascorbic acid were found to
be 2.3x10°% cm s and 6.2 x 10 cm?™ respectively using Bi,Os/GC modified electrode. Bi,Os film
appearances of well defined edges remain intact, even after 20 potential cycling.
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