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The electro-oxidation of ascorbic acid has been investigated by cyclic voltammetry on the Cu foil
electrode at room temperature. The results show that the electrode exhibits good analytical performance
for the electrochemical detection of ascorbic acid (AA) in phosphate buffer solution. The intensities of
the anodic cyclic voltammogram peaks increase linearly with the increase of the ascorbic acid
concentration from 2.5 to 15 mM at a low applied potential of 0.0 mV vs.SCE and scan rate from 200 to
500 mVmin~'. The peak current densities are proportional to the square root of the scan rate. This
demonstrates that the oxidation reaction on the Cu electrode is a typical diffusion-controlled
electrochemical process. These sensors exhibited linear response to change in concentration of AA, the
sensitivity was 58.51pA/cm? mM. Cu electrode exhibits good reproducibility, stability, low detection
limit of 0.1 mM, which is better than those at other modified electrodes.
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1. INTRODUCTION

Vitamin C, an electroactive compound with important chemical and biological activities, is an
important vitamin in the human [1]. Due to its antioxidant properties, it is also known as ascorbic acid
(AA). AA is considered as a kind of vital bioactive antioxidant, which plays a versatile role in
maintaining the balance of relevant physiological processes and normal functions of living organisms.
The abnormal AA levels are connected to a series of diseases. The lack of AA may cause tiredness,
scurvy and depression while the excessive level of it may lead to diarrhea, kidney stones and insomnia
[2-8]. Considering its integral impacts in human bodies, the effective determination of AA is especially
necessary.

Among the different methods applied to detect AA, electro-chemical sensing has been considered
an excellent method at low cost, high sensitivity, convenience and rapid response. However, as an
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essential component of the electrochemical sensing system, most of the sensor materials still have some
limitations including low specific surface areas, weak chemical design capabilities and boring
adaptability.

In this paper, we report the electrocatalytic oxidation of ascorbic acid on a Cu foil electrode
material by Cyclic voltammetry. The best of our knowledge, the electrooxidation of AA on a Cu foil
electrode has not been reported in the literature (novel functional of Cu foil electrode) [1,9]. Since cooper
Is a common and inexpensive material, cooper-based AA sensors might be very affordable. The present
research reports on the characteristics of AA electrooxidation on Cu foil electrode at a low applied
potential. The Cu foil electrode is compared with regard to factors such as sensitivity, Potential,
Detection range, and long-term stability tablel.

2. EXPERIMENT

2.1. Preparation of the sensing electrodes

The Preparation of the sensing electrodes (Cu foil electrodes (99.99% in purity)) were carefully
polished, the cleaned Cu substrate was etched in a solution of 2 M hydrochloric acid (HCI) for 10 min
and then rinsed several times with distilled water.This treatment aims to ensure strong adhesion and
continuity of the oxide film, 1 cm? of each electrode was left uncovered and all other electrode surfaces
were sealed with Teflon tape [10].

2.2. Electrochemical characteristics

All electrochemical measurements using a VVoltaLab PGZ 301 potentiostat-galvanostat in three-
electrode cell. A platinum foil counter electrode and a saturated calomel electrode (SCE); the working
electrode was made of Cu foil. The supporting electrolyte was used, namely 0.1 M phosphate buffer
solutions.

2.3. Sensing procedure

The electrocatalytic activity of the AA oxidation was investigated using cyclic voltammetry on
the Cu foil electrode at room temperature in the presence and absence of AA, in 0.1 M phosphate buffer
solution a pH of 7.0. The potential scan was performed from -135 to 400 mV.

3. RESULTS AND DISCUSSION

3.1. Electrocatalytic oxidation of AA

Fig. 1, are presented the electro-oxidation of AA at the Cu electrode by cyclic voltammetry in
0.1 M phosphate buffer solutions with and without 15 mM AA. without AA, the anodic reaction rate is
low and remains low over the entire potential range covered. but in the presence of AA, a sharp anodic
peak is observed at 0 mV. This peak is characteristic AA oxidation on the electrode surface [11].
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Figure 1. Cyclic voltammograms obtained with a Cu working electrode in the absence and presence of
AA in 0.1 M phosphate buffer solution; potential scan rate 500 mV min™,

3.2. Effect of scan rate

Fig. 2a. presents the cyclic voltammograms of Cu electrode for the oxidation of AA in 0.1 M
phosphate buffer over the scan rate ranging from 200 to 500 mV/min. It is observed that the anodic peak
current density increases with increasing scan rate, furthermore, the peak current density is proportional
to the square root of the scan rate, as shown in figure 2b. From these results, we can conclude that the
oxidation reaction on the Cu electrode is a typical diffusion-controlled electrochemical process [12].
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Figure 2. (a): Cyclic voltammograms obtained with a Cu working electrode at various scan rates; AA
concentrations 15 mM; in 0.1 M phosphate buffer solution. (b): Plots of peak currents as a
function of the square root of the scan rate.
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3.3. Sensor response and calibration curve
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Figure 3. (a): Cyclic voltammograms obtained with a Cu working electrode for different ascorbic acid
concentrations; scan rate 500 mV min't; in 0.1 M phosphate buffer solutions. (b): Plots of peak
currents as a function of AA concentration.

Fig. 3a displays cyclic voltammetric response of Cu foil electrode in solutions containing
different concentrations of AA. The anodic peak current observed increases with increasing AA
concentration in the solution. This catalytic peak current has a linear relationship with the concentration
of AA in the range 2.5-15 mM with a correlation coefficient of 0.9940 Figure 3b. From these results,
we can conclude that the electrooxidation of AA onto Cu electrode can be used for the determination of
AA with good sensitivity 58.51 pA/cm? mM a detection limit of 0.1 mM [8,11,16].

3.4. Stability and reproducibility of the Cu electrode

The stability of Cu foil electrode for AA electrooxidation was studied by monitoring the
remained amount of current response after successive cycling the Cu electrode in the potential range of
—135t0 400 mV in 0.1M phosphate buffer solution for 500 circles.

The stability of the Cu was also examined. He found that the peak current for AA oxidation
maintains 99% of its initial value and no apparent potential shift was observed. On the other hand. It was
found that the current response to AA was not significantly reduced in the first 60 continuous days of
daily use in 0.1M phosphate buffer solution (PH 7.0). After 2 months, 99% of its initial activity has been
reserved.

Under the selected conditions, the method showed the sensor had good reproducibility and long-
term stability. In addition, a series of repetitive measurements were carried out in 2.5 mM AA solution
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to characterize the reproducibility of the sensor. This indicated that the Cu electrode had excellent
reproducibility.

Table 1. Comparison of various AA sensors of some properties of the present work with other studies.

Electrode Method  Sensitivity ~ Potential Detection range Detection Limit Refs
(MAmM*cm™)  (mV) (uM) (uM)
RCD-nano Ccv 1764 +572 53-3000 4.1 [13]
Au/Fc-1TO vs.SCE
Au-Pt
alloy/ITO CVv - - 2— 400 - [14]
Pt foil Amperometry 178 +90 570-5680 — [15]
Ni foil Amperometry 169 +200 570-5680
vs.Ag/AgCl
Pt and CVv - +530 310-2000 7.5 [16]
Carbon CVv — +470 70-2000 6.2
electrode vs.SCE
Cu(ln)-A CVv — +400 3-6000 0.276 [17]
zeolite- vs.Ag/AgCl
modified
electrode
Ag DPV - - 1000-2100 600 [18]
NP/CPE
CuO-SPE  Amperometry 107 +400 100-8000 88 [19]
vs.SCE
CuO Amperometry 533 +550 100-7000 90 [20]
hollow vs.SCE
sphere/SPE
Cu Cv 58.51 0.0 2500-15000 100 This
electrode vs.SCE work

4. CONCLUSION

In this work, we did the determination of AA using Cu foil electrode in 0.1 M phosphate buffer
solution by Cyclic voltammetry. The Voltammetric response current displayed a linear dependence on
the Ascorbic Acid concentration in the range from 2.5 to 15 mM, at a low applied potential of 0.0 mV
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vs.SCE. The Cu foil electrode showed good sensitivity toward AA, with values of 58.51pA/cm? mM. It
should be noted that Cu foil electrode has shown better long-term stability and excellent reproducibility.
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