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Abstract—This study aimed to develop an electrochemical sensor based on a derivative of graphene oxide
(GO) and a molecularly imprinted polymer (MIP) on a pencil graphite electrode (PGE) for the detection of
ascorbic acid (AA). MIP was fabricated onto the surface of the electrode by electropolymerization technique
using cyclic voltammetry with a scan rate of 10 mV/s consisting of template molecule (ascorbic acid), func-
tional monomer (polypyrrole), cross-linker (LiClO,) and citrate buffer at pH 4. Then, the template removal
process was conducted to create the imprinted cavities for detecting the analyte. Differential pulse voltamme-
try (DPV) and cyclic voltammetry (CV) methods were used to perform quantitative analyses of the modified
electrodes. CV analysis was performed at the optimum scan rate of 10 mV/s, and the electrolyte concentration
at 1.0 mM K;[Fe(CN)¢] in 0.1 M KCI. MIP-PGE (2) produced the best performance by having the highest
redox peak current response when scanning with the CV compared to other modified electrodes. The opti-
mum parameters for DPV measurement are 100 mV pulse amplitude, 200 ms pulse period, and 10 mV/s scan
rate. The straightforward instrumentation and easy preparation of the proposed sensor make it a valuable sys-
tem for constructing simple devices for determining ascorbic acid.
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INTRODUCTION

Sensors are modules utilized in every industry to
determine and adjust parameters to deliver more via-
ble services to people. Researchers have recently been
involved in strong competition to create and construct
innovative sensors due to the high demand of the
worldwide market and human interest in having a
device that easily and quickly analyzes the interest spe-
cies in various types of samples. An electrochemical
sensor is one example of a sensor that gives exact infor-
mation on analytes and concentration determination,
even in low amounts [1]. Various published works
revealed a strategy for producing more biocompatible
and high-resolution electrodes based on electrochem-
ical changes [2, 3]. Electrochemical sensors have sev-
eral benefits over traditional sensors (based on change
of color e.g Fehling test), transforming electrochemi-
cal data into a signal that can be evaluated. The most
important part of an electrochemical sensor is a chem-
ical (molecular) recognition system and a physico-
chemical transducer, which is a device that turns the
chemical reaction into a signal that modern electrical
instruments can detect. These parts work together to
form a working (or sensing) electrode. Amperometry,

voltammetry, potentiometry, and conductometry can
be used to convert a chemical signal into an electrical
signal [1].

Initially, two-electrode was utilized in electro-
chemical sensors; a working electrode and a refer-
ence/counter electrode were commonly employed in
various electrochemical techniques, including poten-
tiometry, where zero current is typically utilized.
These two-electrode cells are still in use today in
potentiometry for measuring potentials without cur-
rent flow. Currently, three electrodes have been
employed in electrochemical sensors: working, refer-
ence, and counter electrodes are widely used in non-
zero current methods such as voltammetry and
amperometry. The inclusion of a separate counter
electrode allows the measurement of current, which is
crucial for techniques involving current flow. There-
fore, it is important to note that while two-electrode
cells are utilized in potentiometry (a zero-current
method), three-electrode cells are commonly
employed in non-zero-current methods such as
amperometry and voltammetry. This distinction
ensures accurate and reliable measurements in elec-
trochemical sensing applications [4]. Electrodes are
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essential in developing electrochemical sensors. Thus,
it is beneficial to modify/fabricate the working elec-
trode’s surface area [5]. Covering the electrode surface
with a polymer not only performs the desired reaction
but also gives a better electron transmission speed
between the analyte and the electrode [6]. The conver-
sion element converts the chemical signal produced
after the recognition element selectively binds to the
analyte into an output electrical signal [7]. This elec-
troanalytical method is becoming more popular due to
its unique characteristics; lower cost, smooth opera-
tion, strong repeatability and stability, independence
from the laboratory, and wide linear range for fast
response [8].

One way to enhance the electrochemical method’s
selectivity is by using electrodes modified with mole-
cules imprinted polymers (MIP) [9]. MIP is a syn-
thetic recognition receptor with high selectivity for the
target molecule and enhanced chemical and physical
consistency compared to natural receptors [10]. MIPs
are stable polymers with molecular recognition abili-
ties due to the presence of a template during their syn-
thesis [11]. The basic idea of molecular imprinting
relies on a process where monomers are polymerized
in the presence of an analyte (the imprint molecule),
which behaves as a molecular template in the sensor
[12]. MIPs exhibit selective binding of the template
molecule used during their synthesis. MIPs have sev-
eral benefits, including being robust, having high sta-
bility, requiring low-cost preparation, and having a
high specific identification ability towards the targeted
analyte [11]. However, due to their lower surface area
and conductivity, the sensors that used MIP-modified
electrodes had a limited sensitivity range. Hence, it has
been recognized that graphite derivatives are suitable
materials that can be added to create molecularly
imprinted composites because of the excellent thermal
and electrical conductivity and large surface area of
graphite derivatives [13].

Graphite is a crystalline carbon made of graphene
layers that occurs naturally and is a stable form of car-
bon under normal conditions. Graphite is gaining the
researchers’ attention due to its unique features, such
as high conductivity, fast electron transfer rate, and
high surface area, making it a highly conductive com-
pound in electrochemical detections [14]. Graphene
oxide (GO) is attracting more attention since hum-
mers’ technique-adjusted procedures make it easier to
produce. Thus, GO is the most efficient graphene
derivative in electrochemical sensors that include dif-
ferent nanoparticles. It has been concluded that the
performance of the electrochemical sensor can be
enhanced by the interaction of graphene derivatives
and metal nanoparticles [15]. Therefore, it may be
helpful in modifying the surface of molecularly
imprinted detectors [16]. Many analytes, including
levofloxacin [17], didanosine [18], bisphenol A [19],
and andrographolide [20], have been determined
more accurately using graphene derivatives or GO that
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coated on electrochemical sensors. Furthermore,
recent research has shown that GO enhances electrical
conductivity and creates adequate electroanalytical
activities for detecting analytes in real samples [21].

One of the best-performing electrode materials for
electrochemical sensors is the pencil graphite elec-
trode (PGE). PGE is preferable for detecting various
analytes due to its low cost, more stable, reactive prop-
erties, and larger surface area [12, 20]. Electrochemi-
cal biosensor analysis methods with nanoparticles and
graphene oxide provide unique and substantial bene-
fits such as easy production, quick response, cheap
cost, and high sensitivity [21]. A larger surface area of
PGE can make the electrode able to detect the low
concentration of analytes. Therefore, PGE can be
applied as a trace analysis electrode when integrated
with a more accurate and sensitive voltammetric tech-
nique, such as cyclic voltammetry (CV) and differen-
tial pulse voltammetry (DPV) [12].

Ascorbic acid (AA), with IUPAC name of (2R)-2-
[(1S)-1,2-dihydroxyethyl]-3,4-dihydroxy-2H-furan-
5-one, also known as Vitamin C was synthesized from
hexose sugars, and it is one of the most prevalent
water-soluble antioxidants in plants and animals
[22, 23]. It is a white solid in appearance, but impure
samples can be seen as yellowish. It readily dissolves in
water and produces moderately acidic solutions. Small
amounts of AA can be dissolved in alcohol but not in
other organic materials such as diethyl ether, chloro-
form, benzene, petroleum ether, or lipids. AA is a sig-
nificant redox buffer in plants and controls various
physiological processes such as growth, development,
signal transduction, and stress tolerance. It also func-
tions as an enzyme co-factor; hence it plays several
roles in plant physiological processes [24]. In the
pharmaceutical field, AA can also be used as a free-
radical scavenger, which can help in cancer and Par-
kinson’s disease treatments [12]. Considering AA’s
many essential uses in various fields, it must be detect-
able by a simple and dependable approach within a
minute.

This study reported electrochemical methods, CV
and DPV approaches, for determining AA using a
PGE prepared by imprinting electropolymerization.
GO/ZnO will be deposited onto the bare PGE. Zinc
oxide acts as a metal nanoparticle and combines with
GO, which increases the sensor’s performance. The
proposed sensor will be made by electropolymerizing
pyrrole (PPy) on the surface of a PGE modified with
GO/ZnO in the presence of AA as a template mole-
cule. AA was selected as the template molecule due to
its prevalence and electroactivity. Then, the template
removal will be conducted from the MIP film, and an
electrochemical sensor will detect the AA. This pro-
posed electrochemical sensor gives a new design for
detecting AA in aqueous samples.
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EXPERIMENTAL
Chemicals

Graphite flakes (299.85%), potassium permanga-
nate (KMnOy,), sodium nitrate (NalNO5), zinc oxide
(ZnO), dimethylformamide (DMF), and pyrrole
(PPy) were purchased from Sigma Aldrich. Hydrogen
peroxide (H,0,), sulphuric acid (H,SO,), potassium
ferricyanide(I1I) [K;(Fe(CN)¢], potassium chloride
(KCl), lithium chlorate (LiClO,), ethanol (C,H;OH),
methanol (CH;OH), citric acid (C4H3O,), sodium
citrate (Na;CcH;0,), hydrochloric acid (HCI),
sodium hydroxide (NaOH), acetonitrile (CH;CN)
and ascorbic acid (CcHgOg) were sourced from R&M
Chemicals (Malaysia).

Instrumentation

The electrochemical measurements were carried
out using BASi Epsilon-EC-Ver.2.00.71 _XP software.
A three-electrode system (working, counter, and ref-
erence) was used to perform electrochemical measure-
ments. A PGE was used as a working electrode,
Ag/AgCl electrode was used as a reference electrode
with silver wire coated with AgCl immersed in 3 M KCl
electrolyte solution, and a platinum electrode was
used as a counter electrode. 2B Unicorn pencil graph-
ite with a diameter of 1.8 mm was purchased from a
stationery store. Scanning electron microscopy
(SEM) was performed using FEI Quanta 650 FEG
along with energy-dispersive X-ray (EDX) instruments
from Oxford Instruments (EDX Oxford Inca 400,
USA).

Synthesis of Graphene Oxide (GO)

Paste the modified hummers method [25] was used
to synthesize GO. First, 100 mL of sulphuric acid was
added to the beaker set up over an ice bath. Next, 3 g
of graphite powder was added to the beaker, stirring for
15 min. 3 g of sodium nitrate (NaNO;) was added to
that mixture. The mixture was stirred continuously for
the next 3 h. After that, 15 g of KMnO, was added, and
the ice bath was removed. The mixture was stirred
continuously again for 24 h. Later, 200 mL of distilled
water was added dropwise into the suspension and
heated at 90°C for 15 min with continuous stirring.
Then, the solution was allowed to cool. Next, 150 mL
of water and 30 mL of hydrogen peroxide were added.
After 20 min, the solution was filtered using filter
paper, and the product was collected. The product was
placed in the oven for 24 h at 50°C. The greyish-black
powder of GO was obtained.

Synthesis of GO/ZnO Composites

GO/ZnO composites were prepared using the sol-
vothermal method [26, 27]. A 3 : 1 ratio mixture of GO
powder and ZnO powder was dissolved in 50 mL
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DMF and stirred for 30 min at 25°C. The mixture was
put in the sonicator for a day to ensure both chemicals
mixed well. After that, the mixture was allowed to cool
at normal temperature before being centrifuged for
15 min at 3000 rpm. After removing the supernatant,
the sample was washed with ethanol and water. Then,
the powder was dried in an oven at 45°C for a day.
Finally, composites of GO/ZnO were obtained.

Pre-Treatment of Bare Electrode

First, bare PGE electrodes were rinsed several
times with distilled water to avoid disturbance during
the experiment. Next, the PGE electrode was polished
using 2500-grade polishing paper (RikenMT, Japan).
PGE was then immersed in a mixture of ethanol and
water with a ratio of 1 : 1 for 6 h. After that, the PGE
was dried and exposed to CV. The bare PGE was
scanned from —0.2 to 0.6 V in different concentrations
of K;[Fe(CN)g] in 0.1 M KCI with a scan rate of
10 mV/s to obtain a stable voltammogram. The 0.1,
0.5, 1, 5, and 10 mM of K;[Fe(CN)¢] in 0.1 M KCI
were used in these measurements. All electrolyte solu-
tions were degassed with oxygen-free nitrogen (OFN)
to eliminate any soluble oxygen and gaseous contami-
nants prior running CV and DVP.

Deposition Process

After the process of pre-treatment of the bare PGE
electrode, the GO and GO/ZnO composites prepared
in the previous sections were fabricated on the surface
of the bare PGE.

Fabrication of GO/PGE

2.0 mg of GO was mixed with 2 mL of dimethylfor-
mamide in a beaker. This suspension was sonicated for
one hour. Later, the suspension was carefully poured
over the tip of the electrode using a pipette, and the
treated PGE was kept in this suspension for one hour.
From this process, a homogenous coated layer of GO
on PGE was formed. The GO/PGE electrode was
then allowed to dry overnight in a confined space.

Fabrication of GO/ZnO/PGE

2.0 mg of GO/ZnO was mixed with 2 mL of
dimethylformamide in a beaker and was sonicated for
one hour. Later, the prepared suspension was then
dropped on the PGE surface in the required volume
using a pipette. The modified PGE was then sub-
merged in this mixture for one hour and allowed to dry
overnight in a confined space to form a coating of
GO/ZnO composites on the surface of the PGE elec-
trode.
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Fig. 1. SEM analysis of modified electrode (a) bare PGE with 1000 magnification, (b) MIP-PGE (2) and (c) NIP-PGE (2)

with 10000x magnification.

Preparation of Molecularly Imprinted
Modified Electrodes

0.1 M of LiClO,, 50 mM of PPy, 0.1 M of citrate
buffer pH 4, and 50 M of AA were prepared and mixed
with 1 mL of acetonitrile in a beaker. The solution was
purged with OFN gas before conducting the voltam-
metry technique. Then, the GO/PGE and
GO/ZnO/PGE electrodes were immersed in the solu-
tion for 30 min. Next, the electropolymerization pro-
cess was carried out by using the CV. GO/PGE and
GO/ZnO/PGE electrodes were scanned from —0.2 to
1.8 V at a scan rate of 10 mV/s with 5 cycles for each
electrode. After that, the template molecule was
removed by immersing it in the methanol-acetic acid
solution (V: V=9:1) for 30 min. For further removal
of the template molecule, the electrode was over-oxi-
dized with five cycles of CV scan in 5 ml of 0.1 M
NaOH. The CV was scanned from 0.2 to 0.8 V with a
scan rate of 10 mV/s. Finally, the MIP-modified elec-
trodes were fully prepared namely GO/PPy/PGE
known as MIP-PGE (1) and GO/ZnO/PPy/PGE
known as MIP-PGE (2) respectively. Whereas the non-
imprinted modified electrode was also prepared in the
same method except for using AA in the electrolyte
solution namely as NIP-PGE (1) and NIP-PGE (2).

Electroanalytical Measurements

The electrochemical measurements were per-
formed using CV in the 1.0 mM of K;[Fe(CN)g] in
0.1 M KCl with a scan rate of 10 mV/s. DPV measure-
ments were also performed in the presence of 0.1 M of
citrate buffer pH 4 and AA with the potential range
between —0.4 t0 0.6 V, 10 mV/s of scan rate, 100 mV of
pulse amplitude, and 200 ms of modulation time.

Analysis of Scan Rate and Concentration
on Modified Electrode

The cyclic voltammetry was carried out in the
1.0 mM of K;5[Fe(CN)] in 0.1 M KCI with various
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scan rates between the potential range —0.2 to 0.8 V of
MIP-PGE (2) modified electrode. The scan rates
measured are 5, 10, 25, 50, 75, and 100 mV/s. In addi-
tion, DPV was carried out in the citrate buffer solution
of pH 4 with different concentrations of AA. The dif-
ferent concentrations observed are 1, 10, 20, 30, 40,
50, 70, 80 and 100 mg/L.

RESULTS AND DISCUSSION
Characterization of Modified Electrodes

The SEM-EDX analysis investigated the surface
morphology of bare PGE, MIP-PGE (2), and
NIP-PGE (2) electrodes. The images of these elec-
trode surfaces can be seen as shown in Fig. 1. The
images illustrate that the bare electrode surface is
almost flat, has regular streaks, and is smoother than
the surface of the imprinted electrodes [28]. The
imprinted polymer electrode (MIP) surfaces have ran-
dom and rough shapes, while NIP has uniform and
smooth surfaces due to the absence of recognition sites
for the analyte. In contrast, the roughness and ran-
domness surface of the imprinted polymer electrodes
were caused by the analyte-recognizing sites created.
Based on the image of MIP-PGE (2), ZnO particles
are shown clearly as the out layers on the surface.
Therefore, the MIP-PGE (2) can be differentiated
from the other electrodes due to their presence of Zn.

The EDX analysis was used to study the number of
main chemicals present on the surface of electrodes.
This analysis is a quantitative analysis. The EDX anal-
ysis of electrodes is shown in Fig. 2 and the main
chemical composition present on the surface of elec-
trodes has been tabulated and embedded in Fig. 2. The
MIP-PGE (2) can be differentiated from the other
electrodes due to their presence of Zn (2.39%). Low
amounts of other elements are present on the elec-
trode surface due to the oxidation effect and electrode
impurity.
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Fig. 2. EDX analysis of modified electrode (a) MIP-PGE (1)
and (b) MIP-PGE (2).

Analysis of PGE at Different Concentrations
and Different Scan Rates

The PGE response at different concentrations of
K;[Fe(CN)g] in 0.1 M KCI solution was observed, as
shown in Fig. 3. The voltammogram indicates that the
redox peak currents increase with increasing the con-
centration of K;|Fe(CN)¢] due to the electron transfer
from the solution to the surface of the PGE electrode
being faster in higher electrolyte concentrations com-
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Fig. 3. The PGE response at different concentrations of
K;3[Fe(CN)¢] with scan rate of 10 mV/s.
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pared to the lower concentration. At 0.1 mM of
K;[Fe(CN)¢] in 0.1 M KCl, the redox peak currents
produced are scarce and lead to lower electron transfer
kinetics. As a result of its low performance, it was dis-
carded from the experiment. The oxidation and reduc-
tion peaks were found at specified points with a spe-
cific pattern at concentrations of 1.0 and 5.0 mM of
K;[Fe(CN)g]. At 10 mM of K;[Fe(CN),], the redox
peak currents produced the highest peak current and
nearly reached the detection limit. Thus, 1.0 mM of
K;4[Fe(CN)4] in 0.1 M KCl1 was selected as an electro-
lyte due to its good selectivity and sensitivity. Hence,
we can presume that the concentration in a higher
ratio has a high impact on the peak of oxidation and
reduction compared to a lower concentration of the
solution.

The PGE response at different scan rates was per-
formed in the 1.0 mM K;[Fe(CN)4] in 0.1 M KCl
solution. The voltammogram showed that the current
of the bare PGE is directly proportional to scan rate,
asshown in Fig. 4. The higher the scan rate of the PGE
electrode, the higher the redox peak current. The elec-
trochemical characteristic will regain reversibility for
higher scan rates when oxidation outcompetes the
chemical process. At higher scan rates, the electro-
chemical process of oxidation will become dominant
over any chemical reactions that might occur. This
results in the restoration of the reversibility of the elec-
trochemical process, which means that the electrode
response becomes more predictable and reproducible.
The chemical reactions that might have occurred at
lower scan rates are no longer a factor, and the elec-
trode response is determined mainly by the electro-
chemical process. In addition, faster scan rates reduce
the size of the diffusion layer, resulting in higher cur-
rents [29]. Based on the result, the optimal voltammo-
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Fig. 4. The PGE response at different scan rates with con-
centration of 1.0 mM of K5[Fe(CN)g].
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Fig. 5. The CV of modified electrodes of bare electrode
PGE, GO/PGE, MIP-PGE (1), GO/ZnO/PGE, MIP-
PGE (2) and NIP-PGE (2) after removal of template in
1.0 mM K;[Fe(CN)g¢] in 0.1M KCI.

gram reversibility was found at a scan rate of 10 mV/s,
and it was selected due to its good selectivity and sen-
sitivity.

Electrochemical Behavior of Modified Electrodes

Different types of modified electrodes were
scanned in 1.0 mM K;[Fe(CN)4] in 0.1 M KCI at
10 mV/s after the removal of the template by using
cyclic voltammetry. The electrochemical behavior of
modified electrodes can be seen in Fig. 5. The redox
peak current of NIP-PGE (2) is slightly higher than
GO/PGE. Fabricating ZnO nanoparticles with
graphene oxide can improve the conductivity and per-
formance of the sensor in the redox process [30]. The
peak current of a bare electrode is almost similar to the
peak current of GO/ZnO/PGE due to the non-fabri-
cated compounds on the bare electrode. In addition,
the electrodes fabricated with the molecularly
imprinted molecule gave a higher redox peak current
compared to other electrodes. MIP-PGE (2) obtained
the highest peak current, followed by MIP-PGE (1).
The modified electrode fabricated with the nanoparti-
cle, MIP, and graphene oxide shows the best perfor-
mance. Thus, MIP-PGE (2) was chosen to detect the
AA due to its highest response in redox peak current.

Influence of Different Scan Rates to MIP-PG (2)

In order to investigate the diffusion-controlled
process at the electrode surface, a linear Randles—
Sevcik plot was used to analyze the relationship
between the square root of the scan rates and the peaks
in the redox current. It will depend on the scan rate for
molecules that adsorb on the electrode surface. As
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Fig. 6. The influence of different scan rates towards MIP-
PGE (2) modified electrode.

shown in Fig. 6, the MIP-PGE (2) was scanned at var-
ious scan rates ranging from 5 to 100 mV/s in 1.0 mM
K;[Fe(CN)g] in 0.1 M KCI. The reduction peak cur-
rent increased as the square root of the scan rate
increased, as well as the oxidation peak current
increased as the square root of the scan rate increased
[29]. A Randles—Sevcik plot as depicted in Fig. 7
shows the linear equation of the redox process. The lin-
ear equation for oxidation is /,, = —3E—05x + 5E—05
with linear regression 0.9939 and the linear equation
for the reduction process is [, = 2E—05x + 3E—05
with linear regression 0.9752. The results reveal that
the system has occurred in a diffusion-controlled pro-
cess. It was also observed that faster scan rates reduce
the size of the diffusion layer. As a result, higher cur-
rents were obtained.
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Fig. 7. Response of MIP-PGE (2) for oxidation (Ipa) and
reduction (/) peak at different scan rates.
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Fig. 8. The voltammograms for MIP-PGE (2) modified
electrode towards different concentrations of ascorbic acid
(1-50 mg/L) in the presence of citrate buffer pH 4.

Determination of Ascorbic Acid by MIP-PGE (2)
and DPV Response towards Ascorbic Acid

The DPV method is an electrochemically sensitive
technique and it was employed in this study to identify
the AA. Different concentrations of AA were observed
by using MIP-PGE (2) as a working electrode with the
optimum condition scan rate of 10 mV/s, pulse ampli-
tude of 100 mV and pulse period of 200 ms as shown in
Fig. 8. The intensity of AA’s oxidation peak current
depends on its concentration. It clearly showed that
the highest peak current is achieved at 50 mg/L.

The DPV response of MIP-PGE (2), MIP-PGE (1),
bare electrode, and NIP-PGE (2) towards 50 mg/L
AA and citrate buffer pH 4 is shown in Fig. 9. The NIP
electrode did not produce any significant anodic peak
current because no imprinted cavity was formed on its
surface due to the absence of a template molecule
(AA) during the electropolymerization. The PGE
produced a minor anodic current response at
0.000244 A due to oxidation groups in the structure of
AA. The anodic current response towards the MIP
electrode is lower compared to the MIP-PGE (1). The
MIP celectrode did not show the highest response
compared to other electrodes, although the presence
of metallic nanoparticles, molecularly imprinted poly-
mer and imprinted cavities.

CONCLUSIONS

In determining the electrochemical behavior of the
modified electrode, the modified electrode has been
deposited with the metallic nanoparticle (ZnO),
graphene derivative (GO), and molecular imprinted
polymer (PPy) by using the MIP technique. It shows
the highest response of redox current compared to
other modified electrodes. This reveals that the
nanoparticle, MIP, and graphene derivative plays an
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Fig. 9. The DPV of different modified electrodes in
50 mg/L ascorbic acid and citrate buffer pH 4.

important role on the electrode surface to increase the
electrode performance. By having the imprinted cavi-
ties of the template molecule, the AA can be detected
successfully by MIP-PGE (2). The concentration of
the analyte and the scan rates also influenced the elec-
trode performance. The straightforward instrumenta-
tion and easy preparation of the proposed sensor make
the system helpful in constructing simple devices for
the sensing and recognization of AA.
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