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Abstract In this research, a micro carbon fiber electrode (MCFE) was activated using a simple flame annealing
method and subsequently modified with mildly oxidized graphene oxide (M-GO) to develop an inexpensive and
sensitive electrochemical sensor for dopamine (DA) detection. Observations indicate that flame annealing
increases surface roughness, enhances electrochemical activity, and improves the electrode’s affinity for M-GO
adsorption, resulting in a more sensitive DA sensor. The electrochemical properties and morphology of the
modified electrode were characterized using electrochemical techniques, including cyclic voltammetry (CV),
electrochemical impedance spectroscopy (EIS), differential pulse voltammetry (DPV), and scanning electron

Dopamine, microscopy (SEM). Electrochemical investigations revealed that the M-GO-modified flame-annealed micro
Uric Acid, carbon fiber electrode (FA-MCFE/M-GO) exhibits high sensitivity, a wide linear range, and a detection limit of
Cv, 20 nM for DA determination. Another notable feature of this sensor is its ability to eliminate the interfering
DPV

effects of uric acid (UA) during dopamine detection, which represents one of the primary challenges in the

electrochemical analysis of DA in biological samples. The results demonstrate that using M-GO as a surface
modifier for the carbon fiber microelectrode provides an effective and cost-efficient strategy for fabricating high-
performance electrochemical sensors. This sensor shows substantial potential for diagnostic and clinical
applications in measuring DA in the presence of interfering substances.
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1. INTRODUCTION

Dopamine (DA), a vital neurotransmitter in the
central nervous system, plays a key role in numerous
physiological functions, including motor control,
motivation, and reward mechanisms. Abnormal
dopamine levels are associated with neurological
disorders such as Parkinson’s disease, schizophrenia,
and addiction (Lungelo, M. et al., 2025).Consequently,
the development of sensitive, rapid, and cost-effective
methods for dopamine detection has attracted
significant attention in clinical diagnostics and
neurochemical research.

Electrochemical sensing has emerged as a powerful
approach to dopamine detection due to its high
sensitivity, operational simplicity, and ability to
provide real-time measurements. Among the wide
range of electrode  materials, carbon-based
microelectrodes have gained particular interest due to
their biocompatibility, high electrical conductivity, and
favorable surface chemistry (Fikri, S. et al., 2020). In
particular, micro carbon fiber electrodes (MCFEs) are
widely used for their small size, mechanical stability,
and suitability for in vivo analysis (Jiatao, C. et al.
2024).

This study reports the fabrication of an
electrochemical sensor based on a flame-annealed
carbon fiber microelectrode (FA-MCFE) modified with

synthesized mildly oxidized graphene oxide (M-GO)
for the selective and sensitive detection of DA. Flame
annealing, a rapid and low-cost thermal treatment, was
employed to activate the micro carbon fiber surface.
This method significantly enhances the electrochemical
activity by increasing surface area and introducing
oxygen-containing  functional  groups.  Unlike
electrochemical activation, which typically involves
repetitive potential cycling in acidic or alkaline
electrolytes and requires precise control of
electrochemical conditions over extended periods
(Strand, A.M., & Venton, B.J.. 2008), flame annealing
can be completed within seconds using only a simple
flame source. Furthermore, laser activation, while
effective in creating highly conductive and structured
carbon surfaces, demands expensive laser systems,
precise alignment, and safety precautions, making it
less accessible and more time-consuming for routine
applications (Rosenwald, S.E. et. al., 2000).

In contrast, flame annealing provides an ultra-fast,
reproducible, and equipment-free route to activate
carbon fiber electrodes. This simplicity not only
reduces fabrication time and cost, but also makes the
method suitable for scalable production and point-of-
care sensor development.

To further improve sensing performance, the flame-
annealed electrode (FA-MCFE) was modified with
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synthesized mildly oxidized graphene oxide (M-GO).
GO is a highly functionalized two-dimensional
nanomaterial with excellent electrochemical properties,
such as high surface area, good dispersibility, and
efficient electron-transfer characteristics (Dreye, D. R.
et. Al., 2010).The modification of the flame-annealed
micro carbon fiber electrode with GO produced a
synergistic enhancement in electrochemical response,
enabling high sensitivity and stability for dopamine
detection.

Beyond sensitivity, selectivity is a critical aspect of
real-sample analysis due to the presence of
electroactive interferents such as uric acid (UA), which
often coexist with dopamine in biological fluids
(Madhurantakam, S. et. al., 2020). In this work, the
fabricated FA-MCFE/M-GO sensor demonstrated the
capability to resolve the oxidation peaks of dopamine
and uric acid effectively, minimizing interference, and
enabling accurate quantification of dopamine in
complex matrices.

Overall, the proposed sensor fabrication approach
combines speed, simplicity, cost-effectiveness, and
strong analytical performance, making it a promising
platform for future applications in biomedical
diagnostics and neurochemical monitoring.

2. MATERIALS AND METHODS

Mild oxidation strategy to prepare water-dispersible
graphene oxide (M-GO) was applied using a modified
version of the Staudenmaier technique, with natural
graphite powder (You, X. et. al., 2017). The process
began by combining 75 g of graphite powder with 1750
mL of a mixed acid solution (H,SO4 and HNO; in a
7.5:1 volume ratio). This mixture was stirred at room
temperature (25°C) for 30 minutes. The next step
involved the gradual addition of 1075 mL of NaClO3
solution (5 mol/L) over a 5-hour period, while
maintaining constant stirring at 200 rpm and room
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temperature. After an additional 5 hours of stirring, the
mixture underwent washing with distilled water.
Finally, the resulting slurry was freeze-dried and
underwent thermal reduction in a muffle furnace, with
the material being heated to 450°C for 120 seconds in
air to produce the final M-GO product for MCFE
modification.

For construction of the FA-MCFE/M-GO sensor,
initially a single CF was connected to a copper wire
using silver epoxy and insulated with hot glue, leaving
3 mm of fiber exposed to obtain a micro carbon fiber
electrode (MCFE). The prepared MCFE was then
flame-annealed for 4 seconds in the blue region of the
lighting flame. Finally, the annealed electrode (FA-
MCFE) was modified by dip-coating in a water-
dispersible M-GO dispersion for 10 minutes for DA
detection.

3. RESULTS AND DISCUSSION

3.1. Characterization of the fabricated sensor

The surface morphological characteristics of
MCFE, FA-MCFE, and FA-MCFE/M-GO electrodes
were investigated using field emission scanning
electron microscopy (FESEM). The initial MCFE
exhibited a uniform, smooth surface with a diameter of
21.32 pm. Following flame annealing treatment, the
MCFE diameter significantly decreased to 11.75 um,
and the surface developed nanoscale roughness
features. Upon modification with M-GO, the FA-
MCEFE electrode showed a slight increase in diameter,
which can be attributed to the successful adsorption of
M-GO onto its surface. The surface morphology
transformation from smooth to rough, followed by M-
GO coating, indicates effective activation and
modification of the electrode surface through each

preparation step.
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Figurel. CVs of FA-MCFE/M-GO electrode in 5.0 mM Ka4Fe(CN)s/K4Fe(CN)s at scan rate of 0.01, 0.05, 0.125, and 0.2 V (a) and
the corresponding peak currents (ipc and ipc) versus the square root of scan rate (v'’2) (b).

3.2. Electrochemical performance of the prepared
sensor

The cyclic voltammetry (CV) analysis of the FA-
MCFE/M-GO electrode was conducted at varying scan
rates (0.01, 0.05, 0.125, and 0.2 V/s) using 5.0 mM
K4Fe(CN)¢/K3Fe(CN)s as the redox probe. The
voltammograms exhibited minimal separation between

the anodic (Ep.) and cathodic (Ep) peak potentials
across all scan rates, indicating rapid electron transfer
kinetics. The magnitudes of both anodic (ip) and
cathodic (ipc) peak currents demonstrated a linear
increase with increasing scan rates, while maintaining
an ip/ipc ratio approximately equal to 1. These
electrochemical characteristics, namely the negligible
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change in peak separation (AE;), the linear relationship
between peak currents and scan rates, and the unity
ratio of peak currents, collectively confirm that the FA-
MCFE/M-GO electrode exhibits fast electron transfer
kinetics (Figure 1).
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Figure 2. CVs of FA-MCFE/M-GO at pH 7.0 at scan rate 50
mVs! in the absence (-) and presence (-) of 75uM DA.

Because the FA-MCFE/M-GO electrode exhibits
highly favorable electron transfer kinetics, it can be
employed as an electrochemical sensor for DA
detection. To evaluate its electrocatalytic activity
toward DA detection, CV curves were recorded in the
absence and presence of DA at pH 7, at a scan rate of
50 mVs™! (Figure 2). As observed, upon the addition of
75 uM DA, a pronounced increase in the anodic peak
current was recorded.

4. CONCLUSION

In this work, a highly sensitive and selective
electrochemical sensor for DA detection based on the
FA-MCFE/M-GO  electrode = was  successfully
developed. The fabricated DA sensor exhibited a linear
response in the range of 1.0-21.5 puM under optimal
conditions, with a detection limit of 20 nM. This study
introduces a novel sensor for DA detection that is
simple, cost-effective, rapid, and sensitive, and it
successfully demonstrated its applicability for
measuring DA in human serum samples.
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1. Field Emission Scanning Electron Microscopy
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