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Thermal reduction of graphene oxide (GO) is considered as a prospective technique for the simple,
rapid, low-cost, and high yield preparation of graphene-based materials. However, this synthesis method has
certain limitations, such as a high release of energy and the formation of structural disorders occurring during
the reduction process [1]. Therefore, the thermal decomposition could be more precisely controlled and π-
conjugated aromatic system may be effectively repaired by using additives. The reaction between malonic acid
and phosphorus pentoxide at 150 oC temperature gives unstable carbon suboxide (C3O2) that decomposes into
elemental carbon and carbon monoxide [2,3]. Thermal reduction of GO in the presence of C3O2 additive could
be an effective method to tailor electronic properties, manipulate surface chemistry, and produce local changes
to the elemental composition of the reduced GO (rGO) final material. The improved physicochemical
characteristics could also positively influence the electrochemical performance of rGO in the detection of
biomolecules. The sensitive and precise determination is extremely essential to detect low concentrations of
dopamine (DA) in the human body since its abnormal levels can potentially lead to neurodegenerative disorders
such as senile dementia, depression, Parkinson’s and Alzheimer’s diseases [4].

INTRODUCTION

SYNTHESIS
𝟑 𝐂𝟑𝐇𝟒𝐎𝟒 + 𝐏𝟒𝐎𝟏𝟎 → 𝟑 𝐂𝟑𝐎𝟐 + 𝟒 𝐇𝟑𝐏𝐎𝟒

𝐂𝟑𝐎𝟐 → 𝟐 𝐂 + 𝐂𝐎𝟐

ELECTRICAL CONDUCTIVITY

Fig. 1. Electrical conductivity dependence on bulk density for: A – graphite and B – thermally reduced GO products. The inset in A 
demonstrates the relationship between electrical conductivity and bulk density for GO1 and GO2 samples.
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Fig. 2. XRD patterns of: A – graphite and GO samples, B – thermally reduced samples from GO1, and C – thermally reduced products from GO2.

Fig. 5. FTIR spectra of graphite, GO1, GO2, 
and thermally reduced GO samples.

Fig 3. Raman spectra of: A – GO1 and thermally reduced GO1 samples, and B – GO2 and 
thermally reduced GO2 samples. The excitation wavelength is 532 nm.

Fig. 6. SEM images of: A – GO1, B – rGO1, C – rGO1_5, D – rGO1_10, E – GO2, F – rGO2, 
G – rGO2_5, and H – rGO2_10 samples.

Fig. 7. TEM images of: A – rGO1_10 and C – rGO2_10. 
SAED patterns of: B – rGO1_10 and D – rGO2_10.

CONCLUSIONS
The results obtained have shown that the thermal GO treatment using malonic acid and phosphorus

pentoxide results in an efficient restoration of the π-conjugated system of graphene layers and an effect of P-
doping. It indicates that the additive used in the thermal GO reduction plays a significant role in healing
structural defects and increasing electrical conductivity in the rGO products. The DPV studies have determined
that the proposed sensor based on rGO2_10 demonstrate relatively high sensitivity (28.64 μA µM−1 cm−2) and
low limit of detection (105 nM), showing that it is a promising electrode material for the sensitive DA detection.
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Fig. 4. The wide scan XPS spectrum (A) and surface elemental composition (B) of GO and 
rGO samples determined by the XPS.
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Fig. 9. DPV for selective detection of DA in presence of 200 μM of UA on GCE/rGO2_10 in 0.1 M PB (pH = 7.2) (A). 
Calibration curves in low concentration range (B).

Fig. 8. DPVs at various DA concentrations (0, 5, 10, 15, 20, 35, 40, and 50 µM) at GCE/rGO1_10 (A) and GCE/rGO2_10 (B) in 0.1 
M PB, pH 7.2. Calibration curves in low concentration range (C).
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