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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]. 

This study proposes the novel synthesis, characterisation and successful application of rGO as an electrochemical 

sensor for effective DA detection. Two GO samples have been prepared using modified Hummer’s methods, including 

the pre-oxidation of natural graphite powder by mixtures of K2S2O8/P2O5/H2SO4 and H2SO4/H3BO3/CrO3 [5, 6]. Thermal 

reduction of GO samples has been carried out in the presence of malonic acid and phosphorus pentoxide additives under 

Ar gas atmosphere for 1 h at 800 ⁰C temperature. Structural changes of rGO products obtained have been characterised 

by XRD, FTIR, XPS, and Raman spectroscopy techniques. The surface morphology of graphene-based samples has been 

studied using scanning electron and transmission electron microscopies. Electrical behaviour has also been determined 

by measuring the dependence between electrical conductivity and bulk density. The electrochemical measurements, 

including cyclic voltammetry (CV) and differential pulse voltammetry (DPV), have been performed to evaluate the 

sensitivity of rGO products (rGO1_10 and rGO2_10) towards DA detection. 

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 CV studies have revealed that rGO1_10 and rGO2_10 samples exhibit prospective 

electrocatalytic activity towards the DA redox peak. 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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