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Reduced graphene oxide (rGO) has attracted significant attention as a conductive, high-surface area carbon
platform for electrochemical (bio)sensing applications due to its large specific surface area, tunable surface chem-
istry and good charge transport properties. However, the performance of rGO-based materials in electrochemical
devices strongly depends on the control of defect density, functional groups and heteroatom doping, which govern
electron transfer and interfacial interactions with biomolecules [1,2]. Coupling rGO with graphitic carbon nitride
(g-C3N4) and phosphorus-containing species offers an effective strategy to modify both the electronic structure and
surface chemistry, thereby improving charge separation, enhancing active site density and enabling more sensitive
electrochemical responses [1,3].
g-C3N4 is a nitrogen-rich semiconductor with a conjugated polymeric structure that has been widely investigated

in photocatalysis and (bio)electrochemical sensing owing to its visible-light activity, decent stability and abundance
of lone-pair containing nitrogen sites [1,3]. When combined with graphene-based materials, g-C3N4 can form
heterostructures that facilitate interfacial charge transfer and increase the effective electrochemically active surface
area, as demonstrated for g-C3N4/graphene oxide nanocomposites in ultrasensitive pesticide and biomarker
detection [1,2]. In parallel, phosphorus-modified rGO has been shown to exhibit increased defect density, modified
charge distribution, and improved electrocatalytic activity due to the introduction of electron-rich P sites into the sp2

carbon framework [3].
The aim of this work is to synthesize and characterize a series of rGO-based materials modified with phosphorus

and g-C3N4, with potential application as electrochemically active components in sensor devices. g-C3N4 is obtained
via thermal decomposition of urea at 500 °C temperature in the air for 2 hours. Graphene oxide (GO) is prepared
via a two-step oxidation route, involving the formation of a chromium(VI)-oxidized graphite intermediate followed by
a modified Hummers’ method [4]. The resulting GO is then used to prepare four types of samples by hydrothermal
treatment in aqueous media at 180 °C temperature for 20 h: rGO (GO only), P-rGO (GO with H3PO4), rGO/g-C3N4
(GO with g-C3N4), and P-rGO/g-C3N4 (GO with both H3PO4 and g-C3N4). After the treatment, all samples are
frozen in distilled water and freeze-dried to increase the surface area. The structural, morphological, textural, and
chemical features of the resulting materials are systematically investigated using scanning electron microscopy
with energy-dispersive X-ray spectroscopy, Raman spectroscopy, Fourier-transform infrared spectroscopy, and
nitrogen adsorption-desorption measurements at 77 K.
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