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ABSTRACT

Electro-organic synthesis (EOS) is emerging as a powerful and sustainable technique for
synthesizing organic compounds. EOS offers a compelling alternative to conventional synthetic
methods, driven by the need for cleaner and more efficient processes and a growing focus on
environmental impact. This approach minimizes environmental impact by reducing dependence on
hazardous chemicals and solvents. Additionally, EOS enables precise control over reaction
parameters, leading to selective product formation and potentially novel reaction pathways. This
work presents the development of electrocatalysts for the electro-oxidation of selected heterocyclic
alcohols, namely piperonyl alcohol (PA), thiophene-2-ylmethanol (TM), furfuryl alcohol (FA) and
indole-3-carbinol (IC) to their corresponding aldehydes. A Toray carbon fiber paper (TCFP)
substrate modified with 2D materials, conducting polymers, metal oxides, and metal oxide
nanoparticles are employed in the fabrication of the electrodes.

The efficiency of the developed electrode was studied employing different electrochemical and
physicochemical studies. X-ray Diffraction Spectroscopy (XPS), Field Emission Scanning Electron
Microscopy (FESEM), Energy Dispersive X-ray Spectrometry (EDS), X-ray Photoelectron
Spectroscopy (XPS), and Optical Profilometry (OP) techniques were utilized for the
physicochemical studies of the fabricated electrodes. Cyclic voltammetry (CV), Electrochemical
Impedance Spectroscopy (EIS), Chronoamperometry (CA) and Bulk Electrolysis (BE) techniques
were employed for the electrochemical studies, including optimization and synthesis of heterocyclic
aldehydes. The fabricated electrocatalysts demonstrated remarkable stability, higher electrocatalytic
activity, and good conductivity. The electro-oxidation reactions were carried out in a three-electrode
system via BE using 4-acetamido-2,2,6,6-tetramethylpiperidine 1-oxyl (4-ACT) mediator. The
products obtained were characterized by Proton Nuclear Magnetic Resonance (*H NMR)
spectroscopy.
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