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ABSTRACT

FElectrochemical reduction of carbon dioxide (CO2ER) has gained wide attention lately because of its
potential to create a closed carbon loop, offering a sustainable solution towards environmental as
well as energy crisis. Four unique electrocatalysts were rationally designed and developed to
overcome the inherent limitations of CO2ER, with particular focus on selectivity and efficiency. In
the first instance, an electrochemically prepared Cu coordinated metallopolymer was developed for
the selective production of methanol. The hence-fabricated electrode described a well-integrated
network like metal-polymer interface. Next, a Cu-coordinated aminothiazole based electrode (CAM)
was developed. The hence-prepared CAM electrode displayed excellent efficiency towards the
selective production of methanol and ethanol, marking significant achievement. Building upon the
need for long-chain hydrocarbons, the next approach involved a bimetallic system. The
electrochemically prepared catalyst displayed a prominent potential-dependent product shift from C1
to C2 products, which was beneficial in tuning the selectivity. Lastly, a multi-metallic nanocomposite
was developed for electrochemical conversion of CO2 to multi-carbon oxygenates. Several
physico-chemical investigations (SEM, TEM, IR, XRD, XPS, Optical profilometer, contact angle
measurements) were conducted to understand the true nature of the electrode’s behavior. The
electrochemical characteristics were also analyzed for the electrodes using cyclic voltammetry,
impedance and linear sweep voltammetry techniques. The liquid products after electrolysis were
identified using proton NMR spectroscopy and quantified. Overall, the work described contributes to
the fundamental understanding for developing an efficient CO2RR technology, with novelty in the
fabrication of high-performance modified electrodes.
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