PREFACE

The oxygen evolution reaction (OER) acts as a bottleneck for the electrochemical water
splitting because of the four-electron and four-proton transfer involving high-energy
reaction intermediates. Hence, OER is kinetically sluggish and also a thermodynamically
uphill reaction. Therefore, OER demands an extra input of energy. Recently, plenty of
transition metal-based electrocatalysts has been demonstrated for outstanding
electrochemical OER activity. Interestingly, the transition metal-based catalysts experience
steady structural reconstruction to form a metal hydroxide-(oxy)hydroxide [M(OH)»-
M(O)OH] active catalyst during OER under the effect of anodic potential in an alkaline
medium.

The transition metal-based catalyst acts as a precatalyst for electrochemical OER and
undergoes electrochemical surface reconstruction to form active M(OH)>-M(O)OH
catalysts. Interestingly, when meta-stable metal-organic frameworks (MOFs) are used
directly for electrochemical OER, they undergo bulk reconstruction to form active
M(OH)>-M(O)OH ultrathin nanosheets.

Looking at this point, we have utilized a series of self-supported CoFe-PBAs (a sub-
class of MOF) as the precatalysts to form the active catalysts Fe-Co(OH),-Co(O)OH by
electrochemical anodic activation. In this respect, this thesis evaluates the following points:
(1) electrochemical bulk reconstruction of CoFe-PBAs into active catalysts under varying
potential and time, (ii) the role of structure, coordination, and electronic properties of the
PBA precatalyst on the electrochemical reconstruction, active catalyst structure, and OER
activity, (iii) bulk reconstruction of PBA precatalyst under the applied anodic and cathodic
potential and (iv) the replacement of anodic OER by benzyl alcohol oxidation to improve
the energy efficiency and H» production efficiency at very low cell voltage. The objectives

of chapters 1-6 are given as:
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Chapter 1 describes the origin of the thesis work. In this chapter, we have explained
the basics of electrochemical water splitting and its fundamental parameters. The previous
literature reports and the lacunae in this field have also been discussed. Further, the specific
objectives of the thesis work have been presented at the end of the chapter.

Chapter 2 explains the electrochemical bulk reconstruction of self-supported CoFe-
PBA@CC into active Fe-Co(OH)2-Co(O)OH catalysts. The effect of variation of the
potentials (1.45 V, 1.55 V, 1.65 V vs RHE) and time (12 h and 24 h) on the structure,
morphology, and activity of the ultrathin Fe-Co(OH),-Co(O)OH nanosheets has been
investigated. The optimum reaction condition for the complete reconstruction and best
OER activity has been established. The improved electrochemical activity of ultrathin
nanosheets has also been demonstrated compared to the pristine PBA and hydrothermally
developed bulk CoHC and CoFe-LDH. In addition, the superiority of electrochemically
generated Fe-Co(OH)>-Co(O)OH nanosheets over the noble metal RuO; catalyst has been
described.

Chapter 3 demonstrates the effect of ligands in CoFe-PBA@CC precatalyst to
modulate the structural features, electronic properties, and electrochemical stability. The
tuning of the structural and electronic properties, as well as electrochemical reconstruction
of the PBA precatalyst, has been established by replacing the —CN group with the -NO
group in PBA. The facile electrochemical reconstruction of PC-2 (in 15 CV cycles) and
PC-1 (in 600 CV cycles) into the corresponding active catalysts have been explained. The
spectroscopic (X-ray absorption spectroscopy, X-ray photoelectron spectroscopy),
microscopic and analytical studies have been utilized to realize the variation in the local
atomic and electronic structure, Co/Fe ratio, and electronic properties of the active catalysts
AC-1 and AC-2. The outstanding electrochemical OER activity and stability have also been

investigated.
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Chapter 4 describes the design of precatalyst CoFeCo-PBA@CC and their
chronoamperometric reconstruction under applied anodic and cathodic potential. The bulk
reconstruction of CoFeCo-PBA@CC precatalyst into Fe-Co(OH),-Co(O)OH nanosheets at
anode and Fe-Co(OH); at cathode having different Fe-content has been described with the
help of spectroscopic and microscopic studies. Further, the excellent electrochemical OER,
HER, and overall water splitting activities have been established with outstanding stability.

Chapter 5 describes the designing of a self-supported precatalyst CoFe-PBA@NF and
its electrochemical bulk reconstruction into an active Fe-Co(OH)>-Co(O)OH catalyst by
cyclic voltammetry. The implementation of the active catalyst for anodic electrochemical
BA oxidation reaction replacing OER has been established in this chapter. The active
catalyst Fe-Co(OH)2-Co(O)OH has been utilized for the industrial current density BA
oxidation with ~100% selectivity and ~98.3% Faradaic efficiency. The improvement in the
hydrogen evolution efficiency and effect of applied potential on the BA oxidation, its
conversion, and selectivity have also been demonstrated.

Chapter 6 summarizes the overall work of the thesis. The utilization of self-supported
PBA precatalysts and their electrochemical bulk reconstruction under applied anodic
potential and cathodic potential have been summarized. Moreover, PBA-derived active
catalysts have also been employed for the anodic organic oxidation reaction. Further, the

future scope and perspective of the thesis work have been described.
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