Preface

The electrochemical oxygen evolution reaction (OER), an anodic half-reaction of water
electrolysis, has attained enormous attention in the field of energy conversion. However, OER is
a bottleneck for the large-scale production of hydrogen gas due to the involvement of high energy
reaction intermediate following a four-proton and four-electron transfer mechanism. Therefore,
the OER Kinetics is sluggish and it becomes a thermodynamically unfavorable reaction. OER
requires additional energy input to cross the high energy barrier. Recently, efforts have been
provided to develop transition metal-based electrocatalysts for efficient electrochemical OER.
Among different OER active materials, layered double hydroxides (LDHs) have emerged as one
of the most outstanding electrocatalysts because of the flexibility in their composition and structure
and facile fabrication techniques. In this reference, Co-LDHs have been considered to show
promising OER activity but their OER activity is constrained due to the low Gibbs free binding
energy of *O on Co-sites and their low electronic conductivity.

Recently, MOF-derived self-supported LDHs have come out as one of the most promising
groups of electrocatalysts because of their unique layered structure and potent electrocatalytic
activity. In this context, we have utilized self-supported ZIF-67 (zeolitic imidazolate framework,
a subclass of metal organic framework, MOF) as the precatalyst to form the active catalysts. ZIF-
67-derived LDHs have high surface area and tunable pore structure, which make them suitable
OER catalysts.

In addition to this, the incorporation of high-valent metals in Co-LDHs can greatly enhance
the OER performance. Simultaneously, the use of a self-supported catalyst on a conductive

substrate can enhance the electronic conductivity and strengthen the interaction between catalysts
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and support which improves the activity and stability. Therefore, in this thesis, we have explored

the self-supported and heterometal-doped Co-LDHs to attain the required OER catalytic activity.

Chapter-1 demonstrates the objectives of the thesis work looking at progress in this field. In
this chapter, we have covered the principles of electrochemical water oxidation, its significance in
the field of energy conversion and storage, and its evaluation parameters. Further, we have
discussed the previously reported MOF-derived LDHs for OER along with various shortcomings
in this field. We have discussed the advantages of using ZIF-67 as the precursor for the synthesis

of OER catalysts.

Chapter-2 demonstrates the synthesis of noble-metal free V-doped Co-LDHs (VxCo-LDH)
hollow nanocages, synthesized from ZIF-67. ZIF-67 was converted into LDH along with the
incorporation of vanadium when treated with VClz. The V doping has been found to be crucial to
enhance the OER activity of Co-LDH in the alkaline medium. The effect of changing the amount
of V on the activity of VxCo-LDH was also studied and it was observed that all VVxCo-LDH
exhibited better OER activity than Co-LDH while the activity of Vo2Co-LDH was found to best
among all the synthesized VxCo-LDHSs. Vo2Co-LDH required only 280 mV of overpotential to

produce 100 mA cm of current density with stability for 24 h.

Chapter-3 explains the Lewis acid-assisted hydroxylation of ZIF-67 to form FexCo-LDH
nanosheets via hydrothermal technique. The most appropriate reaction condition for the complete
reconstruction and optimal OER activity has been determined. The effect of variation in the

quantity of Fe(lll) on the OER activity of FexCo-LDH has been explored where it was found that
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Feo4Co-LDH exhibited the best OER activity. The enhanced electrochemical OER activity of
ultrathin nanosheets has also been compared with Co-LDH, ZnCo-LDH, and hydrothermally

synthesized Feo.4Co-HC.

In Chapter-4, we have shown electrochemical reconstruction of ZIF-67 during anodic water
oxidation resulting in the formation of FeCo-LDH-x [Fe-Co(OH)./Co(O)OH] (where x =1, 2, 3,
4, 5). The Fe(lll)-ions, present in the electrolyte solution, are introduced in the structure of the
active catalyst during the anodic reconstruction of ZIF-67. Electrochemically derived FeCo-LDH-
x demonstrates high electrochemical surface area, exposed active sites, atomic-level thickness, and
adjusted structural and electronic features to improve the OER activity. The activity of all FeCo-
LDH-x was found to be better than that of as synthesized Co-LDH-3. Among the synthesized
catalysts, FeCo-LDH-3 exhibited the best OER activity generating 50 mA cm current density at

180 mV overpotential and with the lowest Tafel slope value and charge transfer resistance.

Chapter-5 demonstrates a facile technique for the synthesis of a self-supported heterostructure
catalyst system CeO./Ce-Co-LDH (CeCo-x, where, x=1, 2, 3) using nickel foam supported ZIF-
67. The precursor was treated with various amount of Ce(NO3)3.9H.0 by hythrothermal technique.
During hydrothermal treatment, the insertion of Ce into Co-LDH resulted in 4f-2p-3d orbital
overlap along with the formation of heterojunction between CeO, and CeCo-LDH. Out of all
synthesized CeCo-x catalysts, CeCo-2 demonstrated excellent OER activity as it produces 50 mA
cm current density at a very low overpotential of 220 mV. 4f-2p-3d orbital overlap modulated
the electronic structure and the heterostructure regulated the transportation of charges during the

OER process. The 4f-2p-3d orbital overlap demonstrated the more proficient delocalization of -
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electron density over metal center via oxide bridging in comparison to 3d-2p-3d overlap. Thus,

Ce0O»/Ce-Co-LDH heterostructures exhibited excellent OER performance and stability.

In Chapter-6 we have presented a succinct overview of the scientific contributions made in
this thesis and summarized our findings, which provide valuable insights for the development of
ZIF-67 derived new efficient electrocatalysts for electrochemical energy conversion. We have also

explored the future prospects of these research endeavors.
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