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corresponding bond lengths (in Å) between various species are men-
tioned in respective images. . . . . . . . . . . . . . . . . . . . . . . 65

3.11 The minimum energy pathway and geometric configurations of dif-
ferent states like IS, IM, TS and FS for first half CO oxidation
reaction via ER mechanism on Co@PG. . . . . . . . . . . . . . . . 66

4.1 Graphical Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.2 Optimized geometry of 4 × 4 × 1 supercell of (a) Graphene, (b)

AlC, (c) AlN, (d) h-BN (e) BeO and (f) MgO. Yellow, blue, light
green, orange, gray, red and cream sphere represent C, Al, N, B,
Be, O and Mg atom, respectively. . . . . . . . . . . . . . . . . . . . 78

4.3 (a) differential Gibbs free energy (∆GH) of hydrogen adsorption
over Ni@2D on various sites/substrates. (b) Volcano plot between
exchange current density and ∆GH for Ni@2D. . . . . . . . . . . . 80

4.4 Generalized reaction profile of HER via VH mechanism over Ni@2D. 82
4.5 Complete energy profile of HER via (a) VH mechanism and (b) VT

mechanism over selected configurations of Ni@2D. . . . . . . . . . . 83
4.6 Generalized reaction profile of HER via VT mechanism over Ni@2D. 83

5.1 Graphical Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
5.2 Top and side view of (a) optimized geometry of AlN supercell with

representation of possible anchoring sites for SACs and (b) Top and
side view of M@AlN (M=Ni, Pd, Pt, Cu, Ag, Au) at the Al-d site.
Red, light blue and light green sphere represents Al, N and M-atom,
respectively. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

5.3 The diffusion pathway and corresponding energy profile of M-atom
from one Al-d site to nearest Al-d site. The corresponding geome-
tries for initial state (IS), transition state (TS) and final state (FS)
are represented inset. . . . . . . . . . . . . . . . . . . . . . . . . . . 94

x



List of Figures

5.4 Optimized geometry of (a) CO, (b) OH, (c) H2O, (d) CO+OH and
(e) CO+H2O adsorbed M@AlN. Orange, purple and blue sphere
represent C, O and H-atom, respectively. . . . . . . . . . . . . . . . 95

5.5 A plot of binding energy (Eb) of M@AlN and adsorption/co-adsorption
(Eads) energies of reactants over M@AlN. . . . . . . . . . . . . . . . 95

5.6 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Au@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

5.7 The complete energy profile for WGS reaction via (a) formate mech-
anism and (b) via OH-assistive mechanism over M@AlN. . . . . . . 98

5.8 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Au@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.9 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Cu@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.10 Relationship between (a) activation energy (Ea) and co-adsorption
energy of CO-OH molecule on M@AlN and (b) activation energy
(Ea) and εd, for M@AlN. . . . . . . . . . . . . . . . . . . . . . . . . 100

5.11 (a) A general energy profile for an exothermic reaction and (b) a
comparision between activation energy (Ea) and reaction energy
(ER) of WGS reaction via OH-assistive mechanism on M@AlN. . . . 102

A.1 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Ni@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

A.2 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Pd@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

A.3 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Pt@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

A.4 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Cu@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

A.5 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via formate mechanism on
Ag@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

A.6 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Ni@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

A.7 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Pd@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

xi



List of Figures

A.8 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Pt@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

A.9 The complete reaction profile and optimized geometric configura-
tions of various states for WGS reaction via OH-assistive mechanism
on Ag@AlN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

xii


