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as EDX techniques are not capable of recording signals for the Li
core level.
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Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

(a, b) Bright field TEM image, (¢, d) HR-TEM with
interplanar d-spacing of (003) plane and (e, f) SAED pattern
of LCNO-10(c) and LCNO-20(s) samples, respectively.

FTIR spectra of solid-state and combustion synthesized
LCNO samples.

OER performance of LCNO (Li,Cr1—xNixO2; y<1,0<x<0.2)
synthesized by combustion and solid-state method (a, c)
Linear sweep voltammograms taken at a scan rate of 5SmV's™!
in 1 M KOH and (b, d) Overpotentials (error values £2 mV)
at a current density of 10 mA cm 2.

Kinetic analysis (a, b) Tafel slope and (¢, d) EIS recorded at
1.55 V vs. RHE of LCNOs (Li,Cr1-xNixO2; y < 1,0<x<0.2)
synthesized by combustion and solid-state method,
respectively.

Comparison of OER performance of LCNO-10(c), LCNO-
20(c), LCNO-10(s), and LCNO-20(s) with commercial RuO»,
(a) Linear sweep voltammograms recorded at 5 mV s !in 1
M KOH, (b) Overpotentials at a current density of 10 mA
cm 2, (¢) Tafel plots and (d) EIS measurement at an applied
potential of 1.5 V vs. RHE.

Cyclic voltammograms recorded at a scan rate of 5mV s ! in 1

M KOH, (a) solid-state synthesized, (b) combustion
synthesized Li,Cri—NiyO, samples with different Ni
concentrations, respectively; demonstrating the effect of Ni-
substitution on the pre-OER redox behaviour of the catalysts
and (¢) CV measurement of LCNO-10(c) using a Rotating disk
electrode (RDE) in 1 M KOH at a rotation speed of 1600 rpm.

Determination of double layer capacitance (Car) of different
LCNOs synthesized by solid-state and combustion method,
and commercial RuO». (a-g) CV measurements in a non-
faradic current region (0.9-1.0 V vs. RHE) at scan rates of 50,
100, 120, 140 and 160 mV s’'in 1 M KOH electrolyte.

(a) Plots of capacitive current density differences (Aj) vs. scan
rate (Cai slope) and (b) plot of current density (mA cm™) of
different catalysts achieved at 350 mV overpotential vs.
ECSA (cm? mg™).
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Figure 4.14.

Figure 4.15

Figure 4.16

Figure 5.1
Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Long-term stability test (a) chronoamperogram of LCNO-
10(c) at an applied potential of 1.5 V vs. RHE for 12 hrs, (b)
chronoamperogram of LCNO-20(s) at an applied potential of
1.56 V vs. RHE for 12 hrs; inset of (a, b) shows the linear
sweep voltammograms for the 1%, 100%, 500™ and 1000
cycle at a scan rate of 100 mV s .

Post OER SEM micrographs of (a) LCNO-10(c) (scale bar:
1 um with 50,000x magnification), (b) LCNO-20(s) (scale bar:
lum with 50,000x magnification), (¢, d) corresponding
elemental mapping and (e, f) EDX spectrum confirming the
presence of O, Cr, and Ni in the LCNO-10(c) and LCNO-20(s)
electrodes, respectively. Note: Li signals are absent in EDX
analysis as EDX techniques are not capable of recording
signals for the Li core level.

Post OER XRD pattern of LCNO-10(c) and LCNO-20(s)
electrodes.

XRD pattern of different solid state synthesized LCAO samples.

Rietveld refined powder XRD patterns of LCAO samples.

Schematic illustration of structural transformation in layered
Lil-xcrlfolxoz.

Core level XPS spectra of (a, b) Cr 2p, (¢) Al 2p, (d, e) Li 1s
and (f, g) O 1s.

SEM micrograph of (a) LCAO-0 (b) LCAO-25, (c) elemental
mapping of individual elements (O, Cr, and Al) present in the
LCAO-25 sample and (d) EDX spectrum of LCAO-25. Note:
Li signals are absent in EDX analysis as EDX techniques are
not capable of recording signals for the Li core level.

(a) Bright field TEM image and (b) HR-TEM with interplanar
d-spacing of (003) plane of LCAO-25; inset showing the
SAED pattern.

OER performance of LCAOs (LiiCri—xAliO2; x = 0, 0.17,
0.20, 0.25, 0.33). (a) Linear sweep voltammograms taken at a
scan rate of 5 mV s 'in 1 M KOH, (b) Overpotentials at a
current density of 10 mA c¢cm 2, (c) Tafel plots and (d) EIS
recorded at 1.5 V vs. RHE.
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Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 6.1

Determination of double layer capacitance (Cal) of different
LCAOs. (a-¢) CV measurements in a non-faradic current
region (0.9-1.0 V vs. RHE) at scan rates of 50, 100, 120, 140
and 160 mV s'in 1 M KOH electrolyte and (f) Plots of
capacitive current density differences (Aj) vs. scan rate.

Comparison of OER performance of LCAO-25 with
commercial RuO2, a-MnQO>, Bag 5S19.5Co0.8Fe02035 (BSCF),
LaNiOs as reference catalysts; the OER activity of reference
catalysts reported in this paper is comparable to the existing
literatures [37-38, 57-59]. (a) Linear sweep voltammograms
recorded at 5 mV s 'in 1 M KOH, (b) Overpotentials at a
current density of 10 mA cm 2, (¢) Tafel plots and (d) EIS
measurement at an applied potential of 1.5 V vs. RHE.

Cyclic voltammograms of LiiCri-xAliO, catalysts with
various Al contents (x =0, 0.17, 0.20, 0.25, 0.33) recorded at
a scan rate of 5 mV s~ in 1 M KOH, demonstrating the effect
of Al-substitution on the pre-OER redox behaviour of the
catalysts.

Chronoamperogram of LCAO-25 at an applied potential of
1.557 V vs. RHE for 12 hrs; inset shows the linear sweep
voltammograms for the 1, 100™, 500 and 1000™ cycle at a
scan rate of 100 mV s™! current density of 10 mA cm ™2, (c)
Tafel plots and (d) EIS measurement at an applied potential

XRD pattern of LCAO-25 before and after OER testing.

Cr 2p XPS spectra of LCAO-25(a) Before testing (pre-OER)
and (b) After testing (post-OER).

OER performance of all the best performing -catalysts
synthesized in the present study along with the benchmark
catalysts such as commercial RuO;, a-MnO>,
Bao 5Sr05Co0.8Fe0203.5 (BSCF), and LaNiO3 measured in
similar experimental condition.
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List of abbreviations

XRD- X-ray Diffraction

HR-SEM- High-Resolution Scanning Electron Microscope
HR-TEM- High-Resolution Transmission Electron Microscope
EDX or EDS- Energy Dispersive X-ray Spectroscopy
SAED- Selected Area Electron Diffration

FTIR- Fourier Transform Infrared Spectroscopy

XPS- X-ray Photoelectron Spectroscopy

ICP-MS- Inductively Coupled Plasma Mass Spectrometry
BET- (Brunauer, Emmett, and Teller) specific surface
OER- Oxygen Evolution Reaction

CV- Cyclic Voltammetry

LSV- Linear Sweep Voltammetry

EIS- Electrochemical Impedance Spectroscopy

CA- Chronoamperometry

CDL- Double Layer Capacitance

ECSA- Electrochemically active surface area

RHE- Reversible Hydrogen Electrode

LMO- Layered Lithium Transition-metal Oxides
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