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PREFACE

The research work presented in this thesis including the literature review, research
objectives, experimental work, data analysis and interpretation, and preparation of this
dissertation, one research manuscript, one review article, two book chapters along with
four conference presentations are completed by Rashmi Chetry under the direct
supervision of Dr. Pankaj Bharali in the Department of Chemical Sciences, Tezpur
University.

The following publications and presentations are developed from the work
presented in this thesis.

A portion of Chapter 1 was published as a review article and two book chapters:

1. Chetry, R., Goswami, C., Borah, B.J. and Bharali, P. Morphology-and
size-selective Pd-Based electrocatalyst for fuel cell reactions. In
Sudarsanam, P., Yamauchi, Y., Bharali P., editors, Heterogeneous
nanocatalysis for energy and environmental sustainability, volume 1, Chap
8, pp 233-257, ISBN: 9781394183517, Wiley, 2022.

2. Chetry, R., Bhuyan, S. P., and Bharali P. Bimetallic nanoparticles & their
applications for oxygen reduction reaction (ORR) and urea oxidation
reaction (UOR). In Saikia, P., Sarmah J. K., Gogoi P. editors, Bimetals:
Formation, properties and applications, Chap 3, pp 47-79, ISBN: 979-8-
89113-496-6, Nova Science Publishers, 2024.

3. Patowary, S., Chetry, R., Goswami, C., Chutia, B. and Bharali, P. Oxygen
reduction reaction catalysed by supported nanoparticles: advancements and
challenges. ChemCatChem, 14(7): 202101472, 2022.

A version of Chapter 3 is under preparation for publication:
1. Chetry, R, Bhuyan, S. P, Dutta, R., Das, S., Das, M.R. and Bharali, P.
Increasing ORR kinetics of Pd/C via Ag and Cu integration: A robust and
promising catalyst for oxygen reduction reaction (Submitted).

A version of Chapter 4 was published as a research article and presented in two
conferences:
1. Chetry, R., Chutia, B., Patowary, S., Borah, B.J., Sudarsanam, P., Bharali,

P. Electronic modulation of Pd/C by simultaneous doping of Cu and Co



tendering a highly durable and methanol-tolerant oxygen reduction
electrocatalyst. Energy & Fuels, 37(13): 9557-9567, 2023.

Poster presentation, Pd>CoCu alloy supported on vulcan carbon as a
highly efficient electrocatalyst for oxygen reduction reaction,
“International Conference on Emerging Trends in Chemistry (ICETC)” at
Assam Donbosco University in collaboration with Department of
Chemistry, Pandu College, Guwahati, 16-17" March, 2023.

Oral presentation, Pd>CoCu/C nanoparticles as a highly efficient
electrocatalyst for oxygen reduction reaction, “National Conference on
Sustainability, Medicine and Clean Energy organized” at Tezpur
University, Tezpur, 1% March, 2022.

A version of Chapter 5 is submitted for publication and presented at a conference:

1.

Chetry, R., Dutta, R., Das, M.R. and Bharali, P. Deciphering the effect of
Fe and Cu in Pd lattice for oxygen reduction reaction (Under revision).
Poster presentation, Deciphering the effect of Fe and Cu in Pd/C lattice
for oxygen reduction reaction, “Sustainable Chemistry & Engineering
(SusChemE-2023)” at Institute of Chemical Technology, Mumbai, 14-16™
September, 2023.

Poster presentation, Deciphering the effect of Fe and Cu in Pd/C lattice
for oxygen reduction reaction, “RSC Poster: A global online poster
conference (RSC Poster-2024)”, 5-61" March, 2024.

A version of Chapter 6 is under preparation for publication:

1. Chetry, R., and Bharali, P. Engineering ultralow Pd-content on CuOx/C

for efficient oxygen reduction electrocatalysis (to be submitted).
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the electron image and (c)-(e) elemental maps for
individual Cu, O and C respectively.

(a) High and (b) low-magnification TEM images
of PACuOx/C, (c) high-resolution TEM (HRTEM)
image of PdCuOx/C and (d) the magnified
HRTEM image recorded from region marked by
squares in (c).

(@) XPS survey spectrum, high resolution XPS
spectra of (b) Pd 3d, (c) Cu 2p, (d) O 1s, (e) C 1s
and (f) correlation of binding energy change of Pd
3d of PdCuOx/C and Pd/C.

(@) CV plots of PACuOx/C in N2 and O»-saturated
0.1 M KOH solution, (b) LSV plots at various
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6.7
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rotation rate with a scan rate of 10 mVs™? in O,-
saturated 0.1 M KOH of PdCuOx/C, (c)
corresponding K—L plots at various potentials and
(d) plot of number of electron transfer vs. potential
of PdCuOx/C.

CV curves of (a) CuOx/C, (b) PdCuOx, (c) CuOx
and (d) C (graphene) in N2 and O»-saturated 0.1 M
KOH.

LSV curves of (a) CuOx/C, (b) PdCuOx, (c) CuOx
and (d) C at different rotations rate.

K-L plots at various potentials for (a) CuOx/C,
(b) PdCuOx, (c) CuOx and (d) C derived from
LSVs at 1600 rpm rotations speeds.

(@) Comparison of LSV of PdCuOx/C, CuOx/C,
PdCuOx, CuOx, and C at 1600 rpm in O-
saturated 0.1M KOH solution, (b) comparison of
half wave potential (E12) of PACuOx/C, CuOx/C,
PdCuOx, and CuOx, (c) mass-specific activity
(MA) of the as-prepared electrocatalysts at 0.80
V, (d) Tafel slope of PdCuOx/C, CuOx/C and
Pd/C.

CV measurements for determining ECSA in 0.1 M
KOH (a-d) represent CV plots of PdCuOx/C,
CuOx/C, CuOx and PdCuOx, respectively, at
different scan rates in the non-faradaic region
(insets show the corresponding slope (CoL)
obtained from respective CV data).

(@ ORR polarization LSV plots of PdCuOx/C
before and after 10000 cycles at 1600 rpm, (b)
comparison of Ei» of PdCuOx/C and CuOx/C
before and after 10000 cycles (c)
chronoamperometry (CA) plots of PdCuOx/C,
CuOx/C and Pt/C measured in an O-saturated 0.1
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M KOH electrolyte at a rotation of 1600 rpm and
(d) CA plots of a CH3OH tolerance test of
PdCuOx/C and commercial Pt/C for 3600 s.
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Schematic representation of the
Pd3AgosCuos/C.

Schematic representation of the
Pd>CuCo/C hybrid.

Schematic representation of the
synthesis PdFeCu/C.

Schematic representation of the
synthesis PdCuOx/C.
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