
© 2025 The Author(s). Published by the Royal Society of Chemistry Mater. Adv., 2025, 6, 8207–8209 |  8207

Cite this: Mater. Adv., 2025,

6, 8207

Advances in energy generation and conversion
technologies
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We are delighted to introduce this themed
collection of Materials Advances, entitled

‘‘Advances in Energy Generation and Con-
version Technologies.’’ This curated collec-
tion highlights contemporary research
addressing global energy challenges
through innovations in materials science,
electrochemistry, nanotechnology, and
environmental engineering. As the world
seeks to transition toward more sustain-
able energy systems, the development of

new materials and conversion technologies
remains at the heart of scientific and tech-
nological progress. This themed collection
features ten high-quality research papers
that exemplify the multifaceted nature of
modern energy research. These contribu-
tions span a wide array of methodologies,
materials systems, and application areas,
from photocatalytic hydrogen production
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and electrocatalysis to flexible photovol-
taics, sodium-ion batteries, and sustainable
materials engineering. Collectively, these
papers offer new insights into overcoming
long-standing challenges, namely efficient,
scalable, and environmentally responsible
energy generation.

For instance, Srivastava et al. explore
the use of magnetic separation and catalytic
degradation strategies for the removal of
microplastics from both aquatic and terres-
trial environments. This dual-function
approach not only enhances separation
efficiency but also mitigates the long-term
environmental persistence of plastic waste
(https://doi.org/10.1039/D4MA01242A).
Kwati et al. develop a scalable tape-casting
method to fabricate durable protonic

electrolysis half-cells for hydrogen pro-
duction at moderate temperatures. Cells
with impressive volume, featuring dense
BaZr0.44Ce0.36Y0.2O3�d electrolytes and
NiO–SrZr0.5Ce0.4Y0.1O3�d fuel electrodes,
achieve stable performance with minimal
defects. This research advances cost-
effective manufacturing of efficient proton-
conducting electrolysis cells (https://doi.org/
10.1039/D5MA00028A). Another study by
Dhanka et al. investigates the electrocatalytic
performance of Ag/CeO2 nanocomposites,
where the deliberate introduction of oxy-
gen vacancies is shown to reduce overpo-
tentials significantly during both the
oxygen evolution reaction (OER) and hydro-
gen evolution reaction (HER) (https://doi.
org/10.1039/D5MA00321K). These findings

contribute to the growing field of bifunc-
tional electrocatalysts aimed at improving
the efficiency of water-splitting systems.

The work done by Dhanasekar et al.
for advancements in photovoltaics is also
featured. The work presents the low-
temperature atmospheric pressure plasma
jet (APPJ) printing of Kesterite (Cu2ZnSnS4)
on flexible substrates, representing a leap
forward in the fabrication of lightweight
and flexible heterojunction solar cells
(https://doi.org/10.1039/D5MA00207A). The
combination of low-cost materials with
adaptable processing techniques pro-
mises new pathways toward sustainable,
roll-to-roll solar-panel production.

In the realm of photocatalysis, Jaksani
et al. report a bimetallic Ni and Co system
embedded in a CuBTC metal–organic fra-
mework (MOF) that demonstrates superior
hydrogen generation under light irradia-
tion. The synergistic interaction between
the two metals and the MOF architecture
enhances charge separation and redox
kinetics, offering a scalable method for
green hydrogen production (https://doi.
org/10.1039/D4MA01243G). This collection
also includes a comprehensive study by
Yadav et al. for making a promising low-
cost cathode for Li-ion batteries using
Li0.44Mn0.89Ti0.11O2. It enhances its electro-
chemical performance by improving Li+ dif-
fusivity and rate kinetics. Structural analyses
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confirm successful Ti incorporation without
disrupting the original framework, enabling
a solid-solution redox mechanism (https://
doi.org/10.1039/D5MA00455A).

Another innovative approach by
Husaain et al. involves the modification of
rutile TiO2 using Pd cocatalysts and the
formation of Schottky junctions to direct
charge flow, thereby enhancing photocata-
lytic hydrogen production. The integration
of noble metals and heterojunction inter-
faces offers an effective strategy for tuning
surface energetics and catalytic activity
(https://doi.org/10.1039/D4MA01288G).

The field of electrocatalysis is further
enriched by Kumar et al., focusing on 2D
monolayer molybdenum(IV) telluride, a
transition metal dichalcogenide (TMD) that
exhibits high catalytic activity for the hydro-
gen evolution reaction. The monolayer
structure ensures a high surface area-to-
volume ratio and favorable electronic prop-
erties, making it a strong candidate for
future electrochemical energy devices
(https://doi.org/10.1039/D4MA00892H).

Expanding into computational
approaches, the paper by Na et al. demon-
strates how large language model (LLM)-
driven data mining techniques can be
applied to layered cathode materials for

sodium-ion batteries. This integration of
artificial intelligence with materials dis-
covery accelerates the identification of
promising electrode chemistries, offering
a paradigm shift in battery research
(https://doi.org/10.1039/D5MA00004A).

The collection concludes with a contri-
bution by Prajapat et al. that examines the
use of anthocyanin-sensitized, Cu-doped
TiO2 nanoparticles in dye-sensitized solar
cells (DSSCs). These natural dye-based sys-
tems not only reduce environmental impact
but also provide cost-effective alternatives
to traditional solar harvesting materials
(https://doi.org/10.1039/D4MA01297F).

The broader scope of this themed collec-
tion also encompasses emerging research
areas such as microbial fuel cells, carbon-
based electrocatalysts derived from waste,
and the use of sustainable, bio-derived
materials in energy systems. The scientific
community is increasingly interested in
microbial fuel cell designs that enable
simultaneous energy production and waste-
water treatment. Similarly, converting agri-
cultural residues, food waste, and vehicular
soot into functional carbon-based electro-
catalysts offers a dual benefit of waste
valorisation and sustainable energy conver-
sion. Next-generation technologies are also

critically examined, including innovations
in solid-state batteries, lithium-sulfur
and aluminum-ion batteries, hydrogen
fuel cells, as well as perovskite and tan-
dem solar cells. The integration of nano-
materials such as graphene, MXenes, and
metamaterials continues to revolutionize
the efficiency, scalability, and adaptabil-
ity of energy systems. Overall, this
themed collection is prepared to cover a
wide research audience in the area of
energy materials, including nanomater-
ials, energy generation, and conversion.

We also extend our sincere thanks to
Dr Zifei Lu, Assistant Editor at the Royal
Society of Chemistry, for her contribu-
tions in the editorial process.

Together, these contributions reflect
the dynamism, depth, and interdisciplin-
ary nature of research at the intersection
of materials science and sustainable
energy. We hope this collection inspires
future collaborations and accelerates the
development of next-generation solutions
for a cleaner, more energy-secure world.

On behalf of the Guest Editors and the
editorial board of Materials Advances, we
thank all authors, reviewers, and readers
for their dedication and support in bring-
ing out this themed collection.
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