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Description

Moiré superlattices, formed by stacking two-dimensional materials with
a slight misalignment, have emerged as a fascinating area of research due
to their unique electronic and optical properties. These superlattices offer
promising opportunities for enhancing catalytic processes. This commentary
explores the emerging field of moiré superlattices in 2D materials, focusing
on their potential applications in catalysis. It highlights key developments,
discusses the mechanisms underlying their catalytic properties, and examines
the implications for future research and practical applications. The study
of moiré superlattices—patterns that emerge when two periodic structures
are overlaid with a slight rotational misalignment—has gained significant
attention in recent years. When applied to 2D materials such as graphene,
hexagonal boron nitride and transition metal dichalcogenides. superlattices
exhibit intriguing properties that can be exploited for various technological
applications [1].

One of the most exciting areas of application is catalysis. Catalysis,
the process of accelerating chemical reactions, is crucial in many industrial
processes, from environmental remediation to energy production. The unique
electronic and structural characteristics of moiré superlattices offer new
avenues for improving catalytic performance. This commentary provides
an overview of the role of moiré superlattices in 2D materials for catalysis,
highlighting recent advancements, underlying mechanisms, and future
directions. Moiré superlattices are formed when two 2D materials with different
lattice constants or rotational orientations are stacked. The resulting pattern,
known as the moiré pattern, is a larger periodic structure that arises from the
interference of the two lattices. The moiré pattern can significantly alter the
electronic and optical properties of the material system. For example, when
graphene is stacked on h-BN with a small twist angle, a moiré superlattice is
created. The period of the moiré pattern can range from a few nanometers
to micrometers, depending on the twist angle and lattice constants of the
materials involved. The properties of moiré superlattices are distinct from
those of their constituent 2D materials [2].

Moiré superlattices can lead to the emergence of new electronic states
and localized charge carriers. The interaction between the superlattice
periodicity and the electronic band structure can result in novel electronic
phenomena, such as flat bands and correlated electron behavior. The optical
response of moiré superlattices can differ significantly from that of the
individual materials. This includes changes in optical absorption, emission,
and scattering properties. The mechanical properties of moiré superlattices
can also be modified, including changes in stiffness and elasticity due to
the interlayer interactions. Catalysis involves the acceleration of chemical
reactions through the interaction of reactants with a catalyst surface. In
traditional catalysis, materials such as metals, oxides, and supported
nanoparticles are used to enhance reaction rates. The introduction of moiré
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superlattices into this field offers several potential advantages. The unique
structure of moiré superlattices can create additional active sites for catalytic
reactions. For example, the periodic potential landscape created by the moiré
pattern can enhance the adsorption and activation of reactants [3].

Electronic structure of moiré superlattices can be tuned to optimize
catalytic activity. By adjusting the twist angle or lattice mismatch, researchers
can modify the electronic states and energy levels involved in catalytic
processes. Moiré superlattices can provide a stable environment for catalytic
reactions, potentially improving the durability and longevity of catalysts.
Recent research has demonstrated several promising applications of moiré
superlattices in catalysis. Stacking graphene with other 2D materials such as
h-BN or TMDs has shown improved catalytic activity for various reactions. For
instance, moiré superlattices of graphene and h-BN have been investigated for
hydrogen evolution reactions, with enhanced activity compared to individual
layers have been explored for their catalytic properties. The moiré pattern can
influence the electronic structure and create new catalytic sites, enhancing
reactions like the oxygen evolution reaction and the hydrogen evolution
reaction. The optical properties of moiré superlattices can be exploited for
photocatalytic applications. For example, the enhanced light absorption
and charge separation in moiré superlattices can improve the efficiency of
photocatalytic water splitting and CO.

The electronic structure of moiré superlattices can be significantly
different from that of their constituent materials. The moiré pattern can
lead to the formation of flat bands and localized states, which can enhance
catalytic activity. Theoretical studies using density functional theory and other
computational methods have provided insights into how these electronic
modifications affect catalytic performance. Atomistic simulations help in
understanding the detailed interactions between reactants and the catalyst
surface. By simulating the moiré superlattice structure, researchers can predict
how changes in the superlattice parameters influence the catalytic properties.
These simulations offer valuable guidance for designing and optimizing new
catalytic materials. One of the key challenges in utilizing moiré superlattices
for catalysis is the precise fabrication of these structures. Achieving consistent
and controllable stacking of 2D materials with the desired twist angle and
lattice mismatch requires advanced techniques and high-quality materials [4].

Scaling up the production of moiré superlattice-based catalysts from
laboratory to industrial scale presents additional challenges. Ensuring
uniformity and reproducibility in large-scale production is crucial for practical
applications. Understanding the catalytic properties of moiré superlattices
requires comprehensive characterization techniques. Advanced microscopy,
spectroscopy, and surface analysis methods are needed to probe the
electronic, optical, and chemical properties of these materials. Integrating
moiré superlattice catalysts into existing catalytic processes and technologies
requires further research. The compatibility of these new catalysts with
established industrial processes and their performance under real-world
conditions need to be evaluated. Moiré superlattices in 2D materials offer
exciting opportunities for advancing catalysis through their unique electronic
and structural properties. Recent research highlights the potential of these
superlattices to enhance catalytic activity, stability, and efficiency for a variety
of reactions.

While challenges remain in synthesis, scalability, and characterization,
ongoing advancements in these areas promise to unlock the full potential of
moiré superlattice-based catalysts. As research progresses, the integration
of moiré superlattices into practical catalytic applications will be a key focus.
By addressing current challenges and exploring new directions, researchers
can pave the way for innovative solutions in catalysis and related fields.
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The continued exploration of moiré superlattices holds the promise of
transformative advancements in both fundamental science and industrial
technology [5].
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