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Introduction

Molybdenum trioxide (MoOQ,) is a vital compound applied to produce electrochromic windows. Dynamic
control of the amount of light transmitted through windows can be achieved, leading to drastic building
energy efficiency improvements.The editorial has highlighted the ability of MoO, to switch between a
transparent and an opaque state upon application of an electric field to create energy-efficient glazing
systems that exclude lighting.. MoO, finds application in self-regulating window glass coatings for energy-
efficient buildings that control heat and light transfer. Photochromic Sensors include MoO, compounds
incorporated into electrochromic devices (ECDs) and e-paper for the color display, which can be controlled.
MoO,-based coatings are being researched for wearable displays, bright windows, and adaptive camouflage.
This photo-induced charge separation enhances the efficiency of the photocatalytic water splitting and
photo-rechargeable batteries Researchers have been able to predict material properties using powerful ML
algorithms together with high-throughput experimental and computational approaches, and identify promising
candidates for specific applications. These editorial addresses molybdenum oxide and compounds and their
remarkable electrical and optical properties. This editorial delves into these substances' unique properties,
which are poised to transform different technological areas, ranging from electronics to photonics. With
their varied crystal structure and morphologies, as evidenced by the breakthrough of molybdenum-based
nanowires that are highly surface sensitive, to the recent development of molybdenum oxides photonic
crystals that manage the propagation of light, these compounds have all proven and consistently shown
themselves to be highly versatile and promising in a multitude of fields.

Oxygen vacancies in MoO, result in the formation of sub-stoichiometric phases (MoOx), creating additional
states within the bandgap. This leads to n-type conductivity due to extra electrons supplied by reduced
Mo** states, as shown by equation 1:
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Ev= Edefective_Eperfect+po (1)
Where:
. E jreatve = total energy of defective MoOx
. E ... = total energy of stoichiometric MoO
perfect 3
. p = chemical potential of oxygen

MoO, is the dopant employed in resistive switching layers that comprises enhanced memory retention and
reduced power consumption. MoO, is used within the next generation of nonatile memory devices such
as ReRAM.

Advanced Characterization Techniques

The most promising potential in molybdenum oxides and their hybrids can only be extracted from their full
implications if their behavior is understood exactly under real operation conditions. In situ and operando
analysis, along with machine learning-driven material discovery, represent this cutting edge.

In Situ and Operando Analysis

Molybdenum oxides are usually studied by applying in situ and operando techniques in a real-time manner
to the functioning device. This method can give better insight into its actual dynamic behavior under working
conditions. Phase transitions, electrochemical reactions, and changes to structure occurring during device
operation are important s that deserve a clear understanding through appropriate methods . In Situ TEM.
Atomic-scale changes observed in molybdenum oxides during chemical reactions, for instance, catalysis,
or during battery cycling give information regarding defects, phase eution, or dopant migration within the
material, directly influencing the properties of the material.

Operando X-Ray Absorption Spectroscopy (XAS)

XAS can be applied for tracking the changes in the oxidation state and local electronic structure of
molybdenum oxides during their electrochemical reactions. For instance, operando XAS may be useful in
investigating how the presence of sulfur or oxygen vacancies in the film controls the catalytic performance of
molybdenum oxides in HER and ORR. Techniques - Raman Spectroscopy and UV-Vis Spectroscopy: These
spectroscopic techniques can monitor, in situ, optical changes occurring in molybdenum oxide materials
during reactions. An additional possible technique is UV-Vis diffuse reflectance spectroscopy, which has
been applied to study the light absorption properties of the hybrid molybdenum oxide structures during
photocatalysis; Raman spectroscopy could provide insights into bond vibrations and structural integrity.

EIS
EIS measurements can be conducted in situ to probe charging-transfer and ion-transport mechanisms
within molybdenum oxide-based battery or supercapacitor materials .

Machine Learning in Material Discovery

This is particularly promising since ML has become a powerful tool to accelerate the discovery of and
optimization of molybdenum-oxide-based materials. Researchers have been able to predict material
properties using powerful ML algorithms together with high-throughput experimental and computational
approaches, and identify promising candidates for specific applications. High-Throughput Screening: It is
possible to apply ML algorithms for high-throughput screening of a large number of molybdenum oxide
compositions and doping strategies. Such an approach has the potential to identify optimal properties in a
specific application. Training machine learning models on experimental datasets yields a prediction of material
properties, such as conductivity, bandgap, and catalytic activity. Subsequently, the models can be used
as guides for synthesizing novel molybdenum oxides with tailored functionalities. For instance, by training
machine learning models, one could design hybrids that consist of molybdenum oxide with special optical
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properties for photodetector or solar cell applications. The researchers can get a better understanding of the
relationship between structure and composition with the combination of machine learning and experimental
in situ and operando data, and know material relationships better and accelerate material discovery.
Thanks to this data-driven approach, rapid iteration and optimization are enabled; thus, the discovery of
new molybdenum oxide-based materials with improved performance in catalysis, sensing, energy storage,
and other applications is more efficient. Hybrid structure and molecular doping techniques can improve the
multifunctional properties of molybdenum oxide-based materials and expand their applications. Advanced
characterization, in situ and operando methods, in particular, can uncover useful information about the
dynamic behavior of such materials

Two instances are molybdenum oxide-polymer composites for flexible electronics and perovskites based
on molybdenum oxide for solar cells. Molybdenum oxide compounds are appealing candidates for
quantum computing due to their unique electrical characteristics. Controllable electron spin states in these
materials can be used to realize quantum bits (qubits). Researchers are investigating the feasibility of using
molybdenum oxide-based qubits to create quantum information processing systems.? The use of first-
principles density functional theory (DFT) calculations to calculate the range of variable electronic properties,
such as the electronic band gap, that can be tuned by combining two dissimilar nanostructures consisting
of atomically thin nanostructured MoS, clusters with tiny silver and gold nanoparticles (Ag/Au NPs). The
figure shows that the electrical band gap of the nanostructured MoS, cluster may be changed within the
ranges of 2.48 to 1.58 and 1.61 eV by creating heterostructures with silver and gold metal nanoclusters,
respectively. This spectrum of band gap values makes it suitable for various applications, ranging from
flexible nanoelectronics to nanophotonics.

Conclusion

Molybdenum and oxides have been known to be applied in a myriad of uses in materials science and
electronics. This editorial investigates the diversity of molybdenum oxides, exemplifying their multifarious use
in emerging technology. Molybdenum oxides can potentially be used to enhance plasmonic devices, such
as those that take advantage of the resonant vibration of free electrons with light. loT-enabled plasmonic
sensors rely on the detection of local refractive index changes and would therefore be extremely sensitive to
biological or chemical changes in their local environment. Molybdenum oxide is mentioned as an extraordinary
semiconductor with tunable bandgap properties, emphasizing its potential for higher phototaics and flexible
electronics. Moreover, this editorial article explores molybdenum dioxide compounds and their peculiar nature
of displaying metal-insulator transitions, enabling them to be applied in high-performance transistors and
sensor devices. Owing to their structure- and property-tunable electronic properties, molybdenum compounds
have become multifunctional materials for catalysis, energy storage, and electronics. Recently, developments
in synthesis and computational modeling have made it feasible to synthesize Mo-based materials with
improved stability, reactivity, and multifunctionality and to open untapped green technology prospects. The
green synthesis processes of molybdenum compounds and their applications in electrochromic devices
are also emphasized. This editorial article presents the recent progress, challenges, and opportunities of
molybdenum oxide compounds, focusing on the synergy of molybdenum and its oxides with other materials,
including graphene and perovskites, for pioneering innovations in electronics, energy storage, and photonics.
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