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ABSTRACT

The accelerating advancement of modern technologies underscores an urgent need 
for the design and development of next-​generation materials that exhibit multi-
functionality, property tunability, and superior performance across a spectrum 
of applications. This chapter investigates into the state-​of-​the-​art progress in four 
essential material systems such as transition metal chalcogenides (TMCs), bimetallic 
chalcogenides (BMCs), perovskites, and nanocomposites, which have emerged as 
frontrunners in the realms of optoelectronics and thermoelectrics. Transition metal 
chalcogenides, offer a versatile platform for applications ranging from photodetection 
and photovoltaics to thermoelectric energy conversion. The integration of bimetallic 
species within chalcogenide matrices introduces synergistic enhancements. The 
incorporation of these materials into nanocomposite architectures further enables 
tailored interfacial engineering

INTRODUCTION

The search for multipurpose and energy-​efficient materials has accelerated in 
recent decades due to the rapid advancement of modern electronic, optoelectronic, 
and thermoelectric technology (Bal & Rani, 2025; Nallusamy et al., 2025; Sun et 
al., 2025; Kannan K. & Tari V. 2025). Extensive research efforts have been sparked 
by this increasing demand to design and engineer improved functional materials 
that can seamlessly integrate energy generation, conversion, and storage. Because 
of their remarkable physical, chemical, electrical, and thermal properties, Transition 
Metal Chalcogenides (TMCs), Bimetallic Chalcogenides (BMCs), Perovskites, and 
Nanocomposites have become especially interesting candidates among the many 
material systems being investigated (Choubey & Yadav, 2024; Jana et al., 2025; 
Njema & Kibet, 2025).

The typical formula for transition metal chalcogenides is MX2, where M stands 
for a transition metal and X for a chalcogen, such as tellurium, sulfur, or selenium. 
These compounds are distinguished by their high carrier mobilities, tunable bandgaps, 
strong light–matter interactions, and adaptable layered architectures (Panigrahy et 
al., 2024). They are perfect for next-​generation thermoelectric and optoelectronic 
applications because of these features. In comparison to their monometallic coun-
terparts, bimetallic chalcogenides, which combine two different metal species, 
produce higher electrical conductivity, catalytic activity, and structural robustness, 
further improving functional performance through synergistic effects (Giuffredi et 
al., 2021). Perovskite materials have transformed the fields of photovoltaics and 
photodetectors, especially halide perovskites with the general formula ABX3. Due 



 

 

32 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/transition-metal-chalcogenides-bimetallic-

chalcogenides-perovskites-and-nanocomposites/394118

Related Content

A Deep Learning Framework for Modeling Temporal Dependencies and

Hierarchies in Hourly Electricity Demand Load
Claris Shoko, Ntebogang Dinah Morokeand Katleho Makatjane (2024). Machine

Learning and Computer Vision for Renewable Energy (pp. 42-65).

www.irma-international.org/chapter/a-deep-learning-framework-for-modeling-temporal-

dependencies-and-hierarchies-in-hourly-electricity-demand-load/346055

Multi-Input Single-Output State Space for Hybrid Power System Approach

Using PEMFC: Fuel Cell and Applications
Slama Sami, Sihem Nasri, Bassam Zafarand Adnane Cherif (2017). International

Journal of Energy Optimization and Engineering (pp. 35-50).

www.irma-international.org/article/multi-input-single-output-state-space-for-hybrid-power-

system-approach-using-pemfc/186988

Design of Adsorptive Heat Storage Devices
 (2021). Technology Development for Adsorptive Heat Energy Converters: Emerging

Research and Opportunities  (pp. 89-123).

www.irma-international.org/chapter/design-of-adsorptive-heat-storage-devices/263736

Experimental Analysis of Phase Change Materials Supported With Hemp-

Stem-Derived Biochar for Enhanced Solar-Thermal Energy Conversion and

Storage
Prasanth Ponnusamy, S. Seenivasan, G. Ravivarman, K. Sathiyasekarand

Ramasamy Girimurugan (2024). Engineering Materials for Efficient Energy Storage

and Conversion (pp. 177-194).

www.irma-international.org/chapter/experimental-analysis-of-phase-change-materials-

supported-with-hemp-stem-derived-biochar-for-enhanced-solar-thermal-energy-conversion-and-

storage/355330

http://www.igi-global.com/chapter/transition-metal-chalcogenides-bimetallic-chalcogenides-perovskites-and-nanocomposites/394118
http://www.igi-global.com/chapter/transition-metal-chalcogenides-bimetallic-chalcogenides-perovskites-and-nanocomposites/394118
http://www.igi-global.com/chapter/transition-metal-chalcogenides-bimetallic-chalcogenides-perovskites-and-nanocomposites/394118
http://www.irma-international.org/chapter/a-deep-learning-framework-for-modeling-temporal-dependencies-and-hierarchies-in-hourly-electricity-demand-load/346055
http://www.irma-international.org/chapter/a-deep-learning-framework-for-modeling-temporal-dependencies-and-hierarchies-in-hourly-electricity-demand-load/346055
http://www.irma-international.org/article/multi-input-single-output-state-space-for-hybrid-power-system-approach-using-pemfc/186988
http://www.irma-international.org/article/multi-input-single-output-state-space-for-hybrid-power-system-approach-using-pemfc/186988
http://www.irma-international.org/chapter/design-of-adsorptive-heat-storage-devices/263736
http://www.irma-international.org/chapter/experimental-analysis-of-phase-change-materials-supported-with-hemp-stem-derived-biochar-for-enhanced-solar-thermal-energy-conversion-and-storage/355330
http://www.irma-international.org/chapter/experimental-analysis-of-phase-change-materials-supported-with-hemp-stem-derived-biochar-for-enhanced-solar-thermal-energy-conversion-and-storage/355330
http://www.irma-international.org/chapter/experimental-analysis-of-phase-change-materials-supported-with-hemp-stem-derived-biochar-for-enhanced-solar-thermal-energy-conversion-and-storage/355330


Combined Cycle for Power Generation and Refrigeration Using Low

Temperature Heat Sources
Vijay Chauhan, P. Anil Kishanand Sateesh Gedupudi (2014). International Journal of

Energy Optimization and Engineering (pp. 34-56).

www.irma-international.org/article/combined-cycle-for-power-generation-and-refrigeration-using-

low-temperature-heat-sources/118204

http://www.irma-international.org/article/combined-cycle-for-power-generation-and-refrigeration-using-low-temperature-heat-sources/118204
http://www.irma-international.org/article/combined-cycle-for-power-generation-and-refrigeration-using-low-temperature-heat-sources/118204

