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Introduction

This article surveys the latest breakthroughs in perovskite quantum
dots, highlighting their unique optical and electronic properties. It
discusses their synthesis, stability enhancements, and diverse appli-
cations in areas like solar cells, LEDs, and photodetectors, empha-
sizing their promise for next-generation optoelectronic devices[1].

This review explores the rising prominence of quantum dot-based
nanomaterials in biomedical fields. It delves into their unique opti-
cal properties, surface modification strategies, and current applica-
tions in bioimaging, drug delivery, and sensing, highlighting their
potential for advanced diagnostic and therapeutic tools[2].

This article focuses on graphene quantum dots, detailing their re-
cent applications in electrochemical and optical biosensors. It cov-
ers their synthesis, functionalization, and performance in detecting
various biological analytes, underscoring their sensitivity and selec-
tivity for point-of-care diagnostics[3].

This review explores the integration of two-dimensional materi-
als and their nanostructures into flexible and stretchable optoelec-
tronic devices. It highlights their unique mechanical and optical
properties, discussing applications in wearable sensors, displays,
and bio-integrated systems, showcasing the pathway towards next-
generation electronics[4].

This article delves into the versatile applications of carbon quantum
dots in biosensing and bioimaging. It covers their facile synthesis,
tunable luminescence, and biocompatibility, making them excellent
candidates for advanced cellular imaging, disease diagnosis, and
targeted drug delivery systems[5].

This review discusses the synergistic combination of plasmonic
nanostructures with upconversion nanoparticles. It details how
plasmon resonance enhances upconversion luminescence, lead-
ing to improved performance in biomedical applications such as
deep-tissue imaging, photothermal therapy, and photodynamic ther-

apy[6].

This article explores the role of quantum dots as fluorescent
nanoprobes in biological imaging and sensing. It discusses their

superior photostability, tunable emission, and high quantum yield,
making them ideal for multiplexed assays, deep-tissue imaging, and
real-time cellular monitoring[7].

This review summarizes recent developments in plasmonic nanos-
tructures designed to boost light-matter interactions. It covers vari-
ous configurations and materials, elucidating their mechanisms for
enhancing absorption, emission, and scattering, with implications
for sensors, solar energy, and advanced photonic devices[8].

This review highlights significant progress in two-dimensional
nanomaterials and their heterostructures for optoelectronic applica-
tions. It discusses the unique electronic band structures and light-
matter interactions in these materials, paving the way for high-
performance photodetectors, LEDs, and solar cells[9].

This comprehensive review outlines recent strides in dielectric
nanophotonics, focusing on engineering light-matter interactions
at the nanoscale without relying on plasmonic effects. It covers
novel designs, fabrication techniques, and applications in waveg-
uides, sensing, and quantum optics, emphasizing their role in future
optical technologies[10].

Conclusion

The landscape of advanced materials is rapidly evolving, with sig-
nificant breakthroughs in quantum dots, two-dimensional materi-
als, plasmonic nanostructures, and dielectric nanophotonics. Per-
ovskite quantum dots are proving critical for next-generation opto-
electronic devices, including solar cells, LEDs, and photodetectors,
owing to their exceptional optical and electronic properties and en-
hanced stability. Similarly, quantum dot-based nanomaterials are
gaining prominence in biomedical fields, offering unique optical at-
tributes for bioimaging, drug delivery, and sensing, paving the way
for advanced diagnostic and therapeutic tools.

Graphene quantum dots are making strides in electrochemical and
optical biosensors, demonstrating high sensitivity and selectivity for
point-of-care diagnostics through their specific synthesis and func-
tionalization. Carbon quantum dots also contribute significantly to
biosensing and bioimaging, valued for their facile synthesis, tunable
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luminescence, and biocompatibility, which are essential for cellu-
lar imaging and targeted drug delivery. Beyond individual quan-
tum dots, the broader application of quantum dots as fluorescent
nanoprobes highlights their superior photostability and high quan-
tum yield, making them ideal for multiplexed assays and real-time
cellular monitoring.

Concurrently, two-dimensional materials and their nanostructures
are being integrated into flexible and stretchable optoelectronic de-
vices, with their distinct mechanical and optical properties enabling
innovations in wearable sensors, displays, and bio-integrated sys-
tems. The synergistic combination of plasmonic nanostructures
with upconversion nanoparticles is enhancing luminescence for
biomedical applications like deep-tissue imaging and photothermal
therapy. Broader progress in plasmonic nanostructures is boosting
light-matter interactions, impacting sensors, solar energy, and ad-
vanced photonics. Finally, advancements in dielectric nanophoton-
ics are engineering light-matter interactions at the nanoscale with-
out plasmonic effects, opening avenues for waveguides, advanced
sensing, and quantum optics.
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