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ABSTRACT

In the face of escalating environmental pollution, particularly from antibiotics and heavy metal ions, there is an urgent need
for innovative remediation strategies. This article explores the potential of cyclodextrin-modified hectorite nanomaterials
as effective adsorbents for the removal of antibiotics and metal ions from aqueous environments. Leveraging the unique
structural properties of cyclodextrins and hectorite, these nanomaterials demonstrate remarkable adsorption capabilities
through synergistic interactions. The adsorption mechanisms involve host-guest interactions within cyclodextrin cavities
and cation exchange processes with the hectorite lattice. By selectively sequestering antibiotics and metal ions, cyclodextrin-
modified hectorite nanomaterials offer promising solutions to mitigate environmental contamination and safeguard water
quality. This review discusses the synthesis, properties, adsorption mechanisms, and environmental applications of these
advanced nanomaterials, highlighting their potential in addressing contemporary challenges in environmental remediation.
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INTRODUCTION

In the quest for sustainable solutions to environmental pollution,
researchers are increasingly turning to nanotechnology for
innovative remediation approaches. One promising avenue involves
the utilization of cyclodextrin-modified hectorite nanomaterials,
which demonstrate remarkable efficacy in adsorbing both
antibiotics and metal ions from various aqueous environments.
This article explores the synthesis, properties, and applications
of these advanced nanomaterials in addressing contemporary
challenges posed by antibiotic and heavy metal contamination.
Among the myriad of nanomaterials, cyclodextrin-modified
hectorite nanomaterials have garnered considerable attention for
their exceptional adsorption capabilities towards both antibiotics
and metal ions [1, 2]. Cyclodextrins, cyclic oligosaccharides with
hydrophobic interiors and hydrophilic exteriors, are chemically
grafted onto the surface of hectorite, a naturally occurring clay
mineral renowned for its high surface area and cation exchange
capacity. This synergistic combination results in nanomaterials
with enhanced adsorption efficiency and selectivity, making them
promising candidates for environmental remediation applications

(3, 4.

Synthesis and structure

Cyclodextrins, cyclic oligosaccharides composed of glucopyranose
units, possess a unique molecular architecture characterized by
a hydrophobic interior and a hydrophilic exterior. Leveraging
this structure, researchers graft cyclodextrins onto the surface
of hectorite, a naturally occurring clay mineral renowned for its
high surface area and cation exchange capacity [5]. The resulting
cyclodextrin-modified hectorite nanomaterials exhibit enhanced
adsorption capabilities due to synergistic interactions between the
cyclodextrin cavities and target contaminants.

Adsorption mechanisms

The adsorption process of antibiotics and metal ions onto
cyclodextrin-modified hectorite nanomaterials is governed by
several mechanisms. For antibiotics, the hydrophobic interior of
cyclodextrin cavities accommodates nonpolar antibiotic molecules
via host-guest interactions, while the hydrophilic exterior facilitates
interactions with water molecules (6, 7]. Metal ions, on the other
hand, undergo cation exchange with the hectorite lattice, aided by
the electrostatic attraction between negatively charged clay surfaces
and positively charged metal species. Additionally, the presence of
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cyclodextrin moieties introduces additional binding sites for both
antibiotics and metal ions, further enhancing adsorption efficiency.

Antibiotics adsorption

The rise of antibiotic resistance poses a significant threat to
public health and ecosystems worldwide. Agricultural runoff,
pharmaceutical manufacturing effluents, and improper disposal
of unused medications contribute to the contamination of
water bodies with antibiotics. Cyclodextrin-modified hectorite
nanomaterials offer a promising solution by effectively removing
antibiotics from aqueous solutions through adsorption [8]. By
selectively sequestering antibiotics, these nanomaterials mitigate
the spread of antibiotic resistance genes and protect aquatic
organisms from the adverse effects of antibiotic exposure.

Metal ions adsorption

Heavy metal pollution poses serious environmental and human
health risks due to their persistence and bioaccumulative nature.
Industrial activities, mining operations, and urban runoff are
primary sources of heavy metal contamination in water resources.
Cyclodextrin-modified hectorite nanomaterials excel in adsorbing
various metal ions, including lead, cadmium, copper, and zinc,
through cation exchange and surface complexation mechanisms.
The high surface area and tunable surface chemistry of these
nanomaterials enable efficient removal of metal ions, thereby
safeguarding water quality and ecosystem health [9, 10].

Environmental applications

Theversatilenatureofcyclodextrin-modified hectoritenanomaterials
renders them valuable tools for diverse environmental remediation
applications. These nanomaterials can be employed in wastewater
treatment plants, industrial effluent treatment systems, and point-
of-use water purification devices to remove antibiotics and metal
ions from contaminated water sources. Furthermore, their use in
hybrid adsorbent membranes and composite materials enhances
their applicability in decentralized water treatment technologies
and remediation strategies tailored to specific pollution scenarios.

CONCLUSION

Cyclodextrin-modified hectorite nanomaterials represent a
promising class of adsorbents for the removal of antibiotics and
metal ions from aqueous environments. Their unique structural
coupled with between

cyclodextrin and hectorite components, endow these nanomaterials

properties, synergistic interactions
with exceptional adsorption capabilities. By harnessing the
potential of nanotechnology, researchers and environmental
practitioners can mitigate the adverse impacts of antibiotic and
heavy metal pollution, paving the way towards a cleaner and

healthier planet. The unique properties of cyclodextrin-modified
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hectorite nanomaterials, including their high surface area, tunable
surface chemistry, and selectivity towards specific pollutants,
render them valuable tools for addressing contemporary challenges
in environmental remediation. Their potential applications span
across wastewater treatment, industrial effluent remediation, and
point-of-use water purification, offering sustainable solutions to
mitigate the adverse impacts of pollution on ecosystem health
and human well-being. Despite their considerable advantages, it is
essential to acknowledge the limitations and challenges associated
with cyclodextrin-modified hectorite nanomaterials, including
scalability, cost-effectiveness, and long-term environmental impact.
Further research efforts are warranted to optimize synthesis
methods, enhance adsorption efficiency, and evaluate the feasibility
of large-scale deployment in real-world environmental remediation
scenarios.
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