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Introduction

The urgent global demand for clean water necessitates continuous innovation in
purification and desalination technologies. Recent advancements in chemical
strategies are at the forefront of addressing these challenges, offering more ef-
ficient and sustainable solutions.

Advanced chemical methods for water purification and desalination are crucial for
ensuring water resource sustainability and accessibility, particularly with the de-
velopment of novel materials and processes that target specific contaminants [1].

Membrane-based desalination is being significantly enhanced through the integra-
tion of chemical treatments. Surface functionalization of membranes with specific
chemical agents plays a vital role in reducing fouling and improving water flux,
while reactive membranes offer simultaneous pollutant removal capabilities [2].

Electrochemical advanced oxidation processes (EO) coupled with novel electrode
materials represent a powerful approach for water and wastewater treatment.
These methods demonstrate high efficiency in removing recalcitrant organic com-
pounds and pathogens, with notable energy efficiency and scalability for decen-
tralized applications [3].

The design and synthesis of porous adsorbent materials, such as covalent organic
frameworks (COFs), are proving exceptionally effective for removing heavy metal
ions from contaminated water. Their tunable pore structures and functional groups
enable high adsorption capacities and selectivity [4].

Photocatalytic water treatment has seen considerable progress with the develop-
ment of efficient photocatalysts like modified titanium dioxide and composite nano-
materials. Advancements in visible-light-driven photocatalysis and strategies for
enhancing catalyst stability are key areas of focus [5].

Ionic liquid-based extraction presents a promising chemical separation technique
for desalination, offering high affinity and selectivity for salt ions. This method
holds the potential for reduced energy consumption and environmental impact
compared to conventional desalination processes [6].

Ion-imprinted polymers (IIPs) are emerging as effective tools for the selective re-
moval of specific contaminants like fluoride and arsenic from drinking water. Their
ability to create highly selective binding sites ensures low residual contaminant
concentrations through targeted chemical purification [7].

Chemical precipitation methods are being refined for efficient contaminant re-
moval, such as the use of specially designed coagulants for phosphate removal
from wastewater. Optimization of conditions and potential for resource recovery
from sludge are important considerations [8].

Hybrid materials that combine adsorption and catalytic degradation offer a compre-
hensive approach to water purification. These materials, often magnetic nanopar-
ticles functionalized with metal oxides, can simultaneously remove heavy metals
and catalyze the breakdown of organic pollutants, with easy separation and reuse
due to their magnetic properties [9].

Bio-inspired and biomimetic materials are drawing significant attention for water
purification. These materials mimic natural processes for selective ion transport
and pollutant capture, offering sustainable chemical approaches to address global
water challenges through inspired membranes and adsorbents [10].

Description

The field of water purification and desalination is rapidly evolving, with chemical
strategies playing a pivotal role in developing advanced solutions. Novel materials
and processes are being engineered to address the complexities of water contam-
ination and scarcity.

Recent advancements in chemical methods for water purification and desalina-
tion focus on developing novel materials and processes to significantly improve
water resource sustainability and accessibility, particularly through selective ion
adsorption and the degradation of persistent organic pollutants [1].

Membrane-based desalination technologies are being significantly enhanced by
chemical treatments. The integration of chemically functionalized membranes im-
proves performance and longevity by reducing fouling and increasing water flux,
with reactive membranes offering the added benefit of simultaneous pollutant re-
moval [2].

Electrochemical advanced oxidation processes (EO) are gaining prominence for
water and wastewater treatment due to their high efficiency in removing challeng-
ing organic compounds and pathogens. The development of novel electrode ma-
terials and the inherent energy efficiency and scalability of these methods are par-
ticularly advantageous for decentralized water treatment systems [3].

Porous adsorbent materials, notably covalent organic frameworks (COFs), are be-
ing synthesized and designed for the highly efficient removal of heavy metal ions
from aqueous solutions. The tunable nature of their pore structures and functional
groups allows for exceptional adsorption capacities and selectivity, marking a sig-
nificant advancement in chemical remediation techniques [4].

Photocatalytic water treatment is an active area of research, with a focus on the
synthesis of efficient photocatalysts, including modified titanium dioxide and com-
posite nanomaterials, for degrading organic pollutants and disinfecting water. Key
advancements include visible-light-driven photocatalysis and strategies to improve
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catalyst stability and reusability [5].

Ionic liquids are being explored as a sustainable chemical separation technique
for desalination, offering high affinity and selectivity for salt ions. This approach
promises reduced energy consumption and a lower environmental footprint com-
pared to conventional desalination methods, making it an attractive option for salt
removal [6].

Ion-imprinted polymers (IIPs) represent a targeted chemical purification method
for the selective removal of specific contaminants, such as fluoride and arsenic,
from drinking water. The synthesis of these polymers with highly selective binding
sites within the polymer matrix is crucial for achieving low residual contaminant
concentrations [7].

Chemical precipitation methods are being developed for the efficient removal of
specific pollutants from wastewater. The use of novel coagulants designed to form
highly insoluble precipitates with target ions, alongside optimization of process
conditions, is key to achieving high removal efficiencies and exploring possibili-
ties for resource recovery [8].

Hybrid materials are being designed to integrate multiple purification mechanisms,
such as adsorption and catalytic degradation, for comprehensive water treatment.
These materials, often magnetic nanoparticles functionalized with metal oxides,
can effectively remove heavy metals and subsequently catalyze the breakdown of
organic pollutants, with their magnetic properties facilitating easy separation and
reuse [9].

Bio-inspired and biomimetic materials are being investigated for advanced water
purification, drawing inspiration from natural processes. The development of ma-
terials that mimic natural systems for selective ion transport and pollutant capture
offers a promising pathway toward sustainable chemical approaches for address-
ing global water challenges, particularly through inspired membranes and adsor-
bents [10].

Conclusion

This collection of research highlights recent advancements in chemical water pu-
rification and desalination. Studies explore novel materials like metal-organic
frameworks (MOFs) and covalent organic frameworks (COFs) for selective ion ad-
sorption and heavy metal removal. Advanced oxidation processes (AOPs), both
chemical and electrochemical, are discussed for degrading persistent organic pol-
lutants and pathogens. Membrane technologies are enhanced through chemical
functionalization, while photocatalysis and ion-imprinted polymers offer additional
avenues for pollutant removal. Ionic liquids and bio-inspired materials are pre-
sented as sustainable alternatives for desalination and broad purification applica-
tions. The research emphasizes efficiency, selectivity, sustainability, and scala-
bility in addressing global water challenges.
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