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Preface

Preface

Selectivity in the sensing process has been a fundamental requirement, and its lack has
hampered the practical implementation and subsequent commercialization of numerous
chemical sensors. Chemical sensors are devices that consist of a chemically selective layer that
is either closely related to or integrated within a physico-chemical transducer. They have
received a lot of attention because they provide an inexpensive, portable, and simple to use
analytical tool for identifying and quantifying specific analytes in the fields of food technology,
medical engineering, environmental engineering, and pollution monitoring. The extensive use
of nanoscale material "Prussian blue nanoparticles (PBNP)" in sensing, catalysis, removal, and
electrochromic device development is reasonable due to the distinct physical and chemical
properties they possess, which has led to an increase in its synthesis protocols. Fabricating
these chemical sensors with high catalytic efficiency, selectivity, and sensitivity is one of the
present research's primary problems. For the synthesis of Prussian blue (PB), several methods,
including chemical and electrochemical processes, are available and frequently address
specific restrictions; (i) PBN obtained through chemical synthesis frequently involves
instantaneous nucleation and results in the formation of unstable, agglomerated, and large-
sized nanoparticles; (ii) PBN made using electrochemical techniques has the drawback of being
large-scale producible while having a narrow range of applications; (iii) PBN made using
conventional methods limits the dispersibility of these nanomaterials in different solvents; and
(iv) PBN made using electrochemical techniques has the (iv) Retaining the PBN's catalytic
capability while changing the homogeneous nano-suspension of PBN into a stable

heterogeneous nano matrix over solid support. The synthesis of PB frequently fell into
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difficulties related to their practical functionality, which led to a methodical search for the
control synthetic methodology and its application to solve the issues. As a result, a technique
must be developed that can produce stable, less-agglomerated colloidal dispersions of PBNP
that have enhanced catalytic properties and intrinsic characteristics, as well as the ability to
transform homogeneous nano-suspension into a heterogeneous system that aims for a similar
catalytic efficiency. The use of catalytic materials as chemically sensitive layers has
accelerated the development of chemical sensor technology, and the role of nanomaterials in
this development has received considerable attention. Metal nanotubes, nanocomposites,
nanorods, nanostructured polymers, nanoparticles, nanowires, and different allotropes of
carbons such as carbon nanotubes, graphene, and others have been shown to improve catalytic
efficiency and selectivity during the sensing process. Because they have a higher surface-to-
volume ratio than bulk materials, nanoparticles are advantageous and have received particular

attention in the field of chemical sensing as a biocatalyst substitute.

Peroxidase enzyme, which is employed in many bioassay Kits in healthcare, is one of the
potentially studied biocatalysts. The sensitivity of peroxidase activity to environmental
conditions drew global scientists' attention to its replacement, and the role of Prussian blue, an
artificial peroxidase, has received interest and directed for precise investigations on transition
metal hexacyanoferrate. Transition metal hexacyanoferrates are a type of exceptionally stable
coordination compound that has been applied in fields such as display technology, solid-state
batteries, hydrogen storage, cesium remediation, and sensor fabrication. Prussian blue is the
most studied transition metal hexacyanoferrate. It is an inorganic crystalline material that has

been employed in numerous analytical applications and extensively researched due to its
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electrochemical, magnetic, photophysical, and electrochromic properties. However, because
of the non-processability of such crystalline material in different solvents, many potential uses,
particularly as a replacement for peroxidase, are constrained. Accordingly, one of the criteria
that makes up the focus of the current research programme is the discovery of how to
synthesize processable Prussian blue nanoparticles used for sensing and removal of hazardous

materials.

The present study describes the synthesis of Prussian blue nanoparticles from a single precursor
potassium ferricyanide in the presence of organic reducing agents such as polyethylenimine
(PEI), tetrahydrofuran-hydroperoxide (THF-H202), and 2-(3,4-epoxycyclohexyl)-
ethyltrimethoxysilane and cyclohexanone. Besides, these protocols have been attempted with
variations in PEI, THF-H20,, and EETMS content to switch the nano-dimensions and in turn,
to its catalytic performance. PEI, THF-H202, and EETMS stabilize the nanoparticles via a
resultant hydrophobic reaction product and enhance the dispersibility in various solvents
(water, methanol, acetone, tetrahydrofuran, dimethyl sulfoxide, etc.). The process was
extensively explored for the heterogeneous modulation, as THF-H20 correspondingly allows
the successful incorporation of homogeneous nanodispersion over and within the designated
suspension matrix; mesoporous silica nanoparticles (MSNP) i.e., silica (SiO-) via retaining its

catalytic ability.

This work has been organized into three chapters with Summary and Future Projection where
the influential role of PEI, THF-H20,, and EETMS has been investigated and discussed from
different perspectives in an elementary means. Chapter (I) ‘General Introduction' incorporates

with reviews of the present status of the subject, included with the outcome of earlier studies
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performed on the PB and its analogues, and validate the reason for embarking upon the current
study, along with a precise interpretation of the origin, objectives, and work design to the
corresponding research program. Chapter (11) includes the synthetic strategy of three different
types of PBNPs by using PEI with HCL, THF-H20 and EETTMS with cyclohexanone and
their characterization by using different instruments. Synthesis of heterogenous PBNP (THF-
H>0> mediated) with MSNP that has a very efficient role in the removal process. Chapter (I11)
includes the preparation of screen-printed electrode, and graphite paste electrodes with PBNP
which displayed size-dependent electrochemical and catalytic activity towards arsenic, cesium,
and hydrogen peroxide. The as-synthesized homogenous and heterogenous PBNPs have
positive approaches toward fluorometric sensing, magnetic movement-based PBNP sensing,

and in the removal of cesium.

The contents of the thesis have been published in Chemosensors 2021, 9(9), 253; Frontiers in

Enviornmental Science Volume 11 — 2023, doi: 10.3389/fenvs.2023.1230983.
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