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ABSTRACT

The utilization of nanocarriers in the development of environmentally friendly
herbicides has led to the creation of controlled release formulations. These formulations
offer precise concentration and timed-release properties. To achieve this, zinc chloride
(ZnCl2) and zinc nitrate hexahydrate (Zn (NOz)2.6H20) were used as precursors to
synthesize zinc layered hydroxide-chloride (ZLC) or zinc layered hydroxide-nitrate
(ZLN). These compounds were then intercalated with 2-napthoxyacetic acid (BNOA),
an herbicide, resulting in nanocomposites called Zinc layered hydroxide-2-
napthoxyacetic acid (ZLCB) and (ZLNB) through ion exchange. The formation of these
nanocomposites was analysed using Powder X-Ray Diffraction (PXRD), which
revealed an increase in the basal spacing from 7.9A to 27.3A in ZLCB and from 9.8A
to 28.2A in ZLNB, indicating successful intercalation of the anions into the interlayer
of the host material. Fourier Transform Infrared Spectroscopy (FTIR) confirmed the
presence of BNOA anions within the interlayers of ZLCB and ZLNB by detecting the
formation of COO" ions (carboxylate ions) a new peak at approximately 1611 cm™ and
1616 cm respectively. The surface area of ZLCB and ZLNB also increased from 6.61
m2g! to 27.47 m?g* and from 9.16 m?g™ to 28.08 m?g* respectively, indicating the
successful insertion of BNOA into the interlayers of ZLC and ZLN. Additionally, the
loading percentage of BNOA, estimated using a CHNS analyser, was found to be 83.9%
for ZLCB and 41.80% for ZLNB. The controlled release properties demonstrated that
the release of BNOA in various aqueous solutions followed the order of Na;POs >
Na>SOs > NaCl and confirmed pseudo-second order kinetic models for both
nanocomposites.
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CHAPTER 1
INTRODUCTION

1.1 Research Background

The agriculture sector faces significant challenges in optimizing production
while maintaining environmental sustainability. Excessive and uninformed use of
fertilizers and pesticides has resulted in residues and toxins contaminating soil, water
sources, and the air. This has led to increased costs for fertilization, irrigation, and
energy, as well as negative impacts on agricultural land worldwide. However,
nanotechnology provides an innovative and resourceful platform to enhance the
efficiency of agricultural materials and address environment issues (Mao et al., 2022).

Linear expansion of food demand over time due to population growth requires
enhanced agricultural productivity, including the development of improved pesticides,
herbicides, and plant hormones. With that, plant growth regulators (PGRs), such as
Auxins, are used to modify plant growth and optimize agricultural practices. PGRs like
acetic acid (IAA), indole-3-butyric acid (IBA), 4-chloro-2-methylphenoxyacetic acid
(MCPA), 2,4-dichlorophenoxyacetic acid (2,4-D), and 2-naphthoxyacetic acid (BNOA)
have been commonly used in the agrochemical industry (Sparks & Lorsbach, 2017).

Nano fertilizers, as alternatives to conventional fertilizers, can reduce nutrient
accumulation in the soil, minimize eutrophication, and prevent pollution of drinking
water by enabling controlled release of nutrients in required amounts. Layered Double
Hydroxide (LDH) or Single Metal Layered Hydroxide (SMLH) are promising options
for the sustainable and efficient release of fertilizers (Grover et al., 2022; Johnston et
al., 2021). Nonetheless, further research is needed to explore the interactions between
these layered nanomaterials and different functional classes of PGRs to enhance
controlled release formulation.

In this study, Zinc Layered Hydroxide-Chloride (ZLC) and Zinc Layered
Hydroxide-Nitrate (ZLN) will be utilized to intercalate selected Auxins as guest anions.
The intercalation of Auxins, 2-naphthoxyacetic acid (BNOA) with SMLH offers
significant advantages for controlled release formulations in agriculture. Firstly, this
process enhances the stability and protection of auxins, ensuring it prolonged activity

and reducing degradation. The layered structure of zinc hydroxide provides a physical
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