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Abstract

Nanoparticles have garnered significant attention in various fields owing to their unique properties and wide-ranging
applications. In recent years, there has been growing interest in utilizing plant oils as sustainable starting materials
for nanoparticle synthesis. Among the various techniques available, triazolinedione-ene chemistry has emerged
as a versatile and efficient method for fabricating chemically crosslinked nanoparticles. This article provides an in-
depth exploration of the synthesis process, highlighting its simplicity, scalability, and potential applications. However,
conventional methods for nanoparticle synthesis often rely on non-renewable resources and complex procedures. In
recent years, there has been increasing interest in developing sustainable approaches for nanoparticle fabrication.
One promising method involves the use of plant oils as renewable starting materials in conjunction with triazolinedione-
ene chemistry. This synthesis route offers a straightforward and efficient means of producing chemically crosslinked
nanoparticles with tailored properties. Here, we present an overview of this method, highlighting its simplicity, scalability,
and potential applications. By harnessing the reactivity of triazolinedione compounds with carbon-carbon double bonds
present in unsaturated fatty acids, this approach enables the formation of stable nanoparticle networks. The resulting
nanoparticles exhibit desirable characteristics such as biocompatibility, tunable morphology, and surface functionality,
making them suitable for a wide range of applications including drug delivery, catalysis, coatings, and materials
science. Furthermore, the use of renewable plant oils contributes to the sustainability of the synthesis process. While
challenges exist in characterization and scalability, ongoing research efforts aim to optimize synthesis parameters and

explore new applications, paving the way for greener and more sustainable nanoparticle synthesis methods.
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Introduction

The development of sustainable and eco-friendly nanoparticle
synthesis methods has become imperative in the face of environmental
concerns and the growing demand for greener technologies. Plant
oils, abundant and renewable resources, offer an attractive alternative
to conventional petrochemical-based precursors for nanoparticle
fabrication. Triazolinedione-ene chemistry, characterized by its high
efficiency and selectivity, has emerged as a promising approach for
chemically crosslinking plant oils into nanoparticles [1,2]. Nanoparticles
have become integral components in various scientific and industrial
fields due to their unique physical and chemical properties. Their size-
dependent characteristics make them ideal for applications ranging
from drug delivery and catalysis to electronics and environmental
remediation. However, the conventional methods for nanoparticle
synthesis often rely on non-renewable resources and involve complex
procedures that are not environmentally friendly [3,4]. In recent years,
there has been a growing interest in developing sustainable approaches
for nanoparticle fabrication. Among the emerging strategies, the
utilization of plant oils as renewable starting materials has gained
considerable attention. Plant oils, derived from sources such as
soybeans, linseed, and castor, offer numerous advantages including
abundance, biodegradability, and non-toxicity [5]. Harnessing
these natural resources for nanoparticle synthesis not only reduces
reliance on fossil fuels but also contributes to the development of
environmentally benign processes. One promising technique for
synthesizing nanoparticles from plant oils is triazolinedione-ene
chemistry [6,7]. Triazolinedione (TAD) compounds, characterized
by their ability to react selectively with carbon-carbon double bonds,
undergo efficient ene reactions with the unsaturated fatty acids present
in plant oils. This chemical crosslinking reaction leads to the formation
of stable nanoparticle networks with tailored properties [8].

Synthesis methodology

The synthesis of chemically crosslinked nanoparticles from
plant oils via triazolinedione-ene chemistry involves a series of
straightforward steps. Initially, a suitable plant oil, such as soybean oil
or linseed oil, is chosen as the starting material. The oil is then mixed
with a dienophile-functionalized triazolinedione (TAD) compound,
which serves as the crosslinking agent. Under mild reaction conditions,
typically at ambient temperature, the dienophile moiety of the TAD
compound reacts with the carbon-carbon double bonds present in the
unsaturated fatty acids of the plant oil via an ene reaction, leading to
the formation of crosslinked networks.

Characterization techniques

Various characterization techniques are employed to analyze the
properties of the synthesized nanoparticles. Fourier-transform infrared
spectroscopy (FTIR) is used to confirm the formation of chemical
bonds between the TAD compound and the plant oil, while nuclear
magnetic resonance (NMR) spectroscopy provides insights into the
molecular structure and composition of the nanoparticles. Dynamic
light scattering (DLS) and transmission electron microscopy (TEM)
offer information on the size, morphology, and dispersity of the
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nanoparticles [9,10].
Advantages and applications

The utilization of triazolinedione-ene chemistry for synthesizing
nanoparticles from plant oils offers several advantages. Firstly,
the process is highly efficient and can be conducted under mild
conditions, minimizing energy consumption and environmental
impact. Additionally, the use of renewable plant oils contributes to the
sustainability of the synthesis route. The resulting nanoparticles exhibit
desirable properties such as biocompatibility, tunable morphology,
and surface functionality, making them suitable for a wide range of
applications including drug delivery, catalysis, coatings, and materials
science.

Conclusion

The fabrication of chemically crosslinked nanoparticles from
plant oils using triazolinedione-ene chemistry presents a promising
avenue for sustainable nanoparticle synthesis. This method offers
a straightforward and efficient approach to harnessing renewable
resources for the production of advanced nanomaterials with tailored
properties. By leveraging the reactivity of triazolinedione (TAD)
compounds with carbon-carbon double bonds present in unsaturated
fatty acids, this synthesis route enables the formation of stable
nanoparticle networks with controllable size, morphology, and surface
chemistry. The simplicity and scalability of the process make it well-
suited for large-scale production, while the use of plant oils as starting
materials contributes to the sustainability and eco-friendliness of the
overall synthesis route. The synthesized nanoparticles exhibit desirable
characteristics such as biocompatibility, tunable surface functionality,
and potential for diverse applications including drug delivery, catalysis,
coatings, and materials science. Moreover, the renewable nature of plant
oils ensures a continuous supply of feedstock, reducing dependency on
finite fossil resources and mitigating environmental impact.

Discussion

The synthesis of chemically crosslinked nanoparticles from plant
oils using triazolinedione-ene chemistry offers several advantages
and opportunities for further exploration and development. In this
discussion, we delve into the key aspects of this synthesis approach, its
potential challenges, and avenues for future research.
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