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Eucalyptus globulus (EG) is an endemic plant in Australia that is widely found throughout the world. It is the main

source of botanical essential oils and is well-recognized in pharmacopeia around the globe. In the plant-assisted

fabrication of nanoparticles, the salt solution and extract are simply mixed at room temperature or slightly high

temperature, resulting in the synthesis of nanoparticles (NPs) within minutes.

Eucalyptus globulus  phytonanofactory  nanostructures

1. Introduction

The last two decades witnessed remarkable utilization of nanotechnology in every avenue of science and

technology, which is currently regarded as one of the top and demanding research areas for the safety of the

society and the environment. Nanotechnology is the manipulated reorganization and restructuring of materials at

the nanoscale . The physicochemical characteristics of nanoscale materials markedly differ from macroscale

materials due to quantum effects, enhancement of the surface area, and dominance of interfacial processes .

Albeit nanotechnology flourished exponentially after the industrial revolution, the history of human exposure to

nanomaterial can be traced back to the medieval ages when gold nanoparticles were used to color glass . The

term “nanometer” was initially proposed by Nobel Laureate Richard Zsigmondy in 1925. He invented the word

“nanometer” to define particle size and was the first to use the microscope to quantify the size of particles like gold

colloids . Richard Feynman explicitly can be regarded as the father of nanotechnology, which proposed the

hypothesis of manipulation of atoms and molecules to generate nanoscale materials during his revolutionary

lecture entitled “There is plenty of room at the bottom” at the American Physical Society 1959 meeting. Although

the term nanotechnology was first used by Norio Taniguchi in a publication in 1974, and Eric Drexler popularized

this term to the world in his book “Engineer of Creation” in 1986 .

To date, a considerable number of nanostructures with a variety of applications in various fields have been

prepared and reported by employing different physicochemical methods (thermal decomposition, chemical

reduction, microwave synthesis, ion sputtering methods, and hydrothermal methods, among others).

Nanomaterials synthesized using these methods have a broad range of applications, but all these mentioned

methods are not environmentally benign due to the use of bio-hazardous chemicals, which limit their uses for

biomedical and clinical applications. The use of hazardous and expensive chemicals has urged scientists to exploit

a cost-effective and eco-friendly synthesis approach of nanomaterials that can be an efficient alternative to these

conventional methods . In this regard, green methods have emerged as a potent alternative because they are
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easy to handle, cheaper, and environmentally safe in comparison to physical and chemical methods. The

fabrication of nanostructures based on biological sources can be broadly divided into two categories: Biotemplated

forming synthesis and biological synthesis. In the biotemplating method, inorganic materials are incorporated on

the substrate, followed by mineralization/fossilization through various physical or chemical deposition processes,

which results in the fabrication of ordered nanostructures, whereas biological synthesis relies on the metabolites of

materials that result in the production of randomly distributed nanomaterials . Albeit arguably, large-scale

production of nanostructure using the green method is a difficult task, in the future, with advances in studying the

composition of biological extract and the nature of reaction with metal, large-scale production will be feasible .

The nanomaterials fabricated employing green methods have wide applications in various fields, such as

contaminant remediation, antifungal, antibacterial, biomedical, and photocatalytic activity . Green synthesis

have multiple advantages as mentioned in Figure 1.

Figure 1. Advantages of green synthesis of nanoparticles.

2. Plant Extract-Mediated Synthesis and Characterization of
Nanoparticles

A significant fraction of plants have been used in the synthesis of nanomaterials due to the reductive abilities of

phytochemicals. Plants-assisted synthesis has attracted much attention as compared to other organisms due to the

stable, faster, and large-scale production of nanomaterials . Additionally, plants are accessible, easy to cultivate,

and safe to handle. Various parts of plants (roots, fruits, peels, flowers, stems, and leaves) have been employed for
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the production of nanomaterials. However, leaf extracts are widely employed due to metabolite richness . A

new avenue of NPs manufacturing has emerged as a result of recent research on the biosynthesis of

nanomaterials utilizing plant extracts.

Although phytochemical-mediated synthesis of NPs has been widely adopted by the scientific community around

the globe, there is still no justified reason for the selection of a particular plant during their work. It can be

speculated that the facile availability, traditional and herbal uses of plants are the determining factors for their

choice. Since polyphenols, alkaloids, flavonoids, saponins, polysaccharides, and other plant compounds are

excellent stabilizing and reducing agents, using plant materials abundant in these compounds increases the

probability of success. In the plant-assisted fabrication of nanoparticles, the salt solution and extract are simply

mixed at room temperature or slightly high temperature, resulting in the synthesis of NPs within minutes. The

synthesis of NPs can be initially confirmed by observing the change in the color of the solution. A detailed

schematic of NPs synthesis is presented in Figure 2.

Figure 2. Proposed pathway of plant-assisted green synthesis of nanoparticles.

Plant extract is mostly prepared by dissolving leaves, flowers, roots, bark, etc., in a solvent (most commonly used

water and ethanol), followed by heating at low temperatures. After that, the mixture is filtered, and the filtrate is

used for the synthesis of NPs. For the synthesis of NPs, the plant extract is added to the salt solution of the

respective metal, followed by heating. The metal salts in the solution dissociate into metal ions. These metal ions

and phytochemicals are attracted by electrostatic interaction to form a metal-phytochemicals complex, from which

metal oxide NPs can be fabricated by the high-temperature calcination treatment. However, in the case of metal

NPs synthesis, the biomolecules present in plant extract reduce the metal ions to the metal atoms (M°), and

nucleation of M° occurs. The small-size NPs combine to form larger particles which increase the thermodynamic

stability. Biomolecules present in plant extracts play a role in stabilizing and reducing the metal ions in the solution.
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The plant extracts contain a wide variety of phytochemicals. It is difficult to determine the precise stabilizing and

reducing agents for the formation of NPs . Since the phytochemicals vary from one plant to another, as well as

their locality, therefore, the nature and concentration of extract, pH, the concentration of salt, contact time, and

temperature are credited to influence the rate of synthesis, quantity, and other properties of NPs. Vast research on

plant extract-mediated fabrication of nanostructures has been reported. The green synthesis of silver

nanostructures involves the reduction of a silver metal solution to nanoscale using different metabolites present in

plant extracts. The variation from light yellow to brownish color solution is a visual indicator of NPs synthesis 

. Stable gold NPs (Au NPs) with different morphologies have been synthesized using plant extracts. Green

synthesized Au NPs have catalytic and biomedical applications . The plant extract-mediated approach has

been mostly employed to prepare an enormous number of metal oxide nanostructures that have applications such

as the biomedical (anticancer, antioxidant, antibacterial, antifungal, etc.), agricultural, catalytic, contaminants

mitigation, and energy sectors .

Characterization of Nanoparticles

The size and morphology (shape) of NPs are the most important parameters that substantially influence their

physiochemical characteristics and applications . These two parameters can be carefully regulated during the

synthesis of NPs. The other factors which can also influence the characteristics of NPs are solubility, surface

charges, surface area, porosity, zeta potential, particle aggregation, etc. Several electronic and spectroscopic

techniques are utilized to evaluate the different properties (electronic, optical, mechanical, morphological, etc.) of

NPs. The most widely employed techniques for the characterizations of NPs are precisely described below.

X-ray crystallography or diffraction (XRD) is employed to study the structural aspects (crystallinity, particle size,

lattice dimension) of NPs. The full-width half maximum (FWHM) values of diffraction peaks are utilized to deduce

the concerned information from the XRD spectrum. The diffraction peaks correspond to distinct crystallographic

orientations of crystallites in NPs, thus FWHM is affected by the atoms participating in scattering events, and the

contributing atoms are related to the size of the crystal plane that produces the particular reflection. The Debye–

Scherrer equation is used to determine the mean crystallite size of NPs .

where D is the average crystallite size, λ is the X-rays wavelength, K is the crystallite shape factor, θ is the

diffraction angle, and β is the FWHM. The crystalline structure of NPs can be estimated by comparing the intensity

and, particularly, the position of peaks with the standard patterns established by the International Center of

Diffraction Data (ICDD). Despite its wide utilization, this technique is not appropriate for amorphous materials and

also for particles having a size less than 3 nm .

Scanning electron microscopy (SEM) is a versatile technique to study the surface morphology, electrical behavior,

and chemical composition (SEM coupled energy dispersive X-rays analysis) of NPs. When a beam of the electron
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is directed on the surface of the sample (NPs), secondary electrons are emitted, which are then detected by the

SEM to generate an image of the sample . Contrary to SEM, transmission electron microscopy (TEM) uses the

transmitted electrons to generate images of NPs. TEM can analyze the crystal structure, shape, and size at a

single particle level with a capability of 200-million-fold magnification . Fourier transform infrared spectroscopy

(FTIR) is an environment-friendly and non-destructive technique used to determine functional groups based on

how materials respond to infrared (IR) light. The molecules to be analyzed by FTIR spectroscopy must have a

dipole moment. The FTIR analysis of NPs synthesized using plant extracts is mostly used to carry out to

investigate the phytochemical makeup of extracts that act as capping agents . UV-visible spectroscopy (UV-Vis)

is widely employed to investigate the optical properties (absorption and band gap) of NPs. The absorption pattern

obtained using UV-Vis spectroscopy is used to characterize the NPs. Furthermore, the band gap is used to analyze

the photocatalytic behavior of NPs. Thermogravimetric analysis (TGA) is employed to study the thermal stability of

nanostructures. X-ray photoelectron spectroscopy (XPS) is employed to determine the purity of NPs by analyzing

the binding energy peaks and chemical states of the materials. Typically, XPS can probe the sample up to 10 nm

. Furthermore, Brunauer–Emmett–Teller (BET) study is employed to investigate the porosity of NPs.
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