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Abstract

Green nanotechnology seeks eco-friendly solutions, capable of generating efficient nanotechnological protocols with low or no
environmental impact. These nanosystems are marked out by intermolecular and supramolecular interactions capable of stabilizing
the nanostructures and making nanotechnology effective. Many synthesis methodologies are being developed that involve a variety of
biological sources. Among them, it can highlight biosynthesis using plant extracts. They are simple, cheap syntheses and have a fast
reaction and low energy consumption. The dispersive vegetable medium is very complex due to its biomolecules. Extraction protocols
must be established in order to isolate molecules efficient in colloidal stabilization. However, a lot has to be understood about these
systems so that the present interactions have reproducible behavior worldwide.
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In the last decade, the study of nanometer-scale particles
has grown exponentially worldwide. This growth is due to
thebroad field of nanostructures applications, which, due to
their dimensions in nanometric sizes, have new properties
not found in micro and macro scale. These properties
result from the increase in the ratio between the surface
area and volume, and the nanostructures’ size directly
influences these [1]. Tolerance to temperature, variety of
colors, changes in chemical reactivity, efficiency in action
against microorganisms, and electrical conductivity are
differentiating factors. [2].

Different  synthesis = pathways can  synthesize
nanostructured systems. In general, producing
nanostructures by chemical and physical methods are
more expensive and may involve the use of toxic chemicals,
which involve risks to the environment and health, which
limits their applications [1]. Green synthesis has been
gaining attention, as it is environmentally friendly, cost-
effective, and can be easily scaled. Besides, there is no
need to use high temperatures, pressures, chemicals that
are toxic or dangerous to the environment and human
health [1,2]. Thus, the methods tend to be relatively simple
and use conditions closer to the environmental ones,

which reduces energy expenditure [3] and requires a low
concentration of precursors [4].

In the literature, synthesis procedures using biological
methods that include plant extracts, bacteria, fungi, and
cell extracts have been reported [5-10]. Among these, the
first stands out because, although variations in seasonality
can affect the synthesis [11], they do not require conditions
of high asepsis and maintenance of microbial cultures [1].

Thebasis of green systems is associated with the extraction
of biomolecules of natural origin. Whether extracted from
agribusiness waste (such as leaves in tree pruning), fruit
peels, leaves, seeds, roots, among others. [5,6,12-14].
The extraction protocol of biomolecules is fundamental
to establish the bioactive molecules that will synthesize
nanostructures. Different biomolecules such as tannins,
anthocyanins, flavonoids, polyphenols, polysaccharides,
and proteins can participate in biosynthesis, reducing the
metallic precursor and in stabilization [6,15-21]. Besides,
it is essential to emphasize that this process is complex,
and the interaction with different biomolecules can be
fundamental for a successful biosynthesis.
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Figure 1: The influence of intermolecular and supramolecular interactions in green nanotechnological systems.
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In metallic nanostructures, the synthesis routes start
from a precursor, usually an inorganic salt, which already
has low cytotoxicity [22]. This salt, in an aqueous medium,
undergoes an ionic dissociation process. This process
describes the separation of the ions that make up the salt
solvated by water molecules [17]. These molecules present
in the reaction medium, separate the ions, and weakens
the electrostatic attraction. The ions thus separated are
stable in an aqueous medium until the minimum salt
concentration necessary for stabilization is established.
Tonic saturated solutions do not have long-term stability.
This happens because part of the salt remains in its
crystalline structure, without water molecules to solvate
them, due to the strong electrostatic attraction and
dissociation enthalpy [11].

The minimum salt concentration is a determining
factor for the establishment of stable systems. After
establishing a minimum efficient salt concentration for
the eco-friendly synthesis process, the dispersion of ions
in a natural extractive medium is established [11,22-25].
The biomolecules, such as phenolic acids, flavonoids,
anthocyanins, and other complex biomolecules, are highly
reducing. These ions undergo a reduction process when
they establish themselves in a dispersive medium, now in
their reduced state, assuming the state of its fundamental
atom [18]. At this moment, the metal atoms, originating
from the precursor salt in aqueous solution, through
favorable chemical kinetics, at room temperature, through

a self-assembly process, or through external energies,
such as controlled temperature increase, initiate a chain
reaction, promote the process of nucleation and growth
of nanostructures [23,24]. An efficient process related
to nanotechnology must establish the nanostructures’
growth process. The parameters associated with the size of
the nanostructures are in the range of 1nm to 100 nm. [25-
29]. Any system that favors nanostructures’ growth up to
the limit within the range of a nanotechnological product
is efficient (Figure 1).

For the nanostructure formation process’s efficiency,
the biomolecules present in the dispersive medium are
critical. The molecular volume present in the established
system is called colloidal. The size and complexity of
biomolecules promote the separation by intermolecular
and supramolecular interactions. Moreover, it is possible to
remove nanostructures favoring isolation and controlling
growth [15]. A protocol for an efficient dispersive medium
is essential for isolating biomolecules and establishing a
supramolecular system.

The isolated biomolecules of dispersive medium interact
and protect the nanoparticles. It is fundamental to an
efficient colloidal system. The biomolecules from the
extract establish the nanostructures by steric isolation.
Nanostructures are stable by separating by size, structure,
or/and resonance effect by molecules and solvation.
Biomolecules interact by Van der Waals forces. It occurs
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because of the aromatic rings and large chains. The effect
of the steric impediment establishes a stable system. The
nanostructures are protected and maintain their size. The
system’s stability foresees that more significant interaction
between the biomolecules keeps the nanostructured
system. More stable since it keeps the nanostructures well
dispersed and with a regular size. [15].

The inter-relation between biomolecules promotes

the establishment of a nanosystem by supramolecular
interactions. The intermolecular and supramolecular
interactions in the system provide efficiency in green
nanostructured systems [30]. However, it is necessary
to provide parameters, often not established in the
literature, regarding nanostructured systems’ stability.
In the scientific literature associated with these systems,
little is yet discussed about the different aspects of
specific biomolecules’ synthesis and isolation routes. In
this way, it can predict an efficient and, at the same time,
reproducible system anywhere on the planet. The efficient
green nanostructures synthesis considers variables such
as seasonality, pollution, and local biome, which influence
the biomolecules available [31,32].

Another factor that must be considered is that these
systems can be variable according to seasonality and other
parameters such as temperature, humidity, and exposure
to sunlight. The system’s kinetic energy can increase
molecular shocks and cause an end to the stability of the
colloidal system. These parameters must be evaluated for
nanotechnological products [33].

Another critical parameter in the biosynthesis of
nanostructures is pH. More alkaline pHs accelerate
the formation of nanostructures that are more stable
and monodispersed. In contrast, at more acidic pHs,
aggregation is observed, consequently forming larger
structures. [6,19,34]. This tendency to aggregate at more
acidic pH may result from a lower availability of functional
groups of the molecules present in the extracts to act
in the formation of new nuclei, which give rise to new
nanostructures. Thus, with less formed nuclei, there will
be more ions of the metallic precursor available in solution
to interact and lead to the growth of the nanostructure
[35]. As the extracts’ pH may vary according to the plant,
extraction protocol, or even the plant organ used, protocol
optimizations may be necessary [35]. However, from a
green synthesis perspective, it is expected that it will occur
at the natural pH of the extract produced [36].

Many important factors establish parameters that seek
to be reproducible anywhere on the planet. Synthesis
conditions are defined on systems based on intermolecular
and supramolecular interactions. The comprehension
of these nanosystems is essential to the maintenance
of the nanostructures’ colloidal system. In this way, it is

established nanotechnological products efficient anywhere
in the world.
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