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Abstract

Polymeric nanoparticles have shown immense potential in different applications due to their
biocompatibility, tuneable properties, and versatile functionalities. As the demand for safe and effective
nanoparticles continues to rise, researchers have been exploring innovative synthesis techniques to
develop biocompatible polymeric nanoparticles with enhanced therapeutic efficacy and reduced
toxicity. This article aims to present an overview of the latest emerging trends in the synthesis of
biocompatible polymeric nanoparticles. Each trend is explored in terms of its potential advantages,
challenges, and applications in different nanofields. Furthermore, the article highlights the importance
of considering biocompatibility, toxicity, and regulatory considerations in the development of these
advanced polymeric nanoparticles. The article concludes with future prospects and potential directions
for research in the field of biocompatible polymeric nanoparticles synthesis.
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Preparation Techniques of Polymeric
Nanoparticles

Techniques define specific solvent contain
specific emulsification. These techniques are
Solvent Diffusion, Nanoprecipitation, Solvent

Introduction

PNPs are so tiny and helpful in polymer-based

nanoparticles. They are the colloidal organic
compounds in nano size with polymeric
material which produced polymer nanoparticles
(PNPs) within size range of 1-1000 nm. The
polymeric core of the active compounds can be
loaded moreover surface-adsorption as well as
internally.

Polymeric Nanoparticle

Nanocapsule

Nanosphere

Fig.1 Diagram of the structure of
nanocapsules and nanospheres by PNPs[1]

Evaporation, Reverse Salting-Out.
Emulsification/Solvent Diffusion

The technique involves creating an oil-in-
water emulsion by mixing water miscible
solvent containing both the drug and polymer
[1], with a solution containing surfactant. In this
emulsion technique, the internal phase of the
emulsion is composed of a hydro miscible
solvent, like ethyl acetate. This step is crucial in
ensuring the formation of stable emulsions,
which is important for the successful synthesis
of PNPs. Upon dilution with a huge quantity of
water; the droplets dispersed in the emulsion
undergo solvent diffusion into the external
aqueous phase. This process ultimately leads to
formation of colloidal particles that consist of
the polymer.

Nanoprecipitation
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This technique allows the production of
nanoparticles with controlled size, shape, and
surface properties. Nanoprecipitation can be
used to synthesize nanoparticles with a variety
of polymers, including biodegradable and
biocompatible polymers [8]. These polymers
have unique physical and chemical properties
that make them useful for various applications.
This is a versatile and effective method for the
synthesis of polymeric nanoparticles with
various applications in medicine, energy, and
agriculture. Continued research  and
development in this field could lead to
significant  progressions in science and
technology, improving the quality of life and
addressing some of the most pressing global
challenges.

Solvent evaporation

Itis a simple and versatile method that involves
the dissolution of a polymer and a drug or other
active agent in an organic solvent [3]. The
resulting solution is then added dropwise to a
surfactant-containing aqueous phase, while
stirring at high speeds to form an emulsion. The
solvent is then evaporated under reduced
pressure, which causes the polymer to
precipitate and form nanoparticles.

Emulsification/Reverse Salting-Out

This is a technique that relies on the separation
of a hydrophilic solvent from agueous solution
via salting-out effect, which can lead to the
creation of nanospheres [4]. The hydrophobic
drug is then added to the organic phase, and the
solvent is removed by evaporation under
reduced pressure. The resulting nanospheres are
stabilized by a surfactant, which prevents
particle aggregation. This method is simple and
fast, and it allows for the production of
monodisperse nanospheres with a narrow size
distribution dimensions ranging from 170 to
900 nm.
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Fig.2 (a) solvent diffusion method, (b)solvent
evaporation, (c) nanoprecipitation method, (d)
reverse salting-out method.

Characterization

Characterization techniques are essential for the
study and evaluation of PNPs. Some of the
commonly used characterization techniques for
PNPs are Dynamic Light Scattering (DLS),
Transmission Electron Microscopy (TEM),
Atomic Force Microscopy (AFM), Fourier
Transform Infrared Spectroscopy (FTIR), X-
ray Photoelectron  Spectroscopy (XPS),
Differential Scanning Calorimetry (DSC), Zeta
Potential Analysis. These technigques can help
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these materials [5-7].
Prominent applications of PNPs

The latest advancements in the integration of
inorganic nanoparticles into polymers have
allowed for the alteration of the physical and
chemical properties of polymers.

Fig. 3 Applications of polymeric
nanoparticles

Magnetic application

Due to versatile nature of PNPs, the use of
magnetic polymeric nanoparticles in these areas
has expanded significantly, leading to rapid
growth in research to develop novel magnetic
nanoparticles with improved properties.
Flexible electronics

Manufacturing of electronic devices polymeric
nanoparticle plays important role in it to make
it light in weight, easy to use, easy to carry.
Drug delivery

Polymer-based medication transport
phenomena are of great interest for both
theoretical research and clinical applications

valuable tool for bioimaging, with various
techniques such as computerized tomography
(CT), magnetic resonance imaging (MRI),
positron emission tomography (PET) and
ultrasound imaging, being developed for
biological systems imaging.

Medicinal applications

Polymer nanoparticles have found numerous
applications in medical science which shows
significant attention from scientists for their
potential applications in medical science, owing
to their desirable properties such as
biocompatibility, biodegradability, low
cytotoxicity, and others [7].

Conclusions

This paper explained about the different
preparation  techniques  of  polymeric
nanoparticles and the significant methods used
for characterization of polymeric nanoparticles
using Electron microscopy, FTIR and DSC. At
room temperature, the polymer nanoparticle
solutions exhibited a maximum absorption
spectrum within the nanometer range. The
properties of polymeric nanoparticles can be
engineered to further include biocompatibility
and biodegradability.

References

1. Souto E.B., Souto S.B., Campos J.R.,
Severino P, Pashirova  T.N.,
Zakharova L.Y., Silva A.M., Durazzo
A., Lucarini M., lzzo A.A., et al.
Nanoparticle Delivery Systems in the

Treatment of Diabetes
Complications. Molecules. 2019;
24:4209.

doi: 10.3390/molecules24234209.

2. Vasile C. Polymeric Nanomaterials in
Nanotherapeutics. Elsevier; London,
UK: 2018.

3. Szczgch M., Szczepanowicz K.
Polymeric Core-Shell Nanoparticles
Prepared by Spontaneous
Emulsification Solvent Evaporation
and Functionalized by the Layer-by-
Layer



https://doi.org/10.36375/prepare u.iiche.a388

Method. Nanomaterials. 2020;10:496
. doi: 10.3390/nan010030496.

4. Krishnamoorthy K., Mahalingam M.
Selection of a suitable method for the
preparation of polymeric
nanoparticles: Multi-criteria decision
making  approach. Adv.  Pharm.
Bull. 2015;5:57.

5. Crucho C.1.C., Barros M.T. Polymeric
nanoparticles: A study on the

preparation variables and
characterization methods. Mater. Sci.
Eng. C Mater. Biol.

Appl. 2017;80:771-784.
doi: 10.1016/j.msec.2017.06.004.

6. Bohrey S., Chourasiya V., Pandey A.
Polymeric nanoparticles containing
diazepam: Preparation, optimization,
characterization, in-vitro drug release
and release Kkinetic study. Nano
Converg. 2016;3:1-7.
doi: 10.1186/s40580-016-0061-2.

7. Vasile C. Polymeric Nanomaterials in
Nanotherapeutics. Elsevier; London,
UK: 2018

8. Martinez Rivas C.J., Tarhini M., Badri
W., Miladi K., Greige-Gerges H.,
Nazari Q.A., Galindo Rodriguez S.A.,
Roman R.A., Fessi H., Elaissari A.
Nanoprecipitation  process:  From
encapsulation to drug delivery. Int. J.
Pharm. 2017;532:66-81.
doi: 10.1016/j.ijpharm.2017.08.064.



