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ABSTRACT

Nanoparticles (1-100nm) have unique properties like high surface area and reactivity, making them useful in medicine, energy and
environmental applications. This study covers the history, synthesis methods, types and properties of nanoparticles, as well as essential
characterization techniques. While they offer advantages in catalysis, drug delivery and pollutant degradation, challenges related to
toxicity and cellular interactions require further research, especially in combating multidrug-resistant bacteria.
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Introduction

Nanotechnology creates nanoparticles having size 1-100 nm with unique
properties, such as enhanced size distribution and surface reactivity. These
particles, named from the Greek word "nano" for "small" have a high surface-
to-volume ratio, making them useful in energy, medicine and nutrition [1].
Nanotechnology with origins in ancient practices such as the use of asbestos
fibers and synthetic nanoparticles by the Egyptians has evolved significantly.
Historical milestones include "Egyptian blue" pigment and the Lycurgus Cups
with silver-gold nanoparticles. Advancements continued with 19th-century
innovations like Satsuma glass. Michael Faraday's 1857 study on gold
nanoparticles marked the beginning of scientific exploration in the field [2].
Silver nanoparticles are synthesized by reducing silver salts with agents such
as sodium citrate or sodium borohydride and stabilizing them with
surfactants, affecting their size 15-40 nm and shape [3]. Photocatalysis uses
catalysts to accelerate chemical reactions under UV or visible light. Metal
oxide nanoparticles such as ZnO, TiO2, ZrO2, Fe203, CeO2, MnO2, CuO
and SnO2 act as photocatalysts, promoting the breakdown of organic
pollutants, air contaminants, dyes and microbes [4]. This process is driven by
the formation of electron-hole pairs when light is absorbed which generates
reactive oxygen species responsible for decomposing harmful substances.
ZnO and TiO2 nanoparticles are particularly effective in degrading dyes
under UV light, while other oxides like ZrO2, Fe203 and CuO also
demonstrate strong photocatalytic performance against various pollutants [4].
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Fig. 1: Structure of nanoparticles [5].
Synthesis of nanoparticles
Nanoparticle synthesis techniques offer various methods to create
nanostructures with unique properties. These include coprecipitation,
hydrothermal synthesis, inert gas condensation, sputtering, microemulsion,
sol-gel and energy-efficient techniques like ultrasound and laser ablation.
Biological synthesis provides eco-friendly options, while template synthesis
offers precise control [6]. Each method has advantages like ease of use and
precise size control but also challenges such as slow production and the need
for specialized equipment [6].
Types of nanoparticles
Nanoparticles (NPs) are broadly classified into inorganic and organic types
based on their material composition:
Carbon-based NPs: Include carbon nanotubes, graphene and quantum dots
known for their exceptional physical and chemical properties, commonly used
in imaging, photocatalysis and sensing [7].
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Metal and Metal Oxide NPs: Made from materials like gold, silver and zinc
oxide, offering high surface area and conductivity, used in catalysis,
biomedical applications and environmental remediation.

Ceramic NPs: Composed of oxides and phosphates, offering heat resistance
and chemical inertness, applied in drug delivery and biomedicine [7].
Polymeric NPs: Made from biodegradable polymers, serving as drug carriers,
classified into nanospheres and nano capsules.

Biomolecule-derived NPs: Derived from proteins nucleic acids and lipids,
valued for biocompatibility and biodegradability in biomedical applications
[7].
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Fig. 2: Different types of nanoparticles like gold, platinum, palladium,
titanium dioxide and iridium etc [8].

Properties of nanoparticles
Nanomaterials possess unique physical and chemical properties due to their
increased surface area compared to bulk materials. These are:

1.  Physical Properties:
Nanomaterials exhibit unique properties not found in bulk materials. Their
optical properties, such as size-dependent color, light and UV absorption
stand out. Mechanically, they offer enhanced elasticity and tensile strength
[9].

2. Chemical Properties:
Nanomaterials exhibit greater reactivity due to a larger surface-to-volume
ratio, enhancing properties like stability, sensitivity, oxidation, reduction and
catalytic activity. Additionally, impurities can interact with their surfaces
based on bonding and structure [9].
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Characterization of nanoparticles

Nanoparticles exhibit unique properties that influence their potential and
applications. The chemical composition, essential for ensuring purity and
performance is analysed using XPS or wet chemical methods [10]. Surface
morphology is observed via SEM and TEM, while surface charge which
affects interactions is measured with zeta potentiometers or DMA.
Crystallography, using X-ray or electron diffraction, reveals atomic structures
and nanoparticle concentration is measured with a condensation particle
counter (CPC). These techniques allow for precise control and optimization of
nanoparticle properties in various applications [10].

Advantages of nanoparticles

Nanoparticles have diverse applications due to their unique properties,
impacting fields such as catalysis, oil recovery, electronics and medicine.
They improve pollutant degradation, oil extraction and device efficiency in
batteries and gas sensors [11]. In cosmetics, titanium and zinc oxide
nanoparticles offer UV protection, while iron oxide serves as pigments. In
medicine, they enable targeted drug delivery and cancer diagnostics [11].
Nanoparticles smaller than 50 nm are considered safe for intraocular use.
MNPs also help detect bacteria like MRSA and improve antibiotic delivery in
cystic fibrosis, reducing toxicity and enhancing treatment outcomes [12].
Disadvantages of nanoparticles

Globalization has accelerated the rise of multidrug-resistant (MDR) bacteria,
outpacing antibiotic development, and degradation of paints and dyes. While
nanomaterials offer a potential solution, challenges include limited
understanding of their interactions with human cells and toxicity management
[13]. Most studies are in vitro, hindering knowledge of in vivo efficacy.
Factors affecting their effectiveness vary by nanomaterial type, and the
mechanisms of action, often involving reactive oxygen species, remain
unclear [13, 14, 15].

Conclusion

Nanotechnology focuses on creating nanoparticles sized 1-100nm, known for
their unique properties, such as enhanced reactivity and high surface area,
which make them valuable in fields like energy, medicine, and environmental
remediation. With roots in ancient practices, modern applications include
drug delivery and photocatalysis. Various synthesis methods produce both
inorganic and organic nanoparticles, enabling advancements in catalysis,
electronics and biomedicine. However, challenges remain in understanding

their interactions and toxicity, necessitating further in vivo research to fully
realize their potential, particularly in combating multidrug-resistant bacteria.

References

[1] Jamkhande PG, Ghule NW, Bamer AH, Kalaskar MG. Metal nanoparticles synthesis: An
overview on methods of preparation, advantages and disadvantages, and applications. Journal of
drug delivery science and technology. 2019 October 1; 53:101174.

[2] Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK. Review on nanoparticles and
nanostructured materials: history, sources, toxicity and regulations. Beilstein journal of
nanotechnology. 2018 April 3;9(1):1050-74.

[3] Dawadi S, Katuwal S, Gupta A, Lamichhane U, Thapa R, Jaisi S, Lamichhane G, Bhattarai DP,
Parajuli N. Current research on silver nanoparticles: synthesis, characterization, and
applications. Journal of nanomaterials. 2021;2021(1):6687290.

[4] Joshi NC, Gururani P, Gairola SP. Metal oxide nanoparticles and their nanocomposite-based
materials as photocatalysts in the degradation of dyes. Biointerface Res. Appl. Chem.
2022;12(5):6557-79.

[5] Razack SA, Duraiarasan S. A way to create a sustainable environment: Green nanotechnology—
with an emphasis on noble metals. The ELSI handbook of nanotechnology: risk, safety, ELSI
and commercialization. 2020 March 4:359-425.

[6] Rane AV, Kanny K, Abitha VK, Thomas S. Methods for synthesis of nanoparticles and
fabrication of nanocomposites. InSynthesis of inorganic nanomaterials 2018 January 1 (pp. 121-
139).

[71 Sajid M, Plotka-Wasylka J. Nanoparticles: Synthesis, characteristics, and applications in
analytical and other sciences. Microchemical Journal. 2020 May 1; 154:104623.

[8] Ochola JR, Wolf MO. The effect of photocatalyst excited state lifetime on the rate of photoredox
catalysis. Organic & biomolecular chemistry. 2016;14(38):9088-92.

[9] Singh V, Yadav P, Mishra V. Recent advances on classification, properties, synthesis, and
characterization of nanomaterials. Green synthesis of nanomaterials for bioenergy applications.
2020 August 17:83-97.

[10] Khan Y, Sadia H, Ali Shah SZ, Khan MN, Shah AA, Ullah N, Ullah MF, Bibi H, Bafakeeh OT,
Khedher NB, Eldin SM. Classification, synthetic, and characterization approaches to
nanoparticles, and their applications in various fields of nanotechnology: A review. Catalysts.
2022 November 8;12(11):1386.

[11]  Sasidharan S, Raj S, Sonawane S, Sonawane S, Pinjari D, Pandit AB, Saudagar P. Nanomaterial
synthesis: chemical and biological route and applications. InNanomaterials synthesis 2019
January 1 (pp. 27-51).

[12]  Schneider-Futschik EK, Reyes-Ortega F. Advantages and disadvantages of using magnetic
nanoparticles for the treatment of complicated ocular disorders. Pharmaceutics. 2021 July
27;13(8):1157.

[13]  Naskar A, Kim KS. Nanomaterials as delivery vehicles and components of new strategies to
combat bacterial infections: Advantages and limitations. Microorganisms. 2019 September
16:7(9):356.

[14]  Qurashi MF, Imdad S, Afzal A, Imdad N, ul Ain Q, Ul MZ, Abidin MC, Bangash SA, Fatima Z,
Atuahene D, Qureshi MA. Synergistic Effects of Silver Nanoparticles as Alternative Medicine
Strategies. Complementary and alternative medicine: Nanotechnology-I. Unique scientific
publishers, Faisalabad, Pakistan, pp:88-94.

[15]  Ahmad SR, Sarfaraz S, Shabbir ML, Moed HA, Husnain M, Najaf DE, Qureshi MA, Hammad
M, Latif MF. Use of Nanoparticles in Modern Advancement of Medicines. Complementary and
alternative medicine: Nanotechnology-I. Unique scientific publishers, Faisalabad, Pakistan,
pp:76-82.

Published on: 30 Sept, 2024

https://biologicaltimes.com/ 36



	Nanoparticles: Synthesis Approaches, Types, Properties, Characterization Methods, Advantages and Limitations
	ABSTRACT

