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ABSTRACT

Purpose: The main purpose of this publication is to bring closer method of synthesis and
examining basic properties of TiO,, ZnO and NiO nanoparticles (NPs), and investigate their
possible biomedical application.

Design/methodology/approach: Nanopowders were made with sol-gel method. Surface
morphology studies of the obtained materials were made using Zeiss's Supra 35 scanning
electron microscope and the structure using S/TEM TITAN 80-300 transmission electron
microscope. In order to confirm the chemical composition of observed nanopowders,
qualitative tests were performed by means of spectroscopy of scattered X -ray energy using
the Energy Dispersive Spectrometer (EDS). The DLS (Dynamic Light Scattering) method was
used to analyse the particle size distribution using the AntonPaar Litesizer 500 nanoparticle size
analyser. Changes in particle size distribution at elevated temperatures were also observed. The
TiO,, ZnO and NiO NPs with spherical shape were successfully produced by sol-gel method.
Findings: The diameter of the as prepared nanoparticles does not exceed 25 nm which
is confirmed by the TEM analysis. The highest proportion among the agglomerates of
the nanoparticles has been shown to show those with a diameter of 80 to 125 nm. The
qualitative analysis of EDS confirmed the chemical composition of the material.

Practical implications: Nanoparticles (NPs) has been receiving an incrementally
increasing interest within biomedical fields researchers. Nanoparticles properties (physical,
chemical, mechanical, optical, electrical, magnetic, etc.) are different from the properties of
their counterparts with a larger particle size.

Originality/value: The nanoparticles were prepared using sol-gel method which allows the
particle size to be controlled in a simple way.
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TiO,, ZnO and NiO nanoparticles have been used for
years as an addition to paints, bleaching plasters and pastes,
and for self-cleaning surfaces production. Good photo-
catalytic properties of those materials have made them also
one of the basic components of dye sensitized solar cells.
Researches are being carried out on the use of several kinds
nanoparticles in the areas of medicine and plant protection.
Nanoparticles are gaining more and more recognition in
these areas. The particle size allows reaching previously
inaccessible areas of organisms, which allows for more
effective distribution of drugs and other chemical
substances. In addition, they also have properties that differ
significantly from the solid materials [1-5].

Size is the most important property of nanoparticles for
medical applications. They must be adequately small and
well dispersed. Due to such small dimensions, nano-
particles have a very large specific surface area, which is
why they can be used in transport and controlled release of
drugs and, in the case of magnetic particles, for imaging
and cancer therapy. However, a large specific surface area
increases the mutual interactions between particles, which
increases their tendency to agglomerate and after
combining into agglomerates they lose their extraordinary
antibacterial properties. In addition, the pore size between
cellular barriers is about 6-10 nm depending on the tissue.
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Therefore, in order to be effective in the body, nano-
particles must be small enough to penetrate into the organ
and after leaving the interaction without any obstacles
leave it. This will prevent deposition of nanoparticles in the
body and unpredictable side effects over time [6,7].

The main goal of the experiment was to produce nickel,
zinc and titanium oxide nanoparticles using the sol-gel
method, which allows the particle size to be controlled in a
simple way. The nanoparticles were then analysed to assess
chemical composition and size.

During the work, three types of nanoparticles were
produced by the sol-gel method.

Titanium oxide nanoparticles were made using titanium
isopropoxide as precursor and distilled water as hydrolysis
catalyst. The desired pH value of the solution was adjusted
by the addition of HNO;. While stirring with a magnetic
stirrer, both substances were mixed under room
temperature. Cloudy suspension was formed, which was
then heated to 60-70°C and held overnight. After that, the
volume of the solution was reduced to approx. 50 cm’.
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Fig. 1. SEM Images of TiO, (a), NiO (b) and ZnO (c) nanoparticles and EDS spectrum of TiO, (d), NiO (e) and ZnO (f)
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After the reaction had completed, the solution was dried in
furnace. The resulting material was then annealed. The
produced precipitates were next washed with ethanol and
dried. As a result, a yellow-white powder was obtained,
which was further ground in an agate mortar.

Nickel oxide and zinc oxide nanoparticle were prepared
also using sol gel method and nickel (II) nitrate
hexahydrate for NiO NPs, and zinc acetate dehydrate for
ZnO as a precursor. For ZnO NPs citric acid was also
added.

To observe particle surface morphology, SEM imaging
was performed using a Zeiss's Supra scanning electron
microscope operated at 3 kV. S / TEM imaging using
TITAN 80-300 transmission electron microscope was used
to analyse the structure. In order to confirm the chemical
composition of the obtained materials qualitative tests were

Particle size distribution by intensity
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performed by means of spectroscopy of scattered X-ray
energy using the Energy Dispersive Spectrometer (EDS).
The DLS (Dynamic Light Scattering) method was used to
analyse the particle size distribution using the AntonPaar
Litesizer 500 nanoparticle size analyser.

On the SEM imaging agglomerates of all types of
nanoparticles with sizes up to 500 nm were registered
(Figs. la-c). The qualitative analysis of EDS (Figs. 1d-f)
confirmed the chemical composition of the material
produced, no additional contamination of the samples
was found. Cu on TiO, EDS spectre was caused by
background.

The size distribution of nanoparticles was checked
using the DLS method (Fig. 2).

The highest proportion among the agglomerates of
the nanoparticles has been shown to show those with
a diameter of 80 to 125 nm. This study showed the large
tendency of this material to agglomerate. TEM imaging
showed that the size of the nanoparticles did not exceed
25 nm (Fig. 3).

Partiche yize distribution by intensity

Fig. 2. Size distribution curves of TiO, (a), NiO (b) and ZnO (c) nanoparticles in room temperature
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Fig. 3. TEM Images of TiO, (a), NiO (b) and ZnO (c) nanoparticles

4. Conclusions

Nanoparticles were created as a result of the
experiment. Comparing the results obtained with the use of
different research techniques, a strong tendency of particles
to agglomerate was learned. The size analyser of the
nanoparticles additionally rounds the particles to the
sphere, which affects the inflated result. The EDS study
confirmed the chemical composition of nanoparticles.
Further studies on the antibacterial properties of nano-
particles are planned.

References

[1] S. Mahshid, M. Askari, M. Sasani Ghamsari, Synthesis
of TiO, Nanoparticles by hydrolysis and peptization of
titanium isopropoxide solution, Journal of Materials
Processing Technology 189/1-3 (2007) 296-300, DOI:
https://doi.org/10.1016/j.jmatprotec.2007.01.040.

[2] A.J. Haider, R.H. Al-Anbari, G.R. Kadhim, C.T.
Salame, Exploring potential enviromental applications
of TiO, nanoparticles, Energy Procedia 119 (2017)
332-345, DOL: https://doi.org/10.1016/j.egypro.2017.
07.117.

[3] S.H. Hosseinali, Z.P. Boushehri, Biophysical,
molecular dynamics and cellular studies on the

SHORT PAPER

(4]

(3]

(6]

(7]

interaction of nickel oxide nanoparticles with tau
proteins and neuron-like cells, International Journal of
Biological Macromolecules 125 (2019) 778-784, DOI:
https://doi.org/10.1016/j.ijbiomac.2018.12.062.

Z. Han, Q. Yan, Z.G. Liu, S. Gurunathan, M. de
Felici, W. Shen, X.F. Zhang, Cytotoxic effects of ZnO
nanoparticles on mouse testicular cells, International
Journal of Nanomedicine 11 (2016) 5187-5203, DOI:
https://doi.org/10.2147/IIN.S111447.

S. Khan, A.A. Ansari, A. Malik, A.A. Chaudhary,
J.B. Syed, A.A. Khan, Preparation, characterizations
and in vitro cytotoxic activity of nickel oxide
nanoparticles on HT-29 and SW620 colon cancer
cell lines, Journal of Trace Elements in Medicine
and Biology 52 (2019) 12-17, DOI: https://doi.org/
10.1016/j.jtemb.2018.11.003.

A.G. Roca, L. Gutiéérrez, H. Gavilian, M.E.F. Brollo,
S. Veintemillas-Verdaguer, M. del Puerto Morales,
Design strategies for shape-controlled magnetic iron
oxide nanoparticles, Advanced Drug Delivery
Reviews 138 (2019) 68-104, DOI: https://doi.org/
10.1016/j.addr.2018.12.008.

J. Rivas, M. Bafiobre-Lopez, Y. Pifieiro-Redondo,
B. Rivas, M.A. Loépez-Quintela, Magnetic nano-
particles for application in cancer therapy, Journal
of Magnetism and Magnetic Materials 324/21 (2012)
3499-3502, DOI: https://doi.org/10.1016/j.jmmm.
2012.02.075.

READING DIRECT: www.archivesmse.org



