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The article describes the sol-gel process used to construct and assess ZnO 
nanoparticles. This method is noted for producing ZnO nanomaterials with 
controlled dimensions and morphologies. ZnO NP have been confirmed to 
have a quartzite structure (approximately 30 nm crystallite size) through 
X-ray crystallographic analyses. Dynamic light scattering techniques 
measured an average hydrodynamic particle radius of approximately 
70 nm; therefore, there is some degree of agglomeration calculated. 
SEM provides further verification of this report; once again, displaying 
components of polymorphically aggregated, nanosized ZnO NPs. Although 
the whole particle system aggregates uniformly, the possible effect of the 
aggregate behaviour of ZnO on the properties and potential application 
areas (i.e., catalysis, photovoltaics, and sensing technologies). In addition 
to demonstrating effective use of the sol-gel process for producing ZnO 
NP’s of controlled dimensions, the following study provides valuable 
information about their tendency toward aggregation. These data are 
necessary to optimize the performance of these materials in a variety of 
applications.

INTRODUCTION
The rapid advancement of nanotechnology 

enables the rational design and synthesis 
of functional nanomaterials with tailored 
physicochemical characteristics for intended 
applications. Zinc oxide (ZnO) nanoparticles, in 
particular, have received a great deal of interest, 
because of their semiconducting nature, high 

exciton binding energy, wide band gap (~3.37 
eV). These qualities make ZnO nanoparticles 
highly suitable for applications across the fields 
of optoelectronics, catalysis and biomedicine. 
The increasing number of studies investigating 
the production of nanostructured ZnO materials 
continues to grow [1-3].

 Due to its low cost, short luminescence time, 
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and wavelength (550 nm), zinc oxide (ZnO) is used 
in a wide variety of devices, including unipolar 
transistors and LEDs [4]. In terms of their crystal 
structure, nanostructured materials based on 
ZnO are of particular interest. These materials 
can be used as gas sensors [5], piezoelectric 
devices, photovoltaic cells, and solar batteries 
[6]. Hollow microspheres and flower-like shapes 
of ZnO can all be formed into three-dimensional 
structures [7]. Interestingly, the flower-like 
structures of ZnO are composed of networks of 
nanorods and nanosheets. In addition, three-
dimensional ZnO nano flowers are considered 
as possible candidates for use as gas sensors [8] 
due to their large specific surface area and high 
room temperature sensitivity. Additionally, ZnO 
Nano flowers have found a purpose in tissue 
engineering in the medical world [9]. With the 
growing number of multi-drug resistant (MDR) 
bacteria around, it has become imperative for 
health systems worldwide to come up with new 
methods of fighting bacteria, other than what we 
now use (the standard antibiotics).

Metal oxide (particularly zinc oxide: ZnO) 
nanoparticles present a unique opportunity 
due to their multidimensional mechanism of 
action against bacteria and low incidence of 
developing resistant bacteria. While traditional 
antibiotics target specific biochemical pathways, 
the antimicrobial activity of ZnO nanoparticles 
occurs through multiple and diverse means. The 
antibacterial activity of ZnO nanoparticles also 
relates directly to their ability to produce Reactive 
Oxygen Species (ROS) when irradiated with UV 
light, and when illuminated with visible light 
through the formation of electron–hole pairs. 
Finally, as ZnO dissolves into solution, the release of 
Zn²⁺ ions disrupts enzymes that are intracellularly 
located and disrupts membrane integrity. Other 
properties of the ZnO nanoparticles, such as 
surface defects, oxygen vacancies, and particle 
morphology all influence the activity of these 
nanoparticles at the Nano–bio interface. The 
chemical reduction technique is one of the many 
methods for synthesising ZnO nanoparticles. It has 
a high degree of robustness and scalability and can 
produce ZnO nanoparticles having controllable 
morphology and narrow particle size distributions. 
Furthermore, the chemical reduction method 
permits the fine-tuning of the kinetics associated 
with both the nucleation of the nanoparticles and 
the growth of the nanoparticles by varying the 

various parameter(s) associated with the reaction, 
including the precursor concentration, pH, 
temperature, and the type(s) of capping agent(s) 
utilized.

MATERIALS AND METHODS
Synthesis of ZnO Nanoparticles

The first step consisted of a preparation of 
the zinc sulphate solution ZnSO4.7H2O (0.015 M). 
The second step was to add sodium bicarbonate 
solution (0.04 M). The addition of sodium 
bicarbonate solution to the zinc sulphate solution 
at a rate of one drop per drop was accomplished 
using a magnetic stirrer to ensure thorough mixing. 
Once the solution appeared cloudy, zinc hydroxide 
was produced as a precipitate. The precipitate was 
then washed three times with distilled water. The 
precipitate subsequently was heated in an oven 
for 80°C for three hours. Finally, the resultant nano 
sized zinc oxide was produced by heating at 350°C 
for three hours in a muffle oven. Resultant product 
was a white powder.

RESULTS AND DISCUSSION
Characterization of ZnO nanoparticles with X-ray 
diffraction (XRD)

To confirm the synthesis of phase-pure 
Zinc Oxide nanoparticles, the crystallinity and 
purity of the obtained nanoparticles were 
assessed using X-ray diffraction (XRD) with Cu 
Kα radiation (λ = 1.5406 Å). The XRD patterns 
illustrate multiple well-defined peaks found at 
the following 2θ values; ~31.7°, ~34.4°, ~36.2°, 
~47.5°, ~56.6°, ~62.8°, ~66.3°, ~67.9° and ~69.1° 
which correspond to the (100), (002), (101), (102), 
(110), (103), (200), (112) and (201) crystalline 
planes, respectively (shown in Figs. 1 and 2). These 
plane reflections were found to be in excellent 
agreement with the standard hexagonal wurtzite 
crystalline structure of ZnO, provided by the 
JCPDS card number 36-1451; therefore further 
confirming that a phase-pure synthesis of ZnO was 
completed. The entirety of the identified peaks 
(i.e. reflection peaks) demonstrate no additional 
impurities such as; either Zn(OH)₂ or any other 
Zn compound, are present within the detection 
limits of the instrument. The sharp, well-resolved 
diffraction (i.e. intensity) peaks observed in the 
XRD patterns were indicative of highly crystalline 
materials. There is some minor broadening of the 
peaks observed, indicating that these materials 
are in the size range of “nano,” and may also have 
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a finite amount of crystallite size (i.e. crystallite 
size is variable) and possibly some microstrains in 
the lattices. Table 1 shows that the peak intensity 
is greater for the (002) plane versus the other 
planes, which indicates that the majority of 
crystal growths take place along the c-axis of the 
hexagonal crystal structure. Anisotropic crystallite 
growth behaviour in ZnO nanostructures results 
from the wurtzite crystal structure having polar 
characteristics. [12-14].

Scanning Electron Microscopy (SEM) Analysis
Using scanning electron microscopy (SEM), the 

morphologic and microstructural characteristics 
of the synthesized Zinc Oxide nanoparticles were 
evaluated. The SEM image shows that this sample 

has many different types of densely agglomerated 
nanostructures found on a microscopic surface. 
These particles also have a variety of shapes: most 
are quasi-spherical nanoparticles; some are short, 
rod-shaped and/or irregular granular structures. 
The primary particles, when viewed at 20,000X, 
may appear to be in the nano range; however, 
because they have such high surface energy and 
high levels of attraction between them; they tend 
to combine into large secondary aggregates. This 
is a typical feature of all ZnO nanoparticles, as 
shown in Fig. 2. 

The synthesized ZnO shows clusters of particles 
that have a looser arrangement and more open 
spaces between them, which may maximize the 
surface area of the material. Additionally, there 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 1. X-ray diffraction of a zinc oxide.

2θ (degree) Intensity Miller Indices (hkl) 
31.7 Strong 100 
34.4 Very strong 002 
36.2 Strong 101 
47.5 Medium 102 
56.6 Medium 110 
62.8 Medium 103 

66.68 Weak 200 
72.77 Weak 112 

 

 

Table 1. XRD Peak Table for ZnO NPs.
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Fig. 3. TEM for ZnO NPs.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Scanning Electron Microscopy (SEM) for ZnNPs.

Fig. 2. Scanning Electron Microscopy (SEM) for ZnNPs.
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exist mixed morphologies (e.g., rods) indicating 
that growth occurs preferentially in specific 
crystallographic directions, consistent with the 
preferential growth along the (002) crystal plane 
indicated by the XRD results. Therefore, it is 
reasonable to conclude that the growth of ZnO 
nanocrystals is related to the inherent polarity of 
the hexagonal wurtzite crystal lattice structure. 
In general, the SEM images indicate that the 
synthesized ZnO consists of agglomerated porous 

forms of nanoscale primary particles with mixed 
morphologies, providing further evidence of 
its high degree of crystallinity and nanoscale 
character identified in the XRD findings [15].

Morphological and Surface Analysis (TEM and 
AFM)

The morphology and surface characteristics 
of the sample prepared were studied by using 
Transmission Electron Microscopy (TEM) and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. AFM image for ZnO nanoparticles.
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Atomic Force Microscopy (AFM) as complementary 
methods of determining the particle structure 
and surface topology. In the TEM image, 
the nanostructures present are shown to be 
irregularly shaped and there is evidence that these 
nanoparticles have formed highly agglomerated 
clusters (Fig. 3). Within the TEM image, the 
nanoparticle clusters are shown as areas of dark 
contrast, which indicates that the material has 
a high electron density. TEM also shows the 
agglomeration of the nanoparticle clusters as chain-
type and island-type forms, and the nanoparticle 
agglomerates range from submicron to micron 
size; however, the primary particle size is much 
smaller than the agglomerates and it is difficult 
to distinguish the primary particles as a result of 
extreme agglomeration. By analyzing the AFM, 
we have learned a lot about the sample’s surface 
topography/roughness. Scans of the sample (Fig. 

4, 2D images, and 2D images, 2.0 x 2.0 µm sq. 
areas), have shown a very normally distributed/
exclusively packed granular morphology. There 
are nano-dome-type features that are arranged 
very closely to each other without any significant 
voids or cracks indicating high levels of uniformity/
continuity. Quantitative roughness measurements 
indicate that the surface is relatively smooth with 
variations at a nanoscale level. The average surface 
roughness (Sa) is approximately 0.043 nm and root 
mean square roughness (Sq) equals approximately 
0.0630 nm. This data shows that a low-roughness 
and highly compact Surface has been developed 
on the sample. A negative skewness (Ssk) value (≈ 
-0.494) indicates that the surface consists mainly 
of shallow valleys, while the kurtosis (Sku) (≈ 2.9) 
indicates that the heights of the structures on the 
surface are nearly normally distributed. Together 
the above quantitative results show that the 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Antibacterial activity of (Plant extract) against S.aureus. A, (DIW). B, 62.5 µg/mL. C, 125 µg/mL. D, 250 µg/mL. E, 500 µg/mL.

Antibacterial analysis(Zone of inhibition (mm) 

Sample A B C D E 

S.aureus 6 21 22 23 25 

E.coli 6 23 32 35 37 

 

Table 2. Explain the antibacterial activity of nanoparticles.
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surface is highly homogenous and well-organized. 
Images captured using AFM reveal characteristics 
of slight elongation and anisotropic or grain forms 
which range from tens of nanometers to a few 
hundred nanometres in their lateral dimensions 
and were likely caused by particle coalescence 
during the process of manufacturing the film [17-
18].

Prepare of Mueller Hinton agar
Muller-Hinton (M-H) prepared by adding 38 

g of the powder into 1 L distilled water and then 
heated on a burner with shaking. M-H must be 
autoclaved for 15 minutes at 121°C to be sterilized. 
Then it was allowed to cool to 50°C before pouring 
into a petri dish and leaving for about 15 minutes 
for solidification before flipping upside down and 
storing in the refrigerator at 4°C.

Antibacterial activity
ZnO-NPs were tested for antibacterial potential 

using an agar well diffusion assay against both 
Gram-positive and Gram-negative bacteria. To 
accomplish this, approximately 20 mL of MH agar 
was poured into sterile petri dishes using aseptic 
technique. Using a sterile wire loop, the bacterial 
strains were picked from their respective stock 
cultures. Following the proper incubation period 
for the bacteria, 6 mm holes were created in the 
agar plates with the use of a sterile tip. Different 
concentrations of ZnO-NPs were then placed into 

each of the holes in the agar plates. The agar plates 
containing the ZnO-NPs and the bacteria were 
incubated overnight at 37°C prior to recording the 
average size of the zone of inhibition for each of 
the different concentrations of ZnO-NPs.

Result of Antibacterial activity
The success of synthesizing ZnO nanoparticles is 

demonstrated by the formation of a white powder 
that corresponds to the successful formation of 
the ZnO phase. The potential for a higher level 
of bactericidal activity than standard ZnO can be 
explained by several interrelated mechanisms. 
First, ZnO nanoparticles produce reactive oxygen 
species (ROS) such as hydroxyl radicals (•OH), 
superoxide radicals (O₂⁻) and hydrogen peroxide 
(H₂O₂) causing oxidative damage to the bacterial 
cell; this includes lipid peroxidation, protein 
denaturation, and DNA damage. Second, ZnO 
nanoparticles also release Zn²⁺ ions (when in 
solution) that can diffuse across the bacterial cell 
membrane leading to the loss of the ion’s ability 
to maintain cellular metabolic homeostasis. 
[23]. Further, the electrostatic attraction of the 
positively charged nanoparticle and negatively 
charged bacterial membrane increases the 
permeability of the membrane, resulting in 
cytoplasmic leakage. Additionally, nanoparticle 
size, morphology and surface defect density 
have a significant impact on the ability of the 
nanoparticle to exhibit antibacterial activity. More 

 

Fig. 6. Antibacterial activity of (sample 2) against Ecoli A, Control. B, 62.5 µg/mL. C, 125 µg/mL. D, 250 µg/mL. E, 500 µg/mL.
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toxic reactivity and high capacity for generating 
reactive oxygen species (ROS), view Table 2. As 
such, all data associated with the antibacterial 
activity for different concentrations as illustrated 
by these Figs. 5 and 6.

CONCLUSION
The results obtained from this study indicate 

the ability to manufacture ZnO nanoparticles using 
a controlled hydrothermal approach. It was shown 
that they have significant antibacterial activity 
against Gram-positive and Gram-negative bacteria. 
It is thought that the antimicrobial effect of ZnO 
nanoparticles derives from several combined 
physicochemical and biochemical activities such 
as reactive oxygen species (ROS) production, 
ion release (dissolution), and disruption of 
membranes. Thus, at the ‘mechanistic’ level, ZnO 
nanoparticles demonstrate multiple mechanisms 
of action against microorganisms (bacteria), 
and therefore, because of their various modes 
of action, there is little chance that resistance 
will develop to this type of material; thus, ZnO 
nanoparticles represent a viable option as a 
next-generation antimicrobial. There are still 
many questions left unanswered by this study; 
therefore, future studies must be done using in 
vivo methods, evaluating cytotoxicity, modifying 
the surface of the nanoparticles to enhance 
selectivity and biocompatibility.
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