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Abstract: In this paper, we report the synthesis of spherical zinc oxide (ZnO) nanoparticles (NPs) via chemical
precipitation method, as well as their photocatalytic and antibacterial activity assessment. ZnO NPs were
synthesized using zinc acetate dihydrate [Zn(CHsCQOO0),.2H,0] as a precursor and sodium hydroxide
(NaOH) as a reducing agent, and then characterized using various techniques of ultraviolet-visible
spectroscopy (UV-vis), X-ray diffraction (XRD), transmission electron microscopy (TEM), selected area

diffraction pattern (SAED) and energy dispersive X-ray diffraction (EDX) spectroscopy. The product's
characteristic UV-vis peak at 358 nm (A,,4,) suggested primarily the formation of ZnO NPs. XRD
pattern of the product revealed hexagonal wurtzite phase of ZnO. TEM analysis revealed the spherical
nature of synthesized ZnO NPs with an average particle size of 90 nm. EDS elemental analysis identified
the presence of Zn and O. Under UV light irradiation, the efficiency of photodegradation of methylene
blue (MB) dye by synthesized ZnO NPs resulted in 86% with pseudo-first-order reaction kinetics and a
rate constant of 0.01159 (min™). Also, ZnO NPs showed a zone inhibition of 15 mm on the cell wall of
Escherichia Coli (E. coli) bacterium at a dosage of 70uL at a concetration of 100 mg/L.
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1. Introduction the environment, they end up causing a lot of pollution.
MB, for example, is a heterocyclic dye molecule that is

employed as a color and a medicinal medication. It can

Bacterial contamination in food and healthcare
services is rapidly growing. In most cases of food

poisoning, the food is contaminated by bacteria like E.
coli. Foodborne diseases can cause disability; these
diseases are caused by toxins produced by bacteria or
other toxic compounds in food, which can cause severe
diarrhea, toxic shock syndrome, severe infections like
meningitis, and even death (Hernandez-Cortez et al.
2017). Antibacterial active compounds are being sought
to address this problem.

On the other hand, different dyes from industrial
effluents are persistent due to their complicated chemical
structure. Because of the long persistent of such colors in
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enter the human body through effluents from the textile,
paper, and pharmaceutical sectors, and these poisonous,
carcinogenic, and persistent dyes are not only harmful to
individuals, but also to the environment. Furthermore, the
presence of MB in drinking water is harmful to one's
health since it causes irritation of the eyes and skin,
hemolytic anemia, nausea, vomiting, and abdominal pain.
As a result, it's critical to get MB out of the water.
Pollution from MB and other dyes is steadily growing, as
are problems with the environment. Hence, dye
degradation active materials are urgently required
because of the issues.
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Therefore, to solve the above-mentioned two problems a
material is needed which meets both the requirements.
Interestingly, ZnO NP is such an agent which can be
utilized to eliminate food poisoning and dye pollution
problems. ZnO, an active n-type semiconducting metal
oxide, has received considerable attention in the field of
nanomaterials. Because, ZnO has unique chemical,
physical, and biological features (Mohammadi et al.
2018). As a result, ZnO is a good material for making
nanoscale devices, Catalysis and treating pathogens.
Additionally, ZnO is abundant in nature and is safe for
the environment.

ZnO NPs have been shown to have antibacterial
properties against Gram-negative and Gram-positive
bacteria (Dadi et al. 2019), (Elumalai et al. 2015). ZnO
NPs have been discovered to have significant antibacterial
and antimicrobial action because they can easily engage
with bacterial surfaces and damage them by structural
aberration or toxification. In addition, dye degrading
characteristics of ZnO have been demonstrated on several
dyes (Prabakaran and Pillay 2019), (Ajmal et al. 2014),
(Balcha, Yadav, and Dey 2016). Photodegradation using
ZnO NPs is a recent, clean, and cost-effective option for
treating dye-polluted water on a wide scale.

Nano ZnO has a greater surface area to volume ratio than
micron-sized ZnO, making it superior to micron-sized
ZnO for a variety of applications of dye degradation,
nanomedicine, and many other areas of nanotechnology
(Augustine et al. 2017), (Gebre and Sendeku 2019),
(Augustine et al. 2019), (Chavali and Nikolova 2019),
(Doolittle et al. 2003). For the above mentioned
characteristics, ZnO has been a good choice in recent
years for many appliactions (Manjunatha et al. 2019),
(L6épez and Rodrguez 2017), (Balram et al. 2019), (Joel
et al. 2016), (L6pez and Rodrguez 2017), (Balram et al.
2019), (Joel et al. 2016), (Lopez and (Srinivasan and
Manikandan 2017). Also, ZnO granules were found to
have antibacterial action against several bacterial strains
in a previous study (Judith and Espitia 2012).

It is obvious from the preceding explanation that ZnO may
serve as both an antibacterial agent and a photocatalyst due
to its unique chemical, physical, and biological
capabilities. As a result, developing a simple and cost-
effective approach for synthesizing ZnO NPs is important.
ZnO NPs may be synthesized by some methods like
chemical, hydrothermal, chemical vapor deposition, sol-
gel, solvothermal, etc. (Alam and Zamir 2021),
(NaveedUIHaq et al. 2017). Chemical precipitation is one
of the most advantageous of those approaches since it
requires only basic equipment and a cheap solvent of water
(Lingaraju et al. 2015), (Dobrucka and Dugaszewska
2015), (Suresh et al. 2018), (Chen et al. 2008).

There are many independent reports on ZnO NPs used as
either photocatalyst or antibacterial agents. However,

according to our survey, utilizing ZnO NPs for testing
antibacterial agents and photocatalysts for dye
degradation combining is not found. Therefore, we
synthesized ZnO NPs by the chemical precipitation
method and characterized them by analytical techniques.
The evaluation of ZnO NPs' antibacterial activity against
E. coli using the disc agar diffusion method and
photocatalytic degradation of MB using UV light
irradiation is described in this article. Finally, the results
are evaluated.

2. Experimental
2.1 Materials

Zinc acetate dihydrate [Zn(CH3CO0),.2H,0] and NaOH
were purchased from Sigma Aldrich. Both compounds
were analytical grade and used without further
purification. Bacteria culture media tryptone soya agar
and tryptone broth was supplied by Oxion, UK. Muller
Hinton agar was provided by Himedia, India. The
thickness of the agar was 5 mm. The petri dish measured
90 mm by 15 mm in size. Methylene Blue
(C16H15CINSS), MW 319.85 g/mol, 95 % pure, was
supplied by Merck, India. Throughout the experiment,
distilled water was used.

2.2 Synthesis of ZnO NPs

In the beginning, a 50 mL aqueous solution of zinc
acetate dihydrate [Zn(CH;COO),.2H,0] was prepared.
After that, an aqueous solution of sodium hydroxide
(NaOH) was progressively dropped into the aforesaid
solution while vigorously swirling. Zn(CH3;COO),.2H,0
and NaOH had a molar ratio of 1 : 2. After 6 hours of
stirring at room temperature, the fluid turned milky,
indicating particle production. The product was collected
and centrifuged for 20 minutes at 10100 rpm three times
before being rinsed with double distilled water. The
product was dried at 100 °C for 3 hours and calcined at
550 °C for 6 hours before characterization.

2.3 Characterization of synthesized ZnO NPs

Primary characterization of the ZnO NPs production was
performed through UV-vis at room temperature using a
spectrophotometer, UV-1800, Shimadzu, Japan, with a
wavelength between 200 nm and 800 nm and quartz
cuvettes with a path length of 10 mm. An X-ray
diffractometer (Phillips X'Pert PRO PW 3040,
Netherlands) using CuK radiation in a 26-6 configuration
was used to analyze the crystal structure of the produced
products. At a scanning rate of 0.02°/0.6 s, the scanned
value of 2 angles was between 10° and 70°. Data from
the Joint Committee for Powder Diffraction Studies
(JCPDS) file for silver were compared to the measured
data (BD Card No. 01-070-8072). The particle size and
shape of the produced ZnO NPs were examined using
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transmission electron microscopy (TEM, TALOS F200X,
200 KeV, Netherlands) with 200 kV acceleration
voltages. The calcined product was re-dispersed in water,
and the ZnO NPs dispersion droplets on the TEM grid
were used to prepare the TEM grid. Using an energy
dispersive X-ray spectrometer part of the same
instrument, EDX was used to determine the existence of
elements and their percentage.

2.4 Antibacterial assay

The bacterial strain (E. coli) was subcultured on tryptone
soya agar (TSA) media. One loopful colony was selected
from a freshly cultured plate and used to inoculate 9 mL
of tryptone soya broth (TSB) into a 37 °C incubator
overnight to match the turbidity of the 0.5 McFarland
standard (Cell density = 1.5 108 CFU/mL).

2.5 Photodegradation of methylene blue (MB) under
UV light irradiation

The photodegradation of MB under UV light irradiation
was used to assess the photocatalytic activity of ZnO
NPs. In 100 mL of an aqueous solution containing 10
ppm MB, 50 mg of photocatoyst (ZnO NPs) was added.
A colloidal solution was created before irradiation by
magnetic stirring the suspension solution for 1 hour to
achieve  adsorption-desorption  equilibrium.  The
photocatalytic experiment was conducted at room
temperature using a beaker with a magnetic stirrer and
three UV tubes. To prevent light from entering the
reaction media, the entire setup was wrapped in a box
with aluminum foil. The solution in the beaker was
subjected to UV radiation at normal temperature and
stirring settings. In a beaker with a stirring, the MB
solution with ZnO noanocatalyst was placed. First, the
process was run for 60 minutes under dark adsorption to
assure adsorption/desorption equilibrium. Then, the
solution was then irradiated for 3.5 hours at 30-minute
intervals, then centrifuged for 10 minutes at 4000 rpm to
separate photocatalyst particles for analysis. A double
beam UV-visible spectrophotometer was used to examine
the deterioration of the resultant solutions (SHIMAZU
1800). After that, using equation (1), the proportion of
photocatalytic degradation was computed (Balcha,
Yadav, and Dey 2016).
Ag—A¢

Percentage of photocatalytic degradation = —— X
0
100% .... (1)

where A, denoted the initial dye absorbance and A; in the
presence of ZnO at time t.

3. Results and discussion
3.1 UV-vis spectroscopy

UV-vis spectroscopic measurement revealed the
formation of ZnO NPs as the primary evidence. UV-vis

spectroscopy is a method for determining the structural
characterization of NPs. Figure 1 depicts the UV-vis
spectrum of synthesized ZnO NPs. At 358 nm, a sharp
intense absorption peak was seen, which was identical to
the ZnO NPs absorption band as described in the
literature (Lingaraju et al. 2015).
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Figure 1. UV-vis spectrum of synthesized ZnONPs.

3.2 X-ray diffraction (XRD) analysis

The crystalline nature and phase structure of produced
ZnO NPs were validated by XRD analysis. Figure 2
depicts the XRD pattern of prepared ZnO NPs. When
compared to standard card [No. JCPDS 89-1397], the
matching diffractogram in 20 range 20-70° with a
Braggs reflection of (100), (002), (101), (102), (110),
(103), and (112) at 31.75° 34.40°, 36.26°, 47.53°,
56.61°, 62.90°, and 69.06° respectively revealed
hexagonal wurtzite phase. Furthermore, there was no
identified signal due to impurity, indicating that a single-
phase structure of ZnO NPs had developed (Tshabalala,
Dejene, and Swart 2012), (Suresh, Pradheesh, and
Alexramani 2018).
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Figure 2. XRD pattern of synthesized ZnO NPs.



Photocatalytic and Antibacterial Activity Assessment of Spherical Zinc Oxide Nanoparticles Synthesized 77

3.3 TEM, SAED, and EDX analysis

The surface morphology of synthesized NPs was
characterized using TEM analysis. Figure 3(a) shows a
typical TEM image of synthesized ZnO NPs which
indicated spherical shape particles were synthesized. To
know the average particles size, the diameters of about
100 NPs were measured and calculated the average
value. The average size (diameter) of the ZnO NPs to be
found 90 nm. Figure 3 (b) shows the SAED of ZnO NPs.
Crystallized particles were exhibited from it. The
diffraction rings on the SAED image matched with the
peaks in the XRD pattern, this result also proved the
hexagonal wurtzite structure of ZnO NPs.

Figure 3. (a) TEM images and (b) SAED images of
synthesized ZnO NPs.

Figure 4 shows the results of an elemental composition
investigation of produced ZnO NPs using EDX

spectroscopy (Kathiwada et al. 2018), (Nagajyothi et al.
2013), (Kathiwada et al. 2018), (Kathiwada et al. 2018),
(Kathiwada et al. 2018), (Kathiwada et al. 2018),
(Kathiwada et al. 2018), (Kathiwada (Taylor et al. 2015).
This EDS data validated the synthesis of ZnO NPs by
adding another strong sharp peak to the spectrogram due
to oxygen. Two very minor peaks are shown, which
could be related to the copper grid used to capture the
sample. The.ratio of atom of Zn and O is found 1 : 1.
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Figure 4. EDX spectrum of synthesized ZnO NPs.

3.4 Antibacterial activity of synthesized ZnO NPs

The antibacterial activity of produced NPs was tested
against E. coli bacteria using the disc agar diffusion
method after an 18-hour incubation period. ZnO NPs
were found to have a strong inhibitory impact on E. coli
bacteria. The actual mechanism of antibacterial action is
uncertain. However, according to the literature review,
surface reactive oxygen is formed on the surface of ZnO
NPs, which causes pathogens to dyes (Shah, Boruah, and
Parween 2015), (Pal et al. 2018). Figure 5 shows the zone
of inhibition, which was measured at 15 mm at a dose of
10ug L™ The results were compared to the common
antibiotic amoxicillin.

Figure 5. E. coli bacterial zone inhibition by the
synthesized ZnO NPs at a concentration of 70ug mL.
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3.5 Photodegradation of MB under UV
irradiation

light

The absorption against the wavelength of 10 ppm MB
dispersion by the ZnO NPs photocatalyst is shown in
Figure 6. The bulb was then turned up to speed up the
photocatalytic process. After the dark treatment, the time
was kept track of. As a control, the MB solution was
leveled without the catalyst. After 150 minutes of UV
lamp exposure, the MB solution with catalyst
transformed into decolorization, suggesting that MB was
degraded under these conditions.
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Figure 6. UV-vis spectrum of MB photodegradation by
ZnO NPs photocatalyst.

Based on equation (1), the efficiency was found to be
85.93 percent at time 150 minutes, as illustrated in Figure
7. Literature data of efficiency (86%) is comparable with
the data obtained in this study (Isai and Shrivastava
2019). Probably, by controlling the size of the ZnO NPs,
more efficiency would be possible since the smaller
particles provide Larger surface areas and hence the
higher photocatalytic activity.
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Figure 7. Efficiency calculation of MB photodegradation
under UV irradiation by ZnO NPs.

The Kinetics of dye degradation were determined using the
formula In (Ay/Ay) versus time. The dye absorbance after
self— photolysis and at different irradiation periods are
represented by Ao/A; respectively. The linear fit of In
(AdA) vs time suggested a pseudo-first-order Kinetics
pattern of MB photodegradation (Figure 8). The rate
constant was determined to be 0.01159 (min™) (Raj et al.,
2020) (Chen et al. 2017).
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Figure 8. Kinetics study of MB photodegradation under
UV irradiation.

Conclusions

We successfully synthesized spherical ZnO NPs by the
chemical precipitation method in this investigation. UV—
vis spectroscopy, TEM, XRD, SAED, and EDS suggest
the formation of spherical ZnO NPs with an average
diameter of 90 nm. With an efficiency of 86 %, prepared
ZnO NPs showed good photocatalytic activity in the
photodegradation of MB solution. Higher efficiency may
be obtained by controlling the particle size. The rate
constant was found to be 0.01159 (min™) in the kinetic
analysis. At a dosage of 100 10ug mL, the antibacterial
activity of ZnO NPs against E. coli showed a good
response, with a zone of inhibition of 15 mm.
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