S
JIMMA UNIVERSITY
SCHOOL OF GRADUATE STUDIES

DEPARTMENT OF CHEMISTRY

RESEARCH THESIS ON

Effect of Sulphur and Nitrogen Co-Doping On Energy
Bandgap, Antioxidant and Antimicrobial Activity of Zinc

Oxide Nanoparticles

APRIL, 2023
JIMMA, ETHIOPIA



Effect of Sulphur and Nitrogen Co-Doping On Energy
Bandgap, Antioxidant and Antimicrobial Activity of Zinc

Oxide Nanoparticles

RESEARCH PAPER SUBMITTED TO SCHOOL OF GRADUATE STUDIES
JIMMA UNIVERSITY IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF MASTER OF SCIENCE IN
PHYSICAL CHEMISTRY

By
Diriba Yadesa

Advisors:  Tamene Tadesse (PhD)

Jabessa Nagassa (MSc)



SCHOOL OF GRADUATE STUDIES
JIMMA UNIVERSITY
COLLEGE OF NATURAL SCIENCES

We, the undersigned, members of the Board of Examiners of the final open defense by

have read and evaluated his thesis entitled*’ ---Title--->> examined the candidate.

This is therefore to certify that the thesis has been accepted in partial fulfilment of the requirements
for the degree Master of Science in Chemistry (Physical).

Name of the Chairperson Signature Date
Name of Major Advisor Signature Date
Name of Co-Advisor Signature Date
Name of Co-Advisor Signature Date
Name of the Internal Examiner Signature Date

Name of the External Examiner Signature Date



Table of Contents

LISt OF TADIES ... 4
Appendix 1: .Ultraviolet-visible absorbance spectra of bare, doped and co doped quantities of nitrogen
and SUfUr ZINCOXIACS. . ...vt i e e K 5

APPendix2: Energy Bandgaps of bare doped co-doped quantities of nitrogen and Sulphur. (a) Pure

ZnO-NPs ( b) 6%N-Zn0O  (c) 4%S-ZnO and (d) S4-N6-ZnO...............cc.ooo.... 37 e 5
Appendix3: XRD pattern of pure ZnO-NPs, 6%N-Zn0, 4%S-Zn0O and S4-N6-ZnO......... 38
Appendix 4: Diagrams showing of zone of inhibition the pure and doped ZnO-NPs against some
selected MICTOOTZANISINS .............vvieeeeieiseeeeee et e e et e e, 38 i, 5
AN 1] 1 =T SRRSO 7
ACKNOWIEAGEMENT ...t et e enaeeaeennees 8
I 10 (0o (3T (oo I USSR 9
1.1 Background of the StUAY ........ccceeiiiiiiiiice e 9
1.2 Statements Of the ProDIEMS ... s 11
1.3.1 GENEIAl ODJECLIVE ....oviciie ettt e et s b e bt e besteebesbeeneesbeateenbesreas 11
1.3.2 SPECITIC ODJECTIVE ... .ottt b 11
2. Review of Related LItEratUre..........cveiiveiiiie it 12
2.1 The theoretical concept of ZNO-NPS..........ccooiiiiiii e 12
2.2 Materials for doping ZnO-Nanoparticles (NPS). ....coccvviviiieniienieie e 12
2.4 Nitrogen doped ZnNO-NPS (NANOPAITICIES) ....c.eiviiiiieiiice e 14
2.5 Antimicrobial aCIVITY ........c.covviiiici e 15
2.6. ANLIOXIAANT ACTIVILY......cveiiiiiiiccie e 16
3. Materials and MethOdS .........c.oiiiiiiiie e 17
3.1 Chemicals and iNSIFUMENTS ........oiiiiiiieii e 17
3.2 Preparation OF ZNO-NPS:.......coiieiieiie et 17
3.2.1 Preparation 0f N-ZNO-NPS .....cccoeiiiiiiiiie i 18
3.2.2 Preparation Of S-ZNO-NPS: ......ooiiiiieiiiesee e 18
3.2.3 Preparation of S-N- co —doped ZNO-NPS: ......cccovvriirieriiienese e, 18
3.2.4 Characterization of synthesized Nano particles (.......ccccooevvivniiiiniiiinnennnn, 18
3.2.5 Antimicrobial aCtiVItY tESt..........cueiuiiiiiiiiereie e 19



3.2.6 ANtioXidant aCtIVITY TEST.......cvevveiie e 19

4 ReSUlt and diSCUSSION .......cuieiieiie ettt 20
4.1 production of zinc oXide NANOPAITICIES. .......c.ccviiieiiiice e s 20
4.2 Characterization of synthesized nanopartiCleS............cooeoeiiiiiiiiiiireee e 21
4.2.1 UV-VIS SPECLIOSCOPY STUAIES ....cvveivieiieiteereeite it ste e st e steste et steese e be e e stesta e esresta e besneeneesresneesreenes 21

A4.2.3 FTIR —ANAIYSIS ....oiiiiiiiiict ettt 23
4.4.4 Powder X-ray diffraction (XRD) @nalYSIS .........ccoeririerieieieinisese s 24
IS IV I gL 1 £ [ SRR 26
4.6 Antimicrobial aCtiVITy aNalYSIS™ ........coveiiiiiiiiiri s 28
4.7 AntioxXidant aCtiVILy @NAIYSIS.......c.ciiiieii i e enes 29

5. CONCIUSION ...ttt re s 31

6. RECOMMENUALION ....oceieiie e ae e 32

o N [ PSSR 32

N o] 0 1=] T [ o0 PSR ST 38



List of figures

Figure 1. Ultraviolet-visible absorbance spectra of bare, doped and co doped quantities of nitrogen and

SUIPNUP ZINCOXIAES. ...ttt bbbttt b et b e nn e 21
Figure 2. Energy Bandgaps of bare doped co-doped quantities of nitrogen and Sulphur. (a) Pure ZnO-NPs
(b) 6%N-ZnO () 4%S-ZnO and  (d) SA-NB-ZNO ......cecoviiiiiiieieiee e aeneas 23
Figure 3. FTIR bands of bare, doped quantiaties of 6%N-Zn0O, 4%S-Zn0O and S4-N6-ZnO0................ 24
Figure 4. XRD pattern of pure ZnO-NPs, 6%N-Zn0, 4%S-Zn0 and S4-N6-Zn0O. .........ccccevvvviveerennne. 26
Figure 5. SEM image of (a) pure ZnO-NPs (b) 6%N-Zn0O (c) 4% S-ZnO (d) S4-N6-Zn0 ..........c......... 28
Figure 6. Diagrams showing of zone of inhibition the pure and doped ZnO-NPs against some selected
TTHCTOONGANISITIS ...tttk b b et s bbb e bR e e s e s e e b e bt b e bR b e s e e et e bt e bt e b e s b e b nnennen s 29
Figure 7. DDPH scavenging activity of ZnO-NPs, 6%N-Zn0, 4%S-Zn0 and S4-N6-ZnO ..................... 30



List of tables

Table 1. Antibacterial and antifungal activity of ZnO, 6%N-Zn0O, 4%S-Zn0O and S4-N6-ZnO0. ............... 29
Table 2. DDPH radical SCAVENGING ASSAY .....cveiveereirearieieseeiesteseestesteassessesseessessesssessessssssessesssessessesssessens 30



List of appendices

Appendix 1: .Ultraviolet-visible absorbance spectra of bare, doped and co doped quantities of
nitrogen and sulfur ZINCOXIAES. ... . ..ottt iiiiiiiiiiiiiiiitietietitiertetiecttasteceesnrsasscessd

APPendix2: Energy Bandgaps of bare doped co-doped quantities of nitrogen and Sulphur. (a)
Pure ZnO-NPs ( b) 6%N-ZnO (c) 4%S-ZnO and (d) S4-N6-ZnO..............cevvnennn. 37

Appendix3: XRD pattern of pure ZnO-NPs, 6%N-Zn0, 4%S-Zn0O and S4-N6-ZnO......... 38
Appendix 4: Diagrams showing of zone of inhibition the pure and doped ZnO-NPs against some
Selected MICIOOIGANISITIS veuueeeeretenreneeeneensenecensensesasansonscansansonssansansessansansannses

Appendix 5: DDPH radical SCAVENGING @SSAY.......cuiuririt ittt ettt ettt eeaan 39



LIST OF ACRONYMS

ACS Ascorbic acid

DDPH diphenyl picrylhydrazyl
FTIR Fourier transformed infrared
MO Metal oxide

NF Nano flower

NPs Nanoparticles

NW Nanowires

TE Tissue engineering
UV-VIS ultra violet visible

XRD X-ray diffractometer

Zn0O Zinc oxide



Abstract

Semiconducting MO-NPs have been taken into consideration for their important applications like
fast and profound detection, portability, high antimicrobial action, and relatively low cost
compared to other conventional procedures. . Zinc oxide nanoparticles can safely be used as
medicine, preservative in packaging, and photo catalysis and antimicrobial agents. It easily
diffuses into the food material, kills the microbes, and prevents a human being from falling ill.

The XRD result imiply some additional peak patterns with S-N-co-doped was observed which
resulted from residual or incomplete converson of complexe compound S and N of synthesized
nanoparticles even though a hexagonal structures of ZnO is not changed. In addition there was
slightly change in diffraction angle both towards the lower and higher angle in 6%N-Zn0O, as a
result of ionic radius and bond length difference respectively as it was reported in other literatures.
Crysal size of synthesized NPs has been calculated using FWHM , and the size of N-S-dual doped
ZnO NPs has smallest compare to the single doped and pure ZnO NPs .The UV absorption spectra
showed redshifts from 370 toward 377 nm and 378 nm due to the nitrogen and sulfur doping
respectively while 370 towards 379 nm due to S-N-co doping. Accordingly, the approximated
energy bandgap values for bare ZnO-NPs, 6%N-Zn0O, 4%S-Zn0O and S4-N6-Zn0O were 2.97, 2.78,
2.69 and 2.63 eV respectively. From this, the S4-N6- ZnO NPs has minimum energy bandgap. The
study results revealed that ZnO NPs functionality is modified by dual doping of S and
nitrogen.doped and co-doped nanoparticles had good crystalline nature, and structures of
hexagonal wurtzite. All undoped ZnO, 6%N doped, 4%S doped and S4-N6- co-doped ZnO
nanoparticles demonstrated worthy antibacterial and antifungal activity against four bacterial
strains and one fungal genus. Generally, S-N-co doped ZnO NPs were found to be possess more

antimicrobial activities than undoped ZnO NPs.

Keywords: ZnO-NPs, Antimicrobial, Enegy bandgap, Characterization, co-doping, Anti-oxidant
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1. Introduction

1.1 Background of the study

Nanotechnology is an interdisciplinary subdivision of science, which stresses the study of
materials in the Nano-range (1-100 nm). The tremendous evolution in the field of nanotechnology
has revealed new essential and applied frontiers in material science and engineering [1-3]. Among
the various categories of nanomaterials, metal oxide nanoparticles (MONPS) are pretty for a large
variety of applications including catalysis, optoelectronic materials, sensors, and environmental
remediation. The metal oxide nano materials have been potentially used in biomedical
applications, which may be due to the high surface area of metal oxide NPs. It has considerably
enhanced its ability to produce reactive oxygen species (ROS) .ROS production may be effected
by various paths such as irradiance of nano materials by ultraviolet (UV) light, disturbance of
intracellular metabolic activities, and antioxidant system. This results in the generation of

oxidative stress in the cells. ROS can cause cell death in DNA, cell membrane and proteins,

Some of the most common MONPs include Ag.0O, CuO, ZnO, TiO», Al.03, CrO2, NiO and others
[4]. Among these MONPs, Zinc oxide nanoparticles (ZnO-NPs) have drawn great attention from
researchers for therapeutic and diagnostic purposes, due to their reduced toxicity, biodegradable
nature and low cost [3]. Zinc oxide nanoparticles can safely be used as medicine, preservative in
packaging, photo catalysis and antimicrobial agents. It easily diffuses into the food material, kills
the microbes, and prevents a human being from falling ill [5]. Moreover, it highly increases the

photocatalytic degradations of some persistent dyes that induce severe environmental pollution.



However, its wide band gap of ZnO (~3.37 eV) [6-7], a large exaction binding energy of 60 meV
[8, 9], and agglomeration [10, 11] hinder it from potential applications [3, 5]. functionality and
efficiency of ZnO NPs can be improved by increasing and modifying their surface area by adding
some dopants materials i.e. biomolecules and transition metals (Mn, Fe, Cr, Cu) at nano scale this
techniques to enhance a major portion of sunlight and enhance the optical properties[7]. For
improve such problems doping represents a good mechanism to modify ZnO NPs properties.
Doping consists of the insertion of a specific ion into a crystal lattice, not originally present in the
starting material. It can be particularly useful to minimize the energy band-gap with a direct
consequence on the ZnO antioxidant properties and related antimicrobial activity. [10] The doping
ZnO with other material did not change the precursor’s material rather than create new
functionality. In addition of doping, the physical and chemical behaviours of ZnO-NPs could be
tuned by changing the morphology using different synthesis routes and materials [5]. Preparation
of ZnO-nanocomposites improves the drawbacks associated with the bare ZnO-NPs.
Nanocomposite materials can exhibit individual properties such as mechanical [12], chemical,
electrical, optical and catalytic properties [2, 3] which make them preferable compared with their
respective individual nanoparticles. It is also considered as safe material from the Food and Drug
Administration, which makes it suitable for a plethora of biomedical applications in drug delivery
systems [3]. Various ZnO NPs have been successfully applied in tissue engineering (TE) [4], nano
flower NF [5] and nano wires (NW) [6]. Which have been found to promote the adhesion, growth,
and differentiation of several cell lines Researchers indicated that the incorporation sulfur into
ZnO-NPs while varying temperature has reduced band gap energy of ZnO —NPs, from 3.34 to 3.22
eV by other authors [9]. Moreover, the Ag-N-co doped of ZnO-NPs was also investigated by
different authors along with its effect on energy band gap and photo catalytic degradation of
organic pollutants [11]. Even though S-doped and Ag-N-co doped of ZnO-NPs have been already
done and reported by others, the effect of S-N-co doping on energy band and its antimicrobial
activity is still not investigated by others. The present study focus on minimize the energy
bandgap, enhancing application towards antimicrobial and antioxidant activity of ZnO-NPs by

S- N co doping.
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1.2 Statements of the problems

MO-NPs have been taken into consideration for their important application like fast and profound
detection, portability, high microbial action, and relatively low cost compared to other
conventional procedures. However, their potential applications are restricted due to their high-
energy bandgap and high electron—hole recombination in visible region of the electromagnetic
spectrum as it has been reported in different literatures [12]. To improve such problems, doping of
trace amounts of metals and non-metal represents a good mechanism to modify ZnO-NPs
properties. Researchers have reported single metal and non-metal doping on the Physico-chemical
properties of ZnO-NPs and obtained good result. In this work, we have investigated the effect of
dual non-metal doping on Physio-chemical of ZnO-NPs related to further reduction of its energy
band gap and boost its antimicrobial and antioxidant behavior. Accordingly, we have investigated
the effect of S & N co-doping of ZnO-NPs on its antimicrobial and antioxidant activity. Worthy
band gap reduction of ZnO-NPs was obtained from the synergistic effect of the two non-metal
having distinct properties compared to the single doped one. Following the appreciable energy
band gap reduction, the antimicrobial and antioxidant behaviors of the pure ZnO-NPs was boosted

largely. The research questions that had been answered in this study involve:

1. Why doping a single element was not so successful in narrowing bandgap energy in ZnO-
NPs?

Did S-N-co doping narrow the band gap energy of ZnO-NPs?

Did S-N-Co doping capable of killing microbes?

4. Did S-N-Co doping active towards antioxidant?

w N

1.3 Objectives of the Study

1.3.1 General objective

This study aimed to evaluate the effect of S-N-co doping on the energy band gap and the
antimicrobial activity of ZnO-NPs.

1.3.2 Specific objective

The specific objectives of this study were

v Prepare S-N-co doped using ZnO-NPs as a control.
v To minimize the energy bandgap of ZnO-NPs by using S-N-Co doping.
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v' Examine the antimicrobial activity of S-N-Co doped ZnO NPs.

v Evaluate the antioxidant activity of undoped, doped and co-doped nanoparticles.

2. Review of Related Literature

2.1 The theoretical concept of ZnO-NPS

ZnO-NPs based drug delivery systems have been got high consideration in recent times [1]. In
addition to the standard, the inclusion of nanoparticles with a high surface area as drug carriers has
highly improved the encapsulation efficiency of drugs like pharmacokinetics and bio distribution
of the drug [13.] Moreover, nanoparticles have been also investigated as antibiotics due to their
promising antimicrobial activity and regulating bacterial infections often present after surgery to
remove/replace organs and tissues [14]. Successful application of nano particles for treatment of
cancer cells was due to its important physical and chemical properties like high surface area to
volume ratio, the rich surface chemistry, the reduced size (1-100 nm), and spontaneous
biodegradation which proof accumulation within the body once therapeutic action has been
completed [15]. ZnO-NPs can also apply as tissue engineering (TE) to promote the repair damaged
tissues and organs. Nanoparticles can show biocompatible characterizes in some cases, since its
size matched with the nanometric scale of components present in the extracellular matrix of tissues
[16].

2.2 Materials for doping ZnO-Nanoparticles (NPs).

ZnO is an inorganic material that has been successfully applied in different fields, starting from gas sensing
[17] and energy harvesting to biomedicine [18]. For more application, it may be useful to optimize the

functionalities to ZnO by adding other material (ions) rather than to improve the pre-existing ones, with the
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final aim to design a multifunctional system. This can be approved by insertion of selected elements in the
ZnO NPs which can be specifically useful to modulate the energy band-gap, with a direct consequence on
the ZnO photo catalytic properties and related antimicrobial activities. ZnO offers a high driving force for
reduction and oxidation processes because of its unique chemical and physical properties [19]. In addition
to the generation of a weak ferromagnetic behavior in the doped particles [20], it causes the tuning of
degradation properties in aqueous environments [21]. Or the modulation of the electromechanical response
[22] Were the most important functionality modification resulted from the insertion of selected elements in
the ZnO- nano particles (NPs). Fe [23], Mg [24], Ta [25] and Cu [26] are doped ZnO NPs with enhanced
antimicrobial activities has it been reported. Generation of Reactive Oxygen Species (ROS), metal ion
release and membrane damage [27] is the inhibitory mechanism of ZnO -NPs which enhance the
antimicrobial activities of metal doped ZnO. This mechanistically improvement comes due to the enhanced
generation of reactive oxygen species (ROS) as a result of doping [28]. Rare earth (RE), or lanthanide,
elements are widely applied for the doping ZnO nanoparticles and to properly modify the
corresponding electronic band structure [29]. In case of UV light irradiation, ZnO represent a very
fast recombination of the photo generated charge carriers. Due to the 4f configuration use of
lanthanide may help in increasing the recombination time of the electron/hole pair in the
semiconductor [30], improving the efficiency of photo catalytic process, along with its
antimicrobial activities.The change in the band-gap and the generation of trap states make RE
doping interesting; the possibility of doped ZnO being used as an imaging agent also indicated
from the luminescence point-of-view. The trap states induced by doping may act as radiative
recombination sites not present in the pure crystal and the dopant atoms with aspects such as the
crystallite size, contribute to change the band-gap of the system, resulting in the possibility to tune
the optical properties of ZnO [31]. Increasing the absorption of light and lowering the
recombination of photo generated charge carriers by incorporation of non-metals like (S, N,C) can
affect the crystallization and structural properties of ZnO which can modify the photo catalytic
activity Similarly, the N-doped ZnO also helps in the band-gap narrowing as well as the band-gap
shifting towards the visible-light region. The non-metal doping in ZnO is very beneficial for
improving its properties in optoelectronic applications as well as in the environmental purification
[32].

2.3 Sulphur doped ZnO NPs
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Incorporation of chalcogens into ZnO NPs was not familiar in the beginning times. However,
recently, due to the large electro-negativity and size difference between S and O, S doping is one
of the best ways to modify structural and optical properties of ZnO which, widely used for the
remediation of environmental pollution [33]. the substitution of S in place of O affects the lattice
constant which is responsible for the variation in electrical and optical properties of the
semiconductor as result of the larger size of S? than that of O?~ [34].Different types of synthesis
techniques like hydrothermal method [35]. Chemical bath deposition method [36].
Electrochemical deposition [37], one-step catalyst free thermal evaporation process [38].Mechano
chemical approach, and wet-chemical approach were used for the preparation of different types of
ZnO/S [39].In terms of simplicity, convenient, low cost, low growth temperature and eco-friendly,
the hydrothermal process was the best method for the preparation of ZnO and ZnO/S [40]. In
addition, great crystal quality, less intrinsic defects, different distribution of intrinsic defects and
good electrical properties was obtained by using this method. [35]. In the hydrothermally
synthesized Ag/S co-doped ZnO, it was found that Ag acts as a good successor and overcomes the
generation of interstitial Zn and O vacancies while S enhances the solubility of Ag in the co-doped

samples [37].
2.4 Nitrogen doped ZnO-NPs (nanoparticles)

Currently, nitrogen-doped ZnO NPs are a unique and attractive issue [41].Nitrogen is considered
as the most effective dopant for p-type ZnO due to its atomic size being similar to that of oxygen.
In addition, group V elements such as phosphorus (P) [42], arsenic (As) [43], antimony (Sb) [44],
Are the most reliable dopants for p-type ZnO. Research on doping N and N2 in ZnO has revealed
that N at the Zn site acts as a shallow recipient, and at the O-site, it acts as a donor, while N acts
as a deep recipient as it reported by others [45]. N-doping in ZnO causes narrowing of the band
gap in ZnO and increases the absorption of visible light [33].A number of methods such as
molecular beam epitaxy, active sputtering, chemical fumes, and ZnO ammonolysis at low
temperatures are used for producing nitrogen-doped ZnO. Using the proper nitrogen supply and
introduction of it into ZnO-NPs using a solution combustion method is a simple, but promising
method of nitrogen fixation in oxide. The photo catalytic activity of ZnO towards the breakdown
of organic dyes is increased by enhanced VL absorption, which is assigned to the formation of

localized states of N 2p in the band gap. The behavior of nitrogen dopants in ZnO has been
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discussed by theoretical calculations, such as the ab initio electronic band structure method [46]

and density functional theory [47].

2.5 Antimicrobial activity

The issues related to resistant of microorganisms facilitate the study of new and more effective
antimicrobial agents. Good antimicrobial effects have been obtained from metal oxide
nanoparticles, such as MgO, Cu.0O, CuO, Zn0O, TiO, and WO3, which present distinct behavior
and properties from micrometric or millimetric particles. ZnO-NPs found as an antimicrobial agent

against both pathogenic and spoilage microorganisms as it has been reported earlier.

In some cases ZnO NPs proven as potential antimicrobial agents for Staphylococcus aureus and

Escherichia coli which is mainly found in urban waste water. [48]

Their proposed mechanisms for antimicrobial activity may be due to induction of oxidative stress
which resulted formation of reactive oxygen species, membrane disruption due to the accumulation
of ZnO-NPs therein, and internalization of nanoparticles followed by the release of antimicrobial
ions (Zn-). In addition to its unique antibacterial properties, ZnO is classified as a Generally
Recognized as Safe (GRAS) compound by the U.S. Food and Drug Administration (FDA, 2016).
[50].

Surface area and concentration are more pronounced than crystalline structure and particle shape

for the antimicrobial activity of ZnO nanoparticles. The smaller size of ZnO particles better is its
antimicrobial activity. Thus higher the concentration and larger the surface area of the
nanoparticles, the better is its antimicrobial activity. Some researchers have proposed in their study
that the generation of hydrogen peroxide is the main factor of the antibacterial activity, while it
also indicated that the binding of the particles on the bacterial surface due to the electrostatic forces
could be another factor [51].

The issues of controlling the growth of pathogenic microorganisms are one of foremost
importance for food safety and public health. Different bacteria are causes major opportunistic
human infections in different ways. They are common soil and water bacteria which widely
distributed among fresh foods. Bacillus_cereus is a pathogenic bacterium commonly isolated from

soil and easily spread in the environment. Humans are the primary reservoir of S. aureus, and food
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contaminated during its preparation is the most significant source of staphylococcal food
poisoning. Salmonella spp. is a resilient bacterium capable of adapting to temperature, pH, and

water activity beyond their normal growth range, posing high risks to safety.

The present study aimed to study the effect of sulphur and nitrogen co-doping on the energy

bandgap and evaluate their antimicrobial and antioxidant activity of ZnO-NPs.

2.6. Antioxidant activity

Treatment of Cancer by chemotherapy, radiation therapy and surgery were efficient towards the killing of
cancer cells, however it has been diminished in current times since it has an adverse effect towards the
normal cells also.1-3 this improved as result nano medicine generation. ZnO NPs have advanced
imaging, therapeutic activity and effective for early detection of cancer and its treatment.

ZnO NPS exhibit the antioxidant activity regarding mechanisms free radical scavenging and
reducing activities. Additionally, ZnO-NPs are protected cell membranes against oxidative
damage, decrease free radicals and malondialdehyde (MDA) levels, and increase the antioxidant
enzyme levels. Rattt. Antioxidants play an important role in the functioning of all bio systems.
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3. Materials and methods

To determine the impact of S-N-Co doping on the bandgap energy of ZnO-NPs were prepared by
the sol-gel technique and mixed with different ratios of ZnS and (NH2).CO respectively [9].

3.1 Chemicals and instruments

Chemicals like hexahydrated zinc nitrate (Zn (NOs),).6H.0), sodium hydroxide (NaOH), ethanol
(C2HsOH), zinc sulphide (ZnS), urea (NH2)2CO, 2, 2-diphenyl-1- picrylhydrazyl (DPPH) and ascorbic
acid were purchased and distilled water were used in this research work. ZnS and (NH2)>CO were used

as sulphur and nitrogen sources for doping, respectively.

Different apparatus and materials, such as beakers, measuring cylinders, magnetic stirrers, an
electronic beam balance, a muffle furnace, burettes, funnels, filter paper, a pH meter, sample

bottles, centrifuge tubes, sample vials, and aluminum foil, were used.

Advanced analytical instruments such as x-ray diffractometry (XRD), an UV-vis spectrometer,
and a Fourier transform infrared (FTIR) spectrophotometer were used for this research.

3.2 Preparation of ZnO-Nps: ZnO-Nps were synthesised by sol-gel techniques. For the
preparation of ZnO—NPs, 6 g of hexahydrate zinc nitrate was dissolved in 50 mL of distilled water
at room temperature. Next, 0.8 g of sodium hydroxide was mixed with 100 mL of temperate
distilled water at room temperature. Constant stirring was done for both solutions for 30 minutes

with a magnetic stirrer[52].
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Following that, NaOH solution was poured into the solution drop wise while constant stirring was
maintained, adjusting the pH until it reached 10. After the pH was adjusted, the mixed solution
was heated on a hot plate at 60 °C for 2 hours while vigorous stirring was done continuously. The
solution left for cooled and filtered by what man filter paper and washed three times with distilled
water and ethanol respectively. The filtered samples were dried in an oven at 60 °C and calcined
at 500 °C on muffle furnace for 2 hours. Finally, the white powders were obtained, which
confirmed the colour of ZnO-Nps [53].

3.2.1 Preparation of N-ZnO-Nps Different concentrations of urea were prepared by dissolving
0.015, 0.03, 0.045, and 0.06 g in 25 mL of distilled water at room temperature. Each concentration
of urea was added to the previously prepared solution of hexahydrated zinc nitrate and stirred for
10 minutes to obtain a homogenous solution. Sodium hydroxide solution (2 M) was prepared
separately by dissolving 0.8 g of NaOH into 100 mL of distilled water. The sodium hydroxide
solution were added drop wise to the solution that contain zinc nitrate and urea solution until it
forms precipitate while controlling pH. Then the mixed solution heated at 60 °C while constant
stirring for 2hr. the solution kept to cooled and filtered by what man filter paper and dried on oven
at 60 °C and calcined on muffle furnace at 500 °C for 2 hr.[54]

3.2.2 Preparation of S-ZnO-Nps: ZnS solution was made by dissolving various amounts (0.01,
0.02, 0.03 and 0.04 g) into 10 mL of distilled water. The produced ZnO-Nps (1g) was then
dissolved in 10 mL of ethanol, combined with the ZnS solution, and stirred for 3 hours at room
temperature. Finally, the mixed S/ZnO solution was filtered, rinsed with distilled water till the pH

of the removed waters reached 7, air-directed overnight, and calcined at 300 °C for one hour [52].

3.2.3 Preparation of S-N- co —doped ZnO-Nps: S-N-Co doped was prepared from the zinc oxide
nanoparticles by dissolving 1g of ZnO into 10 mL of ethanol and mixed with selected amount
urea solution and zinc sulfide solution separately. Following that stirred at room temperature for

three hours, filtered and rinsed with distilled water until pH of removed water reaches 7, Air

directed overnight, and calcined at 300 °C for one hour.

3.2.4 Characterization of synthesized Nano particles (  NPs): The synthesized nanoparticles

of bare, doped and co-doped ZnO nanoparticles were characterized by X-ray diffraction (XRD),
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UV-vis, and FTIR spectroscopic techniques. A 0.2 M concentration of each sample was prepared
in ethanol for UV—vis, but XRD and FT-IR were used for measurements of solid powders. The
diffraction measurements were conducted on a Drawell XRD-.using Cu Ka radiation over a 20 in
the range of 10-80°. Absorbance measurements were conducted with UV-visible
spectrophotometer for the determination of bandgap energies.

3.2.5 Antimicrobial activity test

Antimicrobial studies were conducted at the Jimma University in the Biology Department
Laboratory and done using the agar disc diffusion method [1]. The biological screening effects of
the synthesized nanoparticles were tested against the bacterial strains such as,Staphylococcus
aureus, sallamonela typhis, Bacillus cereus and Escherichia coli and fungal activity was also
tested against Candida alibican. Culture containing test tubes with approximately equal
concentration or density of 0.5 McFarland standard was used for inoculation of media[55]. And
freshly grown liquid culture of test bacteria and fungi solution having similar turbidity with 0.5
Mc Farland were seeded over Muller-Hinton Agar (MHA) and Potato Dextrose agar respectively.
DMSO was used as negative controls while Gentamycin and clo used as positive control for
bacteria and fungi respectively. The sample solution of 100 mg/ml of each tested compound has
been prepared by dissolving the compounds in DMSO and the solutions were loaded on the wells
of the culture and in culture incubated at 37 °C for 24 hours. The inhibition zones were developed
on the plate around the standard paper disc with adiameter of 6 mm, and the antimicrobial activity
of nanoparticles was demonstrated by the diameter of the zone of inhibition developed around the

sample.

3.2.6 Antioxidant activity test

A DPPH radical scavenging assay was performed to determine the ability of the prepared ZnO
NPs to scavenge free radicals. The ability of NPs to inhibit oxidation was tested by decolourizing
a methanol solution of DPPH. In methanol solution, DPPH creates a violet/purple colour, which
fades to shades of yellow in the presence of antioxidants. A 0.1 mM DPPH in methanol solution
was prepared and 1ml of it was combined with 3 mL of bare ZnO-NPS, 6%N-Zn0O, 4%S-Zn0O and
S4-N6-Zn0 in methanol at (70, 90,110,130 Mg/mL) for each nanoparticles. The reaction mixture

was vortexed completely and kept at room temperature for 30 min in the dark [8]. At 517 nm, the
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absorbance of the mixture was determined spectro photometrically. Ascorbic acid was used as a
standard. The following equation was used to compute the percentage of DPPH radical scavenging

activity:
% DPPH radical scavenging activity = (AOA;AI)X 100
0

Where the absorbance of the control is A0 and the absorbance of the sample is Al. The percent of
inhibition was then plotted against concentration, and the 1C50 was derived from the graph. At
each concentration, the experiment was performed three times.[56]

4 .Result and discussion

4.1 production of zinc oxide nanoparticles.

By sol —gel techniques, ZnO NPs was obtained successfully. Hydrolysis of Zn (NO3)2.6H20

with NaOH results formation of ZnO colloid. Causing to heating, Zn (NO3)2.6H20 within

solution leads to productions of nitrate ions and zinc ions. Zinoc hydroxide nitrate is an
intermidate product of the hydrolysis reaction formed in the presence of H2O and OH .The

formed intermidate is directly converted into ZnO upon heating and through long time

refluxing.NaNOs is water soluble and easily separated from the obtained products. During

drying, Zn (OH) 2 is totally converted to ZnO by the follow reaction:

Zn(NO3)..6H,0 (aq) + 2NaOH (aq) —3m Zn(OH), (s) + 2NaNO; (aq) + 6H,0 (D)

formation

+ heating
Zn(OH), (s) - Zn0(s) +  HyO(g)
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4.2 Characterization of synthesized nanoparticles

4.2.1 UV-Vis spectroscopy studies

The UV-Vis spectroscopy studies were performed to study the absorption properties of pure ZnO
NPs 6%N-Zn0, 4%S-Zn0O and S4-N6-ZnO. The energy differences between the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) formed by the
hybridization of Zn d orbitals and oxygen 2p orbitals causes the bandgap, which in turn leads to
absorption in the UV-Vis region. Fig. 1 shows absorption spectra of all prepared pure, doped and
dual doped ZnO NPs .The absorption values are observed at 370 nm for ZnO and 376 nm, 377 nm
and 379 nm for 6%N-Zn0O, 4% S-ZnO and S4-N6-ZnO respectively. No additional peak is
observed except redshift from ZnO to doped and dual doped ZnO NPs which indicates that the

process of doping did not alter the crystal structure of ZnO NPs.
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Figure 1. Ultraviolet-visible absorbance spectra of bare, doped and co doped quantities of
nitrogen and sulphur zincoxides.

4.2.2 Optical Bandgap energy Analysis

The optical bandgap (Eg) was calculated using the Tauc method. A Tauc plot can be drawn using

the UV-Vis absorption results and the following equation,

(@ahv )= (hv-Ey )
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Where @ represents the absorption coefficient, N represents Planck’s constant, V is the frequency

of light and Eg is the optical band gap. Fig. 2 shows the Tauc graph, which is plotted between (ahv
)2 and hv using the above-mentioned equation, and where extrapolation of the linear part of the

graph gives the band gap value. The calculated band gap values are 2.97 eV, 2.78 eV, 2.69eV and
2.63 eV for pure ZnO NPs, 6%N-Zn0, 4%S-Zn0O and S4-N6-ZnO respectively. As expected, there
is a difference in the energy band gap observed for doped and co-doped compare to pure ZnO
NPs. Particularly, the energy band gap of S4-N6-ZnO has decreased when compared with that of
pure ZnO NPs , 6%N-Zn0, and 4%S-Zn0O. This may due to modification of electronic level of
zinc oxide. More 2p electron of nitrogen compared to the substituted oxygen by N induce the new
energy level between the conduction and valence band of ZnO, which results decreasing the band

gap in ZnO NPs.(agn).
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Figure 2. Energy Bandgaps of bare doped co-doped quantities of nitrogen and Sulphur. (a) Pure
ZnO-NPs ( b) 6%N-ZnO (c) 4%S-ZnO and (d) S4-N6-ZnO

4.2.3 FTIR —Analysis

Light transmittance properties were measured for bare, doped and co-doped ZnO-NPs by FTIR
(Perkin Elmer Spectrum two) in the wave number range of 4000—400 cm—1. Figure 4 shows the
IR spectra of ZnO-NPs, 6%N-Zn0, 4%S-ZnO and S4-N6-ZnO samples in order to see their
difference in functional groups. The IR spectra prove that the zinc oxide absorption band with a
stretching mode of Zn—0 is between 400 and 850 cm ™2, which corresponds to the hexagonal ZnO
crystal structure. The peaks observed between 3300 cm™ and 3500 cm™ are assigned to the O— H
stretching mode of the hydroxyl group which comes from surface adsorption of water. These
observations from the FTIR bands indicated the existence of impurities mainly near ZnO surfaces.
In addition, there is a strong absorption peak observed at 877 cm™ in all samples which assigned
to replacement of the O by H .A new peak, which is not sharp, was observed at 1410 cm™ due to
microstructure formation of the sample (Zn—S) during doping and the peak at 1387 cm™

corresponds to a Zn-N Stretching vibration and the peak around 2426 cm™ is C=0 streching.
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Figure 3. FTIR bands of bare, doped quantiaties of 6%N-Zn0O, 4%S-ZnO and S4-N6-ZnO.

4.4.4 Powder X-ray diffraction (XRD) analysis
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ZnO nanoparticles were synthesized from precursor Zn- (NOz)..6H20 by the conventional sol—gel

process. The obtained products were calcined at temperatures of 500, °C for 5 h, and then, the

products were characterized employing Cu Ka radiation over a 260 in the range of 10—80°. The

XRD patterns of the produced products are revealed in Figure 4, which indicates the crystalline

arrangement under the hexagonal structure (JCPDS) with leading peaks at 26 = 28.62°, 31.86°,
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34.62°, 36.28°, 47.64°, 56.78°, 63.15°, and 68.18°. These lines were indexed correspondingly as
matched to the hexagonal phase of ZnO. The particles have a high crystallinity at 36.28° for both
single doped and dual doped which was evidenced by a sharp peak as well as highest intensity.
The progression of larger crystals from those of smaller size leads to a reduction in the number of

smaller particles, while larger particles continue to grow.

Figure 4 exhibits the XRD patterns of un doped S-doped and N -doped ZnO-NPs; the precise
peaks were located at (20) = 20 = 28.62°, 31.86°, 34.62°, 36.28°, 47.64°, 56.78°, 63.15°, and
68.18°. The diffraction peaks of the S-doped ZnO-NPs and N- doped are close agreement with the
pure ZnONPs and almost similar. This implies that sulfur and nitrogen atoms have been doped
in the ZnO crystal and the absence of additional peak indicates that the occurrence of sulfur and
nitrogen residual compounds or complexes are excluded from S and N doped ZnO NPs while
addition peaks in S-N- co-doping shows the presence residual or complexe compound of S and
N. On other hand, the intensity of diffracted peaks change with the dopant concentration. A
decrease in the intensity of doping is due to a change in electron density. Generally, the intensity
of the diffraction peaks decreases greatly through the S and N- dual dopant than single dopant.

Indicating a relative loss of crystallinity due to lattice alteration.

The crystallite sizes of both pure , S-doped , N- doped and S-N-co doped ZnO-NPs have been
achieved from the full-width at half-maximum (FWHM) of the supreme strong peaks of the

094
pcos6

corresponding crystals using the Dybe-Scherrer equation, D= where A is X-ray

wavelength, D is the average crystallite size, 0 is Bragg’s diffraction angle, and B is the FWHM in
radians. The crystallite size calculated based on the XRD result (by using the Debye— Scherrer
equation) was decreased with the decreasing peak intensity due to the doping concentration. The
calculated crystallite size (D) of synthesized NPs for most intense peaks are recorded in table 1.

The order of crystallite size synthesized NPs was: S-ZnO > ZnO NPs > S-N-ZnO > N-ZnO NPs.
The lower size of S-N-ZnO and N-ZnO NPs was due to doping of N as the the N doped exhibited
the lowest crystal size. (Table 1). The most noticeable tendency versus particle size is that the

surface-to volume ratio increases for smaller particles.
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Figure 4. XRD pattern of pure ZnO-NPs, 6%N-Zn0O, 4%S-Zn0 and S4-N6-Zn0O.

Tablel: Calculated crystalline size of synthesized pure ZnO NPs, S-doped , N-doped and S-
N-co doped ZnO NPs at 500 °C

4.5. SEM analysis

In order to elucidate the external structure of 6%N-Zn0O, 4%S-Zn0O and S4-N6, SEM analysis was
performed. SEM images of pure ZnO-NPs, 6%N-Zn0, 4%S-Zn0O and S4-N6 are shown in Figure
5. It can be easily observed the morphology of dual doped ZnO-NPs (S4-N6) is highly improved
compared single doped and pristine ZnO-NPs. The crystal size of pure ZnO NPs ,6%N-ZnO
4%S-ZnO and S4-N6-ZnO are 29.06, 22.44, 29.21 and 25.76 nm respectively as it has been
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calculated from XRD data. The morphology improvement is attributed to the modified stability

and formation of surface charge as revealed by the FTIR analysis.

S/IN Synthesized 6 cos Mnm) B(radian)  D(nm)
nanoparticles

1 ZnO NPs 18.18 0.78 0.154 0.0039 29.06

2 6%N-Zn0O 18.18 0.78 0.154 0.0050 22.44

3 4%S-Zn0O 18.18 0.78 0.154 0.0038 29.21

4 S4-N6-ZNo  18.18 0.78 0.154 0.0043 25.76
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Figure 5. SEM image of (a) pure ZnO-NPs (b) 6%N-Zn0 (c) 4% S-ZnO (d) S4-N6-ZnO

4.6 Antimicrobial activity analysis*

The antimicrobial activities of undoped ZnO, N doped ZnO, S doped and S-N-co doped ZnO NPs
against Staphylococcus aureus, Salamonella typhi (-ve), Bacillus cereus, Escherichia coli (-ve) and
Candida alibican were done using the disk diffusion method and the diagram for the zone of
inhibition is indicated in Figure 6. The antimicrobial activity study results of undoped ZnO, 6%
N doped ZnO and 4%S doped NPs were found to be effective against all bacteria strain and fungi.
However, percentage reduction in bacterial growth was found to be significantly higher using S-
N-ZnO NPs compared to that of the S- ZnO NPs and N-ZnO NPs. Thus, the antibacterial effective
of synthesized NPs was more active for gram-positive bacteria as compared to gram-negative
bacteria, which is similar with previous reports.. The possible reason behind this is different in (i)
cell membrane structure, (ii) physiology and metabolic activities of the cell, and (iii) degree of
contact of gram-positive and gram-negative bacteria. The antibacterial activity of single doped
and dual doped ZnO nanoparticles showed that they were more resistant to gram-negative bacteria
than gram-positive bacteria. Generally, 6%N doped ZnO NPs showed better antifungal activity
when compared with undoped ZnO NPs, as it was indicated by inhibition zone in Table 1 and this

is supported in earlier literature.[58]

. 6%N-ZnO |
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Figure 6. Diagrams showing of zone of inhibition the pure and doped ZnO-NPs against some selected
microorganisms

Table2. Antibacterial and antifungal activity of ZnO, 6%N-Zn0O, 4%S-ZnO and S4-N6-
ZnO

Name of sample  Zone of inhibition ( mm in diameter)

S.aureus S.typhi E.coli B.cerus C.albican
ZnO 12+0.12 16+0.12 11+0.20 9+0.20 13+0.20
6%N-ZnO 14 +0.30 14 +0.20 12+0.20 16+0.40 17+0.20
4%S-Zn0 1240.12 1740.20 13+0.30 16+0.20 1240.30
S4-N6-ZnO 19+0.20 16.+0.31 14+0.40 18+0.20 18+0.2
Positive control(  29+0.30 30+0.40 26+0.20 27+0.30 21+0.20
Genta and CLO)
Negative - - - - -

control(DMSO)

4.7 Antioxidant activity analysis

The radical scavenging properties of the un doped ZnO NPs, 6%Ndoped, 4%S doped and S4-N6-
ZnO NPs evaluated through the DPPH method showed an increased RSA with an increase in the
NPs’ concentration. The NPs’ half-maximal inhibitory concentration (IC50) were found to be 1
60.73, 50.20, 27.10, and 78.40 respectively (Table 2). It was also noted that the ZnO NPs and
6%N doped offer high antioxidant activity while 4%S doped and co doped have equal inhibition
at 50 ug-mL—1[55]. This result indicates that the prepared S-N- co doped ZnO NPs can inhibit
oxidation due to the transfer of electron density located at the oxygen atom to the nitrogen atom in

the DPPH free radical, which contains an odd electron by n—n_ transition [59].
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Figure 7. DDPH scavenging activity of ZnO-NPs, 6%N-Zn0O, 4%S-Zn0O and S4-N6-ZnO

Table3. DDPH radical scavenging assay

Concentration(mg/mL) %RSC of IC50 (mg/mL)
DDPH
ZnO-NPs 70 40.98380181
90 48.40400191
110 50.04764173
130 52.45354931

67.73840609
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6%N-Zn0O 70 68.16341115

90 71.59361601
110 74.24964269
130 76.36969986
50.19248396
4%S-Zn0O 70 55.22868032
90 71.2720343
110 72.43925679
130 78.6922344
27.10025434
S4-N6-ZnO 70 65.895664602
90 71.20771796
110 81.89947594
130 88.94949976
78.40025434
Ascorbic acid 70 97.6680324
90 08.70152454
110 98.8325393
130 98.9231062
43.75954198

5. Conclusion

In the present work, the effect of sulfur and nitrogen doping and co-doping synthesized ZnO
nanoparticles on the optical energy bandgap, antimicrobial and antioxidant activity of ZnO-NPs,
grown by the sol-gel method, was studied and discussed. The XRD results showed some
additional peak patterns with S-N-co-doped was observed which resulted from residual or
incomplete converson of complexe compound S and N of synthesized nanoparticles even though
a hexagonal structures of ZnO is not changed. From the XRD results, it was observed that there
was slightly change in diffraction angle both towards the lower and higher angle in 6%N-Zn0O, as
a result of ionic radius and bond length difference respectively as it was reported in other
literatures. Crysal size of synthesized NPs has been calculated using FWHM , and the size of N-
S-dual doped ZnO NPs has smallest compare to the single doped and pure ZnO NPs .The UV
absorption spectra showed redshifts from 370 toward 377 nm and 378 nm due to the nitrogen and
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sulfur doping respectively while 370 towards 379 nm due to S-N-co doping. Generally, the
bandgap energy was decreased from 2.97 to 2.78. eV with nitrogen doping and decreased from
2.97 to 2.69 eV with sulphur doping and finally decreased from 2.97 to 2.63 ev for S-N-co doping.
Generally ,functionality modification of ZnO nanoparticles is achieved by this research result of
the bandgap energy narrowed, increments of surface to volume ratio which improve the

application towards antimicrobial and antioxidant activity of ZnO-NPs.

6. Recommendation
In this research, the issue related to photoctallyitic degration of pollutant from waste water has not

bee done and it is better for reseachers to focus on this .Additionally regarding characterization ,it
will be done on EDAX and TEM.
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Appendinces

Appendix 1: A. Ultraviolet-visible absorbance spectra of bare, doped and co doped quantities of
nitrogen and sulphur zincoxides.
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APPendix2: Energy Bandgaps of bare doped co-doped quantities of nitrogen and Sulphur. (a)
Pure ZnO-NPs ( b) 6%N-Zn0O (c) 4%S-Zn0O and (d) S4-N6-ZnO
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Appendix3: XRD pattern of pure ZnO-NPs, 6%N-Zn0, 4%S-Zn0O and S4-N6-ZnO.
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Appendix 4: Diagrams showing of zone of inhibition the pure and doped ZnO-NPs against some
selected microorganisms
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Appendix 5: DDPH radical scavenging assay

Concentration(mg/mL) %RSC of IC50 (mg/mL)
DDPH

ZnO-NPs 70 40.98380181

90 48.40400191

110 50.04764173

130 52.45354931

67.73840609

6%N-ZnO 70 68.16341115

90 7159361601

110 74.24964269

130 76.36969986

50.19248396

4%S-Zn0O 70 55.22868032

90 71.2720343

110 72.43925679

130 78.6922344

27.10025434

S4-N6-ZnO 70 65.895664602

90 71.20771796

110 81.89947594

130 88.94949976

78.40025434

Ascorbic acid 70 97.6680324

90 98.70152454

110 98.8325393

130 98.9231062

43.75954198
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