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Final Report of the work done on the Minor Research Project.

Project report :Final
UGC Reference No :F. MRP-6823/16(SERO/UGC)
Period of report : From 30 JUNE 2017to 30 JUNE 2019

Title of research project : Tailoring the surface morphology of metal

oxide nanoparticles and its Influence on dye
effluent treatment
(a) Name of the Principal Investigator : Dr. A. Jegatha Christy

(b) Deptt. : Physics

(c) College where work has progressed : Jayaraj Annapackiam College
for Women, Periyakulam

Effective date of starting of the project :30 June 2017

Grant approved and expenditure incurred during the period of the report:
a. Total amount approved Rs. 4,90,000/-

b. Total expenditure Rs. 4,90,000/-

C. Report of the work done: Attached separately

I. Brief objective of the project:
The objectives of the projects are

To synthesize photoactive and bioactive semiconductor nanoparticles like Iron
oxide, Titanium oxide, Zinc oxide, Aluminium oxide etc of various shapes by

combustion method.

To study the physico-chemical properties like UV- vis spectroscopy, XRD, BET,



HRTEM, FESEM, XPS, Laser Raman, Photoluminescence of the prepared nano

powders.

To study the photocatalytic and antimicrobial activity of the prepared nanoparticles.

To apply the synthesized nanoparticles for dye effluent treatment by Advanced

Oxidation Processes (AOP) - Photocatalytic Degradation MONPs/UV and to study in

detail.

To study effect of the surface morphology on dye effluent treatment.

To collaborate with local companies that will support the study of effluent in

reusable/drinkable water.

ii) Work done so far and results achieved and publications, if any,

7
L X4

resulting from the work (Give details of the papers and names of the

journals in which it has been published or accepted for publication

Copper oxide nanoparticles (CuO NPs) were synthesized by solution combustion
technique using copper nitrate as an oxidizer and malic acid, oxalic acid and starch
as a fuel for fuel rich, stoichiometric, and fuel lean conditions. The band gap was
calculated from UV-Vis spectra and it was in the range of 3.23 to 3.28 €V for all the
samples. The average particle size calculated from XRD spectra was around in the
range of 14 to 20 nm for all the samples. The SEM images revealed that the prepared
CuO NPs exhibit different structural morphology for different fuel ratios. The
change in fuel ratios plays a vital role in tailoring the surface morphology of CuO
NPs and it is studied in detail.

The Magnesium Oxide (MgO) nanoparticles synthesized via combustion method,
characterized by spectroscopic and microscopic analysis. X-ray diffraction
illustrated that the MgO nanoparticles were crystalline in nature with a face centred
cubic structure. UV-Vis spectrums of the MgO nanoparticles have a sharp
absorption peak around 260 nm. The presence of Magnesium and Oxygen is
confirmed by EDX spectrum. FTIR analysis showed the presence of M-O stretching
vibration for the synthesis of MgO nanoparticles. The aim of present study is to
determine antibacterial activity of MgO nanoparticles against gram-negative and

gram-positive bacteria. Escherichia coli (E. coli) — gram negative and



Staphylococcus aureus (S. aureus)-gram-positive were used as test organism. The
effect of concentration on the antibacterial activity of MgO nanoparticles was
studied using well diffusion agar methods for minimum bacterial concentration. The
inhibitory concentration of MgO nanoparticles 20, 15, 10 and 5pg/pl. The results
showed that MgO nanoparticles have antibacterial inhibition average zone of 11
mm and 14 mm at the concentration of 10ug/pl against E. coli and S. aureus
respectively. Photocatalytic activity of MgO nanoparticles witnessed by the quick

degradation of the organic dye RhB exposure visible light irradiation. .

Using nickel nitrate as an oxidizer and starch, oxalic acid and malic acid as fuel, the
solution combustion method was used to synthesize nickel oxide (NiO)
nanoparticles (NPs). The X-ray diffraction (XRD) has a cubic structure and
confirmed the presence of NiO NPs (JCPDS: 78-0429). The average size of
crystallite for S1, S2, and S3 are around 42,34 and 36 nm. FTIR spectra showed the
band in the 400-550 cm-1 range, corresponding to stretching vibration mode, which
confirms the presence of NiO NPs. The optical absorption spectra confirmed the
presence NiO nanoparticles. The NiO NPs exhibit cubic structure and rod-like
structure, inferred from FESEM and High-Resolution Electron Microscopy
Transmission (HRTEM). The samples S1 and S3 are exhibiting effective bacterial
resistance against gram-positive and gram-negative bacteria. S2 is not showing any
antimicrobial activity and can be explained under the surface roughness factor. The
NPs, which is having rough surface exhibit greater antimicrobial activity than the
smooth surface one. photocatalytic activity of the prepared NiO NPs is evaluated
using Methylene Orange and revealed effective degradation.

a-Fe203 nanoparticles have been prepared by combustion method by using urea.
Completion of reaction was followed by Fourier transform infrared spectroscopy
(FT-IR) and X-ray diffraction (XRD). The obtained powder was further characterized
by energy dispersive spectroscopy (EDS), and scanning electron microscopy
(SEM). Their magnetic properties were done by vibrating sample magnetometer
(VSM). Urea fuel has reflected morphology of crystallites as well as on their
magnetic properties. This results show the finest crystallite size and also high level

of magnetic properties. The Fe203 nanoparticles showed very good antibacterial



activity. The Photocatalytic activity of Fe203 nanoparticles were also evaluated and
were found that the prepared Fe203 nanoparticles enhance the photocatalytic
degradation.

¢ The hexagonal Zinc Oxide Nanoparticles prepared by various methods. The ZnO
were characterized by using XRD, FTIR, UV, FL, SEM, EDX, VSV, antibacterial &
anticancer activity. The XRD results show hexagonal structure and the particle size
of ZnO around 90 nm and lattice parameters a=3.254A0, c=5.122A0. With matches
to JCPDS card number 76-0704. The functional groups were identified by using
FTIR. The optical properties were studied using UV- Vis Spectrum & FL Spectrum.
The band gap energy of the material found using UV-Vis Spectrum. The emission
peak of Fluorescence Spectrum at room temperature. The prepared sample ZnO
was found to have a ferromagnetic material using VSM. The morphology of the SEM
images. The elemental spectroscopy found using EDX Spectroscopy. The
Photocatalytic activity shows excitation wavelength at 554nm under the
degradation of RhB. The anticancer activity (MTT- assay) shows ZnO has a good
anticancer agent.

ii. Has the progress been according to original plan of work and towards

achieving the objective? if not, state reasons
Yes. The work is completed as per plan the results are achieved
iii. please enclose a summary of the findings of the study. One bound copy of the

final report of work done may also be sent to the concerned Regional Office of the

UGC: Enclosed

Iv. Any other information Nil



REPORT OF THE WORK DONE ON THE
MINOR RESEARCH PROJECT

In this project Copper oxide, Nickel Oxide, Magnesium Oxide, Zinc Oxide,
Ferrite oxide nanoparticles were synthesized. The photocatalytic and

antimicrobial activities were studied.

EFFECT OF FUEL RATIOS IN TAILORING THE SURFACE MORPHOLOGY OF
COPPER OXIDE NANOPARTICLES

Abstract

Copper oxide nanoparticles (CuO NPs) were synthesized by solution
combustion technique using copper nitrate as an oxidizer and malic acid, oxalic acid and
starch as a fuel for fuel rich, stoichiometric, and fuel lean conditions. The band gap was
calculated from UV-Vis spectra and it was in the range of 3.23 to 3.28 eV for all the samples.
The average particle size calculated from XRD spectra was around in the range of 14 to 20
nm for all the samples. The SEM images revealed that the prepared CuO NPs exhibit
different structural morphology for different fuel ratios. The change in fuel ratios plays a

vital role in tailoring the surface morphology of CuO NPs and it is studied in detail.

Keywords: CuO nanoparticles, Solution Combustion method, Malic acid, Oxalic acid,
Starch.

1. Introduction

The metal oxide nanoparticles are an important class of semiconductors,
which have applications in storage media, electronics, and solar energy. Due to its unique
physical and chemical properties, CuO NPs has attracted considerable attention for its
large number of applications as materials for catalysts, solar cells, optoelectronics
devices, antibacterial materials, lithium batteries, and so on. They are used in the
development of gas sensors because of its high specific surface area and good

electrochemical activity [1]. They have been prepared by many methods such as the sol-



gel technique, combustion method, sonochemical method, electrochemical method,
thermal decomposition method and so on. They were prepared by solution combustion
method using different types of fuels such as glycine and citric acid which produces
different shapes such as nano flowers and nano rods was reported [2]. Solution
combustion synthesis is an exothermic redox reaction between metal nitrate (oxidizer
agent) and an appropriate fuel (a reducing agent) and had been successfully used to
synthesize nano-crystalline metal oxides. It is a versatile, simple and rapid process, which
allows effective synthesis of a variety of nanosize materials [3]. In the present study, CuO
NPs were synthesized by solution combustion method and its optical, structural,

morphological and vibrational properties were studied in detail.

2. Experimental
2.1 Materials

Copper nitrate (Cu(NO3)2), Malic acid (C4H605), Oxalic acid (C2H204)
and Starch (C6H1005) were used. All the reagents were of analytical grade, purchased

from MERCK and were used without further purification.

2.2 Synthesis

The Copper Oxide nanoparticles were prepared by using solution
combustion method. Copper Nitrate (Cu(NO3)2) was used as an oxidizer and malic acid,
is used as a fuel. Copper Nitrate is dissolved in deionized water and then stoichiometric
amount of malic acid is added into it. The solution was mixed vigorously until the
homogenous solution was obtained. Then the solution was kept in the hot plate at 3000C.
The solution boils, undergoes dehydration and reaches the point of combustion, it began
to burn, released a lot of heat as fumes and vaporizing all the solution. The duration for the
complete combustion reaction is 15 min. The fine black color powder CuO NPs were
obtained. The same procedure is repeated for fuel rich and fuel lean conditions. The
above synthesis is repeated by changing the fuels such as oxalic acid and starch
respectively. The prepared CuO NPs were indicated as (M1, Ol, S1) for fuel lean, (M2,
02, S2) for stoichiometric and (M3, O3, S3) for fuel rich conditions for malic acid, oxalic

acid and starch respectively.



2.3 Characterization

Shimadzu 1700 UV-Visible spectrophotometer was used to carry out the
optical measurements. The Shimadzu IR affinity-1 Fourier Transform Infrared
spectrometer was used to carry out vibrational studies. The X-ray diffraction patterns were
recorded using X-ray diffractometer (XPERT-PRO) using Cu-Ka radiation (A=0.1542 nm)
operated at 40 kV and 30 mA. Energy Dispersive Spectroscopy was carried out by BRUKER
instrument. Scanning Electron Microscopy images were obtained by an instrument

VEGA3 LMU.
3. Results and Discussions
3.1 Optical studies

Ultraviolet-Visible spectroscopy (UV-Vis)

Fig. 1) Absorption spectra of (a) M3, M2, and M1 (b) O3, 02, and Ol (c) S3, S2 and S1.

Fig. 1(a, b, ¢) shows the UV-Visible absorption spectra of M3, M2, M1,
03, 02, 01, 83, S2, and Sl. The peak maximum of the characteristic surface plasmon
resonance (SPR) is given in the table 1 for all the samples. It was observed that they fall in
the range of 343-348 nm. The optical direct band gap of the produced NPs is calculated

using the Tauc’s relation,

QY = AV-EG)NL  «eeeeeeeeeeeeeeeeeeeeee e eeeeeseeee e, (1)



where a=2.303A/t is called the absorption coefficient, A is the absorbance, Eg is the band
gap, hv is the photon energy (‘h’ is the planck’s constant and ‘v’ is the frequency of the
incident photon) and n is the exponent that determines the type of electronic transition
causing the absorption having values n =1/2 and 2 for direct and indirect band gap
semiconductors respectively [4].The optical energy band gap was calculated and the

corresponding values are given in table 1.
3.2 Vibrational studies

Fourier Transform Infrared Spectroscopy (FTIR)

Fig. 2) FTIR spectra of (a) M3, M2, and M1 (b) O3, O2, and Ol (c) S3, S2
and S1.

Fig. 2 shows the FTIR spectra of M3, M2, M1, O3, 02, Ol, S3, S2, and S1.
FTIR Spectra were recorded in the range of 4000-400 cm-1. The bands which are in the
range of 3200-3800 cm-1 are attributed to O-H stretching vibration of water absorbed by
the sample during pellet formation. The bands observed in the range of 2350-2360 cm-1
may be due to N-H stretching vibration. The bands observed in the range of 1700-1710
cm-1 may be due to C=0 stretching vibration [5]. The band observed around 1500 cm-1
may be due to N-O asymmetric stretching. The bands observed around 450-550 cm-1

confirms the presence of CuO NPs [6].



3.3 Structural Studies

X-ray Diffraction (XRD)

Fig. 3) XRD pattern of (a) M3, M2, and M1 (b) O3, O2, and O1 (c) S3, S2
and S1.

Fig. 3(a), 3(b) and 3(c) shows the XRD pattern of M3, M2, M1, O3, 02, Ol,
S3, S2, and S1. The peaks observed at 32.44°, 35.470°, 38.674°, 48.75°, 53.41°, 58.22°,
61.49°, 66.04°, 67.96°, 74.99° corresponding to (110), (111), (111), (202), (020), (202),
(113), (022), (220) and (004) diffraction planes respectively (JCPDS: 89-2529). They exhibit
monoclinic structure and the lattice parameters of the unit cells are a=4.683 A, b=3.428 &,
c=5.129 A, having p=99.30°. The volume of the cell for monoclinic structure was 81.29 (&)
3 for all the samples. The average particle size of CuO NPs were calculated using Debye-

Scherrer equation,
D=KA/BCOSO .uiiiiiiiiiiiiiei e e (2)

Where D is the crystallite size (nm), k is a constant (0.94), A is the wavelength of X-ray
radiation (1.5406 A), B is the full-width at half-maximum (FWHM) of the peak (in radians)
and 26 is the Bragg angle (degree) [7]. The average crystallite size for all the samples is
given in table 1.

Table 1: Specific data of all the samples



Samples Average SPR (nm) | Band gap
Particle size (ev)
(XRD) (nm)
M3 18 345 3.25
M2 20 344 3.24
M1 17 343 3.23
O3 17 348 3.28
02 14 347 3.27
Ol 18 346 3.26
S3 17 346 3.26
S2 18 346 3.26
S1 16 345 3.25

Energy- Dispersive X-ray Spectroscopy (EDS)

Fig. 4) EDS spectrum of (a) M3, M2, and M1 (b) O3, O2, and Ol (c) S3, S2
and S1.



Fig. 4 shows the EDS spectra of M3, M2, M1, O3, 02, Ol, S3, S2, and Sl. The
elemental analysis of copper oxide nanoparticles were confirmed by Energy dispersive
X-ray analysis (EDX or EDS). From the spectrum, an oxygen peak found at 0.53 keV and a
copper peak observed at 1, 8 and 9 keV. EDX analysis confirms the formation of CuO

nanoparticles [8].

3.4 Morphological Studies

Scanning Electron Microscopy (SEM)

Fig. 6) SEM images for (a) O3 (fuel rich), (b) O2 (stoichiometric) and (c) Ol (fuel lean).



Fig. 7) SEM images for (a) S3 (fuel rich), (b) S2 (stoichiometric) and (c) S1(fuel lean).

Fig. 5 shows the SEM images of M3, M2 and M1. The CuO NPs exhibit initial
stage of the rice like structure in M3. In M2, the formation became clear and exhibits exact
rice like one. Finally, the rice like structure began to compress and deformed in the

corners and changed in to rice flake like structure for M1.

Fig. 6 shows the SEM images of O3, O2, and Ol. The CuO NPs exhibit initial
formation of rod like structure in O3. Then it is elongated and shows the uniform rod like

structure in O2 and it is completely agglomerated in O1 [9].

Fig. 7 shows the SEM images of S3, S2, and S1. The CuO NPs exhibit initial formation
of cuboid like structure in S3. Then it shows the even formation of cuboid like structure in
S2. The edges of cuboid are breaked and it is completely transformed in to wheat like

structure in S1 [10].

It is clearly understood from the SEM images that, the amount of fuel used plays a
vital role in tailoring the surface morphology of the prepared CuO nanoparticles. When
malic acid, oxalic acid and starch is employed as a fuel, the heat released in combustion
is more and as a result the combustion enthalpy is more which is responsible for the
growth of the sample and complete combustion reaction with more crystalline phase. So
the result indicates that the presence of fuels has a significant effect on the morphology of
the sample [11]. The stoichiometric ratio produced uniform structure patterns where Fuel

low and fuel high conditions failed to do so.



4. Conclusion

The CuO NPs with various morphologies were synthesized by using solution
combustion method by changing fuel ratios. The UV-Vis analysis shows the SPR peak in
the range of 343-348 nm for all the samples. The FTIR spectra show the band in the range
of 450-550 cm-1 for all the samples. The average size was calculated from XRD spectra
in the range of 14-20 nm for all the samples. From the SEM analysis, CuO NPs exhibit
different shapes such as rice, rod and cuboid like structures. The EDS spectra confirm the

presence of CuO NPs for all the samples.
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PROPERTIES OF MAGNESIUM OXIDE NANOPARTICLES AND THEIR ACTIVITY
ON GRAM-POSITIVE AND GRAM-NEGATIVE BACTERIA VIA COMBUSTION
METHOD

Abstract:

The Magnesium Oxide (MgO) nanoparticles synthesized via combustion method,
characterized by spectroscopic and microscopic analysis. X-ray diffraction illustrated that
the MgO nanoparticles were crystalline in nature with a face centred cubic structure. UV-
Vis spectrums of the MgO nanoparticles have a sharp absorption peak around 260 nm.
The presence of Magnesium and Oxygen is confirmed by EDX spectrum. FTIR analysis
showed the presence of M-O stretching vibration for the synthesis of MgO nanoparticles.
The aim of present study is to determine antibacterial activity of MgO nanoparticles
against gram-negative and gram-positive bacteria. Escherichia coli (E. coli) — gram
negative and Staphylococcus aureus (S. aureus)-gram-positive were used as test
organism. The effect of concentration on the antibacterial activity of MgO nanoparticles
was studied using well diffusion agar methods for minimum bacterial concentration. The
inhibitory concentration of MgO nanoparticles 20, 15, 10 and 5ug/pl. The results showed
that MgO nanoparticles have antibacterial inhibition average zone of 11 mm and 14 mm at
the concentration of 10pug/pl against E. coli and S. aureus respectively. Photocatalytic
activity of MgO nanoparticles witnessed by the quick degradation of the organic dye RhB

exposure visible light irradiation. .
Key words: MgO; XRD; FTIR; SEM; EDX; Antibacterial activity; S. aureus; E. coli
1. Introduction

Nanoparticles is a special group of materials with unique features and extensive
applications in diverse fields (Matie et al., 2008) [1]. Studying the particular features has
always been of great interest to many scientists. In fact, nanoparticles display completely
unique properties in comparison with their bulk size counterparts (Priyanka et al., 2009)
[2]. A large number of Nanomaterials which were considered to be safe develop toxicity

due to specific surface area and high reactivity of nanosize materials.



In particular, magnesium oxide (MgO), is one of the versatile oxide material with
assorted properties finds extensive applications in catalysis, ceramics, toxic waste
remediation and as an additive in paint and super conductor product [2]. Due to
application of large band gap (7.8 eV), excellent thermodynamically stability, low
dielectric constant and refractive index, biology, medicine [3, 4]. Therefore many
synthesis method have been developed to prepare nanosized of MgO nanoparticles [5-
15]. These method involve complex procedures, sophisticated apparatus/equipments
rigorous experimental conditions, high temperature annealing. In the work a simple route
of synthesis of MgO Nanoparticles has been used under mild reaction conditions without
any surfactants or organic solvents. A synthetic study of the structural, morphological and

optical properties of the calcinated and as synthesized MgO nanoparticles.

The considerable antimicrobial activities of inorganic metal oxide nanoparticles
such as ZnO, MgO, TiO2, SiO2 and their selective toxicity to biological systems suggest
their potential application as therapeutics, diagnostics, surgical devices and
nanomedicine based antimicrobial agents. The advantages of antimicrobial agents are
their greater effectiveness on resistant strain of microbial pathogens, less toxicity and heat
resistance. In addition, they provide mineral elements essential to human cells and even

small amounts of them exhibit strong activity [16].

In the present work, Mg (NO3)2.6H20 is used as oxidizer and C6H807.H20 is used
as fuel. Similar to the oxidation number concept, the valency of the oxidizing elements is
considered as negative and the reducing element is the positive, in solution combustion
calculation [17]. Accordingly the elemental valency of C,H and Mg is +4, +1 and +2
respectively, and the oxidizing valency of magnesium nitrate and the reducing valency of
citric acid can be calculated as Mg(No3)2.6H20= -[2-24+12+0]=10 and C6H807.H20
=[24+10-16]=18. According to the equivalence ratio theory, for the combustion of

Magnesium nitrate and Citric acid molar ratio becomes 10/18=0.55. C6H807.H20

That is, e = ) Coefficient of oxidizing elements is specific formula * valency (-1) /
> Coefficient of reducing elements is specific formula * valency = 10/18= 0.55. in order to
the variation of fuel to oxidant ratio is 2:1/2 oxidant to fuel ratio is taken for fuel-lean, 2:1
for stoichiometry and 2:2 molar ratio of Mg(No3)2.6H20 and C6H807.H20 was taken in

fuel-rich condition.



2. Experimental procedure
2.1 Synthesis of MgO nanopowders

The nanocrystalline MgO particles were prepared by combustion method using
Magnisium nitrate and Citric acid (fuel). The composition of oxidizer and fuel are

calculated by on the following chemical equations

Mg (NO3)2.6H20 + 0.5C6H807.H20 >MgO(s) +3 CO 2(g) +8.5 H20+0.2502 +N2(g)
2>(1)

Mg (NO3)2.6H20 + 0.25 C6HSO7.H20 > MgO(s) +1.5 CO2 (g) +7.25H20 +N 2(g)
+1.3702(g) =>(2)

Mg (NO3)2.6H20 + CBH8OT.H20 >MgO(s) +6CO2 (g) +11H20 +N 2(g)
23

Here, equation (1) represent Stoichiometry conditions, equation (2) is the Fuel-lean,
and equation (3) is the Fuel-rich conditions. The commercially available Mg (NO3)2.6H20
was first dissolved in minimum quantity of deionized water. Then, this solution was stirrer
at 70rpm for a few minutes. After that the Citric acid (C6H807.H20) was dissolved
minimum quantity of deionised water was mixed to the magnesium nitrate solution and
stirrer well. Then, the solution combustion mixture was heated slowly in heating mentle
until it gets ignited. When the temperature reached at 1000c, completely water molecule
evaporated combustion flame appeared. The obtain MgO powder was annealed at 3000c
for 2 hours in groove rolled muffle furnace was cooled at room temperature by switching
off the powder. After completion of combustion the crude white color powder was
appeared in fuel-lean condition, light brown color appeared stoichimetry; brown color

was appeared in fuel-rich condition.
2.2 Characterization

The identification and purity of the materials were tested powder XRD and FTIR
Spectroscopy by using Powder X-ray diffraction (Bruker Advanced D8) with Cu-Ka

radiation. Infrared spectra were acquired with a Nicolet 760ESP FT-IR spectrometer that



was purged with boil-off from liquid N2. The spectrometer was equipped with a liquid
nitrogen-cooled HgCdTe detector. The nanoparticle powder sample was mixed with KBr
powder and ground into fine powders. The powders were pressed into pellets at 15000psi.
The solution sample was measured using a thin-layer (0.5mm) IR cell. The IR spectra were
collected over the range of 400-4000cm-1. Ultraviolet visible-near infrared (UV-Vis)
studies were carried out in the range of 200-1000 nm using Perkin Elmer UV-Vis (Model-
lamda35) Spectrophotometer. The surface morphology of the sample was analyzed using
a Scanning Electron Microscope (SEM) (Hitachi 3000 H). The Fluorescence emission and
excitation spectra were recorded at room temperature by use of a Shimadzu RF-5301 PC
spectro flurometer. The chemical composition of the powders was analyzed by energy-

dispersive X-ray spectroscopy (EDX).

Antibacterial Activity of M gO NPs

Anti-bacterial activity of MgO NPs was assessed against Gram positive
(Staphylococcus aureus (MTCC2412) and Gram negative Escherichia coli (MTCC 2412)
bought from Microbial Type Culture Collection IMTEC, India. Oxytetracyclin was used as
positive control based on Kirby-Bauer disk diffusion method [13]. Sterile discs (6 mm
diameter) loaded with various concentrations of MgONPs (5-20 nug/ml) were placed on the
culture plates and incubated at 37 °C overnight and the zone of inhibition were measured

and recorded in mm.

Catalytic Activity of MgO NPs

The catalytic activity of MgONPs was assessed based on their ability to degrade the dye
Rhodamine B (RhB) in presence of visible radiations. Tungsten lamp (300 W) was used as
the visible lamp source. Stock solution (10 mg/1) of Rhodamine B was prepared. About
10 mg of MgONPs was added to 100 ml of dye solution and subjected to constant stirring
in dark for half an hour to promote the equilibrium between RhB and photocatalyst before
exposure to sunlight and UV irradiation. The reaction mixture was exposed to light source
and about 2ml of the suspensions were withdrawn at selected time intervals (every
30 min) and suspended particles were removed by ultracentrifugation. The rate of dye
degradation was determined using the absorbance measured in a UV-visible

spectrophotometer (U-2800, Hitachi, Japan) at 552 nm. The dye degradation percentage


https://www.sciencedirect.com/topics/medicine-and-dentistry/staphylococcus-aureus
https://www.sciencedirect.com/topics/medicine-and-dentistry/escherichia-coli
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/facilitated-diffusion
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https://www.sciencedirect.com/topics/chemistry/uv-radiation
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/irradiation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/ultracentrifugation

was assessed based on the formula % of degradation=Ci-C{Cix100 Where,

Ci and Cf were the initial and final concentrations of dye at time interval “t” respectively.

3. Result and discussion
3.1. XRD characterization of MgO nano powders

The XRD pattern of MgO nanoparticles obtained from combustion synthesis were
as shown in Figure 1. The result showed that the structure was in cubic structure and these
results were matched with JCPDS card number 75-1525. Peaks were absorbed at 12°, 42°
and 62° along with miller indices values (100), (200 ) and (2 2 0) respectively. The
lattice parameters were obtained a=b=c= 0.4195 nm. The crystallite size was measured

by Debye Schereer’s equation as mentioned below.

09421
" B1/2cos6 — ¥

Where D is the average crystallite size of the particles, K is Debye scherrer’s
constant (=0.94), A is the wavelength of the Cu Ka- radiation (=0.154 nm), {3 is the full width
half maximum (FWHM) of the peak, 6-is the Bragg’s angle. The particle size for fuel-lean
(35), Stoichiometry (25) and fuel-rich (20nm) respectively.

3.2 FTIR Spectroscopy

The typical FTIR Spectrum for the annealed MgO NPs is depicted in fig (2). From
FTIR analysis the stretching vibration mode for the Mg-O-Mg compound is present in the
range of 400-900 cm-1 broad band. Two distinct broad band at 1420-1425 cm-1land 1560-
1700 cm-1 and are attributed to the bending vibration of absorbed water molecule and
surface hydroxyl group (O-H) respectively. A broad vibration band is seen in the wave
number range 3325-3650 cm—1 due to O-H stretching vibration of absorbed water

molecule and surface hydroxyl group.
3.3 UV Spectrum of MgO

The UV- Vis Spectra of Magnesium Oxide nanoparticle is as shown in fig (3). In UV-
Spectrum the scale range will take 190-1000 nm. The maximum excitation wavelength

MgO nanoparticle was 200- 265nm. Generally optical properties of the material depend



on band gap energy of the material. The band gap energy of the MgO nanoparticle was
found tauch relation. The band gap energy of the prepared compound 5.3, 5.5 & 5.9 which

is corresponding to fuel-lean, stoichiometry and fuel-rich condition.

3.4 FL-emission &excitation Spectra

The Florescence spectrum of MgO nanopowder is as shown in fig (4). The
fluorescence spectrum was recorded in the range between 200 to 400nm. For florescence
spectrum the emission wavelength is fixed at 465nm. The excitation wavelength was

observed 230-240nm.is as shown in fig (4).

The Florescence emission spectrum of MgO nanopowder is as shown in fig (4b).
The fluorescence emission spectrum was recorded in the range between from 400 -
900nm. The, excitation wavelength is fixed at 380nm. The emission wavelength of
spectrum is given as 735, 743 and 764nm for fuel-lean, Stoichiometric and fuel-rich

condition.
3.5 SEM with EDX Spectrum of MgO nanopowder

Fig (5) shows SEM with EDX spectrum of MgO nanopowder by using fuel citric acid
under the three different conditions for Fuel-lean, Stoichiometry, Fuel-rich conditions. The
SEM image results reveal that the annealed MgO nanomaterials are seemingly highly

agglomerated.

Fig (6a) shows Fuel-lean condition of prepared MgO Nanoparticles. From EDX
Spectrum Oxygen have a 60.10%, Carbon has 5.72%, Magnesium has 29.97%, and
Nitrogen has 4.21 weight percentages present in the prepared MgO Nanoparticles by

using Citric acid fuel under the condition of Fuel-lean condition.

Fig (6b) shows Oxygen has54.49%, Carbon has 24.27%, Magnesium has 18.74%,
and Nitrogen has 2.50% containing weight percentage of the prepared MgO

Nanoparticles by using Citric acid fuel under the condition of Stoichiometry condition.



From Fig (6c) shows a EDX Spectrum of MgO Nanopowder by using citric acid fuel.
This is the Fuel-rich conditions. The prepared sample containing weight percentage of
Oxygen has 43.38%, Carbon has 32.51% and Magnesium has 24.12 percentage of the
prepared MgO Nanoparticles by using Citric acid fuel under the condition of
Stoichiometry condition. Here, Nitrogen absent to this condition. For above two

conditions N is present.

3.6 Antibacterial Activity of MgO NPs

The bactericidal activity of MgONPs was assessed by Kirby-Bauer test. Results
illustrated that the MgONPs synthesized from brown algae showed potent bactericidal
activity against gram positive and negative bacterial strains in a dose dependent manner
(Fig.6 and Table 1). MgONPs showed potent antibacterial activity against gram positive
bacterial strains such as Staphylococcus aureus (MTCC2412) and Gram
negative Escherichia coli MTCC 2412) compared to positive control. Among the
microbial strains tested, MgONPs exhibited the highest inhibitory activity against Gram
positive (Staphylococcus aureus (MTCC2412) and Gram negative Escherichia
coli IMTCC 2412) for 20 pg/ml. The antibacterial efficacy of MgONPs might be due to their
smaller sizes, which was consistent with the report that MgONPs with smaller sizes would

exhibit potent bactericidal efficiency [18].

3.7 Photocatalytic activity of M(gO NPs

Catalytic activity of MgONPs was evaluated based on the rate of degradation of
organic dye pollutant (Rhodamine B -RhB) widely used in dye industry. Rate of RhB
degradation was calculated as the percentage of decolorization with respect to time based

on the absorbance at the optimum wavelength of 552 nm.

Conclusion:
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In this paper MgO nanoparticles were prepared by a combustion method. The
synthesized Nanoparticles calcinated at 4000c for 2 hours under these three conditions
Fuel-lean, Stoichiometry, Fuel-rich conditions. From XRD spectrum the prepared sample
was conformation by using JCPDS file no-75-1525, the particle size of the nano powder 35,
25 and 20nm which is corresponding to fuel-lean, Stoichiometry and fuel-rich condition.
The optical properties studied by using UV and Fluorescence Spectra. The band gap
energy was calculated by using UV-Vis Spectroscopy 4.7eV for Fuel-lean, Stoichiometry
and 5.2eV for Fuel-rich condition. The functional group was identification by using FTIR
Spectrum Mg-O-Mg, O-H groups and water molecules identifications. SEM images show
the morphology of the nanoparticles. The percentage of the chemical composition was
find out EDX spectroscopy. The prepared MgO nanoparticles have good antibacterial &

photocatalytic activity.
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Fig (2) FTIR Spectrum of MgO nanopowders
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Fig(3) UV-Spectrum of MgO nanopowder

Fig(4a) Shows FL-excitation Spectrum of MgO nanopowder
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Fig (4b) FL-emission Spectrum of MgO nanopowder



Fig(8) shows SEM Spectrum of MgO nanopowder (a) FR, (b) S, (c) FL



Fig(6) shows SEM Spectrum of MgO nanopowder (a) FR, (b) S, (c) FL



Fig(7) Shows Anti-bacterial activity of MgO nanoparticles
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Fig (8) Photocatalytic activity of MgO nanoparticles



TAILORING THE MORPHOLOGICAL CHARACTERISTICS OF THE NICKEL OXIDE
NANOPARTICLES FOR ANTIMICROBIAL AND PHOTOCATALYTIC ACTIVITY

Abstract

Using nickel nitrate as an oxidizer and starch, oxalic acid and malic acid as fuel, the
solution combustion method was used to synthesize nickel oxide (NiO) nanoparticles
(NPs). The X-ray diffraction (XRD) has a cubic structure and confirmed the presence of
NiO NPs (JCPDS: 78-0429). The average size of crystallite for S1, S2, and S3 are around
42,34 and 36 nm. FTIR spectra showed the band in the 400-550 cm-1 range, corresponding
to stretching vibration mode, which confirms the presence of NiO NPs. The optical
absorption spectra confirmed the presence NiO nanoparticles. The NiO NPs exhibit cubic
structure and rod-like structure, inferred from FESEM and High-Resolution Electron
Microscopy Transmission (HRTEM). The samples S1 and S3 are exhibiting effective
bacterial resistance against gram-positive and gram-negative bacteria. S2 is not showing
any antimicrobial activity and can be explained under the surface roughness factor. The
NPs, which is having rough surface exhibit greater antimicrobial activity than the smooth
surface one. photocatalytic activity of the prepared NiO NPs is evaluated using Methylene
Orange and revealed effective degradation.

Keywords: Nanostructure, NiO, Antimicrobial activity, Photocatalytic Activity, HRTEM

1. Introduction

In recent years, synthesis processes to grow dispersed nanoparticles in a matrix have
attracted the attention of several researchers. However, the growth of dispersed
nanoparticles with homogenous sizes is not easy. With the manufacture and engineering
of nanoscale materials, structures, and systems, nanotechnology is a known field of
research and technology actions. The idea of plans from chemistry, physics, biology
combined to develop a new material with intended properties [1]. Metal Oxides
nanomaterials have attracted considerable interest in several areas of technology. NiO
NPs can have several applications, for example in the manufacture of electrochromic films,
films, magnetic materials, p-type transparent films, gas sensors, catalysts, cathode
alkaline batteries, and anode solid oxide fuel cells [2]. Several methods have been

reported to synthesize NiO NPs by various expensive and/or difficult methods. The NiO



NPs prepared by a different method such as sol-gel [3], thermal decomposition [4], solid
state reaction [5], precipitation, sonochemical [6] have been reported earlier. Solution
combustion synthesis is a fast and easy process among these methods, with the main
benefits of saving time and energy. This process is directly used to produce high purity,
homogeneous powders of ceramic oxide. Solution Combustion Synthesis (SCS) is a
versatile process reported for synthesizing a wide range of particles including nanometer
size powder[7]. NiO NPs ' surfactant-free synthesis using the combustion method with
different sizes and studied their thermal conductivity[8]. As an oxidizing agent, it uses a
metal nitrate and an organic fuel as a reduction agent in oxidation/reduction reactions that
occur as the catalyst is synthesized. While the heat obtained can help to decompose metal
nitrate and salts, the initiation of the reactions requires primary heat so that they can
continue the process without additional energy[9]. The SCS may occur as either volume
or layer-by-layer propagating combustion modes, depending on the type of precursors
as well as the conditions used for the process organization. This result is not surprising
from a chemical point of view because it is well known that the decomposition of metal
nitrates leads to the formation of corresponding oxides. During this auto-ignition process,
large volumes of gases are generated, making fine powder the resulting product.
Developing methods for the synthesis of nickel oxide nanoparticles in which the particle
size and the product crystal structure can be controlled is very important[10]. Materials
such as nickel, copper, silver, zinc have high antibacterial activity, low toxicity, chemical
stability, thermal resistance in comparison with organic antibacterial agents[11]. In the
present study, NiO NPs were synthesized with Starch, Oxalic acid and Malic acid as fuel
by solution combustion method and investigated the optical, structural, morphological,
antibacterial and photocatalytic properties.

2. Materials and Method

2.1 Materials

Nickel nitrate, Starch, Oxalic acid and Malic acid of analytical grade, were used without

further purifications.

2.2 Synthesis of NiO NPs

For the preparation of NiO NPs, Stoichiometric ratio of Nickel Nitrate and Starch were

taken as starting materials, keeping the oxidizer (metal nitrate) to the fuel(starch) ratio as



unity. Stoichiometric amount of nickel (II) nitrate was dissolved in deionized water and
then starch was added into it. The solution has been kept at 4000C in the furnace. With
enormous fumes, the combustion reaction was completed in 15 minutes. Finally, NiO NPs
were obtained as black color powder. The same procedure is repeated for Oxalic acid
and malic acid fuels respectively. In the combustion reaction, fuel is oxidized by the metal

nitrate and the expected reaction to form NiO NPs can be written as:

Ni(NO3)2 (c)+0.05C2H204(c)402  NiO(c )+N2(g)+(0.1 {) 2C02(g )+0.05 y H20(g)
(D

The molar ratio of oxalic acid to nickel nitrate { = 0.05 here corresponds to the oxygen
content of nickel nitrate which can be fully reacted to completely oxidize the oxalic acid.

In the equation, ¢ and g refers to compound and gas.

For the Nickel nitrate and Malic acid combination of combustion, the expected reaction

can be written as:

Ni(NO3)2 (c )+0.0083C4H605(c)+OXg) NiO(c)+N2(g)+0.0332 ¥
CO2(g)+0.0249 Y H20(g)  (2)

Here the molar ratio of malic acid to nickel nitrate is Y= 0.0083. As a result, NiO product
and CO2, H20, and N2 gasses can be formed directly from the fuel-oxidizer reaction

without the need for oxygen from outside.
2.3 Characterizations

The patterns of X-ray diffraction (XRD) were recorded on the PANalytical X-ray
diffractometer using the 50KV and 100 mA operated Cu Ka radiation (11=0.1542 nm). The
experiments were conducted in the range of diffraction angles 20=20-80°. The optical
measurements were performed using Shimadzu 1700 UV-Visible spectrophotometer. The
vibrational studies were performed using the Shimadzu IRaffinity-1 Fourier Transform
Infrared spectrometer. Field Emission Scanning Electron Microscope (FESEM) (Carl Zeiss
sigma) High-Resolution Transmission Electron Microscopy (HRTEM) (200KeV
JEOLJEMZ2100) analyzed the size, composition and atomic structure of the NiO NPs.



2.4 Assay for antimicrobial activity of NiO NPs against microorganism

NiO NPs' antimicrobial activity was evaluated with their agar disc diffusion method against
gram-negative, Klebsiella pneumonia, Acineto bacterbaumannii, Pseudomonas
aeruginosa, Citro bacterfreundii, Escherichia coli, Vibrio cholera. With 100uL of actively
grown broth cultures of the respective test bacteria, Mueller Hinton agar plates were
spread and allowed to dry for 10 minutes. The plates have been incubated at 370C for 48
hours. The inhibition zone development around
the extract loaded disks has been recorded.

2.5 Photocatalytic Activity

The photocatalytic activity of the samples was evaluated by the degradation of Methyl
Orange (MO) at an initial concentration of 0.1mM. 0.0125 mM of NiO NPs with MO Solution
is fully diluted and added. The prepared solution was irradiated under visible light and
the reaction solution was taken in regular interval of time and the absorption change was

observed.
3. Results and Discussion
3.1 X-ray diffraction (XRD)analysis

XRD pattern of NiO NPs as shown in Fig.l. and confirmed the presence and phase of the
synthesized NiO NPs. The XRD diffraction peaks were observed at 37.340, 43.370, 62.910,
75.420, 719.380 for S1, 37.340, 43.400, 62.950, 75.490, 79.510 for S2, 37.370, 43.410, 62.960,
75.430, 79.540 for S3 corresponding to (111), (200), (220), (311), and (222) diffraction plans
respectively (JCPDS: 78-0429). All NiO diffraction peaks correspond to the cubic structure.
The volume of the unit cell was 72.84 (Ao0)3, 72.82(A0)3 and 72.85(A0)3 for S1, S2, and S3.

The average NiO NPs crystallite size was calculated using the Debye Scherrer equation,
D=K A/Bcos 6 3

Where D is the size of the crystallite (nm), where D is the wavelength of the X-ray source
(0.15406 Ao), where f is the full width at half the maximum diffraction peak (FWHM) in

radians, K is the Scherrer constant with a value of 0.9 to 1. The constant value of the lattice



is also calculated and the standard data is very close to 4.177 Ao. The average grain size

was approximately 42, 34 and 36 nm [12].
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Fig.l. XRD pattern for NiO NPs

3.1.1 Williamson-Hall method

Numerous experiments have shown that a special logarithmic series expansion of the
Bragg reflection peak profiles. Fourier coefficients can well describe strain expansion

caused by dislocations.
W-H equation may be expressed in the form,

Bhklcosb= (kA/D) + 4¢ tan0 4
Rearranging this Eq. (4)

Bhklcos0= (kA/D) + (4 sind) (5)



A plot drawn between 3 cos0, and 4 sinf, and the line slop gives grain size (D) to the strain
(¢) and intercept (k /D). The term [3cosO was plotted for the prepared orientation peaks of
NiO NPs with respect to 4sinf . Fig.2 shows the results of the W-H analysis plot of S1, S2
and S3 having positive strain and is found to have the value 0.001. Due to the small size of
crystallite and lattice strain, the line extension of cubic NiO. The strain from the W-H

model, however, is very small and has a negligible effect on peak expansion.

Fig 2. W-H plot analysis of NiO NPs (S1, S2, and S3)
3.2 Fourier transforms infrared spectroscopy (FT-IR)

The FTIR spectra were observed in the 500-4000 cm-1 frequency range for NiO NPs as
shown in Fig.3. Ni-O stretching vibration mode is assigned to the broadband in the 400-
550 cm—1 region. The prepared NiO NPs shows the characteristic band of 3474 cm-1
which attributable to O-H stretching and the band at 1635 cm—1 is assigned to the mode of
H-O-H bending vibrations presented due to water adsorption in the air during the
preparation of FTIR sample disks in an open-air environment. O-C=0 symmetric and
asymmetric stretching vibrations are attributed to the band at 1382 cm—1[13]. The band in
the 400-550 cm-1 range, corresponding to stretching vibration mode, confirms the

presence of NiO NPs.
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Fig 3. FTIR spectra of NiO NPs

3.3 UV-Vis spectroscopy (UV-Vis)

Fig.4 shows the UV-Vis absorption spectra for the S1, S2 and S3. NiO NPs showed strong
absorption peaks in the UV region which is blue shifted from the absorption edge of bulk
NiO [14]. This lower wavelength shifts or blue shift in the latter case is attributed to the
Burstein — Moss effect, which confirms the quantum confinement effect. The absorption
peaks in the UV region appeared at wavelengths of about 244, 245 and 246 nm
respectively for S1, S2, and S3. The absorption edge is observed in the range of 240-250
nm. This blue shift of the absorption edges for different sized nanocrystals is related to the
size decrease of particles due to the quantum confinement effect of nanoparticles. The
lower band bap value of NiO nanoparticles exhibits the nature of blue shift due to quantum

confinement effect in the nanoscale region [15].
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Fig.4 optical absorption spectra of NiO NPs

3.4 Field Emission Scanning Electron Microscope (FESEM) and Energy Dispersive
Spectroscopy (EDS)

Fig 5 shows the FESEM images of S1, S2 & S3. NiO NPs are observed to be almost cubic
and rod-like structure. During adsorption on these surfaces, the introduction of selective
fuel can control the growth rates of different metal oxide nanoparticles faces. Studying the
growth mechanism of NiO NPs, it can be suggested that the fuel is responsible for different
morphologies of S1, S2 and S3. When growth occurred in the atmosphere, vapor concentration
and oxygen atmospheric pressure resulted in low vapor supersaturation and this could be the
main reason for nanorod formation [16]. It shows the presence of several small particles. This was
thought to be related to the non-uniform distribution in the combustion flame of temperature and
mass flow. From the FESEM images, it is clearly understood that the Starch, Oxalic acid and Malic
acid ratio plays a vital role in tailoring the morphology of the surface. Fig.6 shows the EDAX
spectra of the prepared NiO NPs. The characteristic NiO peak is observed at 1, 7 and 8keV forSl1,
S2 and S3. The presence of nickel oxide is confirmed. The signal of Cu originated from the carbon-

coated Cu grid. From the obtained spectra the presence of Ni and O were detected.



Fig 5. FESEM image of S1, S2, and S3

Fig 6. Energy dispersion spectra of S1, S2, and S3
3.5 High-Resolution Transmission Electron Microscopy (HR-TEM)

Figs 7 (a,b,c) shows the HRTEM image of S1, S2 &S3 at the different magnification of NiO NPs.
The prepared NiO NPs exhibit cubic structure of approximately 100-200 nm in width. It
was found that the lattice spacing is 0.147 nm, which corresponds to (220) NiO NPs cubic
structure planes for S1, S2 and S3 and the interplanar distance between the (220) planes
corresponds to the atomic fringe spacing. S2 is revealing smooth surface than S1 and S2
and it is mainly governed by the enthalpy and flame temperature generated during the
combustion process, which in turn depends on the type of fuel and oxidizer used in the
reaction [17]. As a result, the presence of Starch, Oxalic acid & Malic acid has a significant

role in deciding the shape, size, crystallinity and surface roughness of the NiO NPs. In the



present study, Oxalic acid played its role very well and helped the Nickel nitrate to oxidize

better than Starch and Malic acid and the resultant NPs S2 seems to have clear, smooth

and well defined structure.

Fig.7 (a) HRTEM images NiO NPs in different magnification of S1.
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Fig.7 (c) HRTEM images NiO NPs in different magnification of S3
3.6 Antibacterial and Photocatalytic activity

The antimicrobial activity against various microorganisms (gram-negative), Klebsiella
pneumonia, Acinetobacterbaumannii, Pseudomonas aeruginosa, Citrobacter freundii,
Escherichia coli, Vibrio cholerae were evaluated in this study as shown in Fig.8. Based on
the inhibition zone, the antibacterial activity of NiO NPs was quantitatively evaluated and
compared to a standard antibiotic. The increased inhibition of bacterial cells may be
caused by the distraction of cell membranes by NiO NPs resulting in cell enzyme

breakdown.

Table 1 shows the antibacterial activity of S1, S2, and S3 against various strains. The
samples S1 and S3 are exhibiting effective bacterial resistance against gram-negative
bacteria and S2 is not effective against them. It can be explained under the surface
roughness factor. The NPs, which is having high rough surface exhibit greater
antimicrobial activity than the smooth surface one. Even though the particle size of S3 is
smaller than that of S1, S1 is highly active than S3. Again, this can be explained based on
the surface roughness. This unique property influences the transport of NPs into the
bacteria. The surface roughening produces cavities on the external surface for air
entrapment and eased improved interaction with bacteria resulting high antibacterial

activity.



Fig 8. The plot represents the antibacterial effect of NiO NPs on various microorganisms

Table 1. Antibacterial efficacy results of NiO NPs

Microorganisms S1(mm) S2(mm) S3(mm)
Klebsiellapneumoniae 20 - 16
Acinetobacterbaumannii | 23 - 19
Escherichia coli 24 - 16
Pseudomonas 26 - 15
aeruginosa

Citrobacterfreundii 17 - 14
Vibrio cholera 23 - 20

Figure 9 shows the photo degradation absorption spectra of MO in the presence of

S, S2 and S3. The reduction kinetic equation may be written as [ 9];

dc, C
L — i = kg, )



where Ct id the concentration of MO at time t and Kapp is the apparent rate constant, which

can be obtained from the decrease of the peak intensity at 467 nm with time.

Fig. 9 Absorbance Spectra of MO degradation in the presence of S1, S2, and S3.

The appropriate reactions at the NiO surface initiating the degradation of dyes can be
stated as follows:

NiO +hv (UV) - NiO (eCB- +hVB +)

NiO (hVB +) + H20 - NiO +H++OH:

NiO (hVB +) + OH--> NiO + OH:

NiO (eCB-) + 02 - NiO +02 - -

0O2-+ +H+ —->HO2:

Dye + OH : >degradation products

Dye + hVB + —oxidation products

Dye + eCB- - reduction products

where h is photon energy essential to excite the semiconductor electron from the valence

band (VB) region to the conduction band (CB) region.



The apparent rate constants of this catalytic reaction are found to be 0.0165/ min, 0.0239/
min and 0.0214/min for S1, S2 and S3 respectively as measured from the plot. The surface
roughness also played important role in enhancing the photocatalytic activity. The NPs of
smooth surfaces ionizes fast than the rough surface NPs. As discussed earlier, S2, due to
its smooth surface exhibiting high catalytic activity than S3 and S1. S1, which is considered
to have high surface roughness is having low photocatalytic activity

4. Conclusion

Using Starch, Oxalic Acid & Malic Acid as fuels, the NiO NPs were synthesized by solution
combustion method. The synthesized NiO were characterized by optical, structural,
functional, and morphological characterizations. The results of XRD confirmed NiO NPs
cubic structure. It was found that the average crystallite size for S1, S2, and S3 are around
42,34 and 36 nm. FESEM& HRTEM confirms the cubic and rod-like morphology of NiO NPs.
Using FTIR spectra, the different functional groups were studied. UV-Visible absorption
spectroscopy showed a blue shift due to quantum confinement effect in NiO NPs. The NiO
NPs have been studied for antibacterial and photocatalytic activity. It was elucidated that
due of their efficient antimicrobial efficacy, NiO NPs can be used in the Bio medical field.

Photodegradation of NiO NPs was assessed and explained using surface roughness.
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EFFECT OF UREA ON THE STRUCTURAL AND MAGNETIC PROPERTIES OF Fe203
AND ITS ANTIMICROBIAL AND PHOTO CATALYTIC ACTIVITIES

Abstract:

a-Fe203 nanoparticles have been prepared by combustion method by using urea.
Completion of reaction was followed by Fourier transform infrared spectroscopy (FT-IR)
and X-ray diffraction (XRD). The obtained powder was further characterized by energy
dispersive spectroscopy (EDS), and scanning electron microscopy (SEM). Their magnetic
properties were done by vibrating sample magnetometer (VSM). Urea fuel has reflected
morphology of crystallites as well as on their magnetic properties. This results show the
finest crystallite size and also high level of magnetic properties. The Fe203 nanoparticles
showed very good antibacterial activity. The Photocatalytic activity of Fe203
nanoparticles were also evaluated and were found that the prepared Fe203 nanoparticles

enhance the photocatalytic degradation.
Keywords: a-Fe203, XRD, FTIR, SEM, EDX, Photocatalytic
Introduction:

Nanoscience is one of the most important research area and development frontiers
in modern science. Nanotechnology is now widely used throughout the pharmaceutical
industry, medicine, electronics, robotics, etc,. In the few decade, magnetic nanomaterials
have attracted much attention due to their physical properties [1-3].The use of
nanoparticle offers many advantages due to their unique size and physical properties.
Nano sized iron oxide particles have emerged as versatile materials for different
applications due to their, magnetic, electronic and optical properties. The structure-
function relationship of these nano particles have been intensively studied because of the
applications in magnetic storage, gas sensing, biomedical, and catalysis applications [4-
8].

Iron oxides nano particles have been prepared by a variety of methods such as co-
precipitation [9], hydrothermal [10], solvothermal [11], microemulsion [12], auto
combustion [13], sonochemical and chemical route techniques available [15]. In this

article, Iron Oxide nanoparticles prepared by solution combustion method. Solution



combustion method is an effective method for the synthesis of nanoscale materials. Iron
Oxide exists in many forms magnetite (Fe304) maghemitite (y-Fe203) and hematatite (a-
Fe203) being probably the most common. An effect of Urea it have good antibacterial
activity. Hematatite is the oldest known of the iron oxides and is widespread in rock and
soils. It is also known as ferric oxide, iron sesquioxide, red ochre, specula rite, specular
iron ore, kidney ore or martite. Hematatite is blood-red in color if firely divided, and block
or gray if coarsely crystalline. It is extremely stable at ambient conditions, and often it is
the end product of the transformation of other iron oxides. The prepared Iron Oxide

nanoparticles have good antibacterial activity due to the effect of urea.
Materials & Methods:

Iron (III) nitrate nonohydrate (98%) was purchased from MERCK and Urea was
purchased from Merk. All the chemicals were used directly without further purification.

The following chemical equation (1) used in this synthesis procedure.

2 Fe (NO3)3.9H20 +2.5 C2HBNO2 > Fe203(s) |+4 N2(g)1+2.5C02(g)1+14 H20(g)1---
(D

a-Fe203 nanoparticles have been prepared by a combustion method, which have
been used and C2HSNOZ2. The composition of the mixture can be calculated by the ratio
of sum of fuel to oxidizing reducing agent. For ¢@=1 is stoichiometric ratio. 0.2 mole
concentration of Fe (NO3)3.9H20) was dissolved in a required amount of distilled water.
The prepared solution was heated at 5000C for 15 minutes by using muffle furnace. Finally

we will get a Iron Oxide Nanopowders.

The photo catalytic activity of a-Fe203 was evaluated through photo degradation of
Rhodamine B under UV- irradiation. This experiment was conducted at room temperature
in air. In this experiment, 15 mg of the catalyst was suspended in 50 mL of aqueous solution
contains (10 mg/ L) of RhB dye. Prior to irradiation, the suspension was held for 30 min in
the dark to achieve adsorption—-desorption equilibrium by aeration. Photocatalytic activity
was investigated under visible and UV light irradiation by 300W tungsten halogen lamp
(8500 lumen). The solution was illuminated with a light source at the centre of the solution
reservoir, covered and separated by cylindrical quartz glass housing. Air was bubbled

through the reaction solution to ensure a constant supply of oxygen and to give agitation



effect to achieve equilibrium state of dye and the photocatalyst. The reaction mixture was
aerated continuously under irradiation until the reaction mixture was thorough mix. At the
given time interval 3.0 mL of the sample was withdrawn and centrifuged to separate the
catalyst in different time intervals. The dye degradation was carried out for 180 mints. The
degradation was determined by measuring the maximum absorbance at 554 nm on a UV-

VIS Spectrophotometer.
XRD Spectrum:

Fig (1a) shows the XRD pattern of the Iron Oxide will match JCPDS # 89-8104.The
lattice constant was calculated using d- value and with their respective (h k1) parameters.
The XRD pattern showing 26=24.140, 33.360, 35.850, 40.690, 49.500, 54.150, 62.470 and
64.140. The peaks found in angle are labeledas (012),(104),(110),(113),(024),(11
6), (2 1 4) and (3 0 0). All the planes are well match with the standard JCPDS 89-8104.The
geometry of the Iron Oxide nanoparticles found as per this XRD data corresponds to
rhombohedra geometry. Using Scherrer formula [12] average crystallite size was
estimated. It was found that the size of nanoparticles around 30nm from the X-ray line

broadening value.
FTIR Spectrum:

Fig (1b) represented FT-IR spectrum between 4000-400cm-1 of o-Fe203
nanoparticles. The finger print of a-Fe203 occurs mainly at 560 and 467cm-1, where a
strong sharp peak at 560cm-1corresponds to Fe-O-Fe stretch of magnetic nanoparticles
[16]. The peak 1389cm-1 indicates -C-O stretching [16]. The beak 1630 cm-1 indicates
C=0 bond [16]. The peak 3420 cm-1 represented the OH group is present [16].

SEM with EDX Spectrum:

Fig (1c) shows the SEM image of the as-prepared Fe203 nanoparticles. The Iron
Oxide nanoparticles have a spherical shape, size range between around 50nm [17].From

EDX Spectrum Iron is 65% and Oxygen is 35% is present.

VSM Spectrum:



Fig(2) shows magnetic hysteresis loop of Iron Oxide nanoparticles at room
temperature in the applied magnetic field sweeping from -60 to +60 H[Oe]. The hysteresis
loop indicate that these hematatite nanoparticles have diamagnetic material behavior and
the magnetization at the maximum applied magnetic field was (saturation magnetization

of magnetic field) 0.504 emu/g respectively.
Photocatalytic activity:

The photocatalytic activity of Iron Oxide nanoparticles under UV light irradiation as
shown in fig(3a). The time dependent absorption spectrum for the degradation of RhB is
as shown in fig (3b). This fig shows UV light decomposed by RhB with various time intravel
from O to 180 min and the maximum absorbance wavelength occurred at 540 nm. A
decrease in RhB dye concentration by increasing concentration of the Iron Oxide
nanoparticles. Because the absorbance intensities of RhB are gradually decreased in the
presence of iron oxide nanoparticles with the increase of exposed time. Interestingly, the
RhB dye is significantly degraded by RhB 95% within relatively short exposed time (210

min) as shown in fig(3a).
Antibacterial activity:

Fig (4) antibacterial activity shows gram positive (Staphylococcus auras) and gram
negative (Escherichia coli) bacteria. The bacterial inhibition depends on
concentration[18]. Iron Oxide nanoparticles do not negatively impact all cells but with an
appropriate magnetic field of Iron Oxide, nanoparticles may be engaged to destroy
bacteria. Antibacterial activity are very important in the textile industry, water
disinfection, medicine and food packing. The gram-positive inhibit 16mm and gram-

negative bacteria inhibit 14mm.
Conclusion:

The Iron Oxide nanoparticle was prepared by combustion method. A average
particle is around 30 nm by using XRD. The functional group was found out using FT-IR.
The morphology and size of the particle was studied using SEM analysis, it will be mirror
like shape and particle size is around 40nm. And also EDX spectrum indicates Iron 64.96%

and Oxygen 35.04% elemental composition is present in the sample. The magnetization



of nanoparticle at room temperature was measured maximum applied magnetic field is
0.504 emu/g and the hysteresis loop indicate hematatite magnetic nanoparticle have a
diamagnetic behavior. From the photocatalytic the rate constant (k) is 0.00074. The a-
Fe203 nanoparticles have outstanding anti-bacterial activity in gram-positive

(Staphylococcus aurous) and gram-negative (Escherichia coli) bacteria.
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Fig- (1a) XRD Spectrum of Iron Oxide Nanoparticles
(1b) FTIR Spectrum of Iron Oxide Nanoparticles
(1c) SEM Spectrum of Iron Oxide Nanoparticles

(1d) EDX Spectrum of Iron Oxide Nanoparticles
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Fig (3a) Photo catalytic activity of Iron Oxide Nanoparticles

Fig(3b) First-order rate law



Fig (4) Antibacterial activity of Iron Oxide Nanoparticles






PHOTOCATALYTIC ,ANTIMICROBIAL AND ANTICANCER ACTIVITIES OF ZnO
NANOPARTICLES

Abstract

In this article, ZnO nanoparticles have been prepared by various methods. The
synthesized ZnO nanoparticles was characterized by X-Ray Diffraction, Fourier Transform
Infrared Spectroscopy, Scanning Electron Microscopy, Energy Dispersive Spectroscopy,
UV-Vis Spectroscopy, Florescence emission and excitation Spectroscopy. From XRD the
particle size of ZnO ~90 nm. The band gap energy of ZnO have 3.2 eV. Further discuss
about photo catalytic, anti-bacterial and activity was studied. The cytotoxic activity of ZnO
nanoparticles was evaluated by 3 (4, 5-dimethylthiazol-.2-yl) -2, 5- diphenyltetrazolium
bromide (MTT) assay by using A549 (lung cancer cell line).

Keywords: ZnO, XRD, FTIR, UV, SEM, Antimicrobial and Anticancer activity.

Introduction

Zinc Oxide Nanoparticles as one of the multifunctional inorganic nanoparticles has many
significant features such as peculiar physical and chemical properties, high catalytic activity, such
as good chemical stability, strong electrochemical coupling and broad range of radiation
absorption and good photo stability, effective antibacterial activity as well as intensive ultraviolet
and infrared adsorption with broad range of application in semiconductors, sensors, transparent
electrodes, cosmetics, pigments, biomedical applications, cell imaging, first aid taps, polymers,
textile industries, anti diabetic, anti cancer drug delivery systems, rubber industry, concrete

manufacture, solar cells.

Advances of medical applications of ZnO widely applicable in cancer drug delivery system.
The human body made up of atoms. Zinc compound important role in over all functions such as
enzymes, proteins, nucleic acid synthesis, nurogenisis, tissues, bones, muscles, brain and skin. It

will have good naturally blocking of sun radiation UVA (400-320nm) & UVB (320-260nm). It has



excellent photo catalytic activity in electronics. Various techniques used for the preparation of ZnO
nanoparticles such as sol-gel method, vapor transport process, spray pyrolysis, thermal
decomposition, hydrothermal synthesis, direct precipitation, chemical route technique,
combustion and co-precipitation etc,.[1-6]. In this articles the nanoparticles synthesized by
precipitation, combustion and sol-gel method of preparation. Some of the most important
advantages of the combustion method are: easiness of the synthesis, large amount of product, self
propagating and control of the chemical composition. The advantages make the combustion
technique a very attractive preparation method, especially in the case of photo catalytically active
ZnO powders. In this work, a simple sol gel method was used to prepare ZnO nanoparticles. The
advantages of Sol-gel technique (i) It give very fine power, (ii) low temperature (iii) large quantity
of powder. Among these synthetic routes, precipitation approach compared with other methods
provided a facile way for low cost, large-scale production, simple & productions of nanoparticles.
The n-type semiconductor behavior is due to the ionization of excess Zinc atoms in interstitial
positions and the Oxygen vacancies. Surface defects play an important role in the photocatalytic
activities of metal oxides as they increase the number of the active sites. The synthesized ZnO

nanoparticles have been confirmed using XRD, UV-Vis, SEM and EDX analysis.
Materials & methods:

The ZnO nanoparticles prepared by different techniques by using the following chemicals.
Zinc Nitrate (Zn(NO3)3.9H20) 299% (Merk), Zinc Chloride (ZnCl3) 299% (Merk), Citric acid
(C6H807.H20) 299% (Merk), Glycine (C2H5NO2) 299% (Merk), Urea (CH4N20) 299% (Merk),
Sodium hydroxide (NaOH) 298% (Merk), Ammonia 298% (NH3) (Merk). All chemicals used in the

experiment are of analytic reagent grade.
Preparation of ZnO:

Precipitation technique:

Method I:

ZnO nanoparticles were synthesized by precipitation method using Zinc nitrate and NH3
precursors. In this work the aqueous solution (0.1M) of Zinc nitrate (Zn (NO3)2.6H20) added to

100ml of distilled water, continuously stirrer at room temperature and then few drops added to



the ammonia solution. The pH value of the solution measured at pH meter 7. The prepared solution

heated 1000c by using hot plate. Finally ZnO nanopowders were collected.

Method II:

Zinc Chloride (ZnCl2) and Sodium hydroxide (NaOH) were the starting material for the
synthesis of ZnO nanoparticles. In this study, 1:2 molar concentrations of ZnCl2 & NaOH dissolved
in 100ml deionized water. After 30 minutes the compound heated with hotplate 1000c or 1 hour.

Finally, collect ZnO nanopowder.

Method III:

In this method Zinc Oxide nanoparticles were prepared by sol-gel method by using 1M
concentration of ZnCl3 and 0.1 molar concentration of Sodium hydroxide (NaOH) was dissolved in
100 ml of distilled water. A solution of NH3 was added till pH value of the solution reached 7. After
2 hour the settled white precipitate was washed three times in double distilled water. Finally, the
solution filtrate was obtained by passing through whatman filter paper to remove the chlorine
groups. The obtained sample dried in a hotplate at 1000c for 2 hours and subsequently the product

was crushed into fine powder.

Method IV:

In this experiment, discuss combustion method of preparation. Here, Zinc nitrate (Zn
(NO3)2.6H20) was oxidizer. We will choose three different fuels such as Glycine (C2H5NO2), Citric
acid (C6H807.H20) and Urea (CH4N20O).

And also this experiment discusses three different conditions such as (i) Fuel-lean, (ii)

Stoichiometry & (iii) Fuel-rich condition.

First, 1 molar concentration of Zinc Nitrate was dissolved in 100 ml deionized water. This
starting solution stirred 1 hour at room temperature, then added desired amount of fuel (X, Y, Z).
This quantity will be choose balance chemical eqns (Appendix-1). After, 1 hour this solution heated

with muffle furnace at 3000c. Finally, collect ZnO nanopower.



Analysis of ZnO nanoparticles:

The synthesized powder was characterized by powder X-ray diffraction (Bruker Advanced
D8) with Cu-Ka radiation. Ultraviolet visible-near infrared (UV-Vis) studies were carried out in the
range of 300-450 nm using Perkin Elmer UV-Vis (Model-lamda35) Spectrophotometer. The surface
morphology of the sample was analyzed using a Scanning Electron Microscope (SEM) (Hitachi 3000
H). The magnetic properties of the investigated solids were measured at room temperature using
a Vibrating Sample Magnetometer (VSM; 9600-1 LDJ). The test organisms, Escherichia coli
(MTCC2412) and Staphylococcus aurous (MTCC2412) bought from Microbial Type Culture
Collection IMTEC, India.

Animal Cell Culture:

The A549 human lung cancer cell line was obtained from National Center for Cell Science
(NCCS), Pune, India. The cells were cultured in DMEM high glucose medium (Sigma-Aldrich, USA),
supplemented with 10% fetal bovine serum (Gibco), and 20 mL of penicillin/streptomycin as
antibiotics (Gibco), in 96 well culture plates, at 37°C in a humidified atmosphere of 5% COZ2 in a
CO2 incubator (Thermo scientific, USA). All experiments were performed using cells from passage
15 or less.

Cell Viability Assay:

The cell viability was measured using a standard MTT-assay. The complex, ZnO was
dissolved in dimethyl sulfoxide (DMSO) to make a stock. These stock solutions were diluted
separately with media to get various concentrations of the complex. Two hundred micro liters of
these samples were added to wells containing 5 X 103 A549 cells per well. DMSO solution was used
as the solvent control. After 24 h, 20 pl of MTT solution (5mg/mL in PBS) was added to each well
and the plate was wrapped with aluminum foil and incubated for 4 h at 37 °C. The purple formazan
product was dissolved by addition of 100 uL of DMSO to each well. The absorbance was monitored
at 570 nm (measurement) and 630 nm (reference) using a 96-well plate reader (Bio-Rad, i Mark,
USA). Data were collected for three replicates each and used to calculate the respective mean.
The percentage inhibition was calculated, from this data, using the formula:

Mean absorbance of untreated cells (Control)-Mean absorbance of treated cells

*100

Mean absorbance of untreated cells (Control)

Acridine orange (AO) and ethidium bromide (EB) staining



Apoptotic morphology was investigated by AO/EB double staining method as described by
Spector et al with some modifications. Briefly, the cells treated with IC50 Concentration of
compound for 24 h. After incubation, the cells were harvested and washed with cold PBS. Cell
pellets were resuspended and diluted with PBS to a concentration of 5X105 cells/mL and mixed
with 25 pL of AO/EB solution (3.8 pM of AO and 2.5 uM of EB in PBS) on clean microscope slide and
immediately examined under fluorescent microscope (Carl Zeiss, Axioscope2plus) with UV filter
(450-490 nm). Three hundred cells for each sample were scored for viable, apoptotic or necrotic
by staining the nucleus structure and membrane integrity and the percentage of apoptotic and

necrotic cells were calculated.
Result & discussion:
XRD Spectrum of ZnO nanopowder:

The different techniques of synthesized ZnO nanopowders were as show in fig (1). All the
samples will matches to the JCPDS-data (card number 76-0704) which is confirm the formation of
ZnO having hexagonal crystal structure with diffraction peaks (100),(002),(101),(102),(11
0),(103),(200),(102)and (004) planesat31.770, 34.120, 36.140, 47.420, 56.580, 62.930, 67.860,
69.130 and 72.360 (20) degree respectively. The peaks intensity is sharp and narrow, confirming
that the sample is of high quality with good crystallinity and fine grain size. Using Scherrer formula

average crystallite size was estimated.

09441
- B cosO (1)

Where, 0.94 is the dimension constant of the equipment, A is the wavelength of radiation
corresponding to the Cu-Ka, $1/2 is the full width half maximum and 0 is the Bragg angle. It was
found that the size of nanoparticles around 85 nm from the X-ray line broadening value. It

crystallizes in a hexagonal wurtzite structure (zincite) with lattice parameters as ¢ = 5.205 &, a =

3.249 A.
FTIR Spectrum of ZnO nanopowder:

Fig (2) represented FT-IR spectrum between 4000-400cm-1 of ZnO nanoparticles. The finger

print of ZnO occurs mainly at 472cm-1, where a strong sharp peak corresponds to Zn-O-Zn stretch



of metallic group is present in the sample. The peak 720 cm-1 aromatic C-H bending is present.
The peak 920 cm-1 OH group is present. The peak 1041 cm-1 represents polysaccharide. The
peaks 1410 & 1579 cm-1 C-O stretching are present. The peaks 2970 cm-1 represent to the alkane
(C-H) stretching. Amines (doublet for NH2) stretching is present in the peak of 3491.

UV Spectrum of ZnO nanopowder:

The UV-VIS Spectrum of ZnO nanoparticles are as shown in fig (3). Figure (3) shows the
variations of the absorption coefficient with the energy of the incident photons. The absorption
coefficient increases slowly with increasing the wavelength of the incident photons up to a certain

value after which it increased very rapidly showing a peak shows in fig.
a=C / hy (hy-EQ) %2 --------------- 3)
(ohy)2 = C(hy-EQ) ----mmm-mmmmmmmv 4)

Where, C is a constant of proportionality and EO is optical energy gap of the investigated
solution. The experimental points fit with the above equation only if the direct electronic transitions
are responsible for the photon absorption inside the nanoparticles. Intercept of the straight line
with the photon energy axis at (ahy)2 =0 is as shown in fig( tauc plot) yields the optical energy

gap (=3.3eV). Band gap energy increases with decreasing particle size due to quantum size effects.
SEM SPECTRUM:

Fig (4) represents SEM spectrum of ZnO nanopowder. The ZnO nanoparticlehave rice like
structure particle size of ZnO around 90nm. The elemental composition of the ZnO nanopwder
measured using EDX spectrum. The presence of Zinc element is 78.35 percentage and Oxygen

element 21.65 percentage as shown in below (fig 4b).
FL Spectrum of ZnO nanopowder:

Fluorescence (FL) spectrum of ZnO nanoparticle, taken at room temperature, as shown in fig
(8). The excitation wavelength of ZnO is selected at 370nm. The emission peaks at 765 nm (1.62

eV).

VSM spectrum of ZnO nanopowder:



Fig (6) shows a typical magnetization curve of ZnO nanoparticles at room temperature in the
applied magnetic field sweeping from -20 to +20 kOe. The hysteresis loop indicates that ZnO have

a weak ferromagnetic behavior in which the coercivity value hasa 334 Oe.
Antibacterial activity:

ZnO nanoparticles one of the multifunctional inorganic nanoparticles. So it has effective
antibacterial activity. Fig (7) shows antibacterial activity of both gram positive (Staphylococcus
auras), gram negative (Escherichia coli) of ZnO. Here 10(pg/pl) concentration of ZnO was taken.
From the fig (7) shows the prepared ZnO is denoted A. The Staphylococcus Aurous (gram positive)
is zone of inhibition of growth 29mm and Escherichia Coli (gram negative) bacteria contains the

zone of inhibition 27 mm. The diameter of zone of inhibition of ZnO is as shown in table (2).

Cell Viability Assay:

The cytotoxic activities of all the complexes have been investigated against the A549 human
lung cancer cell line by using MTT assay (Mosmann T, 1983). The cytotoxic activity was determined
according to the dose values of the exposure of the complex required to reduce survival to 50%
(IC50), compared to untreated cells. The observed IC50 values for 24 h reveal that all the
complexes exhibit different ranges of cytotoxicity (Figure 8). The ability of the complexes to kill
the cancer cells at 24 hour incubation vary as ZnO. The results from this MTT assay indicate that the
ZnO samples are toxic to the A549 cells.

Acridine orange (AO) and ethidium bromide (EB) staining

The most important characteristics of apoptosis are morphological changes during cell
death. Figure (9) represents that AO/EB double-stained A549 human lung cancer cell line treated
with test substances 24 hr underwent both early apoptosis (cells with red arrows) and late
apoptosis. The control or viable cells shows green fluorescence and normal cell features of uniform
chromatin with an intact cell membrane, whereas, the early apoptosis cells showed bright green
region with yellowish green nuclear fragmentation and membrane bubbles and apoptotic bodies
outside. The late apoptosis cells exhibited orange-yellow or red nuclei with condensed or
fragmented chromatin. The results demonstrate that all substances induce majority of cell death
through apoptosis mode and very fewer in necrosis for 24 hr treatment. Chromatin condensation

and fragmentation were majorly observed in ZnO treated cells.

Conclusion:



The hexagonal Zinc Oxide Nanoparticles prepared by various methods. The ZnO were
characterized by using XRD, FTIR, UV, FL, SEM, EDX, VSM, antibacterial & anticancer activity. The
XRD results show hexagonal structure and the particle size of ZnO around 90 nm and lattice
parameters a=3.254A0, c=5.122A0. With matches to JCPDS card number 76-0704. The functional
groups were identified by using FTIR. The optical properties were studied using UV- Vis Spectrum
& FL Spectrum. The band gap energy of the material found using UV-Vis Spectrum. The emission
peak of Fluorescence Spectrum at room temperature. The prepared sample ZnO was found to have
a ferromagnetic material using VSM. The morphology of the SEM images. The elemental
spectroscopy found using EDX Spectrosccopy. The Photocatalytic activity shows excitation
wavelength at 554nm under the degradation of RhB. The anticancer activity (MTT- assay) shows

ZnO has a good anticancer agent.
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Method of Preparation Particle Size
Precipitation technique 50, 60
Sol-gel 80
Combustion-Urea 70,60,75
Combustion-Glycine 75, 45,50
Combustion-Citric acid 70,40,45

Table (1) Shows grain size of ZnO nanopowder by using De-bye Scherrer formula



Fig (1) Shows XRD pattern of ZnO —different techniques



Fig (2) shows FTIR Spectrum of ZnO nanoparticles



Fig (3) shows UV-Vis Spectrum of ZnO nanoparticles



Fig (3) Touch plot of ZnO nanoparticles



Fig (4) Shows SEM Spectrum of ZnO nanoparticles



Fig (5) EDX Spectrum of ZnO nanoparticles



Fig (6) Shows FL- excitation Spectra



Fig (6) Shows FL- emission Spectra



Fig (7) Shows anti-bacterial activity of ZO naoparticles
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Fig (8) VSM Spectrum of ZnO nanoparticles



Fig (9) Photocatalytic activity of ZnO nanoparticles

Control

Fig (10) Shows Florescence imaging of ZnO nanoparticles



CONCLUSION OF THE PROJECT

Copper oxide nanoparticles (CuO NPs) were synthesized by solution combustion
technique using copper nitrate as an oxidizer and malic acid, oxalic acid and starch
as a fuel for fuel rich, stoichiometric, and fuel lean conditions. The band gap was
calculated from UV-Vis spectra and it was in the range of 3.23 to 3.28 eV for all the
samples. The average particle size calculated from XRD spectra was around in the
range of 14 to 20 nm for all the samples. The SEM images revealed that the prepared
CuO NPs exhibit different structural morphology for different fuel ratios. The
change in fuel ratios plays a vital role in tailoring the surface morphology of CuO
NPs and it is studied in detail.

The Magnesium Oxide (MgO) nanoparticles synthesized via combustion method,
characterized by spectroscopic and microscopic analysis. X-ray diffraction
illustrated that the MgO nanoparticles were crystalline in nature with a face centred
cubic structure. UV-Vis spectrums of the MgO nanoparticles have a sharp
absorption peak around 260 nm. The presence of Magnesium and Oxygen is
confirmed by EDX spectrum. FTIR analysis showed the presence of M-O stretching
vibration for the synthesis of MgO nanoparticles. The aim of present study is to
determine antibacterial activity of MgO nanoparticles against gram-negative and
gram-positive bacteria. Escherichia coli (E. coli) - gram negative and
Staphylococcus aureus (S. aureus)-gram-positive were used as test organism. The
effect of concentration on the antibacterial activity of MgO nanoparticles was
studied using well diffusion agar methods for minimum bacterial concentration. The
inhibitory concentration of MgO nanoparticles 20, 15, 10 and 5pg/pl. The results
showed that MgO nanoparticles have antibacterial inhibition average zone of 11
mm and 14 mm at the concentration of 10ug/pl against E. coli and S. aureus

respectively. Photocatalytic activity of MgO nanoparticles witnessed by the quick



degradation of the organic dye RhB exposure visible light irradiation. .

Using nickel nitrate as an oxidizer and starch, oxalic acid and malic acid as fuel, the
solution combustion method was used to synthesize nickel oxide (NiO)
nanoparticles (NPs). The X-ray diffraction (XRD) has a cubic structure and
confirmed the presence of NiO NPs (JCPDS: 78-0429). The average size of
crystallite for S1, S2, and S3 are around 42,34 and 36 nm. FTIR spectra showed the
band in the 400-550 cm-1 range, corresponding to stretching vibration mode, which
confirms the presence of NiO NPs. The optical absorption spectra confirmed the
presence NiO nanoparticles. The NiO NPs exhibit cubic structure and rod-like
structure, inferred from FESEM and High-Resolution Electron Microscopy
Transmission (HRTEM). The samples S1 and S3 are exhibiting effective bacterial
resistance against gram-positive and gram-negative bacteria. S2 is not showing any
antimicrobial activity and can be explained under the surface roughness factor. The
NPs, which is having rough surface exhibit greater antimicrobial activity than the
smooth surface one. photocatalytic activity of the prepared NiO NPs is evaluated
using Methylene Orange and revealed effective degradation.

a-Fe203 nanoparticles have been prepared by combustion method by using urea.
Completion of reaction was followed by Fourier transform infrared spectroscopy
(FT-IR) and X-ray diffraction (XRD). The obtained powder was further characterized
by energy dispersive spectroscopy (EDS), and scanning electron microscopy
(SEM). Their magnetic properties were done by vibrating sample magnetometer
(VSM). Urea fuel has reflected morphology of crystallites as well as on their
magnetic properties. This results show the finest crystallite size and also high level
of magnetic properties. The Fe203 nanoparticles showed very good antibacterial
activity. The Photocatalytic activity of Fe203 nanoparticles were also evaluated and
were found that the prepared Fe203 nanoparticles enhance the photocatalytic
degradation.

The hexagonal Zinc Oxide Nanoparticles prepared by various methods. The ZnO
were characterized by using XRD, FTIR, UV, FL, SEM, EDX, VSM, antibacterial &
anticancer activity. The XRD results show hexagonal structure and the particle size

of ZnO around 90 nm and lattice parameters a=3.254A0, ¢=5.122A0. With matches



to JCPDS card number 76-0704. The functional groups were identified by using
FTIR. The optical properties were studied using UV- Vis Spectrum & FL Spectrum.
The band gap energy of the material found using UV-Vis Spectrum. The emission
peak of Fluorescence Spectrum at room temperature. The prepared sample ZnO
was found to have a ferromagnetic material using VSM. The morphology of the SEM
images. The elemental spectroscopy found using EDX Spectroscopy. The
Photocatalytic activity shows excitation wavelength at 554nm under the
degradation of RhB. The anticancer activity (MTT- assay) shows ZnO has a good

anticancer agent.
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12.0BJECTIVES OF THE PROJECT

The objectives of the projects are

e To synthesize photoactive and bioactive semiconductor nanoparticles like Iron
oxide, Titanium oxide, Zinc oxide, Aluminium oxide etc of various shapes by

combustion method.

e To study the physico-chemical properties like UV- vis spectroscopy, XRD, BET,
HRTEM, FESEM, XPS, Laser Raman, Photoluminescence of the prepared nano

powders.

e To study the photocatalytic and antimicrobial activity of the prepared nanoparticles.

e To apply the synthesized nanoparticles for dye effluent treatment by Advanced
Oxidation Processes (AOP) - Photocatalytic Degradation MONPs/UV and to study in
detail.

e To study effect of the surface morphology on dye effluent treatment.

e To collaborate with local companies that will support the study of effluent in

reusable/drinkable water.

13.WHETHER OBJECTIVES WERE ACHIEVED (GIVE DETAILS)
e photoactive and bioactive semiconductor nanoparticles like Iron oxide, Nickel

Oxide, Copper oxide, Zinc oxide, Magnesium oxide of various shapes were

synthesized by solution combustion method.

e UV- vis spectroscopy, XRD, BET, HRTEM, FESEM, XPS, Laser Raman,

Photoluminescence characterizations were done for the prepared nano powders.

e photocatalytic and antimicrobial activity of the prepared nanoparticles were studied.
e Advanced Oxidation Processes (AOP) - Photocatalytic Degradation MONPs/UV is
applied in the synthesized nanoparticles for dye effluent treatment by and studied in
detail.

o Effect of the surface morphology on dye effluent treatment is studied.

The work is completed as per plan the results are achieved accordingly. The steps were
taken to collaborate with nearby agencies but the progress was not successful.



14.ACHIEVEMENTS FROM THE PROJECT
v photoactive and bioactive semiconductor nanoparticles like Iron

oxide, Nickel Oxide, Copper oxide, Zinc oxide, Magnesium oxide of

various shapes were synthesized by solution combustion method.

v' UV- vis spectroscopy, XRD, BET, HRTEM, FESEM, XPS, Laser Raman,
Photoluminescence characterizations were done for the prepared nano

powders.

v" photocatalytic and antimicrobial activity of the prepared nanoparticles
were studied.

v' Advanced Oxidation Processes (AOP) - Photocatalytic Degradation
MONPs/UV is applied in the synthesized nanoparticles for dye effluent
treatment by and studied in detail.

v’ Effect of the surface morphology on dye effluent treatment is studied.

15.SUMMARY OF THE FINDINGS (IN 500 WORDS)

v' Copper oxide nanoparticles (CuO NPs) were synthesized by solution combustion
technique using copper nitrate as an oxidizer and malic acid, oxalic acid and
starch as a fuel for fuel rich, stoichiometric, and fuel lean conditions. The band
gap was calculated from UV-Vis spectra and it was in the range of 3.23 to 3.28 eV
for all the samples. The average particle size calculated from XRD spectra was
around in the range of 14 to 20 nm for all the samples. The SEM images revealed
that the prepared CuO NPs exhibit different structural morphology for different
fuel ratios. The change in fuel ratios plays a vital role in tailoring the surface
morphology of CuO NPs and it is studied in detail.

v" The Magnesium Oxide (MgO) nanoparticles synthesized via combustion method,
characterized by spectroscopic and microscopic analysis. X-ray diffraction
illustrated that the MgO nanoparticles were crystalline in nature with a face
centred cubic structure. UV-Vis spectrums of the MgO nanoparticles have a sharp
absorption peak around 260 nm. The presence of Magnesium and Oxygen is
confirmed by EDX spectrum. FTIR analysis showed the presence of M-O

stretching vibration for the synthesis of MgO nanoparticles. The aim of present



study is to determine antibacterial activity of MgO nanoparticles against gram-
negative and gram-positive bacteria. Escherichia coli (E. coli) — gram negative
and Staphylococcus aureus (S. aureus)-gram-positive were used as test organism.
The effect of concentration on the antibacterial activity of MgO nanoparticles was
studied using well diffusion agar methods for minimum bacterial concentration.
The inhibitory concentration of MgO nanoparticles 20, 15, 10 and 5ug/pl. The
results showed that MgO nanoparticles have antibacterial inhibition average
zone of 11 mm and 14 mm at the concentration of 10ug/ul against E. coli and S.
aureus respectively. Photocatalytic activity of MgO nanoparticles witnessed by

the quick degradation of the organic dye RhB exposure visible light irradiation. .

Using nickel nitrate as an oxidizer and starch, oxalic acid and malic acid as fuel,
the solution combustion method was used to synthesize nickel oxide (NiO)
nanoparticles (NPs). The X-ray diffraction (XRD) has a cubic structure and
confirmed the presence of NiO NPs (JCPDS: 78-0429). The average size of
crystallite for S1, S2, and S3 are around 42,34 and 36 nm. FTIR spectra showed the
band in the 400-550 cm-1 range, corresponding to stretching vibration mode,
which confirms the presence of NiO NPs. The optical absorption spectra
confirmed the presence NiO nanoparticles. The NiO NPs exhibit cubic structure
and rod-like structure, inferred from FESEM and High-Resolution Electron
Microscopy Transmission (HRTEM). The samples S1 and S3 are exhibiting
effective bacterial resistance against gram-positive and gram-negative bacteria.
S2 is not showing any antimicrobial activity and can be explained under the
surface roughness factor. The NPs, which is having rough surface exhibit greater
antimicrobial activity than the smooth surface one. photocatalytic activity of the
prepared NiO NPs is evaluated using Methylene Orange and revealed effective
degradation.

a-Fe203 nanoparticles have been prepared by combustion method by using
urea. Completion of reaction was followed by Fourier transform infrared
spectroscopy (FT-IR) and X-ray diffraction (XRD). The obtained powder was
further characterized by energy dispersive spectroscopy (EDS), and scanning

electron microscopy (SEM). Their magnetic properties were done by vibrating



sample magnetometer (VSM). Urea fuel has reflected morphology of crystallites
as well as on their magnetic properties. This results show the finest crystallite size
and also high level of magnetic properties. The Fe203 nanoparticles showed very
good antibacterial activity. The Photocatalytic activity of Fe203 nanoparticles
were also evaluated and were found that the prepared Fe203 nanoparticles
enhance the photocatalytic degradation.

v" The hexagonal Zinc Oxide Nanoparticles prepared by various methods. The ZnO
were characterized by using XRD, FTIR, UV, FL, SEM, EDX, VSV, antibacterial &
anticancer activity. The XRD results show hexagonal structure and the particle
size of ZnO around 90 nm and lattice parameters a=3.254A0, ¢c=5.122A0. With
matches to JCPDS card number 76-0704. The functional groups were identified by
using FTIR. The optical properties were studied using UV- Vis Spectrum & FL
Spectrum. The band gap energy of the material found using UV-Vis Spectrum.
The emission peak of Fluorescence Spectrum at room temperature. The prepared
sample ZnO was found to have a ferromagnetic material using VSM. The
morphology of the SEM images. The elemental spectroscopy found using EDX
Spectrosccopy. The Photocatalytic activity shows excitation wavelength at 554nm
under the degradation of RhB. The anticancer activity (MTT- assay) shows ZnO

has a good anticancer agent.

16.CONTRIBUTION TO THE SOCIETY

The dye industry presents a global pollution problem owing to the dumping or
accidental discharge of dye effluent into waterways, which is having a major
impact on the quality and aesthetics of water resources. MONPs like titanium
dioxide usually exhibit notable photocatalytic and antimicrobial behavior. These
unique nanoparticles exhibit considerable changes and their photocatalytic
activity used to destroy industrial solvents, dyes and germs too and will help for
the degradation of dyes.

In this project, Bio and Photo active nanomaterials were synthesized and
characterized. The prepared nanoparticles exhibited very -effective
photocatalytic and antimicrobial activities. A novel, feasible and cost effective

process of fabricating MONPs is successfully demonstrated, which would be very



promising and implementing method for dye effluent in large or small scale. It
shall pave the way for an easy, economic way of effluent treatment involving the
industrial dyes.
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Abstract: Nickel oxide (NiO) NPs were synthesized by solution combustion method using Nickel nitrate as an oxidizer
and starch as fuel. The X-Ray Diffraction (XRD) exhibit cubic structure and confirmed the presences of NiO NPs (JCPDS: 65-2901). The
morphology of the NiO nanoparticles was investigated by means of SEM and confirms the nanostructure. It is possible to suggest that
the organic fuel starch is responsible for the formation of nanostructure due to the easier complex formation. The chemical
composition of NiO NPs was investigated by Energy Dispersive Spectroscopy (EDAX). It confirms the presence of Nickel oxide
nanoparticles. In the FTIR analysis, Ni-O stretching vibration mode is obtained in the region of 454.02 cm=1. The prepared NiO NPs
are very effective to gram positive strains than the gram negative strains. Gram positive and gram negative bacteria have
differences in their membrane structure, the most distinctive of which is the thickness of the peptidoglycan layer.

Key words: Nickel oxide NPs, Solution Combustion method, XRD, SEM & EDAX, UV, FT-IR, Antibacterial activity.

1. INTRODUCTION

Nickel oxide (NiO) is a significant transition metal oxide that has garnered attention as a strong candidate for
many fields including super paramagnetic devices, photovoltaic devices, electrochemical super capacitors, magnetic
materials, catalysis, smart windows, fuel cell, and photovoltaic devices [1]. These nanostructured particles are regarded as a p-
type semiconductor having large exciton binding energy with stable wide band gap (3.6-4.0 eV). Bulk NiO is an
antiferromagnetic insulator with a Neel temperature of 523K [2]. They exhibit many unique magnetic, optical, electronic, and
chemical properties that are significantly different than those of bulk-sized NiO particles due to their quantum size and surface
effects [3]. Some of these techniques suffer from the difficulty in size homogeneity and dispersion of NiO nanoparticles (NPs).
Generally, most techniques aim to reduce the costs of chemical synthesis and to produce materials for technological
applications [4]. These materials like copper, zinc, nickel, silver present high antibacterial activity, low toxicity, chemical
stability, long lasting action period and thermal resistance compared to organic antibacterial agents [5]. In the present study, NiO
nanostructures were synthesized by solution combustion method using starch as fuel. The antibacterial activities of the prepared
NiO nanostructure were investigated.

2. MATERIALS AND METHODS
2.1 Synthesis of NiO NPs

For the preparation of NiO NPs, nickel nitrate, starch was taken as starting materials. The stoichiometric
composition of solution components fuel and oxidizer was calculated according to the principle of chemistry keeping the
oxidizer (metal nitrate) to fuel (starch) ratio unity. Stoichiometric amount of Nickel (II) nitrate and starch were dissolved in de-
ionized water separately. The solution was mixed vigorously until the homogenous solution was obtained and then the
solution was kept the furnace at 300°C. The solution boils and undergoes dehydration, then the solution reaches the point of
combustion, it began to burn released a lot of heat as fumes and vaporizing all the solution. As a result, NiO product and gases of
H20, Nzcan be formed directly from the reaction between fuel and oxidizer without necessary of getting oxygen from
outside. The process was completed in 20 minutes and fine black colour powder was obtained as a result.
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2.2 Characterizations

The Shimadzu IR affinity-1 Fourier Transform Infrared spectrometer was used to carry out vibrational
studies. The X-ray diffraction patterns were recorded on PANalytical X-ray Diffractometer using Cu Ko radiation
(A=0.1542nm) operated at 50kV and 100mA.The experiments were performed in the diffraction angle range of 26. Energy
Dispersive Spectroscopy was carried out by BRUKER instrument. Scanning Electron Microscopy images were obtained by an
instrument VEGA3 LMU.

2.3 Assay for antimicrobial activity of NiO NPs against microorganism

The antibacterial activity of NiO NPs was evaluated against gram positive Bacillus cereus, Entero coccus, and
Staph aureus, gram negative bacteria Escherichia coli, Klebsiella pneumonia and Pseudomonas aeruginosa. Exactly 0.2 ml of fresh
cultures of each organism was inoculated into 5 ml of serile nutrient broth and incubated for 3-5 h to standardize the culture to
McFarland standards (106 CFC/ml). Three replicates of respective microorganism were prepared by spreading 100
[(Dof the revived culture on MHA (Mueller Hinton Agar-Hi Media) with the help of spreader. The well was made having
a diameter of about 7 mm and 50 [Ilsamples of NiO were added in one well and 50 [Ilof distilled water as control. The petri
plates were kept at 37 °C for 24 h in incubator for bacteria during which its antibacterial activity was evidenced by presence of a
zone of inhibition (mm) surrounding the well.

3. RESULTS AND DISCUSSION
3.1 X-ray diffraction spectroscopy (XRD)

XRD is a popular technique for determining phase purity of the materials. The width of the diffraction lines is
closely related to the size distribution defects and strainin NPs. Fig.1 shows the XRD spectra of NiO NPs. The purity and crystalline
of the synthesized NiO NPs were examined by using powder X-ray diffraction (XRD). The five diffraction peaks of the XRD pattern
of NiO NPs were observed at 37.23°, 43.19°, 62.72°, 75.28°, 79.31° which correspond to (111), (200), (220), (311), and (222)
diffraction planes respectively (JCPDS, NO: 65-2901). All diffraction peaks of NiO correspond to the cubic structure and the
volume of the cell was 49.97 (A%)3. The average particle size of the NiO NPs was calculated using the Debye scherrer equation [6].
The lattice constant value is calculated as 4.194 A0. The average particle size found to be around 18 nm. Fig.2 shows the FTIR
spectra of combustion product of NiO NPs. The FTIR spectrum was observed over the frequency range
400-4000 cm1,

600

200

400 111

5
s 220
o 300
3
= 2 an -
20 degres ’
Fig.1 XRD spectra for NiO NPs Fig.2. FTIR spectra of NiO NPs
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The broad band in the region of 454 cm-1is assigned to Ni-O stretching vibration mode. The FTIR band seen around 3500 cm-!
was attributed to O-H stretching of hydrogen bonded water on the surface of NPs and the band at 1634 cm-! is assigned to H- O-
H bending vibrations mode presented due to the adsorption of water in air during the preparation of FTIR sample disks in an open
air atmosphere. The band at 1385 cm™! is attributed to 0-C=0 symmetric and asymmetric stretching vibrations. The moderate
peak at 1071 cm~! may be due to single C-O band stretching mode [7].

3.2 Scanning electron microscopy (SEM)

Fig.3 shows that the SEM image of NiO NPs. Studying, the growth mechanism of NiO NPs, it is possible
to suggest that the organic fuel starch is responsible for the formation of the NiO nanostructure due to the easier complex
formation [8]. When starch is employed, the heat released in combustion is more and as a result which is responsible for the
growth of the sample and complete combustion reaction with more crystalline phase. So the result indicates that the presence of
starch has a significant effect on the morphology of the sample. Fig.4 shows that the chemical composition of NiO NPs which was
investigated by Energy Dispersive Spectroscopy (EDAX). It confirms the presence of NiO NPs.

Fig.3. SEM image of NiO NPs Fig.4. EDAX for NiO NP

3.3 Antibacterial activity

In this study, to evaluate the antibacterial effects against various microorganisms (gram positive and gram
negative), Staphylococcus aureus, Entero coccus, Bacillus cereus, E.coli, Klebsilla pneumonia, Pseudomonas aeruginosa were
used. Antibacterial activity done for synthesized NiO NPs using Kirby-Bauer method on both Gram-negative and Gram positive
bacteria. Fig.5, 6, shows the antibacterial activity of NiO nanostructure on the corresponding microorganisms.

Gram-negative bacteria

Fig.5. (a), (b), (¢) E.coli, Klesilla pneumonia, Pseudomonas aeruginosa negative bacteria
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Gram-positive bacteria

Fig.6. (a), (b), (c) Entero coccus, Bacillus cereus, Staph aureus, positive bacteria

Table1. Antibacterial efficacy results of NiO NpS.

Microorganisms Zone of inhibition (mm)
E. coli 23
K. pneumonia 22
P. aeruginosa 19
S. aureus 26
E. coccus 17
B. cereus 29

The diameter of inhibition zones (in mm) produced by NiO NpS against theses test strains are shown in Tablel. The
prepared NiO NPs is effective to Gram positive strains than the Gram negative strains. Gram positive and Gram
negative bacteria have differences in their membrane structure, the most distinctive of which is the thickness of the
peptidoglycan layer. The lower efficacy of the NiO NPs against Entero coccus, Pseudomonas araginosa may derive from
the difference as a point of membrane structure [9]. The growth inhibition of bacterial cells may be due to distractions of
cell membrane by NiO NPs which results in breakdown of cell enzyme.

4. CONCLUSION

The NiO NPs were synthesized by using solution combustion method. The XRD confirms the NiO NPs and
the average crystalline size of the NiO NPs were found to be about 18 nm and exhibits cubic structure. The morphology of the
NiO nanoparticles was investigated by means of the SEM and confirms the nanostructure. It is possible to suggest
that the organic fuel starch is responsible for the formation of nanostructure due to the easier complex formation.
The EDAX is confirms the presence of NiO NPs. It confirms the presence of Nickel oxide nanoparticles. In the FTIR analysis,

Ni-O stretching vibration mode is obtained in the region of 454.02cm™1. As prepared NiO NPs are very effective to gram positive
strains than the gram negative strains. Gram positive and gram negative bacteria have differences in their membrane
structure, the most distinctive of which is the thickness of the peptidoglycan layer.
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Recent research on photocatalytic activities has been investigated using visible light region rather con-
suming ultraviolet region. In this Paper, a facile and eco-friendly method was developed to the synthesis
of TiO, NPs using Aloe Vera gel (AV-TiO,). The synthesized nanoparticles were characterized using XRD,
XPS, HRTEM, EDAX and Raman spectroscopy. The sharp peaks by XRD pattern show the crystallinity and

purity of titanium dioxide nanoparticles. The shape and morphology were studied by HR-TEM images and
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confirms the NPs size which falls in the range from 6 to 13 nm. Raman spectrum and XPS shows the
energy modes and oxidation state of synthesized TiO, NPs. TiO,-mediated photo-degradation of trinitro-
phenol (Picric acid- PA) irradiated by visible light source has also been investigated.

© 2018 Published by Elsevier B.V.

1. Introduction

The metal oxide nanoparticles play a very important role in the
synthesis of materials, preserving the environment, production,
and conservation of energy. Titanium dioxides (TiO,) possess the
strong medical applications among all the nanoparticles, because
of its strong oxidation power, non-toxicity, and chemical stability
[1]. TiO, has its applications in the areas of solar energy cells,
environmental purification, electronic devices, gas sensors,
photo-electrodes and photo-catalysts [2]. Titanium dioxide has
emerged because of the properties like photo induced super-
hydrophobicity and antifogging effect, hence it is helpful in the
environmental purification by removing bacteria and harmful
organic materials from water and air [3,4]. In the recent years, a
number of physical and chemical methods were reported for the
synthesis of nanostructures which are less eco-friendly and cost-
effective. The chemical synthesis of nanoparticles produces a lot
of toxic substances where the green synthesis of nanoparticles is
easy, efficient, and eco-friendly. The biomolecules present in plants
act as capping and reducing agents by stopping the agglomeration
of nanostructures and promote their stability [5]. Aloe barbandensis
miller, commonly known as aloe Vera is a very succulent plant
species and had been used only as an herbal medicine in the past.
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Tanaka K et al. [6], reported the photocatalytic degradation of
picric acid using TiO, in the ultraviolet region. Umabala AM et al.
[7], reported visible light active photocatalytic degradation of pic-
ric acid within 3 to 4 h using BiVo, + H,0,. Visible light active
degradation of Methylene blue using green synthesized TiO,
nanoparticles reported by Muniandy SS [8]. Also, Picric Acid (PA)
is a strong irritant, allergen and environmentally pollutant [9]. In
this paper, we have reported the synthesis of TiO, nanoparticles
using Aloe Vera gel and studied the degradation efficiency of PA
in the visible region. To our knowledge, it is the first report for
explosive compound degradation in visible region using green syn-
thesized TiO, nanoparticle.

2. Materials and methods
2.1. Hydrothermal synthesis of TiO, nanoparticles

Aloe Vera skin was peeled and the gel was washed seven times
in the running water. 10 mL of Aloe Vera gel was added into 100
mL of deionized water and stirred for one hour. To this aqueous
solution, 0.1 M of titanium (IV) isopropoxide was added drop by
drop wise. The reaction mixture was stirred continuously for one
hour at 20 °C. The solution was kept in an autoclave at180 °C for
4 h. Then the prepared solution was heated on a hot plate at 80
°C. The obtained product was pounded finely and then calcinated
in a muffle furnace at 500 °C for 5 h. Finally, Aloe Vera mediated
TiO, nanoparticles (AV-TiO,) was obtained.
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Fig. 1. (A) XRD spectra (B) Raman spectrum (C) HR-TEM image and (D) EDAX spectrum for the green synthesized AV-TiO,. (E) UV-Vis spectrum for green synthesized TiO,
NPs (F) FT-IR spectrum of 500 °C calcined Aloe Vera gel.
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2.2. Characterization of TiO, nanoparticles

XRD analysis was performed using XPERT - PRO equipped with
CuKo radiation. The structural property was also investigated
using Raman spectroscopy, in the range of 100-700 cm™! using
Renishaw equipment. High-Resolution Transmission Electron
Microscopy (HRTEM) and Selected Area Electron Diffraction (SAED)
images we obtained using JEM-2100F field emission TEM. Energy
dispersive X-ray spectrometry (EDS) was performed with a spec-
troscope attached to TEM.

2.3. Photocatalytic experiments

Photocatalytic activities of the AV-TiO,were evaluated by the
degradation of PA. In each experiment, 20 mg of TiO, catalyst
was added in 100 mL of PA solution (500 mg/L) to obtain the cata-
lyst at 200 mg/L. The experiments were carried out in a Pyrex
beaker illuminated with a 15W high-pressure mercury lamp
emitting visible light (543 nm). The distance between the lamp
and the pyrex beaker is about 12 ¢cm. Prior to visible light irradia-
tion, the suspension was stirred for 30 min in dark to reach the
adsorption-desorption equilibrium. The solution was continuously
stirred during the experiments. At given irradiation time intervals,
5 mL of the suspension was collected. The PA concentration was
evaluated by UV-visible spectra monitoring the absorption maxi-
mum. A calibration plot based on Beer—Lambert’s law was estab-

lished by relating the absorbance to the concentration. In each
case, blank experiments were also conducted with the catalysts
in the absence of light and without the catalysts when the solution
containing the dissolved picric acid was illuminated. Moreover,
Photocatalytic experiments were performed only under the visible
region by using UV cut-off filter and in the same conditions with
different milligram (10-50) of AV-TiO, catalyst were studied.

3. Results and discussion

The X-Ray diffraction patterns of the AV-TiO, are shown in the
Fig. 1. The XRD pattern agrees with the JCPDS card No 89 - 4921
(anataseTiO,). The XRD peaks 25.3°, 37.8°, 48.0°, 53.9°, 55.1°,
62.7°, 68.8°, 70.3° and 75.1° can be attributed to the respective
‘hkI’ planes of the crystalline structure of the AV-TiO,, The crys-
talline size of the AV-TiO, can be calculated using the Scherer’s for-
mula and found to be 9 nm. In Fig. 1(A), no diffraction pattern
absorbed for Aloe Vera powder, because of its amorphous nature.

The morphological information and particles size are deter-
mined using HR-TEM. Fig. 1(C) exhibits the tetragonalshape. The
particle size range is 6 nm-13 nm with moderate variations in size.
The Dotted rings in Selected Area Electron Diffraction are well
matched to the XRD ‘hkl’ miller indices. The lattice springe’s is
indicating AV-TiOnanoparticles is crystalline in nature. In green
synthesized TiO, nanoparticles, Ti percentage is 52 and O percent-
age is 48.

Fig. 2. XPS spectra of TiO, samples: (A) survey spectra of TiO,; (B) Ti2p state; (C) C1s (D) O1s.
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AV-TiO, absorption spectra (425 nm) shows a shift towards the
visible region (Fig. 1E), so band gap energy (2.9 eV) is reduced com-
pared to pure anatase TiO, (3.2 eV). This indicates the electron
holes pairs are generated during visible light irradiation, which
may contribute to the significant improvement in the photocat-
alytic activity in the visible light region. More importantly, the
presence of Ti>* sites with narrow band gap is identified by XPS,
which is also a vital factor in improving the response of TiO, to
the visible region.

Fig. 1F shows FTIR spectrum of Aloe Vera gel after calcination
500 °C in which the peaks at 3459 cm~! and 2085.8 cm™', in the
spectra, are due to stretching of the O—H (Alcohol) and C=C
(Akyne) group. The peaks corresponding to 1634 cm™!, 1550
cm~!, and 662 cm~! were indicated as the functional groups of
C=0 (carbonyl, stretching), N—H (amide, bending), and C-X (Halo-
gen). The obtained products are the result of the organic com-
pounds like are enzymes, vitamins, lignin’s, monosaccharide,
polysaccharides, salicylic acids, amino acids and sterols present
in the leaf extract of Aloe Vera. It is well matched to XPS carbon
spectra.

XPS explains about the elemental composition of AV-TiO,.The
survey spectra (Fig. 2A) show that the Ti, C, and O elements exist
on the surface of the AV-TiO, sample. TheTiO, sample was carbon

element can be ascribed to the adventitious carbon-based contam-
inant. Fig. 2B shows the peaks at 458.3 and 464.2 eV, which corre-
spond to Ti 2ps; and Ti 2pqp, respectively. The peak position
between Ti 2p3; and Ti 2py; lines at 5.7 eV, suggest the existence
of the Ti** oxidation state [10]. The peak at 464.2 eV, attributed to
Ti** species, and the other centered on 458.3 eV corresponding to
Ti>* species [11]. Certainly, the presence of Ti>* oxide with narrow
band gap may be advantageous to the higher photocatalytic activ-
ity of the AV-TiO, nanostructures driven by visible light [12].
Fig. 2C Cl1s peak at 285.7 eV BE (major peak), which corresponds
to the carbon atoms within the amino acids, vitamins, lignin,
monosaccharide, anthraquinones, enzymes, minerals, salicylic
acids, polysaccharides, saponins and sterols of Aloe Vera gel bind-
ing energy peaks at 287.2 and 289.1 eV were observed. The higher
binding energy peak at 289.1 eV was attributed to electron emis-
sion from carbons in carbonyl groups [13]. (Carbonyl carbons of
the polysaccharides or proteins-enzymes). The lower peak at
287.2 eV binding energy was most likely from carbons to the car-
bonyl carbons. XPS spectra of Ol1s in the AV-TiO, samples
(Fig. 2d). The wide and asymmetric O1s spectra indicate that there
would be three components, which can be further fitted into three
peaks of oxygen (Orio at 529.5 eV), hydroxyl groups (Og.y at 530
eV) [14], and adsorbed O, (at 531.7 eV) [15].

Fig. 3. (A) UV-Vis (DRS) absorption spectra for degradation of picric acid AV-TiO, kinetic linear simulation curves of PA photocatalytic degradation with (B) pH variation (C)

Catalyst variation (D) Mg Variation.
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3.1. Photocatalytic studies

From Fig. 3, as expected the AV-TiO, samples exhibit remark-
able improvement in photocatalytic activity compared to that of
the pure TiO,. In Fig. 3a, 10 mg AV-TiO, catalyst treated PA absor-
bance spectra is observed in 0 min. After a time interval of each 10
min, the absorbance spectrum is decreased. The total absorbance
spectrum of PA is decreased within 120 min. Fig. 3b explains, Acid
is not degraded in acidic nature which is degraded in base condi-
tion, so pH value is increased, the Picric acid degradation rate is
increased. In our experiment, PA is degraded in base condition
(pH = 10). AV-TiO, concentration is increased, PA degradation rate
is also increased (Fig. 3d), that indicates AV-TiO, concentration
amount is increased, more free radicals are produced. The degrada-
tion order of photocatalytic activity for the samples can be summa-
rized as follows: AV-TiO, > Pure TiO, (Fig. 3c).

The photocatalytic reaction can be considered as the process of
generation, transfer, and consumption of the photo-generated car-
riers [16]. First, the photo catalyst absorbs the incident photons
with energy above the semiconductor’s band gap, generating elec-
trons and the same amount holes. The holes abstract electrons
from absorbed pollutants or react with H,O to form hydroxyl rad-
icals. However, the conduction band electrons reduce absorbed
oxygen to form superoxide anions which can further dispropor-
tionate to form hydroxyl radicals via chain reactions. In addition,
the electrons could react directly with the pollutant.

During visible light irradiation, the equilibrated Fermi level
electrons were injected rapidly into the TiO, conduction band via
a Surface Phonon Resonance (SPR) mechanism, and the injected
electrons were trapped by dissolved oxygen molecules in water
to yield high oxidative species, such as superoxide radical anions
(°*03) and hydroxyl radicals (HO®) [17]. The TiO, facilitates elec-
tron-hole separation and subsequently helps in the formation of
hydroxyl radicals. The superoxide radical anions (*O3) and hydro-
xyl radicals (HO®) produced under visible light irradiation might
be responsible for mineralization of the organic pollutants [18].
The photocatalytic activity has a positive correlation with the for-
mation rate of reactive radicals, i.e., faster formation radicals lead-
ing to a higher photocatalytic activity of the catalyst [19]. Overall,
these results suggest that TiO, will help increase the rate of forma-

tion of *0O; and HO® reactive radicals due to AV-TiO, stimulate
excess electrons ejection, and simultaneously facilitate the degra-
dation of organic pollutants. The total amount of PA is degraded
within 120 min when AV-TiO; is acting as a catalyst. As the con-
centration of AV-TiO, and pH level is increased, PA degradation
is increased.

4. Conclusion

The AV-TiO, was synthesized successfully with Aloe Vera gel in
a very simple and eco-friendly way. The physico-chemical proper-
ties of synthesized TiO, nanoparticles were investigated by XRD,
XPS, HRTEM, EDAX and Raman spectroscopy analysis indicating
that the synthesizedTiO, nanoparticles are crystalline in the ana-
tase phase with smaller size range and high surface area. AV-
TiO, has enhanced photocatalytic activity for the degradation of
picric acid in 120 min.
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