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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
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https://www.sciencedirect.com/topics/chemistry/uv-radiation
https://www.sciencedirect.com/topics/chemistry/photocatalyst
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 import