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Abstract - In the present work, Zinc Oxide nanoparticles
(ZnO Nps) have been prepared by a simple solution
combustion method using Zinc nitrate as a precursor
and grape juice as a fuel. The structure and morphology
of the synthesized ZnO Nps were analyzed using X-ray
diffraction (XRD), Fourier Transform Infrared
spectroscopy (FTIR), UV-Vis spectroscopy,
Photoluminescence  (PL)  spectroscopy, Scanning
Electron Microscopy (SEM). XRD pattern indicates that
the prepared product belongs to hexagonal wurtzite
structure. The FT-IR spectrum of ZnO Nps shows
significant spectroscopic band at 416 cm™ associated
with the characteristic vibrational mode of Zn-O
bonding. The UV-Vis spectrum shows a maximum
absorbance at 371 nm. The band at 502 nm in the in the
yellow region is due to the intrinsic defects of oxygen
vacancies. SEM images showed that the prepared
particles were agglomerated to form loofa like structure.
ZnO NPs shows good photocatalytic activity for the
degradation of methylene blue (MB) dye, as well as
significant ~ antibacterial  activities against four

pathogenic bacterial strains.
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l. INTRODUCTION

In current days nanoscale materials have been widely studied due
to their interesting physical and chemical assets, associated to their
bulk materials [1]. Among nanomaterials of transition metal
oxides, ZnO is considered as a significant material for multiple
applications including catalytic, optical, magnetic, electrical,
electrochemical and biological assets. These properties makes ZnO
as a multifunctional material that finds applications in solar cell,
biosensors, field effect transistors, light emitting diodes, diluted
and ferromagnetic materials for spinctronics, photocatalysis and
anti-bacterial activity[2]. ZnO is a direct band gap (3.37eV)
semiconducting materials with a large exciton binding energy of
60meV [3-6]. It is one of the strongest material in the II-IV
compound family. As a result ZnO do not undergo dislocation
degradation during synthesization [7]. ZnO has various kinds of
morphologies such as nanoneedles, nanobelts, nanoflowers,
nanorods, nanobows, nanonails, nanoparticles and nanowires [8].
Different methods have been followed to synthesize ZnO
nanomaterials such as chemical precipitation [9-10], sol-gel [11],
solvothermal, [12], hydrothermal [13-14], electrical and photo-
chemical reduction techniques [15-16], co-precipitation [17-18],
polymerization method [19], laser ablation [20], sonochemical [21-
22], etc. Most of these methods entail expensive substrates, deadly
process, cultured equipment’s, difficult experimental conditions,
etc. Solution combustion synthesis is a version of simple and easier
method to prepare most of the metal oxides. It presented with time
and energy saving prospect. In this direction, combustion method
is an ideal method as it ensures uniform distribution and atomic

www.ijltemas

Page 155


mailto:catsymp21@iict.res.in

Volume lll, Issue VI, June 2014

level mixing of reactants with an ignitable fuel to produce phase
pure final product in the form of ultra-fine powder with reducible
particle size. Again the fuel plays very important role as it is
responsible for the liberation of energy to produce soft mass in
combustion method. Solution combustion is an exothermic redox
reaction between metal nitrates (oxidizing agent) with an
appropriate fuel (reducing agent) and had been successfully used to
synthesize nanocrystalline metal oxides[23-26] Many researchers
have used commercially available carbohydrates and amines as a
combustible fuel for the preparation of metal oxides/alloys [27-28].
Sumana et al. [28] have synthesized ZnO nano powder using sugar
as a fuel. Rausli et al. [29] have used urea as a fuel to prepare
nanocrystalline ZnO. Relatively different from conventional
methodologies peoples have used naturally occurring compounds
as a fuel for the preparation of nanocrystalline materials for eg.
Kalyani et al. [30] synthesized LiC00,, LiMn,0O, and LiNiVO,
using rice starch as a fuel.

In this paper, we have reported the synthesis of ZnO Nps
using grape juice as a fuel for the first time. The obtained product
was characterized and tested for photo catalytic and antibacterial
activity.

Grape juice (Vitis vinifera) belongs to vitaceae family
that could play an significant role as combustible fuel. It comprises
high level of acetic-acid, alpha-carotene, alpha-linolenic-acid,
alpha-tocopherol, anthocyanins, arginine, ascorbic-acid, benzoic-
acid, beta-carotene, beta-sitosterol, caffeic-acid, calcium,
chlorogenic-acid, chromium, cinnamic-acidcitric-acid, coumarin,
ellagic-acid, epicatechin, ferulic-acid, fiber gaba, gallic-acid,
geraniol linoleic-acid, luteinlycopene, magnesium, niacin, pectin,
potassium  procyanidins, quercetin, resveratrol, selenium,
tryptophan, and zinc. Taking this in to an account a novel attempt
to exploit naturally occurring grapes as fuel has been proposed to
synthesize ZnO nano powder. This procedure involves a self-
sustained reaction in homogeneous solution of Zinc nitrate as an
oxidizer and grape juice as fuel.

1. EXPERIMENTAL
A. Synthesis

The solid grape juice was prepared by grinding grapes and
filtered to remove the impurities. 2.97g of zinc nitrate [Zn
(NOs),.6H,0] was dissolved in 5ml of solid grape juice and
10 ml of water and stirred for about 10 min to get
homogeneous solution. This solution is kept in a pre-heated
furnace maintained at about 400 °C. Smoldering type of the
reaction takes place with the liberation of gases and within
3-4 min, nanocrystalline ZnO is obtained. The obtained
product was calcined at the same temperature (400 °C for
3hours) and to remove the impurities. Finally the milky
white ZnO nanomaterial is obtained. The synthesized ZnO
was characterized by XRD, FTIR, UV-Vis, PL, SEM, TEM
and used for photo degradation and antibacterial activity.
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B. Characterization

The powder X-ray Diffraction data was analyzed by
SHIMADZU 700 X-ray diffractometer with graphite
monochromatized Cu-Ka: (1.5418 A) radiation. The Fourier
transform infrared spectrum of the sample is collected using
Bruker Alpha-P spectrometer. The absorption spectrum of
the sample was measured on a SHIMADUZU UV- 1800
UV-Vis spectrometer. Photoluminescence studies were
carried out by HORIBA luminescence spectrometer
equipped with Xenon lamp with excitation wavelength of
350 nm at room temperature. The morphology of the
samples was examined using HITACHI 7000 Table top
Scanning electron microscope and JEOL JEM 1200 Ex
operating at 100 KV Transmission electron microscopy.

C. Photocatalytic degradation of organic dyes

Photo catalytic experiments were carried out in a 150X75
mm batch reactor. An agqueous suspension was prepared by
dispersing 100 mg of ZnO nanoparticles in 100 ml of 10
ppm Methylene blue dye solution. During the photo
Catalytic experiments the slurry composed of dye solution
and catalyst was placed in the reactor and stirred
magnetically for agitation with simultaneous exposure to
Sun light or UV light. Known volume (10 ml) of the
exposed solution is withdrawn at specific interval of time
(30 min). ZnO nanoparticles were removed from the
solution by centrifugation to assess the extent of
degradation. . The % of degradation can be determined
using the following formula shown in the Equation 1.

Ci-Cs
% of degradation = — X100
G

C; and C; are the initial and final concentrations of dye. The
experiment was carried out by varying experimental
parameters like concentration of dye, catalytic load,
irradiation time, pH and nature of light, etc.

D. Evaluation of antibacterial activity

Anti-bacterial activity was carried out by agar well diffusion
method[31] and broth micro dilution method [24,25] against
a gram —ve bacteria klebsiella aerogenes NICM 2098,
Escherichia coli NCIM-5051, pseudomonas aeruginosa
NICM-2242 and gram +ve bacteria staphylococcus aureus
MCIM-5052. Nutrient were prepared under sterile condition
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and spread plate method using sterile L- shaped glass rod
with 100l of 24 hrs old broth culture of respective bacterial
strains. Using the germ-free cork barber, the well (6mm)
was made into the each petri-plate. Various concentrations
of nano materials (ZnO) (500 and 1000pg/well), were used
to assess the dose dependent activity of the compounds. The
compounds were prepared in sterile water added into the
wells by using sterile micropipettes. Concurrently the
standard antibiotic (as positive control) was tested against
the bacteria. Ciprofloxacin (Hi media, India) was used as
positive control. Then the plates were incubated at 37 °C for
36 hrs. Later the incubated period, the zone of inhibition of
each well was measured and the values were noted.
Triplicates were maintained in each compound and the
average values were calculated for the eventual anti-
bacterial activity. The broth micro-dilution method was
done for antibacterial activity. The nanomaterial (ZnO) was
watered down with germ-free water to get two different
concentrations of the sample solutions (i.e. 200 and 400
pg/mL). Then these sample solutions were added into germ-
free tubes containing nutrient broth and 0.1 mL of bacterial
suspension (~108 CFU/mL) was added into each tube. In
addition, positive control tubes containing the same amount
of bacterial cell and nutrient broth and negative control
tubes containing only nutrient broth were organized,
respectively. All the tubes were incubated in a reciprocal
shaker (Tarsons, Mumbai) with a shaking speed of about
200 rpm/min at 37 °C for 24 hrs. The MIC was determined
as the minimum concentration at which there is no visible
change in the turbidity of the medium. To evaluate the
bactericidal efficacy of the samples, 0.025 mL each of the
bacterial solution with 200 and 400 pg/mL samples were
taken and plated in germ-free nutrient agar plates. Then the
plates were incubated at 37 °C for another 24 hrs, and the
number of bacterial colonies was counted. The bactericidal
rate (K) could be calculated accordina to the followina
equation.
A-B
K = —— X 100
B

Where A and B are the number of bacterial colonies
corresponding to the positive control group and the sample
group, respectively.

1. RESULTS AND DISCUSSIONS

The figurel shows the XRD pattern of ZnO nanoparticles
prepared via combustion method using grape juice as fuel.
All the diffraction peaks are matches well with the
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hexagonal wurtzite crystal structure of ZnO with cell
constants a = b= 3.253 A and ¢ = 5.213 A (JCPDS no.89-
1397). There are no other peaks matching to any secondary
or impurity phase were observed which indicates the phase
concentration of the sample. The average crystallite size
was Assessed by the Debye-Sherrer’s formula was found to
be 53nm.
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Fig.1 XRD pattern of ZnO nanoparticles

D = 0.9

B Cos 6

Where D is the crystal size and A is the wavelength of X-ray
radiation (1.5418 A), B is the full width half maximum of
diffraction peak and 9 is the scattering angle.
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Fig.2 FTIR spectrum of ZnO nanoparticles

The purity and molecular structure of product were analyzed
by the FTIR spectroscopy. Fig.2 shows the FTIR spectrum
of the ZnO nanocrystalline powder which was acquired in
the range of 400- 2000cm ™. The two peaks at 1434 and
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1395 cm ! are attributed to O—H stretching vibration and the
peak at 861 cm™ are attributed H-O—H bending vibration,
which are assigned to small amount of H,O existing in the
nanocrystalline ZnO. The peak at 416 cm* is ascribed to
Zn-0 stretching vibration. No other impurity peaks related
to other groups are observed which shows the purity of the
sample.
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Fig.3 UV-Visible spectrum of ZnO nanoparticles

UV-Vis spectroscopic measurement was carried out from
200-1100 nm and is as shown in figure 3. It shows a strong
absorption band at 371nm which corresponds to a band gap
of 3.43 eV. It is known that bulk ZnO has absorption at
387nm in the UV-Vis spectrum indicates that the band gap
is 3.2e V. The observed blue shift may be due to size effect.

The PL spectrum of (Ae=325nm) of the ZnO at
room temperature was shown in the figure. There is high
emission peak at 50nm in the in the green region could be
attributed to the intrinsic defects of oxygen vacancies
related emission [32], as shown in the figure:4.
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The ultraviolet-emission also known as near band
edge emission (NBE) of the wide band gap ZnO is
attributed to the exciton transition from the localized level
below the conduction band to the valance band [33-34],
while defect related visible emissions in ZnO nanomaterials
may be ascribed to the intrinsic defects such as oxygen
vacancies (Vo), Zinc vacancies (VZ,), oxygen interstitials
(O, Zinc interstitials (Zn;) and oxygen antisites (0Z,) [35-
36]. A small peak is observed in the rance of 388nm, it
corresponds to the violet-indigo emission is due to a
radiative transition of an electron from the deep donar level
of Zn; to an acceptor level of neutral VZ, [37] The red
emission at 527nm is recognized to radiative transition of an
electron from the deep donor level of Zn; to an acceptor
level caused by singly ionized charged state of the defect
VZn—in ZnO [38-40]
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Fig. 4 Photoluminescence spectrum of ZnO nanoparticles
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Fig. 5 SEM images of ZnO nanoparticles
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The surface morphology of the prepared ZnO
nanoparticles is as shown in figure 5. It can be clearly
observed from low resolution, that the particles are
agglomerated with irregular morphologies. The powder
shows honey comb structure with broken type of hallow
shells formed by the escaping gases during combustion.
This type of porous network with lot of voids is typical of
combustion synthesized powders due to escaping gases.
These porous powders are highly friable which aids easy
crushing to get hold of better particles.

Photocatalytic activity of ZnO nanoparticles

Fig.6. shows the effect of different light source on
photocatalytic degradation. Two different light sources are
used sun light and UV light. From the figure it is cleared
that photocatalytic degradation of an azo dye is more in UV
light than sun light. This is due to the fact that UV light has
higher intensity (lower wavelength or higher energy), so
light can easily penetrate and form more number of radicals,
which increases the rate of photocatalytic degradation of an
azo dye.
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Antibacterial activity

The antibacterial properties of the ZnO was evaluated
against Gram-ve K. aerogenes, P. aeroginosa, P.
desmolyticum. Gram +ve bacteria S. aureus using agar well
diffusion method. In agar well diffusion method the ZnO
nanoparticles showed significant antibacterial activity on all
the four bacterial strains Gram-ve K. aerogenes, P.
aeroginosa, P. desmolyticum. Gram +ve bacteria S. aureus
and zone of inhibition with the concentration 500 and 1000
Mg per well shown in Fig.1. The data is shown in Table 1.
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Fig. 6 Photocatalytic activity of ZnO Nps

Fig. 7 (a) anti-bacterial of Klebsiella aerogenes (b) anti-bacterial of Pseudomonas
S aeruginosa (c) anti-bacterial of Staphyloccus aureus (d) anti-bacterial of =————————
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Table-1: antibacterial activity of ZnO nanoparticles on pathogenic bacterial strains

Treatment Klebsiella Pseudomonas Staphyloccus Pseudomonas

Sl.no aerogenes aeruginosa aureus desmolyticum

(MeanzSE) (MeanzSE) (MeanzSE) (Mean+SE)

I Standard 8.00+0.41 10.75+0.48 12.67+0.25 10.12+0.43
(51g/50pL)

I ZnO( PL) 2.3840.24** 6.75+0.32** 3.75+0.14** 2.10+0.42**
(500pg/50pL)

I ZnO+( PL) 6.62+0.38* 9.0040.41* 7.25+0.48** 6.12+0.31**
(1000ug/50uL)

Values are the mean + SE of inhibition zone. Symbols represent statistical significance,

*P < 0.05, **P < 0.01 as compared with the control group.

CONCLUSSION

We have successfully synthesized ZnO Nps via
solution combustion method using novel Grape juice
as a combustible fuel. XRD pattern shows that the
ZnO nanoparticles are hexagonal wurtzite structure.
FT-IR confirms that the presence of Zn-O at 416 cm’
! UV-visible spectrum show the blue shift compared
to bulk ZnO. PL spectrum reveals that strong
emission peak at 502 nm. SEM Images show that the
particles are agglomerated and the sizes of the
nanoparticles are about 9 nm. The ZnO Nps show
significant antibacterial activity against 4 bacterial
strains. It also shows good photocatalytic activity for
the degradation of methylene blue.
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