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ABSTRACT

This study was planned to synthesize the Fe’, Ag® and ZnO nanoparticles (NPs) and measure their
catalytic potential to degrade the industrial pollutants into non-pollutant materials. Iron and silver
NPs have been obtained through leaf extract of Azadirachta indica and ZnO NP has been synthesized
over leaf extract of Corriandrum sativum as single step, simple, cheap and eco-friendly green synthe-
sis. The synthesized NPs were confirmed by UV-visible spectroscopy and further characterized by
scanning electron microscopy (SEM), energy dispersive X-Ray spectroscopy (EDS), fourier transform
infrared spectroscopy (FTIR) and X-ray diffraction (XRD). The photocatalytical potential of the syn-
thesized NPs was measured as photodegration of methyl orange (MO) azodye as model organic com-
pound under high pressure mecury lamp of 125 W and 500 W. The photodegradation was 24%, 30%
and 51% after 4.5 h at 125 W and 56%, 60% and 83% after 4 h at 500 W for silver, iron and zinc oxide
NPs, respectively. Catalytic potential of ZnO was better with 0.47 and 0.087 absorbances as compared
to silver and iron NPs under both 125 W and 500 W, respectively. The potential of ZnO NPs was much
better at 500 W than 125 W. The optimum degradation of methyl orange with ZnO NPs was observed
at 0.6 g/L, and acidic pH (=3) further enhance and hasty the degradation. Consequently, 98.5% MO
was degraded at 3 pH and 500 W. The plausible mechanism of photodegradationwas also discussed.

Keywords: Synthesis of Fe, Ag, and ZnO NPs; Plant mediated eco-friendly synthesis; Photocatalytic
potential; Effect of power of lamp and pH

1. Introduction

Azo compounds are extensively used as organic dyes in
textile industries [1]. After dying, around 15 % of azo dyes
are lost or remained in the effluents. These dyes are toxic
for our ecosystem, particularly for microorganisms. These

*Corresponding author.

organic dyes required a long time for natural degradation
and biological degradation is unaffected for many azo dyes.
So, these dyes should have to be eliminated chemically
from industrial effluents before discharge in environment.
Numerous methods have been reported for the treatment of
waste water such as biodegradation [2], photodegradation
[3-5] and absorptional-photodegradation [6]. Nano-sized
particles are attractive as catalysts due to their high reac-
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tivity and attributed to enhanced surface area to chemically
degrade these organic pollutants or dyes [7,8]. Reactive sur-
faces are applied as semiconductor-based membranes acti-
vated by UV or sunlight to participate in redox processes
for the degradation of organic compounds in wastewater.
Nanoparticles of metal oxides [9] and semiconductors are
of great attention due to novel properties compared to
their bulk materials [10,11]. Semiconductor NP shaveabil-
ity to degrade dyes from industrial effluents through pho-
to-catalysis [12,13], as these nanoparticles possess unique
mechanical, optical and electrical properties. Among vari-
ous semiconductor nanoparticles, ZnONPs are frequently
used because of their applications in chemical sensor, elec-
trostatic, dissipative coating, luminescence, transparent
UV-protection films, photo-catalysis and solar energy con-
version. Photo-catalysis involves the complete conversion
of toxic dyes into CO,, H,0 and other inorganic compounds
that are nontoxic, and other advantage of photocatalysis
is that it does not produce secondary pollution. Semicon-
ductors have broad band gap [14] and ultraviolet light (A <
350 nm) is used for the activation of band gap of semicon-
ductors. There is a limitation for degradation by sunlight,
because only 3-4% of solar light fall in UV region [15,16].
Different semiconductors can be coupled to get disparate
width of band gaps to enhance photocatalytic activity of
semiconductors [16-20]. There is a tendency of agglomera-
tion of nanomaterials in aqueous solution during usage and
preparation by inter particle synergistic effect (e.g. vander
waals interaction). There is also a limitation in recovery of
nano-sized materials used in photo degradation.

In recent years, much research is going on metallic
nanoparticle and its properties like catalyst, sensing to
optics, antibacterial activity, data storage capacity, etc.
[21,22]. Different physical and chemical methods includ-
ing green synthesis are used to prepare various NPs [23,24]
such as silver and gold NPs were prepared by using extracts
of vaious plant species [25-28].

Literature shows that ZnO NPs has good potential to
degrade the various azo dyes [29,30]. So, ZnO was selected
to check its potential against current selected azo dye and
compare its potential with the Fe and Ag nanoparticles.
Hence, here we report the synthesis of iron, silver and zinc
oxide nanomaterials under mild plant mediated conditions
and they were characterized by UV-visible, SEM, XRD
and FTIR. Photo-catalytic potential of the synthesized Fe,
Ag and ZnO NPs was measured through degradation of
methyl orange, which is a harmful azodye. As a result, ZnO
NPs are better photocatalyis than Fe and Ag NPs, showed
even better degradation at high power of lamp and acidic
pH and it can be used to eliminate the azo dye from indus-
trial waste effluents.

2. Experimental
2.1. Materials and methods

Ferric chloride, silver nitrate, zinc acetate, and lig-
uid ammonia were purchased from Merck and sodium
hydroxide, methyl orange and ethanol from Sigma. UV-Vis
spectra were measured through dispersion on Shimadzu
UV-Vis-240 spectrophotometer whereas FTIR spectra were
meaured as KBr pelletson JASCO, FTIR-460 plus, SEM

images were determined on JEOL, JSM-6701F and XRD
were analyzed on (X'Pert Pro, Philips X-ray diffractome-
ter) and photocatalytic degradation were determined on
UV-Vis spectrophotometer (Perkin Elmer Lambda 11) with
high pressure mercury lamp at 125 W and 500 W.

2.2. Synthesis of Iron (Fe°) and Silver (Ag°) Nanoparticles

Fresh leaves of Azadirachta indica (local name: Neem)
were accumulated locally, cleaned with distilled water and
chopped into small pieces. The chopped leaves were boiled
in distilled water, filtered it and collected the filtrate. FeCl,
Solution (0.1 M) and AgNO, solution (0.01 M) were sepa-
rately mixed with leaf filtrate in appropriate ratio (1:4). In
the case of FeCl,: color immediately changed after mixing
and the mixture was further heated for half an hour at 70°C
and precipitates appeared. Then these precipitates were
separated through centrifugation as iron nanoparticles
and these nanoparticles were dried in an oven at 70°C. In
the case of AgNO,: pH 8 was maintained by adding dilute
ammonium hydroxide and flask was rotated at 80 rpm at
rotatory shaker for four hours. Ag NPs were obtained by
centrifuge and dried in oven at 70°C.

2.3. Synthesis of Zinc oxide NPs (ZnO)

Fresh leaves of Corriandrum sativum (local name: Dha-
nya) were collected locally, cleaned with distilled water and
chopped into small pieces. The chopped leaves were boiled
in distilled water, filtered it and collected the filtrate. 100 mL
of zinc acetate (0.02 M) was mixed in 50 mL distilled water
by vigorous and continuous stirring and then it mixed with
leaf filtrate in appropriate ratio (1:4). pH was maintained
by adding sodium hydroxide (2 M) and the mixture mag-
netically stirred for 2 h. After 2 h precipitates appeared and
settle down the precipitates for 2 h. Then precipitates were
filtered, washed and dried in oven for 20 min at 200°C. Pale
white nanoparticles were obtained after calcination.

3. Results and discussion

Fe and Ag NPs were prepared by Azadirachta indica leaf
extract mediated and ZnO NPs were prepared by Corrian-
drum sativum leaf extract mediated. The prepared NPs were
characterized by UV-Vis, SEM, XRD and FTIR, and check
their photo-degradation potential through high pressure
mercury lamp (125 W and 500 W).

3.1. UV-Vwisible spectrum of nanoparticles

UV-visible spectroscopy was used to confirm the
existance of Fe, Ag and ZnO nanoparticles. The UV-VIS
spectrum of iron NPs showed the absorption maxima at 352
nm (Fig. 1a) due to the SPR (surface plasmon resonance),
which was similar to the reported value for iron NPs [31]
and confirming the existence of iron NPs. The UV-Vis spec-
trum of silver nanoparticles showed maximum absorption
at 455 nm (Fig. 1b), which was compareable to the reported
data for Ag NPs [32] and this indicating the existence of sil-
ver NPs. The UV-Vis spectrum of ZnO nanoparticles exhib-
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ited the strong absorption peak at 330 nm (Fig. 1c), which
is similar to the reported value for ZnO NPs [33] and com-
firming the presence of ZnONPs. Blue shifts were observed
of all these nano sizes particles when compared with their
non-nano sized particles.
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Fig. 1. (a). UV-VIS spectrum of FeNPs (b). UV-VIS spectrum of
Ag NPs, (c). UV-VIS spectrum of ZnONPs.
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3.2. Scanning electron microscopy (SEM)

Morphology of the newly synthesized iron, silver and
zinc oxide nanoparticles was confirmed by SEM., 40000 and
60000 magnifications, and 0.5 pm and 0.2 um resultion were
used to confirm the sizes of the nanoparticles.

SEM image of iron NPs (Fig. 2a) shows a size distribu-
tion of 25 nm to 40 nm and SEM images of iron nanopar-
ticles show homogeneous distribution of the particles.
SEM image of silver NPs (Fig. 2b) shows the size of the
particles which is within the range of 29 nm to 37 nm and
have homogeneous distribution. SEM represents and con-
firms the nano sized material of ZnO. A structural feature
of ZnO-NPs shows that they are crystalline, granular and
they possesses diameter 30 nm to 64 nm as appeared from
SEM images (Fig. 2c). All SEM results confirmed that pre-
pared particles are of nano sized have diameters as iron
NPs have 25-40 nm, silver NPs have 29-37 and ZnONPs
have 30-64 nm.

3.3. EDS (Energy dispersive X-ray spectroscopy)

In case of iron NPs, Fe-Loa, Fe-Ko, Fe-Kb confirms
presence of iron nanoparticles. FeCl, was employed in
preparation. It releases chlorine which appears as peak
in EDS. Presence of calcium, magnesium and silicon are

Fig. 2a. SEM of iron nanoparticles at 40,000x magnifications at
0.5 pm resolution.
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Fig. 2b. SEM images of silver nanoparticles at 60,000x magnifi-
cations at 0.2 pm resolution.
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Fig. 2c. SEM of ZnO nanoparticles at 40,000x magnifications at
0.5 pm resolution.

Counls

0.5

215

due to green synthesis of nanoparticles. Due to oxidized
form of iron, Oka appeared for oxygen in EDS spectrum
(Fig. 3a).

AgLo, AgLB transition occurs in case of silver nanopar-
ticles. Oka. peak justifies the formation of oxidized form of
silver nanoparticles. EDS is important for elemental analy-
sis. Presence of calcium and magnesium and silicon are due
to green synthesis of nanoparticles. These peaks appeared
as Ko in EDS spectrum. Magnified image (X75) at 20 kV
potential is shown in Fig. 3. Due to improper grinding,
nanoparticles appears in attached form (Fig. 3b).

Okoa of oxygen appeared with ZnKa, ZnKf and ZnLo,
which indicates presence of ZnO nanoparticles. Gold is used
for sputtering and appeared as peak at 2.2 KeV. Nanoparti-
cles possess porous structures and attached with each other
in EDS images (Fig. 3c).

Fig. 3b. EDS image at 0.5 mm resolution and spectrum of silver NPs.

0.8 i

Fig. 3c. EDS image at 0.5 mm resolution and spectrum of ZnO-NPs.

ZnKa
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Fig. 4. XRD of Ag NPs (a), ZnONPs (b).

3.4. XRD (X-Ray diffraction analysis)

XRD diffraction pattern for silver nanoparticles is shown
in Fig. 4a. Face centered cubic structure appeared from all
diffraction of silver nanoparticles. Mean measurement of
crystallite was calculated from Debye-scherrer equation
[Eqg. (1)]. 6.5 nm was mean size of particles.

D= K-
Bcosd

Here Kis constant (0.89), A is the X-ray wavelength (1.54
A), D is grain size in nanometer, 0 is the half of diffraction
angle, B is the full width at half maxima (FWHM).

Sharp and intense peaks appeared for ZnONPs are
shown in Fig.4b. Crystalline nature of synthesized parti-
cles was verified by X-ray diffraction analysis. Mean size of
crystals of ZnONPs can be calculated from Debye-Scherrer
equation. Mean particle size is 19 nm calculated from equa-
tion and intense peak appeared at 101 plane.

)

3.5. Fourier transform infrared (FTIR) characterization

FTIR spectrum of iron-NPs is shown in Fig. 5a. The
peaks observed at 1053 cm™, 1627 cm™ and 3433 cm™ are
due N-H stretching, O-H stretching, C-H stretching and
bending vibrations of NH,*group in Neem leaf extract.
Presence of iron-NPs is appeared at 425 cm™. This peak
is due Fe-O stretching which suggests that iron is in oxi-
dized form. FTIR of silver nanoparticles is shown in Fig. 5c.
Characteristic peak of Ag-O stretching appeared at 433
cm™ and 555 cm™. Peaks at 1073 cm™ and 1656 cm™ rep-
resents NH,*group in Neem leaf extract. A peak at 2925 cm™
and 3300-3500 cm™ represents the presence aldehyde and

433 1627
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1617 1411

Transmittance (%)
;
&
2
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Wavenumber (Cm')

Fig. 5. FTIR of iron, silver and zinc oxide nanoparticles.

hydroxyl groups that are phytochemicals and enhances the
stability of nanoparticles in aqueous medium.

Hydroxyl peak stretching vibration was observed at
3300-3500 cm™. For conversion of Zn(OH), into ZnO-NPs,
muffle furnace used and calcination was done at 200°C. But
minute amount remained in hydroxide form. Characteristic
peak of Zn-O stretching vibration was observed at 672 cm™!
(Fig. 5b). The pattern of absorption at 710 cm™ and 849 cm™
represents aromatic out of plane C-H stretching. Stretching
vibration of C-N amine appeared at 1053 cm™. Peaks at 1411
cm™ to 1617 cm™ represents the presence of aromatic ring.
A peak at 3300-3500 cm™ represents the presence of amines
and hydroxyl groups that are phytochemicals and enhances
the stability of nanoparticles in aqueous medium.

3.6. Kinetics of photo-degradation of methyl orange (MO) by
different photo-catalysts

Photo-degradation potential of the prepared NPs (Fe,
Ag & ZnO) were measured under high pressure mercury
lamp using two different powers 125 W and 500 W. Pho-
to-degradation potentials of NPs (0.5 g/L, each) were
measured with methyl orange solution (15 ppm or 15
mg/L) and the time was adjusted as 4.5 h for 125 W and
4 h for 500 W. Under 125 W mercury lamp, the photodeg-
radation percentages of methyl orange with silver, iron
and zinc oxide NPs were 24%, 30% and 51%, respectively,
after 4.5 h. The decolorization of methyl orange with each
NPs is shown in Fig. 6a, which indicates that ZnO NPs
has better photocatalytic potential as compared to Fe and
Ag NPs. Under 125 W experimental conditions UV-Visi-
ble spectra were also measured (Fig. 6b), and spectrum
showed the absorbance of methyl orange original and
after degradation with each NPs. The maximum decrease
in absorption was observed with the net value 0.47 for
ZnONPs at A 455 nm. This decrease in absorption of
ZnO NPs can be explained on the basis of formation of
simple molecule as a result of degradation of MO. So, it
is evidence that ZnO NPs betterly degrade the methyl
orange, hence has better photocatalytic potential as com-
pared to Fe and Ag NPs.
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Fig. 6a. Decolonization percentage of MO (15 ppm) under 125 W
high pressure mercury lamp..
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Fig. 6b. UV-visible spectra of methyl orange for different nano-
materials (15 mg/L MO) after 4.5 h photodegradation under 125
W high pressure mercury lamp.
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Fig. 6c.Photodegradation of MO (15 ppm) under 500 W high
pressure mercury lamp.

Under 500 W of mercury lamp, the photodegrada-
tion percentages of methyl orange with silver, iron and
zinc oxide NPs were 56%, 60%, and 83%, respectively
(Fig. 6¢), it indicates the better photocatalytic potential of
ZnO NPs as compared to Fe and Ag NPs. Their UV-Vis-
ible spectra were also measured which is shown in Fig.
6d. UV-Vis spectrum showed the absorbance of methyl
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Fig. 6d. UV-visible spectra of methyl orange for different nano-
materials (15 mg/L MO) after 4.5 h photodegradation under 500
W mercury lamp.

orange original and after degradation with each NPs
and maximum decrease in absorption was observed at
X, 455 nm for ZnONPs. The absorption was decreased
from 0.47 to 0.087 when power of mercury was increased
from 125 W to 500 W. The further decrease in aborption
of ZnO NPs at 500 W as compared to 125 W explains
that ZnONPs can much betterly degrade the MO at high
power (500 W) is used.

As ZnO NPs showed the better photodegradation at
both 125 W and 500 W as compared to Fe and Ag NPs,
so photocatalytical potential of ZnO NPs was also checked
in dark for 4 h and it showed 19% decolorization of MO
(Fig. 6¢).

3.6. Mechanism for kinetics of photodegradation of MO by
different photocatalysts

Expected mechanism for degradation is given below:

NPs + hv
NPs* + H,O

—» NPs*
—> NPs + H*+ "OH

*OH + Dye molecule — CO, + H,0O + simple
inorganic molecules

3.7. Effect of catalyst amount

ZnO-NPs were used further to investigate the effect
of dosage of photo-catalyst due to their better efficiency.
Different amounts of photo-catalyst 0.2, 0.4, 0.6, 0.8 and
1g per liter of MO (15 ppm) was prepared. Decoloriza-
tion percentage was increased with the increase in cata-
lyst amount from 0.2 to 0.6 g/L. However further increase
in photo-catalyst amount results in decrease of decolor-
ization percentage (Fig. 7). By increasing the amount of
photo-catalyst increases the number of active sites for deg-
radation. Hence, greater number of molecules absorbs UV
light and degradation percentage increases. But in excess
amount of photo-catalyst agglomeration and blocking of
light occurs and light from UV-lamp cannot be penetrated
properly into the system. As a result degradation ability of
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Fig. 8. Effect of pH on photodegradation.

photo-catalyst is decreased. Hence optimum dosage was
0.6g/L was observed for ZnONPs that were much lower
as compared to reported TiO, nanoparticles as photo-cat-
alyst (2.5g/L) [34].

3.8. Effect of pH

Effect of pH on photodegradation was also measured
and it is examined at pH 3, 6, and 9 because pH is one of the
important parameter for decolorization of dyes.

Decolorization percentage of methyl orange was
attained 98.5, 83 and 56% at pH 3, 6 and 9, respectively,
whereas, the previously reported decolorization of MO dye
with pure ZnO was up to 85% at pH 5.5 and 0.4 g/L catalyst
dose [35]. Furthermore it is point to be noted that at pH 3,
NPs took about 160 min to achieve 98.5% degradation (Fig.
8). Point of zero charge pHpzc is important to explain to
effect of pH. Due to surface-charge properties of catalyst,
the surface of catalyst becomes positively charged at lower
pH and as a result the photo-catalytic activity increases. At
pH values greater then pHpzc results in decrease of pho-
to-catalytic activity. So acidic pH was suitable for photo-cat-
alytic decolorization of MO dye.

3.9.. Recycling ability of ZnO photocatalyst

Recycling of ZnO catalyst was processed with slight
modification method reported in the literature [35]. The
sample of photocatalyst was kept first in the dark for 20 min
to saturate the absorption of methyl orange dye and then
exposed to visible irradiation light. After 100 min, the sam-
ple was separated from the test solution by filtering. Same
procedure was repeated for second and third time.

4. Conclusion

Fe, Ag and ZnO NPs were synthesized by plant extracts
through simple, cheap and eco-friendly green synthesis.
Their existence was checked by A__ and morphology by
SEM. Their photocatalytic potentials were measured by
degrading methyl orange dye under high pressure mercury
lamp of 125 and 500 W. The methyl orange photodegrada-
tion percentages were 24%, 30% and 51% after 4.5 h at 125
W and 56%, 60% and 83% after 4 h at 500 W for silver, iron
and zinc oxide NPs, respectively. ZnONPs showed good
catalytic potential at 125 W, whereas excellent potential
with 98.5% MO degradation at 500 W as compared to silver
and iron NPs. The optimum photocatalyst dosage was 0.6
g/L and optimun pH was 3 to quick (160 min) and maxi-
mum MO dye degradation.
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