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ABSTRACT

A one-pot synthesis of V,0s nanoparticle using Image result for eucalyptus tree Eucalyptus leaf
extracts (G-V,0s) as a reducing and stabilizing agent is reported herein. The G- V,0s was synthesized
by the co-precipitation method and characterized by X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FT-IR), Field emission scanning electron microscopy (FE-SEM), elemental
analysis (EDX) and photocatalytic degradation. The prepared nanoparticles were tetragonal and
monoclinic in structure and confirmed by the XRD patterns. The photocatalytic activity of the mixture
of 2% G- V,0s, 3% G- V,0sand 5% G- V,0s were studied in Celestine Blue degradation reaction. 3%
G-V,0s5 showed the highest photocatalytic activity among the mixtures. The dye Celestine Blue (CB)
showed 89 percentage of degradation obtained in180 min with the mixture of G-V,Os.
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INTRODUCTION

In present day, synthetic dyes are considered as a main source for pollution of water including,
underlying waters, river water, lake water and drinking waters. Annually large amounts of these dyes
dispose from factories into the ambient environment causing pollution of water and soil. The polluting
effect of these dyes increase especially when the organic chemical structure of these dyes containing
some constituents such as sulfur, nitrates, heavy metals, etc. [1-3]. As a result of global warming
especially in the industrial states and the shortage of water, the process of treatment of polluted water
becomes from essential requirements to reuse this polluted water to be reused for further uses
especially for industrial processes. In this context, different methods and techniques can be used for
this purpose. These are physical methods, chemical methods and biological methods. In general, most
of these methods are not sufficient effective and cost effective [4]. Recently, heterogeneous
photocatalytic methods were applied as an alternative method that can be used in treatment of polluted
waters [5, 6].

Many researches had been reported using photocatalysts in heterogeneous photocatalysts systems
investigating removal of polluted dyes from industrial waters. Most of these photocatalysts showed
higher efficiency in dye removal besides that these photocatalysts can be cyclized to be used more
than one time [7]. In this context, many types of semiconductors photocatalysts were applied such as
TiO2, ZnO, Cu,0O, CdS, ZnS, V,0s, HgO etc. in the presence of UV light and solar spectrum with
hydrogen peroxide . Also different modified forms of these photocatalyst include doped oxides with
metals and non-metals, activated carbons/photocatalysts and coupled oxides [8-11]. Vanadium
pentoxides (V20s) have newly established considerable attention for a selection of applications due to
their unique physicochemical properties [12]. They have a variety of hopeful applications including
catalysis, photocatalysts, lithium-ion batteries, hydrogen storage material, corrosion prevention, gas
sensors, dye-solar cells sensitized, ultraviolet absorbents, conducting electrodes and so forth.
Nanomaterials based adsorbents are highly recommended for the removal of dyes. These adsorbents
show high surface area and reactive atoms, large and wide dimension pores that can be applied as a
new strategy for their efficient application in wastewater treatment [13]. V,Os is an important binary
semiconductor oxide. Because of its high electron mobility, high electrical conductivity, chemical
sensitivity and adequate thermodynamic stability, V,0s finds promising applications in gas sensors,
solar cells, anode materials for rechargeable lithium ion batteries and photocatalytic applications [14-
16]. However, the rapid recombination of photogenerated electron—hole pairs in photocatalytic
process diminishes the effective degradation of pollutants. Therefore, many efforts have been
explored among the scientific community to overcome this problem [17]. One of the important
approaches is the coupling of two semiconductors. Using coupled semiconductor photocatalysts
enhances the electron—hole separation through the interfacial charge transfer between the
semiconductors which substantially improve the photocatalytic activity [18].

In this paper, we present a new visible-light driven catalyst G-V,0s were synthesized by a
sonochemical method, which shows high photocatalytic activity on photodegradation of organic
substrates under visible light irradiation. The structures and the surface morphology were
demonstrated by X-ray diffraction (XRD), scanning electron microscopy (SEM), elemental analysis,
fourier transform infra red spectroscopy (FT-IR) and energy dispersive x-ray analysis respectively. To
evaluate these adsorption behaviors further, solution pH, contact time at different initial
concentrations, catalyst dosage and the effects of ultrasound parameters were investigated
systematically. The photocatalytic mechanism of G-V,0s nanocomposite under visible light was
discussed in detail. However, to the best of our knowledge, until now there is no report on the
synthesis of G-V,0s nanocomposites and its exploration for the photocatalytic degradation of CB dye
is illustrated in the present investigation.
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MATERIALS AND METHODS

Leaf extracts preparation: Fresh and eucalyptus leaves were collected in our college campus and
rinsed thoroughly with running tap water followed by distilled water to remove all dust and other
contaminated organic contents and cut into little pieces.100 mg of the small pieces of the Eucalyptus
leaf leaves were boiled with 100 mL distilled water at 60°C for 30 min and the extract was thrice
filtered with No.1 Whatman paper to remove the particulate substance and to obtain a clear solution.
The filtrated Eucalyptus leaf was pale green, and it was used as a stabilizing agent as well as reducing
for the mixture of the composites. The filtrate solution was stored in the refrigerator at 4°C for further
experiment.

Synthesis of G-V,0s hanocomposite: 15 mL of Eucalyptus leaves extract and 3 g of V,0s was
dissolved in 50 mL DD water followed by ultrasonication (400W) for 2 h. The obtained solution was
stirred with 30 min for magnetic stirrer and the homogenous solution was obtained. The homogenous
solution was washed with water, ethanol and dried oven at 80°C for 12 h. Then nanocomposite was
calcinated at 200°C for 4 h in air, the G-V,Osnanocomposite was obtained.

Photodegradation experiments: Photodegradation experiments were carried out in a cylindrical
immersion type photo reactor. The photocatalytic activity was evaluated by monitoring the
degradation of dyes under visible light irradiation. 300 mL aqueous solution of dye was taken in a
cylindrical glass vessel equipped with a circulating water jacket to cool the lamp and to maintain
constant temperature, in which air was bubbling continuously from the bottom of the reactor. Then,
pH of the solution was adjusted using 0.1M H,SO, (or) 0.1M NaOH and required amount of
photocatalyst was added into the vessel. Before irradiation, the aqueous suspension containing CB
photocatalyst was continuously stirred for 30 min in dark to reach an adsorption—desorption
equilibrium. After that, the mixture was subjected to visible light irradiation using 150W tungsten
lamp. At regular time intervals, 5 mL aliquot of the reaction mixture was collected, centrifuged and
filtered through a 0.2 um to Millipore filter to remove the photocatalyst powder. “C”, the absorption
of CB photocatalyst solution at irradiation time of ‘t” min, and ”C,” the initial absorption at t=0 min
was calculated.

Instrumentation: Fourier transmission infrared spectroscopy recorded at FT/IR 6600, Jasco
spectrometer. Raman spectrometer recorded by using WI-Tech CRM-200. The structure and shape
were carried out by FE-SEM Carl Zeiss, Germany (Supra 35-VP) and 15 kV operated. For X-ray
diffraction, JEOL JDX with 8030Cu Ka radiation at an operating voltage (40 kV) and a current of 100
mA was used. Photodegradation experiments were performed in a HEBER immersion type
photoreactor (HIPR-MP125).

RESULTS AND DISCUSSION

Characterization: Figure 1(a-d) shows the crystallographic nature of the synthesized material was
investigated by the X-ray diffraction method. Figurela shows, the pure V,0s phase (JCPDF 41-1426),
corresponds well to the structure of orthorhombic, with lattice parameters such as a=11.516A,
b=3.566A and c=4.373A have appeared respectively. Also green supported V,0s nano sheet, while
increased with the crystallinity of composite peak was shifted towards 20 value is higher as illustrated
in figurelb-d. Moreover, the diffraction peaks of V,0s and 2% G- V,0s, 3% G-V,0sand 5% G-V,0s
appear in the curves composites as exposed in figurel, signifying that the three components peaks are
successfully hybridized [19, 20]. The chemical composition and bond analysis were examined for the
as-prepared V,0s and 2% G-V,05,3% G- V,0s, 5% G-V,05 hanocomposite was investigated by FT-
IR spectrum.
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Figure 1. XRD pattern of a) V,0s, b) 2% G-V,0s, 3% G- V,0s, 5% G-V,05 nanocomposite.

The FT-IR spectrum of V,Os (Figure 2a) exhibits indicates the presence of the (V=0) symmetrical
peaks appeared at 998 cm™ respectively [21-24]. The peaks at 799 and 533 cm™are assigned to the V-
O stretching and V-O-V bending vibration, which may well be ascribed to stretching vibration of the
O-H bond of water molecules. As well as another peak at 1600 cm™ assigned to sharp vibration of
water molecules. Besides green extract, the broad absorption range at 3,445 cm™ was attributed in the
H-O-H band observed in water molecules. The spectrum of green extract describes the peaks at 2,854
cm™ for the incidence of symmetric and asymmetric -CH, stretching vibration respectively.
Symmetric stretching of carboxylate anion -COO represents an absorption band at 1,641 cm™. Figure
2 a-d V,0sand G-V,0s (2% G- V,0s, 3% G-V,0sand 5% G-V,0s), from the peak 3305 to 3000 cm*
is attributed to the stretching vibration modes of N-H bonds resulting from the incomplete
condensation of amino groups.
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Figure 2. FT-IR spectrum of a) V,0s, b) 2% G-V,0s, 3% G- V,0s, 5% G-V,05 hanocomposite.

Raman spectra of V,0sand 2% G- V,0s, 3% G-V,0sand 5% G-V,0s nanocomposites are shown
in figure 3. Raman spectrum of the sample was prepared at 500°C, it reveals entire Raman active
mode appeared at the seven (993, 692, 527,406, 278, 192, 139 cm™) frequencies vibration mode
shown by figure 3. Figure 3 a-d shows a Raman spectrum of V;0s, 2% G- V,0s, 3% G-V,0sand 5%
G-V,0s which exhibited the strong powerful peak present at 139 cm™ corresponds to the Bg symmetry
and the large in vibration frequency at 990 cm™ corresponding to stretching of O-V-O atoms was
observed. The bending and stretching vibration mode appeared at 278, 406 and 527 cm™ are
consequential beginning the bending mode of V-O band and 692 cm™ stretching mode to correspond
to the parallel and perpendicular plane. These defects and disorders were generally fashioned by the
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occurrence of heteroatom, which collapses the controlled crystallization of carbon to the lattice
structure of hexagonal shape. These disorder and defects was mostly fashioned by the incidence of
hetero atoms, which collapses the structured crystallization of carbon to the hexagonal lattice [25].

Intensity (a.u.)

5(')0 10.00 15'00 2000

Raman shift (cm_1 )

Figure 3. Raman spectra of a)V,0s, a) V,0s, b) 2% G-V,0s, 3% G- V,0s,
5% G-V,05 nanocomposite.

The size and morphology of theV,0s and 2% G- V,0s, 3% G-V,0s and 5% G-V,0s the
nanocomposite are shown in figure 4. FE-SEM image of V,0s (Figure 4a), clearly shows the
nanosheet shape. Figure 4b showed the characteristic FE-SEM images of the V,0s agglomerated
image for sheet shape and it is randomly distributed. The 3% G-V,0s nanocomposite provides
superior exterior area, superior surface motion and well-organized transmission direct for discovery of
analytes and helped to achieve the active sites, to improve the sensitivity of the nanocomposite
surface modified electrode. Figure 4c is showed corresponding to the EDX spectrum of 3% G-V,0s,
which confirms the appearance of the following elements such as V, O, C, and N. The EDX spectrum
was obtained by a good quality concurrence with the reported nanocomposite investigated by the
spectrum of EDX. The elemental coloured mapping images in figure 5(a-d) fairly showed the V (red),
O (green), N (yellow) and C (blue) elements in the material without any other significant impurities.
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Figure 4. FE-SEM spectrum of a) V,0s, b) 3% G- V,05 nanocomposite.
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Figure 5. Mapping analysis of 3% G- V,0snanocomposite.

APPLICATION
Photodegradation studies

Photodegradation of CB: The photodegradation was monitored by examining the variations in
maximal absorption with respect to irradiation time in UV-Vis spectra. The photocatalytic activity of
3% G-V,0s5 semiconductor was investigated by measuring the degradation of CB at pH 6 in the
presence of 625 mg L™ catalyst. From these experiments, it was observed that the concentration of CB
and the pH play a significant role in photodegradation under visible light irradiation in the presence
and even in the absence of the photocatalytic materials [26]. The experiment was performed for 30
min under the dark condition in the presence of photocatalytic materials, which indicated the
absorption of dye on the active sites of the synthesized photocatalysts with the increase of irradiation
time and the absorption peak at Amax 645 Nm decreased gradually and after 180 min of irradiation. The
photocatalytic degradation of CB in aqueous solution in the presence of 3% G-V,Os resulting in 86%
degradation efficiency. No new absorption bands appeared, either in the visible and ultra-violet
regions indicating the destruction of the conjugated structure [27-29].

According to the previously published literature regarding the photocatalyltic activity of
nanocomposites [19], we have proposed a mechanism for the enhanced photocatalytic activity of 3%
G-V,0s. The schematic diagram of electron transfer in 3% G-V,0s visible light irradiation is shown in
figure 6. It can be explained as follows: when 3% G-V,Os is irradiated by visible light, V,Os is excited
first by photons because of its narrow band gap, which led to the formation of more electrons and
holes in its conduction and valance band respectively. The photo generated electrons of V,0s can
easily migrate into the conduction band and at the same the holes move in the opposite direction (3%
G-V,0s) [30-32]. Therefore the electron-holes recombination process is highly suppressed and
efficient electron-holes separation is achieved on the nanocomposites surface. Simultaneously, the
photodegradation of CB is achieved by the capture of conduction band electrons and the holes oxidize
Hzo to Oz.
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Effect of pH: The effect of pH on the photodegradation of CB was studied in the pH range of 2 to 10
with an initial CB concentration 6 uM, catalyst dosage 625 mg L™. The results are displayed in figure
7. The Photodegradation of CB increases from pH 2-6 and it decreases as the pH increases to 8. It was
adjusted to alkaline or acidic conditions by adding the appropriate amount of NaOH or H,SQO, [33,
34]. This is due to the change in electrostatic attraction or repulsion between pollutant molecules and
catalyst. CB is a cationic dye and therefore the electrostatic attraction between the dye molecules and
catalyst is greatly improved at pH 8 [35].

Absorbance
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Figure 6. Time Dependent UV-Vis Spectral Changes of CB (6 uM)
in Presence of (3% G-V,0s) (625 mg L™Y).
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Figure 7. Effect of pH on the photodegradation of CB.

Effect of Catalyst Dosage: In order to optimize the photocatalyst dosage on the degradation of CB,
experiments were carried out with varying 3% G-V,Os dosage from 375 mg L™ to 875 mg L™, at
constant CB concentration of 6 uM and pH 8 and the results are shown in figure 8. The photo
degradation of CB is negligible in the absence of catalyst. The degradation of CB increased with
increase in photocatalyst concentration from 375mg L™ to 500 mg L™ and a further increase in
catalyst concentration leads to decrease in photodegradation. This is due to the increase of total active
surface area and the availability of more active sites on the catalyst surface for photoreaction [36-38].

Effect of Concentration: The effect of initial dye concentration on its photodegradation was
investigated from 2 uM to 8 pM, at pH 6 and 3% G-V.Os dosage of 625 mg L™ and the results are
shown in figure 9. It is found that the photodegradation decreases with increase of initial CB
concentration. At high dye concentrations, the formation of reactive oxygen species on the
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photocatalyst surface is reduced because the photons are interrupted by the dye molecules before they
can reach the catalyst surface. 3% G-V,0s dosage is also same for all initial CB concentration and
thus the formation of *OH remains constant [39].

—a— 37 5mag/lL
0.2 —a— 500 mg/L
—a— 625 mg/L
—y— 750 mag/lL
0.0 || —=—875 mg/L

Relative content (C/C )
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Figure 8. Effect of catalyst dosage on the photodegradation of CB.
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Figure 9. Effect of concentration on the photodegradation of CB.

Kinetics of CB Photodegradation: The kinetics of CB under visible light, over all the photocatalyst
was investigated by applying the pseudo-first order equation.

In (C//C) =kt .(5)

Here, k is the pseudo-first order rate constant. The plot of -In (Co/C) versus irradiation time (where C,
is the initial concentration of the dye and C is the concentration of the dye in the reaction time) was
found to be linear as shown in figure 10, and this suggests that photodegradation reactions follow
pseudo-first order kinetics. The apparent reaction rate constant (k) for the photocatalyltic degradation
of CB was evaluated from experimental data using a linear regression, which confirmed the proposed
rate law for CB degradation. The apparent rate constants for V,0s, 2% G-V,0s, 3% G- G-V,0s5 and
5% G- G-V,0s were determined as 0.0135x10S™, 0.225x10'S™, 0.300x10"S™"and 0.265x107S™.
The observed results show that 3% G- G-V,0s nanocomposite has higher rate constant than that of
other modified and their bare catalysts [40-42].

COD: The COD was used as a measure of the oxygen equivalent of the organic content in a sample
that was susceptible to oxidation to carbon-dioxide and water by a strong oxidant. The photocatalytic
experiments were performed under ideal conditions. Test samples were collected at every 30 min time
interval during the process. The COD of the CB before and after the irradiation of visible light was
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estimated and shown in table 1. It was observed that the solutions obtained after photodegradation
show a significant decrease in COD to 86% after 180 min under the optimum conditions. The results
revealed that most of organic matter in CB degrades to smaller species (especially inorganic
compounds) and hence the required chemically oxygen demand decreases [43-45].

Wiewne {ovvia )

Figure 10. Kinetic regime on the photocatalytic degradation of CB.

Table 1. COD removal (mg L™) of CB during photodegradation
using 3% ZrO, —CeO, under visible light irradiation

Time COD removal
(Min) Efficiency (%) CB
0 0

30 16.53

60 25.32

90 45.82

120 56.26

150 72.54

180 89.00

Stability and reusability: The reusability of mixture of 3% G-V,0s in photocatalytic activity
examined in five-cycles. In the end of each cycle, the catalyst removed, the photocatalyst obtained
from the first run was filtered, washed several times with water and dried at 80°C at time of 2 h and
reused in following cycle. The degradation of 50% in fifteen-cycle indicates the performance of
mixture of 3% G-V,0s as photocatalyst. The same photocatalyst was recycled for four times for the
degradation Celestine blue pollutants and the results. The photocatalytic activity of 3% G-V,0s is not
diminished even after the fourth cycle. However, there is a small drop in photocatalytic activity at the
third and fourth cycles and this may be due to the loss of photocatalyst during washing. The important
crystallite phases are almost unchanged. Thus, the photocatalyst is stable and effective for the
degradation of organic pollutants in water.

CONCLUSION

In the present study 3% G-V,0Osnanocomposite were successfully synthesized by precipitation-
deposition method. The prepared photocatalyst was characterized by UV-DRS, XRD, SEM, EDAX
and IR spectra. 3% G-V,0s was efficiently catalyzed the photodegradation of CB under visible light
irradiation. Evaluation and optimization of the effect of pH, catalyst dosage and concentration
throughout the COD experiment indicated under the studied conditions pH 6, 625 mg L™, 3% G-
V,0s and 180 min irradiation time favour the COD efficiency. Under the above condition
approximately 89% of degradation is achieved within 180 mins of irradiation. This study also showed
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the chemical stability and good separability of the prepared composites. The Kinetics of
photodegradation reactions was correlated with the pseudo-first-order model.
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