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ABSTRACT

In-situ synthesis of ZnO and Nb,Os composites was carried out in alkaline medium. The obtained composites were
characterized by Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, diffuse reflectance UV-Vis
spectrophotometer (DRS), Powder X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), Brunauer-Emmett-Teller
(BET) surface area method, N,-sorption isotherms, Thermo gravimetric analysis (TGA), Particle size and Field emission
scanning electron microscopy (FESEM/EDX). The synthesized composite was used as photocatalyst in the degradation of
reactive red-198 (RR), methylene blue (MB) and 3-chloro phenol (3CP) under visible light irradiation. The catalytic activity
and removal percentage of dye was determined by the spectrophotometric method, it indicates high percentage of degradation
for the ZnO:Nb,Os composite. The kinetic parameters were found to obey pseudo-first order oxidation reaction, which may be
due to the fixed amount of the catalyst and concentration of the dye solution. The recycled and purified composites of
Zn0:Nb,O5 was tested the catalytic activity and was compared with that of the fresh catalyst. Copyright © 2015 VBRI press.

Keywords: Zinc oxide; niobium oxide; photocatalyst; visible light; reactive red198; methylene blue; chlorophenol.

Kattela Chennakesavulu graduated from Sri
Krishna Devaraya University, Anantapur,
Andhrapradesh, India. He received his PhD
degree in 2011 from the University of Madras,
Chennai, India under the supervision of Dr.
Guntamadugu Bhaskar Raju, Chief Scientist,
CSIR-NML Madras Centre, CSIR Madras
Complex, Chennai, India.  Presently he is
working as Assistant Professor in Department
of Chemistry & Centre of Excellence in
Energy Research, International Research
Centre, Sathyabama University. His research interest includes chemistry
of calixarenes, mineral processing, nanomaterials, catalysis, and
mesoporous materials.

Sridhar Sanjeevi Prasath graduated from
Thiruvalluvar University, Vellore, Tamilnadu,
India. He completed post graduation in
Chemistry from the University of Madras,
Chennai, India. Presently he is working as
Junior Research Fellow at Centre for
Nanoscience  and  Nanotechnology in
Sathyabama University, Chennai, India. His
research interest includes synthesis of
nanomaterials and photonic crystals.

Gontu Ramanjaneya Reddy graduated from

Adv. Mater. Lett. 2015, 6(6), 518-526

the Acharya Nagarjuna University, Guntur,
Andhrapradesh, India. He received Post
graduation in Chemistry from Bharathidasan
University, Trichy, Tamilnadu, India. Currently
he is pursuing PhD at University of Madras,
Chennai, India. His research is primarily
focused on inorganic metal complexes, bio-
inorganic chemistry, catalysis and
nanomaterials.

Introduction

Niobium and niobium oxide containing composites were
one of the most significant semiconducting refractory
materials [1, 2]. The Nb, Ta and their oxides do not occur
naturally as free metals and most of these oxides are
minerals and silicates for example Columbite, Leushite, and
Loparite [3, 4]. Nb and Ta have high durability, electrical
resistivity, corrosive resistance, super conductivity, surface
area and melting point etc. The usage of Nb and Ta was
essential in catalysis, sensors, optics, coatings, batteries,
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drug  delivery, gene delivery, photonics and
microelectronics. The Nb and Ta based composites show
higher catalytic activity than ZnO, Fe;0,4, CuO, CeO,, and
TiO, [5-8]. The composite materials were used as eco-
friendly heterogeneous catalyst in  many organic
transformations [9-10]. The Co doped ZnO nanodisks were
synthesized by chemical method and the photocatalytic
activity was checked against methyl orange under visible
irradiation. The results show that the complete degradation
of methyl orange take place within 8 minutes. Recently the
Fe, Cu doped ZnO nanoparticle used as a photocatalyst in
the degradation of methylene blue in presence of 30%
H,0, under visible light and the results shows that the
composite has three times more efficient than ZnO. The V
and Nb doped ZnO were systematically investigated by
using hybrid functional calculations. The Nb doped ZnO m
has significant visible light absorption. The soil derived
microorganism Rhizopus oryzae was used to remove the
reactive red -198 and 96% was achieved under optimal
conditions [11-14]. The degradation of cationic dyes such
as rhodamine-B, rhodamine-6G, methylene blue, reactive
red-198, chloro-phenols, by ZnO is very slow under visible
light irradiation. The catalytic activity of ZnO could be
increased by doping with oxides of Nb and Ta. The Nb in
the d° configuration, it possesses + 5 oxidation states, so
there is a valence difference exist between Zn*? and Nb*,
this allows the Nb atoms to contribute multiple electrons.
The Nb,Os-ZnO hierarchical structure can perform well
when used as catalysts in the degradation of model toxic
dyes [15, 16].

In the present investigation, in-situ chemical synthesis
of Nb,Os:ZnO composites with different wt% of Nb in
basic medium are made. The synthesized composite
materials were well characterized and used as photo
catalyst in the degradation of reactive red-198, methylene
blue and 3-chloro phenol under visible light irradiation.
Spectrophotometeric  method was used for the
determination of percentage degradation during the
degradation. The recovered catalysts catalytic activity also
compared that of fresh catalyst.

Experimental
Materials

Zinc chloride (99.8%), ammonia (35%), 3-chlorophenol
(99%) Merck Pvt. Ltd, India, methylene blue (<100%),
niobium penta chloride (99%), (Sigma-Aldrich Pvt. Ltd,
India) and reactive red-198 (Textile industry, Tamilnadu)
were used and other analar grade chemicals were used
without further purification. Millipore water was used
throughout the work.

Methods

The FTIR spectra were recorded on a FTIR Perkin-Elmer
8300 spectrometer with KBr disk. The UV-Vis absorption
spectra of liquid samples were recorded on a Perkin Elmer
Lambda-35 spectrophotometer. The UV-Visible Diffuse
Reflectance Spectral (UV-Vis/DRS) analyses were carried
out on a JASCO-V-670 UV-visible spectrophotometer.
Raman spectra were recorded on a NANO PHOTON11i
confocal Raman microscope using a He-Ne laser emitting
at 532 nm. The crystalline nature of the ZnO-Niobium
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composites was ascertained by powder X-ray diffraction
using Rigaku XRD-Smart Lab with Cu-Ko; radiation
(A=1.5418 A°). TGA experiments were performed with
Versa Therm Cahn Thermo balance TG-151 with a
sensitivity of 10pug. TGA experiments were conducted in
the temperature range of 30-900 °C with 20 = 0.01 mg of
the samples and the analyses were carried out at a heating
rate of 10 °C/ min under static air atmosphere. The N,
adsorption, desorption isotherms and Brunauer-Emmett-
Teller (BET) surface area measurements at —196 °C were
carried out on a Micrometrics ASAP (Model 2020) surface
area analyzer with nitrogen and helium gases with a purity
of 99.99% [17]. The FESEM was obtained on a FESEM-
SUPRA 55-CARL ZEISS scanning electron microscope.
The XPS analysis was carried out on Kratos AXIS 165
XPS system with Mg-Ka monochromatic wavelength. All
the samples were made into pellets and were used as such
for X-ray Photoelectron Spectroscopic (XPS) studies. The
high resolution XPS traces were deconvoluted using the
Gaussian statistical analysis by using origin-7 software. The
particle size distribution of the composites was analyzed
with dispersion technology, zeta acoustic sizer (DT 1200).

Synthesis of the ZnNb composites

In a double necked round bottom flask 0.05M (6.53gm) of
anhydrous zinc chloride was well dispersed in 200 ml of
ethanol solution. To this drop wise addition of 0.3 M
ammonia solution at room temperature resulted in a white
precipitate. The precipitate was centrifuged and washed
with milli-Q water, then heated in furnace at 200 °C for 4 h.
The well dispersed ethanolic solution containing 35 mg/115
mg/175 mg and 245 mg of NbCls were added during the
synthesis of composites. The resulted sol-gel mixture was
centrifuged and washed with milli-Q water. The ZnO and
its composites synthesized with 1%, 3%, 5% and 7% of
niobium oxide in ZnO are here after represented as ZnNby,
ZnNby, ZnNbs, ZnNbsand ZnNb; respectively.

Photocatalytic degradation of the RR and MB under visible
light irradiation

The photocatalytic activities of the ZnNb,, ZnNb,, ZnNbs,
ZnNbs and ZnNb; in degradation of the RR and MB under
visible light in a cylindrical glass reactor with the each
catalyst 0.1 g of ZnNb,, ZnNby, ZnNbs, ZnNbs and ZnNb,
and 0.01 mmol of 100 mL aqueous dye solution was added
to the catalysts separately. The reaction conditions are
optimized in dark at room temperature and start irradiation
under visible light (> 360 nm). The removal percentage and
consequent spectral changes at predetermined time intervals
were monitored by the UV-Visible absorption spectra at
521+ 1, 664+ 1 nm for RR and MB for 3 h and 2.5 h
respectively. The percentage conversion is calculated from
equation (1).

A=ccl @

Here, ¢ = molar extinction coefficient [M™* cm], ¢ =
sample concentration, | = path length of cuvette (1 cm).
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Photocatalytic degradation of the 3CP under visible light
irradiation

The photo catalytic activities of the ZnNbg, ZnNb;, ZnNbsg,
ZnNbs and ZnNb; in degradation of 3CP under visible light
in a cylindrical glass reactor with 0.1 g of ZnNbg, ZnNby,
ZnNbs, ZnNbs and ZnNb; and 0.001 mmol of 100 mL
aqueous dye solution. The reaction conditions are
optimized in dark at room temperature and started
irradiation of visible light (> 360 nm). The removal
percentage and consequent spectral changes at
predetermined time intervals were monitored by UV-
Visible absorption spectra at 276 = 1 nm for 3CP for 2 h
respectively. The percentage conversion is calculated from
equation (1).

Results and discussion
Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of ZnNb,, ZnNb;, ZnNbs;, ZnNbs and
ZnNby; are given in Fig. 1(a-e). The composites show peak
in the region of 1658 cm™ due to the in-plane bending
vibration of O-H. The bands in the range of 3300-3500 cm’
! are due to the surface present hydroxyl groups. A strong
band at 448 cm™ was assigned to the stretching frequency
of Zn-O group [19]. In Fig.1 (b-e), strong absorption peaks
at 3500 cm™ and 1660 cm™ were attributed to the O-H
stretching of Nb=0-H,O(OH) and in-plane bending
vibration of Nb-OH [20]. The characteristic absorption
bands in the range of 500-1000 cm™" were assigned to Nb-
O stretching and Nb-O-Nb angular vibrations [21]. The
peak between 510-545 cm™ indicates the stretching
vibration of Nb,Os and at this region peak intensity was
progressively increased with the increase in the wt% of
niobium oxide. The peak after 885 cm™ is assigned for
NbO, modes and in the region of 900 cm™ the broad band
observed, is due to the niobium pentaoxide moieties [22].
Hence the FTIR studies confirm the presence of niobium
oxides along with the zinc oxide nanostructure.
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Fig. 1. FTIR spectra of the (a) ZnNbg, (b) ZnNbs, (¢) ZnNbs, (d) ZnNbs
and (e) ZnNby.

DRS UV-visible analysis

The DRS/UV-visible spectra of ZnNby, ZnNb; ZnNbs;
ZnNbs and ZnNb; were recorded in the range of 200-800
nm and the spectral traces are provided in Fig. S1 (a-e). It
was found that the absorption spectra of ZnO loaded with
niobium salt with different molar ratios spectra were almost
same. The absorption edges of all the samples were
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observed around 358 nm [23]. There is no d-d transition
within the range of 400-800 nm in the DR/UV-Vis spectra
(Fig. S1), clearly suggest that niobium is most probably in
d® configuration corresponding to Nb(V) [24]. The
presence of a band in the region of 220-300 nm was due to
the energy transfer of oxygen to metal charge transfer
transitions. It indicates the coordination of dimeric niobium
oxide in ZnO nanorods.

Raman spectral analysis

Fig. 2 shows the Raman spectrum of all composites in the
range of 100-900 cm™. Three main bands were observed
for ZnO nanorods at 390, 421 and 484 cm™. The band
around 382 cm® may be ascribed to multi-phonon
scattering process in ZnO. The band at 415 cm™ shows the
characteristic bending mode of wurtzite phase [25-27]. The
asymmetric broad band is the characteristic feature of
wurtzite in nanorods form. The band at 567 cm™
corresponds to the A; mode of ZnO [28]. Therefore, the
recorded Raman spectrum clearly demonstrates that the
ZnO nanorods have a hexagonal wurtzite structure of good
crystal quality.

The Raman spectra of the ZnNb,, ZnNb;, ZnNbs ZnNbs
and ZnNb;, catalysts were shown in Fig. 2. Raman spectrum
of composite shows two weak bands at 150 to 380 cm™ and
720 to 900 cm™, whereas these bands are absent in the of
ZnO. The Raman shift at 760 and 865 cm™ peak intensity
increases with doping of Nb,Os, it was due to octahedral
NbOg units [29]. The region around 885 cm™ corresponds
to the stretching modes of Nb-O bond. Raman peak around
285-380 cm™ were assigned to Nb-O-Nb bending
vibrations in NbOg octahedra and due the oxide of the Nb
[30]. The shift indicates all composites have stable
confinement with the ZnO. This is indicates the presence of
dimeric form of Nb,Os in ZnO nanorods.
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Fig. 2. Raman spectra of the (a), ZnNby, (b) ZnNbg, (c) ZnNbs, (d) ZnNbs
and (e) ZnNby.

Powder XRD analysis

The crystalline and crystal phases of the ZnNbg, ZnNby,
ZnNbs, ZnNbs and ZnNb-, composites were examined by X-
ray diffraction and were shown in Fig. 3 (a-e). The well
defined diffraction reflections appeared in the, this are
related to the pure wurtzite hexagonal phase. The
characteristic patterns at (100),(101),(102),(110), (1
03),(112),(201),(004)and (2 0 2) were corresponding
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to the hexagonal wurtzite phase of ZnO nanorods. These
peaks well-matched with the standards [31, 32]. The XRD
patterns of Nb,Os doped ZnO nanorods revealed
broadening and lowering of intensity of the peaks. This
confirms that the niobium oxide was doped in the wurtzite
phase. The crystalline size for ZnNb, was 24 nm, calculated
from the X-ray line broadening using the Scherrer formula.

_0.94*1.54056 A°
P 3 cosd

D @)

D, = Average Crystallite size,

S = Line broadening in radians. (0.521 degree),
20 = Bragg angle (36.3 degree),

4 = X-ray wavelength (1.54056 A°).

In pure ZnO nanorods, there is no extra peak related to
any impurity within the detection limit of the instrument,
which confirms that the synthesized ZnO was the pure
phase of wurtzite. But in the composites, the new peaks
were observed and 2 theta value at 23.5°, 28.3° and very
low intense peak at 31.2° indicating the prominent doping
of Nb,Os. The new peaks at 23.3°, 28.4° with diffraction
patterns are (0 0 1), (1 1 0), correspond to the niobium

oxide. The shift in peak position was not observed, but a
slight change may be due to the different size and crystal
nature of both zinc oxide and niobium oxide. At this
percentage of doping the crystallinity and the lattice pattern
are not affected.

Intensity

20 30 40 50 80 70 80

Fig. 3. XRD patterns of the (a) ZnNbg (b) ZnNb; (c) ZnNbgz (d) ZnNbs
and (e) ZnNby.
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X-ray photoelectron spectroscopy analysis

In order to identify and compare the chemical states of
elements in the architecture of ZnNb nanocomposite, the
prepared ZnNb; was subjected for XPS analysis and the
results are shown in Fig. 4. The XPS studies reveals the
presence of Zn(Il), Nb(V) and O. The XPS survey scan of
the composite shows carbon signal (284.6 eV), which is
always present in the spectra. The highly intense broad
bands confirm the presence of oxygen. The O 1s, Nb 3d
and Zn 2p appear at binding energy values of 531.2, 207.5
and 1022.6 eV respectively [33]. Fig. 4 (v) shows the Nb
3d core level spectra and binding energy values at 210.8 eV
and 207.5 eV for the Nb 3ds, and Nb 3ds, respectively.
This confirms the +5 oxidation state of Nb Fig. 4 (ii) shows
the peaks at 1020.6 and 1047.2 eV related to Zn 2ps, and
Zn 2py, respectively. The O 1s deconvoluted XPS traces of
the ZnO and ZnNb; are given in Fig. 4 (iii & iv). The O 1s
core level XPS spectral traces suggests the asymmetric
nature and also the deconvoluted spectral trends suggesting
that there are more than one oxygen bond with Nb. The O
1s core level spectrum can be fitted with multipeaks, which
are characteristic of the oxygen anions (O,) bound to
niobium. The lattice (530 eV) and oxygen in hydroxyl
groups (532.5 eV)) further confirms the presence of OH
groups [34]. The Nb doped ZnO and ZnO exhibits different
oxygen binding properties, which might be due to the
formation of dimeric niobium oxide forms with different
valence states. The peak at 533.05 is due to the O-Nb=0,
the peak 531.4 correspond to the Nb-O groups. The peak
around 527.8 eV may be due to the coordination of ZnO
with Nb oxides [35]. In Zn 2p level spectra, the binding
energy difference of 1.46 eV was observed between ZnO
and ZnNb;. This confirms the presence of niobium in ZnO
nanorods.

Particle size analysis

The particle size distribution curves obtained for the
samples ZnNby, ZnNb;, ZnNbs;, ZnNbs and ZnNb; in
aqueous medium were provided in Fig. S2. The particle
size distribution curves of the parent pure zinc oxide
nanorods shows the mean diameter as 40 nm, where as the
ZnNb,, ZnNbs, ZnNbs and ZnNb- shows at 46.5, 51.3 54.5,
and 62.5 nm respectively. It indicates that, the doping of
metal may cause slight aggregation of particle in the
aqueous medium.

BET analysis and N, sorption isotherms

The Brunauer-Emmett-Teller (BET) surface area N,
adsorption/desorption isotherms, and the pore volume
studies for the ZnNby, ZnNb,, ZnNb;, ZnNbs and ZnNb;
are shown in Fig. 5(a-e). The composites have type-1V
isotherms, but a steep increase was observed above P/P, =
0.8. BET surface area of the ZnNbg, ZnNby, ZnNbs, ZnNbg
and ZnNb- samples were determined to be 15.7, 12.5, 10.1,
9.2 and 8.1 m?/gm, respectively. Though the surface area
values were reduced, it indicates the formation of ZnNb
composites. The pore size distribution curves of samples
were evaluated from the adsorption branches of the
isotherms given in the inset of Fig. 5.
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curves.
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Fig. 6. FESEM patterns of the (a) ZnNbg (b) ZnNbz and (c) ZnNby.

The average pore diameter of ZnO is 40 A° but in the
case of composite, the average pore diameter values were
below 40 A°. Thus, BET data satisfactorily correlate with
the XRD results and the discrepancy between BET and
XRD data can be due to the complicated geometry of the
polycrystalline nanostructure [36].

Adv. Mater. Lett. 2015, 6(6), 518-526

Adv. Mater. Lett. 2015, 6(6), 518-526

serfreformanclechndiogy com

Advanced Materials Letterg

Electron microscopic analysis

The scanning electron microscopy (SEM) reveals effective
doping and purification. Fig. 6 shows, the morphology
analysis of the synthesized ZnNbO, ZnNb; nanorods and
ZnNbs nanorods. The shape of zinc oxide rod does not
change during the doping of niobium oxide. Nb,Os
particles are uniformly doped on the surface of the zinc
oxide nanorods [37-39]. The corresponding EDX (Fig.
S11) patterns of the ZnNbO, ZnNb; and ZnNbs are given in
Fig. 6(a-c). The SEM/EDX shows the morphology and
effective doping of e niobium on zinc oxide nanorods.

Thermal analysis

The TG/DTG curves of ZnNbg, ZnNb;, ZnNbs, ZnNbs and
ZnNb; in static air atmosphere are shown in Fig. S3.
Residual mass of the composites are almost same. With
increase in the Nb wt%, DTG curves shows multistep
decomposition pattern. This clearly suggests the refractory
metal niobium enhancing the ZnO thermal stability.

Catalytic studies

Mechanistic issues involved in the degradation of RR, MB
and 3CP

The photocatalytic degradation of RR, MB and 3CP with
ZnNbg, ZnNb; ZnNbs ZnNb5 and ZnNb; under visible
light irradiation has been studied. The percentage of
degradation and kinetic parameter were calculated from the
equation (1). The rate of reaction follows the first order rate
equation.

G
In(coj_ kt (©))

Here C, is the concentration of the dye at different time, C,
is the initial concentration, t is the time and k is the rate
constant in min .

The degradation efficiency was calculated by optical
absorption spectral analysis. The aliquot samples of the
reaction medium were collected and the consequent
absorption changes were recorded at 520+1 nm, 664+1 and
27511 nm for RR, MB and 3CP respectively [40, 41]. The
spectral changes are given in Fig. S4-S6 (supporting data).
The ZnNb; ZnNbs, ZnNbs and ZnNb; have more
degradation performance when compared to ZnNb,. From
the Fig. 7(i-iii) removal percentages of RR are 26%, 63%,
79%, 91% and 100% for the ZnNby , ZnNb; ZnNbs, ZnNbs
and ZnNb; respectively. In case of MB 42%, 71%, 78%,
98% and 100% for the ZnNb, . ZnNb;, ZnNbs, ZnNbs and
ZnNb; respectively. In the case of 3CP 67% 71% , 82%,
100% and 98 % for the ZnNb,  ZnNb; ZnNbs, ZnNbs and
ZnNb; respectively. The ZnNb composites could decrease
the recombination of electron-hole pair and enhance the
photocatalytic performance. Particle size also has an impact
on the activity of the photo catalysts. Here the gradual
decrease in the mean particle size may lead to the induced
charge transfer in HOMO-LUMO energy levels to prevent
electron hole recombination [42]. The reaction was carried
out at fixed concentration of the all reactants. The catalytic
reactions exhibit pseudo-first order kinetic parameters.
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Fig. 7(iv-vi) reveals the negative slope in all cases. The
rate constants of RR were 0.0028 min™, 0.0049 min?,
0.00739 min™, 0.013 and 0.020 min™ for ZnNb, ZnNb;
ZnNbs, ZnNbs and  ZnNb- respectively. The rate constant
of MB were 0.0029, 0.0075, 0.0097, 0.014 min™and 0.016
for ZnNby , ZnNb;, ZnNbg, ZnNbs and ZnNb; respectively.
The rate constant of 3CP were 0.006, 0.007, 0.01, 0.012
min™ and 0.015 for ZnNb, ZnNb; ZnNb;, ZnNbs and
ZnNb; respectively. The photo generated holes and
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electrons may react with surface hydroxyl groups and
adsorbed water or O, to generate the active oxidative ionic
radicals (O, and "OH) from the reaction medium. The O,™
and "OH radicals are very reactive and quickly oxidise
organic species at the surface of the ZnO. Hydroxy radicals
("OH) were considered to be the most powerful oxidant (E°
= 2.8 V) amongst other oxidants [43].
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Fig. 7. The graph of time Vs % conversion of (i) RR (ii) MB (iii) 3CP and kinetic plots of time Vs % In(C/Co) of the (iv) RR (v) MB (vi) 3CP for the (a)

ZnNby (b) ZnNb; (c) ZnNbs (d) ZnNbs and (e) ZnNbs.
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Fig. 8. The proposed radical-ions mechanism for RR, MB and 3CP
degradation.

This acidity enhances the formation of active radical
limits during the the "OH radicals increases the catalytic
activity. The generated peroxy radicals react with oxides of
Nb leading to the formation of nascent oxygen [44]. This
happens, when the reduction of Nb(V) to lower oxidation

states. This results the highly active oxygen for the
degradation of RR, MB and 3CP. Under visible light the
conduction band of ZnNb composites create charge
vacancy h* in the valence molecules. These radicals interact
with niobium metal and produce the nascent oxygen, which
cause the degradation of dye molecules band during the
formation of hydroxy radicals and peroxide [45].

The pentavalent oxidation state of Nb provides multiple
electrons to vary the electrical conductivity. The Nb*™
induced the formation of oxygen vacancy sites. Hence, the
valence difference leads to the degradation of the organic
pollutants. The proposed radical-ions mechanism for RR,
MB and 3CP degradation is given in Fig. 7. The
degradation of the enlisted organics to carbon dioxide,
water, other very less toxic minerals such as ammonia,
nitrates and sulphates [46-49].

The catalytic studies of recycled and reused catalyst

The each recovered catalyst from the reaction was collected
by nano-filteration and washed with the water, ethanol
mixture and dried at 130 °C for 2 h. The recovered
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catalysts were subjected to Raman spectra, powder XRD
and DRS/UV-Visible spectra (Fig. S7-S9). This spectral
analysis confirms the stability of the photocatalyst. Thus
recovered catalysts spectral data provided in the supporting
information. The overall percentage of the degradation was
studied in the three cycles and given in the Fig. S10. It
reveals the degradation and efficiency of the reused
catalysts comparatively same as fresh catalyst.

Conclusion

The composites ZnNb,, ZnNb;, ZnNbz ZnNbs and ZnNb,
were synthesized in simple insitu chemical method. This
formation of the composites was confirmed by FTIR and
Raman spectra. The crystallite size and the encapsulation of
niobium oxide in zinc oxide frame work were confirmed by
XRD, SEM/EDAX and effective doping of niobium oxide
and unaffected morphology of zinc oxide nanorods.
Thermal stability of composites were analysed by
TGA/DTG method. BET/N, isotherms of composites
reveal the higher surface area with slight variation in its
average pore diameter. The particle size also increased
slightly with decrease in surface area. The synthesized
composite material was used as photo catalyst in the
degradation of reactive red, methylene blue and
chlorophenol under visible light irradiation. The ZnNb
composite shows the percentage of degradation was higher
and the Kinetic parameters obey pseudo-first order
oxidation reaction. The recycled and purified composites
catalytic activity was compared with the fresh catalyst. This
study may leads to improve the research scope in
development of photocatalyst for visible light driven
reactions. The refractory metal doped ZnO has good visible
light absorption these composites could be applicable as
photocatalyst in visible light.
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Fig. S8. Raman spectrum of the composite ZnNbs,
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