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room temperature.

INTRODUCTION

Over 70,000 tons of commercial dyes are produced annually
for using in textile, paper, leather, pharmaceutical, cosmetic
and food industries and an estimated 1-15 % of these dyes make
into various aquatic sources as effluents in the form of unused
dyes [1]. Several studies indicated that the remnant dyes from
a persistent class of health hazards since they are less biodeg-
radable. Photocatalysis utilizes solar energy to decompose
harmful dyes, organic and inorganic pollutants present in air
and aqueous systems using semiconductors has been the
subject of extensive studies as a potential way of solving energy
and environmental issues because of their economic and ecolo-
gically safe option for solving energy and pollution problems
over the past two decades [2-8] or to split water to supply clean
and recycle hydrogen energy [9-11]. Most of the investigations
have focused on anatase titanium dioxide as the photocatalyst,
because of relatively high photocatalytic activity, high chemical
stability and inexpensive [12-14]. However, titanium dioxide
as a high band gap (~ 3.2 eV) semiconductor and can only be
activated by the wavelength in the near ultraviolet region (A <
400 nm) and cannot effectively utilize the major spectrum of
sunlight [15,16]. Sunlight is comprised of less than 2 %
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ultraviolet light. Therefore, the development of a small band
energy semiconductor for a visible light photocatalyst conse-
quently has become an imperative topic in current photo-
catalysis research. Considering the relatively slow reaction rate
and poor solar efficiency of TiO, which hindered its appli-
cation, many studies have been carried out to exploit new visible
light-driven photocatalysts.

During the past two decades, bismuth molybdates have
been received great attention in the field of catalysis and one of
the promising visible light driven photocatalytic semiconductor
for water splitting and degradation of organic and inorganic
pollutants due to their narrow energy gap [17]. Bismuth molyb-
date has the general chemical formula Bi,O;-nMoQO; where n
=3, 2 or 1 corresponding to c(Bi,M0;0,), B(Bi-M0,0y) and
Y(Bi:Mo0Os) phases, respectively. Of these y-Bi,MoOs phase
has excellent intrinsic physical and chemical properties, including
ion conduction, dielectric and gas sensing properties [18,19]
and also shows excellent catalytic activity towards oxidation
of propylene [20], ammoxidation of propene [21]. The structure
of y-Bi,MoQs, which is built upon [Bi,O,]* layers alternated
with layers of corner sharing MoOs octahedra (Aurivillius-
type structure) [22]. It results in the photocatalytic activities
of Bi,MoOgs is larger than that of Bi,Mo0;0;, and Bi,M0,0s.
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Bismuth molybdates can be prepared by several methods that
include solid state reaction [23], spray drying [24,25], reflux
method [26], ultrasonic assisted synthesis [27], hydrothermal
synthesis [28,29], co-precipitation method [30] and sol-gel
[31], etc. Among these methods, many researchers reported
the co-precipitation route is one the most effective method for
synthesizing bismuth molybdate nanoparticles [32-34].
However, the material synthesized by co-precipitation method
at pH 3 [35] for desired phase and characterized by X-ray
diffraction (XRD), Raman spectroscopy, Fourier transform
infrared spectroscopy (FT-IR), UV-visible diffuse reflectance
spectroscopy (UV-DRS), field emission scanning electron
microscopy (FE-SEM) and energy dispersive X-ray analysis
(EDX). The catalytic activity of synthesized y-Bi.MoQOg nano-
particles evaluated using the photocatalytic degradation of
Rhodamine-B, Orange II and Crystal Violet dyes under visible
light irradiation at room temperature.

EXPERIMENTAL

Bismuth nitrate [Bi(NOs);-5H,0], nitric acid [HNOs, 78 %],
ammonium molybdate [(NH,)sMo07,0,4-4H,0] and ammonium
hydroxide, Crystal Violet, Orange II, Rhodamine-B. All chemicals
received from Merck India and used without further purifier.

Synthesis of Y-Bi,MoOs: Y-Bi-MoOg catalyst was prepared
by a co-preparation method. 4.75 g of bismuth nitrate (0.49 M
Bi(NOs);-5H,0) was dissolved in 20 mL of diluted nitric acid
(1.5 M HNO:s). The solution was then added drop-wise into
the aqueous solution containing 0.035 M of ammonium
molybdate (0.86 g/20 mL (NH4)sM0,0,4-4H,0) under vigorous
stirring during the co-precipitation step, pH of the mixed
solution was precisely controlled by adjusting the amount of
ammonia solution added and kept pH value at 3.0 for formation
of the desired phase of y-Bi,MoOgnanoparticles. The reaction
of the solution continuously stirred at room temperature for 8
h and obtained precipitate was filtered, dried and then it was
calcined at 475 °C for 5 h to yield the y-Bi,MoQOg nanoparticles
[35,36].

Characterization: The crystalline structure of the y-Bi;MoOg
was investigated by powder X-ray diffraction (XRD, PanAlytical,
X-Pert pro, Netherland) with CuK, (1 1.54218 /0\) radiation.
Fourier transform infrared (IR Prestige21, Shimadzu, Pvt Ltd,
Japan) spectra of the sample were recorded on FTIR spectro-
meter using conventional potassium bromide (KBr) pellets
within a wave number range 5000-500 cm™ and Raman spectra
(BWTEK MiniRam BTR-111 Miniature Raman Spectrometer)
recorded to the Raman shift range 1200-200 cm™. The size
and morphology of the product were obtained with a scanning
electron microscope (FE-SEM-CARL Zeiis Germany, Model
Ultra 55 FE-SEM, Gemini column, 1nm Resolution, detector
is INLENSE), Energy dispersive X-ray analysis EDX (Oxford
company, model 20 nm X Ma) UV-visible diuse reflectance
spectra of the sample were obtained in the range 300-800 nm
using a UV-visible spectrophotometer (UV2550, Shimadzu,
Japan) barium sulphate was used as a reflectance standard.

Photocatalytic test: Organic pollutant such as Rhodamine-
B, Crystal Violet and Orange II were chosen for photocataly-
tically evaluate the photocatalytic activities of the as synthesized
catalyst. A 400 W HgX lamp was used as the light source to

provide the simulated solar light. The experiments performed
at an ambient temperature. The photocatalysts (0.05 g) were
added into 50 mL of organic pollutant (5 ppm) solution and
the suspension was magnetically stirred for 30 min in the dark
to reach an adsorption-desorption equilibrium with the photo-
catalysts. At every 30 min time intervals, a 3 mL of solution
collected and then analyzed on UV-visible spectrophotometer
during the photodegradation process. The concentration of
Rhodamine-B, Crystal Violet and Orange II pollutant (dyes)
were determined by monitoring the variations in the main
absorption centered at 55, 584 and 485 nm, respectively.

RESULTS AND DISCUSSION

Fig. 1 presents the powder XRD pattern of y-Bi,MoQOs nano-
particles and it shows the characteristic XRD peaks centered
at20 =11.01°, 28.4°, 32.8°, 33.3°, 36.2°, 47.3°, 55.8°, 56.4°,
58.6° which can be indexed as (020), (111), (131), (002), (060),
(151), (202), (133),(191), (262) planes, respectively. The XRD
pattern of y-Bi,MoOs well agreement with the orthorhombic
phase Bi,MoQOg (JCPDS card No 72-1574) [37]. No impurities
can be found such as secondary phases Bi,Os;, MoOj; and others
were present in the main product of y-Bi.MoOsNPs. The high
peak suggests that the material is highly crystalline and nano-
sized. The average crystallite size was calculated from the XRD
line boarding using Debye-Scherrer relationship given in the
eqn. 1:

L =0.9M(Bcos 6) (1
where L is the crystallite size, B is the full width at half maximum
line width (FWHM) and A was the wavelength of X-rays. The

average crystalline size of the y-Bi,MoQs calculated from
diffraction peaks found to be 43-47.58 nm.
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Fig. 1. Powder XRD patterns of y-Bi.M0Os

The lattice parameter of the sample was calculated using

the formula given in eqn. 2:
Sin’0 = A* h2/4a> + AM’k*/4b* + M17/4c? 2)
where h, k and 1 are Miller’s indices. Calculated the lattice para-

meter from eqn. 2 found to be a =5.382 A, b=16.122 A and
c=5.401 A.
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The Raman spectra of y-Bi.Mo0Og nanoparticles shown in
Fig. 2, which correspond well to the result of Raman spectro-
scopy. The typical vibration bands for the y-Bi.MoQOs sample
was observed at 849 cm™ (s), 795 cm™ (vs), 715 cm™ (w), 401
cm’ (vw), 352 cm™ (w), 325 cm™ (vw), 282 cm™ (vs). The
vibrational bands 849 cm™, 795 cm™ (vs) peaks can be ascribed
to the stretching modes of Mo-O bonds and vibrational band
715 cm™ (w) peak can be ascribed to the stretching modes of
Bi-O/Bi-O-Mo stretching observed. The Raman spectrum of
v-Bi:-Mo0QOs phase shows a strong band at 795 cm™, which is
A, mode and represents the symmetric stretch of the MoOg
octahedron. The band with strong intensity at 849 cm™ also
have A, character and are due to orthorhombic distortion of
the octahedron. The modes between 280 and 360 cm™ have E,
character, plausibly due to the rocking mode of the octahedron
[35,38,39].
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Fig. 2. Raman spectrum of y-Bi:MoOs nanoparticles

Fig. 3 shows FT-IR spectrum of y-Bi-MoOg sample. The
main absorption bands at 736, 798, 843 cm™ are mainly related
to Bi-O and Mo-O stretching modes. Generally the absorption
bands between 950-400 cm™' range described to Bi-O and Mo-O
stretching and Mo-O-Mo bridging stretching modes [40,41].
The peaks at 1626 and 1383 cm™ in the FT-IR spectrum of the
sample are assigned to the vibration of O-H stretching to the
adsorbed water molecule to the sample. The peak at 3438 cm™
corresponding to O(2)H:--O(6) intramolecular hydrogen bonds
to the adsorbed water molecule of the sample [42]. The bands
around 843 and 798 cm™ can be assigned as the asymmetric
and symmetric stretching modes of MoOg involving vibrations
of the oxygen atoms, respectively. The band at 736 cm™ can be
attributed to the involving to the asymmetric stretching mode
MoOg involving vibration of the equatorial oxygen atoms [43-
45].

The surface morphology of y-Bi,MoOg nanoparticles was
investigated by field emission scanning electron microscopy
(FE-SEM). The FE-SEM images of y-Bi-MoOs is depicted in
Fig. 4(a-b) shows that the FE-SEM images of y-Bi.M 0O nano-
particles clearly observed the hexagonal shapes and with particle
size range 47-90 nm. Elemental composition and purity of
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Fig. 3. FTIR spectrum of y-Bi;MoOg sample synthesized in the co-
precipitation method

compound confirmed by energy dispersive X-ray (EDX) analysis.
Fig. 4(c) shows the EDX spectrum of y-Bi,MoOs sample shows
the presence of Bi, Mo and O only due to perfect sample synthe-
sized without any other impurities.
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Fig. 4. (a-b) FE-SEM images of y-Bi.MoOs (¢) EDX spectrum of y-Bi-M0QOs

Optical properties: Fig. 5 shows the synthesized material
and the sample exhibit absorption edge at 499 nm suggests
the material, which had photoactive under visible light
irradiation does not derive from any impurity level but the
steep and shape of the spectra suggests that the light absorption
due to a band gap transition and calculated the band from eqn.
3, band gap of the y-Bi.MoOs nanoparticles is 2.48 eV and
band gap compared with that reported by Kudo and Yu [46].
Generally, narrow band gap materials suggest to the good semi-
conductors were preferred for efficient charge separation, the
photocurrent generated by the sample measured which correlates
with photocatalytic activity.

Band gap energy (E,) = h*c/A 3)

where E,, h, ¢, A are band gap energy, plank constant, the
speed of light, cut off wavelength, respectively.
Photocatalytic effect: General photocatalytic degradation
of dyes by a photocatalyst critically depends on particle size,
crystallinity, morphology, band gap energy, charge recombi-
nation, efficient charge separation and the value of photocurrent
indirectly reflects the semiconductor’s ability to generate and
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Fig. 5. UV-visible diffuse reflectance spectra of y-Bi.Mo0Os

transfer a photogenerated charge carrier under irradiation, which
correlates with the photocatalytic activity. The y-Bi.MoOghad
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good photocatalytic property because XRD revealed nanosized
and good crystallinity, FE-SEM revealed hexagonal shape, UV-
DRS raveled narrow band gap and good efficiency for charge
separation. Fig. 6 shows the photocatalytic activity of as pre-
pared y-Bi:-MoOgnanoparticles evaluated under visible light
irradiation over degradation of organic pollutant, Rhodamine-
B, Orange II and Crystal violet chosen as a representative
model pollutant. The establishment of adsorption-desorption
equilibrium was obtained under continuous stirring 30 min
before the degradation reaction was carried out. Fig. 6(a-c)
displays the degradation of Rhodamine-B (Rh-B), Orange II
and Crystal violet (CV) evaluated degradation under visible
light irradiation measured to UV-visible spectrometer to the
cut-off filter 554, 487 and 584 nm, respectively. Fig. 6(d) shows
the percentage of photo-catalytic degradation for a different
organic pollutant to the function of % of degradation versus
time (min) and calculated percentage of degradation from
eqn. 4. Fig. 6(d) revealed the percentage of degradation of
Rhodamine-B, Orange II and Crystal violet with 30 min interval
64.30,27.92,31.60 %, respectively, which suggest the y-Bi,Mo0Os
catalyst more efficiency degradable Rhodamine-B with less
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Fig. 6. UV-visible spectra for photocatalytic evolution of organic pollutant (a) Rhodamine-B (b) Orange II (c) Crystal violet (d) Comparison
of photocatalytic activity of y-Bi-MoOs catalyst with different organic pollutant under visible light irradiation as a function of the %

of degradation versus time
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time of interval compared with other pollutant and 120 min
time interval degradable of Rhodamine-B, Orange II and Crystal
violet 96.83, 92.79, 92.19 %, respectively, which suggest y-
Bi-MoOgs catalyst efficiency to degradable of Orange II and
Crystal violet pollutants with long time of interval almost
nearly equal but efficiency degradable more for Rhodamine-B
pollutant, which revealed photocatalytic efficiency of synthe-
sized y-Bi.Mo0QOjs catalyst more favourable for rhodamine B
compared with other pollutant Orange II and Crystal violet.
Table-1 shows clearly catalytic efficiency of y-Bi.MoOs diffe-
rent organic pollutant with respect to different time intervals.

(An _At)

Degradation (%) = x100 4)

where A, and A, are, respectively initial absorbance and absor-
bance at time ‘t’.

TABLE-1
PERCENTAGE OF ORGANIC POLLUTANT DEGRADABLE
WITH RESPECT DIFFERENT TIME INTERVAL

Percentage of degradation

Time (min) z :
Crystal Violet Rhodamine B Orange II
0 0 0 0
30 31.59851 64.29942 27.92793
60 49.44238 84.64491 58.55856
90 86.98885 92.99424 81.08108
120 92.19331 96.83301 92.79279

Based on the photocatalytic degradation of organic pollutant
(OP) in the solution containing y-Bi-M0Os (BMO) nanoparticles,
a possible mechanism was proposed [47,48]:

BMO + hv — BMO (e ) + BMO (hy, ") (5)
BMO (es ) + O, = Oy + BMO 6)
OP + hv — OP* )
OP,* + BMO — OP**+ BMO (e« ) ()
H,O or OH + BMO (hy,") —» OH* )
OP**+ O,* — Subproducts (10)
Conclusion

v-Bi:-MoOs nanoparticles successfully synthesized by co-
precipitation method by controlled specific pH condition and
followed by calcination treatment at 475 °C for 5 h. Based on
various characterization techniques, the appropriate condition
for the synthesis of hexagonal y-Bi.MoOs nanoparticles was
at pH 3. Seen from UV-visible diffuse-reflectance spectroscopy
analysis of the prepared samples, the band gap adsorption edge
of 499 nm corresponding to the band gap energy to be 2.48 eV.
In addition, y-Bi.MoOs nanoparticles good photocatalytic pro-
perties to photodegradation of both cationic dyes (Rhodamine
B, Crystal violet) anionic dye (Orange II) at room temperature
and more efficiency for photodegradable cationic dyes with
short time intervals compare to anionic dyes.
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