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Introduction: The catalytic behavior of metal oxide nanomaterials for removal of organic
pollutants under dark ambient conditions, without any additional stimulant, is of great
interest among the scientific community.

Methods: In this account, a nanomaterial of ternary metal oxides (M0QO3-NiO-PdO-Pd) was
synthesized via greener approach and was explored for degradation of methyl orange in
water environment in dark ambient conditions in comparison with light conditions. The
biochemical species of Abies pindrow were treated with aqueous solution of precursor’s salt
following sol gel synthesis strategy. We further attuned morphology and chemistry of MoOj;-
NiO-PdO-Pd by incorporating bioactive compounds of A. pindrow.

Result and Discussion: The bio-fabricated M0oO;-NiO-PdO-Pd revealed outstanding cat-
alytic behavior with 92% degradation of methyl orange within 15 min in the dark at ambient
temperature and pressure. Whereas, in the presence of visible light irritation, the catalyst
degraded 97% of methyl orange in 15 min. According to the reaction kinetics of degradation,
the catalysts illustrated good stability in light (R>=0.93) as well as in dark conditions
(R?=0.98). Furthermore, the outstanding reusability and recyclability of the synthesized
nanomaterial was observed for four runs of the experiment under dark and light conditions.
Conclusion: Therefore, 4. pindrow-synthesized M0O3-NiO-PdO-Pd nanocatalyst demon-
strated significant potential for detoxification of organic pollutants for water remediation.
Keywords: biochemical template, ternary metal oxides, nano-structures, organic pollutants,
dye degradation

Introduction

Over recent times, various chemical industries and factories have been considered as
key sources of water pollution.' From the various industrial water pollutants, the
organic dyes are the most widespread class of pollutants and are frequently released by
textile and paper industries.®  Protection of water bodies from such organic contami-
nants is the greatest challenge of twenty-first century for environmentalists and
researchers. Methyl orange (MO) is the most common dye of textile industries and
has extraordinary potential to cause severe health problems. It is a well known

7 thus its elimination from the water is extremely important.” !

carcinogen pollutant®”

The different strategies and/or technologies are reported to treat/remove MO
from water environments.>>*'! One such greatly investigated techniques is cata-
lysis, ie catalytic degradation of organic dyes. It is an efficient, simple and sustain-

able alternative approach among scientists for the treatment of organic dyes.'**"?
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Transition metal oxides have proven to be economic and
suitable photocatalysts to remove the organic dyes.'*’
Moreover, metal oxide nanocomposites and mixed metal
oxide nanomaterials significantly enhance the photocataly-
tic ability by altering the optical properties and by intro-
ducing the surface oxygen atoms that inhibit charge carrier
recombination for longer periods of time.>*'®!? The func-
tional groups such as hydroxyl and carboxyl in the metal
oxide-based materials show greater hydrophilicity as well
as negative charge densities to assist the degradation of
organic pollutants in the hydro environment.?’ In previous
studies such organic groups were achieved by graphene

carbon 202122

oxides, multiwalled nanotubes, etc
However, in the current study such groups were incorpo-
rated into metal oxide nanoparticles by economic, and
efficient synthesizing fuel, which was procured from
Abies pindrow Royle foliage. The foliar fuel based synth-

of nanomaterials is
4202327

esis widely investigated and
reporte

The leaves of A. pindrow, both as a crude drug and as
amalgams are being used in its various localities, as
a traditional medicine to cure different diseases, for example,
antispasmodic, stomachic, tonic, etc.?”*® Its reported biome-
dical implementations well surmised that the plant foliar is

2830 Which have been suc-

rich in abundant phytochemicals
cessfully demonstrated as fuel for the synthesis of
nanomaterials.”*?* 7 Nevertheless, the published literature
about phytosynthesis of nanomaterials has limitations of
unexplored mechanism, unidentified phytocapping agents
and being limited to mono and binary metal oxide synthesis.
The present manipulation is endeavoring to overcome the
drawbacks in biosynthesis by synthesizing facile MoO5-NiO
-PdO-Pd mixed metal oxide nanomaterial using foliar che-
micals of 4. pindrow and subsequently identifying the bioor-
ganic molecules in synthesized material by GC-MS. In our
recent study we have synthesized the Co;0, based nanoca-
talyst using A. pindrow leaves extract and in this report we
have also demonstrated the phytochemistry of 4. pindrow,
using different spectroscopic and chromatographic techni-
ques. These identified phytochemicals have huge potential
as synthesizing agents for nanomaterial preparation and
fabrication.*! Inspired by previous work, in the present inves-
tigation A. pindrow phytochemicals have been explored for
the synthesis of M0O3-NiO-PdO-Pd ternary metal oxide
nanomaterial. The functional groups related to phytochem-
icals were introduced into the MoO3-NiO-PdO-Pd nanoma-
terial, to remove MO not merely by visible light irritations,
but also without light stimulant, under ambient conditions,

(without any additional stimulating agent). We believed that
the investigated greener synthesis will add phytospecies in
the synthesized Mo0O3;-NiO-PdO-Pd material which will
expressively enhance the photocatalytic and catalytic effi-
ciencies of nanomaterials by their oxygen-carbon related
functional groups.

Materials and Methods

Molybdenum acetate 97% pure (Mo,(O,CCH3),), nickel
acetate tetrahydrate 99% pure (Ni(CH3CO,),-4 H,0O) and
palladium acetate ((Pd(CH3COO),) with 92% purity were
purchased from Merck Millipore (Billerica, MA, USA).
Deionized water was used as a solvent in the current
experimentation. The phytochemical extract of leaves of
A. pindrow was utilized as fuel (containing reducing-cum-
stabilizing agents) for synthesis of nanomaterial.

Synthesis of MoO3-NiO-PdO-Pd Catalyst

The present biomimetic synthesis route was designed by
modifying reported sol gel methods.*' > Aqueous solutions
of 40 mM Mo,(0,CCHj3), (3.4 g), 10 mM Ni(CH3CO;), 4
H,O (2 g) and 10 mM (C4H¢O4Pd) (1.8 g) were prepared
individually in 200 mL of deionized water. For complete
dissolution, each precursor salt was stirred continuously at
550 rpm and room temperature, and then reaction mixtures
were mixed together. The foliar bioorganic compounds of
A. pindrow were extracted as described earlier,’’ and the
prepared extract was utilized for synthesis of MoO5-NiO-
PdO-Pd nanomaterial. An aliquot of 20 mL of 4. pindrow
extract was added slowly into prepared mixed solution of
precursors on continuous stirring at 80°C for two hours and
then retained at room temperature in the dark for 24 h to
complete the phytofunctionalization process. Hereafter, the
inorganic—organic mixture with obvious brownish black pre-
cipitates, was evaporated at 98°C. The evaporated dried
powder was kept at 450°C for four hours in a muffle furnace
to procure pure MoO3-NiO-PdO-Pd mixed metal oxides.
The mechanism of the phytosynthesis has been explained
in scheme 1. The phytocompounds being reducing agents,
reduced the metal salts into pure metal. During this process
they incorporated into the metal, and this phytometal com-
plex was then calcinated (in air) to get the respective oxides.
The calcined nanomaterials of MoQO5-NiO-PdO-Pd were
tested for degradation of MO under ambient conditions
(room temperature and air pressure) as well as in the pre-
sence of visible light following the methodology adopted to
our recent studies.>' In brief, 100 g of MO was dissolved in
100 mL of deionized water in 1 mg/mL ratio. Two
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Scheme | Scheme of phytosynthesis of nanomaterials.

milligrams of the phytosynthesized nanomaterial was treated
with 15 mL of prepared MO solution in dark and light
conditions for 20 min. After completion of experiments,
the catalyst was recovered and again subjected to the same
experimental conditions to evaluate the reusability of photo-
catalyst. The degradation efficiency was calculated by the
equation described previously.”’

Characterization

The A. pindrow fabricated nanomaterial was analyzed by
ultraviolet visible spectroscopy (UV-Vis.), gas chromato-
graphy coupled with the mass spectroscopy (GC-MS),
Fourier transform infrared spectroscopy (FTIR), X-ray
powder diffractometer (XRD), field emission scanning
electron microscope (FE-SEM) and Raman spectroscopy.
The details of instrumentation can be found in our pre-

vious studies.?>!

Phytoconstituents as
reducing and stabilizing

@ = Bio active compounds

Me = Elemental metal
MOX = Metal oxides

/Phytomediated

metal oxides

Phytoframework assisted synthesis

Mechanism

Results and Discussion

MoO3-NiO-PdO-Pd Nanomaterial

The annealed phytofabricated MoO3-NiO-PdO-Pd nanoma-
terial was analyzed by FTIR and the acquired spectra
is shown in Figure 1A. The functional groups present in
MoOj3-NiO-PdO-Pd were delineated at vibrational frequencies
(em™") of 2352.49, 1366.76 and 1115.9 indicating the pre-
sences of aromatics (C-C stretch) and aromatic amines (C-N)
groups. The inset graph in Figure 1A shows M-O (M=Pd, Ni,
Mo) bonds related to the metal oxides in fingerprint vibrational
region (400-500 cm ').***” Thus, the FTIR proposed the
presence of carbon-related functional groups of phytofoliar
compounds along with metal oxides.

The bioorganic species in MoO3-NiO-PdO-Pd nanoma-
terial were monopolized by GC-MS of NIST library as
revealed in Figure 1B. The existences of cyclobutanol
(C4HgO) was identified in synthesized mixed metal oxides
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Figure | The demonstration of phytofunctional groups of MoO3-NiO-PdO-Pd nanomaterial by (A) FTIR and (B) GC-MS and (C) Raman spectrum of MoOj3-NiO-PdO-Pd

nanomaterial.

at retention times of 4.9, 5.4 and 24.3 as depicted in Figure
1B. The cyclobutanol was illustrated by the sharp prominent
peaks of Figure 1B corresponding to the highest similarity
index (SI) of the NIST library. Therefore, GCMS endorsed
the carbonaceous compounds in synthesized material in well
agreement with FTIR.

The compositional analysis of MoO3-NiO-PdO-Pd nano-
material was studied via Raman spectroscopy as presented in
Figure 1C. In Figure 1C various vibrations can be observed at
300-3500 cm ! corresponding to MoOs, NiO, and PdO. The
Raman scattering peaks greater than 1000 cm ' in Figure 1C
are proposing carbon-containing species of the plant foliar.
These Raman observations are in good consistency to FTIR

results. However, MoOj3-NiO-PdO-Pd crystallinity and
phase purity were revealed by XRD (Figure 2) and chemical
compositional was studied by EDX (Figure 3).

Figure 2A shows the XRD analysis of foliar template-
derived Mo0O3-NiO-PdO-Pd nanomaterial. The diffraction
peaks patterns of MoOs (*) in Figure 2A are according to
ICSD 00-005-0508. The XRD revealed orthorhombic MoO5
with the hkl planes as depicted as in Figure 2A having space
group of Pbnm and the unit cell (a: 3.962, b: 13.858, c: 3.697
(A)) parameters. The Figure 2A further revealed the presence
of rhombohedral NiO (), tetragonal PdO (e) and cubic Pd
(°) inconsistence with ICSD; 00-022-1189, 00-041-1107 and
00-005-0681 respectively. Moreover, the crystallite size of
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Figure 2 (A) The XRD diffraction patterns of foliar-synthesized MoO3-NiO-PdO-Pd nanomaterial and (B) The plot of 4sinf vs and Beta*cos of synthesized nanomaterial

using Williamson—Hall (W-H) equation.

MoOj3- NiO-PdO-Pd was calculated as 37.2 nm (+2.5 nm)
according following Debye—Scherrer’s equation;

D = (K2)/ (B cos 0) (1)

Where, K is the shape factor, 4 is wavelength of X-rays
and B is full width at half maximum of peak intensity (in
Rad).*®?° In addition, the Williamson—Hall (W-H) equa-

tion was also used to calculate the crystalline size.>**°

K2
ﬂ0059=3+4E*Sin9 2)

Where, E is stain (which is the slope), while D=K*\/inter-
cept. The W—H method was further used to draw size-strain
plot (SSP) of synthesized nanomaterial as shown in Figure
2B. The SSP is a plot of 4sinf vs and f*cosf and was draw
using Gaussian model. By the linear fit to data, crystalline
size (D) was determined from y-intercept, and the E, from
slope of the fit and was found as 39.40 nm. Thus, according
to XRD synthesized nanomaterial consists of three species
NiO, Pd, and MoO;. EDX spectrum (Figure 3C) strongly
support the XRD results, describing the composition of
fabricated material as Mo, Ni, Pd, O and C. According to
atomic rations of Mo, Pd, and O, nanomaterial is classified
as mixed metal oxides. The EDX shown the significant
percentage of carbon indicating the stabilization of MoOj3-
NiO-PdO-Pd by 4. pindrow phytochemicals.

The FE-SEM of synthesized MoO3-NiO-PdO-Pd were
presented in Figure 3A and B. MoO3-NiO-PdO-Pd nanoma-
terial was observed as nearly octahedral particles having

uniform arrangement and regular structure. Accordingly, by
FE-SEM uniformly arranged octahedral phytoframework-
derived MoO3-NiO-PdO-Pd nanomaterial were found. The
minimum agglomeration of particle can also be seen in
Figure 3A and B which is proposing the role of phyto-
organic compounds as reducing-cum-stabilizing agents,
which stabilized the nanoparticles to prevent them from
agglomeration.

Catalytic Activity of MoO3-NiO-PdO-Pd
to Degrade MO

The catalytic potential of foliar fuel synthesized nanomaterial
was investigated for degradation of the dye (MO) in the water
assisted by visible light and also under the dark environmental
condition. A blank solution was also tested in comparison
with M0O3-NiO-PdO-Pd nanocatalyst in order to evaluate
the exact catalytic efficiency of synthesized material. The
starting amount of MO in deionized water was 1 mg/mL and
the nanomaterial loading was 2 mg/15 mL while the UV
absorbance was recorded at different time intervals ranging
between 0 and 20 minas presented in Figure 4. Consistent with
the published literature,” '°
tion calibration graphs were prepared by taking the A,y after

in the present work, the degrada-

2,5, 10, and 15 minas given in Figure 4.

In Figure 4A and B, a sharp and broad absorbance peak
was found at 464 nm with minor vibration at 272 nm. It can
be seen in Figure 4A that initially the absorbance band was
deviated from 464 nm and recorded at 424 nm indicating the
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Figure 3 The morphology of foliar fueled MoOj3-NiO-PdO-Pd nanomaterial by FE-SEM at (A) 3 pm, (B) | um and (C) Elemental analysis of MoO3-NiO-PdO-Pd via energy-

dispersive X-ray spectroscopy.

immediate reaction and activation of phytostabilized nano-
material due to solar light irradiation along with MO. The
synthesized material has incorporated foliar organic species
which responded to the light irradiations. However, after that
Amax Was recorded at 464 nm which was well maintained for
the remaining readings. The exact peak was found in absorp-
tion spectra of MO (without catalyst) and has been delineated
as Figure S2. It can be seen in the Figure S-1 that even after
15 min the color of the bank dye solution remained same. No
change in the color of the MO solution was observed in
the light (Figure C-S1) as well as in dark conditions
(Figure D-S1) within 15 min without nanomaterial.
Whereas, in the presence of synthesized catalyst complete
decolorization of MO was observed simulated by solar irra-
diations (Figure B-S1). The Figure A S1 illustrated near to
transparent color of the MO solution with MoO3-NiO-PdO-

Pd nanomaterial without any stimulants, in the dark environ-
mental conditions. This showed that decolorization was only
due to catalytic activity of MoO;-NiO-PdO-Pd, however,
visible light irradiations were found to enhance degradation
of MO by MoO5-NiO-PdO-Pd. The absorption at 464 nm in
Figure 4A and B is corresponding to azo bonds due to n--
m*transition.! In the current study, as reaction time increased,
the absorbance intensity at A,,,,, Was observed to be consider-
ably decreased, as depicted by Figure 4A and B which indi-
cated the breakage of azo bond by foliar synthesized
nanocatalyst under dark ambient conditions as well as
under solar irradiation. The weak absorption band at 272
nm may be attributed to organic intermediates interferences
of the azo bond and of bioorganic compounds of template.
Based on the UV—Vis spectral observations (Figure 4A), it
can be seen that the synthesized catalyst revealed efficient
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Figure 4 (A) UV Vis spectrum of MO/MoO;-NiO-PdO-Pd solution in the presences of solar light, (B) absorption spectrum of MO/MoO3-NiO-PdO-Pd in dark conditions,

and (C) the degradation percentages of MO by MoO;-NiO-PdO-Pd nanomaterial.

reduction of absorbance bands stimulated by light radiation
compared to without light source (Figure 4B). While notable
reduction in absorbance peaks was still achieved under dark
conditions compared to blank sample where no reduction of
azo bond was observed until 15 min (Figure S2). In Figure
4A, Mo0;-NiO-PdO-Pd nanocatalyst shows significant
reduction in absorbance in the light as well as in dark condi-
tions as shown in Figure 4B. The Figure 4A further presented
the complete breakage of the azo bond after 15 min in light
conditions. Not only did the peaks associated with azo bond
disappear, but other peaks (below 300 nm) also disappeared
in Figure 4B until 15 min, demonstrating the efficient beha-
vior of MoO5-NiO-PdO-Pd as photocatalyst. However, the
absorbance of M00O;-NiO-PdO-Pd (in both experimental

conditions of light and dark) is exceedingly less than absorp-
tion of blank solution which is given in Figure S2.

Using the UV data, against different time intervals, the
degradation efficiency of foliar mediated catalyst was deter-
mined and delineated as shown in Figure 4C and in Table 1
while the self-degradation efficiency of MO, without nano-
material, is given in Table 1 and in Figure S2. As can be
seen from Table 1 and Figure 4C, MoO;-NiO-PdO-Pd
showed 94% efficiency to degrade MO in light while 86%
efficiency of the nanomaterial was retained without light
stimulants up to 10 min. After 15 min degradation was
enhanced to 97% and 92% in the visible light and in the
dark condition respectively. This outstanding catalytic
of Mo0O5-NiO-PdO-Pd was attributed

behavior to
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nanostructures as shown in Figure 3A and B. Table 1 also
revealed that at five minutes, 77% degradation efficiency
was observed even without light irradiation and 86% effi-
ciency of nanomaterial was revealed by light stimulation at
five minutes. These results show that although synthesized
catalyst demonstrated excellent behavior in dark conditions,
still the catalytic efficiency was greatly enhanced due to
solar light. Therefore, outstanding potential of MoO3-NiO-
PdO-Pd was revealed even in dark condition. The nanos-
tructures and incorporated carbon-containing groups were
efficiently increase catalytic performance of MoO3-NiO-
PdO-Pd catalyst, even without any light or chemical stimu-
lants compared to reported studies.*®***'** Xue et al
reported the 95% degradation of MO under visible light
radiation by TiO based nanocatalyst in five hours.** In an
another study, Zhang et al synthesized the Cu,_,S based
diatom nanocatalyst and demonstrated its 96.9% degrada-
tion efficiency for MO in 40 min under UV Visible light.*®
Thus, the organic compound-derived MoO;-NiO-PdO-Pd is
an excellent catalyst for both light and dark conditions
toward MO degradation in minimum time.

From Figure 4, organic framework-derived MoO;-NiO-
PdO-Pd catalyst revealed efficient catalytic behavior within
15 min as photocatalyst and without photo degradation. It can
be seen that within 10 min no major influence of light was
observed on the catalytic activity of biotemplate MoO5-NiO-
PdO-Pd nanomaterial. Such behavior of catalyst (in dark
conditions) is suggesting the catalytic wet oxidation process
(CWO).*! However, complete removal of MO within 15 min
by light as the stimulant was due to carboncontaining phyto-
materials which are reported as efficient electron acceptors for
the metal oxides which are strong electron donors.*'™*

Consequently, carbonaceous bioactive compounds, as

exposed by GCMS, efficiently assisted the transport of solar

Table | The Degradation Efficiency of Synthesized Nanomaterial
in Comparison with Blank

Time Degradation Efficiency | Self-degradation of
(Minutes) | (%) MO (Bank Sample)
%)
Assisted | Ambient Assisted | Ambient
by Light | Dark by Light | Dark
Catalysis Catalysis
2 78.5 71.53 0 0
5 85.9 774 2 0
10 94.5 86.4 5 2
15 97.4 91.8 5 0.5

light-generated electrons/holes in opposed direction to persist
electrons lifetime to employ the light more efficiently.

Figure 5 illustrates the plot of In (C/C,) vs time to deter-
mine the reaction kinetics. As shown in Figure 5, the degrada-
tion of MO was found to have first order kinetics. The
regression value for photocatalytic degradation was 0.92
whereas the catalyst revealed regression value of 0.98 in
dark catalytic conditions. Hence, the regression analysis,
MoOj3-NiO-PdO-Pd illustrated the preliminary stability of
the phytosynthesized catalyst.

The reusability of the synthesized nanocatalyst was tested
for four runs of experiments by recovering the material through
centrifuging at 6000 rpm for 10 min followed by washing and
80°C drying. The reusability experimentation revealed no sig-
nificant change in absorbance intensities until the fourth run as
presented in Figure 6, subsequently no notable change in
efficiency of the catalyst was observed for degradation of MO.
MoOj3-NiO-PdO-Pd nanocomposite in the dark as well as in
light was observed to be stable until four runs (Figure 6) with
significant degradation efficiencies of 96.5% and 90.1% until
the fourth experimental cycle in the presence of solar light and
in dark conditions respectively. Srikhaow and Smith investi-
gated the reusability of Cuy(OH);NO3/ZnO and by the same
recovery process they demonstrated constant efficiency of
catalyst till three runs.*' Kadam et al reported 91% degradation
efficiency of ZnO/Ag,0O nanocomposites after three runs.** Ta
et al, recovered AgNWs/ZnO NRs/AgNPs catalyst by centri-
fugation and washing for four experiments with 98% degrada-
tion of MO within 40 min.”

Nevertheless, in the current research a higher degradation
efficiency of MoO3-NiO-PdO-Pd nanocomposite was
achieved in 15 min for four runs. The excellent stability was
attributed to the presences of additional oxygen and carbon
compounds of phytotemplate as endorsed by Figure 1.
However, in the present study after repeating fourth experi-
mental run, the catalyst efficiency was more in the presence of
solar irradiation compared to ambient (dark) conditions as
expressed in Figure 6A and B, demonstrating that MoO;-
NiO-PdO-Pd nanocomposite was intact and behaved as
a photostable catalyst. The stability and reusability of catalytic
material is tremendously important for its large-scale practical

application.*"

Possible Mechanisms for Catalytic
Degradation of MO

In the present study, two contrasting experimental condi-
tions were investigated for catalytic degradation of MO
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Figure 6 Stability of catalyst for MoOj3-NiO-PdO-Pd nanocomposite (A) under light conditions, and (B) under dark conditions.

pollutant from an aqueous environment. The synthesized
catalyst was investigated to degrade MO in the presence of
visible solar light irradiation and in dark ambient condi-
tions. The control (bank) sample of dye was also subjected
to same experimental conditions to verify the catalytic
efficiency of the investigated material. As revealed by
control experiments, no change in the absorbance was
observed indicating the degradation was attributed merely
to the synthesized nanocatalyst.

It can be seen from Figure 4A and B that in two
minutes no major difference in the degradation efficiency

of nanomaterial was observed in light and dark conditions.
The nanomaterial revealed quite higher (~92%) degrada-
tion percentage of MO in 15 min in the dark experimental
conditions suggesting the mechanism of CWO to degrade
MO in ambient dark conditions. According to the CWO
process, MO undergo aerial oxidation process over the
nanomaterial.*'**> The CWO depends on the increased
oxygen vacancies to degrade organic pollutant in the
water. The combination of ternary metal oxides (MoOs,
PdO, NiO) has increased the oxygen concentration which
then binds the electrons (generated from the nanocatalyst)
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to produce superoxide radical anion *O, . The electrons of
the conduction bands of metal oxide nanomaterial reacted
with the O, and H,O at the catalyst surface generating
*OH and H,0,. Thus, increased number of oxygen species
reacted with the electrons of the metal oxides and
degraded MO.*'*

e—+0; — 0Oy —

O, —+H,O— HO, ¢ +OH —
HO; ¢ +H,O — H,0, + OH o
H,0, — 20H o
h++OH — OH e

OH e +organic pollutant(MO)
— degradation products + CO, + H20

However, maximum (97%) degradation of MO in pre-
sences of solar light irradiations was due to the fact that
carbon species are competent electron acceptors while
semiconductor metal oxides are efficient -electron
donors.** The GC-MS (Figure 1B) and FTIR (Figure 1A)
vividly demonstrated the presence of carbon-based phyto-
chemicals which facilitated the transport of light irritation-
generated charge carriers (in opposite directions) to extend
the electrons lifetime. These electrons then employed visi-
ble light irradiation with the greater efficiency. The photo-
degradation was due to coupling of semiconductor metal
oxides and carbon materials which inhabited the e- and h"
recombination and efficiently facilitated the charge separa-
tion in the presences of solar light irradiations, so the
enhanced photocatalytic activity of nanomaterial was
observed for the degradation of MO. As per proposed
mechanism, initially the MoO3-NiO-PdO-Pd nanomaterial

was activated by visible light irradiation;
Physyntheized nanomaterial + hv — e — +h +
e— 40, — 0 —

Then, oxidation-reduction reactions were carried out to
degrade MO;

0, — +H" — HO,
2HO;, — H,Or + O,

H,Op + O,— — HO e +0, + OH™

HO e +organicdye — CO, + H,O

Consequently, ternary metal oxides and incorporated
carbon based phytoconstituents efficiently increased the
catalytic performance of MoO;-NiO-PdO-Pd catalyst,
even without any light or chemical stimulants with high
reusability.

Conclusion

In summary, a distinctive strategy of phytosynthesis was
reported to fabricate mixed metal oxide-based nanocata-
lyst. We have not only synthesized nanostructures of
Mo0O3-NiO-PdO-Pd but have efficiently functionalized
the chemistry of MoO;-NiO-PdO-Pd via organic com-
pounds. The bioorganic compounds enhanced efficiency
of the fabricated catalyst to degrade MO in the minimum
time. The M00O5-NiO-PdO-Pd achieved the efficiency of
97% and 92% under light and dark conditions respectively
to remove MO in the aqueous environment. This degrada-
tion efficiency was achieved within 15 min. Furthermore,
a moderate degradation percentage of 86 and 77% were
still retained at lower time interval of five minutes in the
light and dark conditions respectively. Such catalytic
excellent behavior was endorsed to the superior effects
of nanostructures, and increased reactive species due to
mixed metal oxides and to carbon-containing phytofunc-
tional groups in ternary metal oxides. Thus, our study has
provided an easy, eco-friendly, and low cost synthesis
route to developed heterogeneous nanocatalyst to degrade
organic pollutants in waterbodies on an industrial scale.
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