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ABSTRACT

The Molybdenum trioxide Nanoparticles (MoO3z NPs) and Cu doped MoO3s NPs
have been successfully fabricated by green combustion methodolgy using Terminalia
catappa (Indian almond) tree leaves powder. The X-ray diffraction (XRD), Fourier
transform infrared spectroscopic (FTIR), scanning electron microscopic (SEM),
Photoluminescence and Ultraviolet-Visible diffuse reflectance spectroscopic (UV-DRS)
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techniques were used to characterize the MoO3z nanoparticles. The XRD patterns of
synthesized material shows orthorhombic phase. The Scherer’s method was adopted to
find the crystallite size of the synthesized material. The Cu doped MoOs shows increased
specific capacity, better cyclic performance and rate performance than MoOs at room
temperature. The electrochemical of Cu doped MoOs exhibited higher specific capacity

410 mAhg™ than MoOs, while its specific capacity is 303 mAhg™.

Keywords: Molybdenum oxide, Green synthesis, Terminalia catappa, Doped

Nanoparticles.
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1.0. Introduction

Energy plays a vital importance in our everyday life, has it is accepted as the one major
resource for the many activities. There are wide new and advanced technology evolved with
increasing demand for energy like Lithium (li)-ion batteries, light-emitting diode (LED), solar
cell, fuel cells, and ultra-capacitor were used to save the energy. According to the studies li-ion
batteries shows high energy and high power density [1]. Also li-ion batteries are extensively
used in home electronics, automotive applications, mobiles, laptops because as it posses long
cyclic life, high efficiency, high volumetric and gravimetric energy. Hence li-ion batteries are
widely used as powerful and future candidate for energy storage application [2]. As a result, li-
ion battery technology is an open and challenged title in several scientific fields. The
performance of li-ion battery depends on design and fabrication of electrode material and also
its electrochemical characteristics. Nanotechnology tremendously influence for cost reduction
technique, generation of efficient energy, transmission and storage technique. The production
of nanomaterials and nanostructures energetically use for producing a advanced devices with
better efficiency, lower cost, and very low energy demand in several applications like solar
photovoltaic systems, solar thermal systems, hydrogen production, and energy saving

technologies [3].
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The present trend is also concerned with low cost of production compared to old and other
technologies. To achieve better efficiency with low manufacturing cost, the high priority should
be given to the nanotechnology. Nanomaterial is the important cornerstones of Nano science.
Nanostructure science and technology having a broad research and development integrative
activity that has been growing from few past years[4]. In recent years Nano materials has
become one of the most important and exciting fields of research in physics, chemistry,
medicine, engineering and technology fields [5].The usage of Nano materials are enormous as
energy storage device such as fuel cell detection of threats in defense, navy, drug delivery and
water purification [6]. Currently there are one dimensional (1D) and two dimensional (2D)
nanomaterials utilized for energy storage products due to its good life period and high efficiency
[7]. Various transition metal oxide nanomaterials shows good electrochemical properties for li-
ion batteries such as MoO3[8],MnO[9], RuO2[10], NiO and Fe>03[11, 12]. Among them MoOs
is very attracted transition metal oxide with fascinating electrode material properties in li-ion
battery. It has more advantageous properties like low cost, huge abundance, good structural
stability, layered structure, less toxic, high theoretical capacity [13, 14].

Materials like Molybdenum have been studied alternative for toxic and rare elements used
in many catalyst, however they may present poor recyclability or require harsh conditions to be
useful[15]. Transition metal oxides comprises a large family of materials exhibiting a varieties
of interesting properties, that are attractive for application of lithium ion battery, catalyst,
electrochemical sensors[16]. Molybdenum is used as a nanomaterial due to its unique properties
and potential applications at the Nano scale and it is also utilized in nanotechnology,
Molybdenum is an important refractory materials. It has very high melting point, high electrical
conductivity [17]. A layered oxygen deficient orthorhombic MoOs NPs (alpha-phase) on
thermal photo and electrical excitations, it is showed electro chromic and photochromic
property which make MoOsz NPs amiable for winder application in lithium ion battery, gas
sensors and photolysis[18].0On this account photo catalysis is a widely utilized technique to
eliminate pollutants from water bodies with sunlight as a source in mind[19].

Doping with transition metal ion is another methodology to vary the properties of
functional materials. Because of bonding of electronic states and tendency to occupy the sites
in the crystalline structure, MoOs NPs with doping metal ion may be projecting new phenomena
not found in individuals materials [20].Cu doping can effectively improve the capacitive
performance and rate capability. Which may be imply new insights into establishing a doping
model[21]. Cu doping refers to the process of incorporating copper (Cu) atoms into the structure
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of a material, typically a metal oxide, to modify its properties. In the context of capacitive
performances and also rate capability, Cu doping has been found to be beneficial in several
ways[22].

Several methods available to fabricate MoO3s NPs are hydrothermal, co-precipitation, sol-
gel[23, 24] , etc. The above said methods requires high cost substrates, very tedious procedures,
well sophisticated equipment, good and stable experimental conditions, controlled conditions,
etc. The combustion method is widely adopted because of a simple, versatile and synthesis
method requires less time and offer mass quantity for further usage [25]. And the production of
nanomaterials by adopting combustion method produces uniform distribution and form a
material with reduced particle size[26]. Also, the importance of combustible fuel is having
equal important for the liberation of high energy to produce soft mass of nanomaterials in the
combustion method. [27].

Researchers have prepared MoOz by using green fuel. The chemicals used for the
synthesis of nanoparticles and stabilization are dangerous and lead to toxic by-products. Also
the chemicals used for the synthesis are too expensive and the use of toxic chemicals which are
very dangerous to the health and environment [28]. Hence to avoid this problems, researchers

are using environment-friendly fuels to synthesis MoO3z NPs[29].

2.0. Experimental details:
2.1. Fuel extraction

The Terminalia catappa (Indian almond) tree leaves were freshly collected, cleaned with
water to remove the impurities and dried for 20 days at room temperature. Dried leaves were
roughly crushed into small pieces and then finely powdered using grinder. The finely grinded
powder was filtered and stored at room temperature. The same powder was used for synthesis
of nanostructued MoOs NPs as fuel.
2.2 Materials

Ammonium heptamolybdate tetrahydrate [(NH4)sM07024.4H>0] and Cupric nitrate
trihydarte [Cu (NO)3.3H.0] was purchased from SDFCL Chemicals and green fuel Terminalia
catappa (Indian almond) tree leaves powder.
2.3 Preparation

Synthesis of MoOs Nanoparticles by combustion method. Precursors are Ammonium
heptamolybdate tetrahydrate [(NH4)sM07024.4H20] and finely powdered Terminalia catappa
(Indian almond) tree leaves powder. Stoichiometric ratio of both precursors and fuel are 1:0.25,

1:0.5,1:1and 1:1.5 were taken in a silica crucible having a water about 10 ml .The content were
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stirred well and introduced into the preheated 500° temperature asserted muffle furnace.
Combustion process was concluded in 10 minutes with the formation of black coloured MoOs3
as a product and then it introduced to 3 hours for calcination to remove the impurity after it a
yellowish MoOz as a product.

Similar procedure was followed for synthesizing Cu doped MoOs. During the reaction
cupric nitrate [Cu(NO3z)2.2H.0 was added along with a Mo. The synthesis was carried out for
5 different percent’s are 2%Cu, 4%Cu, 6%Cu, 8%Cu and 10%Cu MoO3 NPs.

2.4 Characterization:

The principle characterization of MoOs NPs was performed using various techniques to
understand its crystallinity, phase, purity, bonding, optical properties, and microstructure. The
specific characterization methods used are as follows:

X-ray Diffraction (XRD) Analysis: Rigaku Smart Lab X-ray diffractometer CuKa (1.541
A) irradiation to the MoOs NPs sample at room temperature. To study the diffraction pattern
produced by the sample, which provides information about its crystal structure and
composition.

Fourier Transform Infrared Spectroscopy (FT-IR): Metal to metal bonding and the
bonding of MoOs NPs and its oxides were examined using a Bruker-Alpha FT-IR
spectrophotometer. It measures the absorption and transmission of infrared light by the sample,
allowing the identification of functional groups and chemical bonds present.

UV-Visible Diffuse Reflectance Spectroscopy (UV-Vis DRS): The optical properties of
MoOs NPs were characterized using a LAB INDIA UV 3092 spectrophotometer in reflectance
mode. It measures the absorption and reflectance of light across a range of wavelengths,
providing information about the energy bandgap and electronic transitions in the material.

Photoluminescence Spectroscopy: The photoluminescence properties of MoO3z NPs were
studied using a Cary Eclipse fluorescence spectrophotometer by Agilent Technologies. This
technique involves illuminating the sample with light and measuring the emitted fluorescence,
which can provide insights into the energy levels and excitonic behavior of the material by
employing these characterization techniques, researchers can gain a comprehensive
understanding of the MoO3 sample's properties and behavior, including its crystal structure,
chemical bonds, optical response, and surface morphology.

Scanning Electron Microscopy (SEM): The microstructure and structural configuration
of MoO3z NPs were examined using a Hitachi TM 300 scanning electron microscope. SEM

produces high-resolution images of the sample's surface by scanning it with a focused beam of
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electrons, enabling visualization of the morphology, grain size, and surface features of the

material.

3.0. Results and discussion
3.1. XRD Studies

The product of pure MoO3z NPs and Cu doped MoO3 NPs was subjected to XRD analysis
was used with 20 ranging from 10° to 80°. The XRD analysis confirmed that the obtained
product was pure MoOs nanoparticles using JCPDS number 01-076-1003. The fig (1) shows
that the maximum peak intensity XRD peaks for pure MoOs observed at 27.32° and
corresponding diffraction are (021). High crystallanity and high intensity peak was observed
for the sample 1:0.5 MoO3z NPs compared to other synthesized samples. As the crystalline size
decreases quantum confinement effect increases which reduces the stability and increases the
strain, thereby increased catalytic activity[19]. The XRD analysis revealed that the MoOs
nanoparticle had an orthorhombic structure[20].

The XRD analysis confirmed that the obtained product was copper doped MoOs
nanoparticles using JCPDS number, when the peak values are compared they matched with
JDPDS card number 01-1-1241. The peak broadening was observed on increasing Cu
concentration (Figurel (b)) due to the contribution of crystalline size. The crystallite size was
found to be decrease with the increase in dopant concentration which is due to the difference in
ionic radius between Cu and Mo ions[21]. Lattice parameters values are found to pure MoOsz a
=3.9628A, b = 13.8550A and ¢ = 3.6964A and for Cu doped is a= 3.6077A. From the debye-
scherrer equation, the average crystallite size of pure and copper doped MoO3 were estimated

to be 41.98nm and 44.39nm respectively. The debye-scherrer formula is

KA
BCOSO

Where, D is the average grain size or crystallite size 4 signifies the wavelength of the X
—ray, k is the crystallite shape factor B is the width at half maximum and @is the Bragg's

diffracting angle.
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JCPDS No 01-076-1003 and 1-1241.
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Fig 1(a): XRD patterns of Pure and Cu doped MoOs Fig 1(b): XRD peak broadening
of pure and copper doped MoOs

3.2 FTIR Studies:

The Fourier transform infrared spectroscopy (FT-IR) analysis is carried out using the
instrument BRUKER ALPHA spectrophotometer. FTIR is important spectroscopic tools to
identify the metal oxygen vibration and impurities present in the prepared samples.The FT-IR
spectra of pure and Cu doped MoOs NPs. All the spectra were recorded in the range of wave
number 400-4000 cm™'.Cu doped MoOs NPs spectra show similar spectra peaks corresponding
to characteristic peaks of pure MoOz. The vibration spectra (Figure. 2(a)) is drawn from 400 to

4000 cm* and exhibits the transmittance peaks at 578, 856 and 991 cm™ indicates the presence
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of Mo-O bonds in the as-prepared materials[22, 23]. The peak at 578 cm™ shows bending non

planar vibration of Mo-O. The peak at 856 cm™ indicates the
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Fig.2 FTIR transmission spectra for pure MoO3
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Fig.2(a). FTIR transmittance spectra for Cu doped MoO3
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Presence of oxygen atom sandwiched between two molybdenum atom as Mo®* and the
presence of terminal Mo=0 is appeared at 991 cm ™ [24]. All these vibrations of Molybdenum
to oxygen indicates the existence of materials in o-Mo0O3 phase. The presence organic moiety
from the fuel is observed at 1629 cm™ corresponds to the existence of C=C stretching planar
vibration[25]. It is noticed that as the fuel ratio (carbon content) increases, the peaks
corresponds to C=C also increases. Broad peak around 3409 cm indicates the presence of O-
H non planar stretching vibrations of water. Presence of water is observed which may be the

moisture absorption during pallet preparation.

3.3 Photoluminescence studies:

Photoluminescence studies of MoOsz NPs and Cu doped MoOsz NPs provide an
information about the presence of defects, certain kinds of vacancies, charge transfer incidence
between the donor and acceptor atoms, and charge recombination properties. Fig. 3a and 3b
represent the emission and excitation spectra of the prepared NPs, with an excitation
wavelength of 324 nm, emission spectra at wavelength of 486 nm. Fig. 4a and 4b represent
emission and excitation spectra of Cu doped MoO3 NPs, with excitation wavelength at 330nm,
and emission spectra found at 493nm. An intense peak found in the PL spectra corresponds to
pure MoOz NPs and Cu doped NPs. The emission peaks at 486 nm and 493nm are due to the
surface state emissions and the presence of O vacancies thus, it induces the recombination of
trapped electrons and holes resulting from the loose bonds in the MoOs NPs and Cu doped NPs
respectively[26]. A bare MoOs NPs encloses a number of point defects called oxygen
vacancies. It serves as a location for recombination of electrons (e) and holes (h), hence the
highest PL intensity. The quenching of the PL intensity is due to the occupation of the oxygen
vacancies by the doped material, which hampers the recombination rate. Also, lattice distortion
occurs at the highest doping concentration; this induces nonradiative emission and reduces the

PL intensity.
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Fig.4 (a) Emission spectra of Cu doped MoO3 NPs and Fig.4 (b). Excitation spectra of Cu
doped MoO3 NPs

3.4 UV- Visible DRS studies:
The optical properties of the synthesized MoO3s NPs was estimated by using DRS spectra

and obtained spectra was shown in the fig 5. The spectra was obtained by plotting F(R) ony

axis and wavelength on the x axis.
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Fig.5: UV- Visible DRS of Pure MoO3z and Cu doped MoOs

3.5 SEM studies:

Fig 6 shows the Shows the SEM micrographs of pure MoO3z NPs and Cu doped MoOs
NPs which is used to capture surface morphology. SEM images of pure MoOz NPs clearly
shows porous composite flaky structure and Cu doped MoOs NPs shows trapezoidal prism

structure.

$742/202 3000022

Fig.6: SEM images of a) Pure MoOs b) Cu doped MoO3
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3.6. TEM Studies

The TEM images show distinct morphological differences between pure and Cu-doped
MoOs. Pure MoOs (Fig. 7a) consists of mostly spherical, agglomerated nanoparticles. These
particles are uniformly distributed and nanoscale in size (~50 nm). Cu-doped MoOs (Fig. 7b)
shows rod-like and elongated structures. This morphological change suggests Cu doping alters

growth Kinetics. Such transformation may improve surface area and functional properties.

.
-,

50 nm 50 nm

Fig.7: TEM images of a) Pure MoOs b) Cu doped MoOs

4.0. Electrochemical characterization
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Fig.8: Charge-Discharge profile of a) Pure MoOs b) Cu doped MoO3
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Figure 8(a) presents the Galvonastatic charge-discharge profile of pure MoOs
nanoparticles for 100 cycles and its first charge-discharge capacities are found to be 310 mAh/g
and 305 mAh/g respectively. (Figure 8b) presents the Galvonastatic charge-discharge profile of
Cu doped MoOsznanoparticles for 100 cycles and its first charge-discharge capacities are found
to be 410 mAh/g and 415 mAh/g respectively. It is observed that very importantly compared
to undoped MoOs nanoparticles Cu doped MoOs nanoparticles shows high specific capacity.
From the charge-discharge profile it is observed that the capacity drastically decreased for
second cycle and less reduction in capacity is also observed for higher cycles. The charge-
discharge performances are enhanced for Cu doped MoO3 nanoparticles compared to undoped
MoOs3 nanoparticles since the band gap and the impedance for Cu doped MoO 3znanoparticles is

less compared to undoped MoOs nanoparticles.

5. Conclusion

The synthesis of molybdenum oxide nanoparticles by green combustion method
using Terminalia catappa plant extract. The Cu doped MoOs nanoparticles are synthesized by
varying dopant concentration (2%, 4%, 6%, 8% and 10%) and then analysed by various
structural, electrical and electrochemical performances are analysed. The XRD patterns
confirms orthorhombic MoOz nanoparticles, also presents no CuO nanoparticles formation. The
XRD studies of the material confirmed the crystal purity of the material, with the d-spacing for
the (021) plane being found to be 41.98 nm. The SEM elemental mapping shows presence of
Mo, O and Cu in synthesized Cu doped MoO3 nanoparticles. The UV-Vis analysis shows the
less band gap for 6% Cu doped MoOz nanoparticles. The specific capacity enhances for Cu
doped MoOs compared to undoped MoOs and hence Cu doping plays very significant role in

increasing the conductivity of the anode electrode material for Li-ion battery.
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