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A B S T R A C T 
Fe2(MoO4)3 nanostructures are paying more attention owing to its tremendous usage in the catalytic activity such as 
removal of environmental pollutants and biomedical effect. In the present work, the novel Fe2(MoO4)3 nanostructure 
synthesized by Pedalium murex plant extract assisted synthesis with heterogeneous assemblies was constructed and 
applied for the antibacterial agent of pathogens. The prepared heterostructure were examined by various analytical 
techniques like Powder XRD, FTIR, UV-DRS, PL, FESEM, HRTEM, EDX respectively. XRD pattern proved the crystallite size 
of various heterostructure were 27.91 nm respectively. Furthermore, the composite was examined as antibacterial agent 
and was found exhibit higher antibacterial efficiency against Klebsiellapneumoniae compared with other pathogens. 
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The enhancement of urbanization and industrialization is 

causing a lack of worldwide energy resources, food production, 

and a substantial amount of toxic pollutants is being released 

into the environment. Contemporary to overcome the demand 

of world food production, more attention has focused to achieve 

the high yield in agriculture. The constant development of 

world population needs to increase the consumption of plant 

growth and rise around 8 million in 2025 and 9 million in 2050 

[1]. In global agriculture, the farmers used several pesticides to 

enhance the productivity and protect the crops from pests [2]. 

Pesticides are the organic substances used to kill the targeted 

pests like insects, fungus, microbes, mollusks and nematodes, 

which cause diseases in crops and effect on production [3]. 

Around the world 3.42×106 t/y number of pesticides was used 

in 2015 with the release of toxic effects to human, animals, 

micro-organism and pollute the environment [4]. 

Organophosphate (Ops) is the worldwide used pesticides and it 

restricts the enzyme acetyl cholinesterase (AChE). This enzyme 

is responsible for regular functioning of central nervous system 

in insects and humans, resulting paralysis, destroys respiratory 

organs finally leads to death [5]. Dichlorvos (2,2-dichlorovinyl 

dimethyl phosphate) is frequently used Ops in Indian 

agriculture to regulate the pests in fruits, vegetables, households 

also in storage of grains. According to U.S. Environmental 

Protection Agency considers as class I toxic to generate 

chronical diseases and cancer, hence it is banned to practice as 

pesticide [6]. The detection of Ops is very important and has 

great interest in researchers. Many techniques are applied to 

detect the Organo pesticides for instance fluorescence sensor 

[7], amperometry, potentiometry, bio sensors [8], microbial 

biosensors, immunosensors, electrochemical sensors, 

conductometric detection, potentiometric detection, optical 

immunosensor, aptamers [9], square wave voltammetry (SWV) 

[10], differential pulse voltammetry (DPV), cyclic voltammetry 

[11] and HPLC [12]. Among this CV technique has paid more 

attention due to its high reliability, sensitivity, using simple 

instruments, easy to operate and getting immediate result [13]. 

In the past era, the increasing of world population, 

economies and developing countries are releases huge amount 

of toxic organic substances into water to destroy the ecosystem 

[14]. Per annum about 70,000 tonnes of untreated dyes with 

complex structures from various sectors such as textile, leather, 

pharmaceutical, paper, food and cosmetic industries are 

discharge around 1-15% of organic effluents in aquatic 

medium. It is least biodegradable also restrict penetration of 

sunlight into water bodies and spoil water ecosystem [15]. 

These organic pollutants have great impact on our daily life but 

due to fewer biodegradable natures, it causes some health 

hazards. Azo dyes are hard to degrade becomes extremely 

carcinogenic and genotoxic [16]. 

 

MATERIALS AND METHODS 

 

Synthesis of Fe2(MoO4)3 
 

The Fe2(MoO4)3 nano-powders have been synthesized 

with the aid of using the use of precursors consisting of 0.1 g of 

ferric nitrate and 0.02g of Ammonium molybdate was dissolved 

separately in 10 mL of distilled water in 100 mL beaker and 

Pedalium murex plant extract as a fuel that have been dissolved 

CARAS 

*     K. Rajendran 

  rajendran1317@gmail.com 
 

1-2 Department of Chemistry, Bharath Institute of Higher 
Education and Research (BIHER), Chennai - 600 073, 
Tamil Nadu, India 

https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=EdQeuOoAAAAJ&cstart=80&citation_for_view=EdQeuOoAAAAJ:zLWjf1WUPmwC


one at a time in 10 ml of deionized water and stirred for 15 

minutes. Then it changed into located in a microwave-oven 

(2.forty five GHz, 750 W) for 10 minutes. Initially, the answer 

boiled and underwent dehydration observed with the aid of 

using decomposition with the evolution of gases. When the 

answer reached the factor of spontaneous combustion, it 

changed into vaporized and right away have become a strong 

and received with the aid of using MCM. When the solution 

reached the point of spontaneous combustion, it was vaporized 

and instantly became a solid. 

 

Characterization of samples  

As synthesized Fe2(MoO4)3 samples were characterized 

using various analytical techniques. The phase purity and 

crystallite size were analysed by Powder XRD (PAN alytical 

X’PERT-PRO) X-ray diffractometer recorded at 40 kV and 30 

mA with Cukα radiation (λ=1.5406 Aº) in the range 2θ=10º-70º 

under room temperature. Morphology was examined via Field 

emission scanning electron microscopy (FESEM, Hitachi S-

3400) and High-resolution transmission electron microscopy 

(TEM/SAED) model EM-4101LS from Philips, Holland. 

Fourier transform infrared spectroscopy (FTIR) was recorded at 

Thermo Nicolet 380 spectrophotometer ranges 400-4000 cm-1 

using standard KBr. The optical properties studied by emission 

spectra Varian Cary Eclipse (type: Svitzky-Golay) PL 

spectroscopy ranges 350-600 nm. UVDRS was recorded 

JASCOV650 spectrophotometer ranges 200-800 nm.  

 

Antibacterial studies  

The antibacterial activity of Fe2(MoO4)3 nanostructure 

was examined by Agar well diffusion method. Three bacterial 

species Staphylococcus aureus, Escherichia coli and 

Pseudomonuas aeruginosa was chosen and taken in different 

concentration of samples. The preparation of bacterial culture 

was briefly explained in previous work [16]. 50, 25,12.5,6.25 

and 1.125 mg/mL concentration of samples were dissolved in 

DMSO and poured into the well then, the plates were incubated 

at 37ºC for 24 hrs to achieve minimum zone of inhibition. 
 

RESULTS AND DISCUSSION 
 

Powder XRD analysis 

The powder XRD studies of pure Fe2(MoO4)3 

nanostructure are shown in (Fig 1). Crystallite size and phase 

purity of the samples were determined via PXRD. (Fig 1) shows 

the PXRD pattern of Fe2(MoO4)3, it displays the diffraction 

peaks at 2θ values of 25⁰, 17.49⁰, 30.15⁰, 45.71⁰, 56.08⁰ are 

corresponds to planes (202), (121), (240), (122), (320) and cell 

parameters values of a=10.31, b=14.48 and c=9.749. These 

values are exactly match with JCPDCS CARD NO: 340101 of 

orthorhombic phase of Fe2(MoO4)3. The absence of other 

impurity peaks in XRD pattern confirm the purity of the 

samples. Additionally, there is the strong electrostatic force of 

attraction takes place between the ions with different oxidation 

number and different planes in composites [17-19]. Moreover, 

the composites exhibit sharp intense peaks than the pure 

samples confirm the proper insertion of rare earth molybdates. 

The narrow peaks found in composites are evident for the 

formation of crystalline state. The phase purity, smaller in 

crystallite size and appropriate ratio of composite enhance the 

sample to be act as a good semi-conductor material in 

photocatalytic application. 

 

   

Fig 1 Powder XRD patterns of Fe2(MoO4)3 NPs  Fig 2 FT-IR spectra of Fe2(MoO4)3 NPs 

FTIR spectrum  

 

The structure of Fe2(MoO4)3 nanoostructure at various 

concentrations was analyzed via FTIR spectrum shown in (Fig 

2). It gives the detailed information about the types of bonds 

formed in the samples. In this spectrum the peaks found at 1609 

cm-1 and above is corresponds to bending and stretching 

vibrations of water molecules [20,21]. The vibration bands 

around 965 cm-1 is dominated Fe2(MoO4)3. Hence, the 

presence of molybdates in our samples are confirmed by this 

evidence. Although the strong bands near 824 and 778 cm-1 are 

attributed to Fe-O-Mo and Mo-O bands respectively confirm 

the formation of molybdates in composite materials. The 

presence of groups in FTIR spectrum confirms the formation of 

composites, hence it supports the PXRD results. 

FESEM analysis  

The surface morphology of Fe2(MoO4)3 nanostructure 

was explored via FESEM technique at different magnification 

(Fig 3). The pure Fe2(MoO4)3 sample exhibits potato like 

structure with high aggregation and porous in nature is observed 

in (Fig 3). This porosity increases the attraction of smaller 

particles and permits the movement of ions on its surface. This 

result nearly agrees with crystallite size calculated by PXRD 

method [22]. Additionally, the presence of different 

morphology is another evident for successful formation of 

composite; hence it is confirmed by existence of two phases in 

composites in XRD pattern. Thus, the binding nature and 

morphological changes are depending on calcination 

temperature and crystallite size also point out the absence of 

impurities.  
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Fig 3 SEM images of Fe2(MoO4)3 NPs  Fig 4 UV -DRS Spectroscopy of Fe2(MoO4)3 NPs 

UV -DRS Spectroscopy 

The band gap energy of Fe2(MoO4)3 nanostructure were 

determined by UV-Vis/DRS spectroscopy (Fig 4). The 

absorption spectra of titania are naturally change by addition of 

thorium molybdate, which enhance the absorption towards red 

shift region. Thus, the heterostructure can modify the level of 

CB and VB [20-25]. The reductions in band gap energy in 

composites are due to smaller in particle size, defects and 

morphology. The other observed results PXRD, FESEM and 

HRTEM confirm the unique property of this sample. 

 

Photoluminescence spectroscopy (PL) 

The study of surface states, electron transfer and 

recombination of electron-hole pairs are analyzed by PL 

spectroscopy. (Fig 5) shows emission spectra of Fe2(MoO4)3 

which gives detailed explanation about structural defect and 

sub-band gap defects. These defects can be change with 

crystallite size, morphology and reaction condition of the 

samples. The spectrum shows similar emission peaks for all 

samples at 360, 376, 411, 438, 490 and 518 nm respectively. 

The transition of electrons from higher to lower energy state is 

comparatively high in high crystalline sample. Likewise, lower 

in emission intensity is mainly depends on structural defects 

which can restrict the electron transition [24-30]. Above 530 nm 

the peaks slightly moves in the direction of red shift region 

indicates more oxygen vacancies which enhance the samples to 

act as a photocatalyst in visible light region. 

 

   

Fig 5 Photoluminescence spectroscopy of Fe2(MoO4)3 NPs  Fig 6 Antibacterial activity of Fe2(MoO4)3 nanoparticles 

Antibacterial activity 

(Fig 6) shows the antibacterial activity of Fe2(MoO4)3 

NPs samples were investigated against gram negative 

(Klebsiellapneumoniae) and gram positive (Staphylococcus 

aureus) bacterial strains, respectively. From the images, it was 

found that there is no zone of inhibition over the control, which 

clearly shows that the zone of inhibition increases and 

influences higher antibacterial activity [35-39]. The particle 

size and surface area of the samples play a vital role in the 

antibacterial activity of synthesized samples.  

 

CONCLUSION 

Fe2(MoO4)3 nanoostructure was successfully prepared by 

Pedalium murex plant extract assisted synthesis. Power XRD 

reveals the orthorhombic phase of Fe2(MoO4)3. The crystallite 

sizes were estimated as 20.97 nm for Fe2(MoO4)3. Optical 

studies states band gap energy was smaller for Fe2(MoO4)3. The 

morphology of samples expresses potato like structure and 

cubic structure for Fe2(MoO4)3. PL spectrum indicates the red 

shift due to oxygen vacancies enhance the photocatalyst in 

visible light region. It has been found that the Fe2(MoO4)3 

nanoparticles exhibit higher antibacterial efficiency against 

Klebsiellapneumoniae compared with other pathogens. 
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