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Abstract 

Magnetic nature of iron molybdate nanoparticles were successfully synthesized using 

metal nitrates, citric acid and ethyl cellulose by a simple sol-gel method. Structural, 

morphological, optical and magnetic properties of the iron oxide nanoparticles were 

characterized by powder XRD, FT-IR) spectra, HR-SEM, EDX, UV-Visible DRS, PL spectra 

and VSM. Powder XRD results indicated that the resultant iron oxide nanoparticles was pure 

single phase crystalline with monoclinic structure. FT-IR spectra indicate the type of bonds 

between Fe and O. HR-SEM images shows that the morphology of iron oxide consists with well-

defined nanoparticles structure. VSM results showed ferromagnetic behavior. 

Keywords: Sol-gel synthesis; nanoparticles Magnetic properties. 

 

1. Introduction 

Nano-structured magnetic materials have attracted considerable attention in recent years 

due to their unusual physical and chemical properties than that of their same bulk materials. It is 

well known that nano-sized particles, because of their small size and high surface area, display 
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many unique properties such as electrical, optical, magnetic and photocatalytic properties [1-8]. 

Nano-sized particles exhibits interesting applications in biology, catalysis, sensors, ceramics, 

mechanics and electronics fields [9-15]. As a family of important functional magnetic materials, 

metal molybdates have been widely used in photoluminescence, microwave applications, optical 

fibers, scintillator materials, humidity sensors and electro-catalysis [16-22]. Among many metal 

molybdates, magnetic nature of iron molybdate nanoparticles is a particularly efficient catalyst 

for the oxidation of methanol to formaldehyde and exhibits very interesting magnetic properties 

[23, 24]. As catalysts, magnetic nature of iron molybdate nanoparticles are used industrially for 

the oxidation of various alcohols [25]. The effectiveness of these catalytic activities generally 

depends heavily on particle size and surface area, which in turn depend on processing. Most 

studies to date have been on bulk materials produced by solid-state synthesis. Several methods 

such as solid-state reaction, sol-gel process, co-precipitation, hydrothermal, thermal [26-30] 

techniques have been used to produce nanoparticles, showing the improved catalytic abilities.  

In this work, we attempt to synthesize magnetic nature of iron molybdate nanoparticles 

by a simple sol-gel method using ethyl cellulose as surfactant. Compared with the above 

conventional methods, sol-gel technique exhibits many advantages, such as low process 

temperature, high control of purity, composition, microstructure and textural properties of the 

final products [31-36]. Ethyl cellulose is a derivative of cellulose in which some of the hydroxyl 

groups on the repeating glucose units are converted into ethyl ether groups. The number of ethyl 

groups can vary depending on the manufacturer.  Ethyl cellulose contains a hydroxyl group in its 

individual unit, which plays an important role in the dispersion process of magnetic nature of 

iron molybdate nanoparticles. This hydroxyl group forms an ester linkage with Citric Acid which 

forms big polymeric structure which traps the metal salts & water and thus prevents the 

agglomeration of particles. The photocatalytic degradation of different toxic compounds, such as 

organic or inorganic pollutants, eliminated through photochemical reaction by using TiO2 

photocatalysts, has been widely studied. 

However, hydrothermal procedures usually require a long reaction time. A facile and fast 

solution-based procedure is highly desired for the preparation of magnetic nature of iron 

molybdate nanoparticles. To the best of our knowledge, there has been no report on the 
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preparation of such magnetic nature of iron molybdate nanoparticles by ethyl cellulose supported 

sol-gel method. By controlling the experimental parameters, such as the amount of citric acid and 

ethyl cellulose, reaction time, temperature and iron source, novel magnetic nature of iron 

molybdate nanoparticles have been successfully fabricated. Moreover, magnetic and 

photocatalytic properties of the obtained samples were studied. 

2. Experimental techniques 

2.1 Materials and methods 

All the chemicals used in this study were of analytical grade obtained from Merck, India 

and were used as received without further purification. Ammonium molybdate ((NH4)6 Mo7O24. 

4H2O), ferric nitrate (Fe (NO3)3.9 H2O), citric acid and ethyl cellulose were used for this sol-gel 

method. Ethyl cellulose powders were sprinkled slowly into de-ionized water under continuous 

stirring to avoid clumping of the material in water. Ferric nitrate and ammonium molybdate in 

stoichiometric ratio and citric acid were dissolved in deionized water separately. These solutions 

were added to ethyl cellulose solution at 50°C to form sol. This sol is then heated slowly to 90°C 

under constant stirring to obtain a wet gel. Then the gel product was calcined at 650 °C for 2 h. It 

was ground in a mortar to form a final product of fine powder.  

2.2. Characterization techniques  

The characterization of the obtained Fe2(MoO4)3 powder were conducted by using 

various techniques to verify the phase formation, crystallite size, distribution and to explore other 

parameters of interest. The structural characterization of Fe2(MoO4)3 nanorods (NRs) were 

performed using Rigaku Ultima X-ray diffractometer equipped with Cu-Kα radiation (λ =1.5418 

Å). The surface functional groups were analyzed by Perkin Elmer FT-IR spectrometer. 

Morphological studies and energy dispersive X-ray analysis (EDX) of iron molybdate 

nanoparticles have been performed with a Jeol JSM6360 high resolution scanning electron 

microscopy (HR-SEM). UV-Visible diffuse reflectance spectrum (DRS) was recorded using 

Cary100 UV-Visible spectrophotometer to estimate their band gap energy (Eg). 

Photoluminescence (PL) properties were recorded at room temperature using Varian Cary 

Eclipse Fluorescence Spectrophotometer. Magnetic measurements were carried out at room 
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temperature using a PMC MicroMag 3900 model vibrating sample magnetometer equipped with 

1 Tesla magnet. 

3. Results and Discussion 

3.1 Structural analysis 

The structural and phase analysis of the samples were characterized by powder X-ray 

diffraction (XRD) pattern and is shown in Figure 1. All the diffraction peaks could be indexed to 

monoclinic magnetic nature of iron molybdate nanoparticles, which is in good agreement with 

the literature values (JCPDS file Card No. 35-0183) [26]. No other impurity peak was detected. 

The very high peak intensity suggests that the material is highly crystalline. This indicates the 

complete transformation of the precursor into magnetic nature of iron molybdate nanoparticles. 

The average crystallite size of iron molybdate nanoparticles was calculated using Debye Scherrer 

formula given in Eq. (2): 

                            
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where L is the crystallite size, λ , the X-ray wavelength, θ, the Bragg diffraction angle and β, the 

full width at half maximum (FWHM). The average crystallite size ‘L’ calculated from the 

diffraction peaks was found to be around 44-55 nm.  

The lattice parameter of iron molybdate nanoparticles was calculated using the formula 

given in Eq. (3):  
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where θ is the diffraction angle, λ, the incident wavelength (λ = 0.1540 nm), h, k, and l are 

Miller’s indices. The calculated lattice parameter was found to be a = 15.74 Å, b = 9.25 Å, and       

c = 18.21 Å, which is in good agreement with the JCPDS file Card No. 35-0183. Similar values 

(a = 15.72 Å, b = 9.24 Å, and c = 18.22 Å) has been reported earlier by Zhang et al. [26].  
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Fig. 1. Powder XRD pattern of iron molybdate nanoparticles. 

 

3.2 FT-IR spectral analysis 

Figure 2 shows the FT-IR spectra of iron molybdate nanoparticles. FT-IR spectra contain 

a broad band between ~ 3200 and ~ 3400 cm-1 due to the O-H stretching mode [36]. Furthermore 

bands related to C=O and C-O stretching modes that appear at ~1723 and ~1042 cm-1, 

respectively, due to the ester groups formed [37]. The spectra of Fe2(MoO4)3 powders shows 

absorption bands between ~1000 and 1120 cm-1 is mainly due to Mo=O stretching vibration. A 

peak at 827 cm-1 is attributed to Mo(VI)-O tetrahedral stretching and peak at 656 cm-1 

corresponds to Fe(III)-O octahedral stretching vibration. The sharpness of these bands is 

correlated to the high degree of crystallinity of the iron molybdate nanoparticles. 
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Fig. 2. FTIR spectra of iron molybdate nanoparticles. 

 

3.3. SEM studies 

The nanostructure and surface morphology of the as-prepared iron molybdate 

nanoparticles was examined by high resolution scanning electron microscope (HR-SEM) 

analysis. Figure 3 shows the HR-SEM images of iron molybdate nanoparticles, which clearly 

shows the nanoparticles consisting of agglomerated particles. The agglomeration of the particles 

with nanoparticles structure may be due to the magnetic nature of the samples. In this sol-gel 

method the crystal formation is due to the stable nuclei via ion-by-ion addition and unit 

replication. The formation of rods-like structure may be due the agglomeration and attachment of 

the nano-crystals. Also, the layer-by-layer self-assembled nano-particles, which lead to the 

formation of rod-like iron molybdate nanoparticles.  
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Fig. 3. SEM images of iron molybdate nanoparticles. 

 

3.4. TEM studies 

Fig. 4 shows the HR-TEM images of iron molybdate nanoparticles with diameter ranging 

from 26-50 nm. It is obvious that the sphere-like nanoparticles are uniform in size, which is 

consistent with the average crystallite size obtained from the peak broadening in XRD. Fig. 4 

inset shows the selected area electron diffraction pattern (SAED) of iron molybdate 

nanoparticles, which implies that the as-prepared samples are single crystalline in nature. SAED 

results show spotty ring characteristic of small crystallites of spinel ferrite nanostructure without 

any additional diffraction spots and rings of secondary phases corresponding to the magnesium, 

nickel and iron oxides were observed.  
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Fig. 4. TEM images of iron molybdate nanoparticles. 

 

3.5. Energy dispersive X-ray (EDX) analysis  

Figure 5 shows the EDX spectra of iron molybdate nanoparticles. EDX results showed 

the presence of Fe, Mo and O by the appearance of Fe, Mo and O peaks without any other 

characteristic peaks. Hence, the results are a definitive evidence to suggest that the prepared 

sample does not contain any other element and are indeed free from other impurities.  

 

 

 

 

 

 

 

 

 

Fig. 5. EDX spectra of iron molybdate nanoparticles. 

http://www.ijfans.org/


Research Paper 

 

 

e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 

© 2012 IJFANS. All Rights Reserved 

 

   

   

1974 

 

3.6. UV-Visible DRS spectral studies 

The UV-Visible diffuse reflectance spectra (DRS) of nano-crystalline iron molybdate 

nanoparticles is shown in Figure 6, and the absorption in the UV region at 320 nm is 

significantly stronger than absorption in the visible region at 530 nm. The broad absorption band 

centered at 260 nm has been attributed to the O2- to Mo6+ charge transfer of the isolated MoO4 

sites [31, 32]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. UV-Visible diffuse reflectance spectra of iron molybdate nanoparticles. 

 

3.6 Magnetic properties 

Fig. 7 show the magnetic hysteresis (M-H) loop of the synthesized product with the field 

sweeping from -10 to +10 kOe at room temperature. The obtained monoclinic iron molybdate 

nanoparticles particles show ferromagnetic behavior. Magnetic iron molybdate nanoparticles are 

important magnetic materials, and many efforts have been made to control the size of 

nanoparticles because of its particle size dependent magnetic properties. The magnetic properties 

of the iron molybdate nanoparticles are similar to the earlier reported results [33]. The 

http://www.ijfans.org/


Research Paper 

 

 

e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 

© 2012 IJFANS. All Rights Reserved 

 

   

   

1975 

 

remarkable ferromagnetic behavior with relatively high saturation magnetization (Ms) of iron 

molybdate nanoparticles by sol-gel method than that of other methods, which may be due to the 

synthesis route and its conditions, type of the precursors, calcinations, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. VSM studies of iron molybdate nanoparticles. 

 

4. Conclusions 

Magnetic nature of iron molybdate nanoparticles were successfully synthesized by a 

simple sol-gel method using ethyl cellulose as surfactant. XRD results indicated that pure single 

phase crystalline with monoclinic structure of iron molybdate nanoparticles. HR-SEM images 

show that the morphology of the sample consists with well-defined nanoparticles structure with 

agglomeration. VSM results showed ferromagnetic behavior. Magnetic nature of iron molybdate 

nanoparticles may find applications in water pollution control. Compared to other synthetic 

methods, sol-gel method is a facile, low-cost pathway to novel iron molybdate nanoparticles.  
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