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Abstract: Transition metal oxides are apt materials for energy storage devices due to their high theoretical specific capacity, high 

thermal stability and abundance. The synthesis of mixed metal oxide (MMO) nanocomposites of Ce/Mo/Ti and characterization 

using UV, FTIR, field emission scanning electron microscopy and XRD to investigate the optical and structural properties. UV-

Vis studies of the prepared nanocomposites show that the absorption is aspect to the transfer of electrons from the valence band to 

the conduction band. FTIR analysis confirms the presence of metal oxides by the corresponding metal oxide stretching vibrations. 

The particle size of Ce/Mo/Ti MMO nanocomposite is in the range of 10.93 nm – 48.95 nm and has uniform spherical particles 

from FESEM images. Cyclic voltammetric studies of Ce/Mo/Ti MMO shows that the calculated specific capacitance value is 143 

F/g at pH 9 due to the uniform nanostructure. 
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INTRODUCTION 

Recently, the synthesis of mixed metal oxide nanocomposites 

has emerged as an attractive research area in material chemistry 

since the morphology and the size of the nanocomposites. A 

rare earth oxide - cerium oxide (CeO2) is attain a lot of focus 

due to its low cost, very low toxicity, surplus availability, highly 

reversible oxidation states (3+ /4+ ), no phase change at 

operational conditions (1-9). Among metal oxides, two 

combination of metal oxides such as metal tungstates and metal 

molybdates have attracted much attention in energy storage 

studies (10-12). Metal molybdate is one of the most up-to-date 

materials in the study of supercapacitive materials with 

tremendous electrochemical performance and high specific 

capacitance [13–15]. Cerium molybdate is an essential yellow 

inorganic substance with monoclinic crystalline structure that 

has been analysed by the scientific community due to its 

photonics properties and photoluminescent. Owing to the 

unsteadiness of the cerium ion at high temperatures, there is 

certain difficulty in synthesizing a well-crystallized singlephase 

cerium molybdate with its appropriate crystalline structure, 

monoclinic symmetry (16). Hence, the synthesis method has an 

important role in the structure of the material, and consequently 

in its electronic properties. Transition metal-based molybdates  

(M = Zn, Mn, Mg, Sr, Ba, Ni, Co, Pb, Ca, Cd, Cu etc.,) have 

been recognized and notably applied in varied fields such as 

photoluminescence, magnetic properties,  optical fibers, 

photocatalyst, illumination, lasers, phytoremediation,  catalyst, 

supercapacitors, humidity sensor, Li-ion storage batteries  and 

scintillation crystal (17–31). In recent times, several metal 

molybdates with different morphologies, properties and size 

have  been synthesized  nanorods,  nanowires, superstructures, 

doughnut-shaped microstructures, nest like nanostructures, 

nanoplates,  dendrites, thin film, nanopowders and flower-like 

mesocrystal and so on (32–36, 30). Rare earth molybdates are 

important because of their application in phosphors, catalysts 

and thermal expansion materials (37) and has various properties 

like corrosion inhibitor, good catalytic-convertor and high 

photostability.  

Despite their promising potential applications and unique 

properties, to the best of our knowledge, there are some 

investigations on the synthesis of cerium molybdate based 

nanocomposites. In this paper, we reported a synthesis of 

Ce/Mo/Ti oxide nanocomposites and its optical property, 

characterization and their structural morphology. 

MATERIAL AND METHODS  

Materials: Ammonium ceric nitrate ((NH4)2Ce(NO3)6 ), 

Ammonium molybdate ((NH4)6Mo7O24), Titanium tetra 

chloride (TiCl4), Sodium docusate (C20H37NaO7S) and Sodium 

hydroxide were procured from Merck, India. Double distilled 

water was used in synthesis procedure. All chemicals were used 

as supplied without further purification.  

https://en.wikipedia.org/wiki/Ammonium
https://en.wikipedia.org/wiki/Ammonium


Preparation, characterisation of mixed metal oxide nanocomposites of Ce / Mo / Ti  Section A-Research paper 

for electrochemical application  

Eur. Chem. Bull. 2022,11(4), 64 - 69                                         65 

Synthesis of (Ce/Mo/Ti) MMO nanocomposite: 0.1 N  

100mL solution of Ammonium ceric nitrate ((NH4)2Ce(NO3)6 ) 

and Ammonium molybdate ((NH4)6Mo7O24) were prepared by 

dissolving separately in deionised water under constant stirring 

for 15 min and 0.1 N  100mL solution of Titanium tetra chloride 

(TiCl4) was prepared by slowly added to the distilled water at 

5◦C. When TiCl4 dissolved in distilled water, the heat was 

produced due to exothermic reaction and the formation of 

orthotitanic acid [Ti(OH)4]. To prevent for the formation of 

orthotitanic acid , 5 ml of hydrochloric acid (35% HCl) per 100 

ml of distilled water was added and stirred  for 15 min., The 

three solutions were mixed together. A saturated solution of 

sodium docusate C20H37NaO7S surfactant was added dropwise 

to the mixture. Finally, NaOH was added until the complete gel 

was formed. This solution was magnetically stirred for 4hrs. 

The particles were separated by ultracentrifugation and washed 

with water. The final product was dried, ground and annealed 

at 500 °C for 4 h to remove volatile impurities. 

Characterization: UV-Vis spectra of the samples were 

taken using JASCO-V 530 dual beam spectrophotometer in 

the wavelength region 200 to 900 nm with a scanning speed  of 

400 nm/min.  The prepared nanocomposite was characterized 

by KBr disks performed on a Thermo Scientific Nicolet iS5 FT-

IR spectrometer in the frequency range of 400 to 4000 cm−1. X-

ray diffraction (XRD) helps to find the geometry and shape of 

a molecule using X-rays. The morphology of the prepared 

composite was determined using field emission scanning 

electron microscope (FESEM) and energy dispersive X-ray 

(EDS) was used to confirm the element composition in the 

composite. The CH-Instrument of electrochemical workstation 

(mode-650 c) is used for cyclic voltammetry studies. 

RESULTS AND DISCUSSION 

UV-Vis spectra: Characterization of as prepared MMO 

nanocomposite was carried out by UV–vis spectroscopy. UV-

Vis  spectra are recorded in the region 200 to 900 nm shown in 

Figure 1. The bandgap energies of the prepared nanocomposite 

has been resolved using the Tauc-equation [38] 

(αhν)1/n=A(hν - Eg)   -------(1) 

 where α is the absorption co-efficient, Eg is the band gap 

energy, A is a constant and n = 1 for the direct band gap. For 

allowed direct transition n=2, a graph between (αhν) 2 and hν is 

plotted, extrapolation of the straight line to (αhν) 2 axis shows 

the value of the band gap energy. Fig.1 shows the UV–vis 

spectra of Ce/Mo/Ti oxide nanocomposite. The peaks at 237 nm 

shows maximum absortion peaks it may be due to π 

conjuagation system transition of oxide nanoparticles [39]. 

From the Tauc plot Ultraviolet-visible absorption spectroscopy 

exposes a characteristic optical band gap of 4.3 eV.  

 

 

Figure 1. UV-Vis pattern of (Ce/Mo/Ti) oxide nanocomposites 

The UV-Vis-NIR spectra of the ZnSe/EVA nanocomposites are recorded in the region 200 to 2000 nm are shown in Figure 5. The 

bandgap of the prepared nanocomposites has been determined using the Tauc-relation [18]  

 

FT IR spectra  

The Fourier Transform Infrared Spectroscopy (FTIR) identifies 

the chemical bonds in a molecule by producing an infrared 

absorption spectrum. FTIR spectra were recorded for the as 

prepared nanocomposite in the range 400-4000 cm-1 and 

presented in Fig 2. The spectra of the prepared nanocomposites 

was observed and identified as the peak at 3420 cm-1 is due to 

O–H stretching of water molecle and also the bands at 1628 cm-

1 is O–H bending mode of the (Ce/Mo/Ti) oxide. The bands at 

2921 assigned to C–H asymmetric and symmetric stretching 

modes of the sp3 congregation of the residual organic template, 

and the corresponding band around 1421 cm-1 is due to C–H 

bending mode. The peaks at 1127 cm-1 are featured to the 

asymmetric stretching of the metal and oxygen framework. The 

low frequency region bands within the range of 400–800 cm-1 

corresponding to the lattice vibration modes of M-O and O-M-

O (M = Ce, Mo, Ti) [40]. The peak at 1500-1700 cm-1 is 

ascribed to the bending modes of Ti-O-Ti [41]. The vibrational 

peaks examined between 900 cm-1, is assigned to Mo=O 

characteristic stretching vibration of the hexagonal phase MoO3 

[42]. 

https://en.wikipedia.org/wiki/Ammonium
https://en.wikipedia.org/wiki/Ammonium
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Figure 2. FTIR image of (Ce/Mo/Ti) MMO nanocomposite 

XRD: XRD patterns of Ce/Mo/Ti oxide nanocomposites 

exhibits narrow and sharp diffraction peaks, which denotes the 

perfect crystallinity. Sample XRD peaks are assigned and 

distinguishable the single part of the crystal structures. It shows 

the intense diffraction peaks. The XRD patterns of the 

(Ce/Mo/Ti) oxide NPs shows the diffraction angle of 2θ values 

at 19.06°, 28.53°, 33.91°, 39.20°, 39.22°, 46.79°  57.71°  and 

75.12° are attributed to (100), (200), (110), (130), (300), (140), 

(002) and (524) planes of h-MoO3 , α- MoO3 (JCPDS card no. 

21-0569, 05-0508) respectively [43]. The diffraction peaks of 

2θ values for 48.58°, 53.62° and 71.62° are due to (220), (222) 

and (331) planes of CeO2 (JCPDS card no. 34-0394) 

respectively [44]. The diffraction peaks at 2θ values of 28.02°, 

28.68° and 34.08° are assigned to (121), (200) and (110) planes 

of TiO2 (JCPDS card no. 21-1272) respectively [45]. From the 

XRD data the size of the nanoparticles can be calculated by 

Scherer equation.  

Crystallite size = 0.94 x (X-ray wavelength) / βcos θ             ---

---(2)        

The average crystal sizes of the metal oxides are determined to 

be 49.05 nm for samples (Ce/Mo/Ti) oxide  nanocomposites . 

The XRD results indicate the highly crystalline nature of the 

nancomposite and it has the size within the nanometre.  

 

 

Figure 3. XRD of (Ce/Mo/Ti) oxide nanocomposites 

FE-SEM and EDS analysis  

The surface morphology and shape of the synthesized MMO of 

(Ce/Mo/Ti) is used to identify by Scanning electron microscopy 

(SEM) as shown in Fig 4.(a) (Ce/Mo/Ti) oxide nanocomposites 

display uniform spherical particles. Evidently, dozens of nano 

sphere be linked to each other through the centre to form the 

agglomerated architecture. The particle size of Ce/Mo/Ti MMO 

nanocomposites is in the range of 10.93 nm – 48.95 nm. It 

shows a regular network like structure of uniformed sphere 

which results the lowest particle size. This is may be due to the 

presence of surfactant used for the preparation of the 

nanocomposites. The elemental compositions of the 

(Ce/Mo/Ti) oxide nanocomposites arrays have been 

investigated by SEM EDS from Fig4.(b). The chemical 

elements of cerium, molybdenum, titanium, oxygen, and carbon 

were detected in the (Ce/Mo/Ti) oxide nanocomposites arrays 

and the survey results confirmed the compositions. 
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Figure 4. (a)Scanning electron micrograph and (b) EDS of  (Ce/Mo/Ti) oxide nanocomposites 

Electrochemical measurements: 

The electrochemical studies of the composites carried out in a 

three-electrode cell. Counter electrode is platinum wire, Ag/Ag 

chloride electrode as a reference electrode and metal oxide 

nanoparticle coated on ITO (Indium tin oxide) plate was used 

as working electrode. The impedance measurements was 

carried out using electrochemical workstation (mode 650C), 

CH-Instrument, TX, USA. The electrochemical behaviour of 

the (Ce/MO/Ti) oxide electrode was investigated for pH9.These 

measurements were performed in the potential range of – 1.6 to 

2 V. Fig 5.(a) shows the CV curves of the nanocomposites at 

various scan rates of 5 mVs−1, 10 mVs−1, 20 mVs−1,30 mVs−1, 

50 mVs−1 and 100 mVs−1 for  pH 9. The redox peaks in the CVs 

of the (Ce/MO/Ti) oxide electrode indicates the presence of a 

Faradic reaction. Charge storage is controlled to the surface of 

the electrode. However, redox type pseudocapacitance is not 

restricted to the electrode material surfaces and can also occur 

in the sub-surface redox active sites [46]. In fact, observing a 

rapid current response to voltage reversal at the end of each 

potential indicates the ideal pseudocapacitive behaviour of the 

prepared composites. From Fig 5(a), the cyclic voltammety 

curve area increases with increase in scan rate from 5 mVs−1 to 

100 mVs−1 for pH 9 electrolyte. The specific capacitance value 

is estimated using the following equation (3).  

Cp= A/ 2mk (V2-V1)                   ---------------- (3) 

Where Cp in F/g. A - Area inside CV curve (ΔV), m is the mass 

of active material, k-scan rate of CV (V/sec) and (V2-V1)-total 

voltage range. Table 1. Shows the Specific capacitance (Cp ) 

values of (Ce/MO/Ti). For low scan rate, the capacitance value 

is high. The voltage and current increases with increases in scan 

rate. At lower scan rate of 5 mVs−1 the specific current increases 

which results the decrease in specific capacitance of the 

nanocomposites from Fig 5(a). 

 

Table 1. Calculated values of specific capacitance 

Sample Scan rate  (mVs−1) Cp(F/g) 

(Ce/MO/Ti) oxide 5 143 

 10 103 

 20 90 

 30 76 

 50 61 

 100 36 

Table 2. Rct and Cdl values of (Ce/Mo/Ti) oxides 

Sample RS Rct(Ωcm2) Cdl(μFcm–2) 

(Ce/MO/Ti) oxide 91.12 3.209x104 2.648x10-6 

 

To interpret the performance of the electrode material and the 

kinetics of the entire electrochemical  

system of (Ce/Mo/Ti) oxides, EIS is used (Electrochemical 

Impedance spectroscopy) . From EIS, Fig .5(c) shows the 

Nyquist plot of both composites measured for Ph 9 solution in 

three-electrode configuration. Randle’s circuit is used to fit 

impedance data. In Randle’s circuit, Rct -charge transfer 

resistance, Rs- solution resistance, Cdl- double layer capacitor, 

Rp- polarization resistance and it was assumed that the diffusion 

impedance (W) were both  in parallel to the interfacial capacity. 

This resistance reveals that the electron transfer kinetics of the 

redox probe at the electrode interface. The double layer 

capacitance is in parallel with the charge transfer resistance. 

The charge transfer resistance related with a semicircle in a 

higher frequency region with a resistance signifies high 

conductivity of the electrode in both samples and also has very 

low internal resistance with high-frequency response. This low 

charge transfer resistance highlights that the MMOs are best for 

electrochemical applications.  

 

Figure 5. (a) CV curves of (Ce/Mo/Ti) oxide at different scan rates (b) variation of specific capacitance with scanrate (c) 

Nyquist plot of (Ce/Mo/Ti) oxide electrode material 
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CONCLUSION  

Synthesis of (Ce-Mo-Ti) mixed metal oxide nanocomposite 

was successfully carried out. They were characterized by 

spectral studies (UV-Vis and FTIR). The optical properties of 

the cerium molybdate were studied by UV-Vis spectra and its 

band gap was calculated as 4.3 eV. SEM confirms Ce/Mo/Ti 

mixed metal oxide nanocomposite were within the nanometre 

range and particularly it has 10.93 nm – 28.35 nm ranged 

sphere shaped aggregated particles. Cyclic voltammetric 

studies of Ce/Mo/Ti MMO shows that the calculated specific 

capacitance value is 143 F/g at pH 9. Studies show that the 

nanocomposite can be used in many fields such as sensors, solar 

cells, corrosion industry, ceramics, plastics, inorganic pigments 

in paints, in the field of catalysis and also it can be used as 

supercapacitor for energy storage devices. 
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