
 

 www.shcpub.edu.in   

J. Funct. Mater. Biomol. 9 (2) (2025) pp 1064-1068 
 

O
ri

g
in

a
l 

R
e

se
a

rc
h

 A
rt

ic
le

 

 
Do not type any thing in this box 

 

Journal of Functional Materials and Biomolecules 
 

Journal homepage: www.shcpub.edu.in 

ISSN: 2456-9429 

A WIDE BAND GAP CeO₂/Nb₂O₅ NANOCOMPOSITE VIA COPRECIPITATION: A PROMISING 

PHOTOCATALYST MATERIAL 

G. Jayakumar1*, P. Sowmiya, A. Dhayal Raj1, D. Daniel Lawrence1, S. Rahul1 

Received on 09 October 2025, accepted on 19 November 2025,  

Published online on December 2025 

Keywords: Cerium oxide, Niobium oxide, Nanocompo-

site, spherical shape, agglomeration. 

1. Introduction 

Nanocomposite research represents a pivotal and rapidly 

advancing frontier within the broader domain of nanosci-

ence, fundamentally concerned with the design, synthesis, 

and application of multiphase solid materials where at 

least one constituent phase possesses dimensions in the 

nanoscale regime [1-4]. The core principle underpinning 

this field, as highlighted in foundational texts, is the syn-

ergistic combination of at least two distinct materials to 

create a new substance whose properties are not merely 

an average of its components but are judiciously modified 

and often vastly superior, a revolutionary concept that 

has garnered significant scientific and industrial attention 

in recent years [5]. This transformative potential arises 

from the profound physical and chemical phenomena that 

emerge at the nanoscale, where the drastic increase in 

surface area-to-volume ratio of the nanomaterials create 

an immense interfacial area within the composite matrix, 

be it polymeric, ceramic or metallic, facilitating powerful 

interactions that fundamentally alter the macroscopic be-

havior of the final material [6,7]. The successful realiza-

tion of these advanced materials, however, is critically 

contingent upon the synthesis methodology, which must 

overcome the significant challenge of achieving a uniform 
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dispersion of the nanoparticles and strong interfacial ad-

hesion to prevent agglomeration, a common pitfall driven 

by the high surface energy of nanoparticles that can lead 

to defect points and compromised properties [8]. Among 

the plethora of synthesis techniques available, including 

hydrothermal, sol-gel, and laser ablation, the co-

precipitation method stands out as a particularly effective 

and proven wet-chemical route for certain ceramic and 

metallic nanocomposites, involving the simultaneous pre-

cipitation of metal hydroxides from a salt precursor with 

the help of a base in a solvent, a process characterized by 

key steps of nucleation, growth, coarsening, and aggrega-

tion, where the conditions of high super saturation lead to 

the formation of a large number of small particles, and 

where secondary processes like ostwald ripening dramat-

ically affect the final size, morphology, and properties of 

the product, ultimately yielding a high-purity material 

with a high yield [9,10]. The transformative impact of 

nanocomposites is already being felt across a staggering 

array of industrial sectors, promising to revolutionize the 

entire business world, as semiconducting nanocompo-

sites are driving innovations in flexible electronics, high-

efficiency sensors, and photo detectors. Hence, in the pre-

sent work is focused on the preparation of cost-effective 

method of CeO2 – Nb2O5 nanocomposite and the structur-

al and morphological properties are studied and dis-

cussed.  

2. Experimental 

2.1 Synthesis of CeO2/Nb2O5 nanocomposite 

The co-precipitation method is employed to synthe-

size CeO2/Nb2O5 nanocomposite. 0.1M of cerium ni-

trate hexahydrate (Ce(NO2)3.6H2O) is dissolved in 

100ml of distilled water, and 2 g of Niobium oxide is 

added to the solution, then stirred using a magnetic 

stirrer for 30 minutes. 0.2 Mole of Sodium hydroxide 

(NaOH) is added drop by drop. Finally, the precipitate 

is washed for 2–3 times with deionized water and eth-

anol, the resulting precipitate is dried at 80°C for 12 

hours in an oven. Finally, the powder is taken in a sili-

ca crucible and annealed in a furnace at 500°C for 2 

hours and a CeO2/Nb2O5 nanocomposite is obtained. 

3. Results and Discussion 

3.1 The Powder XRD analysis of CeO2/Nb2O5 Nano-

composite 

The powder XRD pattern of CeO2/Nb2O5 nanocompo-

site is depicted in Fig. 1. The powder XRD pattern con-

firms the formation of CeO2/Nb2O5 nanocomposite. 

The diffraction peaks at 28.28 ̊, 32.28 ̊, 47.50 ̊, 58.34 ̊, 

and 76.80 ̊ can be indexed to the (111), (200), (220), 

(311), (311), and (331) planes of the cubic structure 

CeO2 (JCPDS card No. 34-0394). The diffraction peaks 

at 24.93 ̊, 38.09 ̊, 44.15 ̊, 54.50 ̊, 56.20 ̊, 63.98 ̊, 66.74 ̊, 

71.92 ̊ can be indexed to the (440), (211), (721), (831), 

(602) and (400) plane of hexagonal Nb2O5 (JCPDS card 

No.72-1484).  This confirms the presence of both ceri-

um and niobium oxide in the prepared composites. 

The crystallite size of the CeO2/Nb2O5 nanocomposite 

is calculated by Scherer formula, the average crystal-

lite size is found to be 17.2 nm.  

The calculated crystallite size, dislocation density and 
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the interplanar spacing of the prepared CeO2/Nb2O5 

nanocomposite are presented in table 1.  

 

Table 3:  Calculated crystallite size, dislocation 

density and d-spacing of prepared CeO2/Nb2O5 

nanocomposite   

 

3.2 FTIR analysis 

The FTIR spectrum of CeO2/Nb2O5 nanocomposite was 

obtained using the KBr pellet method, as publicized in 

Fig. 2. The weak bands at 1389 cm-1, 1564 cm-1 and 3429 

cm-1are due to (O-H) stretching vibration of water. The 

band around 1115 cm-1 may be due to the (C-O) single 

bond stretching mode. The broad band around 1644 cm-

1 is due to the H-O-H bending vibration of water. The 

spectrum exhibits a strong band at 506 cm-1, 844 cm-1 

confirms the (O- Ce-O) stretching vibration of the spec-

tra (ref). The absorption band around 706 cm-1 is  due to 

the presence of  (O-Nb-O) spectra. 

 

3.3 UV-Visible absorption analysis 

 

The optical properties of the synthesized CeO2/Nb2O5 

nanocomposite are determined from the absorption 

measurement in the UV-visible ranges from 200 to 800 

nm.  The UV-visible analysis is used to find the optical 
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transparency of the synthesized sample. The UV- vis. ab-

sorption spectrum of CeO2/Nb2O5 nanocomposite is de-

picted in the Fig. 3. The maximum absorption peak oc-

curred at 346 nm. The band gap energy of CeO2/Nb2O5 

nanocomposite is 3.59 eV. 

3.4 HRSEM analysis 

The HRSEM is employed to study surface morphology of 

the prepared CeO2/Nb2O5 nanocomposite. Fig. 4 shows 

the HRSEM image of CeO2/Nb2O5 nanocomposite with dif-

ferent magnifications (a) 5μm and (b) 500 nm. 

The HRSEM image shows the spherical like morphology 

and the estimated average particle size is 32 nm. 

 

 

 

 

 

 

 

 

 

3. Conclusion 

The CeO2/Nb2O5 nanocomposite is synthesized by co-

precipitation method. The average crystallite size of the 

CeO2/Nb2O5 nanocomposite is 17.2 nm. The composition-

al analysis of the CeO2 / Nb2O5 nanocomposite is studied 

by FTIR. The spherical morphology of the CeO2/Nb2O5 

nanocomposite is observed by HRSEM analysis. From the 

UV-Vis. absorption analysis, the band gap energy of 

CeO2/Nb2O5  nanocomposite is estimated.  
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