
American Journal of Materials Synthesis and Processing 

2026, Vol. 11, No. 2, pp. 38–51 

https://doi.org/10.11648/j.ajmsp.20261102.11  

 

 

 

Received: 14 August 2026; Accepted: 25 August 2026; Published: 18 September 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

Research Article 

Design, Synthesis, and Characterization of Ag@CeO2 

Nanoparticles: Tuning Their Structural, Optical, and 

Morphological Properties via Sol–Gel Method 

Tasmea Noureen Kosir1 , Arooj Sajjad2 , Iqra Arshad3 , Sajid Hussain1, * , 

Muhammad Javid4 , Muhammad Sajid Abbas1 , Muhammad Hasnain4 ,  

Abuzar Hasnain Raza1 , Samina Liaqat5 , Iqra Khaliq6 , Ateeq Ur Rehman1  

1Department of Physics, University of Agriculture, Faisalabad, Pakistan 

2Department of Chemistry, Lahore Garrison University, Lahore, Pakistan 

3Department of Botany, University of Agriculture, Faisalabad, Pakistan 

4Department of Chemistry, University of Agriculture, Faisalabad, Pakistan 

5Department of Chemistry, Government College University, Faisalabad, Pakistan 

6Institute of Chemistry, Khawaja Fareed University of Engineering and Information Technology, Rahim Yar Khan, 

Pakistan 

 

Abstract 

The present study give information about Ag-doped cerium dioxide (Ag@CeO2) nanoparticles (Agx Ce1-x O2, where x = 0, 0.02, 

0.04, and 0.06 molar ratios, corresponding to 0, 2, 4, and 6 mol% Ag) that were synthesized via a cost-effective and novel sol-

gel method. Pure and Ag-doped CeO2 samples with varying dopant concentrations were prepared to evaluate the influence of 

Ag-doping on the fluorite cubic structure of ceria. Characterization Techniques like X-ray diffraction analysis confirmed the 

phase change from amorphous to face centered cube (FCC) in Ag@CeO2 and crystallite size from 19.29 nm for pure CeO2 to 

18.70 nm for Ag-doped CeO2, as calculated using the Scherrer equation. Scanning Electron Microscopy analysis revealed the 

non-uniform and irregular surface morphology of Ag@CeO2 NPs using SEM micrograph. notable red shift in the absorption 

edge, corresponding to a bandgap (Eg) narrowing from ~ 3.2 eV down to ~ 2.7 eV with increasing silver concentration. Scanning 

electron microscopy (SEM) and transmission electron microscopy (TEM) analysis’s showed significant morphological changes, 

transitioning from uniform spherical grains to agglomerated nanostructures with enhanced surface-to-volume ratios. UV-Visible 

analysis conformed Fourier-transform infrared (FTIR) spectroscopy, which further validated the formation of Ce-O and Ag-O 

vibrational modes. Energy-dispersive X-ray spectroscopy (EDX) verified elemental composition and weight percentage 

distributions. The enhanced optical response and tailored nanostructure make these Ag-CeO2 nanoparticles highly promising 

candidates for optoelectronic devices, photocatalytic degradation, and biomedical applications. 
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1. Introduction 

Cerium oxide (CeO2) has attracted considerable attention as 

a multifunctional metal oxide because of its excellent chemi-

cal stability, high oxygen storage capacity, remarkable redox 

behavior, and wide range of technological applications [1, 2]. 

Owing to its fluorite crystal structure and the reversible 

Ce3+/Ce4+ redox couple, CeO2 exhibits unique structural, opti-

cal, catalytic, and electronic properties, making it a promising 

material for photocatalysis, sensors, energy conversion, envi-

ronmental remediation, and optoelectronic devices [3]. How-

ever, the relatively wide band gap and rapid recombination of 

photogenerated electron-hole pairs limit the performance of 

pristine CeO2 in several practical applications [4]. 

Several strategies have been employed to improve the phys-

icochemical properties of CeO2 nanoparticles, among which 

metal-ion doping is one of the most effective approaches [5]. 

Silver (Ag) is a suitable dopant because it can modify the crys-

tal structure, reduce crystallite size, enhance visible-light ab-

sorption, and improve charge-carrier separation [6]. Thus, Ag 

dopening significantly influences the structural, optical, and 

morphological characteristics of CeO2, leading to enhanced 

functional performance [7, 8]. 

This synthesis method plays an important role in determin-

ing the particle size, morphology, crystallinity, and optical 

properties of nanoparticles [9, 10]. Among the various synthe-

sis techniques, the sol-gel method offers several advantages, 

including simplicity, low processing temperature, high purity, 

excellent compositional homogeneity, and precise control 

over particle size and morphology [10, 11]. These features 

make the sol-gel route particularly suitable for synthesizing 

uniformly dispersed Ag-doped CeO2 nanoparticles [12, 13]. 

The structural, morphological, elemental, and optical proper-

ties of the synthesized nanoparticles were characterized using 

X-ray diffraction (XRD), scanning electron microscopy 

(SEM), energy-dispersive X-ray spectroscopy (EDX), Fourier 

transform infrared (FTIR) spectroscopy, and UV–Visible 

spectroscopy [14]. The present study focuses on the synthesis 

of Ag-doped CeO2 (Ag@CeO2) nanoparticles via the sol-gel 

method and the systematic investigation of their physico-

chemical properties [15]. Finally, the optical performance of 

the prepared nanomaterials was evaluated to assess the influ-

ence of Ag-doping on the functional properties of CeO2 nano-

particles [16]. 

2. Experimental Procedure 

2.1. Materials and Method 

Conversely, substance strategies provide a simple and ver-

satile option for the nanostructure of readiness due to lower 

union temperature and higher atom uniformity; some of these 

substances' processes call for a longer reaction time, a higher 

pressing factor, and several handling operations, as well as a 

higher growth temperature (more than 100°C). Other syn-

thetic approaches use surfactants and other chemicals to match 

the form and size of nanostructures, which introduce impuri-

ties into the ideal product. 

The following chemicals were used. 

1) Silver Nitrate (AgNO3) 

2) Acetic Acid (CroH9NO2) 

3) Sodium hydroxide (NaOH) 

4) DI water (H2O) 

5) Cerium (IV) Sulfate tetrahydrate (Ce(SO4)2.4H2O). 

Table 1. Molecular weight of materials used in research work. 

Compound Molecular waight(g) 

Silver Nitrate 169.87 

Acetic acid 60.052 

Sodium hydroxide 39.99 

DI water 18.015 

Cerium (IV) Sulfate tetrahydrate 404.3 

2.1.1. Silver Nitrate 

Silver nitrate (AgNO3) is a colorless solid. When it comes 

into contact with light or any biological material, it turns black. 

AgNO3 (Silver nitrate) can be made by dissolving silver in ni-

tric acid and then evaporating the solution. The cation of silver 

(Ag) and anion of nitrate (NO3) form an ionic bond. Because 

of its ionic nature, this chemical disperses readily in water and 

breaks down into its component ions. The stoichiometry of the 

process is determined by the nitric acid concentration used. X-

ray crystallography has been applied to analyze the composi-

tion of silver nitrate multiple times. Silver nitrate is a caustic 

chemical compound used as an antiseptic, to prepare other sil-

ver salts in industry, and as a reagent in analytical chemistry. 

AgNO3 is its chemical formula. In its solid state, a trigonal ar-

rangement of AgNO3 is used. It is often used as a base for 

other substances containing silver. 

 
Figure 1. Silver Nitrate. 
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2.1.2. Uses of Silver Nitrate 

In addition to being used to create photographic films, it is 

also used in the lab as a stain to make proteins visible in PAGE 

gels or scan imaging techniques. AgNO3 is a caustic chemical 

compound used as an antiseptic, in the production of various 

silver salts in industry, and as a reagent in analytical methods. 

Photography, mirrors, inks, chemical analysis, silver plating, 

and dyes all require silver nitrate. 

Table 2. Properties of Silver Nitrate. 

Properties Silver Nitrate 

The molecular weight of AgNO3 169.87 g/mol 

Density of silver Nitrate 4.35g/cm3 

Melting point of AgNO3 212°C 

Boiling point of AgNO3 440°C 

2.1.3. Acetic Acid 

Acetic acid is an organic liquid that is transparent, colorless, 

and has a pungent odor similar to household vinegar. The bulk 

of acetic acid is produced through methanol catalytic oxida-

tion, in which methanol & carbon monoxide mix to make ace-

tic acid. The substance is miscible with CHOH, CHCOCH3, 

and ethyl ether benzene and dissolves in CCL, and carbon di-

sulfide. The chemical formula for acetic acid is CH3COOH. It 

is used as a raw material and solvent in the manufacture of oil, 

gas, pharmaceutical, and food industries. It can be mixed in 

any quantity with water, alcohol, or ether. Acetic acid, like 

ethanol is a hydrophilic solvent. It dissolves oils, sulfur, iodine, 

and mixes them with water, hexane, and chloroform. It forms 

crystals that look similar to ice at temperatures below 16.6°C. 

It can be used for a variety of purposes because it is a polar, 

strong acid solvent. Glacial CH3COOH is frequently em-

ployed in analytical chemistry to evaluate weakly alkaline 

substances. Acetic acid is a particularly essential industrial 

solvent because of its favorable solvent characteristics and 

ability to generate miscible mixes with both polar and non-

polar chemicals. It is commonly utilized in the production of 

dimethyl terephthalate (DMT). 

 
Figure 2. Acetic Acid. 

2.1.4. Sodium Hydroxide 

The corrosive white crystalline solid sodium hydroxide 

(NaOH), often known as caustic soda or lye, contains the Na 

(sodium) cation and the OH (hydroxide) anion. It fascinates 

water quickly till it dissolves. It has no smell. Water, glycerol, 

and ethanol are all soluble in it. An exothermic reaction occurs 

when solid sodium hydroxide is combined with water. PH 

stands for Potential of Hydrogen in its entire form. The con-

centration of hydrogen ions in a solution is known as pH, and 

it is used to determine whether a solution is acidic or basic. 

Some household cleaners, such as drain cleaners and oven 

cleaners, contain sodium hydroxide. NaOH is one of the most 

basic hydroxides and is widely used to explain the pH scale to 

chemistry students, alongside neutral water and acidic hydro-

chloric acid. 

 
Figure 3. Sodium Hydroxide. 

2.1.5. Deionized Water 

The most basic definition of deionization is the method of 

removing ions (charged particles) from water. Typically, an 

ion-exchange medium is used in this process, which draws 

charged mineral ions and substitutes them with ions that even-

tually combine to form water. DI grade water is filtered water 

that has almost all of its mineral ions removed, including cat-

ions such as calcium, iron, NaCl, and Cu, as well as anions 

such as Cl and sulfate. Most contaminants are removed from 

distilled water by boiling it until it evaporates and then re-con-

denses. The DI method makes use of ion-exchange resins that 

trade hydrogen as well as hydroxyl ions for dissolved minerals, 

then recombine to produce water (H2O). 

2.1.6. Cerium (IV) Sulfate 

Cerium (IV) oxide is a rare-earth metal oxide also identified 

as ceric dioxide, ceric oxide, cerium oxide, ceria, or cerium 

dioxide. CeO2 is a chemical compound with a pale yellow-

white precipitate. It serves as both a crucial stage in the ex-

traction of the metal from its ores and a commercially valuable 

byproduct. Ce (SO4)2 is the anhydrous salt, whereas Ce (SO4)2. 

(H2O) is the hydrated version, with x equal to 4, 8, or 12. 

These salts are solids that range in color from yellow to yel-

low-orange and are mildly soluble in water and dilute acids. 
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Figure 4. Cerium Sulfate. 

2.1.7. Properties of Cerium Sulfate 

1) The molecular weight of Ce(SO4)2 332.24 g/mol. 

2) The density of Cerium sulfate is 3.91 g/cm. 

3) The melting point of Cerium sulfate is 350°C. 

4) Its Appearance is Yellow-orange crystal (tetrahydrate). 

2.2. Apparatus 

The apparatus used in the research work was: Beakers (to 

make different solutions) 

1) Electronic Balance 

2) Magnetic Stirrer 

3) Centrifuge Machine 

4) Aluminum Foil 

5) Spatula 

6) Dropper 

7) Oven 

8) Furnace 

9) China Dish 

2.2.1. Electronic Balance 

Balances do not precisely observe mass; rather, they gauge 

the weight dropped downward pressure on the balancing pan. 

This weight is measured using an electromagnet because the 

majority of measurement equipment uses electromagnetic bal-

ancing. The force generated by the electromagnetic servomo-

tor counteracts the weight of the mass being recorded. After 

that, the mass is displayed on the screen. Many balances con-

tain a "null detector" that employs a light source and detector 

to indicate when the weight and electromagnetic forces are 

equivalent. Analytical balances and precision balances with 

readabilities of 0.001 g, 0.01 g, and 0.0001 g are some of the 

most frequently used balances in labs today. A plastic enclo-

sure, a stainless steel frame, an LCD and weighing pan (in the 

case of an electronic balance), and a glass draught shield are 

the most common components of a laboratory balance. Re-

search labs, clinical laboratories, industrial settings, produc-

tion academic settings, and environmental settings are among 

places where laboratory balances can be used. Digital bal-

ances have greatly reduced or eliminated the possibility of hu-

man error. Simplified the device's functioning and reduced 

weighing times. A digital balance has the disadvantage of re-

quiring electricity to operate. Today's lab balances and scales 

come in a variety of designs and sizes. A balance is an essen-

tial piece of equipment in every research facility. Generally, 

laboratory balances are used to determine the weight or mass 

of an object with extreme precision. 

 
Figure 5. Electronic Balance. 

2.2.2. Beakers 

A large, cylindrical glass container with such a pouring lip 

is commonly used in laboratories. Because of their conical 

shape, these beakers are also known as conical or titration 

beakers. Emil Erlenmeyer, a German chemist, gave them their 

name. Laboratory beakers are containers in which liquid can 

be swirled, combined, or heated. Depending on the objectives, 

they come in different sizes, materials, and shapes, and they 

can be reusable or disposable. 

 

Figure 6. Beakers. 

The cylindrical beaker, typically made of borosilicate, the 

flat bottom, beaded rim or lip, and the little spout in the shape 

of a beak are all telltale indications of the beaker. These are 

the most common and are employed for a variety of tasks, in-

cluding making solutions and filtering supernatant fluids, 

holding waste fluids before disposal, and executing simple re-

actions. When performing a chemical experiment, low-form 

beakers are likely to be employed in some fashion. These are 
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the most common and are employed for a variety of tasks, in-

cluding making solutions and performing simple processes, 

storing waste fluids before removal, and handling supernatant 

fluid. When performing a chemical experiment, Low-form 

beakers will probably be employed in a certain manner. 

2.2.3. Magnetic Stirrer 

A magnetic stirrer, which generates a rotating magnetic 

field, is frequently employed in lab settings. It is made up of 

an electromagnet that is either fixed or rotating. This tool 

could be used, for instance, to quickly spin, dip in a liquid, 

make a stir bar, and stir or combine a solution. To warm the 

liquid, a magnetic stirring system is typically used in conjunc-

tion with a connected heat pump. In many contemporary mag-

netic stirrers, an electric motor rotates the magnets. This is one 

of the simplest pieces of mixing equipment to operate. Be-

cause they are silent, magnetic stirrers may agitate closed sys-

tems. 

A magnetic rod that is placed into the solution and stirred is 

the basis of magnetic stirring. Alternative revolving or assem-

bly of the stirrer's electromagnets beneath the liquid-filled 

container drives the stirring bar's movement. Magnetic or me-

chanical spinning is ineffective in dispersing NPs on its own. 

This method has been used to disperse nanotubes. However, 

it is usually employed in conjunction with other, more effec-

tive dispersion methods, such as sonication. Bar-shaped elec-

tromagnetic stirrers typically have an octagon or round cross-

section, though there is a range of unusual shapes available for 

more efficient stirring. Numerous stir sticks have an axle cir-

cle that rotates everywhere in the center. The highest fluid 

temperature that can be reached is determined by the flask size, 

the amount of solution to be heated, the heating element's 

power, and the amount of insulation provided to the device. 

To avoid interference with the magnetic field, these stirrers 

must be used in glassware or other non- metal beakers. 

 

Figure 7. Magnetic Stirrer. 

2.2.4. Centrifuge Machine 

A method of numerically integrating the Navier-Stokes 

equations is presented for axisymmetric compressible flows. 

A modified Newton's method is employed to determine the 

steady motion of gas in a rotating cylinder without the use of 

a time-consuming marching process with respect to time. A 

suitable form of the finite difference equations gives a com-

putationally stable integration with reasonable representation 

of the spatial characteristics of the flow. The method includes 

a Gaussian elimination procedure which consists of the trans-

formation of the Jacobian matrix to a triangular matrix fol-

lowed by backward substitution. By using an auxiliary con-

stant matrix algorithm, the method gives the solution within 

reasonably acceptable computation time. 

As an example of the method, some features of solutions 

are presented for the steady flow of UF6 gas in the centrifuges, 

which have openings for feed and withdrawal on the end 

plates of centrifugation; two substances in a solution can be 

separated from one another. During this whole process, the 

heavier element of the mix migrates away from the middle, 

whereas the lighter portion migrates toward the axis. A centri-

fuge works on the sedimentation theory, which states that liq-

uids segregate according to density under the effect of gravity 

(g-force). Isopycnic, the gradient of mass, phase separation, 

ultrafiltration, and pelleting are examples of separation meth-

ods. The constituents of various mixtures are separated via 

centrifugation. Here are solids in fluids, liquids in fluids, and 

gases in solids and liquids. Thick and heavy components are 

moved from the inside of the tube to the outside by centrifugal 

force. It makes it simpler for the substance to sink completely. 

 
Figure 8. Centrifuge Machine. 

2.2.5. Furnace 

An appliance that generates and transmits warmth to sub-

stances to bring about physical and chemical change is called 

a furnace. Typically, heat is produced by using liquid or vapor 

fuel, applying electric power via resistive heating or induction 

warming, or both. The four fundamental kinds of heaters are 

powered by electric, oil, gas, and propane. While electric 
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burners may heat the atmosphere by exposing hot portions, 

other kinds of furnaces frequently need a converter or cylinder 

to heat the lower atmosphere. The furnace converts heat into 

the air, which is subsequently circulated through the ductwork 

of a home and out vents by blower fans. The purpose of a re-

search lab chamber furnace is to heat substances that are en-

closed within the chamber. 

 
Figure 9. Furnace. 

The samples are placed into the processing chamber. The 

user enters a temperature set point into the burner controller, 

and the temperature rises in response. Heat is distributed 

evenly across the chamber, gradually heating the samples in-

side. A laboratory chamber furnace is heating equipment that 

complies with the temperature control and uniformity criteria 

of laboratory operations. It's a common piece of equipment in 

many labs, and it's used for a variety of tasks, such as ashing 

and thermal treatment of materials. It's a common piece of ma-

chinery in many labs, and it's used for a variety of tasks, like 

ashing and heat treatment of substances. Ashing, thermal 

treatment of nanomaterials, carbon nanotube manufacturing, 

calcination, quenching, crystal growth, annealing, curing, loss 

on ignition analysis, Thermogravimetric analysis, and sinter-

ing are just a few of the applications for laboratory chamber 

furnaces. Metallic wire heating components with a maximum 

temperature of 1000°C-1200°C are the most popular. With a 

silicon carbide heat source, lab furnaces can reach 1600°C and 

1800°C with a molybdenum disilicide heat source. 

2.3. Synthesis of Ag Nanoparticles 

Beakers, burettes, flasks, and the crucible sintering rod 

were all rinsed in distilled water before starting the sample 

preparation. The Silver/Ag nanomaterial will be prepared 

through a sol-gel technique. This was done to make sure the 

samples were clean. As with silver precursors, AgNO3 (silver 

nitrate) will be employed. 0.01 M solution of silver prepared, 

and make a solution (A) in a beaker 0. 016987g of silver ni-

trate (AgNO3) was dissolved in 10ml distilled water and agi-

tated for 1 hour on a magnetic stirrer. Then, solution (B) was 

made in a beaker with 0.2g NaOH (Sodium hydroxide), 1 ml 

Acetic Acid, and 10 mL distilled and stirred for 1 hour on a 

magnetic stirrer. Then both solutions A and B mix again for 

one hour of stirring. After that, the product was dried for two 

hours (2 h) inside an electric oven set at 80°C. 0.01 solutions 

were prepared, and a similar process was repeated for 0.02 M 

and 0.03M. The combined solution was then heated for half 

an hour at 450°C in a muffle furnace. 

2.4. Synthesis of Cerium Dioxide 

Beakers, burettes, flasks, and the crucible sintering rod 

were all rinsed in distilled water before starting the sample 

preparation. This was done to make sure the samples were 

clean. NaOH (0.40g) was used in a typical method for produc-

ing CeO2 nanoparticles; it was diluted in 10mL of distilled wa-

ter and agitated on a magnetic stirrer for half an hour. For one 

hour, 0.4043g of Cerium Sulfate tetrahydrate (Ce 

(SO4)2 · 4H2O) was added to this agitated solution. Both so-

lutions were mixed and stirred at room temperature until the 

solution became homogeneous. We used a hydrothermal ap-

proach in our lab to make ceria nanoparticles with various 

morphologies. We made ceria nanorods in an autoclave with 

50 mL of Teflon liner at 120°C for 15 hours using (Ce(SO4) 

2 · 4H2O) and NaOH as reactants. This solution was centrifuged 

after 15 hours of autoclaving, and the result was dried for two 

hours (2 h) inside an electrical oven set at 80°C. The combined 

solution was then heated for half an hour at 450°C in a muffle 

furnace. 

2.5. Crystal Structure of Cerium Oxide (CeO2) 

The fluorite form of Cerium dioxide contains the space 

group Fm3m and is composed of a straightforward cubic ox-

ygen sub-lattice with alternate cube centers occupied by ce-

rium ions. This diagram of the stoichiometric CeO2 displays 

the eight correlated cerium and the four coordinated oxygen 

(represented by solid red big balls). Ceria is at the center of a 

tetrahedron with oxygen atoms at its corners. 

The crystalline oxygen atoms in CeO2 are eliminated when 

oxygen molecules are produced to keep the electrical conduc-

tivity constant while cerium cations are exchanged with lower 

valence elements (M² M3) to form solid solutions. Due to the 

coexistence of Ce1 and Ce3 ions, the nanoceria crystal typi-

cally has a few flaws. 

Cerium dioxide, which usually has a cubic nanofiber, has 

been thought to be a good high-refractive index compound 

film in particular and multilayered photosensitive coatings. As 

a result, innovative bi-layer photoanodes are made of nano-

cubic. Ceria elements with huge mirror-like facets are likely 

to be a promising option for achieving more suitable light-har-

vesting and refining the performance of DS solar cells. 
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Though. Since they tend to form huge aggregates and the 

packing density in the films is frequently relatively low, 45-

cubic cerium oxide NPs haven't found widespread use as light-

scattering materials. For DSSCS applications, we use a 

screen-printing approach to introduce a submicrometer-sized 

ceria (CeO2) thin coating (1.5 m) on the upper surface of a 

thick Titanium O2 50 layer. When using a back-illumination 

method, superior cubic nanomaterials with visible mirror-like 

façades are expected to scatter and reflect light similarly to 

mirrors, resulting in high light harvesting efficiency. Sche-

matic model for the mirror-like dispersion phenomenon in a 

bilayered photocatalyst. 

CeO2 photocatalytic and photoelectrocatalytic capabilities 

suggest that it could be used as a photocatalyst in sewage ex-

posure. Ceria can be used as a/an corrosion-resistant coating 

for metals and alloys; solid oxide fuel cells have an oxygen 

ion conductor; a polishing agent for glass; a sunscreen in cos-

metic products; a sensing element additive in ceramic materi-

als In fluid catalytic splitting Three-way catalysis anode sub-

stance for lithium-ion batteries. 

3. Results and Discussion 

3.1. Sol-gel Technique 

In materials, the method used in larger particle converted 

into smaller particles is called the sol-gel technique. In this 

process, we get two types of materials: sol and other one is gel. 

In this process, the monomers are altered into a sol, and other 

one was changed into gel. At the start declared that the sol-gel 

process synthesizes the eternity of ceramics and constituents. 

In this path, various types of sol gel materials are present, such 

as inorganic pigments, catalysis, drugs, and metallic and mag-

netic nanoparticles. The watery chemical process was sol-gel, 

and many different processes for the preparation of the mate-

rials like hydrolysis, gelation, polycondensation, drying, and 

crystallization. 

The sol-gel method is a highly efficient chemical process 

for producing high- purity nanostructures or nanocomposites. 

This method involves the preparation of a solution that con-

tains the precursors and the subsequent breakdown of those 

precursors into the appropriate nanostructure at a suitable tem-

perature. Ag nanostructure was successfully created using the 

sol-gel technique. Hydrothermal synthesis refers to the vari-

ous processes and a method for creating a single crystal that 

depends on the dissolution of minerals in heated, high-pres-

sure water and is used to crystallize compounds from in-

creased aqueous solutions at high vapor pressures. High vapor 

pressure CeO2 materials are produced via the hydrothermal 

method at melting temperatures. 

3.2. X-ray Powder Diffraction (XRD) 

The dual wave/particle character of X-rays is used in X-ray 

diffraction (XRD) to gather info on the construction of crystal 

structures. The approach is primarily used to identify and 

characterize chemicals based on their diffraction patterns [17, 

18]. Once an X-ray is directed at a mineral, it disperses in a 

shape that is exclusive to the assembly. In particle X-ray dif-

fraction, the object's powder is used to create the diffraction 

grating instead of a single crystal. To ascertain a molecule's 

structure or form, X-ray diffractometer (XRD) is used. Long-

order can be seen in the way that material atoms deflect light 

via X-rays [19]. A material is exposed to X-rays using the 

XRD methodology, which then measures the intensity and 

dispersion orientations of the X-rays that leave the substance 

[20]. The following are the key advantages of X-ray diffrac-

tion: It's a rapid as well as an active way to identify unfamiliar 

raw materials. Simply preparing a few samples for testing is 

performed. The findings are rather easy to understand. Photon 

energy in X-rays ranges. to 100eV-100k eV [21]. 

 
Figure 10. XRD. 

An X-ray tube, an X-ray sensor, and a taster holder are the 

three fundamental apparatuses of an X-ray diffractometer. By 

heating a filament in an X-ray tube to create electrons, which 

are then accelerated more towards a target by the addition of 

power and bombarded with much more electron density, X-

rays are created [22]. When ions get enough energy to push 

out the target substance's outermost electron, a unique X-ray 

spectrum is produced [23]. The substance is shielded from 

such X-rays before they can be sent there [24]. The specimen 

or detector is turned while the energy of the X-ray is measured 

[25]. When the Bragg Equation is satisfied by the geometry of 

the incoming X-rays infringing on the sample, an interference 

pattern takes place, producing an intensity peak [26, 27]. 

3.3. XRD Pattern of CeO2 

The powder XRD pattern of CeO2 nanoparticles (NPs) as 

they were manufactured is shown in Figure 11. The distinct 

peaks in this picture are 2-28.5, 33.9, 47.8, 56.2, 58.5, and 

69.10, which correspond to the lattice planes (111), (200), 
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(311), (222), (400), and (420) respectively. All of the powder 

XRD pattern reflections in this activity instance were listed in 

the indicator utilizing the software application. No other phase 

peak was found, suggesting the product's excellent purity. 

 
Figure 11. XRD Cerium nanoparticles. 

The XRD results from the powder's crystallite size were 

calculated with the UNIT CELL technology coder, as the re-

sults were a = b = c 5.416, 90. According to a detailed report 

published in the literature (JPDS43-1002), the lattice parame-

ters discovered in ceria nanoparticles are thought to provide a 

good understanding. The large peaks in the powder XRD pat-

tern of CeO2 nanoparticles confirm the creation of tiny nano-

particles [28, 29]. 

Planes (111), (200), and (220) Peaks of an XRD analysis 

can be indexed since the pattern contains peaks that were ob-

served corresponding to the (311), (200), & (220) Bat surface. 

The XRD pattern showed the existence of diffraction peaks 

correlating to the planes (111), (200), or (220). The mean par-

ticle size calculated using the Scherrer technique on the major 

(111) diffraction pattern of the X-ray diffraction peaks is 202 

am, which matches the size of solitary NPs detected in TEM. 

3.4. Scanning Electron Microscopy (SEM) 

By analyzing an object's surface, scanning electron micros-

copy (SEM) can take high-resolution images of it. An ab-

sorbed beam of electrons is utilized in SEM to achieve this 

[30]. The images that result reveal information about the ob-

ject's composition and physical characteristics. A scanning 

electron microscope is used to gather this information regard-

ing composition or topography [31]. A beam of electrons is 

used in transmission electron microscopy to examine material. 

Throughout this procedure, the photon energy passes through 

several lenses and slits that concentrate it. Since the process is 

taking place in an atmosphere, no atoms or molecules in the 

microscope column can interact with the electron beam [32]. 

By doing this, high-quality imaging is guaranteed. The suction 

also shields the electron gun from vibration and noise [33]. 

In a dense grid, the beam of light sweeps the pattern's sur-

face in segments from side to side and from top to bottom. 

Atoms on the sample's contact with the beam engage in inter-

action [34]. This contact results in the formation of secondary 

electrons, particles, rays, and backscattered light that are 

unique to the sample. The microscope's sensors take up the 

stimuli, creating high-resolution pictures that are displayed on 

a computer monitor [35]. The electronic source is already sit-

uated at the top of the microscope's column and produces elec-

trons. The anode structure's positive charge pulls the electrons 

in, creating a stream [36]. The condensing lens, which further 

controls the number of electrons in the beam, determines the 

laser's size. The width of the laser affects the picture quality. 

The laser's size can be changed by using a wide range of sorts. 

The beam is bent by the scanner coil along the x- and y-axis 

such that it sweeps throughout the sample's area in a dense 

grid [37]. The imaging viewfinder is the final lens in a chain 

that generates a beam of electrons. Additionally, the beam is 

concentrated in a small area by the lens that is nearest to the 

specimen. 

 
Figure 12. SEM Characterization Setup. 

3.4.1. SEM Analysis of Cerium Oxide Nanoparticles 

An electron microscope scanner was used to examine the 

cerium NPs and dense film used in this study. (a) This image 

depicts pure CeO2 nanoparticles and a nanostructure of small 

size. (b) The image shows a silver and cerium heavy film com-

posite made up of spongy nanostructures photographed at 100 

nm; (c) this image shows nanoparticles photographed at 100 

nm with a flat surface nanostructure, and (d) the thick film is 

made up of a flat sheet of nanomaterials photographed at 100 

nm. The thick film obtained after firing the substrate at 100-

1000 exhibited a hopeless construction of nanoparticles. The 

medium-sized nanomaterials were 70nm and were distin-

guished on the substrate by being warmed 100-500. This is 

because the route of the spherical shell after thermal treatment 

at temperatures of 100 or higher suggests that the NPs are vital 

for the core at the end of hard movies. 
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Figure 13. SEM Analysis of cerium oxide nanoparticles. 

3.4.2. SEM Analysis of Ag Nanoparticles 

Furthermore, SEM studies of the produced Ag (silver) nanoparticles revealed that they ranged in size from 35 to 60 nm. This 

picture shows that nanoparticles photographed at 400 nm have a rough surface, and the boundaries of the nanostructure are not 

clear. 

  
Figure 14. SEM Analysis of Ag Nanoparticles. 

3.5. UV-Vis Spectroscopy 

A method for determining the purity of compounds is UV-

Vis spectroscopy [38, 39]. Many substances have fluorescent 

dyes, which absorb specific frequencies of ultraviolet visible 

sunlight. The light source, sample holder, monochromator, de-

tector, and interpreter are the five major components of UV-

visible spectroscopy [40]. UV-Vis Spectroscopy in Practice 

Technique Analyses of DNA and RNA for pharmaceuticals. 

Bacterial culture is a term that refers to the cultivation of bac-

teria. Analyze the beverage the visible light spectrum includes 

400-700 nm, while the UV range includes 100-400 nm [41]. 

However, because light sources in this range are expensive, 

the majority of spectrophotometers work in the profound ul-

traviolet region of 100-200 nm major drawback is the amount 

of time needed to set up a UV-VIS spectrometer. For utilizing 
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a UV-VIS spectrum analyzer, setup is essential. UV or UV-

VIS spectra are often measured at elevated/low pH, and the 

outcomes of both are contrasted to a standard solution for the 

material in question [42]. Since the Spectrometer only absorbs 

a small quantity of light over a short path length, it is fre-

quently not the most sensitive method fluorescence is one of 

the more precise spectroscopic methods, because though most 

compounds don't fluoresce, it isn't as extensively used [43]. 

Observational methods for making other conclusions, like in-

frared spectra, are also sensitive to UV-Vis [44]. 

3.5.1. UV-Vis Optical Spectrum of Silver 

The absorption maxima were noted by UV-Vis spectropho-

tometric light spectrum 400 nm-wavelength at 420 nm, which 

is excellent and consistent with the theoretical result. The va-

lence bands are relatively close to one another, and electrons 

can freely flow between them. A Surface Plasmon Resonance 

(SPR) absorption band is formed by these free electrons. The 

size of the particles, chemical dielectric medium, and environ-

ment all play a role in absorption. The absorption spectra for 

small metallic particles (diameter 20 nm) are mostly deter-

mined by the dipole oscillation. The SPR peak changes to the 

lower wavelength side as size is reduced, both theoretically 

and empirically. Figure 15 displays the UV-Vis immersion 

spectra of Ag NPs distributed in chloroform. The absorption 

SPR (Surface Plasmon resonance) peak is measured at 422 nm 

in the visible region, which agrees well with the predicted 

wavelength (nm). 

 
Figure 15. The UV-Visible absorption spectra of Ag nanoparticles. 

UV-Vis optical spectrum of CeO2 shows an energy gap of 

3.2 eV, which is not as great as the valence band of commer-

cial CeO2. The spectra of CeO2, a type of semiconductor, fluc-

tuate between 2.7eV and 3.4 eV depending on the manufac-

turing procedure. The redshift in the CeO2 sample could be 

attributed to the trivalent ionic cerium component. 

 

3.5.2. UV-Vis of Ag/CeO2 Nanocomposites 

The absorption maxima were noted by UV-Vis spectropho-

tometric light spectra at 420 nm, which is exceptional and con-

sistent with the theoretical result. Sample 1 depicts the maxi-

mum absorbance of light and the wavelength that corresponds 

to this particular maximum. It is also absorbing some amount 

of light and other wavelengths from this particular point. We 

see different concentrations if we record the spectra under 

identical conditions. 

 
Figure 16. UV- Visible spectra. 

3.6. FTIR (Fourier Transform Infrared 

Radiation Spectroscopy) 

FTIR Spectroscopy is a basic technique that is used to de-

termine the interaction between the infrared radiation (IR) and 

a specimen that can be liquid or that can be solid [45]. It de-

termines the various frequencies and the intensity of these ab-

sorptions that the sample absorbs. The measurements of the 

frequencies that the sample absorbs are very useful for de-

scribing the specimen's chemical makeup because the func-

tional chemical groups are important for the absorption at var-

ious frequencies. Now, the latest FTIR instruments are more 

sensitive, faster, and digitalized than older ones. A Fourier-

transform infrared spectrometer can identify hundreds of 

VOCs (Volatile organic compounds) emitted from industrial 

sources [46-48]. FTIR spectroscopy is used to analyze the 

compositional and structural components related to environ-

mental samples [49]. FTIR spectroscopy gives non-destruc-

tive, real-time, and simultaneous analysis of complex samples, 

for example, the smoke of a cigarette. Any structural changes 

that can be produced in samples due to the biodegradation pro-

cess can be determined by FTIR [50, 51]. 

The FTIR scales used to analyze the adsorption classes on 

the surfaces of produced CeO2 and silver-coated CeO2 NPs are 

shown in the figures. The range of the FT-IR spectrum of pure 
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CeO2 was 600 to 1600 cm-1. This spectrum showed five ab-

sorbance peaks at 667, 725, 833, 1339, 1507, and 15cm-1. The 

deformation mode of the Ce-O bond is responsible for the 

main absorption group detected at 667 cm-1. Additional peaks 

observed at 1595 cm-1 relate to O-H twisting atmospheres and 

the two Ce-O stretching vibrations. The Ag-decorated CeO2 

samples clearly exhibit an extra peak at 833 cm-1 which might 

be attributable to the creation of an Ag-O peak at 2109 cm-1 

corresponding to extending vibrations. The peak at 1558 cm-1 

is due to symmetric bending of H2O, whereas the peak around 

1507 cm-1 reveals the stretching vibrations of CH2 bonding 

adsorbed from the ambient. 

 
Figure 17. FTIR Ag-doped CeO2 infrared radiation. 

4. Conclusion 

Ag-doped CeO2 (Ag@CeO2) nanoparticles were synthe-

sized via the sol-gel method. The structural properties were 

investigated using X-ray diffraction (XRD), which confirmed 

the formation of a face-centered cubic (FCC) fluorite crystal 

structure. Ag-doping resulted in a slight reduction in the aver-

age crystallite size from 19.29 nm for pure CeO2 to 18.70 nm 

for Ag-doped CeO2, as calculated using the Scherrer equation. 

Scanning electron microscopy (SEM) analysis observed the 

irregularly distributed, nearly spherical nanoparticles with a 

non-uniform surface morphology, while energy-dispersive X-

ray (EDX) analysis confirmed the presence of cerium (Ce), 

silver (Ag), and oxygen (O) in the synthesized nanocompo-

sites. Fourier transform infrared (FTIR) spectroscopy identi-

fied the characteristic vibrational bands corresponding to O-

Ce-O, Ce-Ag, and O-Ag bonds, confirming the successful for-

mation of Ag-doped CeO2 nanoparticles. UV–Visible spec-

troscopy analysis observed strong absorption in the ultraviolet 

region and revealed improved optical characteristics of Ag-

doped CeO2 NPs. The thermal analysis conditions (drying at 

80°C and calcination at 500°C) played a significant role in im-

proving the crystallinity, phase purity, and optical properties 

of the nanoparticles. The synthesized Ag@CeO2 nanocompo-

sites show excellent photocatalytic activity under sunlight for 

the degradation of organic dyes, including methyl red, meth-

ylene blue, methyl orange, and malachite green. Photocata-

lytic experiments performed over a pH range of 3–11 showed 

that the highest degradation efficiency was achieved under al-

kaline conditions (pH 11). Compared with the other dyes, mal-

achite green exhibited the fastest degradation rate, which can 

be attributed to enhanced charge separation, increased active 

surface area, and favorable electrostatic interactions under 

basic conditions. Altogether, these results showed that Ag-

doped CeO2 NPs are efficient photocatalysts with considera-

ble potential for wastewater treatment and pollutant removal. 

Abbreviations 

FCC Face Centered Cube 

TEM Transmission Electron Microscopy 

SEM Scanning Electron Microscopy 

FTIR Fourier Transform Infrared 
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