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Abstract 
This study examines the green production, characterization, and optical properties of yttrium-doped 

cerium dioxide (CeO2) nanoparticles. A green approach was adopted using Acacia concinna fruit extract 
as a surfactant and stabilizing agent. Their structural, morphological, and physicochemical properties 
were characterized using different analytical techniques, like XRD, FE-SEM, FTIR, PL, Raman, and 
UV-Visible Spectroscopy. The XRD study validated the structure of the cubic fluorite-type structure of 
CeO2 nanoparticles, with the average crystallite size ranging between 7 nm and 15 nm. Raman spectroscopy 
validated this structure with the F2g band observed at 463 cm‒1. FESEM images showed irregular spherical 
morphologies with grain sizes in the range of 50 nm to 60 nm. The CeO2 nanoparticles exhibited a 
prominent absorption peak at 345 nm in the UV-Visible spectrum, signifying the presence of Ce-O 
bonding. An increase in the Y-doping concentration in the CeO2 lattice shifted the bandgap energy from 
2.9 eV to 3.3 eV, as is evident from the Tauc plot. The PL spectra of yttrium-doped CeO2 nanoparticles 
exhibited a prominent emission peak at 468 nm, attributed to oxygen vacancies in the lattice. The yttrium-
doped CeO2 nanoparticles exhibited strong visible light absorption and photoluminescence emission, 
which make them potential candidates for different optical applications. 

1. Introduction

Nanotechnology has emerged as a cutting-edge subject that uses
the special qualities of materials at the nanoscale to create novel 
solutions for a range of sectors, including environmental sciences, 
healthcare, and energy [1,2]. The outstanding physical and chemical 
properties of nanomaterials, particularly nanoparticles, distinguish 
particles beyond their substitutes in bulk [3,4]. These differences 
open new pathways for enhancing optical [5], catalytic [6], and electronic 
properties [7], making nanotechnology a promising approach for 
addressing modern scientific challenges [8,9]. Among various types 
of nanomaterials, nanoparticles synthesized from rare-earth metals 
have attracted considerable interest due to their distinct optical [10], 
magnetic [11], and electronic properties [12]. Nowadays, rare-earth 
(RE)-doped binary and ternary fluoride nanoparticles are the most 
sought-after phosphor materials because of their promise for a variety 
of photonic and biphotonic uses. Elements of rare earth, such as cerium 
and yttrium, possess unique electronic configurations that contribute 
to their utility in advanced technological applications [13]. Cerium, 
in particular, stands out for its versatility and functionality in fields 
ranging from catalysis to optoelectronics [14,15]. Cerium dioxide 
(CeO2) nanoparticles, or nanoceria, are of particular importance due to 
their high oxygen storage capacity [16,17], redox behavior [18,19], and 
UV-shielding capabilities [20]. These properties make CeO2 nano-
particles highly suitable for applications in catalysis [21], biomedical 
sciences [22], and optical devices [23,24]. In recent years, the doping 
of cerium dioxide nanoparticles with rare-earth elements, such as 

yttrium [25,26], has emerged as an effective method to enhance their 
inherent properties and expand their functionality [27]. Yttrium-doped 
cerium dioxide (CeO2) nanoparticles offer improvements in optical 
and electronic behaviour, which are desirable for applications in optics 
and photonics [28,29]. The majority of cerium and yttrium elements 
have been examined in detail, independently or in combination, for the 
creation of fuel cell nanocrystalline bodies [30], catalytic [31], ceramics 
[32,33], and optical applications [34]. Like lanthanides, yttrium and 
scandium are rare earth elements. In addition to lanthanides, cerium, 
gadolinium (Gd), and lutetium (Lu) are the most closely linked to the 
d-block transition metals. Because valence electrons are present in the
5d orbitals of the Ce, Gd, and Lu atoms, this final association is valid
[35]. In addition to the more prevalent +3 state for rare earth elements
like Y, Ce atoms can also take up the +4-oxidation state in a range 
of ways [36]. Strong evidence has associated the antioxidant with
reversible transitions between the Ce3+ and Ce4+ oxidation levels of ceria 
nanoparticles [37]. Yttrium’s addition to CeO2 influences the bandgap,
stabilizes the structure, and enhances the photoluminescence of the
nanoparticles [38,39]. The introduction of Y3+ ions into the CeO2 lattice, 
substituting for Ce4+ ions, results in a local positive charge imbalance
due to the disparity in oxidation states Specifically, each Y3+ ion carries 
one unit less positive charge compared to Ce4+. To maintain overall
charge neutrality in the crystal, this charge deficiency is compensated
by the formation of oxygen vacancies. For every two Y3+ ions substituting 
two Ce4+ ions, one O2‒ anion is removed from the lattice, resulting in
the creation of an oxygen vacancy. These modified optical properties 
make CeO2 nanoparticles highly applicable in areas such as UV filtering 
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[40], photocatalysis [41], and energy-efficient lighting [42]. Y-doped 
CeO2 nanoparticles' luminescence properties are very remarkable 
[43]. The nanoparticles' long-term stability is demonstrated through 
a combination of optical characterization and structural investigation. 
Measurements of photoluminescence (PL) showed no changes in 
intensity or peak position over time, indicating constant optical 
characteristics. The absence of new absorbance peaks indicates no 
chemical transformations or degradation processes, which proves 
long term stability of these nanoparticles.  

 By altering the electronic structure and defect chemistry, yttrium 
doping alters the optical band gap of cerium dioxide, resulting in 
enhanced absorption and emission characteristics [44]. These properties 
are beneficial in designing materials for high-performance optical 
devices [45]. As a result, the CeO2 lattice displays structural changes 
upon the addition of yttrium ions, increasing stability and improving 
the control of particle size and morphology [46,47]. This control is 
particularly advantageous when nanoparticles are synthesized using 
environmentally friendly, or "green," synthesis approaches, which 
utilize natural stabilizing agents [48]. This study aims to synthesize 
yttrium-doped cerium dioxide nanoparticles through a green synthesis 
route utilizing acacia concinna fruit extract as a stabilizing agent [49]. 
This method provides an eco-friendly alternative to conventional 
chemical methods, mitigating the detrimental impacts of nanoparticle 
production on the environment. The created nanoparticles are thoroughly 
characterized to assess their structural, morphological, and optical 
properties, with a focus on their potential applications as optical materials 
[50]. This study effectively illustrated the environmentally friendly 
synthesis of yttrium-doped cerium oxide (Y-doped CeO2) nanoparticles 
utilizing the sol-gel method by using extract of Acacia concinna fruit 
[51]. This sustainable strategy provides a sustainable alternative to 
conventional chemical techniques, reducing the usage of hazardous 
chemicals and reducing environmental effects. Optical properties of 
the synthesized Y-doped CeO2 nanoparticles were investigated through 
photoluminescence studies and energy band gap analysis [52]. The 
results revealed the promising potential of these nanoparticles in 
optical applications. The observed luminescence properties can be 
attributed to the synergistic effect of yttrium doping, which influences 
the electronic structure and defect states within the CeO2 lattice [53]. 
To maximize the production procedure and investigate the possible 
uses of these nanoparticles in many domains, more investigation is 
required, such as in catalysis, sensors, and biomedicine. By delving 
deeper into their fundamental properties and tailoring their characteristics, 
we can unlock their full potential and contribute to the development 
of innovative technologies. 

 
2.  Experimental 

 
2.1  Materials synthesis 

 
The yttrium(III) nitrate hexahydrate [Y(NO3)3∙6H2O] and ammonium 

cerium (IV) nitrate [(NH₄)₂Ce(NO₃)₆] salts purchased from S.R.L. 
chemicals were utilized in the synthesis of CeO2 and Y-doped CeO2 

NPs. The sol-gel method was used in a standard procedure to generate 
pure and 1%, 3%, and 5% Y-doped CeO2 NPs. The Acacia Concinna 
fruits were gathered from the marketplace, sun-dried, unseeded, and 
their pericarp thoroughly ground in a mixer to create a fine powder. 

200 mL of double-distilled water was combined with 20 g of powdered 
Acacia Concinna pericarp, and the mixture was agitated for 2 h at 
60℃. It was cooled, filtered, and kept for future research at 4℃. 20 mL 
of Acacia Concinna fruit extract was initially obtained and mixed 
with a magnetic stirrer at 60℃ for 30 min at 450 rpm in order to create 
cerium oxide nanoparticles (CeO2 NPs). The extract was then heated 
to 80℃ while being constantly stirred at 450 rpm until a jelly-like 
mass formed, after which 4 g of ammonium cerium (IV) nitrate was 
added. This gel was oven-dried at 80 to 90 degrees Celsius and then 
calcined in a muffle furnace for two hours at 400 degrees Celsius to 
yield the white powder known as CeO2 nanoparticles. To create Y-doped 
CeO2 nanoparticles, these metal nitrates were also added to the fruit 
extract in stoichiometric ratios. The mixtures were then heated and 
calcined in the same way. The final product was generated by calcining 
the gels once they dried for two hours at 400℃ in a muffle furnace. 

 
2.2  Instrumentation and methodology 

 
Several analytical methods were used to determine the form, 

structure, content, and other physicochemical characteristics of the 
Y-doped CeO2 nanoparticles. The properties of the samples have been 
analysed through the application of X-ray diffraction (XRD), Field 
emission scanning electron microscopy (FESEM), Raman spectroscopy, 
and Fourier transform infrared spectroscopy (FTIR) techniques. A 
Bruker advanced X-ray diffractometer was used for phase identification 
of both nano-particles that were subjected to CuKa radiation (k= 
0.154184 nm) at 10 to 100. The samples' morphology was evaluated 
with ZEISS FESEM. To ascertain the origin and purity of synthesized 
materials, FTIR spectra were obtained in ATR mode using a Bruker 
ALPHA II FTIR spectrophotometer. To determine the vibrational 
mode of the NPs, a Renishaw UK spectrometer with a red diode laser 
(633) performed Raman spectroscopy. For the UV spectrum, a JASCO-
V 770 spectro-photometer was used. 

 
3.  Results and discussions 

 
3.1  X-ray diffraction (XRD) 
 

One method for figuring out a material's crystal structure and 
phase purity is XRD. The XRD spectra of Y-doped CeO2 and CeO2 
nanoparticles are demonstrated in Figure 1(a), illustrating the nano-
crystalline structure of the materials. For both pure and Y-doped CeO2 
NPs, all diffraction peaks indexed to crystal planes (111), (200), (220), 
(311), (222), (400), (331), (420), (442), and (511), which correspond to 
the cubic fluorite structure of CeO2 with the Fm-3m space group. 
The absence of additional peaks implies that the cubic phase is a single 
phase found in pristine and Y-doped CeO2 NPs. Additionally, as 
exhibited in Figure 1(b), the major peak's (111) location shifted 
towards lower angles, ensuring the effective doping of yttrium ions 
into the CeO2 crystal lattice. When crystallites are smaller, the surface-
to-volume ratio increases. This means that more atoms are located on 
the surface or near the surface, which can result in a shift to higher 
angles. When Ce4+ ions (1.01 Å) are replaced by Y3+ ions (0.96 Å), 
lattice contraction and deformation contribute to the displacement 
of the peak. Figure 1(c) demonstrates that as the Y doping concentration 
rose from 0% to 5%, lattice parameter and crystallite size values 
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were shown. This might perhaps be ascribed to the lattice contraction 
resulting from the substitution of bigger Ce4+ ions with smaller Y3+ 

ions. The absence of additional phases, as well as changes in lattice 

parameter and crystallite size, indicates that Y ions were successfully 
doped into the CeO2 host matrix.

 

Figure 1. (a) XRD pattern of CeO2 NPs and Y-doped CeO2 NPs, (b) Shift in the (111) peak due to doping of Y, (c) Variation of crystallite size and lattice 
parameter of CeO2 NPs with Y dopant concentration. 

 

  

  

Figure 2. FE-SEM images of (a) CeO2 NPs, (b) 1%, (c) 3%, and (d) 5% Y-doped CeO2 NPs. 
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3.2 Field emission scanning electron microscope (FESEM) 
 

The images highlight the morphology of pure and yttrium-doped 
CeO2 nanoparticles as highlighted by FESEM. Figure 2(a) exhibits 
pure CeO2 nanoparticles. They appear to have a spherical shape with 
a relatively smooth surface. Figure 2(b) shows 1% yttrium-doped 
CeO2 nanoparticles. The morphology has changed to a more needle-
like or rod-like structure compared to the pure CeO2. FESEM images 
of yttrium-doped cerium dioxide nanoparticles reveal a morphological 
shift from spherical to needle-like structures, likely due to anisotropic 
crystal formation. This shift is attributed to localized lattice strain 
and altered surface energy dynamics. Y-doping selectively adsorbs 
on specific crystal facets, promoting anisotropic crystal development 
and allowing higher development in other directions. This phenomenon 
is known as selective facet stabilization Figure 2(c) shows 3% yttrium-
doped CeO2 nanoparticles. The morphology is similar to the 1% doped 
sample, with needle-like structures. Figure 2(d) shows 5% yttrium-
doped CeO2 nanoparticles. The morphology is again similar to the 
lower doped samples, with needle-like structures. Thus, it seems 
that yttrium doping induces a change in the morphology of CeO2 
nanoparticles from spherical to needle-like. The material’s optical 
characteristics may be affected by this structural change. This change 
in morphology may impact the material’s optical properties, such as 
its surface area and catalytic activity. Using ImageJ software, the 
particles' grain size was found to be between 40 nm and 56 nm. 
Additionally, the EDX spectra verify that Ce and Y are present in 
the doped nanoparticles. 

3.3  Energy dispersive x-ray analysis (EDX)   
 
Figure 3(a) shows EDX spectra of 5% yttrium-doped CeO2 nano-

particles. Energy dispersive x-ray analysis (EDX) provides quantitative 
information on the elemental composition of Y-doped CeO2 nano-
particles. In this analysis, peaks corresponding to cerium (Ce), oxygen 
(O), and yttrium (Y) confirm the successful integration of yttrium 
ions into the CeO2 lattice. The intensity and presence of these peaks 
can be used to quantify the doping concentration of yttrium. The 
absence of additional peaks indicates that the synthesis yielded pure 
doped CeO2 nanoparticles without significant contamination. 

Elemental mapping: Figure 3(b) shows elemental mapping of 5% 
yttrium-doped CeO2 nanoparticles. Elemental mapping, typically 
performed alongside EDX in scanning electron microscopy (SEM) 
or transmission electron microscopy (TEM), visually demonstrates 
the distribution of elements within the nanoparticles. The spectrum 
reveals the presence of oxygen, cerium, and yttrium. Maps of Ce, 
Y, and O show the uniform distribution of yttrium within the CeO2 
matrix, indicating homogeneous doping. Uniform yttrium distribution 
is critical as it ensures consistent optical and structural properties 
throughout the nanoparticle samples. Elemental mapping imagery 
also reveals any clustering or segregation of yttrium, which could 
affect the material's properties. Together, EDX and elemental mapping 
confirm successful yttrium incorporation and uniform distribution 
in CeO2 nanoparticles, essential for maintaining desired optical and 
structural characteristics.

 

 
Figure 3. (a)  EDX of 5 % Y-doped CeO2 NPs, and (b)  Elemental composition found using EDAX of 5 % Y-doped CeO2 NPs. 

(a) 

(b) 
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3.4 Raman spectroscopy 
 
We can examine the lattice defects with the aid of Raman analysis. 

Figure 3(a) depicts the Raman spectra of pure CeO2 NPs, 1%, 3%, 
and 5% Y-doped CeO2 NPs, and Figure 3(b) shows changes in the 
F2g peak generated due to Y doping. This method is non-destructive. 
At room temperature, Raman spectroscopy of CeO2 and Y-doped 
CeO2 NPs was obtained. Consequently, of the symmetric stretching 

of the Ce–O bond, the Raman active vibrational mode at 462.58 cm‒1 
is the peak of maximal intensity for the triply produced F2g excitation 
mode. When compared to the Raman peak of bulk CeO2, there is a 
significant shift toward a greater wavenumber region that is frequently 
linked to the formation of oxygen vacancy in the system. The Y ions, 
in addition to the CeO2 lattice, caused a blue shift in the F2g Raman 
active mode, which might be enhanced with the development of 
additional oxygen vacancies as a result of the effects of the dopant.

 
Figure 4. (a) Raman spectra of CeO2 NPs, 1%, 3%, and 5% Y-doped CeO2NPs. (b) Shift in the F2g peak due to doping of Y. 

 
Figure 5. FTIR spectra of CeO2 NPs, 1%, 3%, and 5% Y-doped CeO2 NPs. 

 

 
Figure 6. Photoluminescence spectra of (a) CeO2 NPs, (b) 1%, (c) 3%, (d) 
5% Y-doped CeO2 NPs. 

3.5  Fourier transform infrared spectroscopy (FTIR) 
 
FTIR spectra were obtained for CeO2 NPs and Y-doped CeO2 NPs 

in the 500 cm‒1 to 4000 cm‒1 range. The existence of functional groups 
was investigated using FTIR analysis. The different absorption peaks 
and bands of Y-doped CeO2 NPs are shown in Figure 5. The symmetric 
stretching of O2− ions in the structure, which preserves symmetry in 
the host lattice, is the cause of the band seen around 500 cm−1, which 
corresponds to the stretching vibrations of the O–Ce–O bond. The 
stretching vibrations of carbon dioxide species are responsible for 
the peaks, which are roughly situated at 876 cm‒1 and 1050 cm‒1, 
respectively. The peak at 641 cm‒1 may be due to vibrations caused 
by Ce‒O‒Y bonding or interactions between dopant ions and oxygen 
vacancies in the CeO2 lattice. The nitrate precursor is responsible for 
the prominent peak that is observed at 1345 cm‒1. The O‒H stretching 
resulting from the process of water molecules adhering in the samples 
causes the broad peak at 3425 cm‒1. 

 
3.6 Optical properties 

 
3.6.1 PL spectral analysis 

 
Photoluminescence Spectra (PL) for (a) CeO2 NPs, (b) 1%, (c) 3%, 

and (d) 5% Y-doped CeO2 NPs are shown in Figure 7. Using photo-
luminescence (PL) spectroscopy, the electrical structure of the produced 
CeO2 nanoparticles was investigated. PL is the most advanced method 
for determining the material's optical characteristics without destroying 
the sample when compared to other optical characterization tools. 
Photoluminescence emission in CeO2 nano-particles is attributed to 
defect states like oxygen vacancies or Y-induced lattice distortions. 
Y3+ dopant ions can produce localized energy levels, promoting emission. 
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Figure 7. Deconvolution peak of CeO2, and 5% of Y-doped CeO2 NPs. 

 

Figure 8. Chromaticity diagram of Y-doped CeO2 NPs. 
 

Blue light (~468 nm) is released when electrons drop to these vacancy 
levels from the conduction band or trap states. Ce3+ transitions, oxygen 
vacancy states, and direct band-to-band recombination contribute to 
blue emission. Quantum Yield measurements were done for CeO2 
and 5% Y-doped CeO2. But the quantum yield (QY) % obtained were 
very low. The QY for CeO2 was 0.17% and for 5% Y-doped CeO2 
was 0.07% only. 

Under 325 nm excitation, the CeO2 nanoparticles' acquired PL 
spectra in the 400 nm to 600 nm wavelength range were captured. 
A fine UV emission can be seen at 358 nm (3.47 eV) in the CeO2 
nanoparticles' PL spectra, whereas the blue area shows four visible 
emission peaks: 452 nm (2.74 eV), 469 nm (2.64 eV), 483 nm (2.57 eV), 
and 493 nm (2.52 eV). Strong green emission was also detected at 
574 nm (2.16 eV) in addition to this. The relative oxygen vacancies 
(surface defects) of CeO2 nanoparticles are the source of the emission 
band seen in the wavelength range of 358 nm to 574 nm. It might 
result from variations in particle size. The movement of charge carriers 
from the CeO2 nanoparticles' 4f conduction band (Ce) to their 2p 
valence band (O) can also be used to explain the relative oxygen 
vacancies. Figure 8 illustrates the deconvolution peaks of CeO2  and 
5% Y-doped CeO2 nanoparticles, which roughly correspond to the 
impact of yttrium doping on the electrical structure of cerium oxide. 
The various binding energies linked to the Ce3+ and Ce4+ oxidation 
states are represented by these peaks. 

3.6.2 Chromaticity coordinates 
 
The chromaticity diagram of Y-doped CeO2 NPs is displayed in 

Figure 9. The chromaticity coordinates, which indicate the physical 
colour of light, can be used to describe its spectrum. Nonetheless, 
in certain applications, it is crucial to understand how the human eye 
would interpret light from a specific spectrum. The instruments that 
offer a mathematical explanation of colour perception for a particular 
spectrum are CIE colour spaces. Commission Internationale de 
l'Éclairage, or CIE for short, is the French name of the International 
Commission on Illumination, which created the methods. Cone cells 
are a particular type of light-sensitive retinal cell that is responsible 
for colour vision. Cone cells come in three varieties, each of which 
is sensitive to red, green, and blue light. They are all distinguished 
by their peak sensitivity wavelengths. The so-called colour matching 
functions were created based on the average cone cell density in the 
human retina as well as the sensitivity spectra of each type of cone cell. 
A standard observer is a specific collection of functions. A number 
of distinct standards are observed. The method's concept included 
separating brightness and chromaticity. The brightness information 
would be included in the Y tristimulus value thanks to the development 
of the colour matching routines. A chromaticity diagram can show the 
colour as a point once the coordinates have been determined. The 
functions for matching colours are displayed in Figure 7. The CIE 1931 
chromaticity diagram of Y-doped CeO2 NPs is shown in Figure 8. 
 
3.6.3 UV-Visible studies 

 
The band gap values of the synthesized pure CeO2 and yttrium-

doped CeO2 nanoparticles were estimated from UV–Vis spectroscopy. 
The bandgap (Eg) value of pure CeO2 is around 3.2 eV, and yttrium-
doped CeO2 is 2.9 eV, where the corresponding wavelength exists 
in the visible region. Figure 9(a) displays the UV-Vis absorption 
spectra of Y-doped CeO2 and CeO2 nanoparticles, and Figure 9(b) 
demonstrates the TAUC plot of CeO2 and Y-doped CeO2NPs. The 
CeO2 nanoparticles have a prominent absorption peak at 345 nm. 
Using the TAUC relation, the band gap energies of the synthesized 
samples were determined as follows: 
 

(αhν)2  =  A(hν ‒ Eg)  (1) 
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Figure 9. (a) UV-VIS spectra of CeO2 NPs, 1%, 3% and 5% Y-doped CeO2 NPs, and (b) TAUC plot of CeO2, 1%, 3%, and 5% Y-doped CeO2 NPs.

Where ‘α’ is the absorption coefficient, ‘hν’ is photon energy, ‘A’ 
is a constant, and ‘Eg’ is the optical band gap energy of Y-doped CeO2 

NPs. Plotting (αhν)2 versus hν and extrapolating the straight-line 
portion of this plot to the energy axis will produce the optical band 
gap energy of the nanoparticles. As the concentration of Y was raised 
from 1% to 5% doping, the bandgap energy decreased from 3.2 eV to 
2.9 eV. The decrease in the band gap energy may be attributed to the 
formation of defects in the crystal lattice of CeO2 NPs. .  

 
4.  Conclusions 

 
Green synthesis of yttrium-doped cerium oxide (Y-CeO2) 

nanoparticles, which uses extract from Acacia concinna as a natural 
stabilizing agent and surfactant, offers an environmentally responsible 
method of creating cutting-edge optical materials. Structural and 
morphological analyses confirmed the successful incorporation of 
yttrium into the CeO2 lattice, resulting in nanoparticles with a cubic 
fluorite structure, average crystallite sizes of 7 nm to 15 nm, and distinct 
surface characteristics. Optical characterization revealed a tunable 
band gap with prominent UV-visible absorption and a photo-
luminescent peak at 468 nm, linked to oxygen vacancies within the 
structure. These findings highlight the promising optical properties of 
Y-doped CeO2 nanoparticles. The green synthesis method underscores 
a sustainable pathway for producing useful nanoparticles with 
enhanced performance and reduced environmental impact.  Our results 
demonstrate that Y-doped CeO2 nanoparticles exhibit superior optical 
characteristics and luminescence properties. 
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