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Abstract. This work investigates the structural stability and atomic 

dynamics of high-purity Y2O3 nanoparticles under neutron irradiation. 

Experimental studies were carried out using scanning electron 

microscopy (SEM), X-ray diffraction (XRD), and Raman spectroscopy. 

For the high symmetry cubic phase (space group Ia−3), the lattice 

parameters and interatomic distances were determined. It was found that 

upon neutron irradiation with varying intensities (4.0×1012–1015 n/cm2), 

the main symmetry of the crystalline structure is preserved and no 

new phases are formed. Raman spectra analysis revealed no significant 

changes in the frequencies of the main vibrational modes observed at 

1081 and 1531 cm−1. However, at high irradiation doses, an increase in 

the background level was detected, which is attributed to partial 

amorphization of the structure. The obtained results indicate the high 

radiation resistance of Y2O3 nanoparticles, making them promising 

materials for applications in optoelectronics and nuclear technologies. 

Keywords: Y2O3 nanoparticles, neutron irradiation, Raman spectroscopy, X-

ray diffraction, crystal structure, radiation resistance. 

1 Introduction 

Yttrium oxide Y2O3 is a high-quality ceramic material distinguished by its 

excellent corrosion resistance, chemical and thermal stability, high melting point, 

low thermal expansion coefficient, and high thermal conductivity Y2O3 

nanoparticles (Y2O3 NPs) are widely used in various fields of modern materials 

science and technology due to their unique physical, chemical, and optical 

properties. Owing to their pronounced fluorescence properties, Y2O3 

nanoparticles are employed as phosphors. When doped with rare-earth elements 

(e.g., Er, Eu, Tb), they exhibit the ability to convert infrared radiation into the 
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visible region of the spectrum, making them promising for use in laser systems, 

display technologies, and light-emitting diodes [1–3]. The material is 

characterized by broad transparency in the spectral range of 0.2–8 µm, a high 

dielectric constant (∼14–18), a large refractive index (∼2), and a wide band gap 

(∼5.8 eV). These outstanding electronic characteristics make Y2O3 of particular 

interest to researchers developing efficient optoelectronic devices [4]. The high 

thermal and chemical stability of Y2O3 nanoparticles also contributes to their use 

in heterogeneous catalysis. They serve as catalysts or catalyst supports in 

reactions such as methane steam reforming, CO oxidation, and NOx reduction. 

Y2O3 nanoparticles exhibit antioxidant and radioprotective properties, as well 

as antitumor activity and potential use as drug carriers [5]. 

Their biocompatibility and low toxicity make this material promising for 

biomedical imaging and therapy. 

2 Research Methodology 

The object of the study was Y2O3 nanocrystals with a density of 0.31 g/cm3, a 

purity of 99.995%, crystalline particle sizes ranging from 30 to 45 nm, a specific 

surface area (SSA) of 25–45 m2/g, a melting temperature of 2425 ◦C, and an 

evaporation temperature of 4300◦C. 

In studying the structural properties of Y2O3 nanoparticles, particular 

attention was paid to their surface structure and size effect. The experiments were 

carried out using a ZEISS IGMA VP scanning electron microscope under 

conditions that minimized external influences. The structural characteristics of the 

samples were determined by X-ray diffraction using a D8 Advance 

diffractometer, while the atomic dynamics were examined by Raman 

spectroscopy at room temperature and under normal conditions. The obtained 

results were analyzed using the Rietveld method with the FullProf program and 

further approximated by Gaussian functions using Origin software. 

During the experiments, an Nd:YAG laser with a wavelength of 532 nm and a 

maximum power of 10 mW was used as the excitation source in the Raman 

spectrometer. Raman spectra analysis was performed in Origin 9 by determining 

the positions of maxima approximated by Gaussian functions, which made it 

possible to identify the features of atomic dynamics in the studied material. 

Irradiation of yttrium oxide nanoparticles with high-intensity neutrons of 

energy E < 1 MeV was carried out at the IBR-2 research reactor (Joint Institute 

for Nuclear Research, Dubna, Russia) at five different intensities [10]: 

I = 4.0 × 1012, 8.0 × 1012, 1.3 × 1013, 4.0 × 1014, 1.0 × 1015 n/cm2. 

After irradiation, the activity of the samples was monitored. The investigation 
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of the crystalline structure of yttrium oxide nanoparticles by X-ray diffraction 

(XRD) at room temperature revealed that the Y2O3 compound possesses high 

symmetry. The unit cell corresponds to a cubic syngony with a space group of 

Ia−3. The unit cell parameters are a = b = c = 10.5958 Å. It is known that 

the oxidation state of yttrium is +3. Rietveld refinement analysis showed that 

trivalent yttrium atoms occupy two different crystallographic positions in the 

crystal lattice. The first yttrium atom (Y1) is located at coordinates x = 

0.25, y = 0.25, z = 0.25, while the second yttrium atom (Y2) is positioned at 

x = −0.0165, y = 0, z = 0.25. Divalent oxygen atoms occupy identical 

crystallographic positions: x = 0.3942, y = 0.1428, z = 0.3825. 

 
Fig. 1. Surface morphology of Y2O3 nanoparticles 

Oxygen atoms form covalent bonds with yttrium atoms of varying lengths in the 

range of d(O − Y) = 2.1628–2.4083 Å. The bond lengths between identical atoms 

are slightly larger. Analysis of the crystal structure using the Diamond 3.2 

software showed that the distances between the nearest oxygen atoms are d(O − 

O) = 2.8207–3.7003 Å, while those between the nearest yttrium atoms are d(Y − 

Y) = 3.6416–3.8922 Å. A comparison of interatomic distances indicates that 

as the ionic radii increase, atoms are positioned farther apart. Consequently, 

slight variations in bond lengths are observed. Oxygen atoms, being light 

elements, have smaller ionic radii, whereas yttrium atoms, belonging to the rare-

earth elements, possess larger radii. During covalent bond formation, yttrium 

electrons fill the outer electron shell of oxygen atoms, resulting in an increase in 

the ionic radius of divalent oxygen atoms. This explains why O–O bond lengths 

exceed those of O–Y bonds. 

The analysis of X-ray diffraction patterns Figure 2 of Y2O3 nanoparticles 

exposed to neutron irradiation of varying intensities showed that no significant 

changes occur in their crystalline structure. According to Rietveld refinement 

results, all samples exhibit cubic symmetry with a space group of Ia−3, and the 
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diffraction peaks of the non-irradiated sample are also observed in the 

samples irradiated at intensities up to 

1015 n/cm2. This indicates that under ionizing radiation, no new phase is 

formed and the crystalline structure remains stable. 

With increasing irradiation intensity, three main effects were observed: 

1) a shift of diffraction peaks toward larger angles (associated with an increase 

in interatomic distances and lattice parameters), 2) a decrease in peak intensities 

(while maintaining the relative atomic positions), and 

3) an increase in background level (caused by partial amorphization). In 

general, it was established that under neutron irradiation with energy E < 1 MeV 

and intensity up to 1015 n/cm2, Y2O3 nanoparticles exhibit high radiation 

resistance and retain their highly symmetric crystalline structure. 

 

 

Fig. 2. X-ray diffraction spectra of Y2O3 nanoparticles irradiated at different 

intensities. 

The Raman spectra of Y2O3 nanoparticles obtained at room temperature are 

shown in Figure 3. Raman spectroscopy does not allow the observation of all 

possible vibrational frequencies. In compounds with a highly symmetric crystal 

lattice, a smaller number of vibrational modes are observed. Since the crystal 

structure of Y2O3 nanoparticles corresponds to cubic symmetry with the space 

group Ia−3, only a limited number of vibrational modes are expected to be 

detected. According to Raman spectroscopy principles, vibrational frequencies of 

bonds formed by heavy atoms have lower values, while higher frequencies correspond 

to bonds formed by light atoms such as O, H, C, etc. As the atomic dy- namics of 

Y2O3 nanoparticles are mainly associated with vibrations of oxygen atoms, the studies 
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were carried out in the high-frequency region, from 500 to 3000 cm−1. Analysis of the 

Raman spectrum using Gaussian fitting revealed two vi- brational modes in this 

frequency range. These modes, shown in Figure 4, were interpreted using Gaussian 

fitting performed in Origin 9 software. The spectrum shows that the lattice vibrations 

observed in yttrium ox- ide nanoparticles correspond to frequencies of 1081 cm−1 and 

1531 cm−1. 

 

Fig. 3. Raman spectra of Y2O3 nanoparticles. 

The high values of these Raman mode frequencies indicate that these vi- 

brations correspond to Y–O bonds. 

 

 

Fig. 4. Raman spectra of nano-sized Y2O3 samples irradiated with neutrons. 

To study the changes under neutron irradiation, the atomic dynamics of 

samples exposed to high-intensity neutron fluxes were investigated. 

Figure 5 presents the Raman spectra of nanosized Y2O3 samples irradiated 

with fast neutrons at various intensities up to 1.0 × 1015 n/cm2 at room 

temperature. When comparing the Raman spectra of unirradiated and fast-
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neutron irradiated Y2O3 nanoparticles, the same modes are observed in all cases. 

As irradiation intensity increases, an additional background appears in the spectra, 

associated with breaking weak bonds under the neutron flux, leading to partial 

disruption of the ideal structure and partial amorphization. 

A detailed analysis of a sample irradiated at I = 1.0 × 1015 n/cm2 us- ing 

Gaussian fitting revealed two vibrational modes at 1081 cm−1 and 1153 cm−1, 

consistent with the unirradiated sample. This indicates that neutron irradiation 

does not cause significant changes in atomic dynamics. 

The absence of changes in the frequencies of the observed vibrational modes 

confirms that bond lengths between yttrium and oxygen atoms remain unchanged. 

Although the Raman spectra show no major changes, the effect of high-energy 

neutrons is seen as an increase in background, corresponding to partial 

amorphization caused by breaking weak bonds. Thus, Raman spectroscopy 

confirms that nanostructured Y2O3 is a stable material with respect to external 

influences. This stability arises from nanoscale effects, high crystal symmetry, 

and strong lattice bonding, although partial structural changes can occur under 

fast neutron irradiation. 

 

 
Fig. 5. Background of the Raman spectra of non-irradiated and neutron-irradiated (at an 

intensity of 1015 n/cm2) nano-sized Y2O3 compounds. 

3 Conclusion 

The conducted studies demonstrated that Y2O3 nanoparticles have sizes in the 

range of 20–40 nm and exhibit a homogeneous granular surface morphology. 
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According to X-ray diffraction data, Y2O3 crystallizes in a highly symmetric 

cubic structure (space group Ia−3). The lattice param- eters were determined as a 

= b = c = 10.5958 Å. The crystallographic positions of atoms and interatomic 

distances were calculated, showing that increasing the neutron irradiation 

intensity up to 1015 n/cm2 does not lead to significant changes in the crystal 

phase symmetry or lattice parameters. A slight shift of diffraction peaks toward 

higher angles and a partial reduction in their intensity is associated with minor 

variations in interatomic distances; however, this does not result in the formation 

of new phases. Overall, the results indicate that Y2O3 nanoparticles possess high 

radiation resistance and retain their crystalline structure. Raman spectroscopy 

results confirmed the stability of the atomic dynamics in Y2O3 nanoparticles. The 

main Raman modes observed in unirradiated samples correspond to frequencies 

of 1081 and 1531 cm−1, characterizing the vibrational frequencies of Y–O bonds. 

Upon neutron irradiation at various intensities 4.0×1012–1015 n/cm2, no significant 

changes in the Raman mode frequencies were detected, indicating the 

preservation of Y–O bond lengths. An increase in the background level in the 

spectra at high irradiation intensity is explained by partial amorphization caused 

by local structural disruptions due to the breaking of weak chemical bonds. The 

analysis of the Raman spectra ultimately confirmed that Y2O3 nanoparticles 

demonstrate high radiation resistance even under exposure to external ionizing 

radiation, making them promising materials for applications in optoelectronics, 

nuclear technologies, and high temperature ceramic systems. 
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