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Article Info ABSTRACT 

Article type: 

Research Article 
Dy2Ce2O7 nanopowders were synthesized for the first time via solid-

state reactions using Ce(NO3)3·6H2O and Dy2O3 as raw materials in a 

stoichiometric 1:1 Ce:Dy molar ratio. The synthesized materials were 

characterized by powder X-ray diffraction (PXRD). Structural analysis, 

performed using the FullProf program with profile matching and 

constant scale factors, confirmed a predominant cubic Dy2Ce2O7 

structure with the Fd-3m space group. Field-emission scanning electron 

microscopy (FESEM) revealed that the Dy2Ce2O7 particles exhibited 

uniform spherical morphologies. Ultraviolet-visible (UV-Vis) 

spectroscopy demonstrated strong light absorption in the UV-visible 

region. The direct optical band gaps for samples S1, S2, S3, and S4 were 

determined to be 2.7 eV, 2.6 eV, 2.5 eV, and 2.4 eV, respectively. 
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1. Introduction 

Oxides with general formula A2B2O8 (where A is a 

medium – large cation and B is an octahedrally 

coordinated, high – charge cation) have been studied 

extensively. Pyrochlore materials with general formula 

A2B2O7 are related to the fluorite structure and the 

nature of this relationship is discussed in the 

crystallography of the this compounds [1]. One of the 

most attractive and effective rare earth materials is rare 

earth-doped cerium oxide materials that have excellent 

and substantial mechanical, electrical, catalytic and 

optical characteristics. Rare earth-doped cerium oxide 

materials have received a particular attention owing to 

their usages in the solid oxide fuel cells (SOFC), 

oxygen sensors, catalyst carriers, photocatalyst and 

thermal barrier coatings [2-8]. Rare earth-doped cerium 

oxide has been synthesized through utilizing various 

routes including carbonate coprecipitation, citrate auto 

ignition, solid state reaction and combustion [9-14]. 

Dy2Ce2O7 belongs to the family of the rare earth-doped 

cerium oxide materials. Since rare earth-doped cerium 

oxide materials have excellent and substantial electrical, 

optical, mechanical and catalytic characteristics, they 

have become one of the most attractive and important 

materials for oxygen sensors, photocatalyst, thermal 

barrier coatings, solid oxide fuel cells (SOFC) and 

catalyst carriers [15-21]. There is no report on the 

synthesis of the nanostructured Dy2Ce2O7 by this 

method. Crystalline phase growth of the synthesized 

materials in different conditions was investigated using 

Rietveld analysis. Physical properties of the 

synthesized nanomaterials were studied using field 

emission scanning electron microscope (FESEM), 

ultraviolet visible (UV- Vis) spectroscopy. 

2. Experimental 

2.1. Materials and instruments 

All chemicals including Dy2O3 and Ce(NO3)3.6H2O 

were of analytical grade and obtained from commercial 

sources (Merck Company) and used without further 

purifications. Phase identifications were performed on 

a powder X-ray diffractometer D5000 (Siemens AG, 

Munich, Germany) using CuKα radiation. The Rietveld 

analysis was performed by FullProf software. The 

morphology of the obtained materials was examined 

with a field emission scanning electron microscope 

(Hitachi FE-SEM model S-4160). Absorption spectra 

were recorded on a UV-visible spectrophotometer 

model-UV-1650 PC (Shimadzu, Japan). 

2.2. Solid State synthesis of Dy2Ce2O7 
nanomaterials 

In a typical synthesis experiment, 0.186 g (0.5 mmol) 

of Dy2O3 (MW = 373.0 g mol-1) and 0.326 g (1 mmol) 

of Ce(NO3)3.6H2O (Mw = 326.13 g mol-1) with Dy:Ce 

molar ratio of 1:1 were mixed in a mortar until an 

almost homogenous powder was obtained. The 

obtained powder was added into a 25 mL crucible and 

then transferred to an electric furnace that had already 

reached to a desired temperature at S1 = 800 ̊C, S2 = 

900 ̊C, S3 = 1000 ̊C (8 h) and S4 = 1000 ̊C (10 h). The 

Crucible was then cooled normally in the furnace to the 

room temperature. The acquired powder was collected 

for further analyses. 

3. Results and discussions 

3.1. Characterization 

The phase identification of the synthesized 

nanomaterials was performed by powder X-ray 

diffraction technique. Figure 1 shows the X-ray 

diffraction (XRD) analysis of the obtained samples in 

the 2θ range 10-90° as well as the structural analyses 

performed by the FullProf program. The structural 

analyses were performed employing profile matching 

with constant scale factors. Red lines are the observed 

intensities; the black ones are the calculated data; the 

blue ones are the difference: Yobs-Ycalc. The Bragg 

reflections positions are demonstrated by blue and red 

corresponded to cubic phases of Dy2Ce2O7 and CeO2, 

respectively. Figure 1 represents the PXRD patterns of 

the obtained Dy2Ce2O7 nanomaterials. The data 

indicate that the PXRD patterns of the synthesized 

compounds at the reaction temperatures in the range 

from 800 to 1000 ° C are related to cubic crystal 

structure. It is clear that the reaction temperature is a 

key factor affected the crystal phase composition. The 

results showed that the pattern had a main Dy2Ce2O7 

crystal structure with space group Fd-3m. 

 
Figure 1. X-Ray diffraction patterns and the rietveld analyses of a) 
𝑆1, b) 𝑆2, c) 𝑆3 and d) 𝑆4. 

Table 1 shows the crystallite sizes of the 

synthesized nanomaterials in different reaction 

temperatures that were calculated by Scherrer equation 

(equation 1). In this equation, D is the entire thickness 

of the crystallite sample, λ is the X-ray diffraction 
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wavelength (0.154 nm), and k is Scherrer constant (0.9), 

B1/2 of FWHM is the full width at half of its maximum 

intensity and θ is the half diffraction angle at which the 

peak is located. Also, interplanar spacing in the 

crystalline material was measured by Bragg's law 

( 𝒏𝛌 = 𝟐𝐝𝐬𝐢𝐧(𝜽) ). The data mentioned in table 1 

shows that with increasing the reaction temperature, 

Dy2Ce2O7 purity is increased. It is clear that when the 

reaction temperature is increased, Dy2Ce2O7 crystal 

phase stability of the material is decreased at high 

temperature. 

𝑫 (nm)= Kλ/Bhkl cosθ (1) 

Table 1. Crystallite size data for Dy2Ce2O7 nanomaterials.  
Sample 2θ Bº Brad D d a=b=c RF RBrag χ2 Intensity Purity 

S1 33.2262 0.28822 0.00503 29 2.7 5.38790 2.21 3.05 1.15 133 87 

S2 33.1569 0.23275 0.00406 35 2.7 5.39913 0.93 1.16 1.06 133 85 

S3 33.1269 0.23273 0.00406 35 2.7 5.40403 1.05 1.36 1.00 121 84 

S4 33.1759 0.23277 0.00406 35 2.7 5.39578 1.94 2.07 1.08 233 93 

The crystallite sizes of the obtained targets were 

calculated by using equation 1 and choosing a peak at 

about 33.17˚ for Dy2Ce2O7 nanomaterials. According 

to the table 1,the crystallite sizes were decreased by 

increasing the reaction temperature.  

Table 1 indicates the lattice parameters data for 

Dy2Ce2O7 calculated by Rietveld analysis. By 

increasing the reaction temperature, the cell parameters 

were increased. Rf, RB and χ2 values show the goodness 

of the fittings. The reaction temperature is the main 

factor on the crystal phase growth and the purity of the 

obtained materials. When the reaction time and 

temperature are increased to 1000 ºC and 10 h, the 

phase purity of Dy2Ce2O7 is increased (S1-S4). 

3. 3. Morphology analysis 

FESEM images of the synthesized Dy2Ce2O7 

nanomaterials are shown in figures 2. İt is obvious in 

figure 2 a that with increasing the reaction temperature 

to 800 °C (𝑆1) and 1000 °C (𝑆4) the morphology of the 

materials is particles (figure 2 d) and the minimum 

particles size is about 30 - 70 nm. The morphology of 

𝑆4 is large particle (figure 2d) with pourous structure. 

As a result, increasing the reaction temperature changes 

the morphology from sponge to plate, multigonal 

particles and large bulk particles.  

 
Figure 2. FESEM images of a) S1, b) S2, c) S3 and d) S4. 

3.4. Optical properties 

Figurs 3 and 4, respectively, shows the UV-Vis 

spectrum and band gap caculation data. The UV-Vis 

spectrum of Dy2Ce2O7 in figure 8 respectively are 

shown. According to the results of Pascual et al.[22], 

the relation between the absorption coefficient and 

incident photon energy can be written as (αhν)2 = A(hν 

- Eg), where A and Eg are a constant and the direct band 

gap energy, respectively. Band gap energies were 

evaluated from extrapolating the linear part of the curve 

to the energy axis. The band gap of Dy2Ce2O7 

nanomaterials obtained at S1 = 800, S2 = 900, S3 = 1000 

(8 h) and S4 = 1000 (10 h), respectively, were 2.7 eV, 

2.6 eV, 2.5 eV and 2.4 eV. The decreasing of the band 

gap energies could be attributed to the increasing the 

phase purity of the obtained materials in the fluorites 

phase. The band gap, absoption edge and reaction 
condition in different temperature and time of the 

synthesized materials are summarized in table 2. 

 
Figure 3. Plots of (αhν)2 versus hν for the synthesized samples. 
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Figure 4. Plots of (a) UV-Vis spectrum for the synthesized samples. 

Table 3. Band gap data and absorption edge for the obtained 
Dy2Ce2O7 nanomaterials.  

 Property  S1 S2  S3  S4 

Time (h) 8 8 8 10 

Temperature (°C) 800 900 1000 1000 

Band gap(eV) 2.7 2.6 2.5 2.4 

absorption edge (nm) 480 500 510 520 

4. Conclusion 

In this work, Dy2Ce2O7 nanomaterials were 

synthesized successfully via solid state and 

hydrothermal method. PXRD analysis corroborate the 

successful synthesis of the mentioned material. The 

Rietveld analysis showed that the reaction temperature 

played an important effect on the phase purity and 

crystal growth. FESEM image indicate that the as- 

synthesized nanomaterial had a mixture of rod, sponge 

and circle morphologies. We understood that the 

reaction temperature and time has a main effect on the 

morphology of the nanomaterials obtained. UV- Vis 

spectra of the synthesized nanomaterial were 

investigated and band gap energies were calculated. 
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