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CeO2 and Gd-doped CeO2 nanoparticles were synthesized by microwave-assisted method. The structural 
properties of cerium oxide were analyzed by XRD. The XRD pattern confirmed the cubic structure of 
cerium oxide. The morphology and size of the CeO2 and Gd-doped CeO2 nanoparticles were analyzed by 
SEM and TEM analysis. From the SEM and TEM images it was confirmed that the pure cerium oxide 
exhibited the spherical morphology whereas Gd-doped CeO2 shows rod like morphology as it was 
confirmed by SEM and TEM images. Raman spectra confirm the F2g mode of vibration of cerium oxide 
and it was slightly shifted in the Gd-doped cerium oxide sample due to incorporation of Gd. 
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1. Introduction 

The nanomaterials are highly useful as a catalyst for toxic dye 
degradation and biodiesel production due to their high surface activity 
originated from high surface to volume ratio. Therefore, the nanomaterials 
with controlled morphology is imperative to improve the surface activity. 
Cerium oxide is one of the promising rare earth oxides and very much 
useful for photocatalytic and energy storage applications [1-3]. Moreover, 
the multi valence state of cerium leads to interesting properties of the 
material such as oxygen storage and releasing capacity [4,5]. The cerium 
oxide has the ability to shift easily between reduced and oxidized states. 
The fluorite structure of cerium oxide can withstand high levels of oxygen 
non-stoichiometry without changing its structural type [6]. Further, 
treating at different atmosphere and doping with different elements can 
tune the oxygen storage and releasing capacity of cerium oxide. 

Cerium oxide can be synthesized by various methods such as sol-gel, co-
precipitation and hydrothermal methods [4-7]. However, these methods 
offer limited controllability over size and morphology of the material. 
Whereas microwave assisted synthesis method is highly useful for 
synthesizing mono dispersed nanoparticles due to its direct and drastic 
heating process. Therefore, the aim of the present work is to synthesis 
pure and Gd doped cerium oxide nanoparticles by microwave assisted 
synthesis method. The physicochemical properties of the prepared 
nanoparticles were studied by XRD, SEM, TEM and Raman analysis. 

 

2. Experimental Methods 

Cerium nitrate hexahydrate (Alfa aesar, 99.5%) was used as precursor 
for synthesizing cerium oxide. 0.3 M of cerium nitrate hexa hydrate was 
dissolved in de-ionized water under stirring condition. 0.5 mL of PEG was 
added as a capping agent to control the agglomeration. After that, 
ammonium hydroxide (NH4OH) was added to the obtained solution and 
system was brought to a higher pH value under the stirring for half an 
hour. The solution was placed in the microwave oven of 850 watts in 60s. 
The solution was transformed into yellow color. After the reaction, the 
precipitates were collected by centrifugation at 4000 rpm for 15 min. The 
CeO2 powder was obtained by drying the collected product at 80 °C in an 
oven for 24 hours and the resulted product was pale yellow powder. The 
final product was treated at 350 °C for 3 hours to remove the unreacted 

residuals. Gadolinium nitrate hexa hydrate was used as a source material 
for the preparation of Gd-doped cerium oxide. The similar procedure was 
followed for the synthesis of Gd doped cerium oxide by changing the molar 
concentrations cerium precursor as 0.27 M and gadolinium precursor as 
0.03 M. The prepared pure and Gd-doped cerium oxide materials were 
analyzed by XRD, SEM, TEM and Raman analysis for studying their 
structural and morphological properties. 

The structural properties of the samples were analyzed using Bruker 
D8 advance X-ray diffractometer with Cu Kα (1.54 Å) radiation. The X-ray 
diffraction patterns were recorded in the range of 2ϴ from 20 to 80 with a 
stepwise increment of 0.02. Morphology of the samples was investigated 
by scanning electron microscopy (TESCAN VEGA3 scanning electron 
microscope) and transmission electron microscopy (JEOL 3100 TEM). The 
Raman spectra of the samples were recorded using L-PeakSeeker Raman 
spectroscopy, Agiltron. 

 

3. Results and Discussion 

3.1 Structural Analysis 

Fig. 1 shows the XRD pattern of the prepared cerium oxide sample. All 
the diffraction peaks of (111), (200), (220), (311), (222) and (400) were 
indexed and well matched with standard JCPDS Card No. 65-5923. The 
patterns of cerium oxide samples confirmed the cubic structure of the 
material. The sharp and high intense peaks of XRD patterns confirm the 
high crystalline quality of the samples. The crystallite size of pure cerium 
oxide was calculated from the diffraction peaks of XRD pattern using 
Scherer’s formula. The calculated sizes of the crystallites are shows in 
Table 1. From the calculated size of the crystallites, the average size of the 
crystals is found as 12.5 nm. 

 

 
Fig. 1 XRD pattern of CeO2 nanoparticles 
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Table 1 Calculated crystallite size from the XRD pattern 

Peak position 2θ (°) (hkl) FWHM (°) Crystallite size (nm) 

28.641 (111) 0.69 12.42 

33.208 (200) 0.61 14.20 

47.618 (220) 0.73 12.43 

56.518 (311) 0.73 12.91 

69.061 (400) 0.883 10.81 

 
3.2 Morphological Studies 

Fig. 2 shows the SEM images of pure and Gd-doped cerium oxide 
nanoparticles. The image of pure cerium oxide shows that the obtained 
particles are spherical in shape and highly mono dispersed. The SEM 
image of Gd-doped cerium oxide nanoparticles showed highly 
agglomerated particles with wide range of size distribution 
 

    
Fig. 2 SEM images of pure CeO2(a) and CeO2:Gd(b) nanoparticles 

 

    
Fig. 3 TEM images of pure cerium oxide nanoparticles. Inset image shows the FFT of 
pure sample 

 
Fig. 3 shows the TEM images of the pure cerium oxide nanoparticles. As 

can be seen from Fig. 3, the cerium oxide nanoparticles are having 
spherical morphology and the size of the particles is in the range of 10 nm. 
The HRTEM image shows the lattice fringes of the particles, which shows 
high crystalline nature of the sample. The inset of Fig. 3 shows the FFT 
pattern of the sample and it shows ring pattern, which confirms the 
polycrystalline nature of the sample. 
 

 
Fig. 4 TEM images of Gd-doped cerium oxide nanoparticles. Inset image shows the 
FFT of Gd-doped cerium oxide 

 
Fig. 4 shows the TEM images of Gd-doped cerium oxide nanoparticles. 

The rod like morphology was clearly observed in the TEM images and the 
sizes of the rods are in the range of 10 to 20 nm diameter and 30 to 50 nm 
in length. The inset of Fig. 4 shows the FFT pattern of the sample, which 

confirms the polycrystalline nature of the sample. From the TEM images, 
it is obvious that the spherical morphology of the particles is changed into 
rod like morphology. Moreover, the similar rod like morphology for Gd-
doped cerium oxide sample was reported in the literature [8, 9]. 

Fig. 5 shows the Raman spectra of pure and Gd-doped cerium oxide 
samples. In Fig. 5, the active mode of F2g vibration is observed at 458 cm-

1 which confirms the fluorite cubic structure of the material [10, 11]. In the 
Raman spectrum of Gd-doped cerium oxide nanoparticles, the 
characteristic peak of F2g is observed at 454 cm-1 and the Raman shift is 
mainly due to the incorporation of Gd in cerium oxide lattice. 
 

 
Fig. 5 Raman spectra of (a) pure CeO2 and (b) Gd-doped CeO2 nanoparticles 

 

4. Conclusion 

CeO2 and Gd-doped CeO2 nanoparticles were successfully synthesized 
by microwave-assisted method.  The crystal structure of cerium oxide was 
confirmed by XRD analysis. From the SEM and TEM analysis, it was 
observed that the morphology and size of the cerium oxide nanoparticles 
are changed from spherical to rod like morphology due to the 
incorporation of Gd in cerium oxide. Raman spectra confirm the F2g mode 
of vibration of cerium oxide and it was slightly shifted in the Gd-doped 
cerium oxide sample due to incorporation of Gd. 
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