
  

 
  Vol. 12 | No. 1 |85 - 90| January - March | 2019 

       ISSN: 0974-1496 | e-ISSN: 0976-0083 | CODEN: RJCABP    

http://www.rasayanjournal.com 

http://www.rasayanjournal.co.in 

 

Rasayan J. Chem., 12(1), 85-90(2019) 

http://dx.doi.org/10.31788/RJC.2019.1215029 

 

 

MICROSTRUCTURAL ANALYSIS AND OPTICAL 

PROPERTIES OF NANOCRYSTALLINE CERIUM OXIDES 

SYNTHESIZED BY PRECIPITATION METHOD 
 

G. E. Putri1, S. Arief2, N. Jamarun2, F. R. Gusti1 and R. Zainul3,* 
1Sekolah Tinggi Ilmu Kesehatan Syedza Saintika, Padang, West Sumatra, Indonesia 

2Department of Chemistry, FMIPA, Universitas Andalas, Padang, West Sumatra, Indonesia 
3Department of Chemistry, FMIPA, Universitas Negeri Padang, Indonesia 

*E-mail: rahadianzmsiphd@fmipa.unp.ac.id 

 

ABSTRACT 
Nanocrystalline cerium oxide is synthesized by precipitation method using a mixture of water solvent and isopropanol 

with a ratio of 1: 6 at room temperature has been successfully synthesized. Nanocrystalline cerium oxide was 

characterized by using XRD, DRS UV-Vis Analytic, SEM and TEM. XRD results showed the peak intensity of Cerium 

Oxide (CeO2) was absorbed in an angle of 2Ɵ which is 28.7o, 33.2o, 47.5o, 56.7o, 59.2o, 69.5o, 76.8o, 79.1o, 88.3o, and 

95.5o. The size of cerium oxide crystals was calculated using the Debye Scherrer equation and obtained a crystal size 

value of 11.04 - 99.19 nm. Based on the XRD data, it can be concluded that the crystal size is included in the 

nanocrystal category with a size range of 1-100 nm. Microstructure results were analyzed by SEM and TEM showing 

rounded cerium oxide particles clumping like fine crystals. Optical properties of nanocrystalline cerium oxide were 

analyzed by DRS UV-Vis Analytic which showed that cerium oxide absorbs UV light at wavelengths of 200, 245 and 

290 nm with an energy band gap value of 2.43 eV. 
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INTRODUCTION 
The UV light is in the spectrum range of 200-400 nm.1 Sunlight radiation is divided into UV-A (320-

400nm) and UV-B (270-32 nm) and UV-C (270-290 nm). UV rays mostly in the form of UV-A are very 

dangerous and can cause skin cancer.2  

The ability of cerium oxide nanoparticles as a UV light filter material is widely discussed because cerium 

oxide has better photocatalytic activity than ZnO and TiO2. CeO2 photocatalytic activity is better because 

CeO2 has a small refractive index, high absorbance in UV light, high transmittance in visible light and the 

ability to protect the entire UV spectrum.3 

Oxide nanomaterials have attracted many researchers' attention in recent years because they have good 

mechanical, electrical, optical and catalyst properties.13-14 One of them, namely cerium oxide (CeO2) 

commonly known as Ceria. Ceria is one of the interesting oxide nanomaterials in the industrial sector 

because Ceria has a low refractive index, high oxidation power, 3.2 eV energy band gap, is very sensitive 

to visible light and has a high absorption of UV radiation.4-5  

The ability of cerium oxide to absorb UV light can be increased by reducing crystallite size. Various 

methods are used to obtain cerium oxide nanoparticles with small crystallite sizes. The process of 

precipitation in a mixture of aquadest and isopropanol solvents has been carried out to inhibit agglomeration 

so that small crystallite sizes are obtained.6  

In this study synthesis of cerium oxide was carried out using precipitation method by using a mixture of 

water solvent and isopropanol with a ratio of 1: 6. Testing of crystallite size and the resulting crystalline 

absorption peaks were analyzed using XRD. While morphological analysis uses SEM and TEM. Optical 

properties analysis was carried out with Diffuse Reflectance UV-Vis. 
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EXPERIMENTAL 
Material and Methods 
The equipment used included some glassware, magnetic stirrer, hot plate stirrer, scales, filter paper, 

aluminum foil, oven, furnace, and Buchner funnel. While the instruments used are TEM (Transmission 

Electron Microscopy), SEM (Scanning Electron Microscopy),  XRD (X-Ray Diffraction) and Diffuse 

Reflectance UV-vis (DRS-UV-Vis). Ce(NO3)3.6H2O (cerium nitrate hexahydrate), isopropanol, 

ammonium hydroxide (NH4OH), all aquadest are pure (pa from Merck). 

 

General Procedure 

Cerium nitrate hexahydrate is heated at a temperature of 110°C to remove water and then dissolved in a 

water solvent mixture: isopropanol in a ratio of 1: 6 so that a white mixture is formed. The mixture is white 

then stirred using a magnetic stirrer for 24 hours. Then the mixture was added to ammonium hydroxide 

until the pH was 9 and there was a color change to brownish white. After that, the solution is stirred again 

using a magnetic stirrer for 3 hours to homogenize the mixture. The solution is left until the precipitate is 

formed. After the precipitate is formed the precipitate is filtered with a vacuum pump and washed with 

isopropanol. Then it was dried for 2 hours in an oven at 60°C. The yellow solids obtained were calcined at 

300°C for 4 hours using a furnace to form cerium oxide nanocrystalline. 

 

RESULTS AND DISCUSSION 

XRD Analysis Results 

The peak intensity of Cerium Oxide (CeO2) was absorbed in a 2Ɵ angle of 28.7°, 33.2°, 47.5°, 56.7°, 59.2°, 

69.5°, 76.8°, 79.1°, 88.3°, and 95.5°. Crystal Lattice (110), (200), (220), (311), (222), (400), (331), (420), 

(422), and (511) based on JCPDS No. 00-043-1002. Very small Crystallites produce very wide diffraction 

peaks. The diffraction peaks are produced by the constructive interference of light reflected by crystalline 

planes. The relationship between the size of crystallites with the width of X-ray diffraction peaks can be 

approximated by the Scherrer equation 6. 
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Based on equations-1 and 2, D is Crystallite site (unit nm), �is FWHM (broadening at Half the Maximun 

Intensity) the value used is the FWHM value after being reduced by the instrumental line broadening 

(radians), Ɵ namely Bragg’s Angle, λ is X-Ray and k wavelengths are the shape factor constant value (0.8-

1). Cerium oxide crystal size 11.04 - 99.19 nm. Based on research conducted by Goharshadi et al, the radius 

of Ce3+ crystallite ion is greater than that of Ce4+ ion 7. So it can be indicated that the crystal size of 11.04 

nm is indicated by the form of cerium oxide crystals in the form of Ce4+ while the crystalline size of 99.19 

nm is indicated by the nanocrystalline form of cerium oxide crystals in the form. Ce3+. Based on the results 

of crystallite size analysis, the size of cerium oxide crystallite has a small size of 100 nm. Based on the 

results of these calculations shows the success of the synthesis of nanocrystalline cerium oxide because of 

the size range of nano crystals between 1-100 nm. 

 

Microstructural Analysis 

Scanning Electron Microscopy (SEM) 

SEM Cerium Oxide characterization results can be seen from Fig.-2 at 500x, 5000x and 10000x 

magnification. Based on SEM photos in Figure 2, SEM photos of cerium oxide particles showing round 

shapes scattered throughout the surface of the results of this study are also similar to research conducted by 

Chinarro et al, 2007 4. SEM image enlargement of 500 x only shows the smooth surface morphology of 

cerium oxide, the result of 5000 x magnification can be seen that the particle morphology is round but not 

very clear. While the 10000x magnification is clearly visible in the morphology of round particles with a 

uniform size. 
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Fig.-1: Cerium Oxide XRD Analysis Results 

 

 

 
 

Fig.-2:  Cerium Oxide SEM Analysis Results with a magnification of 500x, 5000x and 1000x. 

 

Transmission Electron Microscopy (TEM) 
The results of TEM analysis are used for microstructure analysis, interface analysis, crystal structure and 

nanometer scale elemental analysis. Pore size determination can be done by measuring the TEM image 

from the vertical direction (face appearance) and horizontal direction (side view). The results of the TEM 

analysis in Figure 3 show that (spherical)l particles clump like fine crystals, this results in line with the 

study of Chinarro et al, 2007 which explains that the cerium oxide obtained is also spherical.4 
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Fig.-3: The results of the Cerium Oxide TEM analysis 

 

Particle size distribution is calculated using the application image J. Data obtained from the J image is 

processed using Microsoft Excel so that the program curve is obtained. Based on Figure 4 it can be 

concluded that the particle size of Ceria is 7-10 nm. This result is in line with the research of Gohasardi et 

al which produced cerium oxide nanomaterials with a particle size of 7 nm 7. 

 

 
 

Fig.-4: Distribution of Cerium Oxide Particles 

 

Analysis of Optical Properties with DRS UV-Vis Analytic  
UV light has a wavelength of 200-400 nm. The results of DRS UV-Vis analysis for absorbance showed 

that Nanocrystalline Cerium Oxide samples were absorbed in 200 nm, 245 nm and 290 nm. Absorption 

absorbance ends at a wavelength of 500 nm. These results indicate that nanocrystalline cerium silica oxide 

absorbs in the UV light region until the visible light region. 

Determination of optical band gap energy is done by using the reflectance value from the DRS-UV Vis 

analysis. The% refraction value (% R) is made into the y-axis by changing it to R. The value of the 

wavelength (λ) from the results of the reflectance analysis with the DRS-UV Vis tool is included in the 

Kubelka Munk equation, equation 3, after which the value of hv is sought by the equation 4 where h is the 
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plank constant = 6.626 x 10-34 Js and C is the speed of light with a value of 3 x 108 m/s. The value of alpha 

square ((1-R) 2/2R x hf) 2 for each wavelength (λ) is made into the y-axis and then plotted into the graph 

with the x-axis Energy value in units of eV.8-10 

 

 

 

Fig.-5: Results of DRS-UV Vis Absorptions of Cerium Oxide 
 

After making a graph the relationship between an alpha square ((1-R) 2/2R x hf) 2 with the hv value drawn 

by a line that intersects with the turning point on the curve as shown in Fig.-6. 
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In nanomaterials, the size of the material is very small so that the surface area becomes large. Energy band 

gap width is inversely proportional to particle size. The smaller the particle size, the greater the value of the 

energy band gap. The greater the value of the energy band gap, the slower the recombination process will 

occur, so that the excitation process lasts longer than the recombination process, so that more organic 

compounds can be degraded. The smaller the particle size, the more reactivity will increase because the 

smaller the particle size, the greater the surface area will cause the atomic fraction will be more on the 

surface while a material reacts with other materials on the surface 10,11, so that the more atomic fractions on 

the surface the material reactivity will increase. The bulk band gap value of cerium oxide is ranging from 

2.8 to 3.2 eV. Based on the results of the calculation of the energy band gap value in accordance with Figure 

6, the value of the energy band gap decreased to 2.43 eV. 

 

 
Fig.-6: Curve Determining the Energy Value of the Optical Band Gap using the Kubelka-Munk Theory of Optical 

Cerium Oxide 
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CONCLUSION 
Synthesis of cerium oxide with precipitation method using a mixture of aquadest and isopropanol solvents 

with a ratio of 1: 6 has been successfully synthesized. The size of crystallite from XRD analysis ranged 

between 11.04 - 99.19 nm. based on the XRD data it can be concluded that the crystal size is included in 

the nanocrystal category with a size range of 1-100 nm. The size of the crystal is inversely proportional to 

the value of the energy band gap so that when the size of cerium oxide is smaller (nano), the value of the 

band gap is increased to 2.43 eV. The results of SEM and TEM analysis showed that the morphological 

form of cerium oxide was (spherica)l with a size of 7-10 nm. 
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