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Abstract: The Monoethanolamine (MEA) capped Cerium oxide Nanoparticles (CeO2 NPs) was synthesized by co-

precipitation method. Synthesized MEA capped CeO2 NPs was formed face centered cubic structure. The morphological 

and elemental analyses were carried out using FESEM and EDAX spectrum. Various functional characteristic peaks 

were observed FT-IR spectrum.  From the UV-Vis spectrum, the absorption edge peak was found to be 317 nm for MEA 

capped CeO2 NPs. The photoluminescence measurements revealed that the broad emissions were composed of five 

different peaks observed for MEA capped CeO2 NPs.  
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I INTRODUCTION 

Cerium oxide (CeO2) are important nanoparticles for a 

various types of applications in catalysts [1, 2], fuel cell [3], 

chemical-mechanical polishing for microelectronics, 

phosphor/ luminescence [4], and metallurgical and 

glass/ceramic applications. In literature CeO2 NPs have been 

synthesized by various methods, sol-gel processing [5,6], 

hydrothermal synthesis [7–10], homogeneous precipitation 

with urea or hexamethylenetetramine [11,12], flame spray 

pyrolysis [13], a reverse micelles route [14,15], combustion 

synthesis [16], sonochemical and microwave-assisted heating 

routes [17], egg white solution route [18], a complex thermo-

decomposition method [19], and co-precipitation method 

[20]. Among the various methods, co-precipitation is one of 

the most important methods to prepare the nanoparticles. The 

co-precipitation method reduces the temperature of the 

reaction where a homogeneous mixture of reagent 

precipitates. It is a simple method for the synthesis of 

nanopowders of metal oxides, which are highly reactive in 

low temperature sintering. 

In the present studies, Monoethanolamine (MEA: 

[CH2 (OH) CH2] NH) is selected for capping with CeO2 NPs. 

The reason is that the amino group of MEA having more 

energy to give the charge transfer (CT) for electronic 

absorption corresponding to the transition from the ground to 

the first excited state. MEAcapping CeO2 NPs is prepared 

through the co-precipitation method. The synthesized 

MEAcapping CeO2 NPs is characterized by X-ray diffraction 

(XRD), Field Emission Scanning Electron Microscopy 

(FESEM),Energy dispersive analysis X-ray (EDAX). The 

functional groups are identified using Fourier Transform 

Infra-Red (FT-IR). The optical studies were carried out by 

UV-VIS and Photoluminescence spectrum. 

II MATERIALS AND METHOD 

The following high purity chemicals such as cerium 

nitrate, Monoethanolamine (MEA), and Sodium hydroxide 

were used as precursors without further purification.  

The MEA added CeO2 NPs synthesis following, 

Cerium Nitrate0.1 M with a capping agent added MEA 

0.05M were dissolved double distilled water separate 100ml 

beaker, then form a homogenous mixture. 0.8 M of NaOH 

was separately dissolved in 100 ml of double distilled water. 

Then, NaOH solution was added drop wise to the 

homogenous mixture of Cerium nitrate solution, the pH 12.30 

obtained and which yields violet precipitate. The solution 

with the violet precipitate was stirred at room temperature for 

6 h. This solution was refluxed at room temperature for 24 h. 

Then, a clear solution was obtained, which found to be stable 

at ambient condition. Thereafter, the solution was washed 

several times with double distilled water and ethanol. The 

precipitate was dried at 120 °C. Finally, MEA capped CeO2 

samples were annealed at the 700 oC for 5 h because the 

energy from the heat could enhance the vibration and 

diffusion of lattice atoms for atomic re-arrangements. 
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A. Characterization Techniques 

               The MEA capped CeO2 NPs was characterized by 

X-ray diffractometer (model: X’PERT PRO PANalytical). 

The diffraction patterns were recorded in the range of 30o-80o 

for the MEA capped CeO2 NP samples where the 

monochromatic wavelength of 1.54 Å was used. The samples 

were analyzed by Field Emission Scanning Electron 

Microscopy (Carl Zeiss Ultra 55 FESEM) with EDAX 

(model: Inca). The FT-IR spectra were recorded in the range 

of 400-4000 cm-1 by using a Perkin-Elmer spectrometer. The 

absorption spectra of MEA capped CeO2 NPs samples were 

studied in the range between 200 and 1100 nm of Lambda 35 

spectrometer. Photoluminescence spectra were studied using 

a Perkin Elmer-LS 14.  

III RESULTS AND DISCUSSION 

B. X-ray diffraction pattern studies  

Figure 1 shows that X-ray diffraction pattern of 

MEA capped CeO2 NPs. The synthesized MEA capped CeO2 

NPs are exhibits face, center cubic structure with the lattice 

parameters a = b = c = 5.411 Å and α = β = γ = 90°.  The 

indexed XRD peaks are found to be (111), (200), (220), 

(311), (222), (400) and (331) corresponding (2θ) angle at 

28.586˚, 33.132 ˚, 47.534 ˚, 56.383 ˚, 59.09 ˚, 69.46 ˚ and 

76.73 ˚ well matched with the standard diffraction data 

JCPDS No: 34-0394. 

The lattice parameters CeO2 NPs is calculated 

according to the formula 

 
The lattice constant ‘a’ value is obtained through the relation 

a = . The calculated ‘a’ value is 5.4041 Å, 

for MEA capped CeO2 NPs respectively. 

The average crystallite size of the MEA capped CeO2 NPs are 

calculated by Debye Scherrer’s relation 

Average crystallite size D=  

Where, λ is the wavelength of the radiation (1.54056 Å for 

CuKα radiation), k is a constant which is equal to 0.94, β is 

the peak width at half-maximum intensity, θ is the peak 

position. The average crystallite sizes are found to be 21.56 

nm for MEA capped CeO2 NPs respectively. 

Figure 2 (a-b) shows the FESEM image high and 

low magnification images of MEA capped CeO2 NPs. The 

morphology of the synthesized CeO2 NPs is formed spherical 

structure and particles are present in the nanometer scale. 

Elemental compositions are identified using EDAX spectra 

for synthesized MEA capped CeO2 NPs as shown in Fig. 

2(c). In the present work, the chemical compositions of Ce 

and O atomic percentage are observed at 31.13 % and 

68.87% for MEA capped CeO2 NPs.  
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Figure 1: X-ray diffraction pattern of MEA capped CeO2 

NPs 

C. Morphological and Elemental composition of MEA capped 

CeO2 NPs 

 
Figure 2: (a-c) Morphological and elemental analysis of 

MEA capped CeO2 NPs 

D. FT-IR spectroscopic studies 

FT-IR spectrum of MEA capped CeO2 NPs is shown 

in Fig. 3. The broad absorption O-H peak observed at 3750-

3000 cm-1 [21]. From the FTIR result, the O-H stretching of 

residual alcohols, water and Ce-OH found to 3422 cm-1 for 

MEA capped CeO2 NPs. The C-H characteristic band is 

found to be 2939 cm-1 [22]. The absorption band at 1641 cm-1 

is ascribed O-H symmetric stretching for MEA capped CeO2 

NPs [22]. The Ce-O-Ce is stretching, vibration observed at 

1008 cm-1. The Ce-O-C bending mode vibration is observed 

at 687 cm-1 for MEA capped CeO2 NPs [23,24]. The strong 

Ce-O stretching vibration is found to be 505 cm
-1

 for MEA 

capped CeO2 NPs. 
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Figure 3: FT-IR spectrum of MEA capped CeO2 NPs 

E. UV-Vis spectroscopic studies 

The UV-Vis absorption spectrum of MEA capped 

CeO2 NPs is shown in Fig. 4. The absorption edge peak is 

observed at 317 nm for MEA capped CeO2 NPs. This is due 

to the photo excitation of electron from the valence band to 

conduction band.  

The relation between the absorption coefficients α 

and the incident photon energy hυ can be written as 

αhυ = A(hυ-Eg)
n 

Where Eg is the optical band-gap. A is a constant 

and the exponent n depends on the transition. The value of (n 

= 1/2, 3/2, 2, or 3) depends on the nature of the electronic 

transition (1/2 for allowed direct transition, 2 for allowed in-

direct transition, 3/2 and 3 for forbidden direct and forbidden 

indirect transitions, respectively). Considering direct and 

indirect band transition in NPs, a plot between (αhυ)2 and 1/2 

Vs. hυ and extrapolating the linear portion of the absorption 

edge to find the intercept with energy axis is shown in Fig. 5. 

Estimated band gap of MEA capped CeO2 NPs values 

observed at 2.95 eV and 2.45 eV respectively. The CeO2 NP 

sample shows a decrease in Eg by a value exceeding 0.24, as 

compared to the bulk CeO2powders (Eg = 3.19 eV (direct), 

determined by UV-Visible spectroscopy) [25]. For the reason 

of decrease in the optical band gap of CeO2. The band gap 

MEA capped CeO2 red shift occurred as compared to that of 

the bulk CeO2.The red-shift in the band gap can be attributed 

to the Ce3+ at the grain boundaries. This may be arrangements 

of some localized gap states in the band gap [26, 27].  
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Figure 4: UV-Visible spectra of the MEA capped CeO2 NPs 
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Figure 5: Direct and indirect band gaps of MEA capped 

CeO2 NPs 

F. Photoluminescence spectroscopic studies 

Figure 6 shows the room temperature 

photoluminescence emission spectrum of MEA capped CeO2 

NPs. The as-synthesized CeO2 NPs was observed in the 

excited wavelength 325 nm. Murugan et al., (2017) reported 

that the PL emission values are (361 nm, 378 nm, 391 nm, 

408 nm, 450 nm, 490 nm and 520 nm) for CeO2 NPs [28].  

The emission spectrum of the MEA capped CeO2 NPs peaks 

are observed at 366 nm, 390 nm, 415 nm, 459 nm and 485 

nm respectively. The two UV emission peaks observed at 366 

nm and 390 nm are corresponding to the near band edge 

(NBE) emission, this is due to the recombination of free 

excitons [28]. The violet emission center at 415 nm, it’s 

attributed to the charge transitions from the 4f band to the 

valance band of CeO2 [29]. Blue emission observed at 459 

nm, which is due to the localization of the energy levels 

among the Ce 4f and O 2p bands. The blue-green emission 

located at 485 nm, is ascribed to surface defects. From the PL 

emission values (366 nm, 390 nm, 415 nm, 459 nm and 485 

nm) are decreased as compared to the early literature (361 

nm, 378 nm, 391 nm, 408 nm, 450 nm, 490 nm and 520 nm) 

emission values of CeO2 NPs [28]. These blue shift may 

occur from different origins, such as electron phonon 

coupling, lattice distortion, localization of charge carriers due 

to interface effects and point defects. In PL spectrum the 

defect level emission was reduced MEA capped CeO2 NPs. 

The optoelectronic properties mainly depend on the reduction 

of the defect level in material, which influenced by electron 

phonon coupling interaction. In the present investigation, 

MEA capped CeO2 NPs defect level was decreased. In PL 

results provides strong support for the further development of 

extensive optical device applications. 
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Figure 6: Photoluminescence spectra of MEA capped CeO2 

NPs 

IV CONCLUSIONS 

In summary, MEA capped CeO2 NPs prepared 

through co-precipitation method. The XRD patterns 

confirmed that the synthesized MEA capped CeO2 NPs was 

exhibited cubic phase. From the FESEM image, the 

synthesized CeO2 NPs was formed spherical structure. 

Elemental compositions were identified using EDAX 

spectrum. In FT-IR spectrum, Ce-O stretching vibration was 

observed at 505 cm-1 for MEA capped CeO2 NPs. The UV-

Vis spectrum, the estimated direct and indirect band gaps of 

MEA capped CeO2 NPs values found to be 2.95 eV and 2.45 

eV respectively. From the PL spectrum, the defect level 

emission was reduced MEA capped CeO2 NPs. The 

optoelectronic properties mainly depended on reduction the 

of defect level in material, which influenced by electron 

phonon coupling interaction. In the present work, MEA 

capped CeO2 NPs defect level was decreased. In PL results 

provides strong support for the further development of 

extensive optical device applications. 
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