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Well-crystalline CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites were 

successfully synthesized by a facile ‘one-pot’ chemical precipitation method at low 

temperature. The crystal structure, morphology and optical properties of the CeO2-

Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites were investigated using X-ray 

diffraction, TEM, FTIR, UV-vis absorption and PL spectrometer. The photoluminescence 

study revealed visible light emission for the nanocomposite. Interestingly, significant red 

shift observed for Mg(OH)2-CeO2 nanocomposites. The optical tuning nanocomposites 

can be used for the optoelectronic applications. 
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1. Introduction 
 

In the field of nanotechnology, the synthesis of controlled structures is crucial for the 

development of functional devices, with many in the field aiming for the convenience of bottom-

up fabrication as opposed to timely and costly top-down methods. Over the years, numerous metal 

oxides namely TiO2, ZnO, CeO2, SnO2, WO3, NiO, Fe2O3 and CuO, etc., were used extensively in 

photovoltaics, supercapacitor, battery, optoelectronics and photocatalytic degradation [1–5]. 

Among the metal oxides, Cerium dioxide (CeO2) is an important for combustion 

applications due to their special characteristics. CeO2 has a cubic fluorite type structure with an 

Fm3m spatial group [6]. An important characteristic of CeO2 is that it undergoes substantial 

changes in the stoichiometry of oxygen in response to changes in temperature, oxygen pressure, 

electric field and the presence of dopants, without undergoing changes in crystal structure [7], 

while the transport of oxygen through its structure results in the creation of intrinsic point defects 

[6]. CeO2 shows unique redox properties and high oxygen storage capacity (OSC), which allows it 

to quickly switch oxidation state between Ce
4+

 and Ce
3+

 [8]. 

To control the surface reactivity and limit the electronic influence of surface defects [9], a 

common technique can enhance the properties of nanostructures is to create nanocomposites [10]. 

Magnesium oxide (MgO) as a versatile oxide material with assorted properties like large band gap, 

excellent thermodynamical stability, low dielectric constant and low refractive index finds 
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extensive applications in catalysis, ceramics, toxic waste remediation, antibacterial materials, and 

as an additive in refractory, paint and superconductor products [11-13].  

Previously, researchers have fabricated controlled ZnO–MgO (nanopillar) heterostructures 

[14], which may be useful in the study of chemical sensors, optical devices and scanning probes in 

addition to providing a reliable heterojunction material to study quantum confinement effects. 

Doping ZnO with MgO in a de-ionized water for produce a flat thin film, followed by a high 

temperature anneal, has been obtained to be especially useful in hybrid solar cell devices as a form 

of bandgap engineering [15-16].  

Pure magnesium based precursors (magnesium metal, magnesium chloride, magnesium 

nitride, magnesium sulfate and other salts containing magnesium) plays a vital role in the 

production of high purity MgO and Mg(OH)2 nanostructures. However, limited studies could be 

found dealing with the synthesis of magnesium hydroxide and magnesium oxide nanostructures 

from an impure precursor [17]. 

Hitherto, nanocomposites were synthesized using thermal evaporation [18], flame spray 

pyrolysis [19], sol–gel [20], chemical vapor deposition [21], hydrothermal [22], and surfactant 

methods [23]. However, these synthesis techniques are expensive and involve complex methods, it 

need precious analytical instruments, and the use of synthetic chemical and organic solvents which 

were harmful and not easily degraded in the environment. Thus, developing a simple ‘one-pot’ 

chemical method for preparation of CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites 

remained a challenging topic of investigation. Accordingly, in the present work we report a facile 

route to synthesis of CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites by chemical 

method.  

 

 

2. Experimental Procedure 
 

2.1. Preparation of CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites 

All chemical were used analytical grade with high purity. In a typical synthesis of CeO2-

Mg(OH)2, 0.2 M of Cerium (III) nitrate hexahydrate (Ce(NO3)3.H2O) was dissolved in 100 mL 

distilled water. Then 1g of polyvinylpyrrolidone (PVP) was added into the above solution. Next, 2 

M of NaOH was directly added into the above solution under constant stirring at 80 °C. After 1 h, 

0.2 M of Magnesium Chloride (MgCl2·6H2O) solution was added to the above colloidal solution 

and the resultant solution was stirred for another 1 h. Then, the sample washed with de-ionized 

water, ethanol and acetone to remove residuals and then it was dried in a hot air oven at 120 °C for 

4 h. The obtained powder sample was subjected to the characterization. To synthesis Mg(OH)2-

CeO2, the similar synthesis procedure was used with interchange the precursors of Ce(NO3)3.H2O 

and MgCl2·6H2O. 

 

2.2. Characterization 

Crystal structure of the prepared samples were analysed using powder X-ray diffraction 

(XRD) spectrometer (Bruker Axs D8 diffractometer) equipped with Cu Kα radiation (λ = 1.541 

Å). Functional groups presence in the surface of the nanoparticles were evaluated using Fourier 

transform infrared spectroscopy (FTIR) using Bio-Rad (Hercules, CA) FTS-165 spectrometer. The 

microstructure information of CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites was 

studied using transmission electron microscope (TEM, PHILIPS CM200). Optical absorption and 

band gap of the samples were estimated from UV diffused reflectance spectroscopy (DRS) using a 

JASCO V-670 double beam spectrophotometer. Photoluminescence (PL) spectra for the 

synthesized samples were recorded using a JOBIN YVON FLUROLOG-3–11 spectroflurometer 

equipped with Xe lamp (Excitation wavelength = 325 nm).  

 

 
3. Results and Discussion 
 

Fig. 1(a) shows the X-ray diffraction patterns of CeO2-Mg(OH)2 and inverted Mg(OH)2-

CeO2 nanocomposites, indicating mixed phases of CeO2 and Mg(OH)2. Individual phases of CeO2 
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and Mg(OH)2 were observed without producing new compounds. Fig. 1(a) shows the sharp and 

narrow peaks belongs to Mg(OH)2 and other peaks belongs to CeO2. The CeO2 diffraction peaks 

were observed at 2θ of 28.13, 33.05, 47.52, 56.53, and 59.14°, corresponding to the planes of (1 1 

1), (2 0 0), (2 2 0), (3 1 1), and (2 2 2), respectively. The lattice plane indicates fluorite cubic 

structure (JCPDS card no.: 89-8436) of CeO2. The diffraction peaks of Mg(OH)2 were observed at 

2θ  of 38.24, 51.07, 58.91, 62.31, 68.42 and 72.27° corresponds to (1 0 1), (1 0 2), (1 1 0), (1 1 1), 

(1 0 3) and (0 0 2) planes, respectively. All the diffraction planes are corresponds to hexagonal 

structure (JCPDS card no.: 84-2164) of Mg(OH)2. In the cubic structure of CeO2, cation such as 

Ce
4+

 is in the closed packing cubic structure, and O
2-

 anions are fully occupied in the tetrahedral 

sites. Since all of the octahedral sites are vacant, the large vacancy is provided as an interstitial 

position. Other metal cations are readily substituted in the fluorite structure and also, inserted in 

the interstitial positions. In the cubic CeO2, a change in the lattice constant by substitution is 

greater than that in the interstitial solid solution. If Ce
4+

 cations were substituted by Mg
2+

 cations 

in the CeO2 phase, the lattice constant of CeO2 should be varied. Judging from the fact that no 

change in the lattice constant of the CeO2 phase was observed in our system, it is assumed that 

Mg
2+

 cations are inserted in the interstitial position of CeO2 crystallites. The crystallite size was 

found is to be 11.2 nm and 14.6 nm for CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 

nanocomposites, respectively using Debye Scherrer equation [24].  

Fig. 1(b) shows FT-IR spectra of the CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 

nanocomposites. The peaks observed at 1636 cm
-1

 and 3420 cm
-1

 is due to the presence of -OH 

stretching and bending, respectively, assigned to the H2O adsorption on the surface samples. The 

absorption band at 2361 cm
−1

 is ascribed to the stretching vibrations of CO2 due to adsorption of 

atmospheric carbon dioxide [25-27]. The band at 1076 cm
−1

 is attributed to the H
−
 ion [25]. In 

inverted Mg(OH)2-CeO2 nanocomposites, the peak at 426 cm
-1

 indicated Mg-O bond stretching, 

which in turn confirmed that the obtained product have magnesium hydroxide. 

 

      
 

Fig. 1. (a) X-ray diffraction spectra (b) FT-IR spectra of the CeO2-Mg(OH)2  

and inverted Mg(OH)2-CeO2 nanocomposites. 

 

 

Fig. 2(a,b) shows the TEM images of different magnifications of the CeO2-Mg(OH)2 

nanocomposites and Fig. 3(a,b) shows TEM images of Mg(OH)2-CeO2 nanocomposites. TEM 

images (Fig. 2(a,b) and Fig. 3(a,b)) shows that mostly agglomerated with the presence of spherical 

shaped grains in the nanoscale range. A mixture of grains related to both CeO2 and Mg(OH)2 were 

observed, which gives a supporting evidence for the homogeneous mixing of both CeO2 and 

Mg(OH)2. The average size of the particles shows about 12.3 and 15.1 nm for CeO2-Mg(OH)2 and 

inverted Mg(OH)2-CeO2 nanocomposites. 
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Fig. 2. (a, b) TEM images of the different magnifications of CeO2-Mg(OH)2 nanocomposites. 

 

 

 
 

Fig. 3. (a, b) TEM images of the different magnifications of Mg(OH)2-CeO2 nanocomposites. 

 

 

Fig. 4(a) shows the UV–Vis absorption spectra of CeO2-Mg(OH)2 and inverted Mg(OH)2-

CeO2 nanocomposites. The nanocomposites exhibited absorption in the rage between 350-400 nm 

corresponds to the excitation of four-fold coordinated O
2−

 anions in the edges and corners. The 

following formula is used to calculate the energy bandgap (Eg) using Tauc plot spectra [28]: 

 

   α(h) = A(hEg)
n/2

                        (1) 

 

where ‘α’ and ‘h’ represent the absorption coefficient and the light energy, ‘A’ is a constant, ‘Eg’ 

the optical bandgap and ‘n’ is an integer equal to 1 for a direct bandgap and 4 for an indirect 

bandgap. The plot of (αhν)
2
 versus Eg (eV) was used for estimating the value of energy bandgap by 

extrapolating curve to zero absorption and shown in Fig. 4(b). The calculated value of the bandgap 

(Eg) was found are 3.24 and 2.81 eV for CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 

nanocomposites, respectively. The narrow band gap nanocomposite (Mg(OH)2-CeO2) can be used 

as an electrode material for solar cell and supercapcitor application [29,30]. 
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Fig. 4. (a) UV/vis spectra of the CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites  

and (b) Tauc plots of the corresponding samples. 

 

 

Fig. 5(a,b) shows the photoluminescence spectra of the CeO2-Mg(OH)2 and inverted 

Mg(OH)2-CeO2 nanocomposites. It shows that the broad band around 425 nm and 625 nm for 

CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites, respectively. The PL peaks of 

CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposites are showed in blue and red 

wavelength region, respectively. Interestingly, the PL emission is significantly shifted towards 

longer wavelength side due to decreasing the band gap. The drastic changes in the PL emission by 

changing the compounds is indicates the role of the normal and inverted nanocomposites. 

 

       
 

Fig. 5. (a) Photoluminescence spectra of the CeO2-Mg(OH)2 and inverted (b) Mg(OH)2-CeO2 

nanocomposites. 

 

 
4. Conclusion 
 

In summary, the CeO2-Mg(OH)2 and inverted Mg(OH)2-CeO2 nanocomposite were 

successfully synthesized by a facile ‘one pot’ chemical method at low-temperature. A mixed 

crystal structure of cubic and hexagonal obtained for CeO2 and Mg(OH)2, respectively. The 

obtained homogeneous particles from TEM showed the preparation method is adoptable for 

control size of the nanocomposites. Furthermore, optical study investigations implied that the 

‘one-pot’ chemical method for synthesize of nanocomposites benefit to optical tune band gap by 

changing the precursor during the preparation. 
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