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In this article, the structural, magnetic, and optical properties of CuO doped by cerium metal ions as 

a rare earth element synthesized by the hydrothermal method have been investigated. Various 

techniques such as X-ray diffraction (XRD) along with Rietveld refinement analysis, energy dispersive 

X-ray analysis (EDX), and field emission scanning electron microscopy (FESEM) have been used to 

investigate the crystalline and morphological properties. The results demonstrated that the samples 

crystallized in the form of polycrystalline and nanosheets with a monoclinic structure. Rietveld 

refinement of the sample showed sensible accord among the experimental data and standard CuO 

lattice constants. Also, the existing elements are evenly  distributed on the surface of the sample and 

no impurity elements were observed in the material. By using UV-Vis absorption spectroscopy, the 

optical band gap of the sample was calculated at an acceptable value. To investigate the magnetic 

properties, a vibrating sample magnetometer (VSM) was carried out, which showed the weak 

ferromagnetic property of the Ce-doped sample. 
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1. Introduction 

      Today, in addition to various metal nanoparticles, a wide 
range of metal oxide nanoparticles also play an essential 
role in various fields, including physics, chemistry, and 
material science. In the field of technology, metal oxide 
nanoparticles are widely used in the construction of 
microelectronic circuits, sensors, fuel cells, and 
piezoelectric devices [1-6]. 

CuO is one of the widely used semiconductor oxides, 
along with MnO2, SnO2, and ZnO, which has unique 
properties and plays a key role in various fields due to its 
distinct chemical, optical, electronic, and magnetic 
properties [7-10].  CuO is a p-type metal oxide 
semiconductor. This nano oxide also has many applications 
in various fields such as spintronic devices, catalysts, gas 
sensors, biosensors, photocatalytic degradation, and high-
temperature superconductors [11-16].  Doping of CuO 
nanoparticles with metal ions induces several structural 
defects in their crystal lattice, such as oxygen vacancies and 

interstitial defects. These crystal lattice defects can alter the 
physical and chemical properties of copper oxide, which are 
important for spintronic device applications and gas 
sensing properties. 

Several researches have been conducted to investigate 
the effect of transition metals doping such as manganese, 
cobalt, nickel, iron, lead, and silver, and rare earths such as 
Y, Ce, Pr, Nd, Sm, Eu, and Tb in the structure of copper oxide 
on its structural, optical and magnetic properties [17-20].  

In research by Gvozdenko et al., it has been shown that 
CuO nanoparticles combined with gelatin have a high 
potential for use in food packaging [21, 22]. CuO 
nanoparticles prepared by the green method are also used 
to determine the amount of folic acid in food samples [23], 
detection of phenolic compounds and a pesticide [24], and 
food packaging applications [25]. CuO nanoparticles used in 
photovoltaic devices, biosensors, and catalysts in the 
photodegradation of dyes require some unique properties, 
which are caused by changing the synthesis process, pH, and 
doping of different metals [26-28]. 
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In the research article by Gopalakrishnan and 
Ashokkumar, pure CuO nanoparticles and CuO doped with 
Ce and Nd rare earth metals was synthesized by the co-
precipitation method. The X-ray diffraction pattern of the 
synthesized nanoparticles showed a monoclinic structure. 
The secondary phase in the samples was detected as CeO2 
and Nd2O3 in the XRD pattern of nanoparticles. According to 
the FESEM images of the prepared nanoparticles, the 
mixture of nanorods and nanosheets of CuO nanoparticles 
became a denser structure when Ce enters the copper oxide 
lattice. Also, CuO nanoparticles doped with Nd showed a 
pseudo-sponge structure. FESEM images showed that the 
synthesized nanoparticles are in the nanoscale range. By 
UV-Vis spectroscopy, the optical gap for CuO, Ce-doped CuO, 
and Nd-doped CuO nanoparticles were obtained as 3.6, 3.7, 
and 3.74 eV, respectively. Due to the doping of CuO by rare 
earth ions, the Carrier concentration increased, and 
transferring the Fermi level to the conduction band, led to 
an increase in the optical gap due to the Burstein-Moss 
effect. In this study, the antibacterial activity of the 
synthesized nanoparticles against E. aerogenes bacteria as 
Gram-negative and B. subtilis as Gram-positive bacteria was 
investigated [29]. 

In the research work by Abhilasha et al., pure CuO and 
Ce-doped CuO nanoparticles were prepared at pHs of 10 and 
12 by a one-step co-precipitation method, and the result of 
pH and Ce concentration on the structural and optical 
properties of CuO was investigated. XRD analysis of CuO 
nanoparticles demonstrated its crystalline nature and 
monoclinic structure. The crystal size obtained from 
Scherer's equation for pure CuO nanoparticles at pH 10 was 
about 21.04 nm, which decreased to 15.14 nm with 5% Ce 
doping. Fingerprint region of the FT-IR spectrum confirmed 
the formation of CuO nanoparticles and the absorption 
bands at 852 and 1650 cm-1 confirmed the presence of CeO2 
in the monoclinic phase. By measuring the UV-Vis 
absorption spectrum of pure and Ce-doped CuO 
nanoparticles, the optical gap of the samples was 
determined and it was observed that its size depends on the 
pH value and also the Ce concentration [30]. 

Various physical and chemical synthesis methods such 
as sol-gel, hydrothermal, sonochemical, green synthesis, 
combustion, flux recombination, microwave, and thermal 
decomposition have been reported in various articles to 
prepare pure and doped CuO nanostructures with different 
metals [31-34]. Hydrothermal is one of the common 
synthesis methods to prepare CuO nanoparticles due to its 
simple and economical process.  
      In all review articles and other studies in this area,  there 
are important differences  from current research work. 
These differences include: the synthesis method [35, 36], 
the physical properties studied [35, 37, 38], the type of 
precursors [38], the composite or doping [39], the 
morphology of the nanostructures [35-38], etc. The 
innovation in the current research paper is that the effect of 
Ce rare earth metal doping on the structural, optical, and 
magnetic properties of CuO synthesized with nitrate 
precursors and by hydrothermal method has been 
investigated. According to our knowledge, no research has 
independently investigated the structural, optical, and 
magnetic properties of Ce-doped CuO with this synthesis 
method and with these precursors. However, an exhaustive 

and advanced study of the physical and chemical properties 
of CuO nanoparticles and their doped samples is still 
needed. This article provides a detailed analysis of Ce-
doping on some physical properties of CuO nanoparticles. 

2. Experimental  

2.1. Preparation 

To provide CuO and Cu0.92Ce0.08O (with abbreviation 
C.Ce8O) by hydrothermal method, a stoichiometric amount 
of Cu(NO3)2.3H2O was selected. Ce(NO3)3.6H2O was bought 
from Central Drag House (P) Ltd. Figure 1 summarizes all 
the steps of the procedure in a block diagram.  

 
Fig.1. Diagram of the preparation of CuO and C.Ce8O by the 
hydrothermal method. 

2.2. Characterization 

The structural properties of CuO and C.Ce8O were 
analyzed by XRD analysis with an X'pert diffractometer 
with Cu Kα radiation (λ = 0.15406 nm). The morphological 
characteristics of the samples were investigated using 
FESEM (Zeiss Sigma 300HV). Further, EDX analysis was 
used to determine the compositional proportions. 

Optical absorption and band gap energy (Eg) were 
obtained by UV-Visible spectroscopy of the sample in the 
wavelength range from 200 to 1100 nm. 

VSM in a range of magnetic fields of ±20 kOe was 
performed using the Lakeshore 7407 to study the magnetic 
properties of the sample at room temperature. 

3. Results and discussion 

3.1. Structural properties (XRD analysis) 

      The XRD patterns of CuO and C.Ce8O is presented in 
Figure 2, which confirms that two samples have a C2/c 
space group monoclinic phase correlate with CuO reference 
code: 00-048-1548. Therefore, the substitution of Ce in the 
CuO crystal lattice does not affect the monoclinic structure, 
and Ce ions easily enter the Cu sites inside the CuO crystal 
lattice. The XRD pattern of the samples contains two 
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dominant planes (īıı) and (ııı). According to the XRD 
patterns, two samples form a single phase without 
impurities. 

 
Fig.2. XRD analysis of CuO and C.Ce8O. 

 
The crystallite sizes (Dsh) of the two samples are 

calculated as follows [40]:  
 

Dsh = kλ/(β cos θ) (1) 

Where Dsh, θ, λ, β, and k are, respectively, the crystallite 
size, the Bragg diffraction angle, the wavelength of the 
incident X-ray beam (1.5406 Å), the full width at half 
maximum (FWHM), and K is a dimensionless shape factor 
(K = 0.9). 

The crystallite size of CuO and C.Ce8O samples were 
obtained as 57.2 nm and 78.4 nm, respectively. 
FullProf software and the Pseudo-Voigt function presented 
in Figure 3 were utilized to calculate the lattice constants 
(a, b, and c), β angle, and unit cell volume (V) of C.Ce8O. The 
parameters obtained by the Rietveld refinement method 
are a = 4.7132 Å, b = 3.4201 Å, c = 5.1412 Å, β = 99.512°, 
and V = 81.73Å3. It can be concluded that the lattice 
constants, β angle, and V of C.Ce8O correspond to the 

standard monoclinic parameters of CuO (a = 4.6883 Å, b = 
3.4229 Å, c = 5.1319 Å, β = 99.50600, V = 81.22 Å3). Overall, 
these results show a good agreement between 
experimental and theoretical data. 

 
Fig.3. Rietveld refinement of C.Ce8O. 

 
 

3.2.  FESEM and EDX analyzes      

      The FESEM images of CuO and C.Ce8O nanostructures 
have been shown in Figure 4. In Figure 4, the nanosheets 
morphology of the pure CuO is observable. As a result of Ce 
doping, the morphology of the nanosheets changes 
significantly and becomes more fragmented. 

To study the purity of the elements in the samples, EDX 
analysis is provided as shown in Figure 5. The results of the 
EDX analysis are presented in the inset of Figure 5, which 
shows that the sample is free of additional elements. The 
existence of extra Au peaks is attributed to the coating of 
the nanosheet with Au throughout the EDX analysis. The 
Cu+Ce/O element ratio is about 0.76, which should be 
exactly 1. The cause for this digression is the entrainment 
of ambient oxygen during the EDX analysis. 

 
 

 
Fig.4. FESEM images of CuO and C.Ce8O. 
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Fig.5. EDX spectrums of C.Ce8O. 
 

 

The Map analysis of the C.Ce8O sample is shown in 
Figure 6. Characterization of the Map confirmed the 
monotonous distribution of Cu, Ce, and O on the surface of 
C.Ce8O. It can be concluded that the above elements are 
well distributed on the surface of the sample. 

 
Fig.6. The Map analysis of the C.Ce8O. 

3.3. Magnetic properties 

Fig.7 shows the M-H curve of C.Ce8O in the magnetic 
field range of ±20 kOe at room temperature. In several 
studies, the generic paramagnetic behavior has been 
reported for pure CuO nanostructures [41, 42]. Considering 
that cerium ions have a Bohr magneton value, it is expected 
that a ferromagnetism state will be created when cerium 
ions enter the crystal structure of copper oxide.  

In the study conducted by Theivarasu and Indumathi on 
pure ZnO and ZnO doped with different concentrations of 
Ce3+, it was observed that pure zinc oxide has the intrinsic 
property of diamagnetism, but with the entry of Ce3+ ions 
into the ZnO structure and with increasing concentration of 
Ce3+, the magnetic state of the sample it gradually has been 
changed from diamagnetism to ferromagnetism [43]. 

In the case of sample C.Ce8O, due to the low 
concentration of Ce3+ ions, the state of ferromagnetism is 
not observed, but it can be expected that with the increase 
of Ce3+ ions in the structure of CuO, the state of 
paramagnetism will change to ferromagnetism. 

 
Fig.7. The M-H curves of C.Ce8O at room temperature. 

3.4. Optical properties: UV-Vis analyze 

To study the optical properties of C.Ce8O, the UV-Vis 
absorption spectrum of C.Ce8O in the range of 200 to 1100 
nm is obtained, as shown in Figure 8. The Eg of the sample 
can be obtained utilizing the following well-known 
equation [44]:  

 
(αhν)2= A (hν- Eg) (2) 

 
Where α, hυ, and A are the absorption coefficient, 

photon energy, and constant, respectively. The Plot of 
(αhυ)2 vs. hυ is drawn and presented in the inset of Figure 
8. The Eg value was obtained by fitting the data obtained 
from equation (2) and linearly extrapolating this plot to 
zero absorbance. The Eg of the sample was equal to 3.68 eV, 
which is close to the value of 3.7eV reported by 
Gopalakrishnan and Ashokkumar [29]. 
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Fig.8. The UV-Vis spectrum of C.Ce8O and Plots of (αhυ)2 vs. hυ. 

4. Conclusion 

      CuO and Cu0.92Ce0.08O samples were prepared by 

hydrothermal method. XRD analysis determined the crystal 

phase of samples as monoclinic with a space group C2/c. 

Lattice constants obtained by the Rietveld refinement 

method of the doped sample were in good agreement with 

the data of the standard CuO. FESEM images demonstrated 

the morphology of nanosheets for pure CuO with variable 

dimensions, which became somewhat disordered with the 

introduction of Ce into the crystalline structure of CuO. 

Further, Map analysis approved the uniform distribution of 

elements on the surface of the doped sample, and the 

absence of foreign elements in the sample was proven by 

EDX analysis. 

      The VSM hysteresis loop of the doped sample was 

obtained at room temperature and in the relatively high 

magnetic field range, which indicated the weak order of 

ferromagnetism for the doped sample due to the low 

concentration of the Ce element. As a consequence, changes 

in the morphological, optical, and magnetic properties of 

CuO were produced by Ce doping in CuO. 
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