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ABSTRACT 
Due to the increasing discharge of organic pollutants into water resources, the treatment of pollutants has 

become a global priority. Photocatalysis has been used in the degradation of organic compounds because it uses 

a clean energy source and allows the degradation of pollutants in milder conditions. Cerium oxide has properties 

suitable for use as a photocalyst and its performance can be improved with the addition of another metal oxide. 

In this context, the article aims to evaluate the influence of the presence and copper content on the properties of 

cerium oxide. The materials were characterized by FTIR, XRD, surface area measurement by BET method and 

spectroscopy in the UV-Vis region. It was verified that the presence of copper increased the crystallineness of 

the materials and conserved the cubic phase of cerium oxide, regardless of the content. On the other hand, it led 

to a decrease in the specific surface area of solids. In addition, the presence of copper favored radiation 

absorption and decreased the band gap energy of solids, and it can be concluded that the presence of copper 

improves the photocalatitic properties of catalysts based on cerium oxide. 
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I. INTRODUCTION 
Industrial development and the increase in the 

world's population stand out as the main responsible 

for environmental pollution caused by organic 

contaminants and various hazardous wastes. The 

continuous discharge of organic pollutants into water 

resources leads to water pollution and may affect 

human health and marine life [1,2]. The Lancet 

Commission on Pollution and Health estimates that 

about 1.8 million deaths worldwide are related to 

contaminated water [3]. Given this scenario, the 

treatment of pollutants has become a global priority 

[1,2].  

Several methods have been developed for the 

removal or degradation of pollutants, such as 

adsorption, biodegradation, photocatalytic oxidation, 

among others [1,2,4]. Among them, advanced 

oxidative processes have stood out, as they promote 

the complete mineralization of pollutant molecules 

existing in industrial effluents from the formation of 

highly reactive oxidizing species for oxidation of 

pollutants [2,4-6]. Among the existing POAs, 

photocatalysis was promising due to its low cost, 

high efficiency and stability, in addition to its 

mechanism enabling the use of sunlight as a source 

of clean energy, enabling the degradation of 

pollutants in milder conditions [1,2,7].  It is a 

technique that uses the concept of acceleration and 

increased yield of oxireduction reactions through the 

combined use of catalysts, photosensitive 

conductors, and UV radiation. This radiation will 

cause the movement of the electron present in the 

valence band to the conduction band, inducing the 

creation of reducing and oxidizing sites, which 

promotes the degradation of polluting compounds. 

In addition, it allows the formation of free radicals, 

which will act in the degradation of pollutants [2, 8, 

9].  

Cerium oxide is a promising solid for use in 

photocatalysis due to its high ability to store oxygen 

in the network, resistance to photocorrosion and high 

photocatalytic activity. In addition, it presents high 

stability in the reaction and also electronic and 

optical properties, due to the presence of electrons 4f 

[2, 9, 10].  On the other hand, cerium oxide has a 

bad gap in the range of 3.0-3.4 eV and, 

consequently, its application only using visible or 

solar light is restricted requiring activation by UV 

light. Thus, to increase its photocatalytic 
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performance, several approaches have been used, 

such as the association of cerium oxide with other 

oxides or metals [9, 11].  

In this context, the present work aims to 

evaluate the influence of the presence and copper 

content on the properties of cerium oxide, aiming at 

application in photocatalysis.  

 

II. MATERIAL AND METHODS 
The support (cerium oxide) was prepared 

by the combustion method, in which the urea (50% 

excess in mass) was placed in a porcelain crucible 

under heating until its fusion. After a solution of the 

precursor salt (Ce(NO3)3.6H2O 99% purity) was 

added to the crucible and the final solution was 

homogenized. The system was heated until there was 

the formation of a self-sustaining flame and a 

powder-shaped solid, which was macerated. Copper 

oxide was also synthesized for comparison by the 

same method. However, the precursor salt 

(Cu(NO3)2.3H2O 99.5% purity) was placed to melt 

before the addition of the urea solution. The samples 

of cerium oxide and copper oxide were named as Ce 

and Cu samples, respectively.  

The copper catalysts supported in cerium 

were prepared by varying the percentage of mass 

copper (3, 5 and 7%) and were named 3CuCe, 

5CuCe and 7CuCe, respectively. Cerium oxide was 

impregnated with copper nitrate solutions, using an 

impregnating solution volume of 1.5 mL.g
-1

 of 

support. The system was kept under stirring and 

heating (80 °C) until the solvent was completely 

evaporated. Then, the material was dried for 12 

hours at 120 °C and the solid was calcined under 

synthetic air flow from room temperature to 500 ºC, 

with heating rate of 10 ºC/min, for 2 hours. 

The obtained solids were characterized by 

fourier transform infrared spectroscopy (FTIR), 

using a Shimadzu spectrometer and were obtained 

by dilution of a small part of the sample in 

potassium bromide (KBr); X-ray diffraction (XRD), 

by exposing the samples to a source of copper 

radiation, through a current of 30 mA, voltage of 

40kV, scan interval of 20° ≤ 2Θ ≤ 80°, and scanning 

speed of 2°/min; measurement of surface area by 

BET method with nitrogen adsorption and molecular 

absorption spectroscopy in the ultraviolet and visible 

region (UV/Vis). The band gap calculation of the 

samples was made using the Kubelka-Munk method 

based on Equation 1, in which R is the reflectance 

obtained through the molecular absorption spectrum. 

From the calculation of this function, an F(R) graph 

was plotted as a function of hν, in which hν is the 

energy of the photon corresponding to each R 

observed, h is the Planck constant and ν is the 

frequency of the incident radiation in each R 

measured. From this graph, the band gap (Eg) 

energy is used by the intersection of linear 

extrapolation of the spectrum with the abscissa [12]. 

                  (1) 

 

III. RESULTS AND DISCUSSION 
The infrared spectra of the Ce and Cu 

samples and the calcined (5CuCe-C) and non-

calcined (5CuCe-SC) samples presented similar 

profiles, as shown in Fig. 1. The bands located at 

550 cm
-1

 in the spectra of all samples are associated 

with the stretching of the O-Ce-O bond, which 

confirms the nature of the material [13]. The bands 

in 1388 cm
-1

 present in the spectra of the Ce and 

5CuCe-SC samples are related to the symmetrical 

stretching of the N-O bond, referring to the presence 

of nitrates [14]. In the spectrum of the 5CuCe-C 

sample, this band is inexpressive, which proves the 

efficiency of calcination in nitrate removal. The 

bands present in the range of 1621 cm
-1

 refer to 

physical adsorption of water molecules on the 

surface of solids [15]. The bands found in the range 

of 3436 cm
-1

 in the spectra of the Ce, Cu and 

5CuCe-SC samples point to the stretch of the O-H 

bond referring to the presence of water in the sample 

[16]. On the other hand, in the spectrum of the 

5CuCe-C sample, these bands were less expressive; 

evidencing that calcination was also effective in the 

removal of water from the surface of solids.  The 

spectrum of the Cu sample presented a much higher 

number of bands than those seen in the other spectra 

(Fig. 1a).  

 

 
Figure 1. Spectra in the infrared region of the calcined Ce, 

Cu and 5CuCe samples (C) and 5CuCe uncalcined (SC). 
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Figure 1a. Cutout of the spectrum in the infrared region of 

the Cu sample. 

 

The band at 553 cm
-1

 indicates the vibration 

of the Cu-O bond, present in copper oxide II (CuO). 

On the other hand, the band present at 778 cm
-1

 is 

attributed to the vibration of the Cu-O bond found in 

copper oxide I (Cu2O) [17, 18]. The band shown in 

1378 cm
-1

 is related to the symmetrical stretch of the 

N-O bond, which indicates the presence of nitrates 

[14]. The bands present in 1426 and 1735 cm
-1

 

correspond to the asymmetric stretch of the C-N 

bond [19] and the carboxylater group (C=O) [17], 

respectively, characteristic of urea. The band at 1485 

cm
-1

 is related to the vibration of the asymmetric 

stretch of the O–NO2 bond, which indicates the 

presence of copper hydroxide nitrate, also known as 

rouaite (Cu2(NO3)(OH)3) [20]. The band observed at 

1633 cm
-1

 indicates the vibration of the O-H bond, 

related to the physical adsorption of water molecules 

on the surface of solids. The band present at 2354 

cm
-1

 is related to the stretch of the C=O bond, which 

indicates the presence of CO2 on the surface of the 

material, one of the combustion products. The band 

found at 3436 cm
-1

 is related to the stretch of the O-

H bond due to the presence of water in the sample 

[15]. 

The X-ray diffractogram of the samples are 

shown in Fig. 2. The diffractogram of the Ce sample 

presented peaks (28°, 32°, 47°, 56°, 59°, 69°, 76° 

and 79°) corresponding to the cubic structure of 

cerium oxide IV (CeO2), according to JCPDS 81-

0792. These same peaks were evidenced in the 

difratograms of samples 3CuCe, 5CuCe and 7CuCe, 

indicating that the presence of copper did not alter 

the cubic structure of cerium oxide IV. However, the 

presence of copper increased the crystallineness of 

solids, since the peaks found in the diffratograms of 

the impregnated samples were higher than those 

found in the Ce sample. In the diffratogram of the 

7CuCe sample it is also possible to observe two 

peaks at 35° and 38°, related to the monoclinic 

structure of copper oxide II (CuO), in accordance 

with JCPDS 80-1917. It can be suggested that 

copper oxide II (CuO) lies in a segregated phase in 

the cerium oxide network. 

 

 
Figure 2. X-ray diphratograms of solids. (●) cubic phase 

of cerium oxide (CeO2); (♦) cubic structure of copper 

oxide II (CuO); (▼) monoclinic structure of cerium 

hydroxide nitrate or rouaite (Cu2(NO3)(OH)3); (▲) cubic 

structure of copper oxide I (Cu2O); (■) cubic phase of 

metallic copper (Cu). 

 

The diphratogram of the Cu sample 

presented peaks referring to different copper 

materials, in addition to copper oxide II (CuO). The 

peaks at 43°, 50° and 74° correspond to the cubic 

structure of metallic copper (JCPDS 04-0836). On 

the other hand, the peaks present at 29°, 36°, 42°, 

61°, 73° and 77° are associated with the cubic 

structure of copper oxide I (Cu2O) (JCPDS 78-

2076). The existing peaks at 35°, 38° and 48°, in 

turn, are linked to the monoclinic structure of copper 

oxide II (CuO) (JCPDS 80-1917). Finally, the peak 

presented at the 12° angle is related to the 

monoclinic structure of Cu2(NO3)(OH)3, a copper 

hydroxyl nitrate. 

The values of the specific surface area of the 

synthesized samples are presented in Table 1. It can 

be observed that the presence and increase of the 

copper content caused a decrease in the specific 

surface area of solids. This may be associated with 

the calcination process done after the impregnation 

of copper, which may have led to the particles 
sintering, justifying the decrease in the area. On the 

other hand, the catalysts presented values of specific 

surface area higher than of pure copper oxide, used 

as a reference. 

 

Table 1. Specific surface area values of synthesized 

samples. 

Sample Sg (m2/g) 

Ce 77 

3CuCe 28 

5CuCe 23 

7CuCe 12 

https://ssl.microsofttranslator.com/bv.aspx?ref=TAns&from=&to=en&a=area.On
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Cu 4 

 

Fig. 3 shows the absorption spectra in the 

ultraviolet radiation region (200 to 400 nm) and in 

the visible range (400 nm to 700 nm) of solids. It is 

known that cerium oxide has a strong absorption in 

the ultraviolet region up to the wavelength of 400 

nm and that the absorption bands are sensitive to the 

chemical environment and the presence of Ce
3+

 and 

Ce
4+

 ions. The UV spectrum of cerium oxide has 

three bands in the range of 200-350 nm, attributed to 

the transfer of charge between oxygen and cerium 

(Ce-O) and involving Ce
4+

 ions from the surface 

with different coordination numbers, which can vary 

between four and eight [14, 21]. The load transfer 

transition between Ce
3+

 and Ce
4+

 has been used to 

evaluate the oxygen storage capacity of cerium 

oxide. In the Ce sample spectrum, absorption bands 

were found at 225, 268 and 348 nm associated with 

the transition O
2-

 → Ce
3+

, O
2-

 → Ce
4+

 and transition 

between bands, respectively. The absorption 

referring to the transition O
2-

 → Ce
4+

 is slightly 

higher than that of the transition O
2-

 → Ce
3+

, which 

indicates the presence of the redox pair Ce
3+

 /Ce
4+

 

with a slight inclination to the oxidation state +4 [14, 

21, 22]. In the Cu sample spectrum, the absorbance 

profile is similar to that of the Ce sample, except in 

the visible region, in which the absorbance of the Cu 

sample is more expressive than that found in the Ce 

sample. Absorption bands were evidenced in 225, 

268 and 514 nm. The first is related to the direct 

transition of electrons in CuO, the second refers to 

transitions between metal bands and the third is 

related to the d-d transition of Cu
2+

 ions in this 

region [23, 24]. The spectra of the samples 

impregnated with copper presented a profile similar 

to that found in the spectrum of the Ce sample, in the 

UV region. On the other hand, these samples showed 

greater absorbance in the visible range, which 

indicates that the presence of copper on the surface 

of the support favored the absorption of radiation. 

This is even more evident in the spectrum analysis 

of the 7CuCe sample, which presents the highest 

absorbance profile in the two radiation ranges, which 

indicates that the interaction between the cerium and 

copper is beneficial for the optical properties of the 

material. 

 
Figure 3. Spectra in the UV/Vis region of copper oxide 

and cerium samples (3CuCe, 5CuCe and 7CuCe), in 

addition to the samples of the pure oxides of each element 

(Cu and Ce, respectively). 

 

The band gap energy values of solids are 

presented in Table 2. The presence of copper 

decreased the band gap energy of solids when 

compared to pure cerium oxide. The increase in 

copper content in the sample caused the greatest 

reduction of the material, so that the 7CuCe sample 

presented the lowest band-gap value among the 

others. This effect can be related to the synergy 

present in the cerium-copper interface, which makes 

radiation more easily absorbed, improving the 

properties of the photo catalyst [18]. 

 

Table 2. Band gap energy of synthesized samples, 

using the Kubelka-Munk method. 
Sample Eg (eV) 

Ce 2,75 

3CuCe 2,52 

5CuCe 2,52 

7CuCe 1,77 

Cu 1,79 

 

IV. CONCLUSION 
Copper oxide catalysts supported on cerium 

oxide were synthesized to evaluate the influence of 

copper on the properties of cerium oxide. It was 

verified that the presence of copper increased the 

crystallineness of the materials and conserved the 

cubic phase of cerium oxide, regardless of the 

content. On the other hand, it led to a decrease in the 

specific surface area of solids. In addition, the 

presence of copper favored radiation absorption and 

decreased the band gap energy of solids, and it can 

be concluded that the presence of copper improves 

the photocalatitic properties of catalysts based on 

cerium oxide. Thus, copper and cerium oxide based 

catalysts can be expected to be promising for use in 

photocatalysis 
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