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Abstract: New type of photocatalyst containing copper oxide hydrate crystalline phase and additional amount of copper sulfate 
hydroxide was prepared by thermal decomposition of copper sulfate. The EPR detected presence of Cu2+ ions. Photocatalytic degradation of 
two different model pollutants Reactive Black 5 (RB5) and Malachite Green (MG) in aqueous solution under UV illumination was 
investigated. The copper oxide containing catalyst showed four times higher photocatalytic activty with respect to RB5 than that to MG dye. 
The catalyst exhibited much higher adsorption capacity to RB5 than to MG dye. The degree of degradation of MG dye is 18%, rate constant 
is 1.7х10-3 min-1 while the degree of degradation of RB5 dye is 90%, rate constant is 8х10-3 min-1 after 2 hours of illumination.  
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1. Introduction 
CuO is p-type semiconductor with a narrow band gap of 1.21–

1.51eV and monoclinic structure [1]. It is an interesting 
multifunctional material due to its promising applications in gas 
sensors [2, 3], magnetic storage media [4], lithium ion batteries [5], 
and solar cells [6] due to its photoconductive and photochemical 
properties. In most reports composite photocatalyst for dye 
degradation such as: CuO/SnO2, CuO/ZnO, CuO/BiVO4, CuO/SiO2, 
CuO/zeolite [7], CuO/graphene [8], chitosan anchored copper oxide 
[9] were used but in recent years also pure CuO was studied [10]. 
CuO was tested as an adsorbent in the Methylene Blue dye 
decolorization process [11]. Cu-core/CuSO4-shell nanoparticles 
exhibited higher photocatalytic efficiency than Cu nanoparticles and 
these results proved that CuSO4-shell has significant effect on the 
degradation of Methylene Blue [12]. Enormous amounts of 
environmental pollutants, effluents of colored dyes having 
carcinogenic effect are discharged by the textile and paper 
industries [13]. These dye pollutants are chemically stable, so 
technologies relating to direct UV photolysis and hydrogen 
peroxide oxidation are not effective in removing the color dyes. At 
present, the photocatalytic method attracts considerable attention 
due to its effective decolorization of dyes [14]. Malachite Green 
(MG) has now become a highly controversial compound due to the 
risks it poses to the consumers of treated fish, including its effects 
on the immune system and reproductive system and its genotoxic 
and carcinogenic properties [15]. The photocatalytic efficiencies of 
cerium-cadmium oxide [16], ZnS-CdS [17], bismuth oxide [18], 
TiO2 [15], CuO supported on HY zeolite [19] and other catalysts 
were tested by using them in the photocatalytic degradation of 
Malachite Green dye. Sonophotolytic degradation of azo dye 
Reactive Black 5 (RB5) in an ultrasound/UV/ferric system was 
examined [20] as well as the efficiency of the Fe3O4/FeC2O4 
magnetic catalyst in the catalytic wet peroxide oxidation of reactive 
azo dye RB5 [21]. Our previous research has shown high 
photocatalytic activity of TiO2 films in the degradation of RB5 dye 
under UV light [22]. 

The aim of this article is to characterize by PXRD, XPS and 
EPR analysis copper oxide containing catalyst synthesized by 
thermal decomposition of copper sulfate. Because of its recent 
application in photocatalysis we set ourselves the task to examine 
its photocatalytic properties in regard to oxidative degradation of 
two hazardous textile dyes- Reactive Black 5 and Malachite Green. 

 

2. Experimental 
2.1. Synthesis of the samples 

For preparation of CuO containing sample we used 
CuSO4.5H2O as starting reagent. The suspension of copper sulfate 
and water was magnetically stirred upon heating for about 1h. After 
that the obtained sample was dried at 100oC for 12 h. The finally 
obtained powder was annealed for 3 h at 500oC in air. 

 

2.2. Powder X-ray diffraction analysis (PXRD) 

The PXRD of the obtained photocatalyst was carried out using a 
TUR M62 apparatus, Germany with PC control and data 
acquisition, using HZG-4 goniometer and CoKα radiation. The 
presence of the phases registered in PXRD pattern was established 
by using of JCPDS database (Powder Diffraction Files, Joint 
Committee on Powder Diffraction Standards, Philadelphia PA, 
USA, 1997).  

 

2.3. Electron paramagnetic resonance (EPR) 

The EPR spectrum was recorded on JEOL JES-FA 100 EPR 
spectrometer operating in the X–band with standard TE011 
cylindrical resonator. Spectra were recorded at room temperature. 

 

2.4. X-ray photoelectron spectroscopy (XPS) 

The X-ray photoelectron spectroscopy (XPS) studies were 
performed in a VG Escalab II electron spectrometer using AlKα 
radiation with energy of 1486.6 eV under base pressure 10-7 Pa and 
a total instrumental resolution of 1eV. The binding energies (BE) 
were determined utilizing the C 1s line (from an adventitious 
carbon) as a reference with energy of 285.0 eV. The accuracy of 
measuring the binding energy was 0.2 eV. The O 1s, Cu2p and S2p, 
photoelectron lines were recorded and corrected by subtraction of a 
Shirley’s-type of background and quantified using the peak area and 
Scofield’s photoionization cross-sections. 

 
2.5. Catalytic activity tests 

The photocatalytic activities of the prepared samples were 
measured in oxidative degradation of both Reactive Black 5 (RB5) 
dye and Malachite Green (MG) under UV light. The photocatalytic 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR IX, ISSUE 5, P.P. 3-6 (2015)3



studies were performed using UV-Vis absorbance 
spectrophotometer in the wavelength range from 200 to 800 nm and 
a polychromatic UV-A lamp illumination (18W) with maximum 
emission at 365 nm. The initial concentration of the used RB5 and 
Malachite Green dye solutions was 20 ppm and 5 ppm respectively. 
The photocatalytic tests were carried out under slightly acidic 
pH=6. Before switching on illumination, the catalyst and dye 
solution were stirred for 30 min in dark to achieve adsorption 
equilibrium. The degree of degradation of the dyes is calculated 
using equation (1), where C0 is the initial concentration (based on 
absorbance) of the dye, C is the residual concentration of the dye 
after 120 min of illumination. 

100[%] x
Co

CConDegradatio 



 −

=
                  (1) 

 

3. Results and discussions 
Figure 1 represents powder X-ray diffraction spectrum of the 

obtained copper oxide containing photocatalyst. The PXRD results 
established the presence of copper oxide hydrate phase (CuO.3H2O) 
(PDF-36-0545) and additional amount of copper sulfate hydroxide 
(Cu3(SO4)(OH)4) (PDF-76-1621). The incomplete thermal 
decomposition of the starting material copper sulfate is the possible 
reason for existence of intermediate precursor phase copper sulfate 
hydroxide registered in the PXRD pattern of prepared copper oxide 
containing catalyst. 
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Fig. 1 PXRD pattern of synthesized copper oxide containing 
photocatalyst.  
 

Figure 2 illustrates the results of electron paramagnetic 
resonance method. EPR spectrum of CuO containing catalyst at 
room temperature is consisting of an asymmetric line with g factor 
2.24 most probably due to interacting Cu2+ ions in clusters [23, 24]. 
The effect of dipolar interaction between Cu2+ ions leads to 
broadening of individual lines. For this reason the hyperfine 
structure due to I=3/2 of Cu2+ ion cannot be seen.   

The XPS Cu 2p spectrum of the catalyst sample is shown in 
Figure 3. The “shake-up” satellite located at 944 eV position and a 
peak at 935.5 eV are clearly visible. The “shake-up” satellite is an 
evidence of Cu (II) ions [25], while the peak at 935.5 eV coincides 
with the known CuSO4 peak position at 935.4 eV [26]. A low 
intensity peak at 933.6 eV is typical of the CuO peak [26]. The 
results indicate incomplete transformation of CuSO4 into CuO, most 
probably due to the low temperature of treatment. 

Figure 4 represents the course of the photocatalytic reaction as 
dye concentration decrease with the time of illumination of both 
investigated model pollutants on the CuO containing photocatalyst. 
The prepared photocatalyst showed four times higher photocatalytic 
activty to RB5 than MG dye. It has to be noted that the catalyst 
exhibited much higher adsorption capacity with respect to RB5 than 

to MG for 30 min in dark. The degree of discoloration after 2 hours 
irradiation for MG is 18%, while for RB5 dye is 90% (Figure 5).  
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Fig. 2 EPR spectrum of copper oxide containing photocatalyst. 
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Fig. 3 XPS spectrum of copper oxide containing photocatalyst. 
 

Figure 6 show the dependences of –ln(C/Co) as a function of 
time t under UV light illumination. The dependence shows that the 
copper containing catalysts exhibit higher photoreactivity to 
Reactive Black 5 than MG dye in the first 15 minutes of 
illumination. The photocatalyst has very low activity in degradation 
of Malachite Green probably due to the difference in the size of 
conjugated system of C=C and C-C bonds in the molecular structure 
of the both dyes and different bond scission energies. The rate 
constants and degrre of degradation for the dyes over CuO 
containing photocatalyst after 120 minutes of UV irradiation are 
represented in Table 1. The rate constants k after 2 hours for MG 
and RB5 are 1.7х10-3 min-1 and 8х10-3 min-1, respectively. Rate 
constants were calculated using the equation –ln(C/C0) = kt on the 
basis of the slope of the linear logarithmic function. 
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Fig. 4 Concentration changes of both textile dyes based on changes in the 
intensity of the maximal absorbance peak at 599 nm for RB5 dye and at 615 
nm for MG dye respectively, with the course of time. 
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Fig. 5 Degradation degrees of two textile dyes: RB5 and MG over CuO 
containing powder. 
 

 

 
 

Fig. 6 Dependence of -ln(C/Co) with the time of UV illumination for two 
textile dyes: RB5 and MG over CuO containing photocatalyst . 
 

 

Table 1. Rate constants and degree of degradation for the both dyes over 
CuO containing photocatalyst.  

Model dye Rate constant, k  

(x10-3 min-1) 

Degradation,%  
after 

120 min 

MG 1.7 18 

RB-5 8 90 

 

The adsorption spectrum of RB5 has two adsorption peaks 
corresponding to the- N=N- bond (at 599 nm) and to naphthalene 
rings (at 313 nm). Oxidative attack of an azo dye from the phenyl 
azonaphthol family as RB5 leads to the formation of benzene 
derivatives and naphthoquinone as primary degradation products. 
The scheme of possible degradation of Reactive Black 5 can be 
seen in [22].  

The higher photocatalytic efficiency of copper containing 
photocatalyst to oxidize the azo dye RB5 than those to MG the 
double (-N=N-) bond in RB5 is weakened by hyperconjugation and 
N,N-dimethylaminobenzyl in MG [27]. However the central carbon 
atom possesses also a double bond, connecting it to the third 
cyclohexadiene ring, which requires also high energy photon for the 
bond scission. The C-C bond between the central carbon atom and 
N,N-dimethylaminobenzyl in MG, results in the formation of 4-
(N,N-dimethylamino) methylbenzylone as most common 
intermediate [28,29]. The decisive argument explaining the 
activities is the difference in the size of the two conjugated systems. 
According to the results for Cu-core/CuSO4-shell nanoparticles 
possess higher photocatalytic efficiency than Cu nanoparticles [12]. 

In our case probably the same effect of the presence of copper 
sulphate plays positive role in the photocatalytic degradation. The 
results obtained in this article for copper containing photocatalysts 
are in accordance with our previous studies on ZnO films [29]. 

 

4. Conclusions 
Photocatalyst containing hydrated copper oxide crystalline 

phase and additional amount of copper sulfate hydroxide was 
prepared by thermal decomposition of copper sulfate. The 
performed PXRD and XPS studies confirmed the presence of 
copper oxide and some quantity of copper sulfate hydroxide phases. 
The EPR analysis detected the existence of Cu2+ ions in obtained 
material. The copper oxide containing photocatalyst showed strong 
difference in its photocatalytic behaviour with respect to the two 
model dyes, due to differences in their structure and 
physicochemical properties. The photocatalyst possess much higher 
adsorption capacity and selectivity to degrade the double diazo 
bond in RB5 in comparison to the two single carbon-carbon bond in 
MG. We can recommend copper oxide containing material as 
relatively new cheap alternative to the already used photocatalysts 
for degradation of textile azo dyes. 

 

Acknowledgements  
The authors gratefully acknowledge financial support by National 
Science Fund, Ministry of Education and Sciences of Bulgaria 
(Contract DFNI - T02 16). 

 

References 
[1] Singh I., R.K.Bedi. Studies and correlation among the structural, 
electrical and gas response properties of aerosol spray deposited self 
assembled nanocrystalline CuO. Appl. Surf. Sci., 257, 2011, 7592–
7599. 

[2] Xu H., G. X. Zhu, D. Zheng,C. Y .Xi, X. Xu, X. P. Shen. Porous 
CuO superstructure: precursor-mediated fabrication, gas sensing 
and photocatalytic properties. J. Colloid Interface Sci., 383, 2012, 
75–81. 

[3] Breedon M., S. Zhuiykov, N. Miura. The synthesis and gas 
sensitivity of CuO micro-dimensional structures featuring a stepped 
morphology. Materials Letters, 82, 2012, 51–53. 

[4] Dinesh Pratap S., A. Naushad. Synthesis of TiO2 and CuO 
Nanotubes and Nanowires. Sci. Adv. Mater., 2, 2010, 295–335. 

[5] Zhang Z. L, H. Chen, H. W. Che,Y .H. Wang, F. B. Su. Facile 
synthesis of high surface area hedgehog-like CuO microspheres 
with improved lithium storage properties. Mater. Chem. Phys., 138, 
2013, 593–600. 

[6] Sharma R., J. H. Kim, Y. B.Hahn. Solution-Processed Solid-
State Solar Cells of ZnO/CuO Core/Shell Nanrods. Sci. Adv. 
Mater., 4, 2012, 978–984. 

[7] Meshram S.P., P.V. Adhyapak, U.P. Mulik, D.P. Amalnerkar. 
Facile synthesis of CuO nanomorphs and their morphology 
dependent sunlight driven photocatalytic properties. Chem. Eng. J., 
204–206, 2012, 158–168. 

[8]Yusoff  N., N.M. Huang, M.R. Muhamad, S.V. Kumar, H.N. 
Lim, I. Harrison. Hydrothermal synthesis of CuO/functionalized 
graphene nanocomposites for dye degradation. Mater. Lett., 93, 
2013, 393–396.  

[9] Haldorai Y., J.-J. Shim. Multifunctional Chitosan-Copper Oxide 
Hybrid Material:Photocatalytic and Antibacterial Activities. 
International Journal of Photoenergy, 2013, 
http://dx.doi.org/10.1155/2013/245646. 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR IX, ISSUE 5, P.P. 3-6 (2015)5



[10] Sankar R., P. Manikandan, V. Malarvizhi, T. Fathima, K. S. 
Shivashangari, V. Ravikumar. Green synthesis of colloidal copper 
oxide nanoparticles using Carica papaya and its application in 
photocatalytic dye degradation. Spectrochim. Acta Mol. Biomol. 
Spectros. 121, 2014, 746–750. 

[11] Raizada A., D. Ganguly, M. Mankad. A Highly Efficient 
Copper Oxide Nanopowder for Adsorption of Methylene Blue Dye 
from Aqueous Medium. Journal of Chemical Engineering Research, 
2, 1, 2014, 249-258.  

[12] Zarghami Z., M. Ramezani, M. Maddahfar. Simple 
microwave-assistedsynthesisofCu@CuSO4 as co-catalyst of TiO2 
for photocatalytic degradation of methylene blue. Mater. Lett., 152, 
2015, 21–24. 

[13] Robinson T., G. McMullan, R. Marchant, P. Nigam. 
Remediation of dyes in textile effluent: a critical review on current 
treatment technologies with a proposed alternative. Bioresour. 
Technol., 77, 2001, 247–255. 

[14] Nishio J., M. Tokumura, H.T. Znad, Y. Kawase. Photo-
catalytic decolorization of azo-dye with zinc oxidepowder in an 
external UV light irradiation slurryphotoreactor. J. Hazard. Mater., 
138, 2006, 106–115.  

[15] Soni H., N. Kumar J.I.. UV Light Induced Photocatalytic 
Degradation of Malachite Green on TiO2 Nanoparticles. 
International Journal of Recent Research and Review, VII, 3, 2014, 
10-15. 

[16] Ameta K. L., N. Papnai, R. Ameta. Synthesis, Characterization, 
and Use of Novel Bimetal Oxide Catalyst for Photoassisted 
Degradation of Malachite Green Dye. Journal of Materials, 2014, 
http://dx.doi.org/10.1155/2014/480107. 

[17] Gandhi J., R. Dangi, J. C. Sharma, N.Verma, S. Bhardwaj, 
Photocatalytic bleaching of malachite green and brilliant green dyes 
using ZnS-CdS as semiconductor: A comparative study. Der 
Chemica Sinica,1, 3, 2010, 77-83.  

[18] Sharma D., A. Bansal, R. Ameta, H. S. Sharma. Photocatalytic 
degradation of Azure B using Bismuth oxide Semiconducting 
Powder International Journal of ChemTech Research, 3, 2, 2011, 
1008-1014. 

[19] Jalil A.A., M.A.H. Satar, S. Triwahyono, H.D. Setiabudi, 
N.H.N. Kamarudin, N.F. Jaafar, N. Sapawe, R. Ahamad. Tailoring 
the current density to enhance photocatalytic activity of CuO/HY 
for decolorization of malachite green. J. Electroanal. Chem., 701, 
2013, 50–58. 

[20] Zhou T., T-T. Lim, X.Wu. Sonophotolytic degradation of azo 
dye reactive black 5 in an ultrasound/UV/ferric system and the roles 
of different organic ligands. Water. Res., 45, 2011, 2915-2924 

[21 ] Nadejde C., M. Neamtu, R.J. Schneider, V.-D. Hodoroaba, G. 
Ababei, U. Panne. Catalytical degradation of relevant pollutants 
from waters usingmagnetic nanocatalysts. Appl. Surf. Sci., 2015, 
APSUSC-29472, article in press. 

[22] Stambolova I., М. Shipochka, V Blaskov, Alexandrе 
Loukanov, Sasho Vassilev. Sprayed nanostructured TiO2 films for 
efficient photocatalytic degradation of textile azo dye. J Photochem. 
Photobiol. B Biol., 117, 2012, 19–26. 

[23] Ratnasamy P., D. Srinivas, C. V. V. Satyanarayana, P. 
Manikandan, R. S. Senthil Kumaran, M. Sachin, V. N. Shetti.  
Influence of the support on the preferential oxidation of CO in 
hydrogen-rich steam reformates over the CuO-CeO2-ZrO2 system.  
J. Catal., 221, 2004, 455-465. 

[24] Kustova M. Yu., S.B. Rasmussen, A.L. Kustov, C.H. 
Christensen. Direct NO decomposition over conventional and 
mesoporous Cu-ZSM-5 and Cu-ZSM-11 catalysts: Improved 
performance with hierarchical zeolites. Appl. Catal. B Environ., 67, 
2006, 60–67. 

[25] Wagner C. D., W. M. Riggs, L. E. Davis, and J. F. Moulder, 
Handbook of X-Ray Photoelectron Spectroscopy, Perkin-Elmer, 
Waltham, Mass, USA, 1978.  

[26] Wagner Ch. D., A. V. Naumkin, A. Kraut-Vass, J. W. Allison, 
C. J. Powell, and J. R. Rumble Jr., NIST Standard Reference 
Database 20, Version 3.4. 

[27] Lucas M., J. Peres. Decolorization of the azo dye Reactive 
Black 5 by Fenton and photo-Fenton oxidation. Dyes & Pigments, 
71, 2006, 236-244. 

[28] Guandao G., Z. Aiyong, Z. Meng, C. Jinlong, Z. Quanxing. 
Photocatalytic Degradation Mechanism of Malachite Green under 
Visible Light Irradiation over Novel Biomimetic Photocatalyst 
HMS-FePcs. Chin. J. Catal., 29, 2008, 426-430. 

[29] Kaneva N., I. Stambolova, V. Blaskov, Y. Dimitriev, A. 
Bojinova, C. Dushkin. A comparative study on the photocatalytic 
efficiency of ZnO thin films prepared by spray pyrolysis and sol–
gel method. Surface and Coatings Technology, 207, 2012, 5-10. 
 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR IX, ISSUE 5, P.P. 3-6 (2015)6

http://www.sciencedirect.com/science/journal/10111344/117/supp/C

	1. Introduction
	2. Experimental
	3. Results and discussions



