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Abstract  
   ZnO structures with different dopants (1mol% Cr, Mn, Fe, Co, Cu and Ni) have been synthesized via a 

simple hydrothermal method using sucrose as a template. These doped ZnO nanostructures 

characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), and photoluminescence 

(PL). The photocatalytic property of these synthesized materials was studied by a photocatalytic 

characterization system. The PL results confirmed that these dopants showed a significant effect on 

photoluminescence properties of ZnO structure. Among the synthesized photocatalysts, Ni doped ZnO 

showed a significant enhancement of photodecolorization capability (98.6 %) toward Congo red dye in 

UV irradiation. Also, it showed the highest dye adsorption (80%) at dark conditions. The improvement of 

decolorization of this photocatalyst might be attributed to enhancement the chance of the separation of 

electrons and holes, high capacity of dye adsorption and presence of defects in its structure. Preliminary 

experiment suggested Ni doped ZnO as effective photocatalyst for treating some pollution such as azo 

dyes.  

Keywords: Photochemistry; Doping; Synthesis of Materials. 

 

1. INRODUCTION  

   During the past few decades, wastewater 

from textile or other dyestuff industries are 

of great concern in water treatment due to 

damage to the ecosystem and human health 

[1-3]. For removing of waste water, 

photocatalysts have shown great potential 

for photodegradation of the pollutants by 

oxidation process [4-7]. Among various 

photocatalysts, ZnO is more considerable 

photocatalyst due to low cost, non-toxic 

nature and high photocatalytic capacity to 

degrade organic pollutants [8-10]. 

Photodegration was done through created 

hydroxyl radical and superoxide radical 

anions under UV light irradiation. These 

radicals are very reactive oxidizing agents 

that can degrade the organic pollutants 

[11]. However, ZnO semiconductor with 

having large band gap energy of 3.37eV 

cannot be excited by visible light [12]. 

Researchers are trying to solve this 

problem by doping transition metal ions 

into the ZnO lattice. It caused to extend the 

optical response of ZnO from UV to 

visible region. The doping causes to reduce 

band gap energy and improve the 

separating efficiency of photo-induced 

electrons and holes [13-15]. 

   According to the above discussion, the 

main objective of this research is to 

examine decolorization of Congo red dye 

by synthesized photocatalysts. So, various 

morphologies of doped ZnO nano-

structures as photocatalysts have been 

successfully synthesized by a simple 

hydrothermal method using different 

dopants. 
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2. EXPERIMENTAL 

2.1. Synthesis  

   All of the chemical reagents used in the 

experiments were analytic grade without 

further purification and treatment. All 

products were prepared using a simple 

hydrothermal method at low temperature. 

We used Cr, Mn, Fe, Co, Cu or Ni chloride 

as dopants with mole ratio of 0.01 than 

Zinc acetate. In a typical procedure, we 

dissolved 3 mmol Zn(CH3COO)2·2H2O in 

50 ml distilled water at room temperature 

under stirring. Then, we added 3mmol (1.2 

g) sucrose (C12H22O11) into this solution 

with vigorous stirring for 30 min. After 

that time, we added 0.03 mmol of Cr, Mn, 

Fe, Co, Cu or Ni chloride to the above 

solution under stirring for 30 min. After 

that, 6 mmol NaOH powder (molar ratio of 

NaOH to Zinc acetate 2:1) was added 

under stirring and then the solution was 

transferred to an autoclave and kept at 

100
◦
C in oven for 2 h. After completion of 

the reaction time, we filtered the products 

via centrifugation and washed with double 

distilled water for several times until free 

from impurities such as chloride. Finally, 

we dried the obtained products at room 

temperature and collect them for physical 

characterizations. 

   The samples, after doping with Cr, Mn, 

Fe, Co, Cu and Ni, will be named Cr/ZnO, 

Mn/ZnO, Fe/ZnO, Co/ZnO and Ni/ZnO, 

respectively.  

 

2.2. Characterization 

   The ZnO nanostructures were analyzed 

by XRD using the Cu Kα wavelength of 

1.5405Å. The morphology of the sample 

was determined by using a scanning 

electron microscopy (SEM Holland Philips 

XL30). The photoluminescence (PL) 

spectrum was recorded by applying a 

photoluminescence spectrophotometer 

(Avantes/Avaspec 2048) at room 

temperature in the wavelength range of 

200-1100 nm. 

 

2.3. Evaluation of Photocatalytic 

Activity 

50 ml of the solution containing 20 ppm 

(W/V) Congo red (C.I. Direct Red 28, 

M.W. = 696.67 g/mol C32H24N6O6S2·2Na) 

and 50 mg of synthesized phtocatalyst was 

used for assessment of the photocatalytic 

activity of the samples. For providing 

desired UV photon, we installed five UV 

lamps of 6 W (Philips, Holland) with 

strongest emission at 254 nm at the height 

of 15 cm above the reaction vessel and 

irradiated perpendicularly to the surface of 

the solution (Fig. 1). 

 

 
Figure 1. Photocatalyst setup. 

 

   Air bubbles were blown into the solution 

by air pump for making the solution 

saturated with oxygen. Also, magnetic 

stirrer was used to keep the solution 

homogenous. At the beginning of each 

experiment, a solution containing 20 ppm 

Congo red and 50 mg photocatalyst was 

stirred for 20 min in dark condition to 

reach an adsorption/desorption equilibrium 

for Congo red dye molecules on the 

surface of photocatalyst. Then we turned 

on UV lamp. 5 mL of sample was 

withdrawn at predetermined time intervals, 

and it was centrifuged for 5 min 
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immediately to separate catalyst particles. 

The Congo red concentration of the 

solution was measured by a UV-visible 

spectrophotometer. Absorption peak 

corresponding to Congo red appeared at 

497 nm, 347 and 237 nm. The 

concentration of dye in each decolorized 

sample was determined at max = 497 nm 

using a calibration curve. By this method, 

conversion percent of Congo red azo dye 

can be obtained in different intervals. The 

degree of photodecolorization efficiency 

(X) is given by eq. 1: 

X=(C- Co)/Co                    (1) 

where, Co is the initial concentration of dye 

and C is the concentration of dye at 

different times [16, 17]. 

 

3. RESULTS AND DISCUSSION  

   M/ZnO structures (M= Cr, Mn, Fe, Co, 

Cu and Ni) were synthesized by 

hydothermal method at low temperature 

(100
0
C). In this method, sucrose was used 

as template and then removed by water 

washing. This method is green with high 

ability to control nucleation and growth in 

complex systems and low energy 

consumption without affecting 

morphological homogeneity. The obtained 

products by this method was stable and 

phase-pure in air that confirmed by results 

of SEM and XRD. Figs. 2 and 3 show the 

SEM images of the samples. 

   As shown in the following Figs. Cu/ZnO, 

Fe/ZnO and Ni/ZnO are structured as rods 

with hexagonal plate cross sections. 

Co/ZnO is formed shorter rods with 

hexagonal plate cross sections. While, the 

morphology of Mn/ZnO and Cr/ZnO are 

nanoparticles and sheet like, respectively 

[18]. 

   Fig. 4 shows the XRD patterns of 

undoped ZnO sample. The diffraction 

peaks of all samples match that of 

hexagonal wurtzite (JCPDS card No. 36–

1451) structure of well crystalline ZnO.  

 

 

 

Co/Zn

O 

Cr/ZnO 
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Figure 2. SEM images of Co, Cr and Cu / ZnO structures; up to down, respectively. 

 

 

 

Cu/Zn

O 

Fe/ZnO 

Mn/Zn

O 

Ni/ZnO 
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Figure 3. SEM images of Fe, Mn and Ni / ZnO structures; up to down, respectively. 

 

   The diffraction patterns of doped ZnO 

samples were similar except the variation 

of the peak intensities due to the 

differences in growth conditions (not 

shown here). No reflection characteristics 

related to impurities are observed in the 

pattern, indicating the successful 

introduction of Mn, Cr, Fe, Co, Cu or Ni 

ions in the lattice of the ZnO crystals due 

to rather similar ionic radii [13, 18].  

 

 
Figure 4. XRD pattern of ZnO structure. 

 

   The PL spectrum of the samples was 

measured at excitation wavelength of 390 

nm. As shown in Fig. 5, there is strong 

peak at around 410 nm in all samples. It 

can be attributed to the recombination of 

free excitons through exciton-exciton 

collision process. In addition, two broad 

peaks at around 484nm and 625 nm were 

shown in all samples. The emission at 

about 484 nm is related to deep level 

emissions (DLE). This emission in ZnO 

has been frequently ascribed to several 

intrinsic and extrinsic defects that are due 

to electron recombination in the oxygen 

vacancy with a hole in the valence band 

[19]. The peaks at 625 nm may be 

attributed to the more number of defects 

such as oxygen vacancies due to creation 

of new recombination centers [20]. The 

intensity of this peak is different at various 

doped ZnO structures. Ni/ZnO structures 

show the highest intensity at 625 nm 

compared to other doped ZnO 

nanostructurs. While, Mn/ZnO show the 

lowest intensity at this λ. These different 

intensities may be related to greater created 

defects during the growth course. 

 
 

Figure 5. PL spectrum of Cr, Mn, Fe, Co, 

Cu and Ni /ZnO structures. 

 

   We synthesized these materials as 

photocatalysts for decolorization of Congo 

red dye. Congo red is a reactive dye 

formed by the combination of azo-based 

chromophores with vinyl sulfune as 

reactive group. The largest chemical class 

of dyes is azo dyes that used in industries, 

extensively. The presence of azo group (-

N=N-) is responsible for their coloration 

[21]. So, we employed the 

photodecolorization of Congo red dye 

under UV irradiation to measure the 

decolorization efficiency of doped ZnO 

nanostructures as photocatalysts. Under 

UV light and in the presence of 

photocatalyst, azo bands of Congo red 

breaks up and the intensity of the visible 

light chromophore decreases, as a result 

decolorization occurs. 

   Fig. 6 shows the adsorption and 

photocatalytic decolorization behavior of 

Cr, Mn, Fe, Co, Cu and Ni /ZnO structures 

as photocatalysts in dark and UV 

irradiation conditions. When the Congo red 

solution containing of photocatalyst was 

applied in dark condition for 20 min, the 

concentrations of Congo red solution 

decreased except the solution containing 
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Cu/ZnO photocatalyst. So, the solution 

becomes pale at dark condition. This pale 

is attributed to the adsorption of Congo red 

dye through two oxygen atoms of the 

sulfonate group [14]. Among these 

photocatalysts, Ni/ZnO shows the highest 

adsorption of Congo red dye molecules 

(80%). While, Cu/ZnO shows no 

adsorption of Congo red dye molecules. 

The capacity of adsorption is different for 

each photocatalyst, probably due to 

presence of dopant species on the surface. 

In addition, Fig. 6 shows that the 

decolorization of dye molecules increases 

in the presence of UV light and 

photocatalysts with irradiation time. As 

shown in this Fig., the decolorization 

efficiency of Ni/ZnO photocatalyst is 

better than the other photocatalysts. So, the 

presence of Ni species may enhance the 

chance of the separation of electrons and 

holes due to the synergetic effect on the 

specific adsorption surface [13]. In 

addition, the more target molecules 

adsorbed on photocatalyst, the faster and 

more complete decomposition of the 

molecules [15].  

 
Figure 6. Adsorption and photocatalytic 

decolorization behavior of Cr, Mn, Fe, Co, 

Cu and Ni/ZnO structures as 

photocatalysts in dark and UV irradiation 

conditions. 

 

   Also, another key factor that can affect 

photocatalytic efficiency attribute to the 

presence of defects in the lattice. The 

introduction of Ni species in the ZnO 

lattice increases the lattice defects. This is 

in good agreement with PL results. So, 

Ni/ZnO photocatalyst not only shows the 

highest adsorption, but also shows the 

highest photodecolorization. 

Figure 7 presents Congo red solutions of 

Co and Ni /ZnO structures after UV 

irradiation at different times. 

 

 

 
 

Figure 7. Congo red solutions of Co and 

Ni/ZnO structures after UV irradiation at 

different times. 

 

4. CONCLUSION  

   In summary, we synthesized doped ZnO 

structures as UV light sensitive 

photocatalysts by a simple hydrothermal 

method. The results revealed that optical 

and photocatalytic properties of ZnO 

structures are strongly affected by different 

dopants. Ni doped ZnO showed not only 

the highest adsorption, but also, the highest 

decolorization under UV irradiation. This 

may be due to high capacity of molecule 

adsorption and presence of oxygen 

vacancies and crystallite defects. 
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