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This paper released electrochemical synthesis of Mg doped ZnO nanotapers for degradation of 

bisphenol A (BPA) as toxic aquatic pollutant under UV and visible light irradiations. The pure and 

Mg-doped ZnO nanotapers photo-catalysts were prepared through an electrical field assisted method. 

The morphological, structural and optical properties of samples were characterized through the 

SEM,XRD and UV-Vis absorption spectra, respectively. The morphological and structural studies 

exhibited that the high density of pure and doped ZnO nanostructures were grown in vertically aligned 

taper-like shape and hexagonal wurtzite structures. Moreover, the doping process led to creation of the 

cubic MgO structure in ZnO nanotaper with (111) and (220) planes. The optical characterizations 

showed that the higher absorption peak was observed for doped samples due to the creation of oxygen 

deficiency and defects in grain structure of film. The Eg values were obtained 3.48 eV and 3.09 eV for 

pure ZnO and Mg-doped ZnO nanotapers films, respectively. The electrochemical studies by CV and 

EIS techniques showed the improvement of specific capacitance of electric double layer and film’s 

conductivity by Mg doping into ZnO matrix. The photocatalytic measurements displayed that the PBA 

degradation efficiencies were of 64.19 % and 100% for pure ZnO and Mg-doped ZnO nanotaper 

photo-catalysts for 70 minutes under UV irradiation, respectively. Therefore, the degradation 

efficiency of ZnO nanotapers was significantly improved by Mg doping. Furthermore, the PBA 

degradation efficiencies were 43.40 % and 100 % for pure and doped samples after 60 minutes under 

visible irradiation which indicates promotion of the degradation rate for Mg-doped ZnO nanotapers in 

visible irradiation. Eg value was decreased for doped samplesdue tothe presence of Mg2+ inside the 

Zn2+ sites of the ZnO lattice which improve the charge separation. As a result, Mg-doped ZnO 

nanotapers film not only photo-excited in the UV region but also its photocatalytic activity was 

delayed in the visible region. 
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1. INTRODUCTION 

Bisphenol A (BPA, (CH3)2C(C6H4OH)2) is a colorless solid organic compound of 

diphenylmethane derivatives that it is applied as an important precursor to make of epoxy resins, 

polycarbonates, polysulfones and plastics. Among them, most applicants are related to BPA-based 

epoxy resins and plastics.  BPA-based epoxy resins are applied to preparation of thermal paper, line 

water pipes and food and beverage cans. BPA-based plastics are well-known for transparent and tough 

plastics which are used to prepare water bottles, food storage containers, baby bottles, sports 

equipment, CDs, and DVDs [1-3]. The huge application of BPA in food and paper industries makes it 

one of the highest volume of chemicals produced worldwide. 

Studies showed that BPA may bind to the nuclear estrogen and androgen receptors and can 

reproduce the estrogen and androgen actions which affect Leydig cell steroidogenesis at high 

concentrations of BPA [4]. Accordingly, the European Chemicals Agency (ECHA) deduced that BPA 

should be considered as a substance of very high concern because of its influences on endocrine 

disruptor [5, 6]. Moreover, the United States'Food and Drug Administration (FDA) prohibited the 

application of BPA in preparation of baby bottles [7]. 

On the other hand, environmental effects of released BPA from plastics, coat and staining 

manufacturers, irrigation pipes used in agriculture and wastewater of plastic, paper, and metal 

industries show pervasiveness of BPA makes it an important pollutant of soil and water. Several 

studies show at low levels BPA can harm fish and aquatic organisms [8]. Therefore, it’s widely spread 

raises concerns and led to the start of investigations for its detection, safety and removal techniques [9-

12].  

Studies exhibit that ultrafiltration, coagulation, electroflotation, ozonation electrocoagulation, 

electrolysis, electrochemical oxidation and reduction, and photo-catalysts are the effective techniques 

to remove the toxic pollution from wastewaters. Among these techniques, photocatalytic degradation is 

an efficient procedure to remove toxic aquatic pollutants under UV and solar light irradiations on 

photocatalyst surfaces. Garg et al. [13]  studied the photocatalytic degradation of BPA using N, Co 

codoped TiO2 catalyst under sunlight and showed that 1.5% Co and 0.5% N-codoped TiO2samples 

exhibited higher photocatalytic activity than commercial TiO2. Kuo et al. [14] evaluated the 

photodegradation performance of BPA in a visible light on TiO2/polyethyleneglycol photocatalyst. 

Their results showed adding polyethylene glycol to TiO2structure enhanced the photoactivity. 

To the best of our knowledge, this is the first study to synthesize taper-like Mg-doped ZnO 

nanostructures on indium tin oxide glass by a facile electrochemical technique for degradation of BPA 

as toxic aquatic pollutant under UV and visible light irradiations. 
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2. MATERIALS and METHOD 

 

Mg-doped ZnO nanotapers were synthesized through electrochemical technique. The solution 

was prepared from the mixture of 0.4 M zinc acetate dihydrate (99 %, Lianyungang Zhonghong 

Chemical Co., Ltd., China) as precursor solution, 0.2 M acetic acid (Shijiazhuang Xinlongwei 

Chemical Co., Ltd., China) and 0.15 M toluene (> 85%, Shandong S-Sailing Chemical Co., Ltd., 

China) as catalysts in volume ratio of 2:1:1[15, 16]. Then, 0.1 M magnesium sulfate (99.5%, Zhong 

Tang (Dalian) Materials Co., Ltd., China) as dopant source was added to the mixture in volume ratio of 

1:2 and the final mixture was stirred for 15 minutes to obtain the homogenous transparent solution. 

The indium tin oxide glass (ITO, Merck, Germany) as working electrode and graphite bar (length of 10 

cm, Tianjin Dashi Carbon Co., Ltd., China) were immersed into the prepared solution of an 

electrochemical cell under stirring condition. The DC voltage of 0.4 V was applied between two 

electrodes for 60 minutes. After that, the electrode was rinsed with deionized water.  

The morphology of pure ZnO and Mg-doped ZnOnanotaper photo-catalysts were studied by 

scanning electron microscopy (SEM,JEOL JSM-6390LV/LGS,Tokyo,Japan). The structural properties 

and crystal phase of the samples were characterized by X-ray diffraction (XRD, Philips PW 1050, The 

Netherlands) which operated at 40 kV and 30 mA in wavelength of CuKα (λ=1.5418 Å). The optical 

absorption spectra of the samples were recorded using a UV-VIS spectrophotometer (Hitachi U-2800, 

Tokyo,Japan). CV and EIS measurements were performed with MetrohmAutolab instruments in a 

standard three-electrode electrochemical cell which contained Ag/AgCl electrode as a reference 

electrode, Pt wire as a counter electrode and the prepared pure ZnO and Mg-doped ZnO nanotapers as 

working electrode. The electrolyte of CV measurements was 0.1 M phosphate buffer solution (PBS) 

which prepared byNa2HPO4 (99.0%, Hangzhou Focus Corporation, China). The electrolyte solutionof 

EIS experiments was 0.5 M Na2SO4 (99%, Tianjin Wodehaotai Trading Co., Ltd., China). 

The photo-catalytic experiments were conducted with initial concentration of PBA (99%, 

Hebei Guanlang Biotechnology Co., Ltd., China) equal to 5, 10, 20 and 50 mgl−1 in presence of pure 

ZnO and Mg-doped ZnO nanotapers photo-catalysts. The measurements were carried out using a 

cylindrical photo-reactor with internal diameter of 3 cm and height of 22 cm which was irradiated with 

UV and visible light sources. The photo-degradation system was left in the dark for 60 minutes to 

establish an adsorption–desorption equilibrium between the photo-catalysts and PBA solution, and 

then photocatalytic reactions were performed under light irradiations. The change in PBA 

concentrations was analyzed with optical absorption spectra which recorded with spectrophotometer 

(Perkin Elmer UV–vis spectrophotometer at 𝜆=663 nm). The degradation efficiency (%) was 

calculated with recorded intensity of in optical absorption spectra of irradiated PBA as following 

equation [17]: 

Degradation efficiency (%) =
I0−It

I0
 × 100 =

C0−Ct

C0
 × 100              (1) 

Where, I0 and It are the absorption intensity of PBA solution before and after photocatalytic 

reaction, respectively. C0 and Ct are the concentrations of PBA before and after the photo-degradation 

process, respectively. 
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3. RESULTS and DISCUSSION 

 

Figure 1 depicts SEM images of the synthesized pure ZnO and Mg-doped ZnO structures on 

the ITO substrates via electrical field assisted technique which implying the high density of pure and 

doped ZnO nanostructures were grown in vertically aligned taper-like shape. There are the hexagonal 

stems with a tapering tip for any nanotaper structure. As observed in Figure 1, average diameters of 

pure ZnOand Mg-doped ZnO nanotapers are estimated 170 nm and 250 nm in the middle of structures, 

respectively.  The average lengths of nanotapers are 1.7 µm and 2.3 µm for pure ZnO and Mg-doped 

ZnO structures, respectively.  

 

Figure 1. SEM images of the synthesized (a) pure ZnO and (b) Mg-doped ZnO nanotapers on the ITO 

substrates via electrical field assisted technique.  

 

 

 
Figure 2. XRD patterns of the synthesized (a) pure ZnO and (b) Mg-doped ZnO nanotapers. 

 

Figure 2 shows XRD patterns of the synthesized pure ZnO and Mg-doped ZnO nanotapers. The 

diffraction peaks at 2θ = 31.89°, 34.70°, 36.77°, 47.95°, 56.81°, 63.12°, 66.89°, 68.23° and 69.44° that 

is corresponding to form (100), (002), (101), (102), (110), (103), (200), (112) and (201) planes (JCPDS 

card No. 075-1526), respectively which indicates to the growth of samples in hexagonal wurtzite 
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structures [18, 19]. Furthermore, XRD pattern of Mg-doped ZnO displays two diffraction peaks at 2θ = 

37.94° and 63.87° which relate to the formation of the cubic MgO structure in doped samples with 

(111) and (220) planes (JCPDS card No. 45-0946) [20, 21], respectively. 

Figure 3a shows the recorded CVs of pure ZnO and Mg-doped ZnO nanotapers films in 0.1 M 

PBS solution pH 6 at scan rate of 10 mVs-1 with potential range of -0.1 to 0.8 V.  As seen, Mg-doped 

ZnO film shows larger surrounded area of the CV which demonstratesthe improvement of specific 

capacitance of electric double layer due to the doping Mg ion into the ZnO lattice [22]. It can enhance 

the charge storage value and better electronic storage capability of Mg-doped ZnO film toward pure 

ZnO film. EIS measurements were carried out to prepare films with frequency range of 10-1 to 105 Hz 

at applied voltage of 5 mV in 0.5 M Na2SO4 solution. Figure 3b shows the Nyquist plots of the 

samples that was obviously indicated the smaller resistance of the doped film than pure ZnO film, 

which refer to improvement of the film’s conductivity by doping Mgions into ZnO film due to the 

synergistic effect between ZnO and Mg nanostructures [23, 24]. Furthermore, high electron transfer 

rate can be related to more interfaces between ZnO and Mg [25]. 

 

 
 

Figure 3. (a)The recorded CVs of pure ZnO and Mg-doped ZnO nanotapers films in 0.1 M PBS 

solution pH 6 at scan rate of 10 mVs-1 with potential range of -0.1 to 0.8 V. (b) The Nyquist 

plots of EIS measurements of pure ZnO and Mg-doped ZnO nanotapers films with frequency 

range of 10-1 to 105 Hz at applied 5 mV AC voltage in 0.5 M Na2SO4 solution. 

 

Figure 4 shows the recorded UV-Vis absorption spectra of pure ZnO and Mg-doped ZnO 

nanotapers films at wavelength range of 220 to 1100 nm. As shown, the higher absorption peak 

belongs to doped samples which may be due to the creation ofoxygen deficiency and defects in grain 

structure of film [26]. The sharp absorbance peak was observed at wavelength of 370 nm and 380 nm 

for pure ZnO and Mg-doped ZnO films, respectively which indicatesa redshift in the absorption edge 

of doped film due to the Mg doping into the ZnO lattice and generation small amount of lattice strain 

in the doped film [27, 28]. This redshift can be attributed to the reduction of the Fermi level of doped 

ZnO film by formation of intragap states which can modify the absorption of the ZnO film in visible 
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regions [29, 30]. The optical bandgap energy (Eg) of the samples are obtained through Tauc equation 

(2) [31]:  

 

αhν =A(hν−Eg)
n                                                        (2) 

 

Where α is absorption coefficient, h is Planck’s constant (4.1357 × 10-15 eV s), ν is the 

frequency of irradiated light and n value is ½  that means allowed direct transition [32]. Figure 4b 

shows the Tauc plots ((αhν)2versus (hν)) of samples that the Eg are determined from extrapolation of 

the linear fits of the Tauc plots onto thex-axis [32]. The Eg values were obtained 3.48 eV and 3.09 eV 

for pure ZnO and Mg-doped ZnO nanotapers, respectively. Accordingly, Eg value was decreased for 

doped samples due to the presence of Mg2+inside the Zn2+sites of the ZnO lattice [33]. Moreover, the 

decrease in Eg value may be associated withthe increment of localized state density in the conduction 

band of ZnO[34].  Therefore, optical results show that the Mg-doped ZnO nanotapers film not only 

photoexcited in the UV region but also its photocatalytic activity is expanded in the visible region.  

 

 
 

Figure 4. (a)The recorded absorption spectra and (b) Tauc plots of pure ZnO and Mg-doped ZnO 

nanotapers films. 

 

Figure 5a shows the degradation efficiency of 10 mg l-1 PBA in the present of pure ZnO and 

Mg-doped ZnO nanotapers photo-catalysts and without photocatalyst (blank) under dark and UV 

irradiations. As shown, the degradation efficiencies of 0.32 %, 2.09 % and 3.19 % were obtained for 

blank, pure ZnO and Mg-doped ZnO nanotapers photo-catalysts for 30 minutes under dark conditions, 

respectively. Moreover, the PBA degradation efficiencies were 1.85 %, 64.19 % and 100% for the 

blank sample, pure ZnO and Mg-doped ZnO nanotapers photo-catalysts for 70 minutes UV irradiation, 

respectively. Thus, the degradation efficiency of ZnO nanotapers was significantly enhanced by Mg 

doping. Figure 5b shows the photo-degradation activity of prepared photo-catalysts under visible 

irradiation that indicates the PBA degradation efficiencies were 43.40 % and 100 % for pure and doped 

samples after 60 minutes under visible irradiation. Therefore, the comparison between results of figure 

5a and 5b is demonstrated that degradation rate is promoted for Mg-doped ZnO nanotapers in visible 
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irradiation. This can be related to the reduction of Eg value and change of optical properties on doped 

photo-catalyst [35-37]. Furthermore, Mg doping can improve the charge separation due to the creation 

of physical defects as oxidation states which can act as similar to sink for trapping sites for the 

photogenerated holes and electrons and impede their recombination rate [38, 39].  

 

 
 

Figure 5. Degradation efficiency of 10 mg l-1 PBA in present of pure ZnO and Mg-doped ZnO 

nanotapers photo-catalysts and blank sample under dark condition and irradiation (a) UV and 

(b) visible light. 

 

Figures 6a and 6b show the PBA degradation efficiency on Mg-doped ZnO 

nanotapersphotocatalyst surface for various PBA concentrations under UV and visible irradiations, 

respectively. As shown, the rate of photodegradation in visible irradiation was more than UV 

irradiation. The 100% degradation of 5, 10, 20 and 50 mg l-1 of BPA occurafter 60, 70, 130 and 180 

minutes under UV irradiation, respectively. Moreover, complete degradation for 5, 10, 20 and 50 mg l-

1 of BPA were observed after 50, 60, 120 and 170 minutes under visible irradiation. Table 1 displays a 

comparison between the degradation efficiency of this photocatalyst and Cu-deposited N TiO2/titanate 

nanotubes [40], TiO2 [41], Ag-TiO2 [42], Bi2WO6/CoFe2O4 [43], C–ZnO[44] forBPA degradation. As 

observed, the synthesized Mg-doped ZnO nanotapersphotocatalyst exhibited better photocatalytic 

performance for 5, 10, 20 and 50 mg l-1degradation of BPA under both UV and visible irradiations. 

The Mg-doped ZnO nanotapers can excite upon visible light and the photoexcited carrier of 

conduction and valence bands of the doped ZnO nanotapers can react with H2O/OH− and O2 molecules 

on the surface of photocatalyst and induce active species such as •OH andO2
− radicals [45, 46].  
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Figure7. PBA degradation efficiency on Mg-doped ZnO nanotapers photocatalyst surface for various 

PBA concentrations under (a) UV and (b) visible irradiations. 

 

Table 1. Comparison between the degradation performances of Mg-doped ZnO nanotapers 

photocatalyst and the other reported photo-catalysts of literature fordegradation of BPA. 

 

Catalyst BPA 

concentration 

(mg l-1) 

Light 

source 

Degradation 

efficiency 

(%) 

Irradiation 

time 

(minute) 

Ref. 

Cu-deposited N 

TiO2/titanate nanotubes 

5  UV 100.0 180 [40] 

TiO2 10 UV 97.0 360 [41] 

Ag-TiO2 10 UV 97.0 120 [42] 

Bi2WO6/CoFe2O4 20  Visible 92.0 120 [43] 

C–ZnO 50 UV  100.0 1440 [44] 

Mg-doped ZnO 

nanotapers 

5 UV 

Visible  

100.0 

100.0 

60 

50 

This 

study 

Mg-doped ZnO 

nanotapers 

10 UV 

Visible 

100.0 

100.0 

70 

60 

This 

study 

Mg-doped ZnO 

nanotapers 

20 UV 

Visible 

100.0 

100.0 

130 

120 

This 

study 

Mg-doped ZnO 

nanotapers 

50 UV 

Visible 

100.0 

100.0 

180 

170 

This 

study 

 

 

4. CONCLUSION 

 

This study was focused on synthesis of Mg-doped ZnO nanotapers for removal of toxic aquatic 

pollutants under solar light irradiation. The pure and Mg-doped ZnO nanotapers photo-catalysts were 

synthesized through an electrical field assisted method and its physical properties were characterized 

through the SEM,XRD and UV-Vis absorption spectra. The SEM studies showed that the high density 

of pure and doped ZnO nanostructures were grown in vertically aligned taper-like shape. XRD 

analyses revealed that both samples were grown in hexagonal wurtzite structures and the doping 

process led to creation of the cubic MgO structure in ZnOnanotaper with (111) and (220) planes. The 
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optical studies showed that the higher absorption peak was belonging to doped samples which may be 

due to creation ofoxygen deficiency and defects in grain structure of film. The Eg values were obtained 

3.48 eV and 3.09 eV for pure ZnO and Mg-doped ZnO nanotapers films, respectively. Therefore, Eg 

value was decreased for doped sample due tothe presence of Mg2+ inside the Zn2+ sites of the ZnO 

lattice which implies the Mg-doped ZnO nanotapers film not only photoexcited in UV region but also 

its photocatalytic activity was expanded in visible region. The electrochemical properties of the 

samples were studied by CV and EIS techniques which showed the improvement of specific 

capacitance of electric double layer and film’s conductivity by Mg doping into ZnO film. The 

photocatalytic studies showed that the PBA degradation efficiencies were of 64.19 % and 100% for 

pure ZnO and Mg-doped ZnO nanotapers photo-catalysts for 70 minutes under UV irradiation, 

respectively. Thus, the degradation efficiency of ZnO nanotapers was significantly enhanced by Mg 

doping. Moreover, the PBA degradation efficiencies were 43.40 % and 100 % for pure and doped 

samples after 60 minutes under visible irradiation. Therefore, the degradation rate was promoted for 

Mg-doped ZnO nanotapers in visible irradiation. This can be related to the reduction of Eg value and 

change of optical properties on doped photocatalyst. Furthermore, Mg doping can improve the charge 

separation due to the creation of physical defects as oxidation states which can act as similar to sink for 

trapping sites of the photogenerated holes and electrons and delay their recombination rate. 
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