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1. Introduction  

  

Tungsten trioxide (WO3) is an n-type semiconductor with a band gap of 2.6-2.8 eV and an appropriate band 

position which can be used as a photocatalyst in environmental applications, such as the photodegradation 

of organic pollutants [1-13]. To improve the photocatalytic activity, WO3 can be doped with nitrogen (N), 

where nitrogen p states mix with oxygen 2 p states, resulting in a reduction of the band gap [13-16]. The 

aim of the present work was the decontamination of the methyl orange (MO) organic pollutant present in 

the water by WO3 nanostructures in the presence of radiation. It was studied the combined influence of the 

controlled hydrodynamic conditions during tungsten (W) anodization and the doping with nitrogen during 

the annealing of the WO3 nanostructures on the degradation of MO.  

  

2. Experimental  

  

W samples were teflon-coated rods (8 mm in diameter and 0.5 cm2 area exposed to the electrolyte). Before 

anodization, samples were abraded using 220, 500, 1000, and 4000 grit silicon carbide (SiC) paper to 

remove scratches and other imperfections from the surface. Then, the samples were sonicated in ethanol 

for 2 minutes, rinsed with distilled water, and dried in an air stream. The anodization of W was performed 

in a 2- electrode cell with a platinum mesh as counter electrode and the W sample as working electrode, 

using a rotating disc electrode (RDE) configuration. W was anodized in a 0.2 M ammonium nitrate 

(NH4NO3) solution containing ethylene glycol at 10 V for 30 min under different hydrodynamic conditions 

(0, 500, and 1000 rpm) at room temperature. The as-formed WO3 layers were annealed in a furnace at 600 

ºC for 3 h in air. Nitrogen-doped WO3 nanostructures were prepared by annealing anodic oxide layers in 

N2 gas at 600 ºC during 3 h.  

  

The photodegradation tests were performed at room temperature in a quartz glass 3-electrode 

photoelectrochemical cell with the WO3 nanostructure as working electrode, a silver-silver chloride 

(Ag/AgCl) reference electrode with 3 M potassium chloride (KCl), and a platinum tip as counter electrode. 

MO dye was used as organic pollutant, with an initial concentration of 30 mg/L. The solution was agitated 

during the whole test using a magnetic stirrer to obtain homogeneous conditions inside the cell. The samples 

were perpendicularly irradiated with a 1000 W Xe light source at a wavelength of 365 nm (near ultraviolet) 

using a monochromator. A potential of 1.0 VAg/AgCl was applied during the photodegradation tests using a 

potentiostat and the current intensity (mA) was registered as a function of the time. The photodegradation 

of MO was controlled by the ultraviolet-visible molecular absorption spectrophotometer, taking 

measurements of absorbance during the time of the test. After every 20 min of reaction under irradiation, 

the wavelength was changed to 600 nm (visible). An aliquot of the solution was withdrawn from the glass 

cell and it was measured the absorbance of MO in a wide range of wavelengths (from 200 nm to 700 nm). 

After the measuring, the aliquot was returned to the reactor and it was applied a wavelength of 365 nm 

again. Each photodegradation test had a duration of 4 h. Previously to the photodegradation tests, a 

calibration graph, Absorbance vs. MO concentration (mg/L), was obtained with standard solutions of 

known MO concentration from 0 mg/L to 40 mg/L.  



  

3. Results and Discussion  

  

3.1. Synthesis of the nanostructures: stage of anodization  

  

The Image 1 shows the current intensity vs. time during the anodization stage of W for different rotation 

speeds. During the first seconds of anodization, an increase in current intensity is observed, then reaching 

a steady-state value. It has been found that increasing the rotation speed also increases the current intensity 

that is reached during the anodizing process. For 0 rpm a current intensity of about 19 mA is reached, while 

for 500 and 1000 rpm the current intensity increases slightly. The highest current intensity corresponds to 

the sample synthesized at 1000 rpm, in which a current intensity of about 22 mA is reached.  

  

 
Image 1. Current intensity vs. time in the anodization of W for different rotation speeds.  

  

  

3.2. Photodegradation tests  

  

3.2.1. Tests with the monochromator  

  

Image 2 shows the current intensity (I) vs. time during the degradation of MO with the non-doped and   N-

doped WO3 nanostructures anodized at different rotation speeds.  

  

It is observed that the current intensity increase with the reaction time. The sections that appear 

discontinuous in Image 2 correspond to the moments in which the extraction of the aliquot takes place, 

where the wavelength of the lamp from 365 nm to 600 nm is changed, so that it gives a sharp decrease in 

current intensity during 5-7 min from the extraction of the aliquot until its return to the reactor.  

  

It has been found that increasing the rotation speed in the anodization stage also increases the current 

intensity during the degradation of MO. The highest current intensity corresponds to the sample synthesized 

at 1000 rpm. On the other hand, doping with nitrogen of the WO3 nanostructures causes an increase in the 

current intensity, especially in the WO3 nanostructure anodized at 1000 rpm.  
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(b)  

Image 2. Current intensity vs. time during the degradation of MO with the (a) non-doped, and               (b) 

N-doped WO3 nanostructures anodized at different rotation speeds.  

  

When the WO3 photoanode is reached by near ultraviolet light irradiation, with an energy equal to the band 

gap of WO3, the electrons of the valence band are excited, so they pass to the conduction band (eCB
–) and 

leave holes in the valence band (h+). The electrons are transferred to the counter electrode and then reduce 

the oxygen absorbed on the surface of counter electrode to form superoxide anion radicals ( O2
–), which 



react with H2O to form hydroxyl radicals ( OH). On the other hand, the holes in the photoanode react with 

H2O to form OH radicals. These OH radicals react with MO mineralize it, according to the Equation (1):  

  

 OH  MO  CO2  H2O (1)  

  

  

3.2.2. Measurements with the ultraviolet-visible molecular absorption spectrophotometer  

  

3.2.2.1. Calibration graph  

  

Image 3 shows Absorbance spectrum for MO standard solutions. The characteristic peaks of this compound 

correspond to 271 nm and 466 nm. Because the peak corresponding to 466 nm is the one with the highest 

absorbance, it is used to quantify the decrease of MO during the degradation tests.  
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Image 3. Absorbance spectrum for MO standard solutions.  

  

The calibration graph obtained at 466 nm is shown in Equation (2):   

  

 Absorbance  0.0727 C(mg/L) (2)  

  

where C is the concentration of the MO solution (mg/L).  

  

The calibration graph shows a linear function between Absorbance vs. MO concentration (mg/L), with a 

regression coefficient of 0.9996. This function is used to calculate the MO concentration in the 

photodegradation tests. The degradation of MO (%) is determined according to the Equation (3):  

  

 Degradation of MO (%)  C0  Ct100 (3)  

C0 



  

where C0 is the concentration of the initial MO solution (mg/L) and Ct is the concentration of the MO 

solution at a certain reaction time (mg/L).  

  

3.2.2.2. Degradation of MO  

  

Image 4 shows the degradation of MO for the non-doped and N-doped WO3 nanostructures anodized at 

different rotation speeds.  

  

 



(b)  

Image 4. Degradation of MO vs. time for the (a) non-doped, and (b) N-doped WO3 nanostructures anodized 

at different rotation speeds.  

  

  

In the case of the non-doped WO3 nanostructures (Image 4a), no significant effect of the rotation speed on 

the degradation of MO is appreciated for this type of WO3 nanostructures, obtaining a MO degradation 

percentage of around 30 % for all the rotation speeds.  

  

In the case of the N-doped WO3 nanostructures (Image 4b), it is remarkable that an increase of the MO 

degradation is associated to an increase in hydrodynamic conditions during the anodization of W, obtaining 

a MO degradation percentage of 51 % and 45 % for the WO3 nanostructures anodized at 500 rpm and 1000 

rpm, respectively.  

  

On the other hand, the incorporation of nitrogen in WO3 nanostructures causes higher degradation of MO 

for the nanostructures anodized at 500 rpm and 1000 rpm.  

  

4. Conclusions  

  

• The WO3 nanostructures degrade MO under near ultraviolet light irradiation at a wavelength of 365 

nm.  

• The nitrogen doping of the WO3 nanostructures increases the efficiency in the degradation of MO.  

• A higher percentage of degraded MO is obtained for the N-doped WO3 nanostructures synthesized 

under dynamic conditions (500 rpm and 1000 rpm) in comparison with those synthesized under static 

conditions (0 rpm).  
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