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Abstract: This paper presents titanium dioxide nanostructured surfaces prepared in organic electro-

lytes containing ammonium fluoride by anodic oxidation method. Two approaches were used for 

fabrication, one-step and two-step anodization. The obtained TiO2 surfaces have nanoporous struc-

ture. The morphology of anodized TiO2 nanostructures was characterized by scanning electron mi-

croscopy (SEM). 
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1. INTRODUCTION 

In the past decade, considerable attention has been focused on using nanocrystalline TiO2 as a pho-

tocatalyst for the degradation of organic pollutants [1,2], because of its strong oxidizing abilities, 

superhydrophilicity [3], chemical stability, long durability, nontoxicity, low cost, and transparency 

to visible light. The titanium dioxide is an important wide bandgap semiconductor in the field of 

photocatalysis, dye-sensitized solar cells, sensing [4], self-cleaning [5], photolysis of water[6] and 

energy storage.[7-10] 

The semiconductor TiO2 has been widely utilized as a photocatalyst for inducing a series of reduc-

tive and oxidative reactions on its surface. The photocatalytic properties are derived from the for-

mation of photogenerated charge carriers (hole and electron), which occurs upon the absorption of 

utraviolet (UV) light corresponding to the band gap (usually 3.2 eV for anatase or 3.0 eV for ru-

tile). The photogenerated holes in the valence band react with adsorbed water molecules, forming 

hydroxyl radicals and in combination with holes oxidize nearby organic molecules on the TiO2 sur-

face. Simultaneously, electron in the conduction band typically participate in reduction processes, 

which are typically reaction with molecular oxygen in the air to produce superoxide radical anions. 

[10,11] 

Highly ordered TiO2 nanostructures have great potential as superior photocatalyst due to their valu-

able high surface area. The one-dimensional nanostructures possessed low recombination of light-

induced electron-hole pairs and high photocurrent conversion efficiency. Many kind of nanostruc-

tured TiO2 materials including spheroidal nanocrystalite, nanoparticles, elongated nanotubes, 

nanosheets, nanorods, nanocolumn arrays, and nanofibers have been synthesized. These nanostruc-

tures have been effectively produced by a variety of methods.1D TiO2 nanostructures, such as 

nanotubes and nanorods, have dramatically improved their photocatalytic properties compared to 

other forms of TiO2 due to their high surface-to-volume ratios, high surface areas, and highly or-

dered arrangements.[8,9,12,13] 

The TiO2 nanostructures could be fabricated by template method [14], sol-gel methods [3], hydro-

thermal processes, and anodic oxidation method [9]. Among these methods, anodic oxidation has 

become one of the most popular methods because of its high controllability, especially for their 

abilities on the fabrication of 1D TiO2 nanostructures. The morphological structure of anodized 

TiO2 nanostructures as well as their photocatalytic activity can be modified by changing prepara-
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tion conditions, like anodization time, applied voltage, temperature, titanium layer roughness, cal-

cination parameters and electrolyte composition, including fluoride concentration, solvent, water 

content, pH, viscosity, conductivity, and organic additives.[9,15] 

Electrochemical anodic oxidation method has been the foremost technique to fabricate TiO2 nano-

tube arrays in an F
-
 containing solution. It is generally considered that three steps were involved. 

First, Ti was dissolved in F
-
 containing acidic electrolytes and large amounts of Ti

4+ 
were produced; 

second, the intensity of electric field exerted on the layer on the surface, TiO2 barrier layer was par-

tially etched, and many irregular pits were formed; third, more H
- 
anions were gathered at the bot-

tom of the micropores, and the TiO2 at the bottom were more easily dissolved and the Ti substrate 

exposed. Then the titanium substrates contacted with the electrolytes and the above three processes 

repeatedly occurred; eventually TiO2 nanotube arrays were formed.[9,16] 

2. PREPARATION OF NANOSTRUCTURED TIO2 

2.1. MATERIAL 

Titanium (99.99%, Porexi, CZ), ethylene glycol p.a. (C2H6O2, PENTA, CZ) and ammonium fluori-

de p.a. (NH4F, Reidel-de Haen). Deionized water was obtained from Millipore RG system MilliQ 

(Millipore Corp., USA). 

2.2. EXPERIMENTAL 

The titanium layer with thickness of 1000 nm was sputter deposited on n-dopped silicon wafer 

covered with SiO2 layer with thickness of 995 nm. Substrate was consecutively immersed in ace-

tone, isopropanol and deionized water to remove the impurities and then dried by compressed air. 

Anodic TiO2 was fabricated either by one-step or by two-step anodization approaches in ethylene 

glycol electrolyte containing 0.3 wt% NH4F and 2 vol% H2O [17]. In the first approach, the one-

step anodization was performed at 60V for 25 min. In the second approach, the first step was rel-

ized at 60 V for 400 s. The created nanoporous TiO2 layer was subsequently removed by ultrasoni-

cation in deionized water for 10 min. Then, the TiO2 nanoporous layer was grown by a second an-

odization under the same potential for 1000 s (Figure 1). The morphology of anodized TiO2 

nanostructures was characterized by scanning electron microscopy (SEM). 

 

 

Figure 1: Schematic illustration of two-step anodization process for the preparation of TiO2 nano-

structured surfaces [18] 
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3. RESULTS AND DISCUSSION 

Figure 2 represents the SEM images of anodic TiO2 nanoporous film fabricated in electrolyte at 

60 V for 1400 s. The TiO2 exhibited the nonhomogenous structure with pore diameter of about 60 

nm and length of 2 µm. Such nonuniformity could be caused by the creation of Ti(OH)xOy, which 

is deposited onto the upper-porous layer because of the occurrence of a weak electric field (where 

less fluoride anions are generated). [19]  

Surface morphology of TiO2 prepared via two-step anodization is shown in Figure 3. By careful 

removing the thin upper layer created in the first short anodization by ultrasonic method, many 

nanodimples can be found in the lower layer. These nanodimples are hexagonally distributed with 

uniform size of about 60 nm. After the second-step of anodization the upper oxide layer was partly 

dissolved due to the aggression of fluoride anions from the electrolyte and formed upper nanopo-

rous structure. Figure 4 exhibits cross-section SEM image with nanoporous TiO2 structures with 

diameter of about 100 nm and length of 1820 nm.  

 

 

Figure 2: SEM image of anodic TiO2 nanoporous film fabricated by one-step anodization, top view 

(left) and cross-section (right). 

 

Figure 3: SEM images of anodic TiO2 nanoporous structure prepared via two-step anodization, nano-

holes after ultrasonical removal of first layer (left), nanoporous structure – top view (right). 
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Figure 4: SEM image of cross-section of TiO2 nanostructure anodized via two-step anodization. 

4. CONCLUSION 

The present work demonstrates a method for the fabrication anodic TiO2 surfaces by using organic 

electrolyte containing NH4F through one-step and two-step anodization approaches. This method is 

very cheap, fast, reproducible, and easily tunable. SEM images showed the obtained nanostruc-

tures, layers have nanoporous character. However TiO2 nanostructures prepared via two-step ano-

dization have more uniform configuration and higher surface area with more TiO2 material, which 

leads to increase of charge carriers photogeneration. It means stronger oxidation power, which is 

important for intended degradation of resistant organic pollutants from wastewater. Therefore these 

TiO2 nanostructured surfaces have better potential for future photocatalytic as well as sensing ap-

plications.  
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