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Graphical Abstract: 

 

 
 

Scanning electron micrograph showing the highly hexagonally long-range ordering of the TiO2 

nanotubes array after following combined steps of Laser Interference Lithography pre-patterning 

and further electrochemical anodization procedure. Upper inset displays the TEM cross-section 

view of a pair of freestanding TiO2 nanotubes, where it can be appreciated their dimensions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Highlights: 

 A novel strategy based on combined methods of Laser Interference Lithography and 

electrochemical anodization is developed for the fabrication of nanostructures. 

 As a proof of concept, the synthesis of long-range hexagonally ordered TiO2 nanotube 

arrays is demonstrated. 

 TiO2 nanotubes having 32 nm of inner diameter, around of 25 nm in wall thickness and 

210 nm of lattice parameter were anodically grown under proper synthesis conditions. 
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ABSTRACT 

Long range hexagonally ordered TiO2 nanotube arrangements have been synthesized by 

employing a novel strategy consisted of combining the well-known Laser Interference 

Lithography technique together with electrochemical anodization methods. By properly tuning 

the fabrication parameters that make match between both techniques, TiO2 nanotube arrays 

having near 32 nm of inner diameter, wall thickness around of 25 nm and 210 nm of lattice 

parameter were anodically grown on pre-patterned Ti foils over large sample surface areas, 

typically of several squared centimetres in size. This opens the possibility to the development 

of new types of functional devices based on self-organized morphologies of anodic TiO2 

nanotubes, requiring both high spatially ordered and defect-free nanotube arrangements. 

 

Keywords: TiO2 nanotubes, electrochemical anodization, laser interference lithography, self-

assembling. 
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1. Introduction 

During the last decade, TiO2 nanotubes have received great attention in several research 

fields due to their unique tubular geometry together the exciting electronic and photochemical 

features exhibited by this oxide. The excellent biocompatibility [1], chemical and mechanical 

robustness [2-4], wide energy band gap [5], large specific surface area together with high 

catalytic and photocatalytic activities [6] exhibited by this multifunctional material make TiO2 

nanotubes useful for a wide range of applications, covering from dye-sensitized solar cells [7-

10], water splitting for H2 production [11-15], photocatalytic decomposition of hazardous 

wastes [16-19], gas sensors [20-23], drug delivery [24] and orthopaedic prosthesis [25, 26], or 

inclusive for magnetics and diluted magnetic semiconductors [27, 28], among others. Novel 

synthesis strategies couple titania nanoparticles or nanotubes to 1D photonic crystals of titania 

nanotube and found a significant increase of the power conversion efficiency of dye-sensitize 

solar cells [29, 30]. Also matching the surface plasmon resonance wavelength of gold 

nanoparticles to the photonic band gap of a titania nanotube film resulted in an enhancement of 

the photoelectrochemical water splitting performance [14, 31]. 

The origin of the excellent physicochemical properties of TiO2 nanotubes, and 

particularly of its unusual photocatalytic activity is not well fully understood. There is a 

controversy on whether the geometrical structure or the crystalline nanotexture of the 

nanotubes prevail. Liu et al. showed, based on a theoretical kinetic model, that the geometrical 

parameters of TiO2 nanotube arrays (tube length, inner diameter and tube wall) have a strong 

impact on their photocatalytic activity [32]. Other studies point out that the crystallographic 

facets exposed in the nanotubes wall significantly affect their photocatalytic and photochemical 

properties. In particular, the enhancement of the presence of the more reactive {001} crystal 

facets of anatase respect to the more thermodynamically stable {101} facets is demonstrated in 

such nanostructures, with improvement of the performance of TiO2-based solar cells or in the 

photocatalytic decomposition of waste materials [33, 34].  

The possibility of synthesizing films of self-aligned TiO2 nanotubes displaying a rather 

uniform and well controlled geometry by means of the inexpensive and flexible 

electrochemical anodic oxidation method, i.e. titanium anodization [5, 35-38] has made this 

material widely accessible and applicable in many fields. Furthermore, continuous and 

increasing research efforts have allowed a deep understanding on the electrochemistry and 

mechanism of TiO2 nanotubes growth [39-45], thus enabling a high control degree on the 

geometrical parameters of the resulting nanotubular anodic titanium oxides [5, 15, 46-49].  
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Thus, in the last years, there is an increasing interest in the development of TiO2 

nanotubes with superior uniformity of the geometrical and crystallographic parameters, 

coupling different properties as respects to their photocatalytic, photonic and electronic 

properties in order to obtain significant enhancements of the efficiency of TiO2-based devices 

[50]. The investigation of novel synthesis strategies based on electrochemical anodization of Ti 

and allowing for an improvement of the uniformity and control degree of the nanotubes 

morphology, namely their diameter, wall thickness and spatial periodicity, over large surface 

areas can enhance the performance of current applications of TiO2 nanotubes and may also give 

rise to novel uses of this highly functional material [51]. In this regard, a two-step anodization 

process has been employed in order to enhance the ordering degree of the TiO2 nanotube array 

[52, 53]. This method, based on the spontaneous nanotubes self-ordered growth during the 

anodic oxidation of Ti, allows for an improvement of the spatial arrangement of the resulting 

nanotubes, despite the fact that a long-range hexagonal ordering of the nanotubes was not 

achieved by this technique. The use of high purity starting Ti foils has also been demonstrated 

to exert a strong impact on the final hexagonal arrangement of the TiO2 nanotubes grown by 

the two-step anodization method [52]. 

Alternatively, Focused Ion Beam (FIB) has also been employed to define a hexagonal 

array of nanometric concavities on the surface of a Ti substrate, which act as seeds for the 

nucleation of TiO2 nanotubes in a further anodization step [54, 55]. By this guided self-

assembly method, an almost perfect hexagonal geometry was obtained in the TiO2 nanotube 

arrays. However, the limitation in the maximum areas that can be effectively patterned by FIB 

(of only few squared microns in size) and the expensiveness of this technique make it not 

suitable for practical applications [56]. On the other hand, nanoimprinting of Ti by using 

metallic molds allows a high-throughput formation of ideally ordered pretexturing patterns that 

can generate highly ordered porous or nanotubular TiO2 over a large sample area by adopting 

appropriate anodizing conditions [57]. 

In this work, we report on a novel combination of Laser Interference Lithography (LIL) 

and electrochemical anodization techniques that allows for guiding the spatially ordered growth 

of TiO2 nanotubes arranged over large surface areas. This combined approach has been 

effectively demonstrated in the case of Al2O3 nanoporous films grown by the aluminum 

anodization technique in a previous work [58], and it is now adapted to anodic titania nanotube 

films as a proof of concept of the flexibility and suitability of this combination of 

nanofabrication techniques. Briefly, the process involves the use of LIL to pattern a photoresist 

layer with a highly regular hexagonal pattern of holes using a three-beam configuration [59]. 
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The interpore distance is here the main parameter to control. Next the periodic structure is fully 

transferred into a second layer of SiO2, which will work as a hard mask during the first stages 

of the anodization. A clean titanium surface is hence exposed at the bottom of the holes 

generated in the SiO2 layer. During the subsequent anodization process, the hard mask forces 

the nucleation of the pores at the desired positions, resulting in a perfectly-ordered cellular 

array of TiO2 nanotubes grown over large surface areas. It also prevents the oxide dissolution, 

which usually takes place at the cell junctions of the fluoride-rich layer typical of titanium 

anodization processes, assuring the coalescence of the whole structure [60]. The formation of a 

periodically ordered and high aspect ratio nanotube arrangement within TiO2 could be achieved 

by properly tuning the more appropriate anodizing conditions for the nanotubes growth. These 

combined processes allow for the fabrication of hexagonally ordered TiO2 nanotubes over a 

large area of the sample surface, thus enabling the expansion of the application fields of 

research for the anodized TiO2 nanotube arrays requiring high spatially ordered and defect-free 

tube arrangements. 

2. Experimental 

Disc shaped high purity Ti foils (99.6 +%, Goodfellow, 2.5 cm in diameter) were 

mechanically polished up to a mirror-like finishing. The Ti substrates were then cleaned by 

ultrasonication in acetone, isopropanol and ethanol. Some of the polished substrates were 

directly anodized at room temperature (20 ± 2 ºC) in ethylene glycol based electrolytes 

containing 0.3 wt.% of NH4F and 1.8 wt.% of H2O, without any pre-patterning step, at several 

anodization voltages ranging between 30 V and 120 V.  

A second batch of polished Ti substrates were lithographically patterned by means of a 

Laser Interference Lithography (LIL) setup described in detail elsewhere [58]. The layer stack 

employed for the LIL patterning is schematized in Figure 1 (a) and it consists of a SiO2 

protective layer deposited by means of sputtering (30 nm) and two spin-coated layers: a 70 nm 

of antireflection coating (DUV 112 from Brewer Science), together with a 200 nm of a high 

resolution positive photoresist (UV2000 from Microresist Technology). The hexagonal pattern 

was produced in a single exposure by using a 266 nm of wavelength CW laser, in a 3-beam 

configuration LIL setup and controlling the energy dose. The 3-beam LIL setup is based on the 

work of de Boor et al. [59], and consists of two mirrors, placed at an angle of 120 º to each 

other, being both perpendicular to the sample plane. In this setup, the three incident waves 

(direct laser beam and two reflected waves) have wave vectors with 120º symmetry, leading to 

the hexagonal pattern of dots onto the sample surface. After the laser beam exposure, the 

photoresist layer was developed employing an alkaline solution to reveal the photo-
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lithographically printed hexagonal pattern in the photoresist layer. Afterwards, the pattern was 

transferred to the Ti substrate by a combination of Reactive Ion Etching (RIE) steps. Firstly, an 

O2 plasma (25 mTor, 25 sccm, 75 W) was employed to transfer the hexagonal pattern to the 

organic ARC layer. Secondly, a CHF3 plasma (transfers it in the SiO2 layer and exposes in 

these sites the Ti substrate. Finally, the sample is exposed again to an O2 plasma etching to 

remove the remaining organic coatings. 

The patterned samples were then anodized in a potentiostatic mode at room temperature 

under the appropriated conditions (80 V) in vigorously stirred ethylene glycol electrolytes 

containing 0.3 wt.% of NH4F and 1.8 wt.% of H2O. The duration of the anodization process 

was adjusted to 300 s, similar to that reported in previous works on FIB-guided Ti anodization 

[54]. 

The TiO2 nanotube arrays have been studied by electron microscopy techniques. 

Scanning Electron Microscopy (SEM) was performed in a JEOL-6610LV, equipped with an X-

Ray Energy Dispersive Spectrometer (EDS). Prior to SEM characterization, the samples were 

coated with a thin Au layer, deposited by means of a Polaron 7620 Sputter coater, which 

enhances the electrical conductivity of the samples and improves the topographic contrast. 

Transmission Electron Microscopy (TEM) was performed in a JEOL-JEM 2100F microscope 

after releasing the TiO2 nanotubes from the Ti substrates by mechanical scratching their surface 

with a scalpel. Selected Area Electron Diffraction (SAED) analyses performed with the high-

resolution TEM were carried out to check the structure of the as-obtained anodic TiO2 

nanotubes and after thermal annealing treatments, and Scanning Transmission Electron 

Microscope (STEM) mode was also employed for the chemical composition analysis. 

3. Results and discussion 

Our guided self-assembly nanofabrication approach, which is schematically shown in 

Figure 1, is based on the LIL patterning of a SiO2 layer with a 2D regular array of holes with 

hexagonal packing symmetry on a mechanically polished Ti foil of about 5 cm2 in area, which 

can easily be extended to around 20 cm2 [58]. The substrate is firstly coated with a uniform 

SiO2 layer, followed by a suitable antireflection coating and a photoresist sensitive to the 266 

nm laser, both deposited by spin coating (Fig. 1(a)). A combination of selective dry-etching 

steps, performed by Reactive Ion Etching (RIE), is then employed to successfully transfer the 

pattern onto the sacrificial passivating SiO2 layer (Fig. 1(b). Further step, the titanium samples 

are anodized at constant voltage and under proper conditions to create the TiO2 nanotube 

arrangement (Fig 1(c)).  
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TiO2 nanotubes are formed by electrochemical anodization of Ti in fluoride containing 

electrolytes. Upon the application of an anodic voltage, Ti is oxidized to Ti4+ and reacts with 

O2- ions to form a compact layer of titanium oxide leading to surface passivation of the Ti 

anode. The role of fluoride ions is a key factor for the development of the nanotubular structure 

of the oxide layer, due to the formation of water soluble titanium hexafluoride species, thus 

enabling a competition between the oxidation and field-enhanced dissolution of oxide at the 

bottom of nanotubes. This mechanism allows for a continuous growth of the TiO2 nanotubes [5, 

60]. Additionally, the F- ions migrate inwards through the barrier oxide layer of nanotubes at a 

faster rate than O2- ions, giving rise to the formation of a fluoride-rich titania layer at the metal-

oxide interface that separates the nanotube bases from the Ti substrate. As the growth of the 

TiO2 nanotubes film continues, the fluoride-rich material is incorporated into the cell walls at 

the boundaries between adjacent nanotubes.  

The lower chemical resistance of this fluoride-rich layer causes its preferential 

dissolution in acidic media giving rise to the segregation of the nanotubes [2, 5]. The 

morphology and size of the TiO2 nanotubes is strongly affected by the electrochemical 

conditions employed in the anodization procedure, including pH and water content of the 

electrolyte, applied voltage and temperature, among other parameters [37, 39-46,45 48, 51, 60]. 

In order to determine the optimum electrochemical conditions that guarantee the perfect 

matching between the geometrical parameters of the LIL pattern with those of the nanotubes 

grown by electrochemical anodization, a series of polished Ti substrates without any pre-

patterning step were anodized at room temperature in ethylene glycol based electrolyte 

containing NH4F and H2O, at several anodization voltages ranging from 30 V to 120 V. Figure 

2 shows selected SEM images of the top (a-c) and bottom (d-f) sides of some of the resulting 

layers formed by anodic TiO2 nanotubes, whereas Figure 3 depicts the average distance among 

adjacent nanotubes, obtained by image analysis of the bottom-view SEM images of samples. A 

quasi-linear increase of the average inter-tube distance with the anodization voltage can be 

observed for samples anodized at constant voltages ranging between 30 and 80 V, with a slope 

of 2.8 nm/V [45]. In this voltage interval, the sample surface shows a highly compact 

nanotubular structure, with a porous-like layer covering the top-surface of the nanotubes. This 

layer remains from the initial compact oxide layer formed in the early stages of the anodization 

and is not dissolved due to the limited dissolution of TiO2 in organic electrolytes [60]. When 

the anodization potential exceeds a critical value, of around 80-90 V, a transition from compact 

nanotubes to segregated nanotube morphology is found, and it is accompanied by a decrease in 

the average inter-tube distance, in good agreement with previous works [51, 60], which is 

related to water dissociation and oxide dissolution, being both enhanced by the effect of the 

electric field. From the above discussion, a broad window of inter-tube distances from 80 nm 

up to 220 nm is available by employing this electrolytic bath, while keeping compact 

nanotubular structures and good control on the average inter-tube distance. 
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As regards to our LIL setup, by using a 266 nm deep-UV laser and the 3-beam 

configuration, a broad window of interhole distances in the SiO2 layer between 190 nm and 525 

nm is experimentally available [58]. Shorter interhole distances are difficult to realize using this 

setup. However, LIL setups using the 195 nm line or other techniques like achromatic 

interference lithography could be used if smaller interhole distances are desired. Thus, a narrow 

overlapping between the window of interhole distances available by our LIL system and the 

window of inter-tube distances available by our anodization setup goes from 190 nm up to 220 

nm. We selected a value of 210 nm to demonstrate this approach, which corresponds to an 

anodization voltage of 80 V, which corresponds to the first value of the anodic voltage at which 

the segregated nanotubes formation is observed. 

A comparison between the current density transients obtained during the 

electrochemical anodization at 80 V of both, the as-polished Ti foil and LIL patterned Ti foil, is 

shown in Figure 4. Both curves display similar behavior, with a large decrease of the anodic 

current density during the first seconds of the process, followed by a recovery and stabilization 

of the anodic current, associated with a steady state of oxidation-dissolution equilibrium, 

leading to TiO2 nanotubes growth. The main difference between both plots is the reduced value 

of the anodic current density obtained during the anodization of LIL-patterned Ti substrates, 

which is due to the SiO2 template layer that limits the anodic oxidation of Ti, resulting also in a 

reduction of the nanotubes growth rate. 

The morphology of the resulting TiO2 nanotubes was studied by SEM, as it is displayed 

in Figure 5. Fig. 5 (a) corresponds to a top view of a highly ordered TiO2 nanotube array 

synthesized in the above-mentioned conditions. It can be observed that the nucleation of the 

nanotubes takes place in the sites or holes defined by the LIL pattern. The bottom surface of the 

nanotube arrays can be observed in Figures 5 (b) and (d). The high magnification micrograph 

shown in Fig. 5 (b) demonstrates the existence of wide regions displaying a perfectly ordered 

hexagonal arrangement of TiO2 nanotubes. However, the SEM image of Fig. 5 (d), which has 

been taken at lower magnification, evidences the existence of local defects in the hexagonal 

arrangement of TiO2 nanotubes that can be related to both, isolated surface defects in the 

patterned Ti surface and nucleation faults occurred during the early stages of the anodization 

process. Nevertheless, these local defects do not affect the overall, long-range hexagonal 

ordering of the TiO2 nanotubes array, as can be confirmed in the inset of Fig. 5 (d) that 

corresponds to a Fast Fourier Transform (FFT) of the respective image, which evidences the 

highly hexagonal symmetry of the nanotubes array. It is worth to mention that the SiO2 layer 

not only serves to define the pore nucleation sites, but also hinders the dissolution of the 

fluoride-rich TiO2 layer that takes place at the cell boundaries during the anodization, 

originating the nanotubular-like morphology exhibited in Fig. 2 (c), and resulting in a more 

mechanically stable TiO2 layer [4].  

The chemical analysis of the highly ordered nanotube arrays displayed in the Figure 6 

that was performed by Electron Dispersive X-ray Spectroscopy (EDS) with the SEM, 

evidences the TiO2 composition of the anodically patterned Ti samples. The presence of carbon 

impurities coming from the electrolyte (probably from the ethylene glycol) is also detected. 

Furthermore, the incorporation of small amounts of fluoride ions into the nanotubes during the 

anodization process is also confirmed in the EDS spectrum. 



10 

 

High Resolution Transmission Electron Microscopy (HR-TEM), together with Selected 

Area Electron Diffraction (SAED), were employed to characterize the morphology and 

crystalline structure of TiO2 nanotubes, as shown in Fig. 7. This study was performed on TiO2 

nanotubes grown by anodic oxidation of mechanically polished Ti substrates (a, b and c), and 

also for the LIL pre-patterned Ti substrates (d, e and f), respectively. The TEM micrographs 

shown in Fig. 7 a) and d) correspond to a cross-section view of freestanding TiO2 nanotubes, 

and the SAED spectra shown in their respective insets evidence that no crystalline structure can 

be found in the HR-TEM analysis, due to they exhibit a typical amorphous halo in both cases. 

Figures 7 b) and e) correspond to a comparison between the top view TEM images of the TiO2 

nanotube arrays. In a closer view, the STEM micrographs displayed in Figs. 7 c) and f) show 

the respective high magnifications of the mechanically polished and LIL pre-patterned anodic 

TiO2 nanotubes, where it can be evidenced the existence of a three-layer morphology in both 

kind of structures. According with previous works by Albu et al., [2] each layer can be assigned 

to the electrolyte richly contaminated layer (close to the pore, at the center of the 

nanostructure), the electrolyte poorly contaminated layer and the F-rich layer (at the cell 

boundaries). From these two figures, it can be seen that the TiO2 nanotubes form a compact 

structure with the F-rich layer at the cell boundaries as bright regions. 

The TiO2 nanotube samples were further thermal annealed at 400 °C for 3 hours in air. 

The resulting crystalline structure formed under these standard conditions is shown in Fig. 8 a) 

to c) for the mechanically polished anodic TiO2 nanotubes and Fig. 8 d) to f) for the LIL pre-

patterned anodic TiO2 nanotubes, respectively. The HR-TEM images show a nanocrystalline 

morphology in both disordered and ordered samples, with a wide distribution of grain sizes. 

Both samples contain nanocrystals in size below 10 nm, while nanocrystals larger than 30 nm 

have also been identified. The more thermodynamically stable facets {101} displayed in Figs. 8 

c) and f) have been identified in the large crystals present in both, ordered and disordered 

samples. The insets displayed in the Figs 8 b) and e) show the respective SAED spectra of the 

annealed TiO2 nanotubes. Well-defined rings around the center beam ratify the polycrystalline 

morphology. These can be clearly assigned to anatase phase. The presence of rutile phase is not 

evidenced by the SAED spectra from HR-TEM analysis. In addition, the multilayered structure 

observed in the as-prepared samples becomes not evident after the annealing, which is in 

agreement with the loss of C and F after this process [2, 60]. 

4. Conclusions 

The controlled growth of highly ordered geometrical structures of TiO2 nanotubes can 

be tailored by employing the LIL technique through the pretexturing of Ti with a photoresist 

layer by properly tuning the fabrication parameters, having a highly hexagonal arrangement of 

holes with a well-defined interpores distance and transferring this designed regular pattern to 

the nanotubes growth under the subsequent anodization process. Our results demonstrate that 

the combined employment of these fabrication strategies allows for the nucleation of the pores 

at the desired positions, resulting in an ideally ordered cellular array of TiO2 nanotubes 

extended over a large area of the sample surface, in the range of several squared centimeters. 

The highly ordered arrays of TiO2 nanotubes growth exhibit a regular hexagonally centered 
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geometry having an average inner diameter of 32 ± 7 nm, around of 25 ± 5 nm in wall 

thickness and 210 nm of lattice parameter. The chemical composition and crystallization 

features of the highly spatially ordered TiO2 nanotube arrays here investigated are not affected 

by the pretexturing defined by LIL-guided anodization. Local defects associated to 

inhomogeneities generated during the LIL process together nanotubes nucleation steps may 

result in local faults in the spatial arrangement of the TiO2 nanotubes. However, the large-scale 

hexagonal ordering of the TiO2 nanotubes is not affected by these local defects and it spans 

over the entire sample surface, thus expanding significantly the types of functional devices that 

can be designed based on self-organized morphologies of anodized TiO2 nanotubes, requiring 

both high spatially ordered and defect-free nanotube arrangements. 
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Figure 1: Schematic drawing of the procedure followed in the fabrication of the patterned Ti 

substrate employed for the guided self-assembly growth of highly ordered TiO2 nanotube 

arrays. a) layer stack b) after LIL exposure and first plasma etching c) after second and third 

plasma etching and subsequent Ti anodization. 
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Figure 2: SEM top views (a-c) and bottom views (d-f) of TiO2 nanotube arrays synthesized by 

electrochemical anodization of polished Ti substrates in ethylene glycol based electrolytes 

containing 0.3 wt.% of NH4F and 1.8 wt.% of H2O, without any pre-patterning step and at the 

anodization voltages of 60 V (a,d); 70 V (b, e) and 80 V (c, f), respectively. 
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Figure 3: Dependence of the average distance among adjacent TiO2 nanotubes on the 

anodization voltage. The region within the linear regime corresponds to the homogeneous 

nanotubes growth. 
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Figure 4: Current density transients recorded during the potentiostatic anodic oxidation 

performed at 80 V, for the as polished and LIL patterned Ti foils, respectively. 
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Figure 5: SEM images of highly hexagonally ordered TiO2 nanotube arrays fabricated by LIL 

guided anodization. (a) Top view. (b) High magnification bottom view. (c) Cross-section view. 

(d) Low magnification bottom view. The inset shows a FFT of the image, evidencing the long-

range high hexagonal ordering degree of the back-side of TiO2 nanotubes array. 
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Figure 6: EDS spectra of a highly ordered nanotube array, evidencing the presence of Ti and 

O. 

  

0 1 2 3 4 5 6
0

100

200

300

400

AuC

Ti O

F
Ti

Ti

 

 

C
o

u
n

ts

Energy /keV

Au



23 

 

 
 

Figure 7: HR-TEM micrographs of TiO2 nanotubes obtained by electrochemical anodization of 

mechanically polished (a, b and c) and LIL pre-patterned (d, e and f) Ti substrates, respectively. 

a) and d) show a cross section view of freestanding TiO2 nanotubes, while b) and e) correspond 

to a top view of the nanotube arrays. The insets in a) and d) display the respective SAED 

spectra. The micrographs in c) and f) are the respective high magnifications of the 

mechanically polished and LIL pre-patterned anodic TiO2 nanotubes, indicating the zones with 

different contamination of F across the nanotube walls. 

  



24 

 

 
Figure 8: TiO2 nanotube samples after being thermal annealed at 400 °C for 3 hours under air 

atmosphere. The resulting crystalline structure is shown in Figs. 8 a) to c) for the mechanically 

polished anodic TiO2 nanotubes and Figs. 8 d) to f) for the LIL pre-patterned ones, 

respectively. The respective SAED spectra for the annealed TiO2 nanotubes, shown as insets in 

b) and e), evidence the formation of anatase nanocrystals. In c) and f) the HR-TEM images 

display the {101} stable facets, corresponding to the large size crystals present in both, ordered 

and disordered samples. 


