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Abstract: Titania (TiO ) nanotubes were prepared by anodization of titanium sheets in electrolytes, mixtures2

of ethylene glycol (EG), ammonium fluoride (NH F) and deionized water that contain with different4

concentrations of silver ions. The preparation of electrolytes was stirring and aging during preparation process.
The morphology, structure and optical properties of the prepared nanotubes were characterized by scanning
electron microscope (SEM), X-ray diffraction (XRD) and UV-vis spectroscopy (UV-vis), respectively. The
structures of the TiO  nanotubes obtained from the stirred and aged electrolyte solutions and adding silver ions2

in electrolyte solution are similar. The optical absorption of TiO  nanotubes obtained from stirred electrolyte2

solutions is greater than that of the aged electrolyte solutions. 
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INTRODUCTION geometric and structural order. The precisely oriented

Recently, the world energy is largely depended on electron percolation pathway for charge transfer between
fossil fuels. The use of fossil fuels leads to atmospheric interfaces. The TiO  nanotube arrays have been found the
pollution, global warming and energy shortage. This may possess outstanding charge transport and carrier lifetime
be replaced by using sustainable and renewable energy properties enabling a variety of advanced applications [4].
sources such as solar energy, wind power and hydrogen However, there is a bottleneck that impedes the wide use
[1]. Photovoltaics is a smartest way of conversion of TiO  due to its large band gap energy (3.2 eV for
sunlight into electricity directly by using suitable anatase and 3.08 for rutile) [5], it only active only under
semiconductors. Further materials development in UV light spectrum range, which is small fraction (5-6%) of
renewable energy will provide a sustainable solution to whole solar-light spectrum [6]. In addition, high
both energy and environmental problems. Titanium recombination rate of electron-hole pairs induced by
dioxide (TiO ) is one of the feasible materials for the incident photons can also result in its low photocatalytic2

energy conversion. efficiency [4]. Many researchers have recently paid their
Titanium dioxide (TiO ) arrays have attracted attention on studying new techniques for preparing TiO2

increasing scientific and technological attention due to its nanotube arrays. Various studies have been interested to
excellent photocatalytic activity, chemical stability, non- improve photocatalytic efficiency of TiO  nanotube
toxicity, favorable optoelectronic property low cost [2] arrays. The fabrication of uniform TiO  nanotubes arrays
and its importance in a diverse range of applications such by electrochemical anodic oxidation pure titanium sheets
as functional materials for energy conversion, in hydrofluoric acid aqueous solution has gained
photocatalytic, photovoltaic, antibacterial, self-cleaning popularity due to its simplicity and well-arranged
and sensing applications [3]. In particular, TiO  nanotube structure of TiO  nanotubes. In TiO  nanotube arrays,2

arrays fabricated by potential anodization of titanium each individual tube is perpendicular to the surface and
constitute a material architecture that  offers  a  large provides an excellent module for use in optical and
internal surface area without a concomitant decrease in electronic devices [7]. 

nature of the nanotube arrays makes them excellent
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In previous work, there are several methods that have The dopants were varied from 1.0 mM and 1.5 mM of
been employed for making of TiO  nanostructures2

because of its potentially wide-ranging application.
Recently, M.B. Suwarnkar et al. [11] reported on
preparation of pure anatase TiO  photocytalyst with2

different Ag contents by energy efficient microwave
assisted method. The average size of optimal Ag-doped
TiO nanoparticle was found to be 10 nm. The band gap2

energy was observes to be decreasing from 3.20 eV to 2.98
eV. Agnieszka Hreniak et al. [12] studied about influence
of amount of silver on the structural and optical properties
of TiO  powder obtained by sol-gel method. They found2

the size of pure TiO  particles was in the range 80-300 nm2

and influence of silver content reduces the light
transmission for wavelength above 400 nm. Xiao Fan et
al. [5] have synthesized Fe doped TiO  nanotube arrays2

by the electrochemical anodic oxidation of pure titanium
in an NH F electrolyte solution containing iron ions.4

Anodization was performed at 40 Volt for 6 hours and
then Ag nanoparticles were assembled in Fe/TiO2

nanotube arrays by microwave-assisted chemical
reduction [5]. However, no detailed study has been
reported on preparation and optical properties of TiO2

synthesized by stirring the electrolyte in preparation
process of solution and adding silver ions in the
electrolyte.

We proposed to prepare and investigate the optical
properties of undoped and Ag-doped TiO  nanotubes by2

stirring and aging of the electrolytes in preparation
process and adding silver ions in the electrolyte solutions
for the electrochemical anodic oxidation of pure titanium
sheets in the mixtures of ethylene glycol, ammonium
fluoride and deionized water electrolyte solution added
with different silver doping concentrations.

Experimental Detail: The titanium sheets, 0.25 cm in
thickness and more than 99.7% in purity, from Sigma
Aldrich, were cut in circular shape with diameter about 1.5
cm. Before anodization, the titanium substrates were
degreased ultrasonically in turn in isopropanal, de-ionized
water and ethanol [6] for 10 min. The substrates were
bound to an electrolytic cell via an o-ring and a copper
(Cu) plate. One side of the substrate was in contact with
the electrolyte and the opposite side, covered by a Cu
plate, was connected to the DC power supply with a
conducting wire. The counter electrode was a piece of
platinum (Pt) sheet. The spacing between the two
electrodes was approximately 2 cm. The electrolyte was
the mixture of ethylene glycol (EG) ammonium fluride (0.3
wt% NH F), de-ionized water (2 Vol% H O) and containing4 2

with different concentrations  of  silver  nitrate  (AgNO ).3

AgNO . The electrolytes were mixed under stirring at room3

temperature for 1 hour by a magnetic stirrer and aging at
room temperature for 24 hours before being employed.
The anodizing voltage was set at 50 V for 2 hours. The
titanium substrates were anodized at room temperature.
Then, as anodized samples were subjected to mild
ultrasonic treatment in ethanol for 10 min. The as anodized
samples were crystallized by annealing at 450 °C for 2
hours.

XRD with Phillip X’Pert MPD X-ray diffraction (XRD)
was used to investigate crystal structures and phases,
scanning electron microsope (SEM) with JEOL JSM-5410
was used to study surface morphology and UV-vis
spectrometer (UV-vis) with SHIMADZU, UV-3101PC was
used to study optical properties of TiO  nanotube arrays.2

RESULTS AND DISCUSSION

From our observation, gas bubbles were observed
during the anodization. In the first step, the current
density between the electrodes was very high and lower
when the anodizing time was extended. The gas
generation slowed down as the current density decreased
[3, 10]. This can be ascribed to additional chemical
dissolution of electrochemically form oxide layers.

The anodic growth of compact oxides on the surfaces
of titanium sheets and the formation of nanotubes can be
explained by following reactions [4, 10]: At the anode, the
reaction takes place:

(1)

At the cathode, hydrogen evolution occurs:

(2)

The overall process of oxidation formation is give by:

(3)

Fluorine ions can attack the oxide and hydrated layer;
or, the ions being mobile in the anodic layer under the
applied electric field, react with Ti  as described by:4+

 (4)

(5)

 (6)
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This  leads  to  a  higher   field   a   bottom   of  the The peaks for undoped and doped TiO  appear similar,
pore that drives further oxidation and field assist but in cause of Ag doped TiO  samples, there was some
dissolution where Ti ions come out of the metal and noticeable reduction in peak intensity. This suggests that
dissolve in solution. Finally, the current reaches a steady some undesired phases take place in anatase structure
state [10]. after adding Ag ions [8-9]. The diffraction patterns of all

The XRD patterns of undoped TiO  and Ag doped the samples do not show any diffraction peak of silver or2

TiO nanotubes arrays with different concentrations of silver compound, which shows that there is dispersion of2

silver nitrate (AgNO ) were shown in Fig 1. The influence metal ions on TiO , which can be attributed to very low3

of Ag doping on the microstructure of the film was dopant amount in these samples or replacement of Ti ions
analyzed through XRD. The X-ray spectra of both by Ag ions into TiO  matrix. The peaks (004) of anatase
undoped TiO  and Ag-doped TiO  nanotube arrays show phase of TiO  nanotubes prepared with aged electrolyte2 2

both anatase phase and titanium metal phase structures solution are lower than that of TiO  nanotubes prepared
with a dominance of anatase structure. In Fig. 1, the 2 with stirred electrolyte solution.
peaks show major peaks corresponding to the reflections The detailed surface morphological characterization
of the anatase phase of TiO  were apparent at 2  angles of Ag doped TiO  was examined by scanning electron2

about 25.3° and 37.8° Other peaks of smaller intensity, at microscopy (SEM). The SEM images of the nanotube are
the  2   angles  about  48.0°,  54.0°,  55.1°, 76.2° and 77.3°. shown  in figure 2. The nanotubes are arranged in arrays.
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Fig. 1: XRD patterns of TiO prepared under different electrolytes: (a) aged and pure TiO  (b) stirred and pure TiO  (c)2 2 2

aged and 1.0mM Ag-doped TiO  (d) stirred and 1.0mM Ag-doped TiO (e) aged and 1.5mM Ag-doped TiO , (f)2 2 2

stirred and 1.5mM Ag-doped TiO2
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Fig. 2: SEM images of TiO prepared under different electrolytes: (a) stirred and pure TiO  (b) aged and pure TiO  (c)2 2 2

stirred and 1.0mM Ag-doped TiO  (d) aged and 1.0mM Ag-doped TiO  (e) stirred and 1.5mM Ag-doped TiO ,2 2 2

(f) aged and 1.5mM Ag-doped TiO2

The diameters of nanotubes were about 90 nm for TiO electrolytes. The UV-vis absorbance spectra of TiO2

from the stirred electrolyte and about 100 nm for TiO  from nanotubes were shown in Fig.3. The light absorption2

the aged electrolyte. When the concentration of silver edges of TiO  nanotubes prepared with adding silver ions
nitrate (AgNO ) increases, the TiO  nanotube arrays break in the electrolyte solution increased gradually when3 2

apart and are not well arranged. The SEM images also compared with pure TiO . The absorption corresponds to
show that TiO  nanotubes prepared with aged electrolyte the transmission from valence band to conduction band.2

solution have low crystallinity. This observation is in It is utilized to determine the band gap of materials. The
agreement with the XRD patterns. optical band gap (in eV) of TiO  nanotubes can be

In order to investigate the influence of the determined by the follow equation [9]:
preparation of the electrolytes on optical properties of the
TiO  nanotubes, we fabricated TiO  nanotubes by (7)2 2

anodization method with aging and stirring of the
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2
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Fig. 3: UV-vis absorption spectra of the TiO  nanotube hydrogen  production  under  visible  light.  Energy,2

arrays prepared under different electrolytes. 34: 1652-1661.

where E is the band gap (eV) and (nm) is the maximum 2014. Superhydrophilic Cu-doped TiO  thin film forg

absorption edge of its spectra. The value of  is solar-driver photocatalysis. Ceramics International,
determined by extrapolating the straight line portion of 40: 5107-5110.
absorbance (Y axis) equal zero on wavelength axis (X 3. Samran,     B., P.    Krongkitsiri,     S.    Pimmongkol,
axis). The separate absorption edges are 491.83, 501.48 S. Budngam and U. Tipparach, 2013. Preparation and
and 506.56 nm which correspond E  of TiO  nanotubes microstructure of titania (TiO ) nanotube arrays byg 2

prepared with stirred electrolyte solution are calculated to anodization method. Advanced materials research,
be 2.52, 2.47 and 2.45 eV, respectively, for undoped and 802: 104-108.
dopants which were varied from 1.0 mM and 1.5 mM of  4. Craig, A.G. and K. Gopal Mor, 2009. TiO  nanotube
AgNO . These data indicate that the silver ions can arrays: Synthesis, properties and application.3

improve the solar energy conversion efficiency by Springer Dordecht Heidelberg, London, New York,
enlarging light absorption to longer wavelengths. At the pp: 48-59.
same time, the separate absorption edges are 457.45, 5. Fan, X.,  J.  Fan,  X.  Hu,  E.  Liu,  L.  Kang,  C. Tang,
441.58 and 427.53 nm. E  of TiO  nanotubes prepared with Y. Ma, H. Wu and Y. Li, 2014. Preparation andg 2

aged electrolyte solution is calculated to be 2.71, 2.80 and characterization of Ag deposited and Fe doped TiO
2.90 eV for undoped and dopants which were varied from nanotube arrays for photocatalytic hydrogen
1.0 mM and 1.5 mM of AgNO , respectively. The production by water spitting. Ceramics International,3

absorption edges of TiO  nanotubes prepared with aging 40: 15907-15917.2

electrolyte solution dropped slightly because TiO 6. Razali, M.H., M.N. Ahmad-Fanzi, A.R. Mohamed and2

nanotubes prepared with aging electrolyte solution have S. Sreekantan, 2013. Morphological structural and
low crystallinity and anatase phase decreases. This optical     properties    study    of   transition   metal
observation is in agreement with the SEM images and the ions doped TiO  nanotubes prepared by
XRD patterns. hydrothermal method. International journal of

CONCLUSION 7. Wang, J. and Z. Lin, 2009. Anodic formation of

The structures of undoped and Ag-doped TiO temperature and anodization potential. J. Phys.2

nanotubes fabricated by anodization method with aging Chem., 113: 4026-4030.
and stirring were not significantly different. Ag-doped 8. Li, S., Y. Liu, G. Zhang,  X.  Zhao  and  J.  Yin,  2011.
TiO  nanotubes with different concentrations of silver are The role of the TiO  nanotube  arrays  morphologies2

also similar. Preparation of the electrolytes does not in  the  dye-sensitized  solar  cell.  Thin  solid  films,
improve the structure arrays of the TiO  nanotubes. The 520: 689-693.2

aged solution can lead to lower in crystallinity of TiO2

nanotubes. The optical properties of TiO  nanotubes from2

stirring the electrolyte solutions and adding silver ions in
the electrolyte solution can improve optical properties by
enlarging light absorptions to longer wavelengths leading
to reduce the optical band gap. The TiO2 nanotubes
prepared with aged solution show lower absorption
activity in a visible light region when compared with TiO2
nanotubes prepared with stirred solution. 
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