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their Opto-electronic Response under UV Light
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Abstract; Au nanoparticles surface-modified titania nanotubes were produced by direct-current (DC) magnetic sputtering tech-

nology. The morphology of the nanotubes was characterized by X-ray diffractometry (XRD) and field €mission scanning elec-

tron microscope (FESEM). Opto-electronic properties were tested under UV light. Comparing with original titania nanotubes,

Au/TiO, nanotubes can generate the photocurrent with great improvements in constant potential and dynamic potential. At con-

stant potential (1.0V) test under UV light, the photovoltaic current generated by Au/TiO, is 0:4mA, 1. 8-fold of original
nanotubes’. While at dynamic photocurrent ( — 1.5V to 1.5V) test, the photocurrent has reached 0. 75mA, which is 3.75-

fold of that for original nanobubes under the scan voltage of 1.5V.
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One-dimensional nanostructure materials with nano-
tubular symmetries are proved to be very efficient as
physical and chemical nanodevices due to their valuable
high surface area structure, and own great potential ap-
plications in the sensing, fuel cells and water photoly-
sis’'’. Titania dioxide, a well-known oxide semiconduc-
tor material, has been extensively studied, owing to. its
high photocatalytic ( PC) activity, chemical stability,

23] Oxide materials

nontoxicity and relatively low price
are attractive because of their ability to withstand photo-
corrosion, wide-spread availability ;. ‘and’/ affordability ;
however, most of the stable oxides are photochemically
active only in ultraviolet ( UV ) licht without band-gap
engineering *”'. The optical properties of anatase titania
nano-materials _haye-been intensively studied since the
opto-electronic properties of titania play a key role in de-
termining their performance in optical sensors, photovol-
taic cells and in’photocatalytic reactions''*"".

Most of attentions and efforts have been focused on
the titania particles in terms of characterization of their
crystallographic structures and microscopic morpholo-
gies, while there is lack of attention given to the elec-

12-13]
U230 Because of

tronic modification of titania nanotubes
highly special surface area, ion-exchangeable ability and
photocatalytic, titania nanotubes have been considered
for extensive application. In order to improve the ability

of photo-electronics of titania nanotube, loading metal

particles_on the surface is one of the most effective meth-
ods.' Nishijima et al'"' have developed a titania nano-
tube loaded site-selectively with Pt particles by UV irra-
diation under. ethanol-atmosphere and the nanotubes ex-
hibited a high photocatalytic activity for oxidation of acet-
aldehyde.  Kang et al'”’ have fabricated Gold-Platinum
nanoparticle-decorated titania nanotubular electrode by
electrochemically depositing Au and Pt nanoparticles on-
toa highly-oriented titania nanotube array. After modi-
fied-the electrode with glucose oxidase (GO, ) the result-
ant glucose biosensor possesses high sensitivity to glucose
in the range of 0 to 1. 8mmol/L with a response time of
3s and detection limit of 0. 1mmol/L.

In this article, Au nanoparticles are loaded by DC
magnetic sputtering technology to make the electronic
modification of titania nanotubes, the surface of Au-
modified titania nanotubes is observed with a scanning
electron microscope, the crystal structure is analyzed by
the X-ray diffraction, photo-electronic effect is tested un-

der UV light, positive results are obtained.
1 Experimental

1.1 Preparation of Au/TiO, nanotubes ( TiNT)
Densely and highly ordered TiO, nanotubes are fab-
ricated by anodic oxidation method. Au nanoparticles are

prepared by DC magnetic sputtering technology, the vac-
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uum system consists of turbo molecular pump and me-
chanical pump ensuring a clean vacuum environment and
the chamber base pressure is up to 3.1 x 10 "*Pa, sput-
tering is done in an ambient of inert gas Ar ( purity >
99.99% ) , whose pressure values is 0. 8Pa. The sputte-
ring voltage is typically 386V, while the applied power is
in the range from 50 to 150W. Planar magnetron sputte-
ring source which can accommodate 50mm diameter tar-
gets, and can operate at the maximum input power level
of 1kW (dc), though the average power level used was
typically much smaller. The Au target with the purity of
99.999% is a Smm thickness, 50. 8mm in diameter. The
distance between target and substrate is fixed at 5.5cm.
Au nanoparticles have been successfully deposited on the
surface of the anatase titania nanotubes for 60s.
1.2 Characterization of Au/TiO, nanotubes

The morphology of titania nanotube is investigated
by using field emission scanning electron microscope
(FESEM A Hitachi S4800) with an accelerating voltage
of 30.0kV. The X-ray analyses of the nanotube were
done on an XRD machine ( PAN analytical ) using mono-
chromatic CuKa radiation.
1.3 Measurement of the opto-electronic proper-
ties

Photocurrent density 1is measured/|-by corrtest
CS300UA with titania nanotube arrays deposited with Au
nanoparticles as photoanode and platinum foil as'counter
electrode in 0. 01mol/L Na,SO, electrolyte. - The" high-
pressure mercury lamp.is placed vertically outside the re-
actor as UV-light source. Constant potential test: bias
potential applies on)photoanode is 1.0V (wvs SCE) under
UV illumination with characteristic wavelength of 254nm
for 600s, collecting data frequency of CS300UA is cho-
sen as SHz. Dynamic potential test; the range of scan
voltage is — 1. 5V to 1. 5V, the scan rate sets at
5SmV/s, and the frequency is S5Hz, all tests are imple-

mented under room temperature.

2 Results and discussion

2.1 FESEM

The morphology of the titania nanotube loaded Au
nanoparticles by DC magnetic sputtering technology is
studied by SEM (Fig. 1(a) and (b)). It shows clearly

that the titania nanotube arrays grow orderly on the sur-

face of titanium sheets and they have an average length
of 500nm, inner diameter 90nm and wall thickness
10nm. The gold nanoparticles are loaded and well dis-
persive on the surface of the titania nanotube walls com-
pared with original titania nanotubes ( Fig. 1 (¢) and
(d)). The particles do not cover the whole nanotubes
so the light can illuminate directly on the titania nano-
tube, and do not impede the reaction of the titania nano-
tubes with the light and reduce the response area. The
dimension of Au particles is about 4nm, all particles’
sizes are almost equal and distributed uniformly.
2.2 XRD pattern

The XRD pattern of “Au nanoparticles surface-
modified titania nanotubes prepared by DC magnetic
sputtering technology is given in Fig. 2. The high-
intensity peak is ‘generated by the titanium substrate.
The peak 'of titania appeared in many different places
(the anatase phase represent as A). Among them, the
strongest peak is at the position 20 =25. 3° correspond-
ing to the (101 ) erystal face of anatase TiO,. The crys-
tal particle size is-26nm calculated by Scherrer’ s formu-
la. The characteristic peak of Au were not detected be-
cause of the low;eontent of gold and few sputtering time.
2.3 The opto-electronic properties of the Au/
TiO; nanotubes

The Photo-electronic effect testing is carried out in
0.01mol/L Na,SO, electrolyte solution by using Au nan-
oparticles surface-modified titania nanotubes as an anode

and Pt foil as a cathode under UV illumination with

Fig.1 The SEM images of the titania nanotubes deposited with

Au nanoparticles ((a) and (b)) and original titania nanotubes

((e) and (d))



%5

LUO Jun,et al:Development of Titania Nanotubes Loaded with Au Nanoparticles and their ------ 559

characteristic wavelength of 254nm for 600s. The photo-
current and photoelectrochemical current response are
measured by an electrochemical workstation ( CS300UA).
The results are shown in Fig. 3. As shown in Fig. 3,
Curve B stands for original titania nanotube calcined at
450°C in muffle furnace for 2h, the photovoltaic current is
about 0.22mA. Curve A represents titania nanotube ar-
rays deposited with Au nanoparticles after annealing. The
photovoltaic current generated by Au nanoparticles
surface-modified titania nanotubes photovoltaic current is
0.4mA. Comparing with original titania nanotube, the
generated-photocurrent of Au/TiO, is 1. 8-fold of that for
original titania nanotubes. The phenomenon can be inter-
preted as follows. Firstly, loaded on the surface of the ti-
tanium dioxide nanotubes, Au nano-particles prevent the
photogenerated electron-hole pairs from recombination ef-
fectively, and prolong the time of their combination. In
the 0. 01mol/L Na,SO, electrolyte solution adding a cer-
(1.0V), the

rapidly move along with a certain direction so as to

tain  voltage photo-induced-electrons
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Fig.2 XRD pattern of the titania nanotubes deposited with Au
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Fig.3 I -t curves of titania nanotubes under UV light by con-

stant potential test

effectively avoid the occurrence of recombination with
photo-induced-holes. Secondly, when Au particles con-
tact with the semiconductor of titanium dioxide, the sur-
face of them will form a Schottky barrier. Electrons will
transfer from the material with low work function to the
material with high work function. The work function of Au
is 5. 1eV is higher than that of TiO, (4.2eV) ", So pho-
to-induced-electrons move from titanium dioxide nano-
tubes to Au nanoparticles and Au nanoparticles become
the electron capture center. Therefore, Au nanoparticles
greatly reduce the chance. of recombination to the photoge-
nerated electron-hole pairs:

Au nanoparticles surface-modified titania nanotubes
analyse the changeof: photocurrent at dynamic potentia
circumstance ( the scan “voltage range of - 1. 5V to
1.5V). Figure 4 shows titania nanotubes under UV light
by dynamic potential test. The generated-photocurrent of
the medified nanotubes is increasing rapidly with the in-
creasing potential. As scan voltage is 1.5V, the photo-
current has reached 0. 7SmA. While the photocurrent
generated by original titania nanotubes is tend to a con-
stant value about 0, 2mA with increasing in potential.
Therefore ; the. current density of Au nanoparticles sur-
face-modified titania nanotubes is much greater than the

unmodified titania nanotubes.

3 Conclusions

The method of DC magnetic sputtering technology is
an effective way to deposit Au nanoparticles on the sur-
face of titania nanotube arrays. The nanoparticles uni-
formly distribute on the nanotube arrays. At constant po-
tential circumstance, the photovoltaic current generated
by Au nanoparticles surface-modified titania nanotubes is
0.4mA under UV-light. The photocurrent efficiencies are

1.8 times comparing with original titania nanotubes.
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Fig.4  I-P curves of titania nanotube under UV light by dynamic

potential test
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erated by modified nanotubes increase rapidly with the in-

crease of potential. It reaches 0. 75SmA when scan voltage

dye-sensitized solar cells. J. Photochem. Photobiol. A; Chem. ,
2004, 163(1/2/3) ; 3-14.

is 1.5V. [10] Davis M E. Ordered porous materials for emerging applications. Na-
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