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Highly efficient dye-sensitized solar cells becofeasible
using single crystalline anatase titania nanotu@@sTs)
for semiconductor thin film instead of titania npacticles.

We used laurylamine hydrochloricde (LAHC) /
tetraisopropylorthotitanate (TIPT) modified with
acetylacetone (ACA) system. TIPT-ACA soluton was 200m ,3; o
mixed with 0.1 M LAHC aqueous solution at@Q and the '
solution was stirred until the solution became dparent. Anatase crystal
Then, temperature was changed tdC80After 3 h, the  Figurel. TEM image of titania nanotubes in gel sample.
solution became gel. After 5 h, the hard gel becamak.
After 25 to 72 h, the solution became a white géhva
yellow liquid thin layer on the gel.

Figure 1 shows a TEM image of TiNTs in a gel. ts@
see long nanotubes (diameter 10 nm, length 20Casm)ell
as short ones (diameter 10 nm, length 30 nm). ©lect
diffraction patterns of these nanotubes show the
Debye-Scherrer rings of anatase. A TEM image of the
calcined sample shown in Figure 2 shows latticegenaf
the nanotubes, which clearly show that each naeotsb
single crystal of anatase. The observed spacingsebea
lattice images agreed with anatase 101 spacing 035
These findings confirmed that the titania nanotubese
single crystalline anatase.
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follows. We wused gel samples before -calcinations.Figure2. TEM image of titania nanotubes after calcination.

Preparation of titania thin films was carriedt aas

Surfactant molecules in TiNTs can be removed byhivas
with alcohol. We controlled the alcohol content the 18
centrifugation speed. The titania sample was agtiethe
conducting glass (Asahi glass) and distributed \aithlass
rod. After drying, the sample was calcined at*5@or 30
min. Dye was introduced to the titania thin filmgdwnaking
the film for 20 h in a X 10* M solution of the ruthenium
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dye in ethanol. N3 produced by Gréatzel’s group used as :!’ 4
the dye. We used 0.03 M iodine and 0.3 M lithiuridie in é
NMO/acetonitrile as the electrolyte. The 3 6 ) |
photocurrent-voltage characteristics were measusig a £ 4 o ttusanmotubss(tonudeml |
potentiostat by irradiating with simulated solaghl, i.e., £, :Et_"z"t_""(:'ar’::?‘:r:; GO |
AM 1.5 100 mW/cri. The cell size was 1 énor 0.25 cri, % ¢ |
Titania particle P-25 was used as reference titdora % 0 " 5 - I . .

comparison. ‘ _
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Figure 3 shows the short-circuit current densliyained ~ Figure 3. Relationship between the photocurrent densitytaed
from the cell made of TiNTs, together with thoseRop5,  film thickness.
against the film thickness. In the thin film regjothe
photocurrent density of the cell made of TiNTs \Rasmes
to 3 times higher than that of P-25. This is rerabt& point
of TINT cell. The high photocurrent density is itited to
the high electron transfer property in the titafiisa made
of TiNTs. Figure 4 shows an example of
photocurrent-voltage characteristics of a cell wdlbuble
layer titania film, i.e., thick upper film made dafiNTs
including 5 % P-25 and thin lower film made of oflNTSs.
The obtained short-circuit photocurrent density vi#s4 w0
mA/cn?, open-circuit voltage was 0.63 V, fillfactor was
0.62, and light to electricity conversion was 7.2 Phese
data promise realization of highly efficient dyesitized Figure 4. An example of photocurrent- voltage charactesstita
solar cells using TiNTs as semiconductor thin fthnough  cell made of TINT double layer.
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