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Nonwoven sheets of nanofibers (NFs) of transparent conducting oxide (TCO) materials can be ob-
tained with the electrospinning method. Such conductive sheet is a promising material for the reali-
zation of flexible electronics in the future. In this thesis, the methods of NFs-sheet fabrication and
their surface coating were summarized. Furthermore, the advantages and the problems were re-
vealed in the application of conductive NFs sheets to nano-electronics applying the sheet to the
nano-structured photoelectrodes of dye-sensitized solar cells (DSSCs).

Chapter 1 gives a general introduction. The electrospinning technology and its application, the
necessity and the purpose of this study were described.

In Chapter 2, synthetic method of NFs films of TCO such as niobium-doped titanium oxide (TNO)
and tin-doped indium oxide (ITO) by electrospinning was described. For TNO-NFs, to increase the
mechanical strength of NFs by strengthen the inter-connections of constituent nanoparticles in NFs,
prepared NFs (primary NFs) were ultrasonically broken, and electrospun again to make 'secondary
NFs'. Furthermore, the preparation method of ITO-NFs with smaller resistance than TNO-NFs was
described.  Several coating methods of NFs were also described to suppress leak current from the
NFs surface together with the core-sheath type ITO/TiO,-NFs in which coating layer surrounds NFs
simultaneously with the formation of NFs.

In Chapter 3, the preparation procedure of 'insertion type' photoelectrode of DSSC incorporating
TCO-NFs sheet was described. First, TNO or ITO NFs sheet was prepared on TCO/glass substrate
by electrospinning. Next, the composite layer with mixed structure of TiO, nanoparticles and
TCO-NFs was prepared by dropping viscosity-controlled paste of TiO, nanoparticles paste on NFs
film to penetrate naturally into the network of NFs in the film. The DSSCs were fabricated by a
commonly used way with the electrolyte solution and the counter electrode of TCO/glass covered by
a platinum layer with a conventional sputtering method.

In Chapter 4, the experimental methods were described for the evaluation of photovoltaic proper-
ties of DSSCs. Not only the conventional I-V measurements under the illumination of simulated
sunlight, but also time-transient analysis after pulse-light irradiation and electrochemical impedance
spectroscopy were described to examine the mobility of the photoexcited carriers.



In Chapter 5, the results of the application of TNO-NFs sheets to the photoelectrode in DSSC were
described. To examine the effect of NFs in the photoelectrode, the insertion type DSSCs using pri-
mary and secondary TNO-NFs sheets were tested by I-V measurements, time-transient analysis and
electrochemical impedance spectroscopy, and compared with the normal type DSSCs. As a result,
comparing with normal type DSSCs, the efficiency of insertion type showed an increase of more than
20 %. Furthermore, it was shown that the NFs network acts as a pathway of photoexcited carriers
from the experimental results of time-transient analysis and electrochemical impedance spectroscopy,
and the discussion based on the morphology of NFs and the structure of photoelectrode.

In Chapter 6, the results of the application of ITO-NFs sheets to the photoelectrode in DSSC were
described. There is apprehension for TNO that the mobility of photoexcited carriers is reduced by
the existence of grain boundaries among nanoparticles in NFs, since the overlap of the anisotropic
p-orbitals of oxygen atoms and the d-orbitals of titanium atoms is small. In the case of ITO, the
overlap of isotropic s-orbitals of indium atoms contributes to the electrical conductance, and the re-
sistance at grain boundaries is expected to be reduced. It was confirmed that the prepared ITO-NFs
had sufficiently small sheet resistance for the application to DSSCs. However, the performance of
DSSCs in which ITO-NFs were used for conductive pathways was lowered by the leak current be-
cause of the low resistance of ITO-NFs. To suppress the leak current from ITO-NFs, the surface of
NFs was coated by thin TiO; layer using pulsed laser deposition, ultrasonic atomization and dip coat-
ing, and the effect of coating was examined. As a result, dip coating was found to be most effective
to the improvement of the performance. However, the improvement from the normal-type DSSCs
was not as large as expected. The reason is in the insufficient thickness of ITO-NFs sheet, and its
large conductivity was not fully utilized in the photoelectrode. To increase the thickness of NFs
sheet, the insertion type electrodes were prepared by stacking several ITO-NFs sheets. However, it
was difficult to improve the photovoltaic properties keeping sufficient thickness of NFs sheet in the
insertion type electrodes. To solve the problems of small thickness and the leak current from
ITO-NFs, the core-sheath type ITO/TiO,-NFs sheet was prepared, and the application to DSSC elec-
trodes was examined.

In Chapter 7, the results obtained in this study were summarized together with the problems re-
mained in the application of NFs sheets to the nano-electronics and flexible devices.



