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National Chiao Tung University

ABSTRACT

The thesis is divided into two sections. The first section is the characterization of
INN nanoparticles (NP) deposited on the surface of nanoporous TiO» thin films. The
second section is the application of the InN/TIO2 substrate for DSSC operation. In the
first section, the InN NPs deposition over a 3pum thick TiO, substrate was carried out
in a homemade OMCVD system with the reaction-of HN3; and (CHzs)sIn. The
deposition time was controlled in the time range of 2~180 min at 573~723 K. SEM -~
XPS and XRD analyses ensure high quality crystallinity InN was obtained. The InN
NPs were noted to grow only on top surface layer of TiO, substrate through the gas
phase reaction.

In the second section, we investigated InN enhancment effect on DSSC by
immersing an InN/TiO; substrate into N3 dye solution. The N3 absorption peak of the
INN/TiO,-N3 substrate was red-shifted with respect to untreated TiO,-N3 indicating a
strong interaction between InN NPs and the N3 molecule. To further study the
interaction between N3 anchoring group (R’COOH) and the InN/TiO, substrate,
performed VASP theoretical calculations to model the adsorption of N3 on the
INN/TiO, substrate. To simplify the calculation, HCOOH/HC(O)O « and

CsHsCOOH/CgHsC(O)O « molecules were used as the carboxylic anchoring groups.



Although the adsorption energies of HCOOH on top of the various layers of InN were
found to decrease by 50 %, the binding energies of HC(O)O - bidentate bridging
adsorption on two In atoms of different layers of InN were found to be very high.
Similar results were also observed in benzoic acid system. These results suggest that
the N3 dye can adsorb strongly on InN of the InN/TiO, substrate through its
anchoring R’C(O)O + group. We then modified InN/TiO, substrates for DSSC
applications. By varying TiO, substrate thickness, InN/TiO, DSSC showed 13~20 %
enhancement in photovoltaic efficiency with respect to TiO, DSSC, suggesting a hew
possible application of InN for the DSSC system. In the InN/TiO, DSSC, the highest
efficiency of 7.1 % had been achieved by using the 8.5 um thick TiO, substrate with

10 min InN deposition at 573 K.
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