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Efficient photoinduced electron transfer (ET) between dye molecules to nanoparticles is of critical importance in solar

cell design. The successful understanding of the photoinduced ET mechanism requires a fundamental investigation of the

distinct photophysical phenomena that occur on a nanometer scale. Single-molecule fluor measur ts have

already yielded many insights into photophysical processes and are being increasingly used to study all types of molecular
systems from simple dye molecules to fluorescent proteins. In this work, the interfacial ET was investigated on different
nanoparticles based complex on single-molecule (particle) level.

Chapter 1. We have studied the interfacial ET processes between perylenediimide derivative (PDI) and the TiO,
nanoparticles at the single-molecule level. The fluorescence spectra of single WS-PDIs dispersed on glass and TiO,
surfaces was measured. For single WS-PDIs on the glass surface, two dominant distribution centered was measured. The

rat of distribution and the shift of this two state suggest that PDI in state I strongly interacts with the TiO, surface. The
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relationship between the peak wavenumber and the average fluorescence intensity for single WS-PDIs on the glass and
TiO, surfaces imply that the interfacial ET dynamics significantly depends on the conformation of the sensitizing dyes
adsorbed on the TiO, surface.

Chapter 2. We report a mechanistic study of the ET processes between CdTe QDs and a pyromellitimide (PI) derivative

with a carboxylic acid (PI-CA) using ble and single-particle spectr The ET pr was investigated at

the ensemble and single-particle levels. All the experimental results obtained support the fact that PI* is generated from
the interfacial ET reaction. The single-particle fluorescence imaging reveals that the apparent number of luminescent QDs
decreased by the conjugation with PI-CA. The blinking characteristics from individual QDs with and without PI-CA were
rationalized, and it was found that on and off times became shorter and longer, respectively.

Next, we have investigated the solvent dependence of the interfacial ET between CdSe/ZnS QDs and PI. The spectral
measurements revealed that the rates of ET from the excited CdSe/ZnS to the adsorbed PI-CA molecules in non-polar
solvents are higher than polar solvents. The blinking kinetics of single QDs were then analyzed for the distribution of the
“on” events. The results, which are qualitatively consistent with that obtained from the bulk experiments, showed that the
probability of the ET events increases with the decreasing solvent polarity.

Chapter 3. Ultrafast ET within a three-component complex consisting of CdTe QDs, thiol-modified CB, and
electron-accepting nitrobenzene amine (NBzA) through host-guest complexation was demonstrated by carrying out various
steady-state and time-resolved spectroscopic analyses. Furthermore, fluorescence correlation spectroscopy data analysis

revealed that the blinking ph on in the micrc d time scale was attributed to the charge separation between the

QD and the guest molecule. Consequently, we employed a host-guest approach to build the assembly of QDs and electron
acceptors, and demonstrated that an ultrafast ET process occurred within the supramolecular complex.

Conclusions In this thesis, the interfacial ET process from excited PDI to TiO, nanoparticles and from excited QDs to
electron accepter like PI and NBzA was investigated by ensemble and single-particles levels. The blinking characteristics
from individual particles with and without electron accepters can be rationalized by ET theory. Furthermore, solvent
dependence of the interfacial ET between QDs and electron accepter was investigated by ensemble and single-particles
levels, the results were consistently interpreted in terms of the Marcus theory. Consequently, our findings bring new

insight into the mechanism of interfacial ET reactions on nanoparticles.
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