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Stay in McGill University

Graduate School of Frontiers Science of Material Sciences
Doctoral Course Miyabi IMAI

I decided to participate in this program for two reasons; first is to step up my research by
staying a highly-professional laboratory in my research field and then acquiring most-advanced
knowledge and new experimental technique. Second is to develop my capability to be a person of
the world by improving language skill and overcoming cultural differences. It was Peter Griitter
laboratory in McGill University in Canada which fulfills these requirements, since the
laboratory is an authority on Atomic Force Microscope (AFM) which is a very useful tool in my
field, and provides plenty of opportunities to meet people from many countries since McGill
University is International School.

At first, I would like to mention the study of mine. The topic of my study is the interaction
between excited molecules at donor — acceptor interfaces. Excited electrons at the interface are
transferred from the donor to the acceptor and induce interfacial dipole. Clarifying and
controlling this “electron transfer process between exited molecules” are crucial to achieve the
generation of new chemical reaction cycles and the development of high efficiency organic solar
cells. Among many factors which determine the efficiency of electron transfer, I focus on the
morphology at the interface, such as intermolecular distance and intermolecular contact points.
The information gained from the interfacial morphology which is subject to electron transfer
will provide a breakthrough in efficiency of organic solar cell. In order to gain insight into the
excited electron transfer process at donor — acceptor interface from a microscopic perspective, 1
use two instruments; Scanning Tunneling Microscope (STM), and Atomic Force Microscope
(AFM). These Scanning Probe Microscopes provide the information on physical properties and
interfacial morphology at the atomic
level. Therefore, I will examine the
morphology at donor - acceptor
interface using STM and AFM.

During master course, I deal with

STM to investigate electronic states
of single molecules. I will apply this
method to donor — acceptor interface
and observe the shift of electronic

states as a result of charging induced

by excited electron transfer. I would

Fig.1 Picture taken at the National Park

like to use Kelvin Probe Force
Microscopy (KPFM) which is an



extension of AFM to observe the change in the magnitude of interfacial dipole moment by
excitation for various samples. However, there are few papers succeed to measure KPFM at
molecular scale. Therefore I must acquire the world's most advanced experimental technique to
obtain high resolution KPFM images. That is why I decided to visit Peter Gritter laboratory to
learn it.

In this laboratory, I did three kinds of experiments. At first, as an introduction of AFM
experiment, I clarified the metal coverage dependence of quality factor of AFM cantilever using
a simple AFM in low vacuum. Then, I observed topographic images (AFM images) and local
work function images (KPFM images) of a flash memory using Noncontact-AFM under
ultrahigh vacuum condition. This was a practice for KPFM measurement because flash
memory is easier sample to measure KPFM signals than molecular films. I would like to briefly
explain the results in figure 2. Figure 2 (a) is the topographic image and (b) is the local work
function image of the sample. I obtained both (a) and (b) images at the same time. In the image
(a) I found the periodical stripe pattern. On the other hand, in the image (b) I found not only
stripe but also square pattern which I could not find in the image (a). This result indicates
there are the areas where the work function is different from other area on each strip almost

periodically. Since I could not find this square pattern in the image (a), topological image, this
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Fig. 2 (a) AFM image (Topographic image) of a flash memory

(b) KPFM image (local work function image) of a flash memory

(b)

Fig. 3 (a) AFM image (Topographic image) of Pentacene/KBr
(b) KPFM image (local work function image) of Pentacene/KBr



pattern must result from floating gates which locate under the surface. The squares existed
almost periodically but there were some parts where the square was expected to be but did not.
This may relate to charge states of floating gates. Flash memories are used to save data by
storing electrons to floating gates, which are electrically isolated. These isolated electrons
generate electric fields and the fields have influence on local work function which KPFM can
visualize. Therefore, the squares in the KPFM image (b) seem to be floating gates having
electrons. This result suggests the possibility to read the information written in flash memories
using KFPM. At last, I applied this technique on molecular system. I used donor type organic
molecule, Pentacene. I deposited Pentacene on a KBr single crystal and performed KPFM
measurement. Figure 3 (a) and (b) are the images of this sample. This time, I performed KPFM
measurement over grand state molecule. In Japan, I would like to measure KPFM signal at the
grain boundary of donor and acceptor molecular islands, that is donor - acceptor interface ,
when the molecules are excited.

Next, I would like to tell you about the second goal. Three months was too short to achieve the
second goal from two standing points. First is language skill. I have spoken English almost

every day since there are some researchers in my laboratory in Japan. However, much higher

level of linguistic skill was required in Canada. In daily conversation, people speak far faster
Ly
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and often skip words such as nominative,
predicative or object. Moreover, they often
used modern expressions. My language
skill, especially listening skill has been
improved a lot but continuing effort is
necessary to discuss with multiple people

on equal basis. However, thanks to this stay,

I got known how high level is required and ’ <
what to do to reach the level. It is a great Fig. 4 Picture at ilyome p‘aI\:cy o
advantage attained from this experience.
The second 1is overcoming cultural
differences. Since each country has its own
culture, the people from there seem to have
their own styles. I noticed a lot of very
different ways of greeting, speaking,
thinking and judging in the daily life.
Therefore sharing time with them and
discussing during experiments with who
have different way of thinking were very

novel and interesting. In addition, knowing Fig.5 Picture of Canada in the frigid winter



such different styles provided me opportunities to recognize my own styles and to modify them.
However, the deeper relationship became, the bigger differences I noticed. It sometimes
induced confliction. More time was necessary to overcome such differences and to create better
relationship.

I had a great and profitable time in Canada. At first, I was very anxious and had many
difficulties to live in a new place where I could not communicate well or I had no friends.
However, it was satisfying to overcome difficulties one by one, and I could make friends to talk
with heart to heart. Finally, I got confidence to live abroad and was reluctant to leave them. I

really appreciate Professor Peter Griitter and MERIT for giving me such a great opportunity.



	長期海外派遣（今井みやび）jp
	長期海外派遣（今井みやび）en

