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Eeature Story

Developing Visual Information Processing
Technology through Human Exploration

Shigeki Nakauchi

Today we are living in an age of articial intelligence (Al), where it is feared that someday soon computers may threaten our jobs as they gradually surpass human ability. But is

technological singularity really something to worry about? Prof. Shigeki Nakauchi says that the key to this answer lies in the differences between Al and humans. Prof. Nakauchi,

who is an expert in the function of the brain that controls visual perception in humans and its mechanism, explains that, “while they differ from one another in that one is made

up of protein and the other of semiconductors, brains and computers are similar in that they are both made up of substances, and there is no guarantee that there are things

only humans can do. However, there are at least big differences in what humans and computers can do at present.” Prof. Nakauchi is trying to gain a glimpse into a future where

humans and Al may coexist by addressing the fundamental question of what it means to be human.

Interview and report by Madoka Tainaka

I Exploring human brains and func-
tions for coexisting with machines
Prof. Nakauchi became interested in computers
when he was a middle school student and the
computer boom was just beginning. He entered
a technical college (KOSEN) hoping to research
information engineering, but eventually turned
his attention to biology. This was because he
was driven by an interest in testing the limitations
of machines and finding out how they differ from
humans as living beings. For Prof. Nakauchi the
key to these questions was to focus on learning
about human beings.

Prof. Nakauchi is still inspired by these ques-
tions. The current debate in this field focuses on
the possibilities thrown up by the third Al boom
that the singularity (a hypothetical technologi-
cal singularity when Al supersedes the human
brain) may be within reach. In this context, Prof.
Nakauchi believes that researchers should be
focusing on the differences between machines
and humans and in particular how machines and
humans may communicate with each other.

“Computers are able to compute much more data
than the human brain at much faster speeds, but
generic Als that supersede human ability are
not likely to be developed for some time. On the
other hand, humans are gradually adapting to
a society that utilizes a plethora of machines.
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As one example, the Internet now serves as an
external memory device for humans, meaning
that we no longer need to remember maps or
unfamiliar words. This causes the brain and
society to change with it.

The trend towards ever greater human-machine
coexistence appears unstoppable. In order to
prepare for such a future, my goal is to uncover
how to achieve optimal human-machine relations
by conducting an in-depth study of humans.”

I How do humans distinguish
between “textures”?

Broadly speaking, Prof. Nakauchi's research
can be divided into two categories. The first
is the basic groundwork of “scientifically
studying visual perception” with the aim of
uncovering visual function. The second
involves consolidating the findings obtained
through this basic research and seeking
technological applications, in other words
“applying visual perception as technology”.
Recently, in particular, this basic research
has produced a string of ground-breaking
discoveries, the results of which have been
published in international journals’. One such
study, relating to “distinguishing between
textures” using visual perception, uncovered
what humans use to distinguish between
“reflective materials” such as mirrors and pol-

ished metals which produce a reflective effect
through light reflecting on the surface and
“transparent materials” such as glass and ice
through which light passes and refracts.
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Mirror/glass object (left-hand column) and dynamic informa-
tion when objects are rotated to the left (right-hand column).
The glass material contains more components moving in the
opposite direction (right) to the rotation direction (left)

According to Prof. Nakauchi, “humans
have good eyes and can discriminate slight
differences between various materials. For
example, humans can tell that a desk which
looks like wood is actually made of plywood,
or whether or not leather is real. The same
applies to glass and metals, with humans
being able to distinguish between these ma-
terials even if they have complicated shapes.
However, light reflects only on the surface of
metal materials and is partially absorbed by
and scattered in glass materials, meaning that
these materials have no color of their own and
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merely distort and reflect whatever is around
them. Up until recently, it wasn't clear what
humans used to distinguish between the two.”

Prof. Nakauchi and his team generated images
using computer graphics that looked like either
metal or glass and had participants say which
material they thought the picture looked like.
The team noted that the participants found it
easier to discern the material when the object ro-
tated rather than when they viewed a still image.
Through controlling the shape and movement
components of the objects to see how differently
people perceived them, they achieved truly fas-
cinating results.

“We found that, with metals, light reflection moves
in the same direction as the rotation of the object,
but glass reflects transmitted light and has some
component in which light reflection moves in a
direction opposite to rotation of the object. We
also discovered that information on movement is
not just used for distinguishing between materials
but also gives materials that real feeling of being
metallically shiny or transparent.”

Interestingly enough, Prof. Nakauchi stated that
humans tend to treat translucent materials such
as marble or jade as important and expensive.
This is why many bottles used for expensive
cosmetic products are translucent.

“If we can further investigate what humans use
as clues to distinguish between textures, such
findings could be useful for future product de-
velopment,” suggests Prof. Nagauchi regarding
possible outcomes of his study.

Humans subconsciously deter-

mine “face-likeness”
Studies concerning the face are also of great
interest. People not only have the ability to
determine that a person is still the same
person despite a change in expression,
hair style or clothing but can also determine
“face-likeness” in car bonnets and paintings
made up of objects, such as Arcimboldo’s
portraits using fruit and vegetables. Because
we need to be able to recognize faces for
communication within society, humans are
believed to be very good at discerning faces.

In order to investigate the visual information
processing that takes place when a human
looks at a face-like object, Prof. Nakauchi
and his team measured brain activity and
brainwaves when a subject was shown an
object that looked like a face and studied
the stage at which face-likeness recognition
occurs? All studies used black and white
images which were pictures of human
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faces, as well as cars, bugs, paintings by
Arcimboldo, and other objects. Participants
were also shown upside-down images.

Sistema Museale della Citt a di Cremona -Museo Civico “Ala
Ponzone”/Museo Civico “Ala Ponzone”-Cremona, ltaly

“The results of the brainwave measure-
ment indicated that face-likeness is first
processed at a very early stage of around
100ms, a face is detected at around
170ms, and expressions and individuals
are identied at 250ms, meaning that facial
recognition occurs in three stages. In addi-
tion, when a face is rotated, facial recogni-
tion slows to the same speed as when a
face-like portrait is viewed, which tells us
that processing patterns vary depending
on how much an object looks like a face.”

In the initial stage of the first 100ms after
viewing an object the processing appears to
be instinctive rather than being consciously
controlled. In other words, humans almost in-
stantaneously take note of face-likeness, even
before they are aware of what the object is.

Prof. Nakauchi explains that, “We believe
that face-likeness recognition is most likely
an inborn function, which can be seen in
how a baby needs to recognize the face of
its mother to survive.”

Does inspiration occur before

we are aware of it?
Prof. Nakauchi also studies the “science
of inspiration,” which is a subject unique
to his team. Through studying the time at
which inspiration occurs by measuring pu-
pils, which are said to represent a person’s
mental state, the team made the remark-
able finding in tests that the participants’
pupils began to dilate before they were
consciously aware of particular thoughts®.

“We showed participants 6-second videos
of black and white dots that moved and
changed density to depict various images,
like a coffee cup. The video was stopped at 1.5
seconds and participants were asked whether
or not they recognized the object. Then, the
video was resumed and played until the end and
participants were asked the same question again.

Feature Stor!

The people who answered “no” when asked the
question at the 1.5 second mark provided us very
interesting results. Those who answered “no’
then but went on to figure out the object after
watching the whole video presented pupil dilation
before the one second mark. In other words, their
brain had begun the process of piecing together
memories even though they were not aware of
this. Meanwhile, the participants who failed to
recognize the object even after viewing the entire
video presented little pupil dilation.”

People often experience times where they can
picture someone’s face but their name remains on
the tip of the tongue. This kind of phenomenon
may be one instance of knowing the answer but
not being conscious of that knowledge.

Prof. Nakauchi says that, “applying these findings
may make it possible in the future to measure how
much people understand by measuring their pu-
pils or to support memory retrieval by externally
controlling pupil dilation.” Future applied research
is also expected to yield exciting results.

[Reporter’s Note]

Now in his 50s, Prof. Nakauchi wants to focus on
the themes that really touch his heart for the re-
mainder of his career as a researcher. Wanting to
ask the simple but big questions that have largely
been neglected by science, Prof. Nakauchi now
turns his attention to studying how perceptions
such as preference, novelty and intimacy, which
affect human behavior and decision making, are
generated. “Studying aesthetics falls under this
category. Why do we feel that pieces of art by
famous artists are good? How do we spot a fake?
It's quite a mystery, isn't it?

Also, since | was in a brass band as a student and
am now a member of a choir for my local opera,
I'm also interested in finding out the state of the
brain when humans are in synch or have fostered a
sense of unity when playing music or a team sport
together. Figuring this out should definitely prove to
be useful for coexisting with robots as well.”

Evidently, Prof. Nakauchi still has a lot of interest-
ing topics to sink his teeth into along his way to
finding out what it means to be human.
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Researcher Profile
Dr. Shigeki Nakauchi

Dr. Shigeki Nakuchi received his B.A., M.S., and PhD degrees in information engineering in 1988,
1990 and 1993 respectively from Toyohashi University of Technology, Aichi, Japan. He was a visiting
researcher at Lappeenranta University of Technology in Finland from 1998 to 1999. Since 2002 and
2007, he has been a visiting researcher and a visiting professor at Brain Science Institute in RIKEN
and Kochi University of Technology respectively. He is currently a professor at the Graduate School of
Computer Science and Engineering Department, Toyohashi University of Technology. He is a docent
at the University of Eastern Finland in the field of Color Vision Science and Technology as from 1 November in 2017.

Reporter Profile
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editor, writer and interpreter. She
graduated in Law from Chuo
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a chief editor of “Nature Interface”
magazine, a committee for the
promotion of Information and
Science Technology at MEXT (Ministry of Education,
Culture, Sports, Science and Technology).
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Research Highlighta

Wrap an Electrode Material for Li-ion Battery into the
Inner Spacing of Carbon Nanotube

Electrochemical characterization of a high capacitive electrode for lithium ion batteries using phosphorus-encapsulated carbon nanotubes

By Tomohiro Tojo

Tomohiro Tojo, Assistant Professor, and his group at the

Toyohashi University of Technology have designed a
unique lithium ion battery (LIB) electrode, where red phos-
phorus is packed into carbon nanotubes (CNTs). the new
electrodes displayed reversible electrochemical reac- :
tions and maintained a relatively high structural stability
of red phosphorus in the nanotubes even after the fiftieth
charge-discharge cycle. The charge-discharge capaci-
ties are at least twice as high as for graphite in commercial
LIBs. Therefore, it can be said that this new electrode ma-
terial for LIBs with high capacity shows promise.

In this experiment, the electrochemical per-
formance of a new type of lithium ion batteries
(LIBs) was demonstrated. These batteries are
constructed  using  phosphorus-encapsulated
carbon nanotube electrodes, whereby ultra high
capacity red phosphorus is introduced into the
inner spacing of carbon nanotubes (CNTs) with
a tubular structure. The new electrodes indicated
an improvement in the electrochemical reactivity
of red phosphorus when accessible pathways
of lithium ions, i.e., nanopores, were formed
onto the sidewalls of the CNTs where the red
phosphorus was encapsulated. Furthermore, the
charge- discharge profiles and structural analysis
revealed reversible electrochemical reactions as
well as a relatively high structural stability of red
phosphorus in the nanotubes even after the ftieth
charge-discharge cycle. The charge-discharge
capacity values achieved are comfortably double
those achieved by graphite used in commercial
LIBs. Therefore, this new electrode material ap-
pears promising for use in high capacity LIBs.

Red phosphorus has attracted attention as a
higher capacitive electrode material for LIBs
because it can deliver a theoretical capacity
approximately seven times higher than that of
the graphite currently used as a commercial
electrode material for LIBs. The large difference
in the capacity is thought to be due to an ac-
ceptable amount of lithium ions in the structures
of graphite for LiC6 or phosphorus for Li3P.
However, red phosphorus suffers enormous
volumetric changes, pulverization, and peeling
off during lithium ion insertion and extraction
processes, resulting in rapid capacity fading due
to the decrement in the amount of electrochemi-
cally reactive red phosphorus. Additionally, while
electrons move onto the electrode during lithium
ion insertion/extraction, red phosphorus has a
disadvantage in terms of energy loss because of
its low electronic conductivity.
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Assistant professor, Tomohiro Tojo (left) with his student, Kengo Aoyanagi.

As shown in Fig. 1 (left), Tomohiro Tojo and his
colleagues at the Department of Electrical and
Electronic Information Engineering, Toyohashi
University of Technology, have synthesized
unique structures in which red phosphorus is
encapsulated into the inner spacing of CNTs
to prevent its peeling off from the electrode and
improve its electronic conductivity. In order to
further improve the electrochemical reactivity of
red phosphorus through accessible pathways
of lithium ions, nanopores (<5nm) were also
formed onto the sidewalls of the phosphorus-en-
capsulated CNTs as shown in Fig. 1 (right). After
phosphorus encapsulation, Fig. 1 (left) shows that
the phosphorus atoms were distributed inside the
nanotubes, confirming the structural stability of
red phosphorus.

Phosphorus g

Encapsulation of phosphorus into
carbon nanotubes with nanoporous sidewalls

Carbon Nanotubes with

The nanotubes Carbon Phosphorus

Fig.1 (left) Elemental mapping images for phosphorus-

encapsulated carbon nanotubes with nanopores on the
sidewalls. (right) Transmission electron image of carbon
nanotube with nanopores on the sidewalls.

Using phosphorus-encapsulated CNT  elec-
trodes, a reversible capacity of approximately
850 mAh/g was achieved at the fiftieth charge-
discharge cycle, as depicted in Fig. 2 (left). This
was a value at least two times higher than that of
graphite electrodes. Fig. 2 (right) shows the esti-
mated ratio of charge and discharge capacities
(Coulombic efficiencies) of >99% after the tenth
cycle andthe subsequent cycles, which indicates
a high reversibility of charge-discharge reac-
tions on red phosphorus. However, the charge-
discharge capacities gradually decreased with
the number of cycles because of the dissociation

of some P-P bonds and other side reactions on
the surface of phosphorus and the CNTs. Inter-
estingly, the phosphorus-encapsulated CNT with
nanopores facilitated a significant improvement
in electrochemical performance when compared
with the phosphorusencapsulated CNT without
nanopores. This is suggested to be due to the
high reactivity of red phosphorus with lithium ions
through the nanopores on the sidewalls. After the
charge—discharge cycles, red phosphorus was
observed to be inside the nanotubes, as is the
case shown in Fig. 1 (left).

g & g
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Fig.2 (left) Charge—discharge curves for phosphorus-encapsu-
lated carbon nanotubes with nanopores on the sidewalls. (right)
Charge and discharge capacities with a ratio of charge and
discharge capacities at each cycle (Coulombic efficiencies).

We have proposed phosphorus-encapsulated
CNTs as an electrode material for LIBs with high
capacity, even though additional improvements in
the structures are required to achieve long-term
cycling without capacity fading. Further studies will
be performed on the utilization of such electrodes.

This research was supported financially by the
Murata Science Foundation, the Public Interest
Tatematsu Foundation, and the Public Foundation
of the Chubu Science and Technology Center.
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Do We Subconsciously Judge Face-likeness?

Keys to uncovering the face-likeness recognition mechanism using brain waves

By Yuiji Nihei

Yuji Nihiei, a Ph.D student, and a member of the re-
search team of the Visual Perception and Cognition
Laboratory at the Toyohashi University of Technology
has suggested that face-likeness is judged by early
visual processing at around 100ms after viewing an
object. The present study focused on the relation be-
tween face-likeness recognition and brain activity to
suggest for the first time that face-likeness recognition
is influenced by early visual processing.

The results of the present study were published in
Frontiers in Human Neuroscience.

Face-likeness recognition is the act
of recognizing a non-face object as
a human face. This phenomenon
is called “pareidolia,” and refers to
“perceiving an inherently meaningless
object such as a pattern, landscape
or object as another object with mean-
ing.” Many spirit photographs rely on
this phenomenon. While pareidolia
has been argued to occur in relatively
low-level visual processing, at what
level of visual processing pareidolia
actually occurs was never previously
discerned.

Therefore, the research team of the
Visual Perception and Cognition
Laboratory at the Toyohashi University
of Technology decided to study the
relation between behavior when a
face-like object is viewed and brain
activity to reveal the level of visual
processing at which face-likeness is
recognized.

PhD student and lead author of the
study Yuji Nihei explains that, “Visual
processing of the human face is di-
vided into three different stages. The
first stage is early visual processing of
roughly identifying the object. Then, if
the object is a face, distinguishing the
parts of the face (eyes, nose, mouth)
from one another and processing the
outline and parts of the face. Lastly,
expression and individual differences
are distinguished. We studied the
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relation between activity at these three
stages of processing and the results
of actual recognition and determined
that face-likeness recognition occurs
in the first stage of visual processing.
This processing occurs at a speed of
approximately 100ms after viewing an
object, and so we believe that face-
likeness processing occurs before we
are aware of the object.”
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Fig.1 Brain's reaction when a face-like object is viewed
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Associate Professor Minami Testuto,
who leads the research team, says
that, “While seeing face-likeness in
various objects could be considered
incorrect in terms of object recogni-
tion, we believe this is not just a
mistake and actually makes us recon-
sider an important cognitive function.
We would like to continue our study
of face-likeness recognition from an

objective approach.”

The results of this study are believed
to serve as a key to uncovering the
mechanism of how humans recognize
and distinguish between two types of
information - “face-likeness” and ob-
jects. The results of the present study
also suggest that “face-likeness”
recognition occurs in early visual
processing and that face-like objects
are processed in the same manner as
a human face in later stages. Due to
this, we believe that face-likeness can
be caused by an effect that gathers
attention to the face, or some other
like stimulus.

The present study was conducted
with the assistance of Grants-in-Aid
for Scientic Research numbers
A(26240043) and C(25330169) from
the Japan Society for the Promotion of
Science. The lead writer Yuji Nihei also
received a grant as part of the Pro-
gram for Leading Graduate Schools
(RO3) run by the Japan Society for the
Promotion of Science.
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Nihei, Y., Minami, T., Nakauchi, S., Brain
Activity Related to the Judgment of Face-
Likeness: Correlation between EEG and
Face-Like Evaluation, Frontiers in Human
Neuroscience,
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Studying Insight

Does pupil dilation occur before insight?

By Yuta Suzuki

Research Highlight

Yuta Suzuki, a Ph.D student and a member of the Computer Sci-
ence and Engineering Research Team at Toyohashi University of
Technology has measured the human pupil upon gaining insight
into an object. It is known that pupils dilate/narrow to adjust the
amount of light entering the eye and that emotional state affects
the extent of dilation/narrowing. This study indicates that dilation
extent varies depending on if inspiration occurs and that dilation
occurs before inspiration. The results of the present study were
published in Scientic Reports on May 2nd.

The Computer Science and Engineering
Research Team at the Toyohashi Univer-
sity of Technology has measured the pupil
(referred to as the “black part” of the eye)
when a person is inspired by an object. It is
known that the pupil dilates and narrows to
adjust the amount of light entering the eye,
and that the extent of dilation/narrowing var-
ies depending on the emotional state of the
person. In the present study, we measured
the reaction of the pupil when a person is
shown a video made to elicit inspiration (a
video in which an object gradually appears).
Reactions at the moment of inspiration were
compared to reactions when no inspiration
occurred, and it was found that the extent of
pupil dilation varies depending on whether
or not a person is inspired by an object and
also that the pupil is already largely dilated at
a previous stage. The results of the present
study were published in the British scientic
journal Scientic Reports on May 2nd.

As indicated by inspiration being referred to
as an “aha moment” or a “Eureka moment,”
people perceive inspiration as a momentary
event. However, a previous study reported
on changes in a person’s brain activity
prior to them being inspired during a quiz
that asked for a common word based on
multiple different words. The present study
investigated this further by conducting an
experiment under the hypothesis that mem-
ory retrieval, which involves inspiration in
object understanding, occurs in association
with pupil dilation. As a result, it was found
that the pupils of the experiment participants
had dilated before they reported inspiration,
which predicted inspiration thereafter. It is
therefore believed that this discovery may
lead to externally monitoring and controlling
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new strategies for memory retrieval in the
future.
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Fig.1 Example of inspiration video (top). Change
in state of recognition of predicted video (bottom
left). Change in pupil diameter at time of recognition
(bottom right).

Lead author of the study and PhD student
Yuta Suzuki explains that, “Most of the time,
we are not conscious of our brain’s activity.
Perception and recognition are merely one
part of total brain function, and there are
many mysteries still left to solve with regard
to this unconscious part of our brain that
accounts for the majority of its activity. We
decided to focus on people’s object rec-
ognition and were able to use biometry to
monitor the processing that occurs before
a person is aware they have recognized
an object. Even more surprising is the fact
that a participant’s condence surrounding
object recognition during a recognition task
did not come into play. In other words, the
pupil reacted regardless of whether the
participant subjectively believed they were
close to getting the answer, and we only
tracked whether or not they answered that
they recognized the object. We believe this
suggests that successful memory retrieval
of an object in subconscious processing is
in fact reflected in pupil dilation.”

Research team leader and Associate Pro-
fessor Tetsuto Minami says that, “Up until
now, we mainly researched ‘inspiration” by
measuring brain waves, but we can now ex-
pect new developments with combinations
of different measuring techniques thanks to
this new discovery using non-contact pupil
measurement technology.”

Associate Professor Tetsuto Minami further
states that, “Being inspired by objects is
deeply related to memory retrieval success.
If we can, for instance, uncover a brain pro-
cessing mechanism in which pupil dilation
and problem solving based on inspiration
are related in a different way, this could be
used as an index when comparing healthy
patients to patients with a cerebral function
disorder (for example, patients on the autism
spectrum and patients with schizophrenia).
Externally controlling pupil dilation is also
expected to help with both diagnosis and
treatment if it can be used to promote cere-
bral processing.”

The present study was conducted with the
assistance of Grants-in-Aid for Scientic
Research numbers A(26240043) and
B(17H01807) from the Japan Society for the
Promotion of Science. The lead writer Suzuki
also received a grant as part of the Program
for Leading Graduate Schools run by the
Japan Society for the Promotion of Science.
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ciation between pupil dilation and implicit process-
ing prior to object recognition via insight. Scientic
Reports, 8(1), 6874.
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Eesearch Highlights

Sulfur improves birefringence!

Developing liquid crystalline molecules for high quality image displays

By Yuki Arakawa

Yuki Arakawa, Assistant Professor of Toyohashi Uni-
versity of Technology, and his research team, has suc-
cessfully liquid crystallized m-conjugated? rod-like
molecules with alkylthio groups containing sulfur”, and
developed high birefringence molecules that exhibit
nematic liquid crystal with high fluidity in temperature
ranges including room temperature. This molecular de-
sign is expected to offer a new liquid crystal material
that contributes to the high quality image resolution of

liquid crystal displays.

Liquid crystal materials with high birefringence
and dielectric constant have been contributing
to lowering the driving-voltage and improving the
response speed of liquid crystal (LC) displays.
Recently, various approaches have been taken to
apply high birefringence LC materials to broad-
band circularly polarized light-reflecting fims for
brightness enhancement film, or to cholestric LC
lasers for continuous oscillation.

In terms of commercialization of products, LC
materials need to be developed by either form-
ing LC phases at room temperature or fixing
the orientation state of LC. However, improving
birefringence and dielectric constant requires
both an anisotropic molecular structure and
electron richness, making a rise in the phase
transition temperature (especially melting point)
inevitable due to large intermolecular forces. In
short, it is dicult to form a liquid crystalline state
under room temperature.

Assistant Professor Yuki Arakawa and his team
took interest in alkylthio groups (SCmH2m+1)
that contain “sulfur’, a component of hot
springs and one of the few surplus resources
Japan has. Although alkylthio groups have
high polarizability and are expected to be an
effective substitutional group for birefringence
improvement, only a few successful cases of
rod-like molecules with alkylthio groups forming
liquid crystals have been reported due to their
difficulty to crystalize.

Yuki Arakawa and his team introduced substan-
tially long alkyl chains (having with five or more
carbons to one terminal of a diphenylacetylene
structure 3) ) with to alkylthio groups to reveal
that liquid crystallinity is exhibited during the
cooling process. This is considered to be due to
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the fact that among the molecules aligned in an
antiparallel conguration, long alkyl groups that
prefer the out-of-plane conformation against the
benzene ring inhibit molecular crystalline pack-
ing, and thus enable the molecules to rotate
and translate while maintaining their orientation,
which eventually leads to the formation of a
liquid crystal phase.

Furthermore, the team observed a phenom-
enon where the melting point decreased due
to the large bending and low electron donating
properties of the alkylthio groups, and suc-
ceeded in developing a molecule that exhibits
liquid crystallinity in temperature ranges
including room temperature. Changing the
carbon numbers in alkylthio groups after intro-
ducing long alkyl chains enables the formation
of both a highly-ordered smectic phase with a
high viscosity layer structure and a nematic (N)
phase with low viscosity, which is particularly
important for optical applications. Comparison
with oxygen analogues4) conrmed significant
improvement of optical properties. More re-
cently, the team successfully developed new
diphenyl-diacetylene-based T -conjugated
liquid crystals with the maximum birefringence
value of 0.3 or mesophases supercooled
to room temperature, expanding the above
mentioned molecular design.

Hams1Crn=S—_ == HCobHzuss

for mesogenic manifestation
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Smectic phase for large m

for high birefringence

NW
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Fig.1 Images of alkylthio group rod-like molecules exhibiting liquid
crystallinity at room temperature, and the phase structures.

I g
Assistant Prof. Yuki Arakawa (right) and PhD candidate.

“There were only a few reports on rod-like
structure molecules with alkylthio groups exhib-
iting liquid crystalline phases, and no studies
revealed the characteristics of these molecules,
including the reason why they tend not to form
liquid crystalline phases. We're now aiming to
utilize the characteristics of each phase to the
full to explore various optical and electronic
physical properties, including not only optical
properties but also semiconductor properties,”
says Assistant Professor Arakawa.

This work was partly supported by JSPS
KAKENHI Grant numbers 15H06285 and
17K14493, Toyota Physical and Chemical Re-
search Institute Scholars and research grants
from the Nitto Foundation, the Toukai Founda-
tion for Technology and Research Foundation
for the Electrotechnology of Chubu.

Patent
Yuki Arakawa, Satoyoshi Inui and Hideto Tsuji. Japanese
Patent Application No. (2018) 84511

Technical Terms

1) A substitutional group in which sulfur (S) and an alkyl
chain (CmH2m+1) are bonded

2) A system with delocalized T electrons, created by a
series of alternate single and unsaturated bonds

3) A molecular structure in which two benzene rings are
connected with a triple bond

4) An analogue in which sulfur is replaced with oxygen

Reference

Yuki Arakawa, Satoyoshi Inui and Hideto Tsuji. “Novel
diphenylacetylene-based  room-temperature  liquid
crystalline molecules with alkylthio groups, and investi-
gation of the role for terminal alkyl chains in mesogenic
incidence and tendency.” Liquid Crystals, 2017.
http://dx.doi.org/10.1080/02678292.2017.1383521
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Pick Up

B TUT’s state-of-the-art technological innovation at “Innovation Japan 2018” in Tokyo

“Innovation Japan” is the largest event in Japan which brings industry together with technological
innovators from Japanese universities. It is hosted by the Japan Science and Technology Agency
(JST) and the New Energy and Industry Technology Development Organization (NEDO).

The annual “Innovation Japan” event, now in its 15th year, was held at Tokyo Big Sight on August
30th-31st 2018, with 400 technological innovators and 58 university organization exhibitions.

TUT exhibited the following technology at the event this year.

TUT exhibitions at “Innovation Japan 2018”

State-of-the-art technological innovation exhibition

* Development of air-pressure control atmos furnace for rapid synthesis and Red phosphor with high-purity color (Hiromi
Nakano)

e High resolution multichromatic illuminator for next generation optogenetics (Yuu Hirose)

e The mass production of iPS cells by the Water-in-oil Droplet electroporation (Rika Numano)

e A GaN integrated electronics for high performance devices operated under harsh environment (Hiroshi Okada)

University organization exhibition

Exhibition theme: “Creation of a smart symbiosis society with robots”

e Cutting-edge research results on sensing and brain information were presented.

e Social implementation of industrial robots jointly developed with enterprise were demonstrated.
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B TUT Promotion Video is now available

You can check out the new TUT promotion video on YouTube’s “Toyohashi University of Technology” channel.
* https://www.youtube.com/channel/UC2gapYsJ8gTNiM6cd14N37Q

ERFAMEIFRFPV
"

https://www.tut.ac.jp/english/newsletter/ TUT Research No. 14 Sep. 2018 ] ]



https://www.tut.ac.jp/english/newsletter/

H Toyohashi University of Technology

The Toyohashi University of Technology (TUT) is one of
Japan’s most innovative and dynamic science and technol-
ogy based academic institutes. TUT Research is published
to update readers on research at the university.
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