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INFORMATION

“Reports of Science and Engineering, Saga University” is published two times a

year. The important dates are as follows:

the closing date for No.1, May 1,
the date to be published, June 20,

and

the closing date for No.2, November 1,
the date to be published, December 20.
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The storm surges and floods occurred in Kyushu Island
in the past such as Typhoon Pat in 1985 and river flooding
by torrential rain causing inundation in the coastal area of
the Ariake Sea. The Ariake Sea has the largest tidal range
in Japan, i.e., 6 m at the bay head. This sea area is about
1,700 km? wide with about 96 km long of the bay axis, 18
km of the average width, and 20m of the average depth. It
faces on 4 prefectures i.e., Nagasaki, Saga, Fukuoka and
Kumamoto. Most of the plains in Saga Prefecture are
adjacent to the Ariake Sea. It is mainly lowland area with
an unusually small slope, so once the sea water enters into
these areas it will immediately create large inundated area
despite the fact that these areas are being used for
agriculture, offices, residential, industrial, airport, etc.

In this dissertation, the storm surge by the past main
typhoon and flood are studied to analyze in the case that
both disasters simultaneously occur and to know the
conditions of the water level causing the inundation in the
coastal area of the Ariake Sea and Saga lowland. This
study also considers the inundation risk in the coastal area,
especially on the buildings or houses and public facilities
by evaluating the future disaster management.

This dissertation consists of eight chapters. In Chapter
1, Introduction, the background of this research, study
area and objectives of this research are explained. This
chapter also contains layout of this dissertation.

In Chapter 2, literature review, the theory and
references used in this study are presented. 1-D and 2-D
hydrodynamic models and disasters like typhoon, storm
surge, flood or high discharge are explained with the
previous research related to this research as reference.

In Chapter 3, a summary of the coastal area of Ariake
Sea and Saga lowland are presented with descriptions of
history of this areas, disasters occurred in this area and the
problems in the present state of this area.

In Chapter 4, the storm surge by the Typhoon Pat is
analyzed, which has occurred in the Ariake Sea on August
to September 1985. This study utilizes 2-D hydrodynamic
model and 7 transects are considered to measure water
level's distribution in Shiroishi, Higashiyoka, Rokkaku
estuary, Kase estuary, Chikugo estuary, Saga airport and
Ohamma. In the simulation results, there is no occurrence
of the water level's exceeding the elevation of existing
coastal dyke. It becomes apparent that no seawater
inundation happens in the coastal area of the Ariake Sea
in the case of only the Typhoon Pat storm surge.

In Chapter 5, the flood by torrential rain occurred in
July 2012 in Chikugo River and its branches are studied.
The 1-D numerical model is used for this simulation with
the information of cross-section data and the network of
the Chikugo River and its branches. The discharge data at
the upstream of Chikugo River and Jobaru River and the
water level data at the downstream of Chikugo River and
Hayatsue River are used for the input data at the boundary.
The discharge data of Chikugo River obtained from
Senoshita station and discharge data of Jobaru River
obtained from Hidekibashi station are given by the time
series format of discharge. The water level data are
obtained from the tide data near the estuaries of Chikugo
and Hayatsue Rivers. The simulation result shows no
water level exceeding the existing dyke along Chikugo
River in the study area.

In Chapter 6, a coupled simulation of 1-D and 2-D
numerical models is analyzed. In the simulation's results,
the Ariake Sea coastal area and the Saga lowland were
inundated while the storm surge by Typhoon Pat and flood
in July 2012 occurred together. Because the river levees
are firstly considered against the flood from the upstream
plus the sea tide, the additional storm surge affects the
increasing water level in the river and is causing the
catastrophic results in this case.

In Chapter 7, the storm surge and flood are analyzed
with the assumption that both disasters simultaneously
occurred in the coastal area of the Ariake Sea and Saga
lowland for the future coastal disaster management. This
study utilizes 2-D numerical model with GIS analysis for
the inundation risk affecting on the buildings and public
facilities. The simulation's results on the 11 specified
location indicates that the maximum water levels exceed
6.5 m. In the measurement locations of the Chikugo River,
the water levels exceed 7.5 m level, so that the water
overflows the both sides' levees causing the inundation in
the surrounding area. The GIS model analysis indicates
high risk of inundation in the Ariake Sea coastal area and
Saga lowland, i.e. more than 107,000 buildings or houses
and 270 public facilities are inundated. For the disaster
management of flood and storm surge in the coastal area
of Ariake Sea and Saga lowland, it is recommended to
implement the disaster management system being suitable
for this area, which is based on the disaster management
cycle by mitigation, preparedness, response and recovery.

In Chapter 8, the conclusion and recommendation are
presented based on the obtained results. The coastal area
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of Ariake Sea and Saga lowland are vulnerable against the
inundation due to the simultaneous occurrence of the
storm surge and river flood. If only storm surge or high
discharge based on the past disaster occurs in the Ariake
Sea coastal area, the possibility that the water exceeds the
elevation of existing coastal dyke and the dyke along the
rivers in the study area is low. For the further analysis of
the storm surge, the effects of wind speed distribution and
the waves should be considered additionally.
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Over the past three decades, calix[n]arenes have
become one of the preeminent classes of molecular
receptors, owing to their excellent abilities to act as host
molecules for a wide variety of neutral or charged species.
For the elaboration of the molecular receptor, the use of
cavity-based calix[n]arenes is particularly attractive
because, in strong relation to natural systems, it can be
expected that the cavity will ensure very high selectivity.
Thus, against this background, several kinds of
fluorescent chemosensors for heavy metal ions , anions,
ammonium ions were designed and synthesized based on
calixarene in this dissertation. The sensitivity and
selectivity properties of these receptors to the target
analyte were carefully evaluated.

In this research, O-alkylation of hexahomotrioxa-
calix[3]arene with 9-chloromethylanthracene was carried
out under the different reaction conditions. The number of
anthrylmethyl group introduced to the phenolic oxygen of
hexahomotrioxacalix[3]arene was achieved through
selective O-alkylation with stoichiometric amounts of
9-chloromethylanthracene in the acetone system to give
mono-O-alkylated product, di-O-alkylated product and

tri-O-alkylated product partial-cone-Ans. Interestingly,

by using acetone/benzene (1:1 v/v) mixed solvent system,
the cone-An; was succeeded to synthesize. These results
suggest that the solvent can also control the conformation
of the O-alkylation products. The possible reaction routes
of the cone-An; and partial-cone-An; were also
discussed.

On the other hand, a novel type of selective and
sensitive fluorescent sensor having triazole rings as the
binding sites on the lower rim of a hexahomotrioxa-
calix[3]arene scaffold in a cone conformation has been
synthesized. This sensor has desirable properties for
practical applications, including selectivity for detecting
Zn* and Cd?* in the presence of excess competing metal
ions at low ion concentration or as a fluorescence
enhancement type chemosensor due to the cavity of
calixarene changed from a “flattened-cone” to a
more-upright form and inhibition of photoinduced
electron transfer (PET).

Meanwhile, this compound also exhibits the high
selective recognition towards alkylammonium ions, which
can be also confirmed by enhancement of fluorescence
spectra. The calix cavity changed from a “flattened-cone”
to a more-upright form, and addition of n-BuNH3" to the
chemosensor resulted in the formation of endo-cavity
inclusion complexes. Interestingly, upon addition of Zn**
to this system, the presently developed chemosensor can
be capable of binding a metal ions and alkylammonium
ions simultaneously through a positive allosteric effect.

In summary, novel fluorescent chemosensors were
designed and synthesized based on hexahomotri-
oxacalix[3]arene using click chemistry. New strategies to
develop chemosensors for detecting both transition metal
ions and alkylammonium cations with a positive and
negative allosteric effect have been demonstrated for the
first time. In these research fields, the present work will

open a gate for chemical research on chemosensors based

on calixarene.
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p-tert-Butylthiacalix[n]arene is the second subclass of
calix[n]arene family, which possesses almost unlimited
possibilities for functionalization on the low rim, up rim,
bridging sulfur atoms and benzene scaffold. It has been
attracted great attention to construct different types of
host molecules in many ways. In this dissertation, we
further explored the synthesis and application of
thiacalix[4]arene derivatives in the fields of chemosensor,
allosteric effect and photochemical reaction.

In chapter 1, a brief introduction of thiacalix[n]arene
chemistry is presented at the beginning. And then, we
have summarized all of the application of
thiacalix[4]arene derivatives in various fields. Such as
the application in adsorption, extraction, chiral
recognition, fluorescent probe, allosteric effect, rapid
analysis, in living cell, molecular logic gate, phase
transfer catalyst, modified electrode, supramolecular
polymeric materials, nanoparticle, non-linear optical
material and so on have been introduced in this section.

In chapter 2, a new fluorescent chemosensor bearing
two pyrenyl groups in a 1,3-alternate conformation
based on thiacalix[4]arene has been synthesized, and its

metal ion-binding and fluorescence-sensing properties

were investigated in ethanol. The designed chemosensor
exhibited high selectivity toward Cu?* ions versus other
tested metal ions with a detection limit of up to 1.44 x
1077 M. This chemosensor was capable of acting as an
efficient ratiometric fluorescent chemosensor at low ion
concentration or as a fluorescence quenching type
chemosensor due to the PET and heavy atom effects
operating in high ionic strength solution.

Chapter 3 introduced two novel receptors possessing
imidazole moieties based on thiacalix[4]arene in
1,3-alternate conformation. The binding behaviour
towards Li*, Na*, K* and Ag* ions has been examined
by 'H NMR titration experiments. The exclusive
formation of mononuclear complexes of ditopic receptor
with metal cations is of particular interest revealing a
negative allosteric effect in the thiacalix[4]arene family.
Liquid-liquid extraction experiments indicate that
synthesized mono-topic receptor can be utilized as an
efficient reusable extractant for dichromate anion by
controlling the pH of the aqueous solution.

Chapter 4 described a rare and exclusive endoperoxide
photoproduct which was quantitatively obtained from a
thiacalix[4]arene  crown-shaped  derivative  upon
irradiation at 365 nm. The prerequisites for the formation
of endoperoxide photoproduct have also been discussed.
Furthermore, we demonstrated the photochemical
reaction rate could be greatly enhanced in the presence of
thiacalix[4]arene platform because it served as a host to
capture oxygen.

In summary, different types of thiaclix[4]arene
derivatives have been designed and synthesized. We
further investigated and confirmed their potential
application as designed. We expect, the photophysical
properties of these thiaclix[4]arene derivatives will help
to extend applications in the realm of thiacalix[r]arene
chemistry. Eventually, it will be applied in our daily life

to serve human.
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