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Selective fluorescent chemosensing for D-glucose in water using a simple
inclusion complex of gamma-cyclodextrin with boronic acid
Yota Suzukia,* Takeshi Hashimoto,a Takashi Hayashitaa
a
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*
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Abstract
Fluorescent chemosensing for D-glucose in water with excellent sensitivity and selectivity is
attractive because D-glucose plays a vital role in many biological processes, sometimes causing diseases
such as diabetes.1 Recently, synthetic diboronic acids have attracted increasing attention in D-glucose
sensing due to its high stability against heat and pH as diboronic acids react with D-glucose selectively by
forming a chelated macrocyclic product. However, selective chemosensing for D-glucose requires a
sophisticated structure of diboronic acid possessing a hydrophobic fluorophore, and precisely positioned
two boronic acid moieties for the D-glucose recognition. This requirement causes several limitations such
as difficulties in synthesis, low selectivity, and poor solubility in water.
We report herein an innovative strategy using inclusion complexes of γ-cyclodextrin with two
molecules of fluorescent monoboronic acid-based probes, which possesses a pseudo-diboronic acid moiety
as the binding unit to D-glucose in water. Two probes (1F and 2N) were readily synthesized without heating
and column purification. The 1:2 stoichiometric inclusion complexes of γ-cyclodextrin with the
corresponding probes (1F/γ-CyD and 2N/γ-CyD) were prepared in a mixture of dimethyl sulfoxide/water
(2/98 in v/v). These inclusion complexes exhibited selective turn-on response to D-glucose at pH 7.4, owing
to the ditopic recognition for D-glucose by the pseudo-diboronic acid moieties that hardly occurs in the
recognition for other saccharides. The limit of detections of the inclusion complexes for D-glucose were
determined to be μM levels, assuring excellent sensitivity for the detection of D-glucose. Therefore, the
presented inclusion complexes have 1) simple structures that require effortless synthesis, 2) high solubility
in water, 3) excellent selectivity and sensitivity for D-glucose at pH 7.4 in aqueous environment.
Keywords: Boronic acid, D-glucose, fluorescence, cyclodextrin, supramolecular chemistry
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Hydration of Hardened Cement Paste Incorporates Nano-Palm Oil Fuel Ash
at Later Age: The Microstructure Studies
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Abstract
Cement replacement using pozzolanic materials in nano-sized particles could improve the mechanical and
durability of concrete. A study on the hydration of cement in hardened cement paste (HCP) could assist the
investigation of nano-POFA (nPOFA) as a potential supplementary cementing material (SCM). Hence, the
present work aims to examine the hydration of HCP incorporates nPOFA and the pozzolanic activity of
nPOFA in cement matrix through the microstructure studies. A set of nPOFA-HCP were prepared with a
cement replacement in range of 10-60% and the paste were cured for 90 days. The microstructural
investigation of nPOFA-HCP was conducted via X-Ray diffraction (XRD) analysis, Field Emission
Scanning Electron Microscope (FESEM) analysis, Thermogravimetric (TG) analysis and Fourier Transfrom
Infrared (FTIR) spectroscopy analysis. The diffractogram show the calcium hydroxide (CH) peak at at 2θ
= 18.1º and 34.0º in 30nPOFA and 40nPOFA HCP is low compare than other pastes. The 30nPOFA and
40nPOFA give a low value of the relative loss weight of CH at later age through the TG analysis. Meanwhile,
the morphology study display 30nPOFA and 40nPOFA HCP possess a dense and compact microstructure.
FTIR analysis study the peaks of O-H symmetric stretching, C-O asymmetric stretching, Si-O asymmetric
stretching and C-O bending stretching. Overall, the findings reveals the presence of nPOFA in cement
matrix enhance the microstructure of cement matrix through the acceleration of cement hydration and the
pozzolanic reaction. The cement replacement up to 40% with nPOFA could give an optimum result to
produce a better cement-based products.
Keywords: Nano-Palm oil fuel ash, pozzolanic activity, hardened cement paste, cement hydration
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Exploring a Silica Enriched Oil Palm Frond Biomass for the Extraction of
Polycyclic Aromatic Hydrocarbons from Tropical Fruits Samples
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Abstract

Malaysia’s palm oil production is increasing drastically every year due to its high demand in the global
market and, thus, it tends to produce more biomass. In fact, oil palm fronds (OPFL) were the most massively
generated by oil palm biomass [1]. However, unlike other oil palm biomass, the exploitation of oil palm
leaves as a potential extraction sorbent tool is still in its early stages. Therefore, the utilization of OPFL for
the identification of pollutants has been a popular study issue in recent years. In this study, silica
nanoparticles (SiNP) were successfully extracted from oil palm fronds (OPFL) using an acid and thermal
treatment. X-ray fluorescence revealed the concentration of SiO2 from extracted SiNP to be 78.2% [2]. This
demonstrates its potential as a sorbent for the detection of polycylic aromatic hydrocarbons (PAHs) in
tropical fruit samples using dispersive micro solid phase extraction (D-µSPE) combined with liquid
chromatography-ultraviolet (LC-UV). Silica nanoparticles-oil palm frond (OPFL-SiNP) characterizations
by FTIR, FESEM, and XRD indicate that SiNP was effectively extracted from OPFL. Extensive
optimization and research were carried out on the primary factors influencing extraction efficiency, namely
amount of sorbent, extraction time, type of elution solvent, and desorption time. Based on the results, the
prepared sorbents showed a high affinity towards PAHs through hydrogen bonding. D-µSPE was linear in
the range of 0.05 to 10 mg/l under the optimum conditions (60 mg of sorbent; 15 extraction time; acetonitrile
elution solvent; 5 min desorption time) for naphthalene, fluorene, anthracene, and pyrene with excellent
correlation coefficients of 0.995-0.998. RSDs were acceptable for intraday (0.02-5.33%, n = 3) and interday
(0.20-7.74%, n = 3) analyses. Low limits of detection (0.02-0.10 mg/l) and satisfactory relative recovery
(80-119%) were obtained for the study. The newly enriched OPFL-SiNP showed great sorbent potential for
PAH analysis.

Keywords: Silica nanoparticles-oil palm fronds, dispersive micro solid phase extraction, polycyclic
aromatic hydrocarbons, tropical fruits samples, liquid chromatography-ultraviolet
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Feasibility Study on using Thermal Gravimetric Analyzer as Alternative
Approach in Measuring Boiling Point Distribution for Crude Oil Sample
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Abstract

In the crude refinery industry, boiling point distribution profile is the important property of a whole crude
oil which provide vital information related to the yield of distillation cuts. Common distillation techniques
used in lab to determine the boiling profile are using small scale distillation towers namely atmospheric
distillation by ASTM D86 and vacuum distillation by ASTM D1160, or simulated distillation SIMDIST by
Gas Chromatography where peak retention time scale is calibrated with the boiling points of n-paraffin and
with assumption weight fraction is equal to area peak fractions. In research and development work that
requires boiling point measurement for oil sample, SIMDIST is preferable technique due to the advantage
of small sample volume compares to ASTM D86 and ASTM D1160. But disadvantage of SIMDIST has
raised some concern on its result reliability especially for research non routine sample. In order to validate
the SIMDIST result, laboratory may perform conventional atmospheric distillation ASTM D86 or vacuum
distillation ASTM D1160 but it is impossible when sample volume is insufficient. As alternative approach
to address those disadvantages of conventional techniques for boiling point measurement, feasibility study
was carried out using Thermal Gravimetric Analyzer (TGA) as an alternative technique to measure boiling
distribution instead of SIMDIST technique. The advantage of TGA is lesser sample volume required and
the boiling point measurement is a direct temperature measurement. This paper describes the correlation
study between TGA and SIMDIST techniques for boiling distribution measurement, and the feasibility of
using TGA as alternative approach and its limitation.
Keywords: boiling point, thermal gravimetric, chromatography
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Determination of Ochratoxin A in Herbs by High Performance Liquid
Chromatography (HPLC)
Nor Shifa Shuiba,*, Mohamad Zaid Zakaria a, Siti Mariam Hasana , Leong Yin Huib,
a
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b
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*
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Abstract
The occurence of ochratoxin A (OTA) in herbs samples were determined by high-performance liquid
chromatography with fluorescence detection (HPLC-FLD) system. The sample was extracted using
methanol:water 1% NaHCO3 (70:30, v/v %) and then purified by using immunoaffinity column,
OCHRATEST for OTA analysis. The separation of the OTA by HPLC-FLD was performed using RP18e Chromolith (100 mm x 4.6 mm) column at 40°C under isocratic flow for 12 min. The excitation and
emission wavelengths of the fluorescence detector were at 333 nm and 440 nm, respectively.
Confirmation of OTA was performed by UPLC-MS/MS using positive ion electrospray ionization. Limit
of detection (LOD) and limit of quantification (LOQ) was 0.1 µg kg-1 and 1.0 µg kg-1 respectively.
Recoveries ranged from 87.8 to 112.6 %, and relative standard deviations (RSDs) was less than 10.3 %.
The optimized method was succesfully applied to the analysis of OTA in herbs.

Keywords: Ochratoxin A, HPLC, UPLC-MS/MS, herb
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Degradation of PAHs during long range transport based on simultaneous
measurements in East Asia with the use of international observational network
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Kojiro Shimada1,2,9*, Masayuki Nohchi2, Xiaoyang Yang 3, Taichi Sugiyama4, Kaori Miura1,
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Abstract
We investigated the degradation of polycyclic aromatic hydrocarbons (PAHs) during long-range
transport. Aerosols were collected simultaneously at remote sites on Tuoji Island, China; Fukue Island,
Japan; and the Cape Hedo Atmosphere and Aerosol Measurement Station (CHAAMS), Okinawa, Japan in
April, October, and December from 2012 to 2013. These remote sites were convenient for investigating the
degradation of PAHs during long-range transport. PAHs were analyzed via gas chromatography/mass
spectrometry. We identified air masses that passed over all sites and combined our measurements with a
chemical transport model. We estimated the relative contributions of the PAHs at the three sites by
normalizing the PAH concentrations to elemental carbon. Benzo[a]pyrene persisted in 5–16% of samples.
The results of this study are consistent with laboratory studies in which secondary organic aerosol (SOA)
coatings protected PAHs from degradation by ozone. We detected an inhibition of the degradation PAHs by
SOA coatings by collecting PAHs simultaneously at the three sites. To elucidate the major sources of the
SOAs, we carried out a positive matrix factorization analysis to identify the major sources of SOA coating,
which controls the lifetime of PAHs. In spring and winter, the contribution of vehicle emissions was higher
(46%) at Tuoji Island than at CHAAMS (13%). In contrast, the contribution of coal combustion was higher
at CHAAMS (59%) than at Tuoji Island (28%). This result implies that during long-range transport, PAHs
derived from coal combustion are more slowly degraded than PAHs derived from vehicle emissions. We
found that the viscosity of SOA coatings derived from vehicle emissions in China was low, and the
corresponding PAHs were rapidly degraded. In contrast, the viscosity of SOA coatings derived from coal
combustion was high, and degradation of the corresponding
PAHs was relatively slow. These results imply that PAHs
derived from coal combustion have long lifetime.
Keywords: PAHs CHAAMS Tuoji Island PAH degradation
Coal combustion
Reference: Shimada K. et al.; Degradation of PAHs during
long range transport based on simultaneous measurements at
Tuoji Island, China, and at Fukue Island and Cape Hedo, Figure 1 Contribution rate of PAHs by combustion sources
transported from Touji Island to Cape Hedo, Okinawa
Japan, Environ. Sci. Technol., 260, 113906, 2020.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

7

ICPAC KK 2022 – Abstracts
AEC 08 – Invited Lecture

CO2 Selective Capturing Agent in Air
Fuyuhiko Inagaki*
Kobe Gakuin University, The Faculty of Pharmaceutical Sciences, Japan
*
Corresponding author: finagaki@pharm.kobegakuin.ac.jp
Abstract
One of the promising approaches to deal with climate change is a CO2 capturing technology. Especially,
direct air capture (DAC) to recover CO2 in air is an example of negative emission technology (NET). Air
contain not only CO2 but also plentiful moisture, making it difficult to achieve selective CO2 absorption
without hydration. To generate absorbed CO2 (wet CO2) under heating, the need for external energy to
release the absorbed water has been among the most serious problems in the fields of CO2 capture. We found
that the introduction of the hydrophobic phenyl group into alkylamines of CO2 capturing agents improved
the absorption selectivity between CO2 and water. Furthermore, xylylenediamines absorbed only CO2 in air
without any hydration. Notably, MXDA·CO2 (MXDA: m-xylylenediamine) was formed as an anhydrous
carbamic acid even in water, presumably because it was covered with hydrophobic phenyl groups, which
induces a reverse lipid bilayer structure.1
MXDAの性質
Keywords: DAC, CO2 capture, reverse lipid bilayer structure, aralkylamine, CO2
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Optimisation of New Natural Deep Eutectic Solvent Based DLLME Procedure
for HPLC Determination of Anabolic Steroid Drugs
Azreen Asyikin Mhd Kamala, *, Wan Nazihah Binti Wan Ibrahima, Mohd Sufri Bin Mastulia,
Noorfatimah Yahayab,
a
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b

The misuse of steroids has been a crisis among athletes and bodybuilders1. Commonly LLME technique is
used as extraction technique to detect steroids in biological samples which utilize hazardous, nonbiodegradable organic solvents. This is concerning in analytical chemistry. Thus, a novel solvent, natural
deep eutectic solvent (NADES) is developed which made up of primary metabolites components in living
cells for instance amino acids, sugars, and organic acids2. NADES is highly soluble and has broad polarity
range beside straightforward and environmentally friendly3,4. Furthermore, 80% of pesticides have been
recovered from environmental sample when using NADES as dispersive solvent5. Thus, the purpose of this
study is to apply NADES, substituting organic solvents as dispersive solvent in DLLME technique to extract
steroids in food and biological samples. The parameters studied include type and volume of dispersive and
extraction solvent and sample pH.
Keywords: NADES, DLLME, anabolic steroid drugs, dispersive solvent, green analytical chemistry
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Magnesium Oxide Impregnated Palm Kernel Shell Derived Activated Carbon
for Carbon Dioxide Adsorption
Jayaprina Gopalana,, Abdul Aziz Bin Abdul Ramana and Archina Buthiyappan*b,
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Abstract
Activated carbon generated from biomass is gaining increased attention for CO2 adsorption in recent years
due to their natural carbonaceous structure and economic viability. Therefore, this research aimed to
develop magnesium oxide (MgO) impregnated palm kernel shell (PKS) based activated carbon (AC) for the
adsorption of CO2 using a High-Pressure Volumetric Analyzer (HPVA) via static volumetric technique.
Metal oxides impregnated activated carbon is one way of enhancing the CO2 adsorption capacity, as the
earth metal oxides are generally basic and thus tend to bond with acidic gases such as CO2 for better
adsorption performance. The CO2 adsorption analysis reveals that PKS-MgO has a maximum adsorption
capacity of 2.39 mmol/g at 25°C. The isotherms analysis revealed that, the adsorption of CO2 was best
represented by Langmuir isotherm which describes the chemisorption reaction due to restriction to
monolayer formation. The heat of adsorption obtained in this analysis has also proven the presence of both
physio-chemical adsorptions. Thermodynamic studies shows a negative value of Gibbs Free Energy,
positive values of enthalpy and entropy indicating that the adsorption is spontaneous at a high temperature.
In summary, it has been confirmed that magnesium oxide-impregnated PKS is effective for CO2 adsorption,
and this study can serve as a benchmark for future CO2 studies employing a cost-effective activated carbon.
Keywords: Agricultural waste; Carbon Dioxide Capture; Lignocellulosic; Activated carbon;
Thermodynamic
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Biochar application for stable solid-state anaerobic digestion
a

b
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*
Corresponding author: sriya@cc.tuat.ac.jp

Abstract
Anaerobic digestion is a biological reaction, in which organic matter such as polysaccharides, lipids or
proteins are hydrolyzed into its monomers, and then converted into volatile fatty acids, hydrogen and acetate
by fermentative bacteria. Methane and carbon dioxide are produced from hydrogen and acetate by
methanogenic microorganisms (archaea). Anaerobic digestion has been gathering attention for solid waste
treatment and renewable energy production. Wet anaerobic digestion treats substrate with 0.5–14.0% solid
content, while solid-state anaerobic digestion treats 15–40% solid content1. Solid-state anaerobic digestion
has higher solid content than wet anaerobic digestion, providing advantages such as smaller reactor volume
and treatment of effluent or digestate2. Therefore, substrates with high solid content, such as livestock
manure or lignocellulosic wastes, can be treated more simply and effectively by solid-state anaerobic
digestion.
Accumulation of volatile fatty acids in the reactor is one of the most important factors resulting in reactor
failure such as pH drop and inhibition of microorganisms during solid-state anaerobic digestion. Addition
of the inoculum (microorganisms) is proposed to overcome this failure 3. However, it took 20 days for the
recovery. Because of the additional cost for recovering from the failure, an efficient recovery method is
needed.
Biochar is a carbonized biomass, which is produced through pyrolysis. Biochar is characterized by
porous and alkaline material. It has been reported that biochar application into wet anaerobic digestion can
promote methane production by facilitating growth of microorganisms on the biochar and providing
buffering capacity4, 5. However, no study has been conducted to apply biochar as additive for recovering
from the failure. In this presentation, we applied biochar as additives in order to recover from accumulation
of volatile fatty acids in the solid-state anaerobic digestion of pig manure and rice straw.
Keywords: Solid-state anaerobic digestion, biochar, solid waste, pig manure, rice straw
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Analysis of N2O flux and pathways by a novel dual-tracer method
Megumi Kuroiwaa,*, Akihiko Teradaa, Yuichi Suwab, Kohei Obaa,
Kazuichi Isakac, Keisuke Kobad
a
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b
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c
Department of Applied Chemistry, Toyo University
c
Center for Ecological Research, Kyoto University
*
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Abstract
Emissions of nitrous oxide (N2O), one of the major greenhouse gases, have continued to increase over the
past few decades1. It makes the precise assessment of N2O emissions and their mitigation an urgent issue.
To develop the technology for reducing N2O, quantitative evaluations of N2O emission pathways and fluxes
are required. We have previously reported the contributions of N2O producing pathways from bioreactors2
and the N2O removal capacity of bacterial isolates3,4, using stable nitrogen isotope (15N) as a tracer.
However, in some cases, the available 15N tracer methods do not contain satisfactory solutions to elucidate
N2O sources and fluxes, because N2O emission and removal occur simultaneously and there are multiple
N2O
producing
pathways
in
the
most
environments.
Recently, we developed a new method for simultaneous quantification of N2O emission, N2O removal and
N2 production rates in addition to contributions of N2O and N2 emission pathways by using a N-compound
labeled with 18O in addition to 15N. In this presentation, we will report the analytical results of the application
of this new method.
Keywords: nitrous oxide, dual tracer, denitrification, anammox, nitrification
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Abstract
Compost is considered a soil-amending product that can be used for soil improvement and to increase the
productivity of organic vegetable crops. Composting can be an alternative solution for solid waste
management. In this research, the efficacy of various bakery wastes and bulking agents, such as cow dung,
to produce compost were studied. The bin composting method was applied in this research. Commercial
effective microorganism was used to study its effectiveness in composting bakery waste compared to
common ways of composting. Six compost trials were designed by using different ratios of feedstocks such
as creamy and non-creamy bakery waste, paper boxes, eggshells, cow dung, dry leaves, and effective
microorganism (EM). For the assessment of the maturity, stability, and quality of the compost, various
physical and chemical parameters were routinely monitored, including temperature, pH, electrical
conductivity (EC), moisture content, water holding capacity (WHC), phytotoxicity and color intensity of
water extract, total organic carbon (TOC), total nitrogen (N), phosphorus (P), potassium (K), and C/N ratio.
All six compost trials reached the four important phases of temperature, which are the mesophilic phase,
thermophilic phase, second mesophilic phase (cooling phase), and maturation phase. The pH, EC, N, P, and
K of every compost trial complied with standard compost requirements. Phytotoxicity study proved that all
the compost trials were phytotoxic-free when tested with Phaseolus vulgaris (green bean). The water
holding capacity of all six trials ranged from 2.18 to 4.30 g water/g dry material. Various compost trials
achieved C/N ratios ranging from 12.01 to 14.48, which is considered within the satisfactory limit. The
results showed that bakery waste can be turned into compost, with its quality complying with standard
requirement.
Keywords: bakery waste; composting; food waste; effective microorganism; physicochemical analysis
Graphical abstact (Optional)
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Abstract
Since the toxicity of fine airborne particulate matter (e.g. PM2.5) depends on various characteristics
possessed by the particles, the health effects assessment focusing on the differences in these characteristics
is an urgent issue. In particular, there is a need to accumulate reliable scientific knowledge on the risks of
particulate matter to the respiratory system and immune system such as bronchial asthma. Filter collection
conventionally used for particle sampling has many problems that the filter-based method requires crude
particle extraction when the particle is attached to the filter, which may lead to a loss of PM components
and alter particle toxicity. Therefore, the author has developed a cyclone device that enables collection of
particulate matter without using filters1-3.
Direct exposure to cyclone-collected aerosol particles was experimentally confirmed to produce a
stronger response than exposure to an extract of filter-collected particles4. An exposure of cyclone-collected
aerosol particles induced bronchiolitis and bronchial hyperresponsiveness in NC/Nga mice, a spontaneous
model of human atopic dermatitis5. We also reported that proteins and metals in particles may be one of the
causes of inducing allergic airway inflammation6. Other studies reported the exposure of human airway
epithelial cells to cyclone-collected particles in several Asian cities7,8. Results of exposure of human corneal
epithelial cell models to cyclone collected particles has also been reported7. Cyclone-collected particles were
used to investigate their association with the route of entry of a novel coronavirus (SARS-CoV-2) into the
body. When cyclone-collected particles were administered to mouse lungs, the ACE2 and TMPRSS2, which
are important for SARS-CoV-2 entry into the body, increased in type 2 alveolar epithelial cells10. In other
words, it is clear that particulate matter expands the entry of SARS-CoV-2 into the body. These experiments
demonstrated the importance of using the cyclone-collected particles in exposure experiments, as exposure
to extracts of filter-collected particles is not enough to assess the actual particle toxicity.
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Keywords: aerosol particles, cyclone, cell exposure, chemical composition, toxicity assessment
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Determination of Skin Exposure Limit for Factory Workers, Distributors and
Consumers while Handling Perfumes: From Industry Perspective
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In the modern age, perfumes deems to be essential to portray one's lifestyle and social status. Yet, little is
known from the eyes of the consumers on the variety of organic constituents that exist in perfumes. The
range of organic moieties that exist in any perfume can be between 20 and 50 compounds mixed together
to give the pleasant smell of the fragrance. International Fragrance Association (IFRA) have listed out 26
allergens that potentially cause dermatitis and allergic reaction to consumers. However, the practice of safe
product limit and exposure is never made known to the manufacturers or even the general public.This is an
alarming issues as mishandling of such complex compounds would lead to serious health and safety
implications, especially towards the Factory workers that work with larger volume (>500 L) compared to
consumers (30 - 100 ml). SugarBomb is determined to ensure any products that are manufactured should
abide by strict standards and would not jeopardise the safety of their workers, distributors and consumers.
Hence, Body Surface Analysis (BSA) and contact angle analysis had been performed to calculate the skin
exposure limit towards three different subject groups; Factory Worker, Distributors, Consumers. More than
30 different types of perfumes were selected for BSA analysis to determine the safety limit in handling the
liquids. Three types of scenarios were suggested depending on the severity of the spillage level including
fully immersed into the mixtures. The results suggest that most of the perfumes can be safely handled by
the distributors and consumers. However, for the factory workers, depending on the types of allergen, it may
cause a serious dermatitis effect if the workers came in contact with the liquids with more than 91%
coverage.
Keywords: Perfumes, Body Surface Analysis (BSA), Contact Angle, Product Safety
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Development of colorimetric sensor using microparticles
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Abstract
Colorimetric methods are expected to be a useful approach for on-site analysis, since they can visually
determine the amount of analyte without the use of special equipment. However, colorimetric methods have
been treated as qualitative analyses because of their low sensitivity and poor accuracy.
We are working on the development of a highly sensitive colorimetric sensor using microbeads. The
aggregation of analyte or marker molecules on the microbeads has an effect of higher sensitivity. The
challenge is designing the interface of the microbeads to provide ability of molecular recognition and signal
transduction. We focused on ferrihydrite (Fh) nanoparticle, which is a highly reactive iron (III) oxide
because of its poor crystallinity. Although Fh is abundant in nature, Fh is used only as an adsorbent for heavy
metals.
Application to on-site TDM
We revealed that a favipiravir adsorbed on the surface of Fh-coated silica microbeads (Fh microbeads) by
forming a yellow-colored complex with iron (III). The aggregation of more favipiravir molecules on the
single microbeads by forming complexes resulted in higher sensitivity, allowing the quantification of its
blood levels.
Peroxidase mimicking artificial enzyme
Fh shows peroxidase-like activity by utilizing the Fenton reaction. In the presence of hydrogen peroxide,
Fh can catalyze the color reaction of peroxidase substrates. Furthermore, the colored product aggregates on
the Fh microbeads, expecting to design highly sensitive colorimetric sensors for hydrogen peroxide.
Fh enabled molecular recognition and signal transduction of small molecule compounds such as drugs.
White Fh-microbeads, which were thinly coated with the brown Fh nanoparticles, are expected to allow
visual observation of the color change. This colorimetric sensor, which does not use antibodies for molecular
recognition, is more stable than immunoassays. Our approach is expected to solve the difficult problems in
designing colorimetric sensors.
Keywords: ferrihydrite, ferrihydrite-coated microbeads, colorimetric analysis, point-of-care testing
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Nickel Complexes for Oxygen Evolution Reaction
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Abstract
Electrochemical water splitting and carbon-dioxide reduction are attracted much attention as the key
technology to construct the next-generation energy society. Especially, an activity improvement and a cost
reduction for the oxygen evolution reaction (OER), which is an anodic reaction of these, is an important
issue. So far, we have clarified that miniaturization of gold to the cluster size region (<~2 nm) improve OER
activity1. In this study, we tried to improve OER activity by miniaturizing nickel (Ni), which is inexpensive,
abundant in the earth, and has relatively high oxygen evolution reaction (OER) activity.
First, phenylethanethiol (PET)-protected polynuclear Ni complexes (Nin(PET)2n (n = 4, 5, 6)) were
synthesized and isolated into three types of products by thin-layer chromatography and their geometric
structures were determined by single crystal structure analysis2. The obtained Nin(PET)2n (n = 4, 5, 6) were
loaded onto carbon black without aggregation and we investigated the OER activity by electrochemical
measurements. As a result, the Ni5 complex catalyst prepared by this method showed highest OER activity
than Ni4 and Ni6 complexes, and Ni oxide nanoparticle catalysts prepared by the conventional method
(impregnation method). Based on these results, we focused on the Ni5 complex catalyst and evaluated its
electronic structure during the OER process by X-ray absorption fine structure measurements. The results
of this measurement showed that the Ni–S bond of Ni5 complex was disappeared and the electronic state of
Ni5 complex changed to it like that of Ni oxide when the potential was applied. This means that the
electronic state of the Ni5 complex catalyst changed to that of favorable for the adsorption and desorption
of OER intermediates. Therefore, it is presumed that the Ni5 complex has relatively high OER activity and
suitable for OER catalyst.
Keywords: water splitting, electrocatalyst, oxygen evolution reaction, metal nanocluster, nickel complex
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Assessment of Titrimetric, Calorimetric and Spectrometric Method for
Determination of Exchangeable Aluminium in Soils : A Comparison Study
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Abstract
Aluminium (Al) is an important natural constituent of soil and represents around 8% of total soil
mineral4. The exchangeable aluminium content is essential for the risk evaluation of plant production in acid
soil. Methods for determination of aluminium in soil, water and plants were established in 1960s3 and has
been improved upon since. The objective of this study is to compare the conventional titrimetric and
calorimetric method with the spectrometric method in determining exchangeable aluminium in soils. It was
carried out using 40 soil samples using 1 mol L-1 potassium chloride (KCl) as extractant of aluminium ion
(Al3+)2. The extraction solution is then subjected to titrimetric method3, calorimetric method with aluminon1
and spectrometric method via Perkin Elmer Avio-500 inductive couple plasma optical emission
spectrometry (ICP-OES).
Comparison of means between treatments (Tukey at significance level of p < 0.05) indicated that the
methods differed significantly from each other, although they were highly correlated. Spectroscopy results
showed lower values with mean of 3.640 cmol kg-1 Al3+. This could be associated with the occurrence of
matrix interferences caused by other elements in the sample. The Al3+ determination by calorimetric method
obtained a mean standard deviation (SD) of 0.148 and a mean coefficient of variation (CV) of 7.330%
between the three replicates for each soil sample which was lower than titrimetric method (SD = 0.230, CV
= 8.269) indicating that the former method offered better reproducibility for the analytical determination of
Al3+ content. The values obtained by titration may be less precise as the end point of colour change is
influenced by the operators’ vision and is therefore more subjective. In conclusion, within the limits of
current technologies, it is believed that calorimetric method is the most suitable method to be adopted for
routine analysis.
Keywords: aluminium, soil, titration, calorimetric, spectrometric
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SARS-CoV-2 Protein Detection Using Photonic Integrated Biosensor Based on
Silicon Micro-Ring Resonator
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Abstract
The worldwide coronavirus disease 2019 (CoViD-19) pandemic has had devastating social and economic
effects in almost all countries around the globe1. The virus is caused by the human-to-human respiratory
transmission of the SARS-CoV-2. An early diagnosis of the disease through rapid and extensive testing is
critical in containing the virus2. One method of performing rapid testing is using integrated photonic
biosensors3. To date, several researchers have already successfully demonstrated the use of functionalized
silicon (Si) ring resonators to detect viruses, such as HIV and bean pod mottle virus. The features of Si
micro-ring resonator are low cost, mass production, and high integration.
Most recently, SARS-CoV-2 protein detection using Si micro-ring resonator biosensors has been
reported4. Fig. 1 shows our developed photonic integrated biosensor based on a Si micro-ring resonator. Fig.
2 shows the cross-section of the sensor during virus detection. Virus adhesion to the Si waveguide surface
causes a change in the effective refractive index. Nucleocapsid proteins were used as antigen because they
have high protein content, which is advantageous for the detection. The sensitivity of sensors composed of
Si micro-ring resonators is proportional to the optical confinement factor; hence, the large light confinement
in the over-cladding leads to the sensor sensitivity improvement. Under a large confinement factor, the
effective refractive index is strongly affected by the concentration change of the cover medium. To improve
the sensor sensitivity, our structure was evaluated through the two-dimensional vector finite element
method. The numerical results show a sensor sensitivity of approximately 180 nm/RIU in an analyte layer
thickness t of 100 nm. We also performed experiments to detect nucleocapsid proteins, and the fabricated
device detects the SARS-CoV-2 nucleocapsid protein at 5 ug/mL concentration in phosphate-buffered
saline.
Keywords: biosensor, micro-ring resonator, SARS-CoV-2

Fig. 1. SEM image of a fabricated Si micro-ring Fig. 2. Cross-sectional view of the Si micro-ring
resonator.
resonator biosensor.
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Abstract
Ethanol is the major active component of alcoholic beverages. It may also contain other volatile substances
called congeners. Volatile congeners such as methanol, 1-propanol, 2-propanol, isobutanol and n-butanol
may exist in beverages as the fermentation by-products. These volatiles usually exist in small quantities and
are sometimes present as a specific flavour for the alcoholic drinks. If these volatile substances exist in high
concentration, it brings harm to the drinker. In recent years, Malaysia has experienced several outbreaks of
methanol poisoning involving 45 deaths from 98 cases in year 2018, 28 deaths from 53 cases in 2019, and
33 deaths from 55 cases in 2021. These incidents are believed to be related to the consumption of illegally
processed liquor by the victim with high methanol content. In this study, we analysed two Chinese rice wine
obtained from the local market, three homemade traditional rice wine (called “lihing” in locals – Sabah,
Malaysia), five local manufactured alcoholic drinks, nine imported international brand alcoholic drinks and
two famous brand beers. The content of methanol, ethanol and a few higher alcohols are analysed.
Measurements were performed using Gas Chromatography Flame Ionisation Detector (GC-FID) method.
The samples were injected in neat form into a 5% Carbowax column. The analytes were identified by
comparing its retention time with the standard compounds. The quantification was obtained by comparing
their peak areas to that of the respective calibration standards peak area versus concentration. In the
experiment, the ethanol concentration was determined. We did not detect methanol, 2-propanol and nbutanol in all samples. The Vodka, sparkling wine, Cabernet Sauvignon grape wine and one of the beer
sample do not contain all congener alcohols analysed except ethanol. All other samples contain various
concentration of 1-propanol. Some samples contain iso-butanol too.

Keywords: congeners, higher alcohols, methanol poisoning
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Vapochromism of Metal Complexes Based on Intermolecular Interactions
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Abstract
Vapochromism, a color and/or emission color response to sorption/desorption of small gaseous molecule
to/from solid material, has a potential for application to chemical sensors to detect volatile organic
compounds. So far, large amounts of research for vapochromism using planar Pt(II) complex as a color
indicator have been demonstrated for the small molecule detection, where the molecular packing structure
in crystal is easily changed to show color variation by the sorption/desorption of small molecule in crystal
lattice. Some non-planar Ir(III) complexes show characteristic vapochromism as well, however, reports
concerning vapochromism using Ir(III) complex are quite limited.
Here, we report that the variation of halide anions (X-) of Ir(III) complex crystal ([Ir(tpy)2]X3·nH2O; tpy
= 2,2’:6’,2’’-terpiridine) results in shift of emission spectrum attributed to halide-anion-to-ligand-chargetransfer (XLCT) transition.1 Furthermore, we report a vapochromism based on the shift of XLCT absorption
of [Ir(tpy)2]I3·2H2O crystal for the first time.2
Keywords: vapochromism, Ir(III) complex
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Abstract
Phenolbenzimidazole complexes were successfully synthesized, and characterizations were carried out
using Nuclear Magnetic Resonance Spectroscopy (NMR), Infrared Spectroscopy (FTIR), melting point
range analysis, ultraviolet-visible (UV-Vis) analysis, elemental analysis, CHNS, and magnetic
susceptibility. We used UV-Vis titration and fluorescence with different ratios to investigate the binding
mode of interactions between phenolbenzimidazole complexes and calf thymus (CT-DNA). UV-Vis spectra
revealed hypochromism and red-shift (bathochromism) after the complex was titrated with CT-DNA, which
suggested the development of a new complex. With a binding constant of 10 5 - 107 M-1, the
phenolbenzimidazole complex interacts with CT-DNA by intercalation binding. The optical characteristics
of phenolbenzimidazole complexes against CT-DNA were observed using fluorescence studies. The
phenolbenzimidazole combination could be used as a probe in optical sensor DNA; hence these findings are
important.

Keywords: Phenolbenzimidazole; DNA binding; DNA intercalation, UV Vis titration
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Efficient Fluorophores Featuring D-𝝅-A and D-𝝅-D Systems of Chalcone
Derivatives as Active Materials in OLEDs
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Abstract
Nowadays, chalcone derivatives are showing interest in numerous optoelectronics devices, including
Organic Light Emitting Diodes (OLEDs) due to their distinctive electrical properties and luminescence
qualities. In general, chalcone composes of two phenyl rings with , -keto-enol group that have been
altered by the addition of substituents, the presence of acetylide moieties, and the elongation of their
molecular framework. Furthermore, the presence of 𝜋-conjugated system increases electron mobility,
resulting in good luminous characteristics. In this study, four series of ethynylated conjugated chalcones
with donor-𝜋-acceptor (D-𝜋-A) with general formula A−C2H2C(O)ArCCAr−D were successfully
synthesized which A consists of naphthalene (C10H8) (a), anthracene (C14H10) (b), pyrene (C16H10) (c),
triphenylamine (C18H15N) (d) substituents, while D having of H (1), NO2 (2), CN (3), and CF3 (4)
substituents and three novel series of chalcones derivatives with different substituents which display D--D
architecture with general formula D-ArC(O)C=CAr-D where D attributed by trifluoromethyl (CF3) and
triphenylamine (C18H17N) while another D represents alkoxy chain (OCnH2n+1) (where n: 6, 7, 8) were
successfully designed and synthesized. All compounds were characterized via typical spectroscopic and
analytical techniques including nonlinear optical (NLO) as well as IV curve characterization and
electroluminescence study. In turn, the experimental data were then supported and compared using quantum
chemical calculations performed with Gaussian 09 and Gaussian 16 software. According to the findings,
these derivatives have higher thermal stability up to 300℃ and exhibit fluorescence characteristics. In turn,
the HOMO-LUMO energy band gap was computed using quantum mechanical theory, proving the
importance of energy separation in the range of 2.06 eV to 3.95 eV to operate as semiconductor materials.
These compounds also exhibit good NLO behaviour, with increased initial polarizability and the capacity
to conduct electricity while generating light in electroluminescence tests. As the results, these sorts of
molecules have a high potential for use as active materials in microelectronic devices in the near future.
Keywords: Chalcones, nonlinear optical, conductivity, electroluminescence, OLEDs
References
1. Mohammed, M.; Khairul W. M.; Rahamathullah R.; Razak, F.I.A.; Sapari, S.; Arshad S., Razak; I.
A. Optical Materials. 2022, 131, 112582-13.
2. Saidin, S.; Khairul W. M.; Rahamathullah R.; Mohammed, M.; Yusof, F.; Sarih, M. N. J. Mol.
Model. 2022, 28, 198-10.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

23

ICPAC KK 2022 – Abstracts
ICC 05 – Oral Presentation

Metallodrug against drug-resistant malaria
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Abstract
Malaria remains as the most virulence and deadliest parasitic disease on the world, particularly in Africa
and Southeast Asian continents. Widespread occurrence of artemisinin-resistant Plasmodium falciparum
strain and spreading of drug resistance even to artemisinin-combination therapies demand the urgent need
for new alternatives. Copper, zinc and other transition metal complexes are beginning to show promise in
been effective against such drug resistant strains.
Herein, we report the characterization of copper(II) and zinc(II) complexes of biocompatible metals,
against drug-sensitive (Pf3D7) and -resistant malaria (Pf5202) strains and discuss their multiple targets. A
dicopper(II) complex was effective against Pf5202 strain which showed total resistance towards chloroquine
and artemisinin, two clinical drugs used as antimalarial. Mechanistic studies of some copper(II) complexes
on both strains showed induction of reactive oxygen species, malarial proteasome inhibition, loss of
mitochondrial membrane potential and morphological features indicative of apoptosis.
Keywords: antimalaria, metallodrug, drug-resistance, copper and zinc complexes, multiple targets
References
1. World malaria report 2021. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA
3.0 IGO.
2. Vlasenko VG, Burlov AS, Koshchienko YV, Kolodina AA, Chaltsev BV, Zubavichus YV,
Khrustalev VN, Danilenko TN, Zubenko AA, Fetisov LN, Alexander I. Klimenko AI: Synthesis,
X-ray structure and biological activity of mono- and dinuclear copper complexes derived from N{2-[(2-diethylamino(alkyl)imino)-methyl]-phenyl}-4-methyl-benzenesulfonamide. Inorg Chim
Acta 2021, 523:120408.
3. Navarro M, CastroW, Madamet M, Amalvict R, Benoit N, Bruno Pradines B: Metal-chloroquine
derivatives as possible anti-malarial drugs: evaluation of anti-malarialactivity and mode of action.
Malaria J 2014, 13:471.
4. Lai JW, Maah MJ, Lim AL, Khaw LT, Ng CH: Potency of copper(II) complexes towards drugsensitive and -resistant Plasmodium falciparum: Structure-activity relationship, ROS-generation
and proteasome inhibition. J Mol Struc 2022, 1267, 133588.
5. Lai JW, PhD thesis 2022, unpublished data.

24

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
ICC 06 – Invited Lecture

Ultrafast Charge Transfer Architecture via Dielectric Interface
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a

Graduate School of Natural Science and Technology, Okayama University, Japan
*
Corresponding author: terani-t@cc.okayama-u.ac.jp

Abstract
Lithium ion batteries (LIBs) with drastically enhanced power densities enable excellent
acceleration and better fuel saving in cars of the automotive industry. Those batteries are thus promising
candidates to power next-generation vehicles, contributing a future sustainable society. A breakthrough
involving dielectric polarization to assist ultrahigh rate capability of the LIBs is newly proposed. It is
related with the use in the batteries of dielectric nanoparticles having moderate dielectric constant as an
artificial solid electrolyte interfaces, SEIs1-6). Experimental and computational results proved that, whenthe
permittivity of the dielectric layers and solvent are similar, solvated Li are preferentially involved in the
adsorption and desolvation process on the dielectric surface, followed by Li intercalation near the
dielectrics-active materials-electrolyte triple phase interface (TPI)5). High rate capabilities of LIBs are
efficiently further strengthened with increasing TPI density for nano-cube (NC) BaTiO3 modified
cathodes6). The dielectric NCs displayed high dispersibility in nonpolar solvents, which is attributed to a
surface steric-hindrance effect originating from the bulky oleic acid molecules adsorbed on the NC
surfaces. High dispersibility of the NCs improved the TPI density, which provided more electron
exchange sites and resulted in faster Li-ion intercalation and deintercalation. Mentioned dielectric SEI
architecture will is currently utilized for all-solid state lithium ion batteries as well.
Keywords: lithium ion battery, dielectric polarization,
charge transfer
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Thermo- and Mechano-Triggered Luminescence ON/OFF Switching of
Supercooled Liquid of Platinum(II) Complex
Masaki Yoshidaa,b,*, Verner Sääska,c, Atsushi Kobayashia, Masako Katoa,b,
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Abstract
Phosphorescent transition-metal complexes have recently attracted growing attention because of not only
their excellent photophysical properties but also their stimuli-responsive behaviours. In particular, the
liquification of phosphorescent transition-metal complexes has been actively studied in recent years because
it is expected to allow the fabrication of optoelectronic devices through a simple process. However, few of
these liquescent complexes exhibit strong luminescence, and most of them are difficult to crystallize at room
temperature. Furthermore, even including our Pt(II) complex ionic liquids showing thermochromic
luminescence,1 examples of ionic liquids that respond to external stimuli are extremely limited.
In this work, we report thermo/mechano-responsive luminescent films based on a cyclometalated Pt(II)
complex with a low melting point, (P6,6,6,14)[PtCl2(ppy)] (P6,6,6,14 = trihexyltetradecylphosphonium, ppy = 2phenylpyridinate).2 The present complex showed the bi-stability between the bright luminescent crystal
phase and the non-emissive supercooled liquid phase even at the room temperature (around 25°C).
Furthermore, this supercooled liquid phase showed the mechanostress-induced crystallization, resulting in
the mechano-triggered luminescence enhancement. Thus, we realized the fabrication of a translucent nondoped film with high-contrast luminescence ON/OFF switching triggered by mechanostress.
Keywords: Pt(II) complex, Ionic liquid, Phosphorescence, Photophysics, Mechanoresponse
Graphical abstact
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Strong -Donating N-Heterocyclic Silylenes
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Abstract
N-heterocyclic silylenes (NHSis), the heavier congeners of N-heterocyclic carbenes (NHCs), have
attracted substantial interest due to their unique reactivity and their electron-donating properties. Several
examples of two- and three-coordinated NHSis have already been developed and extensively investigated.
However, all of the hitherto reported NHSis exhibit weak -donating properties relative to those of NHCs.
In this presentation, I will present the synthesis and structural characterization of novel three-coordinated
NHSis 11,2 and 23, which are supported by N,N-chelating iminophosphonamide ligands. To illustrate the
utility of 1 and 2 as strong nucleophiles or σ-donor ligands, I will also describe the reactivity and
coordination behavior toward transition metals.
The dehydrochlorination of the starting dichlorosilanes with suitable bases in toluene afforded the desired
chlorosilylenes 1 and 2 as yellow crystals in good yields. The substitution reaction of 1 with KN(SiMe3)2
occurred an unexpected 1,2-silyl migration to produce the corresponding silaimine 3.4 In contrast, the
treatment of 2 with KN(SiMe3)2 furnished silaguanidine 4, which was attributed to the ring-opening
rearrangement via intramolecular N–P bond cleavage.3
Keywords: silylene, Lewis-base, iminophosphonamide, substitution reaction, coordination chemistry
Graphical abstact
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Selective Catalytic Conversion of Natural Products in a Confined Nanospace
of a Porous Metal-Macrocycle Framework
Shohei Tashiroa,*
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Abstract
Selective catalytic conversion of naturally occurring compounds is one of the key targets in chemistry to
effectively utilize natural resources. Among catalysts that have been developed so far, supramolecular
catalysts having confined nanospaces reminiscent of enzyme active sites have attracted much attention
recently, but it has been difficult to mimic the asymmetric and complex structure of the active sites in order
to artificially design enzyme-mimetic catalytic reactions with high selectivity and specificity.
Here we report on the selective catalytic conversion of several natural products using a
supramolecular porous crystal, named metal-macrocycle framework (MMF). The MMF co-crystallized with
four stereoisomers of a helically-twisted PdII3-macrocycle has one-dimensional pores aligned along the caxis, and notably, the pore-surface is equipped with several types of binding pockets as an enantiomeric pair
due to the heteroleptic combination of the four isomeric PdII3-macrocycles.1 The low-symmetry structure of
the MMF has been utilized for site-selective arrangement of various types of organic compounds including
natural products and strong acids.2 This study demonstrated that the unique features of the MMF was also
applicable to catalytic conversion of several natural products with high selectivity or specificity. For
example, a mixture of linear terpenoids, citronellal and geraniol, underwent substrate-specific cyclization
reaction in acid-immobilized MMF crystals.3 In addition, a cyclic terpene, (+)-limonene, was selectively
converted into terpinolene by effectively suppressing the over-isomerization of the product owing to the
confined nature of an acid catalyst immobilized in the MMF.4 It was also found that photo- or chemicallyactivated palladium sites in the MMF worked as catalytic centers for the olefin migration of alkenyl
compounds including natural products such as p-allylanisole (estragole).5,6 Therefore, the MMF can be a
unique platform for the rational design of highly selective catalytic reactions of natural products.
Keywords: acid, catalyst, palladium, porous crystal, terpene
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Ruthenium-Catalyzed Regio- and Stereoselective Hydrosilylation of Alkynes
with Hydrooligosilanes without Si–Si Bond Cleavage
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Gunma 376-8515, Japan
*
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Abstract
Introduction of several types of substituents onto oligosilane chains is important for not only synthesis of
functionalized oligosilanes but also modification and tuning of the unique photophysical and electronic
properties. To explore further potentials of oligosilanes, development of their synthetic methods is essential.
Since transition metal-based methodologies have contributed to the remarkable progress in synthetic organic
chemistry, application of similar strategies for the oligosilane synthesis is highly desirable. However, few
such attempts have been reported so far, probably due to the intrinsic reactivity of the Si–Si bond toward
transition metal species.
Previously, we reported the transition metal-catalyzed reactions of oligosilanes without Si–Si bond
cleavage, such as titanium-catalyzed selective monoreduction of dichlorooligosilanes,1 and rutheniumcatalyzed alkoxylation of hydrooligosilanes.2,3 Recently, we further found ruthenium-catalyzed regio- and
stereoselective hydrosilylation reactions using hydrooligosilanes.4,5 In this presentation, details of the
hydrosilylations and further application for the synthesis of novel alkenyloligosilanes will be described. By
choosing appropriate catalysts, these reactions successfully provide a series of novel functionalized
oligosilanes with the Si–Si bond intact.
Keywords: oligosilane, hydrosilane, Si–Si bond, hydrosilylation, ruthenium catalyst
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Redox Control of Diruthenium Complexes by Bridging or Co-existing Ligands
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Abstract
Multi-electron transfer with/without proton transfer on the transition metal complex has long been a subject
of importance with respect to molecular conversion reactions. We have been developing dinuclear
complexes using the ruthenium center and a tridentate ligand, alkylbis(2-pyridylmethyl)- amine (Rbpma; R
= ethyl or benzyl group). Some dinuclear complexes with the singly or doubly oxido (and hydroxido)bridged structure, {Ru2(-O(H))n} (n = 1, 2), in the Ru(III)-Ru(IV) or Ru(III)-Ru(III) state have been
reported, which show multi-step redox processes.1,2
In this study, the systematic control of redox potentials of diruthenium complexes is discussed,
through utilizing different bridging ligands of different electrostatic properties as summarized in the
Scheme. For the singly oxido-bridged complex, [{RuCl2(ebpma)}2(-O)]+,1 the chlorido ligand (“coexisting ligand”) exchange with aqua and hydroxido or with acetonitrile led to the positive shift of oneelectron redox potentials, from Ru(III)-Ru(IV) to Ru(IV)-Ru(IV) or to Ru(III)-Ru(III) (Scheme, upper).2b
When pyrazine (pz) was introduced as a bridging ligand, the singly pyrazine-bridged complex was isolated
both in the Ru(II)-Ru(II) and Ru(III)-Ru(III) states under air, and the redox behaviors greatly changed from
those of the oxido-bridged ones, which allowed the two-step one-electron transfer to occur more easily.
For the complexes with the doubly oxido-bridged structure, [{Ru(ebpma)}2(-O)2(-O2XY)]y+, the
XYO2 bridging ligands (X-Y; N, N=O,2a C=O,2c C-OH,2c C-H, C-CH3,2a) were fixed on the {Ru2(-O)2}
core via the reactions of [{RuCl2(ebpma)}2(-O)]+ 1 with XYO2m-. The assignments of the redox processes
were the same as that of the singly oxido-bridged complexes. The redox potentials could be controlled
through the bridging ligand, XYO2m- (Scheme, lower). The electron-donating character of these oxygendonor ligands in the bidentate coordination mode is revealed as follows; CO32-, HCO2-, CH3CO2-, HCO3-,
NO3-, and NO2-. We will discuss the details of the redox behaviors of the series of diruthenium complexes.
Keywords: dinuclear complex, oxygen-donor, pyrazine, ruthenium

Scheme Oxidation potentials of dinuclear complexes (vs. Ag | Ag+) / V; green arrows: from Ru(II)-Ru(II)
to Ru(II)-Ru(III) and Ru(III)-Ru(III), others; from Ru(III)-Ru(IV) to Ru(IV)-Ru(IV).
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Proton–Electron Coupling Behaviors Based on a d-π Hybridized System
Mikihiro Hayashi*
Faculty of Education, Nagasaki University, Japan
Corresponding author: mhayashi@nagasaki-u.ac.jp

*

Abstract
A cooperative transfer of protons and electrons plays significant roles in not only biological activities but
also functions of molecular assembles, such as solid-state catalysis or energy transporters. As mediators of
the proton-coupled electron transfer (PCET), of importance is a class of molecules with π-electron systems
showing the proton–electron (p–e) coupling, responsible for distribution changes of π-electrons according
to bond-forming/bond-breaking reactions with a proton. In addition to the electrostatic interactions between
a molecule and a proton, such π-reconstructions contribute to the pH-dependent redox behavior of
molecules, as seen in quinone derivatives. For molecular assembles, the p–e coupling contributes to
energetic changes of molecular orbitals depending on the proton coordination in hydrogen bonds; hence, the
degree of coupling impacts performances of the PCET-based function. Adjusting the p–e coupling is
achieved by structural modifications. However, there are limited ways in the π-electron system; for example,
π-expansions or substituent introductions, that enables to tune the electron-distribution change induced by
protonation/deprotonation processes.
We report the p–e coupling of a d-π hybridized electron system is modifiable by d-element
substitutions1. A series of bis(pyrazine-2,3-dithiolene)metal complex ([M(pdt)2]2−; M = Ni, Pd, Pt) shows a
pH-dependent redox-potential change following the protonation/deprotonation at pyrazine skeletons.
Structural and electrochemical investigations of [M(pdt)2]2− show that a metal substitution form Ni to Pt
makes the p–e coupling moderate, because an enhancement of metal–sulfur interactions at metallacycles
enlarges the degree of d-π hybridization and would decrease the π-electron density of ligands ready to
change through protonation/deprotonation processes. This consideration is consistent with a result that a
cyano-substitution on the pyrazine skeleton of Ni complex makes the p–e coupling less effective2. In this
presentation, it is also reported that molecular assembles composed of [M(pdt)2]2− demonstrate the d-element
dependency of PCET-based properties in solids.
Keywords: dithiolene complex, proton-coupled electron transfer, electrochemical property, molecular
assembles
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Probing order within disorder in glasses and liquids
by X-ray and neutron diffraction
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Abstract
The structural study of glasses and liquids remains still a challenging scientific topic owing to the lack of
translational periodicity, which, in turn, is the nature of disorder. In addition, the atomic structure of
multicomponent glasses and liquids and their relationship with function and physicochemical properties are
difficult to understand, which is crucial to designing novel materials. However, a combination of the advent
of quantum (X-ray/neutron) beam instrumentation and data-driven structure modelling assisted by advanced
computational/mathematical techniques enables us to probe the order within disorder 1 in glasses and
liquids2–4.
We focus on structural studies of oxide glasses, high-temperature oxide liquids, and glasses under high
pressure including densified glass by quantum beam diffraction.
Keywords: glass, liquid, structure, X-ray diffraction, neutron diffraction
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Printed Electronics Based on Self-assembly
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Abstract
Flow-induced directed self-assembly driven by the surface energy regulation of substrates, as a novel
additive manufacturing process, reveals incomparable process simplicity and low demand for equipment in
the development of large-area soft electronics.1,2 However, thus far, the practical applications of selfassembled electronics are suffering from a lack of competitive performance, including low spatial
resolution, severe coffee ring phenomenon, low electrical conductivity, etc. Here, a set of directed selfassembly strategies has been demonstrated to pattern the freeform high-resolution soft electrodes with
substantial increases in application prospect, which runs only on the liquid-solid interfacial engineering by
controllable surficial modifications.
We first amplify the effect of surface states of the substrate toward the high-resolution self-assembly
technology. Inspired by the Tokay gecko whose tiny feet can generate considerable adhesion via mechanical
and chemical architecturing, a cascade of selective photoirradiation and chemical polarization has been
proposed to activate the sub-micrometre-scale regions on the flexible substrate with strong adsorbing and
pinning effect toward functional inks. During the ink spreading, the activated regions lead the self-assembly
of metal nanoparticle inks, which enables patterning of the electrodes with unprecedentedly high resolution
of 600 nm after room-temperature evaporation and further allows the fabrication of fully printed OTFTs
with a short channel length of 1 μm. On the other hand, the self-assembly technology for freeform circuits
has also been studied. By manipulating the flow of the dispersed functional nanomaterials in the fluidic ink
directly, the customized alignment of the functional nanomaterials can all be self-assembled with no distance
or shape limitation. Together our directed self-assembly strategies provide a facile, versatile, and reliable
way to manufacture soft electronics. As they are fluid-dominated processes, we foresee further broadening
of the use of the system from 2D surface into 3D space, thus satisfying all the requirements in nextgeneration soft electronics.
Keywords: directed self-assembly, soft electronics, additive manufacturing electronics, organic thin film
transistors, transparent conductors.
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Synthesis, Spectroscopy, and Conductivity Studies of
4-(diphenylamino)benzaldehyde-4-(3-fluorophenyl) thiosemicarbazone and
Their Metal Complexes
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Abstract
Continuation on our previous published1 and interest in the spectroscopy and conductivity studies of
thiosemicarbazone
derivatives,
in
this
study,
4-(diphenylamino)benzaldehyde-4-(3fluorophenyl)thiosemicarbazone (LH) ligand was synthesized from the reaction of 4diphenylaminobenzaldehyde and 3-fluorophenyl thiosemicarbazide. The NiL2, CuL2, and CoL2 complexes
containing LH ligand were also synthesized and characterized using elemental analysis, infrared
spectroscopy, magnetic susceptibility, molar conductivity and UV-Vis spectroscopy. LH ligand was
characterized via 1H NMR and 13C NMR spectroscopy. FTIR data determined the coordination mode of the
ligand with Ni(II) metal ion. The FTIR spectra show that the LH ligand behaves as mononegative bidentate
through azomethine (N=C) and (C-S) groups with all metal ions. The electronic spectra and magnetic
measurements agreed well with a square planar geometry for both NiL2 and CuL2 complexes with the value
of μeff = 0.00 and 2.36 B.M, respectively. Whereas CoL2 was expected to possess tetrahedral geometry with
μeff = 4.02 B.M. All complexes are in non-electrolytic behavior with low molar conductance values in a
range of 5.97 – 13.20 Ω-1 cm2 mol-1. Conductivity studies of polymer electrolyte (PE) films mixed with
carboxymethyl cellulose (CMC) polymer, propylene carbonate as a plasticizer and LH/NiL 2/CuL2/CoL2
compound as a dopant were prepared by a solution casting technique. The conductivity of the prepared PE
films was studied using Electrochemical Impedance Spectroscopy (EIS). The conductivity was observed for
LH ligand, NiL2, CuL2, and CoL2 complexes at 5.58×10-8, 7.72×10-8, 9.58×10-7, and 3.10×10-8 Scm-1,
respectively. In conclusion, the presence of metal ions could affect the conductivity of polymer electrolytes.
Keywords: thiosemicarbazone, metal complexes, spectroscopy, polymer electrolytes
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Preparation and Reactivity of
Air-stable Palladium(II)-(-heteroaryl) Complexes
via Hydropalladation of o-Alkynylnaphthol Derivatives
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*
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Abstract
Preparation and isolation of compounds with a metal-carbon bond (“organometallic compounds”) are
of potential importance to develop various transition-metal catalyzed reactions as well as to understand their
mechanisms. Many organometallic compounds are prepared by oxidative addition or transmetallation. Here,
we would like to report an easy protocol for the preparation of palladium(II)-(-heteroaryl) complexes via
intramolecular hydropalladation of o-alkynylnaphthol derivatives.
Treatment of o-alkynylnaphthols with a palladium(II) complex in the presence of an appropriate base
provided palladium(II)-(-heteroaryl) complexes in good yields. Surprisingly, thus obtained palladium(II)(-heteroaryl) complexes were air-stable, and readily purified by silica-gel column chromatography under
usual conditions. Their ligand coordination modes were determined by 31P{1H} NMR spectra, and their
reactivity was also evaluated. Details of the preparation, the structural characterization, and the reactivity of
palladium(II)-(-heteroaryl) complexes will be reported in this presentation.
Keywords: Hydropalladation; Palladium Complex; -Heteroaryl Complex; Intramolecular Cyclization;
Organometallic Compound
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Coordination-recombination driven novel ferroelectric materials
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a
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Abstract
Typical perovskite-type structured ferroelectric materials such as BaTiO3 and Pb(Zr,Ti)O3 and related
compounds have been used for memory, sensor, and various applications since they are found around 70
years ago. Since Perovskite-type ferroelectrics are found, they have been used until now because of their
superior ferroelectric and piezoelectric properties. To evolve forward from this situation, we would like to
suggest novel ferroelectric/ferrimagnetic ferroelectric which has -Al2O3-type crystal structure classified as
polar Pna21 space group. This structure consists of the corundum-type and spinel-type staking layers along
c-axis. The corundum and spinel layers consist of only oxygen-octahedra, and mixture of oxygen-octahedra
and oxygen-tetrahedra, respectively. The spontaneous polarization direction is c-axis. It is note that
coordination recombination from octahedra to tetrahedra (6 to 4) and tetrahedra to octahedra (4 to 6) in
spinel layer is occurred during polarization switching. At the same time, corundum layer moves right and
left alternately along in-plane a-axis which is like shear motion. This polarization switching system is
optimized by the first principal calculation. However, almost all of the materials with -Al2O3-type crystal
structure are metastable phase, which is difficult to prepare conventional techniques in chemical
equilibrium. Here, we succeeded to prepare this structure’s materials with wide range of composition by
physical vapor deposition technique. We would like to introduce ferroelectricity of this material’s family.
Keywords: Ferroelectrics, Thin films, Pulsed laser deposition, -Al2O3-type structure, Coordination
recombination
Graphical abstract (Optional)
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Photo-driven Transformations of Methane and Benzene
by Organometallic Complexes
Takahiro Matsumoto*
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Abstract
Photo-driven material conversion by organometallic complexes has been known for a long time, and
especially with the discovery of photoredox catalysts, it has entered a new research phase and is progressing
at an accelerated pace.1,2 The photoredox catalysts, represented by tris(2,2'-bipyridine)ruthenium complexes,
trigger an electron transfer reaction upon light irradiation and have been used in dye-sensitized solar cells
and in combination with various redox reactions, but their applications are limited to such photoinduced
electron transfer reactions. Recently, studies are finding applications of photoexcited states of
organometallic complexes not in electron transfer reactions but in hydrogen atom transfer to organic
materials and hydrogen atom abstraction from methane.3–5 Here, we present photo-driven material
conversion reactions using organometallic complexes, such as methane to methanol,5 benzene to phenol,
and nitrate ion to ammonia using methane.
Keywords: photo, organometallics, methane, benzene
Graphical abstact (Optional)
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Photocatalytic CO2 reduction and H2 production using metal complexes
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Abstract
Photocatalytic reactions are of great importance in terms of photon energy conversion to chemical
energy toward the construction of a sustainable society. In this presentation, our efforts in photocatalytic
CO2 reduction and H2 evolution have been described.
Concerning photocatalytic CO2 reduction, we have employed Ni(II) complexes having bis(2pyridylmethyl)-1,2-ethane dithiol (bpet) and its pyridine-appended derivative (py2-bpet) as ligands in
DMA/H2O (9:1, v/v) using BIH as a reductant and [Ru(bpy)3]2+ (bpy = 2,2’-bipyridine) as a photosensitizer.
A NiII-bpet complex showed a turnover number (TON) of 713 for CO production with >99% selectivity
over H2 evolution under photoirradiation at 450 nm for 55 h.1 The quantum yield was 1.4%. In the case of
a NiII-(py2-bpet) complex, the presence of Mg2+ ion as a Lewis acid, which can be captured by the two
pyridine arms in the second coordination sphere, boosts the photocatalytic CO production giving the
quantum yield of 11.4%.2,3 Details of reaction mechanisms will be discussed. In addition, the same NiII-bpet
complex can act as a H2-evolving catalyst in an ascorbate buffer at pH 4.4
On the other hand, a Ru(II) complex having tetrapyridophenazine (tpphz) as a ligand,
[Ru(bpy)2(tpphz)]2+, has been found to act as a self-photosensitizing H2 evolving catalyst using triethylamine as an
electron source under visible light irradiation. The complex undergoes photoinduced 2e –/2H+ reduction at the central
pyrazine moiety of the tpphz ligand and the intermediate is further photoexcited to react with external proton to afford
H 2. 5

Keywords: Nickel complexes; ruthenium complexes; photocatalysis; CO2 reduction; H2 evolution
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Abstract
Many researchers claimed that the ionic-diffusion in the ionic crystal is very slow at room temperature.
Therefore, high temperature leads to an increase in the processing cost and irregular particle morphology of
the obtained powders.
In this study, we propose a novel soft chemical synthesis method, water-assisted solid-state reaction
(WASSR) method. This novel soft chemical synthesis method is very simple and can synthesize
nanoparticle materials just by storing or mixing raw materials added a small amount (typically 10wt%) of
water in a reactor at low temperature below 500 K. Typical particle sizes (under 20 nm) of the samples
prepared by the WASSR method were smaller than that (1 - 10 micrometer size) of the sample prepared by
the conventional solid-state reaction method.
The reaction mechanism of the WASSR method is different from a mechano-chemical reaction, solution
reaction, and hydrothermal reaction. In the WASSR method, addition of water is significantly important to
proceed the reaction between the raw materials and water act as a reaction accelerator. The water phase
formed on the surfaces of the raw material powder generated the nano-crystallite at the contact points
between raw material particles. The most probable mechanism is new type water accelerated solid acid-base
reaction on the surface. Our proposed low cost and low-temperature synthesis technique are promising for
an industrial application for ceramic materials synthesis processing.
Keywords: Solid-State Reaction, Water, Soft Chemistry, Crystallite
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Molecular Conductors with Polyoxometalates and Multinuclear Complexes
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Abstract
Polyoxometalates (POMs) are spherical polynuclear metal complexes with high-valent metals linked by
oxygen atoms, showing modulated properties depending on the encapsulated ions, metal species, and
number of metal. POMs have been used industrially as acid catalysts, promising candidates for catalysis of
multi-electron transfer reactions such as water oxidation. Although POMs have been reported to be
integrated with cationic organic compounds and mononuclear metal complexes, exploring functionalities
such as catalysis, adsorption, and proton conduction, there are few reports of POM frameworks themselves
as conductors, where only one example of an assemble with strong electron-donor tetrathiafulvalene was
reported. The reduced POMs correspond to Class-II in the Robin-Day classification, which valence is in the
intermediate state between “bound” and “delocalized”. Because the electronic interaction between each
POM is weak, it is necessary for excellent molecular conductors to bridge them with some judicious
modules. In the present work, we show the three one-dimensional (1D) assembles of POM bridged by
multinuclear platinum complexes which also correspond to Class-II compound, showing mixed-valency,
paramagnetism, and relatively high conductivities. Simply mixing Keggin-type Na3[PMo12O40] or Dawsontype (NH4)6[P2Mo18O62] with platinum multinuclar complexes afforded several types of single crystals,
which are 1D chains consisting of a repeating sequence of POM and platinum complexes with mixedvalency. The results of electronic conductivity will also be shown and discussed.
Keywords: polyoxometalate, metal–metal bonds, conductivity, mixed-valence, one-dimensional
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Molecular Conductor with Proton-Assisted Electron Transfer
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Abstract
A PCET (proton-coupled electron transfer) reaction has
been
widely studied with isolated organic molecules and metal
complexes in solution in view of the biological catalytic
reaction. While, studying this reaction in the crystalline or
solidstate phase, which has a novel example, would give insight
into
the rather internal environment of proteins without
solvation and a creation of new molecular materials. We
have
tried to crystallize a hydrogen-bonded coordination
polymer with 1-D nano-porous channels, formed from redox-active chiral - and - RuIII complexes,
[RuIII(Hbim)3] (Hbim– = 2,2´-biimidazolate monoanion). As a result, a synchronized collective PCET
phenomenon was observed for the molecular nano-porous crystal by novel solid-state cyclic voltammetry
(CV), which could be measured by only setting some crystals on the electrode surface. The nano-porous
crystals, {[RuIII(Hbim)3]}n (1), are simultaneously induced to a synchronized collective RuIIRuIII mixedvalence state, {RuIIRuIII}n, with alternating arrays of RuII and RuIII complexes by PCET in a way of the
reductive state of {RuIIRuIIII}n. Further, a new crystal with {RuIIRuIII}n, {[RuII(H2bim)(Hbim)2]
[RuIII(bim)(Hbim)2] [K(MeOBz)6]}n (2), (MeOBz =
methyl benzoate) was also prepared and the solidstate CV revealed the same electrochemical
behaviour of {RuIIRuIIII}n with 1. The single crystal
with {RuIIRuIIII}n of 2 was unusually a semiconductor
with 5.12 ×10–6 S/cm conductivity at 298 K by an
impedance method. (8.01×10–6 S/cm by a DC
method at 277 K) Thus, an unprecedented electronhopping conductor driven by a low barrier proton
transfer through a PCET mechanism (Ea = 0.30 eV)
was realized in the H-bonding molecular crystal with
{RuIIRuIII}n. Such studies on a PCET reaction in the
crystalline state is proposed to a design of new
molecular materials with an intermolecular
interaction to occur an electron transfer with selforganization by using intermolecular H-bond.
Figure 1. The DC measurement of the single
crystal of 2. At 277 K (a) and 278 K (b),
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Local Structure Analysis of Ca2(Mn,Ti)O4 Black Pigments by X-ray
Synchrotron Radiation
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Abstract
In recent years, functional inorganic pigments, which exhibit color properties as well as near-infrared (NIR)
reflective ability, have attracted attention as materials used to prevent heat storage due to NIR light
absorption. In a previous study, Ca2MnO4 was found to be an ideal NIR-reflective black pigment among
several calcium manganese oxide pigments.1 Recently, we analyzed crystal structures and electronic states
for Ca2(Mn,Ti)O4 ceramics and reported that there was the presence of the Ti–Ti correlation with a certain
distance in the lattice.2 However, the solid solution state and valence change of Ti are still unknown, and
information on the valence, local structure, and electronic state of the constituent elements is essential to
better understand the properties of Ca2(Mn,Ti)O4.
In this study, valence states, local structure, and electronic states of constituent elements of Ca2(Mn,Ti)O4
ceramics were analyzed by using X-ray synchrotron radiation. White line peak positions of Mn and Ti Kedges did not shift with increasing Ti4+ contents, and the valence states of Mn and Ti were dominantly 4+.
From the results of pre-edge peak analysis, the local symmetry of MnO6 octahedra was found to be changed
by introducing Ti4+ into Mn4+ site. Based on the results of Rietveld analysis, XANES, EXAFS, and first
principle calculations, it is considered that the Mn/Ti atoms were located at positions that deviated from the
ideal position defined by the space group in the c-axis direction. In addition, the displacement of them would
become large as the content of Ti4+ increases.
Keywords: black pigments, local structure, XAFS, Rietveld analysis, first principle calculation
Graphical abstact
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Abstract
The development of switchable metal complexes, such as spin crossover, valence tautomerism, and metalto metal electron transfers, is an attractive theme in the field of materials science. Numerous metal
complexes showing various switching behavior in their electronic, magnetic, optical properties has been
reported. Of these, we have recently demonstrated novel tetraoxolene-bridged Fe-based 2-D honeycomb
layered systems exhibiting electron transfers between metal ions and bridging ligands. [1-3] The electron
transfer behavior in this system is influenced through temperature variation, solvation/desolvation treatment,
chemical doping of ligands and pressure application. Especially, the desolvated sample showed stepwise
thermally driven electron transfers. However, such multi-stable systems are still relatively rare because of
less development of suitable molecular designs.
We report new stimuli-responsive metal complexes based on cyanide-bridged compounds. Cyanobridged polynuclear metal complexes, in which multiple metal ions are bridged by cyanide ions (CN −),
exhibit unique electronic and magnetic properties due to their metal ions. Some cyanide complexes
consisting of Co and Fe ions exhibit intramolecular electron transfer coupled spin transition (ETCST), in
which the electronic and spin states are significantly changed by external stimuli such as temperatures and
light irradiation.[4] In this presentation, we have demonstrated the synthesis of new Co/Fe complex for
exploring the external-stimuli-responsive metal complex. In addition, the structural and electronic/magnetic
properties of the series of metal complexes are investigated.
Keywords: Coordination metal complex, stimuli-responsive material, electron transfer, magnetism
Graphical abstact
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Synthesis and Spectroscopic Characterisations of Phosphorescent Iridium(III)
Complex with 2-(2-butoxy-4-fluorophenyl)pyridine Ligand
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Abstract
Transition metal compounds with phosphorescence have been widely used in organic light-emitting diodes
(OLEDs) 1,2. However, the lack of blue phosphorescent compounds with high photostability and good
photoluminescence quantum yields, which is a significant fundamental challenge in the research of
phosphorescent transition metal complexes3. The iridium complexes, in particular, were reported to have
great efficiency and a wide range of colour flexibility from blue to red regarding to the structure of the
ligands4,5. Therefore, in this study, chloro-bridged iridium dimer, [Ir(bFppy)2(µ-Cl)2] (bFppy = 2-(2-butoxy4-fluorophenyl)pyridine) and 2-(1H-Imidazol-2-yl)pyridine were combined to form the iridium
complex. FTIR, NMR, and UV-Vis absorption spectroscopy techniques were used to analyse the iridium
complex. IR analysis showed there were two distinct peaks caused by (C−O) at 1256 cm-1 and 1129 cm-1.
The (C=C) and (C=N) aromatic ring of phenyl and pyridine cause the bands to appear in the range of
1594–1567 cm-1. The 1H NMR spectrum revealed signals for phenylpyridine and pyridylimidazole protons
in the range of 5.50 to 8.60 ppm. In addition, signals for butyl substituent protons are in the range of 0.80–
4.50 ppm. The UV-Vis spectrum displayed weaker and broader bands (333 nm and 376 nm) in the visible
region due to the spin-forbidden 3MLCT transitions. The steady-state emission spectrum of the iridium
complex in air-equilibrated dichloromethane solution at room temperature exhibited almost blue emission
with a max at 466 nm.
Keywords: Iridium complex; Iridium dimer; Phosphorescent; Cyclometalating ligand; Metal-to-ligand
charge transfer
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Abstract
We report a simple shock event approach inspired by the Allende meteorite to produce sophisticated carbon
nanomaterials. It is demonstrated that unique carbon nanostructures, including carbon nanotubes, carbon
onions, and new carbon nanorings are synthesized by high-speed ball-milling of steel balls. The carbon
nanorings have diameter of several ten nanometers. It is considered that the carbon nanomaterials are formed
from around the surface of steel balls under local high temperatures induced by the collision energy in ballmilling process.
Also, we report that defective graphitic
nanostructures prepared by high-energy
collisions exhibit an ultraviolet (UV) absorption
feature at 220 nm that we suggest accounts for
the UV interstellar extinction at 217.5 nm. The
morphology of some graphitic nanostructures is
similar to that of nanocarbons discovered in the
Allende meteorite. The similarity between the
absorption feature of the defective graphitic
nanostructures and UV interstellar extinction
indicates strong correlation between the
defective
graphitic
nanostructures
and
interstellar dust.
Then, we report a compressed ilmenite–hematite solid solution as a new potential source of Earth’s
magnetic anomalies. The 0.5FeTiO3·0.5Fe2O3 solid solution compressed by collision synthesis with superhigh-energy ball milling showed a decrease in molar volume of approximately 1.8%. Consequently, the
sample showed a saturation magnetization of 1.5 Am2/kg at 300 K, a Curie temperature of 990 K and a
magnetic exchange bias below 100 K, e.g., 1.7 × 105 A/m at 60 K. Ilmenite–hematite solid solutions are
common mineral systems in most mafic igneous and metamorphic rocks, and the compressive force in the
rocks is generated by the high pressure in the upper mantle or by shock events with high pressure such as
the collision of these rocks with meteorites. Therefore, we consider that the compressed ilmenite–hematite
solid solution is an additional candidate source of other planetary magnetic anomalies including those in the
Moon and Earth.
Keywords: carbon nanomaterials, graphitic interstellar dust, compressed ilmenite–hematite solid solution,
planetary magnetic anomalies
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Abstract
Rutile is well known as a white pigment. Recently, it was reported that rutile single crystal doped with
chromium exhibited near infrared emission [1]. Because infrared light is invisible, it can be expected to be
applied to security inks with an anti-counterfeit technology. Chromium can become hexavalent chromium
ions in special environments such as oxidizing atmosphere. Therefore, it is necessary to develop security
ink with high safety material for practical use. In this study, we report on the infrared luminescence
properties of rutile powder obtained by examining several dopants and heat treatment conditions.
Titanium dioxide (TiO2) powder and chromium nitrate nonahydrate (Cr(NO3)3･9H2O) solution were
mixed in the ratio of Ti:Cr=99.925:0.075. In the case of aluminum-added one, TiO2 powder and aluminum
nitrate nonahydrate (Al(NO3)3･9H2O) solution were used (Ti:Al=99.9:0.1). The powders were heat-treated
at 1100oC for 2h in air. The temperature dependent photoluminescence spectra were measured using fiber
monochromator and cryostat. The samples were excited by He-Cd laser with a wavelength of 325 nm.
Crystal structure of all the heat-treated samples was rutile. The powders exhibited near infrared (NIR)
emission with peak photon energy of 1.49 eV at R.T. The sample added with chromium showed the
maximum luminescence intensity. The intensity of the additive free sample was one-fifth that of the sample
with chromium. The sample with aluminum showed a half of the intensity of the additive free one. The
origin of the luminescence is considered to be the same, since all the samples showed similar luminescence
spectral shapes even under the cryogenic conditions of 30 K. It is well known that heat treatment of titanium
oxide at high temperature generates oxygen vacancies [2]. It is suggested that the infrared luminescence
observed in this study may be related to intrinsic defects such as oxygen vacancy in titanium dioxide.
Keywords: Titanium dioxide, Rutile, Infrared emission, Oxygen vacancy
References
1. Shinkosha CO., LTD., Japan Patent P2010-53213A.
2. J. Nowotny, Energy Environ. Sci. 2008, 1, 565-572.

46

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
ICC 29 – Invited Lecture

Highly Potent Methane Oxidation Catalyst Achieved by Close Stacking of
Double-Decker-Type Iron Phthalocyanine Complex on Graphite Surface
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Abstract
Encouraged by the fact that methane monooxygenases (MMOs) catalytically oxidize methane into
methanol under mild reaction condition efficiently by utilizing molecular iron- or copper-oxo species as
reactive intermediates, a number of biomimetic metal-oxo-based molecular catalysts have been created.
However, because of the high stability of methane, artificial molecular methane oxidation catalysts reported
so far are still tens of times less active than natural MMOs.
Here, we report that close stacking of a double-decker-type iron phthalocyanine complex on a graphite
surface resulted in significant enhancement of its methane oxidation activity to the level as comparable as
that of certain pMMO.1 It was suggested that stacking of the catalyst induced partial charge transfer from
the reactive oxo species of the decker complex and lowered the SOMO level significantly. As a result,
concerted proton coupled electron transfer (cPCET) between the catalyst molecule and methane was
facilitated. The double-decker structure is essential for stable adhesion of the catalyst on the graphite surface
with keeping both of the high basicity of the oxygen atom and the high production rate of the oxo species.
Keywords: Methane Oxidation Catalyst, Phthalocyanine, Iron, Double-Decker Complex
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High Water-Oxidation Catalytic Activity of FeNi-Layered Double-Hydroxide
Nanoflakes on Carbon Paper
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Abstract
A water-based electrochemical system (WES) is attracting attention as an innovative technology for
overcoming the global-warming and fossil-fuel crises. Water-based electrochemical reactions smoothly
occur by using various catalysts. And then, their reactions are designed, proceeding on a gas-diffusion
electrode (GDE) working on three-phase boundaries of gas//liquid//solid interfaces.
Oxygen evolution reaction (OER), 4-electron oxidation of two water molecules1, is indispensable for the
construction of WES combined with electrochemical reductions (ORR and CO2RR) of the ubiquitous gases
O2 and CO2. Toward the development of alternative catalysts using rare metals such as Pr and Ir, advanced
catalysts composed of earth-abundant and low-cost 3d transition metals have comprehensively explored.
FeNi-layered double hydroxides (LDHs) of binary metal OER catalysts are benchmark materials, where a
synergistic mechanism via the binary metal atoms2,3. Note that inherent catalytic activities can be totally
evaluated based on four parameters of overpotential, Tafel slope, turnover frequency, and mass activity4.
Here, we aimed to prepare nanoparticulate (nanoflake) OER catalysts composed of FeNi-based
hydroxides via FeNi-Prussian blue analog (FeNi-PBA, Fe1-xNix[Fe(CN)6]0.67), whose metal composition
ratios are systematically controlled. Carbon paper (CP) is a commercially available GDE, employed for the
deposition of the nanoparticulate OER catalysts5.
Keywords: oxygen evolution reaction, Prussian blue, Layered double-hydroxide
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Formal Hydrogenation of Zirconacycloalkynes And -allenes by Metal
Hydrides
Noriyuki Suzuki*, Sayaka Ban, Ayari Mochizuki, Saki Ito,
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Abstract
Cyclopentyne and cyclopenta-1,2-diene, five-membered cycloalkynes and cycloallenes, are generally
extremely unstable. We reported that 1-zirconacyclopent-3-ynes and 1-zirconacyclopenta-2,3-dienes can be
prepared from low-valent zirconocene compounds and that those could be isolated as stable solids. The
reactivity of these highly strained cycloalkynes and cycloallenes have attracted organometallic chemists. In
this study, reactivity of these compounds towards an excess amount of Cp2Zr(H)Cl, known as the Schwartz
reagent, was studied. Both 1-zirconacyclopent-3-ynes and 1-zirconacyclopenta-2,3-dienes gave fivemembered zirconacycloalkenes, 1-zirconacyclopent-3-enes without work-up procedure such as hydrolysis
and hydrogenolysis. The products were identical to the zirconocene-diene complex that was prepared from
Cp2Zr(n-Bu)2 (Negishi reagent) and the corresponding 1,4-disubstituted 1,3-dienes. These indicated that
formal hydrogenation by two molecules of the metal hydride occurred at the unsaturated bonds in the
cycloalkynes and cycloallenes. Starting from deuterated compounds, no exchange between hydrogen and
deuterium atoms was observed. Plausible reaction pathway is double hydrozirconation followed by
elimination of a dinuclear zirconium complex resulted in the hydrogenated products.
Keywords: cycloalkynes, cycloallenes, zirconium, Schwartz reagent
Graphical abstact
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Ferroelectricity and the Chemical Bond
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Abstract
The history of ferroelectric begins from the discovery of ferroelectricity in Rochelle salt (potassium sodium
tartrate) in 1921 (concept of the ferroelectricity was first proposed by Schrödinger in 1917). The discovery
of oxide ferroelectric BaTiO3 in 1943~1994 has ever established a big material group of ferroelectrics which
includes both inorganic and organic compounds. Even though the mechanism of ferroelectricity was deeply
investigated for each compound, role of the chemical bond in ferroelectric was not studied comprehensively
beyond the materials groups. For the development of new ferroelectric materials, researchers must recognize
how ferroelectric polarization occurs and switches under the electric field, wherein understanding of role
of the chemical bond is crucial for the material design.
We report various kinds of displacive-type ferroelectric, from perovskite to recently developed
ferroelectric wurtzite, focusing on the coordination of cation and the chemical bond. In a variety of crystal
structures, clues to get new displacive-type ferroelectric are (1) an optimal choice of the crystal structure
and (2) a low polarization switching energy. Crystal structure of inorganic material mainly depends on the
ratio of cation and anion radii, and polarization switching energy mainly depends on the strength of the
cation-anion bonds inside and outside the polyhedra. A-site cation in complex oxide ABO3 and its related
oxides controls the B-O bond strength1 through the common O. Other keys are second-order Jahn-Teller
effect (SOJT), control of quantum fluctuation, and stereochemistry of lone pair electrons. SOJT effect is
one of the keys in ferroelectric ABO3(B = Ti4+, Zr4+, Hf4+, Nb5+, and Ta5+). At low temperatures suppression
of the quantum fluctuation is necessary to realize a ferroelectricity in some complex oxides2.
Stereochemistry of lone pair of 6s electrons in complex oxide sometimes plays an important role in a change
from paraelectric to ferroelectric3.
Keywords: displacive-type ferroelectric, coordination number, covalency, quantum effect,
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Development of MgM2O4 Positive Electrode Nanoparticles
for Post Lithium-Ion Batteries Based on Total Scattering Data
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Abstract
Recently, rechargeable batteries are expected to be applied for large stationary systems which can store
renewable energies for environmental-load reduction. To satisfy this demand, it is considered as a key issue
to develop post lithium-ion batteries using abundant elements instead of Li. As the candidates, magnesium
rechargeable batteries (MRB), in which abundant Mg is used as the negative electrode, have drawn much
attention due to some advantages: for example, a higher theoretical energy density than lithium-ion batteries
(LIB) by using divalent cation as the charge carrier 1). However, positive-electrode properties of MRB
reported previously are still insufficient for practical use because poor Mg 2+ diffusion in the crystal of
positive electrodes due to strong electrostatic interaction between Mg2+ and anions. To overcome this
problem, some researchers have devoted their efforts to prepare spinel-type MgM2O4-based nanoparticles
(M = transition metals) as the positive electrodes 2), where diffusion lengths of Mg2+ are very short, and
successfully improved the electrode performances. For further improvement of MRB performances, it can
be considered as a good strategy to clarify atomic structures (atomic configurations) of MgM2O4-based
nanoparticles because magnesium ions diffuse in crystals during discharge and charge processes in MRB.
As is well known, however, it is impossible to determine atomic structures of nanoparticles precisely from
broad Bragg peaks in X-ray diffraction profiles.
In this work, MgM2O4-based nanoparticles are synthesized by solution methods with subsequent heat
treatments at low temperature, and atomic structures of the nanoparticles are investigated by using structure
factors and pair distribution functions obtained from synchrotron X-ray and neutron total scattering
measurements 3, 4). The three-dimensional atomic configurations of the nanoparticles are visualized by a
reverse Monte Carlo (RMC) modeling using the data. On the basis of the results, strategies for the electrodeproperty improvements are discussed.
Keywords: Rechargeable battery, Multivalent, Nanoparticle, Atomic configuration, Total scattering
Graphical abstact
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Liquid crystal properties of two-dimensional borophene analogues synthesized
in solution phase
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Abstract
Borophene, a two-dimensional material, has been reported as a promising star in the area of electronics and
optical.1 However, the stability of borophene could not be sustained its existence without substrate materials
and thus limited its applications.2 In the year 2019, our group published borophene-oxide layers which are
able to stably existence without any substrate.3 Here, based on the borophene analogues, ordered layer
structure liquid-state borophene analogues are found and deeply discussed.4 Structure, phase transition
features and basic properties of those materials are revealed by using X-ray analysis, optical and electron
microscopy, and thermal characterization. Also, the obtained liquid crystals exhibit excellent thermal
stability up to 350 °C and one of them derived by a low voltage of 1 V as an optical switching behavior.
Keywords: Liquid crystal, two-dimensional materials, borophene
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Anomalous evolution of Ni2+ local environment with miscibility change in
Na2O-B2O3-SiO2 glass and melt
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*
Corresponding author:
tomita.k.ag@m.titech.ac.jp
Abstract

Ni2+ ion is sensitive to the local structure in glass depending on field strength generated by ligand atoms
or ions, and shows various color changes due to d-d transition absorption peak shift in the visible region.
Factors on ligand field strength in glass are constituting elements, chemical composition, temperature
including thermal history and so on.
In this work, we give our focus on Ni2+ ions in glass with nano-scale heterogeneous structure of phase
separated Na2O-B2O3-SiO2 (NBS) glass. When this Ni2+-containing NBS glass is subjected to the heat
treatment, color of glass changed and main absorption band in UV-vis region redshifts as shown in the
graphical abstract. In phase separated NBS glass which consisted of B2O3-rich phase and almost SiO2 phase,
transition metal ion (divalent) is known to exist selectively in the borate phase[1]. Nano-scale phase
separation is strongly temperature dependent, and such heterogeneity is considered to give Ni2+ ions
different circumstances to form local environment in glass and melt as the evolution of coordination
structure of Ni2+ along with temperature. Contrary, when phase separation is avoided by additive Al 2O3 to
NBS glass, color change after heat treatment was very few as shown in UV-vis absorption spectra.
This study aims to investigate Ni2+ local environment in phase separated glass and melt. In addition to
UV-vis spectra of water-quenched glasses, Ni K-edge X-ray absorption spectra (XAS) were measured on
Ni2+-containing NBS glass in the temperature range from ambient temperature to 1200 ˚C at SPring-8
(Hyogo, Japan), BL14B1. The spectra were analysed to know evolution of Ni2+ local environment in glass
directly during re-melting (heating) process. The signals showed significant change above 1000 ˚C, where
the glass start to be miscible.

Keywords: Borosilicate glass, XAFS, Nickel Oxide, Phase separation
Graphical abstract (Optional)
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Amphidynamic Molecular Crystal for Functional Materials
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Abstract
Amphidinamic crystals are crystals that, despite their crystalline nature, exhibit dynamic behaviour in the
lattice. Molecules in a crystal lattice are packed such that their contact surfaces and intermolecular dispersion
forces are maximised. However, if there are vacancies in the lattice, the molecules will exhibit dynamic
motion with increasing temperature. Such whole-molecule motions are external modes of motion, such as
torsion, libration, rotation and translational diffusion. Dynamic molecular motions in crystals not only
enhances our understanding of the intrinsic behaviour of solid-phase molecules, often have important
implications for structural phase transitions, ferroelectrics (including their dielectric properties), dipole glass
behaviour, mechanical deformation of crystals and the development of solid-state molecular machines.
Regardless of their interests and importance, designing amphidinamics in a lattice, characterising the
dynamic structure and linking it to physical properties is challenging and still in the early stage. We have
studied to understand the correlation between molecular structure, crystal structure and dynamic behaviour
of molecules in order to control phase transition behaviour and molecular mobility in molecular crystals,
and to translate the knowledge gained into advances in dielectric and ferroelectric materials.[1-6] The design
of symmetry defect which introduce a space for molecular motion of the host by replacing partially with
symmetrically different molecule and a kinematic study of the correlated motions of molecules in the
amphidynamic molecular crystal will be introduced.
Keywords: molecular crystal, molecular motion, solid solution, mixed crystal, dielectrics
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Catalytic Nitrogen Fixation by a Dinitrogen-Bridged Dirhenium Complex
Bearing PNP-Pincer Ligands under Mild Reaction Conditions
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Abstract
Conversion of dinitrogen into ammonia and its equivalents under ambient reaction conditions has been
a challenging task in chemistry. Recently, considerable attention has been paid to the development of
homogeneous molecular catalysis that is capable of nitrogen fixation under mild reaction conditions.1
However, catalytic ammonia formation by using a group 7 metal complex had never been achieved. Based
on our previous studies on the catalytic ammonia formation under mild reaction conditions using
molybdenum complexes with pincer ligands,2 we have envisaged catalytic dinitrogen reduction based on
rhenium complexes bearing pincer ligands.
We newly prepared a dinitrogen-bridged dirhenium complex bearing PNP-type pincer ligands
[{ReCl(N2)(PNP)}2(μ-N2)] (1, PNP = 2,6-bis(di-tert-butylphosphinomethyl)pyridine). When complex 1
was used as a catalyst for the reaction of dinitrogen (1 atm) with a reductant and a proton source at -78 oC,
8.4 equiv of ammonia were obtained based on the rhenium atom of the catalyst. Complex 1 also worked as
a catalyst for the silylation of dinitrogen into silylamine (N(SiMe3)3) under ambient reaction conditions to
produve 11.7 equiv of silylamine based on the rhenium atom of the catalyst. These results demonstrate the
first successful example of the rhenium-catalyzed nitrogen fixation under mild reaction conditions.3
Keywords: nitrogen fixation, rhenium, ammonia, dinitrogen complex, pincer ligand
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Bright Lanthanide(III) Emission Using Polyaromatic Photosensitizers and
Their Photo-Functional Properties
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Abstract
Trivalent lanthanide (Ln(III)) complexes exhibit narrow 4f-4f emission bands, which has attracted great
attention in the fields of display and physical sensing.1–2 However, Ln(III) ions exhibit weak absorption
capabilities (molar absorption coefficient (ε) < 10 M−1 cm−1). This limitation can be overcome by using
organic compounds with high light-harvesting capabilities (ε = 103 to 105 M−1 cm−1) as ligands in Ln(III)
complexes. Ln(III) complexes with such ligands can exhibit strong luminescence through energy transfer
from the organic ligands to the metal center. Therefore, the brightness of Ln(III) emission is defined as the
product of the light absorption coefficient of the organic ligands and the emission quantum yield excited by
the organic ligands. The enhancement of brightness is a key factor in the development of Ln(III)-based
luminescent materials.
Recently, we built model systems of strongly luminescent lanthanide complexes bearing phosphine-oxide
ligands based on polyaromatic hydrocarbons such as triphenylene, chrysene, and coronene.3–6 The built
model systems were based on the electronic separation between the energy-donating aromatic orbitals and
the energy-accepting Ln(III) orbitals via a phosphine spacer with a low vibrational frequency. The
polyaromatic-hydrocarbon-induced rigid structure and long excited-triplet-state lifetime allowed efficient
energy transfer to the Ln(III) ions. These complexes displayed both bright emission3–4 and physical-sensing
ability.5–8 In this presentation, I will showcase a novel molecular-design strategy for development of strongly
luminescent lanthanide complexes with polyaromatic ligands.
Keywords: Emission, lanthanide, polyaromatic hydrocarbon, energy transfer, photosensitizer
Graphical abstact
Molecular structure

Steric structure

Brilliant luminescent Ln(III) complex with polyaromatic hydrocarbons
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Atomic-scale and in-situ electron microscopy study on nanostructure in
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Abstract
Ferroelectric and piezoelectric materials are widely used for various applications such as memory,
capacitor, sensor, and actuator, etc. Their functions often originate from nanostructure in the materials. Since
emergence of the functions should be, in principle, directly correlated with atomic position and lattice
parameter in unit cells, understanding of atomic position and their response to an external stimulus should
provide important insights on the origin of the functions in ferroelectrics and piezoelectrics. Standing on
this viewpoint, I have carried out some in-situ and atomic scale electron microscopy studies, and a few of
them will be introduced in my talk. Ferroelectric lamellar-like nanodomains, which are known to form in
0.68Pb(Mg1/3Nb2/3)O3−PbTiO3, were observed to reorient by applying electric fields1. The reorientation was
reversible on the application and the removal of fields, which explains low-hysteresis loop in the stressstrain curve. It was confirmed that the lamellar-like nanodomains were due to monoclinic crystal phase2,
and they are directly correlated with Pb-ion displacement in unit cell in the atomic scale3. It was
demonstrated that in-situ observation under an electric field is enable at an atomic scale 4. This method was
applied to a ferroelectric material, BaTiO3, and strain induced by electric fields was observed at an atomic
scale5.
Keywords: Electron microscopy, Ferroelectrics, Piezoelectric, Domain,
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Application of metal cluster compounds as catalysts
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Abstract
Development of new catalysts and new reactions is the most challenging research theme in the field of
chemistry. Metal cluster compounds are expected to be catalysts for new reactions by taking advantage of
cooperation of multiple metal sites.
We have studied application of halide clusters of Group 5 and 6 metals to catalysis.1,2 Before start of this
study, there had been no reports on halide clusters as catalysts for more than 140 years since the first report
on the synthesis of a molybdenum halide cluster in 1859. When aqua ligands-coordinating molecular halide
clusters with an octahedral metal framework are treated in a hydrogen or helium stream above 250 °C, the
halogen ligand is partially removed as hydrogen chloride by reaction with a proton of the aqua ligand. The
resulting hydroxo ligand has Brønsted-acidity and is catalytically active for many organic reactions. Among
them, direct synthesis of indene derivatives from benzaldehyde with ketones and benzofuran derivatives
from phenol with ketones are novel reactions that have never been reported for any other catalysts.
We have also applied solid-state molybdenum sulfide clusters with an octahedral metal framework to
catalysis.3 Thermal activation of the cluster in a hydrogen stream above 300 °C develops a sulfur liganddeficient site. The resulting coordinatively unsaturated metal atoms synergistically act as the catalytically
active sites for various reactions including hydrogenations which are catalyzed by highly expensive
platinum group metals.
The activation of the clusters and the reactions over the resulting active sites will be reported in this
lecture.
Keywords: early transition metal, cluster catalyst, Brønsted-acidity, coordinative unsaturation
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A New Structural Form in Layered Perovskites: Charge-Neutral Perovskite
Layer Composed from Tetravalent Cerium
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Abstract
Inorganic layered perovskites are extensively investigated in many research fields such as electronics,
catalysis, optics, energies, and magnetics because of fascinating chemical properties generated from their
specific structural features of a unique perovskite flamework. Furthermore, the interlayers can be modified
chemically as ion-exchange to form nanosheets. To further expand the modification of layered perovskites,
we have designed new structural concept of “charge-neutral perovskite layers” by the perovskite layer
(Figure 1).1 The charge-neutral perovskite layers of [CeIVTa2O7] were synthesized by a soft chemical
oxidative reaction from anionic [CeIIITa2O7]- layers.
The perovskite layers of [CeIVTa2O7] with the neutral charge were prepared by the topochemical
oxidation route from [CeIIITa2O7]- layer using acidic [MnO4]- solution at room temperature. From the Ce L3edge XANES spectra, the [CeTa2O7] perovskite layer showed that only cerium changed the valence from
trivalent to tetravalent without the valence change of tantalum by the oxidation treatment. Therefore, the
tetravalent Ce (Ce4+) ion should dominantly exist in the oxidized samples. Furthermore, XRD results of the
[CeTa2O7] perovskite layer derivatives evidenced that the layered perovskite structure was maintained in
both derivatives before/after the oxidative reaction because there was no noticeable change in the crystalline
phase. Here, an interesting aspect of this oxidation reaction is that it exhibits an anisotropic lattice
displacement. The conventional crystals exhibit the isotropic lattice contraction in the valence change from
Ce3+ to Ce4+ because those ionic radius decreases to ca. 85%; however, the density functionalized theory
(DFT) calculation and extended X-ray absorption fine structure (EXAFS) analysis revealed that the layer
charge change from anionic [CeIIITa2O7]- layer to charge-neutral [CeIVTa2O7] layer shows expansion in the
stacking direction while construction in the in-plane direction. This lattice displacement is due to the
construction of the ionic radius of Ce and relaxation of the positive charge repulsion between Ce and Ta due
to the crystallographic degrees of freedom allowed only in the stacking direction, which occur independently
in each direction. Furthermore, the Ce4+-cantered charge-neutral perovskite layer exhibited the chemical
reversible redox reaction by electrochemical analysis. The new concept of “charge-neutral perovskite
layers” is expected to be unique functional materials.
Keywords: perovskite, cerium, redox, XAFS, DFT calculation

Fig. 1 Schematic illustration of the new structural concept for the charge-neutral perovskite layer.
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Application of Porous Coordination Polymer Containing Aromatic Azo
Linkers as Cathode Active Materials in Sodium-Ion Batteries
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Abstract
Aromatic azo compounds have been reported as new organic active materials of sodium-ion and lithiumion batteries owing to the redox reaction of azo groups (N=N) and the introduction of insoluble groups. In
this study, we investigated a method to realize both high capacity and good cycle performance of sodiumion batteries by combining aromatic azo compounds with redox-active atoms insoluble in the electrolyte.
Moreover, the metal–organic framework (MOF) CPL-4 ([Cu2(pzdc)2(azpy)], pzdc = pyrazine-2,3dicarboxylate, azpy = 4,4-azopyridine, pore size : 10 × 6 Å2) was investigated as a cathode active material
for sodium-ion and lithium-ion batteries based on the redox reactions of Cu2+ / Cu+ and N=N / N-N. In
addition to evaluating the battery performance, the reaction mechanism of CPL-4 was elucidated through
ex situ X-ray diffraction and operando X-ray absorption fine structure. First, Na+ ions were inserted deeply
into the CPL-4 particles, although Li+ ions were stored only on the surface of the CPL-4 particles. Second,
during charging/discharging processes, CPL-4 exhibited reversible crystal structural changes and redox
reactions of Cu2+ / Cu+. The MOFs containing aromatic azo linkers showed interesting redox behavior as
cathode active materials for sodium-ion batteries. These findings will contribute to the design of cathode
active materials for high-performance sodium-ion batteries.

Keywords: Metal Organic Framework, Azo compound, Rechargeable battery
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The Addition of Extra Atom in High Nueclear Silver Cluster and Its Impact
on Photoluminescence
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Abstract
Metal nanoclusters (NCs) smaller than ~2 nm exhibit different geometrical/electronic structures than
those of bulk metals. The physical/chemical properties and functions of NCs vary significantly depending
on the number of constituent atoms. This size-specific property is one of the most interesting features of
NCs, but it is very difficult to add or remove atoms in NCs without changing the structure of other parts.
For these reasons, it is essential to conduct investigations on NCs controlled with atomic precision to
understand the structure to reveal the correlation between the geometrical structure and physical/chemical
properties.
In this study, we synthesized Ag79 (SO4@Ag79S15(iPrS)28(iPrSO3)15(CF3CO2)4), which has a similar
structure to the reported Ag78 (SO4@Ag78S15(CpS)27(CF3CO2)19)1. While the core and middle layers have
the same chemical composition and geometric structure, the shell layer of Ag79 is built by the addition of a
single Ag atom to the structure of Ag78, leaving the Ag skeleton almost unchanged. In Ag79, a new
tridentate ligand, isopropyl sulfonate (iPrSO3) is coordinated, which seems to be formed by the oxidation of
i
PrSH catalyzed by copper ion. Surprisingly, Ag79 exhibits a more than 70-fold higher PLQY than the Ag78.
Ag78 has C3 symmetry, whereas Ag79 has asymmetrical structure. Density functional theory calculations
revealed that the asymmetrical structure of Ag79 enhances the oscillator strength of the transition from the
first excited state to ground state, which leads to QY enhancement. Furthermore, the rate constant of nonradiative process of Ag79 is significantly reduced than Ag78. Ag79 is coordinated by a tridentate, sulfonate
ligand and has a large number of Ag–O bonds. It seems that coordination of iPrSO3 rigidified the cluster
framework of Ag79, which also leads high PLQY.
Keywords: metal nanocluster, photoluminescence, atomic level tailoring, restricting the intramolecular
motion, silver
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Novel near-infrared reflective black inorganic pigment based on cerium
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Abstract
Black pigments like carbon black usually absorb NIR as well as the visible light. In an urban area, a demand
on refrigerated air conditioning will increased when the ordinal black pigments on building roofs and outer
walls absorb the sunlight. In addition, the heat absorbed in the daytime is released in the night to prevent
the decline of temperature. These phenomena lead to promotion of the urban heat island, and application of
black pigments with high NIR reflective property to roadway surfaces, building walls and roofs has attracted
attention as an effective way to mitigate the urban heat island phenomenon.1
In this study, Gd3+-doped cerium vanadates, Ce1−xGdxVO4 (0 ≤ x ≤ 0.30), were synthesized as novel nearinfrared (NIR) reflective black pigments by a conventional solid-state reaction method.2 Crystal structure,
particle size, optical properties, and color of the samples were characterized. The Ce 1−xGdxVO4 (0 ≤ x ≤
0.30) samples were obtained in a single-phase form and the lattice volume decreased with increasing the
Gd3+ concentration. Optical absorption below 630 nm was observed in all samples, which corresponded to
the charge-transfer transition between Ce4f and V3d orbitals. The absorption spectrum of Ce1−xGdxVO4 was
shifted to the longer wavelength side as the Gd3+ content increased, because of the increase in the crystal
field around V5+ due to the lattice shrinkage. As a result, the sample color gradually changed from dark
brown to black with increasing the Gd3+ content. Among the samples synthesized in this study,
Ce0.80Gd0.20VO4 absorbed visible light with wavelengths shorter than 650 nm and exhibited the darkest color.
Furthermore, this black pigment showed enough NIR reflectance value (R = 66.3 %), which was higher than
those of the commercially available products (R < 50 %).
Keywords: near-infrared reflective, black pigment, cerium vanadate, gadolinium
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Reversible chemical modification of terbium complexes: chirality and
luminescence switching
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Abstract
Reversible control of functional properties of metal complexes remains an exciting challenge. Since the
metal complex consists of a central metal ion and ligand, chemical modification of the ligand would change
the physical properties of the metal complex. To change the ligand structure and its electronic state
reversibly and drastically, we focused on reversible covalent bonds. The hemiaminal-ether structure, one of
the reversible covalent bonds, is formed from aldehyde, secondary amine, and alcohol. The reversibility of
the formation of hemiaminal-ether structure enables the exchange of the components. To control the
chirality or emission properties of Tb(III) complexes, we introduced the hemiaminal-ether into the ligand
structure and tried to exchange the component, alcohol or aldehyde.1,2 The incorporation of chiral alcohol
into the Tb(III) complex induced the twist of the ligand leading to a structural change from racemic to chiral.
The luminescence change of the Tb(III) complex was achieved by the reversible reaction between the
benzimidazole-based Tb(III) complex with secondary amine moiety as a basic skeleton and aldehydes,
which was assisted by an acid-base reaction.2 The reversible modification of ligands using reversible
covalent bonds is a new approach to controlling the physical properties of metal complexes.
Keywords: lanthanide complex, luminescence, chirality, reversible covalent bond
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Photoluminescence of Eu2+-activated silicate phosphors
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Abstract
In general, it would be difficult for the selective tuning of a desired emission in phosphors because there is
the size mismatch of ionic radius between the luminescent ion and the ion at the specific site. However, if
we take into consideration the fact that luminescent ions will enter a less appropriate site by doping in a
large concentration, we can expect an observation of the selective emission from the luminescent ions at the
less appropriate site. Therefore, the crystal-site engineering is suitable to design new phosphors. Recently,
we discovered new red-emitting silicate phosphors, Ca2SiO4:Eu2+ phosphors excited by blue-light region1
and Ca3ZrSi2O9:Eu2+ phosphors excited by near-UV light region. For example, Ca3ZrSi2O9 with low Eu2+
concentrations (Eu2+: 1mol%) exhibited a green emission at 530 nm2. In contrast, with increasing Eu2+
concentration to 10mol%, Ca3ZrSi2O9:Eu2+ phosphors exhibited red emission at 650 nm. We presume for
Ca3ZrSi2O9:Eu2+ phosphors with high Eu2+ concentration that the green emission from Eu2+ occupying the
large Ca sites disappeared owing to the concentration quenching of Eu2+ and the reabsorption of the green
emission by Eu2+ occupying the large Ca sites. Thus, the red emission of Ca3ZrSi2O9:Eu2+ phosphors should
be attributed to the Eu2+ occupying the small Ca sites. Furthermore, we also investigated Ca3MgSi2O8:Eu2+
in term of the crystal-site engineering, the results of which will be given at the day of our presentation3.
Keywords: phosphors, silicates, photoluminescence, red emission, crystal-site engineering
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Iron uptake in dicotyledons using trihydroxamate-type microbial artificial
siderophores with terminal carboxyl groups
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Abstract
In plants iron is required to maintain their lives because it is needed for the synthesis of chlorophylls.
However, it is difficult for plants to take up iron into their body because of the low solubility of Fe(III) in soil, especially
under alkaline condition. Thus, plants adopt two iron uptake systems called Strategy I and II.1 Plants categorized as
Strategy I, including dicotyledons and non-gramineous monocotyledons, take up Fe(II) to the cell interior through the
transporters (IRT1) on the surface of the roots after reduction of Fe(III) to Fe(II) by the membrane-bound reductases
(FRO). Plants classified with Strategy II, including Gramineae,
absorb Fe(III)–phytosiderophore complexes through the
transporters (YSL). We have reported that Fe(III)-TAGE (Fig. 1)
which is a microbial trihydroxamate siderophore and has higher
redox potential (E1/2 = –230 mV vs. NHE) than other ferric natural
siderophores such as Fe(III)-DFOB (Fig.2, E1/2 = –468 mV)
supplied iron to rice through Strategy I.2 In this study, in order to Fig. 1 Artificial siderophores in this study
investigate the iron supply efficiency of our artificial siderophores (TAGE: n = 1, m = 1, R = CH3, TSPE: n =
to plants under alkaline condition, we synthesized and
1, m = 2, R = (CH2)2COOH, TSPP: n = 2,
characterized
trihydroxamate-type
microbial
artificial m = 2, R = (CH ) COOH)
2 2
siderophores with terminal carboxyl groups (Fig. 1). Furthermore,
the iron supply efficiency for dicotyledons was investigated under
alkaline condition.
In UV-vis spectra Fe(III)-TSPE and Fe(III)-TSPP showed
the characteristic absorption band (max = ca 420 nm, max = ca. 2000)
for the Fe(III)-bis(hydroxamato) complex in pH7-9. This result
suggested that these complexes were stable in an aqueous solution
under basic condition. In CV measurement Fe(III)-TSPE and
Fe(III)-TSPP indicated highly negative reduction potential (E1/2 = –
480 ~ –500 mV) at pH5.5. Interestingly, despite of the highly
negative potential of Fe(III)-TSPE and Fe(III)-TSPP, these artificial
siderophores showed the iron supply activity for dicotyledons such
as grape tomato and cucumber.
Fig. 2 Natural siderophore DFOB

Keywords: siderophore, iron uptake, plant
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Abstract
Transition metal-based luminescent complexes have drawn tremendous research interest and are widely
applied in flat-panel displays and organic light-emitting diodes (OLEDs), the next generation of lighting
sources1,2 due to their excellent photophysical and chemical properties. Iridium has a large ligand-field
splitting and offers a variety of colour alterations when compared to most other transition metals 3,4. The
cyclometalating ligand or the auxiliary ligand coordinated to iridium central metal are typically modified to
adjust the luminescent colour. In this study, an iridium complex was formed by combining the 2-(1H-1,2,4triazol-1-yl)pyridine and the iridium dimer [Ir(2,4-F2ppy)2(Cl)]2, where ppy stands for 2-phenylpyridine.
FTIR and NMR spectroscopy techniques were used to thoroughly characterise the iridium complex. IR
analysis demonstrated the presence of a single, prominent peak at 2220 cm-1 caused by (CN). Stretching
bands of (C=C) and (C=N) are found in the aromatic rings of phenyl and pyridine at wavenumbers of
1598 cm-1 and 1400 cm-1, respectively. The 1H NMR spectrum revealed phenylpyridine protons
corresponding signals in the aromatic region of 5.00–9.00 ppm. The iridium complex formula indicated 37
carbon signals and was also consistent with the 13C NMR spectroscopic data. To support the experimental
spectroscopic data, DFT calculation was conducted using B3LYP in combination with the LanL2DZ basis
set to explore the reaction mechanism for synthesising the new iridium complex with the pyridineformimidamide ancillary ligand.
Keywords: Iridium complex; Formimidamide; Ancillary ligand; DFT calculation; Reaction mechanism
Graphical abstact (Optional)
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Nanostructured anodic metal oxides for photoreduction of hexavalent
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Abstract
With the rapid industrial development, heavy metal discharge through wastewater has been a matter of
alarming concern. Hexavalent chromium, Cr (VI) is commonly used in the chrome plating industry and is
extremely toxic and hazardous to human beings. Therefore, it is imperative to reduce the concentration of
Cr (VI) in wastewater prior to its release into the environment. The World Health Organization has
recommended
that
Cr (VI) concentrations in water should be within 0.05 mg/L1.
The removal of Cr (VI) can be carried out using various methods such as chemical precipitation,
adsorption, ion exchange and photoreduction. Photoreduction of Cr (VI) to its more benign form, Cr (III)
can be achieved using metal oxide nanostructures with light irradiation. Formation and design of metal oxide
nanostructures into nanotube arrays2 and nanoporous structure3 can be obtained using anodization. In this
presentation, the controlled fabrication of metal oxide nanostructures via anodization, the parameters
affecting their formation and their Cr (VI) photoreduction characteristic will be discussed.
Keywords: anodization, metal oxide nanostructures, photocatalysts, photoreduction, heavy metal
mitigation
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Abstract
Fluorescent dyes are used as functional sensors to visualize the physiological state of cells. In microscopic observation
methods that label with fluorescent dyes, there are problems such as fading of the fluorescent dyes and cytotoxicity
due to irradiation with strong excitation light. These problems can be avoided by using luciferase as an excitation
source to convert chemical energy into light energy without the need for excitation light.
We therefore focused on luciferase called NanoLuc [1]. This is a modified version of luciferase from deepsea shrimp, and NanoLuc, in which NanoLuc is split into two parts, is already available. It is composed of a small
fragment of 11 amino acids (HiBit) and a large fragment (LgBiT). Although they have no luminescence activity by
themselves, they are reconstituted with high affinity to become NanoLuc and regain luminescent activity. However,
the wavelength of luciferase is fixed depending on the substrate. It usually a fusion protein of luciferase and fluorescent
proteins through an appropriate linker is formed to modulate the wavelength [2]. While this bioluminescence resonance
energy transfer (BRET) system allows efficient energy transfer, it requires optimization of the linker sequence and
length through labor-intensive genetic modification
HiBit
experiments.
In this study, we developed a BRET system
DNA 1
that uses DNA as a scaffold between luciferase and
fluorescent dyes. White light emission was also
+ LgBiT
achieved by mixing RGB emission. This system
allows the user to select multi-colored luminescence
by simply adjusting the concentrations of the three
DNA complexes. And the color tone changes were
Blue Light
observed in real time by using hybridization and
strand displacement reactions.

NanoLuc Reconstitution
Keywords: DNA, Bioluminescence resonance
energy transfer (BRET), Fluorescence
resonance energy transfer (FRET)

+ Fluorescent-dye-modified DNA 2
DNA 2
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Solvato- and Piezofluorochromism of Organoboron Complexes
with the [2.2]Paracyclophane Moiety
Hiroshi Ikeda
Graduate School of Engineering, Osaka Metropolitan University, Japan
hiroshi_ikeda@omu.ac.jp
Abstract: Organoboron complexes have attracted growing attention as organic fluorescent materials owing
to several advantageous features that include ease of preparation, large molar extinction coefficients, and
high fluorescence (FL) quantum yields. Among substances in this family, the parent
dibenzoylmethanatoboron difluoride (Fig. 1, Ph-H) is an especially interesting compound from the
viewpoint of probing relationships between aggregation mode and FL properties. Since Mirochnik have
reported that FL of Ph-H involves emission from arrays of molecules in crystals in which intermolecular
orbital interactions occur,1 many others observed that Ph-R derivatives exhibit interesting molecular
aggregation-based emission phenomena such as mechanofluorochromism, aggregation-induced emission,
and room-temperature phosphorescence.
Guided by these earlier efforts, we have been carrying out an investigation aimed at elucidating the
FL properties and crystal-packing structures of Ph-R derivatives (Fig. 1). The results show that each Ph-R
has one of three types of crystal-packing structures that have the different intermolecular p-orbital overlap.
Interestingly, the FL properties, especially the FL wavelength maxima and lifetime, were affected by the
nature of the crystal-packing structures. In other words, the observation demonstrates that the differences in
FL properties originate from differences in intermolecular orbital interactions taking place in the crystals.
Furthermore, the observation leaded for us to propose a new term “excited multimers” as a new FL
domain for formation of electronically excited molecular arrays in the crystal.2,3
From these perspectives, in this work, we studied FL properties of a new series of organoboron complexes
(pCP-R, Fig. 2) with a bulky and electron-donating [2.2]paracyclophane moiety. As a result, it turns out that
pCP-H exhibits remarkable solvatofluorochromism (SFC) in various organic solvents 4 while
piezofluorochromism (PFC) of pCP-t-Bu crystals is found in a diamond anvil cell.5
Keywords: Photochemistry, Solvatochromism, Piezofluorochromism,
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Molybdenum Complex Featuring a Mo≡Ge Triple Bond
Hisako Hashimoto*, Tara Prasad Dhungana, Koich Nagata, Hiromi Tobita
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*
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Abstract
Multiple bonds between transition-metal and main-group elements constitute an important class in chemical
bonding. Complexes with such multiple bonds are expected to exhibit interesting molecular properties. Over
the last decades, the concept of kinetic stabilization using sterically hindered substituents have brought a
breakthrough in the synthesis of triple bonded complexes of heavier Group 14 elements. 1 However, the
reactivity chemistry of this class of complexes is still a major challenge.
We have previously synthesized a tungsten complex with a W≡Ge bond by dehydrogenation from a
complex with a (H)W=Ge(H) moiety,2 and demonstrated its various unique reactions with organic
substrates.3 But such reactions are all limited to stoichiometric ones. Here we will present our recent works
on a Mo≡Ge triple bonded complex, which demonstrated catalytic hydrosilylation of carbonyl compounds.4
This is the first catalytic performance by triple bonded complexes with heavier Group 14 elements. A
remarkable reaction mechanism including cooperative activation on the triple bond will be proposed based
on DFT calculations.
Keywords: multiple bond, molybdenum, germanium, catalytic hydrosilylation, cooperative activation
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A series of glycopolymers having N-acetyl-D-glucosamine moieties that can be
used for evaluations of lectin—carbohydrate interactions
Koji Matsuokaa,b,c,*, Masaki Nakagawaa, Tetsuo Koyamaa, Thakahiko Matsushitaa,b,c, Ken
Hatanoa,b,c
a
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Innovative Technology (AIIT), and cHealth Sciences and Technology Research Area, Strategic Research
Center, Saitama University, Sakura, Saitama 338-8570, Japan.
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Abstract
Saccharide chains of glycoconjugates specifically interact with carbohydrate-binding proteins and
lectins. However, weak binding affinities (~mM range) against the proteins using naturally obtainable
saccharide chains have been observed. In order to enhance the binding affinities, various cluster-type
carbohydrate derivatives have been prepared. We have also reported glycopolymers and glycodendrimers
as multivalent-type substrates for the proteins and the successful enhancements of the binding affinities
against the proteins were accomplished.1) In this paper, we describe design, syntheses, and biological
evaluation of our recent glycoclusters. Various polymerizable aglycons having a simple alkenyl moiety at
each terminal end were introduced into N-acetyl-D-glucosamine (GlcNAc) and the glycomonomers were
polymerized with acrylamide (AAm) to afford the corresponding glycopolymers.2) Binding affinities of
these glycopolymers for wheat germ agglutinin (WGA) were evaluated and the results will be presented.
Keywords: Carbohydrates, Glycoclusters, Lections, Polymerizations, Glucosamine
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Fatty Acid Ketonization: The Catalytic Activity Mn/ZrO2 Catalysts for
Decarboxylative Coupling of Neat Palmitic Acid
Shamina Abdul Aleem1,2*, Koi Zi Kang2, S. Sivasangar 1,3*, Yun Hin Taufiq-Yap1,2
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Abstract
Ketonization reaction is one of the promising upgrading pathways of oxygenated bio-feedstock into value
added chemicals. Decarboxylative coupling of fatty acids into value added alkanones via ketonization
produces crucial reactant intermediates that yield lubricants, waxes, and specialty chemicals through
subsequent processes1. Amphoteric metal oxides such as MnOx and ZrO2 are reported to be active in
ketonization and further modifications of the bulk catalyst enhances the physicochemical characteristics in
favour of excellent catalytic activity2,3. Generally, ketonization process relies heavily on diluted short-chain
carboxylic acid as a feedstock and very limited literatures are reported on long-chain fatty acids. Besides,
ineffective catalyst application and stearic hindrance of the fatty acid molecules results in low conversion
and ketone yield. Modification of the catalyst preparation method via altering calcination temperature have
shown significant impact on catalyst surface morphology and structural properties. Therefore, the effect of
calcination temperature on Mn/ZrO2 catalysts for undiluted palmitic acid ketonization is explored in detail
in this investigation. Mn/ZrO2 catalysts were prepared via deposition-precipitation and were calcined (300900°C) and further characterized by XRD, BET, TPD-CO2 and FESEM. Catalytic ketonization of palmitic
acids are carried out with 5% catalyst loading onto 15g of bulk palmitic acid at a reaction temperature of
340°C for 3h. Preliminary results of the catalyst screening shows that MnO2/ZrO2 that calcined at (300°C)
exhibit highest ketone yield of 42% without any feedstock dilution. Furthermore, catalytic activity trend
improved with decreasing catalyst calcination temperature. This is attributed to the decreasing surface area
of the catalyst and possible particles agglomerations at elevated calcination temperature that lead to loss of
active sites. In conclusion, under the optimized reaction condition of 3h, 340oC and 5% of catalyst loading,
highest conversion of >86% is achieved with obtained palmitone and pentadecane yield of 42.3% and 11.5%
respectively using MnO2/ZrO2 catalyst calcined at 300°C.

Keywords: Ketonization, Palmitic acid, Manganese, Calcination, Zirconia
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Formation of Nanostructured Oxynitrides from Precisely designed Precursors
Yusuke Asakuraa,*
a
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Abstract
Oxynitrides are used as photocatalytic and (photo)electrocatalytic materials for water splitting and
pollution decomposition. Improvements of their catalytic activity has been demanded to solve energy and
environmental issues. Generally, one of the ways to improve catalytic activities are nanostructurization of
catalysts. Nanostructured compounds including nanoparticles and mesoporous materials can provide high
specific surface area for large amounts of active sites and/or high-index facets for highly reactive active sites
to improve catalytic activities. Therefore, nanostructured oxynitrides can also exhibit high catalytic
activities. However, the method for nanostructurization of oxynitrides has not been established. Usually,
nitrides/oxynitrides are obtained by nitridation of the corresponding precursors. We have recently focused
on precise design of precursor for nanostructurization of oxynitrides. In this presentation, I introduce several
successful examples for nanostructurization of oxynitrides based on precise design of precursor.
Gallium oxynitride nanoparticles, GaN:ZnO solid solution nanoparticles, ZnGeN2:ZnO solid solution
nanoparticles, N-doped La2Ti2O7 nanoparticles were synthesized from the corresponding oxide
nanoparticles which were synthesized by newly designed hydrothermal reaction.1-4) ZnGeN2:ZnO solid
solution nanotube was formed from Zn2GeO4 nanorod through ordered morphological transformation.4)
Also, molybdenum oxynitride with highly dispersed cobalt dopants was synthesized from sodium
molybdenum oxyfluoride NaMoO3F obtained solvothermally.5) The obtained nanostructured oxynitrides
exhibited higher (photo)catalytic activity compared with those obtained by the conventional methods. These
results clearly show the state of precursors including particle size, composition, and crystal size can affect
morphology and crystal structure as well as the catalytic activities of the obtained oxynitrides after
nitridation.
Keywords: Oxynitrides, Nitridation, Nanostructures
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Radiological Risks Related to Natural Radionuclide In Selected Fish From The
Coast Of Terengganu, Malaysia
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Abstract
Radionuclide concentrations in seawater and marine organisms are important inputs for assessing
radiological impacts on human health and marine ecology. Among the notable radioactive elements are
232
Th, 238U, and 40K that were used to determine radiological risk. Since Malaysia is considered among the
highest seafood consumers in the Southeast Asian region, it is important to assess the natural radioactivity
particularly in commercial fish coastal such as Terengganu. Herein, using the mentioned radioactive
elements, calculation for annual effective dose and cancer risk concentration of radionuclides presence in
fish was conducted. The ICP-MS technique was used to determine the levels of natural radionuclide 232Th,
238
U and 40K in three fish species taken from three locations along the coast of Terengganu, Malaysia. The
activity concentration (Bq kg-1) ranges from 0.08 ± 0.01 to 0.38 ± 0.05 for 232Th, 0.17 ± 0.05 to 0.83 ± 0.12
for 238U and 32.70 ± 2.20 to 57.54 ± 2.00 for 40K. The results indicated that the annual effective doses (µSv
year-1) for 232Th, 238U and 40K were estimated to be 1.88, 1.11 and 15.12 respectively were significantly
lower than the UNSCEAR recommendation and world average. Assuming that an individual’s life
expectancy is 70 years, the cancer risk factor for adults is projected to be 6.34 × 10-5 based on the estimated
annual effective dose, meaning that in 1,000,000 population, 6.34 people are at risk. This number is
significantly lower than UNSCEAR cancer risk factor of 8.4 × 10-3 and ICRP cancer risk factor of 3.5 × 103
. The current study suggests that the dose obtained by the locals because of eating fish is relatively low,
does not harm human health and safe for consumption.
Keywords: Activity concentration, Bioaccumulation, Cancer risk, Ingestion dose, Natural radionuclide.
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Toward the Development of “Symbiosis”-Targeted
Environmentally-Friendly Control of Whitefly
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Abstract
The whitefly Bemisia tabaci (Hemiptera: Aleyrodidae) is known as a notorious pest insect on agricultural
crops. B. tabaci infest and transmits plant pathogenic viruses to a wide range of economically important
crops, over 600 species. B. tabaci consists of at least 40 genetic groups according to differences of biological
character. In recent years, two genetic groups of B. tabaci, referred to as invasive species Middle East-Asia
Minor 1 (MEAM1) and Mediterranean Subclade Q1 (MED Q1), have been spread worldwide. Their most
important characteristic as a pest insect is highly-developed resistances to several major insecticides.
Therefore, it is expected to develop novel pest insect control methods that are effective and also
environmental-friendly.
B. tabaci harbors symbiotic bacterium Portiera in bacteriocytes, specialized cells in the body cavity.
Portiera are essential symbionts and involved in growth and reproduction of the host. In addition to Portiera,
many B. tabaci possess another vertically transmitted secondary symbiotic bacterium. Recent studies
suggest that those symbionts are involved in the pest status of B. tabaci, for example high fecundity, plant
virus transmission, heat tolerance, and so on. Therefore, the symbiosis is useful as novel potential target for
the control of B. tabaci. However, the detail of endosymbiosis system is little known. The aims of this study
are elucidation of molecular mechanisms for multiple endosymbiotic systems and development of novel
control technologies by using endosymbiotic machinery in B. tabaci.
To date, we have been working on this research themes by various approaches such as the monitoring of
B. tabaci in agricultural fields1, the establishment of novel multiplex diagnostic PCR method (for
identification of genetic group and symbiont infection status in B. tabaci)2 and the development of imaging
densitometric analyses for drug efficacy test in B. tabaci3, respectively. In this presentation, we will
introduce these results and future outlook.
Keywords: Bemisia tabaci, pest insect control, symbiosis, symbiotic bacterium, whitefly
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Design and Synthesis of Boron-Containing Macrocyclic Polyamines as Boron
Neutron Capture Therapy (BNCT) Agents
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Abstract
Boron neutron capture therapy (BNCT) is a binary therapeutic strategy for cancer treatment based on
combination of cancer-specific drug containing 10B and the radiation with thermal neutron. The boron
neutron capture reaction generates α particles and lithium ions having destructive effect and short path
lengths in 5~10 μm. Therefore, cancer cells containing 10B species are selectively damaged without
affecting healthy tissues. For the development of efficient BNCT agents, the following criteria must be
satisfied: (i) low toxicity and a higher uptake in tumor tissue than health normal tissue; (ii) 10B has to be
accumulated in tumor tissues and be rapidly cleared from the blood and normal tissues; and (iii) the
concentrations of boron inside or near tumor cells must be ≥ 109 10B atoms/cell. Although design and
synthesis of various boron-containing analogues such as amino acids, biochemical precursors of nucleic
acids, carbohydrates, porphyrin derivatives and monoclonal antibodies, only two BNCT agents have been
used as a clinically test compounds, sodium mercaptoborate (BSH) and L-4-boronophenylalanine (BPA),
to date.
It is known that polyamines such as spermidine and spermine are crucial for chromatin structure
maintenance, DNA replication and protein synthesis. The increase in polyamine concentrations in cancer
cells is associated with the activation of cell proliferation and regulated by the polyamine transport system.
This background has prompted us to design and synthesize new BNCT agents based on macrocyclic
polyamines and their zinc(II) complexes,1-3 because it is established that zinc(II) complexes of macrocyclic
polyamines bind to thymidine in the double-stranded DNA under physiological conditions.4 Phenylboronic
acid-pendant macrocyclic polyamine derivatives and their corresponding zinc(II) complexes were designed
and synthesized and their BNCT effect on cancer cells were assessed. In this paper, we report on the
considerable BNCT effect of zinc(II) complexes of 12- and 15-membered ring macrocyclic polyamines on
cancer cells.1-3
Keywords: Boron neutron capture therapy, Macrocyclic polyamines, Boron-10, DNA, MRI
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Supercritical CO2 technology for the dry production of
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Abstract
Surface-modified metal oxide nanocrystals (NCs) have attracted considerable interest because surface
modification significantly reduces the surface energy and improves their dispersity in the solvent, which has
promoted the development of its direct-synthesis methods such as heat-up1 and hydrothermal methods2.
However, these methods typically cause the large amount of the liquid waste for the synthesis and washing
of NCs1, 2, where the disposal and the regeneration cost of them is known as the critical issue. Whereas the
production using supercritical carbon dioxide can be appealing candidate to produce surface modified NCs.
Supercritical CO2 has high ability to dissolve metal organic precursor3 and organic surfactant4 that is
typically used as surface modifier such as saturated and unsaturated fatty acid, allowing the formation of
homogenous phase. Additionally, supercritical CO2 has low viscous property that leads to the high mass
transfer of these soluble materials. These characteristics suggest the potential of supercritical CO2 as both a
reaction field and a washing medium for the production of surface-modified NCs, while supercritical CO2
substantially enables the solventless operation. Additionally, the utilization of supercritical CO2 in drying
step has the merit that there is no interfacial tension due to the loss of the interface between gas and liquid 5,
which could prohibit the particle agglomeration that is known as the problem for the conventional
evaporation drying. These expectations have promoted recent author’s research about the development of
the synthesis6, washing and drying process of surface-modified NCs using supercritical CO2. Here, we report
a feasibility of supercritical CO2 technology as the synthesis, washing and drying method of surface
modified NCs. As a model material, we chose iron oxide NCs that show advantage in many applications
such as localized drug delivery, magnetic resonance imaging and magnetic recording device due to its
magnetic property.
Keywords: Surface modified nanocrystal, iron oxide, dry production, supercritical CO2
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Roles of hydration water on the self-assembly of soft matters and biomolecules
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Abstract
Although water is one of the most ubiquitous substances on earth, many physical properties have not been
known. Hydration is one of the important issues. It is not fully understood how much amount of hydration
water exists in the vicinity of solutes, what properties it has, and how it relates to the physical properties of
solutes. To elucidate the role of water in the self-assembly of soft matter and biomolecules, we have
performed a detailed hydration state analysis using a technique called terahertz spectroscopy. Since this
method allows us to observe the collective rotational relaxation dynamics of water, we can analyze the
hydration state including weakly affected water (secondary hydration shell) based on small changes in its
spectrum.
When we applied the technique to phospholipid bilayers, the fundamental structure of biomembrane, it was
found that long-range hydration layers exist as far as 4-5 water layers (about 1 nm) from the surface 1.
Furthermore, it was also found that phospholipids with a different hydrophilic group can accelerate the
dynamics of water in the second hydration shell 2. MD simulations revealed that this acceleration is due to
the strong attraction of the water in the first hydration shell by the hydrophilic groups, which results in the
break of hydrogen bonds between the water and the acceleration in the second hydration shell 3. Small-angle
X-ray scattering results suggested that membrane fusion occurs more easily in the case of water-accelerated
phospholipids, because the phospholipid is more easily dehydrated 2. We found that not only in the case of
phospholipids but also in the case of surfactants, water is deeply involved in the phase transition of the
aggregation structure 4.
We further applied our method to protein solutions. By examining the hydration state of various small
molecules that denature or stabilize proteins (osmolytes), we found that more strongly osmolytes bind water
more effectively proteins are stabilized, while osmolytes that accelerate water destabilize proteins (Figure
below) 5. This implies that indirect water-mediated interactions determine the effect of osmolytes on the
stabilization of proteins.
As these results indicate, the state of hydration water, especially in the second hydration shell, contributes
profoundly to the self-organization of soft matter and biomolecules.
Keywords: Hydration Water, Soft Matter, Biomolecule, Self-assembly, Terahertz Spectroscopy
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Water-Induced Crystal Transition and Accelerated Relaxation Processes of
Melt-spun Polyamide 4 Microfibers
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Abstract
Recently, microplastics have been identified as one of the major contributors to river and ocean pollution.
To design and control the biodegradability of polymer materials, it is crucial to obtain a better understanding
of the aggregation states and thermal molecular motion of polymer chains in aqueous environments. In this
study, we focus on melt-spun microfibers of a promising biodegradable polymer, polyamide 4 (PA4), with
a relatively greater number density of hydrolyzable amide groups, which is regarded as an alternative to
polyamide 6. Aggregation states and thermal molecular motion of PA4 microfibers without/with a postdrawing treatment under dry and wet conditions were examined by attenuated total reflectance-Fourier
transform infrared spectroscopy and wide-angle X-ray diffraction analysis in conjunction with dynamic
mechanical analysis. Sorbed water molecules in the microfibers induced the crystal transition from a metastable γ-form to a thermodynamically stable α-form via activation of the molecular motion of PA4 chains.
Also, the post-drawing treatment caused a partial structural change of PA4 chains, from an amorphous phase
to a crystalline phase. These findings should be useful for designing PA4-based structural materials
applicable for use in marine environments.1
Keywords: polyamide 4, melt-spun microfiber, aggregation structure, thermal molecular motion, water
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Modulation of superconductivity using Li-ion secondary battery technique
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Abstract
Modern information society is developing along with advance of Si-based semiconducting electronic
devices. The devices have progressed according to Moore’s law, although the limitation of the progress is
approaching imminently. To achieve further development of information society, electronic devices that
operate under new mechanism are necessary. Transition-metal oxides which show electronic phase
transition are candidate materials for next-generation electronic devices. One of the problems for the
transition-metal oxides is how to control their electronic phase transition because a large number of carriers
are required for occurring the transition. Here, we have paid attention to a Li-ion electrochemical reaction,
which is a fundamental technique for Li-ion secondary batteries, for controlling the carriers in the transitionmetal oxides. Under the charge/discharge reactions in the batteries, both Li ions and electrons move between
the electrodes. Considering the capacity of cathodes where transition-metal oxides are widely used, the
number of electrons that are accumulated in the discharge reaction are large enough to control the phase
transition of transition-metal oxides.
In this study, we demonstrated modulation of superconductivity of LiTi2O4 by Li-ion electrochemical
reactions [1]. Using initially superconducting LiTi2O4 films, a pseudo Li-ion secondary battery cell, where
LiTi2O4 was an anode, was constructed as a electrochemical device [2]. After applying the charge reaction
(Li-ion intercalation to the LiTi2O4 films) to the cell, the LiTi2O4 films became non-superconducting states.
Meanwhile, the following discharge reaction (Li-ion deintercalation to the LiTi2O4 films) led to recovery of
superconductivity in the LiTi2O4 films. The superconducting transition could be repeated by applying the
charge/discharge reactions, indicating demonstration of reversible control of superconducting properties.
These results suggest that Li-ion secondary battery technique can be applied to next-generation electronic
devices which are characterized by low-power consumption and high-speed operation.
Keywords: Li-ion electrochemistry, Thin films, Superconductivity
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Ultra-stretching of poly(methyl methacrylate) doped with lithium salts due to
the water absorption
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Abstract
Poly(methyl methacrylate); PMMA is one of the common glassy polymers with high transparency.
Although PMMA was considered to use as automobile front windows because of its advantage of its high
transparency, it is too brittle to use.
We have previously demonstrated that the various lithium salts were dispersed in the PMMA melts
depending on the anion species of the salts, leading to the brittle fashion in the solid states.1,2 This is because
the pinning effects causes the molecular interaction between the lithium cations and PMMA molecular
chains. The pinning effects were estimated from the specific entanglement density in the glass-transition
region and the specific relaxation times of flow region. As a result, we found that the pinning effects in the
melt states were frozen in the solid states, and this dominates the mechanical properties in the solid.
Moreover, it was found that extremely higher draw ability of PMMA doped with salts is caused by water
absorption. It is interesting to noted that PMMA doped with the salts keeps the high drawability with a high
modulus up to a certain fraction of water absorption, resulting from high hygroscopicity of the salts. In this
work, we proposed the constitutive equation for the high draw ability, in which the diffusion of water from
the hygroscopic domains to the dried domains was considered.
Keywords: PMMA, water, lithium salts, mechanical properties, viscoelastic properties
Graphical abstract
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Highly-Sensitive Hydrogen Sensor and Biosensor
Based on Silicon Micro-Ring Resonators
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Abstract
Silicon micro-ring resonators (Si MRRs) are compact photonic devices with a size of less than several
hundred microns. They can be fabricated using CMOS compatible process, and they are useful not only for
high-speed optical communications but also for various types of ultra-compact optical sensors. Si MRRs
with a high quality factor (Q-factor) enable the highly sensitive detection of changes in refractive index
and/or temperature of the environment owing to a large shift in resonant wavelengths. So far, we have
developed high-sensitivity hydrogen sensors [1], avidin sensors [2], and SARS-CoV-2 nucleocapsid protein
sensors [3] based on the Si MRRs.
In recent years, hydrogen has attracted attention as new energy. However, because hydrogen is a
flammable gas and has a wide explosion range, sufficient safety measures are required to use it, and high
sensitivity sensors are required. In particular, optical hydrogen gas sensors have attracted much attention
because of their high reliability, and high-performance sensors using optical fibers have been developed.
Figure 1 shows a developed hydrogen sensor combining the Pt-WO3 hydrogen-sensitive film and the Si
MRR[1] for at ultra-compact, lightweight, and low-cost optical hydrogen sensors. At every temperature, a
hydrogen concentration of as low as 0.1% was successfully detected.
Optical biosensors have attracted much attention for detecting biomarkers, such as proteins. Although
surface plasmon resonance (SPR) sensors have been put to practical use as high-sensitivity optical
biosensors, their size is large, and their measurement system is complicated. Therefore, various types of
compact optical biosensors based on optical waveguide structures have been proposed and developed.
Figure 2 shows an avidin optical sensor we have developed [2]. It is based on a Si MRR-enhanced MachZehnder interferometer (MZI). Biotin is fixed on the surface of the Si MRR waveguide, and avidin is
adsorbed on the surface of the Si MRR waveguide through host-guest specific binding between avidin and
biotin. The sensitivity of the MRR-MZI to the change in environmental refractive index is increased
approximately 50 times compared with that of a single MRR. Avidin solution with a concentration as low
as 20 pM was successfully detected.
Keywords: optical sensor, biosensor, protein, hydrogen, silicon, micro-ring resonator
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Electronic Band Structure of Ferroelectric BaTiO3
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Abstract
Ferroelectrics have been considered a typical insulator owing to their high resistivity and wide optical
bandgap. Since ferroelectric oxide BaTiO3 was discovered in WW2, the semiconducting property has been
focused on electric device development. Low carrier concentration restricts the emergence of
semiconducting properties, resulting in the clear n- or p-type electrical conductivity not appearing. We
consider the n- and p-type nature of the electronic band structure. Optical reflectance and photoelectron
yield spectroscopies have been performed that oxygen or barium deficient BaTiO3 shows a donor or accepter
level in the forbidden band (Fig. 1a).1,2 We also demonstrate that the electronic band structure of
ferroelectrics strongly correlates with an electric polarization inducing a band skewing (Fig. 1b).3 Such a
specific electronic structure can modulate the valence state of the neighboring metal (Fig. 1c).4 The fact will
open the door to new methodologies of ferroelectric science.
Keywords: ferroelectric, semiconductor, band structure, barium titanate

Fig. 1 (a) Electronic band structure of Ba1-xTiO3. (b) Band structure skewing along to the electric polarization
P in ferroelectrics. (c) Schematic picture of Pd-O coordination of palladium oxide loaded on BaTiO3. The
relative atomic displacement of the palladium oxide forms the zigzag structure.
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Generation of multifunctional capsules and visualization of complex fluid flow
fields
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Abstract
Although magnetic fluids and phase change emulsions are expected to be highly functional working
fluids, they have not been put into practical use. The authors have created multifunctional capsules that
simultaneously contain magnetic particles and phase-changing substances. This is expected to be applied to
functional fluids that transport a large amount of heat while performing arbitrary operations by an external
magnetic field. Capsules containing magnetic particles and phase change substances of fatty acids were
prepared by the emulsion drying method. In addition to this, we synthesized a completely inorganic
functional microcapsule with a composite of gallium and iron oxide, which are low melting point metals, as
the core material and a silica coating on the outer shell. It is known that gallium fine particles have a very
large degree of supercooling, but the solidification temperature of this capsule has two peaks of 14.2 and
18.4 ° C, and it can be used repeatedly with a lower temperature range than in previous studies. In addition
to this, we report the results of measuring the flow field of complex fluids by doping the capsule with a
fluorescent substance at the same time. It was clarified that the magnetic clusters flowing inside the tube
flow in three major modes under the influence of the fluid shearing force but showed unstable behavior
especially at medium-strength shearing force.

Keywords: Phase change material, magnetic fluid, sol-gel method, functional fluid
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Fiber-optic sensor device for distributed and quasi-distributed
hydrogen leakage detection
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Abstract
For intrinsically reducing carbon dioxide emission, hydrogen energy systems have attracted much
attention. In its supply chain systems, a huge amount of hydrogen is stored and transported as a secondary
energy. The hazard of explosion is one of the major safety concerns and there are still many technical
challenges [1]. So far, various types of hydrogen sensors have been developed and practically applied [2].
However, continuous and distributed hydrogen leakage monitoring methods are required for safety use of
hydrogen energy in large scale transportation and storage site. In order to realize such types of sensor
devices, fiber-optic method would be one of suitable platform technologies [3]. In this study, fiber-optic
hydrogen gas sensors based on evanescent-wave absorption and Bragg wavelength shift are investigated. In
order to fabricate an evanescent-wave type sensor device, a 100 and 200 μm quartz-core fiber was used as
a base material and coated with Pt/ WO3 thin film prepared by sol-gel method. The films were dried in air
at room temperature for 2 h and then calcined at 500°C for 1 h. The sensor showed sharply responses to
hydrogen gas and the repeatability was good. A distributed sensing performance using optical time domain
reflectometry was demonstrated. Next, the fiber-Bragg grating (FBG) hydrogen gas sensor based on
catalytic combustion heat was fabricated. A precursor solution of silicon dioxide was mixed with a
hexachloroplatinic acid solution. The obtained Pt/SiO2 film was immobilized on the periphery of the FBG
portion. The sensor exhibited relatively weak but rapid response to hydrogen containing air. Good linear
relationship between temperature change caused by catalytic-heat and hydrogen gas concentration was
observed. These sensor devices would have a potential for applying to the distributed or multipoint
monitoring of hydrogen leakage for securing the safety of hydrogen energy systems.
Keywords: Hydrogen gas sensor; Platinum-loaded tungsten trioxide, Platinum-loaded silica, Optical fiber
sensor; Evanescent field absorption; Fiber Bragg grating
Graphical abstact
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Extraordinary Metal-Insulator Transitions at 25 Å Periodic Thickness
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Abstract
"Are physical properties of samples independent of size?" Physical properties with ultrathin films of
nanometer order thickness have been studied to answer the question. In ultrathin samples, motion of
electrons is restricted to two-dimensional directions. In the two-dimensional electron systems, novel
phenomena such as the quantum size effect, in which the electrical resistivity oscillates depending on the
thickness, have been discovered. However, due to the difficulty of synthesizing ultrathin films of compounds
containing multiple elements, the two-dimensional physical properties have remained unknown. We
challenge to synthesize ultrathin films of ruthenium oxide to discover new phenomena in two-dimensional
electron systems.
We have succeeded in fabricating CaRuO3 ultra-thin films with an atomically flat surface roughness of
199 pm and sharp electron diffraction patterns by molecular beam epitaxy1. We grew CaRuO3 ultrathin films
of various thicknesses and measured the electrical resistivity. Figure 1 plots the electrical resistivity of
CaRuO3 at 4.2 K and 300 K as a function of film thicknesses from 8 to 160 Å. Tough the original CaRuO3
is metallic, it is surprisingly clarified that CaRuO3 become insulators with a 25 Å period as indicated by the
green arrows. The maximum variation is 3 and 9 orders of magnitude at room and low temperatures,
respectively. Compared to the conventional quantum size effect, the improvement is 10,000 and
1,000,000,000 times greater at room and low temperatures, respectively. The discovery is an extraordinary
breakthrough that rewrites existing concepts. The introduction of the concept of ‘scale’ to the samples is
expected to develop the design of new functional materials.
Keywords: ultrathin film, molecular beam epitaxy, metal-insulator transitions, size effect

Figure 1. Electrical resistivity as a function of thickness on CaRuO 3 ultrathin ﬁlms at 4.2 and 300 K. The green/yellow
arrows show the maximum/minimum of the electrical resistivity, respectively.
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Hidden Symmetry and Periodicity of Polyatomic Clusters
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Abstract
We have identified polyatomic clusters with catalytic activity [1], chemical stability [2], and
spectroscopic feature [3] in collaboration with experimentalists. Such clusters have been predicted on the
assumption that they are spherical, but it is effective just for subglobular clusters such as icosahedron. We
proposed a symmetry-adapted orbital model, which incorporates orbital splittings due to lower structural
symmetries [4]. This refinement predicts an abundance of clusters with various shapes, which obey a certain
periodicity. In fact, experimentally observed clusters are governed by the same rule. Consequently, we
constructed a periodic framework for clusters, which will be a useful compass to find missing species.
Besides, we theoretically found special clusters. Spherical atoms have the highest geometrical symmetry,
and hence atomic orbitals are highly degenerate. As for polyatomic species, an icosahedral structure is the
most symmetrical, yielding 5-fold degeneracy at the maximum. We discovered that it is possible to
overcome these limitations. Tetrahedral clusters of Mg, Zn, and Cd exhibit higher-fold orbital degeneracy
than spherical or icosahedral symmetry [5]. Remarkably, the origin of the “super-degeneracy” was identified
as “dynamical symmetry”, the superordinate concept of point group. This achievement will lead to supreme
conductivity or magnetism utilizing super-degenerate orbitals.
Keywords: quantum chemistry, group theory, periodic table, dynamical symmetry
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miRNA detection system based on
DNA-mediated catalytic reaction and nanoparticle assembly
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Abstract
Nucleic acid is a promising biomarker for clinical diagnostics. For example, relevance of micro-RNA
(miRNA) with various disease, such as cancer and diabetes, has been recently revealed, making it an
attractive target for diagnostics. For its clinical translation, multiple types of miRNAs need to be detected
in facile and sensitive manner. However, the exiting detection methods, including polymerase chain reaction
(PCR), do not satisfy these requirements, thereby needing a novel method optimized for this purpose.
In this study, we aimed to develop facile and sensitive detection method of multiple miRNAs by
employing DNA catalytic reaction1 and nanoparticle (NP) assembly technology2. Although PCR precisely
copies and amplifies the target DNA sequence by enzymatic reaction, this precise copy is not necessarily
needed to just quantify the marker expression level for diagnostics. This point inspired us to employ
“catalytic” reaction of DNA which produces numerous artificial DNA without consuming the target
DNA/RNA in patient sample. Using the amplified DNAs as “artificial biomarker”, we subsequently induced
the conformational change of nanoparticle (NP) assembly to achieve their sensitive and multiple detection.
DNA-modified NPs, such as plasmonic and fluorescent NPs were assembled into 3D superstructure via
DNA doble helix formation. These assemblies were designed to disassemble into building blocks in
response to the amplified “artificial biomarker”, leading to the shift in their optical properties. Furthermore,
this change could be reversed by adding another DNA sequence, enabling multiple ON/OFF detection
cycles. By repeating N color detection M times, detection of N ×M types of miRNAs from single sample is
expected to be achieved.
Keywords: Nanoparticles, DNA nanotechnology, miRNA, biomarker, diagnostics
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Unique Carbon-Nanotube Composites and Hydrogels
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Abstract
The carbon nanotube (CNT)1 has useful properties such as high electrical and thermal conductivity, great
strength, and a large surface area. Its unique cylindrical structure (diameter: 1 nm~) is based on a graphene
sheet and has both conductive (metallic) and semiconductive properties depending on its structure2.
However, CNTs are generally produced as powders and are difficult to handle. Therefore, many CNT
composites have been developed for easy use.
My collaborators and I have developed unique carbon-nanotube composites by compounding CNT and
familiar materials such as papers, threads, and fabrics. We call them “CNT-composite” papers3, threads, and
fabrics, respectively. We can develop many applications based on these CNT-composites4, such as a
thermoelectric power generating cell, a dye-sensitized solar cell, a soft actuator, and a transistor. We have
also developed a unique CNT hydrogel5 we discovered while making our composites. This hydrogel can be
made from CNT dispersion that contains only CNTs and a specific dispersant in pure water (i.e., polymers
or gelling agents are not necessary). Surprisingly, this hydrogel can be converted into a liquid state
(dispersion) by ultrasonication, and the dispersion can be gelatinized again, making our hydrogel reusable.
In my presentation, I will overview our unique CNT-composites and hydrogels that can be used in various
daily life situations in the near future.
Keywords: carbon nanotube (CNT), CNT-composite paper, CNT-composite thread, CNT-composite
fabric, CNT hydrogel
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Development of drug-free liposomal formulation with anti-tumor effect
induced by near-infrared irradiation
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Abstract
Liposomes are widely used for drug delivery system for cancer therapy. Nanoparticles such as liposomes
tend to accumulate in tumor by enhanced permeability and retention (EPR) effect. Their anti-tumor effect
depends on the encapsulated anti-tumor drug, and the lipids that construct the capsule have rarely shown
effects.
In this study, we develop the liposomes that induce anti-tumor effect without encapsulating drugs in
response to heating tumor site by near-infrared irradiation. The liposomes composed of a novel non-lamellar
liquid crystal forming lipid (MGE) and conventional lamellar forming lipid (DMPC) were constructed
(MGE-liposomes). This formulation was nanoparticle with a lamellar structure. The interaction of MGEliposomes with the cell membrane was enhanced at 45°C compared with at 37°C, due to increased
membrane fluidity caused by temperature change. In addition, the MGE-liposomes induced anti-tumor
effect in 4T1/Luc cells (mouse breast cancer cell line) by irradiating a 980 nm laser as an external stimulus.
Moreover, the tumor growth inhibition of 4T1/Luc cells-bearing mice was observed by hearting the tumor
site with a 980 nm laser at 24 h after MGE-liposomes injection intravenously. These results suggest that
MGE, the component of the liposomes that accumulated in the tumor due to the EPR effect, would disturb
lamellar structure of the cell membrane by being exposed on the particle surface upon increasing
temperature. Therefore, the MGE-liposomes developed in this study may be useful for cancer therapy
without anti-tumor drugs.
Keywords: Drug delivery system, liposome, near-infrared light (NIR), Temperature sensitive, Cancer
therapy
Graphical abstract
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Development of Catalyst technology for Nitrogen Cycle
for a sustainable society
Yuichi Manakaa, b,*, Tetsuya Nanbaa,
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Abstract
Technology for the recycling of various elements is attracting attention toward a sustainable society. To
circulate elements, it is necessary to freely convert them into various molecules, and catalyst technology is
indispensable. We have been developing various catalytic technologies for the circulation of nitrogen in
society, which has not yet received much attention in Asia including Japan.
In this presentation, we will review in particular: 1) next generation NH3 synthesis technology using nitrogen
molecules and hydrogen derived from renewable energy1, 2) development of catalysts for NH3 synthesis
from NOx, an air pollutant2, and 3) development of catalysts for urea synthesis from NH4+ contained in
wastewater3.
Keywords: Nitrogen Cycle, Ammonia, NOx, Renewable energy, Wastewater
Graphical abstact (Optional)
References
1. Nanba, T. et al. J. Petro. Inst. 2021, 64, 1-9.
2. Kobayashi, K. et al. Catal. Sci. Technol. 2019, 9, 2898-2905.
3. Manaka, Y. et al. Sci. Rep. 2020, 10, 2834

92

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
IGS 24 – Invited Lecture

Cell-Based Tumor-Targeted Therapy by Cell Surface Engineering
Kosuke Kusamori*, Yukiya Takayama, Makiya Nishikawa
Faculty of Pharmaceutical Sciences, Tokyo University of Science, Japan.
*
Corresponding author: kusamori@rs.tus.ac.jp
Abstract
Mesenchymal stem/stromal cells (MSCs) are a cell therapeutics with some excellent therapeutic functions
including the tissue repair and immune regulation. In addition, MSCs have a tumor-homing ability,
indicating MSCs are useful as drug delivery carriers for tumor-targeted therapy.1 We have previously
established a cell surface modification method using the avidin-biotin complex (ABC) method, which can
modify MSCs with biotinylated drugs in a short reaction time without any significant influences on the
characteristics of MSCs.2 Using the ABC method, we modified MSCs with doxorubicin-loaded liposomes
(Dox-Lips), an antitumor drug, and demonstrated that Dox-Lips were modified on the surface of MSCs with
no significant changes in cellular characteristics. Dox-Lips-modified MSCs significantly suppressed the
proliferation of tumor cells in a co-culture experiment. Confocal microscopic observation revealed that DoxLips modified on the surface of MSCs were directly and efficiently delivered to neighboring tumor cells.
Furthermore, Dox-Lips-modified MSCs significantly suppressed tumor growth in lung metastasis model
mice.3 From these results, we conclude that the cell surface modification of an antitumor drug-loaded Lips
to MSCs will be useful for cancer-targeted therapy.
In this talk, I will present our latest research findings on cell-based cancer-targeted therapy using MSCs
and the ABC method.
Keywords: ABC method, cell engineering, mesenchymal stem cell, tumor-targeting, cell delivery
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Carbonate apatite artificial bone made by dissolution-precipitation reaction
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Abstract
Although bone composition is not hydroxyapatite [HAp: Ca10(PO4)6(OH)2] but carbonate apatite [CO3Ap:
Ca10-a(PO4)6-b(CO3)c ] that contains 6-9mass% carbonate, sintered HAp has been used as artificial bone since
1970s because CO3Ap cannot be sintered. However, HAp is not replaced to new bone, and its
osteoconductivity is much less when compared to the autograft. A new method or dissolution-precipitation
method was proposed to fabricate CO3Ap using a precursor block; CaCO3 or a component of invertebrate1,2.
When CaCO3 block is immersed in a phosphate salt solution, it slightly dissolves and supplied Ca2+ and
CO32-. The solution would be supersaturated with respect to CO3Ap leading precipitation of CO3Ap and
gradual compositional transformation from CaCO3 to CO3Ap maintaining its macroscopic structure. CO3Ap
block thus fabricated is resorbed by osteoclasts similar to autograft, and demonstrate much higher
osteoconducitivity than HAp. Based on simulated animal studies, multi-center clinical trials were performed
for sinus-lift. Clinical trial also demonstrated that CO3Ap was replace to new bone, and efficiently
reconstruct the bone defect. No artificial bone was approved in Japan for reconstruction of load bearing
area. CO3Ap was approved by PMDA as artificial bone which can be used all bone defect reconstruction
including load bearing area.
Keywords: artificial bone, carbonate apatite, dissolution-precipitation reaction,

Mico CT images of rabbit tibia 24 months after surgery.
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Autonomous Flow Synthesis with a Self-Optimising Algorithm
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Abstract
Fine chemical industries and organic synthesis research laboratories are facing a digital revolution which
is going to profoundly modify the way chemists think and perform chemical transformations.1 To reach the
objectives of Chemistry 4.0, chemical synthesis will mainly operate in continuous flow mode. This
technology offers enhanced safety, better reaction control, “on the fly” monitoring, and easier automation
compared to traditional batch reactors.2 Moreover, flow chemistry offers the possibility to access
“forbidden” transformations by exploring new process windows, and strongly accelerates kinetics through
improved heat and mass transfer.3
A modular4-5 autonomous6-9 flow reactor combining monitoring PAT technologies with a feedback
algorithm for the synthesis of valuable compounds is presented. The autonomous self-optimizing platform,
controlled via MATLAB, was designed as a flexible platform adapted to the screening and optimization of
chemical transformation. The reaction monitoring uses either online HPLC or in-line benchtop NMR. The
custom-made optimization algorithm performs constrained optimizations of black-box functions in a
multidimensional search domain, without a priori knowledge of the chemical reactions. This flow system
allowed fast and efficient optimizations of a multistep synthesis where all discrete steps were optimized
with an autonomous flow reactor for the first time.
The association of online/in-line monitoring and process control instrumentation allowed to design a
reconfigurable flow reactor that could be used either as an automated screening platform to evaluate discrete
variables (catalysts/oxidants, 50 reactions) on the micromole scale, or as an autonomous self-optimizing
flow reactor for continuous variables by implementing our optimization algorithm in a closed-loop system.
In this way, very efficient experimental conditions were achieved in a limited number of experiments. The
flow platform has also been configured for working with either a gas-liquid segmented or tube-in-tube
strategy.
We believe that autonomous machines will massively assist chemists with repetitive, expensive and/or
hazardous experiments in a near future.
Keywords: Continuous-flow reactor, automation, in-line/online analysis, screening/optimisation, chemistry
4.0.
Graphical abstact (Optional)
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Identifying time scales for violation/preservation of Stokes-Einstein relation in
supercooled water
Takeshi Kawasakia,*, Kang Kimb,
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Abstract
The violation of the Stokes-Einstein (SE) relation between the shear viscosity and the translational diffusion
constant at temperature is of great importance for characterizing anomalous dynamics of supercooled water.
Determining which time scales play critical roles in the SE violation remains elusive without the
measurement of shear viscosity. We provide intensive simulation results of the dynamic properties involving
the shear viscosity and the diffusion constant in the TIP4P/2005 supercooled water, which enabled the
thorough identification of the appropriate time scales for the SE relation. In particular, we demonstrate that
the temperature dependence of various time scales associated with structural relaxation, hydrogen bond
breakage, stress relaxation, and dynamic heterogeneities can be classified into only two classes. That is, we
propose the generalized SE relations that exhibit “violation” or “preservation.” The classification depends
on the examined time scales that are coupled or decoupled with the diffusion. Based on the classification,
we explain the physical origins for the violation in terms of the increasing plateau modulus and
nonexponentiality of stress relaxation. Our findings imply that the mechanism of SE violation is attributed
to the attained solidity upon supercooling, which is in accord with the growth of non-Gaussianity and
spatially heterogeneous dynamics [1,2]. We further show that this classification contributes to understanding
the violation of Stokes-Einstein-Debye relation for shear viscosity and rotational relaxation time [3].
Keywords: Supercooled water, glass transition, molecular dynamics simulations, Stokes-Einstein relation
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Air and Water Purification by Photocatalyst
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Abstract
Photocatalytic oxidation and reduction reactions occur on the material surfaces by the photo-generated
hole an electron, respectively. So, it is important point to synthesize the materials with a large reaction area
and control the morphology. In this presentation, I would like to introduce the photocatalytic materials using
specific nanostructures to apply for environmental purification.
Single-phase nanoparticles of brookite were successfully synthesized by solution process. The
synthesized particles were approximately 30 nm in size, had high crystallinity, and were highly dispersible
in water and cyclohexane, indicating amphiphilic property1. The synthesized samples exhibited higher
photodegradation activity of the acetaldehyde gas than P-25 particles2. g-C3N4/WO3 composite was
prepared, and it exhibited high photocatalytic activity under visible-light irradiation3. In addition, unique
structural WO3 (tube, nanosheet) by solution process. As a result, the photocatalytic activities of gC3N4/WO3 (tube, nanosheet) composite were improved, comparing to g-C3N4/WO3 (particle) composite.
Then, imogolite/Cu-grafted TiO2 composite was exhibited excellent photocatalytic performance under
visible light in wide relative humidity4. Finally, I would like to introduce about water purification and H2
production by FeOOH5-8.
Keywords: Photocatalyst, Nanoparticle, Environmental purification
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Dynamical Measurement of Material Characteristics using Diffracted X-ray
Blinking
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Abstract
Recently, we developed Diffracted X-ray Blinking (DXB) technique by using a monochromatic X-ray beam.
DXB is a molecular dynamics measurement technique using monochromatic X-rays. Conventionally, target
protein molecules were chemically labeled with gold nanocrystals with size on the order of 10 nm to obtain
information on the molecular fluctuations and rotational motion associated with the motion of nanocrystals.
Because DXB uses monochromatic X-rays, the diffraction spots reflecting the internal motion of single
molecules are detected only in a certain wavelength range that satisfies the diffraction conditions. The
diffraction spots which are observed to cycle in and out of the Bragg condition, and they appear as blinking.
Blinking includes tilting and twisting motions of biomolecules and can be evaluated as autocorrelationfunction (ACF) exponential relaxation [1].
Here, DXB was applied for the first time in the world to measure the dynamics of polycrystalline
materials associated with the expression of their functions. Silver halide undergoes a chemical reaction when
exposed to high-energy radiation such as X-rays, resulting in the formation of metallic silver. Indeed, the
diffraction spots in Debye–Scherrer rings from AgX (silver halides) were directly observed during X-ray
exposure. Diffraction rings of metallic silver were also observed after a few frames. Individual diffraction
spots of AgX and Ag seemed to move in the θ and χ directions. The movements of diffraction spots represent
the tilting and rotational motions of the nanocrystals. Actually, the diffraction spots of AgX(200) and
Ag(111) were observed to move sequentially in the χ direction with swinging in the θ direction. These
behaviours of the diffraction spots indicate that AgX and Ag rotate with tilting. In addition, the diffraction
spots seemed to be sometimes moved between Ag(111) and Ag(200). The movement of Ag is the lattice
deformation of Ag. Lattice deformation with grain motions occurred between Ag(111) and Ag(200). Ag is
probably newly formed with the unstable lattice structure during crystal formation process. These dynamical
behaviours were quantitatively evaluated by ACF. ACF decay constant shows the rotational diffusion of
materials [2]. We now observing the photo-trigger crystals, molecular rotors, rubbers and electrochromic
material. These materials exhibit phase transition or structure changes upon several stimulus such as
temperature, photonical and electrical stimulation. Our novel technique leads to a deeper understanding of
the mechanisms underlying crystal dynamic motion and function [3,4].
Keywords: Diffracted X-ray Blinking, Tilting, Rotation, Lattice deformation, Autocorrelation function
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Optical properties for Red and Infrared Emitting Scintillators
Containing a Novel Emission Center
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Abstract
The first decommissioning step for the Fukushima Daiichi Nuclear Power Plant is to evaluate the
distribution of the dose-rate before removing the debris, and real-time does-rate monitors in high dose-rate
condition are required. Moreover, these monitors are realized using scintillator, which converts gamma-rays
into detectable photons with photo-detectors, with red or infrared emission. However, light outputs for such
scintillators are insufficient in red/infrared region, because the conventional emission centers in the
red/infrared region are not allowed transition such as d-d transitions (i.e. Cr3+, Mn4+) or 4f-4f transitions
(Nd3+). Although commercial-use scintillators doped with Ce3+ or Eu2+ (5d-4f transition) as emission center
have maximum light outputs of 60,000 photons/MeV, typical emission wavelengths are 400-550 nm[1].
We found that Cs2HfI6 grown by the vertical Bridgman-Stockbarger method has a peak emission
wavelength of around 700 nm and high light output of over 60,000 photons/MeV. In addition, Rb2HfI6 and
other novel scintillators including [HfI6]2- site were found to have long emission wavelengths of more than
650 nm and relatively high light output of over 30,000 photons/MeV. These scintillation decay times were
less than 5 m, while conventional red/infrared emission centers have these times of over 100 s, typically.
Temperature dependences of light outputs for these samples were investigated in synchrotron facilities
to determine emission mechanism, and also bandgap structures were estimated from excitation spectra at
low temperature. In addition, the crystal structures were analyzed. These results suggested that such longwavelength and high light output was originating from a novel emission center [HfI6]4+ relating to charge
transfer between Hf4+ to I- or the complex mechanism based on charge transfer with self-trapped excitons.
In this paper, we show the above results and discussions. Additionally, we succeeded in development of the
real-time does-rate monitor system, and show the detail.
Keywords: Scintillator, Red and Infrared Emission, light output
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Quantitative Structure-Activity Relationship Analysis Using Molecular
Images: Current Development of the DeepSnap Method
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Abstract
DeepSnap is a deep learning method for building a discrimination model using a large number of threedimensional structural images of low-molecular-weight compounds taken from 360-degree angles. Using
this method, the speaker’s laboratory has reported highly accurate discrimination models for various
bioactivities related to ADMET such as nuclear receptors, stress response pathways, Ames test, and
clearance. Simultaneously, we improved accuracy and reduced computational cost by carefully analyzing
the conditions for producing molecular images, which were problematic at the beginning of the
development. Furthermore, a feature region highlighting function using class activation map (CAM)
technology was implemented. In addition, by combining it with the traditional quantitative structure-activity
relationship (QSAR) method using descriptors, we were able to create extremely accurate discrimination
and regression models. In this presentation, I will discuss the progress in the development of the DeepSnap
method.
Keywords: QSAR, in silico study, machine learning, artificial intelligence, molecular structure
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Development of long-haul optical fibers and glasses for fibers
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Abstract
Optical communication fibers are one of the most important inventions of the glass product industry 1). It
is the only product made of glass to which the Nobel prize has been awarded to2). As 2022 is the anniversary
year for the International Year of Glass, I examine the evolution of communication fiber materials including
multicomponent glasses, which were expected to replace silica glass. Owing to the difficulties in
manufacturing low-loss fibers, multicomponent glasses, except fluoride glass3), were dropped as the
candidates for the core material. Pure silica glass is currently used as the core material for long-haul optical
communication. However, the research on loss-reduction of silica glass seems to have been stagnant for
almost 40 years. In the talk, I will explain a new method on loss reduction using hot compression, which is
expected to be a breakthrough in the field. The key for this finding was the observation of the open spaces
of Si-O network structure, called voids, in silica glass, instead of atomic structures. Voids can be taken as
the negative picture against the ordinary positive picture of atoms. By using positron annihilation lifetime
spectroscopy, voids in silica glass were found to behave as scattering particles which control the Rayleigh
loss in silica glass4). With this assumption, we postulated that applying pressure to silica glass at high
temperature, where sufficient structural changes occur, would shrink the size of the voids and suppress the
Rayleigh scattering. It in fact had succeeded5). The mechanism and the prediction of the suppression of loss
by pressure will also be explained using molecular dynamics calculation6).

Keywords: Optical communication fiber, Silica glass, Rayleigh scattering, Void, Molecular dynamics
simulations
References
1. H. Kanamori SEI TECHNICAL REVIEW, 2020, 197, 10-16.
2. K. C. Kao, and G. A. Hockham, Proc. IEEE, 1966, 113, 1151-1158.
3. M. Poulain, and J. Lucas, Materials Research Bulletin, 1975, 10, 243–246.
4. M. Ono, K. Hara, M. Fujinami and S. Ito, Appl. Phys. Lett. 2016, 101, 164103.
5. M. Ono, S. Aoyama, M. Fujinami and S. Ito, Opt. Exp. 2018, 26, 7942-7946.
6. Y. Yang O. Homma, S. Urata, M. Ono and J. Mauro npj Computational Materials 2020, 6, 139

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

103

ICPAC KK 2022 – Abstracts
IGS 34 – Invited Lecture

Development of High-throughput and High-Sensitive Single Cell Analysis
System using Flow Cytometer and Inductively Coupled Plasma
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Abstract
Trace element analysis in single cells is expected to contribute to regenerative medicine and the development
of new therapeutic agents, such as the differentiation process of iPS cells and the elucidation of the
pathogenic mechanism of cancer. Although trace elements can be analyzed using large synchrotron radiation
facilities, it takes several hours to a day to obtain a single image, so the development of a high-speed single
cell analysis system is desired. In our group, droplet direct injection system to introduce single cell into
Inductively Coupled Plasma (ICP) atomic emission/mass spectrometer have been developed1). In this single
cell introduction device for ICP, cells are injected in 70 µm diameter, 18 pL droplets. Although this method
allows stable introduction of individual cells into the hot plasma, the water that makes up the droplet is a
load on the plasma, preventing high analytical sensitivity2). Therefore, a droplet desolvation system using
near-infrared (NIR) light was developed. In this device a 100 mm long NIR halogen lamp was installed
outside a quartz tube to focus NIR on the droplet flight path. As a result, we were able to desolvate droplets
up to about 500 Hz. We have applied this droplet system to ICP mass spectrometry to analyze single human
cells such as HeLa and U2OS cells. Emission of Ca (720 pg) and Mg (14 pg) contained in single human
cells were detected simultaneously. And the correlation coefficient of Mg and Ca of HeLa cells was 0.83,
and that U2OS cells were 0.95 was obtained. Currently, we are developing an instrument that directly
connects a flow cytometer and an ICP mass spectrometer. In this system only target cells are selectively
introduced to the plasma using a deflector plate in cell sorter. In the presentation, details of their new single
cell analysis system will be reported.
Keywords: Single Cell, Plasma, Droplet, Mass Spectrometry, Cytometer
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Chemical Synthesis of New Magnets by Topotactic Reaction
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Abstract
Demand for high-performance magnet materials is increasing in various fields, including the automotive,
electronics, and medical industries. However, the current mainstream permanent magnet materials contain
rare earths and are faced with the problems of resource depletion and price escalation. Therefore, there is a
need for new permanent magnet materials that do not contain rare earths. Particularly, materials with the
CuAu crystal lattice structure (L10) have large uniaxial magnetic anisotropy, thus many studies on L10 type
materials have been reported. However, it is a crucial problem that typical L10 type materials such as FePt,
CoPt, and FePd include noble metals of Pt or Pd. To solve this problem, the development of novel
magnetically anisotropic materials without noble metals is now eagerly expected. In this study, we aim to
synthesize an L10 type FeNi alloy with a large magnetic anisotropy1-5, which exists only in an iron meteorite
as a Widmannstätten structure in nature. Single-phase L10 type FeNi powders were fabricated through a
new chemical method, nitrogen insertion and topotactic extraction (NITE)6. In the method, FeNiN, which
has the same ordered arrangement as L10 type FeNi, is formed by nitriding A1-FeNi powder with ammonia
gas. Subsequently, FeNiN is denitrided by topotactic reaction to derive single-phase L10-FeNi with a
chemical order parameter of 0.71. The transformation of disordered phase-FeNi into the L10 phase increased
the coercive force from 14.5 kA/m to 142 kA/m, and an actual motor was fabricated. The proposed method
not only significantly accelerates the development of magnets using L10-FeNi but also offers a new synthesis
route to obtain ordered alloys in non-equilibrium states. We hope that, in the future, the NITE method will
be developed further to facilitate the derivation of completely new ordered alloys that are superior in terms
of characteristics such as magnetism, toughness, and catalytic performance.
Keywords: L10-FeNi, Widmannstätten structure, nitrogen insertion and topotactic extraction, magnetically
anisotropic materials,

L10-FeNi motor
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Flexible all-solid-state battery for wearable devices
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Abstract
The press forming is indispensable in the manufacturing technology of LIB. We developed a new press
forming based, room-temperature process, the mega-press forming (MF) method1, that produces highly
dense aggregate oxide films at a pressure below 1 GPa, by taking advantage of the differences in cohesive
force between microsized and nanosized particles. We used our novel process to produce highly dense lead
zirconate titanate (PZT) aggregate films with a porosity of only 6% on aluminum foil at room temperature,
and found that when impregnated with silicone oil, these films exhibited low leakage current density and
saturated polarization hysteresis properties. Also, we demonstrated that a folded all-solid-state battery can
be charged and discharged by impregnating MF cathode and anode films with a solid polymer electrolyte
with poor Li+ conductivity (Fig. 1).
On the other hand, since the performance of solid polymer electrolytes has been improving, we developed
a flexible all-solid-state LIB by using commercialized electrode sheets and their solid electrolytes, that can
be used even when fold (Fig. 2). A prototype battery represented a capacity of 440 mAh, and was confirmed
a volumetric energy density equivalent to that of a typical LIB. We used this novel battery to prototype an
insole device integrating pressure sensors, a wireless communication device and the battery in order to
improve overall usability. Demand for plantar pressure measuring devices has increased with the rise in
popularity of wearables because impairment of ambulation leads not only to fall accidents in the elderly
people but also to arthritis disorders such as backaches induced by hallux valgus, calluses, and ingrown
nails2. We will suggest it as secondary cells for many wearable devices after improvement of durability and
battery performance. Since this battery was produced from commercialized products, this demonstration
aims to achieve practical applications based on existing manufacturing technology.

Fig.1

Fig. 2

Keywords: all-solid-state battery, press forming, wearable device, LIB, PZT, nano particle
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Flash Chemistry Makes Impossible Organolithium Chemistry Possible
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Abstract
Many successful applications reported in the literature speak well for the power of the flow-microreactor
method in chemical synthesis. The reaction time in a flow microreactor is defined as the residence time
between a reagent inlet and the quencher inlet, which can be controlled precisely and reduced to millisecond
order by adjusting the length between these positions and the flow speed. Such a feature of flow
microreactors enables the use of short-lived highly reactive intermediates for synthesis. Various chemical
reactions using highly reactive short-lived organolithium species that are difficult or even impossible to
perform in batch processes can be accomplished in flow microreactors using space integration of reactions.
In this presentation, we slow our recent results to various synthetic reactions mediated by organolithium
reagents based on flash chemistry conducted in flow reactors, especially utilizing space-integration of the
flow reactions.

Keywords: Microreactor, flow chemistry, organolithiums, flash chemistry
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Ultrasmall Synergistic Nanocluster Catalyst for CO2 Conversion
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Abstract
CO2 is a greenhouse gas which has contributed to suitable temperature and survival of all creatures on earth.
However, with the acceleration of industrialization, its concentration in the atmosphere is increasing, leading
to a series of serious problems, such as global warming, glacial melting, and sea level rising. Conversion of
CO2 into fuels and chemicals has been considered to be an important strategy to reduce greenhouse gas
emissions and alleviate the energy crisis. Bicarbonate as the CO2 source is convenient for experimental
operation. The use of inexpensive metals as catalysts has become the direction of research.
Here we prepared a series of ultrasmall Ni-ZnO catalysts with size between 1.5 and 3 nm loaded on a
silica support whose size ranges from 26 to 95 nm1,2. The optimum size of the active component is about 2
nm, just at the threshold size of the nanocluster due to a suitable ratio of low- and high-coordinated surface
atoms. Besides, the synergistic effect between Ni and ZnO significantly enhances the activity of Ni. We
studied the activity of catalyst in hydrogenation of bicarbonates and explored the possible mechanism of
catalyst action. The yield of formic acid reached up to 97.0% at 260 °C/3 MPa for 2 h, which is higher than
those of the ever reported non-noble metal-based catalysts, reaching the effect of the precious metal catalyst.
The good performance of the Ni-ZnO/SiO2 can be attributed to the ultrasmall active component size and the
synergy effect based on electron transfer between Ni and ZnO.
Keywords: nanocluster catalyst, NaHCO3 hydrogenation, formic acid generation, CO2 conversion
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In situ spectroscopic study of electrochemical deposition processes and
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Abstract
Electrochemical reactions including electroplating, electrodeposition, and electrocatalysis proceed at
electrode-solution interfaces, where electric double layers are formed and modulate the interface reaction
dynamics. Such interfacial reactions can also occur at solid-liquid interfaces in various research fields such
as fuel cells, catalysis, and crystal growth. They have been investigated using surface-sensitive techniques
including surface-enhanced Raman scattering (SERS) and surface X-ray scattering. In situ X-ray absorption
spectroscopy (XAS) using soft X-rays and SERS are emerging surface-sensitive technique to understanding
electronic state of target reactions associated with light elements such as C, N, and O during the reactions
at the solid-liquid interface.
In this presentation, two studies will be presented. One is the tracking of the electrochemical
reaction deposition of Ni on a Pt electrode in plating solutions containing nickel sulfamate in the presence
and absence of an organic additive ethylene glycol (EG) by in situ photon-in/photon-put fluorescence yield
XAS (FY-XAS) under electrochemical conditions.1 We found that the NiII complex formation and surface
adsorption of EG likely play a crucial role in the electrochemical Ni deposition using the in situ FY-XAS
technique. Other is the active AC-electric-field-induced dynamic aggregate of Au nanoparticles-decorated
polystyrene (AuNPs-PS) beads for SERS-based medical diagnosis.2 This platform enables us to achieve the
rapid in situ SERS detection of small amount molecules. The AuNPs-PS beads were manipulated,
aggregated, dispersed using the dielectrophoretic and electro-osmotic fluid flow induced by the AC electric
field application.
Further widespread applications of these in situ FY-XAS and SERS platforms can offer deep
understandings of electrochemical, photochemical, microwave-induced,3 and catalysis reactions, etc. which
occur at the solid-liquid interface.
Keywords: in situ spectroscopy, X-ray, Surface enhanced Raman scattering, electrochemical reaction,
interface
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Atomically precise fabrication of 1D chalcogenides using nano-test-tubes
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Abstract
Since the discovery of buckminsterfullerene in 1985, nanocarbon materials have played a crucial role in
modern materials science. Over the past decade, significant efforts have been directed towards exploring
post nanocarbons. Two-dimensional (2D) layers of chalcogenides are widely recognized as ‘beyond
graphene’ owing to their versatile chemistry. On the other hand, their 1D counterparts − nanowires,
nanoribbons, and nanotubes – are predicted to exhibit unique electronic, optical, and magnetic properties,
significantly distinct from carbon nanotubes. However, exploring their potentials has been hampered due to
their poorly controlled structures. Although these 1D chalcogenides have been created by using chemical
and lithographic methods, the reliable production of well-defined 1D structures still remains a significant
challenge.
Here we report atomically precise fabrication of 1D chalcogenides using carbon/boron-nitride nanotubes
(CNTs/BNNTs) as templates. Chemically and thermally robust CNTs and BNNTs can serve as templates to
promote and stabilize the bottom-up growth of 1D chalcogenides, allowing their facile handling and
characterization. In particular, optically inert BNNTs can serve as ideal ‘nano-test-tubes’ for precisely
studying intrinsic electronic properties of 1D chalcogenides. Using these templates, we have created a
variety of 1D chalcogenides with their unique dynamics and properties. For instance, single MoTe
nanowires confined in CNTs exhibit torsional waves that are absent in the bulk.1,2 Very recently, we have
employed inner and outer walls of BNNTs to roll up 2D MoS2 layers into 1D nanotubes, which can change
their optical properties depending on their chilariy.3 The successful syntheses of 1D chalcogenides using 1D
nano spaces is opening up the possibilities for exploring unprecedented physics and potential applications
including bioimaging probes.4
Keywords: Carbon nanotube, Boron-nitride nanotube, chalcogenide, transmission electron microscopy,
Nano space
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Ultra-sensitive optical resonance in micro-sphere used for dimensional
measurement
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Abstract
This paper discussed the state-of-the-art dimensional measurement technique of a micro-sphere using an
optical resonance, the whispering gallery mode (WGM) resonance. WGM resonance occurs inside a circular
shape such as a sphere or cylinder. In WGM, light propagates the circumference of a micro-sphere. If the
length of circumference is equal to the integer multiple of the propagating light wavelength, the light
resonates in the micro-sphere. In general, WGMs are known as high efficient optical resonance, so the
linewidth of the resonance wavelength is of the order of pico-meter scale. The wavelength of the optical
resonance is highly sensitive to the diameter and refractive index of the micro-sphere and the surrounding
medium's refractive index. Using these properties, WGMs are applicable to sense the state of the microsphere and state change of the environment with ultra-high sensitivity. Many researchers have proposed
applying the WGMs to sensors. I have proposed the novel diameter measurement technique of a microsphere1 based on the WGMs. I have experimentally proved that the repeatability of the measurement was
0.03 nm for the sphere having a diameter of 188 µm2. I plan to present some future perspectives of
whispering gallery modes for chemical / environmental sensors.
Keywords: whispering gallery mode, refractive index sensing, sensor, micro-sphere, diameter
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Plastic optical fiber doped with phthalocyanine
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Abstract
Fiber optics is one of the fields that polymer chemistry plays an essential role despite its relatively low
social recognition. Optical fiber, usually known as a narrow glass cable that serves the platform of the highspeed internet, can also be developed as various types of sensors. Suppose one designs the fiber that changes
the state of transmitting lightwave inside the optical fiber as a consequence of outer stimuli, such as
temperature change or deformation, the stimuli can be quantitatively correlated to the output signal
measured at the other end of the fiber. Polymer-based optical fiber has the potential to inspire the
conventional sensing framework of silica-based fibers.
Multimodal polarization-maintaining is one of the unique waveguiding characteristics available only
through polymer-based optical fiber[1]. This is accomplished by fabricating the core of the optical fiber
using a so-called zero-zero birefringent polymer[2]. Zero-zero birefringence indicates that the polymeric
product has no potential to exhibit birefringence of any types regardless of the deformation at neither above
nor under the glass-transition temperature.
This manuscript describes multimodal polarization-maintaining fiber with phthalocyanine dye dopants
to create a strain "vector" sensor[3-5]. The symmetry and planar shape of phthalocyanine are ideal for this
purpose. Existing fiber-optic sensors can provide strain amplitude, but none have ever detected strain
vectors [6-9]. Phthalocyanine derivatives with decorated isoindoline units were used to enhance the
dispersity against the host polymer. Experiments have revealed that tert-butyl modification of the
phthalocyanine is effective for making repeatable testing fibers. Near-field measurement, an evaluation
used to characterize the beam profile, revealed that the dye concentration has a gradient in the fiber radial
direction despite successful suppression of aggregation among dye molecules accomplished by the t-butyl
modification.
Keywords: zero-zero birefringence, polymer optical fiber, strain detection, phthalocyanine
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High-resolution printing of functional nanoparticles by selective adhesive
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Abstract
Printing of functional nanomaterials provides a cost-effective and low-energy input production of electronic
devices. However, conventional printing processes such as inkjet and screen printing where a liquid ink is
deposited on a substrate in a liquid form, suffer from limited resolution of around 30 μm and 70 μm,
respectively, and the variation of pattern shapes due to wetting phenomena. In our approach, we first coat
an ink on a silicone sheet to allow a partial drying so that the layer exhibits an elastoplastic behavior, and
then the semidried layer was selectively transferred onto a cliché by adhesion to generate a pattern1,2. This
strategy allows to form a single-micrometer feature, and thus can be applied to various applications where
miniaturization is required. In this presentation, various materials3 including Ag, Cu, ITO, PEDOT:PSS,
P3HT, NiO, metal oxide precursors4, and ionogels are shown together with device demonstrations such as
thin-film transistors, micro-supercapacitors5, and thermistors6. For the requirement of ink formulation, it
was revealed that an optimally semidried layer exhibited a burgers-type creep response, which indicated
that the elastic component governing a short-time response against distortion is the key to generate welldefined, high-resolution patterns by the proposed process7.
Keywords: Printed electronics, nanoparticles, adhesion, rheology
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Infectious Disease Testing Platform Based on AI Nanopore
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Abstract
New infectious diseases have emerged every few years since 2000, and their outbreaks are expected to
continue. Meanwhile, the worldwide air network allows the global spread of infectious diseases in the
shortest possible time. Thus, the rapid development of testing equipment tailored to emerging infectious
diseases is essential in minimizing the spread of emerging infectious diseases and its associated economic
losses. Here, we present an AI nanopore platform for the rapid development of highly sensitive, highly
specific, and high-throughput testing devices [1]. This platform was developed by simply changing the
nanopore diameter and measurement data.
Nanopores were formed through holes on a silicon substrate with diameters in the range of a few 100 nm
to a few µm. When a voltage was applied above and below the nanopore, ionic currents flowed through the
nanopore. When a virus or bacteria entered the nanopore, an ionic current−time waveform was obtained.
The ionic current−time waveform provides the information on the volume, structure, and surface charge of
the virus or bacteria passing through the nanopore. With the information obtained from the ionic
current−time waveform with AI, could to identify the type of virus or bacteria that passed through the
nanopore.
Machine learning of the ionic current−time waveforms of various cultured corona viruses (CoV), i.e.,
SARS-CoV, MERS-CoV, SARS-CoV-2, and HCoV-229E, resulted in the identification of these four CoVs
with an accuracy of 66% [2]. Cultured SARS-CoV-2 and influenza A (H1N1) were also identified with an
accuracy of 90%. Machine learning of polymerase chain reaction (PCR)-positive and PCR-negative saliva
samples resulted in sensitivity and specificity of 90% and 96%, respectively, within 5 mins of measurement.
Since the virus itself is measured, the method does not require a time-consuming RNA extraction step, and
the only pretreatment was membrane filtration of saliva.
Keywords: Nanopore, AI, Infectious diseases, Virus, Bacterium
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Thermoelectric measurements of Mg2Si
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Abstract
In recent years, various studies have been conducted to realize a low-carbon society. Among them,
thermoelectric materials that convert thermal energy into electrical energy are attracting attention because
most thermal energy is discarded as waste heat. Major thermoelectric materials currently on the market have
problems such as the presence of rare elements and elements harmful to the human body. Magnesium
silicide (Mg₂Si) semiconductors are considered an environmentally friendly semiconductor thermoelectric
material because the constituent elements are harmless to the human body and the amount of raw material
deposited is enormous. This Mg and Si compound has a simple phase diagram, but the boiling point of Mg
(1363 K) and the melting point of Mg₂Si (1358 K) are very close at high temperature, so it is difficult to
synthesize in the correct stoichiometric ratio. Therefore, we reported that high quality materials can be
synthesized by high-pressure synthesis, which can suppress the evaporation of Mg [1].
Thermoelectric performance is evaluated by a dimensionless figure of merit determined by Seebeck
coefficient, electrical conductivity, and thermal conductivity, which are highly dependent on lattice
distortion and defects. Several experimental [2-4] and theoretical [4] studies on thermoelectric performance
under high pressure have been reported, and in order to compare the results, it is necessary to measure the
thermoelectric performance under high temperature and high pressure. Therefore, we have developed an
apparatus that can measure thermoelectric performance under high temperature and high pressure [5]. By
using a 6-axis multi-anvil press as a high-pressure generator, a sample volume can be secured even in
experiments using ultrahigh pressure. In addition, the dual heating method can be used in the multi-anvil
system because it allows many electrodes to be inserted in the sample section. In this paper, we present the
details of the developed high-pressure apparatus and compare the results of Seebeck coefficient and
electrical conductivity measurements of Mg2Si thermoelectric materials with previously reported
experimental and theoretical results.

Keywords: Thermoelectric material, Magnesium silicide, High pressure, Seebeck coefficient
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Synthetic studies on aculeines, peptide toxins post-translationally modified by
long-chain polyamines
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Abstract
Aculeines (ACUs) are peptide toxins post-translationally modified by a long-chain polyamine (LCPA),
isolated from the marine sponge Axinyssa aculeata.1 ACUs show cytotoxicity and neurotoxicity by
disrupting membrane integrity, and we have been studying the chemical synthesis of ACUs to explore the
structure-activity relationships of ACUs. We aimed to prepare structurally homogenous ACUs, since the
natural ACUs are heterogenous at the LCPA moieties.
Recently, we achieved the total synthesis of the proposed structure for protoaculeine B (pACU–B, 2), the
N-terminal residue of ACU–B (1), in a solution phase.2 However, the NMR and MS/MS spectra and
chemical reactivity of the synthetic sample were different from those of natural pACU−B. After
reinvestigation of the spectroscopic data of the natural product, cis−1,3−disubstituted
tetrahydro−β−carboline framework was newly proposed as the correct structure. The plausibility of this
structure was afterwards demonstrated by the synthesis of truncated model compounds.3
Our previous investigation to synthesize pACU–B in the solution phase revealed that the highly
polycationic property of the LCPA moiety hampered the synthesis. Thus, we attempted the solid-phase
synthesis in this study. Herein, the total synthesis of the revised structure of pACU–B will be presented. The
structure of ACU–D, which has a shorter peptide chain than ACU–B, was also confirmed by total synthesis.
Keywords: marine sponge, peptide, Pictet–Spengler reaction, polyamine, tryptophan
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Maleimide-functionalized Carbosilane Dendrimers as Multivalent Platforms
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Abstract
Carbosilane dendrimers are a unique class of synthetic macromolecules with silicon in the scaffold at arm
branching points. Silicon is considered non-toxic to living organisms and has the potential for applications
in pharmaceuticals, in which biocompatibility is required. We have synthesized a series of multivalent
carbosilane dendrimers carrying various glycosides including globotriaose, lactotriaose, and sialyllactose,
and we have performed biological assays to elucidate their binding and inhibition abilities for lectins, Shiga
toxins, influenza virus, and so on.1,2
In the present study, we synthesized N-acetylglucosamine-terminated hexavalent carbosilane dendrimers
and investigated their binding to wheat germ agglutinin (WGA).3 The glycodendrimers were prepared by
the conjugation of 3-mercaptopropyl, 4-mercaptobutyl, or 5‑mercaptopentyl glycosides to maleimideterminated hexavalent carbosilane dendrimers. Titration of WGA with the glycodendrimers yielded
quenching of tryptophan fluorescence. All of the glycodendrimers exhibited high affinity with nanomolar
dissociation constants due to the glycoside cluster effect. The magnitude of fluorescence quenching
increased with decrease in the length of the thioalkyl spacer. Maleimide-pendant carbosilane dendrimers
provide ready access to multivalent ligands with high-affinity potential.
Keywords: Carbosilane dendrimers, Multivalent ligand, Thiol-maleimide chemistry, Lectins
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Prevention of Soil Erosion by Microalgae
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Abstract
Soil erosion is one of the environmental issues. It starts with the loss of topsoil by disasters such as forest
fires and landslides brought by an earthquake and heavy rain. The topsoil is also vanished by anthropogenic
activities such as civil and agricultural activity. Various methods are used to reduce soil erosion, such as
ground covers, slope drains, silt fences, blankets, plastic covers, etc. However, these methods are more
expensive and less environmentally friendly. Recently, a simple and eco-friendly method was developed in
Japan, the BSC method, named after the biological soil crust (BSC)1.
BSC is the microbial communities or biofilm in a few millimeters to centimeters on soil surfaces. It
stabilizes the soil particles, keeps the moisture and supply nutrients as the first step of ecological succession.
In the BSC method, the BSC-1 strain, a specific Japanese microalgal strain, is sprayed on the bare soil to
form an artificial BSC layer. The method has been applied in many places in Japan, from Hokkaido to
Okinawa. However, it has not been used abroad except for the test trial in Nepal because of fear of biological
disturbance. Therefore, the isolation of indigenous strains is compulsory for implementing the technology
in Malaysia.
In this research, two algal strains were isolated from the soil sample by picking up under a microscope.
One is a greenish filamentous alga (C3 strain), and one is a green unicellular microalga (DID strain). From
the morphology, these strains were suggested to be Tribonema sp. and Chlamydomonas sp., respectively.
Those algae showed a high growth rate and high resistance to drought stress. The soil sprayed and covered
by the C3 strain was significantly higher resistance to soil erosion than the bare soil. These results showed
C3 strain could be the candidate strain for the BSC method in Malaysia.
Keywords: Biological soil crust, BSC-1 method, Microalgae, Soil erosion,
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Point of Care Testing Devices for Therapeutic Drug Monitoring
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Abstract
Lithium carbonate is an effective medicine for the treatment of the bipolar disorder, but the concentration
of lithium in the patient’s blood must be frequently monitored because of its toxicity. To date, no
colorimetric methods of lithium-ion detection in whole blood without pretreatment have been reported.
Recently, we developed a colorimetric paper-based device that allows point-of-care testing in simple step.
This device is composed of two paper-based elements linked to each other: a blood cell separation unit and
a colorimetric detection unit. After a portion of whole blood has been placed on the end of the separation
unit, plasma in the sample is automatically transported to the detection unit, which displays a diagnostic
color. The key feature of this device is its simple, user-friendly operation. The limit of detection is 0.054
mM and the coefficient of variance is below 6.1%, which are comparable to those of conventional
instruments using the same colorimetric reaction. Furthermore, we achieved high recovery (>90%) and
reproducibility (<9.8%) with spiked human blood samples. Moreover, we have also succeeded in developing
a hybrid device that combines this detection unit and digital microfluidics.
Keywords: point-of-care testing, paper-based device, lithium ion
Graphical abstact (Optional)
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One-step fluorescent immunoassay for rapid protein analysis
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Abstract
Fluorescent polarization immunoassay (FPIA) is classified as the one-stem immunoassay method, where
sample and reagent are mixed only once (no washing process) and, then analyzed immediately. We have
developed an instrument for FPIA. Sensitive and reproducible analysis have been realized by utilizing a
high-quality liquid-crystal element, a microfluidic sample cell, and a CMOS image sensor with a
synchronous image processing program.1,2
In FPIA, a fluorescent tracer molecule is prepared by chemically bonding an analyte and a fluorescent
label molecule, and the tracer’s fluorescent polarization 𝑃 = (𝐼∥ − 𝐼⊥ )⁄(𝐼∥ + 𝐼⊥ ) is measured, where 𝐼∥ and
𝐼⊥ are, respectively, the fluorescent intensities having polarizations parallel and perpendicular to that of the
excitation light. The polarization change Δ𝑃 due to competitive binding of analyte to antibody is used for
the determination. In ordinary FPIA, the analyte should be a small molecule because the antibody binding
largely affects the immunocomplex’s molecular mass and, thus, results larger Δ𝑃. Our instrument’s
effectiveness has been demonstrated in ordinary FPIA applications such as analysis of food mycotoxins and
physiologically active substances.
When a large molecule such as protein is chosen to be fluorescently modified, the immunocomplex
formation with antibody does not largely affect its mass, and Δ𝑃 should be very small. Therefore, the
competitive mechanism is hard to work. Here, we conceive a non-competitive FPIA, where segmented
antibody is fluorescently labeled and used as a detection reagent directly. Owing to our instrument’s high
accuracy and reproducibility, we succeeded the non-competitive FPIA of immunoglobulin,3 C-reactive
protein,4 H5 avian influenza virus,5 and human serum SARS-CoV-2 antibody.6
Keywords: immunoassay, fluorescent polarization, liquid crystal, image processing
Graphical abstact
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Nuclear quantum effects in various hydrogen-bonded systems: Multicomponent quantum mechanics and path integral molecular dynamics studies
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Abstract
Hydrogen atom plays important role in determining molecular structures and properties and in chemical
reactions. Since proton, hydrogen nucleus, is the lightest nucleus, proton sometimes shows significant
nuclear quantum nature. For example, isotopic (deuterium) substitution is one of the most popular
phenomena originate in the difference between nuclear quantum nature of proton and deuteron. Low-barrier
hydrogen bonds, which have a very low activation barrier for proton transfer, also have attracted
considerable attention at the variety of topics such as materials and biosystems.
To analyze these phenomena by theoretical calculation, we have to take nuclear quantum effect
(NQE) into account. However, most of popular theoretical methods ignore the NQE based on the BornOppenheimer approximation. To this end, we recently developed two theoretical methods. The first one is
a multi-component quantum mechanics (MC_QM) method, in which the concept of molecular orbital is
extended to the nuclear case. Thus, nuclei are represented by a nuclear wavefunction in the MC_QM
scheme. The other method is a path integral molecular dynamics (PIMD) simulation, which can consider
NQEs and the thermal effects. The PIMD simulation allows us to analyze the statistical sampling of the
systems. We have analyzed various hydrogen-bonded systems and proton transfer reactions with the aid of
MC_QM and PIMD methods so far. In this talk, we would like to introduce our recent results.1-4
Keywords: Nuclear quantum effect, H/D isotope effect, Path integral molecular dynamics, Multicomponent quantum mechanics method
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Abstract
Dye-sensitized solar cells (DSSCs) have been actively investigated as a candidate for the alternative device
to conventional silicon-based inorganic solar cells, because of their potentially low production cost, low
toxicity of the constituent elements and relatively high light-to-electric energy conversion efficiency.
Organosilicon compounds such as silanols and alkoxysilanes have a high bonding ability to metal-oxide
surfaces by forming Si–O–metal bonds. Thus, we have focused on developing alkoxysilyl dyes (i.e. silylanchor dyes) as photosensitizers for DSSCs and achieved over 12 % conversion efficiency in the cells using
a carbazoles / alkyl-functionalized oligothiophene / alkoxysilyl-anchor dye of ADEKA-1 as the
photosensitizer [1].
For further efficiency improvement, we examined the co-sensitization of ADEKA-1 with widely
developed carboxy-anchor dyes. As a result, the carboxy-anchor dye of LEG4 was revealed to work
effectively as the collaborative sensitizer to ADEKA-1 through an electron-injection enhancement effect,
and we achieved 14.3 % conversion efficiency in the cell under one sun illumination [2].
We also challenged to improve the photovoltage for extending the applicability of DSSCs, and succeeded
in obtaining the photovoltage higher than 1.4 V by using a coumarin / alkyl-functionalized oligothiophene
/ alkoxysilyl-anchor dye as the sensitizer and an electrolyte solution of Br3−/Br− redox mediator [3].
The results are attributed to the substantial adsorption property of silyl-anchor dyes to the TiO2 electrode,
demonstrating their validity as photosensitizers for DSSCs. Furthermore, the observation of the conversion
efficiency of over 14 % indicates the potential of DSSCs as a light-to-electric energy conversion device.
Keywords: dye-sensitized solar cell, alkoxysilane, silyl-anchor dye, conversion efficiency
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Abstract
Marine organisms, e.g., sponges, ascidians, bryozoans, and cyanobacteria, are rich sources of
structurally unique and biologically active secondary metabolites with valuable therapeutic potentials.
Historically, effective cytotoxic natural products were discovered through simple cell-based assays by
measuring cell survival using plate reader-based methods or by observing cultured cells with microscopy.
At present, new era cell-based screening methods in combination with image-based or gene-based
techniques have enabled us to predict the modes of action of bioactive constituents from primary screening
data. Thus, efficient screening method is needed since biological activity profiling is an indispensable part
for defining the therapeutic potential of newly isolated compounds.
We developed phenotypic screening in combination with real-time imaging using 3Y1 cell line to
isolate active compounds from marine organisms. During the screening, we found that the extracts of Mycale
sp. and Characella sp. sponge, and Symploca sp. cyanobacteria induced characteristic morphological
changes in 3Y1 cells immediately after the treatment. Bioactivity-guided fractionation of the extract resulted
in the isolation of miuramides, poecillastrin H, and heptavalinamide A from the above-mentioned organism13
. Here, we describe the isolation, structure elucidation, and biological activity of these compounds. The
morphology guided cell-based assay in combination with real-time imaging live-cell method was
demonstrated to be a powerful approach to discover novel bioactive compounds from marine organisms.
Keywords: cell-based assay, cyanobacterium, marine natural products, sponge
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Abstract
I once investigated the relationship between the ignition point and the substructure of a compound. It was
pointed out that the melting point and boiling point should be investigated instead. Melting and boiling
points have already been well studied via QSAR, but I would like to investigate to what extent melting and
boiling points can be numerically predicted from the known knowledge, with “Chemoinformatics1”
approach based on machine learning.
I report the results of rule extraction and prediction for the melting point and boiling point of simple
chemical compounds including carbon, oxygen and hydrogen only using data mining technique such as
decision tree and random forest. I used fundamental material values and the number of characteristic
structures as descriptors directly. The learning data includes 260 kinds of chemical compounds and other
twenty-nine test data were selected in consideration of the types of functional groups, melting points, and
boiling points. I used “rpart” and “randomForest” packages of the “R2”, one of the statistical programming
languages, in order to use decision tree and random forest. Here I show the results of melting point on
Figures 1 and 2. Figure 1 shows seven rules for melting point and their importance ranking using decision
tree. The rules are mainly known empirically, but the importance ranking of them was unknown. Figure 2
shows prediction results using Figure 1 of decision tree and random forest. In the Figure 2, random forest
got better prediction results.
Keywords: data mining, melting point, boiling point, organic compound, functional group

Figure 1. Decision tree
for melting point.

Figure 2. Prediction result of melting point using
the decision tree and random forest.
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Live-cell synthetic epigenome manipulation by chemical catalysts
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Abstract
Life is driven by biomolecules and chemical reactions among them. Post-translational modifications (PTMs)
of histone proteins represent the chemical reactions in life, and constitute a fundamental element of
epigenome through regulation of gene transcription. A chemical way to manipulating the histone PTMs is,
thus, useful to elucidate the PTMs’ functions and to restore dysregulated PTMs’ level for therapy. However,
such a chemical method without a reliance on enzymes has been lacking thus far. Here we report chemical
catalysts promoting regioselective histone acylations in live-cells.1,2,3 The synthetic histone acylation
suppressed physiological H2B ubiquitination, a mark regulating gene transcription and DNA damage
response, resulting in the first epigenome manipulation by a chemical catalyst in cells.
Keywords: Histone, acylation, catalyst, in-cell reaction, epigenome
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Hydrogels Based on Metal Coordinated DNA Network
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Abstract
DNA has attracted attention as a biopolymer that carries genetic information of organisms and is abundant
material which can be obtained from biomass such as residue of fish. In addition, it is eco-friendly material
because it can be easily decomposed in the natural environment. DNA is composed of phosphate,
deoxyribose, and bases (adenine, thymine, guanine, and cytosine), which are arranged in an orderly fashion
to form a double helical structure. Since the double helical structure is stabilized by weak interactions such
as hydrogen bonds, electrostatic interactions, and π-π interactions, DNA undergoes significant threedimensional shape changes in response to ambient temperature, pH, or ion concentration. Therefore, DNA
is an alternative to synthetic responsive polymers derived from petroleum and is a highly sequencecontrolled, stimuli-responsive polymer that is very attractive from a materials science perspective, including
applications in biocompatible actuators and drug delivery systems. In short, hydrogels based on naturally
derived DNA, an abundant and biocompatible material, allow us to develop sustainable soft actuators.
However, there has been made few attempts on the achievement of soft actuators using naturally derived
DNA-based responsive hydrogels. This is probably due to the value of naturally derived DNA as a material
has been left behind as attention has focused on molecular-scale research such as molecular machines using
artificial DNA so far. Based on this background, we focused on the characteristic structure of DNA and
attempted to fabricate hydrogels by using metal ions that interact with DNA substructures as linkers. DNA
hydrogels were prepared with various metal salts composed of Group 3 to 13 metals. Some of the DNA
hydrogels showed reversible swelling and shrinking behavior in response to the concentration of the metal
ions. Further investigation of the DNA hydrogels such as decomposition of the hydrogels to develop
sustainable materials will be also discussed in the presentation.
Keywords: DNA, hydrogel, metal coordination, organic-inorganic hybrid, biomass
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Formation and properties of a trinuclear copper complex from cyclohexane1,3-dione dioxime and copper(II) nitrate
Yosuke Hosoyaa, Hanaka Kinjoa, Kosuke Sugawab, and Joe Otsukib,*
a
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b
College of Science and Technology, Nihon University, Japan
*
Corresponding author: otsuki.joe@nihon-u.ac.jp

Abstract
Multinuclear metal complexes are attracting attention not only for their aesthetic structures but also
for their various properties and functions derived from synergy among metal centers. 1 We obtained the
crystals of a trinuclear copper complex from cyclohexane-1,3-dione dioxime and copper(II) nitrate from
methanol.2 The active methylene of the three ligands were oxidized into carbonyl groups, two of which
formed hemiacetal with methanol. The complexes in the crystal formed one-dimensional chains by
coordination bonds between copper(II) ions in a complex and oxygen atoms of the neighboring copper
complex. When this trinuclear copper complex was recrystallized from water, a similar complex was
obtained, in which all three ligands formed hydrate with water. In contrast to the crystal obtained from
methanol, the individual complexes were isolated in the crystal from water.
Keywords: trinuclear copper complex, self-assembly, copper(II) nitrate, cyclohexane-1,3-dione dioxime,
magnetic properties
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Expanding the applicability of variational quantum algorithms towards the
practical quantum chemical calculations with quantum computers
Wataru Mizukamia,b*,
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Abstract
First principles electronic structure calculations are now firmly established as a vital tool in chemistry.
However, there is still a lack of satisfactory approaches for describing systems with many strongly entangled
electrons, although the theory for systems with weak electron entanglement has been reaching maturity. In
recent years, quantum circuits have attracted much attention for their descriptive power to compress the
exponential degrees of freedom exhibited by strongly correlated electron systems1. A quantum computer
consisting of 2N qubits can treat a superposition of all possible electron configurations in N spatial orbitals.
The variational quantum algorithms (VQA) are techniques that utilize such high expressivity to compactly
realize a target quantum state on a quantum circuit2. Among them, the variational quantum eigensolver
(VQE) is a representative method using quantum circuits for quantum many-body problems3.
We have been improving and extending the applicability of the VQE. The developed methods enable us
to calculate relativistic effects, periodic systems, the stable structure of molecules, chemical reaction
pathways, anharmonic terms, first-principles molecular dynamics, and the discovery of conical crossings48
. In this presentation, I will present our achievements to date and discuss the problems with the VQAs
including the VQE, and future directions for their development.
Keywords: quantum computing, quantum algorithm, first-principles calculations, molecular properties
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Effects of cocatalysts deposited on perovskite-oxynitrides utilized in Z-scheme
water splitting as O2-evolving photocatalysts
Hideki Katoa,*
a
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Abstract
Photocatalytic water splitting gathers much attention because of its potential for applications of solar
hydrogen production. Oxynitride are promising candidates for visible-light-driven photocatalysts due to
valence bands located at shallower positions than those in general oxides such as TiO 2, SrTiO3, and
NaTaO3.1 We have demonstrated that tuning of valence band potentials by control of nitrogen contents via
formation of solid solutions is a useful method to obtain high activity for water oxidation (oxygen
evolution).2,3 We have recently achieved utilization of such perovskite-type oxynitride capable of sacrificial
oxygen evolution for Z-scheme water splitting as an O2-evolving photocatalyst (OEP).4.
We report the effects of cocatalysts deposited on La0.5Sr0.5Ta0.5Ti0.5O2N (denoted as LSTTON),
which is handled as a model of perovskite-type oxynitride, upon Z-scheme water splitting. Deposition of
reduction cocatalysts like as Pt and Ir was effective rather than oxidation cocatalysts such as Co and IrO 2
although LSTTON take charge of oxygen evolution in Z-scheme water splitting. It was considered that
improvement of reduction of electron relays, [Co(bpy)3]3+ or Fe3+, was important to enhance oxidation of
water for the case of LSTTON, which has the high ability even without any cocatalysts in sacrificial O 2
evolution using Ag+ electron acceptor.
Keywords: photocatalyst, oxynitride, water splitting, Z-scheme, cocatalyst
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Peptide-based biomineralization of near-infrared absorbing triangular gold
nanoplate
Masayoshi Tanaka,
Department of Chemical Science & Engineering, Tokyo Institute of Technology, Japan
Corresponding author: tanaka.m.bn@m.titech.ac.jp
Abstract
Triangular gold nanoplates (TrAuNPls) possessing strong plasmon properties could be used for cancer
photothermal therapy. However, the controlled preparation of such morphologies usually requires harsh
synthetic conditions and reagents. Biomolecules including peptide offer an alternative means to develop
biocompatible synthetic methods.
In this study, using the previously isolated 10-residue peptide, ASHQWAWKWE, for Au nanoparticle
(AuNP) synthesis, the conditions for preparing TrAuNPls by a one-pot synthetic course mixing HAuCl4 and
peptide at room temperature were investigated to effectively obtain TrAuNPls possessing near-infrared
absorbance for non-invasive optical diagnosis and phototherapy. By adjusting the peptide concentration, the
size and property of TrAuNPls could be controlled under neutral pH conditions. The synthesized particles
showed potential as photothermal therapeutic agents in vitro. In addition, characterization of the peptides
with B3 derivatives revealed that the third amino acid, histidine, is important in morphological control,
indicating the potential of ASEQWAWKWE and ASAQWAWKWE peptides for the synthesis of circular
gold nanoplates. These findings provide not only an easy and green synthetic method for TrAuNPls and
circular AuNPls, but also some insight that can help elucidate the control of peptide-based nanoparticle
synthesis for use in cancer therapy.
Keywords: biomineralization, peptide, triangular gold nanoplate, photothermal therapy
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Analysis of Exosome Secretion in Cancer Cells Using Luciferase
Luminescence Measurement
Daisuke Onoshima
Institutes of Innovation for Future Society, Nagoya University, Japan
*
Corresponding author: onoshima-d@nanobio.nagoya-u.ac.jp
Abstract
One important endoplasmic reticulum secreted by cells is the exosome1. Exosomes have attracted attention
as biomarkers that encode many signaling molecules important for cancer diagnosis. However, the
mechanism of exosome production in cancer cells has not been fully elucidated. In this study, we focus on
the relationship between exosome secretion in cancer cells and oncogenes. We analyzed the inhibitory
effects of molecular-targeted drugs that inhibit tyrosine kinases on exosome secretion.
Exosome secretion was measured after dosing prostate cancer cells PC3 with Dasatinib, a molecularly
targeted drug that targets the oncogene Src. Luciferase Nano-Luc luminescence measurements2 were
utilized for the secretion experiments. Protein detection by Western blotting was also used to evaluate the
intracellular Src changes that occur upon Dasatinib administration. Exosome secretion of PC3 was reduced
by approximately 50% with 25 nM of Dasatinib. The IC50 calculated from the dose-response curve was 14
µM, indicating that the decrease in exosome secretion occurred at drug concentrations lower than the IC50.
Exosome secretion was not affected by administration of three other molecular-targeted drugs that do not
target Src. A large amount of autophosphorylation-suppressed Src was detected in PC3 after treatment with
Dasatinib. This allowed us to consider the increase of intracellular Src associated with the suppression of
exosome secretion. In the future, we will proceed to screening experiments for factors different from
tyrosine kinases.
Keywords: exosome, cancer cell, luciferase luminescence, oncogene, tyrosine kinase
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Effect of flow on critical coagulation concentration
of colloidal microplastic particles
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Abstract
The aggregation-dispersion behavior of charged colloidal particles plays a critical role in controlling the
transport properties of microplastic particles in the colloidal fraction. The critical coagulation concentration
(CCC) is a transition condition where the electrical repulsion disappears and the van der Waals attraction
becomes dominant, giving a useful measure to predict the aggregation-dispersion of colloidal particles1,2.
The classical Schulze-Hardy rule states that the relation between critical coagulation concentration (CCC)
and counter-ionic valence (z) follows CCC ∝ 1/zp (2＜ p ＜6). Recently, the relationship between CCC and
co-ionic valence z was proposed as CCC ∝ 1/z, namely the inverse Schulze-Hardy rule2. However, the
previous works were performed without considering a common existing factor, flow.
This study reports the effect of flow on aggregation kinetics and CCCs in the presence of multivalent
ions3. We measured the aggregation rate coefficients for polystyrene sulfate latex (SL) particles as a function
of salt concentration with different ionic species at pH 4. Furthermore, we analyzed them with theoretical
models based on hydrodynamic pair-diffusion in a random flow and trajectory analysis in steady extensional
and shear flows using the experimental zeta potentials from the electrophoretic measurements. The results
showed that both experimental and calculated CCCs follow the Schulze-Hardy rule for counter-ionic
valence and the inverse Schulze-Hardy rule for co-ionic valence both with and without a mixing flow. While
the trajectory analysis underestimates the CCCs, only the hydrodynamic pair-diffusion model can capture
the shift of CCCs in the mixing flow to higher salt concentration compared to the CCCs in Brownian
aggregation and also show a better agreement with the experimental results. This result suggests that the
combination of random flow and Brownian diffusion can be crucial to obtaining a consistent framework for
predicting both Brownian aggregation and aggregation in a mixing flow.
Keywords: Schulze-Hardy rule, Critical Coagulation Concentration, DLVO theory, Brownian aggregation,
Mixing flow aggregation
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Effect of crystallization conditions on characteristic of solid phase for
cucurbit[7]uril
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Abstract
Cucurbit[7]uril (CB7) is known as a macrocyclic molecule which has relatively high water solubility.
CB7 can include various molecules due to its large cavity.1 The preparation of inclusion compounds using
a macrocyclic molecule such as CB7 is an emerging approach to improve the solubility of active
pharmaceutical ingredients in the pharmaceutical field.2 Therefore, development of purification process for
CB7 is strongly required to use CB7 as a pharmaceutical material.
However, it has been reported that CB7 is frequently obtained as an amorphous.3 This is because the
interaction between the CB7s is weaker than the interaction between the CB7 and solvent.4 Our recent study
revealed that the characterization of the solid phase for CB7 is influenced by the amount of solvent at its
precipitation. Cocrystal precipitate with water or other solvent molecules are frequently used for
pharmaceutical products. Therefore, it is suggested that investigating the crystallization conditions of CB7
allows to obtain the knowledge for purification of CB7 and develop the crystallization method of cocrystal.
Previous study reported that using the ternary phase diagram is an effective approach to investigate the
operation condition and characterization of crystalline particles in the crystallization field. 4 The purpose of
this study is to investigate the crystallization conditions for CB7 and evaluate the characterization of the
solid phase using the ternary phase diagram.
In this study, antisolvent crystallization of CB7 (solute) - water (good solvent) - isopropanol
(antisolvent) was used as the experimental system. SEM observation showed that the mixing ratio of CB7
saturated solution and isopropanol effected on the form of the solid phase. Furthermore, XRD and DLS
measurements revealed that clear peaks and growth of particles, which are crystal-specific properties, were
observed only when the ratio of CB7 saturated solution was more than 90%. Therefore, we found the
operation conditions for obtaining crystalline particles of CB7 by evaluating the characterization of the solid
phase using the ternary phase diagram.
Keywords:
Cucurbit[7]uril, Crystallization, Solid Phase, Ternary Phase Diagram
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Divergent synthesis of PTX- and DHQ-type poison frog alkaloids
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Abstract
The skin extracts of Neotropical poison frogs contain a variety of lipophilic alkaloids, and over 800
alkaloids have been isolated or detected to date. Many of these alkaloids show remarkable biological
activities on the nervous system such as nicotinic acetylcholine receptors. Methods for chemical synthesis
of poison frog alkaloids are needed to investigate the biological activities of poison frog alkaloids as only
minute amounts of natural alkaloids can be obtained from skin extracts. Pumiliotoxins (PTXs) and
decahydroquinolines (DHQs) are a relatively large subgroup of poison frog alkaloids, and over 90 and 50
types have been detected, respectively. However, no divergent synthesis of these class of alkaloids has been
reported, and pharmacological studies on these alkaloids have not been investigated in detail. In addition,
the relative and absolute configurations of some of these alkaloids have not been determined. Therefore, the
establishment of a divergent synthetic strategy for these alkaloids is important for both structural
determination and detailed biological evaluations.
We achieved the divergent synthesis of PTX-type alkaloid and its congeners, such as hPTX-, 8-deoxyPTX-, 9-deoxy-hPTX-, 8-desmethyl-PTX-, and 9-desmethyl-hPTX-type alkaloids, from the common chiral
building block.1,2 In addition, the divergent synthesis of cis-, 4a-epi-cis-, 2-epi-cis-, and trans-DHQ-type
alkaloids was also achieved from the other chiral building block using a stereoselective Michael-type
conjugate addition reaction and an intramolecular aldol-type cyclization with epimerization as the key
steps.3,4
Details of the synthetic process of PTX- and DHQ-type poison frog alkaloids will be reported.
Keywords: divergent synthesis, pumiliotoxin, decahydroquinoline, poison frog alkaloid, total synthesis
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Development of TCNQ Conductors with N-Alkylated DABCO Cations toward
Thermoelectric Application
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Abstract
Since the arrangement of constituent components in organic conductors has a great influence on physical
properties, various attempts have been made to control the arrangement by utilizing non-covalent
interactions. Tetracyanoquinodimethane (TCNQ) and its derivatives, which are conductive components,
have multiple supramolecular interaction sites. We have investigated the molecular arrangement in radical
anion salts with N-alkylated 1,4-diazabicyclo[2.2.2]octane cations (RDABCO). This cation has a degree of
freedom in the orientation of the DABCO moiety and the alkyl chain, and it is possible that the interactions
between cations as well as between cation and TCNQ can be controlled by the alkyl chain length.
Mixing (RDABCO)I (R = alkyl group) and TCNQ derivatives in organic solvents afforded the
corresponding TCNQ radical anion salts. In these salts, TCNQ molecules formed uniform and various
multimerized one-dimensional columns depending on the alkyl chain length, and the arrangement of
RDABCO was also diverse. For example, two kinds of TCNQ with molecular charges of −0.71 and −0.35
formed a tetramerized one-dimensional stacking column along the b-axis in (HexDABCO)(TCNQ)2 at 300
K. HexDABCO cations exhibited the close proximity between hexyl groups and the disorder of DABCO
moiety. The salt was semiconducting with the room-temperature conductivity (σRT) and the activation
energy (Ea) of σRT(//b) = 2.8 S cm−1 [Ea(//b) = 0.29 eV] and σRT(⟂b) = 9.0×10−3 S cm−1 [Ea(⟂b) = 0.29 eV].
Thermoelectric measurement [1] revealed the low thermal conductivity of 𝜅(⟂b) = 0.54 W m−1 K−1, which
is considered to be derived from the weak interaction between hexyl groups. The band calculation suggested
that the system is a band insulator. At 100 K, the unit cell was doubled, resulting in four crystallographically
independent TCNQ molecules and two HexDABCO cations without disorder. In this congress, crystal
structures and physical properties of TCNQ conductors with N-alkylated DABCO cations will be discussed.
Keywords: tetracyanoquinodimethane, N-alkylated 1,4-diazabicyclo[2.2.2]octane, molecular conductor,
non-covalent interaction, thermoelectric property
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Development of Mononuclear Aluminum Complex Carbazole Dendrimer
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Abstract
Thermally activated delayed fluorescence (TADF) materials have been considered as an attractive
technology to convert all the molecular exciton to light with a 100% internal quantum efficiency without
rare metals. Recently, light-metal complex, such as lithium (Li), sodium (Na), magnesium (Mg), and
aluminum (Al) complexes, are attractive candidates for the fabrication of TADF materials. Nevertheless,
mononuclear Al complexes with delayed fluorescence have been rarely explored. According to previous
work, mononuclear Al complexes with asymmetric ligands indicate that the steric hindrance and asymmetric
molecular structure based on the octahedral Al complex play important role in reducing the concentration
quenching in solid state. The reported Al complexes exhibit high photoluminescence quantum yields
(PLQYs) of up to 79% and a short delayed fluorescence lifetime of approximately 4 s1 in solid state.
In this study, we have developed a novel series of mononuclear aluminum complexes with different
carbazole dendrimer-type ligands. We successfully synthesized the derivatives and evaluated material
properties. We obtained the PLQY of up to 87% including delayed fluorescence and emission color from
blue to green. Solution-processed organic light-emitting diodes (OLEDs) using these Al complexes achieved
excellent performance with an external quantum efficiency of 10.3% at 100 cd m −2. These results are
expected to guide the advancement of the next-generation solid-state lighting technology.

Keywords: Aluminum complex, Organic light-emitting diode, Thermally activated delayed fluorescence,
Dendrimer, Carbazole
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Synthesis , Spectroscopic Characterization and Anion Titration Studies of
Flexible Amide Ligands
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Abstract
Anions play significant roles in many areas, including in our lives and environment. Thus, the
understanding in the chemistry of anions, particularly related with selective anion recognition studies by
synthetic receptors is crucial and needed to be further explored1. Therefore, in these studies five new series
of flexible amide ligands namely 1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-carboxyamido]ethane
(L1), 1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-carboxyamido]propane (L2), 1,2-bis[N,N’-6-(4pyridylmethylamido)pyridyl-2-carboxyamido]butane
(L3),
1,2-bis[N,N’-6-(4pyridylmethylamido)pyridyl-2-carboxyamido]pentane
(L4)
and
1,2-bis[N,N’-6-(4pyridylmethylamido)pyridyl-2-carboxyamido]hexane (L5) have been successfully synthesized and
characterized by spectroscopic techniques such as Fourier Transform Infrared (FTIR), 1H and 13C Nuclear
Magnetic Resonance (1H & 13C NMR), Ultraviolet-Visible (UV-Vis) and Gas Chromatography-Mass
Spectroscopy (GC-MS). Anion recognition studies were performed by using UV-Vis and 1H NMR titration
methods. UV-Vis titration shows that ligands L1, L4 and L5 underwent hypochromic shifts when more
chloride anions were titrated, indicating the interaction of the anions with the pyridine moieties. 1H NMR
revealed that -NH signals for all ligands were shifted to downfield upon addition of chloride anions. The
fact that the amide proton signals of L1 – L5 exhibited significant downfield shift typical for NH···A–
hydrogen bond formation, it was affirmed that these moieties formed the anion binding site at the targeted
pocket. While L3, L4 and L5 showed no significant changes upon titration with nitrate and chromate anions.
In conclusion, ligands (L1 – L5) have potential to bind with chloride anion compared to nitrate and
chromate.
Keywords: amide, anion receptor, hydrogen bonding, flexible ligand, titration
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Development of Aerobic Oxidation of Amines
with Grubbs Catalyst and Its Application
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Abstract
Oxidations of amines are important transformations in organic chemistry and have been used for
synthesis of nitrogen-containing heterocycles, nitriles, and amides. Among them, oxidations using
molecular oxygen have attracted considerable attentions as an environmentally friendly method.1,2
However, since amines exhibit a high reactivity due to their nucleophilicity or basicity of nitrogen
atoms, simultaneous control of both chemoselectivity and oxidation state of product is difficult. In
the course of our synthetic studies on alkaloids, we found that Grubbs catalysts promoted oxidation
of tertiary amines under oxygen atmosphere.3 Inspired by this finding, we planned to develop an
aerobic oxidation of amines with Grubbs catalyst.
Our study started with investigation of oxidation of indoline to indole as a model reaction. After
extensive optimizations, Schrodi-Grubbs catalyst B (6) proved to be effective to promote the
oxidation. The reaction possessed a wide range of functional group tolerance and applicability for
synthesis of various nitrogen-containing heterocycles including natural products.4 Furthermore,
this reaction was extended to an assisted tandem catalysis involving olefin metathesis/oxidation
using molecular oxygen as the chemical trigger.4
Having established the oxidative aromatization of aliphatic nitrogen-containing heterocycles,
our interest was then focused on oxidation of primary amines. This oxidation was found to be
applicable to synthesis of not only various aryl nitriles, but also alkyl nitriles with various
functional groups untouched such as a free hydroxy group.5 In addition, we applied this oxidation
to a nitrile synthesis via the one-pot formation of imine intermediates from aldehydes and
ammonium acetate, followed by aerobic oxidation reaction in the presence of Grubbs catalyst under
oxygen atmosphere.5
Keywords: aerobic oxidation, Grubbs catalyst, N-containing heterocycles, nitrile synthesis.
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Dehydrogenative Coupling of Group 14 Hydrides via Iron Catalysis
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Abstract
Iron is the cheapest transition metal and is abundant in the earth’s crust. Therefore, synthesis of highly
reactive iron catalysts could contribute to realizing the development of relatively low cost and environment
benign catalysis that could be an alternative to frequently used precious metal catalysis.
Dehydrogenative reactions are important classes of reactions in modern organic and organometallic
chemistry. Among dehydrogenative reactions, we focused on the development of dehydrogenative coupling
of H−E (E = Si, Ge, Sn) bonds to form E−E bonds. Group 14 compounds which contain E−E bonds are
often synthesized via Wurtz type coupling reactions by using group 14 halides as the precursors, however,
one issue of Wurtz type coupling reactions is that these methods require the use of a stoichiometric amount
of alkali metals or Mg1. To overcome this drawback, we hypothesized that the development of
dehydrogenative coupling reactions involving H-E bonds to form E-E bonds mediated by transition metal
catalysts could be an alternative method to the conventional procedure. Based on these backgrounds, in this
presentation, we wish to report the development of dehydrogenative coupling of group 14 hydrides, in which
iron complexes bearing group 14 element ligands play crucial roles as the key catalytically active species.
First, dehydrogenative coupling of Ph2GeH2 was achieved quantitatively in THF at room temperature in
the presence of 2.5 mol% of [Fe(Mes)2]2 and 4 equivalent of iPrIMMe (Mes = 2,4,6-trimethylphenyl, iPrIMMe
= 1,3-diisopropyl-4,5-dimethylimidazole-2-ylidene). The 1H NMR and X-ray diffraction analysis revealed
that cyclic pentagermane (Ph2Ge)5 was selectively obtained in this reaction. In addition, three possible
intermediary iron species which include Fe−Ge moiety were isolated from the stoichiometric reaction
between [Fe(Mes)2]2 and (iPrIMMe)2 and Ph2GeH2. The reaction mechanism of this catalytic system will also
be described based on the isolation of these intermediary iron species.
Keywords: Iron catalysts, dehydrogenative coupling, Group 14 elements, Group 14 hydrides, Hydrogen
Graphical abstact
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Crystal growth of metal-organic frameworks on metal hydroxide toward
device applications
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Abstract
Thin films of porous materials are of great interest for various applications such as separation, storage,
electronics and photonics. It has long been expected a pore alignment in a large scales exceeding cm-scale1.
However, the formation of thin films with alignment of pores remains a significant challenge especially for
microporous crystalline materials including zeolite and metal-organic frameworks (MOFs). Since 2014, we have
been developing a new method for controlling orientation and the location of MOFs by using metal hydroxide as
a metal ion precursor for the MOF synthesis. Crystalline metal hydroxides nanomaterials have the following
unique features: 1) lower lattice enthalpy than oxides, 2) regularly ordered hydroxyl groups on the surface.
Because of their low lattice enthalpy, metal hydroxides readily react with the organic ligands, allowing them to
be converted to MOFs under mild conditions (room temperature and no hazardous solvent). Therefore, predeposited Cu(OH)2 films and their patterns on any substrate (e.g., plastic, metal, or glass) could be converted to
uniform Cu-based MOF coatings and its patterns and 3D objects for electrochemical and solid catalysts.2,3
Furthermore, we found that Cu-based MOF can grow on Cu(OH)2 surface through a heteroepitaxial approach.
By this heteroepitaxial approach, we succeeded in the fabrication of various Cu-based MOF films with both outof-plane and in-plane orientations on cm-scale substrates.4-9 Due to the fundamental interest and widespread
technological importance of controlling the alignment of functional molecules and polymers in a particular
direction, these orientation-controllable MOF films and patterns will open up the possibility of realizing the
potential of MOFs in advanced technologies including electronic, optical, and thermal devices. Furthermore, the
regularly ordered hydroxyl groups on the metal hydroxides are expected to provide new potential platform as a
scaffold for the orientation of organic molecules and organic crystals such as COF over large areas.
Keywords: Metal organic frameworks, oriented film, metal hydroxide, epitaxial growth, device applications
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Charging and Aggregation of Cellulose Nanomaterials in Aqueous Solution
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Abstract
Cellulose nanomaterials (CNMs) such as cellulose nanofiber (CNF) and cellulose nanocrystal (CNC) have
attracted extensive attention of scientific and engineering communities. Nanomaterials are often handled
and processed as dispersions of them. Therefore, it is important to scientifically understand the charging and
aggregation of CNMs and the rheology of dispersions of CNMs in many industries. To better understand
the charging, aggregation, and rheology in suspensions of CNMs, the author and co-workers have carried
out experimental studies and theoretical analyses on the behaviors of CNF and CNC1-3).
Surface charge density of CNMs was evaluated by using potentiometric acid-base titration. The results
confirmed that CNF and CNC bear pH-dependent negative charge and a constant negative charge due to the
deprotonation of carboxylic and sulfate groups, respectively. The charging density of CNF at different pH
and salt concentrations is successfully described by using the 1–pK Poisson–Boltzmann (PB) model for a
cylindrical particle. The charging behavior was also characterized by measuring electrophoretic mobility
(EPM). The measured EPM of CNMs was compared with representative theories of EPM. The comparison
indicated that the EPM theory including the double layer polarization with the 1–pK PB model nicely
captures experimental data.
The aggregation behavior of CNFs was studied by measuring the hydrodynamic diameter of CNFs using
dynamic light scattering at different pH and KCl concentrations. The aggregation of CNF was observed at
high salt concertation and low pH. This behavior can be explained by the Derjaguin–Landau–Verwey–
Overbeek (DLVO) theory with the 1–pK PB model. In addition, sol–gel like states of semi–dilute suspension
of CNMs were examined under different KCl concentrations. Gel–like states of the CNMs suspensions
occurred around moderate KCl concentrations. This result can be understood by considering the angledependent DLVO theory for cylindrical particles.
Keywords: DLVO theory, electrokinetics, flocculation, cellulose nanofiber, cellulose nanocrystal, rheology
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Brønsted Acid-Catalyzed Synthesis of Non-Conjugated Polythiophene Membranes
and Their Gas Separation Properties
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Abstract
Heterocyclic polymers have attracted much attention because of their unique physical properties, potentially
applicable as electrical and optical materials. The most well-known method for preparation of heterocyclic
polymers such as polythiophene and polyfuran is electrochemical polymerization, which affords polymers in a
membrane form, ordinarily given in thin-layer on electrodes.1 The fabrication of membranes of heterocyclic
polymers can also be processed by the usage of chemical compounds without electrodes. The typical method, so
called interfacial polymerization, applies two types of solvents, which are not mixed each other usually composed
of water and organic layers, and the polymerization proceeds between the two layers to give membranes. In
specific, for the synthesis of heterocyclic polymers such as polypyrroles, interfacial polymerization can be done
with organic monomers and oxidants such as FeCl3. There have been a lot of reports treating with production of
heterocyclic polymers by use of the above methods, especially for conjugated polymers derived from heterocyclic
monomers which could possibly be applied for unique physical properties.
Recently, our group have focused on another productive method of heterocyclic polymerization, so called
chemical polymerization, mediated by strong Brønsted acids. The polymerization proceeds basically in addition
reaction of heterocyclic monomers catalyzed by acid (Scheme 1). It constructs partly saturated structures in the
main-chain of the produced heterocyclic polymers, which may lead unique properties compared to the wellknown conjugated heterocyclic polymers given by the oxidative polymerization achieved by electrochemical
methods or the oxidants. Here we report the one-step fabrication of heterocyclic polymer membranes in chemical
polymerization mediated by Brønsted acid (Figure 1) and its physical properties involving gas permeability
(Figure 2).2
Keywords: Heterocyclic monomers, polythiophene, polyfuran, self-standing membrane, gas separation

Scheme 1. Chemical polymerization of heterocyclic monomers mediated by Brønsted acid.

a)

a)

b)

Figure 1. Appearance of free-standing membrane
of polythiophene: a) top view and b) bending form.

b)

(Barrers)

Figure 2. Gas separation performance of the
polythiophene membrane: a) PCO2 against PN2
and b) PO2 against PN2.
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Application of Layered Double Hydroxides to Electrochemical Devices
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Abstract
Layered double hydroxides (LDHs) are anionic clay, and the general formula for LDHs is [MII1－x
MIIIx(OH)2][(An-)x/n･mH2O], where MII is a divalent cation such as Ni2+, Mg2+, etc., and MIII is a trivalent
cation such as Al3+, Fe3+, etc., and An− is an anion such as CO32−, Cl−, etc. Over the last decade, the research
on LDHs has been developing in several fields and applications, on both fundamental and applied aspects
of these materials. In this presentation, some applications of LDHs to electrochemical devices such as fuel
cells, oxygen reduction reaction catalysts, electrochemical oxygen separation, and so on, will be reviewed.
Mg-Al LDHs intercalated with CO32− were found to show hydroxide ion conductivity of the order of 10-3 S
cm-1 under 80% relative humidity1, and applied to electrolyte membrane for alkaline-type direct ethanol fuel
cells1, and aqueous ammonia fuel cells2. Electrochemical oxygen separation cells using hydroxide-ion
conductive LDHs were also proposed3. Transition metal-containing LDHs such as Ni-Fe LDHs4 and NiMn-Fe LDHs5 were found to function as electrocatalysts for oxygen evolution and oxygen reduction
reactions. Application of a dye molecule-intercalated Zn-Al LDHs to the electrodes of dye-sensitized solar
cells6 was also shown.

Layered Double Hydroxide (LDH)
brucite(Mg(OH)2)-like sheet

[M2+1-xM3+x(OH)2]+

OH−
M2＋ or M3＋

M2＋・・・ Mg2+, Ni 2+, Zn2+, etc.
H2O

M3＋・・・ Al3+, Fe3+, Cr3+, etc.

An−

An− ・・・ CO32−, Cl−, etc.
[M2+1-xM3+x(OH)2]+

Keywords: Layered double hydroxides, alkaline type fuel cell, oxygen reduction reaction, electrochemical
oxygen separation, dye-sensitized solar cell
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Antiviral and antibacterial coating by visible light responsive photocatalyst as
a new measure against contact infection risk
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Abstract
Paint and coatings play important roles both delivering various colors and designs on the surface and
protecting the surfaces of all kinds of social infrastructure from degradation factors such as rust and light
while providing safety, comfort, and color for people around the world. They can also introduce various
"special functions" to the surface of objects. One of its special functions, the antiviral and antimicrobial
(antimicrobial, AM) function, is currently attracting attention under the spread of novel coronavirus
infection (COVID-19).
We have succeeded in providing AM functions to the surface of a coating film by applying visible light
responsive photocatalyst. And we evaluated the antiviral performance of the coating film by a highthroughput method with the M13 bacteriophage and phagemid system derived from the phage display
technology1. The AM effect was verified by spraying artificial saliva containing M13 phages as droplets
similar to coughs and sneezes onto the antiviral-coated membrane and measuring the decrease in active M13
phages2.
AM coating technologies for contact surfaces will hopefully help to reduce the risk of contact infections
in addition to the basic infection prevention measures currently such as hand washing and sanitization.
Keywords: antiviral coating, antibacterial coating, visible light responsive, photocatalyst
Graphical abstact (Optional)
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Development of high-performance ferrite nanomagnets and
the advancement to next-generation millimeter wave absorbers
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Abstract
Ferrite magnets, magnetic metal oxides that contain iron, are the most widely used magnetic material due
to their chemical stability and low cost. In general, coercive field (Hc) of ferrite magnets is generally small
due to low magnetic anisotropy. If magnetic anisotropy of ferrite magnet can be improved, applications will
be greatly expanded. Epsilon iron oxide (ε-Fe2O3), a polymorph of Fe2O3 obtained as a stable phase in
nanometer size region, has attracted attention since it exhibits the largest Hc value (> 20 kOe) among ferrite
magnets at room temperature. Herein, we will present our research on the development of high-performance
ferrite nanomagnets based on ε-Fe2O3, observation of high frequency millimeter wave absorption, design
and development of thin millimeter wave absorbers.
Development of ferrite nanomagnets exhibiting large coercive field: We synthesized various type of metal
substituted ε-Fe2O3 (ε-MxFe2−xO3) nanomagnets by chemical synthesis methods such as sol-gel method. The
Hc value can be widely controlled depending on the substitution metal and substitution ratio. For example,
the Hc value decreases to 10 kOe in ε-Al0.40Fe1.60O3, whereas that of ε-Rh0.14Fe1.86O3 reaches to 27 kOe.
Furthermore, the large Hc value of 35 kOe was achieved by crystallographic orientation, which is the largest
value among ferrite magnets.
Observation of high frequency millimeter wave absorption. Natural resonance is a phenomenon caused
by correlation between magnetic moment and electromagnetic waves. ε-Fe2O3 was expected to show natural
resonance in high frequency region so-called millimeter wave region (30–300 GHz) since the resonance
frequency is proportional to the magnetic anisotropy. Terahertz time-domain spectroscopy (THz-TDS)
measurements show that ε-Fe2O3 exhibits a resonance absorption at 182 GHz. The resonance frequency
changes depending on the Hc value, i.e., that of ε-AlxFe2−xO3 shows a low frequency shift and that of εRhxFe2−xO3 shows a high-frequency shift. As a result, the resonance frequency can be tuned in the wide
frequency range of 35–222 GHz. Recently, we found
ε-MxFe2−xO3 ferrite nanomagnet
that the resonance frequency can be switched by an
Large coercive field
external magnetic field. Furthermore, a high absorption
Millimeter wave absorption
performance of −20 dB (99% absorption) was achieved
Millimeter wave rotation
with a thin film (200 μm thickness). These materials are
Smallest hard ferrite
expected to be applied as a noise suppression material
Magnetic recording media
in millimeter wave devices such as millimeter wave car
MRI reagents
radar.
Keywords: nanomagnet, natural resonance, millimeter wave, high coercive field, epsilon iron oxide
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Unstable In-Plane Stress in Ceramic and Glass Thin Films
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Abstract
Crystalline and glass oxide thin films on substrates have been providing a treasury of device functionalities.
What we demonstrate here is the instability of the in-plane stress of the films as well as the substrate
curvature in the ambient atmosphere. This is an important issue because the stress affects the film
performances, and the substrate curvature is directly related to the dimensional precision of thin film
devices.
The work is based on crystalline titania and ceria films as well as silica glass films (the porosity ranging
from 4 to 13%) that were prepared by the sol-gel method via spin-coating from Ti(OC3H7i)4, CeCl3·7H2O
and Si(OC2H5)4 solutions, respectively, on Si(100) wafers, followed by firing over 600oC. The in-plane
residual stress in films was evaluated by measuring the substrate curvature by laser beam scanning. The
stress was tensile, and first we noticed that it decreases (i.e. the radius of substrate curvature increases) with
time during storing in the ambient atmosphere.1 Initially we suspected plastic deformation of the films
during storing. However, later we found that the stress is totally or partially recovered on heating at 300oC,1,2
concluding that the decrease in stress is not a relaxation phenomenon
Higher speeds and larger extents of decrease in stress were detected in humid than in dry atmosphere1
while the stress decreased even in heptane vapor.1,2 Reversible response was also seen in stress and substrate
bending during in situ measurements under cycles of humidity changes at room temperature.3 Then we
concluded that the decrease in stress during storing basically results from the volume expansion induced by
water molecule adsorption, which was reported by Boudot et al. for silica xerogel films on Kapton sheets.4
Infrared absorption spectra suggested, however, that the hydrolysis of Si-O-Si bonds and the consequent
structural relaxation cannot be excluded as a part of the origin of the decrease in tensile stress in silica glass
films.2
Keywords: In-plane stress, Ceramic, Glass, Thin film, Sol-gel method
SiO2 glass films
on Si(100)
wafers

In-plane stress in
SiO2 glass films
are unstable under
varying humidity
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Optimisation of pyrolytic oil yield via microwave-induced copyrolysis of waste engine oil with brown seaweed Sargassum sp.
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Abstract: The microwave-induced co-pyrolysis of waste engine oil (WEO) with brown seaweed Sargassum sp. (SW) for
the synthesis of diesel-like fuel was optimised using responses surface methodology (RSM). The reaction temperature ( oC)
and the ratio of WEO-to-SW were optimised utilising a central composite design (CCD). This study optimises the pyrolytic
oil yield while maintaining a good fuel characteristic. The pyrolytic oil yield has significantly affected the temperature and
feedstock ratio. The optimisation study found that the reaction temperature at 400 oC with a feedstock ratio of 75:25 (PKS:
WEO) had the highest oil yield of 46.0wt%. The pyrolytic oil was characterised using Atomic Absorption Spectroscopy
(AAS) to determine the heavy metals present in the liquid fuel before and after co-pyrolysis. Interestingly, the co-pyrolysis
process is able to upgrade the waste engine oil by reducing the heavy metals in waste engine oil. However, a significant
amount of heavy metals of Fe, Ni and Zn metals were found in pyrolytic oil, limiting the direct application of the liquid fuel
for the existing engine oil. Thus, the RSM study selected the lowest heavy metals concentration as an optimised study. The
optimised pyrolysis temperature at 600 oC with WEO-to-SW ratio of 60:40 gives the lowest heavy metals with a pyrolytic
oil yield of 26.0wt%. The pyrolytic oil was then characterised using bomb calorimetry to examine the fuel's heating
properties. From the characterisation, the pyrolytic oil consists of a high heating value (HHV)with approximately 41.0 MJ/kg
making the liquid oil potentially used as a diesel-like fuel.
Keywords: waste engine oil; brown seaweed; microwave; co-pyrolysis; RSM
Graphical abstract
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Investigation on Vitamin E Vehicles Used for Biological Research
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Abstract
Vitamin Es (VEs) are representative lipophilic antioxidants, consisting of a chromanol head and a phytyl
chain. It is well-reported that the molecules play a crucial role in the treatment of free radicals-induced
diseases, so-called oxidation-induced diseases. Also, the complexation of VE with cyclodextrin (CD) is
reported to effectively decrease the membrane lipid peroxidation. However, the information available on
these states in the vitro system under stabilizer-free or complexation with CD remains limited. In particular,
the knowledge of fundamental molecular and anti-oxidative behaviors in aqueous systems were lacking.
In this presentation, we report the state of vehicles of stabilizer-free VE1 and VE complexed with CDs2,3.
Subsequently, the effect of preparation or complexation conditions on the radical scavenging properties
were demonstrated. As a result, it was confirmed that the preparation condition was critical issue to obtain
the effective performance of VE vehicles, as well as with the basic knowledges of VE dispersion. These
knowledges must be fundamental issues and all scientist even out of chemist may also know when VE
vehicle is used. Also, the novel VE vehicles motif using CDs as stabilizers were proposed, widening the
usability of VE for biological applications.
Keywords: vehicle, vitamin E, nanocolloid, cyclodextrin, radical scavenging
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Triptycenyl Sulfide: A Practical and Active Catalyst
for Electrophilic Aromatic Halogenation
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Abstract
The direct halogenation of aromatic compounds is one of the most fundamental and frequently-used reactions in
organic chemistry because the halide functionalities offer numerous possible transformations afterward. Although the
classical electrophilic halogenation using Br2 or Cl2 has been a promising synthetic tool to manufacture a wide variety
of haloarenes, these molecular halogens have been superseded by alternative halogenating reagents owing to their
toxicity and handling difficulties.1 N-Halosuccinimides (NXS) are particularly useful halogen sources considering their
stability and availability. In order to enhance the reactivity of NXS toward the electrophilic substitution, Brønsted acid,
Lewis acid, Lewis base, and transition-metal catalysts (or promoters) have been employed.
We herein introduce a Lewis base Trip-SMe (Trip = triptycenyl) catalyst for the aromatic halogenation using NXS.
In the presence of an appropriate activator, a series of unactivated aromatic compounds were halogenated at ambient
temperature. This catalytic system was applicable to transformations that are currently unachievable except for the use
of Br2 or Cl2: e.g. multi-halogenation of naphthalene,2 regioselective bromination of BINOL,3 etc. Mechanistic studies
revealed that the occurrence of amplified electrophilic character within a halonium intermediate plays a central role in
the catalysis, and the triptycenyl functionality is a key motif to consolidate the enhancement of electrophilicity. 4

Keywords: Organocatalyst, Halogenation, Sulfide, Late-stage functionalization
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Transition-Metal-Catalyzed C–F Bond Activation
via -Fluorine Elimination
Takeshi Fujita*
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Abstract
Since the carbon–fluorine (C–F) bond is a stable bond with a high bond energy, chemical transformations
via C–F bond cleavage (C–F bond activation) is generally difficult and has been a challenge in organic
synthetic chemistry. Recently, various fluorine-containing building blocks possessing multiple fluorine
atoms have been developed and readily available. Thus, the development of efficient methods for selective
C–F bond activation has become increasingly important in recent years because they can provide fluorinated
products, which would serve as promising candidates for pharmaceuticals, agrochemicals, and functional
materials.
We have developed highly selective and efficient methods for transition-metal-catalyzed C–F bond
activation of fluorine-containing compounds via -fluorine elimination. -Fluorine elimination proceeds
from organometallic intermediates bearing fluorine substituents on the carbon atoms  to the metal centers
to form C–C double bonds under mild conditions. In these types of reactions, the bond formation by
organometallic elementary processes is important to set up intermediates suitable for -fluorine elimination.
We achieved selective allylic and vinyl C–F bond activation by combining -fluorine elimination with
metal-mediated oxidative cyclization, electrophilic addition, and nucleophilic addition, leading to the
syntheses of various fluorine-containing compounds.1–3
Keywords: fluorine, metal, catalyst, elimination, alkene
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Total Synthesis of Lobatamides
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Abstract
Lobatamides A-C (1a-c), which were isolated from a southwestern Pacific tunicate, have been expected as
potent antitumor macrolides due to the inhibition of V-ATPases.1a,b) Structurally, they share a common
macrobislactone framework with various enamide side chains. These enamides would be crucial for their
biological activity, although the details of the structure-activity relationship are not elucidated.2) In this
presentation, we disclose the total synthesis of lobatamides based on the stereoselective construction of Zallylarene moiety, and the late-stage instllation of the enamide side chains from the terminal alkynes.
The first key reaction was the Z-selective hydroboration of 1,1-disubstituted allene 2. The resulting allylic
alcohol (Z)-3 was converted to Z-allylarene moiety 5 by the Migita-Kosugi-Stille coupling.3) The common
macrobislactone framework 8 was then formed through ynamide-mediated macrolactonization. One of the key
features of our synthetic strategy was the late-stage diversification from alkyne intermediate 8. Hydrozirconation
of 8 generated (E)-vinylic intermediate 9, which underwent copper-catalyzed electrophilic enamidation using
dioxazolone 10c. Unfortunately, formation of enamide 11c was not confirmed by 1H NMR. However,
hydrozirconation of 8 and subsequent addition of NIS provided (E)-vinylic iodide 12 without affecting the
macrobislactone group.4a,b) Finally, the copper-mediated nucleophilic enamidation with 13a and 13c, and the
global deprotection accomplished the total synthesis of lobatamides A (1a) and C (1c).
Keywords: Lobatamides, total synthesis, allyl arene, enamide
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The effect of electron donating substitution of disubstituted chalcone
derivatives featuring diformyltriphenylamine on the non-linear optical (NLO)
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Abstract
Over the year researchers are paid serious attention in developing new nonlinear optically (NLO) active
materials, both organic and inorganic, due to the extraordinary influence of these materials on optoelectronic
technology. The exploration on the new conjugated materials featuring organic chromophores with
enhanced non-linear optical (NLO) responses provided a wide range of feasible applications in
optoelectronic field has become a relevant and promising study area. Fused aromatic compounds with
excellent NLO activities are highly significant especially as emitters in the fabrication of organic light
emitting diode (OLED). Among many organic NLO materials, chalcone derivatives are known for their
excellent in light transmittance [1]. Chalcone, having the π-conjugated systems in their molecular structures
as well as the unique α, β-unsaturated ketone structural [2], have gained a lot of attraction due to their
luminescent characteristic [3]. In this occasion, four disubstituted chalcone derivatives containing
diformyltriphenylamine (2a-2d) with different donating substitution have been successfully synthesised
through Claisen-Schmidt condensation reaction. All the synthesised compounds have been characterized for
physiochemical elucidation via selected spectroscopic techniques such as Fourier Transform Infrared
spectroscopy (FTIR), 1H and 13C Nuclear Magnetic Resonance (NMR), Thermogravimetric analysis (TGA),
UV-Visible, and CHNS analysis. The performance on NLO activities have been carried out using Z-scan
analysis. Density functional theory (DFT) is executed to evaluate the correlation between theoretical and
experimental analysis. The experimental and computational linear and nonlinear optical studies revealed
that both the synthesised disubstituted chalcone derivatives featuring diformyltriphenylamine as π-linker are
promising materials for NLO applications due to their high hyperpolarizability values.

Keywords: chalcone derivatives, NLO, DFT, spectroscopic, Z-scan technique
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Iterative Mitsunobu Reaction en Route to Polyisoprenoid Natural Products
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Abstract
Naturally occurring polyisoprenoid compounds that share highly methyl-branched arrays are found in
vitamins, archaeal lipids, and insect pheromones. To date, considerable attention has been focused on their
syntheses, which enables us to use them as chemical tools for the investigation of biological studies. Two
major issues to access these compounds are 1) control of multiple remote stereogenic centers and 2)
elongation of saturated oligoisoprenoid chains. Toward this end, our group has studied Mitsunobu reactionbased synthesis of terpenoid compounds using stabilized phosphorane type reagents, such as
cyanomethylenetrialkylphosphoranes (CMMP and CMBP).1
As the extension of our research, we report herein a streamlined and modular strategy for the synthesis
of β-D-mannosyl phosphomycoketide (1),2 a potent mycobacterial antigen for T-cells. In the retrosynthetic
scheme, 1 was prepared by coupling of mannosyl phosphate 2 with mycoketide (3). To establish the five
chiral methyl branched centers of 3, iterative Mitsunobu reactions were utilized by using 1,3-benzodithiol
tetraoxide (4) as a potential platform, which can serve as a carbon pronucleophile for the assembling readily
available alcohols (5–8) with the control of the requisite stereochemistries.
Keywords: polyisoprenoid, Mitsunobu reaction, stereochemistry, natural products, mycoketide
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Synthetic Study on Mytilipin C
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Abstract
Mytilipin C (1) was first isolated from mussels Mytilus galloprovincialis in Adriatic Sea by Ciminiello
and Fattorusso in 2002. The chemical structure including the absolute configurations have been mainly
determined by NMR techniques. As shown below, 1 has a characteristic structure such as many chlorides
and hydroxy groups (sulfate and palmitate) on a simple linear alkyl chain with 14 stereogenic carbon centers.
Mytilipin B has also been known to be a similar natural product, having an additional hydroxy group at
C17’ position in 1 (carbon numbering of 1 follows original paper by Ciminiello and Fattorusso). In 2011,
total synthesis of originally proposed structure of mytilipin B was reported by Carreira and co-workers to
show NMR spectra of synthetic sample of mytilipin B were not corresponding to those of the originally
report. In 2019, the Carreira’s group revised structure based on highly careful NMR analysis and total
synthesis by conventional synthetic method. According to this remarkable work by Carreira, the originally
proposed structure of 1 has a possibility to be revised by a total synthesis.
Our synthesis is characterized by the following unique reactions: (1) preparation of α,β-dichlorinated
Weinreb amide from the corresponding epoxide precursor, (2) nucleophilic addition of acetylide to the
resultant amide to achieve selective preparation of α,β-dichlorinated ketone through the treatment of
anhydrous HCl as a quench operation1 and (3) effective formation of highly functionalized acetylide from
an iodoalkyne 3 mediated by Turbo Grignard reagent to add aldehyde 2 as shown below. A vicinal coupling
constants between α- and β-protons of syn- and anti-α,β-dichlorocarbonyl compounds are also shown for
the structure determination.
Keywords: total synthesis, chlorosulfolipid, Weinreb amide, chlorination, Turbo Grignard
Graphical abstact
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Synthesis, Properties, and Reactions of Indenofluorenes: From Solution to OnSurface Chemistry
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Abstract
Aromatic compounds are fascinating class of substances that have attracted attention of the whole chemical
community since early days of modern chemistry. In this respect, substances possessing the fluorene or
indenofluorene scaffolds constitute a group of compounds that might find application in organic material
sciences. Their synthesis based on transition-metal catalyzed cyclotrimerization of suitably substituted and
easy to prepare alkynes (polyynes) offers a number of advantages. However, this approach has not been
extensively studied, despite of some promising results in the field of fluorene synthesis.
We have successfully applied a rhodium-complex catalyzed polyyne cyclotrimerization as a synthetic
strategy for preparation of various unsymmetrically substituted fluorenes, selectively substituted
symmetrical and unsymmetrical [5] and [7]helical indenofluorenes, and their substituted derivatives.
Gratifyingly, the use chiral Rh-complexes also allowed to carry out the cyclotrimerization enantioselectively
forming [7]helical indenofluorenes with high asymmetric induction (up to 95% ee). Chiral [7]helical
indenofluorene derivatives are CPL active compounds with glum = ~10-3. In addition, upon deposition on Au
surface undergo [7]helical indenofluorenes planarization forming unusual polyaromatic hydrocarbons via a
sequence of unusual via carbon atom shifts and C–C bond cleavage reactions.
Keywords: cyclotrimerization, indenofluorenes, asymmetric induction, on-surface chemistry

References
1. Kaiser, R. P.; Nečas, D.; Cadart, T.; Gyepes, R.; Císařová, I.; Mosinger, J.; Pospíšil, L.; Kotora, M.
Angew. Chem. Int. Ed. 2019, 58, 17169-17174.
2. Cadart, T.; Nečas, D.; Kaiser, R. P.; Favereau, L.; Císařová, I.; Gyepes, R.; Hodačová, J.; Kalíková,
K.; Bednárová, L.; Crassous, J.; Kotora, M. Chem. Eur. J. 2021, 27, 11279–11284
3. Mallada, B.; de la Torre, B.; Mendieta-Moreno J. I.; Nachtigallová, D.; Matěj, A.; Matoušek, M.;
Mutombo, P.; Brabec, J.; Veis, L.; Cadart, T.; Kotora, M.; Jelínek, P. J. Am. Chem. Soc. 2021, 143,
14694–14702.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

155

ICPAC KK 2022 – Abstracts
OBC 11 - Invited Lecture

Synthesis of Quaternary Centres
through Single Electron Reduction of Alkylsulfones
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Abstract
Organosulfones are versatile intermediates in organic synthesis because of the ease with which they
permit facile structural modification through -functionalization or conjugate addition. Due to the inherent
stability of sulfonyl groups, strong reducing agents are generally required for their removal. In this process,
single electron transfer to the sulfonyl group by a reductant would fragment into a sulfinic anion and a sp 3carbon radical. Thus, a controlled single electron reduction would have the potential to establish a new
method for the generation of carbon radicals in organic synthesis and expand the utility of sulfones. 1
We report a new and simple protocol for the generation of tertiary radicals through reductive
desulfonylation of alkylsulfones by Zn/phen or photoredox Ir catalyst, enabling radical addition reaction to
form various quaternary products.2,3 Control experiments and theoretical calculations illustrate the
importance of the substituents on sulfonyl group and the nature of reducing agents. In addition, we found a
single Ir catalyst played a dual role in generating radical species from sulfones via single electron transfer
and mediating Z/E isomerization via energy transfer. This umpolung approach will allow the expansion of
the utility of organosulfones in chemical transformations using radical species.
Keywords: sulfone, single electron reduction, radical, C–SO2 bond activation, photoredox catalysis
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Modular Approach to Indene and Indacene Derivatives Revisited
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Abstract
Fused carbocyclic systems involving benzene constitute an important class of compounds for the
applications to pharmaceuticals and advanced photonic and electronic functional materials. Indenes and
indacenes are among the simplest homologues. The presenter previously reported their utility in the
applications to advanced materials. For example, multi-substituted indacenes serve as kinetically protecting
groups for reactive species, such as unsaturated silicon compounds,1 and diarylmethylene-tethered
phenylenevinylene compounds, or carbon-bridged oligo(phenylenevinylene)s (COPVs) as highperformance and stable optoelectronic materials.2 The latter was achieved by developing an efficient
construction method of 1,1-diaryl-3-lithiated indenes on the basis of reductive cyclization reaction of
diphenylacetylene derivatives. This reaction was also versatile as a synthetic method of other derivatives
because it provides metallated indene and indacenes as synthetic modules of the wide variety of compounds.
On the other hand, it has limited substrate applicability and requires strict control of air- and moisture, which
have remained issues to be overcome.
We have recently found a complementary synthetic method that affords 1,1-dialkyl-3-brominated indenes
efficiently.2 This method relies on classical Friedel-Crafts conditions via intramolecular cyclization of 3aryl-2,3-dibromoallylalcohol with either Lewis or Brønsted acid. The reaction can be conducted at room
temperature on a large scale without special attention against air and moisture. Double cyclization is also
possible to afford tetrabromo-s-indacenes. To the best of our knowledge, this is the first example of the
formation of tetrabromoindacenes, which should serve as versatile precursors for functionalized indacenes.
In the presentation, we will disclose the scope and limitation of this reaction and demonstrate the utility of
the thus obtained indenes via the application to the synthesis of phenylenevinylene-type optoelectronic
materials.
Keywords: indene, indacene, phenylenevinylene, polyaromatic hydrocarbon
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Synthesis and chemical biology studies of N-glycans
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Abstract
Asparagine-linked oligosaccharides (N-glycans) on glycoproteins have high diversity and complexity and
are involved in a variety of important physiological events. In this study, we synthesized several complex
type N-glycans and investigated live cell imaging using the synthesized glycans for revealing their biological
functions.
We employed the convergent synthetic routes to construct the N-glycans. 1-3 Our synthetic route reduced the
number of reaction steps. However, the key glycosylations at the branch positions were challenging due to
steric hindrance at the glycosylation site and the lack of neighboring group participation. We achieved the
key glycosylations in high yields by stabilizing the oxocarbenium ion intermediates via ether coordination.
-Selective mannosylations were realized utilizing remote group participation. Our investigation enabled
the first chemical synthesis of fully sialylated tetraantennary N-glycan. We also achieved chemoenzymatic
syntheses of multiantennary N-glycans containing polylactosamine chain.
After introduction of synthetic N-glycans on target proteins, their dynamics was analyzed by live cell
imaging to investigate the effect of N-glycosylation on protein dynamics. We revealed that the interaction
between N-glycan and galectin-3 can suppress the endocytosis of IgG antibody. We also revealed that the
interaction with galectin-3 can suppress the lateral diffusion of membrane proteins.

Keywords: N-glycan, carbohydrate synthesis, imaging, chemical biology, glycosylation
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Synergistic Catalysis of Transition Metals and Acids for Regioselective
Functionalization of Alkenes and Alkynes
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Abstract
The transition metal catalyzed functionalization of alkenes and alkynes is a powerful tool to convert readily
available petrochemical feedstocks into valuable synthetic building blocks. Although many transition metal
catalytic methods for the functionalization of alkenes and alkynes have been reported in the past few years,
the control of regioselectivity is still a difficult and hotspot in this research field. Organic acids have the
characteristics of low cost, adjustable acidity and coordination, and are an important class of additives and
catalysts.
In recent years, we have developed the regioselective functionalization of alkenes and alkynes via the
cooperative catalysis of transition metal catalyst and acid, including di-functionalization of alkenes,1 tail-totail reductive dimerization of terminal alkynes,2 [3+2] cycloaddition of α-aryl-α-diazoacetates with terminal
alkynes,3 and cycloisomerization of 2-ethynylbiaryls.4
Keywords: transition-metal, acid, synergistic catalysis, alkene, alkyne
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Simple Amino Alcohol and Amino Amide Organocatalysts
for Asymmetric Synthesis
Hiroto Nakano*
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Abstract
The development of a chiral organocatalyst is very important for producing of a chiral product with a high
optical purity in an asymmetric reaction. We are currently conducting the research of chiral amino alcohols
A and amino amides B organocatalysts that show high levels of catalytic activities in some asymmetric
reactions. These catalysts have two advantageous features of easy preparation and desirable structural
characteristics. Namely, they can be derived easily from the corresponding amino acid esters and contains
both amino group acting as covalent or basic sites and hydroxyl or amide groups acting as hydrogen bonding
site in the single molecule. In addition, the steric influences of substituents on both the α- and β-positions in
A and polycyclic aromatic substituents on amide nitrogen atom in B also might be effective for control the
enantioselective reaction course.
I will introduce about our recent works for the functionalities of simple primary amino alcohols A and
amino amides B as chiral organocatalysts in the asymmetric reactions such as Diels-Alder reaction1, hetero
Diels-Alder reaction2, aldol reaction3, and Michael reaction4.
Keywords: amino alcohol, amono amide, organocatalyst, asymmetric synthesis
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Reductive Transformations by Organic Electron Donors
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Abstract
Reductive molecular transformations mediated by electron-transfer are one of the most fundamental
reactions in organic chemistry. For many years, electron-transfer chemistry has been dominated by
elemental-alkali and transition metals. However, for realizing an easy operating, economical, and green
process, the development of alkali- or transition-metal-free reductive transformation methods has been
desired. In this presentation, novel organic electron donors-mediated reductive transformations will be
discussed.
(1) Super Electron Donor-Mediated Reductive Reactions (Scheme 1)1
Organic super electron donors (SEDs), first reported by Murphy’s group,2 display impressive reducing
power, therefore, they have the potential to be applied in various reductions. With this in mind, we started
our study of novel reactions using SEDs, and developed the reductive transformations of nitrobenzenes,
thioacetals, and thioethers by pyridine-derived SED generated in situ.
(2) NaH-Mediated Coupling Reactions of Haloarenes in the Presence of 1,10-Phenanthroline (Scheme 2)3
C−C bond formation by aryl radicals has attracted considerable attention as a transition-metal-free
approach. Single electron transfer (SET) process for haloarenes is the most useful way to access aryl radical
intermediates. In this study, we developed NaH-mediated C−C bond formation via coupling of haloarenes
with unactivated arenes or alkenes in the presence of 1,10-phenanthroline. These processes proceed via SET
from an organic electron donor generated from NaH and 1,10-phenanthroline to haloarenes.
Keywords: organic electron donor, single electron transfer, reduction, super electron donor, sodium hydride
Graphical abstact
Scheme 1

Scheme 2

References
1. (a) Nozawa-Kumada, K.; Abe, E.; Ito S.; Shigeno, M.; Kondo, Y. Org. Biomol. Chem. 2018, 16,
3095−3098. (b) Nozawa-Kumada, K.; Ito S.; Noguchi, K.; Shigeno, M.; Kondo, Y. Chem. Commun.
2019, 55, 12968−12971.
2. Murphy, J. A.; Khan, T. A.; Zhou, S.; Thomson, D. W.; Mahesh, M. Angew. Chem., Int. Ed. 2005, 44,
1356−1360.
3. Nozawa-Kumada, K.; Iwakawa, Y.; Onuma, S.; Shigeno, M.; Kondo, Y. Chem. Commun. 2020, 56,
7773−7776.
22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

161

ICPAC KK 2022 – Abstracts
OBC 18 - Invited Lecture

Synthesis of fluorogenic glycan probes for detecting ENGases activity
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Abstract
Glycosylation is one of the most common post-translational modifications and plays important roles in
multiple biological phenomena e.g., protein folding, improved stability, and serving regulatory functions.
Glycan structure analysis of glycoproteins is important for understanding those biological phenomena.
Endo-β-N-acetylglucosaminidases (ENGases) are glycosyl hydrolases that widely used for glycan analysis
of glycoproteins. ENGases hydrolase β1-4 glycosidic bond in the N,N-diacetylchitobiose core of N-glycan,
release the glycan from glycoproteins and leave a single N-acetylglucosamine on proteins. ENGases are
widely distributed in bacteria, fungi, and higher-order species and each enzyme shows different substrate
preferences.
To easily detect ENGase activity, we have developed a Förster resonance energy transfer (FRET) type
substrate that has the core pentasaccharide structure of N-glycan carrying a fluorescent group and a
quenching group [1]. However, some ENGases with high specificity toward glycan structure did not cleave
this pentasaccharide probe. For a systematic understanding of substrate specificity of ENGases, we
synthesized glycan probes with different structures of N-glycan i.e., core-fucosylated hexasaccharide,
biantennary asialocomplex type nonasaccharide, fucosylated complex type decasaccharide, oligomannose
type heptasaccharide, and hybrid type nonasaccharide.
In this talk, we will present the systematic synthesis of the FRET-based glycan probes and the results of
hydrolytic reactions of these glycan probes by several ENGases and discuss the specificity of these
ENGases.
Keywords: Insert maximum of 5 keywords
synthesis, chemical probe, endo-β-N-acetylglucosaminidase, enzyme assay
Graphical abstact (Optional)
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Robust and Versatile Oxidizing System: Ruthenium PorphyrinHeteroaromatic N-Oxide System
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Abstract
Cytochrome P450 plays a central role in drug metabolism. The exceptionally potent reactivity of P450
enables oxidative modification of unactivated alkanes and
aromatic compounds. Consequently, the development of smallmolecule catalysts with similar activity has been the subject of
extensive research efforts. We have shown that the oxidation of
alkanes, alkenes, and arenes is efficiently catalyzed by ruthenium
porphyrins with pyridine N-oxides as oxidants.1-3 We also found
a unique oxidation reaction of amides with the reaction system
that enables direct oxidative conversion of N-acyl-L-proline to Nacyl-L-glutamate.4
Enzyme catalysis generally exhibits extremely high efficiency, together with high chemo- and regioselectivity, because the structures of the enzyme active sites have evolved over a long period. For example,
a specific, unactivated position of an alkane is selectively hydroxylated by cytochrome P450. We
incorporated substrate-recognition sites into a ruthenium porphyrin–heteroaromatic N-oxide catalytic
system in order to characterize its regioselectivity for the oxidation of alkanes.6 This substrate-recognition
catalytic reaction
exhibits
high
regioselectivity
and high reaction
efficiency.6

Further, we have devised a new synthetic strategy involving the
introduction of the eight bulky aryl groups at the 2,6-positions of the
meso-phenyl groups after construction of the porphyrin skeleton. This
strategy greatly improved the yield in synthesis of the catalyst, and a number of derivatives of bis-pocket
porphyrin and their metal complexes were prepared.7 These Ru complexes show unique -1 selectivity and
provide a much higher turnover number in the oxidation of linear alkane with 2,6-dichloropyridine N-oxide,
as compared to the reaction catalyzed by conventional Ru porphyrins.7
Keywords: alkane hydroxylation, catalyst, cytochrome P450, enzyme mechanism, porphyrin
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Abstract
Antimicrobial resistance (AMR) has been declared by the World Health Organization (WHO) as one of the
primary global threats of the 21st century. In particular, the ESKAPE pathogens (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and
Enterobacter species) are categorized as the highest “priority status” as they are responsible for the majority
of nosocomial infections worldwide.1 Therefore, it is of utmost importance to find new cures to curb the
spread of AMR. Here, we report the synthesis, biological study and molecular docking analysis of new
chloroquinoline derivatives as potential therapeutic agents against the resistant pathogens. Quinoline moiety
is a biologically important nitroheterocycle that has been found in many natural and synthetic drugs. 2
Quinoline-based molecules are reported to inhibit DNA and RNA biosynthesis in bacteria, 3, 4 making them
a promising class of compounds in antibiotics research. In this study, a new series of chloroquinoline
compounds was synthesized using green chemistry approach. We found that most of the potent
chloroquinolines displayed broad spectrum activity against both Gram positive and Gram negative bacteria.
From the structure–activity relationship analysis, their antimicrobial activity was highly dependent on the
electronic properties and positions of the side chain substituents. The active compounds also demonstrated
good binding affinity towards the target enzyme DNA gyrase, with minimum binding energy at –7 to –10
kcal/mol. Our study has paved the way for further development of new quinolines as the next generation
antimicrobials.

Keywords: Quinoline, antimicrobial, structure-activity relationship, molecular docking, DNA gyrase
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Abstract
Isobenzofuran has found the use as a reactive diene in Diels-Alder reactions for the construction of
polycyclic compounds.1 Fluorinated isobenzofurans are considered to be promising building blocks for the
synthesis of fluorine-containing cyclic systems.2 Herein, we present a convenient method for the generation
of trifluoromethylated isobenzofurans 1 and their synthetic application. o-Phthalaldehyde underwent
nucleophilic trifluoromethylation and intramolecular acetalization to provide 3-trifluoromethyl-1hydroxyisocoumaran, which is a precursor of 2-trifluoromethyl isobenzofuran (1a).3 Upon treatment with
PPTS and dienophiles, the intermolecular Diels-Alder reactions of 1 proceeded smoothly to give the
corresponding adducts in good yields. The resultant adducts are good precursors of functionalized 1trifluoromethylnaphthalenes. When o-cyanobenzaldehyde was treated with CF3-TMS in the presence of a
catalytic amount of KF, the cascade trifluoromethylation/cyclization proceeded smoothly to give
trifluoromethyl phthalide in high yield.4 Then nucleophilic addition of Grignard reagents to ester moiety
and the subsequent formation of substituted isobenzofurans 1 afforded tetra-substituted naphthalenes in
good yields.
Keywords: fluorine, isobenzofuran, trifluoromethylation, phthalide, -conjugated system
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Design of amphiphilic porous coordination networks for structure
determination of bioactive medium-sized molecules
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Abstract
X-ray analysis of porous coordination networks (PCNs) encapsulating target guest molecules can reveal
not only the guest structures and host-guest interactions, but also in situ-generated metastable
intermediates.1,2 However, to date, only a handful of PCNs have been identified to be compatible for a wide
range of substrates since guest capture and stabilization is typically promoted by a series of finely-balanced
host-guest interactions, which are difficult to rationally design.
In this study, PCNs having amphiphilic pores with hexaazaphenalenyl based ligands 3 were used to
encapsulate and structurally analyze more than 10 bioactive molecules. Single crystal analysis revealed that
the guests are surrounded by hydrogen-bonded water networks and clusters inside the pores, which adapted
depending on the guest molecule, providing clearly defined crystallographic sites. As a result, the guest
structures could be determined with high resolution, and a limited number of constraints and restraints. The
calculations of host-guest structures showed that the guests were primarily interacting with the PCN through
weak dispersion interaction. On the other hand, coordination bonds and hydrogen bonds do not contribute
much to the overall stabilization energy, however they provided highly directional point interactions, thus
helping to align the guests inside the pore enabling accurate structure determination.
Keywords: Metal-Organic Frameworks; medium-sized molecules; X-ray Structure Analysis; host-guest
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Selective control of liquid-liquid phase separation of G-quadruplex nucleic
acids derived from neurodegerative dieases
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Abstract
Recently, liquid-liquid phase separation (LLPS) of biomolecules such as nucleic acids (DNA and RNA) and
nucleic acid-binding proteins has been focused as a novel phenomenon to control gene expression at various
levels such as the replication, transcription, processing, and in translation1. Furthermore, LLPS of these
biomolecules is linked to the onset mechanism of various diseases, especially viral infection, cancer, and
neurodegenerative diseases. Thus, controlling LLPS in a selective manner could open the way for a new
modality for these diseases. However, many of the protein motifs essential for LLPS are intrinsically
disordered regions (IDRs) such as prion-like domain and RGG domain, which are well-known typical
undruggable molecules. On the other hand, it was recently suggested that structured nucleic acid is important
to undergo LLPS. Especially, G-quadruplex (G4), a four-stranded structure of a guanine-rich nucleic acid
sequence can bind specifically with the RGG domain and induce LLPS in a test tube and in a living cell.
We have developed G4 ligands which can bind target G4s even in the presence of excess duplex, the
canonical and the most abundant structure of nucleic acid2. Based on a G4 ligand which selectively bind G4
of NRAS mRNA, we proposed molecularly targeted photodynamic therapy (mtPDT) for breast cancer
treatment3. These G4 ligands could be promising to target DNA and RNA G4s which are essential to
undergo LLPS with proteins and peptides.
Here we report a minimum model LLPS model system, consisting of a short oligo nucleic acid forming G4
and a short cationic peptide derived from RGG domain of FMRP. With this LLPS model system, it was
confirmed that G4 is essential structure to undergo LLPS with the peptide. Furthermore, we attempted to
develop small molecules and nucleic acids to regulate LLPS. Strategy to develop such molecules will be
shown in the presentation to discuss importance of regulation of LLPS in a reversible and selective manner.
Keywords: liquid-liquid phase separation (LLPS), nucleic acid, G-quadruplex, protein, neurodegenerative
diseases
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Palladium-catalyzed Oxidative Coupling of Amines and 1,3-dienes
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Abstract
Conjugated dienes are key structural motifs and play important roles in organic and material chemistry to
form complicated organic molecular skeletons.1 In general, the synthesis of conjugated diene skeletons
requires unfavorable reactions such as formation of halide salts and multi-step reactions. Alternatively,
oxidative coupling reactions are dehydrogenative coupling reactions and have known to be atom- and stepeconomical reactions.2 Therefore, we focused on oxidative coupling reactions using readily accessible
simple 1,3-dienes including isoprene derivatives to form functionalized 1,3-dienes. In the reaction, carbonnitrogen bonds formation, called oxidative amination reaction, has been applied to many unsaturated
hydrocarbon compounds.3 However, the oxidative amination of 1,3-dienes has been unprecedented,
suffering from the large number of side reactions.
Here, we developed the Pd-catalyzed aerobic oxidative amination of 1,3-dienes to produce nitrogen
containing conjugated 1,3-dienes. This reaction enabled the functionalization of the simple 1,3-dienes with
aniline derivatives to form carbon-nitrogen bonds at the methyl position of the diene. This strategy includes
dehydrogenative bond formations and re-oxidation of the catalyst by molecular oxygen. The absence of
substrates including halogen and additional re-oxidants contributes to the developments of environmentally
benign synthetic methods. Spectroscopic studies and density functional theory calculations support roles of
additives, leading to a plausible reaction pathway.
Keywords: oxidative coupling, amination, 1,3-dienes, palladium, molecular oxygen
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References
1. K. Torii, K. Tabaru, Y. Obora, Org. Lett., 2021, 23, 4898; Y. Qi, Z. Liu, S. Liu, L. Cui, Q. Dai, J.
He, W. Dong, C. Bai Catalysts, 2019, 9. 97.
2. K. Tabaru, Y. Obora, Eur. J. Org. Chem., doi.org/10.1002/ejoc.202200618
3. J. J. Bozell, L. S. Hegedus, J. Org. Chem., 1981, 46, 2561; V. I. Timokhin; N. R. Anastasi, S. S.
Stahl, J. Am. Chem. Soc., 2003, 125, 12996.

168

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
OBC 25 - Invited Lecture

Rapid and Mild Generation and Nucleophilic Substitution of Highly Active
Electrophiles in a Micro-flow reactor
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Abstract
A big data analysis published in 2016 revealed that heteroatom alkylations and arylations have been the
most frequently used class of organic transformations in the last 40 years. 1 However, nucleophilic
substitutions at the -position of electron-rich aromatic rings are difficult to achieve because electrophiles
containing electron-rich aromatic rings are typically unstable. In fact, (1H-indol-3-yl)methyl- and
benzhydryl-electrophiles readily cause undesired dimerization and/or oligomerization.2-3 We have
developed various efficient synthetic approaches using micro-flow technologies4-6 based on the rapid
generation and reaction of unstable and highly active species before side reactions occur.7-9 We
demonstrated the rapid (<1 s) and mild (25 °C) generation of extremely active (1H-indol-3-yl)methyl- and
benzhydryl-electrophiles from readily available 3-indolemethanol analogues and benzhydrol analogues, and
the following rapid (<1 s) and mild (25 °C) nucleophilic substitution of these electrophiles in a micro-flow
reactor. In the case of indole analogues, the yield decreased significantly upon extending the residence time
of the 3-indolylmethyl electrophile (flow, 0.02 s: 77% yield vs. flow 0.5 s: 20% yield) and by employing
batch conditions (flow: 93% yield vs. batch: 0% yield); these results clearly indicate that the electrophile is
very unstable. The preparation and use of such an unstable electrophile was realized by micro-flow
technology. Eighteen indole derivatives and seventeen benzhydryl derivatives were synthesized from
alcohols and various N-, C-, and S-nucleophiles in good yields.
Keywords: Micro-flow, Nucleophilic substitution, Indole, Benzhydrol, Electrophile
Graphical abstact
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Proteolysis targeting chimeras (PROTACs) targeting epigenetic enzymes
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Abstract
Proteolysis targeting chimeras (PROTACs), designed by linking a ligand of a protein of interest (POI) to a
ligand of ubiquitin ligase (E3), are considered to be cutting-edge tools for specific degradation of the POI
via ubiquitination and proteasomal degradation.1 PROTACs have significant advantages over conventional
drugs such as receptor antagonists, enzyme inhibitors, and protein-protein interaction inhibitors. For
example, PROTACs can suppress all of the functions of the POI, because they can remove the POI from
cells. This feature is useful to inhibit all of the functions of targeted multi-functional proteins. Conventional
enzyme inhibitors, in general, inhibit only catalytic functions. However, many enzymes have not only
catalytic functions, but also scaffolding functions, in that they interact with other proteins to form protein
complexes. In other words, conventional inhibitors do not necessarily inhibit all the functions of the POI.
Therefore, it is important to develop not only conventional enzyme inhibitors but also PROTACs to
investigate both the catalytic and non-catalytic functions of the POI. Here, we focused on histone
deacetylase 8 (HDAC8) and histone lysine demethylase 5 (KDM5) and attempted to identify their
PROTACs.2,3
HDAC8 and KDM5 are known as epigenetic enzymes and catalyze deacetylation/demethylation
of protein lysine residues. They also have a scaffolding function, and interacts with transcription factors to
control the expression of several genes and are also involved in cancer development. However, it is not clear
whether their catalytic or scaffolding function, or both, are essential for cancer development. Therefore, not
only inhibitors, but also PROTACs for HDAC8 and KDM5 are needed to probe their biology. In this work,
we focused on HDAC8 and KDM5 PROTACs, aiming to inhibit not only the catalytic, but also the
scaffolding function of HDAC8 and KDM5. Here, we describe the design, synthesis, and biological
evaluation of HDAC8 and KDM5 PROTACs.
Keywords: PROTAC, drug discovery, epigenetic enzyme, HDAC8, KDM5
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Practical functionalization of oligonucleotides through rapid ligand-free
copper-catalyzed azide–alkyne click chemistry
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Abstract
Copper-catalyzed azide–alkyne [3+2] cycloaddition (CuAAC), also known as “click chemistry”, has been
applied to the synthesis of functional molecules in a wide range of fields, including the biological and
materials sciences, owing to its selectivity, reliability, and versatility. For example, CuAAC has been widely
used for the post-modification of oligonucleotides (ONs). However, either Cu(I) ligand or oxygen-free
conditions are required for the reaction to progress satisfactorily without degradation of the oligonucleotide
due to Cu(I)-mediated oxidative cleavage, and the reaction conditions generally require heating for efficient
labeling.
Here, we report synthetic methods for generating various nucleic acid mimics having an ethynyl
group, and a rapid ligand-free CuAAC for the practical functionalization of oligonucleotides. In our previous
study, we found that terminal alkynes bearing an aromatic ring or heteroatom at the adjacent position
provided the highest reactivity with azide in CuAAC,1 prompting us to design and synthesize various nucleic
acid mimics bearing an ethynyl group (BE, ME, and RE) and their phosphoramidite derivatives.2–5 Here, we
show that ONs bearing these terminal alkynes rapidly react at room temperature with azide compounds in
the absence of copper ligands, and the corresponding labelled ONs are obtained in good to excellent yield.
This method is applicable to the functionalization of any ON, whether DNA or RNA.
Keywords: alkynes, click chemistry, CuAAC, functionalization, oligonucleotides
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Porphyrin Organization by Coordination Interactions
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Abstract
Inducing porphyrin molecules into organized supramolecular structures has attracted great attention because
of their unique structural and electronic features. Photosynthetic reaction center is a culmination of
porphyrin organizations nature has created in the process of evolution. Particularly appealing is the lightharvesting antenna complexes of photosynthetic purple bacteria, in which multiple porphyrin-like
molecules, i.e., chlorophylls, are arranged in ring-like structures. Attempts to make these structures are not
only a challenge for chemists but also could be on the way towards energy conversion nanodevices in the
future.
One of the motifs we have explored is pyridine-appended zinc-chlorophylls/porphyrins. An
example is shown in the figure below. In this example, meta-pyridyl moiety is introduced at one of the meso
positions of the zinc porphyrin framework. We have revealed, from ring current simulations in the 1H NMR,
among other data, that these porphyrin molecules form cyclic trimers in solution with the axial coordination
interactions. It is estimated that energy transfer occurs between the component porphyrin molecules in the
pico second regime from the Förster calculations. We further introduced a ferrocene moiety in the porphyrin
ring. Transient absorption spectroscopy indicated that the extremely fast intramolecular electron transfer
occurs in less than a picosecond. Interestingly, the excited state energy level of the porphyrin with the
ferrocene unit becomes lower than those without. Thus, energy gradient is formed such that the energy flow
would be one way occurring from the porphyrins far from the ferrocene unit towards the porphyrin with the
ferrocene unit where electron transfer follows.
Other attempts to organize porphyrin molecules will be also presented.
Keywords: Artificial Photosynthesis, Coordination, Energy Transfer, Hydrogen Bond, Porphyrins
Graphical abstact (Optional)
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Ring-rearrangement Strategy for Selective Synthesis of
Pseudo Aromatic Polyketides
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Abstract
Structural diversity of polyketide natural products and their unique biological activities have attracted much
attention over the past 100 years. Among these, aromatic polyketides are still regarded as challenging targets
for chemical synthesis. In microorganisms, aromatic polyketides are produced through biosynthetic
dehydrative cyclisations of acyclic polyketides on type II polyketide synthase. As a chemical synthetic
version towards such enzymatic cyclisation process, we have developed the ring-rearrangement reactions
(RRRs) of isocoumarin derivative 1, which involves both ring-opening step to produce acyclic reaction
intermediates and the following ring-closing step.1 For similar purpose, the corresponding lactol silyl ether
2 has been successfully utilized.2 One of the most important advantages of our methodology is that the
cyclisation mode in the ring-closing step is fully controlled by the C4-substituent X in 1 (or 2). This fact
enables a rational design of novel cascade reactions for producing less accessible aromatics on the basis of
the electronic theory of organic chemistry. In this conference, details of our efforts to obtain pseudo aromatic
polyketides having less accessible polysubstituted polycyclic systems will be presented.
Keywords: Polycyclic aromatics, aromatic polyketides, cyclisation reaction, pseudo natural products
Graphical abstact

References
1. a) H. Yanai et al. Chem. Eur. J. 2021, 27, 11442; b) H. Yanai et al. Chem. Commun. 2016, 52, 7974;
c) H. Yanai et al. Asian J. Org. Chem. 2013, 2, 989.
2.

a) H. Yanai et al. Angew. Chem. Int. Ed. 2013, 52, 1560; b) H. Yanai et al. Chem. Eur. J. 2017, 23, 8203.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

173

ICPAC KK 2022 – Abstracts
OBC 30 - Invited Lecture

Synthesis of -Conjugated Molecules by Double (Sila-)Friedel-Crafts Reaction
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Abstract
The synthesis of silafluorene derivatives from aminobiphenyl compounds and dihydrosilanes via a
double sila-Friedel-Crafts reaction using a borane catalyst has been achieved. This method is applicable
toward the synthesis of a variety of silafluorene derivatives, such as multisubstituted silafluorenes,
spirosilabifluorenes, and silicon-bridged terphenyl compounds, which are not readily obtained using
conventional synthetic methods. In addition, we have demonstrated the transformation of the amino groups
in these silafluorene derivatives into other substituents. This chemistry can be applied to the synthesis of
silicon-containing six-membered cyclic compounds (phenoxasilins and phenothiasilins) and sevenmembered ctclic compounds (tribenzosilepins).
We also developed a new synthetic method for preparing fluorenes from amino group-containing biaryls
and Meldrum’s acid derivatives. The reaction proceeded without a catalyst and loss of functional groups.
The corresponding six- and seven-membered cyclic products were obtained using biaryl ether and orthoterphenyl as substrates, respectively.
Keywords: Friedel-Crafts reaction, silafluorene, fluorene, annulation, borane catalyst
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Development of Chemically Modified Peptide Nucleic Acids (PNAs) to
Efficiently Recognize Double-Stranded DNA
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Abstract
Peptide nucleic acid (PNA) is a type of artificial nucleic acid and has an electrostatically neutral N-(2aminoethyl) glycine backbone instead of the sugar-phosphate backbone of DNA. This pseudopeptide
backbone is electrostatically neutral, and there is no electrostatic repulsion against the negatively charged
phosphate backbone of DNA, making it possible to form a PNA/DNA duplex that is much more stable than
the corresponding DNA/DNA duplex. Because of this much higher DNA binding strength, it was reported
that a pair of PNAs can recognize the sequences in double-stranded DNA (dsDNA) through the formation
of a double-duplex invasion complex (or simply “invasion complex”). In invasion, PNA can directly and
sequence-selectively recognize dsDNA forming PNA/DNA duplexes. Invasions do not usually proceed with
common artificial nucleic acids; thus, the ability to directly recognize dsDNA is a very attractive feature of
PNA. As invasion does not require prior denaturation of dsDNA, PNA holds great potential for applications
targeting dsDNA in cells or in vivo.
Our research group has been investigating the development of chemically modified PNAs with improved
invasion efficiency for the broader application of PNAs. PNA has a peptide bond in its basic structure, which
facilitates the introduction of amino acids and various functional molecules. Therefore, we have tried to
improve the invasion efficiency of PNAs by introducing various functional molecules into the PNAs. In
particular, we found that PNAs modified with Ru complexes, the cationic guanine nucleobase, and the
nuclear localization signal (NLS) peptide can form the invasion complex with high efficiency. We
succeeded in forming a stable invasion complex and found that PNA functions even under physiological
conditions.

Keywords: PNA, DNA, nucleic acid, peptide, artificial nucleic acids
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Photoreaction of N-(1H-indol-2-ylmethylidene)aniline derivatives
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Abstract
Indole and its derivatives are useful compounds to derive pharmaceutical and biological materials can
function as a hydrogen donor of hydrogen bond because of its high acidity of a hydrogen atom at 1 position.
Introduction of imine group on 2 position of an indole ring form five membered intramolecular hydrogen
bond; the Schiff base, N-(1H-indol-2-ylmethylidene)aniline (InP) can undergo excited-state intramolecular
proton transfer (ESIPT) from the indole ring to the nitrogen atom of the imine group. And trans-cis
isomerization of C=N double bond can be occurred by light irradiation. In this study, optical properties of
InP derivatives were investigated.
In solution, intramolecular hydrogen bond between the hydrogen atom of indole ring and the
nitrogen atom of C=N moiety is observed in the 1H NMR spectrum. On the contrary, there is no
intramolecular hydrogen bond in InP derivatives at solid phase; it is confirmed by Xray crystal structural
analysis1 and the IR spectrum. In the crystal, the C=N double bond of the compounds adopts an E
configration which was caused by intramolecular hydrogen bond formed in solution. Because of the length
and the angle of the intramolecular hydrogen bond, the interaction is weak and ESIPT would be hardly
undergo in InP derivatives.
Upon irradiation the solution of InP derivatives with UV light, spectral change was observed. TDDFT simulation suggests that the color-changed species would be cis-isomer. Although cis-isomer of Schiff
base would not be observed because of its very short lifetimes, the photo-colored species was stable at room
temperature.
Keywords: trans-cis isomerization, photoreaction, Schiff base, intramolecular hydrogen bond
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H1
N1

N-(1H-indol-2-ylmethylidene)aniline (InP)
In solution, intramolecular hydrogen bond
was observed.
Upon exposure to UV light, the solution
exhibits spectral change.

N2

The molecular structure of N-(1H-indol-2ylmethylidene)-4-methoxyaniline
In the crystal, intramolecular hydrogen bond
was not formed because of the small angle
of N1-H1・・・N2.
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Photocatalytic Chemical Labeling of Tyrosine/Histidine Residues and
Application to Proximity Labeling
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Abstract
Chemical labeling of proteins is an essential technology for protein-based biomaterial processing, and for
visualizing the state of proteins in complex mixed protein systems, such as in cells. However, the techniques
for chemical labeling of proteins are currently limited to some electrophilic agents. Against this background,
we have developed protein modification methods utilizing highly reactive chemical species such as radicals
and reactive oxygen species. In particular, we have developed a catalytic protein labeling technique driven
by the photoexcitation of dye molecules.
In this presentation, two protein chemical labeling techniques, (1) a tyrosine residue labeling
technique utilizing a single electron transfer (SET) reaction between a dye molecule and a modifier, 1 and
(2) an oxidative histidine residue labeling technique utilizing singlet oxygen (1O2) produced by the excited
dye molecule,2,3 will be introduced.
We have also found the labeling reagent 1-methyl-4-arylurazole (MAUra), which can label both tyrosine
and histidine residues of proteins. MAUra is radicalized under SET conditions and efficiently labels tyrosine
residues. It is also highly nucleophilic under physiological pH conditions and reacts efficiently with
nucleophilic intermediates produced by the reaction of 1O2 with histidine residues to label histidine residues.
Due to the short-lived nature of the active species involved in these two reactions (μsec to msec), the
labeling reaction is completed within ten nanometers of the catalyst. We have successfully analyzed proteinprotein interactions by selecting and applying a dye molecule as a catalyst that can bind to a specific protein
analyte in the cell.
Keywords: protein chemical labeling, tyrosine, histidine, photocatalyst, proximity labeling
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Palladium-Catalyzed Difunctionalization of Alkynes: A Mechanistic Insight
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Abstract
The difunctionalization of alkynes is a powerful strategy to rapidly access -extended olefins. It may also
lead to useful enamides when the starting compound is an ynamide. The challenge in such reactions is to
control the chemo-, regio- and stereoselectivity of the metal-catalyzed 3-component coupling. Using
aryldiazonium salts, arylboronic acids or alkenes, catalytic conditions have been developed to overcome
these issues, notably the palladium-catalyzed syn 1,2-difunctionalization of simple alkynes1 or ynamides.2
Stereocontrolled syn and anti silylcyanation of ynamides have been also achieved recently.3
This presentation will focus on the mechanistic aspects of these palladium-catalyzed 1,2difunctionalizations of alkynes. Based on control experiments and DFT computations, the role of each
partner (reagents, ligands, bases and additives) could be rationalized, stimulating further developments.
Steric and electronic effects, non-covalent interactions and other factors have been thoroughly analyzed,
leading to a comprehensive picture of these reactions, while unveiling unsuspected intermediates.
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Organocatalytic Interrupted Passerini Reaction of
3-(2-isocyanoethyl)-indole
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Abstract
Development of multi-component reactions in a single vessel, which enable easy access to complex
molecules with saving energy, time, and waste, are quite attractive in organic synthesis. Complex and highly
functionalised indole alkaloids often exhibit unique and important biological activities. Therefore, the
efficient synthetic method to access the highly functionalised complex indoles are in demand by bioorganic
and medicinal chemists.
Our research group is interested in the catalytic activity of 2-pyridone,1 and we reported on the
organocatalytic -addition of isocyanide with aldehyde in the presence of water using 3,5,6-trifluoro-2pyridone as a catalyst.2 In the present study, we found that the reaction of 3-(2-isocyanoethyl)-indole with
an aldehyde in the presence of a catalytic amount of 3,5,6-trifluoro-2-pyridone afforded the corresponding
tetracyclic furoindoline containing the spiro[indoline-3,3'-pyrrolidine] structure as a single diastereomer.3
Notably, the product is not stable enough to be isolated, but its in situ transformation by way of the Joullié–
Ugi reaction provided the highly functionalised tetracyclic furoindoline as a single diastereomer. A wide
variety of isocyanoethylindoles, carboxylic acid and isocyanides were found to be applicable to this reaction,
and the corresponding highly functionalised furoindolines were obtained. The described one pot fourcomponent coupling reaction proceeds by creating six new bonds (i.e. three C–C bonds, one C–O bond, one
C–N bond and one C=O double bond) in a highly stereoselective manner. The strategy enabled the rapid
preparation of highly functionalised tetracyclic furoindolines containing the spiro[indoline-3,3'-pyrrolidine]
structure.

Keywords: multi-component coupling, organocatalyst, interrupted Passerini reaction, furoindoline
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Modulation of Microtubules by Peptide-Based Molecular Encapsulation
Hiroshi Inaba
Graduate School of Engineering, Tottori University, Japan
*
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Abstract
Microtubules are hollow cytoskeletons with 15 nm inner diameter, which are composed of tubulin proteins.
By combining with motor proteins, microtubules are used as components of dynamic materials such as
active matters.1 Although the functionalization of the “outer” surface of microtubules has been established,
the “inner” space has not been focused. Recently, various proteins that bind to the inside of specific
microtubules have been discovered.2 The wide variety of the inner proteins possibly modulate the properties
of microtubules. Thus, encapsulation of artificial molecules will be a new concept for modulation of
microtubules.
We developed a Tau-derived peptide (TP; CGGGKKHVPGGGSVQIVYKPVDL) from a Tau protein as
a binding motif to the inner surface of microtubules.3 By using TP, various nanostructures such as green
fluorescent protein (GFP)4 and magnetic nanoparticles5 were introduced inside microtubules. Importantly,
the structures and functions of microtubules were changed dependent on the encapsulated molecules. 6 By
using TP-based technology, light-induced stabilization of microtubules in vitro and in living cells was
developed.7 Microtubule superstructures such as doublets and branches were constructed by binding of TPfused Azami-Green.8
Keywords: encapsulation, microtubule, peptide, protein, tubulin
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Nanographenes and Two-Dimensional Materials
Ryo Sekiya* and Takeharu Haino*
Department of Chemistry, Graduate School of Advanced Science and Engineering, Hiroshima University
csekiya@hiroshima-u.ac.jp (R.S.); haino@hiroshima-u.ac.jp (T.H.)
Abstract
Substances can be divided into four categories based on the number of repeating units (atoms, ions, and
molecules) and their dimensionality (Figure 1). Zero-dimensional substances are discrete chemicals such as
organic molecules due to no repeating units in them. Linear polymers belong to one-dimensional substances,
and molecular crystals wherein chemicals are arranged periodically in a three-dimensional fashion are
representative examples of three-dimensional substances. On the other hand, two-dimensional substances
are limited. One of the reasons for that is the difficulty of the connection of repeating units limited in a twodimensional fashion. Two-dimensional substances have a “surface”, and the surface generates “front” and
“back”. The incorporation of these concepts into molecular designs can access functional materials that are
difficult to be achieved by conventional organic synthesis. Two-dimensional substances, namely twodimensional chemistry, is, therefore, a frontier of organic, inorganic, and polymer chemistry.
Nanographenes, which are graphene fragments with tens of nanometers in diameters, are composed
of hexagonally connected sp2 carbons. Because of this structural feature, these carbons can be regarded as
carbon-based two-dimensional substances.[1] Compared to inorganic counterparts, nanographenes are easy
to be modified by organic functional groups. This allows us to access a variety of functional twodimensional materials.[2] In this contribution, we will introduce the utilization of nanographenes as scaffolds
of two-dimensional materials and their functionalization based on recently published original papers.[3-9]
Keywords: Nanographene, Graphene, Two-dimensional chemistry, Carbon materials, Polycyclic aromatic
hydrocarbons

Figure 1. Classification of substances based on the number of repeating units and dimensionality.

References
1. R. Sekiya and T. Haino, ChemPhysChem, 2022, DOI:10.1002/cphc.202200311. (Concept)
2. R. Sekiya and T. Haino, Chem. Eur. J., 2021, 27, 187–199.
3. I. Matsumoto, R. Sekiya, H. Fukui, R.-D. Sun, and T. Haino, Angew. Chem. Int. Ed., 2022, 61,
e202200291.
4. I. Matsumoto, R. Sekiya, and T. Haino, Angew. Chem. Int. Ed., 2021, 60, 12706-12711.
5. S. Nishitani, R. Sekiya, and T. Haino, Angew. Chem. Int. Ed., 2020, 59, 669-673.
6. K. Yamato, R. Sekiya, K. Suzuki, and T. Haino, Angew. Chem. Int. Ed., 2019, 58, 9022-9026.
7. Y. Uemura, K. Yamato, R. Sekiya, and T. Haino, Angew. Chem. Int. Ed., 2018, 57, 4960-4964.
8. R. Sekiya, Y. Uemura, H. Naito, K. Naka, and T. Haino, Chem. Eur. J., 2016, 22, 8198-8206.
9. R. Sekiya, Y. Uemura, H. Murakami, and T. Haino, Angew. Chem. Int. Ed., 2014, 53, 5619-5623.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

181

ICPAC KK 2022 – Abstracts
OBC 38 - Invited Lecture

-Oxo Hypervalent Iodine Catalysis in Oxidative Aromatic C-N Coupling and
Dearomatization
Toshifumi Dohi
College of Pharmaceutical Sciences, Ritsumeikan University, Japan
td1203@ph.ritsumei.ac.jp
Abstract
Hypervalent iodine reagent has become one of the promising tools in developing dearomatization and
oxidative coupling for aromatic compounds.1 They have recently received significant attention in organic
synthesis due to their low toxicity as well as the unique reactivities similar to the metal oxidants. On the
other hand, stoichiometric amounts were always required for their use in these reactions, since discovery of
the first hypervalent iodine compound (Willgerodt’s reagent) more than 100 years ago. The catalytic
utilization of hypervalent iodine reagent, in consideration of practical conceren, is a desired goal in 21st
century.
In 2005, we reported catalytic utilization of hypervalent iodine reagent for dearomatization of phenols
and oxidative coupling of other aromatic compounds.2
Herein, we would present the highly efficient hypervalent iodine catalytic strategy for oxidative C-N
bond-forming aromatic coupling and dearomatization reaction. The success key is our desinger -oxo
hypervalent iodine catalyst, discovered by the extensive catalyst screening in developing asymmetric phenol
dearomatizations.3 The metal-free oxidative coupling initiated by the nitrogen atom activation, such as the
oxidative amidation of aromatic rings, can smoothly proceed by very low catalyst loadings of this catalyst
(less than 1 mol%).4 Recent investigation has revealed that our -oxo catalysts are applicable to a greener
re-oxidizing system using peracetic acid (PAA), and electrolytic conditions for oxidative dearomative C-N
bond formations.
Keywords: hypervalent iodine, organocatalyst, oxidative coupling, amidation, dearomatization
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Next-generation bisphenols disrupt the coactivator’s binding
Masaki Iwamoto, Takahiro Masuya, Mari Hosose, Tomaka Ishibashi, Ayami Matsushima*
Laboratory of Structure-Function Biochemistry, Department of Chemistry,
Faculty of Science, Kyushu University.
*
Corresponding author: ayami@chem.kyushu-univ.jp
Abstract
Bisphenol A (BPA) is paid wide attention as one of the most famous endocrine-disrupting chemicals
(EDCs). In a civilized society, many chemicals are unexpectedly released into the environment and some
concerns are occasionally claimed over some chemicals including BPA. BPA is used as a raw industrial
material for producing polycarbonate plastics and epoxy resins all over the world. The most famous
unignorable aspect of BPA is the so-called ‘low-dose effects’. This means that BPA has been correlated
with adverse effects on experimental animals, especially on their reproductive organs and in their nervous
systems. However, the molecular mechanisms of BPA’s low-dose effects are still yet clarified. These
circumstances have been facilitating the exposure of BPA derivatives, next-generation BPAs, used as
substitutes for BPA. BPA has been reported to bind to both of estrogen receptor  (ER) and ER, although
its binding ability is much weaker than that of natural female hormone, estradiol. We have assumed that
bisphenol’s chemical structure is a privileged structure for nuclear receptors, especially for ER and ER;
therefore, we have previously screened a library of ca. 200 bisphenol derivatives and found that bisphenol
C (BPC) and bisphenol AF (BPAF) bind to ER much more strongly than does BPA itself. Here, we
screened a BPA library to find new ER ligands. We could not find a new strong ligand to ER; but could
prove that the bisphenol moiety is a privileged structure not only for ER but also for ER. We also
performed the reporter-gene assay to evaluate the transcriptional activity induced by these chemicals. We
found that tricyclic bisphenols, which have three benzene rings, are antagonists for ER, as they are as well
for ER. Remarkably, we found that many next-generation BPAs, including BPC and BPAF, acted as
antagonists for ER, although, despite being agonists for ER.
Keywords: bisphenol, estrogen receptor, reporter-gene assay, transcription
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Interaction Analysis between Membrane Proteins and Lipids
Nobuaki Matsumoria,*, Masataka Inadaa, Masayuki Moritoa, Masanao Kinoshitaa
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Abstract
Biological membranes have a huge diversity of lipids. However, the significance of “lipid diversity” is not fully
understood even today, because such a variety of lipids are not necessary to form lipid bilayers. On the other hand, it
has become clear that lipids actively regulate functions and structures of membrane proteins (MPs) via direct
interactions, and this may be the reason for the lipid diversity. However, detailed functional studies of lipids are
retarded due to the lack of methodology for analyzing MP-lipid interactions. To address this issue, we developed
methods for analyzing “MP-specific lipids” and “lipid-specific MPs”, respectively.
Recently, we reported a method for quantitatively evaluating MP-lipid interactions using surface plasmon
resonance (SPR) system, which enables us to analyze MP-specific lipids.1 In this method, SPR sensor chip surface is
modified with a lipid membrane, on which MP is covalently immobilized, and the interaction between solubilized
lipids and the immobilized MP is detected. We have applied this method to bacteriorhodopsin and potassium channel
KcsA, and consequently not only identified their specific lipids but also demonstrated that those lipids strongly regulate
the functions of these MPs.2
Then, to identify lipid-specific MPs, we chemically prepared lipid-immobilized beads, which were named
“membrane-mimetic beads” because the lipid density on the beads surface is close to that of lipid membranes. We first
immobilized sphingomyelin and ceramide, both of which are important for the formation of lipid rafts, and successfully
detected their specific MPs. Thus, we are approaching MP-lipid interactions from both perspectives of “lipid-specific
MPs” and “MP-specific lipids”. Besides, these methodologies can be applied to interaction analysis for “MP-drug”
and “drug-lipid”, and such applications are in progress.

Keywords: membrane protein, lipid, interaction, bacteriorhodopsin, potassium channel.
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A Large Conformational Change of the Quinone Cofactor
in Bacterial Copper Amine Oxidase
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Abstract
The copper amine oxidase from Arthrobacter globiformis (AGAO) catalyzes the oxidative deamination of
primary amines to aldehydes. AGAO contains a topaquinone (TPQ) cofactor and Cu2+ in the catalytic site.
After the oxidation of amine substrates, reduced TPQ (TPQ aminoresourcinol) is oxidized by Cu 2+ to form
a TPQ semiquinone with a large TPQ conformational change in AGAO [1-3]. This conformational change
is remarkably large from the viewpoint of the induced-fit theory proposed by D.E.Koshland in 1958. In fact,
the displacement of O(4) atom of TPQ in AGAO is 5.9 Å [1], which is unusually large compared to the
ordinal structural changes, less than 1Å in the root mean-square displacement (RMSD) in most enzymes.
Here, we investigated the molecular mechanism of the TPQ conformational change upon the semiquinone
formation by using the hybrid quantum mechanics/ molecular mechanics (QM/MM) method, and we
showed that the TPQ conformational change can be realized through the TPQ ring-rotation and slide. We
also determined that the TPQ conformational change contributes to stabilize the TPQ semiquinone
formation and that promotes a high reactivity of Cu+ to O2 in the subsequent oxidative half-reaction in
AGAO. The peculiar and state-specific conformational change of TPQ semiquinone provides us a new
insight into an efficient catalytic mechanism to transform the protein environment around the catalytic center
[4].
Keywords: QM/MM, state-specific reaction, catalytic reaction, conformational flexibility, semiquinone
Graphical abstact
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Incorporation of DNA into bacterial membrane vesicles: the mechanism for a
novel type of horizontal gene transfer
Yosuke Tashiro*
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Abstract
Horizontal gene transfer (HGT) is used for acquiring foreign DNA for bacterial genome evolution.
Transformation, transduction and conjugation are known as three main mechanisms of bacterial HGT.
Meanwhile, DNA transfer through membrane vesicles (MVs), which are released from bacterial cells, has
been recently recognized as the forth mechanism for HGT. While bacteria and archaea produced MVs, most
MVs present in the environment are derived from Gram-negative bacteria. It has been mystery why DNA
is contained in MVs pinched from outer membrane of Gram-negative bacteria. Here, we introduce out recent
findings for the mechanisms of DNA incorporation into MVs.
Using Escherichia coli harboring non-conjugative plasmid pUC19, we found that plasmid copy per vesicle
is increased in MVs derived from a nlpI mutant, in which peptidoglycan (cell wall) breakdown and
synthesis are altered1. Moreover, supplementation of glycine inhibited peptidoglycan synthesis, increased
MV formation and promoted plasmid copy per vesicle. Two proposal routes for DNA incorporation into
MVs under peptidoglycan-damaged conditions were suggested: DNA leakage due to increased membrane
permeation and outer-inner membrane vesicles. Furthermore, we also discovered that the shapes of MVs
released by Gram-negative bacteria are diverse, and multilamellar and multivesicular vesicles as well as
conventional MVs are formed2,3. Our findings contribute to the understanding of bacterial HGT through
MVs that occurs in nature and to the development of MV application for genetic tools.
Keywords: Bacteria, Horizontal gene transfer, Membrane vesicles
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Hydrogen Production from Cellulose Catalyzed by an Iridium Complex under
Mild Conditions
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Abstract
In recent years, there have been many efforts toward building a society based on the “Hydrogen Economy”,
which uses hydrogen as a clean energy source. The reasons for such expectations include the following
points: 1) hydrogen has the highest weight energy density among all energy resources, 2) it can easily be
converted into electrical energy using a fuel cell, and 3) the only byproduct in extracting energy from
hydrogen is water. However, the current production of hydrogen depends primarily on fossil resources. In
view of the future, it is a major challenge in modern scientific research to develop a method to produce
hydrogen that does not rely on fossil resources.
Therefore, it is highly appealing to produce hydrogen by using cellulose as a raw material, because it is
abundantly available and can be rapidly regenerated by cultivating plants. In addition, for hydrogen
production using non-edible cellulose as a raw material, there is no risk of conflicts with the food supply;
this makes it an especially attractive alternative.1 Here, we report a new system for the production of
hydrogen from cellulose in an ionic liquid using an iridium catalyst under mild reaction conditions.2
Activities of various catalysts for hydrogen production from cellulose were examined. When the reaction
of a mixture of cellulose, water, and an ionic liquid, [BMIM][OAc], was conducted at 135 °C for 24 h in
the presence of [Cp*IrCl2]2 hydrogen was obtained in 60% yield. Using a readily available catalyst and ionic
liquid at a relatively low temperature, the production of hydrogen was achieved via a simple one-step
homogeneous catalytic system.
Keywords: cellulose, hydrogen production, iridium catalyst
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Depolymerization of Phenylene-based Super Engineering Plastics to
Regenerate Monomer Units
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Abstract
Super engineering plastics, high-performance thermoplastic resins, such as polyphenylene sulfide (PPS) and
polyetheretherketone (PEEK) have been utilized in industries, owing to their high thermal stability and
mechanical strength. However, their robustness hinders their chemical recycling, or depolymerization, to
produce low-weight oligomer units or monomers. Currently, the existing depolymerization studies involve
only PPS and PESU, indicating that there are no generic depolymerization methods for these resins. Thus,
chemical recycling for most super engineering plastics remains relatively unexplored. Herein we report two
types of depolymerization of super engineering plastics. One is a decomposition of solvent-insoluble PPS
using a hydrosilane in the presence of a palladium catalyst to form benzene and a disilylsulfide. 1 Second is
a depolymerization of PEEK via carbon–oxygen bond cleavages.2
Keywords: Depolymerization, Polymer, Monomer, Main-chain cleavage, Sulfur
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Hybrid Binding Probes for Calreticulin Contribute to Cancer Diagnosis
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Abstract
Calreticulin (CRT) is a lectin-like molecular chaperone responsible for glycoprotein folding in the
endoplasmic reticulum (ER). Interestingly, a correlation has been reported between CRT expression in ER
and cancer cell proliferation.1 It has also been reported that intracellular CRT in cancer cells are exposed on
the cell surface by anticancer drug treatment, which serves as a signal to induce immunogenic cell death.2
In this study, we have developed a hybrid binding CRT labeling probes that contribute to the establishment
of a novel cancer diagnostic method using CRT as an biomarker.
CRT has a hybrid binding function in which the lectin domain recognizes glycan and the chaperone
domain recognizes misfolded hydrophobic patches in glycoprotein recognition.3 Therefore, we synthesized
molecular probes (Glc1Man2-EG8-Fmoc or Glc1Man2-EG8-Dansyl) in which a CRT-recognized
trisaccharide (Glc1Man2) and a hydrophobic moiety (Fmoc group or Dansyl group) were linked via octaethylene glycol (EG8). The binding of these probe to CRT were ca. 1000 times stronger than that of
Glc1Man2. These results indicate that the glycan probes were hybrid-bound to each of the lectin domain and
the chaperone domain of CRT. It was also found that Glc1Man2-EG8-Dansyl has environmental
responsiveness that increase the fluorescence intensity when bound to CRT. In this presentation, we would
also like to report on the CRT labelling ability of Glc1Man2-EG8-Dansyl in cancer cells.
Keywords: glycoprotein, lectin, chaperone, molecular probe, cancer diagnosis
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Abstract
Cell-sized lipid vesicles or liposomes emulating cell membrane compositions have been used as artificial
cell models which elucidate complicated cellular functions and an “origin of life”1. Artificial cell models
are assembled from biomolecules such as phospholipids, proteins, and small molecules. Therefore, to create
well-defined artificial cell models, methodologies for integrating biomolecules into the vesicles, such as a
formation of asymmetric lipid bilayers and a reconstitution of membrane proteins into vesicles need to be
developed.
In this lecture, I introduce formations and applications of functionalized lipid bilayers reconstituting the
membrane proteins or biomolecules toward formations of the well-defined artificial cell models. A plasma
membrane of eukaryotic cells is formed in the asymmetric lipid bilayer constructed from different lipid
leaflets. I generated cell-sized asymmetric lipid vesicles by applying a jet flow to a planar asymmetric lipid
bilayer into a double-well chamber (Figure 1)2-4. A flip-flop motion of the lipid molecules was observed on
the asymmetric lipid vesicles. The changing amount of reconstitution of membrane proteins into the vesicles
and the translocation of soluble proteins to the inner phase of the vesicles were investigated using the
asymmetric lipid vesicles. An asymmetric lipid-amphiphilic protein vesicle as a complete artificial
membrane was developed for generating a vesicle with function beyond lipid vesicles. The physical and
biological properties of this asymmetric lipid-amphiphilic protein vesicle is also introduced. Finally, an
outer membrane protein (Omp) such as OmpG, OmpA, OmpLA forming a nano-sized pore was
reconstituted into the lipid membranes. The transport of small molecules and the fission of the lipid vesicles
were demonstrated using OmpLA5. Various structures of DNA such as double-stranded DNA and branched
DNA depending on the nanopore size using wild type or mutated OmpG nanopores were detected (Figure
2)6,7. These studies will provide a platform for synthetic systems to elucidate complex biological
phenomena.
Keywords: lipid vesicle, liposome, membrane protein, artificial cell model, micro device

Figure 1 Formation of asymmetric lipid vesicles

Figure 2 Detection of DNA using OmpG nanopore7
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Formation and Properties of DNA Liquid Crystalline Phase
in Crowded Environment
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Abstract
A crowded condition often causes a condensation of biomolecules in vitro and in vivo. High
concentrations of coexisting molecules can easily pack double-stranded DNA (dsDNA) into a liquid
crystalline phase. In in vitro experiments, liquid crystalline DNA was formed by adding polymer in aqueous
solution containing salt. The cholesteric liquid crystalline DNA shows a distinctive CD spectrum due to
ordered dsDNA in twisted phases.1 On the other hand, an optically inactive columnar hexagonal DNA,
which is a similar type of liquid crystal can be formed by adding polymer under certain conditions. Phase
transition between cholesteric and columnar hexagonal phases occurs because of changes in the twisting of
packed structures.
Our group have studied the efficiency of DNA-mediated electron-transfer (ET) in cholesteric liquid
crystalline DNA using a chromophore-modified oligonucleotide with first kinetic hole-trapping base cpG2 in
aqueous-salt poly(ethylene glycol) solution. We used poly(ethylene glycol) (PEG 1540: average molecular
weight 1350-1650) to prepare crowded environments. Decomposition of cpG in dsDNA containing a
chromophore was induced by photoirradiation and promoted by adding PEG. Especially, the cpG was highly
decomposed in a cholesteric liquid crystalline phase. These results suggested that “interduplex” ET between
dsDNAs occurred in the condensed liquid crystalline phase.3 In addition, we observed another DNA
condensate under aqueous-salt PEG solutions. To our surprise, independent micro-sized hexagonal liquid
crystalline was built from one pair of dsDNA. The formation of the hexagonal DNA was highly dependent
on the sequence and concentrations of DNA and PEG in solution. The potential of self-assembled dsDNA
of various morphologies will also be discussed.
Keywords: DNA, electron transfer, condensation, liquid crystalline phase, self-assembly
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Fluoro(aryl)iodanes-Catalyzed Synthesis of Functionalized Oxazoles
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Abstract

Cycloisomerization-functionalization reactions of unsaturated compounds tethering heteroatom
nucleophiles provide one of the powerful and attractive methods for the synthesis of heterocyclic
compounds, which can accompany an introduction of functional groups into their side chains. For
these reactions, transition metal catalysts such as Pd- and Au-complexes have been often employed
in the presence of oxidants or electrophiles. However, these metal complexes have environmental
and economic problems, and some functionalization methods require a two-step operation albeit
one-pot method.
We have developed various oxidative transformation reactions of alkynes using hypervalent iodine
catalyst under metal-free conditions.1 As part of our researches, fluoro(aryl)iodane-catalyzed
cycloisomerization-functionalization reactions of N-propargyl carboxamides were disclosed for the
synthesis of fluorinated oxazoles2 and arylated oxazoles3 in a single operation. These reactions
were achieved by the use of a novel oxidation system for the catalytic generation of
fluoro(aryl)iodane species. Herein, we present these fluoro(aryl)iodane-catalysis.
Keywords: arylation, fluorination, functionalization, heterocycles, iodine,
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Efficient syntheses of [5]rotaxane-type fluorophores containing various
polycyclic aromatic hydrocarbons and their photophysical properties
Yuki Ohishi*, Kohei Nishioki, Yuta Miyaoka, Keita Serizawa,
Junya Chiba, Masahiko Inouye
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*
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Abstract
Organic fluorescence dyes have been applied in a wide range of fields such as bio-imaging and organic EL.
However, purely organic fluorescence dyes still require improved optical stabilities. Against this
background, we have previously developed [3]rotaxane-type fluorescence dyes having a fluorescent core
encapsulated by cyclodextrins (CDs).1 Although these dyes have extremely high photostability because CDs
protect the fluorescent cores from photochemically induced reactive species, the low yields of rotaxane
syntheses had been remained to be solved.
In this study, we aimed to establish a high-yield synthetic method for rotaxane-type fluorescence
dyes by applying “template-directed click reaction”2, that is, pre-organization of all the molecular
components by non-covalent interaction followed by CB6-catalyzed alkyne-azide cycloaddition (CB-AAC).
In this method, CDs work as co-factor to enhance the pre-organization of substrates by hydrophobic
interaction with an axis component as well as hydrogen bonds with CB6. The spontaneous self-assembly
proceeds CB-AAC to afford mechanically interlocked rotaxanes in high yields. In this study, we succeed in
applying this synthetic method to various fluorophores and revealed the photophysical properties of
synthesized [5]rotaxanes.
Keywords: rotaxane, fluorophores, cyclodextrin, cucurbituril, click reaction
Graphical abstact
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MALDI Glycotyping of Glycoproteins, Biofluids,
and Bacterial O-antigens
Hiroshi Hinoua,*, Shogo Urakamib
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b Graduate School of Life Science, Hokkaido University.
*Corresponding author: hinou@sci.hokudai.ac.jp
Abstract
Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) is one of
the soft ionization methods for biomolecules. Due to its speed and sensitivity, MALDI-TOFMS is an
essential technique in life science research and clinical application for rapid biotyping. However, in glycan
analysis, the transition from traditional serotyping methods to a structure-based approach by MALDITOFMS has been slow due to the low ionization efficiency of glycans.
We have succeeded in developing a matrix for MALDI-TOFMS that can selectively improve ionization
efficiency of glycans through additive effects on conventional matrices.1 Here, we report the development
of a simple and rapid MALDI-TOFMS technique utilizing this matrix to analyze the structural patterns of
glycans on glycoproteins,2 biological fluids, and Gram-negative bacterial O-antigens.
Keywords: MALDI, glycotyping, glycomics, in-source decay, O-antigen
References
1. Hinou, H. Int. J. Mass. Spectrom.. Soc. 2019, 443, 109-115
2. Urakami, S.; Hinou, H. Anal. Sens. 2022, 2, 3249-3258.

194

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
OBC 52 - Invited Lecture

Local Manipulation of Cellular Functions using Nanoheater and
Nanothermometer
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Abstract
Thermal engineering that allows thermometry and heating at nanoscale has been attracted because of various
potential applications in biology and bioengineering. Recently, we created a polymer nanoparticle which
contains a photothermal dye and a fluorescent temperature sensory dye, named nanoheater-thermometer
(nanoHT)1. After the uptake of nanoHT into live cells, followed by near-infrared (NIR) light illumination
(808 nm), it could generate the subcellular size heat spot. It should also be noted that the embedded
temperature sensory dye could contribute to the direct measurement of the temperature increment at the heat
spot. Using the quantitative nanoheating, we induced the rapid cell death within a few seconds, where the
threshold of the temperature increment was estimated to be approximately 11.4 °C from the base temperature
(37 °C). Even in the mild heating condition, the perturbation of energy metabolism was observed, supported
by intracellular ATP imaging. We further succeeded to manipulate muscle contractions in C2C12 myotube
by the alteration of protein-protein interactions thermodynamically. To extend this technology, we prepared
another nanoHT using a different photothermal dye with 980 nm absorption. Coupling with these two
different nanoHTs and NIR lasers at different wavelengths would achieve more complex heating way in
live cells.
On top of that, the development of fluorescent thermometry has been also progressing2. We achieved to
establish the fluorescent thermometry at various organelles using fluorescent lifetime imaging (FLIM). In
this talk, we share recent progress on both sides of temperature control and thermometry.

Keywords: nanoheating, fluorescent thermometry, photothermal materials, thermodynamic cell
engineering
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Lipophosphonoxins – Novel Membrane Targeting Antimicrobials
Duy Dinh Do Pham1, Viktor Mojr1, Gabriela Mikušová1,2, Radovan Fišer2, Eva Dávidová1, Hana
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Abstract
The alarming rise of bacterial antibiotic resistance requires the development of new compounds. Such
compounds, lipophosphonoxins (LPPOs), were previously reported to be active against numerous bacterial
species but serum albumins abolished their activity.1,2
Here we report synthesis and evaluation of novel antibacterial compounds termed LEGO-LPPOs, based
on LPPOs, consisting of a central linker module with two attached connector modules on either side. 3 The
connector modules are then decorated with polar and hydrophobic modules. We performed an extensive
structure-activity relationship study by varying the length of the linker and hydrophobic modules. The best
compounds were active against both Gram-negative and -positive species including multiresistant strains
and persisters. LEGO-LPPOs act by first depleting the membrane potential and then creating pores in the
cytoplasmic membrane. Importantly, their efficacy is not affected by the presence of serum albumins. Low
cytotoxicity and low propensity for resistance development demonstrate their potential for therapeutic use.
Application of original LPPOs in an active wound dressing based on the polycaprolactone nanofiber
scaffold (NANO) is also discussed.4 We demonstrated in vitro that LPPO released from NANO exerted
antibacterial activity while not impairing proliferation/differentiation of fibroblasts and keratinocytes.
Secondly, using a mouse model we showed that NANO loaded with LPPO significantly reduced the
Staphylococcus aureus counts in infected wounds as evaluated 7 days post-surgery. The rate of degradation
and subsequent LPPO release in infected wounds was facilitated by lytic enzymes secreted by inoculated
bacteria. Finally, LPPO displayed negligible to no systemic absorption. In conclusion, the composite
antibacterial NANO-LPPO-based dressing reduces the bacterial load and promotes skin repair, with the
potential to treat wounds in clinical settings.

Keywords: resistance, antibacterial, lipophosphonoxine, cellular membrane, nanomaterial
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Iridium-Catalyzed Hydroalkylation of Simple Alkenes with Malonic Amides
and Malonic Esters
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Abstract
Alkenes are important feedstock chemicals for various transformation and are readily available from
commercial sources or a variety of synthetic methods. The functionalization of alkenes has been intensively
studied by many researchers and has become a fundamental class of reactions. Hydroalkylation of alkenes
with 1,3-dicarbonyl compounds is a reliable and powerful method for constructing a carbon-carbon bond at
the α-position of 1,3-dicarbonyl compounds via cleavage of the C-H bond, and plays a vital role in organic
synthetic chemistry. Although intermolecular hydroalkylations have also been reported, in most cases the
reactions required 1,3-diketones and relatively reactive alkenes such as aromatic alkenes. Thus,
hydroalkylation of less reactive aliphatic alkenes remains challenging. Recently, we developed an Ir system
that catalyzes the hydroalkylation of aliphatic alkenes with 1,3-diketones and β-ketoesters under neutral
reaction conditions.1 With our continuing interest in hydroalkylation, we next turned our attention to the
hydroalkylation of simple alkenes with malonic amides and malonic esters. Although malonic amides and
malonic esters are diverse synthetic intermediates for transformation into compounds exemplified by 1,3diamines and 1,3-dicarboxylic acids, only four linear-selective catalytic hydroalkylations of simple alkenes
with malonic esters through radical mechanism have been reported.
In this presentation, we report the branch-selective hydroalkylation of aliphatic alkenes and
aromatic alkenes with 1,3-dicarbonyl compounds including malonic amides and malonic esters. The
reaction proceeds under neutral reaction conditions in a highly atom-economical manner. A variety of
aliphatic alkenes and aromatic alkenes bearing bromine, chlorine, ester, 2-thienylcarboxylate, silyl, and
phthalimide groups were all found to be suitable for this hydroalkylation. The combination of this method
with Krapcho dealkoxycarbonylation realized a one-pot synthesis of β-substituted amide and ester from βamide ester and malonic ester. The hydroalkylated products derived from malonic amides are suitable for
further transformation. The finely tuned reaction conditions realized the selective transformation of
hydroalkylated products to 1,3-diamines or monoamides with the same reagent. In the presentation, we will
also show mechanistic studies involving computational calculations and the experimental results based on
the deuterium-labelling experiments and the measurement of the kinetic-isotope effect.
Keywords: Hydroalkylation, Iridium Catalysis, Malonic Amides, Malonic Esters, DFT Calculations
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Molecular Dynamics Simulation for Biological and Material polymers
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Abstract
Due to the advances in the computer technology, the molecular dynamics (MD) simulation becomes an
important tool to investigate the molecular basis of the dynamical or mechanical features of materials. To
perform the reliable MD simulation, we require an accurate force field, which describes the intra- and interinteractions of the system.
First, we demonstrate the importance of the force field by focusing on our modified AMBER-style force
field (FUJI).1-3 Even the force field for the environment can affect the behavior of surrounded protein.4
Next, we show an example of how the force field was improved. This improved force field allow us to
predict the density of the molecular liquids and solids much better than the original one. Using this force
field, we investigated the change in the epoxy resin density with respect to the conversion. Based on the allatom MD simulation, we constructed the coarse-grained (CG) model, enabling us to specify the key part for
controlling the density easily. Thus, our analysis clarified that the density behavior is directly dependent on
the flexibility of the linker part rather than the size of free volume.6

Keywords: molecular dynamics simulation, force field, protein, lipid, epoxy resin
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Liquid biopsy using oxide nanowire microfluidics to address previouslyunattainable analytical methods for biomolecules
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Abstract
Analyzing microRNAs (miRNAs) within urine extracellular vesicles is important for realizing miRNAbased, simple and non-invasive early disease diagnoses and timely medical checkups. The urinary miRNA
species differ in healthy and cancer groups of people, and they represent a warning sign for various cancer
scenarios. However, the inherent difficulty in collecting dilute EVs from urine has hindered the
development of such diagnoses and medical checkups. We propose a device composed of nanowireintegrated microfluidic device, which enables highly efficient EV collections and in-situ extraction of huge
numbers of miRNAs to exceed the extraction numbers of the conventional ultracentrifugation method 1-4.
The mechanical stability of nanowires anchored into substrates during buffer flow and the electrostatic
collection of EVs onto the nanowires are the two key mechanisms ensuring the success of the present device.
We utilize our method to discover the numbers of potentially cancer-related miRNAs in urine. These urinary
miRNAs would also act as miRNA groups for classifying cancer-related regulations. We also successfully
identify miRNA groups in urine through a combination of nanowire-based miRNA extraction and machine
learning-based analysis; the groups allow detection and localization of cancer. The machine learning-based
analysis identified miRNA groups from almost all human miRNAs. The groups consisting of ~50 miRNA
species could classify cancer and non-cancer subjects with high accuracy, sensitivity, and specificity. We
expect these miRNA groups in urine will open a new era for work towards urine-based liquid biopsy. And
the present device concept will be a foundation for work towards the long-term goal of urine-based early
diagnoses and medical checkups of diseases.

Keywords: Nanowires, extracellular vesicles, microRNA, liquid biopsy
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Theoretical investigation on the ATPase mechanism of F-actin
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Abstract
The ATP hydrolysis of actin, which occurs only at the fibrous (F) form, is known to drive the unidirectional
polymerization of the filaments. The molecular mechanism of actin ATPase was largely unknown due to
the lack of the high resolution structure of F-form actin. To elucidate the detailed ATPase reaction
mechanism of F-actin, a theoretical investigation was performed using the atomic resolution (1.15Å) X-ray
crystal structures of the F-form actin with various nucleotide states we have recently determined. We
employed ONIOM(DFT:MM) calculation with electronic embedding. The active site of F-actin was treated
using M06-2X functional with 6-31G(d) basis sets.
Our analyses revealed that the ATP hydrolysis of actin proceeds via four steps, hydrogen bonding
rearrangement (HBR1), P-O bond dissociation (POD), proton transfer (PT), and second hydrogen bond
rearrangement (HBR2). The bottleneck of the reaction was the at PT step, where the attack of lytic water
concerted with the double proton transfer among two waters and the metaphosphate. The characteristics of
actin ATPase will be discussed by comparing with other well-studied ATPases such as myosin, kinesin, and
F1-ATPase.1
Keywords: enzyme, hydrolysis, quantum chemistry
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Depolarizing effects in hydrogen bond energy in 310-helices revealed by
quantum chemical analysis
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Abstract
Hydrogen bond (H-bond) is one of the major factors that build the macromolecular structures of proteins,
nucleic acids and their complexes. In particular, H-bonds in protein backbones are essential to form their
characteristic three-dimensional (3D) structures based on their ordered secondary structures. Therefore, their
structural energies should be correctly computed for analyses and predictions of protein 3D structures.
In our previous study, we used a negative fragmentation analysis (NFA), a slightly modified version
of the molecular tailoring approach,1 in combination with DFT and MM calculations to resolve the
individual interaction energies associated with each hydrogen bond formed in typical α-helices of different
peptide lengths.2 We concluded that the H-bond energies of the α-helix are generally higher than those of
separated H-bonds because of the depolarized electronic structures around carbonyl oxygen and amide
hydrogen in the H-bond. Such depolarizations are caused by local short-ranged electrostatic interactions
with neighboring species in the α-helical structure and redistribute the electron density.
In the present study, H-bond energies in 310-helices were systematically examined by precise DFT
calculations with NFA.3 The contribution of each H-bond was evaluated in detail from total energies of the
310-helical conformation (whole helical model; WH3-10 model), and the results were compared with the
property of H-bond in -helix from our previous study.2 The H-bond energies of the WH3-10 model exhibited
tendencies different from those exhibited by the  -helix, in that they depended on the helical position of
the relevant H-bond pair. H-bond pairs adjacent to the terminal H-bond pairs were observed to be strongly
destabilized. The analysis of electronic structures indicated that structural characteristics cause the
destabilization of the H-bond in 310-helices. We also found that the longer the helix length, the more stable
the H-bond in the terminal pairs of the WH3-10 model, suggesting the action of H-bond cooperativity.

Keywords: 310-helix; hydrogen bond energy; density functional theory; negative fragmentation analysis
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Synthetic Studies toward Natural Xanthone Blennolides
via Spirochromanones
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Abstract
Naturally occurring xanthones have been isolated from a wide
range of plants, bacteria, fungi, and lichens. Blennolides A (1) and
C (2) are partially hydrogenated xanthones that were isolated as
secondary metabolites from an endophytic fungus, Blennoria sp.1
Our approach to the total synthesis of these blennolides uses
spirochromanone 3 as a key intermediate (Scheme 1). Toward the
total synthesis of blennolide C (2), aldol adduct 4 was prepared
from ketone 5 and enone 6 and then cyclized under acidic conditions to afford 7 as a mixture of
diastereoisomer. After separation, oxidative cleavage of the alkene moiety at -7 gave diester 8, which was
subjected to Dieckmann condensation2 and simultaneous deprotection to achieve the asymmetric total
synthesis of blennolide C (2) (Scheme 2).3 In this study, low diastereoselectivity of the spirochromanone
formation remains an issue to be resolved.
To address this issue, we examined alternative synthetic routes for blennolide A (1) involving
intramolecular nucleophilic aromatic substitution (SNAr) on the unactivated aromatic ring4 for construction
of the spiro compounds. Racemic cis-disubstituted cyclohexenone 9 was prepared by regio- and
stereoselective reductive ring opening of epoxyester 8 by treatment with NaBH3CN/BF3OEt2.5 Benzyl
protection and debenzoylation of 9 followed by sequential oxidation gave key cyclohexenone 9. Although
attempts at diastereoselective introduction of an acetylide onto 11 were unsuccessful, alcohol 12 was
subjected to the SNAr sequence. Sonogashira coupling of 12 with iodoarenes 13 followed by Lindlar
reduction to give Z-alkenes 14, which smoothly underwent intramolecular SNAr when treated with NaH to
afford spirochromenes 15 with retention of stereochemistry. Wacker oxidation of MOM-protected
chromene 15 yielded spirochromanone 16 (Scheme 3).
Keywords: xanthones, total synthesis, spiro compounds, SNAr.
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Synthesis of Optically Active Molecules Based on Planar Chiral
[2.2]Paracyclophanes: Control of Other Chiralities by the Planar Chirality
Yasuhiro Morisaki*, Ryo Inoue, Genki Namba, Nanami Miki, Motoki Tsuchiya
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*
Corresponding author: ymo@kwansei.ac.jp
Abstract
[2.2]Paracyclophane is a common cyclophane compound consisting of face-to-face benzene rings fixed
by ethylene chains at the para-positions. Two eclipsed benzene rings are closely stacked, causing
suppression of their rotatory motion. [2.2]Paracyclophane compounds with one or more substituents are
planar chiral compounds, depending on the substitution positions. Enantiopure [2.2]paracyclophane
compounds have been employed mainly as chiral ligands and auxiliaries in organometallic and organic
chemistry. However, there are only a few examples of their applications in the fields of polymer and
materials chemistry.[1]
Recently, we achieved optical resolutions of di- and tetrasubstituted
[2.2]paracyclophanes by the diastereomer method using appropriate chiral auxiliaries.[2] Subsequently, we
synthesized various optically active molecules[3] containing planar chiral [2.2]paracyclophane units, which
exhibited exellent circularly polarized luminescence (CPL) properties.
We report syntheses of three kinds of optically active molecules based on the planar chiral
[2.2]paracyclophanes, as shown in Figure 1. Axial chirality,[4a] helicity,[4b] and twist chirality[4c] are induced
by the planar chiral [2.2]paracyclophanes. Their synthetic routes and chiroptical properties, in particular
CPL profiles, are disclosed.
Keywords: [2.2]paracyclophane, planar chirality, CPL

Figure 1. Optically active molecules consisting of (Rp)-[2.2]paracyclophane skeletons.
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Convergent Synthesis of the WXYZA’B’C’D’E’F’ Ring Segment of
Maitotoxin
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Abstract
Maitotoxin (MTX) is a ladder-shaped polyether produced by the epiphytic dinoflagellate Gambierdiscus
toxicus and has the largest molecular weight (MW 3422) among the nonpeptide secondary metabolites.
MTX is known to induce Ca2+ influx at extremely low concentration. Although a number of biological
studies on MTX have been reported including the target identification of MTX, its mode-of-action remains
unknown. Numerous synthetic studies of MTX have been reported, but the synthesis of the
WXYZA’B’C’D’E’F’ ring segment including the side chain has not been achieved yet. However, the
synthesis of WXYZA’B’C’D’E’F’ ring possessing the large molecular weight (MW 1140) and containing
the seven- and eight-membered ring system with the consecutive angular methyl groups, eight angular
methyl groups in total, would be a daunting task.
In this study, we achieved synthesis of WXYZA’B’C’D’E’F’ ring segment of MTX including the side
chain based on a convergent strategy via α-cyano ethers developed in our laboratory.1) The C’D’E’F’ ring
diol 22) and the WXYZ ring aldehyde 33) were combined through the construction B’ ring via ring closing
metathesis and A’ ring via O,S-acetal formation followed by radical reduction. Introduction of a terminal
olefin in the side chain culminated in the convergent synthesis of the WXYZA’B’C’D’E’F’ ring segment in
16 steps.4) The NMR data of the synthetic sample matched with those of the natural product except for the
W ring terminus.

Keywords: maitotoxin, convergent synthesis, α-cyano ethers
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Development of synthetic methodologies by utilizing isomerization of acyl
metalloids to oxycarbene species
Kento Ishida
Faculty of Science and Technology
Tokyo University of Science
kentoishida@rs.tus.ac.jp
Abstract
Carbenes are generally reactive species and have been widely used in organic synthesis. One of the concise
generation of carbenes is photoisomerization of acylsilanes. Since the pioneering study by Brook et al.1, it
has been known that photoirradiation of acylsilanes promotes a 1,2-silyl migration to generate siloxycarbene
species. In 2011, Kusama and co-workers reported a photo-induced cross coupling reaction between
acylsilanes and boronic esters, in which nucleophilic addition of siloxycarbenes to boronic esters is the key
step.2 This report clearly showed the utility of acylsilanes as a carbene precursor in organic synthesis.
However, challenging tasks to resolve had still remained. Under these backgrounds, we have developed
Lewis acid-promoted cross-coupling reaction of acylsilanes with aldehydes under photo-irradiation
conditions3 and visible-light-induced generation of siloxycarbenes from alkanoylsilanes by energy transfer.4
On the other hand, generation of oxycarbene species from isolable acylmetalloids other than acylsilanes is
basically unknown and a challenging issue. In this context, we have discovered thermal cross coupling
reaction between carbamoylboranes and aldehydes for the synthesis of -hydroxycarboxyamides.5 To our
knowledge, this is the first reaction which utilizes (amino)(boryloxy)carbene intermediates generated from
carbamoylboranes.
Keywords: acylsilane, siloxycarbene, carbamoylborane, (amino)(boryloxy)carbene
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A Synthetic Reagent for Multiply Functionalized Compounds
–Dianionic Cyano-aci-nitroacetate–
Kento Iwai, Nagatoshi Nishiwaki*,
School of Environmental Science and Engineering, Kochi University of Technology
*
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Abstract
Nitroacetonitrile, one of the active methylene compounds, undergoes cyano(nitro)methylation to afford
multiply functionalized compounds; however, it has not been widely used in organic syntheses because of
the explosive property. Hence, it is highly demanded to develop a safe synthetic equivalent of
nitroacetonitrile. When a pyridinium salt of 4-nitro-2-isoxazoline-5-one is treated with pyrrolidine, the ring
opening reaction readily proceeds despite the anionic structure, which leading to dianionic cyano-acinitroacetate. This dianionic reagent is thermally stable and soluble to common organic solvents, which
facilitates to handle easily and safely.1 The dianionic reagent exhibits high nucleophilicity to react with
aldehydes, ketones, and ,-unsaturated carbonyl compounds to afford versatile polyfunctionalized
compounds such as glutaronitriles, -nitro--keto nitriles, -nitroacrylonitriles and dicarbonyl compounds
possessing a cyano(nitro)methylene unit as a partial structure. These products can be furthermore converted
to functionalized heterocycles such as isoxazoles, naphtyridines, dihydropyridines, and diazabicyclic
compounds.
Keywords: Cyano-aci-nitroacetate, nitroacetonitrile, dianion, isoxazole, pseudo-intramolecular process
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Phosphazene base t-Bu-P4 promoted carbon-methoxy bond
exchange reactions
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Abstract
Methoxyarene is an important motif in organic synthesis because of its widespread availability and application in
various reactions including orthometallation and electrophilic aromatic substitution. Hence, development of the direct
transformation of C(aryl)−OMe bonds is considered to be of great importance. However, because of the inertness of
C(aryl)−OMe bonds, these reactions have limited scope as compared with those of C(aryl)−(pseudo)halogen bonds,
such as transition-metal catalysis and nucleophilic aromatic substitution (SNAr). It was previously reported that the
basic conditions using a stoichiometric amount of Brønsted bases with pronucleophiles or pre-prepared anionic
nucleophiles are effective for methoxy substitution on arenes, forming C−C, C−N, and C−O bonds. There is, however,
essentially no report on Brønsted base-catalyzed methoxy substitutions with a wide range of substrate scope, which
are more favorable in terms of environmental benignity, safety, and sustainability. We herein wish to report that t-BuP4 allows for the catalytic exchange reaction of carbon-methoxy bond on (hetero)arenes in the presence of alcohol,
amine, and alkanenitrile as nucleophiles.1 The obtained products are privileged motifs in natural products,
pharmaceutical compounds, and functional materials, and this has motivated organic chemists to develop the
methodologies for their syntheses. The reactions efficiently proceed in the case of methoxy arenes bearing electronwithdrawing cyano, keto, and aldehyde groups as well as electron-deficient methoxy heteroarenes. As related studies,
we also found that t-Bu-P4 catalyzes the amination of -(hetero)arylethyl ethers with amines to afford (hetero)arylethylamines. The details of these transformations will be noted in the presentation. 2

Keywords: Phosphazene base; Carbon-methoxy bond exchange reaction; Methoxyarenes; Nucleophilic
aromatic substitution.
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Development of Intracellular Photocatalytic Proximity Protein Labeling
(iPPL) for Profiling Protein–Protein Interactions
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Abstract
A complete understanding of biological pathways, such as intracellular signaling, and disease mechanisms
in living systems remains challenging. Protein–protein interactions (PPIs) are a key component of molecular
interaction networks, and thus, techniques for analyzing PPIs can yield key elucidations. In the last decade,
various proximity labeling techniques for proteins of interest (POIs) have been developed to clarify their
localization, dynamics, and molecular interactions in living cells. Especially, antibody-assisted proximity
labeling methods have been developed for this purpose; however, these methods have limited use for the
analysis of cellular membrane proteins.
We recently developed Ru-photocatalyzed tyrosine labeling via a single electron transfer-mediated
radical reaction. The radical labeling reagent, 1-methyl-4-arylurazol (MAUra), labels proteins within a few
nanometers from the Ru(bpy)3 photocatalyst. We also detected PPIs on ruthenium-photocatalystfunctionalized affinity beads in cell lysates. However, this method is not applicable to intracellular proteins
labeling because of the difficulty in penetrating the ruthenium-photocatalyst into cell membrane. We have
developed intracellular photocatalytic-proximity protein labeling (iPPL) in living cells. Acriflavine was
found to be an efficient cell-membrane-permeable photocatalyst for introduction into genetically fused
HaloTag for photocatalyst-mediated labeling with MAUra within a few-nanometer labeling radius. We
chose the nucleus histone H2B, which is a component of chromatin, as the POI, and demonstrated the iPPL
of H2B with MAUra in the intracellular environment of HaloTag-H2B expressed HEK293FT cells. We
found that endogenous histone components (H2A, H2B, H3, and H4) and RNA-binding proteins that
directly interact with histone were selectively labeled. These results indicate that proteins near histones can
be labeled by the iPPL approach. Since iPPL has a small labeling radius, it enables for more focused PPI
profiling in understanding biological pathways of living cells.
Keywords: Proximity labeling • Protein-protein interaction • Photocatalyst • Living cells • Acriflavine
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Discovery of Water-Compatible Esterification Motif and Its Application
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Abstract
Proteins play a central role in regulating our life through numerous molecular interactions. One of the
representative functions of the protein is its catalytic function. Protein enzymes exquisitely locate amino
acid residues to recognize the substrates and efficiently catalyze the reaction. One may think, “how are such
proteins evolute?”. Considering the large molecular size of proteins, it would be natural to think that short
peptides had functioned before the protein world. However, such catalytic short peptides are not currently
remained in nature. So far, many catalytic peptides have been rationally designed to answer the question;
however, the reactions are limited to simple hydrolysis in water or asymmetric reaction in an organic solvent.
Thus, the discovery of short catalytic peptides to close the origin of life remains a grand challenge.
Here, we devised a discovery system of short catalytic peptides from a constrained-macrocyclic peptide
library.1 Targeting acylating-active peptides, seven iterative rounds of selection resulted in enrichment of
tetrapeptide motif, which catalyzes self-esterification at the sidechain of the Ser residue in a site-specific
manner in a neutral buffer. In general, esterification is more difficult than amidation due to the low
nucleophilicity of the hydroxy group. Still, the short peptide discovered by the selection system revealed
that even the length of four amino acids could possess the catalytic function for esterification, like enzymes.
We further demonstrated the utilities of this motif for macrolactonization method 1,2, a chemical biology
tool3, and an elucidation of the substrate scope of a post-translational enzyme with an untraceable substrate4.
The presented selection system from the macrocyclic peptide library will open the door for the rediscovery
of extinct functional short peptides in the evolutional process.
Keywords: peptide, library, acylation, ester, depsipeptide
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Development of a hybrid method of three-dimensional reference interactionsite model theory and quantum chemical electronic structure theory for
biomoleculese
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Abstract
The binding of ligands to biomolecule is one of the most fundamental processes in biological systems,
which triggers a variety of subsequent biological processes such as chemical reaction, electron transfer,
conformational change, and so on. Ligand binding affinities are often highly selective, and their selectivity
is governed by small differences in binding free energy.
For accurate computation of the binding free energy, sophisticated treatments of the intermolecular
interaction, conformation and position sampling of molecules including protein, ligand and solvents are
required. For this purpose, we have developed the methods to evaluate the ligand binding free energy of
biomolecule in solution based on the three-dimensional reference interaction-site model (3D-RISM) theory
and the quantum chemical electronic structure theory. 1-3
In this talk, we will report on the recent development of our method and its application to protein-ligand
binding.

Keywords: 3D-RISM, MD, DFT, Protein
Graphical abstact
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Development of Novel and Efficient Catalytic Systems for C-H Activation and
Application to Practical Synthesis of Pharmaceuticals
Masahiko Sekia,*
a
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Abstract
Over the past decade, C-H activation reaction in which a bond formation is accomplished by breaking otherwise inert
C-H bonds, has emerged as an ideal tool for constructing molecular framework of valuable compounds such as drugs
and natural products. While considerable efforts have been made to expand scope of the methodology particularly on
the type of accessible C-H bonds, there are still formidable challenges that should be addressed to be involved in cost
effective manufacturing process of the organic molecules. This presentation describes our recent accomplishments to
develop efficient catalytic systems for the C-H activation and their application to practical synthesis of
pharmaceuticals.

Keywords: C-H activation, ruthenium, tetrazole, biphenyl, antihypertensive
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Total Synthesis and Structure-Activity Relationship Study of Ampidinol 3
Tohru Oishi*
Department of Chemistry, Faculty of Science, Kyushu University, Japan.
*
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Abstract
Amphidinol 3 (AM3), produced by the dinoflagellate Amphidinium klebsii, elicits potent antifungal activity.
It was difficult to determine the absolute configuration of AM3 by using scarce natural product due to the
presence of numerous stereogenic centers on the acyclic carbon chain.1 During course of our synthetic
studies of AM3, we reported structural revision at C2 in 2008,2 at C51 in 2013,3 and at C32, C33, C34, C35,
C36, and C38 in 2018.4 Although recent progress on structure determination by computational analysis is
remarkable, total synthesis is still the most reliable way to confirm structures. The first total synthesis of
AM3 was achieved via expeditious assembly of the polyol segment5 with bis-tetrahydropyran system by
Suzuki–Miyaura coupling followed by Julia–Kocienski olefination with the polyene segment6 in five steps,
confirming the true structure of AM3 after more than twenty years since its first discovery. 7 A truncated
analog of AM3 corresponding to the C21–C67 section was designed and synthesized based on the
convergent strategy via three component coupling. The truncated analog found to elicit antifungal activity
comparable to that of AM3.

Keywords: amphidinol 3, total synthesis, structure elucidation, structure-activity relationship study,
antifungal activity
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Conductive Supramolecular Wire
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*
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Abstract
We are interested in the usage of -dimers of conjugated oligomer radical cations as conductive
supramolecular wire. Initially, -dimers of conjugated oligomer radical cations were studied as a model for
conductive polymers in the positively doped (p-doped) state. Various oligothiophene-based -dimers have
been prepared to understand the electronic structure of p-doped polythiophenes.1 Nevertheless, the usage of
the conductive properties of such -dimers has not been unexplored.
First, the manner of -dimerization was shown to be sterically controlled.2-4 Then, by means of stable
nitronyl nitoroxide (NN) radical as spin label, the presence of a relatively strong exchange interaction
between two NN radicals through the radical cation -dimer moieties was unveiled. Thus, the conjugated
oligomer radical cation -dimers acted as efficient molecular wires for electronic communication.5 In
practice, the conductive properties of gold nanoparticles protected with oligothiophenes could be controlled
by the -dimerization.6,7
Keywords: oligothiophene, radical cation, -dimer, gold nanoparticle
Graphical abstact
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Synthesis of Hajos-Parrish ketone derivatives via
Diels-Alder reaction
Nur Zahirah Abd Rani, Lee Yean Kee, Iskandar Abdullah
Drug Design and Development Research Group, Department of Chemistry, Faculty of Science, Universiti
Malaya, 50603 Kuala Lumpur, Malaysia.

Abstract
Hajos-Parrish ketone (HPK) has a 5,6-fused ring system which is valuable and widely used as an
intermediate in natural product synthesis. Nevertheless, its iso-conformation or its derivatives has not
received much attention, even though it is as valuable as HPK. Based on structural considerations, a 5,6fused ring construction from 2-cyclopentenone should be facile through the Diels-Alder (DA) reaction, but
a few reported studies failed to obtain the desired DA adduct efficiently. Hence, this study aims to
investigate the construction of this fused ring system via DA reaction by incorporating an electronwithdrawing group into the 2-cyclopentenone to favor the reaction. The study starts with functionalizing
adipic acid to form the desired β-keto ester. This methyl-5-oxocyclopent-1-ene-1-carboxylate underwent
DA reaction with trans-1-methoxy-3-trimethylsilyloxy-buta-1,3-diene to obtain the DA adduct. The
reaction was conducted by varying Lewis acid catalyst, reaction temperature and catalyst loading. The
optimum condition was using Yb(OTf)3 with 5 mol% catalytic loading at 0oC. After purification, the pure
DA adduct was obtained successfully with a 57% yield. In conclusion, by incorporating an ester group on
the 2-cyclopentenone, DA reaction was made possible in synthesizing the HPK derivative. This study
exhibited a simple approach to afford the HPK derivative, which is useful as a building block in natural
product synthesis.
Keywords: 5,6-fused ring, [4+2] cycloaddition, 2-cyclopentenone, natural product.
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Synthesis of imidazo naphthyridine derivatives and evaluation of its bioassay
activities
Shadreen Fairuz*, Joo Kheng Goh, Chee Wei Ang
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*
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Abstract
Heart failure is a chronic condition whereby the heart is no longer able to pump blood as efficiently to meet
the body’s demands and hence the patient suffers angina, fatigue, and shortness of breath whether at rest or
exertion [1]. With the rise in congestive heart failure incidences globally [2] and criticism on toxic side
effects of existing medications upon long-term use [3], research on new heart failure treatments is vital. This
project focuses on the synthesis of novel imidazo naphthyridine derivatives arising from imidazole and
naphthyridine scaffolds, both of which have shown positive inotropic action comparable to those of cardiac
glycosides and calcium on the myocardium [4, 5]. Thus, the new derivatives are hypothesized to improve
the heart’s contractility primarily via increasing calcium concentration in cardiomyocytes. Here, six imidazo
naphthyridines (namely S5-S10) were synthesized using a three-step reaction, followed by purification and
characterization using chromatographic and spectroscopic techniques. Their binding affinities were
preliminarily investigated via molecular docking analysis with potential target proteins responsible for
positive inotropy, such as Na+/K+ ATPase (PDB ID 3n23) and phosphodiesterase protein (PDB ID 1SO2)
[6, 7]. MTS assay was also performed to determine their cytotoxicity in rat cardiomyocytes (H9c2(2-1)). In
silico results showed that from all the compounds, S6 had the best binding affinity with both the docked
proteins while S8 had a comparable binding affinity to control dock of 1SO2, at known protein inhibitor
binding sites. Thus, it suggested potential inotropic activity of the compounds on cardiomyocytes via
inhibition of the said proteins and gave us a basis for further determining its positive inotropic activity in
H9c2(2-1) cells via investigating its Na+/K+ ATPase activity and Ca2+ concentrations.
Keywords: Imidazo naphthyridine, positive inotropy, heart failure
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Chemical Phenomena Involving Self-catalytic Reactions
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Abstract
Chemical reaction is a basic concept in nature and biology, which involves rearrangement of covalent and
noncovalent chemical bonds. Understanding and control of chemical reactions have significant impact not
only in chemistry but also in biological, material, and environmental sciences. A chemical reaction is a
complex phenomenon containing many elementary reactions as component, and are affected by nature of
components, way they are connected, and also environmental conditions. Positive feedback is an important
component, and plays an important role in biology such as physiology and gene regulation.
Described here are chemical reactions containing positive feedback of self-catalytic reactions using
synthetic organic molecules containing helicenes, in which a product catalyzes the reaction of substrate to
become the product.1 Then, the reaction rate increases with progress, because product, which is also a
catalyst, increases. Various notable chemical phenomena appear due to high sensitivity of self-catalytic
reaction to environmental changes, which include thermal hysteresis, temperature threshold, concentration
threshold, spatial heterogeneity, memory effect, stable and unstable concentration oscillations, and sensing
temperature increase/decrease states. Competition of two self-catalytic reactions exhibits still different
chemical phenomena.2
The concept of input/concentration output system processed by chemical reactions can be employed for
understanding of biological events and development of chemical devices, in which self-catalytic reactions
can be an important component with positive feedback.3
Keywords: helicene oligomers, chemical reaction, self-catalytic reaction, positive feedback
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Biohybrid Approach for Constructing Ultrafast Excitation Energy Transfer
Systems Using Photosynthetic Light-Harvesting Complexes
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Abstract
Light-harvesting strategies are of crucial importance for the establishment of renewable energy
production systems that can utilize solar energy with high efficiency. Photosynthetic organisms possess
versatile light-harvesting (LH) complexes, in which photosynthetic pigments form excitonic coupled
molecular assemblies. Highly efficient LH systems are based on molecular assemblies that drive ultrafast
excitation energy transfer between pigments, leading charge separation in the reaction center complex (RC)
near 100% quantum efficiency. Such a system for efficient excitation energy transfer and photo-energy
conversion is complicated to synthesize artificially. Therefore, we have addressed the “biohybrid approach,”
where photosynthetic LH complexes are conjugated
with artificial materials to make it easier.
We have recently reported an extension of the lightharvesting ability of the light-harvesting 2 complex
(LH2, Fig.1A) from a purple photosynthetic bacterium
by attachment of artificial chromophores (biohybrid
LH2), which was driven by a mechanism of ultrafast
excitation energy transfer (EET) (Fig.1B) [1,2].
Femtosecond transient absorption (TA) spectroscopy
exhibited multi-exponential EET dynamics, which may
come from the variation of the locations of the attached Figure 1. Crystallographic structure of LH2
extrinsic chromophores. In addition, the molecular (PDB: 1NKZ) (A) and pathways of
assembly composed of LH2 and hydrophobic dye excitation energy transfer from Alexa647 to
ATTO647N exhibited ultrafast excitation energy transfer bacteriochlorophyll assemblies B800 and in
a
lipid bilayer system [3].
B850 in the biohybrid LH2-Alexa647
In this study, we addressed constructing faster EET conjugate (B). (ref.1)
systems to clarify the mechanism of EET by using
engineered LH2 (from Rba. sphaeroides), in which cysteine (Cys) residues were introduced to either Cys
residue nearby B850 (LH2 polypeptides, positions 2 and 3 in Fig.1B) or B800 (LH2 polypeptides,
position 1 in Fig.1B). For the former system, ATTO647N was attached to the Cys residue apart from the
B850-coordinated His by five amino acid residues in the  polypeptide. The femtosecond TA spectroscopy
showed accelerated EET from ATTO647N to B850 at the time constants at 320 fs and 2.0 ps. When
ATTO647N was attached to the vicinity of B800, the time constant of EET from ATTO647N to B800 was
7.1 ps, slower than the former system [4]. These results suggest that the B850 assembly is a remarkable
energy acceptor compared to B800, despite the less spectral overlap with the donor ATTO647N. This
remarkable ability of B850 as an energy acceptor may come from the higher-lying exciton bands as an
ultrafast channel, through which the excitation energy of the donor molecule can be effectively transferred.
The presentation will also show how to lead charge reparation reaction from the captured light energy by
the extrinsic chromophores [5].
Keywords: biohybrid light harvesting, LH2, photosynthesis, ultrafast excitation energy transfer
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Bio Symphonic Systems Using Functional Materials
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Abstract
Applying various physicochemical properties of functional materials, we challenge to develop an innovative
"bio symphonic system" that can monitor, control, and orchestrate biological activities at molecular or
subcellular level for our health, environment, and peace issues. To this end, our work is focused on the
syntheses of high-quality "nano-micro scale robots (nano-microbots)", the engineering of their surface, and
their assembly and consolidation into a functional nano-microbot to the aforesaid target biological
applications, as well as to develop fundamental understanding of structure-property relationships. We are
also concentrating on creating nature-inspired materials and robotic engineering as game-changing
technology in the field of food and agricultural industries. Here I will highlight and make presentation about
recent works regarding to our challenges including cancer nanotheranostics and medical and agricultural
robotic biotechnologies.1-3

Keywords: Biotechnology, Bio-functional materials, Material chemistry, Nanomaterials
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Asymmetric Tishchenko Reaction and their Application in Enantiodivergent
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Abstract
The first successful example of a catalytic enantioselective intramolecular Tishchenko reaction of a
meso-dialdehyde 2 in the presence of a chiral iridium complex 1 is described. Chiral lactones were obtained
in good yields with up to 91% ee. To compare the enantioselective intramolecular Tishchenko reaction with
the enantioselective oxidative lactonization, the corresponding diol was treated with the same catalyst in the
presence of acetone as an oxidant, to afford the desired lactone in 92% yield and 79% ee with the opposite
configuration. The obtained enantioenriched lactones were successfully converted to (S)-cedarmycins A and
B.
In the context of asymmetric synthesis, epimerization is usually problematic. We report the use of the
epimerization of cis-2,3-bis(hydroxymethyl)-γ-butyrolactone which is obtained from 3 for the synthesis of
enterolactones with anti-carcinogenic, anti-inflammatory, anti-angiogenic, and antioxidant activity.
Selective α- or β-epimerization of a γ-butyrolactone was used for the enantiodivergent synthesis of
enterolactone. Theoretical and kinetic studies were performed to elucidate the epimerization mechanism.
Keywords: meso-dialdehyde, enantiodivergent synthesis, epimerization, iridium, Tishchenko reaction
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Asymmetric Hydrofunctionalization of 1,3-Dienes and C-nucleophiles
Mediated by Ni/Cu Cooperative Catalyst
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Abstract
Asymmetric hydrofunctionalization of 1,3-dienes with C-nucleophiles has been paid considerable attentions
as atom- and step-economical reactions for constructing vicinal two stereocenters in one step.1 Such the
asymmetric C—C bond formation reaction has mainly been demonstrated by novel Pd and Rh catalysts, and
the catalytic system using earth abundant metals such as first-row transition metals suffered from the low
diastereoselectivity.2 We found that cooperative catalyst system of Ni and Cu with a chiral JOSIPHOS-type
bisphosphine ligand L* exhibited the high catalytic activity with high enantio- and diastereoselectivity
toward the asymmetric hydrofunctionalization of 1,3-dienes 1 and C-nucleophiles 2 to give the
corresponding product (E)-(2S,3R)-3 (eq. 1). Herein, details of the reaction mechanism for the asymmetric
hydrofunctionalization are presented.3
On the basis of the DFT calculations, the first step of the asymmetric coupling is deprotonation of Cu
complex 4 by Et3N to give an intermediate 5-HNEt3 via a transition state TS1. The ammonium cation is
transferred to Ni complex 6, and the complex 6 is protonated via TS2 to afford the key intermediate, -allyl
Ni complex 7. The turnover limiting step of this reaction is the proton transfer step from 4 to TS2, which
requires 20.7 kcal mol-1. Then, -carbon of enolate moiety of 5 attacks to the 3-position of -allyl moiety
of 7 to yield the corresponding product (E)-(2S,3R)-3 with vicinal two stereocenters. Furthermore, the
stereoselectivity of this asymmetric hydrofunctionalization is discussed based on theoretical studies.
Keywords: Asymmetric Allylic Alkylation, Nickel; Copper; -Allyl Complex; Enolate Complex
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Antitumor Marine Macrolide Aplyronine A and the Hybrid Analogs
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Abstract
Aplyronine A (ApA) is an antitumor macrolide isolated from the sea hare Aplysia kurodai. ApA binds to
actin to depolymerize fibrous actin to globular actin, and then the ApA-actin adduct binds to tubulin
heterodimer to form the ApA-actin-tubulin ternary complex to disrupt microtubule dynamics, resulting in
the antitumor activity. Thus, ApA is a protein-protein interaction inducer between two major cytoskeletal
proteins.
We designed hybrid analogs consisting of macrolactone moiety of aplyronine A, which is important to
binding to tubulin, and side chain part of actin-depolymerizing marine macrolide mycalolide B or
swinholide A, which is essential to binding to actin.
The hybrid analogs were synthesized stereoselectively by Ni/Cr-mediated coupling reactions as key steps.
Evaluation of the bioactivities of the hybrid analogs revealed that ApA-mycalolide B hybrid analog showed
more potent actin-depolymerizing activity and much weaker cytotoxicity than ApA itself while ApAswinholide A hybrid analog retained actin-depolymerizing activity and cytotoxicity of ApA.
In this presentation, we will describe the details of synthesis and biological activities of the hybrid analogs
of ApA.
Keywords: aplyronine A, antitumor marine macrolide, hybrid analogs, actin, tubulin
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Aerobic Oxidative Homo- and Hetero-Coupling of Thiols
Using Riboflavin-Derived Organocatalyst
Marina Oka, Daichi Katsube, Ryo Kozako, Hiroki Iida*
Graduate School of Natural Science and Technology, Shimane University, Japan
*
Corresponding author: iida@riko.shimane-u.ac.jp
Abstract
Higher plants have a blue light receptor protein called phototropin that contains flavin mononucleotide as
a chromophore. In phototropin, the flavin unit is excited by blue light and forms a covalently bonded flavinthiol adduct with the thiol group of cysteine.1 This photochemical process has attracted much attention
because it plays a key role in various functions such as phototropism.
Disulfides, containing two covalently linked sulfur atoms, are one of the important compounds found in
natural products and bioactive substances. Despite unsymmetrical disulfides (R1S-SR2) are extensively used
in pharmaceuticals, the effective synthetic methods have been limited. The direct oxidative crosscoupling
of two different thiols is the ideal approach to obtain the unsymmetrical disulfides.2 However, this system
has problems such as the need for excess oxidant, and the competitive generation of two symmetrical
disulfides as the by-products, thus the development of a more efficient and green method is desired.
In this work, we were inspired by the photochemical process of phototropin, and developed the novel
green method for the synthesis of the unsymmetrical disulfides in which the flavin-thiol adduct was acted
as the catalytic intermediate. Using a flavin catalyst and visible light irradiation, the heterocoupling of two
different thiols was successfully performed chemoselectively to produce the corresponding unsymmetrical
disulfide.3 Furthermore, a redox catalysis of iodine was applied in the flavin-catalyzed reaction system to
provide the efficient aerobic oxidative homocoupling of thiols. By the flavin-iodine-coupled catalysis, the
homocoupling of thiols proceeded smoothly without light irradiation to give the corresponding symmetrical
disulfides in good yields.4 This reaction is driven by molecular oxygen as a green oxidant producing water
as a byproduct, thus the environmentally friendly method for the synthesis of disulfides has been developed.
Keywords: disulfides, flavin, aerobic oxidation, photocatalysis, organocatalysis
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Aerobic Oxidative C-N and C-S Bond Formations by
Flavin–Iodine-Coupled Organocatalysis
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Abstract
The development of atom-economical aerobic oxidation systems for various organic transformations is a
major theme of modern organic chemistry. Among the diverse oxidative reactions, cross-dehydrogenative
coupling (CDC), that forms novel C−X (X = C, S, O, N) bonds by activating the C−H and X−H bonds of
the substrates, has become a powerful tool for step- and atom-economical syntheses. Molecular oxygen (O2)
is recognized as an attractive oxidant possessing many advantages such as sustainable abundance, safety,
cost-effectiveness, atom economy, and minimal pollution. Therefore, aerobic CDC that generates
environmentally benign water as the only waste is the ideal green approach. As an organocatalyst for O2activation, flavin catalysts, that have been developed by mimicking functions of flavin-dependent
monooxygenase, have received increasing attention. Recently, we have developed a novel green method for
aerobic oxidative transformations by combining flavin catalyst and iodine catalyst in which the flavin
catalyst activated O2 through electron transfer from the coupled iodine catalyst.1 Diverse C-N2 and C-S3
bond formations were performed through the aerobic cross-dehydrogenative coupling (CDC) by the coupled
organocatalysis. For example, the flavin-iodine-catalyzed aerobic CDC of 2-aminopyridines 1 and ketones
2 enabled a facile synthesis of imidazo[1,2-a]pyridines 3.2a The aerobic CDC between chalcones 4 and
amidines 5 afforded the corresponding tetra-substituted imidazoles 6.2c The aerobic CDC of indoles 7 with
azoles 8 and thiols 9 provided the green method for the azolation and sulfenylation of 7.2b,3a By the coupled
catalysis of flavin and iodine, these reactions proceeded by the consumption of only O2 under metal-free
conditions, thus provided novel atom-economical oxidative transformations.
Keywords: flavin, iodine, aerobic oxidation, cross-dehydrogenative coupling, C-N bond formation
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A Twisted Dioxoheptaphyrin-based Second Near-infrared Absorbing Dyes
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Abstract
Expanded porphyrins consisting of more than five pyrrole rings have emerged as one of the essential classes
of near-infrared (NIR) chromophores with large and flexible -conjugated scaffolds and offer new
opportunities for optical materials in the fields ranging from light-harvesting to sensing and therapeutic
applications.[1] In parallel with these aspects, many expanded porphyrins, such as the more giant pyrrolic
numbered analogs (e.g., heptaphyrins), suffer from the structural flexibility in solution. The environmentdependent conformational change and optical responses of these analogs may hamper the delocalization of
-electron over the scaffold and limit the desired applications. On this basis, we have demonstrated that a
unique core-modification approach, namely N-confusion modification, afforded a series of the N-confused
expanded analogs (e.g., 1 and 3) with rigidified -conjugated structures upon various metal bindings.[2-3]
Here we report the synthesis of a novel doubly N-confused dioxoheptaphyrin (2) possessing two cisoidconfigured confused pyrrole rings as a missing piece of the N-confused family, showing the distinct figureof-eight twisted structure. Upon metal complexation, the resulting complex of the dioxoheptaphyrin exhibits
intriguing second NIR optical features and photothermal conversion capability. The detailed structurephotophysical property relationship of 2 will be presented.
Keywords: Near-infrared, photo-thermal, metal complex, expanded porphyrins, N-confusion

Figure 1. Chemical structures of doubly N-confused dioxohexaphyrins 1 (left), dioxoheptaphyrin 2
(middle), and octaphyrin, 3 (right). Ar = C6F5, M = Cu, Zn .
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Synthesis and Investigation for Anticancer of Novel
N2,N9-Benzylated-β-carbolineum Bromate Derivatives
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Abstract
Peganum harmala L. is an important medicinal plant used since ancient times due to its alkaloids rich in βcarbolines. Norharman is a naturally occurring β-carboline extracted from P. harmala L. that exhibits a wide
range of biological, psychopharmacological and toxicology actions. Novel series of ten β-carbolines
consisting of various aldehyde moieties at the C-1 position were prepared from L-tryptophan under basic
conditions, followed by N2,N9-benzylated using different types of benzyl bromides. The prepared
compounds were evaluated for in vitro cytotoxicity against Hela,
HT-29, Hep G2 and K562 cell lines
using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
N2,N9-benzylated-βcarbolineum bromate derivatives 5a-e exerted promising anticancer activities compared to
N2benzylated-β-carboline derivatives, 4a-e. 5c exhibited a broad spectrum of activity with an IC50 value lower
than 20 uM against all the tested cancer cell lines. Additionally, all β-carboline derivatives displayed
moderate antibacterial activities against tested bacterial strains. The result suggested that this compound
could potentially be developed as a novel anticancer agent.

Keywords: L-Tryptophan, β-carboline, N2,N9-benzylated-β-carboline derivatives, Anticancer activity.
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Development of Porphyrin Dyes and Evaluation of Photovoltaic Performances
of the Dye-Sensitized Solar Cells
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Abstract
Dye-sensitized solar cells (DSSCs) have attracted considerable attention as an alternative to silicon-based
solar cells due to their potential advantages in terms of power conversion efficiency, production cost, design
flexibility, and indoor use. Because the photovoltaic performance of DSSCs strongly depends on sensitizers,
we have designed and synthesized various porphyrin sensitizers and evaluated their structure-property
relationships on the photovoltaic performances of DSSCs.
To date, carboxylic acid is the most widely used anchoring group for DSSCs, but carboxylic acid tends
to detach from TiO2 during the cell operation under illumination and in the presence of water. Because it
has been reported that five-membered chelating groups, such as hydroxamic acid, have higher binding
ability to titanium(IV) ion than carboxylic acids,1 we envisioned that the hydroxamic acid group would be
suitable for the robust anchoring of dyes to TiO2. We designed and synthesized the porphyrin sensitizer with
a hydroxamic acid (YD2-o-C8HA) for DSSCs, and demonstrated that the hydroxamic acid can be used for
DSSCs to ensure high photovoltaic performance and cell durability.2
Porphyrins are attractive dyes for highly efficient DSSCs owing to their intense absorption around 400
nm and 600 nm, but typical porphyrins possess poor light-harvesting ability around 500 nm and beyond 600
nm. To overcome this drawback, we have designed and synthesized various porphyrin sensitizers with
excellent light-harvesting ability for efficient DSSCs. In particular, we succeeded in design and synthesis of
the methylene-bridged thiophene-fused porphyrin DfZnP-iPr. The DSSC with DfZnP-iPr achieved the
highest power conversion efficiency ever reported for DSSCs with aromatic-fused porphyrin sensitizers.3
Keywords: porphyrin, dye-sensitized solar cells; sensitizer; anchoring group; energy conversion
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Inhibition of protein-protein interaction related to autophagy by stapled
peptides
Takumi Watanabe
Institute of Microbial Chemistry (BIKAKEN)
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Abstract
Selective modulation of autophagy is a promising therapeutic strategy for treatment of neurodegenerative
diseases, metabolic disorders, immune disorders, and cancers. The autophagic system is regulated by signal
transduction pathways, in which more than 30 autophagy-related proteins (ATG) participate. ATG proteins
transfer an array of signals from stimuli to the generation of autophagosomes, which fuse with lysosomes
to form autolysosomes, where the cargo is degraded by hydrolytic enzymes. A promising strategy for
blocking autophagy with high specificity is to antagonize key protein–protein interactions (PPIs) and thus
suppress the function of ATG proteins. The formation of the ATG12–ATG5–ATG16L1 complex is essential
for targeting the ATG12–ATG5 conjugate to proper membranes and to generate LC3-II for the progression
of autophagy.1 Thus, targeting ATG5–ATG16L1 PPIs might inhibit early-stage autophagy with high
specificity. In this presentation, we report the design, synthesis, and biological properties of stapled peptide
derived from ATG16L1.
The stapled peptides were designed based on the amino acid sequence of helical region of ATG16L1 that
can directly interact with ATG5. Toward this end, hydrocarbon staple is adopted; a set of two unnatural
amino acids bearing side chain with terminal olefin substructure was incorporated to be subjected to ringclosing metathesis. The appropriate stapling position and its pitch have been determined by synthetic
screening, wherein ring-closure near the binding surface was avoided. Whole procedure of the synthesis
could be operated on resin, and the resultant stapled peptides were able to interact with ATG5 effectively.
The binding mode was clarified by an X-ray crystallography as shown in figure.
The stapling approach fulfilled improvement of stability of helical conformation, and resistance toward
degradation by trypsin and chymotrypsin. Analysis of the cleavage sites of stapled- and linear peptides
provided a rationale of the acquired stability against proteases. Importantly, the staple peptides successfully
exhibited suppression of intracellular phenomena related to autophagy.
Keywords: protein-protein interaction inhibitor, stapled peptide autophagy
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Synthesis and Structural Characterization of β-Turn Mimics Containing (Z)Chloroalkene Dipeptide Isostere
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Abstract
The development of isosteric molecules of peptides with unique function(s) represents a powerful stimulus
for the study of peptides. In addition to benefits including structural isosterism and bioisosteric function,
these molecules have inspired a variety of research fields including organic chemistry, medicinal chemistry,
and chemical biology to give the new opportunities in the continuing development of efficient chemical
processes, novel drugs, and chemical tools.
As part of our research program to develop alkene dipeptide isosteres for ground state mimetics of
dipeptides, we have developed a multi-gram preparative and diastereoselective synthetic strategies toward
(Z)-chloroalkene dipeptide isosteres [(Z)-CADIs]. In this presentation, we will demonstrate the synthetic
methods that allows rapid construction of valuable architectures of (Z)-CADIs in high yields with excellent
(Z)-selectivity and diastereoselectivity (Z/E = >20:1, >20:1 dr) 1. In addition, we will present several
peptidomimetic studies to investigate the potentials of (Z)-CADIs including the H-bonding ability of the
(Z)-chloroalkene moiety, the stereoelectronic effects on protein secondary structure2, the tolerance to Fmocsolid phase peptide synthesis conditions, and application to the -turn peptides3.
Keywords: peptide, isosterism, peptidomimetic, alkene dipeptide isostere, stereoelectronic effect
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Synthesis and Selective Guest Encapsulation in Non-porous Crystals of
Perfluorinated Dinuclear Metal Complexes
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Abstract
Guest inclusion can transform the crystal shapes of host materials along with their corresponding physical
properties based on their structure, intriguing many researchers who work in the fields of material science
and organic and coordination chemistries. The driving force for reversible capturing of guest molecules is
governed by weak interactions, e.g., hydrogen bonding, coordination bonding, and aromatic stacking, that
are based on dipole and quadrupole moments.1) The design of weak interactions for functional groups is
particularly important in the creation of new solid-state host materials.
The reversible adsorption of aromatic guest molecules with concurrent color and shape changes of nonporous host crystals of fully fluorinated metal complexes was previously achieved, and the driving force of
the guest insertion process was demonstrated to be a result of the formation of hydrophobic pockets
surrounded by pentafluorophenyl groups.2) In particular, it has been found that Cu2+ complexes form several
pseudo-polymorphic crystals incorporating benzene derivatives though enhanced intermolecular metal···π
and π···π-hole interactions.3) Thus, perfluorinated dinuclear metal complexes, [M2L2] M = Ni2+ (1), Cu2+
(2), and H2L = 1,5-dihydroxy-1,5-bis(pentafluorophenyl)-1,4-pentadien-3-one), were examined as host
crystals to encapsulate alcohol and several aromatic molecules. Complex 1 was crystallized from EtOH and
MeOH to give unique single crystals 1•2EtOH•2H2O and 1•8MeOH, respectively, showing a unique
hydrogen bonded motif of solvent molecules due to the hydrophobic crystalline cavities surrounded by the
pentafluorophenyl moieties on the metal sites. This open and specific cavity on the metals is not suitable for
EtOH or H2O in the crystallization process whereas MeOH, a physiologically harmful substance used in
industry, is effectively and selectively encapsulated. The encapsulated MeOH molecules form unique
tetrameric clusters that are stabilized by hydrogen bonding. Vapor adsorption of the powder samples shows
reversible and accelerated recognition of alcohol only for the perfluorinated complex 1, while two
coordination solvates were observed for 2. The efficient guest inclusion and selective intermolecular
interactions caused by sufficient fluorine substitution will be discussed.
Keywords: crystal engineering, dinuclear complex, fluorination, gas-adsorption, host-guest
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Synchronous assembly of chiral skeletal single-crystalline microvessels
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Abstract
Concave polyhedral crystals, typically termed as skeletal crystals, are naturally and synthetically ubiquitous
crystal forms featuring intricate morphologies with well-developed crystalline edges and facets instead of a
body. However, crystal engineering techniques for growing skeletal single crystals still lag behind their
thermodynamic counterparts. Here, we report skeletal single crystals that grow in a synchronous, uniaxial,
and stepwise manner within a few tens of seconds.1 Skeletal crystals are grown from an S-planar-chiral
aromatic molecule [2.2]paracyclophane appended with four (methoxyphenyl)ethynyl arms ((S)-CP4) and
its enantiomeric counterpart ((R)-CP4). A heated solution of (S)-CP4 is gently cast on a clean amorphous
quartz substrate under ambient condition and covered with a glass dish. Immediately after the casting of the
EtOH solution, the molecules spontaneously assemble into standing vessel-shaped single crystals uniaxially
and synchronously over the wide area of the substrate with small size polydispersity. The crystal edge is
active even after consumption of the molecules and resumes stereoselective growth with successive feeding.
The resultant morphology can be packed into polycyclic aromatic hydrocarbon-like microarchitectures and
behave as a microscopic container.
Keywords: organic crystal, chirality, microvessel, crystal growth,
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Stereoselective and visible-light mediated 1,2-cis-α-thio-glycosylation
of 2-substituted glycals
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Abstract
Due to their participation in various vital recognition processes in living systems, carbohydrates have
received growing attention in drug1 and vaccine2 development. To enhance the drug-like characteristics of
carbohydrates, several types of modifications have been introduced, leading to a group of compounds called
glycomimetics.3,4 S-Glycosides, in which the native O-glycosidic linkage is replaced by an S-glycosidic
bond, are especially valuable glycomimetics because of their enhanced chemical stability and resistance to
glycosidases.5 One of the major complications inherent in the construction of an S-oligosaccharide/glycoside
is control of the stereochemistry of a newly formed anomeric linkage.
Herein, we report the synthesis of various 1,2-cis-α-thioglycosides using a popular visible-light
initiated thiol-en coupling reaction of 2-substituted glycals catalysed by an organic dye. The advantage of
this photocatalyzed anti-Markovnikov hydrothiolation reaction initiated by visible-light is that this approach
can be realized under mild conditions (low temperature, low loading of photocatalyst) with excellent regioand stereoselectivity.

Keywords: S-glycoside, glycal, visible-light, thiol-en coupling, stereoselective
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Direct Allylation and Benzylation
by Using Pd/Phosphine–Borane Catalyst System
Gen Onodera*
Graduate School of Engineering, Nagasaki University, Japan
*
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Abstract
Direct allylation using allylic alcohols is one of the most useful processes for organic synthesis. This
reaction gives the corresponding allylic compound along with only 1 equiv of water as a byproduct. In our
group, we reported the palladium-catalyzed direct allylation in the presence of organoborane reagent.1 In
this reaction, the hydroxy group of allylic alcohol is activated by Lewis acidic organoborane reagent, and a
π-allylpalladium species is formed via an oxidative addition. A variety of nucleophiles can react with this
π-allylpalladium intermediate. We thought that a phosphine–borane ligand, which is the phosphine ligand
bearing organoborane moiety, should be effective for the palladium-catalyzed direct allylation.
A
phosphine–borane ligand can form the palladium complex bearing a Lewis acidic borane moiety, and this
complex is expected to activate the hydroxy group of allylic alcohol and the successive intramolecular
oxidative addition proceeds smoothly to form the π-allylpalladium intermediate. After the screening a
variety of phosphine–borane ligands and reaction conditions, we found the direct allylations of amines2 and
active methylene compounds3 could be accelerated by palladium/phosphine–borane catalyst system (eqs. 1
and 2). We observed a wide scope of these allylation reactions. Furthermore, this palladium/phosphine–
borane catalyst system could be used in the direct benzylation of amines with benzylic alcohols (eq. 3).4
Keywords: Allylation, Benzylation, Palladium, Phosphine–Borane, Alcohols
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Control of the Self-Assembly Process of an Amphiphilic
4-Aminoquinoline-Tetraphenylethene Conjugate
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Abstract
Self-assembly is a promising strategy for the creation of diverse supramolecular polymers through noncovalent interactions. Recently, understanding and controlling kinetic pathways of self-assembly have
received increasing attention in the research field of supramolecular polymers, because kinetic control of
the self-assembly can attain control over the size and shape of supramolecular polymers.1
Previously, we developed 4-aminoquinoline-based tweezer-type synthetic receptors for heme.2,3 In that
study, we found that the synthetic receptor bearing a hydrophilic fluorescent dye exhibits a pH-dependent
fluorescence response probably due to the self-assembly behavior through protonation and deprotonation of
the 4-aminoquinoline moieties, although the details were not determined.3 This result motivated us to create
4-aminoquinoline-based self-assembling molecules to construct pH-sensitive molecular assemblies in
water.
In this presentation, we report an amphiphilic 4-aminoquinoline-tetraphenylethene conjugate 1 as a new
self-assembling molecule that exhibits both kinetically controllable self-assembly and responsivity to the
pH and NaCl. The self-assembly process of 1 at both pH 5.5 and pH 7.4 in the presence of 0.10 M NaCl
consists of the formation of sphere-like nanoparticles, their transition to short nanofibers and growth,
however the timescale of each process differs according to pH. Since the growth rate of metastable short
nanofibers of 1 at pH 5.5 is much slower than that at pH 7.4, the length of nanofibers formed at pH 5.5 after
aging for 24 h was much shorter than that at pH 7.4. Moreover, the growth of nanofibers formed from 1 was
controlled by switching the self-assembly process through pH change.
Keywords: supramolecular polymer, self-assembly, kinetic control, 4-aminoquinoline, pH
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Construction of Organosilicon Supported Group 10 Metal Clusters via
Template Synthesis
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Abstract
The construction of well-defined transition-metal clusters has attracted substantial attention due to their
unique chemical and/or physical properties. Because the chemical reactivity of metal clusters depends in
general on their geometric structure of the cluster and its nuclearity, the development of a universally
applicable synthetic method for the precise construction of clusters with a target architecture and nuclearity
is desirable. We have recently demonstrated that organosilicon compounds with multiple Si-Si bonds may
serve as good template for the formation of transition-metal clusters with desired architectures1-6. For
instance, the facile and exclusive formation of bent Pd11 nanosheets was accomplished via the insertion of
Pd(CNtBu)2 moieties into the Si-Si bonds of the ladder polysilane decaisopropylbicyclo[2.2.0]hexasilane6.
In this presentation, we wish to report the synthesis of a series of group 10 metal clusters by the reaction of
low valent group 10 metal precursors with oligosilane templates bearing multiple Si-Si bonds. For instance,
a planar tetranuclear palladium cluster was facilely synthesized by the reaction of Pd(CN tBu)2 with
cyclotetrasilane, Si4R8 (R = iPr, cyclopentyl). The obtained clusters showed high catalytic performance
toward hydrogenation of various alkenes including multi-substituted ones.

Keywords: metal cluster, oligosilane, template synthesis, catalytic hydrogenation
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Biomimetic Total Syntheses of Chloropestolides, Chloropupukeanolide D and
Chloropupukeananin
Takahiro Suzuki*
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Abstract
Chloropupukeananin, chloropupukeanolides, and chloropestolides are a family of structurally complex
bioactive natural products that possess highly functionalized tricyclo[4.3.1.03,7]decane or
bicyclo[2.2.2]octane skeletons. Biosynthesis of the chloropupukeananin family is triggered by the
intermolecular heterodimeric Diels−Alder reaction between maldoxin and iso-A82775C to produce
chloropestolides.[1,2] The subsequent intramolecular carbonyl-ene reaction and migration of the p-orsellinate
moiety are postulated to lead to the biosynthesis of chloropupkeananine.
We first performed asymmetric total synthesis of the both biosynthetic precursors, namely iso-A82775C
and maldoxin. We succeeded in the total synthesis of optically pure iso-A82775C using the cinchoninecatalyzed asymmetric Diels-Alder reaction of α-pyrones and the construction of the vinylallene moiety by
the SN2' reaction using organoindium reagents in the presence of Pd catalyst as key reactions.[3] In addition,
after the synthesis of pestheic acid, the precursor of maldoxin, in seven steps including the intermolecular
SNAr reaction as a key reaction, the asymmetric oxidative dearomatization reaction of pestheic acid using
the second-generation Ishihara catalyst successfully provided maldoxin in 99% ee.[4]
We next conducted the total synthesis of chloropupukeananin using the both biosynthetic precursors. [5]
When an equimolar mixture of iso-A82775C and maldoxin placed under solvent-free conditions, the
intermolecular Diels-Alder and carbonylene reactions proceeded to give chloropupukeanolide D and
chloropestolide B. Finally, the one-pot migration reaction of the p-orsellinate moiety was successfully
carried out to achieve the biomimetic total synthesis of chloropupukeananin.
Keywords: biomimetic synthesis; Diels-Alder reactions; carbonyl-ene reactions; enantioselective synthesis;
natural products
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An acetal protection strategy for chemocatalytic valorization of biomassderived furanics to building blocks for functional polyesters
Kiyotaka Nakajima*
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Abstract
A novel catalytic strategy involving protective chemistry is presented for the selective production of 5formylfuran-2-carboxylic acid (FFCA) and furan-2,5-dicarboxylicacid (FDCA) from concentrated 5hydroxymethylfurfural (HMF) solutions.1,2 By protecting the reactive formyl group of HMF by acetalization
with 1,3-propanediol (PDO), degradation and premature oxidation of HMF is suppressed. A hydroxyapatitesupported Au catalyst can selectively oxidize HMF-acetal in a 10 wt% solution to FFCA-acetal in 94% yield
in 2 hours at 373 K under 0.5 MPa of O2.3 Deprotection of FFCA-acetal by mineral acids affords FFCA in
98% yield and recovers nearly all PDO. FFCA in a 20 wt% solution can be oxidized to FDCA in 95% yield
under similar reaction conditions. The presented chemistry contributes to the development of novel
manufacturing routes of prospective biobased monomer precursors using protecting agents.4,5
Keywords: Biomass conversion, Heterogeneous catalysts, Acetal protection strategy, Furancs, Biobased
polyester
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Thiourea fused γ-amino alcohol organocatalyst
for asymmetric Mannich reaction of β-keto carbonyl compounds with imines
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Abstract
The development of new chiral organocatalyst for use in asymmetric reactions has drawn considerable
interest in the last two decades. We have also revealed the functionality of amino alcohol as organocatalyst
in various asymmetric reactions. Asymmetric Mannich reaction of β-keto carbonyl compounds with imines
affords chiral β-amino β-keto carbonyl compounds having contiguous quaternary asymmetric carbon center
in the molecule that are a useful chiral synthetic intermediate for drug discovery. In this study, we tried the
asymmetric Mannich reaction of β-keto carbonyl compounds A with imines B using amino alcohols Xa,b1,2)
and thiourea fused γ-amino alcohol Y as organocatalysts, respectively, with the purpose of further
discovering the usefulness of amino alcohol based organocatalysts.
Herein, we will present that amino alcohols Xa,b and thiourea fused γ-amino alcohol Y act as
organocatalysts in the Mannich reaction of A with B and especially, the use of thiourea fused catalyst Y1
afforded chiral Mannich products C in satisfactory chemical yield (up to 94%), diastereoselectivity (up to
93:7 dr), and enantioselectivity (up to 99% ee). The detail of this work will be reported.
Keywords: amino alcohol, thiourea, Mannich reaction, organocatalyst
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Asymmetric hetero Diels-Alder reaction of isatins with enones using amino
alcohol organocatalyst
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Abstract
Spirooxindoles A are considered to be promising scaffolds in drug discovery. The structure of A is contained
in many compounds having pharmacological activities such as anti-HIV, anticancer drugs and so on1.
Therefore, the development of an effective strategy for the preparation of highly optically pure A is a
significantly challenging task in research.
Amino alcohols B and C are stable in air, and have the two advantageous features of easy preparation and
desirable structural characteristics. Thus, they can be derived easily from the corresponding amino acid
esters and contain amino covalent site for enamine formation, steric influence site for controlling
stereoselectivity, and hydroxyl non-covalent site for hydrogen bonding. Asymmetric hetero Diels-Alder
(hDA) reaction is one of the important tool to construct biologically active chiral heterocycles 2,3.
In this presentation, we will report that simple primary amino alcohols B1 and C1 act as efficient
organocatalysts, respectively, in the hDA reaction of isatins X with enones Y to afford the chiral
spirooxindole-tetrahydrapyranones Z in comparatively moderate chemical yields (up to 31%), satisfactory
diastereoselectivity (up to 90:10 dr) and enantioselectivity (up to 94% ee). The detail of this work will be
reported.
Keywords: amino alcohol, organocatalyst, hetero Diels-Alder reaction, spirooxindole
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Development of Nanoparticle Composed of BSH and Cationic Polymer for
Boron Neutron Capture Therapy (BNCT).
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Abstract
Boron Neutron Capture Therapy (BNCT) is one of powerful methods for the cancer therapy based on nuclear
reaction between 10B atom and thermal neutron, which generates  particle and recoiling Li7 nuclei with a
high linear energy. Although disodium undecahydro-mercapto-closo-dodeca-carborate (BSH) and
boronophenylalanine (BPA) are clinically used as 10B sources, improvement of their accumulation in tumor
is highly desired.1 Recently, 10B containing nanomaterials containing 10B atom such as liposomes, protein
conjugates and boron-nitride nanotube conjugates have been developed to improve cellular uptake of 10B
atom.2,3 It is known that these nanomaterials exhibited longer retention time in tumor and higher metabolic
stability compare to small molecules.
Herein, we report on the development of nanoparticles comprising anionic BSH and cationic polymer
such as polyethyleneimine (PEI) and poly-L-lysine (PLL). It is known that the cationic polymers form
stable complexes with anionic molecules such as DNA and RNA through the electrostatic interaction and
improve their membrane permeability. Therefore, we hypothesized that cationic polymer could form
electrostatic complex with anionic BSH and improved intracellular uptake of BSH. As expected, when the
BSH and PEI or PLL were mixed in aqueous solution, nanoparticles were formed. The dynamic light
scattering (DLS) measurement reveals that size of these particles was between 10 to 1000 nm. The
intracellular uptake of these ionic complexes into Hela cells were considerably improved, as examined by
inductively coupled plasma (ICP)-mass measurements. In addition, we performed mechanistic study for
tumor uptake. In this presentation, these results are described.
Keywords: Boron Neutron Capture Therapy, Cationic polymer, BSH.
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Single-Molecule Device-Inspired Metal-Organic Framework for Merging
Photocatalysis and Transition-Metal Catalysis with Confinement Effect
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Abstract
As inorganic-organic hybrid materials, metal–organic frameworks (MOFs) exhibit the combined advantages
of transition metal-type catalysts and organic molecular photocatalysts. The excited states, charge
separations, and charge mobilities of MOFs remarkably influence the results of MOF-based photocatalytic
systems, which reflect varying degrees of characteristics of inorganic semiconductor-like nodes and organic
ligands and require highly oriented electron flows between transition-metal sites and photoresponsive
centers. Herein, we report a novel tuning strategy by constructing single-molecule diode array within metalorganic frameworks for rectifying the excited-state and ground-state electron transfer routes in the
productive manners, circumventing the usual fluorescence quenching of chromophores by transition-metal
ions in the homogenous phases. Steric repulsion induced twisted conjugative chromophore–high valent
transition metal junction together with the high polarity of the carboxylate–transition metal node within the
framework ensured the unidirectional charge mobility for furnishing the photoredox–transition metal dualcatalytic cycles. Those noble-metal-free, recyclable metal-organic framework-based nanoreactors enable
photo- or electrocatalytic value-added applications such as the late-stage functionalization of
pharmaceuticals or water splitting.
Keywords: Metal-Organic Framework; Single-Molecule Diode; Photocatalysis; Transition-Metal
Catalysis; Confinement Effect
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Direct polymerization of atmospheric CO2 and -diols by CeO2 catalyst
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Abstract
Polycarbonates are useful chemicals and are conventionally produced by using toxic phosgene or dialkyl
carbonates derived from toxic phosgene or CO. Therefore, the direct synthesis of polycarbonate diols from
CO2 and diols is an ideal route because H2O is the only byproduct, and these raw materials (CO2 and diols)
are cheap and easy to handle. However, the reaction is strongly limited by equilibrium and the removal of
the produced water from the reaction media is essential to shift the equilibrium [1]. On the other hand, it is
well-known that CeO2 is an effective heterogeneous catalyst for the transformation of CO2 with alcohols to
the corresponding organic carbonates [2], and we found that the combination catalyst system of CeO2 and
nitrile dehydrants enabled the high-yield synthesis of organic carbonates from CO2 and diols by overcoming
the equilibrium limitation [1].
We applied the catalyst system of CeO2 and nitrile dehydrants (2-cyanopyridine and 2-furonitrile) to the
direct polymerization of CO2 and -diols and found the catalyst system was effective for the reaction to
give the corresponding alternating polycarbonates in high yields (up to 99%) [3]. However, the use of
dehydrants in polycarbonate synthesis has some problems such as the regeneration of the dehydrants and
dehydrant-derived side reactions. We found the dehydrant-free synthesis of polycarbonate diols from CO2
and -diols with CeO2 catalyst and CO2-flow reaction system [4].
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Ag-catalyzed enantioselective asymmetric 1,3-dipolar cycloaddition of
azomethine ylides to -alkylidene succinimides
Ayana Inouea, Kenya Hosonoa, Shin-ichi Fukuzawab,*,
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Abstract
Nitrogen-containing five-membered ring compounds have received significant attention owing to their
utility in drug discovery. In particular, spirocyclic pyrrolidine scaffolds are frequently found in various
natural products and biologically active compounds. Therefore, novel methods for the preparation of
spirocyclic pyrrolidine derivatives with high stereoselectivity are sought after. Metal-catalyzed asymmetric
1,3-dipolar cycloaddition of imino esters with electron-deficient alkene dipolarophiles is one of the most
efficient synthetic tools for the construction of these scaffolds. 1
We previously reported that the Ag/ThioClickFerrophos (TCF) complex efficiently catalyzed the 1,3dipolar cycloaddition of imino esters to afford pyrrolidine derivatives with high enantioselectivity.2 Based
on this promising result, we developed an Ag-catalyzed asymmetric 1,3-dipolar cycloaddition reaction of
glycine imino esters with -alkylidene succinimides, which has only been achieved with copper catalysts
so far.3
After extensive screening of conditions, we found that the Ag/ThioClickFerrophos complex efficiently
catalyzed the asymmetric cycloaddition and afforded the desired spirocyclic pyrrolidine with excellent
enantioselectivity. Furthermore, the reaction conditions were applicable to various glycine imino esters and
-alkylidene succinimides.
In the poster presentation, we will outline the screening of conditions, the substrate scope, and further
transformations.
Keywords: asymmetric addition reaction, spirocyclic pyrrolidines, azomethine ylide, chiral ferrocenyl
ligand, 1,3-dipolar cycloaddition
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Chiral silver complex-catalyzed asymmetric Michael addition reaction of
1-Pyrroline-5-Carbonitrile to -Enones
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Abstract
Since nitrogen-containing five-membered rings are found in a variety of biologically active compounds, it is important
to develop an efficient method for their synthesis. In recent years, cyclic imino esters have attracted attention as 5membered ring building block reagents, and several asymmetric Michael addition reactions have been reported.
However, compared with cyclic imino esters, imino nitriles are less studied for asymmetric reactions because
stereocontrol is difficult, and the asymmetric Michael addition reaction of imino nitrile is unknown.1)
Based on this background, we previously reported that the Ag/ThioClickFerrophos (TCF) complex efficiently
catalyzes the Michael addition of 1-pyrroline-5-carboxylate with -enones to achieve high enantio- and
diastereoselectivities .2) Based on this promising result, we developed an asymmetric Michael addition reaction of 1pyrroline-5-carbonitrile with -enones. The reaction proceeded in high yield with good diastereo- and
enantioselectivity in the presence of Ag/ThioClickFerrophos complex. The broad substrate scope of this method, and
further transformation opportunities, provide convenient access to structurally diversified spirocyclic heterocycles
followed by intramolecular reductive amination.

In the poster presentation, we will discuss our study of the reaction conditions, the substrate
scope, and further transformations.
Keywords: 1-Pyrroline-5-Carbonitrile, azomethine ylide, ‐Enones, Ag Catalyst, Michael addition reaction
Graphical abstact
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Synthesis, Characterization And Biological Evaluation Of Chalcone Derivative
As Potential Anticancer Agent
Rosniza Razali 1*, Zainah Adam1, Daryl Jesus Arapoc1, Veshalini Kasiraja2, Nurmaziah
Mohammad Shafie1, Azfar Hanif Abd Aziz1, Abang Abdul Rahim Ossen1
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Abstract
Chalcone and their derivatives have been widely used in a large number of biological active compounds or
synthetic origin exhibiting diverse pharmacological activities. It is considered as naturally occurring
compounds and precursors of flavonoids and isoflavonoids based compound that showed various
biological activities including anticancer, antiturberculosis, anti-HIV, anti-inflammatory, tyrosinase
inhibition, antibacterial and antifungal. Chalcone derivative was synthesized by Claisen-Schmidt
condensation of aromatic ketone, 3-methylacetophenone with aromatic aldehyde, 4-methylbenzaldehyde.
Chemical characterizations of this compound were confirmed by Thin Layer Chromatography (TLC),
Fourier Transform Infra-red (FTIR), Nuclear Magnetic Resonance (NMR) and Liquid Chromatography
Mass Spectroscopy (LCMS). The synthesized compound was also evaluated for its cytotoxic and
apoptosis induction activity against colorectal cancer cell, HT29. Results showed that the compound
possess strong in vitro anti-cancer activity against colon cancer cells, with IC50 value of 16.09 µM.
Mechanism underneath its anti-cancer activity is through apoptosis program where 62% of colon cancer
cells undergoes apoptosis after 24-hours treatment. This indicates that the compound has the potential to
be developed as future therapeutic agent for colon cancer treatment.

Keywords: Chalcone, Claisen-Schmidt condensation, 3-methylacetophenone, 4-methylbenzaldehyde,
HT29 cell line
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Comparative Study of Drying Methods on Physical Properties of Seaweeds
(Kappaphycus Sp., Sargassum Sp., Padina Sp. And Caulerpa Lentillifera) in
Semporna, Sabah
Nazirah Mingu1, Abu Zahrim Yaser2, Hasmadi Mamat3, Khairul Azfar Kamaruzaman4, Zuhair
Jamain1, Md Lutfor Rahman1, Mohd Hafiz Abd Majid1 and Mohd Sani Sarjadi1*
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ABSTRACT. This study focuses on effect of different drying methods on physical properties of four
different seaweeds. All seaweeds collected from Semporna, Sabah includes edible seaweed (Kappaphycus
sp., and Caulerpa Lentillifera) and locally abundant seaweeds (Sargassum sp. and Padina sp.). Four
different drying methods used which are sun-drying (5 days), air-drying (14 days), freeze-drying (5 days)
and oven drying (three different temperatures at 60°C, 80°C and 100°C for six (6) h, respectively). The
changes in colour and physical appearance been recorded as well as moisture content where air-dries
Kappaphycus sp. contain highest moisture (19.32%). Fourier Transmission Infrared (FTIR) used to discover
probable differences in functional groups prior and after drying. The surface morphology of all seaweeds
was determined using field emission scanning electron microscope (FESEM).
KEYWORDS. seaweeds, drying, functional groups, morphology
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The effect of spray drying conditions on the antioxidant potential of
carrageenan encapsulated Morinda Citrifolia L.
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Abstract
The influence of spray drying conditions on the chemical and biological properties of Morinda Citrifolia L.
powder is demonstrated in this study. A three-factor Box Behnken design was adopted to investigate the
effect of processing variables, including drying temperature (110-150 ˚C), feed flowrate (140-280 ml/h),
and the ratio of Mcore: Mwall (1:2-1:6) on encapsulation yield, particle morphology and antioxidant potential.
The antioxidant potential was evaluated using DPPH radical scavenging, total phenolic and flavonoid
content. Overall results showed that encapsulation yield increased with an increased ratio of additives. Inlet
drying temperature and Mcore: Mwall significantly affect most of the responses studied. Morphological study
of carrageenan coated powders using SEM demonstrates round and smooth outer surface particles with a
diameter of 6–13 μm. The results from the study of antioxidant release in vitro showed that the selection of
the Mcore: Mwall ratio has various effects on the release profiles and could regulate antioxidant release.

Keywords: Microencapsulation, Morinda Citrifolia, Spray-drying, Antioxidant, Response Surface
Methodology, Box Behnken Design
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Standardized test method for antibacterial/antiviral activity by photocatalyst
Hitoshi Ishiguro
a
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Abstract
Photocatalysts has various properties as like self-cleaning, air purification, water purification, antibacteria, and anti-virus. That mechanism is by its strong oxidation. When photocatalysts irradiated with UV
or visible light, pollutants on the surface of photocatalyst are degraded. Using this attractive activity, many
products are developed and applied in the living environments. However, there are many products on the
market that are not enough effects. That is leading to misread for consumers. One of this reason is the
difference between test method used in each laboratory and company. Therefore, it needed to develop
standardized test methods to confirm photocatalytic activities. Then, we had developed standardized test
method to confirm the performance of photocatalyst activities as ISO standard test methods.
In this presentation, we introduce standardized test methods to confirm photocatalytic activities.
Especially, we focus on antibacterial/antiviral activities by photocatalyst. Because spreading of Sars-CoV2 is an urgent issue in the world and each country plan to protect infection and spreading of the virus.
Photocatalyst might be an attractive tool to overcome not only Sars-CoV-2 but also other unknown
microorganism. We also show the data of anti-virus effects by photocatalyst using standard test method.

Keywords: Photocatalyst, anti-bacteria, anti-virus
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Novel Gold nanocluster-based Photosensitizers for Antimicrobial
Photodynamic Therapy
Hideya Kawasaki*a Ichie Okamotob, and Hirofumi Miyajib
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Corresponding author: hkawa@kansai -u.ac.jp
a

Reactive oxygen species (ROS) are chemically reactive molecules containing oxygen, such as singlet
oxygen (1O2) or superoxide (O2–).The generation of highly reactive 1O2 via photosensitizers is of major
importance for a variety of applications such as photodynamic therapy (PDT) for cancer treatment,
antibacterial actions, catalytic oxidation, and others. These photosensitizers are generally composed of
strongly absorbing organic dye molecules such as porphyrin. The development of such photosensitizers for
the production of highly reactive 1O2 is a key step in the advancement of PDT. Herein, we mainly present
our research on gold nanoclusters (Au NCs) as photosensitization for photodynamic therapy (PDT)
applications. Au NCs contain a few to several hundred small-sized (~ 1–2 nm) gold atoms and thiolate
ligands. The electronic structure of Au NCs is discontinuous, owing to quantum size effects, unlike that of
the larger plasmonic Au nanoparticles (> 3 nm) with metallic properties. Thu, their electronic structures of
Au NCs can be optimized for efficient 1O2 production using atomically precise size control.1,2 Several
fundamental properties of the Au NCs are also desirable for PDT, such as good biocompatibility in dark
conditions, photosensitization under near-infrared light irradiation, good resistance to photobleaching, and
target specificity via surface modification. We will present gold nanocluster decorated biopolymers
including (i)aggregation-induced AuAg nanocluster-chitosan nanogel conjugate (AuAgNCs@nanogel) and
(ii) a lysozyme (Lys)-gold nanoclusters (Au NCs)/rose bengal (Lys-Au NCs/RB) conjugate.3,4 They can
improve their performance and promote the development of medical applications.

Fig. Schematic concept of AuAgNCs@nanogel and Lys-Au NCs/RB
Keywords: bioconjugation, gold nanoclusters, photosensitizers, photodynamic therapy
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Photochemical Processes in Higher Excited States Attained via Multiphoton
Absorption and Multiple Excitation in the Condensed Phase
Hiroshi Miyasaka*
Graduate School of Engineering Science, Osaka University, Japan
*
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Abstract
Molecules in the electronic excited state take important roles in various photo-functional systems. Three
general restrictions, however, inhibit he efficient utilization of light energies. First, large molecules in higher
excited states with more than 10–20 atoms usually very rapidly relax to lower electronic states (Kasha’s
rule) and subsequent vibrational relaxation leads to the formation of the thermally equilibrated S1 state in
the condensed phase. During these relaxation pathways, some portion of the absorbed photon energy is
diminished. Second, a large number of molecules excited in assemblies undergo fast annihilation and only
a small number of excited state molecules can remain, leading to the loss of the number of photons absorbed
in the system. In addition, the electronic state accessible through the one-photon absorption is limited by the
optical selection rule and we cannot access to various dark electronic excited states of molecules. These
three restrictions have been limiting the photochemistry in “one-photon one-molecule responses in the
lowest electronic state”.
Multiphoton absorption and multiple excitation are one of methods to explore photochemical
reactions beyond these limitations1. We have been investigating the mechanism of these reactions using
ultrafast laser measurements. In the present talk, we will introduce several examples of these photochemical
responses in higher excited state in the condensed phase, such as multiple/multiphoton responses and onecolor control of both reactions in photochromic systems1-7, and rapid capture of the electron ejected from
the higher excited stated8-11 attained by the multiple excitation.
Keywords: ultrafast spectroscopy, multiphoton absorption, multiple excitation, photoisomerization reaction,
photoionization, femtosecond dynamics
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Bio-mimetic C-O co-doped Graphitic Carbon Nitride for Highly Enhanced
Photocatalytic Hydrogen Evolution
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Abstract
With graphitic carbon nitride (gC3N4) showing considerable potential for photocatalytic applications, the
four significant limitations: surface area, light-harvesting capability, photogenerated charge separation, and
charge transfer at the interface, need to be comprehensively addressed. Herein, for the first time, bio-mimetic
C-O co-doped graphitic carbon nitride (g-C3N4) with mesoporous microtubular structure has been prepared
by a simple chemical wet bio-template approach using urea as a precursor and waste cat fur as bio-template
and in-situ carbon-oxygen dopant. The introduction of in-situ C-O doping in the g-C3N4 and the mesoporous
microtubular structure remarkably enhanced light-harvesting capability up to near infrared regions. The
photocurrent measurement and electrochemical impedance spectroscopy (EIS) analysis suggested that the
bio-template C-O co-doped g-C3N4 exhibits a superior photoinduced electron-hole pairs separation
efﬁciency due to C-O doping and mesoporous microtubular structure significantly promotes excellent
conductivity and electron redistribution in the sample. These excellent properties lead to enhancement in
photocatalytic hydrogen evolution activity under visible light illumination. This study provides new insights
into the development of low-cost and sustainable photocatalysts for photocatalytic hydrogen production.
Keywords: g-C3N4, Bio-template, Doping, Waste cat fur, Photocatalytic hydrogen production
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Photocatalytic polymeric-based materials for wastewater treatment and
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Abstract
The diversity of polymeric-based materials as photocatalysts has gained enormous attention in the
photocatalytic process due to its low-cost processing. The motivation to expand the studied materials from
polymeric g-C3N4, conducting polymers, natural polymers, synthetic polymers, and conjugated polymers
arises from the significant issue in the photocatalysts, which are insufficient surface area, weak light
absorption capability, and the rapid recombination of charge carriers. These factors play a crucial role in
determining the photocatalytic performance for various photocatalytic reactions, such as photocatalytic
hydrogen generation, photocatalytic CO2 reduction, and photodegradation of emerging pollutants. Besides,
the reusability and stability of the polymer-based photocatalyst under such photocatalytic reaction
conditions are crucial for more practical applications. For practical necessities, the high recombination rate
of photoexcited charge carriers and low quantum efficiency in a polymer-based photocatalyst should be
improved to achieve excellent performance in photocatalytic activity. The potential of the polymer-based
photocatalyst was highlighted with its practicability in photocatalytic reactions while reviewing and
discussing the critical physicochemical properties, synthesis approach, mechanisms, and improvement in
photocatalytic activity. Finally, the future outlooks of polymer-based materials as practical photocatalytic
materials in renewable energy and environmental sustainability are discussed.
Keywords: g-C3N4; conducting polymer; synthetic polymer; bio-polymer; solar fuel
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Abstract
Heterogeneous catalysts have the advantage of being able to regenerate, which means they can be
reused in future cycles, resulting in a lower environmental effect than homogeneous catalysts. However,
heterogenous metal oxide catalysts for biodiesel production were associated with a leaching problem. The
significance of biosynthesis in enhancing stability of gold nanoparticles had been reported but it was less
studied for overcoming the leaching problem. Therefore, this research mainly focused on the development
of alumina-supported potassium oxides catalyst prepared by modified and unmodified wetness impregnation
methods. Extract solution of palm oil leaves was incorporated in the catalyst solution for modified catalysts
to reduce the leaching of metal active species. Meanwhile, the transesterification of refined used cooking
oil was conducted under 6 wt% of catalyst, 1:18 methanol to oil molar ratio for 3 hours of reaction time.
The used catalyst was washed with 5 ml of methanol a few times before reuse for another reaction. The
percentage of biodiesel of prepared catalysts was monitored through gas chromatography-flame ionization
detector (GC-FID). From the activity results, the fresh unmodified catalyst shows 79% of biodiesel
production, followed by 17% in the second run, 11% in the third run and only 3% in the last run. However,
the catalysts incorporated with leaves extraction (modified) managed to achieve 89%, and the second was
74%, followed by a third run conversion 18% and the fourth run presented a result of 6%. Inductively
coupled plasma-optical emission spectroscopy (ICP-OES) detected that there was an aluminium (Al) and
potassium (K) in biodiesel produced. The amount concentration of Al and K in modified biodiesel is 9.22
mg/kg, and 13.79 mg/kg respectively while in unmodified is 17.76 mg/kg and 55.27 mg/kg respectively.
The addition of palm oil leaves extraction helps in reducing the leaching problem. Thus, this research
revealed that the leaching of active species in the reaction mixture will reduce activity and reusability of the
solid catalyst.
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Synthesis and characterization of novel Ag-based superatomic molecules using
halogen as bridging ligands
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Abstract
Metal nanoclusters (NCs) are materials that are composed of about one hundred or less of metal atoms,
and their sizes are around 1 nm. Since metal NCs have molecular orbitals like atomic orbitals, they are
regarded as "superatoms" with electronic structure similar to that of atoms. In recent years, "superatomic
molecules" with new functions by combining superatoms, like atoms are combined to form molecules, have
been attracting attention. Many gold(Au)-based superatomic molecules have been reported, however, there
are very few reports on silver(Ag)-based them. Ag, a low-period homologous element of Au, has potential
as a base material for superatoms or superatomic molecules because Ag is relatively inexpensive and
superatoms composed of Ag are highly luminescent. In this study, we synthesized [Ag23M2(PPh3)10Br7]0 (M
= Pt (platinum), Pd (palladium), PPh3 = triphenylphosphine, Br = bromide) in which two icosahedral Ag12M
NCs are connected. We also considered the effects of different bridging ligands (Cl (chloride) or Br) on the
geometric and electronic structures of superatomic molecules by comparing with [Ag23M2(PPh3)10Cl7]0.
Single-crystal X-ray diffraction results show that [Ag23M2(PPh3)10Br7]0 has a twist between Ag12M
cores. Such a twist was not found in the previously reported1,2 [Ag23M2(PPh3)10Cl7]0, which has a similar
geometric structure. It can be considered that this twist is caused by the ionic radius of Br being larger than
that of Cl and trying to preserve the Ag–Br bond length and Ag–Br–Ag bond angle between the Ag12M
cores. The UV-vis absorption spectra of Ag23M2 revealed that the main absorption peaks red-shift by
changing the bridging ligand from Cl to Br. Furthermore, we compared the stability of Ag 23M2 against
degradation in solution. The results indicate that Ag23Pt2 has higher stability than Ag23Pd2 regardless of the
bridging ligand. This may indicate that the metal core rather than the ligand is the important factor in the
stability of the superatomic molecules.
Keywords: metal nanoclusters, superatomic molecules, X-ray diffraction, theoretical calculation
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Production of green diesel from waste cooking oil over Ni-Co organofunctionalized-SBA-15 catalyst
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Abstract
Green diesel was produced from waste cooking oil via catalytic deoxygenation over nickelcobalt/organosilane-SBA-15 catalyst. A mesostructured 5Ni5Co/SBA-15-SH 0.1 catalyst has been
synthesized by functionalizing with 3-Mercaptopropyl (trimethoxysilane) (MPTMS) onto SBA-15 by cocondensation method, followed by nickel and cobalt impregnation. The organosilane-functionalized catalyst
exhibits higher surface area and better porosity. The acidity of the synthesized catalyst also remarkably
increased after MPTMS functionalization, suggesting the presence of the sulfonic acid group derived from
the oxidation of MPTMS has enhanced the acidity of the catalyst. The amount of nickel and cobalt
successfully impregnated onto the catalysts also show increment (5%–9%) following the amount of MPTMS
added, which attributed to a strong interaction between metal species and support surface result in a
homogeneous distribution of nickel and cobalt as observed in HRTEM. The MPTMS functionalization has
successfully enlarged the surface area and increased the catalyst’s acidic properties, enhancing the catalyst’s
deoxygenation activity. The catalytic activity study via deoxygenation was performed in a solventless and
hydrogen-free reaction system to produce green diesel (350 ◦C within 2 h using 5%wt. Catalyst loading).
Based on GC-FID analysis, it was proven that 5Ni5Co/SBA-15-SH 0.1 exhibits high hydrocarbon yield
(77%) and diesel selectivity (70%) with the reusable catalyst for 4 catalytic cycles by maintaining the
catalyst’s selectivity. Hence, this work is significantly producing green diesel from low-cost waste cooking
oil via the synthesized organosilane-functionalized catalyst.
Keywords: Green diesel, organosilane-functionalized, bioenergy, waste cooking oil.
Graphical abstact
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Application of NiO Catalysts Towards CO2 Reforming of CH4 on Fixed-Bed
Reactor and Membrane Reactor with Stability Reaction Test
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Abstract
In this study, the performances of NiO catalysts were investigate on the catalytic activity towards DRM
reaction applied in fixed-bed reactor and Pd membrane reactor system. One of the interesting facts in Pd
membrane was it works efficiently within reactors to separate H2 from products, therefore they may also be
used to increase reaction conversion (Bittanti et al., 2014). Since fixed-bed reactor always been reported in
the literature, the comparison study between this reactor and Pd membrane reactor could gain the knowledge
towards catalytic DRM reaction. Hence, Pd membrane has been prepared via electroless plating method and
activated by using hydrazine (N2H2) chemical reduction (Miyamoto et al., 2011). The prepared Pd
membrane has been observed through light microscope to determine the active layer for H 2 separation and
verified by using H2 permeation test to make sure the prepared membrane is functional during DRM reaction
test were performed. 10%NiO/Dolomite, 10%NiO/Talc and 15%NiO/AS catalysts were loaded into
catalytic membrane model reactor system and tested under suitable condition which has been stated in
previous studies. Even though the reaction temperature of membrane reactor is much lower (carried out at
500oC) compared to fixed-bed reactor, the obtained results show promising catalytic activity and comparable
with reported noble metal. Although the conversion and selectivity of NiO-based in fixed-bed reactor is
much higher (80-98% conversion), this study proves that in membrane reactor the catalyst is still effective
for lower temperature DRM reaction. In term of catalytic stability, the plotted graph certified that
10%NiO/Talc show extremely stable for more than two weeks reaction with outstanding CH 4 conversion
and H2 selectivity. Interestingly, the CNTs formation does not interfered the catalytic activity and
10%NiO/Talc still stable even more than two weeks of DRM reaction with remarkable performance.
Keywords: NiO catalysts; dry reforming; fixed-bed reactor; membrane reactor; stability
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Understanding Adsorption Site Preference Based on the Topology of the
Adsorption Interface
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Abstract
The adsorption sites of top and hollow on the close-packed surfaces of transition metals are well known. In
this talk, which site is more preferred for the adsorption of atoms and molecular fragments on the metal
surfaces is discussed based on the topology of the adsorption geometry. For this purpose, the method of
moments for the electronic density of states1,2 is applied to the surface. Adsorption at the hollow site
generates triangular topology, leading to a more negative value of the third moment (μ3) than that at the top
site, which generates no triangular topology. When the difference in energy between the two adsorption
sites is plotted against the band filling of the metal surface, a characteristic node at around the intermediate
band filling can be found. This is a signature that the energy difference curve is controlled by μ3. Roughly
speaking, the hollow site adsorption, which has a more negative μ3 value, takes precedence at low band
fillings, while the top site adsorption, which has a less negative μ3 value, takes precedence at high band
fillings. One can conclude that an adsorption structure with more three-membered rings on a surface is more
stable at low electron counts whereas that with less three-membered rings is more stable at high electron
counts. However, if the strength of the metal-adsorbate bond is significantly greater than that of the metalmetal bond, the effect of the second moment (μ2) on the energy difference curve cannot be neglected. The
hollow-site adsorption leads to a larger value of μ2 due to the topological feature of a larger coordination
number around the adsorbate atom. As a result, the hollow site adsorption is preferred over the top site at
any band fillings.
Keywords: transition metal surfaces, adsorption sites, method of moments, topology, density of states
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Ultrafast Dynamics of Product Formation in 6 Electrocyclic Reactions of
Photochromic Diarylethene Derivatives
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Abstract
Photoinduced 6 electrocyclic reactions of 1,3-cyclohexadiene/1,3,5-hexatriene framework are a molecular
process driving photoisomerization of diarylethene derivatives, one of typical photochromic compounds,
and a promising photoswitching mechanism for functional materials in photochemistry. Also in the
viewpoint of fundamental physical chemistry, a series of molecules serves as a suitable model for studying
the ultrafast formation and cleavage of chemical bonds on a femtosecond to picosecond timescale. The
mechanism of electrocyclic reactions has been first explained by the Woodward-Hoffmann rule,1 which
advocates that the symmetry of the molecular orbitals is preserved before and after the reaction. The
subsequent van der Lugt/Oosterhoff model argued that the reaction proceeds via the conical intersection
(CI) mediating the potential energy surfaces (PESs) of the excited (2A) state and ground (1A) state. 2 This
reaction behaviour through the CI has been widely accepted and is also true of trans-cis isomerization of
stilbene and azobenzene derivatives. In this context, chemical reactivity of photoisomerization processes is
governed by the CI on the reactive PES. In the present work, we studied the photoinduced electrocyclic
reaction dynamics of a diarylethene derivative bearing thiazole moieties, and found that it undergoes the
photocyclization process without passing through the 2A/1A CI, that is, the reaction is completed on the
excited state PES,3 which is a clear exception of van der Lugt/Oosterhoff model. In addition, we revisited
the cycloreversion reaction dynamics of a diarylethene derivative using time-resolved vibrational
spectroscopy, and evaluate the validity of widely accepted reaction mechanism through the CI.4
Keywords: Photochromism, Diarylethene, 6 electrocyclic reaction, Time-resolved spectroscopy
Graphical abstact
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Photochemistry of Rhodopsins in the Microorganism World
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Abstract
Rhodopsins are photoreceptive membrane proteins. While animal rhodopsins transmit visual and other
photobiological signals in animals, microbial rhodopsins exhibit diverse functions, ion transport, phototaxis,
gene regulation, enzymatic reaction, and so on in a light-dependent manner1. Recently, we found outward
Na+ and inward H+ pumping microbial rhodopsins from bacterial genomes2,3 and the third class rhodopsins,
heliorhodopsins (HeR), from diverse microorganisms and giant viruses4,5. Notably, the N- and C-termini of
HeR face the cytoplasmic and extracellular sides of the cells, respectively, which is the opposite orientation
of animal and microbial rhodopsins. HeR binds an all-trans-retinal chromophore at the center of the protein
body (opsin). Upon light absorption, the retinal isomerizes to a 13-cis form leading to sequential
conformational changes of opsin and intramolecular proton transfers. Finally, a long-lived activated state
appears, which suggests that HeR might function as a light sensor or a light-dependent enzyme.
Keywords: Microbial rhodopsin, retinal, proton transfer, ion transport
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Abstract
The addition of 2nd and/or 3rd metal ions into cerium oxide (CeO2) is one of the promising methods to improve
redox activity of CeO2; however, it is still difficult to generate reversible redox reaction from Ce4+ to Ce3+ of
CeO2 below 373 K. We prepared a CeO2-based oxide incorporated with Cr and the trace amount of Rh ions
(denoted as Cr0.19Rh0.06CeOz), and achieved high redox activity at low temperature (< 373 K) 1 and enhanced NO
reduction performances2.
The structure of as-prepared Cr0.19Rh0.06CeOz were characterized by XRD, TEM, HAADF-STEMEDS/EELS, XAFS and XPS. Rh3+ species that was strongly interacted to CeO2 surface and Cr6+O3-x nanodomain
(around 1 nm) were both highly dispersed on the fluorite structure of CeO2.
Cr0.19Rh0.06CeOz was reduced at around 350 K (below 373 K), whose temperature was much lower than
Cr0.17CeOz without Rh, and the amount of consumed H2 was greatly increased (Figure 1(A)). In situ XAFS and
AP-XPS under H2 reduction of Cr0.19Rh0.06CeOz clarified the origin of this reduction performance, in that Rh was
reduced at 332 K forming very small Rh nanoclusters (coordination number of Rh-Rh: 2.7 ± 0.9), followed by
the gradual reduction of both Cr and Ce at the very close temperature (Figure 1(B)) at the surface. The reversible
structural change was also observed on O2 oxidation process.
Cr0.19Rh0.06CeOz with low-temperature redox activity exhibited superior NO reduction performances over
Cr0.17CeOz and Rh0.04CeOz incorporated with only Cr or Rh, respectively. Cr0.19Rh0.06CeOz showed quantitative
NO conversion with > 99% selectivity to N2 (473 K) using CO as a reductant (Figure 1(C)). Rh species adsorbed
both CO and NO (in situ FT-IR). Cr species was reduced by CO and reoxidized by NO (in situ Cr K-edge
XANES), suggesting that Cr6+O3-x species worked as an efficient O mediator from NO to CO.
Keywords: Cerium oxide, Mixed-oxide catalysis, Redox, NO reduction, In situ characterization

Figure 1. (A) First differential of H2 consumptions of Cr0.19Rh0.06CeOz and control compounds at TPR.1 (B)
Changes in the oxidation states of Rh, Cr, and Ce of Cr0.19Rh0.06CeOz against temperature estimated from in
situ XANES at H2 reduction.1 (C) NO reduction performances of Cr0.19Rh0.06CeOz and control compounds
(NO conversion: solid line, N2 selectivity: dashed line).2
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Abstract
Biodiesel reduces greenhouse gases (GHGs) and the resulting impact on climate change from transport,
thereby making biodiesel a low-carbon alternative to fossil fuels. Biodiesel can be produced using various
feedstocks, including virgin vegetable oils, waste vegetable oils, animal fats, and non-edible oils1. Noncatalytic transesterification reactions performed under supercritical methanol circumstances have been
widely employed in which this reaction requires conditions of temperature greater than the critical
temperature (at least 239.4 ºC) and pressure higher than the critical pressure of 8.1 MPa 2. To improve the
supercritical transesterification under milder conditions (e.g. near-critical condition), minimize the energy
consumption, and avert thermal degradation of oil and esters engineering the heterogeneous catalyzed
subcritical transesterification system to reduce the production cost of green esters production3.
In this project, binary metallic integrated Cex-Ca1-xO catalysts with various Ce:Ca atomic ratios are
prepared via a simple co-precipitation method. Incorporating inorganic oxides within the metal-metal-oxide
increases the catalytic activity due to the highly uniform dispersion of lattice CaO on the catalyst’s surface
and hence predominantly increases the surface-active sites. The near-critical methanol transesterification
activity results in the excellent catalytic performance of Cex-Ca1-xO when Ce:Ca at an atomic ratio of
1:1. The maximum biodiesel yield of 93.39 % is achieved at an optimized reaction condition of 20 min, 18
methanol/unrefined jatropha crude oil (UJCO) molar ratio, 260 ºC (10 MPa), and 1 wt.%. In addition, the
fuel properties of synthesized biodiesel are investigated and compared in accordance with international
standards. Cex-Ca1-xO catalyst possesses superior activity, outstanding stability, and reusability, making it a
potential candidate as a green catalyst.
Keywords: Calcium-cerium oxide, Critical transesterification, Jatropha curcas, Basicity, Biodiesel
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Abstract
The production of sustainable aviation fuel (SAF) from renewable sources such as biomass has garnered
attention globally. Palm-based biomass has been extensively been studied for the production of transportation
fuel due to its availability and abundance produced. Hence, this study was furthered on the production of SAF
by using palm kernel oil (PKO) as the feedstock undergo the catalytic deoxygenation reaction in an H2-free
environment. The catalyst used are Nix-Cox supported on magnetite (Fe3O4) support which had been
synthesized using co-precipitation process. The concentration of active metal has been produced not more
than 1% to increase the metallic efficiency contact of active metal directly with support. Thus, the loading
of Ni and Co metal were alternately varied from 0.5-0.75%. The properties of the catalysts were then further
analysed by using XRF, XRD, BET, VSM, TPD-NH3, FESEM-EDX, XPS and TGA. The result indicated
that Ni0.5-Co0.5/Fe3O4 catalyst exhibiting the surface area (156.75 m2g-1) with weak (8792.33 μmol/g) +
medium (2987.72 μmol/g) acidic sites. The deoxygenation reaction was then performed at 350℃ under
inert N2 flow (50 cc/min) for 3h using 10 g of PKO and 5 wt% catalyst loading. The catalytic activity test
revealed that Ni0.5-Co0.5/Fe3O4 catalyst promoted increased DO activity by generating 85% of hydrocarbon
yield and 83% n-(C10-C16) selectivity. Thus, Ni0.5-Co0.5/Fe3O4 catalyst was chosen as the optimum catalyst
to further into kinetic studies for 12h. The results revealed that at 300℃ for 3.5h as the optimum condition
and reusability was investigated and the results showed the catalyst may be reused for up to 6th consecutive
runs, with hydrocarbon yields ranging from 78% to 83% and n-(C10-C16) selectivity ranging from 72% to
80%.
Keywords: Aviation, bio-jet fuel, deoxygenation, palm kernel oil, single atom alloy
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Abstract
The demands to realise a low-CO2-emission society and address global warming are commonplace in
developed countries. Recently, NH3 has come to be regarded as a carbon-free energy source as well as fuel,
because of its high energy density. An NH3-fuelled micro gas turbine showed potential as the basis for an
NH3-fired power plant at the Fukushima Renewable Energy Institute in Japan, as well as an NH3-fuelled
industrial furnace. Compared with fossil fuels, however, NH3 has the following problems: (1) high ignition
temperature, (2) low combustion rate, and (3) N2O/NOx production as a result of combustion. In order to
overcome these issues, a novel NH3 combustion system needs to be developed.
One possible route is catalytic combustion.1 The catalytic combustion is regarded as a promising
approach to decreasing emissions from hydrocarbon (HC)-based fuels, and it was actively studied in the
1980s for use in gas turbines, boilers and so on. This combustion system has a lot of advantages over
conventional noncatalytic combustion, as NOx emissions are diminished as a result of the low operating
temperatures and high efficiency can be achieved. In this presentation, global initiatives as well as
physicochemical properties of novel combustion catalysts for fuel NH3 will be referred.
Keywords: catalysts, combustion, ammonia, fuel, carbon-free
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Liquid-liquid phase separation of PNIPAM aqueous solutions depending on
the size of reverse micelles
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*
Corresponding author: sakota@omu.ac.jp
Abstract
Liquid-liquid phase separation caused by proteins and nucleic acids plays an important role in cells.
Although the physicochemical aspects of the liquid-liquid phase separation have been studied in bulk
solutions for many years, it is still not well understood how the behavior of the liquid-liquid phase separation
changes between bulk and micron-sized solutions. Micron-sized reverse micelles contain aqueous solutions
ranging from picoliter to femtoliter, and the chemical phenomena inside the reverse micelles, which offer a
micron-sized environment, are of interest.1 In this study, we investigated how the micron-sized confinement
in the reverse micelles affects the liquid-liquid phase separation.
We encapsulated a poly(N-isopropylacrylamide) (PNIPAM) aqueous solution in the reverse micelles
surrounded by a phospholipid monolayer and observed the liquid-liquid phase separation behavior of the
PNIPAM aqueous solution with a dark field and fluorescence microscope. As the temperature of the solution
inside the reverse micelle increased, a single droplet corresponding to the PNIPAM-rich phase was formed
inside the reverse micelle as a result of the phase separation. In the region where the diameter of the reverse
micelles was larger than approximately 60 m, the proportion of the PNIPAM-rich phase (the PNIPAMrich phase volume / the reverse micelle volume) was constant at approximately 0.24. On the other hand, the
proportion of the PNIPAM-rich phase rapidly increased as the size of reverse micelles decreased less than
approximately 60 m. This suggests that the interfacial free energy between the PNIPAM-rich and poor
phases, which is usually ignored in bulk solutions, must be taken into account to understand the phase
separation in the microenvironment.

Proportion of PNIPAM-rich phase
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The Phenomenon of Carbon Inhibit the Transformation of Anatase to Rutile
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Abstract
Through a combination of experimental works and theoretical calculations, the phenomena of carbon inhibit
the transformation of anatase to rutile in carbon/titania composite is explained in this paper. The carbon
precursor for the synthesis of carbon doped titania (C-TiO2) photocatalyst was employed insitu from the
natural material, Averrhoa bilimbi through calcination process. The synthesized C-TiO2 photocatalyst was
then underwent details characterization to study its structure’s behavior upon increasing calcination
temperature. It was found that the transition of anatase to rutile structure was inhibited by the doped carbon.
This phenomenon is clarified from the perspective of carbon location in the titania lattice from the X-ray
diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) results and theoretically supported by the
density functional theory (DFT) calculation using B2LYP method.
Keywords: Insert maximum of 5 keywords
Graphical abstact (Optional)
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Gas-Phase Spectroscopy of Cryogenically Cooled Molecular Ions:
A Case Study of Cyanine Dyes
Satoru Muramatsu*
Dept. of Chemistry, Grad. School of Advanced Science and Engineering, Hiroshima Univ., Japan
smuramatsu@hiroshima-u.ac.jp
Abstract:
Gas-phase spectroscopy under cold (~10 K) conditions by using a cryogenic ion trap is a powerful tool
to investigate the intrinsic electronic and geometrical structures of molecular ions, where any perturbation
caused by impurities, solvents, counterions, and environmental heat is completely removed [1,2]. In this
talk, I focus on our recent progress in spectroscopic investigations of one-dimensionally conjugated
carbocyanine dyes (see Graphical Abstract) [3].
The cyanine dyes are of significant research interest, particularly for their electronic photoexcitation,
owing to a wide variety of characteristics, including a good analogy to “free electrons in a one-dimensional
box” model and trans-cis photoisomerization along the conjugated chain. The obtained electronic spectra
of a couple of dyes (pinacyanol (1) and cryptocyanine (2)), under the cryogenic gas-phase conditions,
demonstrate (1) significant spectral shifts in response to both solvent and temperature, (2) the contribution
from the vibrational excitation in the excited state (Franck–Condon (FC) activity), and (3) the coexistence
of conformers caused by the orientation of the side ethyl groups. These factors affect the electronic transition
energy up to ~1000 cm–1 in total for both 1 and 2, which corresponds to an effective length of 0.5 Å in terms
of the “one-dimensional box” model. Furthermore, a clear difference was observed in the effective
bandwidth of the spectra between 1 and 2, implying the shorter lifetime of 2 in the photoexcited S1 state.
With the aid of density functional theory (DFT) calculations of the relaxed potential energy curves, we partly
ascribe it to the fast trans-cis photoisomerization of 2 via C=C bond twisting on the S1 surface, followed by
S1–S0 internal conversion.
Keywords:
Spectroscopy, Gas phase, Cryogenic cooling, Cyanine dyes, Photoisomerization
Graphical abstract:
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Catalytic Deoxygenation of Palm Fatty Acid Distillate Using Thermally Stable
MOF Based Catalyst
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Abstract
The conversion of palm fatty acid distillates (PFAD) into value-added biofuel has been a major interest of
researchers in recent years. PFAD is a waste byproduct derived from refining crude palm oil and it is
considered a potential feedstock for industrial-scale green diesel production. Upgrading PFAD as an
alternative fuel to conventional petroleum-based diesel via oxygen removal reactions are facing notable
challenges such as low hydrocarbon selectivity and severe catalyst deactivation. Therefore, Ni added highly
porous pyrolyzed UiO-66 (P-UiO-66) catalyst was synthesized to enhance the catalytic deoxygenation
reaction of PFAD to produce green diesel ranged-hydrocarbon fuel. Pristine UiO-66 was prepared via
solvothermal method and pyrolyzed at 700°C (ramping 2°C /min) for 4h. Subsequently, the obtained PUiO-66 was doped with 1-15 wt% of NiO via wet impregnation method and characterized by XRD, BET,
XRF, FTIR, ICP-OES and HRTEM-EDX. The catalytic deoxygenation reaction was performed by semi
batch reactor using 250mL round-bottom flask coupled with heating mantle. Deoxygenation reaction was
conducted with the addition of 3 wt% catalysts onto 10g of PFAD at 320°C for 3 hours under continuous
N2 flow. Preliminary results shows that NiO/P-UiO-66 catalysts are active in PFAD deoxygenation reaction
and exhibit high selectivity towards hydrocarbon formation. Particularly, 8wt%NiO/P-UiO-66 catalyst
shows excellent catalytic activity with ~100% PFAD conversion and ~88% of hydrocarbon selectivity.
Furthermore, presence of CO/CO2 in the product gas confirmed the deoxygenation process, whereby higher
composition of CO indicates that NiO/P-UiO-66 catalyst favours the decarbonylation pathways during the
deoxygenation reaction. Hence, highly porous NiO/P-UiO-66 catalysts have a great potential in PFAD
deoxygenation reaction and further exploration is underway to achieve higher reaction efficiency.
Keywords: Biofuel, Green Diesel, MOF, Nickel, UiO-66.

268

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
PCC 23 – Oral Presentation

Development of magnetic core-shell catalyst for deoxygenation of palm kernel
oil into bio-jet fuel
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Abstract
Increasing emissions of carbon dioxide and global warming have prompted research studies to produce more
environmentally friendly biofuels as an alternative to fossil fuels. This study produces bio jet fuel from palm
kernel oil (PKO) through a catalytic deoxygenation reaction using various magnetic core shell-based
catalyst (NiCoSi@Fe3O4, NiMoSi@Fe3O4, and NiSi@Fe3O4 core shell catalysts synthesized from a deep
deposition process and characterize by X-ray diffraction (XRD), field beam scanning electron
(FESEM/EDX), X-ray fluorescence (XRF), vibrating sample magnetometer (VSM) and Brunnauer-EmmetTeller (BET) technique. Majority of the catalysts exhibited amorphous structure with spheres morphologies.
The catalyst also showed mesopores structure recombined with ferromagnetic properties. The hydrocarbon
products produced through the deoxygenation reaction were characterized using GC-FID and GC-MS. The
NiCoSi@Fe3O4 catalyst was found to be effective in the deoxygenation reaction with product selectively
toward jet fuel range hydrocarbon under a temperature of 350 °C within 3 h using 5wt% catalyst loading.
Keywords: Bio-jet fuel, core-shell, deoxygenation, magnetic, palm kernel oil,
Graphical abstact
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A new magnetic catalyst on mesoporous support MCM-48 for the biodiesel
production: CaO-Fe3O4/MCM-48
Wan Nur Aini Wan Mokhtara,*, Muhammad Hilman Abdul Mustapaa
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Abstract
A cubic phase of mesoporous silica matrix (MCM-48) has received great interest and extensively used in
catalyst support field. The optimization on this support were carried out with synthesis of recoverable
heterogenous of nano-magnetic catalyst which is CaO-Fe3O4/MCM-48 notable as CF/M-(x,y) with different
calcination temperature (x) and time (y) using a developed co-precipitation method by hydrothermal
autoclave. The structure and morphology of the samples and the states of calcium and ferum in the materials
were systematically characterized and analysed by FTIR, SEM-EDX, XRD, VSM, GCMS and TGA. The
possible formation mechanism of nano-magnetic catalyst was proposed based on the Stöber process.
According to optimization and characterization results the catalyst with 30CF/M-(550/6) has the best
activity. The results show that the catalyst exhibited good thermal and chemical stability and enabled facile
catalyst separation post-reaction and the production of high-quality biodiesel. The catalyst could be
recovered easily by external magnet and has excellent reusability for 7 times without significant decrease
of activity.
Keywords: Magnetic catalyst, MCM-48, CaO, Biodiesel
Graphical abstact (Optional)
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Evaluation of Nanostructure and Position-Dependent Diffusivity of Guest
Molecules in Polymeric Materials by Using Single-Molecule Tracking of
Fluorescence-Switchable Diarylethene Derivatives
Syoji Itoa,b*
a
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Abstract
Photo-switching of fluorescence plays a crucial role in super-resolved fluorescence nanoscopy; two light
sources with different colors are normally required for the reversible ON-OFF switching of fluorescence. In
recent years, we have developed a new fluorescence switching method for a series of fluorescent
diarylethene (DAE) derivatives, where photo-irradiation only with a CW visible laser led to the activation
of fluorescence (photoisomerization from a non-fluorescent isomer to a fluorescent one), excitation for
fluorescence emission, and the deactivation of fluorescence (back isomerization) [1, 2].
The fluorescence switching method with one-color light source enabled single-molecule tracking
(SMT) for thousands of DAE derivatives for longer than 180 minutes in a polymer solid with a glass
transition temperature lower than room temperature. We have further applied this long-time SMT to the
evaluation of the microstructure and the diffusivity of guest molecules in a blended polymer solid. Analyzing
the translational diffusion of individual guest DAEs, we have successfully visualized the nanoscopic phaseseparation structure in the polymer blend. The analysis also provided the detailed spatial distribution of the
diffusion coefficient depending on location and, the information was correlated to the microstructure of the
polymer blend [3]. We have thus demonstrated an advanced super-resolved localization microscopy that
enables to obtain information not only on nanoscopic structure but also properties of host materials, e.g.
diffusion coefficient in the present study.
Keywords: fluorescence switching, diarylethene, single-molecule tracking, super-resolved imaging
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Synthesis And Characterization of Calcium Oxide for Catalytic
Transesterification Biodiesel of Coconut Solid Waste
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Abstract
Biodiesel is one of the alternative fuels that received high attention nowadays as it can reduce fossil fuel
energy demand and greenhouse gasses emission. In Malaysia, about 78,000 metric tons of coconut solid
wastes in 2010 were produced in coconut oil and milk industry. These wastes can be converted into useful
product such as biodiesel since the wastes are still containing oil. In this study, fresh coconut oil (FCO) and
waste coconut oil (WCO) one-time (1X) and three-time (3X) squeezed samples were selected and CaO
doped Al2O3 was used as the heterogeneous catalyst. The objectives of the study were to synthesize calcium
oxide based catalysts supported alumina by wet impregnation method and to characterize the potential
catalyst. The parameters of transesterification of are including methanol to oil molar ratio (18:1), catalyst
calcination temperature (400, 700, 900, 1000 and 1100⁰C), catalyst loading (4-8%), and reaction time (1-3
hrs) at 65°C of reaction temperature. The characterization study was done using XRD, FESEM, BET, TGA
and FTIR. As the result, GCMS analysis shows all of the coconut oil samples have lauric acid as the major
fatty acid content in oil. The highest biodiesel yield obtained from FCO is 75.63% meanwhile for WCO
(1X) is 72.33%, by using the optimum parameter of 1000°C calcination temperature, 7% of catalyst loading
and 1 hr of reaction time. Catalyst characterization by XRD revealed that the CaO/Al2O3 catalyst calcined
at 1000°C had a polycrystalline structure with BET surface area of 68.5871 m²/g. The morphology of
homogenous sphere shape grains in the range of 3 µm was shown by FESEM analysis. In conclusion, the
waste coconut pulp still can produce 51.66% of coconut oil which can be used for biodiesel production using
optimum parameters to obtain 72.33% of biodiesel yield that is comparable to FCO biodiesel.
Keywords: Biodiesel, calcium, catalyst, waste coconut, transesterification
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Enhancing Total Luminance Intensity of a Eu(III) Complex Doped in HostGuest Films using Triplet Sensitization
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Abstract
Molecule-based light-emission technologies have been intensively developed for a few decades owing
to their various applications such as display panels, bioimaging sensors, optical telecommunications, and
laser diodes. Narrow-band emission of light-emitting materials is essential for achieving high color purity
in their applications; however, general organic molecular emitters exhibit broadband emission with full
width at half-maximum (FWHM) of 70-100 nm. Trivalent lanthanide (Ln(III)) complexes exhibit narrowband emissions with FWHM of 10-20 nm originating from transitions between f-orbitals in Ln(III), which
are shielded by electronically occupied 5s, 5p orbitals; however, it is difficult to photoexcite the Laporteforbidden f-f transition in Ln(III) directly with tiny absorption coefficient (ε < 10 M –1 cm–1). To overcome
this difficulty, many efforts have been devoted to synthesizing organic ligands with large absorption
coefficients and proper energy levels, which play a pivotal role in efficient photo-sensitizers and
intramolecular ligand-to-Ln(III) energy transfer in the complexes [1,2].
Here, we propose that the host-guest system comprising π-conjugated molecules and Ln(III) complex
emitters is the ideal system to dramatically improve the photoluminescence intensity of Ln(III) complexes
with simple fabrication. In this system, multiple π-conjugated molecules with high absorption coefficient
work as antennas for photosensitizing Ln(III) complexes; thus, a much higher absorption coefficient is
expected compared to a molecular Ln(III) complex. Moreover, it is not necessary to design linkers to
coordinate with Ln(III). Nevertheless, it would be difficult to achieve high photoluminescence quantum
yield because not only intra-molecular energy transfer but also inter-molecular energy transfer processes are
involved, and each process has to be highly efficient. We have focused on this issue and found that the hostguest system composed of mT2T (2,4,6-tris(biphenyl-3-yl)-1,3,5-triazine) host and Eu(III)(hfa)3(TPPO)2
(Eu: europium, TPPO: triphenylphosphine oxide) shows exceedingly high IPL = 1,400,000 M-1cm-1 with
ϕtot=0.84.
b

Keywords: emissive materials, lanthanide complex, time-resolved spectroscopy
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Electrophoretic mobility of a water-in-oil droplet separately affected by the
net charge and surface charge density
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Abstract
Water-in-oil emulsions and droplets exhibit unique physicochemical properties different from those of oilin-water emulsions and droplets. Thus, these anomalous properties cannot be explained by the standard
theoretical model of water-in-oil systems, such as DLVO theory or O’Brien-White electrophoretic theory.
Here, the electrophoretic mobility of a water-in-oil droplet is analytically studied using Debye−Hückel
approximation and neglecting the Marangoni effect.1 The resulting electrophoretic mobility is shown to be
separately dependent on the net charge of the droplet and the surface charge density at the droplet interface.
This result is different from the electrophoresis of a solid particle in water where the electrophoretic mobility
is determined by the single electric parameter: zeta potential. Furthermore, the linear coefficient of the
electrophoretic mobility with the surface charge density is negative. This suggests that the internal electric
double layer inversely contributes to the electrophoresis.
Keywords: emulsion, electrophoresis, water-in-oil
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Digital Screening for High Entropy Alloy Nanocatalysts
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Abstract
Catalysis plays important roles in various innovative processes toward carbon-neutral society. Conventional catalysis is
based on nanoparticles of monometals or binary alloys supported on oxides. Recently, high-entropy-alloys (HEAs) that
consists of typically more than five elements are attracting attentions. Wu et al.1 reported unique electronic structures of the
noble metal HEA nanoparticle, clarifying that the local electronic structures of elements in the noble metal octonary HEA
drastically change from the ones in monometallic systems. Such unique electronic structures in HEA are considered to be
the origin of the unique catalytic activities that is beyond the conventional scaling relationship.
HEA shows an enormous potential for new functionalities, however, one needs to conquer the combinatorial
explosion when exploring the material space of HEA: i.e., one will face millions of combinatorial possibilities to pick up five
elements from ca. 60 metal elements for alloying. It is impossible to explore such infinitely vast material space even by high
throughput experiment, therefore, high throughput screening on the computer, which is well-established in the field of drug
discovery, is necessary. To discover stable and active catalyst, schemes to theoretically predict the thermodynamic stability
and activity is necessary. A schematic of the digital screening process for HEA nanocatalyst is shown in graphical abstract.
First, first-principles calculation results of nanoparticles by using supercomputer are databased, followed by machinelearning to predict the enthalpy for different elemental configurations. Machine-learning model is used in multi-canonical
Monte Carlo simulation2 to predict thermodynamiccaly stable atomic configuration of HEA nanoparticles. Once a
thermodynamically stable elemental configuration in HEA is obtained, that structure is used to screen the catalytic activity
based on descriptors approach. Descriptors will be derived either by machine-learning from first-principles data3-5 or
universal neural network potential6 simulation. Details and application examples will be introduced at the presentation.
Keywords: High-entropy-alloy, digital screening, combinatorial explosion, nanoparticle, catalysis
Graphical abstact
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Hydro-processing of palm products for renewable diesel production using Lazeolite-based catalyst
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Abstract

Awareness of environmental issues and oil reserves have led to the substitution of fossil fuels with renewable
energy. Used oil, animal fats, and plant oils are triglyceride-based biomass fuels that can be transformed
and modernised using selective deoxygenation (DO), hydrocracking, and transesterification (Vásquez, Silva
and Castillo, 2017). Biodiesel's oxygen-bonded molecules led to severe oxidative instability, which reduced
preservation stability and led to poor flow quality at low temperatures, limiting direct application of highgrade fuel (Mowla, Kennedy and Stockenhuber, 2018). In addition, the use of edible oils as an alternative
green fuel for automobiles has sparked discussions on the sustainability of food supply, particularly in thirdworld nations (Chu et al., 2017). This study investigates the hydro-processing reaction of used frying oil
(UFO) and palm fatty acid distillate (PFAD) using metal modified zeolite beta catalysts. Its efficiency in
preferring diesel-range hydrocarbons through catalytic hydrodeoxygenation (HDO) reactions in a hydrogen
environment was tested. By adding La-zeolite beta at 5wt.% catalyst loading, 3 h reaction time, 5 MPa H2
pressure, and 400 °C. HDO using UFO and PFAD had diesel selectivity of 70% and 84%. UFO's HDO is
less reactive than PFAD's due to PFAD's higher FFA content (84%). (1.1 percent ). HDO reaction with Lazeo catalyst showed high potential in producing renewable diesel of palm products.
Keywords: : Green diesel, hydrodeoxygenation, PFAD, La-zeo, hydrocarbon
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DFT Mechanistic Study on C-H Activation by Heterogeneous Catalysts
R. Miyazakia, R. Rattanawanb, M. Gaob, J. Hasegawab,*
a

Fritz-Haber Institute of Max-Planck Society
Institute for Catalysis, Hokkaido University
*
Corresponding author: hasegawa@cat.hokudai.ac.jp
b

Abstract
Functionalization of C-H groups is one of the fundamental techniques not only in organic synthesis but
also petrochemical conversion of carbon feedstocks. This presentation summarizes our recent studies on
DFT mechanistic study on C-H activation by heterogeneous catalysts[1].
Au/OMS-2 catalyzes aerobic C–H activation of piperidone. Au/OMS-2 is a gold nanocluster catalyst
supported by octahedral molecular sieves (OMS–2, KMn8O16). Catalytic role of Au cluster was investigated
in view of both direct C–H activation by Au catalyst and indirect C–H activation mediated by adsorbed O2
species. A particular interest was focused on metal-support charge transfer effect on the reaction energy
profile.
Periodic DFT calculation of Au10/OMS–2 showed charge-transfer from the support to Au cluster. The
density of OMS–2 decreases slightly but in a wide area. On the negatively charged Au cluster, the O–O
distance of adsorbed O2 molecule was elongated, which indicates activation of O2 molecule. With this result,
the whole dehydrogenation mechanism, including both direct and indirect C–H activation pathway, was
investigated with the Au20 cluster in which the charge state was systematically changed. Potential energy
profile for dehydrogenation of piperidone by Au200, Au201−, and Au202− is shown below. Direct C–H
dissociation would be difficult due to high activation energy. On the other hand, indirect C–H activation via
the H abstraction by adsorbed O2 molecule would be easier to happen. Calculated activation energy of α_C–
H bond cleavage by adsorbed O2 by for the Au201− and Au202− cases was 29.8 and 11.8 kcal/mol, respectively.
The lower activation energy was obtained in more negatively charged cluster. This result suggests that the
electron transfer to Au catalyst activates O2 which promotes the C–H bond cleavage. The details will be
discussed at the presentation.
Keywords: Au/OMS–2, C–H activation, piperidone, DFT, metal-support charge transfer
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Development of memory partitioned parallel TDDFT program for calculation
of response quantities of large molecules
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Abstract
The computational prediction for the chemical reactivity and electronic properties in large-scale molecules
composed of several thousands to ten thousand of atoms such as supramolecules and biomolecules plays an
important role in drug discovery and nanomaterial design. Time-dependent density functional theory
(TDDFT) is becoming popular methodologies for computing excited states and molecular properties
because of its reasonable cost and relatively high accuracy. Hybrid DFT which includes a fraction of the
Hartree-Fock exchange energy in the exchange and correlation functional, is particularly promising as it
provides more robust calculations of biological molecules, an improved descriptions of molecular
environments like liquid water and ionic solutions, and more accurate excited state properties. Nevertheless,
this inherent cubic scaling still limits the accessible system sizes to some hundred atoms, and routine
TDDFT calculations are usually only done in this regime.
In this work, we have developed a memory partitioned parallel TDDFT program for calculation of
response properties of large molecules with modern HPC systems. In our implementation, higher-order
properties are obtained by solving linear equations of each order successively based on the procedure of
Sekino et al1. Since the array size of the trial vector itself increases dramatically as the molecular size
increases, these trial vectors take advantage of the sparsity of the excitation coefficients to save computation
cost and storage. All the matrix multiplications are performed using NTPoly library2, which is a massively
parallel library for computing the functions of sparse, symmetric matrices.
Keywords: time-dependent density functional theory, response property, linear scaling
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CO2 photoreduction using molecular anion-based materials
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a
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Abstract
CO2 reduction into carbon feedstocks through heterogeneous photocatalysis is an attractive means of
addressing the problems of global warming and the depletion of fossil fuels. Of particular importance is the
development of a photosystem workable under visible light, which accounts for the main component of solar
spectrum, toward artificial photosynthesis.1,2 Along with this, the use of abundant elements as the
components of a photocatalytic CO2 reduction system is also important, and a solid catalyst that is active,
recyclable, nontoxic, and inexpensive is strongly demanded.
Here we demonstrate that a widespread soil mineral, α-FeOOH (goethite), loaded onto an Al2O3 support,
functions as a recyclable catalyst for a photocatalytic CO2 reduction system under visible light (λ > 400 nm)
with the aid of a Ru(II) photosensitizer and an electron donor.3 This photosystem produced HCOOH as the
main product with 80–90% selectivity and an apparent quantum yield of 4.3% at 460 nm. The origin of the
produced HCOOH was confirmed by isotope tracer experiments with 13CO2 to be the CO2 introduced in the
reaction system. The present work highlights that the use of a proper support material (here, Al2O3) is
another method of catalyst activation toward the selective reduction of CO2.
Keywords: Artificial photosynthesis, Earth-abundant metals, Mixed-anion compounds, Photocatalysis,
Solar fuels
Graphical abstact

References
1. Maeda, K. Adv. Mater. 2019, 31, 1808205.
2. Nakada, A.; Kumagai, H.; Robert, M.; Ishitani, O.; Maeda, K. Acc. Mater. Res. 2021, 2, 458-470.
3. An, D.; Nishioka, S.; Yasuda, S.; Kanazawa, T.; Kamakura, Y.; Yokoi, T.; Nozawa, S.; Maeda, K.
Angew. Chem. Int. Ed. 2022, 61, e202204948.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

279

ICPAC KK 2022 – Abstracts
PCC 34 – Invited Lecture

Abiotic synthesis and catalytic activity of iron-sulfur clusters
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Abstract
Iron-sulfur proteins with iron-sulfur clusters at their active centers promote essential metabolic reactions in
extant organisms. However, it is difficult to imagine that complex biopolymers, including proteins,
contributed to the metabolism of life on primitive earth about 4 billion years ago when the first life is said
to have emerged [1]. Therefore, we hypothesized that iron-sulfur clusters with a simpler structure than
proteins promoted the metabolism of primitive life before the birth of proteins, and attempted to evaluate
their abiotic synthesis and catalytic activity.
Iron-sulfur clusters were synthesized from pyrite (FeS2) and glutathione (Figure 1a). Pyrite is thought to
be an abundant mineral on primitive earth [2]. Glutathione is a tripeptide consisting of glutamic acid,
glycine, and cysteine, which can coordinate and form iron-sulfur clusters within ferredoxin [3]. UV-vis
absorption spectra characterized the synthesized [2Fe-2S] cluster after pyrite was immersed in the aqueous
solution of glutathione. Glutathione coordinated and extracted iron atoms from the pyrite surface to
synthesize clusters. [4Fe-4S] clusters were synthesized when the solution was heated to about 100 °C
because thiols dissociated from glutathione by heating increased dissolved sulfur concentration. The
catalytic activity of the [2Fe-2S] or [4Fe-4S] clusters was examined via the model reaction of the reduction
of 4-nitrophenol to 4-aminophenol with NaBH4 reductant, which suggested that the iron-sulfur clusters
worked as a catalyst (Figure 1b).
Keywords: iron-sulfur clusters, abiotic synthesis, catalytic activity

Figure 1. (a) Schemes for abiotic synthesis of the iron-sulfur clusters. (b) UV-vis absorption spectra
of the model reaction to examine the catalytic activity of the iron-sulfur clusters.
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Theoretical study of the reaction mechanism of inhibition of SARS-CoV-2
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Abstract
The COVID-19 pandemic caused by the coronavirus is an enormous social problem. The coronavirus
(SARS-CoV-2) produces a main protease (Mpro)[1], which is known to be essential for the replication of
SARS-CoV-2 in a cell. To disrupt the life cycle of SARS-CoV-2 is a very important issue. For this purpose,
Liu et al. proposed an N3 inhibitor and clarified its binding structure to M pro (Nature, 582, 289, 2020). In
order to increase the efficiency as a drug, superior inhibitors suitable for the reaction mechanism are
expected to be developed. However, a detailed reaction mechanism of inhibition of Mpro by N3 complex is
not clarified.
While quantum mechanical/ molecular mechanical (QM/MM) calculations enable us to investigate
chemical reactions in large molecules within reasonable computational time, MD simulation is a very time
consuming since huge number of calculations are required to obtain the reliable statistical properties. The
charge and the atom dipole response kernel (CDRK) approach [2] was proposed to drastically reduce the
computational time to evaluate free energy gradients of the active site, which is usually accompanied by the
QM/MM MD simulation and is referred to as the QM(CDRK)/MM MD simulation. In the present study,
the free energy contribution analysis has been applied on the covalent bond formation reaction between Mpro
and N3 (Fig.1) to draw up the strategy of the molecular design to inhibit the coronavirus replication.
Keywords: SARS-CoV-2, inhibition reaction, free energy profile, charge and atom dipole response kernel,
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Fig.1 Main reaction Mechanism of covalent bond formation between Mpro of SARS-CoV-2 and N3
inhibitor. In this reaction, His in Mpro is also considered to play an important role for this reaction.

N3 inhibitor

References
1. Jin, Z.; Du et al., Nature 2020, 582, 289-293.
2. Asada, T.; Ando, K.; Sakurai, K.; Koseki, S.; Nagaoka,M., Phys.Chem.Chem.Phys. 2015, 17,
26955-26968.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

281

ICPAC KK 2022 – Abstracts
PCC 36 – Invited Lecture

Surface Complex Chemistry from Weak- to Strong-Coupling Regime
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Abstract
Surface complexes of organic compounds with inorganic substances such as metal-oxide semiconductors
play an important role in various fields ranging from photocatalysis and photovoltaic conversion to chemical
sensing. However, the fundamental properties (surface structures and electronic properties) of surface
complexes have not been understood yet, because almost all experimental techniques (NMR, X-ray
diffraction, etc.) to determine the structures of organic or inorganic substances cannot be used for such
surface complexes. Hence, the surface complex chemistry still remains to be explored. So far, we have
studied various kinds of surface complexes of organic compounds with metal-oxide semiconductors (TiO2,
SrTiO3, BaTiO3, ZnO, SnO2) experimentally and computationally.
We report three types of surface complexes with different coupling strengths; (i) strong chemisorption,
(ii) weak chemisorption, and (iii) physisorption. The strong and weak chemisorption systems
characteristically show interfacial charge-transfer transitions (ICTTs), which enable the absorption of
visible light even for colorless organic compounds and direct photoinduced charge separation at the organicinorganic interfaces. These surface complexes hold great promise for photoenergy conversions such as
photocatalysis and photovoltaic conversion and visible-light chemical sensing of colorless molecules via
direct visualization, surface-enhanced Raman scattering, and circular dichroism.1-5 In the physisorption
system, cationic dyes (methylene blue, etc.) migrate on the TiO2 and ZnO surfaces under visible light
irradiation, resulting in the photoinduced molecular assembly.6 These research not only open up new aspects
of the surface complex chemistry but also provide new strategies for photoenergy conversions and chemical
sensing.
Keywords: surface complex, interfacial charge-transfer transition, photomobile molecule, photoinduced
aggregation, photoenergy conversion
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Abstract
As compared to common aliphatic surfactants, increasing the number of pendant or incorporated aromatic
groups in a surfactant is expected to offer significant enhancement in the affinity for graphene surfaces. The
basis for enhanced graphene-philicity of aromatic surfactants is that they can develop appreciable π – π
interactions with graphene. Furthermore, charged (anionic) surfactants are expected to confer electrostatic
stabilization on surfactant-graphene composites. Hence, it is expected that anionic aromatic surfactants
combine these two properties for effective stabilization of graphene dispersions in water. The properties of
two custom made graphene-compatible surfactants carrying two and three aromatic moieties in the
hydrophobic tails, namely DC3Ph2 (sodium 1,4-dioxo-1,4-bis(3-phenylpropoxy)butane-2-sulfonate) and
TC3Ph3 (sodium
1,5-dioxo-1,5-bis(3-phenylpropoxy)-3-((3-phenylpropoxy)carbonyl)
pentane-2sulfonate) were compared with other common ionic commercial surfactants. Air-water (a/w) surface tension
measurements were used to assess the surfactant adsorption and interfacial packing in the absence and
presence of graphene. The surfactant coverage index for graphene (Ф) was calculated using surfactant
headgroup areas derived from a/w surface tension data, chain volumes, and molecular fragment volumes
from literature.
Increasing the number of aromatic groups and tails per surfactant was shown to increase the ability of
surfactants to pack and fill space, as expressed by Ф. Comparison between the values of Ф for surfactants
of different chain structure and architecture showed that the affinity for graphene increased with Ф. Hence,
there is an implicit link between surfactant-graphene compatibility and the identity, chemical composition
and architecture of the surfactant chains.
Keywords: surface tension, aggregation, surfactant coverage, graphene, interfacial properties,
nanocomposites
Graphical abstract
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Reaction Kinetics of Nitric Oxide Molecules on Silver Cluster Cations: SizeDependent Reaction Pathways
Masashi Arakawa*, Masataka Horioka, Kento Minamikawa, Tomoki Kawano, Akira Terasaki,
Department of Chemistry, Faculty of Science, Kyushu University, Japan
*
Corresponding author: arakawa@chem.kyushu-univ.jp
Abstract
We report reaction of gas-phase free silver cluster cations, Agn+ (n = 3–18), with nitric oxide molecules
studied by kinetics measurement using an ion trap. AgnO(NO2)m−1+ and Agn(NO2)m+ are observed as major
products after multiple reactions. The kinetics data were analyzed for n ≤ 15 except for inert n = 3 and 5 by
fitting to rate equations to identify the most probable reaction pathways by examining various possible
pathways; pseudo-first-order rate constants of each step of elementary reactions are thus obtained. Two
different reaction mechanisms are found for formation of the major reaction products depending on cluster
size.1
First, as found for n = 4, 6, and 9, AgnO+ is formed by reaction with two NO molecules followed by
release of neutral N2O. Further reaction of AgnO+ with another NO molecule produces AgnNO2+.
Agn(NO2)m+ (m ≥ 1) is thus successively formed via the intermediate, AgnO(NO2)m−1+. This is analogous to
the reaction of NO on silver surfaces to produce NO2. Second, both AgnNO2+ and AgnO+ are formed
concurrently from Agn+ exposed to NO molecules as found for n = 7, 8, 10, 11, 12, and 15; AgnO+ does not
serve as an intermediate for AgnNO2+. AgnO(NO2)m−1+ and Agn(NO2)m+ (m ≥ 2) are formed by successive
addition of NO2 to AgnO+ and AgnNO2+, respectively. It is speculated that the successive addition of NO2
proceeds via disproportionation, i.e., three NO molecules are converted to NO2 and N2O, which might have
been encouraged because three NO molecules are adsorbed closely with each other in a limited area on a
cluster.
The overall reaction coefficient exhibited odd−even alternation, manifesting exceptionally inert n = 3
and 5 as well. The higher reactivity for even n, possessing an odd number of valence electrons, is consistent
with higher adsorption energies of NO on even-sized Agn+ as previously reported by theoretical studies.2
Keywords: silver cluster, nitric oxide, ion–molecule reaction, disproportionation, reaction kinetics
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Abstract
Methanol and dimethyl ether (DME) have the simplest molecular structures as alcohol and ether,
respectively. However, the vapor liquid equilibria (VLE) with sulfur dioxide (SO2) are quite different each
other. Slightly negative deviation from Raoult law was reported in the VLE for SO2 – methanol at 298.15
K1. On the other hand, an azeotropic point with a local minimum pressure was reported in the VLE for
DME-SO2 at (283.15-425.9) K2. The azeotrope is due to a bridge-like interaction between SO2 and DME.
In this study, new SO2 absorbents were proposed by utilizing the interactions. Polyethylene glycol (PEG),
with the molecular weight of 200, and polyethylene glycol dimethyl ether (PEGDME), with the molecular
weight of 240, were selected as the absorbents. PEGDME is composed of five repeating units of DME, and
PEG is composed of two and three groups similar to methanol and DME, respectively. In this study, the
bubble point pressure was measured for SO2-PEGDME and SO2-PEG by a static type apparatus at 323.15
K. The experimental temperature was measured by a thermistor thermometer Technoseven SXA-33,
Yokohama, Japan. The pressure were measured by two pressure sensors, Kyowa PG-2KU and PHS-10KA,
Tokyo, with the maximum capacity of 200 kPa and 1 MPa, respectively. The bubble point pressures
measured were far lower than those of ideal solutions. Especially the pressure for SO2-PEGDME was lower
than that for SO2-PEG at given temperature and mole fraction of SO2. The results suggested that the strong
interaction between SO2 and DME will be maintained in PEGDME and PEG. The experimental data were
correlated with the Peng-Robinson equation of state and Wong-Sandler mixing rules. The Flory-Huggins
equation was employed for excess Gibbs free energy in Wong-Sandler mixing rules3. The calculation
showed good reporducibilities for the experimental data.
Keywords: sulfur oxide, SO2 absorbent, equation of state, bubble point pressure, GE model

Acknowledgement
This work is funded by the Ministry of Higher Education, Malaysia, under Fundamental Research Grant
Scheme (FRGS/1/2021/STG04/UTM/01/1).
References
1. Hayduk, W.: Pahelvanzadeh, H.; Can. J. Chem. Eng. 1987, 65, 299-307.
2. Noles, J. R.: Zollweg, J. A.; Fluid Phase Equilibria, 1991, 66, 275-289.
3. Tsuji, T.: Shonozuka, R.: Tan, L. S.: Hoshina, T.: Otake, K.; J, Soln. Chem., 219, 48, 1035-1045.
22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

285

ICPAC KK 2022 – Abstracts
PCC 40 – Invited Lecture

Fabrication and Evaluation of Memory Properties of Lateral-type FET with
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Abstract

Ferroelectric materials have been applied to non-volatile memory devices (FeRAM and FeFET) which operate fast
switching speed and low power. However, these memory properties tend to disappear with decreasing the thickness
less than 100 nm because of intrinsic miniaturization limit of ferroelectric materials. Recently, our group discovered
novel type of switchable electric polarization system similar to ferroelectric materials within single-molecule (≅ 1 nm),
namely single-molecule electret (SME).1 These physical properties were observed in Preyssler-type polyoxometalate
(POM), [Tb3+⊂P5W30O110]12‒. This molecule has cage-like W-O frameworks and one metal ion is encapsulated either
in two stable ion sites inside molecule. By applying external electric field to this molecule, the ion movement between
ion sites were induced and ferroelectric-like polarization hysteresis appeared. Thus, the SME are expected to be used
for the development of ultra-minimalized memory with good memory properties like FeRAM and FeFET. In this work,
we developed the fabrication of field-effect transistor (FET) embedded with POM and evaluate their memory
properties.
We fabricated lateral-type FET as memory architecture from n-type silicon on insulator (SOI) substrate. As a first,
gate, source, drain, and channel parts were prepared. After that, POM films were coated on the substrate by cast
procedure in the gap between gate parts and source-drain channel. Measurement of VG-ID characteristics showed FET
behaviors with memory window.
Keywords: field effect transistor, ferroelectricity, single-molecule, non-volatile memory
Graphical abstract:

Fig.1. Molecule structure and memory properties of Preyssler-type polyoxometalates.
References
1. C. Kato, S. Nishihara, et al., Angew. Chem. Int. Ed., 2018, 57, 13429-13432.

286

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
PCC 41 – Invited Lecture

High ionic conductivity at the interfaces of solid electrolytes and electrodes
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Abstract
Solid-state Li batteries are promising energy storage devices due to their high energy densities and
improved safety. However, the large interface resistance at the interfaces of solid-electrolytes and electrodes
hinders the development of solid-state Li batteries. We fabricated thin-film Li batteries with electrolyteelectrode interface resistance below ~ 5 cm2 [1,2]; the value is smaller than that observed in liquidelectrolyte-based Li-ion batteries. These studies strongly encourage solid-state Li battery research by
demonstrating the very low interface resistance leading to the fast charge and discharge. In addition, the
study contributes to understanding the ionic conductivity at oxide-oxide interfaces.
Here, we introduced oxide thin-film technologies into solid-state battery research. Thin-film Li batteries
with controlled interfaces are ideal for detailed investigations of resistance at electrolyte-electrode interfaces
because they enable us to define the interface area and atomic arrangements. We demonstrate a very low
interface resistance at a Li3PO4 solid electrolyte and LiNi0.5Mn1.5O4 [3, 4] and LiNi0.5Mn1.5O4 [5] electrode.
Furthermore, the talk covers the latest studies on the negative impact of protons to the interface resistances
[6] and on the interfaces of sulfide solid electrolytes and LiCoO2 electrodes [7].
Keywords: solid-state battery, electrolyte-electrode interface, solid-state electrochemistry
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Shaping of Manganese Oxide/Zirconia Oxide Catalysts for Ketonization of
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Abstract
Ketonization of fatty acids derived from renewable biomass has been well known as a feasible pathway in
producing hydrocarbon fuels and chemicals of higher values. It is often regarded as a unique catalytic
reaction in which two carboxylic acids are dimerized with the loss of CO2 and H2O. Nonetheless, most
research studies surrounding ketonization only encompass batch reaction using catalysts in powder form
which needs to be subjected to multiple formulation trials to be structured into viable industrial catalysts.
The latter stage is crucial to ensure the catalysts possess adequate mechanical strength, thermal and chemical
stability for a smooth operation in industrial processes while maintaining the catalyst performance achieved
in powder scale. Notably, our present work focuses on the shaping of MnO/ZrO2 catalysts from powder to
pellet form and both the physicochemical properties and catalytic performance of prepared catalysts for
ketonization of palmitic acid were studied. The catalysts were formulated with 70% of active material
(MnO/ZrO2), binder (montmorillonite) and distilled water and extruded at a speed of 50 rpm followed by
calcination at 500ºC. The pelletized catalysts (MnO/ZrO2) were used to run ketonization at a temperature of
340ºC for 3 hours under reflux system with N2 flow of 35 ml/min. Several characterizations of the shaped
catalysts were carried out including XRD, BET-surface area, TPD-CO2, TPD-NH3, FESEM and crushing
strength. Interestingly, MnO/ZrO2 in pellet form exhibits higher selectivity for palmitone as compared to
pentadecane with palmitone yield of 28.0% and free fatty acid conversion of 89.2%, which is attributed to
the high surface area and presence of moderate acid and basic sites on the catalyst. Besides, the
aforementioned result is comparable with the performance of MnO/ZrO2 catalysts in powder form
(Conversion of 92.3% and palmitone yield of 27.7%), which elucidates successful shaping of the catalyst
by extrusion into macroscopic structure.

Keywords: montmorillonite, palmitic acid, pellets, manganese oxide, zirconia oxide
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Time-Resolved Infrared Spectroscopic Studies of Artificial Photosynthesis
Using Metal Complexes
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Abstract
Artificial photosynthesis is the photochemical system in which CO2 is converted into a high energy molecule
using the energy of sunlight and electrons of H2O. Because this system involves a multi-step and multielectron reaction processes, it is difficult to analyze each elementary process. To overcome this difficulty,
we applied time-resolved infrared vibrational spectroscopy (TR-IR), which enables us to observe
intermediate species and their electronic and vibrational states selectively on the picosecond time scale.
Using TR-IR, we have revealed the artificial photosynthesis processes using metal complexes: 1. the
excited-state dynamics and the relations between excited structures and sensitizing abilities in prototypical
metal complex photosensitizers [1-4], 2. the energy transfer mechanism between metal complexes in
supramolecular systems, 3. the photo-isomerization in metal complexes for H2O oxidation catalysts [5], 4.
the electron transfer mechanism between a photosensitizer and a catalyst and the characterization of one
electron reduced species [6-9], and 5. the photoreactions in metal complexes for CO2 photoreductions
catalysts [10,11].
Keywords: Artificial photosynthesis, Time-resolved infrared spectroscopy, Metal Complex, Electron
Transfer, CO2 photoreduction
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Solid-state ion exchange to organic cations using channel structures in the
crystal
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Abstract
Functional materials that control the capture and release of molecules by changing the surrounding
environment have been attracted much attention. However, it is difficult to capture and release molecules
in/from crystals without the use of heat or pressure. For achieve this purpose, we focused on our
previously developed Li2([18]crown-6)3[Ni(dmit)2]2(H2O)4 (Li salt), which has a channel structure. [1] In
Li salt, supramolecular cations consisting of Li+ and [18]crown-6 were stacked in one dimension to form a
channel structures. It is also confirmed lithium ion conduction along the channel. In addition, by soaking
single crystals of Li salt in an aqueous solution containing K+, complete ion exchange of Li+ to K+ was
achieved, without loss of crystallinity.[2] In this study, we extended this ion-exchange mechanism to
organic cations, and aimed to elucidate the ion exchange mechanism by analysing the crystal structure and
the aqueous solution after ion exchange of Li+ by MeNH3+ or EtNH3+. As the results, IR spectra showed
that Li+ of Li salt were stoichiometrically exchanged with MeNH3+ (MeNH3 salt) and EtNH3+ (EtNH3
salt) without loss of crystallinity. We succeeded in defining the crystal structures of MeNH3 salt and
EtNH3 salt. By ion exchange Li+ for MeNH3+ and EtNH3+, one [18]crown-6 molecule releases from the
crystal, passing from a ratio of [18]crown-6 vs. cation of 3/2 for Li salt to 2/2 for MeNH3 salt and EtNH3
salt. Therefore, it was confirmed that one [18]crown-6 molecule exits with Li+ through ion exchange.
Keywords: Solid-state ion exchange, Alkylammonium, Ion channel, Supramolecular cation, Ni(dmit) 2
complex
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Abstract
Various types of low-dimensional and nano-structured materials have garnered attention in a wide range of chemistry,
because they exhibit qualitatively different properties from those of corresponding bulk materials. The physical property
differences are usually attributed to sample geometrical features like “size-effects”, “surface-volume ratio”, and characteristic
electronic structures originating from limited sizes and/or dimensions. Although such unique structure-property relationships
have been empirically known for long, there was no systematic investigation of the intrinsic relationship between sample
dimensions and properties in either of experimental or theoretical studies. One of the evident reasons is the lack of appropriate
real samples sharing the chemical composition and structure and exhibiting systematic variation from zero- to threedimensional geometries. As all real objects lie in the three-dimensional world in the Euclidean geometry, it appears to be
impossible to prepare a series of real bulk samples with non-integer dimensions.
We report a universal relationship recently found in electrical and magnetic properties of different compounds and
explained by well-defined original calculations based on both solid-state physics and geometry. A combination of a particular
wax and a fractal dimension (Df) enables to finely control the dimension of real samples from Df = 2.50-3.00. In a range of
samples with different Df values, both calculation and observation showed that the critical temperatures in various phase
transitions such as Curie and superconducting temperatures exhibit sensitive and consistent dependences on the Df values.13
Additionally, different kinds of materials universally exhibited the same dependence on Df regarding the critical current
density, critical magnetic field, temperature-dependent electrical resistivity and magnetic susceptibility, and spectroscopic
properties.4 These findings demonstrate that we have discovered a universal relationship between sample (fractal) dimensions
and properties, which governs chemical, physical, and structural properties of substances and makes differences in nanostructured and low-dimensional materials depending on Df.
Keywords: fractal dimensions, electrical properties, magnetic properties, bulk properties, lattice defects
Graphical abstact
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Abstract
Since the synthesis and characterization of lithium cation endohedral metallofullerene (Li +@C60),1 several
investigations have been performed on the application of Li+@C60 to the functional materials.2 The essential
structural features of Li+@C60 would be as having lithium cation inside the spherical empty space of C60
fullerene. However, due to the low electron density related to the positional and dynamic disorder of the
Li+, previous researches were faced the limitations of the detailed structural information of Li+@C60.
In the present work, we investigated the structure of Li+@C60 using powder neutron diffraction at low
temperature (3.7 K).3 The use of neutron diffraction allowed us to determine precise structure of Li+@C60.
As shown in Fig., the nucleus of the Li+ was closer to the inner wall of the fullerene cage than that of the
center of its electron density. According to an NBO analysis, hyperconjugation of the spatially extended
electrons could arise from an overlap of the vacant Li+ orbital with the π orbitals of the hexagonal moiety of
the fullerene cage.
Furthermore, we will introduce the terahertz spectroscopy, solid-state NMR and the energy storage
characteristics of a capacitor with Li+@C60.
Keywords: Endohedral Metallofullerene, Neutron Diffraction, Terahertz Spectroscopy, Energy Storage

NBO electron density

Nucleus of Li+

1.279 Å
Fig. The nucleus of the Li+ as determined by neutron diffraction study was closer to the inner wall of the
C60 fullerene cage than that of the center of its electron density.
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Application of Universal Neural Network Potential to Nitrogen Dissociation
over Ru/La0.5Ce0.5O1.75-x for Ammonia Synthesis
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Abstract
One of the branches of catalyst informatics is molecular simulation,1 which mainly uses first-principles
calculations. DFT calculations for large nanoparticles, supported nanoparticles (up to 2406 and 1169 atoms,
respectively) and alloy nanoparticles with up to eight elements are available in the literature. 2,3 However,
the computational cost of first-principles calculations limits those studies to few computations and
simplified models. Machine learning approaches, such as supervised learning, have effectively predicted
catalytic properties3. Their highest disadvantage is the black box character between the descriptors and the
predicted properties.
In this invited lecture, we introduce the concept and applications of Universal Neural Network Potentials
(UNNPs) as promising tools to study heterogeneous catalysis. UNNP are machine learning reactive
interatomic models that consider many elements enabling the indiscriminate calculations of heterogenous
systems with DFT accuracy. We will discuss the differences between other machine learning approaches,
such as supervised learning, especially regarding black boxing within the computational framework. The
capabilities and limits of a new UNNP4 will be clarified regarding its applicability, accuracy, and
performance. Here, hours of calculations by DFT are expected to be performed within seconds using the
UNNP. Next, we will show how to apply the UNNP to predict adsorption properties in a supported
nanoparticle with heterogeneities, namely a supported Ru nanoparticle on reduced La0.5Ce0.5O1.75-x support,
which is not yet possible to be modeled and simulated using state-of-the-art DFT methods. Our results
comprise not only the adsorption properties of N2 adsorbed on various on-top sites of the catalyst but also
dissociation barriers for key reaction paths. Finally, we give a perspective for future works and expectations
of applying UNNPs.
Keywords: Heterogeneous catalysis, machine learning, supported nanoparticle, universal neural network
potential
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Abstract
Pump-probe spectroscopy using femtosecond laser pulses is a well-established characterization method
targeting the ultrafast excited-state dynamics and provides essential details of the rapid process in various
research fields such as photovoltaics, photosynthesis, and photochemistry. Also, a pump-probe microscope
has been developed to gain additional spatial information and reveal the rapid excited-state dynamics of
micro-objects and individual nanomaterials. Although there are considerable numbers of works on single
nanoparticles of metals and inorganic semiconductors, single organic nanoparticles experiments have been
less reported. One of the reasons will be the lower photo-durability of organic materials than inorganic ones.
Very low pump intensities are indispensable in organic nanoparticle experiments to avoid
photodecomposing the particles by pump pulses, meaning that high sensitivity in transient signal
measurements is required. To improve the sensitivity, we developed the femtosecond pump-probe
microspectroscopy using a back-scattering light as a probe light1 and demonstrated that detecting the
scattered light from a single 100-nm Au nanosphere permitted obtaining 20 times higher gain of the transient
signals in comparison with the conventional absorption-based measurement in Figure 1. We finally
succeeded in measurement of the excimer formation of individual perylene nanoparticles with a smaller size
than the diffraction limit (330 nm) of the probe light.
We report here the detailed setup and principle of the pump-probe, back-scattering microspectroscopy
and the results of the size-dependent exciton diffusion dynamics in single copper phthalocyanine (CuPc)
nanorods as an example2
Keywords: Femtosecond pump-probe microspectroscopy, Excited-state dynamics, Single organic
nanomaterials, Exciton diffusion
Graphical abstact
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Abstract
Photo-induced water splitting using semiconductor photocatalysts has attracted considerable attention for
clean producing H2 by harvesting solar energy, while effective utilization of visible light is imperative to
achieve the desired efficiency for practical applications.[1, 2] Recently, mixed-anion compounds such as
oxynitrides have been intensively studied as promising candidates since one can expect that higher energy
p orbitals of non-oxide anions (e.g., N-2p) elevate their valence band maximum (VBM) values.
Unfortunately, most of them are subject to facile self-oxidation by photogenerated holes, while highly
dispersed cocatalyst particles certainly improve the stability of some oxynitrides.[3, 4] We have recently
demonstrated that Sillén–Aurivillius type perovskite oxyhalides such as Bi4NbO8Cl can stably and
efficiently oxidize water to O2 under visible light without any surface modifications, and also exhibits a
stable Z-scheme water splitting when coupled with a H2-evolving photocatalyst.[5] It was revealed that the
VBMs of these materials consist mainly of O-2p orbitals, instead of Cl-3p (or Br-4p), but their positions are
much more negative than those of conventional oxides. Thus, they possess narrow bandgaps for visible light
absorption as well as sufficiently negative CBMs for water reduction. DFT calculation visualized a fairly
strong hybridization between the Bi-6s and O-2p orbitals, which can explain why the O-2p orbitals are
elevated in energy, combined with the result on Madelung site potential analysis that can rationalize the
origin of high energy of O-2p orbital in these materials.[6-8] Since O– anions are stable, photogenerated holes
populated at the O-2p orbitals will not lead to self-decomposition but to oxidize water. These results could
provide new strategies for developing durable photocatalytic materials for water splitting under visible light,
by manipulating the interaction between post-transition metal s orbitals and O-2p orbitals. We have extended
this strategy to other oxyhalides with multiple perovskite layers[9-11] or with simpler Sillén type structures.[1214]

Keywords: photocatalysts, solar hydrogen production, semiconductor, visible light, oxyhalides
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Abstract
Host-guest reactions of nanospace materials (zeolites, mesoporous materials, layered materials, MOFs and
so on) have been investigated from a wide range of scientific and practical interests.1-3 Here, the
application of nanospace materials as platforms of photocatalysis is presented. Hybridization of titanium
dioxides with several nanospace materials (including mesoporous silicas) have been examined to obtain
well-defined nanoparticles of anatase and rutile for the photoreduction of water4,5 and the decomposition
of benzene.6 Hybridization of titania with layered clay minerals have bee done to design unique reactions
as well as to boost the photocatalytic decomposition of organics by titania.7,8 Clay-titania hybrid film was
successfully utilized to design photocatalytic membrane reactor for the in-situ separation.9 The materials
design for these targets will be introduced in the lecture.
Keywords: Photocatalysis, Titania, Nanoparticles, Mesoporous silica, Clay Minerals
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Study on the Effect of Short Chain Alcohol on Microemulsion System
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Abstract
Microemulsions is a stable transparent dispersion which consist of water, oil, surfactant and usually with
the aid of cosurfactant. The purpose of this study was to investigate the effect of chain length of co-surfactant
on the microemulsion region. The mixture of oleic acid and virgin coconut oil with ratio 1:1 was used as the
oil phase and Cremophor RH 40 as the surfactant. Short chain alcohols were used as the co-surfactant with
increasing number of carbons; ethanol, 1-propanol, 1-butanol and 1-pentanol. From the ternary phase
diagram, the higher number of carbons, increase the shaded area of microemulsion plotted with 7.3%,
19.5%, 28.3% and 31.8% respectively. Isopropyl alcohol and propylene glycol also used as the co-surfactant
to study the effect of diol molecule into the system. The results show propylene glycol was able to produce
large area of shaded region in the phase diagram (35.2%) due to high solubility compared to isopropyl
alcohol. The optimum formulation was oleic acid:virgin coconut oil/Cremophor RH 40:Propylene
glycol/Water with 1:2 oil ratio and surfactant to co-surfactant ratio (Km) 2:1. Hence, this formulation can
be a new promising route on the development of microemulsion system for topical drug delivery.
Keywords: diol, microemulsion, carbon chain
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Thermoelectric property of molecular conductor based on 4,5-ethylenedioxy4’-iodotetrathiafulvalene (EDO-TTF-I) showing electronic and structural
phase transition
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Abstract
In searching functional molecular materials, it is essentially important to control the packing of component
molecules in the crystal. We have focused on a minor chemical modification onto a π donor molecule 4,5ethylenedioxytetrathafulvalene (EDO-TTF), where peculiar metal–insulator transition was reported in its
2:1 salt.1 In the mono-iodo-EDO-TTF (EDO-TTF-I) system, the donor molecules tend to form slipped
stacking structure of (EDO-TTF-I0.5+)2 connected by iodine to sulfur short contacts along the molecular short
axis. Especially, (EDO-TTF-I)2ClO4 exhibited three electronic phases. Based on the X-ray structure
analysis, electrical, magnetic, and spectroscopic measurements, the electronic phases of (EDO-TTF-I)2ClO4
below 300 K were attributed to the dimer-Mott (DM) insulator down to ca. 190 K, metallic phase with
doubled unit cell volume at 85–190 K, and non-magnetic band-insulator below 85 K. In this study, the
thermoelectric measurements at ca. 80–300 K were newly performed utilizing a slightly modified method
as previously reported method one.2 The Seebeck coefficient also supported the phase transition from DM
to metallic state at 190 K, whereas the observed thermal conductivity κobs was gradually decreased from ca.
1.1 W m−1 K−1 to ca. 0.8 W m−1 K−1 down to 190 K and show a plateau below 190 K. The estimated thermal
conductivity based on Wiedemann–Franz law was almost two orders of magnitude smaller than that
experimentally observed. The figure of merit (ZT) gradually decreased on cooling from ca. 10−3 to 10−4
accompanying a peak at 190 K.
Keywords: Organic conductors, Thermoelectric property, Phase transition material, Tetrathiafulvalene
derivatives, Iodine bonding
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Electric Conductivity of Iodinated Thiazolo[2,3-a]isoquinolinium Salts:
Relationship Between Their Properties and Halogen-halogen Interactions
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Abstract
We have reported the synthesis and the crystal structures of iodinated benzimidazo[2,3-a]isoquinolinum
salts bearing triiodide as a counter anion.1 Variety of halogen-halogen interactions included in Type I and
Type II (halogen bond) interactions2 were observed in their crystal structures. When the substituent on
thiazolium ring was changed from methyl group into phenyl group, the different halogen-halogen
interactions compared with methyl substituted compounds were obtained. The differences of the halogenhalogen interaction would be affected by the physical properties. Herein, we examined the electric
conductivity of the compounds bearing different halogen-halogen interactions.
The compounds (1) were obtained by the iodine-mediated cyclization reaction of 2-(2(phenylethynyl)phenyl)thiazoles with I2. Type II interactions so-called halogen bond were found in 1a and
1b, whereas type I interactions were obtained from 1c and 1d. Measuring the electric conductivity (σ) of the
compressed pellet by two-probe method under I2 vapor conditions, larger σ was obtained from the
compounds with Type I interaction. To reveal that reason, we calculated the HOMO energies of the ion
pairs with halogen-halogen interaction. We found that larger electric conductivity was obtained from the
salts with higher HOMO energy. Furthermore, we examined the shapes of HOMO and revealed that the
orbital with Type II interaction had notal plane between triiodide and cationic iodide, whose interaction
would raise the orbital energies by the anti-bonding character.3
Keywords: halogen-halogen interaction, electric conductivity, iodine, HOMO energy
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Poly(N-isopropylacrylamide) (PNIPAM) Grafted Polysaccharide and Its
Thermal Behavior Study
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Abstract
Functional membrane using responsive polymers has attracted enormous interest among researchers [1].
Applying responsive polymers on polysaccharide substrate may be possible as a new material [2]. A thermoresponsive polymer, poly(N-isopropylacrylamide) (PNIPAM) have multiple applications from drug delivery
to biosensors and oil recovery [3-5]. In this study, PNIPAM and a few kind of polysaccharides is connected
via grafting onto and grafting from to study the responsive behavior grafted polysaccharide as membranes.
PNIPAM is synthesized via free radical polymerisation (FRP) at different temperatures (60, 70 and 80°C)
for 24 hours using 4,4-azobis(4-cyano-pentanoic acid) (ACPA) as the initiator. The final product is
examined using 1H-NMR and ATR-FTIR to confirm the polymer formed and to calculate the degree of
polymerisation. Swelling properties of the polymer is also determined. The highest degree of polymerisation
was 85% obtained at 80°C for 24 hours polymerisation which indicate that increase of reaction temperature
leads to increase in monomer conversion to polymer. PNIPAM showed that the degree of swelling decreased
significantly at around 34°C, which indicate that when the temperature is above 34°C, the polymer shrinks
from swollen to shrunken due to an increase in hydrophobic forces, causing phase separation of the polymer.
The observation of lower critical solution temperature (LCST) properties of the polymer is studied in
distilled water while increasing the temperature of the solution from 10 to 40°C [6]. The observation made
is when the temperature reached 34°C, PNIPAM solution became opaque and after cooling, the solution
turned back to transparent. PNIPAM-grafted-polysaccharide is also expected to show similar responses but
as a material that does not dissolve in water. Thus, the idea of a responsive membrane is applied to study on
its behavior towards temperature. The thermo-responsive polymeric biomaterials is expected to be used in
different environments and conditions with various applications.
Keywords: PNIPAM, polysaccharide, free radical polymerization, LCST, grafting
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Syntheses and Evaluation of Biobased Polyamides and Polyimides
using 4-Aminocinnamoyl Photodimers as Building Blocks
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Abstract
Developments of high-performance/functional biobased polymers and their precursors are
important tasks for upcoming sustainable society. Cinnamoyl photodimers, which are derived from
cinnamic acids by photo-assisted [2+2] cycloaddition, have high potentials to be used as monomers for the
high-performance/functional polymers due to structural characteristics such as rigid structure, unique
bending structures based on the spatial arrangement around cyclobutane, chirality, and photodegradable
cyclobutane. Among them, bending structures affect physicochemical properties of polymer materials. In
this study, syntheses and evaluation of biobased polyamides and polyimides from isomeric 4aminocinnamoyl photodimers, which can be derived from microbial-produced 4-aminocinnamic acid,1 were
carried out to evaluate the effects of cinnamoyl photodimer moieties on the physicochemical properties.
Three kinds of isomeric 4-aminocinnamoyl photodimers, α-, β-, and δ-type were selectivity synthesized
by solid-state photodimerization from functionalized 4-aminocinnamic acid derivatives.2,3 DFT calculations
revealed that these isomerc dimers possessed unique bending angles of 156°, 70° and 101°, respectively.
The obtained photodimers were used for isomeric polyamide syntheses as diamine and dicarboxylic acid
monomers. As a result, the α-type-based polyamide showed highest thermal stability in three kinds of
isomer-based polyamides. Next, isomeric diamines were used for polyimide syntheses, which is expected
to improve solubility by introducing bending structure. As a result, the δ-type-based polyimides showed
good solubility for common organic solvents such as dichloromethane even though the polyimides generally
showed low solubility in solvents. Thus, physicochemical properties such as thermoresistances and
solubility of 4-aminocinnamoyl photodimer-based polymers were affected by bending structures of
cinnamyl photodimer units.
Keywords: Biobased polymers, Cinnamic acid, Photodimerization, Polyamides, Polyimides.
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Rational design of metal-dependent allosteric DNAzymes
based on artificial metal-mediated base pairing systems
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Abstract
DNAzymes (deoxyribozymes) are short DNA oligomers that can catalyze a variety of chemical
reactions.1 DNAzymes that catalyze RNA strand scission have been widely applied to the construction of
DNA-based molecular systems such as molecular machines. To create stimuli-responsive DNA molecular
systems, we have been developing chemically modified DNAzymes whose activity can be allosterically
regulated using metal ions as external stimuli.2–5 The metal-responsive DNAzymes were rationally designed
by introducing artificial metal-mediated base pairs,6 formed by metal coordination bonds between two
synthetic ligand-type nucleobase analogs and a bridging metal ion, into known DNAzyme sequences.
The previously reported RNA-cleaving DNAzyme (E5 DNAzyme)7 was split into two fragments and a
pair of ligand-type artificial nucleobases (H or ImC)8,9 were incorporated into the stem duplex region. The
addition of CuII ions was expected to form a metal-mediated base pair (H–CuII–H or ImC–CuII–ImC), which
would induce the association of the two split strands to reassemble the catalytically active DNAzyme
structure. The catalytic activity of the modified DNAzymes was increased when one equivalent of CuII ion
was added. For example, the activity of the ImC-modified DNAzyme in the presence of CuII (kobs = 0.12 h–
1
) was 12 times greater than that in the absence of CuII (0.010 h–1).3 Moreover, the DNAzymes were
inactivated by removing CuII ions with a chelating agent. These modified DNAzymes exhibited high CuII
ion selectivity, and their activity was also controlled by the redox of Cu. Furthermore, it was shown that the
sequential addition and removal of CuII can reversibly regulate the DNAzyme activity. The strategy of
designing CuII-responsive DNAzymes will be further applied to the development of metal-responsive
allosteric DNA materials.
Keywords: DNAzyme, artificial DNA, artificial base pair, metal coordination, molecular switching
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Photocontrol of Polymers by Molecular Switches
Offering Large Motions and High Thermal Stability
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Abstract
Reversibly photoisomerizable molecular switches have been widely used as molecular machines in various
fields due to the small structures and simple, perfectly reversible motions without producing chemical waste
by light, whose intensity, wavelength, and spatiotemporal resolution are easily and precisely controllable.
Particularly, azobenzene (AB),1 which undergoes isomerization from the thermodynamically stable E
isomer to the unstable Z isomer under UV light irradiation and the reverse reaction under visible light
irradiation, has been most commonly used as a photoswitch due to the easy synthesis and relatively large
motions. However, the Z isomer is so thermally unstable that the thermal Z-to-E isomerization proceeds
promptly even at room temperature (half-life (t1/2) ~ one day), precluding precise control and limiting
practical applications particularly in soft materials. Similarly, the merocyanine isomer photogenerated from
spiropyran (SP) spontaneously reverts back at room temperature with only a small motion.2 Isomerization
of diarylethene (DAE) is thermally irreversible but involves only minor structural changes. 3 Therefore, these
representative photoswitches cannot combine both large motions and high thermal stability, which are
strongly required for next-generation photoswitches and polymer applications. Recently, we have found that
hindered stiff stilbene (HSS), a new molecular photoswitch, offers the largest movement in existence,
significantly high thermal stability (t1/2 = ca. 1000 years at room temperature), and 90% two-way
photoisomerization, and therefore, promises its use in various fields, where the previous photoswitches are
unavailable.
In this study, we incorporated HSS into linear polymers and cross-linked polymer gels and
investigated changes in the polymer structures and physical properties in response to photoisomerization of
HSS.
Keywords: photoswitch, molecular machine, polymer chemistry, mechanochemistry, gel
Graphical abstact
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Abstract
Reversible color switching of solid-state emission induced by mechanical stimuli is referred to as
mechanochromic luminescence (MCL).1 A number of purely organic MCL dyes have recently been reported
on account of their diverse potential applications, including mechano-biosensors, security inks, and pressure
sensors of micro region. However, the shifts in their maximum emission wavelengths are generally narrower
than those of organometallic MCL dyes. Specifically, the MCL shift is less than 100 nm for most reported
purely organic MCL dyes.
Presented here are two-component donor–acceptor strategies to rationally control the MCL shift.
The MCL behavior of pyrenylthiophenes 1a–f can be controlled by the length of the alkyl group.
Remarkably, the two-component mixture of 1f and N,N′-dimethylquinacridone (DMQA) showed an
unprecedented self-recovering MCL that exhibits a large MCL shift (~ 200 nm).2 Meanwhile, the twocomponent dye of bispyrene 2 and 3,4,9,10-perylenetetracarboxylic diimide (PTCDI) exhibited a widerange MCL that exhibits the MCL shift of 340 nm. A two-step MCL from blue to blue-green and orange
has also been achieved for the two-component dye of 2 and 9,10-anthraquinone (AQ).3
Keywords: organic crystals, solid-state emission, mechanochromism, donor–acceptor dyes
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Preparation of Polysilsesquioxane-based Revers Osmosis Membranes for
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Abstract
Water desalination based on reverse osmosis (RO) membranes has been extensively studied as a means
to address the global problem of water shortage. Polyamide (PA)-based membranes are widely used for RO
desalination because of their high water permeability and excellent salt rejection. However, they have low
thermal stability, limiting their use. In addition, PA-based membranes undergo decomposition easily by
exposure to chlorine, which is commonly used for removing bio-fouling on the surface. Therefore, it is
highly desired to develop RO membranes that are stable towards operation at high-temperature and contact
with chlorine.
Polysilsesquioxane (PSQ) is known as a typical organic-inorganic hybrid material, whose networks are
composed of siloxane bonds. Applications of PSQ to robust RO membranes for water desalination have
been examined and it has been demonstrated that they show good salt rejection and high heat and chlorine
resistance. However, water permeability of the PSQ-based RO membranes is much lower than that of PAbased membranes [1]. In the present work, PSQ-based RO membranes with good water permeability are
prepared by copolymerization of BTESPA with TEGPS [2] or HETESPU [3]. With TEGPS, hydroxy groups
that are generated by the ring-opening reaction enhance the hydrophilicity, thereby improving the water
permeability. Whereas, it is likely that hydroxyethylurea units aggregate through hydrogen-bonding in the
HETESPU-derived membrane to form highly hydrophilic water channels.
Keywords: Polysilsesquioxane, Separation Membrane, Reverse Osmosis, Desalination
Graphical abstact
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Abstract
Mulching films are agricultural films that are used to protect crops against weed assault, environmental
effects, water conservation, and soil fertilization. They are mostly made of polyethylene because
inexpensive and produce high-quality crop, but the issues of dumping its waste become a major concern.
Development of biodegradable mulching films from naturally-derived resources could be the solution. In
the present study, biodegradable mulching films were produced using bio composite materials comprised of
waste banana peel (WBP) and different glycerol loadings. Bio composite films were prepared according to
variations of glycerol (0, 3, 6, 9 and 12wt% designated as WBP matrix films had also been evaluated. The
WBP matrix films were produced by constantly mixing WBP with glycerol followed by heating until 80°C
and cooling. The solution was premixed and then heated from room temperature to 80°C, where it was
maintained for 1 h while being constantly mixing. The composite films were prepared the same procedure
as WBP matrix compositions. The mixed suspensions were then casted onto an aluminum-nylon mesh mold
and pressed to form a composite film about 0.20 mm thickness. They were observed for physical (thickness
and density) properties and functional group of matrix composite. The composition of raw WBP contain
high lignin (44.61%) followed by cellulose (11.25%), hemicellulose (14.11%) which commonly found in
plant fiber. Plasticizing WBP matrix with different glycerol amount has an impact on the WBP matrix film's
thickness, density, and functional group. The concentration used were 0, 3, 6, 10 and 13 wt% of glycerol as
designated as 100WBP, 95WBP, 90WBP, 85WBP and 80WBP, respectively. The prepared WBP matrix
films have the thickness in range of 0.15 to 0.18 mm. Increasing amount of glycerol increased the film
thickness. This was attributed to the role of plasticizers in disrupting and restructuring of intermolecular
polymer chain network, creating more free volumes which translate into thicker film. While for density of
films, the addition of glycerol decreased the density compared to unplasticized films. WBP matrix films
with higher concentration of plasticizer showed lower densities due to difference in molecular weight in
terms of added concentration of glycerol. For FTIR, the main difference between the film without glycerol
and the films plasticized by glycerol are the presence of a peak at 3276 cm -1 which related to a change in
the nature of the hydrogen bonding in the film. The peak intensity at 3276 cm-1 was slightly increased with
the incorporation up to 13 wt% of glycerol concentration. This increment is associated with the peak at 1615
cm-1 that slightly shifted to 1623 cm-1 in the film containing 13 wt% of glycerol, indicating a complete
interaction of bound water with glycerol. As conclusion, addition of glycerol content effects the films
thickness which increasing glycerol contents increased film thickness. While for density, it is inversely
proportional with glycerol additions. For FTIR, the glycerol contents.
Keywords: films, matrix, composite, composition and glycerol
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Degradability
Mohammad Asif Alia, Tatsuo Kanekoa
a

Graduate School of Advanced Science and Technology, Energy and Environment Area, Japan Advanced
Institute of Science and Technologies, (JAIST). 1-1 Asahidai, Nomi, Ishikawa 923-1292 Japan, Tel: +81761-51-1633, Fax: +81-761-51-1635,
*

Corresponding author: kaneko@jaist.ac.jp

Abstract
Developing high-performance, bio-based polyamide synthesized from itaconic acid and amino acid requires
time as engineering plastics from renewable resources are significant for establishing a sustainable society.
Conventional polyamides such as NylonTM account for a substantial percentage of engineering plastics.
However, currently available conventional nylon are nondegradable such as (e.g.; nylon 6, nylon 66, and
nylon 11 etc.). We have used a bio-derived monomer for the syntheses of the chirally interactive polyamide
with pepsin degradation. Aza-Michael addition reaction has been exploited to synthesize N-substituted
heterocyclic diacid from itaconic acid, derived from glucose fermentation by Aspergillus terreus, to yield
bionylon (Figure 1). All the polyamides were successfully polymerized to show high molecular weight over,
56000 g/mol, analysed by GPC (Gel permission chromatography). The chirally-interacting polyamides
showed a glass transition temperature, Tg, of approximately 117 °C and a melting temperature, Tm, of
approximately 213 °C, which were higher than those of conventional polyamides 11 (Tg of approximately
57 °C). The polyamides also showed high Young’s moduli, E, and mechanical strengths,
ranging from
2.2-3.8 GPa and 86-108 MPa, respectively. The polyamides showed enzymatic degradation using pepsin,
which is a digestive enzyme found in mammal stomachs.
Keywords: Itaconic acid, Amino acid, Aza-Michael addition, Pepsin, BioNylons
Graphical abstract
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Figure 1. Development strategy for chirally-interacting bionylon from Itaconic acid and amino acid with
pepsin degradability
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Properties of base neutralized chitosan-hydroxyapatite biocomposite
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Abstract
The main objective of this work was to scrutinize the effect of base treatment and hydroxyapatite
impregnation on the structural, morphological and antimicrobial properties of the resulting chitosan
membranes. In this study, chitosan/hydroxyapatite biocomposite membrane was prepared by solution
casting method followed by NaOH treatment for neutralization purpose. It was revealed that water resistance
properties of all composite membrane improved as compared to the pristine chitosan membrane, where their
water resistance performance became profoundly augmented as a consequence of NaOH treatment. This is
ascribed to the presence of interaction among macromolecular chains or with hydroxyapatite as disclosed
by FTIR analysis, which was further supported by the increase in thermal stability as shown by TGA
analysis. Incorporation of hydroxyapatite also increase the surface roughness of the resulting membrane,
which made them suitable for cell activities. All base-neutralized membranes show no antimicrobial action
against Candida albicans, thus demonstrating the importance of cationic properties of chitosan in
performing its antifungal activity. These preliminary studies can usefully serve as a guideline for future
development of chitosan/hydroxyapatite hybrid membrane based on NaOH treatment which intends for
periodontal regeneration application.
Keywords: Chitosan; Hydroxyapatite; Biocomposites; Neutralization; Surface property
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Polymeric Organization for Biomimetic Materials Working with Water
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Abstract
Inspired by history of natural environment and biomaterials, we are designing and fabricating functional
soft materials through organizing polymeric materials. To propose advanced energy converting systems,
materials living with water are the target.1-2 From a viewpoint of biomimetics, the air-water interface is
expected to play an important role in establishing a universal model of dissipative structures. Viscous
fingering, as an example of nonlinear fluidic flow, is an unstable situation that is widely known as tears of
wine. This has been explained through the Marangoni effect, coffee ring effect, Saffman-Taylor instability,
etc. However, due to the transitional nature of these phenomena, there are few strategies for immobilizing
such fluidically regulated interfaces. Recently, such phenomena have been applied successfully to an
immobilized structure by controlling the evaporation of a mixture of biopolymer and water.3-5
In this study, we present a brief discussion of nonequilibrium phenomenon, “meniscus
splitting”. More precisely, an air-liquid interface is divided into multiple interfaces to partition a space. In
particular, by using a mixture of polysaccharides and water, a macroscopic pattern following a specific rule
could be confirmed. When the mixture is dried from a top open cell, the polymer forms deposits at specific
positions to split the meniscus by bridging a millimeter-scale gap. Because water irreversibly evaporates
from the liquid phase to the air phase through a gap, the air-liquid interface is in a nonequilibrium state
between polymer deposition and water evaporation. The interfacial instability is comparable to the
mechanical instability of gels at the phase transition or to the skin layer of gel surfaces during shrinking.
Furthermore, by controlling the deposition, the polymeric self-assembly could acts as vapor-sensitive
materials or super moisturizing materials. Here, the phenomenon and the material’s behaviour would be
discussed from physicochemical viewpoints.
Keywords: biomimetics, dissipative structures, interfaces, polymers, water
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Photoexpansion: Mechanistic Analysis for Photodeformation of
Polycinnamates by Time-Resolved Measurements
Kenji Takadaa,*, Tatsuo Kanekoa
a

Graduate School of Advanced Science and Technology, Japan Advanced Institute of Science and
Technology (JAIST).
*
Corresponding author: takada@jaist.ac.jp

Abstract
Cinnamic acids are the component of lignin in bark and causes intramolecular E-Z (cis-trans) isomerization
or intermolecular [2+2] cycloaddition depending on the wavelength of light sources.1 Polymers with a
structure derived from cinnamic acid have been attracting attention because they induce cross-linking of
cinnamic acid units by ultraviolet (UV) and exert their functions as photoresponsive materials.2 However,
since cinnamic acid causes two types of reactions to UV, the detailed photoreaction mechanism, such as
which reaction is prioritized and which reaction is derived from the optical response of the material, has not
been elucidated. In this study, we synthesize various polyesters with cinnamic acid in the main chain,
observe the deformability by UV based on the difference in the molecular structure and the change of the
spectrum with UV-irradiation in real time, and elucidate the optical deformation mechanism.3
In order to clarify the photoresponsibilities, ductal films of poly(3-hydroxy cinnamic acid) (P3HCA) and
poly(3,4-dihydroxy cinnamic acid) (PdHCA) were prepared. As results of fluorescence lifetime
measurements, it was confirmed that P3HCA has two types of excited states (1.032 ns = 71%, 4.292 ns =
29%) and PdHCA has almost one type (0.558 ns = 97%, 2.755 ns = 3%). To confirm the more detailed
change in trans-to-cis isomerization of these polycinnamates, the change in the spectrum due to the UV
irradiation was measured by time-resolved infrared (IR) spectroscopy. In these IR spectra, the absorption of
double bonds that react with UV light, and the changes in 1640, 980, and 700 cm−1 were plotted against UV
irradiation time. As a result, in both cases of P3HCA and PdHCA, it was confirmed that the peaks observed
at 980 and 1640 cm−1 decreased from the start of UV irradiation. On the other hand, it was found that the
absorption of 700 cm−1 derived from cis-CH=CH- increased only in P3HCA. From these results, it was
found that the convex deformation of P3HCA was due to the “photoexpansion” in which the cis
isomerization of the main chain by UV irradiation.
Keywords: Polyesters, Photoresponsive Materials, Bio-based Polymers
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Molecular Alignment Control by Scanning Wave Photopolymerization
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Abstract
Hierarchical control of two-dimensional (2D) molecular alignment patterns over large areas is essential
for designing high-functional organic materials and devices. However, even by the most powerful current
methods, dye molecules that discolor and destabilize the materials need to be doped in, complicating the
process. We present a dye-free alignment patterning technique, based on a scanning wave
photopolymerization (SWaP) concept, that achieves a spatial light–triggered mass flow to direct molecular
order using scanning light to propagate the wavefront. This enables one to generate macroscopic, arbitrary
2D alignment patterns in a wide variety of optically transparent polymer films from various polymerizable
mesogens with sufficiently high birefringence (>0.1) merely by single-step photopolymerization, without
alignment layers or polarized light sources. A set of 150,000 arrays of a radial alignment pattern with a size
of 27.4 μm × 27.4 μm were successfully inscribed by SWaP, in which each individual pattern is smaller by
a factor of 104 than that achievable by conventional photoalignment methods. This dye-free inscription of
microscopic, complex alignment patterns over large areas provides a new pathway for designing higherperformance optical and mechanical devices.1
Keywords: photopolymerization, molecular alignment, liquid crystals, film
Graphical abstact

References
1. K. Hisano, M. Aizawa, M. Ishizu, Y. Kurata, W. Nakano, N. Akamatsu, C. J. Barrett, A. Shishido,
Sci. Adv. 3, e1701610 (2017).
2. M. Aizawa, K. Hisano, M. Ishizu, N. Akamatsu, C. J. Barrett, A. Shishido, Polym. J. 50, 753 (2018).
3. M. Aizawa, M. Ota, K. Hisano, N. Akamatsu, T. Sasaki, C. J. Barrett, A. Shishido, J. Opt. Soc. Am.
B 36, D47 (2019).
4. K. Hisano, M. Ota, M. Aizawa, N. Akamatsu, C. J. Barrett, A. Shishido, J. Opt. Soc. Am. B 36,
D112 (2019).
5. K. Ueda, M. Aizawa, A. Shishido, M. Vacha, NPG Asia Mater. 13, 25 (2021).
6. K. Hisano, Y. Kurata, M. Aizawa, M. Ishizu, T. Sasaki, A. Shishido, Appl. Phys. Express 9, 072601
(2016).
7. S. Hashimoto, M. Aizawa, N. Akamatsu, T. Sasaki, A. Shishido, Liq. Cryst. 46, 1995 (2019).
312

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK 2022 – Abstracts
PMC 17 - Oral Presentation

Intrinsically Stretchable N-type Semiconducting Polymers with
Thioether-based Conjugation Break Spacers for Field-Effect Transistors
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Abstract
The development of stretchable semiconducting polymers through the statistical terpolymerization with
conjugation break spacers (CBSs) have been gaining much attention.1,2 In this study, we systematically
investigated the effects of incorporation of CBSs with ethylene-sulfide units into naphthalenediimide (NDI)based n-type semiconducting polymers on their semiconductivity and stretchability, compared to polymers
with the corresponding alkyl- and ethylene-oxide-based CBSs. Indeed, six NDI-based semiconducting
polymers with CBSs comprised of di(ethylene sulfide), tetra(ethylene sulfide), di(ethylene oxide),
tetra(ethylene oxide), octylene, and tetradecylene unis were synthesized by statistical terpolymerization
based on Migita-Kosugi-Stille cross-coupling reactions of 5,5’-bis(trimethylstannyl)-2,2’-bithiophene (2T),
4,9-dibromo-2,7-bis(2-decyltetradecyl)benzo[lmn][3,8]-phenanthroline-1,3,6,8-tetraone (Br-NDI-Br), and
CBSs without problem.
To the best of our knowledge, it is the first report on the design, synthesis, and application to organic
filed-effect transistors (OFETs) of stretchable n-type semiconducting polymer materials with new CBSs
having ethylene-sulfide units, potentially providing S…S or S…π noncovalent interaction.
Keywords: N-type semiconducting polymers, conjugation break spacer, intrinsic stretchability, random
terpolymer, field-effect transistor
CBS
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Superatomic gallium cluster in dendrimer
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Abstract
The solution-phase synthesis of superatoms has attracted attention to realize the availability of superatoms
due to their possible substitution for other elements. However, generally used approach was basically limited
to the formation of a single cluster. On the other hand, we have investigated synthetic method for precisely
controlled metal clusters with phenylazomethine dendrimers.1-3 This method enabled solution-phase
synthesis of superatom composed of aluminum element.2
In this study, we have investigated gallium superatoms and changed the number of valence electrons in
these superatoms by designing the number of gallium atoms present.4 Based on the dendrimer template
method, clusters consisting of 3, 12, 13 and other number of atoms have been synthesized. The halogen-like
superatomic nature of Ga13 was structurally and electro-chemically observed as completely different to the
other clusters (Figure 1). The gallium clusters of 13 and 3 atoms, which can correspond to the 2P and 1P
halogen superatoms, respectively, exhibited different reactivities.

Keywords: gallium, superatom, dendrimer, cluster

Figure 1. Synthesis of a superatomic gallium cluster with the dendrimer.
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Precision gel science for biomedical applications
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Abstract
Hydrogel is a material in which a polymer network swells with a large amount of water, and can exchange
substances with the outer environment through the medium of the water. Hydrogels are considered an excellent
candidate material for biomedical applications because of their composition and properties that are similar to those of
biological soft tissues. In general, the properties of hydrogels have been predicted from analogies with single polymer
chains, rubber elasticity, and polymer solutions. However, studies using Tetra Gel, a homogeneous model network we
have developed, have revealed that elastic and osmotic pressures, which are elementary properties of gels, cannot be
explained by existing theories. This presentation first discusses the fundamentals of elastic and osmotic pressures.
Then, as attempts at social implementation, the development of artificial vitreous and hemostatic agents made from
hydrogels will be introduced.

Keywords: Model Network, Tetra Gel, Negative Energy Elasticity, Artificial Vitreous, Hemostat
Graphical abstract
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Abstract
Cellulose synthesized by bacteria is called bacterial cellulose (BC). BC fibers are thinner than those in wood
pulp. Under conditions of static culture, the thin BC fibers form a three-dimensional network, known as a
pellicle. BC pellicles have been extensively studied in recent years as promising soft materials for
biomedical applications. BC composites have been explored to improve the mechanical properties of BC
pellicles. With regard to the in-situ formation of BC composites, the interaction of BC with the additive in
the culture media has been reported. The formation of composites with BC pellicles depends on the type of
additive. Starch derivatives and cellulose ethers have been incorporated into BC pellicles and not been
removed during subsequent purification steps. However, low-molecular-weight additives have not been
incorporated into BC pellicles. κ-Carrageenan is a popular polysaccharide in the food industry. During the
gelation of κ-carrageenan, specific cations, such as K+, bind to the double helix of κ-carrageenan, thereby
increasing the stability of the helix, promoting subsequent helix aggregation, and increasing gelation ability.
Herein, we report the synthesis of BC/κ-carrageenan composite pellicles via in situ formation, including
post-formation alkali and neutralization treatments.1 κ-Carrageenan was incorporated into the BC pellicles
via in situ formation to produce a gel during post-formation treatment using a solution containing K+.
Structural analyses indicated that BC/κ-carrageenan composite pellicles had a double-stage structure,
primarily comprising cellulose in the upper part and κ-carrageenan in the under part. The BC/κ-carrageenan
pellicles became weak upon application of a tensile force and were harder compared with the unmodified
BC pellicles. These findings can guide basic research on BC/κ-carrageenan pellicles and help in determining
their applicability in the biomedical and cosmetic industries.
Keywords: bacterial cellulose, κ-carrageenan, composite gels, pellicles
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Highly Ordered Adlayer Formation of Water-Insoluble Nanographenesat
Solid-Liquid Interface using "Molecular Containers"
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Abstract
Carbon materials such as graphene and graphene nanoribbons (GNRs) have been extensively studied
fortheir application in electronic devices, electrocatalysis, and sensors. Polycyclic aromatic hydrocarbons
(PAHs), the so-called nanographenes, are excellent materials for the creation of two-dimensional (2D)
nanosheets.1 Form the viewpoints of surface science and material chemistry, the formation of adlayers
on electrode surfaces is challenging because PAHs without peripheral substituents are used as 2D
molecular templates and applications in conductance enhancement and organic field-effect transistors.2
PAHs such as even ovalene,3 circobiphenyl,4 and dicoronylene that are structurally-defined and expected
to be excellent building blocks as a 2D molecular pattern, tend to exhibit poor or no solubilities in any
organic solvents andwater.
To overcome this issue, we employed water-soluble micellar capsules consisting of V-shaped
amphiphilic molecules.5 The micellar capsules act as “molecular containers” for the water-insoluble
PAHs to deliver to the electrode surface. Characteristic electrochemical behaviors were observed in 0.1
M H2SO4 in the presence of the water-soluble capsules containing PAHs such as dicoronylene.
Furthermore, under these conditions, PAHs were gradually released from the micellar capsules, resulting
in the formation of a 2D adlayer of PAHs at the electrochemical interface. Finally, using electrochemical
scanning tunneling microscopy (EC-STM), we demonstrate that our molecular containers based on the
water-soluble molecularcapsules allow the facile preparation of 2D PAH adlayers in addition to structurally
controlling nanostructureformation on Au surfaces. In particular, dicoronylene molecules formed a highly
ordered adlayer with c(4 8√3)rect adlattice.6 In addition, much larger PAHs such as C96H30 and
C150H42 also examined and revealed the formation of molecular adlayer. Thus, “Molecular Containers”
method using micelle capsules is useful for the preparation of highly ordered PAHs adlayers from aqueous
electrolyte – electrode interface.
Keywords: Polycyclic Aromatic Hydrocarbons; Micelle capsules; solid-liquid interface; EC-STM
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Abstract
Deep eutectic electrolytes (DEEs), which are generally composed of an organic salt and a hydrogen bond
donor via self-association to give a eutectic mixture, have become increasingly important in the energyrelated fields, particularly in the area of Li batteries. Significant advantages of DEEs rely on the facts that
all components are solids with a negligible flammability and volatility, and their properties can be
manipulated by combining two or more components with low production costs.
Recently, we have developed a family of Li-salt/amide-based DEEs comprising various amide
derivatives (e.g., urea, acetamide, tetramethylurea) and Li-salts (e.g., LiCl and LiTFSI), exhibiting
remarkable eutectic effects, good ion conductivity and reasonable stability.1 Our synthetic researches have
demonstrated the preparation of hydrogen bond donor-free DEEs derived from a tetramethylurea dimer2 and
DEE-based silsesquioxane nanoparticles (SQ-NPs) with quaternary ammonium/urea derivatives.3
Polyeutectic-based electrolytes were synthesized by the radical polymerization of deep eutectic monomers
(DEMs) consisted of urea/quaternary ammonium units4 and metal salt/amide-based DEMs.5 This system
offers various advantages, e.g., the easy preparation of safer and environmentally friendly DEMs composed
of two solids, an all-in-one liquid monomer applicable for thermally- and photo-induced polymerization,
organic solvent-free green synthesis and an almost 100% atom economy in terms of monomer synthesis and
the subsequent polymerization. We also attempted to prepare high-ionic-conductive semi-solid hybrids for
applications in semi-solid battery electrolytes, exhibiting the synergistic effects of stable polymeric
materials and deep eutectics.
Keywords: Deep eutectic electrolytes, ion conductive polymers, Li battery, radical polymerization
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Green and controlled synthesis of functional semiconducting polymers
for organic electronics
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Department of Organic Materials Science, Yamagata University
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Abstract
Halogenated monomers and transition metal catalysts have generally been necessary for the controlled
synthesis of semiconducting polymers. The contamination of transition-metal-based and halogen-based
byproducts sometimes leads to low performance of organic optoelectronic devices. In this study, we
demonstrate a green synthesis of poly(3-alkylthienylene vinylene) (P3ATV) and poly(N-alkyl-2oxyindolin-3-ylidene thienylene vinylene) (POITV) based on an Horner-Wadsworth-Emmons1 and an aldol
condensation reactions2, respectively. The proposed polymerization method requires neither transition
metals nor halogenated compounds. The electrophilicity of the formyl group in the AB-type monomer could
be deactivated probably by a resonance effect after the proton abstraction with a proper base, suppressing
the self polymerization of the monomer in a step-growth manner. The initiator which contains an active
formyl group readily initiated the polymerization to afford P3ATV and POITV, as expected. The numberaverage molecular weights (Mn = 1,800-10,200) of the polymers could be controlled by the feeding ratio of
[1]0/[2]0, while maintaining relatively narrow molecular weight distributions (Mw/Mn = 1.20-1.28) in the
case of P3ATV. All the results suggested the chain-growth manner of the proposed polymerization method.
The characteristics of the organic thin-film transistor (OTFT) device based on P3ATV with a shearing
treatment showed a moderate hole mobility (µh) of 1.22 x 10-2 (cm2V-1s-1) with a high on/off ratio of 2.0 x
106.
On the other hand, the protection-free direct synthesis of chain-end-functionalized semiconducting
polymers is also important from the viewpoint of green syntheses. Indeed, an array of chain-endfunctionalized poly(3-hexylthiophene)s (P3HTs) with benzyl alcohol, phenol, and benzoic acid groups
could be directly synthesized based on the catalyst-transfer polycondensation method without any protecting
groups utilizing a zincate complex of tBu4ZnLi2.3
Keywords: Semiconducting polymer, Horner-Wadsworth-Emmons(a)reaction, aldol condensation, catalysttransfer polycondensation, zincate complex.
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Fiber formation of colloidal CdS QDs prepared by electrospinning of their wet
gel
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Abstract
Dimensional control of quantum dot (QD) assembly patterns has been widely studied for optoelectronic
applications. We developed a 1D self-assembly of QD using a template method that is applicable to various
types and sized QDs1. Nevertheless, the long-range ordered one-dimensional (1D) structure of QDs is still
challenging.
Here, we report that 1D fibrous assembly of CdS QDs several hundred micrometers in length was
achieved by electrospinning a wet QD gel with viscoelastic properties2. In the purification of crude CdS QD
synthesized by a typical hot injection method, acetone with a controlled small amount of water was used to
precipitate the QDs. Redissolution of such purified CdS QDs into toluene uniquely formed a wet gel.
Rheology measurements showed that the formed wet gel showed viscoelastic properties and quick recovery
after mechanical deformation. The internal structure of the QD gel was investigated by scanning electron
microscopy, transmission electron microscopy, and X‐ray diffraction, revealing that the QDs were densely
packed with a network structure in the gel. Nanofibers of the CdS QDs were formed by electrospinning the
CdS QD wet gel, and the diameter and length of the fibers were approximately 110 nm and several hundred
micrometers, respectively. The nanofiber formation of CdS QDs from a wet gel provides a new strategy for
the creation of anisotropically assembled QD superstructures.
Keywords: colloidal quantum dots, 1D self-assembly, long-range ordering, electrospinning, wet gel
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Development of nanomedicine based on β-sheet peptide nanofibers
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a

Faculty of Molecular Chemistry and Engineering, Kyoto Institute of Technology, Japan
*
Corresponding author: waku1214@kit.ac.jp

Abstract
Amyloid fibrils have been miscast as toxic villains since they have been recognized as pathogens
associated with diseases, including Alzheimer’s and Parkinson’s disease. However, recent studies correct
the misconception and strongly facilitate the possible use of β-sheet-forming peptides in designing novel
nanomaterials. Self-assembly based on β-sheet-forming peptides can provide highly ordered nanostructures.
Therefore, functional nanofibers which contain large quantities of bio-functional molecules, including drugs
and bioactive peptides, and exhibit unique properties, such as assembly or disassembly in response to an
external stimulus or specific molecules can be constructed by the sophisticated design of the building block
peptides. These properties provide a novel strategy for the creation of innovative nanomaterials, especially
for biomedical applications.
Here we report the developments of two types of nanofiber medicines; a nanofiber-type cancer peptide
vaccine, and a nanofiber medicine for the treatment of Alzheimer's disease that can suppress protein
aggregation.
Keywords: nanofiber, amyloid, Alzheimer’s disease, peptide, immunotherapy
References
1. Waku, T.; Kitagawa, Y.; Kawabata, K.; Nishigaki, S.; Kunugi, S.; Tanaka, N. Chem. Lett. 2013, 42,
1441-1443.
2. Minami, T.; Matsumoto, S.; Sanada, Y.; Waku, T.; Tanaka, N.; Sakurai, K Polym. J. 2016, 48, 197202.
3. Waku, T.; Tanaka, N. Polym. Int. 2017, 66, 277-288.
4. Waku, T.; Nishigaki, S.; Kitagawa, Y.; Koeda, S.; Kawabata, K.; Kunugi, S.; Kobori, A.; Tanaka,
N. Int. J. Mol. Sci. 2019, 20, 3781.
5. Tanaka, N.; Okuda, M.; Nishigaki, T.; Tsuchiya, N.; Kobayashi, Y.; Uemura, T.; Kumo, S.;
Sugimoto, H.; Miyata, S.; Waku, T. PLoS One 2020, 15, e0235979.
6. Waku, T.; Kasai, Y.; Kobori, A.; Tanaka, N. Int. J. Mol. Sci. 2020, 21, 9518.

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

321

ICPAC KK 2022 – Abstracts
PMC 26 - Invited Lecture

Easily Peelable Pressure Sensitive Adhesives by Heat
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Abstract
Pressure Sensitive Adhesives (PSAs) are required suitable adhesion and easy peelability under various
conditions and environments in manufacturing processes. Therefore, it is very interesting to design the PSAs
whose adhesion can be controlled by external stimuli such as heat and light. Here, We report acrylic and
silicon PSAs which are easily peelable by cooling.
An acrylic PSA bearing a long alkyl group as a side-chain crystalline unit (C22P) is thermosensitive,
because the crystalline unit undergoes a reversible order-disorder with a change in temperature. Above the
transition temperature, the side-chain groups form an amorphous state and becomes soft and flexible, leading
to an appearance of tackiness. Below the transition temperature, the amorphous state changes into a
crystalline aggregate and behaves as a hard plastic, leading to easy peeling. We call this behavior “Cooloff” (CO) function.1
A mesogenic group shows high cohesion and heat resistance based on its rigid aromatic structure. Therefore,
an acrylic PSA bearing a mesogenic group (MesP) was designed to add heat resistance.2 Peel modes of
MesP at 250°C and 20°C after heating at 250 °C were interfacial failure between the PSA and adherent
whereas C22P were cohesive failure (CF). This result suggests that MesP possesses CO function and higher
heat resistance than C22P.
A silicone PSA possesses high heat and chemical resistances. In addition, the silicone PSA is well-known
as a PSA that can be used in a wide range from the temperature below the freezing point to one around
250°C. Therefore, a silicone PSA bearing a long alkyl group (C18SiP) was designed to add further heat
resistance.3 C18SiP lost its adhesion clearly below the transition temperature of the crystalline unit. This is
the first demonstration of the thermosensitive silicone PSA. Unfortunately, above 200°C, film float was
obserbed because of the generation of hydrogen which comes form unreacted Si-H group.
Keywords: Eeay Peelability, Acrylic PSA, Silicone PSA, Side-Chain Crystalline Unit, Mesogen
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Dynamic Shear Treatment: New Approach for Development of Plastic
Mechanical Recycling Technique
Patchiya Phanthonga,*, Shigeru Yaoa,b
a

Research Institute for the Creation of Functional and Structural Materials, Fukuoka University
b
Graduate School of Chemical Engineering, Fukuoka University, Japan
*
Corresponding author: patchiya@fukuoka-u.ac.jp

Abstract
Even the concern of environment and the prevention of global warming are highly attractive in
nowadays, the use of plastics are growing up especially in this COVID-19 pandemic. As a result, the amount
of waste single-used plastics have still been grew up. Recycling is one method which can reduce the amount
of waste plastics. Among them, plastic mechanical recycling is the most environmental friendly based on
life cycle assessment (LCA)1. Waste plastics are gathering, separating, cleaning, and reprocessing by
mechanical process such as extrusion and injection molding as recycled products. However, the mechanical
properties and physical forms of products are degraded. From this motivation, the development of plastic
mechanical recycling especially for the improvement of physical properties of recycled products is the
challenging points. From our previous studies, heat and steady shear (S) which was consisted in a general
mechanical recycling process related to the degradation of tensile properties of high-density polyethylene
(HDPE)2. In addition, this degradation of mechanical properties were strongly related to the decreasing of
thickness of intermediate layer as compared to its original HDPE. From this motivation, the regeneration of
thickness of lamellar structure as similar to its original samples can be also regenerated the mechanical
properties of recycled products. Dynamic shear treatment (D) with an optimized angular velocity and
%strain deformation was one technique which can regenerate the thickness of lamellar structure and
crystalline morphology as similar to its original sample (Org). As a result, the tensile properties especially
in elongation at break of recycled plastics was recovered higher than the treating by steady shear in general
process. This study is expected to improve the quality of plastic mechanical recycling products by addition
of dynamic shear at suitable conditions.
Keywords: plastic mechanical recycling, mechanical properties, lamellar structure, physical regeneration,
dynamic shear
Graphical abstract
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Direct Observation of Active Species in Radical Polymerizations using
Electron Spin Resonance (ESR/EPR) Spectroscopy with Novel Flow System
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Abstract
Electron spin resonance (ESR, aka electron paramagnetic resonance, EPR) investigations have been
conducted on radicals formed during radical polymerizations and provide a detailed characterization of the
active radical species (Fig. 1)1,2. Active propagating radicals can be observed during actual radical
polymerizations by ESR/EPR. When the active radicals in actual radical polymerization can be observed,
not only structures of the radicals, but also
physicochemical properties, molecular
dynamics, kinetics and so on would be
discussed in detail. Fortunately, radicals in
radical polymerizations of styrenes,
dienes, and (meth)acrylates were observed
very clearly. On the other hand,
unfortunately, monomers containing
nitrogen like (meth)acrylamides and
N-vinyl monomers have not been
Fig. 1 ESR/EPR observation of various stages of radcial
observed clearly. This difficulty is
polymerization
considered to be due to faster
relaxation of nitrogen nucleus than those of carbon and oxygen nuclei.
Recently, novel temperature variable flow ESR observation system was developed for increasing of the
sensitivity. Results were dramatic. Fig. 2 shows comparison of before and after introduction of the flow
system. When a flow system was used in the same condition, signal intensities dramatically increased.
Some of the spectroscopic lines were overflown. Spectra in Fig. 3 are chain initiating radical of
acrylamide. Chemistry of radical polymerization would progress based on these results.

Keywords: Radical Polymerization, ESR/EPR, time-resolved ESR/EPR, Propagation, Initiation

Fig. 2 3D-images of TR ESR spectra of Nvinyl pyrrolidone with new flow system
(right) and without the flow system (left).

Fig. 3 TR ESR spectrum of acrylamide
(upper) along with simulated spectrum
(bottom) with its structures.
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Difference in environmental degradability of biodegradable plastics
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Abstract
Plastics are one of the important materials to make our life comfortable. Meanwhile, plastic wastes leaking
into environments have harmed the ecosystems. Biodegradable plastics are attracting attention as a solution
to such problems. As for biodegradable plastics, polyhydroxyalkanoates and poly(ε-caprolactone) (PCL)
show excellent biodegradability in any environments1, whereas other biodegradable plastics vary in
biodegradability depending on the environment. We have therefore investigated the relationship between
the materials and environmental microorganisms to understand the cause of the difference in the
environmental degradability of biodegradable plastics.
The difference in biodegradation between poly(ethylene succinate) (PESu) and poly(3-hydroxybutyrate)
(P(3HB)) might provide some insight into the design of biodegradable plastics. A chemosynthetic polyester,
PESu is degraded by a P(3HB) depolymerase in vitro. Although P(3HB) exhibited good biodegradability in
all environments, PESu hardly did biodegradability in a marine environment. The distribution of P(3HB)and PESu-degrading microorganisms in the environments2 was investigated, indicating that degraders for 2
polymers were classified into different groups. This may be the reason for the differences between materials
in biodegradation. The difference in biodegradation between PESu and PCL, which have similarities in
structure, might be also informative for the design. We isolated a PCL and PESu-degrading bacterium from
plastic debris in seawater, but the isolates showed a significant difference in the degradability between PCL
and PESu. We characterized the isolate and its hydrolase to understand this difference3. The results suggest
that PCL and its degradation products function as inducers of the enzyme in the isolate. Recently, the surface
of plastic debris has been proposed as a place inhabiting microbiota called the "plastisphere". Especially,
plastisphere would say to be a more important factor in the biodegradation of materials in the marine
environment compared to other environments. Therefore, we also studied the biodegradation mechanism of
plastics in the environment, focusing on the plastisphere4.
Keywords: Biodegradable plastics, Environmental degradability, Plastisphere, Plastic-degrading
microorganism, Enzymatic degradability
Graphical abstact
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Modification of Polymer Materials by Salt Addition
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Abstract
The effect of the addition of a metal salt compound on the glass transition temperature Tg as well as the dynamic
mechanical properties of polymers was investigated using conventional plastic glasses such as poly(methyl
methacrylate) (PMMA) and polycarbonate (PC). Lithium trifluoromethanesulfonate (LiFMS) and lithium perchlorate
(LiClO4) were found to be miscible with PMMA and PC and thus the blends show excellent transparency. Furthermore,
the modulus enhancement in the rheological glassy region was clearly detected by the addition of the salts especially
for PC. In the case of PMMA, Tg was greatly enhanced, leading to improved heat resistance, without losing its good
flowability at melt-processing temperature. The ion-dipole interaction between oxygen atoms in the polymers and the
lithium cations dissociated in a polymer is responsible for the phenomena, which becomes weak at high temperature.

Keywords: Plastic Glass; Salt; Viscoelasticity; Glass Transition Temperature
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Cation Exchange Effect for Molecular Dynamics and Proton Conductivity
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Abstract
The introduction of chirality into molecular assemblies has a potential to exhibit unique physical
properties. On the other hand, anhydrous solid-state proton conductors have attracted much attention from
viewpoints of their high conductivity above 373 K and clarification of the solid-state proton conduction
mechanism. Herein, we introduced three types of the proton conducting azolium cations, imidazolium (Im+),
triazolium (Trz+), and thiazolium (Thz+), into chiral camphorsulfonate anion (CS－). The chiral and racemic
salts were synthesized to examine the effects of cation size and proton site on chiral crystalline environment
and proton conduction. (Im+)(1S-CS－) and (Im+)(rac-CS－) had isomorphic structures and cations arranged
at zig-zag manner along the b- and the c-axes (Fig. 1). Both salts showed solid-to-solid phase transition at
365 and 325 K, respectively. After the phase transition, two kinds of disorders, swing motion of CS－ and
in-plane motion of Im+, were observed. (Trz+)(1S-CS－) and (Trz+)(rac-CS－) had similar molecular
arrangements to those of (Im+)(CS－) salts. Both salts showed the phase transitions at 355 K and disorder
was only observed in Trz+ in high-T phase. Trz+ cation in chiral salt showed the flip-flop motion, while
racemic salts showed the in-plane motion. The ionic conductivities were measured by AC impedance
spectra, and the activation energy was lowered as the number of proton site increased (Fig. 2). On the
contrary, (Thz+)(CS－) salt showed conglomerate because of hydrogen bonds between the N site of Thz+ and
the carbonyl =O atom of CS－, despite the similar molecular arrangement to those in (Im+)(CS－). (Thz+)(1SCS－) salt showed no phase transition behavior and molecular motion at high-T phase due to larger volume
and heavy weight of Thz+. However, the ionic conductivities and activation energies of (Thz+)(1S-CS－)
became similar to those of (Im+)(CS－).
Keywords: Azole, Camphor sulfonic acid, Chirality, Proton conduction, Molecular dynamics
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Figure 1. Crystal structure of (Im+)(1S-CS－)

Figure 2. Arrhenius plots of proton conductivities
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Development of π-Conjugated Polymers Based on
Dithienonaphthobisthiadiazole for High-Efficiency Organic Photovoltaics
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Abstract
With the development of new organic π-conjugated materials, the photovoltaic performance of organic
photovoltaic cells (OPVs) has vastly improved in the last two decades, now surpassing the power conversion
efficiency (PCE) of 19% in single-junction cells.1 A key to further improve PCE is the development of πconjugated polymers with high charge carrier mobility. Given that charge carriers generated in π-conjugated
polymer are transported through both intra and interchain π-orbital network, highly crystalline structure is
crucial for efficient charge carrier transport. The incorporation of strongly electron-deficient (acceptor; A)
building unit based on large π-conjugated system is a promising approach to ensure the coplanarity of the
polymer backbone and thereby a high crystallinity.
Here, we synthesized new π-conjugated polymers based on very large π-conjugated system
dithienonaphthobisthiadiazole (TNT), and studied characterization and photovoltaic performance. TNTbased polymers, PTNT2T and PTNTBDT, demonstrated high PCEs of up to 12.0% and 16.2% for
polymer:fullerene and recent mainstream polymer:non-fullerene acceptor-based OPVs, respectively.
Notably, TNT-based polymer showed high hole mobilities in the order of 10–2 cm2 V–1 s–1 based on the
space-charge limited current model, resulting in efficient photocurrent generation and charge carrier
collection. The high hole mobility likely originated in the extremely large π–π overlap between the TNT
moieties in the π-stacked polymer chains, as suggested by the crystal structure of the model compound. We
will also discuss the structure-property relationship of TNT-based polymers.
Keywords: π-Conjugated materials, π-Conjugated polymers, Semiconducting polymers, Electron-deficient
building unit, Organic Photovoltaics
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Emergent elastic fields induced by topological phase transitions in a chiral soft
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Abstract
Chirality plays an essential role in structure formation of condensed matter such as chiral magnets and chiral
liquid crystals. Topological phases often emerge in such chiral materials, wherein helical and vortex-like
skyrmion structures are observed. They are utilized to design magnetoelectric, optical, and
mechanoresponsive materials by controlling such topological phases. However, the role of the elastic field
in nonuniform topological phases is elusive, though the essential role of crystal elasticity in uniform ordered
crystal phase has been recognized.
To elucidate this problem, we construct a model describing chiral molecules in quasi-two-dimensional
molecular crystals, which incorporates intermolecular chiral twisting and spheroidal steric interactions [1].
We reveal that emergence of the elastic fields from the competition between steric anisotropy and
intermolecular twisting is a key to control uniform, helical, and half-skyrmion structures (Fig.1). By utilizing
the coupling between the spheroidal orientations and the elastic fields, these topological phases are switched
by temperature, external electromagnetic fields, and anisotropic stresses, where a re-entrant phase transition
between the helical and the half-skyrmion phases is discovered. Our results imply that controlling the
emergent elastic fields is crucial for obtaining a fundamental physical principle for controlling topological
phases using chiral molecular and colloidal crystals.
Keywords: chiral interaction, half-skyrmion, steric anisotropy, emergent elastic fields, mechanical
switching

Fig.1 Phase transition between helical phase (left panel) and half-skyrmion phase (right panel). The colour
represents the orientation of each particle.
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Development of metal-like lustrous materials
using oligo(3-alkoxythiophene)
Satoru Tsukada
Department of Materials Science, Graduate School of Engineering, Chiba University, Japan
tsukada@chiba-ujp
Abstract
Metallic luster colors or metallic colors are deeply rooted in society, culture, and religion, and often
symbolize luxury and nobility. Metallic colors, especially metallic gold, are expensive, thus conventional
metal-like luster paints comprise metal effect pigments, namely fine powders of flaky aluminum or zinc
dispersed in a binder resin solution containing colorant. However, metal effect pigments tend to settle due
to their high specific gravity, thus constant stirring of the paint is required during its storage. Additionally,
the coating films are generally heavy because of the metal content. Further, the metal-effect pigments may
be susceptible to corrosion and subsequent changes in the chromaticity and luster. Under this background,
metal-free organic solids that exhibit metal-like lusters have been discovered. These organic materials have
attracted considerable attention because they have the potential to solve various issues associated with paints
that contain metal flake pigments.
We have developed a gold-like luster film based on the high-molecular-weight oligomer, oligo(3methoxythiophene) (O3MeOT), obtained via chemical polymerization of 3-methoxythiophene.1-9) O3MeOT
is soluble in several polar solvents and can be used to produce a gold-like luster coating with good filmforming properties and excellent aging stability on various substrates, including glass plate, polyethylene
terephthalate film, and metal plate. In this study, we synthesized oligo(3-alkoxythiophene) with linear or
branched chain and investigated the effect of substituent structure on film properties. Depending on the
small difference in the substituents, we were able to obtain metallic glossy films with different color tones.10)
Keywords: Metal-like luster, Alkoxythiophene, Oligomer, Oligo thiophene, Coating film
Graphical abstact
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Synthesis of an ABC Triblock Copolymer by a Bilateral Click Reaction
Using -Bifunctionalized Poly(3-hexylthiophene) as an Inner Segment
Shin Inagakia, Tomoya Higashiharaa*
a

Graduate School of Organic Materials science, Yamagata University.
*
Corresponding author: thigashihara@yz.yamagata-u.ac.jp

Abstract
Block copolymers with -conjugated polymers have received much attention due to their specific properties of not
only semi-conductivity, but also various self-assembled nanostructures competitively induced by crystallinity and
microphase separation.1 Most of the block copolymers with -conjugated polymer segments previously synthesized
are two-component systems, except for a few examples of ternary systems.2
In this study, a novel ABC-type triblock copolymer, where A, B, and C were poly(methyl methacrylate) (PMMA),
P3HT, and polystyrene (PS), respectively, was successfully synthesized by the bilateral Cu-catalyzed azide alkyne
cycloaddition (CuAAC) reaction of α,ω-bifunctionalized P3HT with α-chain-end-functionalized PMMA and -chainend-functionalized PS at a high yield without high-pressure liquid chromatography (HPLC) fractionation. To the best
of our knowledge, it is the first time to report the synthesis of such an A-b-P3HT-b-C type coil-rod-coil triblock
copolymer. Since the proposed approach using the bilateral CuAAC reaction brings a high versatility, it shall be
extended to not only the general synthesis of a wide variety of A-b-P3HT-b-C type triblock copolymers, but also wide
variety of block copolymers with new sequential architectures.

Keywords: -conjugated polymers, block copolymers, Chain-end-functionalization, click chemistry,
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Development of Functional -Conjugated Molecules Containing Cyclopenteneannelated Thiophene for Electronic Applications
Yutaka Iea,b*
a
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Abstract
-Conjugated molecules have been extensively developed for the application to organic electronic materials, and their
structure-property relationship has been elucidated. Such organic materials have advantages in terms of their diversity
of molecular structures, which can be realized by versatile synthetic protocols in organic chemistry. We designed and
developed a cyclopentene-annelated thiophene with spiro-substituted 2,7-bis(2-ethylhexyl)fluorene (FT) as a rigid and
sterically bulky -conjugated unit.[1,2] We have developed various -conjugated molecules containing FT units for
single-molecule electronics and organic thin-film electronics. For example, several-nanometer-scale oligothiophenes
with periodically distorted structures showed efficient intramolecular hopping-transport characteristics, which can
function as molecular wires in single-molecule electronics.[3] Non-fused electron-accepting -conjugated compounds
bearing FT units have been investigated recently for application to nonfullerene acceptors in organic solar cells. [4] In
this contribution, we will present the synthesis, properties, and device characteristics of our newly designed molecules
in detail.

Keywords: Organic semiconductors, Single-molecule electronics, Organic electronics, Hopping transport,
Organic solar cells
Graphical abstact (Optional)
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Silicon-Based Cross Coupling Reaction
Tamejiro Hiyama
Kyoto University, Katsura, Kyoto, Japan; Chuo University, Kasuga, Tokyo, Japan
hiyama.tamejiro.36s@st.kyoto-u.ac.jp
Abstract
In 1988 trimethylvinylsilane was found to couple with iodoarenes to give vinylarenes in the presence of a
Pd(0) catalyst and TASF in HMPA (1st generation). Later, heteroatom on silicon was shown to be essential
for the coupling of substituted vinylsilanes and arylsilanes (2nd generation). The heteroatom on silicon
makes the reagents sensitive to moisture, although TBAF, KF and KOH work in lieu of TASF as the carbon–
silicon bond activator. The 3rd generation employs HOMSis, organo(2-hydroxymethyl)(di-methyl)silanes,
which upon treatment with a base give pentacoordinate silicates and transfer the organic group to the
palladium catalyst center. The HOMSi moiety may be introduced on the aromatic hydrocarbons
straightforwardly by the Ir-catalyzed silylation with the HOMSi hydrosilane. The silylation/cross-coupling
strategy works particularly well with trialkylsilylated electron-deficient aromatics, using a Cu- or Cu/Pdcatalyst and fluoride agent catalyst system, and was particularly convenient for synthesis of D-A type electron conjugated aromatics. We consider this approach,4th generation, is the state-of-the-art of the crosscoupling reaction from the view point of atom economy ascribed to the total transformation of C–H bond to
C–C bond via the silyl functionalization. Achievements based on this strategy by us and other, briefly
summarized below, will be discussed.
Keywords: Carbon-Carbon Bond Formation for SDGs
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Cyanobacterial Exopolysaccharide, Sacran, for Biomedical Applications
Maiko Okajima*, Tatsuo Kaneko
Graduate School of Advanced Science and Technology,
Japan Advanced Institute of Science and Technology, Japan
*
Corresponding author: k-maiko@jaist.ac.jp
Abstract
Hydrogels, which are composed of three-dimensional networks of synthetic and/or natural polymers, are
able to absorb a significant amount of water and have been extensively used in various biomedical
applications such as drug delivery, cell carriers, and/or entrapment, wound management, and tissue
engineering. Sacran, which is a cyanobacterial polysaccharide extracted from Aphanothece sacrum
biomaterials, has a super-high molecular weight of over 20 Mg/mol much higher than those of conventional
polysaccharides. Sacran contains 11 % of the sulfate group and 22 % of the carboxyl group to sugar residues
and then behaves as a polyanion having a deep potential well along polymer chains1. Sacran has a function
of liquid crystals in a very thin aqueous solution around 0.2 wt% and a super-absorbent property of 6000
times pure water and 2000 times saline2. Here we found that the physical hydrogel of sacran can be prepared
from the water-cast film by thermal cross-linking. Practically sacran solution with a concentration of 0.5 %
was dried at 60 oC for 12 h to create the thin film (ca. 50 m), and the film was annealed at 70-140 oC to
form anisotropic hydrogels having layer structures in water (Fig. left picture). Then the hydrogels were
predominantly swollen to the direction of thickness. This phenomenon was observed only in highmolecular-weight sacran but not in other polysaccharides. The swollen degrees of the gels were controlled
by the cross-linking temperature, to adjust the swollen degree of the hydrogels from 10 to 400 times. The
structural characteristics were applied for a specific tissue engineering study. L929 mouse fibroblasts were
used to confirm no toxicity and were finely oriented on the hydrogel side face where layer edges made a
striped morphology on its surface, while the flat top faces of the hydrogels did not induce any specific cell
orientation (Fig. middle illustration)3. Further sacran solution was used as an efficient wound-healing
dressing and we accumulated case studies for various patients. Furthermore, we attempted to produce a cell
adhesion gel using the electrostatic interaction between sacran and collagen. It was found that the complex
gelling behavior can be controlled by adding NaCl. The degree of swelling of this gel was reduced by
decreasing the amount of sacran addition. This is because the effect of the carboxyl and the sulfate groups,
which contribute to the swelling degree lost by the complexation of collagen. In addition, the FT-IR results
indicated the sacran and collagen were complexed with keeping the triple helix structure of collagen. Cell
culture behaviors using sacran/collagen gel, adhesion and extension were comparable with those on a cellculture dish (Fig. right picture)4. From the results, the composite gel expands the possibility of application
to scaffolds in living body.
Keywords: Cyanobacteria, Polysaccharide, Anti-allergy, Wound healing, Gels
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Crystalline Hydrogen-bonded Networks
for the Adsorption of Polar Volatile Organic Compounds
Shun Ohta*
Graduate School of Science and Technology, Hirosaki University, Hirosaki 036–8561, Japan
*
Corresponding author: shunohta@hirosaki-u.ac.jp
Abstract
Organic compounds with high vapor pressure at ambient temperature and pressure are defined as volatile
organic compounds (VOCs). Most of VOCs affect adversely for human health and the environment;
therefore, the development of efficient technologies to limit the concentration of VOCs is important, and
adsorption by porous materials would be a promising technique. In this presentation, crystalline hydrogenbonded network structures that can adsorb polar VOCs will be introduced.1
A hydrogen-bonded network structure based on nickel complex 1 is mainly formed by intermolecular
N–H···Cl hydrogen bonds among 1. This material adsorbs oxygenated compounds (e.g. acetone,
tetrahydrofuran, propionaldehyde, acetic acid, and ethyl acetate) and chloroalkanes (e.g. chloroform and
dichloromethane), while maintaining the single-crystalline state (single-crystal-to-single-crystal
transformation). Comparison of the crystal structure between the adsorbed and desorbed states revealed that
the adsorption is induced by the partial N–H···Cl hydrogen bond cleavage, followed by the formation of
hydrogen bond between 1 and polar VOC molecule.
A drawback of 1-based hydrogen-bonded network for the adsorption property is competition with the
adsorption of water vapor. Indeed, the 1-based crystals adsorb water vapor rather than polar VOCs in high
humidity atmosphere. Although the adsorption property was slightly different from that of 1-based material,
this problem was solved by a hydrogen-bonded network based on organic compound 2. The framework of
2-based network is constructed by the N–H···N and O–H···N hydrogen bonds, and can adsorb pentanones,
ethyl acetate, 2-butanone, and diethylamine even at 80–95%RH.
Keywords: Adsorption, Volatile organic compounds, Hydrogen bond, Single-crystal-to-single-crystal
transformation, Water-tolerance
Graphical abstact
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Computational Modelling of Nanoparticles with Applications to Catalysis and
Sustainable Energy
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Abstract
It would be difficult to exaggerate or overestimate the practical importance of the density functional
theory (DFT) method since it has pushed a great deal of progress in understanding the physical and chemical
properties of different materials. Thus, DFT has become the workhorse of computational studies as it
exhibits the best accuracy, but the computational cost presents a crucial roadblock (especially for systems
that contain many atoms). Theoretically, to model the vast intricateness of the effects, conditions, and their
synergy during the reaction conditions, such as the adsorbate’s coverage, the effect of the support,
impurities, defects, the surface roughness of the support and nanoparticles, the size, shape, symmetry, and
dispersion of the nanoparticles, the pre-treatment effect, the effect of pressure and temperature, etc., is
impractical1,2. Thus, theoretical researchers must find structures or models that are representative of the
experimental conditions. However, and despite the recent advances in computational hardware and
computer science, most DFT studies use simplified models based on ideal homogeneous surfaces or small
clusters to explain some experimentally observed trends qualitatively. Such simplified models cannot
reproduce the heterogeneous properties exhibited by nanoparticles1,2 that emerge from their site
heterogeneity. The extent to which computational modeling becomes a dominant factor in the catalysis
community in the 21st century depends crucially on the accuracy and the speed to obtain the results.
Nowadays, there is an ongoing challenge to significantly improve the speed with which new and more
functionalized catalysts are being designed and developed. Elucidating chemical interactions between
catalyst surfaces and adsorbates is crucial for understanding surface chemical reactivity3. Thus, elucidating
the true adsorption states and their activation can reveal the essence of the catalytic reaction, which is
essential for discovering high-performance catalysts2. However, while such simplified structure models can
provide fast results, their accuracy in mimicking more realistic conditions is quite limited. Hence, limiting
the prediction and scalability of the properties of catalytic materials. First-principles calculations of
nanoparticle models based on experimental observations are necessary to escape the constraints arising from
using simplified models.
This work exults the importance of nanoparticle systems in catalytic applications from a computational
point of view.
Keywords: Density functional theory, nanoparticles, adsorption energies, activation energies, vibrational
frequencies.
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Carotenoid-based nanoparticles change their optical properties utilizing
molecular distortion
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Abstract
Certain vegetables and fruits produce carotenoid compounds during their ripening process, which give
them vivid yellow, orange, or reddish colors. The optical properties of carotenoids are of practical importance in
the food industry as they are widely used as natural pigments in various food products. Unlike typical organic
pigments, which have a rigid, aromatic-based molecular structure, carotenoids have flexible molecular structures
derived from polyene skeletons, suggesting carotenoid molecules are easily distorted in response to stress and
change their properties. In this work, we show that molecular distortion plays an important role in the optical
properties of carotenoid-based nanoparticles.1
Nanoparticles of four carotenoids (β-carotene, lycopene, astaxanthin, and lutein) were obtained with < 100
nm in diameter by reprecipitation from their solutions in tetrahydrofuran. Transmission electron microscopy,
electron diffraction analyses, and powder X-ray diffraction measurements revealed that obtained nanoparticles
comprised a crystalline and an amorphous domain.2 It is known that the peak position of the Raman band assigned
to the C=C stretching vibration (ν1) of the carotenoid polyene chain shows a good correlation with the effective
π-conjugation length.3 Detailed Raman spectroscopic analysis showed that the crystalline domain of the
nanoparticles contained less-distorted molecules with a fully extended effective π-conjugation length, whereas
the amorphous domain contained distorted molecules with a short effective π-conjugation length.2 We also found
a good correlation between the absorption spectra and effective π-conjugation lengths of the carotenoids,
indicating that molecular distortion strongly affects their solid-state properties. Our results unveil that actively
controlling molecular distortion in flexible molecules can potentially provide new materials.
Keywords:
carotenoid, nanoparticles, molecular distortion, Raman spectroscopy,
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A Quantitative Calculation Method of Electronic Transition Rate Constants
for Comprehensive Understanding of Emission Mechanism
Katsuyuki Shizu, Hironori Kaji*
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Abstract
Various electronic transitions co-occur in organic molecules, including fluorescence, phosphorescence, nonradiative decays, internal conversion, and intersystem crossing. Molecular properties such as
photoluminescence efficiency depend on the rate constants for the electronic transitions. Accurate
calculations of the relevant rate constants with low computational cost enable us to predict molecular
properties of unknown molecules and to perform high-throughput materials screening.
First, we developed a method of calculating the rate constants for fluorescence, phosphorescence, nonradiative decays, internal conversion, and intersystem crossing with low computational cost based on
quantum chemistry calculations and Fermi's golden rule (Fig. 1).1 We applied this method to the excitedstate decay mechanism of benzophenone, a representative molecule in photochemistry and biochemistry.
The calculated rate constants were in quantitative agreement with the experimental values, confirming the
validity of our method. From the computed rate constants, we also revealed that photo-excited
benzophenone decays to the ground state via a higher triplet state.
Next, we applied the method to the delayed-fluorescence mechanism of an electroluminescent emitter,
DABNA-1 (Fig. 2).2 DABNA-1 has a multiple-resonance (MR) type electronic state and shows a narrow
emission spectrum and high luminescence efficiency.3 DABNA-1-based MR emitters have attracted
significant attention for practical use in organic light-emitting diodes, and there is an urgent need to reveal
their emission mechanism. We calculated the rate constants of DABNA-1 and successfully reproduced the
rate constants and luminescence efficiency.2 Furthermore, we showed that the reverse intersystem crossing
and delayed fluorescence in DABNA-1 occur via a higher triplet state.
Keywords: organic light-emitting diodes; reverse intersystem crossing; benzophenone; thermally activated
delayed fluorescence; multiple resonance

Fig. 1. Method of calculation

Fig. 2. Emission mechanism of DABNA-1.
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A polymer synthesis based on polymer analogous reactions
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Abstract
Considering the current stream in modern polymer and material sciences, the synthetic utility of polymer
analogous reaction, the chemical conversions of polymeric reactants, has been gathering increasing
attentions because polymer analogous reaction paves a way into facile diversity-oriented synthesis of
polymeric materials. However, compared to the development of polymerization reactions, while there have
been major innovations in polymerization reactions such as the development of ATRP and RAFT techniques
to mention a few, the development of polymer analogous reactions has been lagging that of polymerization
reactions. Considering this research background, the author has been focusing on the selection and
optimization of elementary reactions applicable to polymer analogous reactions. In this talk, I would like to
introduce novel polymer reactions via the incorporation of novel organic reactions, including the Passerini
reaction (5-7), the Kabachnik-Fields reaction (9,10), the Petasis reaction (4) and other multi-component
reaction
(8),
and
the
rational
design
of
new
activated
esters
(1-3).

Keywords: Insert maximum of 5 keywords
Polymer analogous reactions, activated esters, multicomponent reactions
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Synthesis of Polyolefins with Cycloalkane Groups
Utilizing Pd-Catalyzed Chain Walking Reaction
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Abstract
Copolymerization of norbornene with ethylene proceeds by various transition metal catalysts, including
metallocene catalysts (eq. 1). The produced polymer contains cis-fused 2,3-norbornylene structure, and
shows high thermal stability and high transparency. In general, it is difficult to control the sequence of these
monomers, although alternating copolymerization of norbornene with ethylene has been achieved by some
catalysts. We have reported that diimine palladium catalysts promote isomerization polymerization of
alkenylcyclohexanes1 and 4-alkylcyclopentenes.2 The produced polymers contain oligomethylene groups
with regulated length and trans-fused cyclohexylene or cyclopentylene groups alternatingly along the
polymer chain. Diimine palladium catalysts are also effective for polymerization of olefins with relatively
low reactivity, such as methylene cyclohexane with 1,1-disubstituted olefin structure.3
Example of transition metal-catalyzed polymerization of trisubstituted olefins has been rare because of
their low polymerizability. Herein, we report isomerization polymerization of 2-alkylnorbornene by diimine
palladium catalysts (1/NaBARF, BARF = [B{C6H3(CF3)2-3,5}4]- (eq. 2). The produced polymers contain
oligomethylene groups and 2,3-norbornylene groups alternatingly along the polymer chain. The
stereochemistry of the norbornylene group is controlled in trans structure, which is in contrast to the
ethylene-norbornene copolymer. The oligomethylene spacer in the polymer can be controlled by the length
of the alkyl group in the monomer. The produced polymers show their glass transition temperature in the
range 7 – 144 ℃, and it gets lower as the length of the oligomethylene groups in the polymer becomes
longer.

Keywords: Pd catalyst, norbornene, isomerization polymerization, cycloolefin polymer.
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Synthesis of ethylene-propylene rubber crosslinked by dynamic covalent
bonds
Ryo Tanaka*, Hiroya Fujii, Yusuke Bando, Yuushou Nakayama, Takeshi Shiono
Graduate School of Advanced Science and Engineering, Hiroshima University.
*
rytanaka@hiroshima-u.ac.jp
Abstract
Alkenylboronic acid is a promising comonomer for polyolefin synthesis because boronic acid can be used
for polymers which undergo crosslinking via dehydration-trimerization reactions. However, examples of
copolymerization of olefins and alkenyl boronic acid or its derivatives using coordination polymerization
were scarce because the boronic acid-containing comonomers generally cause transmetalation with many
organoaluminums and therefore cannot coexist with generally used cocatalysts such as
methylaluminoxane (MAO). Previously, we newly developed boronic acid-based comonomer, which
gained copolymerization ability with olefins by masking boronic acid functionality with
diaminonaphthalene (dan). Protection of boronic acids with dan is a well-known strategy in Suzuki
coupling because dan can reduce the Lewis acidity on the boron atom and prevent the transmetalation, and
dan also can prevent the transmetalation with MAO. After polymerization, dan can be deprotected only by
the reprecipitation of the polymer into acidic methanol, which is the common method to separate olefin
polymerization catalyst containing organoaluminum species and polymer. We have already achieved the
synthesis of partly crosslinked isotactic polypropylene (iPP) with improved mechanical strength using
MAO-activated Zr catalyst, without loss of its stereoregularity1.
Here, we investigated the synthesis of ethylene-propylene copolymer bearing boronic acid functionality
using the same strategy as crosslinked iPP. Terpolymerization of ethylene, propylene, and boroncontaining comonomer gave the terpolymer with high molecular weight (>105) and narrow molecular
weight distribution. This terpolymerization is applicable to gram-scale synthesis. The obtained crosslinked
terpolymer showed much higher mechanical strength than the conventional ethylene-propylene rubber
vulcanized with sulfur even in the presence of less than 1 mol% of boronic acid functionality. Moreover,
the crosslinked boroxine can be decomposed into boronic acid ester by heating the rubber with
diethanolamine. The synthesized terpolymer is expected to be a recyclable ethylene-propylene rubber with
improved mechanical properties.
Keywords: Rubber, EPDM, coordination polymerization, dynamic crosslinking
Graphical abstact
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Synthesis of poly(dimethylsiloxane)-containing n-type semiconducting
polymers and their application to OFET
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Abstract
To date, poly(dimethylsiloxane) (PDMS)-based materials have been developed to utilize their unique
properties, such as backbone flexibility and good solubility in organic solvents, in many applications. In the
present study, we successfully synthesized multiblock copolymers consisting of PDMS, naphthalenediimide (NDI), and bithiophene units by statistical terpolymerization. First,
-chain-end-functionalized
PDMS with 4-bromophenyl groups (BrPh-PDMS-PhBr) was obtained by metal-free controlled ring-opening
polymerization of cyclotrisiloxane using a strong organo-base catalyst, followed by an end-capping reaction
with (4-bromophenyl)chlorodimethylsilane. BrPh-PDMS-PhBr was found to be a key material in the
statistical terpolymerization of BrPh-PDMS-PhBr, NDI, and bithiophene monomers based on the MigitaKosugi-Stille coupling reaction. Indeed, three PDMS-containing multiblock copolymers were successfully
synthesized with different PDMS compositions of 10, 16, and 36 wt%. Multiblock copolymers with 10 and
16 wt% of the PDMS segment exhibited clear n-type characteristics ((1.5  1.3)  10−3 and (1.7  1.5) 
10−5 cm2 V−1 s−1 for 10 and 16 wt% samples, respectively), despite the incorporation of insulating PDMS
segments along the -conjugated main chains. In particular, the 10 wt% sample maintains an electron
mobility in the order of ~10−3 cm2 V−1 s−1 as well as reference PNDI thin-film ((7.8  2.1)  10−3 cm2 V−1
s−1), which may be due to the phase separated morphology between PNDI and PDMS domains, not
significantly scarifying n channels in the film.
Keywords: n-type semiconducting polymer, poly(dimethylsiloxane), poly(naphtalene-dimide),
multiblock copolymer.
Graphical abstact (Optional)
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Development of marine biodegradable bioplastics using polysaccharides
Yu-I Hsua,*, Hiroshi Uyamaa
a
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*
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Abstract
Large amounts of floating plastic debris have been reported in the oceans, resulting in a growing
concern regarding the accumulation of plastic litter therein. Certain conditions, such as a suitable
temperature, light exposure, oxygen demand, and CO2 evolution, are required to break down polymer
chains. Because of these conditions, plastics can remain in marine environments for more than three years
without losing strength and stability. Therefore, there is an increasing demand to develop plastics that
rapidly disintegrate in marine environments.
Cellulose and starch are biocompatible, biodegradable, renewable, and abundant biomass. The
enzymatic hydrolysis of cellulose and starch is accomplished by the synergistic action of cellulase and
amylase enzymes. Because marine microbes are potential sources of cellulases and amylases, single-use
plastics prepared using biomass, such as cellulose and starch, can potentially degrade in marine
environments. However, the instability of cellulose and starch in freshwater restricts their application. In
this study, we prepared a cellulose nanofiber-reinforced starch film that rapidly degrades in marine
environments. (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl (TEMPO) mediated oxidation was performed to
prepare highly fibrillated TEMPO-oxidized cellulose nanofiber (TCNF). The TCNF was blended with
cationic starch (CS) to develop a TCNF/CS film, which exhibited adequate mechanical strength (~50 MPa)
and freshwater durability. In contrast, the neat TCNF and CS films collapsed in freshwater. Results showed
that the TCNF/CS film disintegrated and lost its strength and stability in seawater. The wet strength of the
TCNF/CS film decreased to ~50 kPa after 28 days of seawater immersion, while that of the neat TCNF film
was steady at a wet strength of ~25 MPa due to ionic crosslinking. Owing to its rapid disintegration ability
in marine environments, the TCNF/CS film is a potential next-generation packaging material that can help
address the problem of floating debris.
Keywords: Polysaccharides, Rheology, Swelling, Thermal Properties, Packaging
Graphical abstact
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Slide-Ring Materials with Polyrotaxane
Kohzo Ito
Graduate School of Frontier Sciences, The University of Tokyo, Japan
*
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Abstract
We have developed a novel type of polymeric materials such as slide-ring (SR) materials and pseudopolyrotaxane (PPR) nanosheet with cyclodextrins (CyDs). In the SR materials, polymer chains are
topologically interlocked by figure-of-eight cross-links. Hence, these cross-links can pass along the polymer
chains freely to equalize the tension of the threading polymer chains similarly to pulleys. Recently, we have
just reported the stretch induced crystallization of the SR gel, which leads to extremely high toughness and
recoverability. The concept of the slide-ring gel is not limited to cross-linked gels but also includes
elastomer, cross-linked polymeric materials without solvent. Accordingly, it can be applied to wide area
such as paints, rubbers, soft actuator, resins and so on. The slide-ring materials were used as a key
technology to create tough polymers for automobile. For instance, the mechanical properties of polyamide
resins and carbon fiber reinforced plastics were improved drastically.
Keywords: slide-ring materials, polyrotaxane, cyclodextrin, toughness
Graphical abstact (Optional)

Schematic diagram of slide-ring materials.
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Electrochromic Devices with Metallo-Supramolecular Polymers
Masayoshi Higuchi*
*

National Institute for Materials Science, Japan
Corresponding author: HIGUCHI.Masayoshi@nims.go.jp

Abstract
Coordination polymers are polymeric compounds including metal complex moieties and expected to show
unique optical and electrochemical properties unlike conventional organic polymers. We found that metallosupramolecular polymers (MSPs), a kind of coordination polymers, exhibited excellent electrochromic (EC)
properties by the electrochemical redox of the metal ions in the polymers (Fig. 1a).1 The color changes are
caused by the appearance and disappearance of the metal-to-ligand charge transfer (MLCT) absorption of
the metal complex moieties. We also succeeded in fabricating EC devices (ECDs) with MSPs (Fig. 1b).2
In my presentation recent progress on synthesis of MSPs including precise alignment control of
three metal species,3 the EC properties, and the ECD fabrication.
Keywords: metallo-supramolecular polymer, electrochromic, display, device

Fig. 1. (a) Electrochromic behavior of polyFeL1, one of metallo-supramolecular polymers (MSPs) and (b)
a structure of an electrochromic device (ECD) using an MSP.
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Emulsion-templated Synthesis of Smart Nanocapsules and Core-shell
Microgels
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Abstract
Smart soft nanomaterials that undergo changes in their properties in response to external stimuli, such as
temperature, redox, and pH, are of great interest because they have fascinating applications including drug
delivery systems (DDSs). Recently, we have designed novel water-soluble emulsifier composed of
hydrophilic poly(methacryloyloxyethyl phosphorylcholine) (PMPC) and hydrophilic/lipophilic
poly[oligo(ethylene glycol)methacrylate] (POEGMA) , which stabilized the water-chloroform interface to
form water-in-oil (W/O) emulsion.1) This paper describes the preparation of reductively responsive
nanocapsules and temperature-responsive core-shell microgels by utilizing the W/O emulsion stabilized
with water-soluble emulsifier.
The reductively responsive nanocapsules were prepared by the inverse miniemulsion periphery reversible
addition fragmentation chain transfer (RAFT) copolymerization of poly(ethylene glycol) methacrylate with
bis(methacryloyloxyethyl disulfide) from the surface of W/O emulsion. The resulting nanocapsules were
colloidally stable in both the water and the chloroform continuous phases. The nanocapsules controlled the
release of model drugs loaded in the nanocapsules in response to reducing environments because of the
cleavage of disulfide crosslinks of the capsule layer.1)
The water-dispersible core-shell microgels were prepared by inverse miniemulsion RAFT copolymerization
of MPC and N,N'-methylenebisacrylamide in the water droplet of the W/O emulsion. The resulting PMPC
core-shell microgels with POEGMA shell had a diameter of approximately 270 nm. Upon heating, the
PMPC core–shell microgel dispersion appeared turbid above 38 °C owing to the hydrophilic-to-hydrophobic
transition of the POEGMA shell in response to temperature.2)
These smart soft nanomaterials will contribute significantly to the development of smart carriers for DDSs,
diagnostic materials, and nanobioreactors.
Keywords: Nanocapsule, Core-shell microgel, Block copolymer emulsifier, W/O emulsion, Emulsion
polymerization
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Dynamic Molecular Assemblies toward Ferroelectricity
Tomoyuki Akutagawa*
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Japan.
*
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Abstract
Unlike inorganic materials, diverse intermolecular interactions in molecular assemblies form a variety of
chemically designing freedom in terms of electronic structure and structural flexibility. Electronic dynamics
in molecular assemblies realize interesting dynamics related to the electron localization-delocalization
behavior, while the other dynamic such as proton transfer, ion transport, molecular inversion, and rotation
has a potential to fabricate a new functional molecular assembly.
We have been reported a dipole rotator type ferroelectric material in a metal complex by using a
supramolecular cationic structure. In solids, the rotational motion of m-fluoroanilnium was responsible to
an external electric field (Fig. 1a), which induced the dipole inversion and hysteresis in the electric fieldpolarization curve. Similarly, the dipole inversion dynamics of intermolecular amide type hydrogen-bonds
in alkylamide chain (CnH2n+1NHCO−) indicates ferroelectricity derived from the polarization inversion in
the direction of polar hydrogen-bonding chain (Figs. 1a, 1b). The π-electron cores bearing alkylamide chains
have a diverse designing strategy from benzene, pyrene, helicene, azobenzene, etc., making it possible to
create multifunctional organic ferroelectric materials. It is also possible to design ferroelectrics based on the
bowl-to-bowl inversion of non-planar - molecules such as trithiasumanene (Figs. 1a, 1c). Researches on
the integration of diverse dynamics in molecular assemblies with physical properties will be presented.
Keywords: Ferroelectrics, Dynamics, Molecular assembly, Hydrogen-bond, Liquid crystal
Graphical abstact

Figure 1. Molecular ferroelectrics using dynamics in molecular assembly. a) Molecular
structures of dipole rotator, alkyamide-substituted pyrene, and trithiasumanene. b) Dipole
inversion of the direction of amide-type N−H•••O= hydrogen bond. c) T-dependent P – E
hysteresis of trithiasumanene derivatives.
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Separation of semiconducting carbon nanotubes using isomaltodextrin and
thin-film transistor applications
Haruka Omachia,b*
a
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Abstract
Single-wall carbon nanotubes (SWCNTs) possess a range of potential applications for high-performance
electronic devices, such as thin-film transistors (TFTs), due to their excellent electronic properties,
chemical/mechanical strength, flexibility, and solution processability. However, the electrical properties of
SWCNTs can be modified by changing the SWCNT chirality from a semiconducting to a metallic character.
As-synthesized SWCNTs typically contain one-third metallic (m-) and two thirds semiconducting (s-)
SWCNTs. Therefore, high purity s-SWCNT separation techniques are required prior to their application in
electronic devices.
Recently, we developed a rapid and single-step ATP extraction of high-purity s-SWCNTs using
isomaltodextrin (IMD), which a highly branched α-glucan containing 66.3% α-1,6-glucosidic linkages.1 It
was revealed that the ATP separation of SWCNTs occurred due to both the hydrophobic/hydrophilic
difference and the interaction with helical structures possessing continuous α-1,6-glucosidic linkages. We
also developed the cross-linking gelation of IMD, enabling the high-purity separation of s-SWCNTs.2
Furthermore, an efficient method for the fabrication of SWCNT thin films using cross-linked
methoxycarbonyl polyallylamine (Moc-PAA) was established.3 The cross-linked Moc-PAA layer provided
a smooth surface terminated with amino groups to form the s-SWCNT networks. We successfully
manufactured SWCNT-TFTs on both rigid and flexible substrates.
Keywords: Carbon Nanotube; Isomaltodextrin; Semiconducting CNT; M/S Separation; Thin Film
Transistor
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Odor threshold prediction using machine learning
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Abstract
The odor threshold is the lower limit of concentration at which an odor can be perceived and is used to
describe the intensity of the odor. Its thresholds are applied in the field of bioscience, food chemistry and
environmental pollution.1 Odor compounds may result in undesirable effects among animals when used in
excess. Therefore, it is important to search for compounds with low odor thresholds for commercial
applications such as the production of perfumes. The odor threshold is also used as an indicator to identify
odor causing compounds in a mixture. Therefore, it is necessary to know the relationship between odor
threshold and chemical structures. The odor sensation is the most complicated chemical sense because there
exist many different receptors to distinguish numerous odorous compounds. Many studies have been
performed to reveal the relationships between the characteristics of compounds and their odor properties;
however, to our best knowledge, no general theory has been established2, and thus, an exhaustive long-term
analysis is required. In this study, we utilize machine learning to develop mathematical model to predict
odor thresholds from molecular descriptors of compounds. Regression method such as nonlinear support
vector regression and random forests to construct the model. In addition, transfer learning was performed
using two types of odor threshold datasets measured with different experimental methods. Even with a small
amount of training data, the predictive ability of odor threshold estimation model could be improved by
using odor threshold data measured in a similar environment as source domain.

Keywords: QSAR, Odor threshold, Molecular descriptors, Machine learning, Transfer learning
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Optimization of experimental conditions with machine learning
for organic synthetic reactions using transition-metal catalyst
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Abstract
In recent years, optimization of experimental conditions with machine learning has been attracting
increasing attention because it is expected to decrease development time and costs. Conventional
optimization of experimental condition with machine learning constructs an estimated model Y = f(X)
between yield Y and molecular descriptors X of catalyst, while the other experimental conditions are fixed.
Y values are predicted by inputting X values whose yield is unknown into the constructed model. However,
in actual synthesis experiments, not only the catalyst but also the reaction temperature and time can change
and have the important effects to the yield. In cross-coupling reactions, the substrates are also important
because the product is the same even when the substrates are changed. Thus, it is important to consider all
experimental conditions. In the previous study, based on X considering all experimental conditions, the
target yield for the allyl chloride substrate was achieved, but not for the allyl bromide substrate 1. Further
development of expressing X for diverse substrate is required. Our objective in this study is to develop
features X considering all experimental conditions (substrates, catalysts, ligands, bases, solvents, reaction
temperatures, and reaction times). Various methods, including consideration of intermediates and similarity
between experimental conditions, were proposed and validated using a dataset of the reactions in which two
cross-coupling reactions occur at the same time, adding data collected from academic papers. Experimental
conditions using the allyl bromide substrate were proposed based on Bayesian optimization using the best
X, and the actual synthesis successfully achieved the target yield.
Keywords: catalyst, ligand, machine learning, Bayesian optimization, chemical reactions
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Efficient design of experiments for LaFeO3 crystallites via Bayesian
optimization.
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Abstract
Crystalline materials are used in a wide range of fields such as semiconductors, photocatalysts, biomaterials,
and environmental catalysts. The properties of crystalline materials such as luminescence, catalytic
properties, surface energy, solubility, electronic and ionic conductivity depend on the morphology.
Furthermore, to improve and control the properties of crystalline materials, it is necessary to control the
morphologies through crystal growth. Flux method has been attracting attention in the development of
crystalline materials because of its ability to grow crystals (crystallites) with various morphologies by
controlling growth conditions. However, the relationships between the growth conditions in flux method
and the obtained crystal morphologies have not been completely clarified. To design a process for each
desired crystalline materials, many experiments are required, and then, it takes a great deal of cost and
development time. To improve efficiency of the process, machine learning was introduced in the design of
crystalline materials using flux method. Bayesian optimization (BO), which is a machine learning approach
used to propose next promising candidates of experimental conditions from past experimental data based on
Gaussian process regression (GPR), was focused on in this study. To produce LaFeO3 (LFO) crystallites
with desired particle size and shape, an initial data set was prepared by conducting 10 samples of
experimental conditions to have much variation in experimental conditions as possible with D-optimality,
first. Then, after constructing GPR model with the experimental results, we searched for next experimental
conditions under which LFO with smaller particle size could be synthesized with the model, and proposed
promising candidate experimental conditions by BO. We could achieve the smaller particles size of LFO
than that in the first 10 experimental results. It was confirmed that design of experimental conditions for
growing crystals with the desired crystal morphologies was performed by using BO.

Keywords: Bayesian optimization, Crystalline materials, flux method, LaFeO3, machine learning
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Fault Detection and Diagnosis for Thermometers
with Machin Learning in Metal Production Process
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Abstract
In the metal production process, raw materials are shipped through various processes where temperature
control is important, such as hot rolling and annealing, and it is desired to operate the process
automatically and stably. There exist two problems in the process: 1. long-term operation in high
temperature and abrasion environments can cause equipment performance degradation and sudden
failures1, and 2. it is difficult for a thermometer to measure temperature when the thermometer fails. The
objectives of this study are to predict temperature of a thermometer from the other thermometers in a
continuous annealing line in the process and to detect and diagnose faults of the predicted thermometer
anomaly. One problem in the prediction is that the relationships between thermometers can differ
depending on the properties of metals, which are affected by the way of heat treatment such as heating and
cooling in the process. In this study, the properties of metals are considered in the prediction, and
regression model is constructed between x and y where y is temperature of a target thermometer and x is
temperature of other thermometers, the amount of the components in metals, and the thickness and width
of metal sheet with a dataset operated in normal states. Light gradient boosting machine2 which is a
nonlinear regression method, was used to consider nonlinearity between x and y, and the models with high
predictive ability could be constructed. Test data including both data measured in abnormal states and data
measured in normal states were input into the constructed models and the target thermometers were
predicted. Simulations based on the prediction errors, which were the difference between the predicted
temperature and the measured temperature, successfully achieved to detect abnormal thermometers and
diagnose the target thermometers.

Keywords: Fault detection, Fault diagnosis, Machine learning, Thermometer, Metal production process
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Prediction of Herbicide Activity with Descriptors
on Local Properties of 3D Chemical Structures
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Abstract
Since the world population is expected to reach 9 billion by 2050, crop productivity must be increased.1 One
of the causes of reduced crop production is weeds. Herbicides are widely used to eliminate weeds, and new
herbicides have been actively developed. In recent years, machine learning has been used for efficient
molecular design. For example, classification models between molecular descriptors x of chemical
structures and the positive or negative activity y are constructed, and y can be predicted for new structures.
For the models with high predictive ability, the local properties of 3D chemical structures are important
because biological activity varies greatly depending on the type of functional group and 3D conformation.
In this study, we aimed to improve the prediction accuracy of the herbicidal activity classification model by
developing descriptors that consider the local properties of 3D chemical structures. First, molecular
properties such as charge and hydrophobicity were calculated for each point in 3D space with Flare
software2, which is a software for drug design. However, because the points depend on chemical structures
and the number of the points is not constant, the points cannot be directly used as x. Using clustering
methods, we equalized the number of descriptors among compounds and proposed new 3D descriptors. To
verify the validity of the proposed 3D descriptors, we constructed classification models for four weed
species. The addition of the proposed 3D descriptors to x improved the predictive accuracy of the
classification model, confirming the effectiveness of our proposed descriptors. We consider that the
herbicidal activity prediction model constructed in this study can be used to propose efficient new
herbicides, and that the proposed 3D descriptors can be used not only for the design of herbicides but also
for that of new compounds in a wide range of fields.

Keywords: Herbicides, 3D Descriptors, QSAR, Machine learning, Materials Informatics
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Machine Learning and Process Design Optimization Approaches for
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Abstract
Membrane-based separation process is one of the most promising gas separation technologies regarding
energy efficiency and design flexibility. Previous studies on membrane materials have achieved thousands
more polymer candidates to exceed the Robeson upper bounds1, which is the Pareto front for gas
permeability and selectivity. Not only design of membrane materials but also membrane separation process
design is focused on in this study. The objective in the process design is to minimize the annual process cost
by changing the configuration of the number of separation stages, pressure ratios, and connections, including
recycling, and the structure of each unit operation. Because designs of membrane materials and those of
membrane separation process have been separately studied with different objectives, the optimal membrane
material does not necessarily perform the most efficiency and the minimum cost of the entire process. In
this study, we proposed the approach to explore both the optimal gas separation membrane material and the
optimal process by combining machine learning and process design. The machine learning models y=f(x)
were constructed for membrane material exploration with polymer structures x and experimental gas
permeabilities y. Then, the unknown values of y were predicted by inputting x of new candidates of polymer
structures into the models. In the membrane process, the optimization calculation was run to solve a mixedinteger nonlinear problem which formulated the process (e.g., mass and material balance equations). The
optimal process that satisfied the desired product purity, gas recovery and the minimal process cost was
searched for by changing the selection of membrane materials, pressure ratios, and connections in a 3-stage
cascade process, and then, both the optimal candidate membrane material and the process conditions could
be proposed. We believe that our proposed method contributes to improving the efficiency of both
membrane material design and process design.

Keywords: Membrane module, Machine learning, Process design, Materials Informatics, Optimization
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Abstract
Living tissues are growing materials. For example, our skeletal muscles grow bigger and stronger
through repetitive physical exercise. In contrast, no synthetic materials can grow like muscles. Why living
tissues can grow but synthetic materials cannot? Living tissues are dynamic and open system. Their
structures are continuously destructed and reconstructed by using nutrients supplied from outside. Such
processes are called metabolism. Metabolic reactions roughly consist of 3 essences; nutrient intake from
outside, destruction of original structure, and reconstruction of new structure by using the taken nutrients.
On the other hand, typical synthetic materials are close and static system. They cannot take nutrients
(building blocks) from outside and then cannot reconstruct their structure. Inspired by biological
metabolism, our group has first realized self-growing materials by introduction of 3 essences of metabolism
to the materials [1,2]. Our approach is use of double-network (DN) gels. DN gels are tough interpenetrating
network gels consisting of the brittle first and the ductile second networks. First, DN gels (and other gels)
are open system which can exchange molecules with outside through diffusion. It means DN gels can take
monomers (nutrients) from outside when immersed in the monomer and cross-linker solution. Second, when
a DN gel is deformed, strands of its brittle network preferentially rupture before macroscopic breakage of
the gels. This internal fracture of the brittle network strands can be deemed as the destruction process. Third,
the preferential rupture of the brittle network leads generation of lots of mechanoradicals (~10 -5 M). Such
mechanoradicals can trigger polymerization of the taken monomers and cross-linkers in the DN gels to
reconstruct the new network, which can add new mechanical properties and functions to the DN gels. In this
way, we constructed the self-growing DN gels that responds to mechanical stimuli.

Keywords: Gel, Metabolism, Mechanochemistry, Double Network, Radical Polymerization
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Tetrathienylene Derivatives.
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Abstract
Tetrathienylene has a non-planar −conjugated system derived from cycrooctatetraene (COT). There are
two structural isomers in tetrathienylene depending on the ring fusion mode of thiophene ring to the COT
unit, tetra[2,3]thienylene (1) and tetra[3,4]thienylene (2). There have been many studies on tetrathienylene
about molecular assembly structures and its molecular structures. For example, we have reported the threedimensional molecular assembly structures of tetrathienylene with carboxyl groups.[1, 2] On the other hand,
few studies have been reported in the physical properties for each structural isomer. In this work, we newly
synthesized tetrathienylene derivatives with aryl or phenylethynyl substituents (1a-1d, 2a-2d in Fig. 1) to
compare the physical properties and molecular assembly structures between structural isomers. To
investigate optical and redox properties of each compound, UV-Vis spectra and cyclic voltammetry (CV)
were measured. Absorption bands of UV-Vis spectra of 1a-1d were 40-60 nm red shifted from those of 2a2d. CV measurement revealed that 1 had two steps of oxidation waves and one reversible reduction wave,
whereas 2 had only one irreversible oxidation wave. These results show significant difference in electronic
states for each structural isomer. To discuss the difference, DFT calculations were performed. HOMO and
LUMO of 1a-1d were delocalized on their central COT ring, while those of 2a-2d localized on their
thiophene rings and terminal substituent groups (Fig. 2). These difference in conjugation system lead
different electron donating and accepting ability between 1 and 2, which are consistent with UV-Vis and
CV measurements. To evaluate molecular assembly structures, single crystal X-ray analysis was performed.
For example, molecular structures of 1c and 2c had a similar saddle-shaped structure in the crystal. While
1c has a co-planar structure between thiophene ring and aryl substituent groups, and 2c has a largely twisted
aryl substituent groups to form a closest-packed structure in the molecular assembly.

Keywords: Tetrathienylene, Structural isomer, Molecular assembly

Fig. 1 Molecular structures of 1, 2, and 3

Fig. 2 HOMO of 1b (left) and 2b (right)
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A comparative study of amine-impregnated mesoporous silica for capturing
dry and humid 400 ppm carbon dioxide
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Abstract
"Direct Air Capture (DAC)" is a method to capture CO2 molecules from the atmosphere. It can be regarded
as artificial negative emission to decrease the concentration of CO2 in the air and DAC has been attracted
as a beneficial way to solve global warming.
Here, amine-impregnated mesoporous silica adsorbents were prepared for capturing 400 ppm CO2
adsorption at room temperature under dry and humidity conditions1. Five types of amines–polyethylenimine
(PEI), tetraethylenepentamine (TEPA), triethylenetetramine (TETA), diethylenetriamine (DETA), and
ethylenediamine (EDA)–and three types of mesoporous silica with different pore structures (SBA-15,
MCM-41, and MCM-48) were used. SBA-15 samples with 50–60 wt% loadings of TEPA and TETA
showed a relatively high adsorption capacity of approximately 2 mmol g−1. The adsorption capacities of
EDA and DETA loaded samples were less than 0.5 mmol g−1. The PEI impregnated SBA-15 exhibited
relatively high CO2 adsorption rate (0.058 mmol g−1 min−1). X-ray diffraction, Fourier transform infrared
spectroscopy, N2 adsorption/desorption, and scanning electron microscopy revealed that the amines filled
the mesopores of the sample. The amines also covered the outer surface of the mesoporous silica with narrow
pore sizes (MCM-41 and MCM48). In humid conditions, SBA-15 with 50 wt% loading of PEI, TEPA, and
TETA showed an adsorption capacity of 2.16 mmol g−1, 2.12 mmol g−1, and 1.80 mmol g−1, respectively.
An enhanced capacity was observed under humid conditions, especially for the PEI-loaded samples. During
the cyclic adsorption test, PEI-and TEPA-impregnated SBA-15 exhibited superior cycling stability
compared to the sample with TETA, where the material retained a capacity of approximately 2 mmol g −1
over 10 cycles.
Keywords: CO2 adsorption, direct air capture, Mesoporous silica, amine, humidity
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Abstract
Doping the electrolyte systems with dopant, filler or nanomaterial is one of the innovative approaches to
improve the characteristics of polymer electrolytes. Composite polymer electrolytes composed of
poly(acrylic acid) and lithium tetrafluoroborate (LiBF4) have been synthesized with varying fractions of the
barium titanate (BaTiO3) via solution casting technique. Dielectric study of the polymeric matrices indicates
important insight of the amount of charge stored in the material. Several characterizations were carried out
to interpret the effect of dopant in the dielectric properties of poly(acrylic acid)/LiBF 4/BaTiO3 electrolyte
systems. In this study, the frequency dependent dielectric permittivity, loss tangent and dielectric modulus
have been investigated at ambient temperature. In dielectric permittivity study, the dielectric constant rises
dramatically with the decreasing of frequency. This is due to the charge carrier accumulation at the
electrode-electrolyte interface. Dielectric permittivity study confirmed the formation of electrical double
layer. This describes the non-Debye characteristic of the composite polymer electrolyte. The plot of
frequency dependence of real and imaginary parts of dielectric moduli for the composite polymer
electrolytes with different dopant content indicates the absence of the relaxation peaks and an abrupt
increase at a higher frequency. The plots also demonstrate the long tails which move towards zero at a lower
frequency regime. The long tail exhibits the suppression of electrical double layer which attributed to the
high capacitive of the electrode. The incorporation of barium titanate in poly(acrylic acid)/LiBF4 electrolyte
system shows the potential value of this newly designed electrolyte in the electronic and electrochemical
applications.

Keywords: Barium titanate, dielectric permittivity, loss tangent, dielectric modules, lithium
tetrafluoroborate
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Effect of zein on barrier properties of gellan gum-based film
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Abstract
A substantial increase in single-use plastic usage in the food service sector is observed during the Covid-19
pandemic. Most plastic wastes end in landfills, incinerated or leaking into the environment, thus contributing
to environmental pollution and global warming. To reduce plastic production and usage, environmentally
friendly and sustainable packaging material is essential to provide an alternative to food manufacturing.
Hence, this study aims to explore the use of gellan gum as a single-use plastic alternative and investigate
the effect of hydrophobic zein protein on film functionality properties such as viscoelastic, molecular,
physical, mechanical and barrier properties. Film forming solutions (FFS) exhibited solid-like behaviour
(G’>G’’), and stronger networks were formed with increasing zein concentration, evident with a loss factor,
tan (), lower than 0.1. FFS has low-frequency dependency, which indicates a ‘true-gel’ behaviour.
Increasing zein concentration also increases the G’ and promotes entanglement with gellan gum polymer.
Findings demonstrated that the 0.5% high acyl gellan gum makes an excellent composite film. The addition
of zein significantly (p<0.05) improved surface hydrophobicity by increasing the water contact angle to
above 90, and the swelling ratio was reduced. Water vapour permeability of high acyl gellan gum decreased
significantly (p<0.05) with zein addition by 25%, and similarly, the oxygen permeability also reduced by
27%. These observations are likely due to the hydrophobic nature of zein, which repels water, and tortuous
paths are created, which delay the movement of moisture and oxygen across the film. Observation from
AFM and FESEM reveals irregular gellan gum granules with small, round zein particles and evenly
distributed throughout the film. This morphology might be related to the film's high hydrophobicity and
excellent barrier properties. As a result, the incorporation of zein improves the hydrophobicity of GG film.

Keywords: hydrophobicity; zein; water permeability; barrier properties

358

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

ICPAC KK / ISAPM 2022 – Abstracts
GSP 03 – Invited Lecture

Biowaste resourced cellulose for sustainable energy and healthcare
applications
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Abstract
Sourcing primary materials from renewable sources is the most desired way to promote sustainability and
decarbonize material production and processing sectors [1]. We have derived cellulose (CL) or cellulose
acetate (CA) from oil palm waste and developed them to fabricate high performance electrochemical
capacitors and wound healing scaffolds. For energy application, we have fabricated flexible, ultralight,
freestanding electrochemical capacitor using a composite of cellulose/SWCNTs (CL/CNTs) electrode films
and cellulose/NaHSO4 hydrogel electrolyte [2]. Herein, we took advantage of the renewability and
flexibility of cellulose in combination with the high conductivity and storage capacity of SWCNTs to create
a high specific energy (>90 Wh‧kg-1) and specific power (~1.5 kW‧kg-1) flexible device at the current density
of 1 A‧g-1. The new cellulose/NaHSO4 hydrogel electrolyte provided stable cycling, leading to non-leakage
device exhibiting ~100% capacitance retention after 3000 cycles. For wound healing, a composite of
curcumin-loaded 90% cellulose acetate (CA), 9% poly(ε-caprolactone) (PCL) and up to 1% curcumin was
developed as nanofiber scaffolds and characterized for the fiber morphology, microstructure, thermal
properties, and wettability [3]. The role of curcumin is shown to be two-fold: the first is its function as a
drug and the second is its role in lowering the water contact angle and increasing the hydrophilicity. The
enhanced hydrophilicity contributed to improve the swelling of the scaffolds. The drug-release studies
revealed the highest cumulative drug release of 60% and 78% for CA/PCL/Cur (0.5%) and CA/PCL/Cur
(1.0%) nanofibers, respectively. The in-vitro studies showed that CA/PCL/Cur (0.5 wt.%) and CA/PCL/Cur
(1.0 wt.%) nanofiber scaffolds facilitate a higher proliferation and expression of actin in fibroblasts than
those scaffolds without curcumin for wound healing applications.
Keywords: Sustainable Materials; Biowaste; Supercapacitors; Regenerative medicine; Natural medicine

References
1. R. Jose and S. Ramakrishna, Science of the Total Environment, 2022, 806, 151208
2. B Pal, JB Matsoso, AK Parameswaran, PK Roy, D Lukas, J Luxa, P Marvan, J Azadmanjiri, Z
Hrdlicka, R Jose, Z Sofer, Electrochimica Acta, 2022, 415,140239
3. NN Suteris, A Yasin, II Misnon, R Roslan, FH Zulkifli, MH Ab Rahim, JR Venugopal, R Jose, Int.
J. Biol. Macromol. 2022, 198, 47-156

22 - 27 November 2022, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia

359

ICPAC KK / ISAPM 2022 – Abstracts
GSP 04P - Poster Presentation

Synthesis of a Non-Isocyanate Polyurethane via Microwave-assisted Method
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Abstract
The conventional synthesis of polyurethanes involved reaction of petrochemicals derived polyols and
polyisocyanates. However, the toxic isocyanates would give negative impact to health and environment.
The aim of this work is to produce a non-isocyanate polyurethane (NIPU) via an energy saving reaction
method. The unsaturations of the vegetable oil were first converted into epoxy rings via in-situ peroxy acid
reaction. Subsequently, purified carbon dioxide was used to react with epoxides in the presence of
tetrabutylammonium bromide (TBAB) and ascorbic acid at atmospheric pressure to produce the carbonated
oils (90-92% conversion). The carbonates were then reacted with 1,4-butanediamine under a solventless
condition to produce the NIPU using a microwave synthesiser at 50 °C. FTIR analysis proven the ring
opening of the C=O carbonates at 1801 cm-1 (1) into C=O urethane at 1697 cm-1 and 1716 cm-1, N-H bending
at 1537 cm-1 and C-N stretching at 1246 cm-1 (2). The 1H NMR spectroscopy recorded the formation of
cyclic carbonates at 4.39-4.94 ppm in the carbonated oil (3) and the formation of urethane at 3.20 ppm and
3.53-3.68 ppm in the NIPU (4). The molecular weight of the NIPU was determined by gel permeation
chromatography analysis (GPC). In conclusion, the microwave-assisted method resulted in a more complete
conversion of carbonates into NIPU with 4 times shorter duration as compared to the conventional heating
method. The NIPU produced from the renewable feedstock will be a value-added polymer for biomedical
devices and drug delivery systems.
Keywords: Polyurethane, non-isocyanate, microwave-assisted, solventless
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Abstract
Illegal advertisement stickers still exist as a recurring problem, especially in urban areas. Removing them
requires mechanical forces or chemicals, which often leads to residues remaining on walls and surfaces,
causing damage and hideous appearance of surfaces. Moreover, repairing these surfaces requires high costs.
It is proposed that surfaces with reversible polarity, particularly from the additive component, can cause the
surface to gradually reduce the interactions and any stickers can peel off by itself. Thus, we described the
formulation and the application of poly(methyl methacrylate), PMMA blends containing photoresponsive
dyes as smart coatings that were capable of photoreversibly switch surface polarities. The blends contained
various azobenzene derivatives including an azobenzene end-functionalized PMMA additive (P1), which
were then applied onto clear glass substrates as coating films. A proof-of-concept work showed that these
PMMA/azobenzene coatings were able to remove stickers by itself due to the repetition of trans–cis
isomerization of azo dyes in the coating upon UV-A irradiation, resulting in a considerable alteration to the
sticker/coating interactions1. It was discovered that thermal annealing of PMMA/P1 coating film above the
glass transition temperature, Tg allowed the segregation of P1 macromolecules to the surface, resulting in
enhanced changes in the surface polarity. In addition, the annealed PMMA/P1 coating film has shown better
performance in the sticker peel-off test compared to that of the unannealed coating film. These fundamental
discoveries would lead to more development of smart coatings based on simple PMMA/azobenzene blends,
where they can be used as a prospective solution to retard problems associated with commercial stickers.
Keywords: Smart
Photoisomerization.
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Abstract
The studies of phase behavior, dielectric relaxation and other properties of poly(ethylene oxide)
(PEO)/poly(methyl acrylate) (PMA) blends with addition of lithium perchlorate (LiClO 4) were done for
different blend compositions. Samples were prepared by solution casting technique. The binary PEO/PMA
blends exhibit a single and compositional-dependent glass transition temperature (Tg), which is also true for
ternary mixtures of PEO/PMA/LiClO4 when PEO was in excess with low content of salt1–3. These may
indicate miscibility of the constituents for the molten systems and amorphous domains of the systems at
room temperature from the macroscopic point of view. Subsequently, the morphology of PEO/PMA blends
with or without salt are correlated to the phase behavior of the systems. Phase morphology and molecular
interaction of polymer chains by salt ions of the systems may rule the dielectric or electric relaxation at room
temperature, which was estimated using electrochemical impedance spectroscopy (EIS). The frequencydependent impedance spectra are key of interest for the elucidation of polarization and relaxation of the
charged entities for the systems. Relaxation can be noted only when sufficient amount of salt is added into
the systems.
Keywords: poly(ethylene oxide); poly(methyl acrylate); phase morphology; dielectric relaxation
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Abstract
The rapidly growing of smart materials resulted in many advancement in designing and developing
multifunctional systems for many different applications. Light is one of the stimuli, which could be applied
contactless, remotely and without time and space limitations1. The aim of this work is to evaluate the multifunctional properties of the synthesised non-isocyanate polyurethane-acrylate (NIPUA) in enhancing the
curing and mechanical properties of the thermoplastic elastomer (TPE). The TPE/NIPUA films were
prepared by solvent-casting method and cured under UV-light exposure2. The TPE/NIPUA film was
compared with TPE blank by evaluating the chemical changes, surface morphology, tensile strength,
thermal properties of the NIPUA modified TPE film. The curing time for TPE/NIPUA under UV exposure
was shortened substantially as compared to the blank TPE under UV exposure as well as TPE/NIPUA cured
under the dark environment. Morphology analysis indicated that NIPUA was uniformly dispersed in TPE.
The tensile strength of the TPE/NIIPUA was improved significantly as compared to the control samples. To
conclude, the synthesised light-responsive NIPUA possessed curing enhancement and cross-linking
properties and will be a value-added specialty chemical for the polymers meant for medical and industrial
applications.
Keywords: non-isocyanate polyurethane, light-responsive, thermoplastic elastomer and smart polymer
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Astract
The coordination polymer, metal organic frameworks (MOF) has emerged to be one of the most popular,
due to its highly tunable, large surface area, and porous properties [1]. The cage-like crystalline structure
material are formed through coordination bonds between the organic linkers and inorganic metals nodes,
and is utilised in various applications, such as heterogeneous catalysis, proton conduction, and drug delivery
system [2, 3]. However, most of the MOFs are synthesised using aromatic linkers of petroleum origin, where
biocompatibility, biodegradability, and sustainability are among major concerns. The aim of this work is to
synthesise a series of MOFs from aliphatic linkers. The aliphatic dicarboxylic acids were reacted with copper
nitrate trihydrate using a convenient and non-expensive hydrothermal synthesis method. Water was used as
solvent and the reaction was conducted using a Teflon-lined solvothermal synthesis reactor. The reaction
conditions such as reaction temperature, reaction duration, and ratios of reactants were optimised. The
synthesised MOFs were characterised using Fourier Transform Infrared (FTIR) spectroscopy and X-ray
Diffractometer for functional group elucidation and crystallinity profile. The surface morphology of the
MOFs was evaluated by Scanning Electron Microscopy (SEM). The FTIR results showed the disappearance
of carboxylic acid peak at around 1680 cm-1 and formation of peaks around 1577, 1508, 1423, and 1359 cm1
suggested the formation of MOF. The SEM and XRD analysis indicated the synthesised MOFs are in
crystalline form. The synthesised MOFs have the potential to be used as carriers for active pharmaceutical
ingredients in the forms of different formulations.
Keywords: Metal organic framework, hydrothermal synthesis, dicarboxylic acid
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Micrawave-assisted Synthesis of Metal Organic Frameworks (MOFs)
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Abstract
Metal organic frameworks (MOFs), also known as porous coordination polymers (PCPs) are organicinorganic hybrid crystalline porous materials that consist of a regular array of positively charged metal ions,
linking with the organic building units via coordination bonds. The unique characteristics of MOFs are high
internal surface areas that typically range from 1000 to 10,000 m2/g, large porosity, and flexible tunable
structures. Owing to these characteristics, the functional applications of MOFs have been extensively
explored in medical, environmental remediation and industrial applications such as carrier for drugs,
absorbents for pollutants, heterogenous catalyst, and materials for sensing, and proton conduction
measurement. [1] In this work, MOFs were synthesised using the oleochemicals as linkers via microwaveassisted method. Deionised water and DMF mixture was used as solvent and comparison was made with
the conventional hydrothermal method. The microwave-assisted method has been proven of its high
efficiency by producing the MOFs in less than 1 hour of reaction duration while the reaction duration of the
hydrothermal reaction was ranged from 24-48 hrs. [2] The yield of the MOFs produced by microwaveassisted method was 0.3- 4 folds greater than the hydrothermal reaction. The FTIR analysis showed the
disappearance of carbonyl of -COOH peak at 1700cm-1 and formation of (COO-) carboxylate peak at
1520cm-1 and the peak at 1450 cm-1 suggested that MOFs is formed. SEM and XRD exhibited that the MOFs
synthesised are in crystalline form. The MOFs produced by the current microwave-assisted method
improved the yield and duration of the synthesis. The application of the MOFs will be explored in medical
and biomedical fields.
Keywords: Metal organic frameworks, aliphatic linkers, microwave-assisted method
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Development of a Greener Preservation System for Hevea Latex: Ammoniafree Latex Preservation System
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Abstract
Natural rubber (NR) latex is susceptible to microbial attack, causing spontaneous coagulation when it leaves
the rubber tree. Ammonia has been highly used as a common bactericide for NR latex stabilization for many
years. However, there are health hazard concerns due to its high volatility. Conversely, the secondary
preservatives present in low ammonia latex preservation systems have been reported to generate some
carcinogenic substances and are toxic to aquatic organisms. Hence, an ammonia-free preservation system is
certainly a greener method needed. Given this, a series of biocompatible palm-based surfactants of anionic
charges were synthesized to address these issues. The bulk properties for latex concentrates (LC) preserved
with palm-based surfactants and stored for up to six months were recorded. Testing results of the LCs
showed that volatile fatty acid no. recorded 0.06, mechanical stability testing exceeded 1800 s and pH ranged
10-12. The latex films made thereof ammonia-free LC had passed the cytotoxicity test (with grade 2). The
total bioburden of the films was estimated as 6. The mechanical properties of latex films produced from
different ammonia-free LC compounds were recorded as the tensile strength of 22-24 MPa, stress at 500%
elongation of 1.0-1.5 MPa, elongation at break ranged 1020-1070 %, tear strength ranged 12-20 kN/m. The
extractable protein contents were recorded as 36 µg/g. These results suggested ammonia-free LCs are
suitable for dipped film applications. Results also signified that our LC also did not affect dipping or cause
any adverse effect in the physical properties of their respective dipped films.
Keywords: Ammonia-free preservation system, Palm-based polymeric surfactants, Hevea latex
stabilization.
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Oxo-biodegradable rubber for a more sustainable rubber consumption
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Abstract
Natural rubbers are used for a wide range of applications and some of the more notable ones include tires
as well as single use rubber articles like latex examination gloves, condoms, catheters and rubber bands.
High utilization rate of the material leads to generation of high volume of rubber waste in the environment.
Due to the huge molecular weight and crosslinked structure of the vulcanized rubber, the discarded rubber
products have limited degradability in the environment, resulting in excessive accumulation over time. The
only source of recycling identified for rubber are those from tires, while single use rubber articles are often
completely disposed or landfilled. An innovative approach to improve the rubber’s degradability, especially
for single-use rubber products may be necessary for better rubber waste management. The focus of the
present study is to evaluate the effectiveness of pro-degradant additive (PDA) in enhancing the oxidative
degradability of natural rubber. Natural rubbers were blended with metal stearate, and the compounded
rubbers were subsequently treated in an oxidative environment for up to 8 weeks, followed by
biodegradation via soil-burial method. Throughout the degradation period, the rubber films were
characterized by FTIR, 1H-NMR, water contact angle analysis, molecular weight analysis, and thermal
analysis. The PDA-compounded rubber experienced significant increase in the extent and rate of oxidative
degradation, evidenced by formation of high concentration of oxygen-carrying functional groups, reduction
in molecular weight, and significant increase in the surface hydrophilicty. These changes are highly
desirable in the context of oxo-biodegradable materials because they are necessary to facilitate the
subsequent biotic degradation process. The technology may be adopted to innovate oxo-biodegradable
rubbers for a more sustainable rubber consumption.

Keywords: natural rubber; oxidative degradability; carbonyl index; surface hydrophilicty; pro-degradant
additive
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Investigation on a Ready to Use Therapeutic Food Material Composed of
Fatty Substances
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Plumpy’Nut® is a high energy and nutrition dense ready to use therapeutic food produced by Nutriset
(France), among other manufacturers. In the field of material science, it must be understood as a very
complex mixture of nutritive elements and fatty substances. These result in a material with many different
coexisting phases, which produce taste and result its performance. This work is focused on assessing the
various phases and specific tastes to enable developing relations and adapting the taste to composition and
to determine which phases may evolve during aging. With these objectives in mind, we have developed a
set of experimental measurements, using calorimetric investigations, dielectric spectroscopy, Xray
diffraction, indentation, mechanical dynamic analysis, and rheological analysis. We will report on these
results and propose a preliminary simplified model of structure versus properties for the Plumpy’Nut®.
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Hybrid Nanoalloys Embedded Styrene-Methyl Methacrylate Core-Shell
Nanoparticles (SMMA@AuAg) as Thin Film Surface-enhanced Raman
Spectroscopy (SERS) Substrate.
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Abstract
Since its discovery in 1928, Raman spectroscopy has outshone many diagnostic techniques in cost,
simplicity, and time of analyses. However, it faced issues with sensitivity, which surface enhancement
rectified with the advancement of material sciences. In this research, we report the easy, simple and costeffective fabrication of a metallodielectric photonic crystal (MDPC) surface-enhanced Raman spectroscopy
(SERS) thin film substrate based on styrene-methyl methacrylate copolymer (SMMA) embedded with gold
and silver (AuAg) nanoparticles (SMMA@AuAg). SMMA copolymer was first synthesised via surfactantfree emulsion polymerisation using water as solvent, and AuAg nanoparticles was produced via one-pot
reduction using citrate stabilizer. The AuAg, compared to monometallic Au/Ag, minimises oxidation, is less
expensive, enhances stability, and increases SERS signal intensity. Using SMMA as ‘core’ increases
tunability of the particle size, inadvertently allowing greater modifiability of light scattering, while also
improving heat resistance. The structural characteristics of SMMA copolymers and AuAg nanoparticles
produced were probed using Malvern particle size analyser (PSA), scanning electron microscope (SEM),
and transmission electron microscope (TEM). SMMA@AuAg thin film was prepared via vertical deposition
of SMMA@AuAg core-shell suspension on glass substrate. The SMMA produced had good polydispersity
index and high surface area for AuAg attachment. The zeta potential changed from -3.78mV to 53.2mV
after modification with polyethyleneimine, implying high degree of stability. The SMMA@AuAg thin film
successfully enhanced Raman signal and provided a clear fingerprint of 100l 4-aminothiophenol. The
successful fabrication of this thin film was made with a reproducible green approach throughout in an effort
to reduce toxic wastes, creating a sustainable alternative for mass production. With diagnostic devices
heading towards portable real-time monitoring, SERS technology poses a great potential in the development
of these devices, and an optically malleable SERS substrate such as the SMMA@AuAg thin film would be
most feasible for industrial-sized production with further research.
Keywords: Metallodielectric, photonic crystal, polymer, nanoparticles, surface-enhanced Raman
spectroscopy
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Enhancement of Poly (Lactic Acid)/Epoxidized Composite Flexibility and
Biodegradability by Epoxidized Fatty Hydrazide Modified Montmorillonite
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Abstract
As a biodegradable and renewable polymer which possess many similar mechanical and physical properties
as of some industrial plastics such as PP and PET in terms of suitability for industrial usages, poly (lactic
acid) (PLA) could be a most promising material to replace the conventional polymers that usually associate
with many environmental issues. However, its high tensile strength, low flexibility and degradation rate
limit the scope of its applications. Blending this polymer with epoxidized palm oil (EPO) reduces its tensile
strength but slightly enhances the degradation rate of PLA. This report describes the findings of our work
on improvement of mechanical and degradability properties of PLA/EPO blends by adding of epoxidized
fatty hydrazides modified montmorillonite (EMT).
The EMT was prepared by modifying montmorillonite (MMT) with epoxidized fatty hydrazides
(EFHs) through an ion exchange process. The EFHs used were synthesized by an enzymatic reaction of
EPO with hydrazine monohydrate in n-hexane at 50 ˚C stirred at a speed of 165 rpm for 24 hours 1. The
presence of 2% EMT improves the PLA/EPO tensile strength and modulus of up to 73 % and 27%
respectively, and the flexibility increases to 44 % from 26 % by addition of 3 % of the organoclay. The
biodegradability study of the PLA/EPO/EMT nanocomposites shows that the materials have good
biodegradable characteristics with about 18% of weight loss after 6 months of the burial test period.
Scanning electron microscopic study of the partially degraded samples indicates that the sample surface
morphology has many holes and rough parts.
Keywords: Poly (lactic acid), epoxidized palm oil, epoxidized fatty hydrazides, modified montmorillonite,
flexibility, biodegradability
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Lignin-based Electrospun Fiber as Precursor for Production of Carbon
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Abstract
Carbon nanofibers (CNFs) are cylindrical nanostructures with diameters ranging from submicron to
nanometer. CNFs are promising materials in many fields, such as photocatalytic, nanocomposites, energy
devices, filtration, sensors, tissue engineering, and drug delivery. Electrospun carbon nanofibers (ECNFs)
are part of a technological revolution due to their operational simplicity compared to other types of
preparation techniques such as catalytic chemical vapor deposition, templating, drawing, and phase
separation. However, the widespread use of ECNFs is limited due to the high cost of the precursor material
and the low yield. Currently, petroleum-based polymer, polyacrylonitrile (PAN) is a predominant precursor
material used to produce ECNFs. On the other hand, lignin is a renewable source of carbon material, and it
is very abundant in nature. Lignin has recently emerged as a low-cost and one of the best substitute materials
for the production of CNFs. It is mostly produced as a byproduct of the paper industry and biomass
fractionation. Lignin-based carbon nanofibers have a high surface area, high porosity, and good electrical
conductivity that make them a suitable candidate for future energy storage applications.
Keywords: Lignin, activated carbon, nanofibers, electrospinning, polyacrylonitrile
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The Corrosion Performance of Mild Steel Treated with Polyaniline Added
Extracted Silica from Rice Husks
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Abstract
Polyaniline (PANI) was prepared by in situ polymerizations of aniline, HCl and potassium dichromate. The
polyaniline silica composite (PSC) was prepared by adding the extracted silica into the synthesized PANI.
The existence of the extracted silica is supported by the FTIR analysis. The corrosion protection
performance of PSC as inhibitor on mild steel were investigated using weight-loss method with a various
silica content and variable solution temperature. The temperature study showed as the temperature
increased, the corrosion rate will also be increased. The corrosion protection of PSC inhibitor increases
directly proportional to the silica content in PSC. This occurred due to the rise of kinetic energy as a higher
temperature was used. FESEM analysis was also conducted to observe the surface properties of the sample
when immersed in HCl solution. The highest corrosion efficiency is 96.7% revealed by PSC 0.6 at 308 K.
Keywords: PANI, conducting polymer, rice husk, inhibitor, corrosion.
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Physicochemical and Biological Properties of Poly(lactic acid) Surface
Modified with Superhydrophobic Titanium Dioxide-Graphene Coatings
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Abstract
The potential of superhydrophobic surfaces has received considerable interest in medical field due to their
reduced bacterial colonisation, reduced cell-to-surface interaction, and anti-biofouling properties. However,
there are certain limitations including bacterial infection and hemolysis to the blood-contacting medical
devices that are commonly utilised in clinical practice. In this work, superhydrophobic surfaces which can
potentially minimise the biofilm formation and hemolysis were fabricated by dip-coating various
concentrations and ratios of graphene and titanium dioxide (TiO2) nanoparticles on poly(lactic acid) (PLA)
film followed by evaluation on its physicochemical, antibacterial and biological properties. The results
showed that surface coated with 0.5% concentration of graphene/TiO2 nanoparticles resulted in significantly
low surface wettability along with water contact angle greater than 150°. This reading was increased further
as the ratio of graphene to TiO2 reduced. Concurrently, the scanning electron micrographs illustrated
uniform distribution of the graphene/TiO2 nanoparticles on the coated surface with enhanced surface
roughness, promoting superhydrophobic properties through the establishment of air pockets. These air
pockets have subsequently brought to significant inhibition of biofilm formation against S. aureus, K.
pneumoniae and P. aeruginosa. In addition, these graphene/TiO2 nanoparticles coated surfaces showed nonhemolytic toward red blood cells with a hemolysis rate lower than 2%, as well as non-cytotoxic against
human cardiomyocytes (AC 16) and human fetal kidney (HEK 293) cells with cell viability greater than
80%. The findings herein showed promising results for the superhydrophobic graphene/TiO2-coating to act
as a potential biomaterial for single-use blood-contacting medical devices.
Keywords: Superhydrophobic, graphene, titanium dioxide, antibiofilm, biocompatible
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Solid-state Driven Transparent Hydrogel Microfibers for 3D Cell Cultures
and Live Cell Imaging
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Abstract
In this research, we report solid-state crosslinking-based transparent hydrogels with controlled swelling and
predefined micro/nanoscale geometry. Unlike the conventional solution-phase crosslinking utilized for
highly-swollen bulk hydrogel materials, we employed i) the solid-state crosslinking between water soluble
polymer and crosslinker polymer, and ii) the subsequent process for breaking physical crosslinking (e.g.,
hydrogen bonding) among water-soluble polymer chains. This novel approach called hydrogelification
enables both the facile definition of overall shape/dimension in the solid state and the effective control over
swelling ratio of the resultant hydrogel. The possible mechanisms on solid-state crosslinking and dramatic
water swelling were proposed based on various characterization results. As demonstrated by
micro/nanofibrillar hydrogel scaffolds prepared using electrospun nanofibers, the present method provides
a novel approach to fabricate nano/microfibrillar transparent hydrogel scaffolds with good biocompatibility,
controlled swelling/mechanical properties, and large porosity. Finally, we demonstrate that the hydrogel
nanofiber structures can be beneficial for a variety of biological/biomedical applications such as 3-D
cell/tissue cultures, primary neuronal cultures with aligned neurites, 3-D live cell imaging of immune cell
co-cultures, etc.

Keywords: Superabsorbent hydrogel, solid-state crosslinking, hydrogelification, 3D cell cultures, live cell
imaging
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Evaluation of Cytotoxicity and Antibacterial Properties of Bio-Based
Surfactants Synthesised from Palm Oil Derivatives
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Abstract: Glove is widely used to protect the hands against chemicals or infectious agents. Surfactants in
the glove act to reduce the surface tension and stabilise the rubber particle. However, some of the surfactants
may exert toxicity to skin cells. Hence, a series of novel palm oil-based surfactants was synthesised to
replace the conventional surfactants in the glove. This study aims to determine the cytotoxicity of a series
of bio-based surfactants named as PK3 0810(MB), PK3 0810(ML), PK3 1217 and PK3 5608. The
surfactants were synthesised from different palm oil derivatives. The typical ester bond (intense C=O stretch
at 1740 cm−1) in the backbone of these surfactants were identified from the Fourier transform infrared (FTIR)
spectra, thus indicated the successful synthesis of these surfactants. Gel permeation chromatography (GPC)
results indicated that these surfactants are polydispersed, with the number average molecular weight (M n)
ranged around 2000. MTT assay was used to investigate the cytotoxicity of these surfactants against HaCat
keratinocytes. Agar dilution susceptibility testing technique was employed to determine the antibacterial
activity of the surfactants. All of the surfactants were non-toxic towards HaCat keratinocytes at 1.56 mg/mL.
However, they exhibited dose-dependent toxicity, especially at higher concentrations (25 and 50 mg/mL).
Results showed that both PK3 0810(MB), PK3 0810(ML) and PK3 1217 slightly reduced the growth of
Enterococcus faecalis ATCC 29212 and Streptococcus mutans ATCC 25175 but not Gram-negative
bacteria. However, none of the tested bacteria was susceptible to PK3 5608. In conclusion, the surfactants
tested had moderate toxicity on skin cells and possessed mild antibacterial activities.
Keywords: Cytotoxicity, Antibacterial, Bio-based surfactants, Palm oil derivatives,
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Abstract
Fabrication and design of scaffold are major area in biomaterial research for biomedical application such as
tissue engineering and regenerative medicine. Nanocomposite scaffold for tissue engineering is attractive
since their properties can be engineered to suit the mechanical and physiological demands of the host tissue
[1]. In this study, titanium dioxide nanoparticles incorporated gellan gum (GG+TiO2NP) nanocomposite
scaffold was fabricated via solvent casting technique and freeze dring. The nanocomposite scaffold was
characterized using FTIR, XRD and SEM to study their physiochemical properties. The FT-IR spectra of
GG+TiO2-NPs scaffold show main bands assigned to OH stretching, OH deformation, C-C, C-H and Ti-O
stretching modes. XRD pattern of GG+TiO2-NPs scaffold suggesting that TiO2-NP was successfully
incorporated in scaffold and well distributed on the surface as proved by SEM analysis. The antibacterial
test showed that the GG+TiO2-NPs scaffold had good antibacterial ability against common pathogenic
Gram-positive (staphylococcus aureus) and Gram-negative (escherichia coli) bacteria. The scaffold also
shows no cytotoxicity on 3T3 mouse fibroblast cells, as it’s promoted cell proliferation and cell migration.
The enhancement in antibacterial behavior and cell viability confirms the biocompatibility of the scaffold
nanocomposite to be encouraged for use in biomedical utilizations. The in vivo bioactivity for mineral
apatite growth and skin tissue regeneration gives strong evidence that the fabricated GG+TiO2-NPs scaffold
is a promising bio-nanomaterial for many biological applications.
Keywords: TiO2, particle, nanocomposite; scaffold; biomedical,
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Abstract
Polyesteramide can be synthesised from vegetable oils and its derivatives for industrial and pharmaceutical
applications (1-3). The objective of this work is to evaluate the excipient properties of the synthesised
polyesteramide in solid dispersion (SD) pre-formulations and solid dosage forms of drugs. Polyesteramide
synthesised from palm oil and different chain length of fatty acids were used as polymeric carrier in SD
preformulations. Model drugs, namely mefenamic acid, lovastatin, and amlodipine besylate (AB) were used
to formulate SD pre-formulations and tablet dosage forms. SDs formulated from polyesteramide showed
superior dissolution profile in drug release rate and solubility as compared to pure drug and preformulations
prepared from commercial polymers. The SD pre-formulations exhibited comparable dissolution profile
than the marketed products. Differential Scanning Calorimetry thermograms recorded the transformation of
crystalline state of drugs into amorphous form and the FTIR spectra demonstrated absence of chemical
interaction between polyesteramide with the model drugs. Polyesteramide also shown binding effect in the
tablet formulations of AB. The AB tablets had passed the friability test (<1% weight variation) eventhough
with low hardness (≈ 2.0 kg/cm2). The AB tablets shown prolonged disintegration time (30-40 min) and
extended dissolution profile (cumulative drug release at 720 min=70-80%). The biosafety of the synthesised
polyesteramide was confirmed through MTT assay. To conclude, the synthesised polyesteramides with
diverse range of molecular weight range and physical properties possessed multifunctional excipient
properties making it a potential excipient for different BCS classes of drugs.
Keywords: Polyesteramide, solid dispersion, dissolution, solubility, binder
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