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Evaluation of Gas Separation Performance of Chitin Nanofiber-Containing Thin Films.
(‘Advanced Technology R&D Center, Mitsubishi Electric Corporation)OTasuku Izutani'

Chitin, the main component of crab shells and insect exoskeletons, is an abundant biomass
material on Earth. However, it has been difficult to process and utilize due to its insolubility in
solvents. Recently, advancements in fibrillation technology have made it possible to use chitin
nanofiber dispersions. Additionally, because chitin nanofiber dispersions are in liquid form,
they can be easily processed, such as by coating them onto various material surfaces. For
example, when dried into film form, they can form dense membranes with excellent air barrier
properties.

In this presentation, we evaluated the gas permeability of CO; and N, using the density of
chitin nanofiber thin films to explore their potential as CO, separation membranes. Furthermore,
we report the results of evaluating the impact on gas permeability when varying the mixing
ratio with binder resins.

Keywords : Chitin;, Gas Separation;, Membrane, Nanofiber

FTF AL, I =OFREROIER (%) OFHTHY, HEK L TEER AL
Y AMEVTH D0, BEENCAER TS TR AR REE 2B ChH -7, L,
UTAETTIE, ik OMERSE I, ¥ F o F /77 43— (FF 2 NF) L LT,
IHAERDFIRAIRE L 72 > C& 72, F£72. FF 2 NF ORI, RO 7=0, [EEOM
BIREICBMATELREMINES TH D, FlxiE, 7 4 /v NRICHET 52 & T,
2R E BN - EE A TER T 5 Z E NATRETH 5,

ARFERTIT, FF 2 NF@EBEOWEMELZFIH L, T AEEEE~O TR 2 BEET 25
720, X¥F 2 NF/EHEESIED CO, BL O N, DT AFmMZ2aMi L7z, /2, A
ARG L OB EER AT S TAIC. T ABIBMIC G 2 5B OV T L
TRERIZOWTHIET 5,

HO HO HO HO
NHAc NHz NHAc NH:z

15 ‘ )

X.26F o DOy FHEER L O F o NF/EHEE SO ZFE SEM 14

© The Chemical Society of Japan - [A]D502-1am-01 -



[A]D502-1am-02 AA(LSa H1055FE4 (2025)

SEEVVAKBIEREDFRMIZEL S E/ILO—RADEHE

(ERKFEE R+ @IRK WPI-NanoLSI®) OVaH sk ' - Bl Kb ' - mirl B 2
Cellulose Dissolution by the Addition of Bulky Organic Superbases (‘Grad. Sch. of Nat. Sci,
and Tech., Kanazawa Univ, *WPI-NanoLSI, Kanazawa University) O Tatsuya Nishida,'
Daisuke Hirose,' Katsuhiro Maeda'~

From the viewpoint of sustainability, the utilization of cellulose, a bio-based abundant
polymer, is required. However, the conventional methods for dissolving cellulose using
condensed salt solutions or ionic liquids have serious problems related to resources and energy,
such as the use of excess amounts of special reagents or the long-time dissolution process at
high temperature.

In this study, we found that cellulose was dissolved in polar aprotic solvents at room
temperature just by adding a small amount of phosphazene base P4-rBu, which is a bulky
organic superbase. After optimization, homogenous 15 wt% cellulose solution was obtained by
adding only 15 mol% P4-1Bu to the hydroxy group on cellulose in pyridine. *'P NMR spectra
showed that the cellulose was dissolved forming an ion-pair with [P4-/Bu]H+ by quantitative
deprotonation of hydroxy groups with P4-/Bu. Upon addition of a small amount of water to the
resulting homogeneous solution, regenerated cellulose was quantitatively obtained through re-
protonation.

Keywords : Cellulose; Organic superbase; Phosphazene base,; Biomass, Dissolution
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Mild Separation Reaction of Woody Biomass Components: Comparative study of degradation

mechanisms using various lignin structural models ('Kyoto University, “DAICEL) oMasaki

ANDO,' Yuka NAKAGAWA,'?, Satoshi SHIKAML,' Yuki, NAKAMURA,' Makiko IMAL'

Keito MINEO,' Katsuhiro ISOZAKI,' Masaharu NAKAMURA,' Hiroyuki MATSUMURA?

Woody biomass represents a potential carbon feedstock to replace fossil resources, but the
lack of efficient lignin degradation bottlenecks its practical chemical use. Lignin has a
complicated molecular structure resulting from random radical polymerization of mixed
monolignol units, which hampers the development of effective degradation methods. Besides,
we have found that hydrogen peroxide can oxidatively degrade lignin in wood plant cells under
mild conditions using organic acid catalysts. Understanding the mechanism of this degradation
will provide a new guideline for woody biomass utilization.

Here, we report the decomposition of several model compounds of the 5-O-4 linkage, the
most abundant substructure of lignin in the presence of an organic acid catalyst and 30 wt %
hydrogen peroxide. NMR experiments show new peaks (*C NMR) in the aqueous phase
obtained, indicating the production of carboxylic acids during the reaction. The mechanism of
the oxidative degradation of lignin will also be discussed by comparing the structures of the
lignin models and the degradation products obtained, respectively.

Keywords: Woody biomass, Catalyst, Organoacid, Lignin
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Synthetic Studies and and Evaluation on Acylated Cellulose using lonic Liquids
(Faculty of Education, Kagawa University) Reina Ono, Yumiko Takagi

lonic liquids are being developed as an alternative to organic solvents for cellulose
derivatization processes. Various studies are being conducted to make effective use of cellulose
as a resource. As a result, It clarified that the lower the thermal stability of the ionic liquid, the
higher the cellulose solubility in BmimX and EmimX ionic liquids groups. Next, to acylate
cellulose using ionic liquids for the development of new cellulose materials. It was investigate
that to acylating reaction using 1-ethyl 3-methylimidazolium acetate, which is one of the ionic
liquids.

Keywords : lonic liquids, Cellulose
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1) L. Szabd, R. Milotskyi, G. Sharma, K. Takahashi, Green Chem., 2023, 25, 5338.
2) T. Heinze, A. Koschella, Polimeros, 2005, 15, 84.
3) Takeshita, T., Itoh, T., Aust. J.Chem. 2019, 72, 61-69.
4) J. Pang, X. Liu, SCIENTIFIC REPORTS 20, September 2016
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Visible-Light-Driven Catalysts for Lignin Degradation in Wood (Department of Science and
Engineering, Doshisha University) OShunta Shimizu, Masataka Suzuki, Yutaka Hitomi

The alkaline nitrobenzene (AN) oxidation method is a technique for oxidatively decomposing
lignin-containing materials, such as wood flour or isolated lignin samples, under strongly
alkaline conditions using nitrobenzene as the oxidant. In this method, nitrobenzene acts as a
mild oxidizing agent, and as shown in the figure, the benzylic a- and B-carbon-carbon bonds
in lignin are oxidatively cleaved, producing 4-hydroxybenzaldehyde derivatives derived from
lignin. These products correspond to the guaiacyl units (G-units), syringyl units (S-units), and
p-hydroxyphenyl units (H-units) present in the aromatic rings of lignin. For this reason, the AN
oxidation method is effective for structural analysis of lignin and has been widely used for
lignin analysis over many years.

The standard AN oxidation method requires the use of a pressure reaction vessel and an
autoclave, where the mixture is heated at 165—170°C for 2 hours. In this study, we report the
discovery that 4-hydroxybenzaldehyde derivatives can also be produced through
photoirradiation.

Keywords : Lignin; Photochemistry;, Wood
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CO; desorption from carbamic acid by using electrochemical process ('Faculty of Science,
Tokyo Metropolitan University, >JST-PRESTO) OKakeru Hirano,' Soichi Kikkawa,' Hideyuki
Kawasoko, "2 Seiji Yamazoe'

The development of a low-concentration CO; capture technology from the air is an urgent
issue from the perspective of realizing the “carbon negative society”. We have previously
reported a solid-liquid phase-separation system to capture low-concentration CO, using
isophoronediamine (IPDA) as a CO, absorbent, which formed solid precipitation of carbamic
acid by the reaction with CO (Scheme 1)V. However, the desorption of absorbed CO» requires
heating, and thus CO, desorption system by using electrochemical methods have also been
attracted attention as a non-thermal CO, desorption system with higher energy efficiency than
heating. Indeed, CO, desorption from CO,-absrbed amine by metal cations derived from
electrochemical oxidation®? or the N—-C bond cleavage in lithium carbamate through direct
electrolysis® have been reported. In this study, we attempt to develop the CO, desorption
system from carbamic acid by using protons which were generated by the electrochemical
oxidation of H,O. The galvanostatic electrolysis was conducted in a two-electrode H-type cell
equipped with Pt wire electrodes as the working and counter electrodes. Carbamic acid of IPDA
was added to 0.1 M K»SOs4 aqueous solution as the electrolyte in the anodic compartment. After
the galvanostatic electrolysis at 10 mA, we confirmed the desorption of more than 90% CO,
contained in the carbamic acid.

Keywords : CO; desorption; Carbamic acid; Electrochemistry; Electrogenerated acid

KEHFIHFIET DIRBEE CO DRI OMENIIX, “H—Ro 2 HT 477 OEB
DO DOBBROMETH L. HxIXIINETIZ, /1 Ve Y7 I (IPDA) =MW
7o, JINN S UFROBANT NI X 5 BERAR B ORI L CO, BN > AT A% il
L72 (Scheme 1) V. L2>L, WANRIVEENLD COy AHIZITMEANMLETH Y,
XU @O R X =W RCERENT 5 IEE 7R COp v AT A& LT, ERILFK
JDIERIZERE DR EE > TS, FEHEBIS, BRI VER LGB T4 12X
L7 2B D COy i 2%, Li BN A — N DOEEEMIC I D N-C fEA DY Y
REVHRESNTWD., KIFFETIE, HO OEMELTHEKR TS e b2z h
RS VRN D COy i Z R LTz, Pt U A ¥ 2 BRI K O R VN 72 EE R
X HAE/LZHVY, 0.1 M K.SOs KIS 2 Bk & L, 7/ — Rz IPDA D7
R A INZ T 10 mA OEBTEM AT S TORER, MATZ AR U BICEE
N5 CO & 9FILL I TE 2 Z & A fEd LTz,

o]

L

NH, HO” “NH

>@@ +00: — >©<\
NH, NH;

Scheme 1. CO; absorption by isophoronediamine.
1) S. Kikkawa et al., ACS Environ. Au 2022, 2, 354-362, 2) M. C. Stern et al. Energy & Environ. Sci.
2013, 6, 2505-2517, 3) A. Khurram et al., Joule, 2018, 2, 2649-2666.
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Effects of Metals and Metal Oxide Species on FTO Electrode on Reduction Reaction of Carbon
Dioxide (Faculty of Environmental and Urban Engineering, Kansai University) ORintaro
Tanaka, Kojiro Fuku

The reduction reaction of carbon dioxide (CO,) has been widely reported on metal oxides
using hydrogen (H») as a reducing agent. In addition, the electro-chemical reaction has been
known as the reduction method of CO, without H,. In this study, the electro-chemical CO,
reduction reaction was tried using various metal species-introduced FTO electrodes. A
manganese (Mn) oxide-introduced FTO produced enhanced performance for generation of
carbon monoxide and H» (synthesis gas) compared with only FTO. These results indicate that
the valence change of Mn species may contribute to electro-chemical CO, reduction.
Keywords : Carbon Dioxide; Reduction Reaction; Carbon Monoxide; Electrochemistry;
Fluorine-doped Tin Oxide
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X-ray scattering observation of the regeneration process of cellulose in ionic liquid solutions
(Faculty of Science and Engineering, Doshisha University) O Sawaya Suzuki,' Yoshihumi
Kimura,' Takatsugu Endo'

In recent years, cellulose has been attracting attention as an alternative to petroleum
resource. In 2002, it was reported that ionic liquids can dissolve cellulose [1], and
various studies are being conducted on the dissolution and regeneration of cellulose
using ionic liquids, but detailed information particularly on the cellulose regeneration
process at the molecular level is still lacking. The paper in 2012 experimentally showed
that the regeneration process of cellulose in a LiOH/urea solution first involves stacking
monomolecular sheet structures and aligning them through hydrogen bonds [2], and this result
is considered to be general for cellulose regeneration, but no experimental results have been
obtained for ionic liquids. Therefore, we measured the regeneration process of cellulose using
ionic liquid ([Comim][OAc]) as a solvent using a similar method (this time, distilled water or
Na,SO4 aqueous solution was used as the coagulant). We also observed the regeneration
process using LiOH/urea solution. The obtained results suggest that the regeneration process
does not occur in the same way as in LiOH/urea solution when ionic liquid is used as a cellulose
solvent.

Keywords : Cellulose; lonic Liquids; X-ray scattering; regeneration
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[1]Swatloski, R. P.; Spear, S. K.; Holbrey, J. D.; Rogers, R. D. Dissolution of cellulose with ionic liquids.
J. Am. Chem. Soc. 2002, 124, 4974—4975

[2]Isobe, N.; Kimura, S.; Wada, M.; Kuga, S. Mechanism of cellulose gelation from aqueous alkali-urea
solution arbohydrate Polymers 2012, 89, 1298—1300.
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Dissolution of cellulose in ionic liquids with long alkyl chains ('Faculty of Science and
Engineering, Doshisha University, *Graduate School of Science and Engineering, Doshisha
University) OMotoki Kawahara,' Rikuto Kihara,? Yoshifumi Kimura,” Takatsugu Endo'

Cellulose is the most abundant biopolymer on earth, but its strong crystalline structure
makes it insoluble in water and common organic solvents. However, in 2002, it was first
discovered that cellulose can be dissolved in ionic liquids?, and since then many ionic liquids
have been reported as solvents for cellulose dissolution. It has been known that almost all
cellulose solvents are hydrophilic, and that increasing the hydrophobicity of cellulose solvents
decreases the solubility of cellulose?. However, our group has suggested that even if the alkyl
chains of imidazolium cations in ionic liquids are elongated to some extent to increase
hydrophobicity, the cellulose solubility is comparable to that of hydrophilic short-chain ionic
liquids. In this study, cellulose solubility was measured by X-ray scattering using ionic liquids
with a total alkyl carbon number of 10. Specifically, three ionic liquids [C2mim][C8CO2],
[C5Smim][C5CO2], and [C8mim][C2CO2] were used in addition to [C2mim][OAc] as a
reference (Fig.1). The solubility did not change depending on the alkyl carbon number or the
location of the alkyl chain.

Keywords : Cellulose, ionic liquids; solubility; alkyl chains
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Fig. 1 Chemical Structure of ionic liquids

1) R. P. Swatloski et al., J. Am. Chem. Soc., 2002, 124, 4974-4975
2) M. Abe et al., Phys. Chem. Chem. Phys., 2015, 17, 32276-32282
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Achieving the transition from type II to type I by controlling the molecular weight of cellulose
crystals ('Faculty of science and Engineering, Doshisha University, *Graduate School of
Science and Engineering, Doshisha University) OMizuki Shiota,' Rikuto Kihara,? Yoshifumi
Kimura, Takatsugu Endo’

Cellulose is a polymer with a variety of crystal structures. Compared to type I crystals, type
II crystals have strong hydrogen bonds and are thermodynamically stable. Therefore, the
transition from type II to type I has not yet been achieved. The purpose of this study is to realize
the transition from type II to type I, which is expected to lead to applications in recycling fiber
to resources. In particular, this study focuses on the molecular weight of cellulose and attempts
to transition to type I by controlling the molecular weight of cellulose.

First, a reproduction experiment was conducted in a previous study in which type I was
dissolved in lithium chloride/DMACc solution, gelled, and regenerated to obtain type I again.
The results were not reproduced well, and the cause was considered to be the difference in
molecular weight of the cellulose sample. Therefore, the molecular weight of cellulose was
reduced by hydrolysis with phosphoric acid, convert it to type II. Since it was necessary to
investigate the optimal hydrolysis treatment time, the molecular weight of cellulose hydrolyzed
for various times was measured. Using a solvent system of tetrabutylammonium hydroxide
(TBAH) and DMSO, viscosity was measured with an Ubbelohde viscometer, and the molecular
weight was derived from the established Mark-Houwink equation. Then, we carried out
experiments to transform the hydrolyzed cellulose II into cellulose I. As a result, we found that
the hydrolyzed cellulose II was incompletely dissolved in lithium chloride/DMAc solutions.
X-ray scattering measurements showed that the regenerated cellulose was type I1.

Keywords : Cellulose; Molecular weight; Polymorphism;
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1) Y. Wan et al., Chem. Commun., 53, 25, 3595-3597 (2017)
2) Dagqin Bu et al., Polymers., 11, 1605 (2019)
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Glycine Betaine Alkyl Esters as Promising Agrochemicals for
Controlling Growth of Common Weeds

(*Faculty of Chemical Technology, Poznan University of Technology, Berdychowo 4, 60-965,
Poznan, Poland) O Adriana Olejniczak,® Damian K. Kaczmarek,! Tomasz Rzemieniecki,!
Witold Stachowiak,! Michal Niemczak®
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Glycine betaine, a natural, cost-effective, and environmentally safe compound, is widely
recognized for its ability to enhance plant tolerance to environmental stresses and regulate
growth under adverse conditions. Given these beneficial properties, the following study focuses
on glycine betaine derivatives — specifically alkyl esters containing 8, 10, and 12 carbon atoms
in their alkyl chains — as potential agrochemicals with enhanced biological activity. The
objective was to evaluate their phytotoxic effects and potential application as eco-friendly weed
control agents. Phytotoxicity tests were conducted in accordance with OECD guidelines, using
the Phytotoxkit system to evaluate seed germination and early growth of selected plants in
model and commercial soil. The study included white mustard (Sinapis alba) and rapeseed
(Brassica napus) as representatives of dicotyledonous plants, and amaranth (Amaranthus
retroflexus), maize (Zea mays), and wheat (Triticum aestivum) as representatives of
monocotyledonous plants. These species were selected due to their diverse growth dynamics,
agricultural importance, varied physiological responses and metabolic pathways, providing a
robust model for assessing compounds’ selectivity and efficiency. The obtained results offer
valuable insights into the differential responses of these plant groups to glycine betaine alkyl
esters, indicating their potential utility as selective and sustainable herbicides. Such findings
contribute to the development of innovative, environmentally friendly solutions for modern
agriculture, emphasizing both crop productivity and ecological balance.'2
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