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Controlling Reaction Selectivity through Understanding of the
Formose Reaction Network

(1. Osaka Univ., 2. Toyota Central R&D Labs., Inc.) oHiroaki Nishijima', Genta Chikatani',
Nanako Ishihara!, Taisei Fujimoto!, Hiro Tabata', Yoko Hase'!?, Shuji Nakanishi!

Keywords: Formose reaction, Chemical Reaction Networks, Sugar, Autocatalytic Reaction,
Artificial Photosynthesis

With global warming emerging as o}
an urgent issue, the development of HJLH AN
technologies to support the carbon O~ > OH OH
cycle is becoming increasingly f oA o HO/M/OH
critical. In this context, the formose o " \c') -, "o OH
reaction, which allows for the non- Ty Ho _JL_on — HooA
enzymatic synthesis of sugars from ”OJH/\:K ~~ Hj\H Ho\m;,w

formaldehyde (HCHO) — itself can OH

be reductively formed from CO, — has attracted significant interest!. In the formose reaction,
sugars are produced through a combination of three types of reactions: the aldol reaction, the
retro-aldol reaction, and the Lobry de Bruyn—van Ekenstein transformation®. Although the
parasitic Cannizzaro reaction that converts sugars into sugar alcohols lowers the yield of sugar
production in the formose reaction, we have recently succeeded in developing an WO4*
catalyst that allows to suppress the Cannizzaro reaction®. Nevertheless, the efficiency of
producing linear sugars, like glucose and fructose, remains low when employing this catalyst.
The next challenge is to enhance the production selectivity of such linear sugars that are easily
metabolized by living organisms. In this study, we propose a cascade-type reaction using two
types of catalysts as one strategy to enhance the production efficiency of converting HCHO to
metabolizable sugars. The design of such reaction systems can only be achieved through a
comprehensive structural understanding of the complex networks involved in the formose
reaction. More specifically, in the first stage, we employ a WO4? catalyst to efficiently convert
HCHO into C3 and C4 compounds, key reaction intermediates. Subsequently, in the second
stage, NaOH catalyst was used to facilitate the production of sugars from these C3 and C4
compounds. In this cascade reaction system employing two different catalysts, it has been
confirmed that products such as galactose, which are not obtainable using either WO4> or
NaOH catalysts alone, are produced.

1) J.B. Garcia Martinez et al., J.CO2 Util. 2021, 53, 101726
2) A. M. Butlerow, Compt. Rendus Acad. Sci. 1861, 53, 145 -147
3) H. Tabata, G. Chikatani, et.al., Chem. Sci. 2023, 14, 13475-13484.
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Modeling of Multicomponent Adsorption Equilibria of Phenol and Ciprofloxacin on
Differently Prepared Polyethylene Terephthalate Microplastics

Christian Ebere Enyoh and Qingyue Wang
Graduate School of Science and Engineering, Saitama University, 255 Shimo-Okubo, Sakura-ku, Saitama City,
Saitama 338-8570, Japan.
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Abstract

Multicomponent systems are representative of the most common real situations as many industrial discharges contain
a mixture of several pollutants [1]. This study explores the concurrent adsorption of phenol (PHE) and ciprofloxacin
(CIP) onto distinct polyethylene terephthalate microplastics (PET MPs)—pristine (Pr-PET), acid-modified (Mod-
PET), and thermal-oxidatively aged (Ag-PET)—in a multicomponent solution. Employing the Extended-Langmuir
(EL), Extended-Freundlich isotherm (EF), and a newly developed Artificial Neural Network (ANN) model,
equilibrium adsorption capacities were predicted. Model parameters were estimated using the SOLVER error
minimization technique in Microsoft Excel. The EL isotherm exhibited superior fitting for Pr-PET MPs and Ag-PET
MPs, while EF excelled for Mod-PET MPs. Monolayer adsorption capacities for both PHE and CIP surpassed those
of single-component adsorption. The developed ANN featured 3 hidden layers for Pr-PET MPs and Ag-PET MPs,
and 5 hidden layers for Mod-PET MPs (Figure 1), employing a hyperbolic tangent (Tanh) activation function. These
models showcased impressive performance metrics, including R? (0.989-0.999), low Root Mean Square Error (RMSE)
(0.001 — 0.413), and Average Absolute Error (AAE) (0.009 — 0.327) values. P-factor values below 1 indicated
synergistic interactions in the binary system (Figure 2). Selectivity ratio (Sr) values ranged from 0.136 for Pr-PET
MPs to 0.256 for Ag-PET MPs for PHE, and from 3.902 for Ag-PET MPs to 7.361 for Pr-PET MPs for CIP. This
disparity suggests PET MPs exhibit higher selectivity toward CIP than PHE. The study underscores the efficacy of
developed PET MPs for binary adsorption of PHE and CIP in aqueous solutions.

Keywords: Artificial neural network, Machine learning, PPCPs, Separation, Selective adsorption, Synergistic
interaction, Water treatment
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Figure (1). The developed ANN and (2) The graphical representation of the interactive effect of PHE and CIP
in binary adsorption system to PET MPs adsorbent.

[1] Enyoh, C. E., & Isiuku, B. O. (2021). Current Research in Green and Sustainable Chemistry, 4, 100094.
doi:10.1016/j.crgsc.2021.100094
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An efficient system for direct air capture utilizes diamine as sorbent.

(Department of Chemistry, Graduate School of Science, Tokyo Metropolitan University) OFurong
Cao, Soichi Kikkawa, Seiji Yamazoe
Key Words: Carbon Dioxide; Direct Air Capture; Diamine; Phase Separation

The liquid—solid phase separation phenomenon exhibited a high removal efficiency for low
concentration CO», which has potential for direct air capture (DAC).! In this work, a series of
aqueous diamine solutions was screened for capturing 400 ppm CO>, All amine loaded more thanl
equilibrium CO,, and white solid precipitates appeared in this system at the begging stage of
CO; absorption (Table 1). In particular, isophorone diamine (IPDA) maintained >90% CO»
removal from 400 ppm CO, for 726 min (79 value), and the durability was highest among tested
amines, and IPDA showed >99% CO; removal even under a 500 mL min™!, in which the contact
rate between CO, and IPDA aqueous solution and the CO, absorption rate reached 13,760 h™! and
540 pmol h™! molippa™!, respectively (Figure 1). The CO was captured in aqueous IPDA solution
that 90% of the captured CO; could be recycled. The precipitate from IPDA was analyzed by *C
NMR (164.85 and 161.23 ppm) and FT-IR (absorption bands at 1600-1660 cm™!), revealing the
structure of products as (isophorondiamine)carbamic acid and bicarbonate (HCOs/CO3%).
Therefore, this work provides a foundation for establishing a solid-liquid phase change system for
a highly efficient and environmentally friendly DAC system using aqueous solvent.

Tablel. CO, adsorption properties of Tosia
various diamines in aqueous solution for 400 £ 100 ¢ Aqueous aminie

sorbent using phase
ppm COZ-NZ. separate for DAC
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3 o Time (h)
4 HaN Ny 2 107 Figure 1. CO; removal efficiency over IPDA

" under 500 mL/min gas flow rates of 400 ppm
5 b 441 1.28 CO,. IPDA: 1 mmol; H,O: 2 mL; (Saps = 1.06).

1) (a) P. Luis et. al., Desalination 2016, 380, 93—99. (b) X. Jin et. al., Sep. Purif. Technol. 2022,
298, 120630. (c) S. Kikkawa et. al., ACS Environ. Au 2022, 2,354-362. (d) F. Inagaki et. al., J. Am.
Chem. Soc. 2017, 139, 4639—4642.
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Evaluation of CO, Absorption-Desorption Properties of Diamines
(Tokyo Metropolitan University) ORikuya Yagihara, Soichi Kikkawa, Seiji Yamazoe

Global warming and climate change are closely related to the rising concentration of CO; in
the atmosphere. A large-scale CO, transport system is essential for CCUS technologies that
enable to substantial reductions in carbon emissions. In typical, CO, is compressed into
liquefied CO; or supercritical fluid and transported to consumption places by ship or pipeline'.
However, these systems cost high energy to maintain the states and have safety issues?.

Our group recently reported highly efficient CO- capture system accompanied with a liquid—
solid phase change by using a DMSO solution of diamine with cyclohexyl group as a sorbent.
The carbamic acid was formed by capturing a molar of CO; per diamine molecule, and solid
carbamic acid was precipitated simultaneously. Thus, highly efficient CO, absorption was
achieved due to the low concentration of CO»-absorbed diamine in the liquid phase. In this
study, focusing on the chemical transport of CO,, we investigate the CO, absorption capacity
of various diamines and a DMSO solution of diamine can absorb 2 equimolar CO» to diamine
under flowing certain concentration of CO, gas. Furthermore, the 1 equimolar CO; could be
released under ambient temperature, and the captured CO, was perfectly released at 60 °C.
These results suggest the potential of a safer chemical transport system of CO, than existing
systems using high pressure of CO..

Keywords : Carbon dioxide, Diamine, Carbamic acid, Chemical transportation, CCUS

REFD COp JREITKEZECHIEKIRDEL & IR L TR0, HRAICRE
PEHEOHIB KD 5TV 5 . EEMZRRFHEH 2 M3 2% CCUS Hiffizis ¢,
CO, D KIFBHGRERAMIIMEAR AR TH D, COx ITHAL, F 73BN EE £ TR
Eh, AT TARMATEIIEESNS L L L, REEDEHM CO, 25 -0,
REE S OERR X 7 OFGEHBRE, etk SICEN % 5 2.

Fex L, CO EWEINTE LTT I UL AEFNBENFLLEE X TWD. T4,
VAT UNERERATLHYT I AW ERMZIC L DIREE CO, DERhER
WY AT D@ L3 1 FDOYT I UNEED CO, WIS D &, A3
VEENEIR E UCHTHT 5. ERCROBEN RN D 2 & TP % [BhEE L, KR
FE CO, DRI FTRE & 72 5. ABFFETIE, CO, DLWl EER L, fx D
T I D COWINRELZ T L=, ZDORE, 577 I D DMSO B, 2 %
BHD CO,ZVINNIVIELTRINTHZEEZRHLE. 205 1 HFEIT=ER
THH S 4, 60CTTXTO CO, BT STz, T b OFERIX, R AT LARHEK
DEEE S AT I & 2478 CO, DALZRIEE IS /R D ATREME A R LTV 5.

1) F. Neele et al., Energy Procedia, 2017, 114, 6824.

2) |G, vz =72, 2023, 58,29,
3) S. Kikkawa et al., ACS Environ. Au, 2022, 2, 4, 354.
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The Purification of Methanol using Prussian blue analogues capturing trace methanol gas
(National Institute of Advanced Industrial Science and Technology) O Yuta Shudo, Tohru
Kawamoto, Akira Takahashi

Conventional methanol recovery processes are highly energy-intensive; processes using
selective adsorbents that consume low energy are preferable. However, conventional
adsorbents have low methanol selectivity under humid conditions. This study develops a
selective methanol adsorbent, manganese hexacyanocobaltate (MnHCC), a Prussian blue
analogue, that enables the efficient removal and reuse of methanol. MnHCC adsorbs 4.8 mmol-
methanol/g-adsorbent at 25 degrees in a humid gas containing 5000 ppmv of methanol, which
is five times higher than the adsorption capacity of activated carbon (0.86 mmol/g). Although
MnHCC exhibits the simultaneous adsorption of methanol and water, it has a higher adsorption
enthalpy for methanol than that for water. Thus, pure methanol (95%) was recovered via
thermal desorption after dehydration.

Keywords : Adsorption; Methanol; Prussian blue; Porous materials.
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1) Recovery of Pure Methanol from Humid Gas Using Mn—Co Prussian Blue Analogue. Y. Shudo, S.
Numano, T. Kawamoto, and A. Takahashi*, ACS Appl. Mater. Interfaces, 2023, 15, 11977-11982.
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Dependence of Extraction Efficiency of Activated Carbon and Silica Gel Sampling Agents for Work
Environment Measurement on the Concentration of Organic Solvents (Work Environment Research
Group, National Institute of Occupational Safety and Health, Japan Organization of Occupational
Health and Safety) OHironobu Abiko

Activated carbon and silica gel are commonly used as sampling agents of organic solvent vapor in
work environment measurement established by the Industrial Safety and Health Act in Japan. In the
measurement, extraction efficiency of organic solvent from the agents is particularly important for
accuracy of determination especially in the low concentration region of the vapor. In this study, we have
measured the efficiencies of the agents using several types of organic solvent to investigate their
concentration dependence. Clarification of the concentration dependence is necessary in examining of
effective measurement methods using the agents in combination.
Keywords : Activated Carbon; Extraction Efficiency; Organic Solvent Vapor; Silica Gel;, Work
Environment Measurement
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2) HEFME. PEFMAHES 62 (2020) 192-197.

3) H. Abiko. SN Applied Sciences 3 (2021) Article number
206.
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Fig.1 Examples of comparison of
extraction efficiencies of organic solvent
components determined by the direct
addition method ¥ between the petroleum—
based activated carbon specimen (40 mg)
and the silica gel specimen (70 mg). E= the
control concentration as defined by the
Industrial Safety and Health Act in Japan.
DN= dimensionless number. RT= room
temperature.
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Selective Solid-Liquid Extraction of Lithium Chloride with Heteroditopic Receptors (' Faculty
of Science, Yamagata University, *Resonac Corporation) O Tsubasa Mimuro,! Manabu
Hirasawa,'* Shin-ichi Kondo'

As the demand for lithium has increased over the years," extraction from seawater and used
batteries has attracted attention. In addition, heteroditopic receptors are expected to be effective
in the extraction of certain salts.” However, there are still no reported examples of practical use
of the receptor due to the inadequate capability. We report the development of a highly selective
extraction method for lithium chloride by solid-liquid extraction at high concentration by using
heteroditopic receptors with high solubility. Receptor 1 recognizes a cation at the ether site and
an anion at the urea site, and the cavity size was found to be well match with LiCl. Solid-liquid
extraction with 1 showed more than 70% recovery of LiCl even when K" and Na* were present
10 and 100 times higher, respectively. Li salt was also recovered from Uyuni lake salt and
bitterness. The new recovery method also allows the use of industrial organic solvents and the
reuse of receptors, and we have developed a more practical method for the recovery of LiCl.
Keywords : solid-liquid extraction, molecular recognition chemistry, host-guest chemistry,
lithium salt
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1) S. Mohr, G. Mudd, D. Giurco, Minerals, 2012, 2, 65.
2) J. Mahoney, A. Beatty, B. Smith, /norg. Chem., 2004, 43, 7617.

B3LYP/6-31+G(d) in MeCN (PCM)
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