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Calculation of equilibrium isotope fractionation factor by polarized continuum model
considering water properties at high temperature and pressure (‘Institute for Extra-cutting-edge

Science and Technology Avant-garde Research (X-star), Japan Agency for Marine-Earth
Science and Technology) OSatoshi Okada,' Manabu Nishizawa'

Reduced partition function ratio, B, describes the equilibrium isotope fractionation factor
between an atom in a specific bond environment and its atomic form. The B factor of nitrogen
oxides by N/O-substitution, '*p and '*p, are most calculated to study environmental materials
cycle and the origin of life because of their abundance in the crustal fluids and deep-sea
hydrothermal fluids on Earth. The B factor is calculated from vibration states of two solvated
isotopologues, where solvated water is introduced either by polarized continuum model (PCM)
or by accurate but high-cost “water-droplet” model that calculate additional tens of explicit
surrounding water molecules ['). We realized that the PCM lacks change in water properties
under high pressure (p)/ temperature (T) and explicit hydrogen bonding under low temperature.
Here we included p/T-dependent dielectric constant, &(p,T) and several explicit coordinative
water to PCM to calculate B(p, T) similar to “water-droplet” model at low computational cost.
We also found p-dependence of B due to gas-liquid phase transition at low pressure.

Keywords : Isotope Fractionation; Solvation;, Quantum Chemistry; Nitrogen Cycle
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Analysis of crystal growth mechanism at Si(100) and Si(110) surfaces via quantum chemical
calculation (Grad. Sch. Sci. Eng., Waseda University)

(OMana Ishizuka, Katsunori Yamaguchi, Nilson Kunioshi

The CVD method is one of the processing technologies used to improve the quality of silicon
wafers, and semiconductor substrates. This study focuses on the adsorption/desorption
reactions of chemical species (SiCl,, H», HCL, etc.) on/from Si(100) surface and Si(110) surface,
which has excellent electrical properties, to unravel the epitaxial growth mechanism of silicon
crystal using CVD method. The quantum chemical calculation software Gaussian 16 was used
in the study. The activation energies and the reaction rate coefficients calculated based on the
transition state theory were used as indices for evaluating how easily a reaction proceeds. A
novel epitaxial growth route on Si(100) surface was proposed assuming a larger cluster than
used in previous studies. The adsorption reactions of SiCl, and H, molecules on Si(110) surface
were analyzed and compared with those on Si(100) surface, suggesting that there is no
transition state in the adsorption reaction of SiCl, and the adsorption of H> molecules may be
comparable to that on Si(100) surface.

Keywords : Chemical Vapor Deposition, Reaction Dynamics, Transition State Theory
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Quantum chemical calculations of the mineralization reactions of phospholipids
(‘Graduate School of Science and Engineering, Waseda University, *Graduate School of

Medicine, Dentistry and Pharmaceutical Sciences, Okayama University)
OYunhao Cheng, ! Hara Emilio Satoshi,” Nilson Kunioshi!

Hydroxyapatite obtained from phospholipid molecules constituting the cell membrane is a kind
of material used in artificial bones. It has been experimentally confirmed that phospholipid
molecules can be mineralized, but its mechanism has not been clarified yet. In order to clarify the
mechanism of the mineralization of phospholipid molecules, calculations were carried out using
the Gaussian 16 quantum chemical calculation software. By using the B3LYP/6-31G (d, p) level,
the structures before, during and after the reaction were optimized, and a high accuracy activation
energy was obtained at the APFD/6-311+G (2d, p) level. There were several kinds of phospholipid
molecules, and the simulation of hydrolysis reactions were carried out on phosphatidylcholine
(PC) and phosphatidylserine (PS). There are several bonds that can be the hydrolyzed. The
activation energies of PC and PS reactions were compared, and the mechanism of hydrolysis of

phospholipid molecules was examined.

AR A RS T 2 U VB E S 0BT Fax o7 R 4 MIANTHE L TULH
SNHMEThH D, U UIREDFRAIRIET D 2 SIXERMITHEZR SN TV LR, 20
FOGHERE TR Tl e, RIFFE I, U VIRE S T O A RS % fE 9 5729
Gaussianl6 B 1{LFHE Y 7 by =7 ZHWTEHE 21T - 72, B3LYP/6-31G(d,p) L'~
VT, ROSHT, EBRIRRE, S OREE L Fai{k L. APFD/6-311+G(2d,p) L'~ /U IZ
TERBEOIEH L= AN X —% KDz, U VIRE S TIXEEREENTEL, 095
phosphatidylcholine (PC) & phosphatidylserine (PS) % AF5txt4: & L TR GRS D 2 2
2b—varETok.2 HOY VEES T E NV T T LA G LR o TSRS
RGBS 2 L Z T HEA I35 5. PC & PS D Z 9K USRS OIE ML= R L% —
L, U R ST DI RS ORERE 2 et L7z,

R

50 s <
“JH"’"‘W“ J“JJ

© The Chemical Society of Japan -H937-2vn-03 -



H937-2vn-04 AZ(b2a B1045SE2 (2024)

EFILFHEIZLKDER T/ — )L A DB EZROEN

(RRHET) OXKME - lnfs) - FEiF=1> >

Analysis of Thermal Decomposition Pathways of Bisphenol A via Quantum Chemical
Calculations (Sch. Sci. Eng., Waseda University) OKaori Nagazumi, Katsunori Yamaguchi,
Nilson Kunioshi

One of the hazardous substances present in exhaust gases generated during manufacturing
processes in factories is Bisphenol A (BPA). BPA is produced during the manufacturing and
processing of epoxy resins, requiring treatment, and is typically processed through methods
such as combustion and adsorption. In this study, we focus on the thermal decomposition
process of BPA, specifically highlighting the decomposition pathways involving chemical
species in the gas phase (such as O, H>O, and reactive oxygen species). Quantum chemistry
software, Gaussian 16 were employed for the research. Indicators comparing the likelihood of
reactions included activation energy and transition state theory. Previous studies primarily
addressed reactions involving OH radicals generated from photocatalysts. In addition to these
reactions, this study suggests alternative decomposition pathways under atmospheric and high
temperature conditions.

Keywords: Thermal decomposition, Simulation, Quantum chemical calculations, Transition
State Theory
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Quantum Chemical Calculations for the UV/vis Absorption Spectrum of Gallylene Bearing a
Phenalenyl-based Ligand (‘Faculty of Engineering Science, Osaka University, *Graduate
School of Engineering Science, Osaka University, *QIOB, Osaka University, *ICS-OTRI,
Osaka University, "RCSEC, Osaka University, *°CSRN, Osaka University, ' Graduate School of
Engineering, Osaka University) OManaya Kawasaki,' Chihiro Nakasuji,> Ryohei Kishi,>**
> Yasutaka Kitagawa® ** > ® Nijito Mukai,” Takuya Kodama,* ” Mamoru Tobisu*’

Recently, germylene and gallylene complexes with a phenalenyl (PLY)-based ligand have
been synthesized. Theoretical spectral assignments of these complexes are important for the
analysis of their electronic structures, which are the origin of their interesting reactions and
physico-chemical properties. In this study, we investigated UV/vis absorption spectrum of the
gallylene by quantum chemical calculations.

Keywords : Phenalenyl; Gallylene; Quantum Chemical Calculations
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1) Kodama, T. et al., Inorg. Chem. 2023, 62, 6554-6559.
2) Kodama, T. et al., Inorg. Chem. 2023, 62, 7861-7867.
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