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Theoretical study on the air-stability of
a caged trialkylphosphine ligand (SMAP)
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Graduate School of Sciences and Engineering, Hokkaido University, Japan

[ Abstract ] Oxidation mechanisms of trimethylphosphine (MesP) and a caged
trialkylphosphine (SMAP; silicon-constrained monodentate alkylphosphine) were elucidated
using density functional theory calculations. MesP is flammable in air, whereas SMAP is
air-stable. We discussed the difference of air-stability based on their oxidation mechanisms.
MesP reacts with oxygen and generates Me radical and Me2PO radical. Each radical species
forms a catalytic cycle capable of promoting a reaction between MesP and oxygen. In case of
SMAP, the caged structure is broken and a biradical is generated. The biradical is formed
since the caged structure connects two radical parts. A cage closure reaction proceeds from the
biradical intermediate, and the radical sites quickly disappear; this prevents the radical
catalytic cycles to occur efficiently. Therefore, we concluded that the caged structure prevents
the radical catalytic cycles and contributes to the high air-stability of SMAP. We hope that
these results will be a hint for synthesis of a new air-stable phosphine ligand.
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Fig. 2. Me radical catalytic cycle
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[ Abstract] To realize a low-carbon society, the thermal storage technology has been an
important target as a means of reusing waste heat. The reaction system, Mg(OH), 2 MgO +
H>O, which is at equilibrium around 200°C-300°C, is one of the promising heat input/output
materials. This system is in the early stages of commercialization, and is required to increase
the reaction rates in both directions, so as to be practically used.

In this study, the first-principles molecular dynamics simulations were carried out for the
Mg(OH), system with several surfaces to understand the heat input mechanism, that is, the
dehydration process of Mg(OH),. Then, we expect useful knowledge for developing improved
materials based on Mg(OH), with high reactivity.
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Fig. 1. Mg(OH), bulk model, Fig. 2. Snapshots after 20 ps FPMD simulations in Mg(OH), system with
with (1000) surface on paper. (1100) and (1000) surfaces, showing side views of supercells with surfaces
perpendicular to paper. Dotted circles indicate produced H>O molecules.
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Fig. 3. Number of oxygen atoms neighboring more than two hydrogen atoms within 1.1 or 2.0 A.

[2E& 3]
[1] Y. Kato et al. Appl. Therm. Eng. 16, 853(1996).
[2] P. Masini et al. J. Phys. Condens. Matter, 14, 4133 (2002).
[3] S. V. Churakov et al. J. Phys. Chem. B, 108, 11567 (2004).



3P103

FMOZ R L=KiBM T / F 1 —TOREMICET SERPR
R TR, UK
O F#&7, HEAA, b HET

The study of stability for water-soluble nanocube based on the FMO
oTakako Mashiko?, Norio Yoshida?, Hiroya Nakata®
1 KYOCERA Corporation
2 Graduate School of Science, Kyushu University, Japan

[Abstract] Hiraoka et al. synthesized a water-soluble gear-shaped amphiphile molecule (1),
six of which self-assemble into a hexameric cubic-shaped structure, nanocube (1¢), in aqueous
solution (Figure 1)[1]. Previous experimental works reported that these nanocubes have high
thermal stability, and the stability changes by a slight difference in substituents[2]. In order to
elucidate the mechanism formed to hexameric capsule, we analyzed the stability for 1s based
on the fragment molecule orbital (FMO) method[3] implemented in GAMESS-US[4]. Solvent
effect was considered with PCM, SMD, and 3D-RISM.
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Fig. 1. Hexameric capsule formed six water-soluble gear-shaped
amphiphile molecules.
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Theoretical analysis on the relation between the partially covalent nature
of halogen bonding and the THz spectral intensity enhancement
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[Abstract] It has been suggested, for a few example cases, that halogen-bond formation is
detectable by measuring the THz spectra. This is because of the spectral intensity
enhancement occurring upon halogen-bond formation. Therefore, it is important, for fully
utilizing the information contained in the spectra, to relate the extent of this spectral intensity
enhancement with the structural and other properties of the halogen bond and the molecules
involved therein. In the present study, the electronic structural origin of this spectral intensity
enhancement is analyzed theoretically. It is clarified that the generation of the intermolecular
charge flux (the modulation of the intermolecular partial charge transfer by a molecular
vibration) is the main origin of the spectral intensity enhancement. The correlation with the
extent of the intermolecular partial charge transfer per se and the resultant partially covalent
nature of halogen bonding will also be discussed.
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Theoretical Study on Inelastic Electron Tunneling through Molecular Wire
oYoichi Matsuzaki
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Japan

[ Abstract] Contributions of inelastic channels to the electron-tunneling process in
donor-bridge(wire)-acceptor systems, ZnP-COPVn-Cg, have been theoretically investigated.
The golden-rule rate constants were evaluated on the basis of the quantum chemical
calculations of vibronic couplings and Franck-Condon weighted density of states. We show
that the rigid COPV bridge does not have any advantage over the flexible OPV bridge
regarding the strength of vibronic coupling, and hence, the contribution of inelastic channels.
We found that the inelastic/elastic ratio of rate constants amounts to 0.1-0.3 in these systems.
The quantum nature of intramolecular vibrations of donor and acceptor suppress the inelastic
effects on the tunneling rate.
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Figure 1. Molecular structures of D-B-A systems.
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Figure 2. Calculated Huang-Rhys factors associated with applied electric field.
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Theoretical Study on Open-Shell Nature, Aromaticity, and Nonlinear
Optical Properties of Carbon Nanobelts

oMasaki Yamane, Ryohei Kishi, Takayoshi Tonami, Kenji Okada,
Takanori Nagami, Masayoshi Nakano
Graduate School of Engineering Science, Osaka University, Japan

[Abstract] Relationship among geometric features, electronic structures and third-order
nonlinear optical (NLO) properties of carbon nanobelts (CNBs) are investigated by using the
density functional theory (DFT) method. A CNB composed of five- and six-membered rings
(IF-CNB, 42m), which involves repeating indenofluorene (IF) units, is expected to exhibit
both multiradical character and relatively strong aromaticity, while that composed only of
six-membered rings (CNB, 48r) is shown to be a closed-shell weak antiaromatic species.
Open-shell electronic structure of IF-CNB is shown to be closely related to its
p-quinodimethane (pQM)-like substructures and several geometric features of the system.
Third-order NLO properties of open-shell IF-CNB is expected to be enhanced more than three
times as large as those of the closed-shell CNB. These results indicate the possibility of
further multi-functionalizations of belt-shaped hydrocarbons by fusing five-membered rings.
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Theoretical study of CFs" + CO reaction based on IRC
oKohei Oda?, Takuro Tsutsumi?, Kenji Furuya?, Tetsuya Taketsugu3
! Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
2 Faculty of Arts and Science, Kyushu University, Japan
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[ Abstract] The Intrinsic Reaction Coordinate (IRC) [1] is defined as a steepest descent
pathway in mass-weighted coordinates on the potential energy surface, which connects reactant
and product minima through a transition state (corresponding to a first order saddle point). The
molecular system follows the IRC if the system has an infinitely damped velocity, but in the
actual situation, the system does deviate from the IRC due to a kinetic energy. If the IRC has a
bifurcation nature or a large curvature on the way, the dynamical effect becomes essential [2].
In this study, we investigate the reaction pathways for the collision reaction of CF3" and CO
which was studied experimentally by a guided ion beam study [3]. As to the F.CCFO*
isomerization, the IRC has a large curvature region before the transition state, indicating that
the molecular system possibly deviates from the IRC before reaching the transition state.
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Effect of dispersion force correction on automated reaction route
exploration using density functional theory
oNaoki Kishimoto', Koichi Ohno!-?
! Department of Chemistry, Graduate School of Science, Tohoku University, Japan
2 Institute for Quantum Chemical Exploration, Japan

[ Abstract] Effect of dispersion force correction on automated reaction route exploration
was examined by DFT calculations at the theoretical level of B3LYP with 6-31G(d) basis set
and Grimme's dispersion with the original D3 damping function (GD3). Results of
equilibrium structures, transition structures, and dissociation channels were compared with
the results of the 2™-order perturbation theory (MP2) with the aug-cc-pVDZ basis set. For
stable conformers, results by B3LYP with/without dispersion forces are consistent with the
MP2/aug-cc-pVDZ result, which is also the case with the result by DFTBA calculation except
for the energy order. For higher-energy isomers, B3LYP exploration results in clusters, which
was not obtained with the dispersion force correction. The exploration by the B3LYP method
can be thought that the energy range of the obtained isomers is wide. However, the dispersion
force correction suppresses the generation of clusters, which is in common with the
MP2/aug-cc-pVDZ method.
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Fig. 1 Calculated isomerization pathways from the most stable conformation of glycine by (a) B3LYP/6-31G(d) and (b)
B3LYP+GD3/6-31G(d) (in kJ/mol).
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Fig. 3 Calculated isomerization pathways from the most stable

conformation of glycine by DFTBA (in kJ/mol).
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Implementation of efficient algorithm to MC_QM-CI-NEB method and its
application
oKeita Sugiura', Kimichi Suzuki?, Masanori Tachikawa?®, Taro Udagawa!
! Department of Chemistry and Biomolecular Science, Faculty of Engineering,
Gifu University, Japan
’Department of Chemistry, Faculty of Science, Hokkaido University, Japan

3 Quantum Chemistry Division, Graduate School of Science,
Yokohama City University, Japan

[Abstract] Recently, we have developed the MC QM-CI-NEB method to analyze chemical
reactions including the nuclear quantum effect (NQE) of proton. However, our MC_QM-CI-
NEB method requires a huge number of force calculations. Therefore, it is necessary for an
improvement of the efficiency in the MC _QM-CI-NEB calculation to apply the chemical
reactions in large systems, such as enzymatic reactions. In this study, we have tried to improve
the efficiency of our MC QM-CI-NEB method by applying adaptive NEB approach and free-
end NEB method. Results of some application on model systems are also discussed.
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Theoretical study of chemical bond of aluminum nanowire
in electrical conduction

oShunji Matsunaga®, Masato Senami‘
! Department of Micro Engineering, Kyoto University, Japan

[Abstract]

We have studied the nature of chemical bonds by the electronic stress tensor density and the
electronic kinetic energy density which are local physical quantities of rigged quantum
electrodynamics (Rigged QED) theory. In this work, we study the chemical bonds of
aluminum nanowire, which is a good hydrogen storage material, by calculating the local
physical quantities. In addition, we also focus on the effect of electronic current on the
chemical bonds, especially Al-H bonds. In a previous work by our group, we calculated the
electronic structure of aluminum clusters under the existence of the electronic current, but
there were some problems because the effect of electrodes were not considered properly. In
this work, we calculate the electronic states more correctly by the calculation based on non-
equilibrium Green's function method.
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Determination of pKa in alcohol monolayer/solution interface

by molecular dynamics simulation

oToshimasa Yoshida!, Akihiro Morita®3, Tatsuya Ishiyama®
! Graduate School of Science and Engineering, University of Toyama,Japan
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[ Abstract]

In this study, acid dissociation constant at surfaces or interfaces of aqueous solution, pKas, is
considered by molecular dynamics (MD) simulation. The recent experimental surface-sensitive
sum frequency generation (SFG) spectroscopic measurement revealed that 0.03 M NaOH
aqueous solution at hexadecanol monolayer/aqueous solution interface drastically changes
interfacial molecular structure in comparison with the monolayer/pure water interface. We first
demonstrate that this drastic change of interfacial structure can be explained by deprotonation
of hydroxy group of hexadecanol by MD simulation with polarizable model. Our goal is to find
pKas of hexadecanol at hexadecanol monolayer/NaOH aqueous solution interface by assuming
several deprotonation ratio in classical MD simulation and by finding a deprotonation ratio
reproducing the measured SFG spectrum. To achieve this goal, we first develop polarizable
model of hexadecanol and water that well reproduce radial distribution function (RDF) of
hydrated hexadecanol monomer calculated by ab initio MD simulation. On the basis of the
developed model, we carry out MD simulation, and determine pKas of hexadecanol at the
interface.
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? NaOH KEHRIZT 5 Z LI X 0 RmES B b2 2 & 23S L72[1). W
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Figure 1. RDFs of hydrogen in water
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[1] Y. Wen et al. J. Phys. Chem. C 2016, 120, 15224 Figure 2. Drude polarizable model of terminal

[2] P. T. Kiss et al. J. Chem. Theory Comput. 2014 10,5513-5519  group of hexadecanol(right)[3] and water(left)[4].

[3] V. M. Anisimov et al. J. Chem. Theory Comput. 2007, 3, 1927-1946
[4] G. Lamoureux et al. Chem. Phys. Lett 418 2006, 245-249
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Effects of Pore-Surface Properties on the Electronic States of
Re(bpy)(CO);Cl1 Formed on Periodic Mesoporous Organosilica.

oSoichi Shirai, Minoru Waki, Yoshifumi Maegawa, Yuri Yamada, Shinji Inagaki
Toyota Central R&D Labs., Inc.

[ Abstract ] Periodic mesoporous organosilica with 2,2’-bypridine organic groups
(BPy-PMO) is a promising candidate for a platform of novel catalysts and photocatalysts
because various metal complexes can be formed on its pore surface. The metal complexes
formed on the pore surface of BPy-PMO are discretely fixed and one complex does not
contact with other complexes unlike that in a bulk solid. In the air, the interactions between
the metal complex and solvent molecules are also absent unlike solution. To examine the
effects of these unique structural environments, we analyzed the metal-to-ligand charge
transfer (MLCT) excitation of Re(bpy)(CO);Cl formed on BPy-PMO (Re-BPy-PMO). The
MLCT wavelength (Amrct) of Re-BPy-PMO in the air was unexpectedly short and close to
that of Re(bpy)(CO);Cl in toluene. Trimethylsilylation which converts SiOH groups on the
pore surface to SiOSiMe; groups resulted in a red-shift of Ay cr. Detailed mechanisms of
these experimental observations were explored by utilizing quantum chemical calculations.
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Figure 1. Schematic images of BPy-PMO.
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Figure 2. Schematic images of pore surfaces:
(a) Re-BPy-PMO and (b) Re-BPy-PMO-TMS.

Table 1. Experimental Ay cr values (nm).

material MvLcr
Re-BPy-PMO 403
Re-BPy-PMO-TMS 416
Re(bpy)(CO);Cl1 in toluene 403
in acetonitrile 371

Table 2. Calculated Ay cr values (nm).

material AmLcr

Re(bpy)(CO),CI

without PCM 436.2

with PCM (toluene) 387.7

with PCM (acetonitrile) 347.9
Re{5,5’-(SiX3),bpy } (CO);Cl1

XOH (X=0H) 448.5

XOTMS (X=0SiMe;) 410.2

[1] Waki, M. et al. J. Am. Chem. Soc. 2014, 136 (10), 4003—4011.
[2] Waki, M. et al. Chem. Eur. J. 2018, 24 (15), 3846-3853.

[3] Shirai, S. et al. J. Phys. Chem. A 2012, 116 (41),

10194-10202.
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Evaluation of Thermal Characteristics of Ionic Liquids Using Molecular
Dynamics

oHiroki Matsumoto', Akinori Fukushima?
" Graduate School of Engineering, University of Fukui, Japan
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[Abstract] An ionic liquid is a salt having a liquid phase at room temperature and is
attracted much attention as a functional liquid due to its adjustable properties by a
combination of a cation and an anion. However, since the design guide for desirable ionic
liquids are not clarified, it is difficult to design ionic liquids according to the intended use.
Therefore, a purpose of this study is the accumulation of fundamental physical properties of
ionic liquids and obtain a basic insight to design the intended ionic liquid. Especially, and
studied on thermodynamic properties with few reports among fundamental physical properties.
As a results of an analysis of thermodynamic properties of ionic liquids by molecular
dynamics simulation, it is revealed that dependence of thermal conductivity on the length of
the side chain of cations is low.
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Fig. 1Simulation results of thermal conductivity. (a) Experimental value and analysis result of thermal

conductivity of BF4. (b) Analysis result of conditional thermal conductivity
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Search for BC hybrid structure
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[Abstract] New structures consisting of carbon four-membered rings which are different
from carbon nanotubes and fullerenes have been found by quantum chemical calculation.
Furthermore, it is known that new CN hybrid structures can be found by incorporating
nitrogen atoms into these carbon structures. This kind of search is also possible in the hybrid
structure of carbon and boron. Therefore, in this study, we have searched for new BC hybrid
structures and confirmed their existence according to structural optimization calculation by
VASP.
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Fig.1 BC hybrid structure
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[Abstract] In light-harvesting complexes, fast and efficient excitation energy transfer is
accomplished by optimizing the excitation energies and their fluctuations of pigments.
However, the detailed molecular mechanism is still unclear. In this study, we developed a new
efficient method for generating accurate potential energy functions of a molecule in
condensed phase by combining the molecular mechanics force field with the modified
Shepard interpolation. We applied the method to analysis of the excitation energies in the
light-harvesting complexes using the density functional properly describing the excited-state
properties of pigments in solutions. The calculated excitation energies and their fluctuations
of pigments are in good agreement with the experimental results. It was found that the protein
controls the excitation energies by changing the surrounding environments. The present
results are expected to provide new insights into the efficient excitation energy transfer in
light-harvesting complexes.
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Theoretical Study on Anion Effects
on Oligomer Formation of Cytochrome c
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[Abstract] Cytochrome c (cyt ¢) forms oligomers by successive domain swapping, where
the C-terminal helices are replaced by the corresponding helices of other cyt c proteins, and
loses its electron transfer function. The amount of oligomer formation depends on the
chaotropic and kosmotoropic nature of the anions. However, the detailed mechanism is still
unclear. We have been studying the thermodynamic stability of the domain-swapped dimer of
cyt ¢ by using the molecular dynamics (MD) simulation and the three-dimensional reference
interaction-site model (3D-RISM) theory. In the present study, we investigated the anion
effects on the stability of dimer. We calculated the enthalpy difference in aqueous solution, 1
M NaCl solution, and 1 M NaNOs solution. The calculated results are in reasonable
agreement with the experimental ones. It was found that structural change induced by the
anion plays an important role in the stability of dimer.
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Table 1. Enthalpy data of cytochrome c (in kcal/mol).

solvent | AH(Expt) AH(Calc) | AEpor | AHggy | AHLZY | AHSOR| Aganion
H20 40.0 14.4 5575 | —543.1 | -543.1
1 M NaCl 275 [9.0(10.0)° | 5749 | -565.9 | —65.0 | 3336.5 | —3839.4
1MNaNOs | 165 [ 0.6(27)7* | 7139 | —713.3 | -156.9 | 3099.6 | —3658.3

2 Solvation enthalpy was calculated with aqueous solution.

[HER-EL] 9. Yo7V rehEbohnizesnehofEics LT, 237
B OME TRV F —Epor. W Z L E—Hyy P L LT L E—H=
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INHORERIT, EERAER[L,3]) L I T 5, EBROZEIIIRER T
AL —RNEETHY | IEEFIT L XV E—OSENZ L0 7 =4 2 OIRBEFI S KX <
FHHELTWALZEBRHLMNIoTz, £To, U NV BEOEZ XL —XFEALL
NEFBMAMEA T RNV X —E TR L TEY , WIEIC L » CTHER, “EEKOMm 7
O BEMEEH =R =N K& < Bip o7z (Table 2), & 512, NaCl &iE<° NaNO3
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Table 2. Electrostatic interaction energies (in kcal/mol)

e e AEgg Eglsonomer Egémer
i, TEA ALY Tt B H:O | 580.3 | —15562.8 | —149825
SR AT 5 2 & BIROR [TV NaCl | 5628 | ~15163.2 | 146004
EAICEETHH 2 L AR LT [TMNaNO; | 7053 | —151835 | —14478.2
Do
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A model electronic Hamiltonian to study charge transfer and d-d
excited states of the iron(Il) tris(bipyridine) complex
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Graduate School of Informatics, Nagoya University, Japan

[ Abstract] Ultrafast electronic relaxation dynamics of iron(Il)-tris(bipyridine) complex
([Fe(bpy)s3]*") has been attracted much interest to understand light-induced spin crossover
phenomena. In this complex, after photo-excitation, the metal-to-ligand charge-transfer
(MLCT) singlet excited states relax to the lowest d-d quintet state in ultrafast timescale. For use
in molecular dynamics simulations to study such ultrafast relaxation dynamics, we have been
developing a model electronic Hamiltonian which can describe all the d-d excited states of
[Fe(bpy)s;]*" in computationally cheap fashion. In this study, this model electronic Hamiltonian
is extended to describe MLCT excited states besides d-d states. The parameters in model
electronic Hamiltonian are determined mainly by using DFT calculations results. The accuracy
of model Hamiltonian thus developed is examined by comparing potential energies with those
from wavefunction-based electronic structure calculations in other studies.

[F] HUREEU U8 AD 8K ([Fe(bpy):s D) 1. B D d BLE D B ENL D ¥l
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Fig. 1. Potential energy curves of low-lying d-d (solid line)
and MLCT (dashed line) states computed by the model
Hamiltonian along the linear interpolation between the
lowest singlet and quintet state structures. Blue, green, red,
and violet lines denote singlet, triplet, quintet, and septet
states, respectively.
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Efficient successive conduction model to evaluate carrier mobility

in the model amorphous phase.

oToshio Asada®?, Shiro Koseki*2
! Department of Chemistry, Osaka Prefecture University, Japan
2 The Research Institute for Molecular Electronic Devices,
Osaka Prefecture University, Japan

[Abstract] Hole mobilities for 12 molecules in the model amorphous phase prepared by
molecular dynamics simulation were evaluated using the proposed efficient successive
conduction (SC) model based on the continuity equation with no adjustable parameter, which
could qualitatively reproduce experimental results in a reasonable computational time. Using
the SC model, the relationships between hole mobilities and molecular structures were
evaluated for the molecular design to control mobilities in the amorphous phase. The SC
model assisted by molecular dynamics simulations was demonstrated as a useful approach for
evaluating hole mobilities for a wide range of molecules in the amorphous phase. It was
confirmed that molecular interactions with only a few neighboring molecules, the high
concentration of molecules with significant contributions to the mobility, and small
reorganization energies are important factors for increasing hole mobilities. It is indicated that
small reorganization energies tend to be obtained from rigid molecules. In addition, molecules
with a large S between HOMOs in contact molecular pairs are also good indicators for having
a high hole mobility, which is related to short intermolecular distances between adjacent
molecules.

[F] AEEERTAEHTL 7 =7 ZOEAMETH Y | & OBRFMZEITNEK,
“EHERIC K DRE KD Z RS o7, L L, ZOTETIIMIEREOY
RAPEMEIZBWTIRANH D . ARITMHAN RGBS AR DN>o2H 5. ZOBUREZFT
WL, AARAPAEHT L7 hu =7 A8 5720120%, EMmE OBMEA#KY-S
RO N2 Th 5. T4, Marcus Haiaa HWCEHR L7 Z405 1M
DEMBERE ER A, 7E/NT 7 A8 T S 2 B BB EE O F2ERE & BT
%72 OFEE Successive Conduction(SC) £ /L &% L7=M. Af5E it SC £5 /L
Z 12 FEOAW S FIZEM L, A— A BB T 2 EERE & O 21T o 72
FERIZONWTHET S.

(5t ()]

713% General Amber Force Field Z T 12 FEEO AL F12O0V T 1000K ~D 5
IRIEFE L 300K ~DOHAFAEFED S FEN )P I ab—2a vy EFIT L BT AT BN
T 7 AREERER LT, BNy X THEEIND T 2 LTS T A TR L, target
molecule & L7z (Fig. 1a). Target 70 75 6.0A LINIZITHR 4% & o001 & D1



[l CEMBEIE T t Z5H L7ZOBIZ Marcus Bliall 25 SV TH% S+ R OB — L
BT EE k % L7 (Fig. 1b,c). Stokes-Einstein @ X% 5 Z & T, target
molecule = & IZRATHIRBMBEIE 4 NREETEX2—F 0 rEICBiRoRkEs L
HIZORED ENIEFICRE LS D, 22T, BRI TR CEMMABEIT5H SC £
TNERE L. SC ET/MI LD &, FEBRAICEBIIFTREZ2 A — A B ENEE 713k T
B/onsd.

S

Target molecules

Fig. 1 Computational approach. (a) Model amorphous phase. (b) stacking molecular pair. (c)
parallel displaced molecular pair.
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HITERMED S 1 ML R DR L > 102t P 4
Moty MEETRAF—2E50IC 3 e
< ,
BEFHEZOHFHLRHL TR, /8 2 107 m_BPDEQ;.ErEFé,
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10° 10 10 102 10t 10°

ey U ¥y RgiE 42 LT T, HELE
TRILF =P/ ENZ & £, HOMOM ) _ ¢ hole mobilities betwy
et . . Fig. 2. Comparison of hole mobilities between
N L) - o
@\E?ﬁi 0B 75)@%5‘j(% f‘ﬁ/\_/j ‘/f calculated values by cam-B3LYP/6-31G(d)
Wiz & D ENEETH D, fH OB levels and experimental ones. The correlation
RUMAHMEDOFFUZ DN T Y BREKT 5, coefficient is 0.88.

Experimental hole mobility / cm2-V1.sect
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Analysis of polarizability by natural perturbation orbital (NPO) obtained

by singular value decomposition (SVD)
oMasaya Miyamoto, Masahiko Hada
Department of Science, Tokyo metropolitan University, Japan

[Abstract]

We developed natural perturbation orbital (NPO) which is proper to an external field and
applied it to surface enhanced Raman scattering (SERS) of AgnCO (n=2, 8, 20). We found that
the intensity of SERS became larger by increasing cluster size of Agn and interaction of the
Ag cluster and CO was similar among these clusters while the number of nodes in the orbital
of the Ag clusters changed.

(7]

A S T B IS D 1 5T, BRI > TR LD T
L E DB 2RI % LI T s, Ll & S DA R
B IS M TR IR C o 5,

7 = TR TR ﬁLTL@ﬁ%LT%éQ%T@%LWN»%%%LKO
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Ag 7 7 A% — & LT Ag2(Dun). Ags(D2d). Agoo(Td)ZEH L. & AE LI L O
IR DR EZIT o 12, R FIEIZENEI, B3LYP/LanL2DZ(Ag),6-311G*(C,0).
CAM-B3LYP/LanL2DZ(Ag),6-311+G*(C,0) & H\ 7=, CO fffEiZ ity L 7o LB |2 %f
T B R OPITITEN % 0.001A & L7z 3 frPl Tk iz,
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AgnCO (n=2, 8, 20)FB LT CO O T~ LT > V)V D 3% Figurel |Z/R7, Tl
ERAHE. A 7 TAZ—DBRELRBHITONT T < U BELOTRE N L #EiE X C
WA Z ENTHND,AGCO (n=2,8,20)I2 BV CEEBRFEEFFODOIX yy 77 ThH 5,

WIZT~< VBELT I DYy T ET D0 v 7V o 7 E D T-9HIZNPO T L
LIEMT 24T o7 (Figure2), TN x5 &, yyIZHE ST 20 v 7Y 71 E—>T
FRERROLREWT TV T THDLZ ENm05,

BB v 7T DEER & Figure3 IZBR LTz, Zha o b, Agr 7 A% —&
CO LD OMAFERITHELELTEY 7 TAZ—HY A XANRKEXLL2BHITONTAg 7Y
T AR —OWEDOHIOEN L 782D Z LB pmoilz,
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Ag,CO AggCO Ag2oCO co The subscript i of NPOs
Figurel. Square of Raman scattering tensors for Figure2. NPO analysis of yy component of
AgnCO (n=2, 8, 20) and CO Raman scattering tensors for Ag,CO (n=2, 8,
Axes of external electric fields are selected as 20)
principle axes of polarizability tensors. NPOs are sorted by descending order for

singular values and showed only 6 orbitals.

Ag2CO AgsCO Ag20CO

Figure3. Most contributed NPOs of Ag.CO (n=2,8,20): occupied orbitals (top)
and virtual orbitals (bottom)
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The Planarity of the Heteroatom Analogues of Benzene: Energy Component
Analysis and the Strategy for the Planarization of Hexasilabenzene

Taiji Nakamura, oTakako Kudo
Division of Pure and Applied Science, Graduate School of Science and Technology,
Gunma University, Japan

[Abstract] There are various non-planar heteroatom analogues of benzene - cyclic 6w
electron systems - and among them hexasilabenzene (SigHs) is well-known as the typical
example. To determine the factors to control their planarity, quantum chemical calculations
and the energy component analysis have been performed. As a result, it was shown that the
energy components mainly controlling the planarity of benzene and hexasilabenzene are
different. For hexasilabenzene, electron repulsion energy was found to be significantly
important for the planarity. Furthermore, the discussion suggested in the present study - the
Repulsion Dominant (RD) model - was succeeded to consider the Carter-Goddard-Malrieu-
Trinquier (CGMT) model for the heavier group 14 analogues of ethylene from another point
of view. Based on the quantitative results, some strategies for the planarization of
hexasilabenzene are suggested. Finally, it was revealed that planarization of hexasilabenzene
is possible by introducing a substituent with a strong m-accepting ability such as boryl group
(-BH?>) as the m-electron repulsion on the silicon skeleton decreases.

(?]NyﬁVﬁ$@%L%ﬁ¢éﬁ%%ﬁ%§%%é%?%5@kmﬂ%%m,%
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e LIEARE T, AbEMDOET RN T —%2 NIV b =T U OFKIEICKH ST 5T %
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Figure 2. Planarity of the six-membered framework (¢) against the electron occupancy of LP* or o* of the
substituents in various hexasilabenzene and hexagermabenzene analogues at the MP2/cc-pVTZ levels. (¢ is the
dihedral angle constituting of the four consecutive atoms of the six-membered ring skeleton.)
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Theoretical study on the mechanism of photo-induced electron spin
polarization of oligoacene molecules

oYuta Matsuzawa!, Yuki Kurashige!,
! Department of Chemistry, Kyoto University, Japan

[ Abstract] We have investigated a mechanism of electron spin polarization induced by
photoexcitation of pentacene molecules. For this purpose, we calculated accurate energy
profiles of the low-lying triplet states with the DMRG-CASPT2 method. We also calculated the
spin-orbit coupling (SOC) to evaluate the efficiencies of the transitions between S1 and the
substates of the low-lying triplet states Tn’: for each orientation yu (u = x, y, z). It is suggested
that most likely path of ISC is transition from S;to x component of T, substates, which is
consistent with experimental observations that substate |x) is selectively populated. These
results indicate that the spin-selective transition from S; to T, state is the origin of photo-
induced electron spin polarization of pentacene.

Besides, we have implemented a DMRG-SOCI method, in which relativistic Hamiltonian
including SOC effect is diagonalized in CAS space with the DMRG method, in order to evaluate
the lifetime of the spin polarization. We have calculated the zero field splitting of a tetranuclear
cobalt cluster compound with the DMRG-SOCI method. The resulting D-value is in good
agreement with the experimental value.
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DEZ D EWIRER AT, TREORIE ST REOY 7T L5, A VHE
FAAE N EEDS ARBEM DRSS TREE O HAF D )b EF A B AR O E I 2 f# i L7z,
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Table 1. Energies of the candidate states for T,, and corresponding SOC matrix elements.

T,  AEg/eV Hso / e’ (oo, ['®, |, u=X.Y.Z)

(1'Bu>)I’Bas ~1.006 Direct 0
('®,|Hgo|*®/) 0.601 By, X), 0.143 (Au, Y), 0.025 (1°Bs, Z)
(1'Bu>)I’Big  0.193 Direct 0
('®,|Hgo|*®/) 0.601 By, X), 0.143 (Au, Y), 0.025 (1°Bsy, Z)
('®,|Hgo|*@)) 2.581 ('Bag, X), 0.942 (B3, Y)
(1'B2x>)1*Bss 1211 Direct 0.025 (Z)
('®,|Hgo|*®/) 0.601 (B, X), 0.143 (A, Y)
('®,|Hgo|*®@,) 1.160 ('Bi, X), 1.472 ('Au, Y)
Oy A OMWEEZ R T Z LM BN TN D Co 4
BESEIR[Cos(NP'Bus)a]" [S]DE m % 1T
Co D 3d HLEN B/ 2% 14 W& 4 CAS #uE & L7z
Yty L CAUCHLO Co 3d BLE 3 K UM 7 Nt _Activespace M D/em’

Table 2. ZFS parameters calculated
with DMRG-SOCI method.

T2 HEN SR D IS HUEAZ A T-298E4  CAS(19in14) 512 -2.71
CAS BB & L7858 DZF N FNIZ 20T DMRG- CAS(49in29) 128 -6.06
SOCI{EZ W TER L, B ndd X7 A —4 256 -9.36
D ZR7-, i HE-% Table2 |Z7R"7, 29 #luE % & Tr 512 -10.90
CAS T M=512 & L7-3HAE CIEEREIZIV D B

MO, AREAFEZRVE AL B0 D =
T 2330 5,
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Crystal structure exploration of silicon using the generalized scaled
hypersphere search method under the rapid nuclear motion approximation

oYuuki Midoro?, Yoshitomo Kodaya!, Hideo Yamakado?, Koichi Ohno* *
! Graduate School of Systems Engineering, Wakayama University, Japan
2 Faculty of Systems Engineering, Wakayama University, Japan
3 Institute for Quantum Chemical Exploration, Japan
4 Graduate School of Science, Tohoku University, Japan

[ Abstract] The scaled hypersphere search (SHS) method developed for an automated reaction
pathway search was generalized as the GSHS method to search minima and saddle points of a
function of several variables. For a crystal there are 3N+3 variables, where N is the number of
atoms in a unit cell. To reduce the variables we used the rapid nuclear motion (RNM)
approximation. Under the RNM approximation, nucleus positions are determined by
optimization of an external routine (DFTB+), and the GSHS method can be used with only
variables of a unit cell. The GSHS method and RNM approximation were applied to Sis/unit
crystals. Ten structures of Si were discovered by the GSHS method at the DFTB calculation
level. Those structures were optimized using the VASP program, and duplicated structures were
excluded based on the space group and the relative energy. Finally six essentially different Si
allotropes were obtained.

[FF] (LU B EWRR O - OICHBEREHRIRIE (SHS 15) [1]23B8% S, ffx
720 FRICHEA STV 5, SHS 42 2B OIS L RS2 RET 5 L) —
L7 0% —ALBERIE R (GSHS %) &9 [2], GSHS 15 Tlidh 72 & o JE
FREW O BEOEDOEITIN®S & 725, ZZ CTRNM TB[B]12HWS &, JFHFEELE
IXHNZ IS IRNLE R TR D OB BT =y B LD EBH DRI/ D,
ZORNMTElZEHA L T2z=y /LD 6 £ % GSHS THLY #\ ., Sidunit DOfE S
WERREIT -T2, BEO—H %5 ICARNE 2 O EIZRDFIEIX S % T
microiteration 15 17441 CH Y | microiteration 5 IXEEIZ SHS 15 & A S DY TN
% (u-ADDF %) [4].
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Too WHENRZ RoLiT adih 1 2%k (ax, 0, 0). b il 2 Z5%%(bx, by, 0). c il 3 Z5%%(cx, ¢y, cz)
E LT, AT T2 D 6 BTk Lisr L TR 7=, Microiteration % - u-ADDF
ER ETHOWB TS effective ~3 7 XA EIER L7g o 7=, — R LEBERIHERER
L RNM L2 VT Sigfunit OFEEERTRZ 6 B TITV, HohfEiEizo
WT VASP 7' 7 F A[5]1 % W C SRS i b 21T\ NS O E 21T 2 72,
VASP E15E, LB PBE Z N, =R /L¥ —J» M4 71X 500eV TITo7z,



[#EE - BZE] RNM Tl GSHS JEIC L - T, #I#iHEE (EQO0) #E 9 EQO D EQ
9 FTO 10 [HOLEHIEE 7, EQ % VASP THEMEKEl L, SHEZ b &
IR — SO EEAZYERT 5 L. 6 FREOMSN L7~ (Fd3m, P6s/mmce, 14/mmm,
Pmmm, Imma, Fmmm) 23455417z, 6 FEOMERSE & Z Of%— % /L ¥ —fE% Fig. 11
9, Fd3m A& P6s/mme fHIZ E HIZ 4 BB OEETH Y . FNENNF A TES
FfHE O XF—=F 4 b (SRHWEEAAYELR) HTH D, 14mmm fHE 4 BArAEE
® body-centered-tetragonal (bct) FHTEERMHTH D Z ENFHRIZEIV LA TND
[6]. Pmmm ##i&1T 6 BlfiA%E . ZZMEEHIE OBIMED 720 Pmmm & HE S 7273,
Z OREEITIZIT AN TS IS /e > TV D, Imma 1E 4 BN O Fmmm (%5 Bl
i Ch-o7-, Fmmm #EEITREICHE STV & TH B[7],

Fd3m Si (0.00) Diamond P63/mmc Si (0.04) Lonsdaleite

Pmmm Si (1.21) Imma Si (1.07) Fmmm Si (1.05)

Fig. 1. Six Si allotropes were obtained by the GSHS method with the RNM approximation and re-optimization

by VASP. Relative energies (eV) were shown in parentheses with respect to the most stable diamond-Si

[2E 3]
[1] K. Ohno and S. Maeda, Chem. Phys. Lett. 384, 277 (2004); S. Maeda and K. Ohno, J. Phys. Chem. A 109,
5742 (2005); K. Ohno and S. Maeda, J. Phys. Chem. A 110, 8933 (2006).
[2] K A—, EWH AA, #iH B, 2465 FR¥RES, 1E15 (2010).
[3] K. J. Caspersen and E. A. Carter, Proc. Natl. Acad. Sci. USA 102, 6738 (2005).
[4] S. Maeda, K. Ohno and K. Morokuma, J. Chem. Theory Comput. 5, 2734 (2009).
[5] G. Kresse and J. Furthmdiller, Phys. Rev. B 54, 11169(1996).
[6] Y. Fujimoto, T. Koretsune, S. Saito, T. Miyake and A. Oshiyama, New J. Phys. 10, 083001 (2008).
[71 V. . Ivashchenko and P. E. A. Turchi, Phys. Rev. B 81, 195213 (2010).
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Size-dependent catalytic activity of Palladium clusters
for C-X bond dissociation

oYuta lwabuchi!, Min Gaol?#, Tetsuya Taketsugul>#
! Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
2 Institute for Catalysis, Hokkaido University, Japan
® Department of Chemistry, Faculty of Science, Hokkaido University, Japan
‘Elements Strategy Initiative for Catalysis and Batteries, Kyoto University, Japan

[Abstract] The application of heterogeneous catalysts such as metal clusters supported on surface has
attracted lots of attention because it is more easily recycled than homogenous catalyst. Recently,
extensive studies have been done to develop the heterogeneous catalysts which has higher catalytic
abiliry than the homogenous ones. However, the reaction mechanism for the supported metal clusters is
still unclear as the metal clusters possess various isomers. The purpose of this research is to elucidate
the catalytic activity of Pd clusters for the C-X bond dissociation, which is the key step in the Suzuki-
coupling reaction. All the possible energetical low-lying isomers are considered for dissociation of C-
X. The effect of the cluster size, geometry, charge, substituted group etc. are investigated, and the

detailed result will be presented in the presentation.

[F] ZmicHELe@R Y 7 A% =7 EORY— RIS, AN RIS & R D Th
L7, Uk OMBEOSBER ORI S ThH LW ORlRE b o, EF, B—RAl
ERSED DV XD EENE « EERMEZ R T A RO ER Z2EO TV D, 20
— 5T, BB T AZ TR MEEN B L, MEEMEO SRR 10, SOSHRE O g
DREETHD L VNS ZERMBNTND. BFFEETIIE Y 7 2 Z — iz L 2 K FEARRAE
A2V T GRRM(Global Reaction Route Mapping)! & H L, 25 diEE BAERDIENEZE R
A ARNT L T T U b i 20 E IS SR D e b i W IEE M 2R h 1 Tidn 2 & &
O LB KRR CIISAR—= 7 v 20 > 7Y VRSO ROSEHEBME & L TH b
5, C-X e DIRBESSIZxS % Pd 7 7 A 2 — OfitfilE4: % Artificial Force Induced Reaction
(AFIR)EIZ & 0 BUGTREE A HEREA9IC R D, MEIEZ i 5 2 & CREYEME 2 T L7z, SO
TRIE DERRAERICE S E, ZNEND ISR T 2 EBBIRRE O = 1L F — 08 b RV RE
B D SRS DREEZ DUV THEE OFFAT 217\, 1S & BOGRERE D FBIRRIZ O W TE R AT



VY, REMEICIIT D Pd 7 T A X — DY A RS RAENE, UGSy F O E RS R A PR A
(R

[ 51:@5)] DFT #5125 %, SC(Single Component)-AFIR {2 LV Pd, 7 7 A X —(n=3,
4,7, Q)DIEERRBREITV, IBLRERAE U RELEHEEZ RO, ZToBICESX,
MC(Multi Component)-AFIR {£%Z W T Pd 7 7 A% —{2 X5 CH:X (X =H, Cl, Br, DiZHIT 5
C-X fEE OB SRR 2% Lz, DFT 5 ORESICIE UBILYP, HJEBIEICIX
Lanl2dz(Pd, Br), 6-31G*(C,H)Z i L, Gaussian09 ZF|H L CRIEZ1T 7=, /0 THLE DR
IZIZ NBO {E% F 7z,

(R - BE] Pd 7 7 A X — 13k xR A LRIER L DAEEMNH DT, %7 T AX—IC
DNWTHBD A AMREETHEAZITY, LVLEICRDAL U REL RO, Pd, 7 T AKX —
n=3,4,7,9) DI b REEMRAERIE L, RICEZEMRAE UV IREOHE % Fig. 1 (R, 77
AL —HRTIL, 3 BIERENROLETHDLZ B Dhotz. —F, RISHIZAE REEN
AT B ATREME A & 255 O ERIEIC OV T EEIER 2 {To7- & 2 A, 1| HEREN R
bRETHDLZ N gholc. ZTHHDORER B E 2, MC-AFIR {2\, C-X #EE MR
ISDSIEEEE T2, 7 T AY =DV A APKREL D EZORSREBEITH AL, KGR
BEII/NE LD, F70, RIGREEEICEE 2 5 2 5N I2OWTHIT 21TV, ST L=,
AR 72 35IC DWW TR BT 5.

AE (kJ/mol) 1.4 72.9 3.1 36.7
Spin/Symmetry  singlet/Dsp, singlet/Dyqy singlet/Cq singlet/D,

AE (kJ/mol) 0.0 0.0 0.0 0.0
Spin/Symmetry  triplet/C,, triplet/Cs,, triplet/C, triplet/C,

Fig. 1. The most stable structures and relative energies of Pd, clusters (n =3, 4, 7, 8).

[2%3CHR]
[1] S. Maeda, Y. Harabuchi, Y. Sumiya, M. Takagi, M. Hatanaka, Y. Osada, T. Taketsugu, K. Morokuma, K.
Ohno, GRRM14 (A Developmental Version) Hokkaido University. 2016
[2] M. Gao, A. Lyalin, S. Maeda, and T. Taketsugu, J. Chem. Theo. Comp., 2014, 10, 1623-1630
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Investigation of Surface Properties Using Embedded Cluster Model
Incorporating Electrostatic Potential
oMasafuyu Matsui!, Shigeyoshi Sakaki!-?
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2 Fukui Institute for Fundamental Chemistry, Kyoto University, Japan

[Abstract] Embedded cluster models with electrostatic potential obtained by slab model are
developed for investigating supported metal catalysts. The electrostatic potential provided by
the surface is represented by placing a large number of point charges on atomic positions,
where the Bader charges of the slab model are employed. In the other embedded cluster
model, the periodic electrostatic potential by the surface is incorporated into calculation
through one-electron integral, which is derived using Poisson's equation and Fourier
transform in a super-cell approach. The improvement of the external potential by using
effective pseudopotential and the structure optimization of the embedded cluster model are
investigated in this study. In addition, these embedded cluster models are applied to CO
adsorption on Rhy/Al,0O3 and Rhy/AIPO4 systems to investigate the surface properties of these
systems.

[FF] foEra B At O BERAF S0 ik, BERE COLTF RIS E mFg IR 35
WA FENME LD, Lo, IERAHWLN TERm R Z BREWRE L
T?& VAT TETNTIEINATY v H):Lfa'gii@ﬁﬁﬁ’? post Hartree-Fock 75 3 [ #C

o — I TCIEMSGEE OB EINIRE LT D 7 T A X —FT )L ClEFRm D2,

Ef’tﬁ%ﬁﬁ%ﬁ*ﬁﬁfﬁﬁﬁﬁﬁﬂw Ji\izhiﬁb\iﬁk %\/\’ IZIED D o T, £ 2 THA I

%ﬁ@?ﬁiﬁfzﬁﬂ DIAATE E RS E R TIRAER A FEETDHRIEELT, ATTETIL
Ki@*@tﬁﬁTT//?W%77X&~%TW HEREED [HHIART T AH
—E7 )L (embedded cluster model) | DB EZIT->TX7= [1], AL, MR T v
¥VDORE EHDIAART T AF —FT MK HREERECICE L TRETZITV), &6
(2 A Bh A Rho/ALOs, Rho/AIPOs~D CO WFEIZOWT, &Jf— Rt AAEAIC &
D CO HFEIREIED ED L O ITHEIN L0 ORETbITR > T2,

[5#] Rhy/ALO; & Rhy/AIPOs DA T TEF /M E TOMZE [2] THELEZL
DxEMAW=, 7T AF—FT X, Rho/(ALOs)i2, Rho/(AIPOs)1s 245 % DA T T ET )L
OREEN BV LT, FERT v ¥ L ~OHDIAIZE L Tix., AR S EMH
%% 515 (PC ¥5) & super-cell approach [3] D% & CHEBINWEHERT v v L &
W5 575 (PE 15) Mt L7z, PCIETIE, AT 7T BT IDFEFNEBEIZELED ME
MEEEL, MEAREE T 72X —2RMVHTLZ L THERT VU Y LV ERBLL,
EEEREED O OFFEMAAER Z I AT, REMIZIE, AT 7ET/VTRD Bader
B & =, PEE T, JEEERERT 3 ¥ /L% Poisson S FERIC K B WiZef] ¢
FBLL W A KBS & super-cell approach D4, & T7— U &9 252 L2k D,
1EBFHESZIM LT, £/o, BERT XY VOB EEZBRE LT OIAR T T AH —



ETIZIE, INBRT o ¥ IR B E L TV RN LIk, 79 A4 —
EJEBHD B T A L LB & OFAEAEHA D\ KEHEL S A5 RIES & 553, BBHO I T4
Y ONBIZAEERT > v L (BPP) ZMET D2 SICKVERERART, AT
ETIVOFHEIZIE VASP %, PC ¥, PE {EICK D7 T A X —FT VOFEICIIA 4
Gaussian09, Gamess % V7=,

[RR - Z8] 25 7EFL EPPRLOPE YV FAXZ—EF )L (LLF, ”7 T AL —
AW, PCET L, K OVEPP fif& PC T /L COMANEA =R N —(En) &3 112
F L0, 2B, Eum TWAEIC X VHEEZE(L LT Ry & ALOs. ALO; &M & D= RV
X—2ZThs, HAEHAZRAFX =TV TNOHDIAR Y TAZ—FT NV THATT
ETILE 0.6 eVIRERZR DN, EEBEHOENEEZXDL L, FEINDIBETHY .,
PCET7 /L. PEET V& LICEERER ZFLRT 282 HETHDL EERLTND,
EPP B & LI HE & LW SO AEH TRV —(3-4.82, 477 eV THY . 1H
EIT NSV, MiERE(L ATV, WAL E= RV ¥ —(Binding energy Ese) % K&
72o EPP O HHHEAH L 72\WE T Epe 13-1.46, 2.20 eV & 720 . EPP D72 WA T A
TT7TETIV (241 eV)DEEZ LS HELZ, A7 7E7 /L TIL Rh EREBIEIR T &
® Rh-O X 2 2L HRBETH o728, EPP O WA, 0.1 ARER HNREL
7257z, LxL, EPP OHHLAILFRETH Y | #EEIZE L CTIX EPP OF/EITEHEE
ThHbdH, ZIUL INBRT oy VOKBRIZE Y 7T AKX —FT )LOKmED dangling
bond BN LI Z LI DR EBZOND, Flo, AT TETIV, 7 TAK
—E 7L &R UFHR M TR O 7ZINE Rhy OFEABEBET A 22.18, 226 ALz, 7
T AL —FT VOFERITERM 227 A) LES—HL WD Z LD, HDIAALY
TAB—FETNDOFBRFERh 7 T AZ—OEETRIOEEENEWEE X BN,

Rh2/A1,O3, Rho/AIPOs ~D CO g%, AT 7E7T /L& PCET /L THE L, CO

143 F 7 Rhy IT bridge #iE T A L7cHE . CO OMFEIREIZEL (veo) 1%, Rho/AlLOs,
Rho/AIPOs D A T 75 )L TI1% 1801, 1850 e\ PC &7 /LTl 1851, 1901 cm TH ¥ |
AT TET AT PCET A TIIEERR T 7 b L72A, Rho/ALOs & Rho/AIPO4 D

FEITHHE S, ALO; KV b

S e = S Table. 1. Interaction and adsorption energies (Em: and
AIPOs DT FIRBIEL T H 2 DI, Egg, respectively; units in eV) of Rhy/Al,O3 slab and

AIPOy D57 Rhy 70 bR ET~DE embedded cluster models.

MBENRKE W [2] 2 &2k, slab PE PC

Rhy 725 CO ~® back donation 73 a a b
WO LIz elZibEEZXDND, By —542  —4.84  —482 —4.77
Rh-CO fHAVEH ~DO &R —Fm Fgg —2.41 —220 —1.46

FAAEH OFEIZE] L TOFEMIL, o without EPP. b: with EPP.
VHRETDHFETHD,

[23E3CHR]

[1] M. Matsui, and S. Sakaki, J. Phys. Chem. C, 121, 20242 (2017)
[2] M. Matsui, M. Machida, and S. Sakaki, J. Phys. Chem. C 119, 19752 (2015).
[3] M. Matsui, J. Phys. Chem. C 118, 19294 (2014).
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Theoretical study of rearrangement mechanism of nitrile oxide

oYuki Ishiyama, Yoshihiro Hayashi, Susumu Kawauchi
School of Materials and Chemical Technology, Tokyo Institute of Technology, Japan

[ Abstract]

This study describes isomerization mechanism of nitrile oxide investigated by using
quantum chemical calculation. The following two proposed pathways was examined:
pathway proceeding in a single molecule via the oxazirine intermediate; pathway proceeding
by two molecules via (3+3) cycloaddition. As a result, both pathways show high activation
energy at the rate-determining step and therefore it is unlikely to isomerize by the proposed
pathways. Additionally we found isomerization pathway via biradical intermediate gave
lower activation energy at the rate-determining step than the proposed pathways.

[/]
= MU F Y RTER A 7o R 8 o 0 -

TG £ L SR C 1,30 67+ B ool T BT, T oo
,ﬂ:}i}l_{l}_@_ Z) : k Z)) E) ; EE,E 7 U S, 7 Nitrile oxide Oxazirine Isocyanate
TFIARN) OB THERBEED Scheme 1. Pathway proceeding in a single
TWaA., LLens, = U LA molecule via the oxazirine intermediate
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— D BMALSG T £ 0 BT .
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SUNTIEIE LD Scheme 1 127 L Scheme 2. Pathway proceeding by two molecules via (3+3)

AR H Y R AR L cycloaddition
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[FHEFE]
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BHEREZIT, BEMEIZOWCUIEROIREM 2R/ 2 &, EBIREIZ OV T
VIS EERENZ 3 IS B 7o 72— D DB OIRE A Ff> = L kil L7z,
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