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Scheme 1. Ir(III) aluminabenzen sp3 CH
 

Scheme 2. Ir(III) aluminabenzen sp3 CH
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Scheme 3. Schematic presentation of single atom 
alloy and phase separated alloy.

Scheme 4. Single atom alloy (SAA)
phase separated alloy (PSA)

(a) PSA                       (b) SAA

Figure 1. Bader charge

Ir-Bpin sp3 C-H C-H

Ir

R-L Jheng, S.Sakaki, ACS. Cat. 2022, 12, 4880

3.2

Ni Cu

NO Ni(111)

Cu(111) 11

DFT

Scheme 3

PBE

DFT

Scheme 4 Ni(111) Au

(SAA) Cu (SAA)

Ag SAA PSA

Cu(111) Pd, Pt

SAA Ni PSA

SAA

Ni(111)

Cu(111)

Figure 1

Ni(111)

Cu(111)

Ni(111), Cu(111)

NO

CO2 N2 Ni(111) NO-CO Cu

Au J. Yin, M. Ehara, S.

Sakaki, Phys. Chem. Chem. Phys. 24, 10420-10438 (2022) .

3 3

- 49 -



Scheme 5. All possible elementary 
steps in Pt-catalyzed O2 reduction 
reaction Figure 2. Energy changes in CO oxidation by Cu-modified spinel oxide 

M2Cr2O4 (M = Zn or Mg)

CO
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Ultra-fast ab initio design of thermodynamic and optical properties of 
functional materials by large-scale first-principles molecular simulation 

based on fragment electronic state theory and electronic state 
informatics 
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Hydrogen-induced formation of surface acid sites on Pt/Al(PO3)3 enables remarkably efficient hydrogenolysis of C−O 

bonds in alcohols and ethers 
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Fig. 1 

The study of electronic properties of LB modified SnO2 electrode 
surfaces using density functional theory calculations. 
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(1) " Photochemical Reaction of Ketoprofen with Proteinogenic Amino 2 Acids " Wataru Kashihara, Mio 
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Theoretical studies on complex chemical system
based on quantum chemistry and statistical mechanics
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Molecular dynamics study on biological activity of heronamides 
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Analysis of solvation and dynamics in nanoscale confined space
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Theoretical Study on the Aggregation Induced Emission of
the Triskelion-shaped molecules
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The role of solvent in DNA hydrolysis with a protein 
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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A theoretical study on glycan recognition of 
pathogenic bacteria FimH adhesin

1. Kaori Ueno-Noto 60
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Entry Fluorinating reagent Solvent Yield of 3a (%) 
1 DAST CH2Cl2 47
2 DAST CHCl3 41
3 DAST 1,2-Dichloroethane 41
4 DAST THF 97
5 DAST 1,4-Dioxane 91
6 DAST Et2O 88
7 DAST 1,2-Dimethoxyethane 92
8 DAST acetone 86
9 DAST AcOEt 91

10 DAST DMF 92
11 DAST DMSO 80
12 DAST MeCN 86
13 DAST Pyridine 26
14 DAST THF (2.0 eq.) in CH2Cl2 66
15 DAST THF: CH2 Cl2 = 1: 1 91
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N C
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Molecular Mechanism of Protein Function Studied by Site-Selective 
Heat Current Analysis

, , T. WANG, , , , ,

We developed a so-called linear-homopolymer-like model, and performed site-selective heat current analysis of a 

protein using Amber and Curp (https://curp.jp) programs. 

α

α

α

α

[1] T. Yamato, et al. “Computational study on the thermal conductivity of a protein”, J. Phys. Chem. B 126, 3029

(2022); [2] T. Wang, et al. “Site-selective heat current analysis of α-helical protein with linear-homopolymer-like

model”, J. Chem. Phys. (in press) 
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All-atom molecular dynamics simulations for functional soft materials
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Molecular mechanism of inhibition of SARS-CoV-2 infection
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Theoretical Studies on Mechanisms of Catalytic Reactions 
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in vanadium-catalyzed oxidative trifluoromethylation reactions of olefins, WATOC 2020, July 3-8, 2022, Vancouver, 
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Theoretical  Studies  on  Electronic  Properties 
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Quantum-Chemical Calculation for Ground and Excited Electronic 
States and Molecular Properties of Molecules Containing Heavy 

Elements 
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Theoretical study of catalytic reaction systems
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Theoretical study on the relation between the functional expression and the 
structure in protein 
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Development of Functions of Liquid Crystals Utilizing Dynamic 
Intermolecular Interactions Based on Molecular Motion
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Theoretical investigation on structures of metal clusters and  
their reactivity 
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Theoretical Studies on Vibronic Couplings
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Properties of Bowl-shaped aromatic compounds 
and studies on the catalytic activity of metal clusters
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○Gergely Juhasz (Tokyo Institute of Technology) 
 

1 Introduction 

Transition metal oxide surfaces often play important roles in electrochemical and photoelectrochemical applications. 

Charge carriers that are responsible for these functions can form polarons in such semiconducting oxides, with various 

size and mobility. Understanding the polaronic effects help describe charge carrier dynamics and electrochemical 

reactions on the surface more accurately. In spite of their importance, the behavior of polarons are rarely studied in low 

dimensional structures like nanoparticles. In this study we focus on polaron formation in anatase-type TiO2 nanoparticles, 

where surface absorption of protons, the localized orbital states can play important effect. Previous studies on bulk TiO2 

found that the formation of large polaron can be reasonably well simulate using hybrid-functionals like B3LYP. This 

proposal is a continuous effort based on the result of previous year’s proposal. 

2 Methods 

2.1 Software: The calculations were performed using Density Functional-based Tight Binding (DFTB, software: 

DFTB+ ver 19.1) and DFT (software: TURBOMOLE, ver 7.4.1) methods. The DFTB calculations were performed using 

the mio+tiorg parameter sets. The DFT calculations were performed using def-SV(P) basis set, pure (PBE) and hybrid 

(PBE0, B3LYP) functionals. To consider potential dispersion effects, DFT-D3(BJ) dispersion model was applied. No 

solvent model was used. We used dense (m4) grid for better SCF convergence; otherwise default convergence criteria 

were applied.     

2.2 Geometry optimization: The nanoparticle models were manually created and preoptimized using DFTB. Whenever 

it was possible, the model with highest possible symmetry were used. The models in closed-shell electronic state were 

optimized using pure DFT, which were followed by optimization of models with charge careers and using hybrid 

functionals. This was followed by the optimization of nanoparticle models with H+ doped surfaces, then finally added 

extra charge. The verification of the geometry stability using frequency calculation were not possible due to the large 

computational cost.    

3 Results 

Using previously optimized models and handmade models, we scheduled the geometry optimizations on several 

nanoparticles. The calculations raised several challenges: 

- Many of the proposed polaronic structure has small bandgap (less than 0.4 eV) causing SCF instability. 

- DFT calculations with hybrid functionals (PBE0, B3LYP) require more time and memory, than with the pure 

one (PBE). These requirements for open shell structures were even more severe, close to and sometimes exceeing 

available calculation time and memory size. 

- Protons and H-radicals are highly mobile on the nanoparticle surface which made difficult to locate the optimal 

geometry in many cases.  
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Figure 1. Protonation of the 101 surface of anatase (left) and there different positions (a – c) of H on the Ti98 

model nanoparticle (position of H indicated by red circle)

Due to these difficulties plus the upgrade of the HPC nodes as well as unrelated scheduling conflicts, we have run out 

of time. Therefore we focused on the polaron on a single anatase model (Ti98) and different surface modification of it

(see figure 1).

Different H positions showed different stability, while all of the showed lattice distortion around the H and a bandgap

between 0.2-0.3 eV. These distortions showed that the absorption of H strongly couples of the polaron formation process 

and help the localization of extra electrons. The mechanism of the couple is suspected to be the modification of local 

vibration modes, and the extra electron binding capability of the H attached to the surface.

The localization of charge and distortion of the lattice could be observed in calculation using pure and hybrid 

functionals as well, showing that at least part of polaron formation and electronic coupling can be estimated even using 

pure functionals. Thanks to the significantly more memory and faster CPU in the new RCCES nodes, we continue our 

calculations and hope to obtain more calculation point using PBE0 and B3LYP hybrid functionals this year. A detailed 

analysis of the lattice distortions and the corresponding energetics is in preparation.

4 Talks and Posters

[★] G. Juhasz, “Differences of molecular absorption on titanium-dioxide surface - a computational study”, The 103rd

CSJ Annual Meeting (2023)

5 Publications

[ , in preparation] G. Juhasz, Investigation of polaron formation and charge trapping in anatase-type TiO2

nanoparticles with DFT method using hybrid-functionals
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Development of Radical Cationic 
Organometallic Molecular Wires and Switches
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Theoretical Studies on Structures and Reactivities of
Metal Complexes with Multifunctional Ligands
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Computational Molecular Spectroscopy: Computational Chemistry
on the Structure and Reaction of Molecules
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ab initio

Ro-vibrationally averaged molecular structure of benzene: Why almost the same bond lengths are
observed for the C H and C D bonds?, J. Mol. Struct. 1243
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Measurement of Ion Temperature in Gas-Phase
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FIV HIV-1

Interaction analysis of FIV and HIV-1 protease inhibitor
using the FMO method
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Statistical mechanics analysis for biomolecular functions
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Design and synthesis of novel π-electronic ions which form functional 
assemblies
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In silico design of synthetic oligoamides binding to proteins
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Ikuma Kohata, Ryo Yoshikawa, Kaoru Hisama, Shigeo Maruyama, “Machine learning molecular dynamics simulation 

of single-walled carbon nanotube growth”, 2023, arXiv preprint arXiv:2302.09264, submitted.

Fig.2 Edge healing processes on the developed view of the (8,7) SWCNT. (a) Reformation of a pentagon into a hexagon 

on the (8,7) SWCNT. (b) Reformation of a heptagon into a hexagon on the (8,7) SWCNT. The red and blue polygons 

denote the pentagon and heptagon, respectively.
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Theoretical Investigation on Selective Separation of Lanthanide/Minor 
Actinide Complexes in Solvent Extraction
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Development of organic semiconductors using theoretical calculation
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Computational catalyst design and analysis of luminescence properties & molecular 
dynamics of organic materials  
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R N(r)= ( |r | i) ”micro chemical environment”python

X. Yang et al., “Molecular Dynamics Simulation of Poly(Ether Ether Ketone) (PEEK) Polymer to Analyze 
Intermolecular Ordering by Low Wavenumber Raman Spectroscopy and X-ray Diffraction”, Polymers 14,
5406 (2022).
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Analysis of functions, intermolecular interactions and dynamics of 
membrane protein systems using Molecular Dynamics simulations
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Computational study on drug modalities
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3d
CO₂

Investigation of reaction mechanism of CO₂ reduction by homogeneous and 
heterogeneous catalysts composed of 3d transition metals 
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Mechanistic Investigations of Organic Reactions
by Experimental and Theoretical Combination
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Investigation of photoreaction mechanisms of photolyases
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Computational Investigation of Colossal Dielectric Permittivity Materials 
and Chemical Bonding Features of Transition Metal Dioxides (Usage Report)  

○ Pradeep R. Varadwaj and Ryoji Asahi  

(Institutes of Innovation for the Future Society, Nagoya University, Aichi 464-8601, Japan) 
 

1 Introduction 

Development of high-performance dielectric materials is necessary for device miniaturization 
and high-energy density storage applications. The relative dielectric permittivity ( rel) of dopped 
material has shown to increase appreciably (about 2-3 orders of magnitude higher compared to that 
of the parent system), especially when rutile TiO2 (R-TiO2) is appropriately co-doped with an 
appropriate main-group element and/or transition metal (viz. Nb/In). The mechanisms underlying the 
phenomenological enhancement have not been clarified both for the parent and dopped materials. 
There is already a longstanding controversy on the inconsistency between the experimental values of 
the ionic dielectric constant of many transition metal dioxides, including TiO2. For example, some 
early works reported of the last century claimed colossal dielectric constant for the rutile phase of 
TiO2, with rel values in the range, 102 – 104. Others have rejected such experimentally observed 
claims since their experimental findings ( rel values between 85 and 211 at different temperature 
scales) cannot reproduce such large rel values reported in previous studies. Clearly, the research topic 
is of significant interest, and the chemical physics and physical chemistry of parent and dopped TiO2 
systems, as well as other transition metal dioxide materials with and without co-doping, are yet to be 
examined both theoretically and experimentally. Therefore, this study was initiated with the aim to 
clarify the importance of factors (physical properties) responsible for the enhancement of the parent 
TiO2 systems in various phases, as well as to propose dopped transition metal oxide-based materials 
that feature large dielectric permittivity.  

2 Methods 

Density functional theory (DFT) calculations were performed using the Vienna Ab initio Simulation Package 

(VASP), which was accessible from the user’s account. As planned, several polymorphs of the crystal lattice of TiO2 was 

investigated using DFT, employing periodic boundary conditions. The DFT functionals included the PBE, PBE+U (U = 

3.5 eV), PBEsol, PBEsol + U, SCAN and SCAN-rVV10. The results obtained from these calculations were benchmarked 

against high-level of theory employed, HSEsol, and HSE06. Since one of the interests was to examine the effect of PAW 

potentials and DFT functionals on the physical properties of the parent systems, three different PAW potentials (Ti, Ti_pv, 

and Ti_sv) were employed. The polymorphs of TiO2 include rutile, brookite (B), anatase (A), pyrite (P), and fluorite (F) 

phases, which have been known at different temperature ranges in the crystalline phase.  

The physical properties investigated were lattice constants, lattice density, lattice volume, energy stability, band 

structure, density of states, charge density features, and mechanical properties. The latter property was evaluated to 
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demonstrate the mechanical stability of the studied materials, including the evaluation of various elastic moduli (viz. Bulk, 

Young moduli and Poisson's ratio, etc). The different levels of theory stated above, in conjunction with the three different 

PAW potentials (Ti, Ti_pv, and Ti_sv), were utilized. Various k-meshes to sample the Brillouin zone and cut-off energies 

for plane-wave and electronic loops for geometry convergence were invoked depending on the system size investigated.  

Normal mode vibrations associated with the phonon modes were also calculated at different levels of theory, in 

conjunction with the three different PAW potentials (Ti, Ti_pv, and Ti_sv), to demonstrate the dynamical stability of the 

polymorphs of TiO2, and several dopped TiO2 materials. Density functional perturbation theory (DFPT) and Frozen 

Phonon Finite Difference method (FPFDM) were used. The FPFDM calculates the force constant matrix by displacing 

each atom in the crystal lattice and calculating the resulting forces on every other atom. For these calculations, 2 2 and 

3 3 supercells were used depending on the system size. The phonopy code was used. Gaussian 16 and other codes (ASE) 

were used whenever essential and to explore the chemical bonding scenarios at molecular levels.  

3 Results 

As mentioned above, the polymorphs of TiO2 investigated include the rutile, brookite, anatase, pyrite, and 

fluorite phases, which are present in different temperature ranges of the crystalline phases. Since the dielectric properties, 

especially ionic permittivity, are highly dependent on cutoff energy and k-mesh grid size, we tested the convergence of 

cutoff energy and k-mesh. In particular, for each of the cutoff energies of 520, 600, 650, 700, and 750 eV, the k-meshes 

of 4 4 4 through 5 5 5 to 6 6 6, 7 7 7, 8 8 8, 9 9 9 to 10 10 10 were invoked. Each of these calculations, 

especially those involved, high k-mesh and cut-off energies were not only computationally expensive but also invoked a 

greater number of CPU cores. The results of the combined use of the PBEsol functional in conjunction with the standard 

PAW potential centered on Ti indicated that the ionic permittivity of TiO2 polymorphs may be comparable to that reported 

in inelastic scattering experiments. The use of high-level theory (HSEsol and HSE06) in combination with standard 

potentials was very computationally expensive, but the results of dielectric permittivity obtained from this level of theory 

were relatively more accurate in reproducing experimental dielectric constants. The density functional perturbation theory, 

as well as frozen phonon approximation, was invoked. Table 1 shows, for example, a comparison of ionic (low-frequency) 

and electronic (high-frequency) components ( ij
(0) and ij

( ), respectively) of the relative dielectric permittivity tensor r 

of R-, A- and B-TiO2, obtained using three cutoff energies (520, 600 and 750) in combination with the PBEsol and three 

PAW potentials Ti_std, Ti_pv and Ti_sv. Both low- and room-temperature experimental values of r reported by various 

authors are included. Table 2, for example, lists the ionic (low-frequency), electronic (high-frequency) components ( ij
(0) 

and ij
( ), respectively) of the dielectric permittivity tensor r of R-TiO2, obtained using high-level HSEsol and HSE06 

calculations in combination with the three PAW potentials Ti_std. A cut-off energy of 700 eV was used.  

In order to understand the wide variation of the static dielectric constant, we have attempted to examine the 

dependance of the charge density profile on the DFT functionals PBE, PBE+U (U = 3.5 eV), PBEsol, PBEsol + U, SCAN, 

SCAN-rVV10, HSEsol, and HSE06, all in conjunction with the three PAW potentials Ti_std, Ti_pv and Ti_sv. The results 

allowed us to demonstrate the reproducibility of the experimental ionic dielectric constant with the hard PAW potential 

centered on Ti, and to clarify the origin of the spurious (soft) nature of the phonon modes predicted by the two soft 

potentials Ti_pv and Ti_sv.  
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 The results obtained for the elastic 

properties using various DFT functionals 

noted above, together with the three PAW 

potentials employed, enabled us to 

demonstrate that all the polymorphs 

examined were mechanically stable. Table 

3, for example, compares the PBEsol 

(frozen phonon finite difference method) 

computed elastic properties of brookite 

TiO2, obtained using three different PAW 

potentials on their corresponding relaxed 

lattice geometries. The nature of elastic 

anisotropy in the crystal lattice was also 

revealed. 

In addition, the most crucial 

issue was how the subtle change of the 

crystal lattice of TiO2 influences and 

introduces ferroelectric features. Our 

calculations using three different PAW 

potentials and computational methods 

have enabled us to reveal how strongly 

can the induction of the ferroelectric 

modes enhances the ionic dielectric 

permittivity, especially for the low-lying 

IR (and Raman) active vibrational modes. 

Calculations of phonon band structures 

and density of states allowed us to 

Table 1: Comparison of ionic (low-frequency) and electronic (high-

frequency) components ( ij
(0) and ij

(  ), respectively) of the relative 

dielectric permittivity tensor r of R-, A- and B-TiO2, obtained using three 

cutoff energies in combination with the PBEsol and three PAW potentials 

Ti_std, Ti_pv and Ti_sv. Both low- and room-temperature experimental 

values of r reported by various authors are included. 

 
a Reported at the LDA and GGA levels, using Quantum Expresso software.  

b Low-temperature data refer T = 1.6 K.  

Table 2: The ionic (low-frequency), electronic (high-frequency) components ( ij
(0) and ij

( ), respectively) of the 

dielectric permittivity tensor r of R-TiO2, obtained using HSEsol and HSE06 in combination with the three PAW 

potentials Ti_std. A cut-off energy of 700 eV was used. 
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understand the dynamical stability of 

the polymorphs of TiO2. Figure 2, for 

example, shows the phonon band 

structures of the F- and P-phases that 

indicate the possibility of any 

dynamically unstable lattice, even 

though the R-, A- and B-TiO2 lattice 

were found to be dynamically stable 

(not shown), in agreement with 

experiment. The only feature that 

manifests with the combination 

between the Hubbard term and DFT is 

the disappearance of all soft (low 

frequency IR active) phonon modes, 

meaning that the combination does not predict the dynamic instability of the R-TiO2 lattice predicted by Ti_pv and Ti_sv 

in combination with PBE. 
We have examined the isotropic pressure dependence of the geometry, zone-center phonon modes and relative 

dielectric constant of R-, A- and B-TiO2. Figure 3, for example, shows such a dependence of the lowest five -center 

phonon modes on the applied pressure of R-TiO2. When the applied pressure increases, it causes the expansion of the 

rutile lattice, as well as the lattices of the other polymorphs. These calculations led us to a rationalization that the 

ferroelectric instability can be induced in the TiO2 lattice by applying negative hydrostatic pressure. At least three low-

lying phonon modes (A2u, B1u and Eu) of R-TiO2 are observed to be sensitive not only to the onset of ferroelectric phase 

transitions, but also to the hard and soft nature of the three PAW potentials.  

Table 3: Comparison of PBEsol (frozen phonon finite difference method) computed elastic properties of B-TiO2, 

obtained using three different PAW potentials on their corresponding relaxed lattice geometries.a,b 

 
a Properties include the Bulk modulus B, Shear modulus S, Young’s modulus Y, Poison’s ratio , Pressure-wave modulus P, the Bulk 

modulus/Shear modulus ratio B/S, longitudinal velocity vl, transverse velocity vt, average velocity vm, Debye temperature D, Zener 

anisotropy A, Universal anisotropy index AU and Log-Euclidean anisotropy AL. 

 
Figure 2: Illustration of phonon dispersion of F- and P-TiO2, respectively, 

obtained using density functional perturbation theory at the [PBEsol/Ti_std] 

level. The 4 4 4 (192 atoms) and 2 2 2 (96 atoms) supercells were utilized 

for the phonon calculations for F- and P-TiO2, respectively. Phonon 

frequencies in the vertical axis are in THz (1 THz = 33.3564 cm-1).  
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The effect of double doping on the rutile lattice 

of TiO2 was also examined using DFT. The crystal 

lattices of various bulk and supercell metal dioxide host 

species (viz. VO2, MnO2, ZnO2, ReO2, IrO2, MoO2, SiO2, 

and SnO2, etc) were geometrically relaxed using very 

tight convergence criteria, in conjunction with affordable 

high k-mesh grids. Our computational investigation 

included the 2×2×3 and 3×3×3 supercell structures of 

rutile TiO2 and Nb2O5. We have done so as to examine 

the effect of wt% dopants on the physical properties of 

the resulting systems discussed already above. Double 

dopants (viz. N and In replaces two different Ti sites in 

R-TiO2 supercell lattice) were mainly considered. The 

dopped systems examined, for example, include VCe, 

VEr, VEu, VGd VHo, VLa, VLu, VNd, VPm, VPr, VSc, 

VSm, VTm, VW, VY, and VYb, as well as NbAs, NbBi, 

NbN, NbP, NbSb, AsN, HfN, SbN, TaN, ZrN, VAl, VAs, 

VB, VBi, VGa, VIn, VN, VP, and VSb, etc. Analysis of 

the computed results of lattice and dielectric properties 

of these dropped systems is underway, yet further 

computation of several of these dopped systems is 

necessary to arrive at publication quality results since 

convergence of Born effective charges is identified to be one of the main issues in generating reasonable quality relative 

permittivity. 
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Figure 3: (Left) PBEsol level external (hydrostatic) 

pressure dependence of the lowest five -centered phonon 

modes of R-TiO2, obtained with PAW potentials: (a) 

Ti_std; (b) Ti_pv; (c) Ti_sv. (Right) The dependence of 

dielectric permittivity (ionic) on applied pressure, obtained 

PAW potentials: (d) Ti_std; (e) Ti_pv; (f) Ti_sv.   
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Study of electronic structures and reactivity of pentanuclear iron 
complex
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Fine Control of Molecular Metal Complexes and Multinuclear Clusters, 
and Elucidation of their Electronic Structures

C) 1 [Cp*(OC)2Cr GeTsi] 

Cp*Cr(CO)3Me TsiGeH3  [Cp*(OC)2(H)Cr=Ge(H)Tsi] 
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Important Kohn–Sham orbitals of 1’

(lower), calculated at the B3PW91/SDD[Cr]: 6-311+G(2d,p)[H,C,O,Ge,Si] level of theory.
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Vanitaracin A Talaromyces sp. B

2015 2022

Vanitaracin C

a a

a

a

Talaromyces

J. Antibiot. 76

a b c d 
1H 77.70% 22.30% 0.00% 0.00%

13C 99.16% 0.83% 0.00% 0.01%

All 99.76% 0.24% 0.00% 0.00%
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Computational chemistry simulation of functional materials 
using nanocarbons and organic materials 
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Molecular Simulation of Self-Assembly of Biomolecules
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Molecular Dynamics Study on Functional Self-Assembled Soft 
Materials: Analyses of Properties of Water Molecules

in the Hydrophilic Interfaces
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Preparation and arrangement of pi-electronic systems including ionic 
compounds
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Force Microscopy Images of Several Molecules
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Design and functional development of molecular hybrids
using metal oxide nanoclusters
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Analysis of radical mechanophores using theoretical calculation and 
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Mechanism of material transport into amphiphilic molecular assemblies
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○Zichang Xu (BIKEN, Osaka University) 
 

1 Introduction 

The adaptive immune system's ability to recognize non-self molecules through specific antibody-antigen interactions 

has been utilized to create antibodies for uses such as lab tests and targeted protein treatments. However, pinpointing the 

complex structures or interactive residues of these antibody-antigen pairs remains a daunting task. Although numerous 

computational methods have been designed for this purpose, integrating them for a strong, cohesive solution remains 

difficult. With advancements in protein structural modeling using Deep Learning, we've reassessed this issue to 

understand the effect of modern protein modeling on antibody-antigen binding and docking. AbAdapt merges antibody 

and antigen modeling with docking and scoring to identify specific features for epitope prediction. Its accuracy is closely 

tied to the quality of input models. It uses Repertoire Builder for antibody modeling by default, but can also accept 

structures. We've evaluated the performance of AlphaFold2 antibody models within AbAdapt using extensive benchmarks, 

including a cross-validation and a diverse holdout set. 

2 Methods 

AbAdapt and AbAdapt-AF pipelines: AbAdapt was run using default parameters, as described previously. In brief, 

antibodies were modeled using Repertoire Builder16 and antigens were modeled using Spanner. Here, any templates with 

bound antibodies overlapping with the true epitope were excluded. Two docking engines (Hex and Piper) were used to 

sample rigid docking degrees of freedom. Machine learning models were used to predict initial epitope and paratopes, 

score Hex poses, score Piper poses, score clusters of Hex and Piper poses, and predict antibody-specific epitope residues. 

For LOOCV calculations, each time an antibody-antigen pair was used as a query, each ML model was re-trained. For the 

Holdout datasets, training was performed on the entire LOOCV dataset. For the AbAdapt-AF pipeline, the only procedural 

difference was that AlphaFold2 was used for antibody prediction instead of the default Repertoire Builder method. 

Naturally, all ML models were re-trained specifically for this use case. 

3 Results 

We took advantage of AlphaFold2, a state-of-the-art protein modelling tool provided on the RCCS server, integrating 

it within the AbAdapt pipeline. The fundamental expectation from this integration was to achieve superior accuracy in 

modelling antibodies, subsequently translating to better paratope predictions, docking results, and epitope identification 

specific to the antibody. Our hypothesis was validated as we witnessed substantial improvement in multiple areas of our 

pipeline. The incorporation of more accurate antibody models derived from AlphaFold2 contributed to our pipeline's 

effectiveness. This integration was particularly evident when we applied AbAdapt-AF to an anti-receptor binding domain 

(RBD) antibody complex benchmark. We observed that AbAdapt-AF exceeded the performance of three alternative 

docking methods and displayed superior epitope prediction accuracy compared to other epitope prediction tools tested on 

the same benchmark (Fig. 1).  
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Fig. 1. Docking performance of 25 anti-RBD antibody complexes. (A) The CAPRI quality of the best model from top 

1/5/10 ranked models by ZDOCK, top 1/5/10/30/50/100/all ranked models by AbAdapt and AbAdapt-AF, and top 

1/5/10/30/50/100 by HawkDock and HDOCK. The color of each cell was their corresponding CAPRI quality showed as 

acceptable (grey) and medium (orange). (B) The number of successful queries by ZDOCK, AbAdapt, AbAdapt-AF, 

HawkDocK, HDOCK. 

 

Moreover, our study also demonstrated that while the integration of AlphaFold2 with AbAdapt represents a robust and 

incremental way of improving antibody-specific epitope predictions, there remains considerable scope for enhancement. 

False-positive epitope predictions were still prominent, indicating the need for a broader benchmark comprising various 

antigens for a fair and systematic performance comparison of AbAdapt-AF and other tools (Fig. 2). 
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Fig. 2. Epitope prediction of 25 anti-RBD antibody complexes. The comparison of epitope prediction performance 

using probability (A) and a threshold for epitope classification (B). The performance indices are calculated in evaluation 

metrics and averaged. Bold character indicated the highest value of each item. (C) Epitope map visualization of 

representative queries. The native epitope (column 1) and predicted epitope by EpiPred (column 2), AbAdapt (column 3), 

and AbAdapt-AF (column 4) are colored red on the RBD surface. The probability of prediction by AbAdapt and AbAdapt-

AF are shown in columns 5 and 6. The value below each prediction is indicated as F1 score (left) and ROC AUC (right). 
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Exploiting weak interactions in apolar ices. Phase I. Benchmark
study, H on CO, and CO2

User List
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3. Furuya, Kenji

4. Molpeceres, German

(The University of Tokyo, Saitama University, National Observatory of Japan, The Univer-
sity of Tokyo)

1 Introduction

Interstellar molecular clouds are regions of space characterized by very low temperatures (10 K) and density
of particles (104 particles cm−3). Because of the low temperature conditions, abundant molecules accrete
on top of micrometer sized dust grains, forming interstellar ices. Despite the harsh conditions, these ices
sport a rich chemistry, that are thought to be dominated by hydrogenation reactions by the H atom, owing
to the high mobility and the possibility of said atom to tunnel through potential energy barriers.

Interstellar ices chemical composition is varied and depends on many environmental factors, such as dust
temperature, local particle density or visual extinction. Remarkably, polar ices like H2O and NH3 dominate
at earlier stages in a molecular cloud, because they are efficiently formed from the hydrogenation of atoms
on bare interstellar dust, creating an ice mantle through reactions of the type: O + 2 H −−→ H2O, or N +
3 H −−→ NH3. At later stages, other molecules are either synthesized on the newly formed ice surface (i.e.
CO2) or in the gas-phase (i.e CO, N2).

With the formation of apolar molecules like CO, N2 or CO2, the interstellar ice surface starts to be populated
with molecules whose intermolecular interactions are radically different than H2O or NH3. This means that
the molecules formed or depleted on ices whose major composition is for example CO, will be less strongly
bound to the surface, enabling diffusive chemistry otherwise inhibited.

In this project spanning two fiscal years, we study the differences in the chemistry of polar ices (H2O) and
apolar ones (CO, CO2). We mainly focus on three distinct topics:

• Gas-phase reactions enriching polar and apolar ices.

• Chemistry on polar and apolar ices.

• Differences in physical processes on polar and apolar ices.

In the first part of the project, we have studied the binding properties of a series of adsorbates on CO ice
and compared with the binding on H2O, complementing our results with astrochemical models. We have
also undertaken the creation of a reactive potential for the dynamical study of the hydrogenation of CO ice.
Additionally we studied the formation mechanism of CO2 ice and how this mechanism changes on H2O and
CO ices. Finally, we have complemented our solid phase studies with auxiliary calculations on gas-phase
processes relevant for interstellar chemistry.

2 Methods

Our methodology is eminently computational, with an interplay of electronic structure calculations (density
functional and wave function theory based), molecular dynamics (using neural network interatomic poten-
tials), rate equation theories (transition state theory, RRKM theory, instanton theory) and astrochemical
modelling. In particular, the RCCS resources are mostly allocated for the expensive sampling calculations
using DFT. For this fiscal year, most of the calculations involved DFT evaluation of the binding energies of
a series of adsorbates on CO and H2O clusters.

For FY2023 our methodology also is planned to include automatic reaction discovery searches through the
GRRM code (ADDf and AFIR calculations).
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3 Results

We made the most of the computer time that we were granted, even though we could not employ it during
the whole second term of the 2022 fiscal year due to RCCS renovations. Thus the results covered here
include the calculations performed between February–April 2023. Specifically, we carried out calculations
that are currently included in three papers close to submission on in revision, along with an ancillary project
on reaction discovery whose calculations are finished and for which the manuscript preparation will begin
shortly. The finished projects are:

1. Floating in Space: How to Treat the Weak Interaction between CO Molecules in Interstellar Ices.

2. Enhanced complex organic molecules formation on CO ice.

3. Cracking the Puzzle of CO2 Formation on Interstellar Ices.

Project (1) is part of a collaboration with Leiden University to characterize the nature of the weak interaction
on CO ice by means of accurate pair potentials fitted to CCSD(T)/AVTZ data, and use the highly accurate
resulting force-field to benchmark DFT to accurately and affordably study reactions contemplated in project
(2). We found that the ωB97M-V/ma-def2-TZVP method is able to capture the physics of CO ice quanti-
tatively. The publication supporting this results is undergoing peer review. In project (2) we revealed that
CO ice is an excellent promoter of complex chemistry at very low temperatures in comparison with H2O,
this is mainly due to the weak intermolecular interaction of certain molecules, most notably CH3, HCO or
H3CO with CO, that in turn promotes radical-radical reactions on its surface, forming efficiently complex
(and prebiotic) molecules like CH3CHO, CH3OCH3 or NH2CHO. The publication summarizing these results
is undergoing peer review. Finally, in project (3) we undertook a theoretical effort to characterize the CO +
OH −−→ CO2 + H reaction on H2O and CO ices. We found that the reaction is rather inefficient and does not
proceed at low temperatures, stopping at the stable HOCO radical. Moreover, we confirmed that, thanks to
the surface stabilization promoted by the H2O ice, the formation of HOCO is favoured on these ices, and
that on CO such a reaction requires further energy input from the media. Our results are reconciled with
the literature relying on a second reaction step HOCO + H −−→ CO2 + H2. The publication supporting this
results is finished and will be submitted shortly. The RCCS resources were employed during February and
March 2023 to carry out expensive calculations for these projects. Some calculations needed to be finished
with the FY2023 budget. In addition to the above described calculations, some RCCS resources were also
allocated to study reactivity in the gas and surface phase, utilizing the GRRM code in tandem with elec-
tronic structure solvers to deepen in the chemical reactivity of important prebiotic precursors and also to
find elusive transition states on CO and H2O clusters. Finally, we are in the final stages of the construction
of a neural-network based reactive potential to study the CO + H −−→ HCO reaction on CO ices.

4 Talks and Posters

• Physical Processes on Apolar Ices. Invited talk Next Astrochemistry International Meeting (December
2022).

• Reaction dynamics on amorphous solid water surfaces using interatomic machine learned potentials.
Contributed talk. Next Astrochemistry Local Meeting (March 2023).

• Atomistic Insights on the Chemistry of the Interstellar Medium. Invited seminar at the University of
Tokyo (April 2023)

5 Publications

The following publications are the ones that employ computational resources from RCCS.

• Ferrari. B., Molpeceres, G., Kästner, J.,Aikawa, Y., van Hemert, M., Meyer, J. and Lamberts, T.
Floating in Space: How to Treat the Weak Interaction between CO Molecules in Interstellar Ices. ACS
Earth Sp. Chemistry, Submitted �

• Molpeceres, G., Furuya, K. and Aikawa, Y. Enhanced formation of interstellar complex organic molecules
on carbon monoxide ice. Astrophys. J., Submitted. �

• Molpeceres, G., Enrique-Romero, J. and Aikawa, Y. Cracking the Puzzle of CO2 Formation on Inter-
stellar Ices. In preparation. �
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Theoretical studies of relaxations and reaction dynamics 
 in condensed phase 
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” 24

, , Mar. 18 (2022). 

” KaiC

, 16 , , Sept. 20 (2022). 

”Functional roles of the multimeric structure of KaiC revealed by detailed kinetic modeling 

and Bayesian parameter inference , 60 , , Sept. 28 (2022). 

 S. Saito, "Conformational Dynamics of Proteins and Liquids", Department Seminar, IIT Kanpur, Kanpur, India, 

March 10 (2023). 

5

 T. Mori and S. Saito, “Molecular insights into the intrinsic dynamics and their roles during catalysis in Pin1 

peptidyl-prolyl isomerase”, J. Phys. Chem. B 126, 5185-5193 (2022). 

 T. Inagaki, M. Hatanaka, and S. Saito, “Anisotropic and finite effects on intermolecular vibration and relaxation 

dynamics: Low-frequency Raman spectroscopy of water film and droplet on graphene by molecular dynamics 

simulations”, J. Phys. Chem. B (in revision). 
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories

Pei Zhao
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1) Theoretical Design of Photofunctional Molecular Aggregates and Molecule-Nanocluster Systems for Optical Properties 
with Inverse Design Approach
M. Ehara and T. Shiraogawa
The 10th Asian Pacific Conference of Theoretical & Computational Chemistry (APCTCC), Vietnam, February 19-23, 
2023 (Invited Talk).

2)Theoretical Studies of Photofunctional Systems and Heterogeneous Catalysts
M. Ehara
CMDR workshop, On-line (Zoom), September 9, 2022 (Invited Talk).

3)Inverse Design Approach of Photofunctional Molecular Aggregates and Molecule-Nanocluster Systems (English) 
Masahiro Ehara
Workshop 2022 on Multiscale Simulation of Complex Reacting Systems (StudyCamp2022), , 3 6-7 , 2023.

4)

, ( ), 3 1 , 2023.

5) PdII-MMF

IQCE 2022 1 21 , 2023.

6)

1 , 12 21 , 2022.

7)DFT TDDFT

1 , 12 14 , 2022

8)

, , 11 28 , 2022.

9)

2022 , 11 10-11 , 2022.

10)Theoretical Studies on Photofunctional Systems and Heterogeneous Catalysts (English) 
Masahiro Ehara

41 CMD3 R3 ,
, 9 9 , 2022.

 
1) Y. Konno, R. Morooka, T. Morishita, P. Zhao, N. Miyasaka, K. Ono, A. Noda, D. Uchida, R. Iwasaki, M. Yamada, M. 
Ehara, Y. Maeda, ”Photoluminescence Properties of Single-Walled Carbon Nanotubes Influenced by the Tether Length of 
Reagents with Two Reactive Sites”, Chem. Eur. J in press (2023). 

2) P. Zhao, M. Ehara, ”Theoretical Insights into the Support Effect on the NO Activation over Platinum-Group Metal 
Catalysts”, J. Chem. Phys. 158, 134701 (2023). 

3) Y. Maeda, R. Morooka, P. Zhao, D. Uchida, Y. Konno, M. Yamada, M. Ehara, ”Controlling Near-Infrared 
Photoluminescence Properties of Single-Walled Carbon Nanotubes by Substituent Effect in the Stepwise Chemical 
Functionalization”, J. Phys. Chem. C. 127, 2360–2370 (2023). 

4) S. Hu, P. Zhao, K. Nakano, R. D. J. Oliver, J. Pascual, J. A. Smith, T. Yamada, M. A. Truong, R. Murdey, N. Shioya, 
T. Hasegawa, M. Ehara, M. B. Johnston, K. Tajima, Y. Kanemitsu, H. J. Snaith, A. Wakamiya, ”Synergetic Surface 
Modification of Tin-Lead Perovskite Solar Cells”, Advanced Materials, 35, 2208320 (2023).  
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5) Y. Shui, G. Pei, P. Zhao, M. Xiong, S. Li, M. Ehara, T. Yang, ”Understanding Electronic Structures, Chemical Bonding, 
and Fluxional Behavior of Lu2@C2n (2n = 76 - 88) by a Theoretical Study”, J. Chem. Phys. 157, 184306 (2022). 

6) T. Shiraogawa, G. Dall’Osto, R. Cammi, M. Ehara, S. Corni, ”Inverse Design of Molecule-Metal Nanoparticle 
Systems Interacting with light for the Desired Photophysical Properties”, Phys. Chem. Chem. Phys. 24, 22768 - 22777 
(2022).  
7) P. Zhao, K. Ueda, R. Sakai, M. Ehara, A. Satsuma, S. Sakaki, ”Surface Modification of MCr2O4 (M = Mg and Zn) by 
Cu-Doping: Theoretical Prediction and Experimental Observation of Enhanced Catalysis for CO Oxidation”, Appl. Sur. 
Sci. 605, 154681 (2022). 

8) Z. Lei, M. Endo, H. Ube, T. Shiraogawa, P. Zhao, K. Nagata, X.-L. Pei, T. Eguchi, T. Kamachi, M. Ehara, T. Ogawa, 
M. Shionoya, ”N-Heterocyclic Carbene-based C-centered Au(I)-Ag(I) Clusters with Intense Phosphorescence and the 
Organelle-selective Translocation in Cells”, Nature Commun. 13, 4288-1-9 (2022). (Press Release)
9) M. Han, S. Tashiro, T. Shiraogawa, M. Ehara, M. Shionoya, ”Substrate-Specific Activation and Long-range Olefin 
Migration Catalysis at the Pd Centers in a Porous Metal-Macrocycle Framework”, Bull. Chem. Soc. Jpn. 95, 1303-1307 
(2022). 

10) S. Hu, P. Zhao, B. Li, P. Yu, L. Yang, M. Ehara, P. Jin, T. Akasaka, X. Lu, ”Cluster-Geometry-Associated Metal-
Metal Bonding in Trimetallic Carbide Clusterfullerenes”, Inorg. Chem. 61, 11277–11283 (2022).
11)T. Nakashima, R. Tanibe, H. Yoshida, M. Ehara, M. Kuzuhara, T. Kawai, ”Self-regulated Pathway-dependent Chirality 
Control of Silver Nanoclusters”, Angew. Chem. Int. Ed. 61, e202208273-1-8 (2022).

- 443 -



Protein aggregation and its inhibition observed by molecular dynamics 
simulations

 

 
 

1  

- 444 -



 

- 445 -



 

- 446 -



44

13

156

27

23

19

41

29

12

29

- 447 -



Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations
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[1]  “Development of Time-Resolved Soft X-ray Absorption Spectroscopy for Observing Photochemical Reaction in 

Solution”, M. Nagasaka, Conference on Laser and Synchrotron Radiation Combination Experiment 2022 (LSC 2022), 

OPTICS & PHOTONICS International Congress 2022, Yokohama (Japan), 2022/4/21. ( ) 

[2]  “Hydrogen bond network in aqueous dimethyl sulfoxide solutions observed by oxygen K-edge X-ray absorption 

spectroscopy”, M. Nagasaka, The 18th International Conference on X-Ray Absorption and Fine Structure (XAFS 2022),

Online Conference, 2022/7/11. 
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[1] M. Nagasaka, M. Bouvier, H. Yuzawa, and N. Kosugi, “Hydrophobic Cluster Formation in Aqueous Ethanol 

Solutions Probed by Soft X-ray Absorption Spectroscopy”, J. Phys. Chem. B 126, 4948-4955 (2022).

[2] M. Nagasaka, “Site selective analysis of water in hydrogen bond network of aqueous dimethyl sulfoxide solutions 

by oxygen K-edge X-ray absorption spectroscopy”, J. Mol. Liq. 366, 120310 (7 pages) (2022).

[3] M. Nagasaka, “Carbon K-edge X-ray absorption spectra of liquid alcohols from quantum chemical calculations 

of liquid structures obtained by molecular dynamics simulations”, J. Chem. Phys. 158, 024501 (7 pages) (2023).
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Protein design with computation and biochemical experiments
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*T. Kosugi, T. Iida, M. Tanabe, R. Iino, and *N.Koga, De novo design of allosteric control into rotary 
motor V1-ATPase by restoring lost function, Nature Chemistry (2023) (accepted).

#S. Minami, #N. Kobayashi, T. Sugiki, T. Nagashima, T. Fujiwara, R. Koga, G. Chikenji, *N. Koga, 
Exploration of novel αβ-protein folds through de novo design, Nature Structural & Molecular Biology
(2023) (accepted).
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Design principles for proteins and exploration of novel ones , IPR x RIKEN(BDR) Symposium 

2023 Dive into Data of Life , 2023 2
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Joint Meeting, Japan 2022 12
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Exploration of intramolecular networks of antibodies by molecular 
dynamics simulation
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S. Yanaka, R. Yogo, H. Yagi, K. Kato, “Multifaceted observation of conformational dynamics and interactions of 

antibodies”, ABA-APPA-TBS Joint Congress in Taiwan

S. Yanaka, K. Kato, “Integrative approach for the observation of conformational dynamics and interactions of 

antibodies”, The 7th International Symposium on Drug Discovery and Design by NMR

S. Yanaka, K. Kato, “Investigation of conformational dynamics and interactions of antibodies towards their 

functional improvement”, 143 2

S. Yanaka, R. Yogo, H. Yagi, K. Kato, “IExploring the Structural Dynamics and Interactions of Antibodies: A 

Multidisciplinary Approach”, Symposium on Frontier Research for Disease-related Proteins 2023 Korea-Japan Joint 

Meeting for Molecular Sciences

5

Kato Koichi Yagi Hirokazu Yanaka Saeko, “Four-dimensional Structures and Molecular Designs of Glycans”, 

Trends in Glycoscience and Glycotechnology, 34, 2022
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Molecular simulations of multiscale dynamics in the function of 
biomolecular machines
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Ab-initio calculation of magnetism and phonon properties in molecular 
systems and condensed matter
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1 E. Minamitani, T. Shiga, M. Kashiwagi, I. Obayashi, “Topological descriptor of thermal conductivity in amorphous 

Si ”, The Journal of Chemical Physics, 156, 244502 (2022)

2 Hui-Nan Xia, Emi Minamitani, Rok Žitko, Zhen-Yu Liu, Xin Liao, Min Cai, Zi-Heng Ling, Wen-Hao Zhang, 

Svetlana Klyatskaya, Mario Ruben, Ying-Shuang Fu, “Spin-orbital Yu-Shiba-Rusinov states in single Kondo molecular 

magnet”, Nat. Commun. 13, 6388 (2022)
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Creation of the assembled structures bearing 3D conjugation 
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(1)  N-doped Nonalternant Aromatic Belt via a Six-fold Annulative Double N-Arylation 
Hiroki Sato, Rie Suizu, Tomoki Kato, Akiko Yagi, Yasutomo Segawa,* Kunio Awaga, Kenichiro Itami* 
Chem. Sci. 2022, 13, 9947-9951. DOI: 10.1039/D2SC02647C 

(2)  Perfluorocycloparaphenylenes: Fully fluorinated carbon nanorings by Ni-mediated one-pot synthesis 
Hiroki Shudo, Motonobu Kuwayama, Masafumi Shimasaki, Taishi Nishihara, Youhei Takeda, Takuya 
Kuwabara, Akiko Yagi, Yasutomo Segawa* and Kenichiro Itami* 
Nature Commun. 2022, 13: 3713. DOI: 10.1038/s41467-022-31530-x 

(3)  Synthesis of a Möbius carbon nanobelt 
Yasutomo Segawa,* Tsugunori Watanabe, Kotono Yamanoue, Motonobu Kuwayama, Kosuke Watanabe, 
Kenichiro Itami* 
Nature Synth. 2022, 1, 535–541. DOI: 10.1038/s44160-022-00075-8 

(4) Half-substituted fluorocycloparaphenylenes with high symmetry: Synthesis, properties and derivatization 
to densely substituted carbon nanorings 
Hiroki Shudo, Motonobu Kuwayama, Yasutomo Segawa, Akiko Yagi, Kenichiro Itami* 
ChemRxiv 2023, DOI: 10.26434/chemrxiv-2023-zsvnt 

(5) An Electron-Deficient CpE Iridium(III) Catalyst: Synthesis, Characterization, and Application to Ether-
Directed C–H Amidation 
Eiki Tomita, Masahiro Kojima, Yuki Nagashima, Ken Tanaka, Haruki Sugiyama, Yasutomo Segawa, 
Atsushi Furukawa, Katsumi Maenaka, Satoshi Maeda, Tatsuhiko Yoshino, Shigeki Matsunaga* 
Angew. Chem. Int. Ed. 2023, DOI: 10.1002/anie.202301259 

(6) Polarized Raman spectroscopy on topological semimetal Co3Sn2S2 
Kenya Tanaka, Taishi Nishihara, Akira Takakura, Yasutomo Segawa, Kazunari Matsuda, Yuhei 
Miyauchi* 
J. Raman Spectrosc. 2022, 54, 93–100. DOI: 10.1002/jrs.6459 
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Theoretical Study on Transition-Metal-Catalyzed Organic Reactions
-Investigation of Halogen -Bonding Interactions toward Effective Molecular Recognition-
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Y451 VASH-SVBP CTT Y-CTT

CTT Y-CTT

5 Y-CTT Y-CTT 3 1

TTL Tubulin Tyrosine Ligase Y-CTT VASH Vasohibin -SVBP Small Vasohibin Binding Protein Y-

CTT CAP-Gly Cytoskeleton-Associated Protein Glycine rich domain Y-CTT

CTT /

1. 5
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RMSF Root-Mean-Square Fluctuation

3 RMSF 3

C CTT

CTT TTL

RMSF Y-CTT C

RMSF TTL

Y-CTT

VASH-SVBP C

Y451 CAP-Gly

Y-CTT

TTL CTT C
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Molecular dynamic simulation for the ion selectivity analysis of the ion 
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4 MRI

Functional and structural analysis of four dimensional MRI of the brain.

1
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6000 4 MRI 2022
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MRI FSL v5.0.11 (https://fsl.fmrib.ox.ac.uk /fsl/fslwiki/)

TBSS BedpostX ProbTrackX 

MELODIC/FIX HCPpipeline, fMRIprep, BIDS 3 MRI

13 8000

ENIGMA Enhancing Neuro Imaging Genetics through Meta-Analysis 100
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Quantum-theory-based multiscale simulation for the development of the 
next-generation power devices

1 1 2 2 1 3

1 2 3

1

2

DFT: Density Functional Theory Kohn-

Sham RSDFT Real-Space Density-

Functional Theory Car-Parrinello 

RS-CPMD Real-Space Car-Parrinello Molecular Dynamics

NEGF: Non-Equilibrium Green’s Function NEGF RSDFT

N orbital-free DFT

3
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[ 1-4,9,10] ii) SiC/SiO2 GaN/GeOx/SiO2

[ 5] iii) 

[ 6,7] iv) [ 8]

i) iii)

SiC

SiC SiH4 C3H8 CVD
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SiCl2 C2H2
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Formation by Density-Functional Calculations” The 20th International Conference on Metal-organic 
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(1) tropone2+ tropone
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MD 1/3
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[a] C. Liekhus-Schmaltz et al. Nat. Commun. 6, 8199(2015) 

[b] X. Wang et al., Nat. Photo. 15, 187, (2021) 

[c] M. Hervé et al., Nat. Phys. 17, 327 (2021) 

[d] E. Kukk et al., Phys. Rev. Res. 3, 013221 (2021) 
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Computational Investigations of Exciton Dynamics in            
Organic Optoelectronic Materials Based on                      

Large-Scale Electronic Structure Calculations
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