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Photoresponsive dynamics of the bacteriophytochrome DrBphP
photoreception domain
oKeiya Tachikawa! , Kimitoshi Takeda! , Yusuke Nakasone! , Masahide Terazima®
!Department of Chemistry, Kyoto University, Japan

[Abstract] DrBphP is a bacterial red-light sensor protein from Deinococcus radiodurans. It
consists of an N-terminus photosensory module (PSM) and a C-terminus kinase domain.
Though an isomerization of its chromophore (biliverdin) and subsequent reactions have been
studied by using the absorption spectral changes [1,2,3], the signal transduction mechanism
has not been clarified yet due to a lack of time-resolved detection of structural changes of the
protein part. Here, we investigate the photoreaction of PSM and its mutant (P465T) by using
the transient grating (TG) methods. P465T lacks the reactivity of the hairpin structure which
has been considered to be vital for the signal transduction. We detected four reaction phases as
changes of absorption spectrum (time constants are 790 ps, 2.4 ms, 33 ms, 5.4 s). Additionally,
we found that the diffusion coefficient of PSM changed associated with the absorption
changes. TG signal of the P465T mutant showed a different time profile, indicating that the
hairpin region is involved in the signal transduction. Consequently, the D changes were
attributed to the structural change of the hairpin region and subsequent change of the
quaternary structure of the PSM dimer.

[FF] DrBphP (L#fiE (Deinococcus
radiodurans) HiRDIRtA Y L Hh— & X
JETHO . N KA S5 5 56 Ik

(photosensory module : PSM) %, C K
NZXTF—8 RAA &R, REHLD
FHHZ X W BERITH D biliverdin DY
HPE N Z 0 FEEIREE Pr ) BIEME
{LIREETH D Pfr ~L BT 5, PSM X
A <w—L LTHEL, ~T B EME e
ns ﬁEfg}ZO) CRIEIEZAES R A A Figure 1. Structure of PSM of DrBphP
DERENIEN D8 & DHEEMREITIC LY
Wi ST gd (Figure 1) [1], F 7@ PEWIGHIEIZ X 0 FEARE Y OG0 3 B

(FFE%$ : 55us,1ms,200ms) THELZ 5 Z &0, XFNABELHIEIZE Y 43 ms D
R EH T TR THEEZ LN Z D Z LR EiE ST\ 52,3, L,
RO & X /X7 B OREE AL DD N ) 2, ~T B OFEEZAl & BIPAES)
DRIEBIR 72 EIXRTEMH STV, & 2 CARMFZE TIRIEEFR I L & v 9 8L
MO TEBEDIGEH AT I 7 A2 D2 ENTE LWERYHE T (TG) JEIC L
D PSM OREEZAL AR R L, ~7 B OELLEZET 2 I2—2 b

(P465T) & DIl ZE1TSH Z & T[A]. ¥ 7 VR O/ BfiE 2 B s L 7=,

Red




[5#:)] TG HIE CTiL. Yz 615nm @ 3L A L—HF—_ 71 —7 3|2 840nm D
Bt L ——% HW o, mEWINHIE T, BRI A E . 7 e —7 I 780nm
O 2 T2,

[#5% - 252] psM i Lcimpemw OO

HIE %47 - 7§65 % Figure 2 o9, 2 008
TOEEE 4 oL THER T x, 900
FNFNOWRERIL 790 ps, 2.4 ms, 33 0:04
ms, 54 s &RFE o772, B3 I 0.02

ITFEDRER & KL< KIE LTV 5D, o 10 10°
PSM @ TG 15 5 % Figure3(left)|Z /"9, ‘s
W IE IR & DS B2 B F 2 THK oy Figure 2.Transient absorption signal of PSM. The
ZRIE LT R 2 KR, BEBUE 5O dot line is fitting curve.
1.0
0.8 Reaction phase Molecular S0x10
' \ diffusion 40
= .
f_‘i 0.6 Thermal z 30
_EE 0.4 diffusion E 20
02 10
0.0k Ok i \ s o
7 -5 3 -1
10 10 10 10 0.001 0.01 0.1 1

t/s t/s
Figure 3. (left) Typical TG signal of PSM. (right) Time development of the TG signal of PSM. The
dot lines are fitting curves.
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Efficient approach to search fragment-binding poses
in the restricted sampling space

oHiroyuki Sato®, Yoshiaki Tanida!, Azuma Matsuura
! Fujitsu Laboratories Ltd., Japan

[Abstract] We present an efficient method, non-bonding function replica-exchange method
(nfREM), for searching various fragment-binding poses to a protein using MD simulation. In
this method, protein replicas interact with fragments using different non-bonding potential
function from each other, and the replicas are randomly exchanged in a short cycle time.
nfREM make it possible to find over 50 times binding trials during a 10 ns simulation,
whereas the conventional MD find only one binding trial in the same condition. This indicates
that our method provides over ten times binding trials and various binding poses candidates
through a short-time simulation compared with the conventional MD. Furthermore, the
sampling space of MD is able to be restricted and rationalized using these candidates’
information. Finally, metadynamics is executed to search stable binding poses in the restricted
sampling space. We will discuss our approach in detail at the meeting.
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Fig. 1. Overview of non-bonding potential function Replica Exchange Method
(nfREM). “P” and “F” stand for a protein and a fragment, respectively.
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Prediction of binding affinity of XAV939/Tankyrase-2
using alchemical free energy calculation

oYoshiaki Tanida, Azuma Matsuura
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[Abstract] Flexibility and conformational entropy often induce very slow relaxation at the
equilibrium state of the ligand-protein complex system. For Alchemical Free Energy
Calculation, structural sampling must be done in thermal equilibrium state in many
intermediate states defined by the coupling constant A. We chose the XAV939/Tankyrase-2
complex as the typical case study. To obtain the convergence of the free energy of the
complexation, a 140 ns long molecular dynamics simulation was needed; an evaluated free
energy of binding was in good agreement with the experimental value.
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Fig.3. Convergence of free energy of binding for XAv939/Tankyrase-2

Table.1. Computed free energies (in kcal/mol)

AGR, AGYy AGLL AGR AGS AGE AGS
1.89 (0.05) 1495 (0.19)  15.69 (0.81)  10.32  10.15 (0.01)  0.23 (0.02)  -11.82 (0.83)
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Flexible fitting of biomolecular structures to high-speed atomic force
microscopy image data: Application to nucleosome with linker DNAs

Toru Niina', oSotaro Fuchigami', Shoji Takada
! Graduate School of Science, Kyoto University, Japan

[Abstract] High-speed atomic force microscopy (HS-AFM) is a powerful technique to
directly observe structures and dynamics of biomolecules. Especially, HS-AFM allows us to
visualize dynamic behavior of biomolecules in real time and with minimal effect on their
structures and function. However, since HS-AFM is limited to detect surface profile of a
target biomolecule at a middle resolution, an effective method for modeling its
three-dimensional structure fitted into a HS-AFM image is strongly required. Recently, we
have developed a flexible fitting method to reconstruct biomolecular structures from
HS-AFM images using known structural information and molecular simulation. By using this
method, biomolecules can change their conformations so as to minimize the difference
between a target AFM image and a pseud-AFM image constructed from its structure. In the
present study, we applied this method to a nucleosome with linker DNAs.
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Factors influencing oligomeric stability of light-driven sodium ion pump
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[Abstract] Krokinobacter rhodopsin 2 (KR2) is the first light-driven Na* pump rhodopsin
reported. KR2 is a family of membrane proteins. For the spectroscopic studies on membrane
proteins, solubilized samples by detergent have been in common use. We have revealed that
the solubilized KR2 shows the monomerization (K¢ = 4.1 mM) upon decreasing [Na*] based
on resonance Raman spectra of the retinal chromophore of KR2. In this study, we investigated
the [Na*] dependence on KR2, which reconstituted in nanodiscs. In contrast to the solubilized
KR2, KR2 reconstituted in nanodiscs did not show the oligomeric transition and kept the
oligomer. 1t is known that KR2 forms oligomer in the lipid bilayers. Thus, these results
demonstrate that the oligomeric stability of KR2 in detergent is lower than that in the
physiological environment.
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Fig. 1 Resonance Raman spectra of KR2 in 100 mM
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solubilized KR2, respectively.
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Fig. 2 Plots of (A) C=C and (B) C=N stretching frequency against Na* concentration.
Red circles and blue triangles represent the band frequency of the reconstituted KR2 and
the solubilized KR2, respectively. The light-red and light-blue lines show the fitting
results by Hill equation. Bars represent standard deviation (n=3).
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Effects of nitrogen atom on electronic properties of phenanthrene
oNobutsugu Hamamoto, Hitoshi Fujimoto
Graduate school of science and technology, Kumamoto University, Japan

[Abstract] Heteroaromatic compounds containing sp®-nitrogen atoms have attracted much
attention in the field of organic electronics. The number of the nitrogen atoms and their
positions affect strongly electronic properties; therefore, the investigation into the substitution
effects of the nitrogen atoms is important for applications. Here, we investigated theoretically
three diazaphenanthrene compounds. The calculation results showed that the nature of the
lowest singlet excited state (*S;) depends strongly on the positions of two nitrogen atoms and
the relation between them, and that adjacent nitrogen atoms tend to stabilize the excited state
having contribution of nz* transitions. The vibrational profiles of the lowest energy electronic
absorption bands were well simulated with using the results of the analytical vibrational
frequency computation. The simulations showed that the vibrational modes contribute
differently to the first electronic absorption band depending on the nature of the S; state such
as the n* or nm* excitation. It would be also suggested that the nature of the 'S; state may
affect the relaxation process of photoexcited molecules for these compounds.
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Theoretical study of collective rotational motion in ionic aqueous solutions
oNorifumi Moritsugu?, Takahumi Nara?, Shin-ichi Koda'?, Keisuke Tominaga®4,
Shinji Saito'

! Department of Functional Molecular Science, SOKENDAI, Japan
2 Graduate School of Science, Kobe University, Japan
% Institute for Molecular Science, Japan
4 Molecular Photoscience Research Center, Kobe University, Japan

[Abstract] Extended hydrogen bond (HB) network plays an important role in the structure
and thermodynamics of water. The dynamics of water are also affected by the HB network; for
example the collective rotational relaxation is slow, approximately 10 ps, due to the large
positive correlation among individual dipole moments. Recently Nara et al., have examined the
complex dielectric spectra in the sub-GHz to THz frequency region of various aqueous
solutions and found that the collective rotational relaxation depends on ionic species; the
relaxation in tetramethylammonium ionic solution is slower than that in water, whereas that in
guanidium ionic solution is almost the same as that in water. In the present study, by exploiting
molecular dynamics simulations, we reveal how the collective rotational relaxation is
determined in the ionic solutions by examining local structures and dynamics of water
molecules near ions.
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Theoretical Studies on Oxidative Kinetic Resolution of Racemic Secondary
Alcohols Using Chiral Ligand-Hybridized Nitroxyl Radical/Copper
Cooperative Catalysis

oKyohei Kawashima,' Yusuke Sasano,? Naoki Kogure,?> Koki Kasabata,? Yoshiharu
Iwabuchi,” Seiji Mori'
I Graduate School of Science and Engineering, Ibaraki University, Japan
2 Graduate School of Pharmaceutical Sciences, Tohoku University, Japan

[Abstract] Aerobic oxidative kinetic resolution (OKR) of racemic secondary alcohols using
nitroxyl radical/copper catalysis has been developed. The key catalyst is a chiral
ligand-hybridized 2-azaadamantane N-oxyl (AZADO). This OKR has resolved various
aliphatic alcohols with high enantioselectivity (e.g. 52.5% conversion, 93.0% ee, s value 39.2).
This OKR tolerates various oxidation-labile functional groups, such as tertiary amines and
sulfides. Encouraged by the high performance of this catalysis, we have performed DFT
calculations to consider its asymmetric reaction field. As a result, it is suggested that the
structure of the transition state is a square pyramidal complex, the apical position of which is
occupied by the chiral ligand moiety. The DFT-predicted enantioselectivity agree with the
experiments.
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Fig. 1. Experiment of OKR using tridentate chiral AZADO/Cu
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Fig. 2. Reported reaction mechanism using TEMPO
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Fig. 3. Repulsion between both hydrogens of AZADO and analog. (left: major, right: minor)

[2% 3]

[1]Y. Sasano et al. Angew. Chem., Int. Ed. 53, 3236 (2014)
[2] B. L. Ryland et al. J. Am. Chem. Soc. 136, 12166 (2014).
[3] M. A. Tron and A. M. Szpilman Chem. Eur. J. 23, 1368 (2017)



2P089

DFHAEXICED VT OBOTO R ALREDOBRT
R wN e
OHH B, AT, Fif "

Analysis of protonation state of citric acid in aqueous solution
oYoshihiro Tanaka®, Matsui Toru!, Morihashi Kenji*
! Department of Chemistry, University of Tsukuba, Japan

[Abstract]
This study aims to identify the protonate state in the ground/excited state of a citric acid and
to elucidate the difference in driving force in the process of formation of citric acid molecule
clusters. We found that the third deprotonation state of the citric acid (pKas) in the excited
state (calculated 9.60) produced a clear difference from that in the ground state (calculated
4.90). To investigate this difference in generating a citric acid molecule cluster by molecular
dynamics calculation, we constructed four models for 0.1 M citric acid in aqueous solutions,
the former has a proton whereas the latter not. After the equilibrium at 300 K for 5 ns, many
citric acid molecular clusters were confirmed in both models. From the distribution of sodium
atoms, the interaction between citric acid molecules mostly depends on the protonation state.
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Theoretical Study on Singlet Fission for Sumanene-Fused Acenes
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! Graduate School of Engineering Science, Osaka University, Japan
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[Abstract]
Singlet fission (SF) has recently attracted much attention because of its potential for improving

efficiency of photovoltaic solar cells. We have proposed a guideline for designing molecules
causing efficient SF based on diradical character, which satisfies the exciton energy matching
conditions. Meanwhile, since the electronic coupling, which contributes to the efficiency of
SF, depends on the intermolecular packing, it is significant to clarify the correlation between
the electronic coupling and the intermolecular configuration. Acenes such as tetracene and
pentacene are known for efficient SF materials, but their © — & orbital overlaps are relatively
small because of herringbone structures in their crystal phases. We therefore proposed
sumanene-fused acenes (Figure 1) as a novel class of SF molecules, in which sumanene works
well to form n—m stacked aggregates in crystal phases, which cause large n — 7 orbital overlaps.
We investigate intermolecular configuration dependences of electronic coupling in SF for those

proposed molecules using quantum chemical calculations.

[F]

YU by b7 4 vay (SF) X, AS T OESRICBWTRRENC X0 Ak
L7z 1 >O—HEIEFHE 7-43, Bl 2 AR aE @A%&mﬁwmfé &T20®—
FEIAIE 12033 2 BB 5 CH H[1a], 2006 FIC 2 & o THBEKEEHL
MDD A L3 D aREME DS R L[ 1b], %mu%%%iﬁ i 0 1 20> DTG58 1S SF@
WMRDPITOITWD, SF BT 50 T OREIINETH 722, Fxld, SFO=T
FNX A LM 1a)lc S &, B ﬁ@hﬁf%éy7yﬁwl%ymﬁﬁ><y<
1 (524BR%)) % AW T 22 @ 2h =R SF 4y mﬁ%ﬁ%?%bt@%

fth)7. SFIIHNTHEARICBNCTELZBETHY . HTIMENER E1ry 7
)/ﬁ)ﬁ%F@ﬂé BT L, prERE EED 7Y 7 E OfMEEE A

Z75Z &ié?f%épthFwwﬁwF%t ITHFELTT UG+ N
ﬂ%mfwéw TR, ORI wf*A%ﬁ®nﬂﬁﬂi@%
720 MBI NS NI ERLENTWD, Ko TT &0t 7 il & hil4Ec
STaEEDOERY Z RESHFTEIUTE Ty 7V IR RL, K0 &E ﬁ@
72 SF RELNHIFFCX 5, —FH., THEAKRINTZA~ R EMEIN DB 1%, £



BRTr—nBEEZAGITIEAT 2 2 ENMESNTND[3], >
I TARBIETH, ron BBIC L s TREMESIET T 3
EDANRUAC, BAESF T THLT vy SMHETNE i i i
ﬂfﬁﬁ/ﬁ\ SHEE3 PDOHK (Fig. 1) %%ﬁj#ﬁ SF %:fﬂ/ﬁj\% & LT F;c;ure 1. ;;r;laneﬂ:-,fused
L. YT UBNVIRFE AW SF A FORE L. BB acene models.

v 7Y 2T RO Oy A BRI IE DR 21T - 72,

[EF V5T LEHEBEHIE]

TGRS ONWTIE, Ty b TRy, T hTRvy, XX STEE R
M7, €/ ~—1OEERK#EIE RBILYP/6-311G* L~ L CiTHo Tz, YT
[KF1% LC-UBLYP/6-31+G* L~ L —EIHhEIKEE= RV —E(S)), —EIHEhER
RE T /L X —E(T1)IZ Spin-flip TD-DFT PBE50/6-311G* L~ L CHRE L7z, HFHIOA
hEAH 7V 2 7|V DFHRIC I B ERE BRI &
HERNXEMA L (SF L ke o< [Vsel)o ABFZET
L. AR UM Z e X4 ~—F7 /L (Fig. ‘
2> CBNT, E/ VB—FE'%EE%E RETE :/%Mj@jﬂﬂ‘ Figure 2. Dimer models composed of
AFE 0 AL ST EED A FEGE I DUV T Vs sumanene-fused pentacenes.

PR U, By 7Y 7D Fock 178331 Gaussian90 % F\ T RB3LYP/6-
31G(d) LUV TEME LT,

[#E% - BE]

VI UINETB LR R F—BAELMICEILSBERNL, TET LD TO P TIEA
VRN Z B EMEAE LT A SF i b L
TWDHZ ENGhote, ARRUMERV 2 24
Y —FTFINDOEBFH TN T |V D E AR A

38 350
300

3.75

>
Figure 3 (2”9, 0=30—50" {3 TV BEKR & 72D 5%5 20
| 2

DFHBLEN S D Z &N D, SFIRRIZEIT 5 H1[H
EBINETH SBMBHCTHREDO TR LF—D 0K
MR L7 & 2 5, CTHREEZE(IC L D, 0=300 0 4 9 (135 10
—50°DOREREOREIZ CT IRAE & SF 1510 RE (S;S,) & D= Figure 3. Effective electronic

. R s . . coupling |Vsp| for sumanene-fused
IR =N THZ LN, 2D 0 FHPHDKFD|Vsg| D pentacene dimer model.
WRICHBELTWD Z R nhoTc, 2O CTIRBLEMRIT, A~ Lo n
—n FEEMEEN BT O TIERPREMAOMIC LV TR END 2 L NEER L Z &
YRR EOHBIC K s TSI, Tabb, BlinTOT7 v ~0ENT, 4
FRLERIE 21T T <, CTREBORZEE Lol ST, ZORE. SF RO KL
RET D AREMER B D, MHIXSF ¥4 77 ZDFR G HOFEMAZRET 5,

[2%& 3R]
[1] a) M. B. Smith, J. Michl, Chem. Rev. 110, 6891 (2010). b) M. C. Hanna, A. J. Nojik, J. Apple. Phys. 100,
074510 (2006). [2] a) T. Minami, M. Nakano, J. Phys. Chem. Lett. 3, 145 (2012). b) S. Ito, T. Nagami, M. Nakano,

J.  Photochem. Photobiol. C-Photochem. Rev. 34, 85 (2018). c) D. Casanova, Chem. Rev., DOI:
10.1021/acs.chemrev.7b00601. [3] H. Sakurai, T. Daiko et al., J. Am. Chem. Soc. 127, 11580 (2005).




2P091

—a—SJIRry FO—=O ZRAWVESFOYMERED T
'HPC o AT b AR S, 2 R
OMEEFIER ', A5 RE 2

Prediction of physical properties of molecules with neural networks

oSeiji Ueno?, Yoshitaka Tanimura?
HPC Systems Inc., Japan
2 Department of Chemistry, Kyoto University, Japan

[Abstract] In order to predict molecular properties on the basis of existing datasets, we
utilize neural networks algorisms. The accuracy of predicted results strongly depends upon a
way to construct the structure of neural network to illustrate the physical properties of a
molecule. In the present study, we illustrate the performance of convolutional neural networks
involving graph convolutional network (GCN) and WeaveNet layers to take into account
molecular structures that are independent from the molecular size for prediction of
HOMO/LUMO energy levels and some other physical properties of a molecules. Fully
connected (FC) layers and recurrent neural network (RNN) layers are also employed to test the
description of local features of a molecule calculated from the convolutional neural network
approaches. We then constructed a predictor of molecular properties using these networks for
the input of atomic and bonding parameters of molecules. Finally, we discuss a role of a
molecular structure to predict a molecular nature.
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Fig. 1. Scatter plots of HOMO (left) and LUMO (right). Fig. 2. Comparison of loss function
Horizontal: ground truth, vertical: predicted value with a of LUMO prediction between GCN
learned GCN. with RNN layers and FC layers.
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Theoretical analysis of the dipole moment function and its nuclear
coordinate derivatives for OH stretching vibration of ROH type molecules

oYuto Kugaya, Masafumi Tsuyuki, Satoshi Yabushita
Graduate School of Science and Technology, Keio University, Japan

[Abstract]

We have shown a linear relationship between the first- and second-order nuclear coordinate
derivatives M; and M, of the dipole moment function (DMF) of ROH molecules. To clarify
further its chemical picture, we carried out analytical evaluation of M; and M, by using the
linear response function in conceptual DFT. As a result, we obtained M; and M, which agree
well with those obtained by fitting to polynomials and by numerical differentiation. With the
analytical evaluation, it becomes possible to separate contribution from each of the chemical
bondsto M; and M,.
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Fig.1. Coordinate Setting ((Oef, desr): effective direction) Fig. 2. Result of Calculations
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Multicanonical MC studies on second-order phase transition
between water and ice VII
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Department of International Liberal Studies, Chukyo University, Japan

[Abstract]  Multicanonical Monte Carlo calculations were carried out for investigating the
second-order phase transition between ice VII and plastic ice. In the present study, we used
two simple water models in which water molecules are fixed at the lattice points of the body-
centered cubic lattice: one is S6 model that restricts the orientation of hydrogen bonds of water
molecules, and the other is S12 model whose water molecules free to rotate.  In the expected
value of thermodynamic quantity, no singular point was appeared for S6 model, whereas
singular point was appeared around T = 1.0 for S12 model. Since these values are continuously
changing with temperature, we concluded that it is the second-order phase transition caused by
the order-disorder transition of rotation of water molecules. The critical temperature and the
critical exponents were also determined by using the finite-size scaling analysis.
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Fig.1 Two directions Aand B of
hydrogen bonds by a water molecule.
O stands for the nearest oxygen atoms
that can form a hydrogen bond with the
central water molecule, and X for the
other oxygen atoms.
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Estimation of QM/MM calculation error based on linear response function
and approaches to boundary setting

oOhnari Jinta, Maruyama Tomohiro?, Mitsuta Yuki!, Yamanaka Shusuke?,
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! Department of Chemistry, Osaka University, Japan
2 National Institute of Genetics, Japan

[Abstract] In the contemporary large-scale quantum chemistry calculations, the QM/MM
method, which computes chemically important regions such as reaction centers by highly
accurate quantum mechanics (QM) and other regions by molecular mechanics method (MM),
has become one of most important methods. However, there remains a problem of how to set
QM area and MM area. In our research, we aimed to create a scheme of QM/MM boundary
setting based on numerical calculation error of QM region and MM region setting using linear
response function. Specifically, we implemented the program on GAMESS which computes
the fluctuation of electron density from the linear response function and the error of potential
generated by the QM/MM approximation and we performed the benchmark on the polypeptide
system.

[F] BIEOE RS FRFFEIZEBWT, (LSRG « KR 72 E D& /15 A <
NS Z BT A BT 15T, FOEEOZ R - i 8 A I 5 F
ETHD QMMM EITR b EER HIED 1 DL ->T0D. LnLaRE, MR
FHRRSE A RAET D A2 8 ) B FiEk & I AR ET 20 &0 D BEDR R S L
TWA. AW T, MMEIRARET D2 L% QM HEIRICKIT AR T > v v /LD
BEIGRE) AL, ZOBEPHBICEREBEZEL TEFEEICSD L) ITEs

FIETO»EHE L., ZNOO0—#HOFFEAX— L2 '8 {bFFHE 70 77 AT
&5 GAMESS [ZE# L, TJA7?F%&&G%VTNV?7~7%ﬁot.%%
PICIXERER e 80 T OME S L OMEROESZREL, £OT—XIZH S

QMMMWﬁ%Qﬁwm?éx% LEMENITHZEHEBEEL TS,

[ (2B - BiR)] A5 036v ZUHEE LIZBEOBERES ZSpldh T L 5124
W@kﬁﬁmﬁﬁﬁ%%wfiié Z O, Své ) AN OB A RIS A B

B LTS, EFEBEIZSpE W ORLENBELILLEVWS ZEERLTND
AR TIIZ ORI L Tigmm a2 D 5.

NEECDGIBER (RPILERY

AN

b)
5p(r) = p(( ))

BREIES E NS DL

ov(r')dr'’



RIS B BB 1% B 2 50 CULBIEIS y L7 b D T, 43 THE L BluE =RV
—HERETHZENTES. QMMM MEIZEH T 2B81E, G0 ZEH 2 QM/MM
WL EAT O BEOREE L 7 L, BER L &2 QMMM FHHERZE L 2D . SN0 EE)NX
Fock [ER DN EETROENLRD D, ZNEHETH 70T A% GAMESS IC#
L, T2 IVRTF RIZBW TR F~v—27 Zf7o 7.

[REE - Z8] 75 =0 POXFF 2B\ T, QM/MM % LL T DX (Fig.1.)D X 9
IZ& 0, MIEICE B L AN D7, B EEORE D X &2 FHHE Lo, MM fEI5IZ X Amber
T EMH L, QM/MM 82121 linkatom & L C/KEAEE L, QM fEOHFEIZIX
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Fig. 1. Difference of potential computed through Fig. 2. ﬂuctuatiqn of electron densit}f computed through
linear response function. linear response function.

INGAEE), BrEEREL T 2HEMEEER T LI O% Figl. , Fig2l&zK R LTV 5.
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[1] E. Prodan and W. Kohn, Proc. Natl. Acad. Sci.
USA 112,11635(2005)

[2] K. Ueda, S.Yamanaka, et al. Int. J. Quantum Chem. 113,336(2013)
[3]Y. Mitsuta, S.Yamanaka, et al., Molecules 19, 13358(2014)

Fig. 3. Atomic fluctuation of electron density.
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Electron and molecular dynamics induced by a near-field excitation

oTakeshi Iwasa'>3, Masato Takenaka?, Tetsuya Taketsugu'->3

! Department of Chemistry, Faculty of Science, Hokkaido University, Japan
2 Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
3 ESICB, Kyoto University, Japan

[ Abstract] Near field is a localized electric field around a nanostructure having steep intensity
gradient, which is widely utilized for spectroscopy and imaging of local nanostructures as well
as molecular manipulations. Due to the steep intensity gradient, dipole forbidden excitations
and/or nonlinear optical responses can occur with the near field. To study the near field
excitations, one should go beyond the dipole approximation. Here, we report a theoretical study
on a near field electronic excitations of a model molecule of Nas by using the multipole
Hamiltonian with particular focus on the difference in the excitations between with a uniform
field and with a near field. Because the near-field can induce non-dipolar electronic excitations,
we study the molecular relaxation pathway for dipole-allowed and forbidden excited states by
performing the steepest descent pathway computations.

[FF] WA JRTE Uz Yol 823t & FEEIL, RHOE B C & 7oV B - 25 ]
DOETHRZAREL 95, KR IN-&E T/ EERICHRLIND 7T XE DU
B AR Ul RE R 7 ~ >0 Tt B OBE AR L > THRR-7FELUI D
I FTAPELNLENMOILTWD, ITHFEIE, ZOEESE AT UL R
OWFFEELROND LIRS TEE, ZOLI RO & R k> TED
X9 RE TN FREIZ /2 2 D), & L U e ahie 4 2 & 7 Rbit IR e I SR A L
TS TENIFHITED L DR b DIZR D ONEHAGNCT D Z &1k, S FRF o Bk
72 F R TR 5 & IR, Brle 2 AL FROSOEBO BRI b8 5, Lo Ly
D XD 72 E LT & oy - OF BRI VS5 BRI ELMiE 2 720
DT, T’AIZZEMANAINL F=T VCHESW- R FEARBLTEX -, ST, &
LD ZEEE & 52 2B E LB OB TR IR EOfENT & . VMR- FFA & 25 mhikd ik
RE DAEEFE RN IR IC O W TR R R 2 A4 2,

(3% - FIEFM] B 7 Nag (2, BB B
DRy 54 & U T H R T2 B D& bkl DR
% WERHEAF O R g EEPLREBOE U B D T2 5y
M« FEEME XA T I 7 AFRIZE > TR,
LIRS L 912, BB oIy v (z fh)
CIEER ST (y ) RV IREDGR T & L,
K& OMEEMEIL, ZEMAINV =T
HSWTHEY L MONOZERMS TRILL, 2
DRI e g 7 ke o
OB S . FMEE L DAL h =T L& HNT interacting with a near-field.

Figure 1. Schematic for Nay
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TD-BP86/def-SV(P) L~ /L CHEE FhE IR EED & D Fc AP TR &2 515 L i IRREC
i DREE AL OENZ T,

[R5 L 2] THeLiiEic L - . a [
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() BEOKFESM (2) OEHIZED c | A

FhECIR BB %G 5, mzf\mtwﬁﬁ :
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Vibrational analysis of perfluoroimide sulfonic acid ionomer
side chain model compounds

oMakoto Yamaguchi
Fuel Cell Cutting-edge Research Center (FC-Cubic), Japan

[Abstract] Perfluorosulfonic acid (PFSA) ionomers have been currently utilized as proton
exchange membranes in fuel cells but their proton conductivity at high temperature and low
humidity is still insufficient. Perfluoroimide sulfonic acid (PFIA) ionomers which contain
bis-sulfonyl imide and sulfonic acid sites in each side chain show higher ion exchange
capacity and proton conductivity without losing backbone crystallinity which is important to
retain mechanical stability of the membranes. In the case of the PFIA ionomer membranes,
intra- and inter-chain interactions of two types of acid sites are supposed to affect proton
conductivity. Recently dehydration process of the PFIA membrane by heating was studied by
infrared spectroscopy and we could successfully simulate changes in the peaks in the spectra
by DFT calculation of the side chain model compounds. Possible interactions of the acid sites
by dimerization are also discussed.

[FF] AKFZEBELE LBERE S FEREIER CIX 7 1 b ARl fE 2 PTFE
Bk b 2 VR VR IL R OIE EF T 5 7 v FEL AR e (Perfluorosulfonic acid,
PFSA) 7 A A/ ~—DBHWHILTWA[L]. Z iU saie CEKMEDRIEE K & Bk
PEERO I 7 e MGHHC KD 7'e b AREREZ T L, IRRECEWT 1 kA
B AR, KIMB SR CIE A VR VEROREIC LV F LR T 5[2]. s &
EEOIUTT v N AR X BT 50, MISHEEEE X TICEEE D D & BUKME
HRAAEED ALEORIFRA R E 0, FREH O SMESME T LS INEREIZE LV
OS2 5. & Z CTHUKME B ORSMIEZ MR L2 DR &2 & 5 K
LT, B D 7 v FAE A VR RS, MSHICERORSER T 57 vHEbA
K 2Lk g (Perfluoroimide sulfonic acid, PFIA) 72 ERBAFE ST\ A.  PFIA Tl
[ — I8N OO BEER S 7' 1 b AZEEIZRET D AREENR H D23, & OIFE
OATIIH & TIERV. ilr, PFIA BEOMEAKIZEE O RIMRILA T kL DZE
L3NS SN2 283], Fox 138 EILEEEIEIZ X D PRIA IEHE T b &%) O FEHER S)
fitrz b Ll —27 ZIRE L, PFIA OMISENF K OISR OB FE o8 A1 o mEE
PAEBRE L0 THET 5.

[ 38 J571%:] CFsCF,0(CF,)sS0,NHSO,(CF,)sSOsH % PFIA ORIBEE T AL-EM L LT-.
FHH1T Gaussian16 TITVY, wB97Xd AZHutHBIILEISL & 6-311G*H K% A v iz, i
WAL CRENTROZAS 7 T O EEATHI CHRIEEFN T 21TV, IR AT ML ZE v =
Lr— kL7

[#E 2 & E2] Fig.l @ PFIA 2D ATR-IR 222 k/L[3]iZ 1200cm™ R4 12 F 4% D CF,
(i OB RUY & 79748, 30°C TikZ O mifilo> 1346, 1087, 1056cm™ 12— 7 A B



TW5. Fig2 [ZIXET M LEMO IR 16
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IBHTND. EBIZ200C~DH KT Fig. 1. ATR-IR spectra of PFIA membrane [3].
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TH[AERIZ SOsH DKFEREA & A ~—M/E

LTS AT D D 20T 3228 B LU 3177emT OIRVE— 7 v D BB S
%. & BITBDER T TIE 2800cm™ BifgIC 4 DD — 7 LIEFFICT o — AR E— 27 )
Bl 523, Ai# 13 (CF3S02),NH-H0 @ CCl iR TRIZZ ST Y, NH fiffiD 7 = v
JHBIC LD RRITIRE S, %EFIT SO ICKRFERA Lz HO'ITmE S D Z &
H[4], NH & SOzH IZENZEIVMNIC K A ~—Z TR L TV D RN H Y, Tk
LA RE RS 2R R T TH 5.

[BEE] ARKRITRFEELAER = LX — T LOESERBIE A —x X
—  PEEEHT G B TSRS D [E R 5 0 T IR REHEE A = AL BB R IC K D b
DTH 5. FHREITHEIEREY A =W A = 2k ¥ —B L OIUN KGR
P v 7 —OFIRES AT L THENE L7,

[2% 3R]
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Assessment of solvation free energy expressions incorporating

the orientation of solvent molecules in the 3D-RISM theory
oShoichi Tanimoto, Norio Yoshida, Haruyuki Nakano
Department of Chemistry, Graduate School of Science, Kyushu University, Japan

[Abstract] We examined the effect of the orientation of the solvent molecules on the
solvation free energy (SFE) in the three-dimensional reference interaction site model
(3D-RISM) theory. The 3D-RISM theory cannot fully consider the orientation of the solvent
molecules due to an inherent approximation in the theory. In this study, we applied the
repulsive bridge correction (RBC) and partial wave (PW) expansion to the 3D-RISM theory
to account for that effect. The SFEs using various SFE expressions for a set of 468 small
organic molecules were compared with the results of the molecular dynamics simulation. The
results showed that the SFE expressions based on the RBC and PW expansion provided more
accurate SFE values than the standard SFE expressions. These results indicate that
introducing orientational dependence of the solvent molecules drastically contributes to the
improvement of the SFE values.

[F] WFn A B %L —(SFE) TR DIRBERREEDFRIE L R 5 W HE TH U |
RN TIE Z 22 < OB R OVEMZORREZH O E CEERBZETH D, (@
NP O —->Td 5 Three-Dimensional Reference Interaction Site Model (3D-RISM)ik
[1]1EFE % OIFRID FC SFE ORI EREZ 525206, v Ial—g
VEWEE LTI A N C SFE 23R TX 5, 2070, BIEE CICERN TR Z %
Bk 7o b - EFEHRIRREOMEATIZISH ST E 22, 3], — T, 3D-RISM {EDHE
R AHBEREOM BT R A b 2SN TEY , BUEE TIZE < O EENIRRE S
LT B [4-8], AWFFETIL, 3D-RISM {EIZ I THLUDHE S 41TV B IR O FEL
WZHE B L, R & B JATe A 1IE1E T & % Repulsive Bridge Correction (RBC)[7] & T}
BRI (PW) R BRIA[8] 2 AN T 0 TECIAI O EXL Y A F )Y SFE \Z MIE T 285 P18 LT,

[EBER] AMFZE i, Table 11278 L7 SFE ORI OV THERR 247572, 2D
26, LTFIZRT Zo0RNXICOWTIEIARMIECE Lz, —2HIX., PW {£%
HyperNetted-Chain (HNC) closure % FH v 7= 3D RISMEIZR L TEH L2 D

i pzjm{ (m«w-huﬁmm}
hww)uwWZcmmmwmm Q-|)Z%<MWW“%Qi4ﬁ

Thbh, —DH iRBC%:Kovalenko-Hirata (KH) closurelzxf L CiiH L, #1518 Ehk
(TP Z W5 Z & TH LK



AuK”*RBC'TPT=§Zj dr[—ci(r) S0 () +5 {h Ny’ {hi(r)}+gi<r>[exp{bi<r>}—1}
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Fig. 1. Comparison of the SFE computed by the 3D-RISM theory (the
vertical axis) with the FEP results (the horizontal axis) for a set of 468
small organic molecules. The solid black line represents “y = x”.
(2)3D-HNC, (b)3D-KH, (c)3D-GF, (d)3D-HNC+RBC, (e)3D-PW, and
(H3D-KH+RBC.

Table 1. The RMSE values from the FEP results and the
coefficient of determination (R?) of the SFE expressions in the
3D-RISM theory. The unit of the RMSE is in [kcal mol™].

SFE expression RMSE R?
3D-HNC 16.80 0.232
3D-KH 21.66 0.139
3D-GF 3.08 0.736
3D-HNC+RBC 2.38 0.671
3D-PW 12.45 0.311
3D-KH+RBC 5.86 0.432

[1] F. Hirata ed., Molecular Theory of Solvation (Understanding Chemical Reactivity), Kluwer-Springer, 2004.
[2] J. Hong et al., J. Chem. Theory Comput. 8, 2239 (2012). 7 &

[3] N. Yoshida, J. Chem. Inf. Model. 57, 2646 (2017). 73 &

[4] D. S. Palmer et al., J. Phys.: Condens. Matter 22, 492101 (2010).

[5] J. F. Truchon et al., J. Chem. Theory Comput. 10, 934 (2014).

[6] V. Sergiievskyi et al., J. Chem. Phys. 143, 184116 (2015).

[7] A. Kovalenko and F. Hirata, J. Chem. Phys. 113, 2793 (2000).

[8] S. Ten-no, J. Chem. Phys. 115, 3724 (2001).
[9] D. L. Mobley et al., J. Chem. Theory Comput. 5, 350 (2009).
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Theoretical study of NO reduction on Rh cluster
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[ Abstract] To elucidate why rhodium has high ability to reduce NO,, many experimental and
theoretical studies on the reactivity of a rhodium cluster and NO have been reported. Atomic clusters
show specific reactivities depending on the size and structure of clusters, and have many structural
isomers that generally are energetically close to each other. Recent theoretical study showed that the
most stable structural isomer is not necessarily the most active catalyst, and thus it is necessary to
investigate the reactivity against low-lying structural isomers. We in this study investigated the catalytic
activity of rhodium clusters for a NO dissociation reaction using the AFIR method to perform systematic
structural and reaction route searches. We found three structural isomers of Rhy cluster. Using these
isomers, structural searches for RiyNO were performed and found the search could depend on the
artificial force parameter y is changed. The lowest energy isomer is molecular adsorption geometry of
NO and the lowest energy RhuNO with NO dissociation has relatively high energy.

[F] BEHIFBRAREDZITB D TROERWFEE > TV, {bAaREIZE RSS2 A
FE DT, BESCARICHEERYER A A (CO, CH, NO,) N EHEN 5, ZDOHR T A % &
EIRH A (COs, HO, Ny) (ZAHAT DAl 2 = et & K58, LU, ool £k irid At
DCEliZ2 PP, Rh TH Y | BIROHERIEHOTENG, ZO—HZHTE TESHL
HZENEERBELE LS TWD, 2D 3O50FVEBD H B, RhITHEHT NO, DEITTRE 2
BN TWEZD, Rh 7 T AF —Z 58RI LT- NO 757 & ORSHENFERR - BRIz S n
TWb, BB TAX LT TAX—OW A ZMIEITHEST U TRERI RSN EE R L, fil
PEADICHBHIFF STV D, EROMIE TIL, [MHFICBIT 5204 @& Snizs 7 A%
—DFUSHEIZ OWTEEHRE STV D[], BRI S 2V, TOREIT Y T2 F —
DIREEMIEICERD L TWD, 7 7 AZ—IIZHOEEREEREZFL, 0T L L REERE
D7 T AR =D @ OB 2 £ LIXR 5 2226, fEdE RIS U C RO TENE
R DUENSH D Z ERERSNATVDH[2]l, ANLOFHRKIE (AFIR) {Ei1F, RFHEIC AT
N %PT TRIGEFLE I, FieBECKCRREZRRT 23R FETH Y . MR LT
B OFFRTIZAH H7e> — v & UCHEN. ST E 72[3], & Z AN Tld, AFIR {EIZ L %R/
FORE SRR I KOOSR ISR 21T\, Rh 7 T A X — 0 NO fRBEROG %4 2 flieys o 2 3
RI=ZDT, ZTOREERET D,



[FHEZEM] B4 AFIR (SC-AFIR) #5I2 X VW Rh 7 T A X —OREIER 21T o 72, HREND
13 DIV G TR LT NO 0 72 BliE L. ZA%7 AFIR (MC-AFIR) VEIT K 5 MEfERD 7o
ERBE(T - T-, EIREEFHEIZ TURBOMOLE % H\ T RI-BP86/def-SV(P)DFHH L ~L T
1TV, AFIR EMEICIZ GRRM 71 75 A (BIRFIR) & HWi-,

[#EHR L BE] Fig. 1 I Rhy 7 7 A X —0D SC-AFIR 75 (22T R )L F—/8F XA —% 5y = 100
kJ/mol) THEOLNI-REMEE ~T, ZOFETIL 3 FEOZEMENE LT, KEMHES
YRR T Do P BRIE 2o, — 7. oD 2 SOMEEI LI CREEME L #hFn
17.6 kJ/mol, 81.5 kl/mol RZETIHDH I &b -7z, Rh 7 T AKX —OIEERBE /T 125
ITAIFZE Tl Ry lZ%F L T Doy DI Z TEIE & Z DIRIZLETE 73 Dan O BMER D HE S THY |
AR OFEFR & —FT 5[4],

Fig. 2 |Z RhyNO & MC-AFIR F5 (y. = 100 kJ/mol, y = 300 kJ/mol, y. = 1200 kJ/mol) 75+
LN REMEZRT, TNEND y 1O LN ZEMEOIL, 60, 53, 46 HTH Y,
Y BWREL 2D EHBONDILEMEN D RN AN, £ 9 & pw TIENO BT
25 Rhy (2 HE LToEE DA DG DAL, EOREED =X)L F — 34 ITZ£ 4 0-180, 70-370
kJ/mol TH-72, —J7, y. TIENO WEREET 1T TlE72 <, NO M Rh 7 7 A% — L CiftfE L
HEELELNT, e OBAOBELRERZ IV —IZHERT D L, Mtz x ¥ —TEB X
% 200500 kJ/mol D FENE TIXEIZ NO 28 Rh 7 T A % — b Cfiftfe L 73 A3 4347 L. 500-1000
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Figure 1. Equilibrium structures ~ Figure 2. Relative energies of structural isomers of RhaNO by MC-
and relative energies of all  AFIR (y=100, 300, 1200 kJ/mol). Each marker in the graph represents
isomers of Rh4 cluster obtained  one equilibrium structure of RhaNO. The markers with the same y are
by SC-AFIR (y = 100 kJ/mol). arranged in ascending order of energy.
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[ Abstract] Electron transfer reactions at oil/water interfaces play important roles in
electrochemistry and biochemistry as they are the simplest model of an energy conversion as
photosynthesis. The theory established by Marcus states that reaction barriers of electron
transfer reactions are determined by fluctuation of solvation [1]. The purpose of this work is
to clarify the microscopic role of solvent for electron transfer reactions at soft and
heterogeneous environment such as liquid-liquid interfaces from theoretical analysis.

An interfacial electron transfer reaction between a ferrocene in oil phase and a
ferricyanide in aqueous phase is reported by electrochemical experiments [2]. It is a typical
interfacial electron transfer reaction between a hydrophobic molecule in oil phase and a
hydrophilic molecule in aqueous phase. We performed molecular dynamics simulations of the
system and calculated multidimensional free energy surfaces on the reaction coordinates.
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Fig. 2. Free energy curves for transfer of ferrocene and
ferrocenium along z direction. Negative and positive
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[ Abstract]

Understanding reaction mechanisms of combustion is important for improving
combustion efficiency of engine or reducing emission of air pollutant from combustion, and
so on. Combustion is composed of many elementary reactions. For example, combustion of
hydrogen is described by 20 elementary reactions involving 8 species!!l. The number of
elementary reaction increases exponentially as the number of atom increases, so automatic
search method is needed. Thus, we applied the Artificial Force Induced Reaction (AFIR)
method to the combustion system of hydrogen or hydrocarbon. Using this method, one can
explore Potential Energy Surface (PES) automatically and systematically. After the path
search by the AFIR method, we extracted atoms/molecules that are involved in bond
rearrangement, and then, each reaction was converted into SMILES expression. Finally,
representative pathway for each elementary reaction was obtained. We applied this method to
hydrogen combustion (2H>+20, system). PES was calculated at the UB3LYP/D95V level. As
a result, we obtained 233 elementary reactions involving 13 species. This result is
summarized in the reaction route map (shown in Fig. 1). We are going to discuss the details of
analysis and the case of methane combustion, too, in the poster presentation.

[F]

PRBED OSSO BRI, = 2 OBRBENRUGES, HEXT A OBREIGYME
HIJ 722 E12inW T, FEFICEETH S, BEERINEZE < OFRIS TR S LTV S
Bl Z 1, %ﬁﬁmr%ﬁﬁ BT % IKFE DIRBERS & Flak 3 5 121, so@m%@&
20 DERIENMENC R BN, Fi= X2 U OBRBEOEAIZIL, 53 DL & 325 DFE
BRI BNZ 7 1, W%ﬁﬁ3%£¢#K>iﬁﬁ@@i FRAVIK & DR E A3 #8013
BT LTS o THREBIEHNCEIN T B 7=, REEDO RISHEREIZWEZICH B2 -
TWRWENRZW, £ 2T, HEimitE 2 AW CHBIM D SN RO &2 155 Tk
DI E XU 5

AWFIE T, NTAOBEKIGE (AFIR %) 2 HWT, KFEB X ORILKEREEX
IGDFR)EE, BETEFFHEZHOCCHEBIMIZERZE L. ZOoFEEHWS Z LT,
AHEEOREMEEZYRR LT, RHED, MEEOICKIGREZES Z N TE 5.

[ (Eiw)]
T, KFBOBRBEOE 2 BINC, FHEB IO Okl 5. IREEZTD
PSSR, K ﬁ\%k@&“;ﬁﬁ%z DTPFET DIRAE L LTe. R IT 58 EIREE



WCHBERSTHEIV S 1 DFRSITNA T2, ROSERIBEEZRICIT GRRM 71 7' LB
RFE A VY, 3 L ~UL3 UB3LYP/D95V & L7-.

BRTIE, B2bNIERERICH LT T I 7 A M2 HBICERL, TNH DR
IZ AFIR VEZ M T2 2 & TSR A G2, SOOI R o728 L
LERIEICR LT, BIRMIZ AFIR IEEZ#EH T 5 2 & C, SRREE COMGRE %
MERERIICERR LT,

BONTIRBRERNS, MBI NEZ > TV LR TR EHMET 5 2
& T, BRIGESTL. 22 THELNERKISITIE, BLE-CEED R 5 RN G Fi
TWAHT=, AR & RS a SMILES IZZE# L, nDE—HEEZITH> 2 & T, —
DOREERET DR E R DT,

[#E5F - BE]
BT AR FEOBREER S QHA202) ISR BIRRIC K 0SSN BUGRREE % v
NU—27 % Fig. 1 IR LT, ZERIREE (node; T OFEH) OBt 20 H0, 2 b
O RREE (edge; KIFORR) 12165 RFELTWA. KIZHIT 51T, LEME
EEBBIREZNETNOZF T —IZHIGE LTS, KHIZiE 13 O DM nNTF
L, Y0, BE-—MEKAVER L CTHEETIHELEENR TS, 25D
NEZE THEFMPENE B Z ONDEFFE S F DT, BRI 72 ROSH I B BIRR 4
1ITH9 2 EMNTET-.
ZDRIEHREEAR Y BT —
7 LIRS EHE LT

H2.H20.01001

/

0 [OHIOIOH]

H2.0H.[OH]00

H.H20.[OH|O0

ks A iti AN
it A, 233 O F i & 72, Initial state /ﬁ}cluding-typical—slﬁie{:
2H2+20- N7 L T 7

Fig. 1 1O—2DREFEITIE,
2 S ROLTHEITT A B O
DOz, 3 o3OS THEST
THHLORE, BigDHENK
IENEENTWDT0, #
FOs0% 233 1%, BTk~
72RO 165 L %<
RoTW5. 3 HFLLERN
[RIREI SO 5 SO L, 38
FERRPICE Z DIt WwWEE
ZHNDN, TDOLX DIk
S B TSR 23 e
I BT,

[FAR DRI L OFRAT &
A B DSERRBEICR LT
HbATHo 7= H¥HIL, T
EOFEMIIINZ, RILKE
DIRBERERE & 5 O Tl
5.

[2%3CHR]

H2.H2.02.02

O5(ring),/ H®s; H203; H204
‘v 7/ \ "':Ez{onloo[onj

7

HH20.02.0H  OH.OH.OH.OH

7
HZ.HZ0,0.0Z’%//
WA

p o\
</
\

4 |
HH202HO2 | | [l
7 —077#,

H2.O2.OH.:{HL/ /’4\’/
N

P -~

oo
%

Final state
2H-0+02

Energy (kJ/mol)

e

700

Fig. 1. Reaction route network of 2H>+20,.
Colored by the energy of equilibrium structure and transition structure.
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