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Chemical Reaction Path Search on Free Energy Surfaces
Motoyuki Shiga
Japan Atomic Energy Agency

[ Abstract] Predicting reaction pathways is one of the most important goals in
theoretical and computational chemistry. In this presentation I propose a new
computational approach to identify chemical reaction pathways on the free energy
surface, in an automated way, based on a combination of steepest descent and gentlest
ascent methods. A novelty is in the numerical approach that improves the sampling
efficiency on the second derivatives of the free energy surface, which is required in the
gentlest ascent method. This technique opens a way to identify free energy landmarks of
bond breaking/creating processes in which the underlying potential energy surface is
described properly using on-the-fly electronic structure calculations.
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Quantum Chemical Exploration of New Molecules: Structure and Stability
of Dimerized Polycyclic Aromatic Hydrocarbons
oKoichi Ohno"?, Hiroko Satoh""*, Takeaki Iwamoto
'Institute for Quantum Chemical Exploration, “Department of Chemistry, Graduate School of

Science, Tohoku University, *Research Organization of Information Systems, ‘Department of
Chemistry, University of Zurich

[ Abstract] Investigation of new molecules based on quantum chemical explorations of
potential energy surfaces (PES) is important in molecular science. New types of hydrocarbon
molecules were constructed by dimerization of Polycyclic Aromatic Hydrocarbons (PAH), such
as naphthalene, perylene, and coronene. Their stabilities were studied by automated reaction-
path-search techniques, and interesting characteristics were discovered.
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Elucidation of Projection Effect in Kramers-Grote-Hynes ratio

oYutaka Nagahata, Rigoberto Hernandez*
! Department of Chemistry, Johns Hopkins University, USA

[Abstract] We propose an alternative expression of Kramers-Grote-Hynes ratio of Zwanzig
bilinear Hamiltonian. The expression is only depending on normal mode frequencies and
projection factor, e.g., the projection angle. The results show us how TST-like rate formula
changes from full phase space TST rate constant over the change of projection(angle) without
changing environmental conditions, e.g., pressure and/or density of solvent. In our talk, we will
explain that every parameter appears in the expression can be derived from the solution of the
generalized Langevin equation of Zwanzig Hamiltonian.
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Retrosynthetic Planning with Generative Adversarial Network
oShintaro Fukushima!, Yuichi Motoyama?, Kazuyoshi Yoshimi?
L TOYOTA InfoTechnology Center Co., Ltd., Japan
2 Institute for Solid State Physics, The University of Tokyo, Japan

[Abstract] Recently, retrosynthetic planning with machine learning and deep learning has
been proposed actively. We focus on the method proposed by Coley et al. In this method, we
first calculate similarities between the target product and products in the reaction database to
find similar products. Next, we generate candidate reactions by modifying reactions of the
similar targets. The method by Coley et al. is more accurate than other methods. However, its
search space is limited because it is based on the matching with the existing reactions.

In this presentation, we propose a method with GAN(Generative Adversarial Network) in
order to expand the search space. The idea of the proposed method is to learn a generative
model with GAN, generate reactants with the generative model, and then a reaction with
reaction prediction. We got new reactants with the proposed method. We continue the detailed
calculation of reaction prediction and retrosynthetic planning.
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Fig. 1. Calculation flow of the proposed method
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Free Energy Reaction Root Mapping Method by Using Umbrella
Integration on High-Dimensional Free Energy Landscapes

oYuki Mitsuta!, Shusuke Yamanaka', Takashi Kawakami', Mitsutaka Okumura'
Y Graduate School of Science, Department of Chemistry, Osaka University, Japan

[Abstract] Accurate prediction of free energy differences by using atomistic molecular
simulations remains an important challenge to elucidate biological phenomena. Umbrella
sampling [1], [2] is one of the standard methods to calculate free energy differences along
reaction coordinates, which are called potential of mean forces (PMFs). On the other hand, we
need a method to find minimum free energy paths (MFEPs) to explain the most likelihood
trajectory of the phenomena. In the previous study, we proposed free energy reaction root
mapping (FERRMap) method, which explores MFEPs automatically [7]. In this method, the
scaled hypersphere search method [5], [6] is employed to obtain saddle points on PMFs. After
we found saddle points, MFEPs and new equilibrium points are calculated by umbrella
integration method [4]. In this study, we calculated the eight-dimensional PMF on the
Ramachandran map of alanine hexapeptide in water by using FERRMap method to show the
applicability of our method to high-dimensional free energy landscapes.
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(Bl STT7 7LV 7Y LB THEDHIBEA Y Y LS TED L
T B, HE/Z T V7L I3 o7 ) o 773 ) A% LTZ[8], 2 EFIH
952 LT, MFEP AZ > 7V 759U RUOHEIREEZ T HZ &
MWTEDHEIITD, B, TV VIHEMEEZFMATHZ LT, BH= R L X —
i EOBERmBERE 2B L, Z2RocHBH T ® /L X —22[0] E TR & 2 HBER
TEXH LTkl

Fex DFEIT, AZFAT I ZARA M) U 7EREIHTEHE A X MINND
RN, BHETRROSKEES R v DU — 27 Z HEMRE T2 2 & T RSREES 2 FRERICI 5
LB TE D, T, FLRERBMROME, RISy NU—7 B3 G55 Z &
(&~ T LV EERRISHEEEBEIT S/ RETH D,

R - BE] B4 1T LV ERTCORCRIERRIHEA TE 50025720, K
HOT Z = ~FHXTF R (Fig. 1) O 8IKIEPMF IZOWTHEA L., SRS ~
NU—2 %15 7= (Fig. 2.), Fx DIFEIZL T, ZOFRy NU—7 OFKSIZBT D
. SREOABBZ VX —EZRNRAIND, TNOEITT 52 TTr 7=
XY _TTF ROFERNLT I FEHORER 2 E & OSSR R E W0 LTz, Fig. 3.
TIL. Fig. 1. (@)D B v — MEEND Fig. 1. 0)D a~U v 7 AEE~EDLETO, &b
TEMEAVFERE D/N S WSS 2R LTV D, & 572 556l 72 BUSRRBEBFAT IZ DWW T,
MHRBEET D,

Relative Free Energy (kcal/mol)
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Fig. 1. The structures of Fig. 2. The graph ﬁgure of the Fig_ 3. The relative free energy along the

alanine hexapeptide. These network gf MFEPs of alanine MFEP from the beta sheet equation
are (a) beta sheet and (b) hexapeptide in water. Green Fio 1 he aloha heli
alpha helix structures which squares are equation points. str.ucture (Fig.1. (a)) to the alpha helix one
are found by our calculation. (Fig.2. (b)).
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