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@Suzaka_High_School

Asahi No ”Bluepri_nts" L'eft Behind, but Connecting ”Ht.earts and Minds”:
Weekly The night high school students burn the giant dragon
DIGITAL _
Daisuke Shimizu 2023, Jul. 1st 08:00
“Students spend more than half a year creating a
huge dragon object and erect it on the ground for
the festival. They dismantle it and burn it at an
evening festival. ...
This is a traditional event that has been handed
down for nearly half a century at Nagano Prefectural
: Suzaka High School in Suzaka City. The school's
emblem is the Miyama Gentian, (Rindo in Japanese), and there is a nearby
mountain called Garyu-zan, so the students create objects at the "Rindo
Festival" (cultural festival) using the dragon as a symbol. This tradition began in
1967.
Half a century ago, a physics teacher said
It has a thick timber skeleton, and in some years it exceeds 10 meters in
height. However, the blueprints have not been handed down to the next
generation, and the words of a physics teacher, a licensed architect, who
played a central role in designing the framework 50 years ago, are still spoken
today: "Don't leave the blueprints, burn them”. The leader of this year's dragon
production: "That's the interesting part and the good part. It is not the paper
(blueprints) but the feelings that connect us.”

EZ2EVAEIE (19T76%F)

nagano-c.ed.jp/suzaka/custom30.html

NHK Documentary
Series Ningen
Document

*For copyright reasons, the images are not
displayed.

“Make a Dragon Thrust into
the Sky: Nagano Suzaka High
School Cultural Festival”
(2006.9.8)
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§ 2 Toward "Fukui’s Lab"!
From Physics to
Chemistry!
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“Verytinterested in-physics, such
as the*four=dimeénsional-world"

and "quantumFmechajTics":
Eyoto University Clock Tower (_'-. rih:lului Hall

https://www.kyoto-u.ac.jp/ja/about/facilities/campus/clocktower
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We are not alone.

Galaxy Express 999

Hideki Yukawa: First - |
Japanese to win the 'Traveler: The Autobio-
Nobel Prize in Physics ~9graphy of Hideki Yukawa"
(1949). (Kadokawa paperback,1960)

For copyright reasons, the images are not displayed.

Entered Kyoto Universit

Evening News 1978.7.27

[ Evening News [
Meet Louise, the world’s

1978, BC21)

ampus/clocktower

first test-tube arrival

B|rth of Test Tube Baby (July, UK)

Galaxy Express 999

“Candies” disbanded (April,
Korakuen)(Back to being normal  NHK 2023 morning drama "Boogie Woogie”
girls!) starts on Oct. 2nd, featuring heroine Ms. Shuri,
a child of Ms. Ran Itoh, a member of “Candies”.
For copyright reasons, the images are not displayed.

Entered Kyoto Universit

Evening News 1978.7.27

1978, BC21)
B

mpus/clocktower

Meet T..ou:se, the w-:;r!d'
first test-tube arrival

Kyoto University Cloc k hm' r Centennial Hall e e

1//c5557 a.1a9.jp/kyotosiden-1978-3.htm

Galaxy Express 999

“Candies” disbanded April,
Korakuen)(Back to being n(or'rjnal (The club house was destroyed by fire on Oct. 31, 1996)

girls!)

All Kyoto tram lines were discontinued in the September!

For copvriaht reasons. the imaaes are not displaved.




The 1981 Nobel Prize in Chemistry
Awarded to Prof. Fukui! (1981, BC17) B4

( )
“It's October 19, 1981,
9:50 p.m. The phone rings.
My husband casually
stands and picks up the
_ | telephone in the hallway, ;2
+(7)° |while my daughter and I 3 i ; : ; . e
'-ﬂll'lw% are glued to Sean , " ‘4 2 ' o b
Connery’s “007,” which by i = :
is in its climax. ... I look
over at him and see a

e o copyright rassorts, slightly reddish expression,
e images are not displayed. . .

5 an angry look in his eyes,
hltps//wwwkyoto—u.ac‘v Ja/wss?e/k‘uvena\ and a rare blood vessel on

- his neck. --- While I was
U —XBREEESIE(1967) |'wondering what was
going on, I was
distracted by the action
of "007," when suddenly
the following words
appeared on the TV screen
in the form of a news

Kagts
Somala Vewmkspmbdcoin
o den 19 ok 108 ek i wed e
NOBELPRIS
s e e ez s
i ot e i
Sominka spydcha cl fodimgsd
bekoms

Kenichi Fukui

HOMO

bulletin: "Professor ANN NEWS
Kenichi Fukui of Kyoto
University won the “Nobel Prize in the Showa Era — Japan's First Nobel Prize in

Chemistry: Kenichi Fukui”

Nobel Prize.””

(text by Prof. Fukui's wife)
J

For copyright reasons, some images are shown in low resolution or are not displaved.

&

. A Last Stu

Bachelor’s Thesis: “Anderson Localization in One-dimensional Finite Chain Models”
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After the presentation of graduation theses

at the entrance of building of |
et SN Department of Hydrocarbon Chemistry “Synthetic Metals”
Tastes loved by Nobel At the 1981, Year-End Party (in “Ten-Tora” (a Japanese pub (Taken on Mar. 11, 1982) (T(agaku Dojin)
Prize-winning professors (Izaka-ya)) (Moto-Tanaka, Kyoto)) Sat., Dec. 26, 1981
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Bachelor’s Thesis: “Anderson Localization in One-dimensional Finite Chain Models”

kui (‘82 Spring) B*

HThe total electron density does not change in non-diagonal

disorder! ! 24
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Fig 2. (a) Potential and total electron
density ((b) diagonal disorder and
(c) off-diagonal disorder)

Fig. 1. Potential and one-dimensional
chain diagram (a) diagonal disorder
and (c) off-diagonal disorder

HMThe atom-bond polarizability

S ' _
C.A. Coulson  H.C. Longuet-Higgins (Coulson &Longuet-Higgins, 1947)
(1910-1974) (1923-2004) aqr 39%;
OxfordA('45-'47) ~ Cambridge('54-'67) Tt =75 R Mor = ool
King's College London EdinburghX('67-'74) st T

('47-"??) « C.A. Coulson, H.C. Longuest-Higgins, Proc. R. Soc. Londn, A192, 16 (1947)

The Last P | (820320) B4

The current “Tozanso” appears to have been
newly built in 2008. Beg for information!
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Reception:

Banquet:
‘ Kyoto Hotel

Holyday Inn Kyoto
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ology of Synthetic Metals”~

CMC Publishing, 2004
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Ultra Seven :
Episode 14
“Ultra Guard to
the West (Part I)"
(1968)

Ultra Seven
Blu-ray

Filstry

ULTRAMAN

EURBERSE
KYOTO INTERNATIONAL
CONFERENCE HALL

|

ussp.egiyor

7NERB5fEItz > 5 — Rokko Center of Defense
(Terrestrial Defense Force (TDF)) Changed to

(BT EIRaE)

@

PORAD - 4867328

Ultra Seven
Episode 14 — “Ultra Guard to the West (Part 1)”
Battle scene between Ultra Seven and King Joe at the Rokko
Defense Center

For copyright reasons, the images are not displayed.

D3

Ultra Seven :
Episode 14

“Ultra Guard to
the West (Part I)’
(1968)

ULTRAMAN

Fistry

7NEHBAfEItZ > 45 — Rokko Center of Defense
(Terrestrial Defense Force (TDF)) Changed to

KICH (EIREBERSEE)

=

@

Ultra Seven
Blu-ray

B RPERRE
KYOTO INTERNATIONAL
CONFERENCE HALL

'J!Jd

-
o

=

3

vy]

Q

=

o

[0]

o \
3

pixia.p - 4867328

BCS Theory of
Superconducting

% .

B—d—\Cp\

H_

s 3
\J

&
i34
=

Inn “Shibata”
(LIE7=)
Guest room

860828-30)

Google Maps

Gled)
w Ens
CCED) @ PR
¥
RfYkho
=23
v cixmnl  ERS
T
S

LI

[RRRAN. \RANH




e i

era
77(S52)0322 Grad. Suzaka High Schl
= 82(557)0316 Grad. Fac. Eng. KU.
e 84(S59)0314 ¢ :
87(562)031 1.Compl
88(S63)0410 ;
91(H03)0407¢C
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97(H09)090 1 Chief RO (IF
\98(H10)0 100 Leaving (Prof. Fukui Passed away)

4 x’j’: :'. ’. b
Dr. Yasunori Nishijima, the 21st President of
Kyoto University, hands him his doc. degree. E

Title: Theoretical Study—ermPBynaricProcesses

in Moleculat Clusters and Condensed Matter
In  March 1988, I
completed my doctoral
studies at the Graduate :
School of Engineering,
KU, and was awarded a  p.f G.G. Hall

doctorate in engineering.  (one of the sub-
examiners)
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Institute for Fundamental Chemistry (880401)

S kTl e

ps://www.iagms.org/deceased/hall.php

On April 1st,1988, | moved to the
Institute as a researcher to welcome
Prof. Fukui who was supposed to be
inaugurated as Director on June 1.

First G
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12:Q
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6.1 [t ent Professor, The Royal Institution of Great Britain)
8
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517 (& 12:00 WES (Gt WFILRATI)
6.22 | K| Dr. mita EnflokH (RAHAWHEAZE)
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520~

We "éntered " “the”brand-new
i ithout, even a single
) i statiohery.and said, "Yo
let's| get. started!" I entered the
building-and helped-r. Fukui bring

in his luggage and other items.

A S P

On June 1, 1988, after a dinner in the third floor pantry
(cafeteria), we had a briefing session, a commemorative
photo, and completed the first major event of the first day with
Dr. Fukui.

The Institute is... At the Institute, ...

From "Green and Cultural Kyoto" (KBS)
Interview with Professor Kenichi Fukui

*For copyright reasons, the images are not displayed.




In Laboratory 102 (1991).

Dr. Naoto Okuyama

Project Associate
eee_mﬁiv.
; dee.

*For copyright reasons, the images are not displayed.
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In the director's office (1991)

Research Motivation #1:

“The Theory of Rate Processes”
(A standard theory)

| Words in “§ 8 Reactions in the liquid phase” :
|
: “ -The treatment of absolute reaction rate theory in!

1 solution is, in principle, the same as that in the gas:
:phase. -+« There is some uncertainty, however, |
1 concerning partition functions of molecules :
! , and so it has been found |
I to treat reactions in solution :

|

HEREBOT I )

 EiEe e i NpIIey " _(H.Eyring et al., 1935) 1
 in Chemical Reactions Ratio of activity
Gas reaction: zﬁ{%“iﬁ%&wmm;m.,m,mm.mm coefﬁme7ts
PO B T N Y '\ (RO % - TR Y i p AR
h h F.F,-- h hocuy b M al

Ratio of partition functions. True equilibrium constant
<Awareness of the issues> Includes
Solution reactions should also be treated surface reactions and
from a fundamental viewpoint !! enzymatic reactions!
= The Theory of Absolute Reaction Rate
using Partition Functions in the Liquid Phase !!

LR
*

Chemical Reactions and Electron Orbitals

Research Motivation #2:

“Two Ts: Temperature and Time”

M;"wmmmw  Fukui Theories{ 1. Frontier orbital theory

2. IRC theory

“-In many cases, frontier orbital theory is effective also in solution
f reactions, but it must sometimes be corrected due to dynamic motion of
' reactant and solvent molecules. In frontier orbital theory, it is because an
orbital is defined by electronic state theory

. Moreover, the intrinsic reaction coordinate (IRC) theory is
also a theory of

("one center of a reaction” (words of Fukui)).”

(Monthly Journal “Chemistry” Prof. Fukui’s mourning number)

“-Likewise, solvent effects (which is usually make themselves felt in the
entropy of activation term) are also well known to be part of the
explanation of the principal of hard(#) and soft(#) acids and bases. -
Arguments based on the interaction of frontier orbitals are powerful, as
we shall see, but they must not be taken so far that we forget these very

LR ol important limitations.”

(1. Fleming, “Frontier Orbitals and Organic Chemical Reactions”, (1976))

< My Awareness of the Issues >
In both Fukui theories, there is no explicit
dependence on the concepts of two “T"s (T and ©)!!
= I want to create a theory directly depending on
the two “T"s!!




“_ | Reaction Energy Transfer Mechanlsms in Solutlon Reactions: Reaction Energy Transfer Mechanlsms in Solutlon Reactions:

Heuristic P | Reactions

Heuristic P | Reactions
Formamidine-Water-Water (FWW) System

bbb Reaction energy transfer mechanism in solution reaction
H [ (component work analysis)

oo Cumulative work () Maximum wo

AW@)=Y AW () VthatominFW
J jthatom in water

HOMO=1 —LUMO :ZJ.rde(T)'D(T) -‘

‘The Chemical Reaction Molecular Dynarnics Method and the
Dynamic Transition State: Proton Transfer Reaction in the
Formamidine and Water Solvent System

Maskak Naghok.* Vo Ok 0d Tkl Yamabe'

S o o Ry 5. 95

mnm: lu:um Coneiate u..,m

many QM calculati
f6hy the-reaction-coordi

Formamidine-Water (FW) System

MN, Y. Okuno & T. Yamabe, JACS, 113 (19

RIGERSTOERE /BRI
Z,-N- Zez W N b.rzenz,k,r

LUMO+1 — HOMO

mEn Pl i o 5o 34
E @, BHB(=100) (s=1~M) i gy vo-1 -1 ’
ol ey The =L T Livor — Howo _ZJ‘ dr(z (@), (T)j w,?‘,{ 0
x(1+a,-exp(-AE, / kyT)) {m={n|1<n<4,6) Fig. MOs and total atomic charges of FW(TS) and W(SS). I wa S S u r p |"| Sed to g et a c -
A=MTTLA =By GO V('“ )= 2 MN, Y. Okuno, T. Yamabe & K. Fukui, Can. J. Chem., 70, 377 (1992) GITm
ork| x X

~reviewer:"
= “After five apers using one calculation data,
nough, isn‘t it?”

a, a, a, a, a =
%/i\f %/k/a V=3 i+~ %+i+l
8 R 7 i

-000st \,\/w\\ A

Accumulated Work (harir:

g 2
. ‘ ‘ x_f?,,v > & W 0 058
wrnre o) e . o - s ! NEQ&UVQ supply > L“S\jﬁ o
3 FTILNIRNE - ' 0010t { o
B Q) st Time (ps) i .
Lﬁ}\f %i/ixf W ! (dissipation) | )
o Tiee () Wy _,';.\ M 8o o oz o3 ) 95 Figure 9. (2) Superimposed pictures o r the position of the medium water molecule that did the least work on the FW
NN supermolecule in each trajectory. The left and i pmnm were drawn with the viewing direction along the z and y axes, respectively. (b)
- 10atoms HN—CH=NH + WO —= | I == HN=CH—NH + HO Similar pitures for the medium water molecule that did the most work on the FW supemmolecule.
@ 1-0.9088  (myees. s0pe 1) ves. S0p - 3000A2{# (GAUSSIANBE(STO-3G)) \c’#' Time (ps)
- 303 (Predictor-Corrector Method) e
- CONVEX €210 & FACOM VP400 MN, Y. Okuno & T. Yamabe, JPC, 98, 12506 (1994)
MN, Y. Okuno & . Yamabe, JACS, 113, 769 (1991) MN, Y. Okuno & T. Yamabe, JPC, 98, 12506 (1994)

Molecular Friction Theory: Molecular Friction Theory and Free Energy Surface

C . -

e 1S Friction Th Composita Normal Coordinates : i i
it d - Free-Energy Surface and Potential of Mean Force Reduced System Hamiltonian and

(1, ¥ Okuno, M. Yoshica & Tamabe, 1999) ‘ ";“:v‘.f 5, ;M‘:” = Potential of Mean Force and Distribution Function : Free-Energy Surface
Salution N G vaors G on a =
g w(@s) =-p"In g(a%) 9(05) = VS Zdsexpl-B{Ug +US (09) +USS(qs)
EavaBan

\ where, ¢
e g VR R .. N . x| daBexp[-B{UB(qB)+USB(qs,qP)}]
o 9(a%) = V5Zds | daBexpl-B(Ug+US+USS+UB+USE))
= [ s 5o (e 4 s i - VSZ's‘seXP['B(Un+US(q5)+USs(qs)}]
oordinates. £ =Lgg L7 { 3y
s o LA E A - 1 stom . AT v2m BNE S (3 2 o]
5 o - i - Eﬁﬁtlmt (GAUSSIAN92 (HF/4-31G)) ‘ i X J_ B /
i G Rt 4 e i v R e 1 e .= (( i B iet] Hon , _ Configuration Integral : BAL U A
Eoiou vl o B v B S e - NEC S (BeEpe] MO~ 7 A - = Vqusll y2n
AomstieTE il £ | A ) <mEA> : Zss= ‘ dq8sdq2sexp[-B(Uoss+USs+UEEHUBs USR] kB .
. 1. REN o 3 / FiO s |

S e wrmaunaos: i , B e p[ T e— 12[2 2, 1]

.FGrote & J.T-Hynes, 1980 2. BREHAHOEE Free-Energy Surface and Partition Function : /)

) MN, Y. Okuno & T. Yamabe, JCP, 97, 8143 (1992) 3. T FFHOEE? MN, N. Yoshida & T. Yamabe, JCP, 105, 5431 (1996) A( S) B“ Q( S) W(qs) - ’IS"'H g(qS)

e qs) =-p"'In Q(q
T (R
Total Hamiltonian Non-resctve|  Coupled Hamitorian Equatons of Moton Coupled Hamiltonian Equations of Motion Coupled Generalized Langevin Equations: where, St S NSRS (F\_EB\,ZI:‘ 5P
for the Reactant Q(gs)= (25 Wz 78 _fog e ZSS ) 294 <\ ag)
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f@ il o)
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Systemetic Force - M@AN force against
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e s Er
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A

Z‘E“ Free Energy Gradient Method
MN, Y. Okuno & T. Yamabe, JCP, 87, 8143 (1892) BHHR T MN, N.Yoshida & T.Yamabe, IJQC, m, 287 (1996) ay
MN, Y.Okuno , N.Yoshida & T.Yamabe, 1JG, 31, 519 (1994) o

MN, Y.Okuno , N.Yoshida & T.Yamabe, LJQC, 51, 519 (1994) ‘
MN, N. Yoshida & T. Yamabe, JCP, 105, 5431 (1996) MN, N. Yoshida & T. Yamabe, JCP, 105, 5431 (1996)
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Mar. 29, 1993
Dear Dr. Nagaoka

I received your facsimile on Friday in the last week. I'm sorry for
This is because I waited for the recovery from the computer

good news that you can visit here. Please let

ampaign airport)
i other important
T am looking forward to see you. Good b/e

Sincerely,
Susumu Okazaki
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The Arrow of Time Seen from Chaos
Shuichi Tasaki Kodansha, 2000




Meeting to NEC Chairman,

towar:

From the Pamphlet of the Foun
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Machine at the time
of opening of IFC
CONVEX C1-XP

T.Sekimoto (BAE3L)
NEC Chairman(Then)
(IFC trustee)

https: PP wanpowire prarcnives/9428  IRSSIERES TR

T.Watanabe (iE28)
General manager of
HQ of supercomputer
sales promotion (Then)

Previous Project Leader and Deputy Director, Next Generation
Supercomputer Development and Implementation Directorate, RIKEN
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“Mt. Hiei\Hiking” — At Ropeway Station —

Prof. Fukui always carried a “walking
stick” that was given to him by an
acharya on Mount Hiei.
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Nagaoka Lab Starts! A Departure ' ? EEEIORIE

images are not
What we have done before leads to

displayed.
what we have started “newly”!
~A prlvate version of ‘recent chemistry’~

R Ncube i

v

§4 Nagaoka Lab Starts'!
A Departure !1?

Graduate School of Human Informatics,

Nam)

(1998)

BEBAY KERAMAELHRY KREER

.ximas BARDRFAHRERSAFI IR [cnecomnns |

..Four theme

SERAFAFRARNELTRS

(2024)
- From kinetic to nonequilibrium systems
- From isolated reactions to solution chemical reactions
- From elementary reactions to complex chemical
reactions
- From molecules to life phenomena
- From parallel computing to multiscale information
processing
- Industrial application by interplay between experiments
L and theoretical calculations

(1998)
+ Chemica

echanism of

materials transformat| on

- Space-time structure and
information generation

- Non-equilibrium statistical mechanics
of matter dynamics

- New mathematical expressions for
classical quantum-coupled systems




BA method to find out what shape the molecules in
solution
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Ex. Isomerization of egcme

in aqueous solution
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that the free energy gradlent method
enables to obtain for the first time
- N.OXoshida, MN & TY, J. Chem. Phys., 113, 3519 (2000)

¢ - N.Takenaka, Y.Kitamura, Y.Koyano, T.Asada & MN,
\/\meo\.em' Acc.. 130, 215 (2011) Neutral form (NF)
15.00

Dr. N.Okuyama

“Activated state Saueaws T
on the free energy 1900 & e
surface” Activation 12.3 kcal/mol 9.3 k_cal/mol<
5.0 Reaction free
free energy AG, energy AG, ..

Strong Stabilization"®
Zwitterionic form

(zw) = Exper. value 7, Exper. value :
-1000 | € 14.6 kcal/mol 7.3 kcal/mol
( G.Wada, et al. (1982), Energy curve
15.00 M.Hussey, et al. (1971) ) obtained from
2000 previo_us
- calculations

In aqueous solutlon

Reactlon coordlnate
(molecular deformation)

(Contradictory to
experiment!)

Journal TChemistry(1t=)J] Memorial Special Issue

(98, BCO, in 39)

4@%?% {E=E|

CHEMISTRY

J
BB HELEBO

2R EBSELMEREND X v E—Y

BHUEE
b % & 5

BEHE-KEFELLEE0

Shogoin Goten-So  (Kyoto) : The round
table meeting was held on Jan. 30, "98.
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Activation
Temperature dependence can also be obtained from free energy calculations!
(Information that cannot be obtained from QM calculations!)

glycine aqueous

20.00 T T T T T
aeous 310 solution
15.00 + ‘aqueous.320" -+ B
‘gas-phase’ -

1000 ] /
3 soof T \ 310K
E 320K
= 0.00
&
§ -5.00 \ J

-1000 | 1

8% potential curve 1

2000 |- fOr isolated /

egcme moIecuIe (0 K). (HF/6 ------ 31 +G*)
B o0 000 050 1.oo 150  NF

s (amu1/2bohr)

MN, N.Yoshida, T.Yamabe, JPC A, 102, 8202 (1998).




We proposed
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FEG

Method
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OKUYAMA-YOSHIDA, NAGAOKA, AND YAMABE

TRANSITION-STATE OPTIMIZATION

FEG

Method

moved the momentum and force along the asym- resented in Section 2.2. Further, in Se 9 International Congress of moved the momentum and force along the asym-  presented in Section 2.2, Further, in Section 2.3, the where F'(q) is a force vector on the FES, q de- tained by
defined as the  method is applied to define the intri Quantum Chemisey metric stretching mode, which is defined as the  method is applied to define the intrinsic reactio notes a vector of the solute coordinates, Glg) is a al
e s pRlell derie the e e e i T B S ) o o ot e e e SH

= ethe June 14,197 | freedom to be randomized. However, the success  discussed the efficiency of the method and solu-
el i o e 5 th vt v PR (2 St o ol e, el s S e e U]
& e o oot satie o Pl - e Al e Ry
Lk o D I e g e il i 5

2. Theory fdqhe s where AV
i o . & - S Rl @1b) @) -Gl
Transition-State Optimization on Free 1CQC Transition-State OpUimizg s sy oo costin waich shod becho- Aconding 10 the analogy of the TES 1o the fig’e 3 Thercio

Zenin the liquid phase. Bom-Oppenheimer PES obtained by ab initio MO spect to

Energy Surface: Toward Solution
Chemical Reaction Ergodography

NAOTO OKUYAMA-YOSHIDA,'* MASATAKA NAGAOKA,!
TOKIO YAMABE?
! lnstitutefor Fundamental Chemisiyy, 34-4, Takano-Nishihiraki-cho, Sakyo-ku, Kyoto 606, Japan

Sin
are calculated by
ributions of the
ve nuclei coordi-

nt field-MO
) analytically cal-
> gradient of the
" it is not neces-
nter (MO coeffi-

could be appied to the optimization
the FES. From the viewpoint of the
caleulation, because the AGM on the
been superior o the function-only m,

that require only the cvaluation of

iy e

energy function and not its derivatives, the calcu-
lation method of the derivatives on the FES is

discussed in this section, espe
tion 1o the eff i calculation.

lly, paying atten.

of Program and Abstracts

E iy | 2
FES, there are two methods: (i) the analytic method
and (ii) the numerical method. For the analytic
method, the Hessian can be expressed as follows

(18]

spec
tives

on the |

Energy Surface: Toward S
Chemical Reaction Ergode

NAOTO OKUYAMA-YOSHIDA,"* MASATAK'

TOKIO YAMABE*

sinstitde for Fudamental Chenisiry, 34-4, Takano-Nishiiraki
*pj

To optimice the TS on the FES, it should be
noted_that FES is analogous to the Bom-Op-
penheimer PES by ab initio MO calculation [5], 1n

lated by the FES. Fr

calculation, if we knew deriv,
the force and Hessian, the A

that require only
CF-MO) method, it s easier to analytically cal-

culate the force, ie., the negative gradient of the

Bor-Oppenheimer PES, because it is not neces-

sary to know the variational parameter (MO coeffi-

on the FES, ie.,

GM on the PES [31]
could be applied to the optimization problems on
rom the viewpaint of the efficiency of
calulation, because the AGM on the PES [31] has
beensuperos o the furcton oy et ods (FOMS)

the evaluation of

energy function and not its FaE
lation method of the derivatives on the |
discussed in this section, especially,
tion to the efficiency of calculation.

where q” denotes a vector of the solvent coordi-

without such additional efforts as the numerical
differentiation

uhh#-lqhuj |#<hvv1dq

paying

the finite difi

Although the
mand for the

2 Division of Molecular Engincering, Kyofo University, Sakya-ku, Kyolo 606, Japan ordinates by the TGN o of Molecular Engineering, Kyofo Uni  cient) changes with the nuclear coordinates by the 22,150
ore, the analytic - : variational principle [26]. Thercore, the analytic > .

Receiced 10 June 1997; revised 17 April 1993; accepted 21 April 1998 e e i 2.1, DERIVATIVES ON FES e 6@ 7<~ Vis > _ <«vm m.,> According sed 10 June 19 i 17 Aprit 1998 accpted 21 Aprfl o2t T B ,,jszlw,v e 2.1. DERIVATIVES ON FES e ,< i WVis "Vh> According

1 To obtain numerically the free energy change Jqiq  \iqiq 7 q 21, once the ciency of geometry oplimization [27]. Similarly, To obtain numerically the free cnergy change aq aq Ziconce he

itsclf, the MC method has

been very efficient,

lar’ geometry

ane can calculate the force on the FES, since the  jiself, the MC

method has been very efficient,

lar’ geometry

WVis\ [V \" same TS of & 1to th et et same TS of
because it does not need 1o evaluate the force but s e 2 force is equal to the time average of the forces  because it dogs not need to evaluate the force buf sl
only the potential energy [9, 32]. However, to > “< 9 > < 7 > B2 e Oppen acting on each atom of a solute molecule over the  only the potential energy 19, 32]. However, to e O
oy e el (0 Homerslly lems o e equilriom diskbution for el sclvent molecsles,  btain e onee a0 TS by e MAC o ane ledm
‘must numerically differentiate the free energy with cript T d“,‘,,e, e trenepoeitie STt 1o na which are always calculated by MD simulations  must numerically differentiate the free energy with A
To o rnstion sae (15 i soluion el resction, e 5 i AT o e it » anspos the following ABSTRACT: To abtan a twansiton sate (5) i soution chemil 11, 123,28, 29]. This is the reason why the FEShas  respect to. the solute. coordinates. It mesns that the following
;"'“ proposelon such calculations demand as many values of the 1 st "”“"‘"“"’” ‘method has been proposed on a multidimensional fref been often called the potential of mean force. Fur- such calculations dema s many values of the S
: S e B 5 st Analozous o he matbod for e o It oo ek ke Frtn S e e S e e 1 s
htzix with respect  dom. It is true that one could employ the FEPT [9, . “molec ie, the second derivative matrix with respect  dom. It i true that one could cmploy the FEPT [5, mdmoml rocedure where th
olute on the FES, 11,29, 30] to obtain the numerical first differentia- 2. For q, el e, oo e e of the methodt | to the inemal coordinates of the solute on the FES, 11, 29, 30] 10 obtain the numerical first differentia- - =5 2 Forgy
and the the PES should b calelatd, and urher, he il
RC) on the FE 5 10 notonly the numerically the tians s accurate enough 1o evaluate the forc St s sy, e defiiton of the ntinsic reaction coordinate (RC)on the FES, Acg| Y differentiating analy'ically or numerically the toms 0 acurte ennugh to exnluate he foree o AR S L
esimation o the computafions] demand bt slso e comparton o e et y the free energy  However, the numerical second differentiations S | IN® denots thu W T i 3. Update of the computational demand but also the comparisof  forces on the FES. In pa-mu\ 1 b numerical second differentiations STari e i hetor m 3. Update
accuracy, wethods 9, 0], we can  may not be accurate enough to evaluate the Hes- denote the number of atoms in the fits the ‘we conclude that our method should be more efficient thy vul\vrbauon theory (FEPT) ! » S thaelle and denote the number of atoms in the fits the
. b bt ond e || differntiaton, s, This o the reason seby the MC method Is not ol and solvnt moleculs, epecively as thos ‘it iz anly th fc rergy, Finlly, it n disumsod tht he T cxccute offecively the mm‘mI h qhuj J: \.ﬂg Th solute and sovent molecules, respectively as thoe
IRC on the FES should become very important ools to develop a nw escarch fekd bution of solvent  suitable for the calcutation of the foree and Hee. On the other hand, for the numerical method, exactly IR on the FESshould boome vy iprtan oas fo evcop §  gonerting an equlbrium disteb: e i T bon o D o anth e On the other hand, for the numerical method, exactly
calle the solion chemicalracton egodography. - © 199 Jon Wiy e Sons . Int e solule, and can ian. On the contrary, in_the MD_method, the thelbiesaianislespressed 4. Find th Gl the soution chemical rsction eodogrephy. © 1581w | molecules at cach geomelry of the ol sian. On the contrary,_in_the MD method, the the Hessian is expressed 4. Find th
e S 3 wd m‘“mnu:i forces acting on e: the upd = Lo 5 h;hanw\ml (: calm‘mmn md mluate‘n: forces acting on each atom of the solute molocule the upc
gradient metho e P9 (Vi . fessian. Therefore, the analytic gradient method by all solvent_molceulos are always caleulaied i I
coormatesoonchemical macion ergodography ‘ 3 a9\ iq coorimte souon hemicl racion rgederaphy ¢ very fime step | 2 7 7
‘ation as much a5 “averaging the forces, the force on he TES i b the efficiency of geometry optimization as much a5 “averaging the forces, the force on the FES is ob-
es. tained as follows [12a, 25} Htet that on the Born Oppenheimer PES. fained as follows [124, 25} If the
as follows: First, In Eq. (2.3), the differentiation with respect to q predictc The present study is organized as follows: First, In Eq. (2.3), the differentiation with respect to q predict
Pt e e calculation meth. must be carried out numerically by the FEPT [9, enough P i e e G must be carried out numerically by the FEFT 19, enough
o kel e B P 1,29, 30]. According to the FEPT, the force devia- 5. Setq,, inastin, At Hons. Hyegs 6145 ods of the force and Hessian matrix on the FES, 11,29, 30]. According to the FEPT, the force devi 5. Setq,
lod on the FES is tion AF'™ for changing from q to q + Aq is ob- step 2. Second, the TS optimization method on the FES is tion AF™ for changing from q to q + Aq is ob- step 2.

ponsor; Granlin-Aid for Science Ressarch

Cormspondence 1o M. Nogaka

id for Science Ressarch

\QUANTUM CHEMISTRY 97 % JOURNAL OF QUANTUM CHEMISTRY 97 %

Culture in Japan
mof

Interational dournal of Quartum Cheristy, Vol 70, 5-103 (1998)
5198 Jonn Wiey & Sons,Inc.

Intemational Journal of Quastum Cheristy, Vol 70, 55-103 (1938)

1998 John Wiy & Sons, In. 006 0020-7608 19601009509 00 00207608 98, 01008508

QR O\rvkgd AP Q AWl\dp dehMMT F Ak 3 Ak8 43 6#d<<; # QR O\rvkIgdAP Q AWI\dp deh MIMT F AR 3 Ak8(A36H4<<; #

San Paulo Group developed
another Effective FEG Method!

the influence of the solvent-induced electronic polarization
on the N magnetic shielding of pyridine in water—

Badajoz Group developed
an Effective FEG Method!
— the FEG method via
Average Solvent Electronic Potential (ASEP)/MD method —

1 JANUARY 2003

Theor Chem Acc (2012) 131:1220
DOI 10.1007/500214-012-1220-0

JOURNAL OF CHEMICAL PHYSICS VOLUME 118, NUMBER 1 REGULAR ARTICLE

Geometry optimization of molecules in solution: Joint use of the mean field

approximation and the free-energy gradient method

|. Fdez. Galvan, M. L. Sanchez, M. E. Martin, F. J. Olivares del Valle, and M. A. Aguilar
Departamento Quimica-Fisica, Universidad de Fxtremadura, Avda de Elva:
6071 Badajoz, Spain

(Received 17 June 2002; accepted 7 October 2002)

A simple analysis of the influence of the solvent-induced electronic
polarization on the >N magnetic shielding of pyridine in water

http://www.quimica.ufpb.br/sbqt201
9-en/paged.html

Rodrigo M. Gester - Herbert C. Georg « y - v“)%“ 1 l,, {;
S0

i, Tertius L. Fonseca - Patricio F. Provasi - p R i Vou.
F EG Sylvio Canuto "' ’r‘ '0-“ “Sv
~ E
Method

The average solvent clectrostatic_potential/molecular dynamics IAS P.’MD] and the free-energy
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1 tery tudi i | i
Multi-scale ;_xbs'r?ct ?leclroni 1ld‘uc_e§ by fhe intera;- relaxation]comribulion isde ulation of ; ¢
H tion of a reference 1 iquid environment is average electrostatic model (10 d hi &
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The geometry relaxation in the solvent was performed
using the Free Enerﬂx Gradient (FEG) method [33-35] in
conjunction with the sequential QM/MM process. In
practice, at each QM step, after calculating the wave
function of the squ the solvent
interaction, via te ASEC, calculate the ensemble
average of the ﬁrswA derivatives of the energy

with respect to the solute nuclear positions. These are then

investigate this aspect. Thus, Monte Carlo simutations-and—
quantum mechanics calculations based on the B3LYP/
6-3114++G (d.p) are used to analyze different aspects of
the solvent effects on the N magnetic shielding constant
of pyridine in water. This includes in special the geometry
relaxation and the electronic_polarization of the solute by
the solvent. The polarization effect is found to be very
important, but, as expected for pyridine, the geometry

Keywords NMR - Chemid
QM/MM - Electronic polarif
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1 Introduction

Nuclear magnetic resonance (NMR) is one of the most

F.J. Olivares del Valle and M.A. Aguilar, et al., J. Chem. Phys. 118, 255 (2003) R.M.Gester, H.C.Georg, T.L.Fonseca, P.F.Provasi, S.Canuto, TCA, 131, 1220 (2012)




Yang’s Group developed also a FEG Method !

— the FEG method via
QM/MM Minimum Free-Energy Path (QM/MM-MFEP) Method

1. Chem. Theory Comput. 2007, 3, 390406

l‘ I ‘ Journal of Chemical Theory and Computation

M/MM

mum Fre path: Methodology and
pplication to Triosephosphate Isomerase
Hao Hu, Zhenyu Lu, and Weitao Yang*
Department of Chemistry. Duke University, Durham, North Carolina 27708
Recelved July 21, 2006

Abstract: Structural and energetic changes are two important characteristic propertes of 2
chemical reaction process. In the condensed phase, studying these two propertes is very
challenging because of the great compuational cost associated with the quantum mechanical

can

Although

mechanics (QMMM) approsch signifcanty reduces the amount of the quartum mecharicel
caloulations and faciltates the simulation of solution-phase and enzyme-catalyzed reactions,
the required quantum mechanical calculations remain quite expensive and extensive sampling
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9y
btained with the QMMM-FE method depend
lon path, which s based on local conformations
iffiuit to obtain in pracice. To overcome the
d and to futther enhance the sampling of the
re a new method 1o determine the QUMM
Ihemical-reaction processes in solution and in
s the free energy of the system as a function
fied potential of mean force (PMF) description
S rgy difference between two QM conformations
on method. The free-energy gradients with
ated from molecu/3r dynamics simulations at
Ing free-energy gradients in hand, we further
joriihms n the search for the reaction path on
tion coordinate. This method thus efficiently
olution and enzyme reactions, with structural
aneously. To further incorporate the dynamic
lations, we develop the reaction path potential
00) for the minimum free-energy path. The
nis a comprehensive and accurate treatment
b in enzymes with ab intio QM/MM methods.
first step of the reaction of the enzyme
with previous studies.

o

C ion to Previous Studies of Sampling the Free
Energy Surface. The idea of representing the structural and
thermodynamic properties of a molecular system in terms | o, Okuyama-Yoshida, N.; Nag
of the PMF surface of a few variables is a quite general idea
80 Past simulation study often
focused on building the PMF surface in simulations through
various techniques such as umbrella sampling,*” free-energy
perturbation,®! and thermodynamic integration.”_Only re-
d to explore the phase space of the

in statistical mechanics.”

cently, it was p

: The FEG Method

), M

>, ](m) Our papers

https://www.iaqms.org
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FEG

Method

(51) Hirao, H.; Nagae, Y.; Nagaoka, M. Transition-state optimiza-
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system by directly walking the PMF surface.”>”** Several

groups have extended the theory and the simulation tech-
niques and have also reported several example applications
to different reaction systems.* 507 The work reported here
should still be regarded as an important further improvement
and enrichment of the idea because of several key differences
between this work and those reported previously.
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FEG Method must have influenced
the of “Meta-dynamics method” !?

Escaping free-energy minima

Alessandro Laio and Michele Parrinello*

Centro Svizzero di Calcolo Scientifico, Via Cantonale, CH-6928 Manno,

Honggerberg HCI, CH-8093 Zurich, Switzerland

Communicated by David Chandler, University of California, Berkeley, CA, July 18, 2002 (received for review May 8, 2002)

We introduce a powerful method for exploring the properties
of the multidimensional free energy surfaces (FESs) of complex
many-body systems by means of coarse-grained non-Markovian
dynamics in the space defined by a few collective coordinates. A

and of Chemistry,

characteristic feature of these dynamics is the presence of a

history-dependent potential term that, in time, fills the minima in

the FES, allowing the efficient exploration and accurate de\erml-

nation of the FES as a function of the collective ¢ ’
demonstrate the usefulness of this approach in as In Jm e and
dissodiation of a NaCl molecule in water and in u.e udll ol n ;1“ H\\ e ALS A 3 the H '

ES well in the A‘II\I”\VH sis || is the mm\nhn nl Hn n-th

\hmumwxm\ vector &; and o is a dingensionless mmmw pa-
hnronm«enmw hw
ity ¢ b N ncilially

conformational changes of a dialanine in solution.
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and the accumulating Gaussian terms of Eq, 2. The dynamic evolution (thin
lines) is labeled by the number of dynamica iterations (Eq. 1). The starting
potential (thick line) has three minima and the dynamics is initiated in the
second minimum.

the number of d es of freedom. The FE nuch smoot

than the underlying PES and it s topologically simpler, with &
greatly reduced number of local minima. The history-dependent
bias prevents the system from visiting regions it has alrcady
explored. This term is crucial for the efficiency of the method:
for example, Langevin dynamics in the space of the collective
coordinates would provide scant information on the underlying

es, J. T. & Kapral, R. (1989) Chem. Phys. Let

Totts, A.E. & van Gunsteren, W.E. (1994) ). Comput. 8, 695-708.

Srubmiller, H. (1995) Phys. Rev £ 52, 2593-2906

4. Sprik, M. & Ciccott, G. (1998) J. Chem. Phys. 109, 7

ALF. (1997) J. Chem. Phys. 106, 4665

A.F. (1997) Phys. Rev: Lett. 78, 3908-3911

7. Steiner, M. M., Genilloud, P-A. & Wilkins, 1. W. (1998) Phys. Rev. B 57,
10239

Laio and Parrinello

microscopic dynamics, to define coarse-grained dynamics in t
space of the s;s. In our case the definition of these dynamics i
rather arbitrary and designed only to explore the FES efficientl
The dynamics is defined from the discretized evolution equatiol

m\ icirf®
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so0d approximation
whereas this is not required in our

method is its ability to provide

energy of a system in a very
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, smalM @aussians, eventually

the dimensionality of the problem by exploiting the
topological information obtained with the large Gaussians,
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Temperature dependence can also be obtained from free energy calculations!
(Information that cannot be obtained from QM calculations!)
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https://www.dailymotion.com/video/x26ar32

ZALEAFRLD oL
SEISHEDHD
RFY=ab—vav!

Kddansha Scientific, 2008
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“Introduction to Quantum Chemistry” compiled
by Prof. Morokuma and others in Fukui Lab.
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JST International
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10  JST*Computational Science and .
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IHM and Non-stationary Dynamics of 15(H27)12

16]ST*Core Research for
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of Computational Molecular . 2
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JST Internatlonal Symposmm MSCRS2012 =
Outline

JST International Symposium on
Multi-scale Simulation of
Condensed-phase Reacting Systems

May 10-12, 2012

Nagoya University ES hall, Nagoya, Japan

JOURNEY
“DEPARTURE”

For copyright
reasons, the
images are not
displayed.

Prof.Matubayasi
3 Prof Okazaki

Manuel Wl Aguilar

Pro

Ignacio Fdez.

Hao Hu (urwersty of ong Kong) Manue! P R Lopes ey s Sran Pro f i Tuchi
Suresh 0 .
h o 7Rz C6pe < - ¥
Takeshi shikawa G Ui Masahide Terazima (xyoto Unwersy) £ v z ‘ a
Satoru luchi (hageys Unversity) Peter Wolschann (unversty o viema)
o — Isseki Yu (Aoyama Gakuin Universiy) Get-togethel’
: » 0

http://www.ncube.human.nagoya-u.ac.jp/mscrs2012/
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W Synthetic resins (plastics) (thermoplastic resins, thermo-
setting resins, etc.)

©FHAC
M Synthetic fibers (by condensation polymerization, addition
polymerization, etc.) e.g., nylon 66

++-HO-(CHe)=-O-HHHO-C-¢{ )-GO =228, Lo (CH)=-0- c@c + 2040
RUIFLYFLI4H5—N(PET)

IFLYIYI-l TLI5E

B S
“Basic Chemistry, Newly Rev. Ed.” and “Chemistry,
Newly Rev. Ed." (Jikkyo Publishing) (2018)

are surrounded by compour

Polyethylene tere-
phthalate (PET) etc.

UNIQLO Heattech Commercial

some images are not displayed.

omposition-

Although the reaction equation is neat and tidy,
in fact, polymer compounds have complex structures!

Ve
COMAELLERS

Fig. Structure of polymeric com-
pounds in solids(Chemistry II, Newly
Rev. Ed p. 143)

For copyright reasons,

But in fact,

taking

Usually, one imagines a chemical reaction like this!

m
3,706 atomic system

(=126x1+6x60+23x140)
(Hf catalyst 1+ ethene 60 + heptane 140)

34.2 nm
(This system includes 2,701,674 atoms)
(ethene 43,740, heptane 102,060)

3,706 atomic system

(=126x1+6x60+23x140)
(Hf catalyst 1+ ethene 60 + heptane 140)

actions are

34.2 nm
(This system includes 2,701,674 atoms)
(ethene 43,740, heptane 102,060)

of complex components~

“A hybrid MC/MD reaction method with Rare event-driving Methodology of necessity”
MN, Y.Suzuki, T.Okamoto, N.Takenaka, Chem. Phys. Lett., 583, 80 (2013)

Red Moon Method

Previous simulation methods == A new simulation method

_______________ -
3 Newton s equations of motion: (- A Hybrid MC/MD Reaction Method )
dr™ _ oH dr'™  oH - Transition rate ( Metropolis method):
Ny N
e op e op w, = min{l, exp[—-pAU,, ]}
dp™ O0H dp™  oH
& o™ dr  ar's * Reaction energy difference:

AU, =AU™ +AU?

Chemical Reaction Active Molecule

| ,
(Super-rare events) Percentage <~10-1° L duese ¢ hagpen

lvery often!
|

—

Active
molecule
1

VS.

(Molecular
dynamics method)
A &— B — C

Inert
molecules
_ 10billion  \_

o m mm mm mm mm mm mm o mm e e e = = = = =

|
|
|
1
I
I
I
1
1
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(R)-C,HsCH(CH5)CI

the MC and MD methods repeatedly!

C,H;C®H(CH;) + CI

\_

(5)-C,H5CH(CH5)CI

Intrms:c MD(iMD) simulation for chemical bond formation from Bu* and CI- to (R)-2-chlorobutane (2CLRBTN)

C,H 5C@H(CH3)

C|u \ V‘"%L\v

Necessary condmon
A Molecular state 1

@OMD simulations are run until a given atomic
pair satisfies the necessary conditions.

] ﬁliﬁ' AF¥—LI

Molecular statg 1

~N
% <— 1.65
| mol/L ol
1 atm [e))
(R)-2CLRBTN 313 K )
AFRE =2 ¢ + o x
Cl-
1 DMF
Bu* (N,N-dimethyl
‘,V13 | formamide)
%
(S)-2CLRBTN w.
3 31
\_ SREETI Y,

.~

@

W%
&

(%

Molecular state 2

$ 3

Mg]ecular state 2

UThe whole system ls
made to react virtually
while relaxmg

3 Adopt (or reject) that
reaction step under the
Metropolis scheme.

Racemization! 503
Célc ee 0% 40§

Repi’oducedI 20!
w{RM cycle = 900) 104

X % 300 600 900
P a.—r’f RM cycle
0 RM cycle

Red: (R)-2-Chlorobutane

(50 molecules (Initial state))

Blue: (S)-2-Chlorobutane

(0 molecules (Initial state))

Black: 2-Butyl cation, Cl~anion
(Each 0 molecule) (Initial state)
Ball&Stick(Skyblue): DMF(350 molecules)
(Initial state)

+ MN, Y.Suzuki, T.Okamoto, N.Takenaka, Chem. Phys. Lett., 583, 80 (2013)

One -of-the educati
the problems and demands of the real world

B Curriculum of the Graduate School of (12, AD17)

Information Science

In addition to a curriculum that enables students
to acquire a common foundation and academic EYEEET (D) LRSS
foundations of information science, the curriculum 2 128 2p108
incorporates  industry-academia  collaboration,

ml
N.Ohnishi,

Previous Dean of jncluding research internships, off-campus training, i
Grad, School of 5nq industry-academia collaboration training, in

= 2 B Mk

(
0 Dr. Y.Suzuki

Info. Sci
(2010-12)

order to acquire the ability to understand and
analyze real world problems and demands.

(1) EEHRTHEA, B (1§ LHMER)
HEWRLGEEEHELT, REBELYA, ERELE, PEAN—hEl>T HRMRER
wYaHE
EERLEL EAHAOKBOLL, BERKETL, HBARZARTRETS.
B ERESFEETOIIIMN T ET HEMET S
@ BETD (R B AL EEAE .
@ EMMICONFICIERE) RERRES, HEEORTOHOIFIZLEI—
TAVITETS.
@ #THIRERETL, ABARSARRURELRUTD. AFOBEEP
MR R/HATS. BREOMBTIFRRNICHET 5
® BREEREE LKA

FR23412888 Interior Active Region 111 facial Polycondensation

THERRERE
EPEHRENE PRRERICONT

E=3 sea 7% B 8 HREE

W 45 2 AsahiKASEI
P AR G

12R2260R)

WREERR | gy | WU 5
13:30~14:30

e R [

F2MAE
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Method

“Red Moon”
in Manchester

N .
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CREST “Establishment of Computational Molecular

Technolo

Research Director

Prof. Hisashi Yamamoto
(Emeritus Prof. at
Nagoya U., Chubu U. )

https://www.jst.go.jp/crest/mt/supervisor/

Dr. M.Takayanagi
(Assoc. prof., Shiga U. )

Research Period : 5.5 years
Research Fee : ~300,000 kYen

Dr. S.Xing

towards Macrosco

Core Research for Evolutional Science and Technology
Japan Science and Technology Agency

ic Chemical

)

BE | outine Dr. Y. Suzuki

WEEEBLET. ZOEHIC, V0O
RBEHERICHICUNMRTSRMEER

5 BRORR) %, BT HFERE ==
RISUEERD, HULHEATE Dr. S. S.Saha
EBID LS, B RS2 > (Assoc. prof.

E0FT. BANCE. BERMCERG
DML BT EEESEOE
BHEEERUT, FRMENEERT -

TDB U.)

LT SRS
s=al-s BTN ReeE b
EEAERRCGELTRELNCE CHCOHCHy + Ck
= (CHCHCHC!
BTLET.

FRIAF A IRRY T 2Ly 3 TR |
OMF#2.7 G198 05 4 A

Dr. Y. Kitamure
(Assi. Prof.
Shizuoka U.)

Research Project Outline

This project aims at control of complex chemical reactions in the
“molecular aggregation state” where a large number of molecules literally
gather. For the purpose, new "computational molecular technology" will
be developed, keeping atomic and molecular information, to treat such
chemical reactions that do occur very rarely from the microscopic
viewpoint (i.e., super-rare phenomenay), then leading to a technology
innovation. Realizing the ster ical control of

chemical reactions and the structural control of super-nano scale
aggregates, new functional materials will be designed and created. We
are dreaming to finally offer the general-purpose environment of the
"computational  molecular techno\ogy of macroscopic chemical

i ion, through with exper

Dr. C.Bistafa
(PD. Osaka U.)

MEXT Participation in "Elements Strategy"
- & "Post "K"" Projects (Since ‘12, AD15)

XEPRIEFES (MEXT)
Ministry of Education, Culture, Sports, Science and Technology

S AR 702 b R
YE-TUAI

REBBAL MR - TR

Elements Strategy Initiative for Catalysts and Batteries

g
-

& S
Fi

Dr. N.Takenaka
(Lecturer, U.
Tokyo)

Dr. A.Bouibes
(Assoc. Prof.
INSA Toulouse)

Elements Strategy Initiative
for Catalysts and Batteries

COMPUTER
SIMULATION OF
ENERGY
Post-K
XBHEE
KRN EARES
T —— < )
Dr. T.Inagaki
(Ass. Prof., Keio
u.)
Mr. T.Fujie

Post "K"” Project

CREST “Molecular Technolog y
“Establishment of Computational Molecular Technc
towards Macroscopic Chemical Phenomena”

@]Ncube

Nogaoka Laboratory

Interfacial Polycondensation Reaction -Aromatic Polyamide Synthetic Fibers-

B Polymerization process and molecular dlstrlbutlnm
(MPD:TMC=1:1) N

sedgs

‘.a‘a.,

MPD

(@0 eyele (b) 100 eyele (300 eyele

. . ole
(© 750 eyele (91000 cycle (@ 1500 cyele (1)2000 cyele
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W 2w eyeie

PIREABAE) LRIESE (FE)
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MPD(;‘E&). lﬁl 7R 1

TR e  SEREOMPDES EREED TMC
a4 ke 4 DRI ADBUE L8,
W ume 1@ B THMETE, RRBOTMC

BEENBRELTLD
H Molecular surfaces inside an aromatic polyamide
film (stereo diagram)

(b) Ratio 1:1 S

M MPD(MEM)
M@ TMC(MEH)
: K

SPLE BB
ne: =
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%

(c) Ratio 3:2 (d) Ratio 4:1

(FEAE¥ELAR)

HEL: 10 3 20 TR IFRICE < OBSD FEEURND SR BBIREPDI DA S

NTVB. BREDFRY NDO—ONW M. DRVESHERT. (RBRE—E)

HDegree of polymer cross-linking (DP, (\q

and atomic composition ratio @a 9 69
®itmEexpEcons -

\)

Present’

Experiment”
Ratio 14 Ratio 11 Ratio 3:2 Ratio 41 XPS RBS

DPC 9431 0.1 969+ 0.1 9.0400  100.0+00 917439 | [ 962402
%C 678401 716401 73.6+0.1 749400 70£16 || 710£12
%0 257401 186+0.1 142+0.1 9.4+00 262417 174404
%N 65+0.1 99:+0.1 12200 15.6+0.0 28417 115406

Ratio=n(MPD):n(TMC). SEDT > T )LOFIE,

PENTN. XERABTOHEXPS) & SH T A4 — REHEELARBS)IC L DHER.

O L% 1:4 ORBREXMABFINE (XPS) (CLDERMECEVMERERLT
Wazenghor.

O—75. l&Ei:10 R, HHMLRT RAGEE SHYIA—R
HEEELE (RBS) (CSD ERV—EL ’i/—r Cr.

( Red Mooni# OYIOEFRKS 1L —>3 >FEE U TORE LAMIE)

M Conceptual diagram and interpretation of atomic
composition ratios

Consttuent Monomers

Interfacial Polycondensation

-5« SOBE—EPOFELEE N 5103 EREE IR (KEh
536 NMET) ERIBEDAYZ LB EEEN S BAENEERE (36nm
BEDB~92nmET) ETHERENTWVS,

+ Y. Suzuki, Y. Koyano, M. Nagaoka, J. Phys. Chem. B, 119, 6776 (2015).

Interior Active Region

Mixing Ratio 1:1

FT-300&(F,

Toward Structural Elucidation of
the Solid-Electrolyte Interphase
in Secondary Batteries and its Hi

RM

- Method
her Capaci ‘

NTokenaka, etal, J_Phye
Chem. €. 118, 16574 (2014)
(Published (Web): Aprl 28, 2014)

“Dr. Kang Xu (ARL), is
developing new methods and
materials to increase the
energy density of batteries by
30 percent. In fact, when they

The effective SEIfilmin LIB'can
rmed in EC, while not in-PC!

mix the additive (haff-jokingly
called 'magic pixie dust) wit
the battery's electrolyte, it - . EC
forms a stable interface that (Ethyiene
allows the battery to operate at
5V

(ropiene
Kang Xu, Chem. Rev,, 114, 11503 (2014) carbonate)  carbenate)
(Published: October 29, 2014)

Figure. Front view snapshots
of the interface structures of
the EC-based SEI film (Top)
and the PC-based SEI film
(Bottom) (visualized in the
depth 0 < z < 20 A of the view
from the side of bulk
electrolyte). - These structures
are obtained from the different

e 1
(ntheten)

Sampes  Samper  Sempes  Sapes  Sanpiedd
EC the sample 1 is shown in the
previous panel.

« In PC case, there are
rather larger voids in the
SEI layer.

« In contrast, in EC case,
there is not.

i1
(nthetex)

’st— et s
- N. Takenaka, Y. Suzuki, H. Sakai, MN, J. Phys. Chem. C.,
118, 10874 (2014)

Sample 10

(IAddltlve Effects on SEI Film Formation in SIB

SEI

MRS - mo
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EStructural stablllty of the organic salt Iayer in the
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(Potential energy per atom)
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+ M.Bouibes, N.Takenaka, T.Fujie, K.Kubota, S.Komaba, MN,
\__ACS Appl. Mat. Intrface, 10, 28525 (2018)
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“The Joys, Angers, Sorrows, and Pleasures of
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D Candy Box of Information xS
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<, https://tamatebako.i.nagoya-u.ac.jp/5780/
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e, 3 - TARIE) ) EMRREER B

Prof. Masataka Nagaoka (Materials Informatics
(Molecular Simulation, Data Science))

-When is the time you felt “joy" (or was you felt most joy)?
I was given a bold challenge (a "problem" outside of the problem!?), "Can't your Red Moon method be used for "Li-
jon batteries?” I was given this bold challenge by an outside expert in a different speciality. I felt joy when I realized
that, as I worked recklessly on it, I managed to produce results that led to the elucidation of the "EC-PC Mystery"!.

-When is the time you feel “fun" (or was you had the most fun)?

At the Ncube training camp "Study Camp", current students and graduates present their new developments with
surprising ingenuity and novel sense. At the compeers, they smile and enthusiastically discuss their hardships! When 1
am on the sidelines of it all (a regular summer session that is not during the Corona disaster)

Moscow Symposium “Chemical Theory for

Satellite Meeting of MCMC-2014:

T\EZE3M&WLSB D] (a proverb)

[BEWCHEBEDFELL S
“There's room for us all in the world”

“Let's do our best for each other”
R
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New Year's cards Get together party at the symposium

Moscow Symposium “Chemical Theory for
- Complex Systems” ('14, AD17)

1NOUINACCCD 19324
25> g

MolecularComplcximy)
SO e (CHEmmSTIMEM C=2075])
320 A0 S AT

Russia-Japan Joint Session of “Chemical Theoary for Complex Systems’
“A Hybrid MC/MD Reaction Method with Rare
Event-driving Mechanism: Atomistic Realization
of 2-Chlorobutane Racemization Process

in DMS Solution"
o:
Masataka Nagaoka ke
) Graduate School of Information Science, Nagoya University,

JAPAN; ® Core Research for Evolutional Science and
Technology (CREST), Japan Science and Technology Agency
(JST), JAPAN; ESICB, Kyoto University, JAPAN

+N. Takenaka, Y. Suzuki, H. Sakai, MN, J. Phys. Chem. C, 118, 10875 (2014).
=MN, Y. Suzuki, T. Ckamoto, N, Takenaka, Chem. Phys. Lett., 583, 80 (2013).
+N. Takenaka, Y. Kitamura, Y. Koyano, MN, J. Chem. Phys. 137, 024501 (2012)
+N. Takenaka, Y. Kitamura, Y, Koyano, MN, Chem. Phys. Lett,, 524, 56 (2012).
+N.Takenaka, Y Kitamura, Y. Koyano, T.Asada, MN, Theor. Chem. Acc., 130, 215 (2011)

EST “Molecular Technolog

44 C y N b
Establishment of Computational Molectlar Technolog @] cupe
towards Macroscopic Chemical Phenomena® i e

Catalytic Polymerization.and, Radical Polymerization. -Polyolefin Resins-

B Time-dependent change of molecular weight ™ Polymerization reaction mechanism
distribution (mass-average molecular weight) Two different time scales

na\'\(\e\’n
eHfCat

o7

Sample 1 Sample 2 Sample 3 Sample 50

Average over samples every RM (MC/MD) cycle

We succeeded in

BL (like “Living”)
030, Molecular Weight Distribution
X 0,00 (00 MCD cycle)

reproducing t- 20
0 10 20 30 40 50 60 70 80

dependent change Time(ms)

ooe wwoby e modeta xevom | of MWD !! A computational chemistry method
Ml was established to simulate
copolymerization reactlons and chain
transfer polymerization
e ~ in the 1-octene/ethene system.

Polymer length - N.Misawa, K.Matsumoto, Y.Suzuki, S.Saha, N.Koga, MN,

- M.Matsumoto, M. Takayanagl Y.Suzuki, N.Koga, MN, J. Phys. Chem. B, 127, 1209 (2023).
J. Comp. Chem., 40, 421 (2019). C0°'B%T§;t B Styrene polymerization observed between MOF
u Polymer propagation diagram (PPD) - ratlos can be channels

eHfCat OCT_ETH_3.mp4

A chain transfer reaction occurs
at 1124 RM cycle for #9.

Frequencies

Aol it

ated! .
Ethene insertion reduces the SEFIC [ Computed Sty pOIYn:S:r:f;l:;f.i;mrmrmmr
hindrance to reopen the active site. CHEMISTRY )

At the 1st time of opening the revolving “BDC-doors” (RM cycle 101)

" e At the 2nd time of opening the revolving “BDC-doors” (RM cycle 170)
% W
» & tacticity mm :rr:mr(m)=18:41:41 (18 (38))
oo
R of. Exp. 16:43:41(38)) ( p, =mm+0.5-mr )
™ % B e \ ; A BSAA,
H Diagram (PPD) " ’ B
H K h"jf.(;' ROMAE Y

3000 RM Cycle

- S.Kanesato, K.Yasoshima, N.Misawa, K.Matsumoto, Y.Suzuki,
N.Koga, MN, J. Phys. Chem. B, 127, 7735 (2023).

1_, RM cycle 170

+ Z.Rao, M.Takayanagi, MN, J. Phys. Chem. B, 126, 5343 (2022)
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Owari is the old -~
name of the west
Nagoya, ‘area.

- The Owari Complex Seminar, which
started immediately after the move,
has been held 79 times!!
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SPEAKER  Prof. John E. Straub (Boston University) ‘

Prof. S Okazakit referred a famous old poem
meaning;

If T live longer, I wonder if I will be able to
remember with nostalgia the 'world of these days,
which I feel painful now. The days that I used to
find painful are now remembered with nostalgia.”
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§6__Concluding Remarks:
~vAre we carrying ong

§5 Concluding Remarks
~Are we carrying on
the spirit of Fukui’s lab?~

Attitude of st ' ite direction

Value the fundamentals, and strive to learn widely

"To study hard together a subject that does not

seem to be related to the path you are trying to
follow, or, more extremely, to study in the
opposite direction. ...”

"We never know when or in what form what we
have learned will be useful. If we compare
learning to a plant, the underground stems of
individual studies are connected to each other in
unexpected ways.”

¢ “Students today have too much to learn

{ compared to my time. Given this, one might
argue against such idealism. But, knowing this, I
would like to emphasize. To be creative, narrow
study is not beneficial. We must study broadly at
all costs.” ( [The Creation of “Study”] (1984))

In connection with the naming of the frontier
orbital theory, he wrote in his book that he
studied quantum mechanics, which was the most
Kosei Publishing advanced basic science at that time, and
wondered if he could apply it.




Co-authored paper with Dr. Yoshizawa (1998)

“Lithium Diffusion in Li,CoO, Electrode Materials”

© 1998 The Chemical Socieyof Japan Bl Chem.Soc. Jpn. 71,259 2265 (1998) | 2259
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Lithium Diffusion in Li,CoO; Electrode Materials

Prof. Yamabe's Doctoral Thesis (1967) @

Qe
H H H TOKYO 1064
multifunctional grouping unit| 1964
"I (Dr. Yamabe) was assigned to the laboratory of Prof. Fukui as a graduation research student in
April 1958, with the intention of studying quantum chemistry, but for some reason I was
assigned to be directly supervised by Prof. Fukui for the time being. The subject was not quantum
chemistry, but a "theoretical study on the gela Phenomenon of polymers with a special
isocyanurate (isocyanurate ring) bonding mode," which had nothing to do with the other
members, and Prof. Fukui asked me to develop from statistical mechanics what he had already

May 17, 1998

Erfesor Roi Novos
Editor, Bulletin of the Chemical Society of Japan
Chemical Society of Japan

15 Kanda-Surugadai

Chiyodso Tokyo 101

Re: 070534
Dear Professor Noyori:
ank you very much for th leter of March 27, 1998 from Professor Akira

Ty
Miyameto. conceming 1 paper “Lithium Difusion in LCo0; Elecrode Mateas” by G
Nuspl, M. Nagaoka, Since one of the authors is not

lapanese,
e homiea S0ty of o e b Novembt i ey st o oy
By the we would

T o
Thetieve that he v
The

 in-maker i oneof
i e

hito Mok
computations and the revising work. 1T also enclose a "apy‘/ ik fnclading text (Mac,

MSWord 5.1a).  We are very happy thatthis paper will ppear in the Bulletin o the Chemical
Society of apan.
‘Your kind management is greaty appreciaed in advanes.
Best regards,
,Z(aé w«w o

O ettt T Yamabe

Deparment o Moleaas Engieerin, Kyoto Uiversy
Sihok Ko 601 8501 Japan
s

4 Hvunari Yoshizawa,! ind Toklo Yamabe*
—

e Kyoto 6068103
Sakyor Kyoto 6068501

{Deparmcot of Molecolse Enginecing. Kyoto Uni

(Reccived Deceber 1, 1997)
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compounds are under development. One important cxample:
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been worklng on from kinetics.” ( [Rakuho(3&AA)19] (2010))
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JOURNAL OF POLYMER SCIENCE  VOL XLV, PAGES 505-312 (1960)

A Theory of Gel Formation with Terfunctional

Interunit Junction

KEXICH FUKUL snd TOKIO XAMABE, Facly f Engiarivg,

to Universiy, Kyoto,

INTRODUCTION

The way in which high polymeric substances aro formed from mo
unite may be classied acording to the pumber o funcionl groups in-

volved in the formation of an

unit junction, respectivel,
tional interunit junctions, is most fu

1963
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or the formation of polyesters, and polyamides

(Awmennsaza)

Recently, polymerizations of a novel type, in which three functional
w three different monomeric units uite togother to form an inter- Wa e R R R -t
unit junction have come (o our attention.** Tk
may be called polymerization by terfunctional interunit junction. The sscgssusycameanon
examples are ilustrated as follows, where the interunit junctions are the M

isocyanuric ring and s-triazine ring, respectively. Many

The theory of polymeric gel formation duc to bifunctional interunit
junetion has been established by Flory,? Stackmayer* and many other re-
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P.J. Flory
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(1953) (2010)
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Atomistic process in DMF
solution

Masataka Nagaoka***, Yuichi Suzuki’, Takuya Okamoto”, Norio Takenaka*"
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Learning representations
by back-propagating errors

David E. Rumelhart®, Geoffrey E. Hintont
& Ronald J. Williams*

* Institute for Cognitive Science, C-015, University of California,
San Diego, La Jolla, California 92093, USA

+ Department of Computer Science, Carnegie-Mellon University,
Pittsburgh, Philadelphia 15213, USA

We duuilu a new learning procedure, back-propagation, for

like units. The adjusts
the w!ighh of the connections in the network so as to minimize a
measure of the difference between the actual output vector of the
net and the desired output vector. As a result of the weight
adjustments, internal ‘hidden’ units which are not part of the input
or output come to represent important features of the task domain,
and the regularities in the task are captured by the interactions
of these units. The ability to create useful new features distin-
guishes back-propagation from earlier, simpler methods such as
the perceptron-convergence procedure’.

There have been many attempts to design self-organizing
neural networks. The aim is to find a powerful synaptic
modification rule that will allow an arbitrarily connected neural
network to develop an internal structure that is appropriate for
a particular task domain. The task is specified by giving the
desired state vector of the output units for each state vector of
the input units. If the input units are directly connected to the
output units it is relatively easy to find learning rules that
iteratively ad]ust the relative strengths of the connections so as
to mduce the di between the actual and
desired output vectors®. Learning becomes more interesting but

+To whom correspondence should be addressed.

- D.E. Rumelhart, G.E. Hinton, R.J. Williams, Nature, 323, 533 (1986)

(0]
the derivative of the evaluation funCtlon -

LETTERSTONATURE

more difficult when we introduce hidden units whose actual or
desired states are not specified by the task. (In perceptrons,
there arc ‘feature analysers’ between the input and output that
are not true hidden units because their input connections are
fixed by hand, so their states are completely determined by the
input vector: they do not learn representations.) The learning
procedure must decide under what circumstances the hidden
units should be active in order to help achieve the desired
input-output behaviour. This amounts to deciding what these
units should represent. We demonstrate that a general purpose
and relxhvely simple procedure i is powerful enough to construct
internal

The simplest form of the learning procedure is for layered
networks which have a layer of input units at the bottom; any
number of intermediate layers; and a layer of output units at
the top. Connections within a layer or from higher to lower
layers are i , but i can skip i
layers. An input vectur is presented to the network by setting
the states of the mpul units. Then the states of the units in each
layer are by applying ions (1) and (2) to the
connections coming from lower layers. All units within a layer
have their states set in parallel, but different layers have their
states set sequcnrially, starting at the bottom and working
upwards ern lﬁne states of the output units are determined.

€ tot:

P’
Th PIRBL Y 25UNiFT95% linear function of the outputs,

¥;, of the units that are

to j and of the weights, w;;.

on these connections

1)

Units can be given biases by introducing an extra input to each
unit which always has a value of 1. The weight on this extra
input is called the bias and is equivalent to a threshold of thé
opposite sign. It can be treated just like the other weights.
A unit has a real-valued output, y;, which is a non-linear
function of its total input
1
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