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[Lewis, J. Am. Chem. Soc. 38, 762, 1916.]
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[Ingold, Chem. Rev. 15, 225, 1934 .]
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[Fukui, Yonezawa, and Shingu, J. Chem. Phys. 20, 722, 1952.]
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[Woodward & Hoffmann, J. Am. Chem. Soc. 87, 395, 1965; ibid 87, 4389, 1965.]
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[Nalewajski & Parr, J. Chem. Phys. 77, 399, 1982]
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[Vozzi et al., Nature Phys. 7, 822, 2011]
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[Kellet et al., Nature Commun. 9, 4916, 2018.]
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FA)UHE: 2B FREIBEED HFIE
[Krylov, J. Chem. Phys., 153, 080901, 2020.]
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[Tsuneda, Song, Suzuki, & Hirao, J. Chem. Phys. 133, 174101, 2010.]
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[likura, Tsuneda, Yanai and Hirao, J. Chem. Phys. 115, 3540, 2001.]

IR AR T ICIE— RGN B R E T DFFEER

cumshoAl 1 -erf(ur D), erf(ur,)| (@, = ul(2k,),k, =(@r/K )2 p"*)

S 1.5} .

b I, P I 1 8

b1, 251 sr . — 3 4/3 -

: E® = Zgjd rp. Kg{l 22

¢ 0.75) 1 1

2 0.5) x| Jmwerf| —— |+(2a, -4a,’ Jexp| -— |-3a, +4a,°
Y025 23-6 4a¢7

1] 1 2 3 4 3

interelectrondistance r; Ef‘tﬁﬁﬁﬁﬁ \(j:/\—INU_ 77_"‘/73&@*% \—C*ﬁIE

e -5 258 o, s, ) Ty, )4, )
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CAM-B3LYP [Yanai, Tew, & Handy, Chem. Phys. Lett. 91, 551, 2004.]

LC-wPBE [Vydrov, Heyd, Krukau, & Scuseria, J. Chem. Phys. 125,074206, 2006.]
BNL [Livshits & Baer, Phys. Chem. Chem. Phys. 9, 2937, 2007.]

wB97-series [Chai & Head-Gordon, J. Chem. Phys. 128, 084106, 2008.]

Tuned RSH [Baer, Livshits, & Salzner, Ann. Rev. Phys. Chem. 61, 85, 2010.]
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[T. Tsuneda, J. Comput. Chem. (Morokuma

Iﬁ)bﬂ?—&ﬁﬁﬁﬂ'éw QEADH 5 Festschrift) 40, 206, 2019.]
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[Perdew et al., Phys. Rev. Lett. 49, 1691, 1982; Yang et al., Phys. Rev. Lett. 84, 5172, 2000.]
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YD FEE [Janak, Phys. Rev. B 103, 7165, 1978.]
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[Tsuneda, Maeda, Harabuchi & Singh, Computation, 4, 23, 2016.]
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[Tsuneda & Singh, JCC, 35,1093, 2014; Tsuneda, Singh & Chattaraj, PCCP, 20, 14211, 2018.]
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[Hasebe, Tsutsumi, Taketsugu, & Tsuneda, J. Chem. Theory Comput., 17, 6901, 2021.]
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[Hasebe, Tsutsumi, Taketsugu, & Tsuneda, J. Chem. Theory Comput., 17, 6901, 2021.]
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[Hasebe, Tsutsumi, Taketsugu, & Tsuneda, J. Chem. Theory Comput., 17, 6901, 2021.]
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[Hasebe, Tsutsumi, Taketsugu, & Tsuneda, J. Chem. Theory Comput., 17, 6901, 2021.]
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Orbital energies (hartree)

o FELEREE

&FIS'IEEJ]-EI*)[/#'— | )[/#j_gﬁ. ﬁ?mﬁﬁgﬂ

TATIT54 BADME: BIAFDIRCHE
[Tsuneda, Singh & Chattaraj, Phys. NAETCHEIZL A AR AT

Chem. Chem. Phys., 20, 14211,
2018/ RISHEBETRILE—RD ﬁ gg 8§
oy by RRAR AN IRCEH BE &<

S5, ROl S A RIS EERIRCE DD
;‘5'???-%‘ — SEILBEEH: B E TR

ST & B O MOo%EERRE
0 ) e e g e 9%% - (ﬁ MO A
/ h & ¢
~ @ % Interaction: m Interaction: 0.2
f CT-driven Dynamics- .
driven

0 0.1

-0.1 0
-0.2 -0.1

el
] ¢
.9 =
0.45 Qe -

Orbital energy (hartree)
Orbital energy (hartree)

=::1::.':::::::::::::::;;;;:: ................. — _0.3 _0.2
0 PRI L (ST L _....;----'Z:-.‘:: ______ — -04 ‘ -0.3
L -0.4
..... —i— -0.5 0.5
0554 e e e po— ® 2000 0. :
= _ 06 SEEmRR————— —
T — 0.7 -0.6
-0.6 “Y.
C,H¢+C,H, C/Hg-C.H, Transition CeH,p -0.7
molecules complex state molecule 0 0.5 1

0 ) 1
Normalized IRC Normalized IRC



F—SREOEBRTIEA O A

[Rupp, von Lilienfeld & Burke, J. Phys. Chem. 148, 241743, 2018.]
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[Tsuneda, The Chemical Record, 19, 1, 2019.]
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BB EREIEES: FillllIZ kSRR

[X]. Ejl‘ n:u\nlEo)Trbi‘j‘Jl‘ﬁ“

s 32 373 e Model in complete form:
*ﬂém% E % //\I] :E ) l/ t RandomForestClassifier(bootstrap=True, class_weight=None, criterion="gini’,
1§ - 7!-__ $j1 max_depth=None, max_features="auto’, max_leaf_nodes=None,
”"-" min_impurity _decrease=0.0, min_impurity_split=None,

min_samples_leaf=1, min_samples_split=2,
min_weight_fraction_leaf=0.0, n_estimators=100, n_jobs=None,
oob_score=False, random_state=None, verbose=0,

1. #BWEERE:FRTETIL arm_Start=Faise)

<class 'numpy.ndarray'>

é{ﬁ LYy, % ﬂi E‘Zfl:% MOIZ "\'_I‘jff\ 'd" Orbital recognition evaluation:

[1100000000000000001000000000000000010

ARIGYIMOZESFTE. 22U ED 0000000000000000000000000000010000000

S b i N 0000001000000000000100000000000100000

MOMMFESNSIEEIL, 30F 0000010000000000000000000000000000000
<5043 0010000000000100010010 1]
Score of reaction 28: 0.9649122807017544

Orbital recognition in machine learning:
[012-145678-1-1-112-114151617]

2. BLETIARILT— B4 [11-111-1-1-1-1-1-1-1-1-1-1-1-1-1

[1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1]]
MO (h’.) l, \—CZ’.) uJ: 0) MO 75\ #% First revision of orbital recognition:

[012-145678-1-1-112-114151617]

= s »
}:Eé;h/é i”z_é , E}]JEI*)I/#‘_ Second revision of orbital recognition:
= > - [01 234567 891011121314151617]
0) BE:(:J ﬁ L M Oé&*ﬂ . Third revision of orbital recognition:
[01 234567 891011121314151617]
Fourth revision of orbital recognition:

3. BRI EYDOMOIL, ¥ [01234567891011121314151617]

Final orbital recognition result:

IE—C‘:?I’L—Cf&L\MOO)')BiﬂJEI* [01234567 8910111213 1415 16 17]

Reactant molecules Reactant complex Product complex

N - —_— =
)L#_O)J&L\MO(ﬁ_ = CF%J:E .2 MO (Mol.) Orb. Ene. MO Orb. Ene. MO Orb. Ene.

Reac. occ. MO (forward): HOMO-3 (#1) -0.7207 -> HOMO-4 -0.6991 -> HOMO-4 -0.8326

( ﬁé (3 IEH‘ L) & L/) Reac. unocc. MO (forward): LUMO+8 (# 1) 0.1662 -> LUMO+9 0.1754 -> LUMO+9 0.2210

Reac. occ. MO (backward): HOMO (#2) -0.4498 <- HOMO -0.4503 <- HOMO -0.3517
Reac. unocc. MO (backward):LUMO+1 (#1) 0.0461 <-LUMO 0.0558 <- LUMO  0.0238
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Hydrogen Transfer Reactions

Heavy-Atom Transfer Reactions

(1) H+HCI HCl + H
(ZI)NZO +H <—>» N, +OH
(2) |OH +H, <«——>» H,O+H
+ <«——>» HF +H
3) |CH; +H ~<~——>» CH;+H, (22) H+FH
(4) CH,+OH -=——» CH; +H,0 (23} H+FCH; -«——» HF + CH;

(€))
(©)

(7) NH,+OH -e——» NH,+H,0

©)) I CH, + Cl -<«——» CH; + HCI I
) IC2H6 +OH -=w—» C,Hs+ H,0 I

(10) Hy +F

CH;0H + H <«=—» CH,OH + Hj

H, +H - » H+H,

-«—» HF+H

(11) CH; + OH -e———= CH,+O

(12) PH;+H  -e——» PH,+H,
(13) H+ OH -<—» H,+O

(14) H,S + H <~ » SH+H,
(15) Cl1+OH < » HCI+O

(16) I!:]H2+CH3 -<«—» NH+ CH, I
a7 IEHerCZH5 -«—» NH+ C,Hgq I

(18) NH; + C,H;

-«—» NH, + C,Hgq
(19) NH, + CH, -=——3 NH;+ CH;

(20) cis-CsHyg -<«—» cis-CsHyg

Nucleophilic Substitution Reactions
(21) CH.F+F-
(25) F + CH;CI

< » FCH, +F- |

< 3 CI'+CHyF
(26) OHCH; +F <«—— OH + CH;F

(27) CI'...CH;Cl <«——» CICH;....CI

Unimolecular and Association Reactions

(@8] HN, ~—> H+N,

(291 HCO <-—» (CO+H

(30) H+ C,H, <——» (CH;CH,
(31) CH; + C,H; -«——» CH;CH,CH,
(32) HCN <——>» [NC

Electrocyclic Reactions
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Sigmatropic Shifts
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