20 17%7820-218 HRRKRF

20 17FE BARSK{EF1R

N¥NERR AV TCARRILEEOESR

Investigation of Organic Reaction Mechanism
by Molecular Orbital Theory

BB S
Takaaki SONODA

uapfukuro@icloud.com



mailto:sonoda@uap-fukuro.com?subject=

PRI -
HENDE :
HRET—7 :

AWNKE (REFINR) FEVEIESEHRAPR

IMCE of Kyushu University (2 0 1 3 § 3 BiRH)
BARENIRESESERESRF 1557 vRIEZHARS
JSPS Fluorine Chemistry 155 Committee

PAVE 3\ -1 = i A e s .

Fluorine Nano Science

BB LS Physical Organic Chemistry

BH 2 v &{LS Organofluorine Chemistry
SHEB5##{E3 Computational Organic Chemistry

aERHPEEOTHR

Reactive Organic Intermediates o
SOvRBBUMYZ=A (BIREE) DHFEBEH
Molecular Designing for Fluorinated

Weakly Coordinating Anions(Superacids)

R F S LBOBRE DY T
New Material for Lithium Battery Electrolytes

i, . BEDD D Y RHVBATEDFRSHEOTHAR

Fluorinated Molecular Clusters in Gas, Liquid, and
Solid Phases



MmO T4 7S5 :
A=-N—=-F)Iv7—b70> 10 LiEE)

Universal Art Project

| PAZREHLDBEIIMER D20 DERIB(SE)
UNICEF/UNESCO Advisory Group (33RE4k )

U A P(Universal Art Project)3 < 35 DO&(1XR)

P ES{niE T Kaleidoscope Missionary
BPRiE{LER Cliniclown



o
"1‘?: i s o o

2010 Aug fERIE:Ib At > Y—Fukuoka National Cancer Center



Collaboration with Universal Design Center of
Kangnam University (Korea)

2014 Aug 13 201458AH EEXRFERERT VAT
Severance Hospital of Yonsei University in Seoul (Korea)



2009 Feb 24 BFAY Fa—E TV KRBEFELRMR
Workshop at the Children Hospital of Tuebingen University in Germany



2014 Dec 17 Kaleidoscope Artists in Weiblingen(G7ermany)



2013Aug TlA KEBR{RERIEE

Tsunami Disaster Refugee Camp at Kesennuma in Miyagi Pref.




one-year-old & three-years- old
girls with their mother

Three-generation’s joint-work at Kesennuma 9



Designing Large-size Kaleido-Boxes:

. ."
C Wy ..

PHBAERZESEEE XBARAERI—I/Vav7
2005 Aug Akita Natural Science Learning Center(Japan)



2000 BRESTTER
FLLWVXSOTEROES
SRBELIELIEOSN

Large size-Box at Akita Natural Science Learning Center



How to use Large-size Kaleidoscopes:

2005—-2014
Large-size Kaleidoscope Workshops at Akita (Japan)



2011 Oct
Lernwerkstatt at Alice Salomon Hochschule Berlin (Germany)
PYATAETIRENIVI IZFVDIE (K1Y)







2015 May 5 Fukuoka Children Hospice Projec115:




IxIh

ERCEHRAEARAT7O

ice Project

Fukuoka Children Hosp

EECUHO. BRe-

ECEEN— LS EEWETON

BRESEOIL-TIL—/E A

T 7 — b 8

ESELENRRY” INQOESEITVOM SIS0 s
SAY DMAXKFADHAN (BERE) SENNVRYRMOMION
2N ¢ WXL A - R) RN ER ES FEES SO MEMEE Y’

REXOHEREOT
Q50 MENUPHEXY
KNOAHAL) @18 N
S-N\20HET NN
KEBQWN{DHKOYH
¥ o EUSEKOERN
A) K V50D [N
DNERMVERRESR
¥ SKVROVBESS
UFIOIQME R
f\.

REEOKERI0#2
(ST NRRE |
HOSWEDVAWEPRE
YRR 0020
o A PG
K4

EECERNNORB-EL
2D ReVEE<W
#5008 M VEEE
VRS <HESTOURY
RUTIPHLR" THERD
P EERKSRLENVS
VORI LYY

Na=\ultt el
SMAERMNA L0 Sl
BPWQSURY | Ul



smmAE -
1. 2027 4« PR FiNiEsH
(LG SRDESL. BHRICIEBRR)
2. B wRILFEFSHR—EF ETH—
3. HRIELENFEEZAVBERRREBDER
(RITETPOHARRGIDLBN
(4. Geometric Art (RAE7—F) OBN
Universal Magic Cube(UAP3\< 3 5 DS)
Bead Science(fl&, B, E—XZAW3DRZETI)



BHESRILFI¥A |BEREBEH
www.chem.tsukuba.ac.jp/
junji/lecture

' . : » -
MIINEFELTHRE DO 7Y A4 FH
MR XY - 32 2 2 R D E R 2D .2 B B

mNEERR



http://www.chem.tsukuba.ac.jp/junji/lecture/index.html

X—ARFrIVE
[RSIXEDITE -[RFZEIEEEDIREERLT-
(VIR O3 E)

FaibzEE>=IRF= A&, LW IZLTE
DD EBARZTEBRTIHRFDEREZHER
LT=DH\?

- T "m‘
;.1
wie

MEXIT ATRFTHYIL>TULVS, FAT=H
ABLBINTEL TEDONTE =5 FD
2 ES Uf&d)—C%é

2y
"
s
A
«F
¥
7
4

X)) ONvDEFREREN D, EVT N1
HHZ2EREFEEOODRKAFHBEBAD RS

[FTTEDFRIEVLNHDT—TITR>TH <1’>
MYOTEEAN-REBEZZEDERE,




KREEFE [ NYTESIYMEAMI(LE) (F) (BEHS)
(2005-20064F)

FERDYMBERELALGLNL, MEOERLHMD !

BlER (F18), 1Z2(F2E&%E3EH),
NHF(FL4E), EMRF(ELE).,
ANF-METNF(F6E) . FHRMEXR(ETE).
— iR X (BE8E) . ET NF(F9FE).
FHEiM(BI0E). RFHME(BLEKFIRE).
ZATYE(FIB3EKFEISE). MEME (F14F)




E1E
% 2E
&% 3%
B AE
% 5K
¥ 6E
B7E
% 8E
89K
E10=
ENME
£12%
E13%
E14%

AFEEHZEEDHBLY —FTURMTLR TILFATR, TLIALF R —
ERBEOERBAIT —aRILZHIR HILAL, TTF5—
AEYATEH—9 5K —FAPvo-Za—bo—
HDEREERDT —HDVRTAT U RANVR—
BREUSOREES —Pz—ALX-CIIRII)L—
IRLF—EIobAE— —IL—bkIsE-RILYTo—

[ INDR — AN EER— —FIN—bTFAo283/401—
EEHNVTE —REANMEER — —TILNN—TAoa8(02—
[ARVN—TUORBIORE ——— LR -KR—7—

FHORTER —IFko12-/\wI)L—
BFZYBEZEEN L —)—Fa)—L)—E -3/ F—
RIBORIDZHNZEEST —AN—kFIRVNLT——
BAROYEZOREN —5)IFEEHKIER—B—
FRILHL = OREE —av-N—T1—>




FOE MARIN\—FHFUFH 10D

Z— VAR R—=TF (EFNF)

20t LD FER = FNF 3
[HFETIL R—
R—T DI x5t [ I
alb—T4Hh—D;

AR

ERS—IZ EHONT / R—T7 LIRIE

R

IE

=3 SO

% nfff]

THERTDERIL
1 INATEIRN)LIDDITHNNZE
KB NFE s FNFOEBARDIMEIL.

WFE D DE S

S ARIN—ITT IR
IR—T-FTA AR EE/ ANIIIN—T O FEH




TR WMAZE TAYMTELEFAF I (BKEHE) (201043A)

F E WYEIXEFNSTETLVS

KILb> S TAD S ABA /RS L) 5 TH—R
F1E YEHRADEB-b—FTREREF
1 HRED(HTHE

INAAILTRAIVTTATT
2 Ez&EITAHITE

TOoAARA / ToE A FTL—I7 /5 LtE—
3 HAaAnHsixE

T)—-Fa)— =X )—INNEZ >—R—5
F28H TBEREIEFEDOU->THLUNLZLER
1 BEAFLLWTEZEALET

250900 JAINEB S TAI4—/"N)Lt—1)H X
2 BRODIER

2725T7—/TL=ZHX
cane 3 BFMNEFEHEUVDITS
R—7 /F-JaA / ab—F4ohH—/ILL R

4 RIGIEEFDHYLEY
DI—o5— /A V3R THoL @R E— =T

(LUTF.3-7E. RE 21t DIE=F)



7—3AN SHIA—FDREFEER(19114F)

TATIL-T7ST—&s
SYTA—FHELIZEDRFROFER . EFHOD A

IR FDE

5 (IR E

RN | &M

IO S EER

FHEN 5, 19084

Ernest Rutherford
(1871-1937)

=/ —AN)LE

IFOKREK, fREBIRDHER.
CEWMIGEDEEIZKY

24 ih T h

TRXH



Niels Bohr(1885-1962)

EFOMEIREFLINTNT

: FEET. LUEUDIEEITAENS,

=T MEERENSEEET. 2. 35T 3,
SEEICIZEFE2ESOAS,

S5
=]

Z—I)ILR R—T7DEFEE(19134F)




A
i

R—T7IZ&5R1H=FE

anji

KRRFETIVEEFILSNT-E

ETIHERDEFEBARNILNILOF A
(1913%)
BFH ()
: i L A Tt
T
[ lf771>§ﬂ
..... YYVYY
*:?ﬁkﬁ»?—%w
ey 54 2R3l
RIIIIL; EEVS

R—T7ETILEZRAW-KERFNOD KEBEFREFDARINL
BHLR (EET) DB ERIRDERF

ESNIIRENSEIRIILF—IKEAD

BRERT . /NILIY—RIOEBIDKENIE
n=3Mon=2 DB T B,




o BF  9.1093897% 10 kg
(';?' ) BF  1.6726231 %10 kg

= —p -3
PHEF 1.6749286 % 107 kg

— WEER c-1.60217733x107°C

O mr =+
(O $EF BELL)

BIOR=FZES 2 X
BFOR(2) +DEFOR (V) =T B% ()

41 Fi-ORR %4



P OBOOVERY OF SUBATOMCG PARTIOL IS  soes e
AV e=T o4 ri=7 SR B»

i?—z
[RFEn

xR

o

MAETEXW

wb&
IL?EH:MOOH :

RiNZh o 749545
Tl dl




MiE E-Ek B [21HEHERIEME L5E0HFZES 200

XE2EM E86&FE15F (2008.12) http://www21.atwiki.jp/wikiwiki2/pages/14.html
e BEED100M (SHR: IE B TRAFBHE—AROBRAE1 —kNZ#EA51 (HFXE) )

H
1. by [ZELEAL ERHIUE
2 FILA—Y [HBROSFEWE] —a—r2TFLR
3. Uk BUETHBIEME] aTd)oH— xR
4. EYYY [IN\D—XATT] BEFAIRX
MEEF
577142 D747 2] BREE
6. PaHahdE [mFE1110FME] FEHHIIL—1\vHI X
7. ¥R T fmraiz] A—L%
Hh Bk Fo =
8. ¥4V [FEENSEITREN] BFEEEXE
9. RBIFIERMhiR [ihBREBMEFE] RFRKFEHIEE

'Eft*—I':.ILnHH

10. 74y TERXBAESEXRES] AAXE BREFHE

11. F—F%2 X [#IIEBTHS] BIERE

12. )—> [HEEGOEE] #TTEE

13. SVAx— Dol EXERE

14. ~>)L"J“7- TAEREDST—] NHKHkxX

DESE AHS AER-EAER. 20O ESR AAEIRKE ., M hHE g 8 .
i&/l:l% /£$ . #EI%:‘E‘\E . EIZF,E’E . ﬁﬁi—"‘?ﬂs E*K$ . 77)9:)_'SF .




BRARDEDILSE

S anusman
1 2 :

l //

nli Be
mﬂam

v l@@@ﬂ@@@llmlmgnw

IR L [H! [Ta (W [RelOs] ir [Pt [AujHg|TEIPBIBI [Fo Al |An

Vi ‘—:T'?m—‘ SRAR — g

{La [ColPr [NaPismiEu{Gal to oy Mol [r{ynSzE

J2c|Th [Pafu [Np Py jAmCriBK (Gt [Es [Fm{MdNo e et
ATAR

p7Qy 2

ARxs
s7Q92



Niels Bohr(1885-1962) Louis Victor de Broglie(1885-1962)
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Erwin Schroedinger(1887-1961)  Werner Heisenberg (1901-1976)
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Chemical Bond Theory before Quantum Theory
(EFimLAAT DL S B i)

IWAZRDF Ty kB (J\FEER )
Octet Rule by Gilbert N. Lewis for Chemical Bond (1916)

Gilbert Newton Lewis
(1875-1946)



Octet Rule by Gilbert N. Lewis (1916)




Octet rule(/\BB&% ) by G. N. Lewis for chemical bond (1916, 1923)
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1 8 8 6, Adolf Baeyer(1835-1917)Ic &% Bayer Strain (/\1 Y—DHE VI H5i)
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Structural Isomers of Polychlorinated Benzene Compounds

Sum-formula

Number of 1somers

CeH:
CeH.Cl
C¢H,Cl.
CeH,Cl,
C.H.Cl,
C:HCl.
C.Cl,
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Ce Hs Cly

Ce H: Cly

Ce Hy Cly

Ce H; Clg

Ce H, Clg
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J. La Benzine. . Benzine chlorde, 5. Benzine Ui chlorée.
6. Alcool phénique. 7. Acide oxyphénique, 8. Acide pyrogallique.
9. Aniline. 10, Diamido benzine. 11, Tri-amido benzine,
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Sum-formula Number of isomers

CeHs
CH.Cl

CH,Cl.
CgH,Cl,
C.H.Cl,
C:HCl,
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CeHe CcHsCl

p-C5H4BrCI m-C5H4BrCI o-C5H4BrCI
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HOO‘/-\ C 10° times faster than HO‘/\' C

P.8 Ph P.9 Ph
O
P.10 O

A fast slow
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Hydrogen Atom
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(a) One contour (b) Several contours (c) An electron cloud

Fig. 1.1 The Is atomic orbital of a hydrogen atom

a Bohr radius
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0.2 s

TA r 2A 1‘A r 2A
(a) Fraction of charge-cloud (b) Radial density for the ground
outside a sphere of radius r state hydrogen atom

Fig. 1.2 Radial probability plots for the Is orbital of a hydrogen atom



The H, Molecule
F#18 molecular orbital: o=c1¢,; + 0,
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Fig. 1.3 The molecular orbitals of the hydrogen molecule
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Fig. 1.5 Electronic attraction, nuclear repulsion and the overall effect as a function
of internuclear distance for two |sy atoms



(a) The a-bonding orbital (b) The o+-antibonding orbital

Fig. 1.6  Contours of the wave function of the molecular orbitals of H,
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The H3; Molecule

Fig. 1.7 Interacting orbitals for Hj
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Fig. 1.8 The orbitals of tetrahedral Hy



Carbon Atom

(a) Wave function of a 2s (b) Contours for the (c) Conventional
orbital on carbon wave function representation

Fig. 1.9 The 2s atomic orbital on carbon
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(a) Wave function of a 2p, (b) Contours for the (c) Conventional
orbital on carbon wave function representation

Fig. 110  The 2p, orbital on carbon



C—H and C-C Bonds
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1A 2A ’cu 3A 1A 2A  fcc 3A
(a) Overlap integral for o overlap of (b) Overlap integral for ¢ overlap
a p orbital on C with an s orbital on H of two p orbitals on C

Fig. 1.11 Overlap integrals for o overlap with a p orbital on carbon



Methane CHa=C + Ha

Fig. .12 The molecular orbitals of methane from the interaction of the orbitals of
tetrahedral H; and a C atom



Methane CHa

Fig. 1.13  One contour of the wave functions for the four filled molecular orbitals of
methane



Methylene CH2
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Fig. 1.14 The molecular orbitals of methylene from the interaction of the orbitals of H,
and a carbon atom



Hybridisation (Valence Bond Theory)
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Fig. 1.15  Hybrid orbitals

Fig. 1.17 Bonding and antibonding orbitals of a C—H bond



Fig. .19 The bonding orbitals and three antibonding orbitals of ethane
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Fig. 1.24 A section through the contours of the = and n* wave functions of ethylene, and
wire-mesh outlines of one contour of each
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Fig. 1.21 The bonding orbitals and one antibonding orbital of ethylene
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Fig. 1.26 Energies of m molecular orbitals in ethylene and the allyl system



‘.-
o"‘ .
- .
0" \‘
. ‘v" -
" — -~
- >
- -
~~ -
-
\~ .
- -
\‘ -
-
‘\ -
. \\
~~ .
- -
- ' -
‘s '
Y covocovncscnnanasas - -‘—.--- wz ........... — pc
" ’
- ' . ’
-
- 4
3 . .
- ,
’ ’

Fig. 1.28 The allyl system by interaction of a p orbital with 7 and =* orbitals

2",'2/\[\ 2!."12 + 2'.‘22

0.50 1.0 0.50 1.50 1.0 1.50

(a) = electron population in the allyl cation (b) = electron population in the allyl anion



Butadiene
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Fig. 1.33  Energies of the = molecular orbitals of ethylene and butadiene by geomelry



Longer Conjugated Systems
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Fig. 1.35 The energies and coefficients of the 7 molecular orbitals of the smaller
conjugated systems
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Antiaromatic Cyclobutadiene CaHa

Scuare Cyclobutadiene (IE/5#2)
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Fig. 1.38 The m molecular orbitals of cyclobutadiene




Rectangular Cyclobutadiene (5 H2)
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Fig. 1.39 The three lowest-energy n molecular orbitals of rectangular cyclobutadiene



Cyclopentadienyl Anion and Cation
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Fig. 1.40 The energies and coefficients of the 7 molecular orbitals of the cyclopentadieny]|
system
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Strained ¢ Bonds—Cyclopropanes and Cyclobutanes

C-C Bonds of cycloprapane

reactive to bromine, but
less reactive than ethylene
7t bond

Anisotropic shift in NMR Spectra




Walsh Orbitals of Cyclopropane




Heteronuclear Bonds, C—M, C—X and C=0

Electronegativity

H and First Row Hybrids on C Second Row Third Row Fourth Row
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Fig. 1.43 Allen electronegativity values and Pauling-based values for carbon hybrds
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Fig. 1.44 Electronegativity as the third dimension of the periodic table (adapted with
permission from L. C. Allen, J. Am. Chem. Soc., 1989, 111, 9003. Copyright 1989
American Chemical Society)



Table 1.1 Valence atomic orbital energies for s, p and selected hybrid orbitals ineV(1 eV
= 96.5 kJ mol™" = 23 kcal mol ')

H
Is -13.6

Li Be B C N 0 F
2s ~-54 -94 —-14.7 ~19.4 —25.6 -32.4 —40).1
sp -19.3 -19.3 -24.2 ~29.4
sp” -172.1 ~17.1 -21.4 -25.8
sp? ~16.1 ~16.1 ~20.0 ~24.4
2p -3.5 ~6.0 ~5.7 ~10.7 ~12.9 ~15.9 ~18.6

Na Mg Al Si P S Cl
3s ~5.2 ~7.6 ~11.3 ~15.0 ~18.4 ~20.9 ~25.3

3p ~6.0 ~7.8 -9.8 —-11.7 —13.7
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Fig. 1.45 A major part of the C—Cl o bond
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Fig. 1.46  The filled molecular orbitals and the lowest unfilled molecular orbital of methyl
chloride
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C—M o Bonds

Fig. 1.48 A major contributory part of the Li—C o bond



Methyl Lithium

(b) the sp*-hybridised
(a) without using hybridisation orbitals of the C—Li bond

Fig. 1.49 The filled and one of the unfilled molecular orbitals of methyllithium
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Fig. 1.51 The interaction of p orbitals in the formation of the = bond of a carbonyl group



Table 1.2 Parameters for simple Hiickel calculations for bonds with heteroatoms

Element h k Element h k
B Trigonal ~(0.45 (.73

C Trigonal () I Si Trigonal 0 0.75
N Trigonal 0.51 1.02 P Trigonal 0.19 0.77
N Tetrahedral 1.37 (.89 P Tetrahedral 0.75 0.76
O Trigonal 0.97 1.06 S Trigonal 0.46 0.81
O Tetrahedral 2.09 0.66 S Tetrahedral 111 0.69
F Tetrahedral 2.71 0.52 Cl Tetrahedral .48 0.62




Fig. 1.52 Electron population contours for the # and n* orbitals of formaldehyde

;?;'dr.}i‘l:-?ih‘&f 1 DS
iansnmeinir A NS =2
= : -~
=

Fig. 1.53 Wire-mesh plot of the 7 and n* orbitals of formaldehyde
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