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Lithium Battery Technology
for EV(Electric Vehicle)

Plug in hybrid car at present
and future EV concept cars
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Concept Car for
Super Mini EV

Max Speed:
80 km/hr

Battery Charging Time:
4 hours(200 V)

Road Distance:
100 km

Passengers:
Two persons



Roading test as a patrol car for one person started from
July 1, 2013, in a residential area with many old peoples
at Yokohama and Kanagawa Citires in Japan.
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Niels Bohr(1885-1962)
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Max Plank(1858-1947) Niels Bohr(1885-1962) Louis Victor de Broglie(1885-1962)

SEFNFRHICORAIF

Scientists
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Wave Mechanical
View of Atom

Erwin Schroedinger(1887-1961)  Werner Heisenberg (1901-1976)
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Atomic radii (JRF37%) in picometer (1 pm=1x10-2m)
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jonic radii (-1 7 > 31%) in picometer (1 pm=1x 10 -2m)
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Electron transfer(&F%22) from sodium atom to chlorine atom
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Sodium chloride (Na*ClI-) crystal lattice structure (NaCl#& @& Fig&)



Chemical Bond Theory before Quantum Theory
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Octet Rule by Gilbert N. Lewis for Chemical Bond (1916)
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Octet Rule by Gilbert N. Lewis (1916)



Octet rule(/\BB&% ) by G. N. Lewis for chemical bond (1916, 1923)
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Structural Isomers of Polychlorinated Benzene Compounds

Ssum-formula Number of isomers

Cg Hg e
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1. Chaine ouverte. 2. Chaine fermde.
3. La Benzine. 4. Benzine chlorée. 5. Benzine bi chlorée.
L 4
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6. Alcool phénique. 7. Acide oxyphénique. 8. Acide pyrogallique.
9. Aniline. 10. Diamido benzine. 11. Tri-amido benzine.
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Richard Willstaetter(1872-1942), 1911
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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
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Fig. 1.2 Radial probability plots for the Is orbital of a hydrogen atom



The H, Molecule
aFEE

molecular orbital:

o= C19; + 20,

linear combination of atomic |s wave functions on atoms | and 2.

Tk

o =(c1¢; + c2¢,)” =

Energy
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@ 15—

electron distribution:

(c1¢1)” + (€20,)” + 2c10, 2,

* 43
A . .7 H—H @ 1 node
e Ec* \\\
— sy (H)
\\\\ Ec ”’/
Y ‘ﬂ" O H—H @ 0 nodes

Fig. 1.3 The molecular orbitals of the hydrogen molecule
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Fig. 1.4 The overlap integral S for two 1sy orbitals as a function of internuclear distance
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Fig. 1.5 Electronic attraction, nuclear repulsion and the overall effect as a function
of internuclear distance for two [sgy atoms



(a) The o-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 H; Molecule
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Fig. 1.7 Interacting orbitals for Hj



The Ha ‘Molecule’

Fig. 1.8 The orbitals of tetrahedral Hy



Carbon Atom
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(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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r x-axis
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(a) Wave function of a 2p, (b) Contours for the (c) Conventional
orbital on carbon wave function representation

Fig. 1.10 The 2p, orbital on carbon



C—H and C-C Bonds

1A 2A  rcn 3A /1A 2A  Tcc 3A
(a) Overlap integral for ¢ 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. 1.12  The molecular orbitals of methane from the interaction of the orbitals of
tetrahedral H, and a C atom



Methane CHa
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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
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small lobe in front)

Il
o
;* [

0" @ o

p A

” N

I' e 3
2 S S
@ 1Sy wm—C o i DQ

S ’
~
’
’
N -

R i @0

Fig. 1.17 Bonding and antibonding orbitals of a C—H bond
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Fig. 1.19 The bonding orbitals and three antibonding orbitals of ethane
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Fig. 1.24 A section through the contours of the 7 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



Allyl Systems 1 .

0.500 0.707 0.500



-~
SRS
¥ : I 7
AT
] rﬂ-’
g LRI - o .
-~ . < wowAw, CAs SO %
\ At ¥ ; : ‘59'...-:-21‘-"“2‘ W . il F?\ ; TR
ez * “"i--‘l“lll"‘, 3 § : A qjs; N
y “ A ' " J{t‘ ‘
S = 3
4l

]

o
-
55y
=
*

The 7 molecular orbitals of the allyl system



ethylene the allyl system

Fig. 1.26 Energies of © molecular orbitals in ethylene and the allyl system
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Butadiene
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ethylene butadiene

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



Longer Conjugated Systems

-0.500 0,500 0.521 0418
. 1.8028 %%%
v —
-0371 47328 O/QOD\O
o ——
-0232
Q/oqo 0.288 0.576 0288 -0.418 -0.521
0.371
1.4143 0 0418 . -0.521
— 1.2478
-0 500 0.500 PR
-0.707 0.707 0.500 0.500
18 -0.371 0600 18
— . — 0 521 0232 0418
06183 0.500 -0/500
— 0.521 -0.418
4458 0.232
0.600 -0 3N 0. O\QM
-0.232 0418 -0 521
—( ) e QR I R O R O — 5
0.576 -0 576 0576 0.521
100 0.707 -0.707 -0.418 0.232
0371 -0 600 0.4453

0500 ~0.500 0232 0418 0.521

: -0.371
s 0.600 18
0707 ——— e 0232 i
1.24783
0 500 -0 500 o
0.707 0707 14143 0.600 0371 O\O/O\Q/O\Q

-0.232
0 500 0.500 16183 0.500 0.500 0521 -0418

0.371 0.600 1.7328 O/OOO\O 18028 022 0521 0418

0418 0232

Fig. 1.35 The energies and coefficients of the 7 molecular orbitals of the smaller
conjugated systems
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Aromatic Benzene CsHs
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Antiaromatic Cyclobutadiene CaHa

Scuare Cyclobutadiene (IE/52)

Fig. 1.38 The m molecular orbitals of cyclobutadiene



Rectangular Cyclobutadiene (BEG2)

0.500 0.500

0.500 0.500

Fig. 1.39 The three lowest-energy m molecular orbitals of rectangular cyclobutadiene



Cyclopentadienyl Anion and Cation

0.45

Fig. 1.40 The energies and coefficients of the = molecular orbitals of the cyclopentadienyl
system



Homoaromatic Systems
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Strained ¢ Bonds—Cyclopropanes and Cyclobutanes

C-C Bonds of cycloprapane

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




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
T : 0.73; mssi, K 0.71 == Rb
0.91 —— Li .87 —— Na
1103/ —L= Ca’ « (090 =
1.29 —— Mg
1.58 —— Be 1.61 —— Al 176 Ga 1.66 —— In
199"~ i8] 1.82 —— Sn
. : —_— | e
230 —— H 2.3 sp> 225 — P £l i e -
g k 2 e & 242 ‘i 'Se
0o . 25 T AN 2.69 —— Br
o 7 A |
3.07 —— N 3.1 sp
361 —— O
419 —— F

Fig. 1.43 Allen electronegativity values and Pauling-based values for carbon hybrids
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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
1s —13.6

Li Be B C N O F
2s —-5.4 -94 —14.7 —194 —25.6 —324 —40.1
Sp —19.3 —19.3 —24.2 —29.4
sp’ S =171 —21.4 —25.8
sp” —16.1 —16.1 200 —24.4
2p —3.5 —6.0 -J.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 —235.3
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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Methyl Chloride n 1

LuMO % OeCilo —

4
®@ sp**cc H
LUMO c;c: O Clo —
H
N
SYa@plel ?,
3
SP~cci /
H
®
O n @
) (b) the sp°-hybridised orbitals
(a) without using hybridisation of the C—Cl bond

Fig.1.46 The filled molecular orbitals and the lowest unfilled molecular orbital of methyl
chloride
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Fig. 1.47 The major C—Cl bonding orbital and the LUMO for methyl chloride



C—M o Bonds

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



Methyl Lithium

(b) the sp>-hybridised
wnthout 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. 1.50 The HOMO and LUMO for methyllithium in the vapour phase



C=0 & Bonds

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 S

C Trigonal 0 I Si Trigonal 0 0.75
N Trigonal 0.51 1.02 P Trigonal 0.19 0.77
N Tetrahedral .37 0.89 P Tetrahedral 0 )4 0.76
O Trigonal 0.97 1.06 S Trigonal 0.46 0.81
O Tetrahedral 2.09 0.66 S Tetrahedral 1.11 0.69
F Tetrahedral 2.71 0.52 Cl Tetrahedral 1.48 0.62
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Fig. 1.53 Wire-mesh plot of the w and n* orbitals of formaldehyde



Heterocyclic Aromatic Systems
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HSAB 8l (rule)
HSAB: Hard and Soft Acids and Base

HSABEI & (E. BB K UEREDFEMES . L hard, XS M\ soft, ELVHORIAE
FHoTRLE=LDTH A,

FELDVERIZREUMEE N KL NS DD EEXES M ULMEE LA KLY,
_CAWTWAEE., I5E TLewis LA R)DEZEIZLD,
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