5.4 'Z R AR (tight-binding model)

—. EMEULH
. WIE
=. EARfFF

2%, HEH45%p189
& sEEH3.39p75

AL B B EFERUA K R FSEX BRI E RS &, &
W, BAME RN B RRAEAH R, Hitk, By
R R HROER, BFHNE) EEZZE TR,
ZHERTHAGRZMIRSS . B E A 751974 RILR
FHETRATAE A XN ARIOLERTF BRFHITLL,
TR AR SR T F KM F B/ DRI,  EAT BLgs HY 1)
JRFRE A Ak RE T 2 MMM BB R . XM RN KR4I
8L (Tight Binding Approximation).




HEN

[e—a—=f
a) FIGURE 24-13
(i ~B XB i l‘ Rl : (a) Two
i \ finite potential wells B and (C b)
= )-/ - Eigenfunction associated with an ?‘/}—L %‘j\‘a ﬁ /f/ i; }Eﬁ E/\J XR j:)‘ht IZJ:I:
)

) electron in well B with the ground X JJ
XC // \\X(- state energy. (c) Eigenfunction
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FIGURE 24-16 When the two wells are very close together, the symmetric eigenfunction of
Fig, 24-14 looks like the ground state eigenfunction for a finite well of width 24 (see Fig, 24-124).
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FIGURE 24-17 When the wells are very close together, the antisymmetric eigenfunction of
Fig. 24-15 looks like the first excited state of a finite well of width 2a (see Fig. 24-12b).
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- Linear combination of atomic orbitals (LCAO)
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FIGURE 24-18  Radial part of the ground state eigenfunctions of two isolated hydrogen atoms

pu

as a function of the distance of the electrons from the respective nuclei.
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FIGURE 24-19 (#) Symmetric
combination of the ground state
cigenfunctions of the two individual
hydrogen atoms of Fig. 24-18. (b)
Antisymmetric combination of the
same two eigenfunctions,
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FIGURE 24-20 (a) Probability
density associated with the symmetric
cigenfunction of Fig, 24-19a. (b)
Probability density associated with
the antisymmetric eigenfunction of
Fig, 24-196. Note that x? is large in
the region between the two nuclei so
therefore the clectron represented by
Xs spends considerable time between
both nuclei. xf! does not have this
teature.
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eigenfunctions of six hydrogen
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Splitting of 1s State of Six Atoms

ls state

v

Interatomic separation
'RE 24-22 Splitting of
the s state of six hydrogen atoms
into a band of six energy levels as
the separation between the atoms
decreases. Note the increase in
the bandwidth with decreasing

interatomic separation.



Splitting of Atomic Levels in Sodium

Tight-binding #% % Na 5 1 il i 4 1) J B

S8 —— = 3s band
B
2p - — 2p band
2s E 2s band
Expected
splitting of the first four atomic level
ls —— - g —_lsband  of sodium into four energy bandsin

Atom Solid a sodium crystal.
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Splitting of Atomic Levels in Carbon

Tight-binding BB CJR ¥ IE iim ik, R FHUIE Y siae s I 3

E
4
w“h._\ L_.'-II""'N-.._' e
B
Eﬁfi = Py !
e i Wﬁ‘f —
- a— 28
— —— : le
J"I' — *
Y Interatomic separation
RE 24-27  The splitting of the atomic energy levels of carbon into energy bands is followed

merging of the 2s and 2p bands and a subsequent sphitting of these bands as the interatomic
zdecreases. At the equilibrium inter-atomic spacing 7o, an energy gap E, separates two hybrid

energy bands in a diamond crystal.
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p-orbitals forming 0-bonds are antibonding!

Bonding
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Anti-bonding
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FHIT o H U tight-binding 7772 ] #1250 SR (B 5 d o2 A~ 7T L RS ) /N D

Hamiltonian Eigenvalues:
¢ E=E,
H=(Eo)
oo _ Eigenvalues:
H= 50 Jé E,=Eq+ J;
tY E,=Eo—J;
E, J, J, Eig_%nvalztjfs:
... H= J1 EO J1 E1:E0;J 1
J, Jy Eg E2:E0+J1
3=E0™ Y4

J, is the orbital interaction between the nearest neighbours
Jq RIE R A B AR )



2 2
_£¢0(n)+£¢0(r2) (02=7(00(I’1)—7(00(r2)

o = 5 >
E =E —J, E =E+J,

1 1 2
o, :?%(n)_{-?(po(rz)-{-?(po(g) ®, :g%(rl)—g%(rz) @, :_%%(H)_ﬁ%(ﬁ)‘F%(/’o(ﬁ)

E, = E,-2J, E, =E,+J, E, =E,+J,



BB I E I

fltn: WEBATEBE V. Vopr and Vigs

obond

9

ll' P

Walter Ashley Harrison (1989).

Electronic Structure and the
Properties of Solids.
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Measuring the local density of state of

top of single Cg
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. '/_—!Cor){tant current
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We found our atoms - superatom orbitals of Cg,

Science 320, 359 (2008)
LUMO+2
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1D and 2D electron delocalization in
Ceo aggregates

& Science 320, 359 (2008)



| D band formation in Ceo single molecule lines

JACS 129, 12394 (2007).
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| D band formation in Ceo single molecule lines

JACS 129, 12394 (2007).
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