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Electronic Configuration of carbon: C=1s?2s?2p?

Covalent bonding energy for the s orbital:

2p 3~4 eV per bond

~4 eV
25 —» hybridization: sp, sp?, sp?

“In carbon, three possible hybridizations occur: sp, sp?, and sp? ; other group IV elements such as Si,
Ge exhibit primarily sp® hybridization. Carbon differs from Si and Ge insofar as carbon does not have
inner atomic orbitals except for the spherical 1s orbitals, and the absence of nearby inner orbitals
facilitates hybridizations involving only valence s and p orbitals for carbon.”

Ref. R. Saito et al. “Physical Properties of Carbon Nanotubes” (Imperial College Press, 1998, Singapore) p.5.
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Number of n-electrons: N=6 E:a+2ﬁcos(2?7m), (h=0.£1,42.3)

o a—Bl — —_ LUNMO

a+f  q+p4 _H_ _H_ HOM(Q
_H_

Energy states

R. M. Nix, An Introduction to Molecular Orbital Theory, (http://www.chem.gmul.ac.uk/software/download/mo/)

Changhee Lee, SNU, Korea

a+2[ 1

a+2p

Molecular orbitals 4/22




Organic Semiconductor

Polyacenes and para-phenyls EE 4541.617A

2009. 15t Semester

I:l
i
O
Im

>

o

§ ¢
=) SRRy 5
..... O O n band
= o O O U —
Biphenyl ——

Naphthalene Anthracene Tetracene Pentacene
n* band LUMO
P-Terphenyl —
e Eq
P-Quaterphenyl

-1
o
g,I
>
o

— HOMO

o
=X
=
=
UoT
Iz
o3
=
)
=
KU

Energy Band Structure

5/22 Changhee Lee, SNU, Korea

Organic Semiconductor

HOMO-LUMO gaps of polyacenes EE 4541.617A

2009. 15t Semester

\ HOMO-LUMO gap decreases with increasing m-conjugation.
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naphthalene  anthracene tetracene pentacene
Y. C. Cheng, et al., J. Chem. Phys. 118,3764 (2003)
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©
o — OO Keep adding molecules
_ . .

B 0+ band [TV

» The average energy separation between MOs decrease as n increases = Formation of bands.

¢ The HOMO-LUMO separation, AE = EHOMO — ELUMO, decreases as n increases.

» Energetically favored electron excitation is from the HOMO to the LUMO

» The interchain transfer integral (t) expresses the ease of charge transfer between two interacting chains: The larger the band-
width (the magnitude of transfer integral), the higher the mobility.

[T

Energy »
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Energy gap (HOMO-LUMO) decreases with increasing m-conjugation.
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Wavevector k M. Rohlfing and S. G. Louie,
i . i i Phys. Rev. Lett. 82, 1959
R.E. Peierls Quantum Theory of Solids (Oxford University, London Chap.5(1955). (1999)
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K
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PT
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Band Gap (eV)

and R. H. Friend, Solid Stq‘i Ewiﬁ ﬁ i ﬁgi Bﬁ ﬁ r“hﬂ_w iii ﬁhﬁ ﬁﬁx hﬁ“ ﬁﬁ ﬁiﬁ 2001)
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Su-Schrieffer-Heeger Hamiltonian

H=H +H +H

kinetic elastic electronic

Mo’ K )
= 7 Zun + E Z(un - unﬂ) - Z[t() + a(un n+1)](cn+1 scn s + Cn scn+1 s)

n,s

2

Peierls gap:24 =16¢, exp[-(1+ i)], where 1 = 2a
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Absorption (OD)
(=]
. =

T T

poly[2-methoxy-5-(2’-ethyl-hexyloxy)-l,4-phenylene vinylene]

MEH-PPV 095 30 22 24 26 25 30 32
) Energy (eV)
Density of States (DOS):
Square-root singularity in 1-d. D(E) — dN(E) 1
\/E E,
T. W. Hagler et al., Phys. Rev. B 51, 14199 (1995)
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poly (9-hexyl-9-(2'-ethyl-hexyl)-fluorene-2,7-diyl) (HEH-PF)

E. K. Miller, G. S. Maskel, C. Y. Yang, A. J. Heeger, Phys. Rev. B 60, 8028 (1999)
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K. S. Whitehead, M. Grell, D. D. C. Bradley, M. Jandke and P. Strohriegl, App. Phys. Lett. 76, 2946 (2000).
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* Strong electron-phonon coupling:
n-electron bond densities directly determine the geometric structure,
e.g., butadiene, C4He.

147 A

133A
133A

* Vibronic progressions in optical absorption and photoluminescence spectra
« Stokes shift between optical absorption and emssion.
* Polaron formation

* Charge transfer or low energy charge-excitations (via dong or photoexcitation)
strongly affects the p-electron bond densities = geometric structure.
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A Polyacetylene (CH), B
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(neutral Soliton)
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Spin S =1/2 SpinS=0 SpinS=0
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Polaron = charge + lattice distortion
O~~~ A== 00)

hole polaron (P*) electron polaron (P°)

hole polaron (P*) Singlet exciton (P™:--P*) electron polaron (P°)
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Bandgap, Exciton binding energy EE 4541617A
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S. F. Alvarado, L. Rossi, P. Muller, P. F. Seidler, W. Riess, IBM J. Res. Dev. 45, 89 (2001)
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» Weak van der Waals interaction between molecules = Each molecule keep its molecular levels which are

shifted due to the interaction with surrounding molecules in the solid-state.

Solid-state ionization potential
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