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Landauer model

Basic theory for electric conductnce
ー Nonequilibrium Green’s function (NEGF) method ー

T(EF)

Molecule

Electrode L Electrode R

e-

V

Lead L Lead R

(1) Landauer formula
2e2/h: quantum conductance (G0)
T(E): transmission probability
EF: Fermi energy

(2) Fisher-Lee relation

GL(R): broadening function of left (right) 
electrode

GR(A): retarded (advanced) Green’s function

Datta, S. Electron Transport in Mesoscopic Systems; Cambridge 
University Press: Cambridge, 1995.
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In a weak coupling case,

(3) Zero’s Green’s function

Crk: orbital coefficient at site r of kth MO
ek : energy of kth MO

“Our goal is to establish a chemical understanding of the
physical phenomena using the orbital concept.”

Yoshizawa, K. Acc. Chem. Res. 2012, 46, 1612.
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Frontier orbital contributions:

Selection rule for electron transmission in 
naphthalene: HOMO-LUMO dependence

T. Tada and K. Yoshizawa, ChemPhysChem, 3, 1035 
(2002); K. Yoshizawa, T. Tada, and A. Staykov, J. Am. 
Chem. Soc., 130, 9406 (2008).
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Electron transmission spectra in naphthalene: 
site dependence

Fermi level

T. Tada and K. Yoshizawa, ChemPhysChem, 3, 1035 (2002).
K. Yoshizawa, T. Tada, and A. Staykov, J. Am. Chem. Soc., 130, 9406 (2008).
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Experimetal verification of the orbital theory

Taniguchi, M.; Tsutsui, M.; Mogi, R.; Sugawara, T.; Tsuji, Y.; Yoshizawa, K.; 
Kawai, T. J. Am. Chem. Soc. 2011, 133, 11426.

MCBJ method（In vacuum, Appl. voltage: 0.2 V, Number of measurements:1000）
1,4-NDT 1,5-NDT

2,6-NDT 2,7-NDT

Symmetry 
allowed

Symmetry 
forbidden

Symmetry 
allowed

Symmetry 
allowed

2.2 mG0

1.4 mG0

0.1 mG0

11 mG0

G0 =2e2/h
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