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Total Energy of the Molecule 
and Charging and Discharge 

m

E(N) - E(N-1) > m
discharge: N -> N-1

E(N+1) - E(N) > m
charging: N -> N+1
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Energy level scheme for charge 
transmission through a molecule (M) 
embedded in between a left (L) 
and right (R) electrode.

Potential energy surfaces 
of the neutral and singly 
charged molecule.
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IV Characteristics and the Influence of IVR
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HOMO-LUMO scheme for a molecule  in between 
two leads. Arrows connecting different HOMO and 
LUMO levels indicate the opening of new 
transmission channels.

IV Characteristics and Optical Excitation

Energy level scheme for a mole-
cule characterized by its ground 
as well as its first excited electronic 
state in between two leads. 



Inelastic Charge Transmission 
through Single Molecules 

- perturbation theory with respect to the electron vibrational 
  coupling 
  -> Lehmann, Hänggi
  -> Nitzan, Galperin 

- nonperturbative account of electron vibrational coupling 
  -> Petrov, H nggi
  -> von Oppen
  -> Wegewijs
  -> Thoss, Domcke

- nonequilibrium molecular vibrational states
  -> von Oppen
  -> Wegewijs

ä







Control of Charge Transmission 
by External Fields

- strong field modulation of excess electron levels 
  -> Lehmann, H nggi
  -> Kleinekathoefer 

- radiative transitions in the charge transmitting molecule
  -> Hettler, Schoeller
  -> Kirczenow
  -> Wegewijs
  -> Nitzan, Galperin 

- optical excitation of the charge transmitting molecule
  -> Nitzan, Galperin 

- radiative transition in the charge transmitting molecule
  -> Nitzan, Galperin 

  

ä



Generalized Rate Equation
Approach
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IV Characteristics 
and the Influence of IVR







IV-characteristics for a bilinear coupling 
model of IVR and for E_R = 50 meV.

Variation of J. 
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IV-characteristics for a bilinear coupling model of IVR at k T=1 meV and for B

E  = 450 meV (Dg = 3) l

Left panel, dotted line: instantaneous IVR).
Right panel: full line identical with dashed--dotted line of the left panel, other lines:
relaxation time approximation with 1/t  = J. IVR

Dashed line: h J = 1 meV, dashed-dotted line:  h J = 10 meV

t =650fs IVR

t =65ps IVR

t =6.5ps IVR

t =65fs IVR

VOLTAGE (V)



IV Characteristics 
and Optical Excitation
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IV-characteristics at a cw-excitation of the molecule. Variation of the excitation intensity
(case of small reorganization energy upon charging, excitation in the Franck-Condon
transition region, J = 0.1 meV). Variation of ER

full line: E^(R)_0 = E^(R)_1 = 0.001 meV, r^(lum)_0 = r^(lum)_1 = 0.001 meV,
dashed line: E^(R)_0 = E^ (R)_1 = 1 meV, r^ (lum)_0 = r^(lum)_1= 1 meV,
dashed-dotted line: E^(R)_0 = E^(R)_1 = 5 meV, r^(lum)_0 = r^(lum)_1= 2 meV. 



IV-characteristics versus intensity of cw-excitation of the molecule (case of small
reorganization energy upon charging) excitation in the Franck-Condon

(lum) (lum)transition region, (J = 0.1 meV, r  = r   = 0.1 meV, T = 0.1 meV). 0 1

Optical excitation is characterized by the Rabi energies E_R (identical for the

transition in the neutral and singly charged molecule).



IV-characteristics versus intensity of cw-excitation of the molecule (case of large
reorganization energy upon charging, excitation in the Franck-Condon transition 

(lum) (lum)region, (J = 0.1 meV, r  = r   = 0.1 meV, T = 0.5 meV). 0 1

Optical excitation is characterized by the Rabi energies E_R (identical for the

transition in the neutral and singly charged molecule), 
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