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My contributions to theory of resonance My contributions to theory of resonance 
electronelectron--molecule molecule collisionsvcollisionsv

(as PhD student and (as PhD student and postdocpostdoc of of JiJiříří Horáček in Horáček in PraguePrague))

1997 with Wolfgang Domcke (Duesseldorf)

numerical  methods  for         HX + e- HX(v) + e-

↔H + X-

1999-2002 with Hartmut Hotop with Michael Allan
(Kaiserslautern),                               (Fribourg)

simulation of   H + X- HX + e- ,  X=F, Cl, Br
J. Phys. B 34 (2001) 983, Phys. Rev. Lett. 89 (2002) 073201, 
J. Phys. B 36 (2003) 3513.

X=H:   J. Phys. B 31 (1998) 2571, 
X=Cl:  Phys. Rev. A 60 (1999) 2873, 
X=Br:  Phys. Rev. A 63 (2001) 062710.
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Vibrational excitation of N2 by 
electron impact

Wolfgang Domcke

Phys. Rep. 208 (1991) 97

Tunneling broadening of vibrational
sidebands in molecular transistors

Karsten Flensberg

PRB 68 (2003) 205323

Molecular conduction / electron scattering in vacuumMolecular conduction / electron scattering in vacuum



0
0
.
2

0
.
4

0
.
6

-2 -1.5 -1 -0.5 0E
l
e
c
t
r
o
n
 
t
r
a
n
s
m
i
s
s
i
o
n
 
p
r
o
b
a
b
i
l
i
t
y

Electron energy (eV)

Elastic
Vibrations

Tunneling in the presence of phonons:   
A solvable model.

B.Y.Gelfand, S.Schmitt-Rink, A.F.J.Levi
Phys. Rev. Lett. 62 (1989) 168  

Calculation of cross sections for 
vibrational excitation and dissociative
attachment in {HCl} and {DCl} …

W.Domcke, C. Mundel
Phys. Rev. A 18 (1985) 4491 
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Generic modelGeneric model
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Methods of solution: I. Fixed geometryMethods of solution: I. Fixed geometry
(rigid bridge)(rigid bridge)
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Solution of scattering problem Solution of scattering problem 
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Landauer formula for current

Equivalent with full many-body solution using NEGF



Methods of solution: II. Including vibrationsMethods of solution: II. Including vibrations
(flexible bridge)(flexible bridge)



( ) Ψ−+Ψ=Ψ +   -1
0 Ii E HH

Solution of scattering problem Solution of scattering problem 
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Solution of scattering problem Solution of scattering problem 
i.e. transmission probability
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Methods of solution: III. DissipationMethods of solution: III. Dissipation
((vibrationalvibrational bath)bath)



Separation of vibrations to system Separation of vibrations to system 
and bath degrees of freedomand bath degrees of freedom

M. Thoss and W. Domcke, J. Chem. Phys. 109 (1998)  6577.



System Hamiltonian:

Bath Hamiltonian:

System-bath coupling:

Theoretical model Theoretical model –– single particle descriptionsingle particle description
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Transmission through molecular bridgeTransmission through molecular bridge

Including vibrations and bath: Perturbation expansion in HSB
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Calculation of the currentCalculation of the current
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Model: Electronic degrees of freedomModel: Electronic degrees of freedom

β β v                 v                 β β

µL µL µL єd µR µR µR

Exactly solvable model: Tight-binding (Huckel-type Hamiltonian)
Conduction band in leads:    µα-2β < E < µα+2β

Energy dependent width:

Selfenergy function (level shift):
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Results Results –– weakly coupled caseweakly coupled case
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Convergence of the expansionConvergence of the expansion
in the systemin the system--bath couplingbath coupling
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WideWide--band approximation band approximation 
ΓΓ(E)=const.(E)=const.
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Model for biphenyl Model for biphenyl –– anharmonicanharmonic vibrationsvibrations
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AdiabaticAdiabatic--nuclei approximationnuclei approximation
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Model for biphenyl Model for biphenyl –– anharmonicanharmonic vibrationsvibrations
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Model for biphenyl Model for biphenyl –– electron assisted tunnelingelectron assisted tunneling
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ConclussionsConclussions and outlookand outlook
We have demonstrated ability of our approach to We have demonstrated ability of our approach to 
describe inelastic effects in molecular conduction within describe inelastic effects in molecular conduction within 
single particlesingle particle (tunneling electron) (tunneling electron) approximation.approximation.
Our approach is capable to treat Our approach is capable to treat anharmonicanharmonic vibrationsvibrations
and dissociation of the bridge molecule. The wide band and dissociation of the bridge molecule. The wide band 
limit is not assumed limit is not assumed –– ability to describe semiconductors.ability to describe semiconductors.
Generalization to full many particleGeneralization to full many particle description is description is 
necessary necessary –– nonequilibriumnonequilibrium Green’s function techniques. Green’s function techniques. 
First step: selfFirst step: self--consistent Born approximation.consistent Born approximation.
Determination of the Determination of the model parametersmodel parameters for realistic for realistic 
molecular systems molecular systems employing employing abab initioinitio quantum quantum 
chemistrychemistry methods.methods.



Preliminary results Preliminary results –– model motivated model motivated 
by DFT calculationby DFT calculation
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