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

Tunneling broadening of vibrational
sidebands in molecular transistors
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Molecular conduction / electron scattering in vacuum
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Methods of solution @




Solution of scattering problem
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Solution of scattering problem
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l.e. transmission probability
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L andauer formula for current
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Equivalent with full many-body solution using NEGF







Solution of scattering problem
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Solution of scattering problem

l.e. transmission probability
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Separation of vibrations to system
and bath deqgrees of freedom

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



Theoretical model — single particle description

H = Hg+ Hg + Hgp
System Hamiltonian:

Hy =88+ S 18 NErw + 110 Xbia |+ 16 Wota (e | | B1e Wk (0 |}

k.a=L,R

h, ...vibrations of the anion in system mode

h, ... vibrations of the neutral in system mode

Bath Hamiltonian: | H, =) w,b7b,
j

System-bath coupling: |H, =|¢,)> ¢, (a;bj +bla, )<¢d‘
J




Transmission through molecular bridge

Including vibrations and bath: Perturbation expansion in Hgg

. (m)
tR<—L (gf’gi) B Ztm—L (gf’gi)
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Can be summed to all orders for symmetric bridge under zero bias (unitarity).
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Calculation of the current
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Model: Electronic degrees of freedom

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

Energy dependent width: T'(£) = —\/4/)’ E ,ua)

Selfenergy function (level shift):

£(E) = A(E) - 4T(E) = 2

E—p, +(E-p,) —4p°




Results — weakly coupled case
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Results — strongly coupled vibrations
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Convergence of the expansion
In the system-bath coupling

tR(—L (gf’gi) — Ztin:)L (gf’gi)

Model C : Model C

Current (10°° 2e/h)
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Results — strongly coupled leads
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Results — strongly coupled leads
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Wide-band approximation
['(E)=const.

Model C Model D
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Model for biphenyl — anharmonic vibrations
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Adiabatic-nuclel approximation

t v (€)= jdqui‘vi (Q)‘ztez (g,¢)

Pi = %exp{— L, /kT}




Model for biphenyl — anharmonic vibrations
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Model for biphenyl — electron assisted tunneling
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Conclussions and outlook

We have demonstrated ability of our approach to
describe inelastic effects in molecular conduction within
single particle (tunneling electron) approximation.

Our approach is capable to treat anharmonic vibrations
and dissociation of the bridge molecule. The wide band
limit is not assumed — ability to describe semiconductors.

Generalization to full many particle description is
necessary — nonequilibrium Green'’s function techniques.
First step: self-consistent Born approximation.

Determination of the model parameters for realistic
molecular systems employing ab initio quantum
chemistry methods.




Preliminary results — model motivated
by DF T calculation
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