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Two experiments measuring the current-voltage characteristics (IV)
of the bipyridine-dinitro-dithiole-system found that the molecule can
be controllably switched between two states exhibiting significantly
different IV curves [1,2]. To better understand the nature of the
bistable state we have performed ab initio calculations. They indi-
cate, that molecular charging/uncharging does not lead to bistability
in the presence of electrodes. By contrast, two (or more) energy min-
ima can arise with conformational changes of the molecule alone or in
the molecule-contact region (possibly combined with structural relax-
ations in a larger contact area). As a prototypical example of such
a mechanism, we consider rotations of the molecule about the axis
defined by the two anchoring Au-atoms. From an extensive analysis
of possible contact structures, we conclude that bistable configurations
can indeed arise for slightly disordered, i.e. realistic, contacts — though
they do not appear to be generic. A scenario will be proposed, how in
this light experimental findings might be understood. (We are indebted
to E. Loertscher, H. Riel and M. Ruben for instructive discussions.)
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Using a density-functional-based transport method, we study the
conduction properties of several biphenyl-derived dithiol (BPDDT)
molecules wired to gold electrodes [1]. The BPDDT molecules dif-
fer in their side groups, which control the degree of conjugation of
the m-electron system. We have analyzed the dependence of the low-
bias zero-temperature conductance on the tilt angle ¢ between the
two phenyl ring units, and find that it follows closely a cos?(yp) law as
observed in a recent experiment [2].

In addition, we study the temperature dependence of both the con-
ductance and its fluctuations and find qualitative differences between
the examined molecules. We illustrate that the fluctuations of the con-
ductance due to temperature-induced changes in the geometric struc-
ture of the molecule can be reduced by an appropriate design.

[1] F. Pauly, J. K. Viljas, J. C. Cuevas, G. Schon, arXiv:0705.3285.
[2] Venkataraman et al., Nature 442, 904 (2006).
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We investigate electronic transport through a benzene molecule quan-
tum dot. In particular, we investigate the influence of the contacts’
position and find qualitative and quantitative differences between the
para- and the meta configurations.

The Hamiltonian of the interacting isolated molecule is diagonalized
and its eigenstates are classified according to their particle number,
spin and symmetry representation.

Treating the coupling to the leads perturbatively, a generalized mas-
ter equation for the reduced density matrix in the benzene’s eigenbasis
is derived, which includes coherences between degenerate eigenstates.
We explicitly demonstrate that the coherences do not contribute to
the linear transport, but become essential for the meta-configuration
in the nonlinear regime.

Analytic expressions for the linear conductance and the current in

the low bias regime agree with numeric calculations, where we are not
restricted to small voltages. Interesting features appear over a wide
range of gate and bias voltages, for example, due to the reduced sym-
metry of the problem, negative differential conductance is present in
the meta-configuration, while it is absent in the para-configuration.
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We investigate theoretically the role of vibrations in electron trans-
port through single molecule junctions. The study is based on a
generic model, which describes steady-state transport through a single
molecule that is attached to metal leads. To address multidimensional
vibrational dynamics in molecular junctions, we have extended the
non-equilibrium Green function approach established by M. Galperin
et al. to multiple modes. We demonstrate the effect of electronically
induced coupling between different vibrational modes and study the
stability of these junctions by calculating the vibrational excitations
as a function of the bias voltage. In addition to a model system with
two vibrational degrees of freedom, we present results for p-benzene-
di(butanethiolate) covalently bound to gold electrodes.
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Non-equilibrium transport through a single molecule transistor is stud-
ied in the presence of strong coupling to a local vibrational mode.
Employing a full fourth order perturbation expansion in the tunnel-
ing Hamiltonian, we address the experimentally relevant regime of in-
termediate tunneling coupling between molecule and electrodes. Us-
ing the real-time transport theory we calculate the nonlinear conduc-
tance, accounting for the so-called cotunneling contributions, as well
as renormalization and broadening effects, induced by charge fluctu-
ations. We find that broadening and in-elastic cotunneling processes
are of comparable importance for the lifting of the vibration-induced
Franck-Condon blockade. Strikingly, novel transport features con-
nected to this broadening are found below the bias-voltage thresh-
old for in-elastic cotunneling, which have gone unnoticed until now.
Relaxation of the vibrational distribution, induced by coupling to an
external phonon bath, leads to a uniform reduction of all higher order
processes, i.e. broadening and in-elastic effects remain comparable.
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Charge-memory effects such as bistability and switching between a
charged and a neutral state, have been recently observed in an increas-
ing number of experiments on charge transport through molecules[1,2].
We consider a charge-memory effect in the framework of a minimal
polaron model. It is shown that in the case of strong electron-vibron
interaction the rate of spontaneous quantum switching between two
metastable states is exponentially suppressed at zero bias voltage,
while remaining large enough at finite voltage. The switching between
states at finite voltage and hysteretic charge-voltage curves are calcu-
lated at weak coupling to the leads by the master equation method, and
at stronger coupling to the leads by the equation-of-motion method for
nonequilibrium Green functions.
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