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What is an Anderson molecule ?

A master equation WITH coherences

Orbital symmetries in Benzene

Electromechanical symmetries in Biphenyl
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Anderson-impurity model

H = Hyo + Hjeads + Hyun -< Hicade = Z € {’,j C

ako ako ako

- g * T
s Ht-llll - Z(tcﬂfﬂr{’nkadﬂ F tu—ﬁcndrrcakd)

Dresden, 13.12.2007



@

Anderson-molecule junction
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The Pariser-Parr-Pople is an

1 1 extended Hubbard Hamiltonian
+U) (”H = 5) (”51 — 5) introduced to describe interaction
; effects in conjugated molecules.
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b ;o of the relevant electrons.

Only 77 -electrons are taken into

account. lons are assumed to

have the same spatial symmetry
| A

Dresden, 13.12.2007



@

Generalized Master Equation

. Write the Liouville equation:
dp i

ddt —E[H‘ p)

. Restrict to 2nd order in the coupling to the electrical (and mechanical) baths.
Make the standard Markov approximations and trace out the leads:

1 e

i i drTeg{[H(t), [Hi(t — 7),5(t) ® pg]]}

R Ja

. Neglect coherences between states with different number of particles
in the system: they are decoupled and damped.

. KEEF coherences between energy degenerate states (Generalized
Master Equation). Any other choice is (in general) arbitrary!!

. Calculate the stationary solution of the GME and evaluate the expectation
values of relevant observables.
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Electromechanical
symmetries



Biphenyl junction
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The Hamiltonian

The hamiltonian of the device can be written as

H=Hqg+ Hgy, + Hg + V7 + Vgp

where P
Hs = 2 4 |0)0] Vo (&) + |1)(1] Vi (#)

2m
and

Vi=t 3 (10Xtlch, + [1X0ley, )
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The adiabatic potentials

Simplest model

i

mechanical coordinate

Bistable configurations are not so rare!

mechanical coordinate
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QR The low energy limit

* Harmonic approximation for
the anionic state

wo

HITHITE

» Low lying states of a
\ double (harmonic) well
potential for the neutral state

€a

* The effective Hilbert space is defined by the unity operator:

I = [IX1] + |0X0|(P+ + P-)
where "
Pi =) _slm < eoe
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Effective Hamiltonian

The only components of the Hamiltonian modified by the
projection are:

H =|0)0] ) [Pr(3 +dld,)P:] huwot [1X1] [(5 + d'd)hiwy + eV, — €]

T=,—
and

vilt= % [f\0><1|f{,“_(73+ Py h..f-:.]
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Symmetries

Electromechanical states
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* We neglect the inter-well tunneling coupling: P_ P, = ()

« Electron tunneling in and off the molecule preserves mechanical parity.
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Generalized Master Equation
O-(t) = [ J(t) — (ﬁcoh - £(‘lriv .5 [-"clamp) O-(t)

* The Generalized Master Equation is derived in second
order perturbation in the interaction Hamiltonians Ve
and Vg’

« Coherences between different charge states vanish

* Due to the mechanical (quasi-)degenerate neutral states
we MUST keep coherences between displaced
mechanical states
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Electrical leads
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where

bare tunneling rate
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The Franck-Condon parabola

Franck Condon rates

¥

State +
State 0
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The Franck-Condon parabola

Franck Condon rates

State +
State 0
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The Franck-Condon parabola

Franck Condon rates

State +
State 0
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The Franck-Condon parabola

Franck Condon rates

State +
State 0
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QR Mechanical bath
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QR Observables

 Current:

Istmﬁ - Tl“g [O_smtfb]
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« Parity:

.
Py =3 (0,e,nl0"!(0,¢,m) — (0,0,n]0*"*|0, 0,n)

n=0
00

P = Z<1,2n|cr““mt|1, 2n) — (1,2n + 1|0°**|1,2n + 1)
n=>0
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Symmetry breaking

Current Neutral state Parity Anion state Parity
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Incoherent vs. coherent
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a) 2<AV<4, V,
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|0, even>

Un-blocking rates
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eR Conclusions

+ electron-electron interaction and orbital symmetry are
important to understand transport through weakly
coupled molecular junctions

« semiempirical models are usefull tool study molecular
electronics at an analytical level.

+ coherences between degenerate states play a crucial
role In the generalized master equation approach to
transport in molecular junctions.
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Thanks!
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quasi angular momentum = 2
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