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Anderson-Holstein model

H= Hmol ek Hleads + Htun

1
HmolzeN—F%N(N—l)—Fhw (ﬁ—o—cﬁa) + AN(a' + a)
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Anderson-Holstein model

H'= Hmol i Hleads + Htun
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Dynamics: rate equations

B, Tl P+ TR RN + Sk pi

aTr

Vibrational relaxation
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Scanning tunnelling microscopy

on thin insulating films

Molecule

|

Strong asymmetry
in the barrier strengths
ftip < fsub

jitio LuMo Several channels for

vibrational relaxation

I‘\rel > I_\tip

e Bias drop mainly on the

y  tip side

Htip = Ho + €Vbias
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Current
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Role of the tip position ?

The tunnelling amplitude between the tip and the molecule depends on the tip
position. E.g. for a tip with spherical symmetry:

Ltip (Rtip) = C'Ymol (Rtip)
27

Lo tip = ?Dtip C?|Ymo1 (Reip )|

By changing the tip position the current is rescaled by the profile of the molecular
orbital which participates in the transport.

According to the Anderson-Holstein model, though, the current
should NOT change its SHAPE.

Theory Seminar — Regensburg, 23.11.2016



< 1f /) /i end Xe |
= |5 ter
= : cen
05k 18v 2.2V ; s
., x‘%""ﬁ!rﬂw-\
0 -(?) . .W‘"/ . . h |
19 2 2.1 2.2 23 24 25
Ve
Pentacene

25A x 20A

wwo EEINILE

position dependent di/dV peaks

the energy scale excludes higher
electronic excitations

If the tip and the (local) molecule
symmetries match, the vibronic ground
state transition is allowed

If the symmetries do not match only
transitions involving vibrational
excited states are observed

=> “vibron-assisted tunnelling”

N. Pavlicek et al. PRL 110, 13601 (2013) Theory Seminar — Regensburg, 23.11.2016
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Spatially resolved vibronic spectroscopy
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OR Chen's derivative rule

ttip (Rtip) - C’77[)1][101 (Rtip)

Tunnelling into an odd molecular orbital formed by two p, orbitals:
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C.J. Chen, Phys. Rev B 42, 8841 (1990)
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eR Mechanical feedback

The molecular orbitals change their shape due to the molecular vibrations.
Thus, the tunnelling amplitude is a function of the vibration coordinate

ttip (Rtipa X) — Cwmol(Rtipa X)

—_

Ftip - thip 02|77Z}mol(Rti1mX)|2

The tunnelling rates connecting the eigenstates are proportional to a set of
modified Franck-Condon coefficients, e.g.

FM,+ 2m

a,nm fDO& F(n7m;gaRtip)f+(EM—l—l,m ~ EM,n a Noz)
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F(n,m; g, Ruip) = [(mlteip(Ruip, X)e~ 9250 [n) |2
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Minimal model for the molecule

= molecular orbital with one nodal plane
= two vibrational modes
— one mode moves the nodal plane
— one mode does not move the nodal plane

[Chemical bond] van der Waals force between
l molecule and insulating layer

model for the local dynamics
of a larger molecule

——> e
q 9r
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Spatially resolved vibronic spectroscopy

Constant height current dl/dViias

Vbias [meV]

R. Kozlowsky, Master Thesis 2015
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QR Size of the effect

For realistic zero-point fluctuations the peak height in the center of the molecule is
much smaller than the peak height at the end.
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The vibrational modes of pentacene

1012 Mode nr.1 Energy = 0.008 eV
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The vibrational modes of pentacene
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Mode nr. 39 Energy = 0.101 eV
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Destructive interference

—

9 Electronic destructive interference
§ hardly affected by the vibration

m . » .

a2 Electronic destructive interference
(D] . .

b= strongly affected by the vibration
>

Moreover, the out of plane oscillations of the H atoms causes in the higher
energy modes a om of the molecular orbitals.
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The vibrational modes of pentacene

Relevance = norm of the variation of the (convoluted) tunnelling
rate with respect to the mode coordinate
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Summary

The Anderson-Holstein model fails in describing molecular
vibrations in the STM setup

Position resolved spectroscopy reflecting tip-molecule
symmetry matching has been obtained by including a
mechanical feedback to the tunnelling rate

The effect predicted by the minimal model is much weaker
than the one experimentally observed

A detailed analysis of the vibrational eigenmodes of
pentacene reveals promising vibrational modes for a
realistic improvement of the theory
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Thank you
for your attention!
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