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QIE for devices  R. Stadler, M. Forshaw and C. Joachim
Nanotechnology 14 (2003) 138



BUN
Bottom-Up 

Nanomachines

IST-1999-11565

In a first 
evaluation of the 
vision on a tight 

binding-
scattering theory 
level a proof of 

concept was 
achieved.

R. Stadler, S. Ami, M. Forshaw and C. Joachim, Nanotechnology 15 (2004) S115
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Graphical rules – Device design (2)



Integrating logic functions inside a single molecule

R. Stadler, S. Ami, M. Forshaw and C. Joachim, Nanotechnology 15 (2004) S115





Graphical rules - anthraquinone configurations (1)



Graphical rules - anthraquinone configurations (2)



Graphical rules - anthraquinone configurations (3)

Graphical rules – benzene – ortho, meta,para

T. Markussen, R. Stadler and K. S. Thygesen, Nano Letters 10 (2010) 4260



Graphical rules – Cross-conjugated molecules
QI effects in cross-conjugated molecules have 
been investigated in a series of recent papers by 
Gemma Solomon, Mark Ratner and co-
workers.



Graphical rules – derivation within NEGF (1)



Graphical rules – derivation within NEGF (2)



R. Stadler, S. Ami, M. Forshaw and C. Joachim, Nanotechnology 15 (2004) S115

Graphical rules – topology and TB matrices (1)
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Graphical rules – topology and TB matrices (2)



Which side-groups can cause QIE? (1) 

D. J. Mowbray, G. Jones and K. S. Thygesen, JCP 128 (2008) 111103



Which side-groups can cause QIE? (2) 

R. Stadler, PRB 80 (2009) 125401

R. Stadler, K. S. Thygesen and K. W.Jacobsen, Nanotechnology 16 (2005) S155



Which side-groups can cause QIE? (3) 



Where is the minimum? (1) 



Where is the minimum? (2) 

T. Markussen, R. Stadler  and K. Thygesen
Phys. Chem. Chem. Phys. 13 (2011) 14311



Fano (1) 



Fano (2) 



Fano (3) 



Fano (4) 



Thermopower and figure of merit 



Explicit Fano 

function for the

transmission



Two site – tight

binding model 

From a simple TB model of two 
levels, where one is coupled to 
the leads and the other 
represents the side group 
analytical expressions for the 
minimum and two maxima in 
T(E) can be derived.



Molecular orbital analysis (1) 

TB-AO representation of C chains with sidegroup X at -0.5 eV (CH2)

              C9-X-5                             C9-X-4                            C8-X-4

       =|0.5| eV                   =|1.49| eV                     =|0.5| eV
            t= -1.07 eV                      t=-1.02 eV                        t=0.73 eV              
         

R. Stadler and T. Markussen, J. Chem. Phys. 135 (2011) 154109



Molecular orbital analysis (2) 

TB-AO rep. of C chains with sidegr. Y at -2.5eV (O) and 1.5eV (NO2)

              C9-Y-5                             C9-Z-5                            C8-Z-4

       =|0.91| eV                   =|1.5| eV                    =|0.5| eV
             t= 1.07 eV                      t=-1.07 eV                        t=0.73 eV               
        

R. Stadler and T. Markussen, J. Chem. Phys. 135 (2011) 154109



DFT-results (1) 

R. Stadler and T. Markussen, J. Chem. Phys. 135 (2011) 154109

Only the topologies from the 
TB molecular orbital analysis 
corresponding to neutral 
molecules were investigated 
with density functional theory 
based electron transport 
calculations, and not those 
corresponding to radicals or 
diradicals.

In all studied systems the 
peak shapes obtained from 
DFT are very close to those 
from TB calculations, which 
confirms that they are indeed 
completely defined by the 
topologies of p_z orbitals.  



DFT-results (2) 

R. Stadler and T. Markussen, J. Chem. Phys. 135 (2011) 154109

Also the DFT results show the same dependency on   and t as the TB 
models, which is sufficient to explain the trends in ZTel and even in ZT, 
where a constant value of the thermal conductance (50 pW/K) has been 
assumed to account for the phonon contributions. 



       Conclusions
1) Quantum interference effects (QIE) can induce dips in the transmission 
function, thereby reducing the conductance by several orders of magnitude,
for conjugated organic molecules with side groups. The dependency of the 
occurrence of QIE on the molecular structure (configuration) can be  already 
studied and understood on the level of topological tight binding models, 
where simple graphical rules can be derived. 

2) The structure dependence of the peak shape of such QI induced dips is 
highly relevant for some applications such as thermoelectric devices and 
there is some resemblance with so-called Fano peaks.

3)  I presented a study of the dependence of the peak shape on two parameters
in 2-site tight-binding models with the aim of mapping the structural
properties of molecular wires with sidegroups onto this models. This should
provide a route towards investigating the structure dependence of the peak 
shapes systematically, and enable the chemical engineering of this property.   

Thank you for your attention!
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