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Many-body Hamiltonian Spin-crossover and transport theory 

• Population inversion 
 

• Topographical  and 
spectroscopic anomalies  
 

• Current induced control of 
the molecular spin 

• Transport gap  > 2x Optical gap 
• Work function close to  
• Moderate internal relaxation rate 
• Strong asymmetry between substrate and tip 

tunnelling rates 
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The single particle Hamiltonian is constructed following LCAO schemes  
of  Harrison [1] and Slater-Koster [2].    

We restrict ourself to the Fock space spanned by:     
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Frozen Dynamical Empty 
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The many body Hamiltonian for the molecule reads: 

is a free parameter accounting for the crystal field 

are  ALL Coulomb integrals among dynamical orbitals  

Many-body spectrum B. Siegert, A. Donarini, and M. Grifoni, arXiv:1508.04647 

Low energy many-body states 

The Coulomb integrals are calculated with the relative 
dielectric constant                     .  The atomic orbitals are 
of Slater type with screening charges taken from [3]. 

The molecular orbitals are eigenstates of the C4 rotation 

It follows that  

where one should consider 
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The full system is characterized by the Hamiltonian     

Work function 
modulation  

The system Hamiltonian is renormalized due to image 
charge effects. 

The leads are reservoirs of non interacting particles. 

The tunnelling amplitudes          encode for the geometry 
of the junction and are obtained analogously to [4]. 

The dynamics is calculated via a generalized master 
equation for the reduced density matrix    

Coherent  
dynamics 

Effective internal 
dynamics 

Tunnelling 
dynamics 

Phenomenological 
relaxation  
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Spectroscopic fingerprints 

The stationary current and the molecular spin depend on the bias and the tip position 

defines the stationary reduced density matrix. 
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For the role of Spin-orbit  
coupling in CuPc junctions   

Beilstein J. Nanotechnol., 
 6, 2452 (2015) 
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Standard 

A wide class of anomalous junctions 

Transport gap 
Optical gap 
Electroch. potentials 

Anomalous 

Population inversion 

Standard Anomalous 


