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The main results: 

1. We have proposed a toy model to describe the magnetic coupling between the localized 

spins mediated by the itinerant electron in partially delocalized mixed-valence systems. The 

proposed descriptive model is exactly solvable that allowed us to qualitatively and quantitatively 

discuss the main features of whole class of the partially delocalized systems. In the case of 

relatively strong exchange coupling the combined action of these two interactions is shown to 

give rise to a specific kind of double exchange coupling termed here “external core” double 

exchange. In the opposite case of a relatively strong electron transfer the general Hamiltonian is 

shown to be reduced to the effective Hamiltonian of indirect exchange for the localized spins. 

We argue a possibility to efficiently control the magnetic coupling of the localized spins by an 

external electric field acting on the delocalized part of the system.  

2. We have developed a computational approach (including  a FORTRAN code) based on a 

to solve multidimensional dynamic Jahn-Teller and pseudo Jahn-Teller problems. This 

symmetry-assisted approach constituting a theoretical core of the program is based on the full 



exploration of the point symmetry of the electronic and vibrational states. We also reported some 

selected examples of increasing complexity aimed to display the theoretical background as well 

as the advantages and capabilities of the program to evaluate of the energy pattern, magnetic and 

optical properties of large multimode vibronic systems. 

3. In quest of the systems in which control of quantum entanglement can be achieved, here 

we consider the paramagnetic mixed-valence polyoxometalate K2Na6[GeV14O40]·10H2O. 

Applying a homogeneous electric field one can induce antiferromagnetic coupling between the 

two delocalized electronic spins which behave as independent in the absence of the field.  Based  

the developed  theoretical model we show that as a consequence, the external field can be used to 

generate controllable quantum entanglement between the two electronic spins travelling over 

vanadium network of mixed-valence polyoxoanion [GeV14O40]
8

. Within a simplified two-level 

picture of the electronic pair based on the previous ab initio analysis we evaluate the temperature 

and field dependences of concurrence and thus indicate that the entanglement can be controlled 

via temperature, magnitude and orientation of the electric field  with respect to molecular axes. 

4. We made a combined experimental characterization and theoretical modeling of the 

hexa-coordinated high-spin Co(II) complex cis-[Co(hfac)2(H2O)2]. The magnetic DC data and 

EPR spectra were analyzed  with the aid of the Griffith Hamiltonian supported by the ab initio 

calculations of the crystal field parameters, g-factors and superexchange parameters between H-

bonded Co(II) ions. This analysis suggests the presence of the easy axis of magnetic anisotropy 

and also shows the existence of a significant rhombic component. Frequency dependent  

susceptibility signal shows that the complex  exhibits slow paramagnetic relaxation in  applied 

DC field belonging thus to the class of non-uniaxial field induced single ion magnets with 

negative axial anisotropy. The main contributions to the relaxation come from the direct one-

phonon process dominating at low temperatures, while the contribution of  the two-phonon 

Raman process  becomes important with increasing temperature. 

5. We proposed  molecular implementation of  the quantum logic gate originally realized by  

the linear triple-quantum dot  array accommodating two electrons.  To reach this goal we  

propose to  employ the mixed-valence  triferrocenium complex. The interaction of the electrons 

with the applied electric field is also included in the Hamiltonian.  It is shown that due to long-

range superexchange between the two electronic spins   the ground state of trierrocenium 

complex is always a spin-singlet and the first excited level is a spin-triplet. The electric field is 



shown to increase the antiferromagnetic exchange coupling. Estimations of the efficiency of the 

electric field control of the exchange coupling and entanglement show that the  triferrocenium 

complex is emerging as potential candidate  to act as a gate in quantum computing. 

 

 

 

 
 

 


