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Abstract. Molecular magnets are systems of great technological appeal for a broad range of applications. In the first part of my talk I discuss the magnetic properties of two ring-shaped molecular 
magnets with eight transition metal atoms: Cr8 and V8, as obtained from ab initio Hubbard-corrected DFT calculations. Our results highlight a significant difference between the two systems, with V’s 
partially occupied 3d states amplifying the effects of curvature on the magnetic properties through anisotropies and Dzyaloshinskii-Moriya chiral couplings. The second half of the work focuses on the 
relationship between structural chirality and its effects on electronic and transport properties. Fully relativistic ab initio calculations were able to reveal an interesting interplay between structural and 
electrons’ chirality and, in particular, the possible occurrence of spin-polarised currents. This fundamental connection could contribute to explain the origin of Dzyaloshinskii-Moriya couplings and also 
the chirality-induced spin selectivity these systems exhibit in transport phenomena.

Systems

M8

Real system Computational model

8 - transition-metal centers molecular rings

M = Cr or V (with octahedral coordination 

of O and F)

Spin localized on TM; inter site magnetic 

interactions through O and F bridges

Susceptibilities

Calculations and resultsGeneral Discussion

• Spin-orbit coupling seems unable to induce the spin-momentum locking of chirality-induced 
spin selectivity (CISS) and to be unrelated to “exotic” magnetic couplings as DM


• Other degrees of freedom probably have to be explicitly included in energy functionals. What 
about currents and spin-currents?
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𝜇𝜗𝜓𝜗(𝑥)• Density of electron chirality: where

Calculations were performed using the Dirac24 code, that bases DFT on the Dirac equation
• Full account of single-electron spin-orbit coupling

Calculations and results

Eclipsed

ethane:


achiral

Eclipsed 

trichloroethane:


achiral

Molecules with tunable structural chirality: CH3-CH3 (ethane) and CH3-CCl3 (trichloroethane)

Chiral triphenil (under torsion)

Are structural and electronic chirality related?

The electronic chirality is sensitive to external electric fields in presence of dipoles. 

Chirality density         isosurfaces:
Torsioned trichloroethane: chiral

Response to an electric field along the chiral axis Orbital-resolved total chirality

Non-equilibrium 
conditions 
probably crucial to 
enhance chirality

More details and results in Ref (3)

Effective couplings: from comparing DFT total energies

DFT+U(+V) calculations from Quantum-ESPRESSO (1)

Spin configurations

Cylindrical coordinates 

actually used for spins

Computational strategy

Spin model Hamiltonian:

Exchange couplings

Example (nn exchange):

Both collinear and non-collinear spin configurations considered

Based on interfacing DFT calculations with spin Hamiltonians

Hubbard parameters from a 

chain model of the systemsHubbard parameters:

Without the Hubbard correction delocalisation of 3d electrons results in a rough over-estimation 
of J. The problem gets fixed when using DFT+U(+V)

Magnetic couplings Spin-collinear calculations: Exchange parameters

Spin non-collinear spin calculations (cylindrical coordinates)

While Cr8 has a AFM ground state, V8 shows consistently FM interactions with large couplings 
between second nearest neighbour spins

Exchange couplings (n.n.) n.n.n. (and beyond)

Biquadratic couplings

DFT energy fit upon rotating single spins around its reference orientation

Dzyaloshinskii-Moriya couplings

DM are obtained from comparing helical and 

non helical configurations

DM interactions (dz) are expected from rewriting couplings 

in cylindrical coordinates . However V8 exhibits higher 

values than expected from geometrical reasons.

Exact diagonalization of the quantistic Hamiltonian

Susceptibilities as thermal averages:

• Biquadratic couplings seem crucial to recover the susceptibility of Cr8 measured in 
experiments

• DFT+U+V is needed to achieve numerical accuracy 
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