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Abstract (300 word limit)
Theoretical results in the coherent regime are discussed considering in particular a reference simple model with one electronic level and one vibrational mode in order to provide the relevant orders of magnitude for the thermoelectric properties. Moreover, we analyze the effects of molecular many-body interactions, such as electron-vibration couplings, which typically tend to reduce the efficiency [1,2,3]. Indeed, the electron–vibration interaction can enhance both phonon and electron thermal conductance, and it can reduce not only the charge conductance, but also the thermopower. For prototype fullerene junctions, we focus on the results obtained within a non-equilibrium adiabatic approach which includes a strong Coulomb repulsion and applies to the self-consistent calculation of electron and phonon transport properties of massive molecules within the Coulomb blockade regime [3]. In particular, the effect of the strong electron–electron interactions provides a peculiar double-peak structure to the thermopower versus charge conductance curve. 
Within the regime of weak to intermediate electron–vibration and vibration–lead phonon coupling, the peak values of the thermoelectric figure of merit are slightly less than unity, and the maximal efficiency of the junction can reach values slightly less than half of the Carnot limit for large temperature differences between the leads. Since a fine tuning of many parameters and coupling strengths is required to optimize the thermoelectric conversion in molecular junctions, new theoretically proposed set-ups are mentioned providing the new research directions in the field of molecular thermoelectricity [4].
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Figure 4. Sketch of a molecular junction. The black lines and
arrows depict the electron channel in the lead and the electronic
coupling between lead and molecule (indicated by ). The red

lines and arrows depict the phonon channel in the lead bulks and
the vibrational coupling between lead and molecule (indicated

by 7). The left lead and the right lead are kept at chemical
potential js, = s + eAV/2, temperature Ty = T+ AT/2and
chemical potential jup = ps — eAV/2, temperature T = T— AT/2,
respectively, with e modulus of the electron charge, AV bias
potential, 1 average chemical potential, T average temperature, The
feasible presence of the Gate as a third electrode is also drawn. The
electronic structure of the molecule is very simple since only HOMO
and LUMO are depicted. Only one molecular vibrational mode is
shown with a green wavy line (and indicated with the frequency

). The dashed line indicates the coupling (with strength ) between
electronic and vibrational degrees of freedom on the molecule.
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