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Introduction
Extraordinary progress has been achieved in polymer-based thermoelectric materials in recent years. Notably, π-conjugated transition-metal coordination polymers are emerging as one of the best n-type polymer-based thermoelectric materials. However, the mechanism of action still remains unclear, hampering efforts in creating a straightforward design strategy to search for new polymer-based thermoelectric materials. In this talk, I will introduce our recent theoretical works on the prediction of thermoelectric property for coordination materials, based on first-principle calculations, the Boltzmann transport theory and deformation potential theory. 
Theoretical methods
We used Boltzmann transport theory to calculate the TE properties and modelled the electron–phonon scattering processes based on density functional perturbation theory (DFPT) combined with Wannier function–based interpolation by using the Quantum ESPRESSO package and electron–phonon coupling using Wannier function (EPW) code.

Results and discussion
We studied 40 π-conjugated d8 metal center coordination polymers, including single chain, 2D and 3D structures. We uncovered the intrinsic relationship between molecular geometries and electric structures.  At the same time, we discovered explicit screening rules for high-performance in p-type and n-type π-conjugated coordination polymeric thermoelectric materials. For example, the smaller center metallic d-orbital component ratio in the conduction band minimum, the weaker electron−phonon coupling, the higher intrinsic mobility, and hence higher thermoelectric power factor. Furthermore, thermoelectric power factors were found to be governed by the frontier molecular orbital alignment between the square planar metal-tetrasulfide fragment and p-conjugated ligands. Specifically, a better frontier molecular orbital alignment results in a weaker electron–phonon coupling. 

Conclusion
In conclusion, we have demonstrated for the first time the intrinsically metallic behavior can be realized in doping-free linear-backbone poly(Ni-C2S4), poly(Ni-C2Se4), poly(Pd-C2S4) and poly(Pt-C2S4). The reason behind is the formation of dense intermolecular S−S/Se-Se attractive interaction networks, which strengthen the intermolecular forces. Moreover, we found these four polymers possess moderate carrier concentrations and decent conductivities. Poly(Ni-C2S4), poly(Ni-C2Se4) and poly(Pd-C2S4) exhibit intrinsically prominent power factors (∼103 μW m−1 K−2), which are comparable with those of the currently state-of-the-art doped TE polymers. We anticipate this work would spark new routes to design intrinsically electrically conducting polymers for TE applications.
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