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Abstract 
Low-dimensional structures play a critical role in the properties of thermoelectric 

materials, yet the atomic-level mechanisms remain poorly understood. Here, we 

employ ultrafast electron diffraction with both high temporal and spatial resolution to 

probe local Ag+ structures in the superionic conductor AgCrSe2 and elucidate the 

complete diffusion process. Our findings indicate that the process originates from 

localized Ag+ vibrations, followed by the formation of Ag+ trimer structures through a 

rapid contraction of the Ag+-Ag+ bond from ~3.68 Å to ~3 Å over 1.97 picoseconds. 

Molecular dynamics simulations further demonstrate that these contracted local 

structures promote fast ion diffusion by opening up excess free volume and reducing 

local energy barriers. In the chain-like thermoelectric material InTe, a combination of 

selected area electron diffraction (SAED), scanning transmission electron microscopy 

(STEM), integrated differential phase contrast (iDPC) and theoretical calculations 

reveals spiral density waves of In1+ disorder chains, and a significant density of 



vacancies at the In+ sites along with indium interstitials. Variations in the concentration 

of In+ interstitials trigger a transition from trivial conductivity to charge-density wave-

like electrical conductivity at low temperatures. These findings provide new insights 

into the atomic-level mechanisms that govern ion diffusion and lattice thermal 

conductivity, offering pathways for the design of next-generation thermoelectric and 

superionic materials. 
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