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Competing 6R- and 4Hb-polytype formation in post-annealed TaS2
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Transition metal dichalcogenides (TMDs), with their layered van der Waals structures, offer a
rich playground for studying how differences in local coordination (polymorphism) and stack-
ing sequence (polytypism) influence emergent quantum phenomena. Both polytypes, 4Hb-
TaS2 as well as 6R-TaS2, display the coexistence of competing quantum states, i.e., supercon-
ductivity and charge density waves (CDWs) [1]. Despite the subtle structural difference, only
4Hb-TaS2, however, has been found to display signatures of time-reversal symmetry breaking,
suggesting chiral superconductivity [2]. Consequently, crystal defects and stacking disorder
suspected in naturally grown bulk crystals can have considerable influence on the electronic
structure of these phases.

In this work, we investigate the formation of 4Hb-TaS2 and 6R-TaS2 by post-annealing of 1T-
TaS2 crystals. In the narrow temperature range where 1T transforms into 2H-TaS2, both 4Hb-
and 6R-TaS2 can form, revealing a competition of the two polytypes and causing inherent
structural disorder. Here, we evaluate the synthesis control by means of heating-rates, anneal-
ing temperatures and durations by following the phase transitions in (powder) X-ray diffrac-
tion experiments. Furthermore, modelling diffraction profiles to match the observed diffuse
scattering provides a crucial tool to quantify disorder in crystal structure elucidation.
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