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Hybrid halide perovskites have made a quite spectacular appearance in the field of photovoltaics, not only because device efficiency has 
shot over 25 % within 10 years of their development [1], but also because of their specific behaviour that is yet to be fully understood. 
In structural terms, these materials compare to the oxide perovskites ABO3 in many respects [2] but also hold some features that are 
rather distinct and largely related to the molecular cation occupying the A-cation site. [3] 

Therefore, a structural categorisation of these materials is greatly beneficial to understand the underlying principles of structure and 
property relationships. At the core of this work, we will present a fairly comprehensive group-subgroup relationship applied to halide 
perovskites and double perovskites deriving from the cubic perovskite aristotype in the form of a Bärnighausen tree [3] This is seconded 
with a discussion of the different distortion modes applying to halide perovskites: atom shifts, octahedral tilting and A-cation orientation, 
with the latter being a distinct mechanism in hybrid halide perovskites. Furthermore, we will elucidate the implications for the properties 
and phase transitions given the specific space group settings of the different crystal structures. 

Figure 1. Group-subgroup relationship between the perovskite aristotype and the tetragonal room temperature space group of MAPbI3

along with the schematic change of unit cell edges between Pm3̅m (blue), I4cm (gold) and its non-standard setting F4mc (green). [4] 
 

We will highlight why the consideration of group-subgroup relationships in halide perovskites materials is not only of structural-
systematic interest, but allows direct assumptions on the device performance of perovskite solar cells. For this, we will uncover some 
of the physical implications of the structural relationships as they arise from the group-subgroup relationships – for instance twinning 
in the tetragonal phase of MAPbI3 [4] and a potential crystallographic explanation for the possibility of ferroelectricity in MAPbI3 [5]. 
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