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Remarkably, the numbering of modes within each group is 
consistent, in view that CTSe has three times more modes 
than CZTSe; thus, the throughout numbers of modes in the 
middle group are 10–13 in CZTSe and 30–39 in CTSe. A 
detailed analysis group by group and snapshots of 
characteristic modes can be found in Ref. [3]. In a nutshell, 
the modes within the softest group are zone-boundary 
acoustic branches, folded onto zone center of CTSe due to a 
large unit cell size; the middle group hosts optical modes 
predominantly stemming from bond bending, and the upper 
group contains bond-stretching modes. Some modes of 
CTSe are pronouncedly related to specific structure patterns, 
in that they “live” on continuous SnSe stripes (planar zigzag 
chains) or on CuSe chains, both being absent in CZTSe. 
Certain modes are “twinned”, i.e., a given vibration pattern 
occurs either in phase, or in counter-phase (but at almost 
equal frequency) between two identical fragments traversing 
the same unit cell. For comparison, in CZTSe kesterite the 
degeneracy of modes occurs exclusively due to x $ y 
equivalence in the tetragonal structure. Moreover, all cation 
chains in the kesterite structure are “broken” (i.e., all cations 
intervene in them in alternation), and no “pure” continuous 
chains involving only a certain cation occur. One can 
conclude that the existing difference in vibration spectra are 
much more due to topological differences (connectivity on 
the cation sublattice) than to chemical aspect (presence or 
absence of Zn in the formula).
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