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Effect of Strain on the Electronic Structure and Phonon Stability
of SrBaSn Half Heusler Alloy
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Abstract: This paper presents the strain effects on the structural, electronic and phonon properties of
a newly proposed SrBaSn half Heusler compound. Since it is stable considering chemical thermody-
namics, we tested its strength against uniform strain w.r.t phonon spectrum and it produces a direct
bandgap of 0.7 eV. The direct bandgap reduces to 0.19 eV at —12% strain beyond which the structure
is unstable. However, an indirect gap of 0.63 eV to 0.39 eV is observed in the range of +5% to +8%
strain and afterwards the strain application destabilizes the structure. From elastic parameters, the
ductile nature of this material is observed.
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1. Introduction

The search for technologically useful functional and physically interesting materials
has recently pushed plentiful suggestions of proposed materials with stimulating prop-
erties assured by first-principle calculations. In this regard, electronic structure theory
has been extended to propose novel compounds in presumed structural configurations,
in search of useful functional materials [1-3]. Zhang et al. within this domain reported
235 compounds to be thermodynamically and electronic structures of 18 additional materi-
als were investigated, seeking potential new material functionalities [4]. Half Heusler (HH)
compounds, since their discovery, have expanded to a database of several hundred due
to their phenomenal applications such as spin polarization [5-7], thermopower [3,8-14],
(anti-ferro/ferro/ferri) magnetism [15-17], superconductivity [18,19] and topological ef-
fects [2,19-21]. After shape memory and spintronics, half Heusler compounds are mainly
investigated or re-discovered for intriguing thermoelectric properties as some of these
materials display larger seebeck and electrical conductivity values [22]. A high ZT of
0.7-1.5 in MNiSn (M = Ti, Zr, Hf) has been reported [9]. Sakurada et al. from first-principle
calculations predicted a ZT of 2.68 for KBiBa. Similarly, FeNbSb-based materials always
present a ZT value greater than unity [12,23]. While investigating XIrSb (X = Ti, Zr, Hf)
alloys by density functional theory methods, figure of merit in p-type doping of XCoSb
(X =Ti, Zr, Hf) compounds premediated a ZT value of 1.0 at 1097 K [11,24]. TrIrSb is found
to display a maximum ZT = 0.95 at 800 K [8]. In our previous studies, we explored the ther-
moelectric and phonon properties of PdTaX (X = Al, Ga, In) materials from first-principle
calculations with smaller thermal conductivity values [25]. Among quaternary Heuslers,
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