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The half-Heusler ZrNiSn and HfNiSn have the cubic MgAgAs-type structure and space

group of F 4̄3m. The unit cell is crystallized as four interpenetrating face-centered cubic

(FCC) sublattices. Optimized lattice constants of ZrNiSn and HfNiSn are ∼ 6.141 Å and

6.113 Å, respectively, which agree well with the experimental values (∼ 6.110 Å and 6.066

Å).[1]

We calculated the band structures of ZrNiSn and HfNiSn using the first-principles

method with the modified Becke-Johnson semi-local exchange potential as implement in

the WIEN2k. The calculated band structures of half-Heusler ZrNiSn and HfNiSn are shown

in Fig. 1. The band gaps are 0.51 eV for ZrNiSn and 0.32 eV for HfNiSn, which are in

good agreement with previous theoretical calculations values.[2] The calculated band gaps

are larger than those experimental values (∼ 0.18 eV and 0.22 eV, respectively).[3] This

is mainly caused by the formation of impurity band in the gap of synthesized compounds,

due to the appearance of Ni interstitial atoms with its d orbitals when Ni atoms excess

(>25%).[4] The band degeneracy of ZrNiSn is six at the Γ point of the top of valence band

(VB). While, different from ZrNiSn, the bands of HfNiSn at the top of split due to spin-

orbital coupling effect. However, Zou et al. [2] reported that the bands at the top of VB

are degenerated, because they did not consider spin-orbital couping effect. Thus, we include

spin-orbital coupling effect in our calculations for these compounds.
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FIG. 1: The band structures with spin-orbital coupling of half-Heusler ZrNiSn and HfNiSn with

the space group of F 4̄3m. The Fermi level is set to be zero.
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