
anXZnŠ zincblende sublattice, stuffed with electropositiveYn+. The
Yn+ acts as a highly localized donor, whose concentration at the sur-
face changes to maintain charge neutrality. The most electronegative
Z atoms tend to dimerize to minimize the number of dangling bonds,
and the filling of these dangling bonds is subject to the local electron
count.

We first apply the framework to explain the surface behavior of
NiMnSb (001), the canonical half-metallic ferromagnet. In the bulk,
experiments confirm that NiMnSb is half-metallic with near 100%
measured spin polarization (26). However, at the surface and at inter-
faces with III-V semiconductors, the spin polarization is often more
than a factor of two smaller due to the presence of non–spin-polarized
surface and interface states (27), which severely limits the performance
of spin injection and magnetic tunnel junction–based devices. Experi-
mentally, the (001) surface forms a (2 × 1) reconstruction, as measured
by reflection high-energy electron diffraction (RHEED) during MBE
growth (11), but depending on the postgrowth annealing conditions,
the surface Mn concentration, reconstruction, and spin polarization
can vary markedly (12).

We explain the origins of Mn nonstoichiometry and non–spin-
polarized surface/interface states using our electron counting model. Here,
NiSb3Š forms the zincblende sublattice and the magnetic ion Mn3+

“stuff” at the octahedral sites. Therefore, the most electronegative
Sb is expected to dimerize, and charge neutrality drives the formation
of surface Mn vacancies. Application of the count suggests a stable
Sb-Sb–dimerized surface for Mn coverage ofnMn = 1/7 (half-filled
dangling bonds) ornMn = 2/7 (filled dangling bonds). The combination
of Mn vacancies and the existence of nearEF Sb dangling bond states

then lead to decreased surface spin polarization, as the magnetic mo-
ment is carried on Mn3+sites (28). Recent experiments have shown that,
by intentionally depositing an excess ML of Mn on the (001) surface of
the related full-Heusler Co2MnSi, the spin polarization increases to
nearly 90 % (29).

For the topological half-Heuslers PtLnV (Ln = lanthanide metal,
V = Sb or Bi), recent ARPES measurements confirm the existence of
topological surface states (4), whose novel spin momentum locking
is promising for applications in spintronics and quantum computing.
Yet, the (001) surface also exhibits trivial surface states near the Fermi
energy (4), which may act as parasitic conduction channels or even hy-
bridize with topological states (30). Applying the model to the topological
semimetal PtLnV (001), PtV3Š makes the zincblende sublattice and
Ln3+stuffs. We expect group V dimer stability fornLn = 1/3 (half-filled
dangling bonds) ornLn = 2/3 (filled dangling bonds). This is consistent
with the c(2 × 2) surface of PtLuSb, for which recent x-ray photo-
electron spectroscopy (XPS) measurements found evidence for Sb-Sb
dimers (31). The previously observed trivial surface states (4) are likely
of group V dangling bond origin but could be pushed significantly
belowEFvia control of the surfaceLnconcentration or surface electron
doping, for example, via alkali metal deposition.

For the thermoelectric semiconductor NiTiSn, RHEED and LEED
studies show that (001) surfaces exhibit a number of 2× reconstructions
as a function of anneal temperature and Ti stoichiometry (13, 32),
consistent with Sn-Sn dimerization. Here, NiSn4Š forms the zincblende
sublattice, and Ti4+ stuff. Applying the electron count, we find stable
surfaces with Sn-Sn dimerization fornTi = 1/2 (half-filled dangling
bonds) andnTi = 3/4 (filled dangling bonds). An interesting feature

Fig. 6. In-plane dispersions and metallic surface states for c(2 × 4)-terminated CoTiSb (001). kx||[Š110] andky||[110]. (A) Energy dispersion curves at fixed photon
energy of 100 eV. (B) Top: ARPES intensity map following the same dispersion as in (A). Bottom: MDC and EDC fitting of the ARPES dispersions (red dots) and com-
parison with DFT at constantkz = 4.96(2p/a) (black curves). Dashed black lines show the zone-folded DFT bands expected from surface Umklapp scattering. (C) Bulk and
slab (nTi = 3/8) DFT DOSs. (D) Fermi surface measured athn = 100 eV showing ac(2 × 4) periodicity, overlaid with a schematic Fermi surface. (E) EDC and MDC fitting of
the surface states at several photon energies demonstrating their two-dimensional dispersion.
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