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Computational details

The spin-polarized density functional theory (DFT) with the plane wave (PW) approach was
applied to optimize all bulk and slab structures using the Perdew-Burke-Ernzerhof (PBE)!
exchange-correlation formalism, as implemented in VASP software.>> The projector-
augmented wave (PAW)® approach was adopted for core electrons description. The wave
functions were expanded with a sufficient kinetic energy cutoff (400 eV). Benchmark tests
using 500 eV energy cutoff revealed a good convergence of the bond lengths and lattice
parameters from 400 eV. A suitable Monkhorst-Pack k-points mesh’ was applied for each
structure to carry out the reciprocal space numerical integrations to sample the Brillouin zone.
The valence electrons used in the computations are 2s?2p? for N, 2s?2p* for O, and 5d36s? for
Ta. The slabs were optimized by maintaining constant the lattice vectors obtained from the
bulk material. The ground-state atomic geometries were acquired by reducing the Hellmann-
Feynmann forces on each species (near 0.01 eV.A-!) and the electronic tolerance at each ionic
step for each supercell (below 10¢ eV). As the replacement of N by O leaves one extra
electron, different spin states were examined for each stoichiometry in the case of partial O-
enriched Ta;Njs to find the most favorable configuration.

Thermal contributions of N, and O, as a function of temperature were computed using

DMol program® with PBE and DNP basis set.” Their electronic energy together with those of

solids were computed using VASP. 24" and A1° were fixed at PNZ = P02 =1 atm and T = 1200
K (typical annealing temperature used experimentally for this material).

From the computed density of states (DOS) using HSE06'%!! with VASP on the PBE-based
relaxed geometries, the electronic band gap was obtained. To reach the convergence needed
for the band gaps, an increased energy cutoff until 500 eV was chosen.

As the bulk calculation does not possess an absolute reference for the electrostatic

potential, the band positions can be done by modeling a material-vacuum system, where the
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electronic band structure is aligned to an energy scale reference.!>1® Based on the optimal
thickness, a first slab calculation is needed to be performed for obtaining the band edge
energies. A second slab calculation is required for obtaining the vacuum energy from the
electrostatic potential profile along the vacuum direction. The relative band positions to
vacuum were then deduced from the subtraction between the energies of slab band edges and
the absolute vacuum energy.

Using HSEO06-based computed electrostatic potential changes from bulk to surface with
VASP, the absolute vacuum energy was obtained. Dipole corrections in the perpendicular
direction to the surface were included to rectify possible errors that might occur from periodic
boundary conditions.!” More details about this scheme is reported in refs.!8-20

Charge carrier transport properties are weighted by the electron/hole effective masses.
Larger effective mass results in lower mobility and lower effective mass results in a higher
mobility. As demonstrated in experiments,?'->3 the effective masses are required to be smaller
than the free mass of electron to expect good charge carrier transport properties. Having
useful information about any possible anisotropic nature of carriers present in the crystal
lattice of the material can be obtained by the effective masses along different crystalline
directions.

In the framework of the finite difference method,?* the effective mass tensors for electrons

(me/mo)y and for holes (Mr/M)y were acquired from the HSEO06-based k-space band

structure. More details about this protocol is reported in refs.?!:23-27
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Fig. S1 Benchmark convergence tests on the band gap value (left) and the Fermi level
position (right) of the (110)-, (100)-, (010)-, and (001)-oriented pure Ta;Ns slabs as a function
of the crystal thickness obtained using the DFT/PBE method.
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Fig. S2 Electronic structure of bulk TasNs crystal obtained using the DFT/HSE06 method.
Total DOS in black, partial DOS in light gray for Ti, in red for O, in dark gray for Ta, and in
blue for N.

S4



+4.8 kJ/mol +2.9 kJ/mol +6.7 kdJ/mol +2.8 kJ/mol

Fig. S3 Metastable slab atomic structures together with their relative electronic energy to the
most stable ones (in kJ/mol) for the four possible distinctive low-index (110), (100), (010),
and (001) partial O-enriched Ta;Ns surfaces obtained using the DFT/PBE method. Ta in dark
gray, O in red, N in blue. The coordination numbers of surface and bulk O species are
highlighted in each structure.
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