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Electronic density of states and averaged electrostatic potential
calculated using the DFT-HSEQ06 method for TaON and pure Ta;Ns
slab models
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Figure S1. Electronic density of states (DOS) calculated using the DFT-HSE06 method for
the two slab models reported in Figure 1: (a) TaON and (b) pure Ta;Ns. The band gaps of the
bulk materials were well reproduced. Color legend: total DOS, black; projected DOS on sub-
surface Ta, blue; on sub-surface O, green; on sub-surface N, red. The values near the black
dashed horizontal lines indicate E;s” and E}s" .
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Figure S2. Schematic representation of (2¢ x 1b) slab model oriented along the z-direction
(top) and the corresponding profile of the electrostatic potential averaged over planes parallel
to the surface (bottom), calculated using the DFT-HSE06 method for (a) TaON and (b) pure

Ta;N;s. The values in red indicate £, . .



Scanning electron micrographs and X-ray diffraction patterns for the

prepared Ta,Os, TaON and Ta;Ns samples
Ta,O; TaON TazN;

Figure S3. SEM images for prepared Ta,Os, TaON and Taz;Ns samples.
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Figure S4. XRD patterns for prepared Ta,0s, TaON, and Ta;Ns samples
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DFT-optimized metastable structures and relative energies (in
brackets) obtained using the DFT-PBE method for TaOg 99N, 0¢_and
Ta, 91 N4 5300 .4; materials
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Figure S5. DFT-optimized metastable structures and relative energies (in brackets) obtained
USil'lg the DFT-PBE method for TaOO.90N1.06 and T32.91N4.5800.41.

DFT-optimized lowest-energy and metastable structures together with
the relative energies (in brackets) and lattice parameters obtained
using the DFT-PBE method for Ta;Ny 30,5 material

For Ta3N48300,5 obtained by replacing two N atoms with two O atoms and by inserting one
additional O atom into the 96-atom orthorhombic Ta;Ns supercell, the structure is particularly
stable when the three O atoms are gathered between two Ta atoms, forming two TaO;Ny
polyhedra, one TaO,Ns polyhedron and one TaON;s octahedron (see structure (a) below). The
lattice parameters obtained for this structure are also very similar to the lattice parameters of
pure Ta;Ns, except for a slight decrease in the angle a, by 0.32° (see the Table below). In this
structure, the interstitial O atom is located 2.22 and 2.73 A from the two other substitutional O
atoms, occupying two three-coordinated N atoms bridging between two Ta atoms. The most
stable spin configuration is a singlet state, leading formally to three O defects replacing two
N3- species. Another structural configuration with two O atoms substituting for two four-

coordinated N atoms separated by 4.55 A and one interstitial O atom located at 2.34 A from



each one was found to be 1.37 eV higher than the lowest-energy structure (see structure (b)

below).
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Figure S6. DFT-optimized lowest-energy and metastable structures together with the relative
energies (in brackets) and lattice parameters obtained using the DFT-PBE method for

TaszN4 8300 .25.

Electronic density of states calculated using the DFT-PBE method for
bulk TaON and pure Ta;Ns materials
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Figure S7. Electronic density of states (DOS) calculated using the DFT-PBE method for (a)
TaON and (b) pure Ta;Ns. Color legend: total DOS, black; projected DOS on Ta, blue; on O,
green; on N, red. The black dashed horizontal lines indicate the top part of the valence bands.



Electronic density of states and UV-Vis optical absorption spectrum
calculated using the DFT (DFPT)-HSE06 methods for bulk
Ta;N4 430005 material
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Figure S8. Electronic density of states (DOS) and UV-Vis optical absorption spectra
calculated using HSE06 for Ta;N,443005. Color legend: total DOS, black; projected DOS on
Ta, blue; on O, green; on N, red. The black dashed horizontal lines indicate the top part of the
valence bands.



Cyclic voltammograms and Mott-Schottky plots for the prepared
TaON and Ta;Ns samples

(a) 0.2 (b)
(9]
(=
@
0.0040 - r0.0 5 0.007
Q
0.0035 - ] 0.006 |
0.0030 02 &
Rl N < 0.005
0.0025 : 3
> 0.004 4
€ 0,0020 g <
e . 'S5 0.003
= 0.0015 - =
O 0.002
S 0.0010 4 =
0.0005 - 0.001
0.0000 0.000 +
-0.0005 . . . , ‘ ; -0.001 ; . ; - ; .
.08 04 00 04 08 12 16 20 08 04 00 04 08 12 16 20
Potential (V vs. RHE) Potential (V vs RHE)

Figure S9. Cyclic voltammetry and Mott-Schottky plots for (a) TaON and (b) Ta;Ns (1 M
NaOH aq., 50 mV s, 298 K).

Band edge positions predicted by the DFT-HSE06 method for
Ta;N4¢300,5 material

For TazN,4 530025, both the valence and conduction band edge positions are shifted upward by
0.1 eV as compared with pure TazN;s (i.e., 0.4 eV and 1.4 eV above the O,/H,O and H"/H,

levels, respectively); therefore, its ability to oxidize water is even worse.
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Figure S10. Valence and conduction band edge positions predicted by the DFT-HSE06
method for Ta;N, 5300 ,5. The values are given with respect to vacuum level (in eV).
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