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Figure S1: Chemical potentials of Mg and O co-doped TasNs system under N-rich region.
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Figure S2: Chemical potentials of Sc and O co-doped TasNs system under N-rich region.
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Figure S3: Chemical potentials of Ti and O co-doped TasNs system under N-rich region.
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Figure S4: Chemical potentials of Zr and O co-doped TasNs system under N-rich region.
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Figure S5: Chemical potentials of Hf and O co-doped TasNs system under N-rich region.
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Figure S6: (P)DOS of (a) TaaNs-qu, (b) TaaNs-Vf\i‘, (C) Ta3N5-0N, (d) Ta3N5-MgTa-30N, (E) Ta3N5-ScTa-20N,
(f) TasNs-Tira-On, (g) TasNs-Zrra-On, and (h) TasNs-Hfr,-On. The vertical gray line is the Fermi energy
(eV) and the dashed black line is the total DOS.
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Figure S7: Partial electron densities of (a) TasNs-Vy, (b) TasNs-Vy', (c) TasNs-On, (d) TasNs-Mgra-30n, (e)
Ta3N5—ScTa-20N, (f) Ta3N5-TiTa-ON, (g) Ta3N5-ZrTa—ON, and (h) Ta3N5—HfTa-ON.
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Figure S8: Time evolution of the VBM, CBM and the defect state of (a) TasNs-Vy, (b) TasNs-Vy, (c)
Ta3N5-ON, (d) Ta3N5-MgTa-3ON, (E) Ta3N5-ScTa-20N, and (f) Ta3N5—TiTa-ON, (g) Ta3N5-ZrTa-ON, and (h)
TasNs-Hfra-On. The green lines are the energies of the defect level.



(a) Ta3N5-V;‘ (e) TaszNs-Scra-20y

(f) TazNs-Tita-On

1.0 4 (c) TazNs-Oy (9) TasNs-Zrra-Oy

Populations

1.0 4 (d) TasNs-Mgra-30y (h) TasNs-Hfr,-On

Time (ns)

Figure S9: Time-dependent state population evolutions of (a) TasNs-Vy, (b) TasNs-Vy', (c) TasNs-O, (d)
Ta3N5—MgTa—3ON, (e) Ta3N5—ScTa—20N, (f) Ta3N5-TiTa—ON, (g) Ta3N5-ZrTa-ON, and (h) Ta3N5—HfTa—ON. The blue
lines are VBM populations, while the orange lines and green lines are those of CBM and defect state,
respectively.
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Figure S10: FT spectra of autocorrelation functions of the time evolution at 300K of (a) TasNs-Vy;, (b)
TasNs-Vy, (c) TasNs-On, (d) TasNs-Mgra-30n, (e) TasNs-Scra-20w, (f) TasNs-Tira-Ow, (g) TasNs-Zrra-Ow, and
(h) Ta3N5—HfTa—ON.
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Figure S11: Light absorption coefficients of TazNs, TasNs-Vy, TasNs-Vy, TazNs-Mgra-Vy, and TazNs-Tir,-
Oy systems.



Table S1: e-h recombination time, NACs, dephasing time, and Bader charges of Ta atoms in Figure
1(c) of TasNs with doping metal and oxygen atoms. The transition state is CBM to VBM.

e-h Dephasing Bader Bader Bader
recombination | NACs (meV) time (fs) charge of charge of charge of
time (ns) Ta! Ta? Ta?
TazNs-Vy 1.75 1.22 11.33 2.14 2.10 2.34
TasNs-Vy' 3.07 0.84 10.5 2.42 2.37 2.40
TazN5-On 2.62 1.34 17.35 2.46 2.46 2.48
TasNs- 2.78 1.35 12.51 2.46 2.47 2.49
MgTa-3ON
TasNs- 2.41 1.33 13.09 2.47 2.48 2.49
SCTa-ZON
TasNs- 2.46 1.35 16.78 2.47 2.47 2.48
Tita-On
TasNs- 2.33 1.39 15.96 2.46 2.47 2.49
era-ON
TasNs- 2.33 1.36 14.02 2.46 2.47 2.49

I'tha'ON




Table S2: Bader charges of N atoms in Figure 1(c) and NACs of TasNs systems with doping metal and N
vacancies (different charge states). The first transition state with superscript 1 is between VBM and
the defect state, and superscript 2 is between the defect state and CBM. The superscripts of N are
consistent with the labels in Figure 1.

Bader charge Bader charge Bader charge | Bader charge of
of N? of N2 of N3 N*

TasNs 1.40 1.40 1.53 1.55
TasNs-Vy 1.45 1.45 1.59 1.55
TazNs-Vy 1.46 1.44 1.59 1.56

TasNs-Mgr-V 1.48 1.48 1.56 1.55




