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Figure S1 The optimized atomic structure of (a) bulk (b) Ti}™ (c) V3 (d) O;4» and (e) V;; defect.
The large gray spheres are Ti atoms and the small red spheres are the O atoms. Relaxation
around neighboring defect atoms are indicated by the arrows.



In Equation 3, the thermodynamic transition levels which the formation energy of the

two charge states are equal can be derived as following equation:

Ef(Dq) - Et()t (Dq) - Et()t (TIOZ) — il + Q(SF +EV)

Ef(DY) = E1r (D) — E;r (TiO2) — nipli + q'(€F +Ey).

The formation energy of the two charge states are equal;

Ef(DY) ~ Ef(DY) =0

Then,
Ef(DV;ep =0) —Ef(DY;er =0)+(q—q)er =0
Finally,
. Ef(D%;er =0)—Ef(DT;ep =0)
e(q/q) =1 — :
q—q
where

E¢(DT;ep = 0) = E;or (DY) — E;or (TiOy) — mpt; + qEy
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