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A. Density of states (DOS) for TiCr  

 

Figure S1. Spin-polarized DOS for SrTiO3 40-atom supercell with a Cr substituted  Ti 

( TiCr ). The unfilled curve in each panel is the total DOS whereas the filled curve is the 

DOS projected to Cr d state using a sphere of radius of 1.164 Å. The DOS of supercell 

with a Cr defect is aligned with that of defect-free supercell using the position of Sr 4s 

state which is localized in the valence band. The top to the bottom panels are shown for 

(a) defect-free supercell, (b) TiCr , (c) 0
TiCr , and (d) 2

TiCr  , respectively. The Fermi level for 

each charge state is shown as a dashed vertical line. 
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The in-gap states introduced by TiCr  and 0
TiCr  are only found in the majority spin 

channel, associating with the high-spin state of TiCr . The Cr d states split into lower-lying 

2gt -derived states ( 2gt ) and higher-lying ge -derived states ( ge ) by the octahedral crystal 

field. In neutral charge state, the 2gt  states are occupied by two electrons and 

subsequently split into an empty state in the upper part in the gap (Figure S1(c)) and the 

two occupied states resonant in the valence band.  In 1 charge state, an additional 

electron is added to the empty state, resulting in three-fold degenerate fully occupied 2gt  

states located above the VBM (Figure S1(b)).  Therefore, the three electrons can be 

removed from these states when the Fermi level lies near the VBM, resulting in 2
TiCr   with 

the empty 2gt  states located in the lower part of the gap (Figure S1(d)). 
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B. Interstitial Chromium ( Cri ) 

 

Figure S2. The relaxed local atomic structure for the Cri . 

Based on calculated formation energy we find that Cr atom prefers to occupy the 

interstitial site located between the Sr-Sr neighboring atoms ( Cri ) (see Figure S2) rather 

than between the Sr-Ti neighboring. Cri  is found to occur in 4+, 2+, 1+ and neutral 

charge state with the transition levels (4 /2 )   = 0.56 eV, (2 /1 )   = 2.78 eV, and 

(2 /1 )    = 2.96 eV. Hence, Cri  is a donor defect which can also predominate in a p-

type condition under the chemical potential either O-poor or Cr/Sr  (Figure 3(a) and 

3(b)). The importance of Cri  lies in the fact that it becomes a compensating defect for 

TiCr  when O vacancies ( OV ) fail acting as a good donor for some reason. In such a case, 

charge balance occurs between 2Cri
  and TiCr , which results in the formation of 2Cri

 as 
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well as TiCr  in the same order of concentration. We found that 2Cri
  gives rise to occupied 

2gt  states comparable to those in TiCr  and photoabsorption properties of these two defects 

are expected to be qualitatively similar. In fact, our calculated migration barrier for 2Cri
  

is about 1.7 eV, which is more than twice of that of neutral OV  reported in ref. S1. Thus, 

Cri  is less mobile than OV , indicating Cri  can be a better donor in relatively higher 

temperature.  
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C. Transition initiated at 0
TiCr  

 

Figure S3. Configuration coordinate diagram for illustrating 0
Ti TiCr Crh h      

transition. The formation energy corresponds to the O-poor condition and to F  at the 

VBM.  

The transition occurs through the absorption of a photon by 0
TiCr , converting to 

TiCr  with a hole in the VB. The absorption energy, derived from 

0
Ti Ti(Cr ;Cr )fE   0 0

Ti Ti(Cr ;Cr )fE , was found to be 1.93 eV which is in the visible region. 

The emission energy of 0.93 eV is derived from Ti Ti(Cr ;Cr )fE    0
Ti Ti(Cr ;Cr )fE  = 0.93 eV. 
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