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1. Bond length data for hole polaron structures h*(BiOg) and h*(0)

Table S1. The bond length data for hole polaron structures h*(BiOg) and h*(O) obtained
with HSE(0=0.25) and HSE(0=0.40). The data shown as “xxx vs yyy” refer to
corresponding (BiO8) and (O) ‘units’ in stoichiometric BVO.

Geometry de (A Difference in bond
h*(BiOg) vs (BiOg) B0 (A) length (&)
for 0=0.25 2.5167 vs 2.4875 +0.0292
2.5139 vs 2.4875 +0.0264
E =-996.3993 eV 2.3969 vs 2.4683 -0.0714
2.3964 vs 2.4683 -0.0719
2.3348 vs 2.3995 -0.0647
2.3335 vs 2.3995 -0.0660
2.3665 vs 2.3991 -0.0326
2.3648 vs 2.3991 -0.0343
for a=0.4 2.5955 vs 2.4875 +0.1080
2.5872 vs 2.4875 +0.0997
E=-1168.0874 eV 2.3432 vs 2.4683 -0.1251
2.3427 vs 2.4683 -0.1256
2.2855 vs 2.3995 -0.1140
2.2827 vs 2.3995 -0.1168
2.3207 vs 2.3991 -0.0748
2.3168 vs 2.3991 -0.0823
Geometry Difference in bond
h*(0) vs (0) dyio and dv.o (A) length (&)
for 0=0.25 2.7932 vs 2.4683 +0.3249
E =-996.2094 eV 2.7004 vs 2.3995 +0.3009
1.7614 vs 1.7829 -0.0215
for a=0.4 2.7365vs 2.4683 +0.2682
E=-1168.0872 eV 2.7000 vs 2.3995 +0.3005
1.8258 vs 1.7829 +0.0429
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2. Bader (spin up plus spin down) populations on h* polaron atoms

Table S2. Atomic (spin up plus spin down) population data; The populations are broken
down into atomic ‘sites’ for the BiO8 and O units of the h*(BiOg) and h*(O) polaron
structures respectively. In columns 2 and 4, we give the values of the Bader populations for

the hole polaron structure and the stoichiometric structure; columns 3 and 5 give the

difference between the hole polaron atomic populations and the stoichiometric populations.
There are nine entries for the BiOg unit of h"(BiOg) and two entries for the O unit of h*(O),
as two O sites show a charge population deviation from stoichiometric O, albeit the spin

population is large on only one site (see text).

fraction of .
. . A[h*(BiOs) -
exact h*(BiOg) / h(BiOg) h(BiOg)] h+(0) / h(0) A[h+(0) - h(0)]
exchange a
Bi(12.71); O(7.07x2,
0.950 7.06x2, 7.12x2, 7.13x2) 0(6.88x2)
/ Bi(0.12);0(0.44) / 0(0.54)
Bi(12.83); O(7.15x8) 0(7.15x2)
Bi(12.69); O(7.07x2,
0.275 7.06x2, 7.13x2, 7.14x2) Bi(0.13);0(0.48) 0(6.87x2)
/ / 0(0.58)
Bi(12.82); O(7.16x8) 0(7.16x2)
Bi(12.67); O(7.07x2,
0.300 7.06x2, 7.15x2, 7.14x2) 0(6.74,7.0)
/ Bi(0.14);0(0.52) / 0(0.60)
Bi(12.81); O(7.17x8) 0(7.17x2)
Bi(12.64); O(7.07x2,
0.350 7.08x2,7.16x2, 7.17x2) 0(6.72,7.04)
/ Bi(0.16);0(0.56) / 0(0.62)
Bi(12.80); O(7.19x8) 0(7.19x2)
Bi(12.60); O(7.08x2,
0.400 7.09%2, 7.18x2, 7.19x2) 0(6.70,6.98)
/ Bi(0.18);0(0.60) / 0(0.74)
Bi(12.78); O(7.21x8) 0(7.21x2)
Bi(12.57); O(7.09%2,
0.450 7.10x2, 7.19x2, 7.21x2) | _ 0(6.70,6.98)
Bi(0.20);0(0.66) 0(0.78)

/

/
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| Bi(12.77);0(7.23x8) | | 0(7.23x2) |

3. The piece-wise linearity of energies E(q) with respect to defect charge q

The piece-wise linearity deviation data for the DFT energy E(g) with respect to a defect charge
q=0.0 to 1.0 for 0=0.25 and 0.4 are shown in Figure 1S. The DFT energies are listed in the
tables 1S below. The computational details are in Section 2 and for DFT+U the details are in
Liu et al.'' None of the cases exhibit undesirable characteristics for either of the hole polaron
structures and values of a.

deviation from linearity: h-polaron
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Figure S1. The piece-wise linearity of DFT energies E(q) with respect to the point defect charge
g for h*(BiOg) structures and hybrid fractions a = 0.25 and 0.40 (curves denoted Bi 25 and Bi
40 respectively), and for h*(O 2p) structures and hybrid fractions a = 0.25 and 0.40 (curves
denoted O 25 and O 40 respectively) and for h*(O 2p) structure with DFT+U (Uggr = 9).
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Table S3. DFT data for the piece-wise linearity curves of Figures S1.

h+(BiO8) alpha=40%
linear actual diff
h-polaron 1.0 Y -1168.0874 0.0000 0.0000 0.0000
0.9 -1167.5540 0.5173 0.5334 0.0161
0.8 -1167.0214 1.0347 1.0660 0.0313
0.7 -1166.4908 1.5520 1.5967 0.0447
0.6 -1165.9624 2.0693 2.1250 0.0557
0.5 -1165.4365 2.5867 2.6509 0.0643
0.4 -1164.9130 3.1040 3.1744 0.0704
0.3 -1164.4009 3.6214 3.6865 0.0651
0.2 -1163.8925 4.1387 4.1950 0.0563
0.1 -1163.4026 4.6560 4.6848 0.0288
neutral 0.0 -1162.9141 5.1734 5.1734 0.0000
h+(0) alpha=40%
linear actual diff
h-polaron 1.0 * -1168.0872 0.0000 0.0000 0.0000
0.9 -1167.4884 0.5677 0.5988 0.0311
0.8 -1166.8940 1.1354 1.1932 0.0578
0.7 -1166.3056 1.7031 1.7816 0.0785
0.6 -1165.7237 2.2708 2.3635 0.0927
0.5 -1165.1487 2.8386 2.9385 0.0999
0.4 -1164.5811 3.4063 3.5061 0.0998
0.3 -1164.0214 3.9740 4.0658 0.0918
0.2 -1163.4732 4.5417 4.6140 0.0723
0.1 -1162.9361 5.1094 5.1510 0.0416
neutral 0.0 -1162.4101 5.6771 5.6771 0.0000

h+(BiO8) alpha=25%
linear actual diff
h-polaron 1.0 ) -996.3993 0.0000 0.0000 0.0000
0.9 -995.8951 0.5003 0.5042 0.0039
0.8 -995.3902 1.0006 1.0091 0.0085
0.7 -994.8855 1.5009 1.5138 0.0129
0.6 -994.3814 2.0012 2.0179 0.0167
0.5 -993.8780 2.5015 2.5213 0.0198
0.4 -993.3754 3.0018 3.0239 0.0221
0.3 -992.8736 3.5021 3.5256 0.0236
0.2 -992.3729 4.0024 4.0264 0.0240
0.1 -991.8787 4.5027 4.5206 0.0180
neutral 0.0 -991.3963 5.0030 5.0030 0.0000
h+(0) alpha=25%
linear actual diff
h-polaron 1.0 " -996.2094 0.0000 0.0000 0.0000
0.9 -995.6570 0.5437 0.5524 0.0086
0.8 -995.1051 1.0875 1.1043 0.0168
0.7 -994.5550 1.6312 1.6545 0.0232
0.6 -994.0070 2.1750 2.2024 0.0274
0.5 -993.4614 2.7187 2.7480 0.0293
0.4 -992.9183 3.2625 3.2912 0.0287
0.3 -992.3776 3.8062 3.8318 0.0256
0.2 -991.8397 4.3500 4.3698 0.0198
0.1 -991.3044 4.8937 4.9051 0.0114
neutral 0.0 -990.7720 5.4374 5.4374 0.0000
h+(0) +Ueff(0)=9
linear actual diff
h-polaron 1.0  -586.7320  0.0000 0.0000 0.0000
0.9 -586.2560  0.4597 0.4760 0.0163
0.8 -585.7764  0.9195 0.9556 0.0361
0.7 -585.2956  1.3792 1.4364 0.0572
0.6 -584.8157  1.8389 1.9163 0.0774
0.5 -584.3389  2.2987 2.3931 0.0944
0.4 -583.8684  2.7584 2.8636 0.1052
0.3 -583.4085  3.2181 3.3235 0.1054
0.2 -582.9632  3.6779 3.7688 0.0910
0.1 -582.5375  4.1376 4.1945 0.0569
neutral 0.0 -582.1347  4.5973 4.5973 0.0000
4. CONTCAR file for h*(BiOg) from HSE(a = 0.25)
See the uploaded file
5. CONTCAR file for h*(0) from HSE(a = 0.25)
See the uploaded file
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