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Computational details 

Spin-polarized periodic DFT calculations were carried out using the Vienna 

Ab Initio Simulation Package (VASP).1 The generalized gradient approximation 

(GGA) with the PBE (Perdew−Burke−Ernzerhof) functional was used to calculate 

exchange-correlation energies.2 The projector augmented wave method (PAW) was 

applied to describe the electron-ion interaction.3 A kinetic energy cutoff for the plane-

wave basis set was set at 520 eV. The D3 scheme of Grimme was used to account for 

the dispersion interactions.4 For geometry optimization, the Brillouin zone integration 

was performed using Monkhorst-Pack (MP) scheme with 6  6  3 k-points.5 Based 

on the optimized structures, the band structures were calculated along the special lines 

connecting the following high-symmetry points: G (0, 0, 0), X (0, 0.5, 0), Z (0, 0, 0.5), 

M (0.5, 0.5, 0), R (0, 0.5, 0.5), and A (0.5, 0.5, 0.5) in the k-space. Vesta program was 

used for visualization of molecular structures. Band structure results were analyzed by 

using p4vasp.

To demonstrate the effect of Sn2+ doping on the photocatalytic performance of 

BiOBr, we adopted the Bi-to-Sn molar ratio at 1:0, 3:1, and 1:1, to represent the 

prepared catalysts; BOB, S3-BOB and S5-BOB, respectively, in our experiment. In 

details, the 2  2  1 unit cell of BiOBr consisting of 8 atoms of Bi, O, and Br was 

employed for representing BOB catalyst. For the S3-BOB and S5-BOB catalysts, two 

and four Bi atoms were substituted by Sn atoms to model the 3:1 and 1:1 ratios of 

Bi:Sn, respectively. Subsequently, two and four Br atoms were removed to neutralize 

the system because the Bi, Sn, and Br have different oxidation state of +3, +2, and -1, 
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respectively. Since at 3:1 and 1:1 ratio there are many possible substitutions of Bi by 

Sn and removals of Br from the system, we first performed energy minimization to 

find the most stable structure. After that, only the most stable structure of Sn-doped 

BiOBr was performed for the band structure calculations, see Figure S9.

Table S1 BET specific surface area, pore volume and average pore diameter of BOB and S3-BOB.

Sample                                   BET(m2/g)a  Pore Volume(cc/g)b Pore Diameter(nm)c

BOB 23.478 0.08553 1.45724

S3-BOB 57.546 0.4299 2.98838

a BET specific surface.
b Total pore volume measured at P/P0=0.99.
c Average Pore Diameter of the sample.

Figure S1. The Partial enlargement XRD patterns of BOB and S-BOB composites.
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Figure S2. XPS spectra of Bi 4f in BOB and S3-BOB

Figure S3. SEM images (a, b) and TEM images (c, d) of BOB
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Figure S4. Nitrogen adsorption-desorption isotherm of BOB and S3-BOB.

Figure S5. Photoluminescence (PL) spectra of BOB and S-BOB.
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Figure S6. The photocurrent response of BOB and S-BOB.

Figure S7. (a) Photocatalytic degradation curves of RhB. (b) The apparent reaction rate constants 
(k) of RhB. (c) Photocatalytic reduction curves of the Cr (VI). (d) The apparent reaction rate 

constants (k) of Cr (VI).
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Figure S8. Effects of different scavengers on the Cr(VI) reduction with S3-BOB

Figure S9. The most stable structures (upper) and band structures (below) of BOB, S3-BOB, and 

S-BOB.
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Figure S10. The mass spectrum of the main intermediate production.
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