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S1. Synthesis of pure BiOBr sample

The BiOBr sample was synthesized by a hydrothermal method. Typically, 0.36 g of KBr was dissolved in
20 ml of DI water. Subsequently, 0.97 g of Bi(NO3);-5H,0 was added to the KBr solution. The mixture
was stirred for 30 min before transferring to a 30 ml-stainless autoclave. The reaction was conducted at 160
°C for 12 h. The white solid obtained after the reaction was collected and washed several times with DI
water to remove the chemical residues. Finally, the sample was dried overnight in an oven at 60 °C. Fig.

S1a presents the XRD patterns of BiOBr.



S2. Synthesis and characterization of the pure Bi,O; sample

Typically, 0.075 g of CTAB was completely dissolved in 50 ml of DI water, followed by the
addition of 1 ml of 70% HNOs. Then, 1.063 g of Bi(NO;);:5H,0 was added to the above solution. The
reaction was carried out at room temperature for 3 h. A white solid was collected by filtration and washed
with DI water until it reached pH = 7. Finally, the sample was dried in an oven at 60 °C for 12 h. The XRD

pattern of the Bi,0O3 sample is shown in Fig. S1b.
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Fig. S1. XRD patterns of pure BiOBr (a) and Bi,0; (b) samples.



S3. Characterization of the as-prepared catalysts
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Fig. S2. (a) Nitrogen adsorption-desorption isotherm and (b) pore-size distribution of the as-
prepared Ag/AgBr@BiOBr/Bi203catalyst.
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Fig. S3. FTIR spectra of the prepared materials.



S4. Calculation of conduction band (CB) and valence band (VB):

The bandgaps estimated from Tauc plots were 2.72, 2.80, and 2.34 eV for BiOBr, Bi,0;, and AgBr,
respectively. The CB and VB edge positions (Ecg and Eyjp, respectively) of semiconductors can be

calculated using the following empirical formula [1, 2, 3]:

Ecp= ya E.~ OSEg (Eq. Sl)

Eyp=Ecp+ Eg (Eq. S2)

where the y represents the electronegativity of the semiconductor, which is the geometric mean of the
electronegativity of the constituent atoms and is about 6.17 [4], 6.24 [1], and 4.42 eV [2] for BiOBr, Bi,0s3,
and AgBr, respectively; E, is the energy of free electrons on the hydrogen scale (4.5 eV vs. NHE); and E,
1s the energy of bandgap. Using Eqs. S1 and S2, £ was obtained as +0.31, +0.34, and ~1.25 eV and Ey3,
as +3.03, +3.14, and +1.09 eV for BiOBr, Bi,03, and AgBr, respectively. The values are similar to the

literature [1, 2, 3].



S5. Comparison of photodegradation performances of the as-prepared catalysts
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Fig. S4. Photodegradation of a 10 mg L' aqueous solution of TCH on the
Ag/AgBr@BiOB1/Bi1,0; catalysts (S1, S3, S5, S7, and S10, synthesized using 100,
300, 500, 700, and 1000 pl of 0.1 M AgNO; solution, respectively).
Photodegradation conditions: catalyst loading of 0.5 g L™!, 10 mg L' of TCH, and

150 W Xe lamp-solar simulator.
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Fig. S5. Adsorption kinetics of Ag/AgBr@BiOB1/Bi,O; sample with three
different pollutants in the dark (Catalyst loading of 0.3 g L™, initial pollutant

concentrations of 10 mg L ™).
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Fig. S6. Comparison of the photocatalytic performance (a) and reusability (degradation efficiency after
reuse cycles) (b) in the MO degradation of Ag- and Bi-containing photocatalysts reported in the literature

and this work.
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Fig. S7. TOC removal efficiency during the degradation of TCH

using the AgBr@BiOB1r/Bi,05 photocatalyst.



S6. Comparison of the fresh and used catalysts
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Fig. S8. TEM images (a) and XRD patterns (b) of Ag/AgBr@BiOBr/Bi203 catalysts

(the fresh and the used for nine cycles).
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Fig. S9. XPS survey spectrum of the fresh and the 9-cycle-used Ag/AgBr@BiOB1/Bi,0;
catalyst.

S7. Tables of calculated data and comparison with literature

Table S1. Kinetic parameters (multiexponential fitted parameters and average

A] T1 A2 T2 A3 T3 A4 T4 TA

S |

ampes %) (ms) (%) (ms) (6) (ns) (%) (ns) (ns)
AgBr 20.13 0.2646 0.65 2.70 79.22 0.0238 - - 0.69
BiOB1/Bi,0; 12.07 4.6 0.12 120 87.81 0.723 - - 14.76

Ag/AgBr@ 7792 0.535 251 11 1948 255 0.09 143 16.75
BIOBI'/B1203

lifetime) for emission decay of the as-prepared photocatalysts

T;: Individual lifetime (ns)
A;: the corresponding amplitude in a normalized percentage (%)
Ta: Average lifetime of the charge carriers (ns).

Table S2.Photocatalytic activity of the Ag/AgBr@BiOB1/Bi,05 catalyst (loading
0.3 g L") in the degradation reaction of RhB (initial concentration 10 mg L!) for
60 min under visible light



Temperature Apparent rate Degradation Regression
constant efficiency coefficients

O (k, min~") (17. %) R?

25 0.073 91.4 0.99

35 0.116 95.0 0.99

45 0.146 99.3 0.97
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Table S3. Performance of Ag- and Bi-containing photocatalysts in the literature and this study

Catalysts Cat. Power of light Degr. Pollu- Initial Degr. Perform. Ref.
load, w source eff., 1 tants conc., C, time,7; index,/
(1) W) (%) (mgL?)  (min)
BiOB1/BiOCl 1 500 W Xe lamp 86 RhB 10 90 19.1 [5]
[A>390 nm]
0-Bi,03/BiOBr 1 500 W Xe lamp 90 RhB 20 210 8.6 [6]
[A > 420 nm]
Ag QDs/BiOBr 0.2 300 W Xe lamp 979 RhB 20 20 815.8 [7]
[A>400 nm]
AgB1/Bi,05 1 500 W Xe lamp 92 RhB 5 60 30.7 [8]
[A>400 nm]
BiOBr/Ag;PO, 0.5 500 W Xe lamp 99 RhB 5 30 132.0 [9]
[A > 420 nm]
Ag/B-Bi,0; 1 400 W X-W lamp 98 RhB 10 210 11.7 [10]
[A > 420 nm]
AgBr/{001} 0.5 300 W Xe lamp 100 RhB 9.6 15 444 .4 [11]
BiOCl [A > 420 nm]
AgBr/{101} 0.5 300 W Xe lamp 87.9 RhB 9.6 15 390.7 [11]
BiOCl [A > 420 nm]
SnS,/BiOBr 0.63 400 W Xe lamp 88 RhB 10 30 116.4 [3]
[A>420 nm]
BiOB1/TiO, 0.25 300 W Xe lamp 100 RhB 10 20 666.7 [12]
[A > 400 nm]
BiOB1/Bi,03/ 0.5 500 W Xe lamp 98.6 RhB 10 15 262.9 [13]
Bi00‘67F1_66 [7\, > 420 nm]
AgBr/BiOBr 1 300 W Xe lamp 100 RhB 20 30 111.1 [14]
[UV cut-off filter]
Ag/AgCl 0.8 500 W Xe lamp 100 RhB 10 50 50.0 [15]
/BiOCl [A > 400 nm]
Ag/AgBr@ 0.3 2.4 WLED lamp 98 RhB 10 180 7561.7 This
BiOBr/Bi,0; [White light] work
” 0.3 400 W Halogen 100 RhB 10 50 166.7 ”
lamp (OHP)
[A>420 nm |
Ag/Agl/ 0.2 5 W-LED 61 MO 20 180 3389.0 [17]
Bi;0,Cl [White light]
Ag/Bi,04 1 500 W Xe lamp 51 MO 20 180 5.7 [18]
[A > 420 nm]
AgBr/Bi,0O4 1 500 W Xe lamp 92 MO 15 120 15.3 [19]
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[A>420 nm]

AgBr/Ag/ 2 300 W Xe lamp 93 MO 26.7 40 38.7 [20]
BiOBr [-]
Ag/AgBr@ 0.3 400 W Halogen 96.6 MO 10 60 134.2 This
BiOBr/Bi,0; lamp (OHP) work
[A>420 nm |
Ag/AgCl/BiOCl 0.4 500 W Xe lamp 81.2 TCH 10 120 33.8 [15]
[A > 400 nm]
Ag QDs/BiOBr 0.5 300 W Xe lamp 772  TCH 10 120 42.9 [7]
[A>400 nm]
BiOBr/(CMC)  0.25 300 W Xe lamp 97 TCH 20 60 215.6 [16]
[A>420 nm]
Ag/AgBr@ 0.3 400 W Halogen 93.7 TCH 10 60 130.1 This
BiOBr/Bi,0; lamp (OHP) work
[A>420 nm |
” 0.5 150 W Xe lamp 98.6 TCH 10 60 219.1 ”

[A =256-1900 nm]

1. QD: quantum dot, CMC: carboxymethyl cellulose, OHP: overhead projector.

2. Performance index, = (7 X 104)/(w X t; X P)), nis the degradation efficiency (%), w is the catalyst
loading (g L), ¢, is the degradation time (min), and P; is the power of the lamp (W).
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