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Scheme S1. The reactions of bromine with ·OH and equilibrium speciation of bromine species. Arrow thickness represents the 

relative significance of each reaction, based on the kinetic modeling results. Labels (letter/number) refer to individual reactions 

identified in Table S2 and S3. 
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Figure S1. Effect of H2O2 on photo-reduction of bromate. Before breakage: [BrO3
−]0 = 1 μM, light 

intensity: 5.46 mW/cm2, after breakage: [BrO3
−]0 = 0.2 mM, pH = 6.6, light intensity: 5.12 mW/cm2. 
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Figure S2. UV spectra of BrO3
−, PMS and H2O2 and the spectral irradiance of the light source. 
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Figure S3. Effect of PMS on the photo-reduction of bromate (0.2 mM). pH = 6.8, light intensity: 5.62 

mW/cm2. 
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Figure S4. The evolution of dissolved oxygen (DO) in the UV and UV/H2O2 processes. [BrO3
−]0 = 0.2 

mM, [H2O2]0 = 0.5 mM, pH = 6.6, light intensity: 5.12 mW/cm2. 
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Figure S5. Production of HTPA in the UV and UV/H2O2 processes. [BrO3
−]0 = 0.2 mM, [H2O2]0 = 0.5 

mM, [TPA]0 = 0.1 mM, pH = 6.5, light intensity: 7.41 mW/cm2.  
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Figure S6. Mass balance of iodine in the UV (open symbol) and UV/H2O2 (solid symbol) processes. 

[IO3
−]0 = 0.2 mM, [H2O2]0 = 0.5 mM, pH = 6.7, light intensity: 6.71 mW/cm2. 
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Table S1. Photochemical reactions and equilibrium speciation of H2O2. 

Code Reaction k (M−1 s−1) pKa Ref. 

H1 H2O2 + hv → 2·OH (Ф = 1.0) -- -- 1 

H2  2·OH → H2O2 5.5 × 109  -- 2 

H3  ·OH → O·− + H+ -- 11.9 2 

H4 H2O2 + ·OH → HO2· + H2O 2.7 × 107  -- 1,2 

H5 HO2· + ·OH → O2
 + H2O  6 × 109  -- 2 

H6 HO2
− + ·OH → O2

·− + H2O  7.5 × 109  -- 2 

H7 H2O2 ⇆ HO2
− + H+   -- 11.6 3 

H8 HO2· ⇆ O2
·− + H+   -- 4.8 3 

--: Data is unavailable. 
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Table S2. Possible reactions of bromine with ·OH and equilibrium speciation reactions involving bromine 

that are relevant to the oxidation of bromide. References refer to Supporting Information. 

Code Reaction k (M −1 s−1)  Ref. 
O1 Br− + ·OH ⇆ BrOH−   1.0 × 1010 3 
O2 BrOH− ⇆ Br· + OH− 1.3 × 1010  3 
O3 BrOH− + H+ → Br· + H2O 4.4 × 1010 3 
O4 BrOH− + Br− → Br2

− + OH− 2.0 × 108 3 
O5 Br· + Br− ⇆ Br2

−   1.0 × 1010 3 
O6 Br2

− + Br2
− → Br3

− + Br− 2.0 × 109  3 
O7 Br3

− ⇆ Br2 + Br− 1.0 × 1010  3 
O8 Br2 + H2O ⇆ HBrO + H+ + Br−  97 4,5 
O9 3HBrO → BrO3

− + 2Br− + 3H+ -- 6 
O10 HBrO ⇆ BrO− + H+ (pKa = 8.8) -- 7 
O11 2Br2 + H+ + BrO3

− + 2H2O → 5HBrO -- 8 
O12 4HBrO → 2Br2 + 2H2O + O2 -- 8 
O13 HBrO + ·OH → BrO· + H2O 2.0 × 109  2,9 
O14 BrO− + ·OH → BrO· + OH−  4.5 × 109  3 
O15 2BrO· + H2O → BrO− + BrO2

− + 2H+  5.0 × 109  3 
O16 HBrO + Br· → BrO· + Br− + H+ 4.0 × 109  3 
O17 HBrO2 ⇆ BrO2

− + H+ (pKa = 3.43) -- 3 
O18 BrO· + BrO2

− → BrO− + BrO2·  3.4 × 108  3 
O19 BrO2

− + ·OH → BrO2· + OH− 1.9 × 109  2,10 
O20 BrO2· + BrO2· ⇆ Br2O4 1.4 × 109  3 
O21 Br2O4 + H2O ⇆ BrO2

− + BrO3
− + 2H+  4.2 × 107  8 

O22 BrO2· + ·OH → BrO3
− + H+ 2.0 × 109  3 

O23 BrO3
− + ·OH → BrO3· + OH− 5.0 × 106  2 

O24 Br2
− + ·OH → HBrO + Br−  1.0 × 109  2,11 

O25 2BrO2
−

 ⇆ BrO3
− + BrO−  -- 12 

O26 BrO− + BrO2
−

 → BrO3
− + Br− -- 6 

O27 BrO· + BrO2· + H2O → 2BrO2
− + 2H+ 5.0 × 109  3 

O28 Br2
− + HBrO → BrO· + 2Br− + H+ 8.0 × 107  11 

O29 Br· + Br· → Br2 1.0 × 109 3 

--: Data is unavailable. 
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Table S3. Possible reactions involved in the photolytic reduction process of bromate in the absence and 

presence of H2O2. References refer to Supporting Information. 

Code Reaction k (M−1 s−1)  Ref. 

R1 BrO3
− + hv → (BrO3

−)* → BrO3· + eaq
− (Ф = 0.08) -- 6,13 

R2 BrO3
− + hv → (BrO3

−)* → BrO2· + O·−  -- 13,14 

R3 BrO3
− + hv → (BrO3

−)* → BrO2
− + O(3P) (Ф = (7.4 ± 0.6) ×10−3) -- 13,15 

R4 BrO3
− + hv + H+ → (BrO3

−)* → HBrO + O2 (Ф = 0.19) -- 6,13 

R5 BrO2· + O·− + H+ → HBrO + O2    -- 13 

R6 BrO2
− + H+ + O(3P) → O2 + HBrO -- 10,13 

R7 BrO3
− + eaq

− + H2O→ BrO2· + 2OH− 3.0 × 109  10 

R8 HBrO2 + eaq
−  → BrO· + OH−  1.1 × 1010  2 

R9 HBrO + eaq
−→ Br· + OH−  1.5 × 1010  2 

R10 HBrO + hv → Br· + ·OH -- 6 

R11 BrO− + hv + H+ → (BrO−)* → BrO· + · H -- 6,13 

R12 BrO− + hv → (BrO−)* → Br· + O·− -- 6 

R13 BrO·+ hv → Br· + O· -- 16 

R14 HBrO + hv → Br− + 1/2O2 + H+ -- 6 

R15 HBrO + H2O2 → Br− + H+ + H2O + O2    1.5 × 104  17 

R15-1 HBrO + HO2
− → Br− + H2O + O2   (7.6 ± 1.3) × 108  17 

R15-2 BrO− + H2O2 → Br− + H2O + O2  (1.2 ± 0.2) × 106  17 

R16 Br· + H2O2 → O2
·− + Br− + 2H+ 4.0 × 109  11 

R17 Br2
− + H2O2 → O2

·− + 2Br− + 2H+ 5.0 × 102  11 

R18 HBrO + O2
·− + Br− → O2 + Br2

− + OH−   3.5 × 109  17 

R19 BrO3
− + O·− + H+ → BrO3·+ OH− 1.7 × 106 2 

R20 BrO3· → BrO· + O2 -- 13 

R21 O·− + O2→ O3
·− -- 5,14 

R22 eaq
− + O2 → O2

·− 1.9 × 1010  2 

R23 eaq
− + ·OH → OH− 3.0 × 1010  2 

--: Data is unavailable.  



S13 
 

Table S4. Rate constants (k1) for H2O2 (0.5 mM) and BrO3
− (0.2 mM) decomposition under different 

aeration conditions. 

Chemical Solution Light intensity 

(mW/cm2) 

k1 (min−1) 

Ambient N2 N2O O2 

H2O2  H2O2 4.70 0.008 0.008 0.007 0.007 

 H2O2 + BrO3
− 4.70 0.012 0.014 0.013 0.012 

BrO3− H2O2 + BrO3
− 5.12 0.011 0.010 0.011 0.011 
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Table S5. Some physicochemical properties of bromate and iodate. 

Xn 
Formula pKa 

Redox pair 
E0 (V)  

X = Br or I Br I Br I 

+5 

+4 

+3 

+1 

0 

-1 

HXO3/XO3
- 

X2O4 

HXO2/XO2
-  

HXO/XO−  

X2 

HX/X−  

-8.018 

 

3.4319 

8.820 

 

-8.821 

0.822 

 

6.023 

10.424 

 

-9.521 

XO3
−/X− 

 

 

HXO/X− 

1.425 

 

 

1.325 

1.025 

 

 

1.025 
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