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Table S1. Electrostatic potential (ESP) surface analysis summary of DMPO/SO4
•− and SO4

•− 

Species 
Surface 

area /Å² 

Average value 

/kcal/mol 

Maximum 

/kcal/mol 

Minimum 

/kcal/mol 

Reaction site 

/kcal/mol 

SO4
•− 102.0 -115.7 -101.2 -125.0 -105.5 

DMPO/SO4
•− 225.0 -79.7 -14.7 -152.2 -21.3 

 

Table S2. Contributions to LUMO orbitals by individual atoms of DMPO/SO4
•− and SO4

•− 

Species NO. Percent/% Species NO. Percent/% 

DMPO/SO4
•− 

1(N) 36.96 SO4
•− 1(O) 21.87 

2(C) 2.46  2(O) 21.87 

3(C) 4.42  3(O) 49.55 

4(O) 42.07  4(O) 1.39 

5(C) 0.51  5(S) 5.32 

6(C) 1.47    

7(C) 2.32    

8(C) 0.67    

9(O) 3.28    

10(S) 1.19    

11(O) 0.81    

12(O) 0.40    

13(O) 0.53    

14(H) 1.13    

15(H) 0.04    

16(H) 0.12    

17(H) 0.07    

18(H) 0.26    

19(H) 0.06    

20(H) 0.06    

21(H) 0.11    

22(H) 0.47    

23(H) 0.31    

24(H) 0.29    

23(H) 0.31    

24(H) 0.29    

Delocalization index of DMPO/SO4
•− and SO4

•−: 31.84 and 34.42. 



Table S3. Reaction network for the kinetic model with DMSO 

No. Reaction Rate constant Source 

1 Fe-pyrite + S2O8
2− → SO4

•− + SO4
2− 2.9 × 10−4 M−1 s−1 this studya 

2 SO4
•− + SO4

•− → S2O8
2− 4.4 × 108 M−1 s−1 

(Wei et al. 

2017) 

3 SO4
•− + OH− → SO4

2− + •OH 6.5 × 107 M−1 s−1 
(Hayon et 

al. 1972) 

4 SO4
•− + •OH → HSO5

− 1.0 × 1010 M−1 s−1 
(Buxton et 

al. 1988) 

5 SO4
•− + H2O → SO4

2− + •OH + H+ 1.2 × 101 s−1 
(NIST 

2020) 

6 •OH + S2O8
2− → S2O8

•− + OH− 1.4 × 107 M−1 s−1 
(Yang et al. 

2014) 

7 S2O8
2- + SO4

•− → SO4
2− + S2O8

•− 6.6 × 105 M−1 s−1 
(Wei et al. 

2017) 

8 DMPO + SO4
•− → DMPO/SO4

•− 2.9 × 104 M−1 s−1 
(Wei et al. 

2017) 

9 DMPO + •OH → DMPO/•OH 3.3 × 109 M−1 s−1 

(Goldstein 

et al. 

2004) 

10 DMPO/SO4
•− + OH− → DMPO/•OH + SO4

2− 5.2 × 108 M−1 s−1 this studyb 

11 
DMPO/SO4

•− + H2O → DMPO/•OH + H+ + 

SO4
2− 

8.9 × 102 s−1 
(Wei et al. 

2017) 

12 DMPO/•OH → Product1 7.0 × 10−3 s−1 
(Wei et al. 

2017) 

13 DMPO/SO4
•− → Product2 1.5 × 10−6 s−1 

(Zalibera et 

al. 2009) 

14 
•OH + (CH3)2SO (DMSO) → (CH3)SOOH + 

•CH3 

k = 7 × 109 M−1 

s−1 

(Avraham et 

al. 2022) 

 

Table S4. Reaction network for the kinetic model without DMPO and DMSO 

No. Reaction Rate constant Source 

1 Fe-pyrite + S2O8
2− → SO4

•− + SO4
2− 2.9 × 10−4 M−1 s−1 this studya 

2 SO4
•− + SO4

•− → S2O8
2− 4.4 × 108 M−1 s−1 

(Wei et al. 

2017) 

3 SO4
•− + OH− → SO4

2− + •OH 6.5 × 107 M−1 s−1 
(Hayon et 

al. 1972) 

4 SO4
•− + •OH → HSO5

− 1.0 × 1010 M−1 s−1 
(Buxton et 

al. 1988) 

5 SO4
•− + H2O → SO4

2− + •OH + H+ 1.2 × 101 s−1 
(NIST 

2020) 

6 •OH + S2O8
2− → S2O8

− + OH− 1.4 × 107 M−1 s−1 
(Yang et al. 

2014) 

7 S2O8
2- + SO4

•− → SO4
2− + S2O8

•− 6.6 × 105 M−1 s−1 
(Wei et al. 

2017) 

 



Table S5. The second-order rate constants for the reaction of SO4
•− and •OH with common 

compounds used in this study 

Compound kSO4•− k•OH Source 

SIX 1.60 × 1011 7.35 × 109 (Zhang et al. 2016) 

SMP 8.1 × 1010 6.2 × 109 (Zhang et al. 2016) 

GEM 4.78 × 109 9.86 × 109 (Gao et al. 2022, Zhou et al. 2020) 

ATZ 3.5 × 109 3.0 × 109 (Acero et al. 2000, Lutze et al. 2015) 

CAP 9.1 × 108 1.80 × 109 (Gao et al. 2022, Kapoor and Varshney 1997) 

PMD 5.3 × 108 6.7 × 109 (Nihemaiti et al. 2018, Real et al. 2009) 

PFOA 2.6 × 105 <105 (Mitchell et al. 2014, Qian et al. 2016) 

SIX: sulfisoxazole, SMP: sulfamethoxypyridazine, GEM: gemfibrozil, ATZ: atrazine,  

CAP: chloramphenicol, PMD: primidone, PFOA: perfluorooctanoic acid ammonium 

salt. 

 

 

Figure S1. Effect of PDS activated by dissolved iron ion in washing liquid activation before 

and after reaction. (a) PDS concentration of washing; (b) EPR spectra of adducts with •OH and 

SO4
•− by DMPO in washing liquid systems. Conditions: [PDS] = 2 mmol/L, T = 25℃, [FeS2] 

= 100 g/L. 

 



 
Figure S2. Fitting of the rate constant of the actual concentration of S2O8

2–. [PDS] = 100 

mmol/L, T = 25℃, [FeS2] = 100 g/L, pH=3.3. 

 

 

Figure S3. Surface area in a specific value range of the ESP mapped function of SO4
•−. 
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Figure S4. Surface area in a specific value range of the ESP mapped function of DMPO/SO4
•−. 

 

 

Figure S5. The contribution of different nucleophiles (H2O and OH–) for the hydrolysis of SO4
•−. 

Simulation conditions: [FeS2] = 100 g/L, [DMPO] = 110 mmol/L, [Persulfate] = 100 mmol/L, 

T=25 ℃, pH=3.33. 
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Figure S6. The contribution of different nucleophiles (H2O and OH–) for the hydrolysis of 

DMPO/SO4
•−. Simulation conditions: [FeS2] = 100 g/L, [DMPO] = 110 mmol/L, [Persulfate] 

= 100 mmol/L, T=25 ℃, pH=3.33. 

 

 

 

Figure S7. Schematic representation of the transition states of the OH− reacting with 

DMPO/SO4
•− and SO4

•−. 
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Figure S8. The contribution of different reactions for DMPO/•OH. Simulation conditions: [FeS2] 

= 100 g/L, [DMPO] = 110 mmol/L, [Persulfate] = 100 mmol/L, T=25 ℃, pH=3.33. 

 

 

Figure S9. The contribution of the free •OH pathway and hydrolysis pathway for DMPO/•OH 

accumulation without DMSO. 

5 10 15 20 25 30
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
 Reaction 3  Reaction 5

 Reaction 8  Reaction 9

 Reaction 10  Reaction 11

 Decay of DMPO/·OH  Free •OH path

 Hydrolysis path
N

S
C

s

Time (min)

0.1 1 5 10 15 20 25 30
0.0

0.2

0.4

0.6

0.8

1.0

1.2

P
ro

p
o

rt
io

n
 o

f 
c
o

n
tr

ib
u

ti
o

n
s
(%

)

Time (min)

 Hydrolysis of DMPO/•OH

 Capturing free •OH



 

 

Figure S10. The contribution of the free •OH pathway and hydrolysis pathway for DMPO/•OH 

accumulation with DMSO. 
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Figure S11. The steady-state concentration of H+ under different initial pH (pH = 3, 5, 7, 9, and 

11). Simulation conditions: [FeS2] = 100 g/L, [DMPO] = 110 mmol/L, [Persulfate] = 100 

mmol/L, T=25 ℃. 
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