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24 Materials and methods

25 Materials and Reagents

26 PTFE stir bar and stainless steel stir bar were purchased from Henghua Experimental Co., 

27 Ltd. Potassium titanium (IV) oxalate, 5,5-dimethyl-1-pyrolin-N-oxide (DMPO), dimethyl 

28 sulfoxide (DMSO), tert-butanol (TBA), were supplied by Macklin. Commercially 

29 available H2O2 test papers were purchased from Hangzhou Luheng Biotechnology Co., 

30 Ltd. Calcium chloride (CaCl2), Calcium nitrate (Ca(NO3)2), Sodium chloride (NaCl), 

31 Magnesium nitrate (Mg(NO3)2), Magnesium chloride (MgCl2), Aluminum chloride 

32 (AlCl3), Zinc chloride (ZnCl2), Sodium sulfate (Na2SO4), Sodium carbonate (Na2CO3) and 

33 Sodium Phosphate (Na3PO4) and glucose were purchased from Sinopharm Chemical 

34 Reagent Co. Ltd., Shanghai, China.

35
36 Experimental Procedure

37 H2O2 production in the PTFE stir bar + ultrasound system. 50 mL deionized water was 

38 exposed to ultrasound irradiation (Model JP040S, 240 W, Skymen, China) and continuous 

39 mechanical stirring (Model JJ-1, Jintan Co. Ltd, China) in ambient conditions, 1 mL sample 

40 solution was taken out every 30 minutes for testing. The pH was adjusted with 1 M of 

41 dilute H2SO4 or NaOH. Notably, the effect of ultrasonic power on H2O2 generation was 

42 conducted in an ultrasonic cleaner (Model KQ-250DA, 250 W, Kunshan Shumei, China) 

43 with adjustable power.
44
45
46 Quantitative characterization of H2O2 Production. 

47 The concentration of H2O2 was determined using the potassium titanium (IV) oxalate 

48 method. To prepare the potassium titanium (IV) oxalate reagent, a solution was made by 

49 dissolving 7.083 g of potassium titanium (IV) oxalate in 136 mL of 98% H2SO4 and 114 

50 mL of deionized water. Subsequently, 0.5 mL of the sample and 0.5 mL of potassium 

51 titanium (IV) oxalate reagent were combined in a 10 mL colorimetric tube and then diluted 

52 to 5 mL. The resulting mixture was analyzed using a UV–vis spectrophotometer 

53 (Shimadzu, UV-2600) at a wavelength of 400 nm. The concentration of H2O2 was 
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54 determined using the equation provided in Figure S8. The high correlation coefficient (R2 

55 = 0.9997) indicates that the calibration curve is accurate and reliable.
56
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57
58 Figure S1. The photo of commercial H2O2 test paper exposed to H2O2 produced in the 
59 PTFE stir bar + ultrasound system.
60
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61
62 Figure S2. Effect of ultrasonic power on H2O2 generation. 
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64
65 Figure S3. SEM (a, b) and XPS (c, d) characterization of PTFE stir bar before and after 
66 reaction.
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68
69 Figure S4. pH change of the solution in the PTFE stir bar + ultrasound system.



S8

71
72 Figure S5. Effect of O2 on the amount of H2O2 generation. 
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73
74 Figure S6. EPR signals for DMPO-•H in the PTFE stir bar + ultrasound system under 

75 ambient atmospheric conditions.

76
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77
78 Figure S7. Pollutants degradation in the PTFE stir bar + ultrasound system (a) and pure 

79 ultrasound system (b). [MB]0=5 mg/L; [MO]0=5 mg/L; [levofloxacin]0=1 mg/L.
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81

82 Figure S8. (a) Absorption spectrum of aqueous potassium titanium oxalate solution with 
83 different concentrations of H2O2. (b) The work curve of the concentration of H2O2 and the 
84 absorption.  
85
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86 Table S1. Comparison of H2O2 generation determined in the PTFE stir bar + ultrasound system and by 
87 piezocatalysis
88
Material reaction 

solution Atmosphere Irradiation
conditions Reactor volume H2O2 production 

rate (M h−1) Ref.

 C3N5−x-O water 0.5 g L−1 40 kHz, 300 W 20 mL 6.15 1

Au-
Bi4Ti3O12

water 2 g L−1 40 kHz, 100 W 10 mL 8.1 2

Cd0.5Zn0.5S water 2 g L−1 40 kHz, 120 W 100 mL 11.0 3

V-NaNbO3 water ~0.22 g L−1 68 kHz, 192 W 45 mL 22.8 4

Bone-800 water 0.2 g L−1 40 kHz, 150 W 50 mL 35.9 5

Bi4O5I2 water 0.1 g L−1 40 kHz, 240 W 100 mL 44.7 6

C-KNbO3 water 2 g L−1 - 25 mL 51.8 7

SnS2/CNFs water 0.8 g L−1 40 kHz, 300 W 100 mL ~66.3 8

Fe/BiVO4 water 0.5 g L−1 40 kHz, 120 W 50 mL ~75 9

Au/BiVO4 water 0.5 g L−1 40 kHz, 120 W 50 mL ~86.1 10

Ag(SA+C)-CN water 0.02 g L−1 40 kHz, 180 W 100 mL 117 11

(Bi0.5Na0.5)Ti
O3 cubes water 0.1 g L−1 40 kHz, - 100 mL 125 12

Bi4TaO8Cl water ~0.33g L−1 37 kHz, 110 W 30 mL 133 13

RbBiNb2O7/
PTFE water ~0.67 g L−1 68 kHz, 240 W 30 mL 146.2 14

g-C3N4/PDI-
g-C3N4

water 0.6 g L−1 40 kHz, 200 W 50 mL 149.85 15

Ag/t-BaTiO3 water 2.0 g L−1 40 kHz, 110 W 200 mL 160.6 16

BaTiO3-OV water 1 g L−1 50 kHz, 100 W 50 mL 205 17

BiOCl water 0.5 g L−1 53 kHz, 150 W 100 mL 280 18

Hydroxyapat
ite water 1.3 g L−1 40 kHz, 300 W 25 mL ~304 19

PTFE stir bar water - 40 kHz, 300 W 50 mL 256.6 This work

89

https://link.springer.com/article/10.1007/s11270-016-2890-3


S13

90 Table S2. Comparison of H2O2 generation determined in the PTFE stir bar + ultrasound system and by 
91 photocatalysis
92

Material reaction 
solution

Concentration of 
photocatalyst

Irradiation 
conditions Reactor volume H2O2 yield in 1 h 

(M h−1) Ref.

C-N-g-C3N4 water 1.33 g L−1
420 nm ≤ λ  ≤ 700 

nm40 mW cm−2
40 mW/cm2

15 mL 1.0 20

g-C3N4 aerogels water 1.7 g L−1 >420 nm 30 mL 1.4 21

Cv-g-C3N4 water 1.0 g L−1 300 W Xenon lamp
>420 nm 100 mL 9 22

N-Cu2O@CuO water 1.5 g L−1 300 W Xe lamp
>420 nm 10 mL 12.6 23

g-C3N4/PDIx water 1.67 g L−1

>420 nm
(intensity at 420–

500 nm: 26.9 
W/cm2)

30 mL 35.2 24

NBCN-ZnPPc water 0.5 g L−1
Xe lamp

100 mW/cm2, 800 
nm >λ> 400 nm)

20 mL 57 25

CTF-BDDBN water 0.6 g L−1 300 W Xenon lamp
>420 nm 50 mL 58.3 26

g-C3N4/PI water 1.0 g L−1 300 W Xe lamp
>420 nm 50 mL 60 27

CN/rGO@BPQ
Ds water 1.0 g L−1 300 W Xe lamp

>420 nm 50 mL 60.6 28

g-C3N4-PWO water 1.0 g L−1 300 W Xe lamp
>420 nm 100 mL 63 29

TiCOF-spn Water 0.33 g L−1
300 W Xenon lamp
420 nm ≤ λ  ≤ 780 

nm
120 mL 74.5 30

Bi4O5Br2/g-
C3N4

water 1.0 g L−1 300 W Xe lamp
>420 nm 50 mL 124 31

Au@MoS2 water 1.0 g L−1 300 W Xe lamp
>420 nm 50 mL 132.0 32

Pd/APTMS/TiO
2

water 0.5 g L−1
Xenon lamp solar 

simulator, 100 
mW/cm2

10 mL 150 33

HCOF water 0.2 g L−1 300 W Xenon lamp
>420 nm 10 mL 153.3 34

Zn2+/TiO2 water 0.5 g L−1 125 W Hg lamp 500 mL 220 35

Pt/TiO2 water 0.05 g L−1 500 W Hg lamp 20 mL 254.8 36

PTFE stir bar water - 40 kHz, 300 W 50 mL 256.6 This 
work

93
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