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Text S1 The iron concentration measured by 1, 10-phenanthroline spectrophotometry

Determination of Fe2+ spectrophotometrically by 1,10-phenanthroline 1: 30 mg of sample 

powder was added to 30 mL of deionized water containing 10 mg·L-1 Fe2+. Ultrasonic excitation 

was carried out at 50 W, 40 kHz for 10 min, and 2 mL of the reaction solution was taken every 2 

min, and then the supernatant was centrifuged. Then 200 μL of the above reaction solution, 1 mL 

of sodium acetate solution (pH = 4.6), and 200 μL of 1,10-phenanthroline solution (1 g·L-1) were 

taken into a test tube. The volume was fixed to 5 mL by supplementing with deionized water. After 

10 min of color development, the absorbance of the resulting substance was measured at 510 nm by 

a UV-visible spectrophotometer.

Standard curves were obtained by measuring the absorbance of Fe2+ solutions at different 

concentrations to improve the detection accuracy. The results are shown in Fig. S1, and the linearly 

fitted regression equation of Fe2+ solution concentration (x) versus absorbance (y) is shown in 

equation S1. The test results were substituted into the regression equation of the standard curve to 

obtain the corresponding Fe2+ solution concentration.

Fig. S1. Standard curve for determination of Fe2+ concentration.

y = 0.02057x   (Equation S1)
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Spectrophotometric determination of total iron by 1,10-phenanthroline: the experimental 

procedure was the same as that for Fe2+ determination, except that an additional 200 μL (100 g· L-

1) of hydroxylamine hydrochloride (reducing agent) was added. The standard curve was obtained 

by measuring the absorbance of Fe3+ solutions at different concentrations to improve the detection 

accuracy. The results are shown in Fig. S2, and the linearly fitted regression equation of Fe3+ 

solution concentration (x) versus absorbance (y) is shown in equation S2. The regression equation 

is close to equation S1, confirming the accuracy of the total iron test method. From this, the 

concentration of Fe3+ can be calculated by equation S3.

Fig. S2. Standard curve for determination of total iron.

y = 0.02063x   (Equation S2)

C(Fe3+) = C(total iron) – C(Fe2+)   (Equation S3)

Text S4 In situ determination of Fe2+ concentration by 1, 10-phenanthroline spectrophotometry 1

Piezoelectric catalysis experiments were carried out in 1,10-phenanthroline solution using the 

principle of high reactivity between 1,10-phenanthroline and Fe2+. The conversion of Fe2+ to Fe3+ 

by H2O2 during catalysis was avoided. In situ detection of Fe3+ with 1,10-phenanthroline solution 

(0.04 g·L-1, pH = 2.5): 30 mg of sample powder was added to 30 mL of 1,10-phenanthroline solution 

containing 10 mg·L-1 Fe3+ (Fe(NO3)3·9H2O). Ultrasonic excitation was carried out at 50 W, 40 kHz 

for 20 min, and 2 mL of the reaction solution was taken at 5 min intervals, then the supernatant was 

separated by centrifugation and the absorbance of the solution was measured by UV-visible 

spectrophotometer. The test results were substituted into the regression equation S1 to obtain the 

corresponding Fe2+ solution concentration.

Text S3 NBT experiment to determine superoxide radical (·O2
-) concentration

In previous studies, ·O2
- is an important active species in the catalytic process, the nitro 

tetrazolium blue chloride (NBT) assay is the most typical characterization method 2. The reaction 

equation of NBT and ·O2
- is as shown in S4, and the concentration of ·O2

- can be inferred from the 

consumption of NBT. Detection of ·O2
- with NBT solution (10 mg·L-1): 30 mg of sample powder 

was added to 30 mL of NBT solution containing 10 mg·L-1 Fe2+ (FeSO4·7H2O). After shading and 



stirring for 1 h the suspension was excited by sonication at 50 W, 40 kHz. After sonication for 1 h, 

3 mL of the reaction solution was taken at 15 min intervals and then centrifuged to separate 2 mL 

of supernatant, and the absorbance of the NBT solution was measured using a UV-Vis 

spectrophotometer.

NBT + 4·O2
- → Formazan    (Equation S4)

Standard curves were obtained by measuring the absorbance of different concentrations of 

NBT solutions to improve the detection accuracy. The results are shown in Fig. S3, and the linearly 

fitted regression equation of NBT solution concentration (x) and absorbance (y) is shown in equation 

S5. The test results were substituted into the regression equation of the standard curve to obtain the 

corresponding NBT solution concentration and the concentration of ·O2
- was deduced based on the 

reaction equation S4.

Fig. S3. Standard curve of NBT.

y = 0.062x   (Equation S5)

Text S2 Coumarin determination of hydroxyl radical (·OH) concentration

The presence and role of the Fenton process can be visualized by determining the concentration 

of ·OH produced. In this paper, coumarin was used as a probe molecule and the reaction equation 

is shown in S6, which produces 7-hydroxycoumarin by the reaction of coumarin with ·OH 3,4. 7-

Hydroxycoumarin is a strongly fluorescent substance and the concentration of ·OH can be obtained 

by measuring the fluorescence intensity of 7-hydroxycoumarin. Detection of ·OH was performed 

with coumarin solution (1 mM): 30 mg of sample powder was added to 30 mL of coumarin solution 

containing 10 mg·L-1 Fe2+ (FeSO4·7H2O). After shading and stirring for 1 h the suspension was 

excited by sonication at 50 W, 40 kHz. After 1 hour of sonication, 3 mL of the reaction solution was 

taken at 15-minute intervals and then centrifuged to remove the powder, and the fluorescence 

intensity of the 7-hydroxycoumarin solution was measured by a fluorescence spectrophotometer.

(Equation S6)

The standard curve was obtained by measuring the fluorescence intensity of 7-



hydroxycoumarin solution at different concentrations to improve the detection accuracy. The results 

are shown in Fig. S4, and the regression equation of linear fitting of 7-hydroxycoumarin solution 

concentration (x) and fluorescence intensity (y) is shown in equation S7. The test results were 

substituted into the regression equation of the standard curve to obtain the corresponding 7-

hydroxycoumarin solution concentration. The concentration of ·OH was deduced based on the 

reaction equation S7.

Fig. S4. Standard curve of 7-hydroxycoumarin.

y = 1935.8x  (Equation S7)



Fig. S5. SEM images of (a) BTO, (b) Ag/BTO/CoOx-1, (c) Ag/BTO/CoOx-2 and (d) 

Ag/BTO/CoOx-3.

Fig. S6. FT-IR spectra of Ag/BTO/CoOx-2 and BTO.

Fig. S7. Test data from high-resolution XPS spectra of Co 2p.



Fig. S8. (a) The high-resolution XPS spectra of Co 2p and (b) Ag and Co atomic ratio in 

Ag/BTO/CoOx-3 and Ag/BTO/CoOx-2.

Fig. S9. (a) Mott-Schottky curve of BTO, (b) UV-Vis diffuse reflectance spectra and (c) schematic 

diagram of BTO energy band structure.

Fig. S10. Phase and amplitude sweep on the substrate of (a) BTO and (b) Ag/BTO/CoOx-2.

Fig. S11. (a) cycle experiment of the piezoelectric catalyzed generation of H2O2 with 

Ag/BTO/CoOx-2 and (b) XRD patterns of the samples before and after cycle tests.



Fig. S12. Piezocatalytic generation of H2O2 with Ag/BTO/CoOx-2 (a) capture experiment, (b) 

H2O2 yield, piezo-catalysed H2O2 production from Ag/BTO/CoOx-2 samples in (c) different 

solvents and (d) different atmospheres.

Fig. S13. Piezo-self-Fenton degradation of RhB.



Fig. S14. (a) XRD patterns, (b) UV-Vis diffuse reflectance spectra, (c) piezo-self-Fenton-

degradation curves of RhB and (d) first-order reaction rate constant of single cocatalyst modified 

BTO.

Fig. S15. (a) Piezo-self-Fenton degradation cycling experiment of RhB by Ag/BTO/CoOx-2 

samples and (b) XRD patterns of samples before and after cycling.



Fig. S16. The high-resolution XPS spectra of (a) Bi 4f, (b) Ti 2p, (c) O 1s, (d) Co 2p, (e) Ag 3d and 

(f) atomic ratio of Ag and Co in Ag/BTO/CoOx-2 before and after cycling.

Fig. S17. Degradation curves of RhB in the presence of Fe2+ (10 mg·L-1) or Fe3+ (10 mg·L-1).

Fig. S18. Degradation rates of several common organic pollutants.



Fig. S19. UV-vis absorption spectra of NBT under different conditions (a) Ag/BTO/CoOx-2, (b) 

BTO (Fe2+) and (c) BTO.

Fig. S20. Fluorescence spectra of 7-hydroxycoumarin (a) Ag/BTO/CoOx-2, (b) BTO (Fe2+) and (c) 

BTO.



Table S1. Chemical composition results obtained by XRF.

Catalyst Ag (at./%) Co (at./%) Bi (at./%) Ti (at./%)

Ag/BTO/CoOx-3 0.12 0.19 64.47 35.22

Ag/BTO/CoOx-2 0.09 0.10 64.4 35.41

Ag/BTO/CoOx-1 0.08 0.04 63.88 36

Ag/BTO/CoOx-2 

after cycling
0.04 0.03 64.26 35.67

Table S2. Comparison of the experimental parameters between Ag/BTO/CoOx and the reported 

literatures.

Catalyst Ultrasound 
parameter Dosage

Yield of 
H2O2 

/mmol∙g-1∙h-1

Organic contaminants/
piezo-Fenton 

degradation efficiency
Ref.

Ag/BTO/Co
Ox

40 kHz, 
50 W

30 mg/ 
30 mL 0.17

10 ppm, RhB/ 85% in 40 min
10 ppm, MB/ 93% in 15 min
10 ppm, MO/ 89% in 40 min

this 
work

ZnS/In2S3/B
aTiO3

40 kHz, 
150 W

10 mg/ 
50 mL 0.11 ___ 5

RbBiNb2O7
68 kHz, 
260 W

20 mg/ 
30 mL 0.02 ___ 6

BaTiO3
80 kHz, 
50 W

50 mg/ 
50 mL 0.06

10 ppm, RhB/ 69.7% in 40 
min

10 ppm, MB/ 42% in 15 min
10 ppm, MO/ 43.1% in 40 min

7

Fe3O4-
BaTiO3

40 kHz, 
150 W

50 mg/ 
50 mL ___ 5 ppm, RhB/ 46% in 40 min 8

CoFe2O4@
ZnS

37 kHz, 
100 W

25 mg/ 
50 mL ___

25 ppm, RhB/ 48% in 40 min
25 ppm, MB/ 34% in 15 min
25 ppm, MO/ 37% in 40 min

9

g-C3N4-Fe 40 kHz, 
300 W

100 mg/ 
100 mL 0.166 10 ppm, MB/ 81% in 15 min 10
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