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S1. Experimental sections    

S1.1. Chemicals and Reagents  

Phosphotungstic acid (H3PW12O40·xH2O, AR), Titanium butoxide (C16H36O4Ti, AR), 

Acetic acid (C2H4O2, ≥ 99.5%, AR), Polyvinylpyrrolidone (PVP, Mw = 1300000, AR) 

Ethylene glycol (C2H6O2, ≥98.0%, AR), Sodium sulfate (Na2SO4, ≥99.0%, AR) ，

Triethanolamine (TEOA, 98%, AR), Isopropyl alcohol (IPA, ≥99.5%, AR), 4-hydroxy-

TEMPO (C6H15NO3, AR), 5,5-Dimethyl-1-pyrroline N-oxide (DMPO, 97%, AR), 

Tetracycline (TC, AR), Methyl orange (MO, AR), Enrofloxacin (C19H22FN3O3, ≥98% AR) 

and Sodium hydroxide (NaOH, 95%, AR) were obtained from Macklin Biochemical 

Technology Co., Ltd., China. Potassium ferricyanide (K3Fe(CN)6, ≥99.5%, AR), 

Potassium ferrocyanide trihydrate (K4Fe(CN)6·3H2O, 99%, AR), Barium sulfate (BaSO4, 

99%, AR) and Silver nitrate (AgNO3, >99.8%, AR) were purchased from Aladdin 

Reagent Co., Ltd., China. Hydrochloric acid (36%～38%, AR) and Anhydrous ethanol 

were purchased from Beijing Chemical works. They were used as received without 

further purification. Deionized water was used throughout the work.  
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S1.2. The Preparation of composite catalysts 

Preparation of PW12/TiO2 material 

PW12/TiO2 nanofibers (NFs) were synthesized by an electrospinning/calcination 

technique. 0.7 g of Polyvinyl Pyrrolidone (PVP, Mw ≈ 1,300,000) was dissolved in a 

mixture of anhydrous ethanol (15 mL), acetic acid (0.2 mL) and tetrabutyl titanate 

(TBT, 0.4 mL) with stirring for 1 hour, then 0.072 g of H3PW12O40 (dried at 80℃ for 4 

h; 20 mol% relative to TBT) was added, which was stirred until completely dissolved. 

The homogeneous precursor solution was put into a syringe (20 mL) connected with 

a 22 gauges blunt needle. The solution feed rate was set as 0.5 mL/h and 15 kV was 

applied to the needle and collector covered by aluminum foil. The distance of 15 cm 

was applied between the counter electrode and the syringe tip. The collected 

nanofibers were calcined at 550 ℃ for 5 h (heating rate: 2 ℃/min) to fabricate the 

PW12/TiO2 NFs. 

Preparation of Ag/PW12/TiO2 composite 

The PW12/TiO2 nanofibers were decorated with Ag NPs through a photodeposition 

method. Typically, 200 mg of PW12/TiO2 powder and designed amount of AgNO3 (20 

mM·L-1)  solution were added into a 60 mL solution (VH2O:Visopropanol=1:1), followed 

with sonication for 0.5 h. The suspension was subjected to irradiation for 60 min 

provided by a 300 W Xe lamp with a light intensity of 100 mW/cm2. These resulting 

powders were collected, then washed with absolute ethyl alcohol and deionized water 

repeatedly, finally dried at 80 oC over 6 hours. The weight ratio of Ag to PW12/TiO2 

was adjusted by the added amount of AgNO3 solution. Three Ag-decorated PW12/TiO2 
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samples with different weight ratios of Ag to PW12/TiO2 (theoretical Ag loadings (wt%) 

= 5, 10 and 15) were obtained and are denoted as (5%, 10% and 15%) Ag/PW12/TiO2, 

respectively.  

Preparation of 10% Ag/TiO2 composite 

The preparation method is the same as 10% Ag/PW12/TiO2 without adding 

H3PW12O40. 

S1.3. Characterization Methods 

The crystal structures of prepared samples were measured using a Bruker AXS D8 

Focus X-ray diffractometer (XRD) with Cu Kα radiation (λ= 1.54056 Å) in the range of 

10o-80o. Fourier transform infrared (FTIR) spectra were carried out using an Alpha 

Centaurt FTIR spectrometer in the frequency range 4000-400 cm−1 at room 

temperature. X-ray photoelectron spectroscopy (XPS) measurement was performed to 

analyze the chemical state and composition on an ESCALABMKII spectrometer with 

Al-Kα radiation (hν =1486.6 eV). Scanning electron microscopy (SEM, JEOL JSM 

4800F) coupled with an energy-dispersive X-ray (EDX) spectrometer was employed 

to investigate the morphology of the photocatalysts, and the transmission electron 

microscopy (TEM) and HRTEM images were taken on a JEM-2100F microscope 

operated at 200 kV. The Brunauer-Emmett-Teller (BET) specific surface areas were 

performed on a Micromeritics ASAP-2460 Automatic specific surface area and porous 

physical adsorption analyzer. The UV-Vis diffuse reflection spectra (DRS) were 

obtained with a Shimadzu UV-2650 UV-vis spectrophotometer with wavelength 

range of 200-800 nm with BaSO4 as a reference. The photoluminescence (PL) spectra 
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were measured by a Perkin-Elmer LS55 fluorescence spectrophotometer with 

excitation wavelength of 320 nm at room temperature. Time-resolved transient PL 

decay curves were obtained using a FLS920 fluorescence lifetime spectrophotometer 

(Edinburgh Instruments, U.K.) with 320 nm excitation wavelength and 610 nm 

emission wavelength. Electron spin-resonance spectroscopy (ESR) was collected on a 

magnettech MS-5000 instrument. The zeta potentials of as-obtained samples were 

measured using a zeta potential analyzer (Malvern, Zetasizer Nano, ZS90) at 293K. 

The photodegrading intermediate products in reaction solution were detected by 

Agilent 1100 series high-performance liquid chromatography/mass spectrometry 

detector (HPLC/MSD Trap/VL). The total organic carbon (TOC) tests were carried out 

on a Sievers InnovOx Laboratory TOC Analyzer. The ICP（inductively coupled plasma）

test was carried on ICP-6000 instrument. 

S1.4 Photocatalytic degradation of TC, ENR and MO 

20 mg of various samples were dispersed into 20 mL of TC (20 ppm), ENR (20 ppm) 

or MO (20 ppm; pH=1) aqueous solution [79]. Before light irradiation, the mixed 

solution was placed in the dark for a period of time to make the adsorption-desorption 

equilibrium between TC, ENR and MO molecules and catalyst. Under continuously 

stirring, the solution was irradiated with a 300 W xenon lamp with a light intensity of 

100 mW/cm2 (with a 420 nm filter). for photocatalytic reaction. The vertical distance 

between the mixture and the lamp is about 12 cm. At a given time, about 2 mL 

suspension was removed and collected by centrifugation to completely remove the 

catalyst powder. The supernatant was determined at the maximum absorption 
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wavelength of 357 nm for TC, 322 nm for ENR and 506 nm for MO.  

79. H, D.L.; C, Y.F.; S, Y.; Zhong, L.; Huang, H. Synthesis of ternary g-C3N4/Ag/-FeOOH 

photocatalyst: an integrated heterogeneous fenton-like system for effectively degradation of azo 

dye methyl orange under visible light, Appl. Surf. Sci. 2017, 425, 862-872. 

S1.5 Zeta-potential measurement 

Typically, each sample powder (5 mg) was dispersed in 100 mL of water by 

ultrasonication for 30 min. The zeta potential of each sample was measured for three 

times by testing the suspension with the initial pH value. In order to obtain the 

isoelectric point, the pH of the suspension was then adjusted to several values between 

1 and 11 by adding 0.25 M HCl or NaOH solution using an autotitrator (Malvern, 

MPT-2). Three zeta potential readings were taken at every pH value, and the average 

zeta potential at a certain pH value was plotted against the pH value. The pH value 

where the zeta potential was zero was taken as the IEP. 

S1.6 Active species trapping experiment and ESR measurements 

For degradation of TC: Triethanolamine (TEOA), isopropanol (IPA) and 4-hydroxy-

TEMPO were used respectively as hole (h+) scavenger, hydroxyl radical (·OH) 

scavenger and superoxide radical (·O2-) scavenger to investigate the active species in 

the photodegradation process of TC. In general, 20 mg of 10% Ag/PT with various 

scavenger was dispersed in 20 mL of 40 ppm TC aqueous solution, and the following 

process was the same as the degradation process.  

The ESR measurements with 5,5-dimethyl-1-pyrroline N-oxide (DMPO) and 

TEMPO as the spin trap were adopted to distinguish intermediate species especially 

such as superoxide anion radicals (·O2-), hydroxyl free radicals (·OH) and holes (h+) 
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generated during the reaction. Electron spin-resonance spectroscopy (ESR) 

for ·O2-, ·OH and h+ was determined in dark and under visible light irradiation 

(methanol solution volume: 1.0 mL; sample: 3 mg; DMPO/TEMPO: 0.2 mL (1 M)).  

S1.7 Electrochemical measurements 

The electrochemical characterizations were conducted with a CHI760E 

electrochemical workstation (Shanghai ChenHua Instrument Co., Ltd., China) with a 

conventional three-electrode configuration in a quartz cell. For photoelectrochemical 

measurement, an Hg/Hg2Cl2 electrode and Pt foil were used as the reference electrode 

and counter electrode, respectively. A 0.5 M Na2SO4 aqueous solution was used as 

electrolyte. A 300 W Xe lamp was employed to provide light source. Typically, the 

working electrodes were prepared as follows: 20 mg of various catalyst was dispersed 

into 3 mL of ethanol with sonication for 20 min. Then, 0.5 mL of the above solution 

was uniformly dropped onto a 1×3 cm2 FTO glass substrate (an active area of ca. 2 cm2). 

Finally, the as-prepared electrodes were dried at 70 oC for 4 h to obtain the working 

electrodes. The electrochemical impedance spectroscopy (EIS) data was collected in 

0.1 M KCl solution containing 5 mM Fe(CN)63−/4− with a frequency range from 0.01 Hz 

to 10 kHz at 0.1 V. And the equivalent circuit was obtained using Zview software. 

The Mott-Schottky test was carried out with a standard three-electrode system 

using the prepared glass electrode as the working electrode, a Pt wire as a counter 

electrode, Hg/Hg2Cl2 electrode as a reference electrode, respectively. A 0.5 M Na2SO4 

solution was applied as the electrolyte. Mott-Schottky plots were measured at a fixed 

frequency of 1000 Hz and an amplitude of 50 mV without light illumination.  
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S1.8 TRPL spectrum analysis 

The time-resolved fluorescence decay (TRPL) spectrum was used to further confirm 

the photoelectron and hole transfer behavior. The two exponential decay model is 

used to fit the corresponding time-resolved spectrum, the formulas are as follows 

[Eqs.(S1) and (S2)]: 

𝑅(𝑡) = ∑ 𝐴𝑖𝑒−𝑡/𝑡𝑖 
𝑖=1,2                      (S1) 

𝑅(𝑡)  is the normalised emission intensity;  𝑡  is the time after the pulsed laser 

excitation;  𝑡𝑖  are the respective decay lifetimes; 𝐴𝑖  are the corresponding weight 

factors. 

〈𝜏〉 =
∑ 𝐴𝑖𝜏𝑖

2 
𝑖=1,2

∑ 𝐴𝑖𝜏𝑖
  

𝑖=1,2

                            (S2) 
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2. Figures  

 

Figure S1. EDX data of 10% Ag/PT sample. 

 

 

Figure S2. UV-Vis absorption spectra of 5%, 10% and 15% Ag/PT samples. 
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Figure S3. The profiles of photocatalytic degradation of TC (a), ENR (b) and MO (c) 

by 10% Ag/PT under visible-light irradiation (λ > 420 nm). 

 

Figure S4. The TOC removal (%) for TC degradation by 10% Ag/PT sample.   
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Figure S5. Photodegradation of TC with 10% Ag/PT in diverse water quality (catalyst 

amount: 20 mg; TC: 20 mL of 20 ppm). 

Influence of water quality. Figure S5 reveals the effect of deionized water, 

bottled water, waste water and laboratory tap water on the TC degradation rate. The 

order of catalytic activity was as follows: deionized water (78.19%) > bottled water 

(77.86%) > tap water (72.32%) > waste water (67.67%). The inhibition of catalytic 

activity in waste water and tap water may be caused by competing substances in 

actual water, such as inorganic ions and dissolved organic matter [80]. 

80. Liang, J.X.; Hou, Y.P.; Zhu, H.X.; Xiong, J.H.; Huang, W.Y.; Yu, Z.B.; Wang, S.F. Levofloxacin 

degradation performance and mechanism in the novel electro-Fenton system constructed with 

vanadium oxide electrodes under neutral pH, Chem. Eng. J. 2021, 433, 133574. 
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Figure S6. Degradation of MO with 10% Ag/PT with various conditions: (a) Diverse 

catalyst amount (MO: 20 mL of 20 ppm; pH = 1) and (b) Different concentration of MO 

(MO: 20 mL; pH = 1; catalyst amount: 20 mg). 

 

 

Figure S7. The Bode plots of PT and 10% Ag/PT composite.  

The electron-hole separation situation of different samples was also compared via 

the Bode plots (Fig. S4). The electron lifetime (𝜏𝑟) can be calculated from the following 

equation: 



 

12 

 

                                                                    𝜏𝑟 =
1

2𝜋𝑓𝑝𝑒𝑎𝑘
                        (S3) 

where fpeak is the frequency that is located at the mid-frequency (1-100 Hz) range. 

Therefore, the lifetime of the photogenerated electrons is in reverse related to 𝑓𝑝𝑒𝑎𝑘. 

Fig.S4 presents lower peak frequency for PT and 10% Ag/PT composite, indicating the 

high lifetime of photogenerated electrons for 10% Ag/PT in comparison to PT. The 

result was in great accord with the results of photocurrent responses. 

 

 

Figure S8. The main intermediate products generated during the photocatalytic TC 

degradation process: (a) 0 min; (b) 30 min; (c) 60 min with 10% Ag/PT as catalyst. 
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Figure S9. The Efb of PT (V vs. Hg/Hg2Cl2). 
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3. Tables   

Table S1. The comparison of TC degradation activity of 10% Ag/PT with 

previous literatures. 

Photocatalyst 

Concentration 

(mg L-1) 

Dosage 

(g L-1) 

Time 

(min) 

Removal 

(%) 

Light source Reference 

TiO2 20 1 30 85.0 

500 W Xe 

lamp; λ > 420 

nm 

81 

Mn2O3/Bi2O3 45 0.2 100 73.34 

300 W Xe 

lamp; λ > 357 

nm 

82 

ZnO@ZIF-8 20 0.5 90 91.2 

300 W Xe 

lamp; λ > 420 

nm 

83 

1.0 wt% 

MoS2/BiOBr 

20 0.5 120 68 

300 W Xe 

lamp; λ > 400 

nm 

84 

B-TiO2 20 0.2 270 86.40 

1000 W Xe 

lamp; λ > 400 

nm 

85 

NiO/g-C3N4 20 0.1 60 90.1 

300 W Xe 

lamp; λ ≥ 420 

nm 

86 

g-C3N4/CdS 20 0.2 60 81 

300 W Xe 

lamp; 

λ ≥ 400 nm 

87 

Fe/Sn-TiO2 10 0.3 60 92 300 W Xe 88 

javascript:;
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300 W Xe 

lamp; λ ＜ 
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lamp; 

λ > 420 nm 

90 
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lamp; 

λ > 400 nm 

91 

Ag2CO3/Bi4O5I2/ 

g-C3N4 

20 0.6 30 82.2 

300 W Xe 

lamp; 

λ > 420 nm 

92 

MnyOx 50 0.4 150 96.0 

24.8W LED 

lamp; 

450-460 nm 

93 

hierarchical  100 0.5 30 81.7 

300 W Xe 

lamp; 

λ > 420 nm 

94 

K5CoW12O40/TiO2 50 1 120 97.0 

300 W Xe 

lamp; 

λ > 420 nm 

95 

Ag/PT 20 1 60 78.16 

300 W Xe 

lamp; λ > 420 

nm 
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Table S2. The comparison of ENR degradation activity of 10% Ag/PT with 

previous literatures. 

Photocatalyst 

Concentration 

(mg L-1) 

Dosage 

(g L-1) 

Time 

(min) 

Removal 

(%) 

Light source Reference 

BN/BiPO4 10 0.33 120 91.5 

250 W  Hg 

lamp ; λ ＜ 

400 nm 

96 
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NIR GC 50 1 30 99.5 

500 W Xe 

lamp; λ > 

420 nm 

97 

g-C3N4/ TiO2 10 1 60 98.5 

350 W Xe 

lamp; λ > 

420 nm 

98 

Ag2O/CeO2 10 1 120 87.1 

300 W Xe 

lamp; λ > 

420 nm 

99 

Cd0.5Zn0.5S/Bi2MoO6 10 0.16 40 76.4 

300W Hg 

lamp; λ > 

420 nm 

100 

CsxWO3/BiOI 20 0.5 60 96.0 

300 W Xe 

lamp; λ > 

420 nm 

101 

BC/CN 10 1 480 90.0 

500 W Xe 

lamp; λ > 

420 nm 

102 

GaOOH/ZnBiTaO5 10 1 60 58.3 

500 W 

mercury 

lamp; λ ＜

400 nm 

103 

Magnox/UVC 25 1 120 99.5 

300 W Xe 

lamp; λ ≥ 

400 nm 

104 

TiO2/g-C3N4 4 1 60 91.66 

350 W Xe 

lamp; λ > 

420 nm 

105 

GaOOH/ZnBiNbO5 10 1 60 65.31 500 W 106 
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Table S3. The comparison of MO degradation activity of 10% Ag/PT with 

previous literatures. 

Photocatalyst 

Concentration 

(mg L-1) 

Dosage  

(g L-1) 

Time 

(min) 

Removal 

(%) 

Light source Reference 

Au/TiO2 10 1 30 74.2 

300 W Xe 

lamp; λ > 420 

nm 

111 

AC-Bi5O7I 10 0.5 240 96.8 

150 W Xe 

lamp; λ > 420 

nm 

112 

CoNiO2/BFeO3/NiS 25 1 160 99.9 

300 W Xe 

lamp; λ > 400 

113 
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nm 

Bi2WO6/ZnIn2S 10 1 60 97.5 

300 W Xe 

lamp; λ > 420 

nm 

114 

ms-BiVO4 20 1 120 89.5 

450 W Xe 

lamp; λ > 420 

nm 

115 

Ti3C2/eTiO2 30 0.58 40 99.0 

320 W Xe 

lamp; λ > 420 

nm 

116 

TiO2/Fe2O3/CNTs 30 0.67 240 80.0 

300 W Xe 

lamp; λ > 400 

nm 

117 

Eu2+, Dy3+/ZnO 38.4 1 30 99.9 

160 W Xe 

lamp; λ > 200 

nm 

118 

c-Cu2O 5 0.5 100 92.8 

300 W Xe 

lamp; λ ≥ 420 

nm 

119 

TiO2–Mo 25 1 120 90.0 

150 W Xe 

lamp; λ > 420 

nm 

120 

[Co(OH-

Cor)(PPh3)]/TiO2 

10 0.5 150 86.5 

30 W Xe 

lamp; λ > 420 

nm 

121 

CsPbBr3/Cs4PbBr6 20 1 25 99.9 

300 W Xe 

lamp; λ > 420 

nm 

122 

GA/BiOI 20 0.4 120 93.1 5×55W Xe 123 
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Table S4. Fitted parameters of the TRPL decay profiles. 

Sample τ1 (ns) A1 (%) τ2 (ns) A2 (%) τave (ns) 

PT 0.052 79.88 0.272 20.12 0.18 

10% Ag/PT 0.014 -9.9 0.056 109.9 0.06 

 


