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Supplementary Note 1: Details of Contact-electro-catalysis 
 

The principle of contact-electro-catalysis is based on the exchange electrons occurring when water 

contacts the surface of a dielectric insulator1. When a water molecule contacts a polymer the electron 

clouds of the solid and the liquid could overlap2. At this point, if the electron affinity of the polymer is 

sufficiently high, then 1 electron can be transferred from the molecule of water to the polymer chain 

(Equation 1). Thereafter the water radical cation thus formed can react with a water molecule and for 

a hydronium cation and a hydroxyl radical (Equation 2), and the polymer is now charged (symbolized 

by an asterisk in Equation 1)3. 

(1) 𝐻ଶ𝑂ሺ௟ሻ ൅ 𝐹𝐸𝑃ሺ௦ሻ  
ௌ௅ି஼ா
ሱ⎯⎯⎯ሮ 𝐻ଶ𝑂ሺ௔௤ሻ

•ା ൅ 𝐹𝐸𝑃ሺ௦ሻ
∗  

(2) 𝐻ଶ𝑂ሺ௔௤ሻ
•ା ൅  𝐻ଶ𝑂ሺ௟ሻ  →  𝐻ଷ𝑂ሺ௔௤ሻ

ା ൅ 𝐻𝑂ሺ௔௤ሻ
•   

Under ultrasonic conditions4, or if the material is exposed to visible light5, there is a probability that the 

electron gets excited from the surface of the charge polymer towards the bulk of water (Equation 3)3. 

This electron can then react with O2 gas dissolved in the solution to form superoxide radicals (Equation 

4)3.  

(3) 𝐹𝐸𝑃ሺ௦ሻ
∗

௣௛௢௧௢௡௦,
  ௣௛௢௡௢௡௦,

௛௘௔௧ሱ⎯⎯⎯⎯⎯⎯ሮ  𝑒ି ൅ 𝐹𝐸𝑃ሺ௦ሻ 

(4) 𝑂ଶሺ೒ሻ
൅ 𝑒ି → 𝑂ଶሺೌ೜ሻ

•ି  

Under ultrasonic conditions, the contact-separation cycle that allows for the exchange of electrons by 

contact-electrification between water and the dielectric insulator (catalyst) is provided by the high 

frequency generation of microbubbles in the vicinity of or at the surface of the catalyst6. When the 

bubble grows at/near the surface of the solid, it chasses the water while the electrons are ejected from 

the surface upon absorption of phonon, heat or light3. When the bubble collapses, not only does the 

water contacts the solid again, which allows for 1 more cycle of electron transfers, but it may do it with 

a high force or velocity owing to the formation of a high pressure microjet3. As long as the material and 

aqueous solutions are exposed to ultrasonication, the catalytic cycle continues. In this case, a high 

number of electrons are generated, as illustrated by the EPR data reported in Fig. 1d in the main text. 

In this case, it is possible to reduce the metals metal ions mentioned in the main text (Equation 5). 

(5)  𝑀ሺ௔௤ሻ
௡ା ൅ 𝑛𝑒ି → 𝑀ሺ௦ሻ

଴  

It is worth noting other mechanisms may contribute to effects of CEC, including the contribution of the 



corona of bubbles on solid surface7, or exchange of hydroxyl functional groups between water and 

the surface of SiO2
8. 

 
  



 

Supplementary Fig. 1 | Evolution of Au concentration in conditions of various radical 

scavengers. Ter-butanol, p-benzoquinone, DMSO, and EDTA-2Na, are regarded as 

superoxide radical, hydroxide radical, electron, and proton scavengers, respectively. For 

all figures, error bars represent standard deviations for 3 reproduced experiments. 

  



 

Supplementary Fig. 2 | Intermittent and continuous reaction in 120 W ultrasonication. 

  



 
Supplementary Fig. 3 | BET isotherm plots for nitrogen adsorption capacity of 2 μm FEP. 
The insert is the pore distribution. 
  



 

 

Supplementary Fig. 4 | Optimization of the reaction conditions. The influence of FEP (a) 

mass, (b) temperature, (b) NaCl concentration, and (d) pH on the reduction of the AuCl4
-. 

For all figures, error bars represent standard deviations for 3 reproduced experiments. 

  



 

Supplementary Fig. 5 | Experiments with FEP powder of varying diameter. The size 

distribution (a) and gold extraction amount (b) of 0.2, 2, 6.5, 15, and 30 μm FEP powder. 

  



 

Supplementary Fig. 6 | AuCl4
- reduction by CEC in DMSO, acetonitrile, ethanol, and 

water. 

  



 

Supplementary Fig. 7 | Reduction of 0.1 mM AuCl4
- to which 100 ppb of various 

additives, including SiO2, BHT (2,6-Di-tert-butyl-4-methylphenol), DIP (di(2-

ethylhexyl)phthalate), in the presence of 10 mg FEP after one hour. The control is a 

standard experiment in absence of any additive in the solution. 

  



 

 

Supplementary Fig. 8 | Evolution of Au concentration in various concentrations including 

(a) 0.001 mM, (b) 0.01 mM, (c) 0.1 mM, and (d) 1 mM. Lines are guide to eyes. For all 

figures, error bars represent standard deviations for 3 reproduced experiments. 

  



 

Supplementary Fig. 9 | Scanning electron microscopy of FEP (a) before and (b) after (b) 

reaction.  

  



 

Supplementary Fig. 10 | (a) Energy dispersive spectrometer images and (b) spectrum of 

FEP after reaction.  

 

  



 
Supplementary Fig. 11 | Size distribution of FEP (a) before and (b) after the reaction. 

  



 

Supplementary Fig. 12 | X-ray photoelectron spectroscopy for FEP (a) before and (b) 

after reaction. 

  



 

Supplementary Fig. 13 | Fourier Transform Infrared spectra of catalysis before and after 

the reaction. 



  

 

Supplementary Fig. 14 | Transmission electron microscopy images for Au dispersed in 

(a) water and (b) ethanol. 

  



 

Supplementary Fig. 15 | Energy dispersive X-ray spectroscopy images of reduced Au. 

  



 

Supplementary Fig. 16 | XPS Au4f spectra of reduced gold. 

  



 

Supplementary Fig. 17 | Energy dispersive X-ray spectroscopy images of reduced (a) 

Pd, (b) Pt, (c) Ag , (d) Rh , and (e) Ir. 

  



 

Supplementary Fig. 18 | Calculated distance between O of oxygen and F, and adsorption 

energy for PTFE and O2. Carbon: Purple, Grey: Fluoride, Red: Oxygen, Yellow: Gold. 

 
  



 

Supplementary Fig. 19 | Simulated energy difference ΔE(HOMO(PTFE)- π(O2)) for isotactic, 

syndiotactic and atactic PP. Carbon: purple, Hydrogen: blue, Oxygen: red. 

  



 

Supplementary Fig. 20 | Real world application for electroplating waste. (a) Evolution of 

Au concentration from electroplating waste. Lines are guide to eyes. (b) Amount of Au and 

other metals that were extracted from e-waste. For all figures, error bars represent standard 

deviations for 3 reproduced experiments. 

  



 

Supplementary Fig. 21 | Fe, Ni, Cu, Zn, and Au extraction amount in their anaerobic 

aqueous solution. The reaction condition is: 0.1 mM concentration for each ion with 10 

mg FEP, in anaerobic conditions at 20 °C. 

  



 

Supplementary Fig. 22 | GPC analysis of pristine PP. Mn=62672, Mw=289392, 

Mz=755130. 

  



 

Supplementary Fig. 23 | TG-DSC analysis of pristine (a) FEP, (b) HDPE, (c) PP, and (d) 

PTFE. 

  



 

Supplementary Fig. 24 | Fourier Transformed Infra-Red Spectroscopy (FTIR) of pristine 

(a) FEP, (b) HDPE, (c) PP, and (d) PTFE. 

  



 
Supplementary Fig. 25 | Photograph of reactor. The seal consists of a PTFE gasket, rubber 
ring and silica gel grommet. 
  



 

Supplementary Table 1. Intermittent (Ultrasonication 30 min ON/30 min OFF, with 

a total ON time of 60 min) and continuous (60 min ON) result for 120 W 40 kHz and 

60 W 40 kHz ultrasonication. 

 

Time (min) 

Gold extraction rate (%) 

40 kHz, 120 W 40 kHz, 60 W 

30 44.37197 19.68413 

60 43.88840 19.13771 

90 77.65794 32.96148 

120 77.00936 32.39498 

60 (continuous) 77.75359 33.03139 

 

  



Supplementary Table 2. Surface properties of different sizes of FEP powder. 

 

Size 
(um) 

Specific surface 
area 

(m2 g-1) 

Total pore volume 
(cm3 g-1) 

Average pore diameter 
(nm) 

Porosity 
(ρ=2.15 cm3 g-1) 

0.2 88.458 0.24970 11.290 0.536877 

2 9.023 0.02880 12.770 0.061920 

6.5 5.159 0.02356 18.260 0.050654 

15 4.017 0.01005 10.000 0.021608 

30 3.997 0.00990 9.906 0.021285 

 

  



Supplementary Table 3. Literature Review. 

[Au] ppm 
Types of Au 

Ion 
Method Material 

Extractio

n 

Capacity 

(mg g-1) 

Extraction time (h) Reference 

10 

AuCl4
- 

Adsorben

t 

Fe-

BTC/PpPDA 
96 0.033 9 

20 COP-180 100 0.5 10 

12.5 TDAC 17.5 24 
11 

100 TDAC 30 24 

14.8 

Au(S2O3)2
3- 

MoS2/CS 

Aerogel 
50 22 

12 116 
MoS2/CS 

Aerogel 
600 22 

9.7 
MoS2/CS 

Aerogel 
20 22 

150 
 

UiO-66-TA 260  13 

80 CSGO5 400 16 14 

100 

AuCl4
- 

UiO-66 60 0.41666666 
15 

100 UiO-66-NH2 100 3 

150 UiO-66-TU 275  16 

100 
barley straw 

carbon 
256 1 17 

50 

L-Lysine 

modified, 

crosslinked 

chitosan resin 

13 4 18 

40 
cross-linked 

lignocatechol 
40 24 19 

60 Au3+ 
modified wheat 

straw 
125 24 20 

100 
 

CNT-MoS2 1000 4 21 

20 PAF-1-thiourea 250 24 22 

100 
Au(S2O3)2

3- 
MoS2/ZnS 1120 5 

23 
50 MsS2/Zns 500 5 

100 

AuCl4
- 

rGo nanosheets 

at 25C 

1880 24 

24 

 

 

10 1850 24 

1 1180 24 

0.1 690 24 

0.197 

AuCl4
- CEC 

FEP 0.75609 3 

This work 
1.97 FEP 9.3872 3 

19.7 FEP 95 3 

197 FEP 722.5 3 

 

  



Supplementary Table 4. D-spacing and SAED analysis of reduced metals. 

 

Au 

 d(111) 

Rh 

 d(111) d(111) 

HRTEM 2.35 HRTEM 2.2 2.19 

SAED 2.35 SAED 2.2 

PDF#04-0784 2.355 PDF#04-0784 2.196 

Ir 

 d(111) d(111) 

Pt 

 d(111） d(111) 

HRTEM 2.226 2.231 HRTEM 2.12 2.135 

SAED 2.22 SAED 2.27 

PDF#06-0598 20.33 PDF#04-0802 2.26 

Pd 

 d(111) 

Ag 

 d(111) 

HRTEM 2.219 HRTEM 2.397 

SAED 2.25 SAED 2.36 

PDF#46-1043 2.246 PDF#04-0784 2.359 
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