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14 The electrochemical degradation mechanism of PFOA has been extensively explored and 

15 involves multiple steps. Initially, a direct electron transfer generates C7F15COO• radicals on 

16 the anode surface (Eq. 1). These radicals undergo Kolbe decarboxylation, releasing CO2 (Eq. 

17 2) and form C7F15• radicals. Subsequent hydrolysis leads to the formation of 

18 perfluoroheptanoic acid (C6F13COOH), formic acid and fluoride ions (Eq. 3).1, 2

19

20 C7F15COO− → C7F15COO• + e− (1) 

21 C7F15COO• → C7F15
• + CO2 (2) 

22 C7F15COO• + 3H2O → C6F13COOH + HCOOH + 2F- + 2H+ + OH• (3)

23

24 After decarboxylation, C7F15• radicals react with O2, H2O, or OH• radicals. C7F15• 

25 radicals react with O2 to form the C7F15OO• radicals (Eq. 4), which subsequently interact 

26 with perfluoro-heptylperoxy radicals to produce the intermediates C7F15O• (Eq. 5). These 

27 intermediates eventually break down into shorter-chain compounds and byproducts such as 

28 CO2, COF2, and HF (Eq. 6 and 7). These four steps (4-7) cycle until the initial 7-carbon 

29 chains break down into shorter chain products.3, 4

30

31 C7F15
• + O2→ C7F15OO• (4)

32 C7F15OO• + R’COO• → C7F15O• + R’CO• + O2           (5)

33 C7F15O• → C6F13
• + COF2 (6)

34 COF2 + H2O→ CO2 + 2HF (7)

35

36 Hydrolysis pathways are also crucial for PFAS degradation. The oxidation of radicals 

37 like C7F15• on the anode produces carbocation intermediates C6F13C+F2 (eq. 8), which react 



38 with water to form alcohols such as C6F13CF2-OH (Eq. 9). These alcohols undergo anodic 

39 oxidation to generate acyl fluoride (C6F13COF) (Eq. 10), which can further oxidize and 

40 hydrolyze into shorter chain perfluoroalkyl carboxylic acids like C6F13COOH (Eq. 11, 12 

41 and 13). Finally, C6F13COOH undergoes deprotonation (Eq. 14), forming radical 

42 C6F13COO•. The subsequent decomposition through Kolbe’s decarboxylation reduces the 

43 initial carbon chain by a CF2 unit.5 This deprotonation process generates radicals that drive 

44 the Kolbe decarboxylation reaction forward, progressively shortening the PFAS carbon chain 

45 length.

46

47 C7F15
• → C6F13C+F2

 + e- (8) 

48 C6F13C+F2
 + H2O→ C6F13CF2OH + H+ (9)

49 C6F13CF2OH → C6F13COF + F• + H+ + e- (10)

50 C6F13COF → C6F13C+O•F + e- (11)

51 C6F13C+O•F + H2O → C6F13CO-F-O+H + H+ (12)

52 C6F13CO-F-O+H → C6F13COO+H + F- (13)

53 C6F13COO+H → C6F13COO• + H         (14)

54

55 Finally, when the hydroxyl radical OH•  is the main oxidative specie, the degradation 

56 mechanism comprises the following reactions. The addition of the hydroxyl radical to the 

57 species C7F15
• will produce an unstable alcohol C7F15OH (eq. 15). This alcohol undergoes 

58 HF elimination to form C6F13COF and release a fluoride anion F- (eq. 16). The C6F13COF 

59 specie will be hydrolyzed forming C6F13COO- along with the release of another fluoride 

60 anion (eq. 17). Finally, the perfluoroheptanoic acid in its anionic form can be oxidized (eq. 

61 18) to produce the species C6F13COO• and repeat the cycle until the initial carbon chain is 



62 reduce by a CF2 unit 1,6.

63

64 C7F15
• + OH• → C7F15OH (15) 

65 C7F15OH → C6F13COF + H + F- (16)

66 C6F13COF + H2O → C6F13COO- + 2H+ + F- (17)

67 C6F13COO- → C6F13COO• + e- (18)

68

69
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