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Table S1. LC-MS identification of intermediates generated during 4-CP degradation in the
electrochemical system equipped with BDD as the anode and NG/NF as the cathode during two
separate on and off periods (current density = 90 mA/cm?; [4-CP]y = 0.2 mM (switch-on) or 0.1
mM (switch-off); [Na,SO4]o = 100 mM; pH; = 5).

Compounds l\gﬁgzir Retel(l;i](i)lrll) time m/z Me(ils)i);r)ror On Off
4-Chlorophenol CsH4CIO 10.27 126.9960 0.44 02 )
Benzoquinone C¢H;0, 4.4 108.0204 N/Ab 0] 0]
Hydroquinone CeH;50, 2.12 108.0204 N/A®d o
Maleic (or Fumaric) acid C,H;0, 1.28 115.0024 -1.71 0]
Succinic acid C,Hs0, 1.43 117.0181 -1.57 0]
Hydroxybenzoquinone CsH50; 12.37 123.0075 -0.77 Xe O
2’5;;:3;12?;3;’4' CoH:0, 1.28 139.0026  0.17 0 X
1,2,4,5-Benzenetetrol C¢Hs50,4 6.26 141.0182 -0.44 @) X
4-Chlorocatechol CcH4ClO, 8.56 142.9893 -0.59 X O
(Srhkf’:;;?c"‘;:lccl . CH,CIO, 1.60 148.9636  -0.14 0 0
41C2h1221;$1d;§;‘z CH,CIO; 6.66 156.9689 140 X 0
Dichlorophenyl-diol C,H,Cl,0, 11.97 252.9828 4.18 0] (0]

a: detected
b: not available
¢: not detected
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Figure S1. Cyclic voltammograms for Pt UME tip in 1 mM FcMeOH + 100 mM KCI (scan rate
of 50 mV/s) to rationalize a diffusion limited tip current at +0.35 Vgcg (+0.241 Vyyg) for
FcMeOH oxidation.
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Figure S2. (a) A schematic diagram for feedback mode of SECM and (b) a representative SECM
areal scan image of G/NF sample (1 x 1 cm?) in 1 mM FcMeOH + 100 mM KClI (applied bias =
+0.241 Vygg; scan velocity = 100 um/s; step size = 10 pm/point; tip-to-substrate distance = 25

um; under open circuit condition).
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Figure S3. Cyclic voltammetries of (a) NF, (b) G/NF, (¢c) NG-4/NF, (d) NG-12/NF, (¢) NG-20/NF, and (f) plots of current density versus scan rate.
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Figure S4. TEM images of NG-20 with the layer number of 7 to 11.
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Figure S5. Ni2p XPS spectra of (a) pristine NF and (b) heat-treated NF in NH; flow.
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Figure S6. Cls XPS spectra of (a) NG-2/NF, (b) NG-4/NF, (c) NG-8/NF, (d) NG-12/NF, (e) NG-16/NF, and (f) NG-20/NF.
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Figure S7. Surface atomic percentages of carbon and nitrogen in the N-doped graphene samples

prepared under varying NH; flow conditions.

S1



('a')"|""|""|""|""|""|"

10 —@— 30 mA/cm?

—O— 60 mA/cm?
—#— 90 mA/cn’
—1— 120 mA/cm?

0.8

0.6

4-CP Conc. (C/C,)

0.4

0.2

O.OIIIIIIIII”

5llll|llll|llll|llll|llll|llll|l

~(b)

PDS Conc. (mM)

0 10 20 30 40 50 60

Electrolysis Time (min)
Figure S8. Anodic (a) 4-CP degradation and (b) PDS production under varying current density
conditions ([4-CP]y = 0.2 mM; [Na,SOy4]o = 100 mM; pH; = 5).
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Figure S9. Anodic (a) 4-CP degradation and (b) PDS production under varying SO4>~ electrolyte
concentration conditions (current density = 90 mA/cm?; [4-CP], = 0.2 mM; pH; = 5).
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Figure S10. 4-CP degradation during PDS activation by NF, G/NF, and NG-20/NF ([PDS]y =5
mM; [4-CP], = 0.1 mM; pH; =5).
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Figure S11. Time-dependent changes in 4-CP and PDS concentrations in the electrochemical
systems equipped with BDD as the anode and bare NF and N-NF as the cathode during two
separate on and off periods (current density = 90 mA/cm?; [4-CP]y = 0.2 mM (switch-on) or 0.1
mM (switch-off); [Na,SO4]o = 100 mM; pH; = 5).
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Figure S12. 4-CP degradation via cathodic PDS activation on NG-20/NF (current density = 90
mA/cm?; [4-CP]y = 0.2 mM; [Na,SOy4]o = 100 mM; pH; = 5).
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Figure S13. Effect of pH on the rate of 4-CP degradation via anodic oxidation and carbocatalytic

PDS activation in the electrochemical systems equipped with BDD as the anode and NG-20/NF
as the cathode during two separate on and off periods (current density = 90 mA/cm?; [4-CP], =

0.2 mM (switch-on) or 0.1 mM (switch-off); [Na,SO4]o = 100 mM).
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Figure S14. Anodic PDS production in the presence of humic acid (HA), alginic acid (AA), and
phenol (current density = 90 mA/cm?; [Na,SO4]o = 100 mM; pH; = 5). NG-20/NF was used as
the cathode.
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Figure S15. Anodic degradation of various organics, namely 4-CP, BA, 4-NP, and PH 4-CP in
the electrochemical systems equipped with BDD and NG-20/NF as the anode and cathode,
respectively, in the presence of (a) ClI- and (b) ClO,4 as electrolytes (current density = 90
mA/cm?; [organic compound], = 0.2 mM; [NaCl], = [NaClO4]o = 100 mM; pH; = 5).
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