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Figure S1. A1) Energy dispersive X-ray (EDS) spectra of as-synthesized sample and A2) the table 
with quantification results. B) SEM images from Co2V2O7 layer over silicon and SEM EDX 
elemental maps of C) Vanadium and D) Cobalt. E) A particle size distribution histogram determined 
from the SEM images. F) Raman spectra of PL6C and mixture with different composition of 
Co2V2O7. G) UV-VIS diffuse reflectance spectroscopy (DRS) spectra for as-synthesized sample and 
the insets show the plots of (αhv)2 versus bandgap of Co2V2O7.
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Figure S2. SEM images of PL6C and Co2V2O7/PL6C with different ratio and magnification.



Theoretical values of expected mass
  2.5% 5% 10% 15%

Carbon 97.5 95.0 90.0 85.0

Co2V2O7 2.5 5.0 10.0 15.0

Co 0.9 1.8 3.6 5.3%
w

ei
gh

t 

V 0.8 1.5 3.1 4.6

EDS values
  2.5% 5% 10% 15%

Co 0.91 1.65 3.31 5.97

V 0.79 1.46 3.49 4.55

%
w

ei
gh

t 

Co2V2O7 2.6 4.7 10.3 15.8

Figure S3. Energy dispersive X-ray (EDS) spectra of composites PL6C/Co2V2O7 at 2.5% (A1); 5% (B1); 10% (C1);  and 
15% (D1) (A2-D2)  the table with quantification. Information of the theoretical values of expected mass (E) and the  EDS 

values obtained (F).
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Figure S4. Linear sweep voltammograms for the PL6C (A) and the Co2V2O7/PL6C in the 
proportions of: 2.5% (B), 5.0% (C), 10% (D) and 15% (E) (w/w) at 100, 400, 900, 1600 and 2500 
rpm and scan rate 5 mV s-1. Electrolyte support was K2SO4 0.1 mol L-1 pH 2.5 saturated with O2.
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Figure S5. Current efficiency for H2O2 electrogeneration (A) and number of electrons involved in 
the ORR (B) for the Co2V2O7/PL6C in the proportions of 2.5, 5.0, 10, 15% (w/w), and only PL6C at 
900 rpm. Electrolyte support was K2SO4 0.1 mol L-1 pH 2.5 saturated with O2.
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Figure S6: Nyquist plots to PL6C and 2.5-15% Co2V2O7/PL6C at different potentials: A)+0.1; B) 0; 
C) -0.1; D) -0.2; E) -0.3; F) -0.4; G) -0.6 and H)-0.8 V. Electrolyte support was K2SO4 0.1 mol L-1 
pH 2.5 saturated with O2, and the electrode was spun at 900 rpm.
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Table S1: Data fitting EIS

 Eapla Rsolb Ctrapc Qtrapd ne Rtrnsf Cdlg Qdlh ni Rctj Z-Rk Z-Tl Z-Pm

0.1 16.7 1.8E-06 3.4E-06 0.892 12.1 1.9E-04 1.7E-04 0.959 1219 4 19.9 0.5
0 16.4 1.8E-06 4.8E-06 0.840 12.5 1.9E-04 1.5E-04 0.891 1141 5 19.2 0.5

-0.1 16.1 1.1E-06 2.9E-06 0.857 11.6 1.8E-04 1.8E-04 0.910 822 6 14.9 0.5
-0.2 18.0 1.5E-06 3.2E-06 0.904 12.8 2.2E-04 2.2E-04 0.981 270 119 10.1 0.5
-0.3 16.7 2.3E-06 3.2E-06 0.965 13.5 4.7E-04 5.8E-04 0.950 56 4013 8.4 0.5
-0.4 17.2 3.3E-06 5.9E-06 0.933 14.9 1.2E-03 1.6E-03 0.906 49 5887 7.6 0.5
-0.6 17.7 4.3E-06 1.1E-05 0.888 16.3 2.0E-03 3.2E-03 0.835 69 7699 5.3 0.5

PL
6C

-0.8 16.0 5.0E-06 9.1E-06 0.920 15.9 4.5E-03 5.3E-03 0.887 99 8943 1.2 0.5

 Eapla Rsolb Ctrapc Qtrapd ne Rtrnsf Cdlg Qdlh ni Rctj Z-Rk Z-Tl Z-Pm

0.1 15.8 1.7E-06 7.7E-06 0.862 11.0 2.3E-04 1.5E-04 0.872 1801 13 22.9 0.5
0 15.7 1.7E-06 9.9E-06 0.839 11.1 2.3E-04 1.7E-04 0.869 1622 8 18.8 0.5

-0.1 15.6 1.1E-06 9.2E-06 0.811 10.8 2.3E-04 2.1E-04 0.859 1133 9 15.9 0.5
-0.2 15.7 1.5E-06 8.9E-06 0.837 11.5 2.5E-04 2.8E-04 0.886 278 94 7.5 0.5
-0.3 15.8 2.2E-06 5.4E-06 0.915 12.2 6.1E-04 8.4E-04 0.929 36 11215 6.0 0.5
-0.4 15.6 3.1E-06 1.3E-05 0.859 13.6 1.0E-03 1.3E-03 0.941 16 16800 7.4 0.5
-0.6 15.8 4.1E-06 8.8E-06 0.920 15.1 1.7E-03 2.1E-03 0.943 22 15081 6.7 0.5

25
 %

-0.8 15.9 4.4E-06 1.3E-05 0.889 14.8 3.3E-03 3.8E-03 0.944 35 15186 1.1 0.5



 Eapla Rsolb Ctrapc Qtrapd ne Rtrnsf Cdlg Qdlh ni Rctj Z-Rk Z-Tl Z-Pm

0.1 16.6 1.7E-06 7.4E-06 0.862 10.8 2.4E-04 1.7E-04 0.892 1904 12 23.3 0.5
0 16.9 1.7E-06 9.7E-06 0.839 11.0 2.4E-04 1.7E-04 0.860 1865 7 23.3 0.5

-0.1 16.6 1.0E-06 9.0E-06 0.811 10.6 2.3E-04 2.0E-04 0.843 1165 7 16.7 0.5
-0.2 16.6 1.5E-06 8.7E-06 0.837 11.3 2.5E-04 2.5E-04 0.888 283 142 7.2 0.5
-0.3 16.8 2.2E-06 5.4E-06 0.915 12.1 5.9E-04 8.4E-04 0.917 41 10424 7.8 0.5
-0.4 16.9 3.1E-06 1.3E-05 0.859 13.4 9.6E-04 1.2E-03 0.939 22 16800 7.4 0.5
-0.6 16.8 4.0E-06 8.7E-06 0.920 14.8 1.6E-03 1.9E-03 0.943 30 12892 8.5 0.5

5%

-0.8 17.0 4.4E-06 1.3E-05 0.889 14.6 3.1E-03 3.4E-03 0.946 49 17763 0.9 0.5

 Eapla Rsolb Ctrapc Qtrapd ne Rtrnsf Cdlg Qdlh ni Rctj Z-Rk Z-Tl Z-Pm

0.1 16.3 1.6E-06 7.3E-06 0.862 10.7 2.8E-04 1.7E-04 0.856 2092 16 28.2 0.5
0 16.3 1.6E-06 9.6E-06 0.839 10.9 3.0E-04 2.0E-04 0.852 1833 8 18.4 0.5

-0.1 16.3 1.0E-06 8.8E-06 0.811 10.5 2.6E-04 2.4E-04 0.927 1177 10 16.9 0.5
-0.2 16.3 1.4E-06 8.6E-06 0.837 11.3 3.0E-04 3.3E-04 0.861 285 129 7.8 0.5
-0.3 16.3 2.1E-06 5.2E-06 0.915 12.0 7.1E-04 1.1E-03 0.898 46 13443 7.5 0.5
-0.4 16.3 3.1E-06 1.3E-05 0.859 13.3 8.0E-04 1.1E-03 0.935 32 12193 7.6 0.5
-0.6 16.3 3.9E-06 8.5E-06 0.920 14.7 1.3E-03 1.8E-03 0.905 46 11858 9.2 0.5

10
%

-0.8 16.2 4.4E-06 1.3E-05 0.889 14.5 2.3E-03 2.8E-03 0.933 66 12365 0.8 0.5



 Eapla Rsolb Ctrapc Qtrapd ne Rtrnsf Cdlg Qdlh ni Rctj Z-Rk Z-Tl Z-Pm

0.1 17.0 1.6E-06 7.4E-06 0.862 10.7 3.0E-04 2.1E-04 0.901 2282 19 32.8 0.5
0 17.1 1.6E-06 9.6E-06 0.839 10.8 2.8E-04 2.4E-04 0.946 1951 9 16.2 0.5

-0.1 17.0 1.0E-06 8.9E-06 0.811 10.5 2.8E-04 2.6E-04 0.952 1387 8 13.0 0.5
-0.2 17.1 1.4E-06 8.5E-06 0.837 11.1 3.1E-04 3.0E-04 0.929 290 183 6.5 0.5
-0.3 16.9 2.0E-06 5.0E-06 0.915 11.8 6.5E-04 7.9E-04 0.953 53 14872 9.3 0.5
-0.4 17.1 2.9E-06 1.2E-05 0.859 13.2 7.8E-04 1.1E-03 0.920 41 10534 8.3 0.5
-0.6 17.1 3.7E-06 8.1E-06 0.920 14.6 1.2E-03 1.3E-03 0.962 51 11333 7.0 0.5

15
%

-0.8 17.1 4.1E-06 1.2E-05 0.889 14.3 1.9E-03 2.1E-03 0.964 72 10424 0.9 0.5

aEapl = Applied potential (V)
bRsol = Resistance of solution (Ω)
cCtrap = capacitance generated by the trapping of electrons (F)
dQtrap= CPE constant generated by the trapping of electrons 
en = CPE exponent of Qtrap
fCdl= double-layer capacitance (F)
gQdl= CPE constant generate by the double-layer
hn = CPE exponent of Qdl
iRtrns = resistance to electron transfer (Ω)
kZ-R = limiting diffusion resistance frow Finite-Length Warburg (Ω)
lZ-T = diffusion time constant generated by the of Finite-Length Warburg 
mZ-P = exponent of diffusion time constant (to Finite-Length Warburg fixed 0.5)



Table S2. Tables with the values of the slopes calculated for the potential range from -0.5 to -0.1 V 
for Rct and Rdiff. Values for the number of electrons calculated by the method of Tan et al. compared 
to the values obtained by Eq. 6.

PL6C 2.5% 5% 10% 15%

Slope Rdiff -14.0 -15.5 -15.8 -15.6 -16.3

Slope Rct 5.8 7.5 7.2 7.0 7.1

Number e-

by slopes 2.4 2.1 2.2 2.2 2.3

Number e-

by LSV 2.4 2.2 2.3 2.3 2.3
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Figure S7: A) Hydrogen peroxide concentration produced as a function of time for GDEm for 90 min 
of electrolysis at 75 mA cm-2 B) Metal leaching test of the Co an V analyzed by an atomic absorption 
spectrometer

A) B)



0 1000 2000

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 GDE H2O2  
 GDE H2O2 + UV
 GDEm H2O2  
 GDEm H2O2 + UV

- L
n 

(C
/C

0)
 / 

a.
u.

t / s

4.3x10-3

5.4x10-4

2.3x10-4

1.3x10-4

kap (s-1)

200 250 300 350

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

Ab
s 

/ a
.u

.

/ nm

UV Photolysis
 0  5
 10  15
 20  30
 45  60
 75  90

200 250 300 350

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Ab
s 

/ a
.u

.

/ nm

GDE-H2O2

 0  5
 10  15
 20  30
 45  60
 75  90

200 250 300 350

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8
GDE-H2O2+UV

 0  5
 10  15
 20  30
 45  60
 75  90

Ab
s 

/ a
.u

.

/ nm

200 250 300 350

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Ab
s 

/ a
.u

.

/ nm

GDEm-H2O2

 0  5
 10  15
 20  30
 45  60
 75  90

200 250 300 350

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Ab
s 

/ a
.u

.

/ nm

GDEm-H2O2+UV
 0  5
 10  15
 20  30
 45  60
 75  90

Figure S8: A) Apparent kinetic constants (Kap) for GDE and GDEm to e-H2O2 and e-H2O2 process 
and UV-Vis absorption spectra of MeP degradation to UV-Photolysis (B), GDE e-H2O2 (C) GDE e-
H2O2+UV, (D), GDEm e-H2O2 (E) GDEm e-H2O2+UV
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Figure S9: A) UV-Vis absorption spectra of MeP degradation to A) e-H2O2 and process without 
GDE; B) e-H2O2+UV and process without GDE
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