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Section 1: Calibration of electrode 

Electrode radii were confirmed using cyclic voltammetry at variable scan rates from 20 mV s-1 to 400 mV s-1 at 25 oC in 

nitrogen degassed solutions of 0.1 M potassium chloride and 1 mM hexaammineruthenium(III) chloride using the fully 
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electrochemically reversible version Randles–Ševčík equation, where the variation of the peak current (Ip) with the square 

root of the scan rate ( ):𝑣

 
𝐼𝑝 = 2.69 × 105𝑛 𝐴𝐷𝑂2

0.5𝐶𝑂2
𝑣0.5

Where n = 1, , . 1
𝐶𝑂2

= 1.0 𝑚𝑜𝑙 𝑚 ‒ 3 𝐷𝑂2
= 8.4 ×  10 ‒ 10 𝑚2𝑠 ‒ 1

The term  was calculated from the slope of the inlay in Fig. S1a and b, giving radii of the silver 
2.69 × 105𝑛 𝐴𝐷𝑂2

0.5𝐶𝑂2

electrode (1.36 mm) and the glassy carbon electrode (1.49 mm)

The measured diameter of GC electrode is 2.97±0.05 mm which is in agreement with electrochemical results, however the 

measured diameter of Ag electrode (1.98±0.01 mm) is much smaller than that obtained from Fig. 1b, possibly due to surface 

roughness which increased the effective surface area. 

Section 2: ORR on glassy carbon electrodes

2.1 Seawater composition 
Table S1. Chemical compositions of synthetic seawater2, 3 and authentic seawater4

Fig S1. Calibration of electrode a) GC, r=1.49 mm, Technical, UK) and b) Ag, homemade, r=1.36 mm. 
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2.2 Oxygen diffusion coefficient in aqueous solutions
Table S2. Reported diffusion coefficients of oxygen in various solutions.
 *Data obtained for solution at a) 20 °C, b) 25 °C and c) 24 °C.

Table S3. Reported diffusion coefficients 
of oxygen in different NaCl concentration aq. solutions
*Data obtained at a) 25 oC  b) Data at 22 oC  c) Data at 20 oC.

Literature value reported by NaCl concentration in M  ( 10-9) / m2 s-1 
𝐷𝑂2 ×

Stroe et. al 10 a 0 2.26 

Composition Simple synthetic 
seawater / mol L-1

Standard synthetic 
seawater / mol L-1

Authentic 
seawater / mol L-1

Na+ 4.20E-01 4.80E-01 4.69E-01
K+ 9.39E-03 1.02E-02 1.02E-02
Mg2+ 5.46E-02 5.46E-02 5.28E-02
Ca2+ 　 1.05E-02 1.03E-02
Sr2+ 　 6.40E-05 9.10E-05
Cl- 5.39E-01 5.60E-01 5.46E-01
SO4

2- 　 2.88E-02 2.82E-02
HCO3

- 　 2.38E-03 1.72E-03
CO3

2- 　 　 2.39E-04
Br- 　 8.40E-04 8.42E-04
F- 　 7.20E-05 6.80E-05
H3BO3 　 4.90E-05 　
B(OH)4

- 　 　 1.01E-04
B(OH)3 　 　 3.14E-04
OH- 　 　 8.00E-06
CO2 　 　 1.00E-05

 ( 10-9) / m2 s-1
𝐷𝑂2 ×

Solution

2.42 5-7 H2O b

1.98 8 H2O a

3.40 9 H2O b

2.26 10  H2O b

1.96 11 H2O b

1.7 12 Britton-Robinson buffer solution containing 0.1 M NaCl b

1.9 63 0.01M Na2SO4 aq a

1.46 8 0.552M NaCl aq. a

2.08 9 0.5M NaCl aq. b 

2.17 10 0.5642M NaCl aq. b

1.4 13 Seawater b

2.3 14, 15 Seawater c 

1.26 16 0.5M H2SO4 aq. b

1.93 17, 18 0.1M NaOH aq. b
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0.0846 2.2

0.154 2.22

0.282 2.21

0.4231 2.12

0.5642 2.17

0 2.08

0.2 1.80

Ju et. al 19 b 0.5 1.60

0 1.98

0.103 1.44

Jamnongwong et. al 8 c 0.552 1.46

2.3 Oxygen solubility in aqueous solutions
Table S4. Literature solubility of O2 in various solutions. 
*Data obtained for solution at a) 25 °C, b) 30 °C.

Table S5. Literature solubility of O2 in solution with varied salinity at 25oC. 
*Data obtained a) with air saturated solution b) with oxygen saturated solution c ) from Figure 8 in reference cited

Solubility in mM Solution

1.15 20 H2O b

1.0120 H2O b

1.26 21 H2O a 
1.25 12 Britton-Robinson buffer solution 

containing 0.1 M NaCl a

0.23 20 5M NaCl aq. a

1.28 22 1mM H2SO4 aq. a

1.25 23 0.5M H2SO4
 aq.a

1.43 16 0.5M H2SO4 aq.a

Solubility in mM Solution

0.259120 a H2O   

https://www.sciencedirect.com/science/article/pii/S1385894710008703#!
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0.2791 20 a   H2O  

0.2598 20 a  H2O  

0.2631 20 a  H2O

1.26 21
 
b 20mM KCl aq.  

1.25 12 b Britton-Robinson buffer solution containing 0.1 M NaCl 

1.24 24 c 0.1 M NaCl aq.  

1.07 24 c 0.42 M NaCl aq.

1.01 24 c 0.54 M NaCl aq.

0.2508 20 a  Seawater Salinity = 7.816 g Kg-1

0.2350 20 a  Seawater Salinity = 18.985 g Kg-1

0.2226 20 a  Seawater Salinity = 28.986 g Kg-1

0.2054 20 a  Seawater Salinity = 35.77 g Kg-1

0.2096 20 a  Seawater Salinity = 38.792 g Kg-1



6

 Section 3: ORR on silver electrode in KNO3 and NaClO4

Fig S2. Reductive voltammetry studies on a silver macroelectrode. a) Voltammagrams in oxygen saturated 0.1 
M KNO3 with varying scan rates from 20 mV s–1 to 400 mV s–1 and Tafel analysis in b); c)Voltammagrams in 
oxygen saturated 0.1 M NaClO4 with varying scan rates from 20 mV s–1 to 400 mV s–1 and Tafel analysis in d)
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Section 4: ORR on silver electrode in seawater

Fig S3. O2 reduction in seawater on silver electrode a) Voltammagrams in synthetic seawater (solid line) 
and authentic seawater (dash line) with varying scan rates from 20 mV s–1 to 400 mV s–1 b) Tafel analysis 
in authentic seawater and c) Tafel analysis in synthetic seawater
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 Section 5: Digisim fitting of ORR on silver in synthetic seawater

Table S6. Electron transfer kinetics of the oxygen reduction at bulk silver at 298 K in synthetic seawater.

 * k0 and E0 refer to the kinetic constant and the formal potential of each step, 

** The values of k0 and for the first step are arbitrary to model a quasi-reversible behaviour. 𝛼 

Step 1 Step 2

 (quasi-reversible)𝐴 + 𝑒 ‒ →𝐵  (irreversible)𝐵 + 𝑒 ‒ →𝑃

=1.1 mM
𝐶𝑂2

=
𝐷𝑂2 1.6 × 10 - 9 m2s - 1

 𝛼 0.5

k0 / cm s-1 1.0

E0 / V -0.4 
 cm s-1

𝑘 = 𝑘0exp(𝛼𝐸0𝐹
𝑅𝑇 )

4.9 ± 1.8 × 10 ‒ 11

Fig. S4 Digisim analysis of ORR in seawater. The effect of diffusion 
coefficient and background (experiment in nitrogen saturated seawater) at 
400 mV s-1.
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Section 6: ORR on silver in 0.1 M KCl and 0.42 M KCl 

References

1. H. M. A. Amin, Y. Uchida, E. Kätelhön and R. G. Compton, J. Electroanal. Chem., 2019, 836, 62-67.
2. F. M. M. Morel, J. G. Rueter, D. M. Anderson and R. R. L. Guillard, J. Phycol., 2008, 15, 135-141.
3. N. M. Price, G. I. Harrison, J. G. Hering, R. J. Hudson, P. M. V. Nirel, B. Palenik and F. M. M. Morel, Biol. Oceanogr., 

1989, 6, 443-461.
4. F. J. Millero, R. Feistel, D. G. Wright and T. J. McDougall, Deep Sea Res. Part I Oceanogr. Res. Pap., 2008, 55, 50-72.
5. CRC Handbook of Chemistry and Physics, CRC Press, Boca Raton, 58 edn., 1977.
6. B. Jahne, G. Heinz and W. Dietrich, J. Geophys. Res. Oceans, 1987, 92, 10767-10776.
7. D. M. Himmelblau, Chem. Rev., 1964, 64, 527-550.
8. M. Jamnongwong, K. Loubiere, N. Dietrich and G. Hébrard, Chem. Eng. J., 2010, 165, 758-768.
9. G. W. Hung and R. H. Dinius, J. Chem. Eng. Data, 1972, 17, 449-451.
10. A. J. Vanstroe and L. J. J. Janssen, Anal Chim Acta, 1993, 279, 213-219.
11. P. Han and D. M. Bartels, J. Phys. Chem. , 1996, 100, 5597-5602.

Fig. S5 ORR on silver in potassium chloride solutions a) Voltammagrams in oxygen saturated 0.1 M KCl and 0.42 
M KCl with varying scan rates from 20 mV s–1 to 400 mV s–1 b) Tafel analysis for 0.1 M KCl c) Tafel analysis for 
0.42 M KCl



10

12. C. Degrand, J. Electroanal. Chem. Interf. Electrochem., 1984, 169, 259-268.
13. N. Le Bozec, C. Compère, M. L’Her, A. Laouenan, D. Costa and P. Marcus, Corros. Sci., 2001, 43, 765-786.
14. M. Frank, Nat Geosci, 2011, 4, 220-221.
15. H. Elderfield, Nature, 1983, 304, 380-380.
16. Y. Wang, E. Laborda, K. R. Ward, K. Tschulik and R. G. Compton, Nanoscale, 2013, 5, 9699-9708.
17. P. Singh and D. A. Buttry, J. Phys. Chem. C, 2012, 116, 10656-10663.
18. R. E. Davis, G. L. Horvath and C. W. Tobias, Electrochim Acta, 1967, 12, 287-297.
19. L.-K. Ju and C. S. Ho, Biotechnol. Bioeng., 1985, 27, 1495-1499.
20. H. L. Clever, R. Battino, H. Miyamoto, Y. Yampolski and C. L. Young, J Phys Chem Ref Data, 2014, 43.
21. K. Shimizu, L. Sepunaru and R. G. Compton, Chem. Sci, 2016, 7, 3364-3369.
22. T. N. Das, Ind. Eng. Chem. Res., 2005, 44, 1660-1664.
23. M.-C. Pham and J.-E. Dubois, J. Electroanal. Chem. Interf. Electrochem., 1986, 199, 153-164.
24. M. Geng and Z. Duan, Geochim. Cosmochim. Acta, 2010, 74, 5631-5640.


