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Table S1. Lattice constants of RuO2 rutile structure and Co3O4 cubic structure according to 

Bragg's law

Materials a (RuO2, nm) c (RuO2, nm) a (Co3O4, nm)

RuO2 0.4523 0.3116

Ru0.77Co0.23Oy 0.4476 0.3065

Ru0.64Co0.36Oy 0.4475 0.3057 0.8142

Ru0.47Co0.53Oy 0.4489 0.3060 0.8123

Ru0.33Co0.67Oy 0.4486 0.3058 0.8112

Ru0.19Co0.81Oy 0.4496 0.3077 0.8108

Co3O4 0.8103



Figure S1. High-resolution XPS spectra of (A) Ru 3d and (B) Co 2p regions of RuxCo1−xOy 

nanomaterials (x = 0.19, 0.33, 0.47 and 0.64).



Figure S2. High resolution Co 2p XPS spectra of (A) electrospun Co3O4 nanotubes and (B) 

Ru0.47Co0.53Oy nanotubes. The deconvoluted area ratios of Co2+ to Co3+ for 2p1/2 are 2.46 and 

3.11 in Co3O4 and Ru0.47Co0.53Oy nanotubes, respectively.



Figure S3. Electron paramagnetic resonance (EPR) spectra of Ru0.77Co0.53Oy and Ru0.47Co0.53Oy.
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Figure S4. (A) Cyclic voltammograms of Ru0.47Co0.53Oy in 1.0 M KNO3 solution at 

various scan rates of 10, 20, 50, 100, 150, and 200 mV s−1. (B) Cyclic voltammograms 

of as prepared RuO2, RuxCo1−xOy (0 < x < 1) and Co3O4 nanomaterials obtained at a scan 

rate of 50 mV s−1. (C) Plots of anodic and cathodic current differences (Δic) measured at 

0.05 V as a function of scan rate. 



Figure S5. iR-compensated RDE voltammograms for OER at RuO2, Ru0.47Co0.53Oy, Co3O4 

and physically mixed RuO2+Co3O4 nanomaterials obtained in Ar-saturated 1.0 M HClO4 

with a rotation rate of 1600 rpm at a scan rate of 10 mV s−1.
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Figure S6. Nyquist plots of RuO2, RuxCo1−xOy (x = 0.47 and 0.77) and Co3O4 

nanomaterials measured in 1 M HClO4 solution at potentials achieving 5 mA cm−2. 

Table S2. Charge-transfer resistance (Rct) values of RuO2, RuxCo1−xOy (x = 0.47 and 0.77) 

and Co3O4 nanomaterials measured from the Nyquist plots in Figure S6. 

Materials Resistance ()

RuO2 90.9

Ru0.77Co0.23Oy 86.9

Ru0.47Co0.53O4 68.2

Co3O4 155.7



Figure S7. Chronopotentiograms of Ru0.47Co0.53Oy and RuO2 obtained with a constant 

applied current of 10 mA cm−2 in 0.1 M HClO4 aqueous solution. Electrodes were not 

mechanically rotated.

1.7

1.6

1.5

1.4

1.3

1.2

Po
te

nt
ia

l /
V 

vs
 R

H
E

1086420
Time /h

 Ru0.47Co0.53Oy
 RuO2

 



Figure S8. A SEM image of Ru0.47Co0.53Oy nanotubes after the continuous OER 

at 10 mA cm−2 for 8 000 s. 



Table S3. Comparison of the atomic ratio in Ru0.47Co0.53Oy before and after the continuous 

OER at 10 mA cm−2 for 8 000 s which were determined with SEM-EDS measurements at 

more than 20 different locations.

Materials Elements Atomic Ratio (%)

Ru0.47Co0.53Oy

before stability test

Ru 46.9 (± 1.6)

Co 53.1 (± 1.6)

Ru0.47Co0.53Oy

after stability test

Ru 46.7 (± 2.2)

Co 53.3 (± 2.2)
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Figure S9. Raman spectra for Ru0.46Co0.53Oy nanotubes (A) before and (B) after a 

stability test with a constant applied current of 10 mA cm−2 for 3600 s.
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Figure S10. LSV for O2 reduction in O2-saturated and Ar-saturated 1.0 M HClO4 solution 

at a Pt tip electrode (25 µm in diameter) with a scan rate of 10 mV s−1. 


