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Table S1. The atomic percentage of Cu and Co from TEM-EDS, XPS and ICP-MS.

Catalysts TEM-EDS
Cu (at.%)

TEM-EDS
Co (at.%)

XPS
Cu (at.%)

XPS
Co (at.%)

ICP-MS
Cu (at.%)

ICP-MS
Co (at.%)

CCO-8 85.8 14.2 64.3 35.7 74.0 26.0
CCO-9 74 26 - -
CCO-9.5 25.2 74.8 25.8 74.2 47.7 52.3
CCO-11 16.2 83.8 16.18 83.82 4.5 95.5
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Table S2. Comparison of the OER activity of Co-based electrocatalysts in alkaline electrolytes.

Electrocatalyst Catalyst loading 
(mg cm-2)

Substrate Electrolyte Overpotential 
at 10 mA cm-2

(mV)

Tafel slope
(mV dec-1)

Ref.

NiCo-r 0.285 GCE 1 M KOH 320 30 [1]

CoOx-4h 0.5 GCE 1 M KOH 306 65 [2]

Co3O4/NiCo2O4 
DSNCs

1 Ni foam 1 M KOH 340 88 [3]

Co3O4 nanowire 0.136 GCE 1 M KOH 400 72 [4]

CoO hexagrams 0.28 GCE 1 M KOH 269 64.4 [5]

Ni-Co oxide Not given FTO 1 M NaOH 340 51 [6]

Ni–Co oxide cages Not given GCE 1 M KOH 380 50 [7]

Au@CoFeOx Not given GCE 1 M KOH 328 58 [8]

Au/mCo3O4 Not given GCE 0.1 M KOH 440 46 [9]

Cu0.5Co2.5O4 0.5 GCE 1 M KOH 285 79.2 This 
work



4

Table S3. Comparison of the AEMWE reported performance with OER catalyst, HER catalyst, AEM, binder, 

electrolyte and temperature.

OER catalyst
Loading 
(mg cm-2)

HER catalyst
Loading 
(mg cm-2)

AEM Binder Electrolyte Temperature
[°C]

Cell performance
current density 
[mA cm-2]/voltage 
[V]

Ref.

Cu0.7Co2.3O4 
nanopowder
(3)

Ni nanopowder
(2)

Cranfield-
membrane

Quaternized 
Poly(DMAEMA-co-
TFEMA-co-BMA) 
(QPDTB) ionomer

0.1 M KOH 55 (Bath) 150 / 2.0 [10]

Cu0.7Co2.3O4 
nanopowder
(3)

Ni nanopowder
(2)

qPVB/OH- qPVB/Cl ionomer 1 M KOH 55 (Bath) 100 / 2.0 [11]

CuCoOx
(36)

Ni-CeO2-
La2O3/C
(7.4)

A201, 
Tokuyama

PTFE 1 M KOH 55 (Bath) 450 / 1.8 [12]

Ni–Fe nanopowder
(Not given)

Ni-Mo
(40)

Quaternary 
ammonia 
polysulfone 
(xQAPS)

xQAPS D.I. 70 (Bath) 250 / 1.8 [13]

Li0.21Co2.79O4
(2.5)

Ni nanopowder
(2)

Cranfield-
membrane

QPDTB ionomer D.I. 45 (Not given) 245 / 2.0 [14]

Ce0.2MnFe1.8O4
(3.5)

Ni nanopowder
(3.5)

Fumasep® 
FAA-3-PK-130

AEM dissolved in 
dimethyl sulfoxide

D.I. 25 (Not given) 250 / 1.8 [15]

CuxCo3-xO4 
nanoparticles
(3)

Pt/C
(1)

Cranfield-
membrane

Not given 1 M KOH 25 (Bath) 1000 / 1.8 [16]

IrO2
(2.9)

Pt black
(3.2)

A201, 
Tokuyama

AS-4, Tokuyama 1 M KOH 50 (Cell) 399 / 1.8 [17]

IrO2
(4)

Pt/C
(0.4)

Fumasep® 
FAA-3-50, 
Fumatech

FAA-3-Br, Fumatech 1 M KOH 50 (Cell) 1150 / 1.8 [18]

IrO2
(Not given)

Pt/C
(Not given)

A201, 
Tokuyama

PTFE 0.5 M KOH 50 (Not given) 1070 / 1.8 [19]

Cu0.5Co2.5O4
(10)

Pt/C
(1)

X37-50 T, 
Dioxide 
Materials

PTFE 1 M KOH 50 (Bath)
45 (Cell)

1300 / 1.8 This 
work
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Fig. S1. (a) The schematic diagram showing the formation of Cu-Co hydroxide nanowalls. TEM image of 

CCO-9.5 with magnification (b)×12,000 and (c)×30,000.
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Fig. S2. Elemental mapping of the electron image, Co and Cu of the CCO-8 and CCO-9.5.
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Fig. S3. The atomic percentage of Cu in CCO-8, CCO-9.5 and CCO-11 electrocatalyst from TEM-EDS, 
XPS and ICP-MS.
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Fig. S4. Photograph of the CCO-11 (1 cm2) on Ni foam electrode by hot pressing.
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Fig. S5.. The half cell polarization curves of CCO-11/NF (10 mg cm-2) and pure Ni foam (NF) in 1 M KOH.
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Fig. S6. The Raman spectra of CCO and CO.
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Fig. S7. The SAED pattern of the CCO-11 catalyst.
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Fig. S8. XPS survey spectra of CCO-8, CCO-9.5, CCO-11 and CO.
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Fig. S9. XPS spectra of Cu 2p3/2 of the CuO, CCO-8, CCO-9.5 and CCO-11.
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Fig. S10. Room-temperature EPR spectra of CCO-11 and CO.
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Fig. S11. Nitrogen adsorption/desorption isotherm and the BET surface area analysis of CCO-11
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Fig. S12. X-ray diffraction (XRD) patterns of (blue line) for bulk Co3O4 in the symmetric group of Fd3m 

(ICSD #69374). (black line) Cu2Co10O16 selected from the configurations in models considering the 

composition of Cu, Co and O in lattice having symmetric group of Fd-3mZ (ICSD #150806), and (red line) 

for bulk CuO in the symmetric group of C12/c1 (ICSD #69094), respectively.
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Fig. S13. Designed CuO in the symmetric group of C12/c1 (ICSD #69094), Co3O4 in the symmetric group 

of Fd3m (ICSD #28158) and Cu2Co8O16 selected from the configurations in models considering the 

composition of Cu, Co, and O in lattice having a symmetric group of Fd-3mZ (ICSD #69374)
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Fig. S14. Relative energy plot for the spinel and reverse spinel structures in Cu2Co10O16.
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Fig. S15. (a) (001), (b) (110), and (c) (111) slab models of fully relaxed CuO. Based on the Z-coordination, 

bottom layers were fixed below 0.16, 0.12, and 0.16 for (001), (110), (111) of each slab model, respectively, 

from the bottom termination to be not included in the surface reaction. Rest atoms were fully relaxed.
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Fig. S16. (a) (001), (b) (110), and (c) (111) slab models of fully relaxed Co3O4. Based on the Z-coordination, 

bottom layers were fixed below 0.12, 0.12 and 0.15 for (001), (110), (111) of each slab model, respectively, 

from the bottom termination to be not included in the surface reaction. Rest atoms were fully relaxed.
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Fig. S 17. Designed slab models of four Cu2Co10O16 (110) with different exposed surfaces.
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