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Materials and Methods continued 
Graphene and graphene composite synthesis 

To prepare a typical graphene dispersion, 180 mg of graphite was dispersed in 180 ml of isopropyl alcohol 

(IPA) (starting concentration of graphite in IPA: 1 mg ml-1) using a 1.3 hour sonication process at 60 % 

amplitude, with a pulsation pattern of 6 seconds on and 2 seconds off to avoid damage to the processor and 

reduce solvent heating, and, thus, evaporation. The beaker was connected to a cooling system that allowed 

for cold water (under 5 °C) to flow around the dispersion during sonication. The resulting dispersion was 

centrifuged for 90 minutes at 500 rpm. After centrifugation, the upper 45 ml of the dispersion was retained 

for use. The final concentration of graphene nanosheets in IPA were 0.5 mg ml−1.

CuCo@graphene (CCG) was synthesized through a urea-assisted hydrothermal method. In a typical synthesis 

process 5 mmol urea, 1 mmol Cu(CH3COO)2• H2O and 2 mmol Co(CH3COO)2• 4 H2O were added to a graphene 

suspension, and it was stirred for 30 minutes to fully dissolve all the compounds. The solution was transferred 

into a Teflon-lined stainless-steel autoclave and kept at 120 °C for 6 h for hydrothermal treatment. After 

cooling down to room temperature, the precipitate was collected by centrifugation at 5000 rpm for 10 min, 

and then repeatedly washed with deionized water (3 x) and ethanol (3 x). The sediment was dried overnight 

at 60 °C for 10 h. The materials were labelled CCG50 and CCG25 for 50 % and 25 % graphene content, 

respectively.

Material characterizations

The phase analysis of the samples was performed at room temperature (RT) by powder X-ray diffraction 

(XRD) utilizing a Bruker D8 ADVANCE powder diffractometer with Cu-K𝜶 radiation of 40 kV and a beam current 

of 40 mA (𝜆(Cu-K𝜶1) = 0.1541 nm and 𝜆(Cu-K𝜶2) = 0.1544 nm). Diffraction patterns were collected between 

3.5° and 80° applying a step size of 0.015°. The morphologies of the as-prepared samples were observed 

using a Karl Zeiss MERLIN scanning electron microscope (SEM) using a 0.1–30 keV field emission gun. X-ray 

photoelectron spectroscopy (XPS) measurements were conducted using a JEOL JPS-9030 setup with a base 

pressure of 2E-9 mbar. The powders were evenly distributed on carbon tape for the measurements. A non-

monochromated Al source with 300 W power was used for excitation and a hemispherical analyzer with pass 

energy of 50 eV (surveys) and 20 eV (narrow scans) was used to detect the emitted photoelectrons. The 

analyzer binding energy scale was calibrated by measuring sputter cleaned gold and copper foils just before 

the measurements and setting the Au4f_7/2 peak to 84.00 eV and the Cu2p_3/2 peak to 932.62 eV. Since 

the samples exhibited charging, the C-C component of the carbon tape was set to 285.0 eV for comparison. 

CasaXPS was used to fit the spectra, employing Tougaard (Cu2p) and Shirley (all other core levels) 

backgrounds and Voigt-functions. X-ray Absorption Near Edge Structure (XANES) spectra was acquired using 

Scanning Transmission X-Ray Microscopy (STXM) at the BESSY-II electron storage ring. The measurements 

were performed at the MAXYMUS end station. The x-ray beam was focused with a zone plate and an order 

selective aperture on the transmissive sample. The samples were measured ex-situ under vacuum (~10-6 

mbar). Scanning Transmission Electron Microscopy (STEM) was performed using a FEI Titan 80–300 Thermo 
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Fisher Scientific, fitted with a Schottky field emission gun set to an operating voltage of 300 kV. Elemental 

composition was determined by Energy Dispersive X-Ray Spectroscopy (EDS) using a Bruker XFlash 6–30 EDS 

detector. Au grids TEM grids were used to allow for the true Cu signal of the materials to be detected. Contact 

angle measurements were carried using an Ossila Contact Angle Goniometer, in which a deionised water 

droplet (5 µl) was used to characterize the wettability of the catalysts. The Inductively coupled plasma optical 

emission spectroscopy (ICP-OES) measurements were carried out with a iCAP 7400 DV from ThermoFisher in 

axial measurement mode. 
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Figure S1. SEM images of pure Co and pure Cu.

Figure S2. EDS map of V2CTx.
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Figure S3. EDS map of pure CuCo.

Figure S4. EDS map of CC1.
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Figure S5. EDS map of CC10.

Figure S6. EDS map of CC25.



6

Figure S7. EDS map of CC50.

Figure S8. Transmission image A. at maximum absorption of V-L3 edge at 517 eV of pristine V2CTX, and B. of 
CC50. NOTE: The XANES spectra in Figure 3C in the main paper is an averaged spectra over these images. 
Lower optical density represents the background and correspondingly increasing contrast indicates the 
thickness of the sample.
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Figure S9. CV of the CC composite materials highlighting the A1 redox peak.

Figure S10. Stability test of the CC50 for 24 hours.

Table S1. Fitted values of the charge transfer resistance during OER.

Material Rct [Ω]
CuCo 102.3
CC1 74.37

CC10 76.54
CC25 58.30
CC50 53.81
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Table S2. Literature comparison of Cu/Co/V based materials.

Catalyst Overpotenti
al at 10 mA 
cm-2 (mV)

Stability Preparation 
method

Reference

CuxCo3-xO4@C 385 5000 cycles CV Hydrothermal 1

Co3O4@Ti3C2Tx 300 2000 cycles CV Solvothermal 2

Co-LDH@ Ti3C2Tx 330 20 h galvanostatic Solvothermal 3

CuCoO-NWs 320 50 h @ 1.5 V vs RHE Hydrothermal 4

Cu-Co3O4 (Cu/Co = 1/8) 391 2 h @ 0.8 V vs Ag/AgCl Solid-solid 5

NiV-LDH 318 25 h chronopotentiometry Hydrothermal 6

CoVOx (3:1) 351 15 h Hydrothermal 7

CuCu@V2CTX (50)(CC50) 285 24 h and improvement in 
activity

Hydrothermal This work 
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