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Figure S1. XRD patterns of (a) binary oxides (b) ternary oxides in different molar 

ratios. 

 

 

 

Table S1. Composition analysis of the synthesized oxides by EDS. 

 

 

Designed ratio (Co : Fe : V) Practical ratio (Co : Fe : V) 

1 : 0 : 0 (Co3O4) 1 : 0 : 0 

2 : 0 : 1 (CV-1) 1.31 : 0 : 1 

3 : 0 : 1 (CV-2) 1.88 : 0 : 1 

5 : 0 : 1 (CV-3) 2.77 : 0 : 1 

10 : 0 : 1 (CV-4) 4.49 : 0 : 1 

2 : 1 : 1 (CFV-1) 1.49 : 1.24 : 1 

3 : 1 : 1 (CFV-2) 1.83 : 1.13 : 1 

5 : 1 : 1 (CFV-3) 2.81 : 0.94 : 1 

10 : 1 : 1 (CFV-4) 4.68 : 1.19 : 1 
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Table S2. Interplanar spacings of 311 and 440 in synthesized Co3O4, CV-2 and 

CFV-2. 

 

 

 

Figure S2. (a) TEM image (b) SAED pattern, (c) HRTEM image of as-synthesized 

Co3O4. The two different interplanar spacings coincide with those of 311 and 111 

planes of Co3O4, respectively.  

Catalyst d 311  (nm) d 440  (nm) a (nm) 

Co3O4 0.244 0.143 0.809 

CV-2 0.257 0.150 0.851 

CFV-2 0.262 0.155 0.872 
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Figure S3. (a) TEM image (b) SAED pattern, (c) HRTEM image of as-synthesized 

CV-2. The two interplanar spacings in (c) respond to 311 and 400 planes of binary 

CoV spinel oxide, respectively. 

 

 

 

 

 

Figure S4. Wide-scan XPS spectra of (a) Co3O4 , (b) CV-2 and (c)CFV-2. 
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Figure S5. XPS spectra (a) Co 2p of Co3O4, (b) Co 2p of CV-2, (c) V 2p of CV-2 and 

(d) V 2p of CFV-2. 
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Table S3. Comparison of OER activity of as-synthesized oxides with reported 

electrocatalysts in the electrolyte of 1 M KOH .  

 

 

  

Catalysts Substrate Overpotential Tafel slope Reference 

CoFeVO4 Glassy carbon 248 mV@10 mA cm
-2

 52.8 mV dec
-1

 This work 

Co2VO4 Glassy carbon 295 mV@10 mA cm
-2

 65.9 mV dec
-1

 This work 

Co3O4 Glassy carbon 316mV@10 mA cm
-2

 78.6 mV dec
-1

 This work 

Co3O4/N-rmGO Ni foam 310mV@10 mA cm
-2

 67 mV dec
-1

 
1
 

reduced Co3O4 Glassy carbon 420mV@13.1 mA cm
-2

 72 mV dec
-1

 
2
 

P-Co3O4 Ni foam 280mV@10 mA cm
-2

 51.6 mV dec
-1

 
3
 

Co3V2O8 Glassy carbon 359mV@10 mA cm
-2

 65 mV dec
-1

 
4
 

reduced CoFe2O4 

NS 
Glassy carbon 320mV@10 mA cm

-2
 48 mV dec

-1
 

5
 

CoFe-LDH Ni foam 300mV@10 mA cm
-2

 83 mV dec
-1

 
6
 

NiCoFe LTHs/CFC 
Carbon fiber 

cloth 
239mV@10 mA cm

-2
 32 mV dec

-1
 

7
 

Fe-doped NiCo2O4 Ni foam 350mV@10 mA cm
-2

 27 mV dec
-1

 
8
 

CoFeZr oxides/NF Ni foam 264mV@20 mA cm
-2

 54.2 mV dec
-1

 
9
 

NiV-LDH Glassy carbon 318mV@10 mA cm
-2

 50 mV dec
-1

 
10

 

NiFe-LDH/rGO Glassy carbon 210mV@10 mA cm
-2

 40 mV dec
-1

 
11

 

NiVFe-LDH Ni foam 231mV@10 mA cm
-2

 39.4 mV dec
-1

 
12

 

NiVFe-LDH Ni foam 192mV@10 mA cm
-2

 42 mV dec
-1

 
13

 

VOOH Ni foam 270mV@10 mA cm
-2

 68 mV dec
-1

 
14
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Figure S6. (a) EIS spectra of (a) binary oxides CV with different molar ratios, (b) 

ternary oxides CFV with different molar ratios. The inset of (a) and (b) are the 

corresponding equivalent circuits. 

 

Table S4. The fitted values of resistances of Rs and Rct of binary oxides. 

 

Table S5. The fitted values of resistances of Rs, Rct and Rd of binary oxides. 

Catalyst Rs (Ω) Rct (Ω) 

CV-1 12.0 52.3 

CV-2 11.5 32.5 

CV-3 11.1 39.8 

CV-4 11.8 55.2 

Catalyst Rs (Ω) Rd(Ω) Rct (Ω) 

CFV-1 11.2 19.9 28.5 

CFV-2 11.6 12.2 24.0 

CFV-3 10.9 13.1 26.9 

CFV-4 10.6 22.8 34.6 
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Figure S7. CV curves of (a) Co3O4 (b) RuO2 (c) CV-2 (d) CFV-2 at incremental scan 

rates. 
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Figure S8. (a) LSV curves (b) Histogram of overpotential at 10 mA cm
-2

 (c) Tafel 

slopes (d) EIS spectra of binary oxides CV with different molar ratios. 
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Figure S9. The photograph of the device.  

Faraday efficiency was defined as the ratio between the actual and theoretical amount 

of the product. The total charge (Q = I × t) passed during the reaction was divided by 

n × F (n is the number of electron transfer, F is the Faraday constant) to get the 

theoretical gas yield. m is the actual moles of the product (6122.5 µmol during the 

first 1.5 hour). The calculation process for the Faraday efficiency is as following: 

Faraday Efficiency = actual gas yield / theoretical gas yield = m / [(I × t) / (n × F)] = 

(m × n × F) / (I × t) = (6122.5×10
−6 

mol × 2 × 96485 C mol
−1

) / (224 × 10
−3 

A × 5400 

s) = 97.7% . 
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Figure S10. Irradiative spectrum of the Xe lamp (the major intensity is concentrated 

on the range of 400 nm < λ < 800 nm).  

 

The average integral light intensity measured by the light meter is 0.3887 W cm
-2

. The 

irradiated area for the silicon solar cell is 14.4 cm
2
. The standard molar enthalpy of 

combustion for H2 is -285.84 kJ mol
-1

. The yield of H2 during the first 1.5 hour is 

6122.5 μmol. The calculation steps are as following:  

Input: Solar energy (J) = light intensity (W cm
-2

) × illumination area (cm
2
) × time (s) 

= 0.3887 W cm
-2

 × 14.4 cm
2
 × 5400 s = 30.2253 kJ 

Output: H2 energy (kJ) = standard molar enthalpy of combustion (kJ mol
-1

) × H2 

moles (mol) = 285.84 kJ mol
-1

 × 6122.5 × 10
-6

 mol = 1.7501 kJ 

Solar-to-Hydrogen energy conversion efficiency = H2 energy (kJ) / Solar energy (kJ) 

= 1.7501 / 30.2253 = 5.8% 
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