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Supplementary Figures 

 

Fig. S1 (a) XRD and (b) SEM images of pristine Co foam (CF) 
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Fig. S2 The SEM images of (a) Zn-Co hydroxide nanoarrays and (b) phosphatized 

Zn-Co hydroxide nanoarrays on CF 

 

Fig. S3 SEM images of CoP at (a) low and (b) high magnifications. (c) STEM and 

corresponding elemental mapping of pure CoP. (d) TEM and (e) HRTEM of pure 

CoP 
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Fig. S4 N2-adsorption/desorption curves of porous Co2P/CoP NAs and pure CoP 

 

Fig. S5 (a) XRD pattern of the as-prepared samples. (b) SEM images of the Co2P/CoP-

1 sample. SEM images at (c) low and (d) high magnifications for the Co2P/CoP-2 

sample. (e) TEM and (f) HRTEM of the Co2P/CoP-2 sample. (g) The corresponding 

STEM and elemental mapping of the Co2P/CoP-2 sample. We prepared the CoP 

nanoarrays with different molar ratio of Co to Zn (8 to 1 and 4 to 1) using the same 

method as the synthesis of Co2P/CoP NAs (molar ratio of Co to Zn (2 to1)). The 

obtained Co2P/CoP samples with the molar ratio of Co to Zn (8 to 1 and 4 to 1) are 

denoted as Co2P/CoP-1 and Co2P/CoP-2, respectively 

http://springer.com/40820


Nano-Micro Letters 

S4/S19 

 

Fig. S6 (a) XRD pattern of the as-obtained samples. SEM images at (b) low and (c) 

high magnifications for the CoP sample obtained at annealing temperature of 300°C. 

(d) The corresponding STEM and elemental mapping of CoP-300. SEM images at (e) 

low and (f) high magnifications for the Co2P/CoP sample obtained at annealing 

temperature of 500 °C. We prepared the CoP nanoarrays at different phosphorated 

temperature (300 and 500 °C) using the same method as the synthesis of Co2P/CoP 

NAs 

 

Fig. S7 (a) XPS survey scan spectrum and high-resolution XPS spectra of (b) Zn and 

(c) P for pure CoP and Co2P/CoP NAs 
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Fig. S8 Structural and morphological characterization of the Co2P/CoP NAs after 

long-time reaction. Comparison of High resolution XPS spectra of (a) Co and (b) P. 

(c) EDX mapping images of Co, O, and P and the corresponding EDX analysis of the 

Co2P/CoP NAs after reaction

 

Fig. S9 (a) Galvanostatic charge/discharge curves for pure CoP at different current 

densities in 1.0 M KOH. (b) Areal capacitance of pure CoP and Co2P/CoP NAs as a 

function of the current densities based on charge/discharge curves 
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Fig. S10 The CV curves of Co-based samples obtained under (a) different ratio of Zn 

to Co and (b) various temperature in 1 M KOH electrolyte at different scan rates. The 

obtained Co2P/CoP samples with the molar ratio of Co to Zn (8 to 1 and 4 to 1) are 

denoted as Co2P/CoP-1 and Co2P/CoP-2, respectively. Charge/discharge curves of 

Co-based samples obtained under (c) different ratio of Zn to Co and (d) various 

temperature in 1 M KOH electrolyte at various current densities. The obtained 

Co2P/CoP samples with the various temperature of 300°C and 500°C are denoted as 

CoP-300 and Co2P/CoP-500, respectively 

 

Fig. S11 (a) EDX analysis and (b) ICP-MS of the Co2P/CoP NAs 
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Fig. S12 Polarization curves of Co-based samples obtained under (a) different ratio of 

Zn to Co and (b) various temperature in 1 M KOH electrolyte. The obtained 

Co2P/CoP samples with the molar ratio of Co to Zn (8 to 1 and 4 to 1) are denoted as 

Co2P/CoP-1 and Co2P/CoP-2, respectively. The obtained Co2P/CoP samples with the 

various temperature of 300°C and 500 °C are denoted as CoP-300 and Co2P/CoP-500, 

respectively 

 

Fig. S13 (a) Capacitive current at 0.24 V vs. RHE as a function of scan rate for 

Co2P/CoP NAs and CoP. Cyclic voltammograms (CV) for (b) Co2P/CoP NAs and (c) 

CoP with different rates from 10 to 120 mV s-1 in the potential range of 0.14-0.34 V 

vs. RHE. The Cdl could be obtained according to the equation: Cdl = Ic/ν, where Cdl, Ic, 

and ν are the double-layer capacitance (mF cm-2) of the electroactive materials, 

charging current (mA cm-2), and scan rate (mV s-1), respectively. 
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Fig. S14 EIS of the Co2P/CoP NAs and CoP samples 

 

Fig. S15 (a) Time dependence of potential for the Co2P/CoP NAs at the constant 

anodic current densities of 10 mA cm-2 and 20 mA cm-2 in two different electrolytes. 

(b) Stability measurement by recording the polarization curves for the Co2P/CoP NAs 

after 2000 CV scans under basic condition 

 

Fig. S16 Structural and morphological characterization of the Co2P/CoP NAs after 

HER reaction. a XRD pattern of the Co2P/CoP NAs after HER reaction. Comparison 

of High resolution XPS spectra of (b) Co and (c) P. (d) SEM image, (e) TEM image 

and HRTEM image of the Co2P/CoP NAs after HER reaction  
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Fig. S17 Top view of the schematic models of pure CoP (111) and the optimized 

Co2P(111)/CoP(111). Blue balls: Ni; pink balls: P 

 

Fig. S18 Calculated absorption energy of H2O on the surface of Co2P/CoP and CoP 

 

Fig. S19 Top (left) and side (right) view of the schematic models of (a) the optimized 

Co2P(111)/CoP(111) and (b) pure CoP (111) with H* adsorbed on their surfaces 
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Fig. S20 Charge density difference plot at the Co2P(111)/CoP(111) interface; the 

yellow and light blue regions represent electron accumulation and depletion, 

respectively. Blue balls: Ni; pink balls: P 

 

Fig. S21 (a) XRD pattern of NiSe. (b-c) TEM and HRTEM images with the element 

mapping of NiSe electrode (d). (e-f) High-resolution XPS spectrum of Se 3d and Ni 

2p for the NiSe electrode 
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Fig. S22 CV curve of NiSe/NF under alkaline conditions 

 

Fig. S23 Total driven voltages of (a) pure CoP and (b) Co2P/CoP NAs electrode to 

support the current density of 10 mA cm-2 in 1.0 M KOH 

 

Fig. S24 Photo profiles of the H2/O2 generation in Steps 1(a) and 2 (b), where it is 

observed that H2 and O2 are produced on the HER (a) and OER (b) electrodes  
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Fig. S25 Chronopotentiometry data (potential versus time) of batch-reactors using (a) 

pure CoP or (b) Co2P/CoP NAs electrode. Chronopotentiometry curves were recorded 

at a current density of 20 mA cm-2. [(Voltage of Step 1) = (Potential of Co charge) − 

(Potential of HER); (Voltage of Step 2) = (Potential of OER) − (Potential of Co 

discharge)]. Voltages for H2 production (Step 1) and O2 production (Step 2) are 

respectively labelled using the blue and indigo lines. Chronopotentiometry data 

(potential versus time) of HER electrode, mediator electrode, and OER electrode are 

labelled using the gray, green and red lines, respectively. 

 

Fig. S26 Structural and morphological characterization of the NiSe after reaction. 

Comparison of High resolution XPS spectra of (a) Ni and (b) Se. (c) EDX mapping 

images of Ni, O, and Se and the corresponding EDX analysis of the NiSe after 

reaction 
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Fig. S27 Raman spectra of Co2P/CoP NAs before and after OER or AOR electrolysis. 

AOR, ammonium oxidation reaction 

 

Fig. S28 (a) Galvanostatic charge/discharge curves for the Co2P/CoP NAs electrode 

at different current densities in NH3 containing solution. (b) Plots of areal capacitance 

versus current density of Co2P/CoP NAs in two electrolytes. (c) CV curves of 

Co2P/CoP NAs at a scan rate of 5 mV s-1 in two electrolytes  
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Fig. S29 Comparison of the curves of HER (blue line) and CV (green line) of 

Co2P/CoP NAs as well as AOR (yellow line) of NiSe electrodes under alkaline-

ammonia conditions 

 

Fig. S30 Driving voltages with different step-time to support the current density of 10 

mA cm-2 in (a)1.0 M KOH and (c) NH3
 containing solution. The driving voltages with 

different step-time to support the current density of 20 mA cm-2 in (b)1.0 M KOH and 

(d) NH4
+ containing solution. (e) Comparison of total driving voltage (Step 1 + Step 2) 

to achieve benchmark current density in two electrolytes. The total driving voltages can 

be calculated via the average driving voltages of Step 1 + Step 2 
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Fig. S31 Cyclic charge-discharge performance of Co2P/CoP NAs at the current 

density of 50 mA; inset: corresponding first and last ten cycles showing retention of 

98.9% charge storing ability even after 200 cycles 

 

Supplementary Table 

Table S1 Comparison of the HER performance for the Co2P/CoP NAs catalyst with 

other reported electrocatalysts in alkaline electrolytes 

HER Catalysts Electrolyte 

Tafel 

slope (mV 

dec-1) 

Overpotential (mV) 

Refs. 10 mA 

cm-2 

100 mA 

cm-2 

Co2P/CoP NAs 1 M KOH 57 40 160 
This 

work 

CoP/CoMoP 1 M KOH 33 34 94 [S1] 

CoSe2 NP 1 M KOH 42.1 139 184 [S2] 

S:CoP 1 M KOH 79 109 185 [S3] 

Ni2(1-x)Mo2xP 1 M KOH 46.4 72 162 [S4] 

Cu NDs/Ni3S2 NTs 1 M KOH 76.2 132 / [S5] 

TiO2@Ni3S2 1 M KOH 69 112 177 [S6] 

MoNi4/SSW 1 M KOH 40 / 63 [S7] 

CoP/NiCoP 1 M KOH 88 133 210 [S8] 

Cr-Co4N NR 1 M KOH 38.1 21 99 [S9] 

CMS/Ni 1 M KOH 48.2 / 217 [S10] 

P-Fe3O4 1 M KOH 41.9 42 138 [S11] 

Ni3N-NV 1 M KOH 37 64 218 [S12] 

N-Co2P 1 M KOH 51 34 / [S13] 
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B,N:Mo2C@BCN-3 1 M KOH 62 100 198 [S14] 

Ni2P/NiTe2 1 M KOH 80 62 143 [S15] 

PW-Co3N NWA 1 M KOH 40 41 / [S16] 

CoP/Ni5P4/CoP 1 M KOH 58 71 140 [S17] 

N-NiCo2S4 1 M KOH 41 37 / [S18] 

MoO2-FeP@C 1 M KOH 48 103 196 [S19] 

 

Table S2 Bader charge analysis and their differences to purely ionic models (ΔQ) 

Sample Atoms Bader electrons ∆Q 

CoP(111) 
Co1 8.68 -0.32 

P1 5.30 0.30 

Co2P(111)/CoP(111) 

Co1 8.60 -0.40 

Co2 8.75 -0.25 

P1 5.35 0.35 

P2 5.41 0.41 

 

Table S3 Comparison of our redox mediator for gas separation with reported gas 

separation systems with redox mediators 

Redox mediator Electrolyte 
Separated 

gas 

Current 

density  

(mA cm-2) 

Average 

cell 

voltage 

(V) 

Refs. 

Co2P/CoP NAs 

1 M KOH H2/O2 
10 1.69 

This 

work 

20 1.88 

1 M KOH + 1 M 

NH3 
H2/N2 

10 1.55 

20 1.73 

Ni(OH)2 1 M KOH H2/O2 
20 1.98 [S20] 

5 2.10 [S21] 

Ni0.9Co0.1(OH)2 5 M KOH H2/O2 
10 1.44 

[S22] 
50 1.50 

Na0.44MnO2 

1 M KOH (step 

1) / Saturated 

NaCl (step 2) 

H2/Cl2 

10 2.37 

[S23] 
20 2.51 

PTPAn 0.5 M H2SO4 H2/O2 
1.66 1.65 

[S24] 
33.3 2.22 

PTO 0.5 M H2SO4 H2/O2 
1.66 1.66 

[S25] 
16.6 1.87 
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