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SEM-EDS characterization 

 

Figure S1. SEM-EDS measurement for the NiSe2 samples with spherical (a), bundle 

(b), and branched (c) morphology.  
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HRTEM characterization 

 

Figure S2. (a) HAADF-STEM micrographs of spherical NiSe2 NPs. (b) HRTEM 

micrograph, detail of the orange squared region and its corresponding power spectrum. 

(c) 1*1*1 unit crystal model of NiSe2 and atomic supercell model illustration of the 

NiSe2 NRs. Red and green particles represent Ni and Se, respectively. (d) EELS 

chemical composition maps obtained from the red squared area of the STEM 

micrograph. Individual Ni N2,3-edges at 855 eV (red), Se M1-edges at 231 eV (green) 

and composites of Ni-Se.  
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XPS spectra 

 

Figure S3. Survey XPS spectrum for the branched nickel selenide.  

 

Figure S4. Survey XPS spectrum for the bundles (a) and spherical (b) nickel selenide.  
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Electrochemical characterization 

 

Figure S5. CV curve of (a) spherical NPs and (b) bundles NiSe2 based-electrode in 1 

M KOH with and without 1 M EG in the potential range of 0.9-1.9 V vs. RHE.  

 

Figure S6. Surface coverage of redox species (*) and diffusion coefficient (D) 

calculation in 1.0 M KOH for the nickel selenide electrodes displayed on the top of 

the graph. (a,d,g) CVs with scanning rate from 10 to 150 mV s
-1

 in alkaline media. 

(b,e,h). Linear fitting of the anodic and cathodic peak current with the scanning rate. 

(c,f,i) Linear fitting of the anodic and cathodic peak current with the square root of 

scanning rate. 
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As shown in Fig. S6adg, when increasing the sweep rate, the position of the anodic 

peak shifted to higher potential values and the cathodic peak moved to lower 

potentials for the these three electrode in 1.0 M KOH. The current of both anodic and 

cathodic peaks rose linearly with increasing scan rate (Fig. S6beh). From the average 

slope of the anodic and cathodic peaks vs. 𝑣, the surface coverage of redox species 

(*) was estimated:
1
  

𝐼𝑝 = (
𝑛2𝐹2

4𝑅𝑇
)𝐴∗𝑣 

where n, F, R, T and A are the number of transferred electrons (assumed to be 1), the 

Faraday constant (96845 C mol
-1

), the gas constant (8.314 J K
-1

 mol
-1

), temperature 

and the glassy carbon electrodes surface area (0.196 cm
2
), respectively.  

From this equation, the surface coverage of redox species of starlike NiSe2 electrode 

to be 2.66×10
-7

 mol cm
-2

, decreased with the dimensions, to 2.42×10
-7

 mol cm
-2

 for 

nanobundles and 1.38×10
-7

 mol cm
-2

 for NPs nanostructures. 

Also, a linear relationship could be fitted to the dependence of the peak current 

density with the square root of the voltage scanning rate for the these three electrode 

in 1 M KOH (Figure S6cfi). This dependence is generally related with a 

diffusion-limited Ni(OH)2  NiOOH redox reaction, where the proton diffusion 

within the particle is considered the diffusion process that limits the reaction rate: 
1
 

𝐼𝑝 = 2.69 × 105𝑛3 2⁄ 𝐴𝐷1 2⁄ 𝐶𝑣1 2⁄  

Where Ip is the peak current, n is the number of transferred electron, A is the 

geometric surface area of the GC, D is the diffusion coefficient, C is the proton 

concentration and was estimated to be 3.97 g cm
-3

,
2
 we estimated at 0.043 mol cm

-3
, 

and υ is the potential scan rate respectively. 

The diffusion coefficients in 1 M KOH concentrations were estimated using the above 

equations, with 1.49×10
-9

 cm
2
 s

-1
 , 1.83×10

-9
 cm

2
 s

-1
, and 2.23×10

-9
 cm

2
 s

-1
 for NPs, 

nanobundles, and star-like nickel diselenide, respectively.   
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Figure S7. ECSA curves in 1 M KOH for the electrodes displayed on the top of the 

graph. (a,c,e) CV curves with scanning rate from 10 to 100 mV s
-1

. (b,d,f) 

Corresponding linear fitting between current and scan rate.  

Electrochemically active surface areas (ECSA) were estimated from the 

electrochemical double-layer capacitance (Cdl) on the basis of CVs recorded at 

different scan rates in the non-faradaic potential range 0.9-1.0 V vs. RHE (Figure 

S6ace).
3
 Plotting the capacitive current (I) vs. the scan rate (𝑣) yielded a straight line 

with a slope equal to Cdl (Figure S7bdf). ECSA was calculated by dividing Cdl by the 

specific capacitance (Cs):
4
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𝐸𝐶𝑆𝐴 = 𝐶𝑑𝑙 𝐶𝑠⁄  

where Cs is 0.04 mF cm
-2

 based on values reported for metal electrodes in aqueous 

NaOH solution.
5
 

Still, using the above equation, the ECSA values were determined to be 5.3 cm
-2

 for 

NPs and 6.3 cm
-2

 for nanobundels, to 9.65 cm
-2

 for star-like nanostructures, 

respectively. 

 

 

 

Figure S8. Nyiquist plot of the EIS spectra of the different electrocatalysts in 1 M 

KOH + 1M EG solution at 1.5 V vs. RHE, fitted circuit and fitting results. 
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Figure S9. Oxygen bubbles generated at the anode during the long-term CA test in 1 

M KOH with 1 M EG.  

 

Figure S10. CA response for the branched particles based electrodes at 1.65 V with 

continuous 48 h operation in 1 M KOH and 1 M EG. 

 

O2 bubbles

0 8 16 24 32 40 48
0

30

60

90

120

 

 

c
u

rr
e

n
t 
d

e
n

s
it
y
 (

m
A

 c
m

-2
)

t (h)



S10 

EGOR Electrocatalytic performance comparision with previous results 

Table S1. Comparison of the EG oxidation performance between this work and previously reported electrocatalysts with a Ni-based noble-metal-free system. 

Catalyst Synthesis method Electrolyte 
Activity 

mA cm-2@RHE 

Stability 

Decay(%)@time 
Main product and FE Ref. 

FeCoNi/C precipitation & annealing 1 M KOH + 1 M EG n.a. n.a.@~2h glycolate (36.0%), oxalate (43.5%) 6 

Ni NPs/ITO implantation 0.2 M NaOH + 0.03 M EG ~1.45mA@1.6V ~21%@0.83h oxalate (n.a.) 7 

Ni/carbon paste electrodeposition 0.1 M NaOH + 0.25 M EG ~0.9mA@1.6V n.a. n.a. 8 

rGO-NiMn microwave radiation 1 M KOH + 1 M EG ~47.5@1.5V ~26.3%@2h n.a. 9 

Ni/WC NPs@C solution & annealing 1 M KOH + 1 M EG ~68@1.6V n.a. n.a. 10 

Ni-Co Oxides electrodeposition 1 M KOH + 1 M EG ~55@1.5V n.a. oxalate (n.a.) 11 

Fe–Co–Ni/C solution & annealing 0.5 M KOH + 1 M EG ~38.5@1.5V ~25%@1h n.a. 12 

Ni(OH)2-NZB-MW/

CPE 
hydrothermal 1.6 M NaOH + 0.14 M EG ~14.0@1.6V ~35.7%@0.28h n.a. 13 

FeCoNi/C precipitation & annealing 1 M KOH + 1 M EG ~18@1.2V ~95%@0.14h glycolate (~40%), oxalate (~40%) 14 

Ni/Cu/C electrodeposition 0.1 M KOH + 0.1 M EG ~0.055mA@1.6V n.a. n.a. 15 

NiSe2 NPs/C ink & thermal treatment 1 M KOH + 1 M EG 61.6@1.6V 30.7%@10h 
formate (81.6%), oxalate (4.7%), 

glycolate (9.3%) 
This work 

NiSe2 bundles/C ink & thermal treatment 1 M KOH + 1 M EG 81.8@1.6V 31.7%@10h 
formate (83.5%), oxalate (4.1%), 

glycolate (5.6%) 
This work 

Branched NiSe2 /C ink & thermal treatment 1 M KOH + 1 M EG 103.6@1.6V 45.4%@10h 
formate (83.4%), oxalate (5.4%), 

glycolate (7.4%) 
This work 

Note: For comparison, the applied potential was intended to convert to be vs. RHE using the following equation: 

                                         ERHE = E
0
Ref + ERef + 0.059 × PH  

          Where E
0

Ref is potential of the reference, ERef is the potential that measured vs. reference; PH is simply converted from the alkaline electrolyte. 

    n.a. is the abbreviation of ―not available‖ form the published manuscript. 
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Sample characterization after CA operation 

 

Figure S11. SEM-EDS measurement from branched nickel selenide after 10h CA 

EGOR operation. 

 

Figure S12. XPS spectra from branched nickel selenide after 10h CA EGOR 

operation. (a) survey, (b) Ni 2p3/2, and (c) Se 3d. 
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Figure S13. TEM characterization of branched nickel selenide after 10h CA EGOR 

operation. 

IC Profile 

 

Figure S14. Ex situ IC profiles for the electrolyte after CA measurement of 

elecrtrodes based on spherical and bundles nickel selenide. 
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Electrolytic cell coupling HER and EGOR 

 

Figure S15. Setup for the H-type cell with two compartments. 

 

 

Figure S16. Cathode HER reactions comparision before and after adding 1 M EG into 

1 M KOH solution during the CA measurement at 1.6 V vs. RHE. 
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DFT data 

 

Figure S17. Gibbs free energy diagrams for the glycol-to-formate conversion on 

NiOOH surface.  
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