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Fig. S1 FESEM image of EG/CoNi-LDH 
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Fig. S2 TEM image of EG/CoNi-LDH 

 

Fig. S3 XPS survey spectrum of EG/(Co, Ni)Se2-NC 

 

Fig. S4 Solar-energy driven water splitting with EG/(Co, Ni)Se2-NC hybrid 
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Fig. S5 Solar-energy driven water splitting with EG/(Co, Ni)Se2-NC hybrid and 

product collecting system 
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Fig. S6 XPS spectra of EG/(Co, Ni)Se2-NC hybrid after OER test, a XPS survey 

spectrum; b high-resolution XPS spectrum of N 1s; c high-resolution XPS spectrum 

of C 1s; d high-resolution XPS spectrum of Se 3d 
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Fig. S7 a FESEM and b TEM images of EG/(Co, Ni)Se2-NC hybrid after OER 

stability test 
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Fig. S8 Polarization curves of EG/(Co, Ni)Se2-NC with different Co and Ni ratios, 

and EG/CoSe-NC and EG/Ni3Se2 
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Fig. S9 Polarization curves of EG/(Co, Ni)Se2-NC, EG/(Co, Ni)Se2, EG/CoSe-NC, 

EG/Ni3Se2, and Ir/C with mass activity 
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Fig. S10 Cdl plots of (Co, Ni)Se2-NC, (Co, Ni)Se2, CoSe-NC, and Ni3Se2 

810 800 790 780 770

 Co
2+

 2p
1/2

(795.0 eV)

 Co
3+

 2p
1/2

(791.8 eV)

Co
2+

 2p
3/2

(778.9 eV)

 Co
3+

 2p
3/2

(776.8 eV)

Sat.

      Co 2p in EG/CoSe

Sat.

In
te

n
s
it
y
 (

a
.u

.)

Binding energy (eV)
890 880 870 860 850 840

 Ni
3+

 2p
1/2

(873.6 eV)

 Ni
2+

 2p
1/2

(870.8 eV)

 Ni
2+

 2p
3/2

(853.6 eV)

 Ni
3+

 2p
3/2

(856.0 eV)

Sat.

      Ni 2p in EG/Ni
3
Se

2

Sat.

In
te

n
s
it
y
 (

a
.u

.)

Binding energy (eV)

810 800 790 780 770

Co
2+

 2p
1/2

(795.8 eV)
Sat.

Co
3+

 2p
1/2

(792.7 eV)

Co
2+

 2p
3/2

(779.5 eV)

Sat.

Co 2p in EG/(Co,Ni)Se
2
-NC

Co
3+

 2p
3/2

(777.6 eV)

In
te

n
s
it
y
 (

a
.u

.)

Binding energy (eV)
890 880 870 860 850

Co 2p in EG/(Co,Ni)Se
2
-NC

Ni
3+

 2p
1/2

(872.3 eV)

Ni
3+

 2p
3/2

(854.7 eV)

Ni
2+

 2p
1/2

(869.4 eV)

Sat.

Ni
2+

 2p
3/2

(852.4 eV)

Sat.

In
te

n
s
it
y
 (

a
.u

.)

Binding energy (eV)

 

Fig. S11 High-resolution Co 2p XPS spectra from EG/CoSe and EG/(Co, Ni)Se2-NC 

and high-resolution Ni 2p XPS spectra from EG/Ni3Se2 and EG/(Co, Ni)Se2-NC 

https://www.springer.com/engineering/journal/40820


Nano-Micro Letters 

S6/S7 

 

0 2 4 6 8 10
1.5

1.6

1.7

1.8

1.9

P
o
te

n
ti
a
l 
(V

)

Time (h)

 EG/(Co,Ni)Se
2
-NC

 EG/(Co,Ni)Se
2

 EG/CoSe-NC

 EG/Ni
3
Se

2

 Ir/C

 

Fig. S12 Chronoamperometric E-t plot at 20 mA cm-2 of EG/(Co, Ni)Se2-NC hybrid, 

EG/(Co, Ni)Se2, EG/CoSe-NC, EG/Ni3Se2 and commercial Ir/C catalyst 

Table S1 Elemental composition of EG/(Co, Ni)Se2-NC via EDX measurements 

Element Line 
Intensity 

(c/s) 

Atomic 

% 
Conc. Units 

Error 

2-sig 
 

C Ka 1.57 4.41 0.850 wt% 0.204  

N Ka 0.27 0.635 0.143 wt% 1.037  

O Ka 10.83 9.015 2.318 wt% 0.580  

Co Ka 30.40 18.798 17.822 wt% 1.362  

Ni Ka 36.40 19.815 18.786 wt% 1.620  

Se Ka 9.95 47.327 60.081 wt% 12.339  

   100.000 100.000 wt%  Total 

Table S2 Elemental composition of EG/(Co, Ni)Se2-NC via XPS measurements 

 Height (CPS) FWHM (eV) Area (P) CPS (eV) Atomic (%) 

N 1s 566.4 -0.02 8834.91 0.44 

C 1s 43555.82 1.29 72400.52 64.27 

Co 2p 4655.47 1.11 42550.71 6.02 

Ni 2p 3044.29 3.5 14041.36 6.94 

Se 3d 7214.71 1.8 25341.37 16.51 

O 1s 16730.05 2.71 52401.86 15.82 
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Table S3 Comparison of OER performance of EG/(Co, Ni)Se2-NC with other 

representative CoNi selenides based OER electrocatalysts 

Author Catalyst 
Current density 

J 

Potential at the 

corresponding J 

(vs. RHE) 

Electrolyte 

This work EG/(Co, Ni)Se2-NC 10 mA cm-2 1.49 V 1.0 M KOH 

ACS Appl. Mater. Interfaces, 

2019, 11, 8106 

(Co,Ni)Se2@Ni 

Fe LDH 
10 mA cm-2 1.51 V 1.0 M KOH 

Mater. Lett., 2019, 235, 53 Fe0.08Co0.09Ni0.83Se2 10 mA cm-2 1.50 V 
1.0 M KOH 

Nanoscale, 2018, 10, 22012 Co-Sn-Se, 10 mA cm-2 1.53V 
1.0 M KOH 

J. Mater. Chem. A, 2018, 6, 

18641 

NiCoSe2@NiO@Co

Ni2S4@CoS2/NF 
30 mA cm-2 1.54 V 

1.0 M KOH 

Electrochimica Acta, 2018, 

265, 577 
FCS@N-CT 10 mA cm-2 1.56 V 

1.0 M KOH 

J. Mater. Chem. A, 2018, 6, 

5999 
Co LDH UTNSs 10 mA cm-2 1.56 V 

1.0 M KOH 

ACS Sustain. Chem. Eng., 

2018, 6, 10952 
Y-S Ni-Co-Se/CFP 10 mA cm-2 1.53 V 

1.0 M KOH 

J. Mater. Chem. A, 2018, 6, 

7585 
(Ni,Co)0.85Se NSAs 20 mA cm-2 1.52 V 1.0 M KOH 

Chem. Commun., 2017, 53, 

5412 
CoNi2Se4 10 mA cm-2 1.39V 

1.0 M KOH 

ACS Catal., 2017, 7, 6394 (Ni,Co)Se2-GA 10 mA cm-2 1.48 V 
1.0 M KOH 

Electrochimica Acta, 2017, 

250, 167 
(Ni,Co)Se2/C-HRD 10 mA cm-2 1.48 V 1.0 M KOH 

Adv. Funct. Mater., 2016, 

26, 4661 
NiCo2S4 NW/NF 10 mA cm-2 1.49 V 1.0 M KOH 

Energy Environ. Sci., 2016, 

9, 1771 
Ni3Se2 10 mA cm-2 1.54 V 0.3 M KOH 
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