
Supporting Information

Multi-Element Metal Oxide Ultra-small-sized Nanofibers: An Efficient 

Electrocatalyst for Hydrogen Evolution

Peng Liua, Changchun Suna , Guiju Liub , Zhan Jiang a,*, Haiguang Zhaoa,b, *

a College of Textiles & Clothing, Qingdao University, No. 308 Ningxia Road, Qingdao 

266071, P.R. China
b College of Physics and State Key Laboratory of Bio-Fibers and Eco-Textiles, Qingdao 

University, No. 308 Ningxia Road, Qingdao 266071, P.R. China
*Corresponding author. Email: kevinjiang_1987@126.com; hgzhao@qdu.edu.cn

Electronic Supplementary Material (ESI) for Nanoscale Advances.
This journal is © The Royal Society of Chemistry 2022



Figure S1. Scheme showing the methodology we used in this work for fabricating the 
metal oxide nanofibers.



Figure S2 SEM images of CoO sample: (a) before and (b) after sintering at 450 ℃.



 
Figure S3. Diameters of the FeO, NiO, FeCoO, FeNiO, CoNiO, and NiFeCoO 
nanofibers.



Figure S4. SEM images of (a) FeO and (b) NiO samples.



Figure S5. SEM images of (a) FeNiO and (b) CoNiO samples.



 Figure S6.EDX spectrum of the FeO sample.

Figure S7. Typical XPS survey spectrum of FeO sample.



 Figure S8.EDX spectrum of the NiO sample.

Figure S9. Typical XPS survey spectrum of NiO sample.



Figure S10.EDX spectrum of the FeCoO sample.

Figure S11. Typical XPS survey spectrum of FeCoO sample.



 Figure S12.EDX spectrum of the FeNiO sample.

Figure S13. Typical XPS survey spectrum of FeNiO sample.



 Figure S14.EDX spectrum of the CoNiO sample.

Figure S15. Typical XPS survey spectrum of CoNiO sample.



 Figure S16.EDX spectrum of the NiFeCoO sample.

Figure S17. Typical XPS survey spectrum of NiFeCoO sample.



Figure S18. XRD patterns of FeO and NiO samples.



 Figure S19. Average crystallite size of the FeO, NiO, FeCoO, FeNiO, CoNiO, and 
NiFeCoO samples.



 Figure S20. (a) TEM image of FeO sample. (b) HRTEM image of FeO sample. (c) 
SAED of FeO sample. 

 Figure S21. (a) TEM image of NiO sample. (b) HRTEM image of NiO sample. (c) 
SAED of NiO sample.



 Figure S22. (a) TEM image of FeNiO sample. (b) HRTEM image of FeNiO sample. 
(c) SAED of FeNiO sample.

 Figure S23. (a) TEM image of CoNiO sample. (b) HRTEM image of CoNiO sample. 
(c) SAED of CoNiO sample.



Figure S24. Tafel plots of Pt/C in 1.0 M KOH.



 Figure S25. Polarization curves for FeCoO samples with identical Fe content, but 
different cobalt contents in 1.0 M KOH.



 Figure S26. Polarization curves for NiFeCoO samples with different fiber diameters 
in 1.0 M KOH.



Figure S27. The relationship between specific surface area (compared to the surface 
area of fibers with diameter of 50 nm, S50 nm) and fiber diameter. 



Figure S28. Chronopotentiometric curves for (a) FeCoO and (b) NiFeCoO sample in 
1.0 M KOH.



 Figure S29. Polarization curves for (a) FeCoO-NF and (b) NiFeCoO-NF sample in 
1.0 M KOH after 10 h operation.



Figure S30. HRTEM images of (a) FeCoO and (b) NiFeCoO samples. SAED of (c) 
FeCoO and (d) NiFeCoO samples after 10 hours of electrochemical testing.



Figure S31. After 10 hours of electrochemical testing: (a-c) Fe 2p, Co 2p and Ni 2p 
high-resolution XPS spectra of the NiFeCoO sample. (d-e) Fe 2p and Co 2p high-
resolution XPS spectra of the FeCoO sample.



Figure S32. (a-b) CV curves of FeCoO-NF and NiFeCoO-NF samples at various scan 
rates (30, 40, 50, 60, and 70 mV s-1) in the potential range of 1.48~1.58 V (vs RHE). 
(c) Scan rate dependence of the current densities of FeCoO-NF and NiFeCoO-NF at 
1.53 V vs. RHE. (d) TOF (at an overpotential of 100 mV) for FeCoO-NF and NiFeCoO-
NF samples.

Assuming a one-electron process for both reduction and oxidation, the upper limit of 

active sites for FeCoO-NF and NiFeCoO-NF can be calculated from CV according to 

the follow Equation (S1)：

(S1)
𝑛 =  

𝑄
2𝐹

where n is the number of active sites, F is the Faraday constant, and Q is the whole 

charge of CV curve at 50 mV s-1, respectively. 



Assuming that all of active sites were entirely accessible to the electrolyte, the 

following formula was used to calculate TOF (Equation (S2)):

(S2)
𝑇𝑂𝐹 =  

𝐼
2𝑛𝐹

where F and n are the Faraday constant and the number of active sites, respectively; I 

is the current of LSV curves.



Table S1. Summary of the HER catalytic activity of representative catalysts.

Catalysts η10

[mA cm-2]
Tafel slope
[mA cm-2]

Ref

Co3O4 nanoarray 73            85 [1]
NiOx@BCNTs 79 119 [2]
Co/ Co3O4 90 44 [3]
Ni/NiFe-LDO 29 82 [4]
NiO/Ni heterostructures 88 115 [5]
P-Fe3O4/IF 42 41.9 [6]
FeCoO-NF 205 118 [7]
CoFeNi-O 57.6 40.7 [8]
CoOx@CN 232 115 [9]
Ni-Fe NPs (Ni5Fe1) 46 58 [10]
P-NCO NWs/NF 55 144.92 [11]
NiFe/NiCo2O4/NF 105 88 [12]
S-CoO NRs 73 82 [13]
NG5-Ar 190 45 [14]
NiO/Ni-CNT 80 82 [15]
CoO/Fe3O4 220 73 [16]
Ni2P/ NiCo2O4 45 45 [17]
NiFe2O4 300 125 [18]
NP-NiCo2O4 370 123 [19]
Ni/Co3O4 145 109 [20]
Ni/NiO/Fe3O4 206 57 [21]
NiCo2O4NSs 180 63 [22]
Co/CoO 158 68 [23]
NiFeCoO-NF
FeCoO-NF

42
66

56
130

This work
This work



Table S2. The average diameter of the FeO, NiO, FeCoO, FeNiO, CoNiO, and 
NiFeCoO nanofibers.

Sample Average 
diameter (nm)

NiFeCoO 65 ± 17

FeCoO 85 ± 27

FeNiO 75 ± 20

CoNiO

FeO

NiO

85 ± 30

75 ± 20

95 ± 26



Table S3. Element molar ratio of binary and ternary sample in EDX spectrum and XPS 
survey spectrum.

Sample  EDX spectrum 
element molar ratio

XPS survey spectrum 
element molar ratio

NiFeCoO

FeCoO

 Fe:Co:Ni =1:1.22:2.36

   Fe:Co =1.05:1

Fe:Co:Ni=1.16:1.31:1

 Fe:Co =1:1.39

FeNiO
    

Fe:Ni =1:2.24 Fe:Ni =1.66:1

CoNiO

                  

Co:Ni =1:2.15 Co:Ni =1:1.06



Table S4. The summary of electrochemical properties of as-fabricated samples and Pt 

for HER in 1 M KOH.

η10
a): Overpotential (mV vs RHE) needed to reach a current density of -10 mA cm-2.

Sample η10
a)

[mV]
  Rs

  [Ω]
Rct

[Ω]
NiFeCoO

FeCoO

    192.4

    124.4

  6.42

  6.55

37.78

25.86

FeNiO
    

397.4
  
  6.07 344.63

CoNiO

Pt                  

465.4

66

  6.32

  1.19

442.28

1.38



Table S5. The summary of electrochemical properties of NiFeCoO-NF, Ni foam and 

FeCoO-NF for HER in 1 M KOH. 

η10
a): Overpotential (mV vs RHE) needed to reach a current density of -10 mA cm-2.

Sample η10
a)

[mV]
  Rs

  [Ω]
Rct

[Ω]
NiFeCoO-NF     82

    

  7.54

 

12.1

Ni foam 172.4   6.78 17.4

FeCoO-NF                      66   7.18 7.91



Table S6. The summary of electrochemical properties of NiFeCoO-NF, Ni foam, 
FeCoO-NF and Pt for HER in 0.25 M Na2S/0.35 M Na2SO3.

η10
a): Overpotential (mV vs RHE) needed to reach a current density of -10 mA cm-2.

Sample η10
a)

[mV]
  Rs

  [Ω]
Rct

[Ω]
NiFeCoO-NF

Ni foam

    /

    /

  8.04

  7.81

13.02

39.08

FeCoO-NF
    

/
  
  7.50 9.18

Pt
                  

/   3.59 3.66
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