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Fig. S1 The PXRD patterns (a), the variation of the d-place (b), the 

weight (Wt%) of each phase (c), the translate conversion of Co/Ni-ZIF 

NTs (d) in Co/Ni-ZIF NTs and its time transformed derivatives; and the 

surface areas comparison (e and f) among the Co/Ni-ZIF NTs and its 

main derivatives.



 

Fig. S2 The specific lattice planes (211) and (422) of Co/Ni-ZIF-67.

Fig. S3 SEM images of Co/Ni-LZ-24 (a and c) and Co/Ni-LZ-36 (b and 

d). SEM images of Co/Ni-LZ-24 (e) and Co/Ni-LZ-72 (f) NTs dispersed 

on silicon.



Fig. S4 The survey XPS spectra (a) and the high-resolution spectra of C 

1s (b) and N 1s (c) in Co/Ni-ZIF and Co/Ni-LZ-t.

Fig. S5 The Mott-Schottky plots of Co/Ni-ZIF NTs (a), Co/Ni-LZ-t 

NTs(b to g) and Co/Ni@LDH(T) (h and i), respectively at different 

frequencies (100, 500 and 1000 Hz)



Fig. S6 EIS (a) and CV curves in a non-Faradaic region (b-f) of CC (b), 

Co/Ni-ZIF NTs/CC (c) Co/Ni-LZ-24 NTs/CC (d), Co/Ni-LZ-36 NTs/CC 

(e) and Co/Ni@LDH(T)/CC (f) at 5 to 120 mV s-1.

Fig. S7 The Randles equivalent circuit diagram including solution 

resistance (Rs), charge-transfer resistance (Rct), Warburg impedance (Rw), 

and the simulated electrodes (SLE).



Fig. S8 CVs curves of different electrodes in PB solutions (0.1 M, 

pH=7.0)



Table S1 The details information of different elements in the high-resolution XPS spectra.

Binding energy (eV)

Materials Co/Ni-ZIF Co/Ni-LZ-12 Co/Ni-LZ-24 Co/Ni-LZ-36 Co/Ni-LZ-

72
Peak type Ref.

284.4 284.4 284.2 284.5 284.6 C-C/C=C

285.2 285.1 285.0 285.2 285.5 C-N/C=NC 1s

288.7 288.7 288.4 288.5 288.5 C=O

S1

399.9 399.9 399.8 399.9 399.9 M-N S1

402.3 403.2 403.0 graphitic-N S2N 1s

406.7 406.6 406.7 407.0 oxidized N S3

530.9 530.7 530.7 530.7 530.8 M-O S4, S5

531.6 531.5 531.4 531.5 531.7 OV S4-S6O 1s

532.4 532.3 532.3 532.3 532.6 adsorbed S4



water

780.7 780.7 780.7 780.7 780.8 Co3+
 2p3/2

782.0 782.0 782.0 782.0 782.1 Co2+ 2p3/2

786.0 786.0 786.0 786.0 786.0 Sat. 2p3/2

796.5 796.5 796.5 796.5 796.6 Co3+ 2p1/2

797.8 797.8 797.8 797.8 798.0 Co2+ 2p1/2

Co 2p

803.0 803.0 803.0 803.0 803.0 Sat. 2p1/2

S7-S8

856.1 856.0 855.8 855.9 856.3 Ni2+ 2p3/2

861.9 861.9 861.4 861.7 862.1 Sat. 2p3/2

873.9 873.6 873.4 873.5 874.0 Ni2+ 2p1/2

Ni 2p

880.1 879.7 879.8 879.7 880.1 Sat. 2p1/2

S9-S11



Table S2 The content of each element of all the prepared materials.

Element contentElement Peak-type

Co/Ni-ZIF Co/Ni-LZ-12 Co/Ni-LZ-24 Co/Ni-LZ-36 Co/Ni-LZ-72

C-C/C=C 27.3 31.2 43.1 45.0 46.4

C-N/C=N 32.9 39.9 41.2 34.7 36.4

C 1s

C=O 39.8 28.8 15.6 20.3 17.2

M-N 32.9 33.7 36.1 35.5 33.5

graphitic-N 38.0 36.0 34.7 34.7 34.2

N 1s

oxidized N 29.1 30.2 29.2 29.8 32.3

M-O 100.0 50.6 21.0 27.9 44.7

OV 0.0 0.0 21.0 15.7 17.6

O 1s

adsorbed water 0.0 49.4 58.0 56.4 37.7

Co 2p Co3+
 2p3/2 11.5 22.3 15.3 12.3 10.1



Co2+ 2p3/2 18.0 22.3 20.5 22.8 21.5

Sat. 2p3/2 46.3 22.3 40.2 40.4 46.3

Co3+ 2p1/2 3.6 8.1 7.3 6.2 4.5

Co2+ 2p1/2 9.6 8.1 7.6 7.9 9.1

Sat. 2p1/2 11.0 16.9 9.1 10.4 8.6

Ni2+ 2p3/2 30.0 28.6 26.5 26.7 28.4

Sat. 2p3/2 30.0 34.9 34.8 34.7 33.4

Ni2+ 2p1/2 21.7 16.5 19.1 19.2 20.4

Ni 2p

Sat. 2p1/2 18.3 20.1 19.6 19.4 17.8



Table S3 The semiconductor type and the value of Ef in materials

Materials Semiconductor Type Ef (n-type) Ef (p-type)

Co/Ni-ZIF-67 NTs n 1.91 eV /

Co/Ni-LZ-12 NTs p-n 1.47 eV 0.61 eV

Co/Ni-LZ-24 NTs p-n 1.27 eV 0.57 eV

Co/Ni-LZ-36 NTs p-n 1.21 eV 0.54 eV

Co/Ni-LZ-72 NTs p-n 0.95 eV 0.51 eV

Table S4 The value of resistance, Cdl
 and EASA with different value of 

Cs

EASA (cm2)

Cs (μF cm-2)

Electrodes R (Ω) Cdl 

(mF cm-2)

20 40 60

CC 19.93 0.075 3.76 1.88 1.25

Co/Ni-ZIF-67 NTs/CC 2.35 0.11 5.57 2.78 1.86

Co/Ni-LZ-24 NTs/CC 2.13 0.14 7.08 3.54 2.36

Co/Ni-LZ-36 NTs/CC 1.97 0.24 11.82 5.91 3.94

Co/Ni-LZ-72 NTs/CC 1.88 0.14 7.06 3.53 2.35



Table S5 The overpotentials (η) and Tafel slopes of CC, Co/Ni-ZIF 

NTs/CC and Co/Ni-LZ-t NTs/CC.

HER OERElectrodes

η(V) Tafel slope 

(mV dec-1)

η (V) Tafel slope 

(mV dec-1)

CC 241.76 381.72 488.49 35.80

Co/Ni-ZIF NTs/CC 119.60 43.54 301.48 32.88

Co/Ni-LZ-24 NTs/CC 80.50 19.88 297.49 36.22

Co/Ni-LZ-36 NTs/CC 100.90 52.81 289.59 28.59

Co/Ni-LZ-72 NTs/CC 97.60 63.79 295.34 40.37



Table S6 Some catalytic parameters in different electrodes.
OER HERElectrodes QA (×103, 

Coulombs) a (×109, 

moles)

j (mA cm-2, η=0.4 V TOF (s-1)
a (×109, moles)

j (mA cm-2, η=-0.15 V TOF (s-1)

Co/Ni-ZIF 

NTs/CC
2.19 5.67 3.46 1.58 11.3 7.10 3.25

Co/Ni-LZ-12 

NTs/CC
5.93 15.4 74.08 12.49 30.7 11.55 1.95

Co/Ni-LZ-24 

NTs/CC
13.11 34 85.54 6.53 67.9 13.70 1.04

Co/Ni-LZ-36 

NTs/CC
10.05 26 92.09 9.16 52.1 12.70 1.26

Co/Ni-LZ-72 

NTs/CC
2.16 5.59 91.18 42.26 11.2 12.47 5.78



Table S7 The comparison of catalytic performances in three-electrode and two-electrode system.

Electrodes η(HER) (mV) η(OER) (mV) cell voltage (10 mA cm−2) Ref.

Ni-CoP/Co2P-NC 117 /

Hy-Ni-CoP/Co2P-NC / 272

1.59 S12

Dual vacancies doped MnO2 59 260 1.55 S13

CuO-CoZn-LDH/CF 124 194 1.55 S14

Co-N-CS/N-HCP-CC 66 248 1.545

Pt/C-CC||IrO2-CC / / 1.592 V

S1

CoFe-NiFe/ NF 160 240 1.59 S15

Co/Ni-LZ-24 NTs 80.5 /

Co/Ni-LZ-36 NTs / 289.6

1.59 This work
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