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Fig. S1 XRD pattern of catalyst (a)NiCo-ZIF and stimulated ZIF-67; (b) MIL-100 
and stimulated MIL-100.

Fig. S2 DTG of (a)NiCo-ZIF; (b)MIL-100; (c) NiCo-ZIF@MIL (1:2).

Fig. S3 Full XPS spectra (a) NiCo-ZIF and MIL-100; (b) C 1s of NiCo-ZIF and MIL-

100; (c) O 1s of NiCo-ZIF; (d) Ni 2p of NiCo-ZIF and NiCo-ZIF@MIL (1:2).

Table S1 Catalyst based ZIF-67, reaction condition, and OER performances.

Catalysts Electrolyte Substrate η10 (mV) Ref.

EG/Co(OH)2/ZIF-67 1.0 M KOH EG 280 1

CoP2/Fe-CoP2 YSBs 1.0 M KOH GC 266 2

Co3O4/Co-Fe DSNBs 1.0 M KOH GC 297 3

Mo-CoOOH 1.0 M KOH GC 249 4

Co@NCS/NHCP@CC 1.0 M KOH CC 248 5

NiCoFeHO@NiCoLDH 
YSMRs

1.0 M KOH GC 278 6

IrCo(OH)2@ZIF67/NF 1.0 M KOH NF 198 7

NiFe-LDH/ZIF-67 1.0 M KOH GC 222 8

Cu(OH)2@ZIF-67/CF 1.0 M KOH CF 205 9

NiCoZnP/NC 1.0 M KOH CC 238 10

Fig. S4 (a) LSV (b) Tafel slopes (c) EIS and (d) Cdl of NiCo-ZIF@MIL(2:1), NiCo-
ZIF@MIL(1:1), NiCo-ZIF@MIL(1:2), and NiCo-ZIF@MIL(1:3).

Fig. S5 (a)-(f) are ECSA of NiCo-ZIF, MIL-100, NiCo-ZIF@MIL (2:1), NiCo-

ZIF@MIL (1:1), NiCo-ZIF@MIL (1:2), and NiCo-ZIF@MIL (1:3).

The calculation process of Cdl as follow: First, we measured CV in a range of 1.47 V 

to 1.58 V vs. Ag/AgCl (1.0 M KOH solution) at different scan rates (20, 40, 60, 80 and 
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100 mV/s). Under each scan rate, the measurements were repeated ten cycles to reduce 

errors. The measured CV results are presented in Fig. S5a. Second, the double-layer 

capacitance Cdl was estimated by plotting the Δj (Y-axis in Fig. S5a) =(ja − jc) at 1.53 

V (where jc and ja are the cathodic and anodic current densities, respectively) against 

the scan rate (X-axis in Fig. S5a), in which the slope was twice that of Cdl.

Take NiCo-ZIF as an example：

The following are the ja and jc values for NiCo-ZIF (at 1.53 V and different scan rates 

20, 100 mV/s.):

ja(20) = 0.0730 mA/cm2, ja(100) = 0.3060 mA/cm2;

jc(20) = -0.0690 mA/cm2, jc(100) = -0.2876 mA/cm2;

Δj = (ja - jc) values：Δj(20) = 0.142 mA/cm2, Δj(100) = 0.5936 mA/cm2， 

Δj= × = 0.0028225 mF cm-2

Δ𝑗(100)−Δ𝑗(20)
100−20

1
2

Cdl = 0.0028225 mF cm-2 × 1000 ≈ 2.82 mF cm-2

Fig. S6 (a) XRD (b) HRTEM (c) O 1s, (d) Fe 2p, (e) Co 2p and (f) Raman spectra of 

NiCo-ZIF@MIL (1:2) after the OER measurement.

After OER, the XRD peak positions showed no significant change (Fig. S6a). It could 

be found from Fig. S6b that the the morphology of catalyst NiCo-ZIF@MIL (1:2) still 

maintains polyhedral morphology after OER process. The above results fully indicate 

that the superior stability of the synthesized electrocatalyst.11 After the OER process, 

there are two new peaks at 535.19 eV and 532.06 eV appeared in the O 1s spectrum, 

which can be attributed to the satellite peak and the metal-OOH species, respectively 

(Fig. S6c).12,13 Comparing the XPS spectra Fe 2p before and after OER, there is a 

positive shift in the overall peak position (Fig. S6d). In addition, the appearance of Fe0 

(720.56 eV/707.79 eV) in NiCo-ZIF@MIL could prove that the metallicity of NiCo-

ZIF@MIL.14-16 Comparing the XPS spectra Co 2p before and after OER, there is a 

negative shift in the overall peak position (Fig. S6e). This is due to the fact that cobalt 

is oxidised in the oxygen-rich environment of the OER, which increases the electron 

cloud density and charge transfer around the cobalt. As shown in Fig. S6f of Raman 

spectrum, after the OER process, the peaks are attributed to M-O at 470, 519, 599, 616, 
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and 680 cm-1, respectively.17 18 In addition, the peak area of M-O in the O1s of high-

resolution XPS spectra is also significantly increased (Fig.S6c). The above results 

indicate that there is a strong synergistic interaction between Co and Fe during the OER 

process, which promotes the formation of Co-O-Fe bridge bonds and accelerates the 

adsorption of OH-, thus lowering the energy barrier.

Table S2 The dissolved quantity of Fe, Co, Ni in KOH

The structural models of NiCo-ZIF and MIL-100 are firstly constructed separately 

(Fig. S7a and Fig. S7b), and then the unit-cluster models are extracted from the bulk-

phase structures of NiCo-ZIF-67 and MIL-100, which are then combined and de-

computed and optimised to obtain a stable NiCo-ZIF@MIL structure (Fig. S7c).

Fig. S7 The calculation model of (a) NiCo-ZIF, (b) MIL-100 and (c) NiCo-

ZIF@MIL.

Fig. S8 The geometric configuration of (a) NiCo-ZIF and (b) MIL-100; The 

mechanism cycle diagram of OER (c) NiCo-ZIF and (d) MIL-100.
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