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Fig. S1. XRD modes of (a) ZnCo0,04/Ni, (b) CoOOH/Ni.



Fig. S2. SEM images of (a-c) ZnCo,04/Ni, (d-f) CoOOH/N:i.
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Fig. S3. XPS survey.
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Fig. S4. CV curves of (a) ZnC0,04-CoOOH/Ni, (b) ZnCo0,04/Ni, (¢) CoOOH/Ni, (d)
Ni Foam for HER.
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Fig. SS. (a) I-t, (b) LSV curves of the original and after 17 h.
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Fig. S6. CV curves of (a) ZnC0,04-CoOOH/Ni, (b) ZnCo0,04/Ni, (¢) CoOOH/Ni, (d)
Ni Foam for OER.
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Fig. S7. I-t test for OER.
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Fig. S8. XPS of ZnCo0,04-CoOOH/Ni fresh and recovered for HER reaction.

Meanwhile, XPS data are subsequently employed to further study the changes in
the value states of ZnCo0,04,-CoOOH/Ni after HER process. Importantly, the full XPS
spectrum of ZnCo,04-CoOOH/Ni has no obvious change before and after HER
reactions (Fig. S8a). After HER measurement, the peak of Zn 2p presents a slight
negative shift compared to the fresh catalyst (0.5 eV) (Fig. S8b). The negative shift
shows the enhanced electron occupation, which can give rise to the improvement of
the electron-donating ability of the catalyst.! This may be because its special
ZnCo0,04-CoOOH heterostructure can optimize the electronic structure. The
synergistic effect between ZnCo,0, and CoOOH can realize the optimization of the
electronic structure of the catalyst surface, which in turn optimizes the adsorption
ability to intermediate during HER process and further enhances the catalytic

activity.? The surface of the catalyst is dominated by Co?* after HER.? After HER test,



the O 1s peak can be only deconvoluted into four components: Zn-O, Co-O, H,0,
OH- (Fig. S8d). Compared to the fresh ZnCo0,04-CoOOH/Ni, all M-O (M=metal)
species in the product express negative shift after HER. And the electronic structure
of active sites could be greatly optimized and the catalytic performance of catalyst
may be improved due to the presence of heterointerface.* The enhancement of the
activities may arise from massive active sites, the accelerated charge transfer and
optimal adsorption ability of intermediates originating from the synergistic effect of
heterostructure, all of which result in better reaction kinetics and thus improving the
catalytic activities.> Thus, the hydroxides offer active sites for water dissociation and
the generated H* intermediates are then adsorbed on the nearby catalyst, which are
favoring the formation of H* (H" + e=H%*), and subsequent combination (H* + H*

=H,), resulting in an improved catalytic activity.¢
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Fig. S9. XPS of ZnCo0,04-CoOOH/Ni fresh and recovered for OER reaction.

The surface chemistry of the post-OER material is also studied by XPS. It can be
seen the presence of respective elements (Fig. S9a). As shown in Fig. SOb, the
position of the Zn 2p XPS peak shows no clear difference after OER reaction. As
shown in Fig. S9c, the surface of the catalyst is dominated by Co’" after OER.” The
Co’" specie plays a vital role in the improvement of surface electrochemical activities,
which is helpful for reducing the energy barrier in the formation of -OH* and -OOH*
intermediates during OER process and boosting catalytic activity.® After OER test, the
O 1s peak is consistent with HER. The M-O (M=metal) species express negative
migration, which is consistent with the negative shift of HER. However, a more
serious shift degree happened on the OER progress. This can be attributed to the
formation of the heterostructure and it can greatly optimize the electronic structure to

enhance OER catalytic performance. In addition, the optimization of electronic



structure is also ascribed to the synergistic effect between ZnCo,04 and CoOOH.?
Therefore, it can be inferred that the formed M-OH/OOH on the surface of ZnCo0,04-
CoOOH/NI1 heterostructure worked as the real active sites during the water splitting

reaction.!?



Table. S1. Comparison of HER performance with reported electrocatalysts in alkaline

media.
J n Tafel slope .
Catalyst Stability test Ref.
(mA cm?) (mV) (mV dec™)
ZnC0,0,-CoOOH/Ni 10 115 75.1 17h This work
1000 CV
Pt/C 10 29 66 11
cycles
Coy.75sM0g 255x 10 130 87 10h 12
ZnCo,04@PPy-50 10 133 62.4 10h 13
Ni/Co304 10 145 83 12h 14
CoFe;Mo, 3O NMs@NF 10 157 112 24 h 15
CuCo,S,4 10 167 139 - 16
Co,P/NPSC-800 10 173 106.52 35h 17
NiCo,Ses/NiCoSy 10 180 156.1 12h 18
CoNiMn/NC 10 191 64.38 14 h 19
NiCoV-LTH/NF 10 213 142 20h 20




Table. S2. Comparison of OER performance with reported electrocatalysts in alkaline

media.
J n Tafel slope .
Catalyst Stability test Ref.
(mA cm?)  (mV) (mV dec!)
ZnCo0,04-CoOOH/Ni 20 238 62.53 18 h This work
C0304-CoOOH/CP 10 245 68.8 20 h 21
FeCoOOH 10 252 61.8 40 h 22
NiCo-LDH/ZnCo0,04 10 260 105.2 25000 s 23
IrO, 10 272 59 45h 24
RuO, 10 287 86.8 30h 25
Co/PANI HNSs 10 291 54 20 h 26
ZnCo,04@FeOOH 10 299 69 15h 27
B-CoOOH 10 330 75.4 10h 28
Co,P NP 10 364 52 20 h 29
2000 CV
ZnCo,04@ZnCo-LDH-1000 10 365 73 ] ) 30
circulations
ZnCo,0, 10 389 61.84 7200 s 31




Table. S3. Comparison of Overall water performance with reported electrocatalysts in

alkaline media.

Scan rate J Potential L
Catalyst Stability test Ref.
(mVsl!)  (mAcm?) V)
ZnCo,04-CoOOH/N1 5 10 1.494 22h This work
A-CoMoOy 1 10 1.51 25h 32
NiMo/NiCo0,04 1 10 1.54 50h 33
) 177h
Co30,4@Ni,P 5 10 1.563 34
2 h per cycle
Mn;04/CoP PNRs 5 10 1.599 20 h 35
NiCoP-0.01 M Fe 2 10 1.60 12h 36
Pt/C || RuO, 5 10 1.61 - 37
Pt/C & NF || IrO, & NF 5 10 1.614 - 38
CoFe,04/Co0O 5 10 1.614 200000 sec 39
C03S4/Ce0,-CF 5 10 1.64 80 h 40
CoNi,S4/Ni;S, 5 10 1.65 10h 41

CoMo@NC-800 5 10 1.67 Over 8 h 42
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