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At the initial stage of the oxygen evolution reaction (OER) most electrocatalysts undergo a
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structural and chemical surface reconstruction. While this reconstruction strongly influences
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their performance, it is frequently overlooked. Herein, we analyze the role of the oxidized
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anions, which is particularly neglected in most previous works. We introduce a range of
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different anionic groups (CI, CH3COO", NOs", SO4%) on the surface of an amorphous ZnCoxNi,O,
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catalyst by a facile proton etching and ion exchange method from a ZIF-8 self-sacrificial
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template. The structural and chemical properties of the obtained set of materials are
thoroughly analysed and correlated with their electrocatalytic performance to study the effect
of surface anionic groups, phase transition, metal leaching and defect generation on OER
activity. Exploiting the control possibilities provided by the synthesis method here described
and taking into account the uncovered property-performance correlations, the electrocatalyst
is optimized. As a result, we produce ZnCo1.25Ni0.730x-SO4 catalysts with outstanding OER
performances, including a low overpotential of 252 mV at 10 mA cm~2 with a reduced Tafel
slope of 41.6 mV dec™ . Furthermore, this catalyst exhibits remarkable stability with negligible
overpotential variation for 100 h. The excellent catalytic properties are rationalized using
density functional theory calculations, showing that the surface-adsorbed anions, particularly

S04%7, can stabilize the OOH* intermediate, thus enhancing the OER activity.

Keywords: amorphous oxide, anion adsorption, structural reconstruction, leaching, oxygen

evolution reaction.

1. Introduction

The electrochemical oxygen evolution reaction (OER) is a vital half-reaction in several
renewable energy conversion and storage technologies. OER is coupled to hydrogen evolution
in electrolyzers, a metal reduction in rechargeable metal-air batteries, nitrogen reduction to
ammonia, and CO; reduction to methane or methanol for instance.[1-3] However, the slow
kinetics of the involved multi-electron transfer processes severely reduce the OER activity.[4,
5] To address this crucial concern, a wide range of potential OER electrocatalysts have been
developed. Among them, noble metal-free transition metal oxides,[6, 7] nitrides,[8, 9]
phosphides,[10-12] and dichalcogenides[13, 14] are particularly interesting from a cost-
effectiveness point of view. However, in-situ electrochemical analyses have frequently
revealed that these compounds are not the real active material in the OER process, but they
are inevitably oxidized and reconstructed into transition metal hydroxides (M(OH)x) and
oxyhydroxides (MOOH) during the first steps of the electrochemical reaction.[15-17] While
several pieces of evidence of this transformation have been published, the fate and role within

the electrochemical cell of the anions after the pre-catalyst is oxidized is rarely reported.
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Besides, the extent of the transition metal transformation and the final metal reorganization
and composition is hardly investigated. In particular, during the compound oxidation, it is very
likely that some metal leaching occurs, which can also strongly affect the OER process.

During reconstruction, the surface anions are probably oxidized to nitrates (NOs’), phosphates
(PO4*), sulfates (S04%), or selenates (Se0427). In a few recent works, we and others have
demonstrated the presence of such nonmetallic anionic groups to play a key role in the OER
activity.[18-23]Accordingly, the rational design and engineering of catalysts containing
controlled amounts of such anionic groups could be an effective strategy to improve their
performance. In this direction, the introduction of anionic groups a posteriori, through surface
adsorption, generally results in a weak chemical interaction that limits the effectiveness and
stability of the resultant catalyst.[21] Thus, approaches for the direct incorporation of
controlled amounts of anionic groups that enable a strong bonding between anions and metal
atoms need to be developed.

On the other hand, amorphous catalysts generally display improved OER performance over
their crystalline counterpart.[24, 25] Such catalysts present highly tunable atomic
arrangement, compositions, and easier doping with a high concentration of extrinsic
dopants.[26] Besides, amorphous oxides, also enable a larger range of metal oxidation states
and result in higher concentrations of unsaturated coordination spheres.[27] Additionally,
compared with crystalline materials, amorphous catalysts usually form less strong bonds with
oxygen, which can facilitate an efficient lattice oxygen-mediated OER mechanism.[28, 29]
Beyond the abundant structural defects found in amorphous materials, the leaching of
controlled amounts of the composing transition metal ions can in situ generate additional
defects that may translate into active OER sites.[30-34]

Herein, we introduce different anionic groups (ClI, CH3COO, NOs, SO4%) in ZnCoxNiyO,
nanosheets by a facile proton etching and ion exchange method. We test the resulting
materials for OER and study the material transformation during the reaction, including metal
ion leaching. We thoroughly analyze the structural and chemical properties of the initial and
evolved materials and correlate them with their electrocatalytic performance. Exploiting the
control possibilities provided by the synthesis method and taking into account the uncovered

property-performance correlations, the electrocatalyst is optimized to reach outstanding OER

3
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performances. Additionally, the optimized catalyst is further studied using density functional
theory (DFT) calculations, which allows for determining the influence of particular surface-

adsorbed groups on the OER activity.

2. Material and methods

2.1. Chemicals

Zinc nitrate hexahydrate (Zn(NOs),-6H20), nickel nitrate hexahydrate (Ni(NOs)2:6H,0), nickel
chloride hexahydrate (NiCl2-6H20, 98%), cobalt nitrate hexahydrate (Co(NOs),:6H20, 99.9%),
cobalt chloride hexahydrate (CoCl,-6H,0, 98%), cobalt acetate tetrahydrate (Co(CH3COO),,
98%), nickel(ll) acetate tetrahydrate (Ni(CH3COO),, 98%), cobalt sulfate hexahydrate
(CoS04-6H20,99%), nickel sulfate hexahydrate (NiSO4-6H,0, 99%), potassium hydroxide (KOH,
85%), and 2-methylimidazole (CaHeN2, 99%) were purchased from Acros Organics. Iridium(1V)
oxide (IrO2, 99.9% metal basis) and Nafion (5 wt% in a mixture of low aliphatic alcohols and
water) were obtained from Sigma-Aldrich. Methanol, ethanol and isopropanol were of
analytical grade and obtained from various sources. Milli-Q water was obtained from a Purelab

flex from Elga. All chemicals were used as received, without further purification.
2.2. Zeolitic imidazolate framework (ZIF-8) MOF

Among the different MOFs, we selected the ZIF-8 due to its high versatility and ease of
synthesis. The synthesis of ZIF-8 was based on a previous procedure with modifications.[37]
Typically, 0.87 g Zn(NOs)2:6H,0 was dissolved in 30 mL methanol. This solution was
incorporated into a second methanol solution having 1.97 g 2-methylimidazole. The final
mixture was kept at room temperature for 24 h. White precipitates were collected using a

centrifuge, washed with methanol, and dried overnight at 60 [.

2.3. Synthesis of ZnCoxNiyO..

100 mg of ZIF-8 was sonicated in 20 mL of ethanol for redispersion. The obtained dispersion
was added into a 100 mL water solution having 300 mg CoS04-6H,0 and 300 mg NiSO4-6H,0.
The final mixture was vigorously stirred at room temperature for 12 h. The product was
centrifuged, washed with water, and freeze-dried. The obtained products were calcined in the

muffle furnace at 350 [ for 2 hours under an air atmosphere. The final products were obtained
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after natural cooling to room temperature and denoted as ZnCoxNiyO,-SOs. Besides,
ZnCoxNiyO,-NOs3, ZnCoxNiyO,-OAc, and ZnCoxNiyO,-Cl were obtained using the same method,
but substituting sulfates with equal amounts of chlorides, acetates, and nitrates, respectively.
As a reference material, ZnO nanoparticles were obtained by the direct calcination of ZIF-8.
Besides, ZnCoxNiy0,-SO4 samples with different metal contents were obtained by adjusting the

amount of cobalt and nickel salts added.

3. Results and discussion

3.1. Synthesis and characterizations of catalysts

Figure 1 illustrates the two-step approach used to produce ZnCoxNi,O, from a self-sacrificial
ZIF-8 template (see details in the experimental section). In the first step, the Zn-based ZIF-8
MOF is reacted with Ni and Co salts (sulfates, nitrates, chlorides or acetates). In this process,
the protons produced by the metal cation (Co?*, Ni%*) hydrolysis (M?* + 2H,0 = M(OH); + 2H*)
etch the ZIF-8, dissociating its polyhedron structure.[38, 39] At the same time, the cobalt and
nickel ions partially replace zinc within the structure. Meanwhile, the salt anions (SO4%, NO3’,

Cl, OAC) are anchored to the material surface by exchange with the MOF organic ligands.

v,

ZIF-8 Precursor ZnCo,Ni, 0O,

Figure 1. schematic illustration for the two-step preparation of ZnCoxNiyO, nanosheets from ZIF-8 MOF.

Figure 2a displays a representative SEM micrograph of the ZIF-8 particles, which were
characterized by a dodecahedron shape and an average size of ca. 100 nm. Upon reaction with
the transition metal sulfate, a nanosheet-like structure progressively expands around the
gradually disappearing ZIF-8 template (Figure 2b). Eventually, the dodecahedron template has

vanished and just the porous nanosheet structure is observed.

In the second step, the material is annealed under air to form an amorphous oxide. Figures 2c-

e and S1 show SEM, TEM and STEM images of the ultrathin nanosheets with wrinkled
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structures obtained after an annealing step at 350 °C in an air atmosphere. HRTEM analyses
confirmed that the final ZnCoxNiyO,-SOs presented an amorphous structure with no
crystallographic ordering (Figure 2f,g). Meanwhile, HAADF-STEM and EELS compositional maps
showed C, N, O, S, Zn, Co and Ni homogeneously dispersed within each nanosheet (Figures 2h

and S2).

Figure 3a shows an AFM image of the ZnCo1.26Ni0.730x-SO4 nanosheets. From the height line
profiles of some of the nanosheets shown in Figure 3a, their average thickness was estimated
at 1.7+0.2 nm (Figure 3b). From the N; adsorption-desorption isotherms displayed in Figure
3¢, the Brunauer-Emmett-Teller (BET) surface area of ZnCoxNi,0,-SO4 was estimated at 93 m?
g, almost twice that of ZnO particles obtained from the annealing of ZIF-8 (49 m? g%).
Additionally, the Barrett-Joyner-Halenda (BJH) average pore size and the integrated pore
volume were 19.1 nm and 0.47 cm? g~* for ZnCoxNi,0,, and 18.1 nm and 0.16 cm? g* for ZnO
particles. Such nanosheet morphology and mesoporous structure dramatically increase the
percentage of surface unsaturated atoms, providing a high potential electroactive surface

area, while facilitating the rapid diffusion of reactants and reaction products.
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Figure 2. (a-c) SEM images of a) ZIF-8 MOF particles, b) ZnCoxNiyO.-SO4 precursor, and c) ZnCoxNiyO.-SO4
nanosheets. d) TEM image, e) HAADF STEM image, f) HRTEM image, g) corresponding power spectrum (FFT) and
h) HAADF STEM images and EELS chemical composition maps of ZnCoxNiyO.-SO4 nanosheets. The EELS maps were
obtained from the red squared area on the left HAADF STEM micrograph (left). Individual Zn Lz3-edges at 1020
eV (red), Co Ly3-edges at 779 eV (green), Ni L2 3-edges at 855 eV (blue), S L2,3-edges at 165 eV (orange), O K-edges
at 532 eV (pink) and C K-edges at 285 eV (grey) and composites of Zn-Co-Ni, S-O-C and Zn-Co-Ni-S-O-C.

Figure 3d displays the FTIR spectra of ZnCoxNiyO, samples with different anions. ZnCoxNiyO,-
S04 displayed an evident FTIR absorption peak at about 600 cm™, which is a fingerprint of the
presence of SO4% ions.[40] The peaks at about 400, 550, and 640 cm™ can be assigned to
nitrate, chloride, and acetate, respectively.[41] The anionic groups played an important role
in determining the crystallinity, morphology and composition of the obtained material, as
evidenced by XRD, SEM and EDX analysis of ZnCoxNi,O, obtained with the different precursors
(Figures 3e and S3-6). Because protons react with the surface of ZIF-8, breaking the

coordinative bond between Zn?*and 2-methylimidazole linkers in the ZIF-8, thus etching the
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MOF and releasing Zn?* ions into the solution,[37] we hypothesize that the crystallinity and
architecture dependence on the used anion may be related to a different pH resulting from
the hydrolysis of the different anions. To confirm this hypothesis, the pH of the solutions
obtained from the dissolution of the same amount of different anionic metal salts was
determined. The smallest pH value was obtained with the SO4% (4.36) and increased in the
following order: NOs(5.75), Cl(7.02), and OAC(7.82). Such different pH values strongly
determine the extent of MOF etching, thus affecting the crystallinity, morphology and also
composition of the products. We observed that the lower the pH value, the weaker the
crystallinity, the more favorable formation of nanosheets, and the lower Zn content on the

final material.

In the same direction, the salt concentration also played an important role. Figures 3f and S7-
9 show the XRD patterns, SEM images and EDX spectra of ZnCoxNiyO,-SO4 obtained using
different concentrations of Ni and Co sulfates. When increasing the metal salt concentration,
deeper hydrolysis and etching take place, which translates into a more amorphous structure,

a more favorable nanosheet growth and a lower Zn content.
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Figure 3. a) AFM images and b) the corresponding thickness measurement data of ZnCo1.26Nio.730x-SO4
Nanosheets. c) N2 adsorption-desorption isotherms for ZnCo1.26Nio.730x-SO4 and ZnO. d) FTIR spectra and e) XRD
patterns of ZnCoxNiyO. obtained from different anions. f) XRD pattern of ZnCoxNiyO.-SO4 with different metal

content.
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3.2. OER performance

The OER activity of ZnCoxNiyO, modified with different anions was initially assessed using LSV
with a conventional three-electrode set-up in a 1 M KOH electrolyte. A commercial IrO;
electrocatalyst was also tested as a reference. As shown in Figure 4a, the iR-compensated LSV
curve of ZnCoxNiy0,-SO4 showed a very small overpotential at 10 mA cm (n'°), just 252 mV,
well below that of ZnCoxNi,0,-NO3 (287 mV), ZnCoxNi,0,-Cl (314 mV), ZnCoxNiyO,-OAc (348 mV)
and IrO2 (323 mV). The significant differences in overpotential demonstrate the important role
played by the metal precursor counterions. Besides, by modifying the cobalt and nickel content,
we determined the best OER performance to be obtained with a ZnCo1.26Nio.730x-SOa
composition (Figure 4b). In contrast, the ZnO produced from the annealing of the ZIF-8 was

characterized by a much poorer performance with a n*° of 407 mV at 10 mA cm™2.

Figure 4c displays the Tafel plots of the different catalysts. The ZnCo1.26Nio.730x-SO4 exhibited
the smallest Tafel slope (41.6 mV dec™) among all the tested catalysts, including commercial
IrO2, thus demonstrating the fastest reaction kinetics. ZnCo1.26Nio.730x-SO4 also exhibited
outstanding OER activity and kinetics when compared to some previously reported oxide-

based OER electrocatalysts (Figure 4d and Table S4).

The ECSA was estimated from the double-layer capacitance (Cq)) measured by CV at different
scanning rates (Figure S9 a-e). Cq was calculated from the slope of the linear fitting of the
charge current versus the scan rate (Figure 4e, Table S3).[27, 42] Using a specific capacity of
0.04 mF cm™2, ECSA was estimated at 288 cm? for ZnCo1.26Nio.730x-SO4, well above that of the
other catalysts evaluated (Table S2).[43] Figure 5f displays the specific activity obtained by
normalizing the current to the ECSA. Despite its much larger ECSA, ZnCo1.26Nio.730x-SO4 also
displayed the highest specific activity. We hypothesize this excellent activity to be related to a
combination of different parameters, including a proper Zn/Co/Ni ratio, the presence of sulfate
ions at the catalyst surface, its amorphous structure and its highly porous nanosheet-based

architecture.

EIS was used to measure the interface charge transfer rate.[44] The charge transfer resistance
(Ret) of ZnCo1.26Ni0.730x-SO4 was lower than those of the other samples (Fig. 4g), pointing at a

faster charge transfer rate, in good agreement with the smallest Tafel slope.

9
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Figure 4h shows the LSV curves of ZnCoxNiy0,-SO4 after 1000 and 5000 CV cycles. The
overpotential needed to catalyze water oxidation at 10 mA cm™ after 1000 and 5000 cycles
test was virtually the same.

Figure 4h shows the initial LSV curve and the LSV profiles of ZnCoxNiyO,-SO4 after 1000 and
5000 CV cycles. The overpotential needed to catalyze water oxidation at 10 mA cm™2 after 1000
and 5000 cycles test was virtually the same. This overpotential was much lower than that
displayed on the first LSV curve. The chronoamperometry (i-t) durability test for ZnCoxNi,O.-
SOy at the initial overpotential, showed a relatively stable and even increasing current density
during 100 h of continuous operation (Figure 4i), indicating that the ZnCo1.26Nio.730,-SO4
electrocatalysts have excellent stability under the electrochemical conditions of water

oxidation.

We hypothesize the overpotential decrease during the first cycles and the gradual increase of
current density measured in the chronoamperometry test to be associated with progressive
leaching of zinc ions. To test this hypothesis, the dissolution rate of different elements was
monitored by analyzing the metal content within the electrolyte using ICP-MS. As shown in
Figure S11f, negligible amounts of Co and Ni were dissolved during the 18 h
chronoamperometric test. In contrast, a significant increase in the Zn concentration was
detected within the electrolyte during the first 12 h of the reaction. The leaching of Zn initially
generates metal vacancies and active sites within the reconstituted electrocatalyst, which can

promote the OER performance.[34]

10
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Figure 4. Electrocatalytic OER performance of the various catalysts. a-b) LSV curves of ZnCoxNiyO--M and
ZnCoxNiy0,-S0a. c) Tafel plots. d) Comparison of overpotential at 10 mA cm™ and Tafel slopes for ZnCox1.26Nio.730x—
SO4 and some cobalt-based OER catalysts (Table S6). e) Capacitive current density measured at 1.17 V vs. RHE
plotted as a function of scan rate. f) ECSA-normalized OER polarization curves. g) Nyquist plots at the potential
of 1.52 V vs. RHE. h) LSV curves of ZnCo1.26Ni0.730x—S04 after 1000 and 5000 cycles. i) chronoamperometry curve
of ZnCo1.26Ni0.730x=S0a.

To further reveal the parameters behind the excellent OER catalytic activity, the surface
composition and chemical states of ZnCo1.26Nio.730,-SO4 before and after the OER test were
characterized by XPS (Figure 5). The high-resolution O 1s XPS spectra of ZnCo1.26Ni0.730,-SO4
showed the OER test to result in a negative shift of the lattice oxygen (Oy) signal located at
529.7 eV (Figure 5a). We associate this shift with the formation of surface metal (oxy)hydroxide
that increases the electron density around the lattice 0.[45, 46] [47] In addition, the O 1s peak
at 531.5 eV, associated with surface hydroxide (OH.), negatively shifted by 0.35 eV after the

OER test. The OH/O ratio in the post-OER catalyst (2.50) was significantly higher than that in
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the pristine ZnCo1.26Ni0.730,-S04 (2.03).[16] Interestingly, a clear S 2p XPS signal associated
with sulfur within a sulfate chemical environment (S 2ps/2 = 168.7 eV) was measured both
before and after the OER test. Besides the satellite peaks, two Co components were observed
in the Co 2p spectra, and both also shifted to lower binding energies after the OER, from 780.7
eV to 780.5 eV for Co?* ( Co 2pss2) and from 782.4 eV to 782.1 eV for the Co3* (Co 2ps/2)
component (Figure 5c¢). Additionally, the ratio Co3*/Co?* increased after the OER, from 1.1 to
1.5, indicating the formation of additional CoOOH species on the surface.[32] In the Ni 2p
spectrum in Figure 5d, the Ni 2p3/; peak was deconvoluted into two main peaks at 855.7 and
857.6 eV corresponding to Ni?* and Ni**.[40] After OER, the Ni 2ps/2 peaks had shifted about
0.6 eV. Besides, the proportion of Ni* on the surface greatly increased from 36% to 49%. This
result implies the transition of nickel species from oxides to (oxy)hydroxide.[48] Notably, the
XPS signals of Zn became weak with the OER, consistent with the Zn leaching in an alkaline
medium observed by ICP-MS.[48] This Zn leaching can favor the conversion of cobalt and Ni
oxide on the surface of ZnCoxNiyO, to CoOx(OH)y and NiOx(OH)y species.[49, 50] Overall, XPS
results confirmed the surface reconstruction of ZnCo1.26Nio.730,-SO4 during OER, chemically
evolving from a surface metal oxide to metal (oxy)hydroxide species and loosing Zn during the
process.[51]

The EPR spectra of ZnCo1.23Nio730x-SO4 before and after OER were measured to explore
species with unpaired electrons (Figure 5f).[52, 53] We observed the signal at g = 2.12,
associated with the presence of oxygen vacancies Vo, to be strongly enhanced after OER test.
Thus, a large density of oxygen vacancies was generated during OER, which is potentially
associated with the zinc leaching, and which can favor the OER catalytic activity by introducing

higher energy dangling bonds at the catalyst surface.[54, 55]

12
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Figure 5. a-e) O 1s, S 2p, Co 2p, Ni 2p and Zn 2p high resolution XPS spectra. f) EPR spectrum of ZnCo1.26Ni0.730x-
SOa4 before and after OER.

After OER, XRD and HRTEM analysis of ZnCo1.26Nio.730,-SO4 displayed the presence of the
CoOOH crystal phase, formed during OER (Figure 6a-c). In contrast, electron microscopy
images showed the nanosheet morphology to be preserved during the OER test. EELS
elemental maps and HAADF-STEM images (Fig. 6d-e) showed a homogeneous dispersion of O,
S, Zn, Co, and Ni in the cycled material. Besides, the comparison of the ZnCo1.26Nio.730,-S04
composition before and after OER, as determined by EDX, ICP-MS and XPS analyses, showed a

strong decrease in the amount of Zinc (Table S3).

13
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Figure 6. a) XRD pattern, b) TEM images, c) HRTEM and corresponding power spectrum (FFT), d) HAADF STEM
image and e) HADDF EELS image together with the corresponding EELS chemical composition maps of
ZnCo1.26Ni0.730x—S04 after OER. The EELS maps were obtained from the red squared area on the left HAADF STEM
micrograph. Individual Zn L 3-edges at 1020 eV (red), Co Lz3-edges at 779 eV (green), Ni L>,3-edges at 855 eV (blue),
S Lz,3-edges at 165 eV (orange), O K-edges at 532 eV (pink) and C K-edges at 284 eV (grey) and composites of Zn-
Co-Ni, S-O-C and Zn-Co-Ni-S-O-C.

3.4. DFT calculations

DFT calculations were carried out to better understand the role of surface SO4?~ on the
enhancement of the OER activity. Owing to the complexity of the ZnCoi23Nip730x-S04%"
amorphous structure, we used a cobalt oxohydroxide surface as a model system. First, we
determined the CoOOH and CoOOH-SO4 OER active sites. Besides the charge density and
density of state (DOS) were calculated. Figures 7a and S11a show the optimized structural
models of CoOOH-S0O.4 and CoOOH for different OER steps. As displayed in Figure 7b, with the
adsorption of the SO4?", the contribution of the Co 3d orbital to the DOS at the Fermi level
strongly increases.[20, 56]

The Gibbs free energies of OER pathways on CoOOH-S04 and CoOOH are displayed in Figures
6b and S11b,c. The formation of OOH* was determined to be the rate-determining step (RDS)
on CoOOH. In the presence of the sulfate ion, COOOH-SO4 displayed a much lower free energy

for OOH* generation when compared with CoOOH, which is consistent with the higher OER

14
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activity experimentally measured for this material.[18, 57]
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Figure 7. a) Optimized structural models of CoOOOH-SO4 for different OER steps. White balls represent hydrogen
atoms, blue balls is cobalt atoms, and yellow balls stands for sulfur atoms, red ball represent the oxygen in the
catalyst structure; green ball is the oxygen adsorbed on the intermediate; pink ball is the oxygen on the sulfate
group. b) DOS of CoOOH and CoOOH-SO4 regarding the Co 3d orbitals. c) Gibbs free energy diagrams of OER
intermediates over COOOH and CoOOH-SOa.

4. Conclusions

In summary, the influence of several counterions on the structural, chemical and functional
properties of ZnCo1.23Nio.730x electrocatalyst was analyzed. Materials were produced via a
facile etching and annealing methods using ZIF-8 as a self-sacrificial template. ZnCo1.23Nio.730x-
S04 displayed excellent OER performances, including a low Tafel slope of 41.6 mV dec™, a very
small overpotential of 252 mV for 10 mA cm™2, and high stability during 100 h continuous
operation. The high OER activity is associated with several factors, including the presence of
oxygen vacancies, zinc leaching and the presence of sulfate anions. CV, I-T, XPS and EPR results
indicate the simultaneous leaching of Zn, formation of oxygen vacancies and electrochemical

surface reconstruction to CoOOH active species. DFT calculations proved that the decorated

15
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S04* facilitates the formation of OOH* on CoOOH active sites, thus accelerating the OER

process.
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Calcining

Different anionic groups decorated ZnCoxNi,O, nanosheets are produced by a facile
proton etching and ion exchange method used ZIF-8 as templates. Unveiling the role
of counter-anions on electrocatalyst performance. Oxygen defects caused by zinc

leaching and the presence of sulfate anions improved the OER activity.



