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Fig. S1 N2 Adsorption/desorption isotherms of the materials synthesized.
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Fig. S2 FTIR spectra of a) CoCuFe-LDH, b) ZnNiFe-LDH, c) ZnCoFe-LDH, and d) ZnCuFe-LDH.
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Fig. S3 EDS spectra of a) CoCuFe-LDH, b) ZnNiFe-LDH, c) ZnCoFe-LDH, and d) ZnCuFe-LDH.
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Fig. S4 UV-vis spectra of a) CoCuFe-LDH, b) ZnNiFe-LDH, c) ZnCoFe-LDH, and d) ZnCuFe-LDH.
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Fig. S5 Tauc plots of a) CoCuFe-LDH, b) ZnNiFe-LDH, c) ZnCoFe-LDH, and d) CoGaFe-LDH.
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Fig. S6 XPS survey spectrum of a) CoCuFe-LDH. High-resolution spectra of b) Fe 2p, c) Cu 2p, 
and d) Co 2p.
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Fig. S7 XPS survey spectrum of a) ZnNiFe-LDH. High-resolution spectra of b) Zn 2p, c) Ni 2p, 

and d) Fe 2p.
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Fig. S8 XPS survey spectrum of a) ZnCoFe-LDH. High-resolution spectra of b) Zn 2p, c) Fe 2p, 

and d) Co 2p.
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Fig. S9 XPS survey spectrum of a) ZnCuFe-LDH. High-resolution spectra of b) Zn 2p, c) Fe 2p, 
and d) Cu 2p.
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a) b) 

Fig. S10 Micrographs of TEM and HRTEM for CoCuFe-LDH. a) TEM micrograph and b) 
HRTEM micrograph for CoCuFe-LDH.

Fig. S10a shows that the morphology of CoCuFe-LDH consists of nanoparticles and nanorods. 

In the HR-micrograph (Fig. S9b) we determined the interplanar distances 2.945, 2.402 and 4.709 

Å corresponding to the planes (001), (100), and (101), respectively, of Co(OH)2 (JCPDS: 03-

0913). Furthermore, the measured distances of 2.402 Å are in agreement with the distance of the 

hydrotalcite planes (015) (JCPDS: 41-1428).
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a) b) 

c) d) 

Fig. S11 TEM and HRTEM micrographs of the ZnNiFe-LDH. a) TEM micrograph, b) selected 
area electro diffraction pattern (SAED), c) HRTEM micrograph of a nanorod, and d) HRTEM 
micrograph.

Fig. S11a shows that ZnNiFeLDH is composed of nanocrystals and nanorods. In Fig. S11b we 

can observe the SAED pattern, which is the characteristic pattern of the hexagonal crystal system 

typical of hydrotalcite-like compounds. Fig. S11c shows the TEM micrograph of a nanorod, and 

Fig. S11d shows the typical interplanar distances of the hydrotalcite-like compounds. 
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a) b) 

c) d) 

Fig. S12 TEM and HRTEM micrographs of the ZnCoFe-LDH. a) TEM micrograph, b) HRTEM 
micrograph. c) HRTEM micrograph (inset: SAED pattern), d) TEM micrograph (inset: SAED 
pattern), and d) HRTEM micrograph (inset: SAED pattern).
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b) 

c) 

Fig. S13 TEM and HRTEM micrographs of the ZnCuFe-LDH. a) and b) TEM micrographs, and 
c) HRTEM micrograph.

In Fig. S13a and S13b we can note the lack of nanorods in the ZnCuFe-LDH material. 

Furthermore, we can also see that this sample has only a few amounts of nanoparticles.  Fig. S13c 

shows the HRTEM micrograph.

a)
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Fig. S14 Oxygen chemical mapping of CoGaFe-LDH.
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Fig. S15 Dark-field TEM micrograph of ZnNiFe-LDH.
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Fig. S16 Chemical mapping of ZnNiFe-LDH from the micrograph on Fig. S14. a) Fe, b) Zn, c) Ni 
and d) O.

 

a) b) 

c) d) 
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Fig. S17 Dark-field TEM micrograph of ZnCoFe-LDH.

Fig. S17 and S18 show the dark-field TEM micrograph of ZnCoFe-LDH and chemical 

mapping (Zn, Co, Fe, and O), respectively. We can see 2 kinds of morphologies, the first one in 

the center of the Fig. S17 (white color), while the second one in the upper and left side of the Fig. 

S17 (grey color). The white color zone shows that the material consists of agglomerated 

nanoparticles composed by Zn, Co, and Fe. However, we can note that the nanosheets in the upper 

and left side are composed mainly for Co and Zn. As we expected, oxygen is present in the whole 

sample.
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Fig. S18 Chemical mapping of ZnCoFe-LDH from the micrograph on Fig. S16. a) Fe, b) Co, c) 
Zn, and d) O.

It is important to say that in this case, the material does not show Co(OH)2 nanorods, unlike 

CoCuFe-LDH and CoGaFe-LDH. This would support the hypothesis that Co(OH)2 nanorods 

improve the performance toward WOR.

  

a) b) 

c) d) 
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Fig. S19 Dark field TEM micrograph of ZnCuFe-LDH.

Fig. S19 and Fig. S20 show dark-field micrograph and chemical mapping (Zn, Cu, Fe, and O) 

of ZnCuFe-LDH, respectively. In Fig. S19 we note that there are two clusters of material. Chemical 

mapping in Fig. S20 shows that the upper cluster is composed of a large amount of Fe than the 

lower one. Both clusters are composed of Zn, Cu, and Fe. As expected, oxygen is into the whole 

sample.
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Fig. S20 Chemical mapping of ZnCuFe-LDH from the micrograph on Fig. S18. a) Fe, b) Zn, c) 
Cu, and d) O.

 

a) b) 

c) d) 



22

Fig. S21 Dark-field TEM micrograph of CoCuFe-LDH.

Fig. S21 shows a dark field TEM micrograph of the CoCuFe-LDH material and its 

corresponding chemical mapping. Fig. S22 shows that for this material the nanoparticles seen in 

the dark-field micrograph are composed of Fe, Co, Cu. Furthermore, it is seen that the nanorod 

(diagonal rod ~30 nm wide) is composed of Co and Cu as long as it shows a clear absence of Fe. 

In this case, the Cu mapping shows copper presence throughout the micrograph, due to the grid 

used is made of copper and generates an overlapping, however, it can be seen that the material is 

made up of.
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a) b) 

c) d) 

Fig. S22 Chemical mapping of CoCuFe-LDH (Fig. S20). a) Fe, b) Co, c) Cu, and d) O.
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 Fig. S23 a) Cyclic voltammogram of CoGaFe-LDH. b) Current vs. scan rate plot to determine the 
electrochemically active surface area for the CoCuFe-LDH catalyst. a) Cyclic voltammogram of 
ZnNiFe-LDH. b) Current vs. scan rate plot to determine the electrochemically active surface area 
for ZnNiFe-LDH catalyst.
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 Fig. S24 a) Cyclic voltammogram of ZnCoFe-LDH. b) Current vs. scan rate plot to determine 
the electrochemically active surface area for the ZnCoFe-LDH catalyst. a) Cyclic voltammogram 
of ZnCuFe-LDH. b) Current vs. scan rate plot to determine the electrochemically active surface 
area for the ZnCuFe-LDH catalyst.
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Table S1. Comparison between textural properties of some LDHs.
Material BET surface 

area (m2)
Pore volume 

(cm2/g)
Pore 

diameter 
(nm)

Preparation 
method 

Refere-
nce

MgAl-LDH 6.1 0.017 2.16 Co-precipitation 1
CoAl-LDH 58.6* 0.28 15.40 Co-precipitation 2
ZnAl-LDH 50.0 0.18 11.00 Co-precipitation 3
MgCuAl-

LDH
74.9* Co-precipitation 4

CoNiFe-LDH 91.0
Single-roller 

melting technique 
and a dealloying 

treatment

5

*This is the highest BET surface area for this material, researchers tested several molar ratios and we selected the 
maximum area.

Table S2. Atomic percentage measured through EDS present in as-synthesized LDHs.

Material %Ni %Co %Ga %Cu %Fe %Zn

CoCuFe-LDH –– 31.96 –– 37.73 30.31 ––
ZnNiFe-LDH 31.07 –– –– –– 29.58 39.35
ZnCoFe-LDH –– 28.88 –– –– 39.93 31.89
ZnCuFe-LDH –– –– –– 27.62 34.56 37.82
CoGaFe-LDH –– 71.72 10.37 –– 17.91 ––
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Table S3. Experimental atomic ratio calculate from EDS data, of the as-synthesized LDHs 

(M=Metal).

Material 
(M1M2M3-LDH)

Number of M1 
atoms

Number of M2 
atoms

Number of M3 
atoms

CoCuFe-LDH 3 4 3
ZnNiFe-LDH 3 4 3
ZnCoFe-LDH 3 3 4
ZnCuFe-LDH 4 3 4
CoGaFe-LDH 30 3 5

Table S4. Position of photoemission 2p3/2 peak for all the elements in the as-synthesized LDHs.

Material Fe 
(eV)

Co
(eV)

Cu
(eV)

Zn
(eV)

Ni
(eV)

Ga
(eV)

CoCuFe-
LDH

711.4 781.7 935.1 –– –– ––

ZnNiFe-
LDH

711.6 –– –– 1021.4 856.0 ––

ZnCoFe-
LDH

711.4 781.4 –– 1022.1 –– ––

ZnCuFe-
LDH

711.3 –– 935.2 1022.2 –– ––

CoGaFe-
LDH

–– 781.2 –– –– –– 1117.5

Table S5. Spin-orbit splitting doublet 2p (2p3/2 and 2p1/2) for all as-synthesized LDHs.

Material ΔFe 
(eV)

ΔCo
(eV)

ΔCu
(eV)

ΔZn
(eV)

ΔNi
(eV)

ΔGa
(eV)

CoCuFe-
LDH

13.1 15.5 19.9 –– –– ––

ZnNiFe-
LDH

13.3 –– –– 23.1 17.7 ––

ZnCoFe-
LDH

13.1 15.5 –– 23.1 –– ––

ZnCuFe-
LDH

13.0 –– 19.9 23.1 –– ––

CoGaFe-
LDH

–– 15.7 –– –– –– 26.8
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Table S6 OI, OII, OIII, and OIV position on the synthesized materials.

Table S7. Electrocatalytic comparison between LDHs for water oxidation reaction in alkaline 1 M KOH 
conditions.

Catalyst
Electrod

e

Overpotential 

(mV)
Current 

density

(mA/cm2)

Tafel slope 

(mV/dec)

Referenc

e

CoGaFe-LDH GCE 369 10 64.8
This 

work

CoCuFe-LDH GCE 416 10 91.9 This work

ZnCoFe-LDH GCE 413 10 64.9 This work

ZnNiFe-LDH GCE 488 10 71.4 This work

CoFe-LDH 

doped with V
CC 440 10 74 6

CoFe-LDH 

doped with Cr
NF 238 10 107 7

NiFeMn-LDH CF 289 20 47 8

GCE: Glassy Carbon Electrode; NF: Nickel Foam; CC: Carbon Cloth; CF: Carbon Fiber.

Material OI OII OIII OIV

CoCuFe-LDH 529.5 530.6 532.0 533.7

ZnNiFe-LDH 529.2 530.2 531.6 533.3

ZnCoFe-LDH 529.6 531.3 532.4 533.6

ZnCuFe-LDH 529.5 531.6 532.6 533.7

CoGaFe-LDH 528.7 530.1 531.6 533.2
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