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S1 Experimental procedure

Synthesis of Co,0.: Co;0, nanoparticles were synthesized by using metal organic framework as a
precursor (Co,(OH),(BDC))The synthesis of MOF is done by using previously reported method [1]
with slight modification in which 2 mmol of Co(NO;),.6H,0, and 2 mmol of 1,4-benzenedicarboxylic
acid (H,BDC). Firstly the 2 mmol of 1,4-benzenedicarboxylic acid (H,BDC) were dissolve in 10 mL
of N,N-dimethylformamide (DMF) then 1 mL of 0.5 M NaOH solution was added under continuous
stirring. In other flask 2 mmol of Co(NOs),.6H,0 were dissolve in 10 mL of N,N-dimethylformamide
(DMF). Both the solutions were mixed together in the 50 mL Teflon-lined stainless steel autoclave
and the autoclave was heated was heated for 20 h at 110°C temperature. The as obtained
Co,(OH)»(BDC) MOF was washed three times with DMF and ethanol and dried naturally. The as
obtained MOF was heated in furnace at 500°C for 3 hr at a ramp rate of 5°C/min. After annealing

Co304 were obtained and used as it is.

Synthesis of NiO/NF: The NiO/NF electrode was obtained by heating the bare nickel foam at

500°C for 3 hr at a ramp rate of 5°C /min. After annealing the NiO nanostructures were formed over

nickel foam.



S2.1.PXRD spectra of Co,O. and bare NF
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Figure S1 PXRD spectrum of Co;04 (a) and NiO/NF (b) showing the presence of all the respective
peaks

The XRD pattern was obtained in the 20 angular region of 20° to 80° with an increment of

0.00190/Step.

S2.2. PXRD spectra of MOF over NF
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Figure S2PXRD spectra of MOF over NF overlapped with the simulated MOF

S3.1.SEM images of MOF over NF

Figure S3. SEM images of MOF over NF

S3.2. SEM images of NiO over NF



Figure S4. SEM images of NiO formed over NF at different magnification

S4. TEM and HRTEM images of Co,0, nanoparticles

Co,0,(311)

Figure S5. (a) TEM and (b) HRTEM images of individual Co,0, nanoparticles with the corresponding

plane and d spacing value



S5.1.Comparison of the XPS peak position of Co 2p and Ni 2p in different catalysts.
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Figure S6 (a)High resolution Co2ps», XPS spectra of Co0304-NiO and Co304 (b) high
resolution XPS Ni 2p spectra of Co304-Ni1O and NiO

S5.2 Wide scan XPS spectra of Co,0O,

Co2p
—Co304
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Figure S7 Wide scan XPS spectra of individual Co.O.

S5.3. XPS spectra of Co,O,
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Figure S8 (a)High resolution XPS spectra of Co2p present in Co3;04(b)The deconvoluted XPS spectra
of Ols present in Co;04

S5.4. Table containing the various parameters obtained after the deconvolution of XPS

spectra of Co3;04-NiO/NF

Element Peak BE (eV) FWHM Area (%)
} Co®* i 779.6 i 2.04 § 52.49
Co2p | Co?* ; 781.3 ; 2.11 ; 24.10
? Sat. i 781.8 i 5.67 § 23.40
. N2 853.7&871.7 & 149826 10.1&9.9
Ni2p | Ni*3 . 855.5&8743 & 2.8%&48 30.7&17.9
Sat. 861.0 5.1 31.2
0 1s 01 529.4 1.21 34.6
02 531.0 2.89 65.3

Table S1Table containing the deconvoluted peak parameters of Co3;O4— N1O/NF obtained
after the XPS analysis



S5.5. Table containing the various parameters obtained after the deconvolution of XPS
spectra of Co30y4

Element Peak BE (eV) FWHM Area (%)
} Co3 § 778.8 1.72 § 52.33
Co2p Co%* g 779.6 g 1.69 § 23.7
: Sat. ; 780.9 § 2.54 i 23.9
il 01 529.5 1.27 54.2
02 530.8 2.48 457

Table S2Table containing the deconvoluted peak parameters of Co3O4 obtained after the XPS
analysis

S6.1. Scheme showing mechanism for electrocatalytic oxygen evolution
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Figure S9 scheme showing the oxygen evolution reaction on metal center.

S6.2. Mass loading of all the catalyst on nickel foam.

Co,0,-NiO/NF 3.35
C0,0,/NF 3.35
NiO/NF 1.4
RuO,/NF 3.35

Table S3 Mass loading of all the catalyst over NF

S6.3. Comparison of OER activity of the NiCo0,04-NiO/NF and Co0304-NiO/NF
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Figure S10 LSV curve of NiC0,04-NiO/NF and Co3;04-NiO/NF



S6.4 Comparative table of the electrochemical activity of previously reported Co3;Osand

NiObased catalyst
Material Electrolyte | Substrate Overpotential | Tafel slope Reference
(10 mA cm?) (mV/dec)

Co304 nanoparticle 1M KOH GCE 350 84 2
Co30,@GF_KMnO4 0.1M KOH RDE 440 60.3 3
Co30,4-200 1M KOH GCE 390 59.2 4
Co30,@C 1 M KOH CcP 310 69 5
Co304/LIG 0.1 KOH RRD 340 40 6
NiOx/NiCo0,0,4/C030. | 1M NaOH Nickel sheet | 315 76 7
Co304 nanowires 1M KOH GCE 405 72 8
M-Co304 1M KOH GCE 370 89 9
rGO-Co30, 1M KOH RDE 410 85 10
C030,4/NiCo,0, 1M KOH NF 340 88 11
Porous Co304 1M KOH RDE 368 59 12
Co304 nanocubes 1M KOH GCE 402 67 13
Co304-C 1M KOH NF 310 90 14
Ultrathin Co304 1M KOH RDE 307 76 15
NiO-400 1M NaOH SS 530 136.7 16
Ni-Cso0.20 1M KOH CcP 353 97 17
Ni/NiO@rGO 0.5M KOH GCE 480 41 18




NiO-300 1M KOH GCE 370 156 19
NiO/NiS 1M KOH NF 209 60 20
NiCoON/NF 1M KOH NF 247 35 21
Nis(PET)s 1M KOH GCE 280 60 22
Coo-Cal 1M KOH GCE 306 67 23
Co5;0,-NiO/NF 1M KOH 311 90 This work

Table S4 Comparative table of electrochemical properties of recently reported Co;O4and NiObased

electrocatalyst.

S6.5. ECSA normalized LSV curve of Co3;04-NiO/NF
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Figure S11 Geometrical area normalized and ECSA normalized OER activity of Co304-

NiO/NF catalyst



S6.6. Cyclic voltammetry curve of Co304-NiO , C0304 and NiO
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Figure S12 Cyclic voltammetry curve of (a)Co03;04-NiO/NF, (b) Co;04/NF and (c) NiO/NF for the

calculation of Cy



S6.7.PXRD spectra of the catalyst after durability test
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Figure S13 PXRD spectra of the catalyst after stability showing the retention of all the phases present



S6.8. HRTEM analysis of catalyst after durability test
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Figure S14 HRTEM analysis of the catalyst after stability



S6.9. STEM elemental mapping of catalyst after durability test
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Figure S15.STEM elemental mapping of the catalyst showing the presence of all the elements after

stability also

S6.10. STEM elemental mapping of catalyst after durability test
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Figure S16 XPS of the Co;04-NiO/NF catalyst after stability (a) survey spectrum of catalyst . HR
spectra of (b) Ni 2p, (¢) Co 2p and (d) O 1s electron: experimental data (dotted curve) and fitting
results (solid curve). The peaks are assigned by oxidation states of different elements with their
splitting term

S7 Theoretical details

Density functional theory has been used to simulate theoretical models to observe the different
active sites for O* and OH* adsorption on the Co304-NiO/NF heterostructure. Here, we present
the detailed steps to understand the OER mechanism , which is a four electron transfer process.

H,O()+* <> OH*+H' + ¢ (1)
OH* < O* +H'+¢ )
O*+H,0 () «> OOH*+H" +¢ 3)
OOH* & *+0,+H +¢ (4)

where * stands for an active site on the surface of heterostructure. O * , OH * and OOH * are
adsorbed intermediates.Gibbs energy determines whether a process will be spontaneous or not.
For each step, Gibbs energy can be calculated as



AG, = AG(OH*) - AG(H,0) + KTlnay; - eU

= E(OH*) - E(*) - [E(H20)-1/2E(H>)] + AZPE -TAS + KTlnay; - eU (3)

AG, = AG(O*) - AG(OH*) + KTlnay; - eU

= E(O*) - E(OH*) + 1/2E(H,) + AZPE -TAS + KTlnay, - eU (6)

AG; = AG(OOH¥*) - AG(O*) + KTlnay, - eU

= E(OOH*) - E(O*) - [E(H,0)-1/2E(H,)] + AZPE -TAS + KTlnay; - eU (7

AG4 = AG(*) + AG(0,) -AG(OOH*) + KTlnay; - eU

= E(*) -E(OOH*) +4.92 +[2E(H,0)-1/2E(H,)] + AZPE -TAS + KTlnay. - eU (8)

Here, K is Boltzmann constant, ay srepresents the activity of protons, U is the potential at the
electrode and e is the charge transferred. At standard conditions( pH= 14, T=298.15 K) and U
=1.23,Gibbs energies reduce to

AG; = AG(OH*) - AG(H,0)

= E(OH*) - E(*) - [E(H,0)-1/2E(H,)] + AZPE -TAS 9)

AG, = AG(O*) - AG(OH¥)

= E(O*) - E(OH¥*) + 1/2E(H,) + AZPE -TAS (10)

There exists a universal scaling relationship between OH* and OOH* ,that is
Eads (OOH*)= E4qs (OH*) + 3.2 [1]

This means the energy difference between OH* and OOH* is constant and hence,independent
of the binding strength to the surface. In terms of free energy, the scaling relationship becomes

AG;=-AG, + 3.2 [1] (11)



The process of electrolysis : HyO (/)—1/20; (g) + Ha(g) requires potential of 4.92 eV. As this
process involves 4 steps, the potential required for charge transfer is same for each step and
equals to 1.23 eV.

Therefore,Gibbs energy for 4the step can be calculated as

AG4 = 4.92 (AG; + AG, + AG3) (12)

Also, AZPE -TAS is unknown for the adsorption on O* and OH* on the heterostructure and
therefore, assumed to be zero. E(*), E(O*), E(OH*), E(H,0O), E(H,) are the energies calculated
using DFT .The calculated adsorption energies of O* and OH* on different surfaces/sites are
reported in Table.S1.

Table SS5. Enthalpies of adsorbates participating in the OER process

Surface Total Energy (in eV)
H,O -14.876580475

Ha -6.88852316

H -3.44426158

0, -9.27246678

H -4.63623339

OH -7.08922806

Table S6. Adsorption energies at different sites

S. No. Surface Total energy (eV)
1. C0304-NiO+O (Ni-site) -725.68981

2. C0304-NiO+O (Co-site) -725.7282

3. C0304-NiO+OH (Ni-site) -730.49719

4. C0304-NiO+OH (Co-site) -730.23927

5. C0304-NiO+OOH (Ni-site) -733.50533

6. C0304-NiO+OOH (Co-site) -733.58578




C0304Ni0

Figure S17.Structure of both the individual phases forming heterojunction
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