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Experimental Section
Material synthesis

During experiments all chemicals were used without any purification and aqueous solution
was prepared by using ultrapure milli-Q water. At room temperature, 2 mM Cobalt (Il)
chloride hexahydrate (Merck, =98%) and 1 mM chromium (Ill) chloride hexahydrate
(Merck, = 96%) were mixed into 40 ml aqueous solution, followed by addition of 15 mM
urea (Merck, =99.5%) into the solution with rigorous mixing until a clear solution was
obtained. The as prepared solution was transferred to an autoclave and treated at 120 "C in
an oven for 16 h. After completion of reaction, the autoclave was cooled down to room
temperature naturally and the black coloured product was collected and washed several

times by using milli-Q water and ethanol and lastly the powder sample was dried at naturally.

A series of CoCrV LTHs were prepared in similar way using ammonium vanadium
oxide as vanadium (V) source in addition of the Co- and Cr- precursors as described above.
The vanadium (V) was added into the solution by varying molar ratios of Cr : V as 4:1, 2:1
and 1:1 keeping Co-precursor concentration same in the aqueous solution. While the

bimetallic CoCr-LDH is abbreviated as CC, the LTH series are abbreviated as CCV-1, CCV-
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2 and CCV-3 as the detailed reaction parameters and molar concentrations are tabulated in
Table S1. To achieve LDH or LTH structures, the reaction duration was optimized in each
cases as mentioned in Table S1. After the completion of reactions, the grey coloured

samples were collected, washed and dried by similar way as discussed for CoCr-LDH.
Structural characterisation

The composition and phase purity of the obtained samples were recorded by powder X-ray
diffraction (Rigaku Miniflex-600) technique using Cu Ke source (A = 1.5418 A) within
diffraction angle 10°- 80°. The size and morphology of the as prepared materials were
studied by field emission scanning electron microscopy (FE-SEM, Carl Zeiss, Germany)
operating at 5 kV. Energy dispersive spectrum (EDX) was characterized to know the
elemental composition with atomic% of the materials which associated with FE-SEM
apparatus. High resolution transmission electron microscopy (FEI TECNAI 20 G2,
Netherlands) characterisation was operated to figure out the micro structural properties of
the sample, performing at 200 kV. The TEM specimen was prepared by dispersing little bit
powder sample into pure ethanol and a drop of homogeneous solution was deposited on
carbon coated Cu grid, certainly drying overnight in vacuum environment. The elemental
states of the samples were carried out by XPS measurement on a SCIENTA, R-3000
analyzer with monochromatic Al Ka radiation regarding 1.486 KeV energy. The vacuum
ambit of the chamber was 1 x 10719 Torr in the interim of XPS analysis. The binding energy
of the sample was calibrated with reference to C1s peak near to 284.6 eV and spectrum
were collected considering Co, Cr, V, O and C elements. Fourier transform infrared
spectroscopy (FTIR) of the sample was performed by (IR Prestige-21, SHIMADZU) with an
ATR spectrum ranges from 400 cm-! to 4000 cm-'. The surface profile of the samples was
analyzed using atomic force microscopy (AFM) on Nanosurf 3000 instrument. The AFM

specimen was prepared by drop-casting low concentrate homogeneous solution on clean



Si wafer. Raman analysis of the prepared samples was conducted using alpha300 RAS

(WITec) Raman spectrometer.
Electrochemical measurements

Electrochemical activities of LTH samples were performed on Biologic SP-150 appearing in
standard three electrode system against regular environment. The three electrode
configuration consists of a Pt wire and saturated Ag/AgCl as counter and reference
electrode, and the developed material on NF was used as working electrode. The
electrocatalytic activity of the sample was evaluated in alkaline 1 M KOH, 1M KOH + 1M
NaCl, 0.5 M KOH + 0.5 M NaCl and 1 M KOH + seawater electrolyte solutions. The real
seawater was collected from the sea shore (Digha, West Bengal, India) of Bay of Bengal
and the geographical location has been shared in Figure S10. The working electrode was
prepared making homogeneous ink of the powder sample (2 mg) mixing in 900 pl
homogeneous solution of isopropanol and water followed by addition of 100 pyl PVDF
solutions as binder under ultrasonication and drop casted on bare Ni foam (2 X 0.5 cm?2).
Prior to drop casting, the NF was treated with1 M HCI solution to remove the native oxide
layer and cleaned by DI water and ethanol. The mass loading of electrocatalysts on the NF
was maintained in the range of 1.0-1.2 mg cm=2. The commercial 20 wt% RuO, was used

with mass loading of 1.1 mg cm2 on NF by identical approach for comparative study.

In electrochemical study, the applied potential corresponding to saturated Ag/AgCl electrode

was converted into reversible hydrogen electrode (RHE) by using the given equation:

Erne = Eapply + Eagiaga + 0.059 X pH (1)

The linear sweep voltammetry (LSV) of the catalyst was performed at 1 mV s™! scan rate in
a potential range 0 to 0.8 V with respect to standard Ag/AgCl reference electrode in three

electrode system. The LSV plots were undergone with 100% iR correction to avoid the



uncompensated series resistance of the electrochemical circuit. The overpotential (n) of
water oxidation was calculated by n (V) = 1.23 — Egye  and the intrinsic catalytic parameter
Tafel slope (b) was measured from n = a + b log j equation. Electrochemical impedance
spectroscopy (EIS) of as prepared sample was conducted around 370 mV overpotential in
the frequency range of 10 kHz to 200 mHz. The iR compensated polarisation curves were

plotted by using following equation:

Eir = Erne — IRs (2)

Where Rs is equivalent series resistance and can be obtained from EIS fitted plot following
a particular electrochemical circuit. Electrochemical active surface area (ECSA) is a valuable
parameter to realize definite information on active sites of the catalyst. Cyclic voltammetry
(CV) was carried out in non-Faradaic region at different sweep rates from 20 mV s' to 200
mV s to standardize double layer capacitance (Cy4). The double layer capacitance (Cy) is
harmonious towards electrochemical active surface area (ECSA) as related by given

equation:
ECSA = C4/Cs (3)

Where, C; is specific charge resistance of the working electrode. In alkaline electrolyte
media, the regular Cs value of metal oxide was considered as 40 uyF cm=2 to determine
electrochemical surface area (ECSA). The chronoamperometry (CA) study was performed
on steady applied potential in both alkaline 1 M KOH and 1 M KOH + Seawater solution to

investigate durability of the resulting catalyst.

To evaluate the real ability of the developed electrocatalyst, especially in seawater,
the faradaic efficiency of CCV-2 has been determined using completely sealed H-cell system
with a gas separator membrane in between using alkaline real seawater (1 M KOH +

Seawater) as electrolyte. The chronoamperometric (CA) study of CCV-2 catalyst was



analysed in three electrode system applying 1.69 V vs RHE for 4 min and reaching a current
of 0.074 A. Experimentally the evolved O, was determined using an oxygen sensor and
theoretically the number of moles of oxygen (O;) produced at anode can be determined from

Faraday’s second law as given below:

Q Ixt

n . (0,) =
theoretlcal( 2) nF nF

(4)

Where, i (A) is the reaching current at applied potential, t (sec) is the duration, n (4) is the
number of electrons involved during OER and F (96485 s A mol') is Faraday constant.

Finally, the faradaic efficiency (FE) of the catalyst can be determined as following equation:

noz(experimental)
X 100 =92.39%

_ . n,_(theoretical)
Faradaic efficiency (FE) = "2



Jalmgplinfeb
_—

CC-16 h (b) e

o
S

Ly
LY

T
L

% " - ﬁ\_}.:_-.’..»_\?.vhq"‘: —_— C CV-2_1 8 h

VA—J;::::
uﬂ

=—=CC-13 h

Intensity (a.u.)

@ @

Intensity (a.u.)

——CCV-1_16h

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20 (Degree) 20 (Degree)

Figure S1: (a) XRD pattern of CoCr LDH at different durations (6h, 9h, 13h, and 16h) at
120 °C. (b) XRD pattern of CoCrV LDH with different V content at different durations (16h,
18h and 20h) maintaining 120 °C temperature. While CCV-1 requires 16h of reaction
duration like CC, CCV-2 and CCV-3 require reaction durations of 18h and 20h, respectively

to achieve LTH structure without presence of any metal hydroxides.
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Figure S2: FTIR spectra of CC LDH and CCV LTHs materials.



Table $1: Reaction parameters and precursor concentrations used for developed CoCr LDH

and CoCrV LTHs.

Samples Reaction Co(mM) Cr(mM) V (mM) V mol% Total
temperature/ precursor
duration conc.
CcC 120 °C/16 h 20 1.0 0.0 0%
CCV-1 120 °C/16 h 2.0 0.8 0.2 6.66% 3.0
CCV-2 120 °C/18 h 2.0 0.7 0.35 11.66%
CCV-3 120 °C/20 h 2.0 0.5 0.5 16.66%

Table S2: Elemental analysis of all samples using energy dispersive spectrum (EDX)

showing atomic% of elements.

Samples Co (atomic %) Cr (atomic %) V (atomic %)
cC 18.42 9.81 0
CCV-1 23.48 8.33 1.87
CCV-2 214 6.2 3.5
CCV-3 18.6 4.7 4.1
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Figure S3: (a) TEM, (b) HR-TEM and (c) corresponding SAED pattern of CoCr LDH.
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Figure S4: AFM image and corresponding height profile of (a-b) CC and (c-d) CCV-2.
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Figure S5. High resolution XPS spectra of (a) Co 2p, (b) Cr 2p, (c) C 1s, (d) O 1s

and (e) V 2p for CC and CCV-2.

The high resolution Co 2p spectra of both CC and CCV-2 show the presence of two major peaks for
Co 2p+;» and Co 2p3, along with their corresponding shake-up satellite peaks indicating the presence
of Co(ll). A slight positive shift (0.21 eV) of the Co 2p3,» and Co 2p4,, peaks towards higher binding
energy can be noticed after insertion of V into the pristine CC, indicating possible electronic
communication in-between Co and V in CCV-2. The Cr 2p spectra consists of two broad peaks for
Cr 2ps, and Cr 2pq, for both CC and CCV-2. Furthermore, the Cr 2ps;, spectrum can be

deconvoluted into two peaks at 577.26 eV and 578.73 eV corresponding to Cr*3-O and Cr*3-OH
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states, respectively, for CC, which also shows a positive shift (0.42 eV) in CCV-2 at 577.68 eV (Cr*3—
0) and 579.2 eV (Cr*3- OH). This indicates a strong electronic inter-action of Cr with V in CCV-2.
The high resolution V 2p spectrum of CCV-2 is composed of two peaks at 517.21 eV and 524.53 eV,
corresponding to V 2pz, and V 2p., respectively, for the V*° oxidation state as shown in Fig. S5(e).
The high resolution C 1s spectra of both CC and CCV-2 can be deconvoluted into three major peaks
with a broad peak located at 289.23 eV assigned to O—-C=0, confirming the presence of CO3;?- with
a noticeable increase in the peak intensity in CCV-2 compared to that in CC indicating a higher
number of carbonate molecules in the inter-layer spacing in line with the FTIR results (Fig. S5(c)). In
both CC and CCV-2, the O 1s spectrum can be deconvoluted into three peaks located at the binding
energies of 530.1 eV, 531.7 eV and 532.7 eV, which are primarily believed to be from the

contributions of metal-oxide (M-0), surface hydroxyl (M—OH) and absorbed H,O, respectively.
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Figure S6: Cyclic Voltammograms (CV) obtained in non-Faradaic region at various scan
rates for (a) CC, (b) CCV-1, (c) CCV-2 and (d) CCV-3 LTHSs. (e) Plot of current density
difference (J, — J;) versus scan rates to obtain double layer capacitance (Cg4) of CC LDH

and CCV LTHs. (f) Electrochemical active surface area (ECSA) of CC LDH and all

combinations CCV LTHs.
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Figure S7. Cyclic Voltammograms (CV) obtained in non-Faradaic region at various scan
rates for (a) CC LDH and (b) CCV-2 LTH in 1 M KOH + Seawater electrolyte. (c) Plot of
current density difference (J, — J.) versus scan rates to obtain double layer capacitance (Cg)
of CC LDH and CCV-2 LTH. (f) Electrochemical active surface area (ECSA) of CC LDH and

CCV-2LTH in 1 M KOH + Seawater electrolyte media.
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Figure S8. High resolution XPS spectra of (a) Co 2p, (b) Cr 2p, (c) C 1s, (d) O
1s and (e) V 2p for CCV-2 after chronoamperometry (CA) test in alkaline real seawater
electrolyte solution. (f) Raman spectrum of CC LDH, before and after chronoamperometry

(CA) test of CCV-2 LTH in alkaline seawater.

Focusing on the stretching mode of vanadyl oxygen bond in Raman spectra, while
CC sample indicates flat spectra for obvious reason within the medium range of 700 — 1100
cm!, CCV-2 sample before the stability test shows two broad peaks at 920 cm-' and 1050
cm, assigned for V°*—0. Very interestingly, after long exposure in real seawater electrolyte
during chronoamperometry study an appearance of an additional peak towards lower
frequency at 840 cm' is observed, which is believed to be due to V4*-0, as also reported

elsewheres1-S3,
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Figure S9. (a) X-ray diffraction pattern of CC and CCV-2 samples obtained at different
reaction durations (* indicates characteristic LDH peaks and # indicates characteristic
hydroxide peaks). (b-e) FESEM image of CC and CCV-2 samples obtained at 9h (b), 16h
(c) for CC and 9h (d), 18h (e) for CCV-2. (f, g) LSV plots of CC and CCV-2 samples obtained

in different reaction durations in 1 M KOH (f) and 1 M KOH + Seawater (g) electrolytes (inset:

corresponding EIS plots).

It was observed that at shorter reaction duration of 9h in both the cases of CC and
CCV, the formation of hydroxides cannot be avoided and the development of LDH or LTH

structures require longer and optimized reaction duration as indicated in the XRD pattern
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shown in Figure S9(a). The morphology of the samples remain almost identical regardless
to reaction durations (Figure S9(b-e)). Very importantly, it has been found that
electrocatalytic activity of the prepared materials in 1M KOH depends much on the
development of LDH or LTH structures. In any case, the developed CCV-2 LTH without any
trace of hydroxides obtained after 18 h of hydrothermal reaction showed best electrocatalytic
activity compared to the sample obtained at 9h of reaction duration with mixed LTH and
hydroxide structure. Similarly, CC LDH obtained after 16h of reaction duration without any
presence of hydroxides showed better performance compared to shorter duration
counterpart (9h) containing hydroxide traces. The similar observations have also been found
in alkaline real seawater electrolyte, which confirms the fact that LDH or LTH structures are

important to exhibit best possible electrocatalytic activity.
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Figure S10: The seawater collection location shown in satellite view taken from Google

Map.
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Table S3: Comparison table of electrocatalytic OER activities of various LDHs as

electrocatalyst in 1 M KOH alkaline electrolyte media.

Materials n(imV)@10 n(mV)@ 100 Tafel slope Durability Reference
mA/cm? mA/cm? (mV/dec) (h)

Nig 75V o.25—LDH 300 350 @ 44 50 25 S4

mA/cm?

NiFe—-LDH 300 -- 40 13 S5

NiFeCr—LDH 280 -- 130 6 S6

V,.3-CoFe-LDH 240 -- 74 24 S7

NiFeV-LDH 195 @ 20 233 42 18 S8
mA/cm?2

CoCr-LDH 400 @ 20 -- 81 12 S9
mA/cm?

NiCr—LDH -- 319 229 30 S10

NiCu,—LDH 290 355 45 50 S11

NiFeMn-LDH 289 @ 20 -- 47 16 S12
mA/cm?2

FeNiCo-LDH 230 -- 42 - S13

NiFe-LDH 230 -- 47 100 S14

NiCoFe 239 - 32 12 S15

ALDHs/CFC

CoFe LDH/NF 300 420 83 10 S16

NiCoCHH (1-1) 238 -- 190 12 S17

CogFe4-LDH 262 306 42 20 S18

CoFe- 275 -- 58 12 S19

LDH@QgC3N,

CoFe 330 -- 77.73 12 S20

LDH/MWCNT/rGO

CoMn LDH 324 -- 43 14 S21

CoCrV LTH 291 320 39 100 This work
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Table S4: Comparison table of electrocatalytic OER activities of various catalysts in real

and as well as stimulated seawater.

Materials Electrolyte n (mVv) @ n (mVv) @ Durability Reference
10 mA/cm? 100 mA/cm? (h)
Se NiFe LDH TMKOH+1M 220 @ 20 -- 100 S22
NaCl mA/cm?2
Ni;FeN@C/NF TMKOH+05M -- 283 -- S23
NaCl
CoFe LDH/Ti Stimulated Sea 530 -- 8 S24
water
Na,Co,. 0.1 MKOH + 0.5 285 1.6V 100 S25
FexP-.0;/C@CC M NaCl
Na,Co;. 1 M KOH + Sea 325 -- 50 S25
FexP.0,/C@CC water
NiMoN@NiFeN TMKOH+0.5M -- 286 -- S26
NaCl
NiMoN@NiFeN 1M KOH+ Sea -- 307 -- S26
water
NiFeB,@NiiFe 30 wt% KOH + -- 328 100 S27
alloy (MOEE) 0.5 M NacCl
FTO/NiIO TMKOH+05M 401 -- 8 S28
NaCl
C0304-Mn0O, 0.5MKOH +0.5 450 -- -- S29
M NaCl
C0504,-Mn0O, Mediterranean 500 -- -- S29
Seawater
Co-Fe-0O-B-10 TMKOH+0.5M 294 434 20 S30
NaCl
NiFe LDH 0.1 MKOH + 0.5 359 -- 2 S31
M NaCl
NiFe LDH S350 TMKOH+05M -- 296 12 S32
NaCl
Fe,03/NiO TMKOH+1M -- 252 @ 1000 50 S33
NaCl mA/cm?
Fe,O4/NiO 1 M KOH + Sea -- 291 @ 1000 50 S33
water mA/cm?2
Fe-Co-S/Cu,O/Cu 1 MKOH+0.5M -- 390 30 S34
NaCl
Ni/NiFe LDH TMKOH+0.5M 240 313 -- S35
NaCl
Ni/NiFe LDH 1 M KOH + Sea 247 303 100 S35
water
Ni,P-Fe,P/NF 1 M KOH+ Sea -- 305 36 S36
water
CoCrV LTH TMKOH+1M 300 365 -- This work
NaCl
1 M KOH + Sea 320 395 24
water
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