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Solvent optimization test for all the synthesized NiFe-gel.

Various solvents, ranging from polar to non-polar, were tested for their ability to form gels with
the chemical components of the synthesized NiFe-gels. Solvents such as water, methanol, ethanol,
ethyl acetate, DMSO, DMF, THF, acetone, toluene, and benzene were used to evaluate their
gelation capabilities. The stoichiometric amounts of gel-constituting agents, including metal salts
and the gelator, were maintained according to the minimum critical gelation concentrations for
each solvent, as required for the metallogelation studies. The gelation process, outlined in the
experimental section, was followed for each solvent-directed attempt. The 'inversion-vial' test was
performed for each case, and the results of the individual solvent-based experiments are presented
in Table S1. The experimental results clearly indicate that a DMF:Water (1:1) mixture is the
optimal solvent combination needed to achieve stable metallogels under the given experimental

conditions.

Table S1. Gelation process of NiFe(1:1)-Gel in various solvents.



Entry Solvent Phase Picture
1. H,O No-Gel
2. MeOH No-Gel
3. EtOH No-Gel
4. EtOAc No-Gel
5. DMSO No-Gel
6. DMF No-Gel
7. THF No-Gel
8. Acetone No-Gel
9. Toluene No-Gel




10. Benzene No-Gel /

DMF:H
11. 20 Gel
(1:1)

Gelation tests were performed following the synthetic method discussed in the Experimental
Section. Solvent abbreviations: H,O = Water, MeOH = Methanol, EtOH = Ethanol, EtOAc
= Ethyl Acetate, DMSO = Dimethyl sulfoxide, THF = Tetrahydrofuran and DMF = Dimethyl
formamide.

Table S2. Gelation process of NiFe(1:1)-Gel in various counter ions.

Entry Metal Salts Solvent Phase
1 NiCl, and Fe(NO3); DMF:H,O No-Gel
2 NiSO,4 and Fe(NOs3); DMF:H,O No-Gel
3 NiCOs; and Fe(NO3);3 DMF:H,O No-Gel
4 Ni3(PO4), and Fe(NOs); DMF:H,0 No-Gel

Turnover Frequency (TOF) from OER Current Density



The turnover frequencies (TOF) for various catalyst variants, including Ni-Gel, Fe-Gel,
NiFe(0.5:1)-Gel, NiFe(1.5:1)-Gel, and NiFe(1:1)-Gel, were calculated from the re-dox area of
cyclic voltammograms (CV), which provides information on the electrochemically active atoms
present in the catalyst. As shown in Fig. S7, the reduction area corresponds to the electrochemical
activity. The TOF value for NiFe(1:1)-Gel (4.50 S-!) is significantly higher than those of the other
catalysts: Ni-Gel (0.06 S!), Fe-Gel (0.03 S-!), NiFe(0.5:1)-Gel (0.43 S), and NiFe(1.5:1)-Gel
(0.50 S°1). Therefore, NiFe(1:1)-Gel demonstrates superior catalytic activity, producing a higher
number of oxygen molecules per unit time compared to the other catalysts.

TOF in our study was calculated assuming that the surface-active Metal ions that hadundergone
the redox reaction just before onset of OER only participated in OER electrocatalysis. The
corresponding expression is

TOF = (j x Na) / (F x n x ) (1)

Where, j = current density, Na= Avogadro number, F = Faraday constant, n = Number of electrons

transferred during the reaction, I' = Surface concentration of the catalyst.

Calculated area associated with the reduction of M3* to M?* of NiFe (1:1)-gel= 0.000083751
VA.

Hence, the associated charge is = 0.000083751 VA /0.005 Vs-!
=0.0167502 As
=0.0167502 C

Now, the number of electron transferred is = 0.0167502 C / (1.602 x 10'° C)
=1.04 x 10V

Since, the reduction of M3* to M?* is a single electron transfer process, hence, the number

ofelectrons calculated above is exactly same with the number of surface-active sites.



Hence, the number of M active sites participating in OER is = 1.04 x 107
Therefore, surface concentration of the NiFe (1:1)-gel is = 1.04 x 10'7
The current density at 1.42V potentialwas evaluated from the backward LSV curve of NiFe

(1:1)-gel.

Hence, from equation (1)

TOF.4v= (300 x 107) x (6.022 x 10%) / (96485 x 4 x 1.04 x 1017)
= 4.50s"!

Table S3. The summarized calculated TOF of the synthesized samples.

Catalysts TOF 4V
NiFe(1:1)-Gel 4.50 s1
NiFe(1.5:1)-Gel 0.43 571
NiFe(0.5:1)-Gel 0.15s!
Ni-Gel 0.06 s!
Fe-Gel 0.03 s!

Faradic efficiency

Faradic efficiency: Faradic efficiency was calculated using the Eq. (1)

) o experimentalpymolof02 gas
Faradic ef ficiency = — %x 100 (D
theoriticalpymolof02 gas

The theoretical amount of O, gas was calculated from Faraday’s law

Ixt
ZXF

n=

()

_ 0.5 %3600
" 4 x 96484



= 4663 pmol

Where 7 is the number of mol, / is the current in ampere, t is the time in second, z is the transfer

of electrons (for O,= 4), and F is the faraday constant (96485 C mol!).

The theoretical amount of O, gas after 1hour stability= 4663 pumol

The experimental amount of gas (H,+ O,) was evaluated from the water displacement method.

Finally, the mole of gas (H,+ O;) produced in water displacement is calculation by the Eq.(3)

PV =nRT 3)
V' is the volume of produced gas in liters, 7 is the temperature in Kelvin, and R is the ideal gas

constant (0.0821 L atm/mol K)

The number of mol gas (H,+ O,) produced in water displacement after 1hour stability:

(1atm)(0.3505L) = n (0.0821 L atm/ mol K) (298K)

(1 atm) x (0.3505L)
n=
(0.082 Latm/ molK) X (308 K)

n=13877umol

Ratio of Hy: O, =2:1

1
02 =13877 X 3

=4625umol



Faradic efficiency after 1 hour stability:

) ) 4625 pmol
Faradicef ficency =————— x 100
4663 pmol

=99.1 %

The number of mole gas (H,+ O,) produced in water displacement after 100 hours

stability:

(1atm)(0.3505L) = n (0.0821 L atm/mol K) (298K)

(1 atm) x (0.3497L)
n=
(0.082 Latm/ molK) x (308 K)

n=13846umol

Ratio of Hy: O, =2:1

1
02 =13846 x 3

=4615umol
Faradic efficiency after 100 hours stability:
Faradiceffi 4615 pmol % 100
r =
araatcejjicency 4663 umol
=98.5%
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Fig. S1

HRMS spectrum of NiFe(1:1)-Gel having [M + H]+ peak at m/z 655.



Fig. S 2 SEM-EDX elemental mapping of the synthesized NiFe (1:1)-dried gel.

Fig. S3 TEM images of NiFe(1:1)-Gel.
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Fig. S4 XPS survey spectra of a) Ni-Gel b) Fe-Gel and ¢) NiFe(1:1)-Gel.
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Fig. S5 Summarized OER properties in bar diagram of different samples.
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Fig. S6 CV curves with varying scan rate of 20, 40, 60, 80, 100 mV S-'of (a) NiFe(1:1)-Gel
(b) NiFe(1.5:1)-Gel (c) NiFe(0.5:1)-Gel (d) Ni-Gel and (e) Fe -Gel.
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Fig. S7 The area of reduction peaks of the (a) NiFe(1:1)-Gel (b) NiFe(1.5:1)-Gel (¢)

NiFe(0.5:1)-Gel (d) Ni-Gel and (e) Fe -Gel.
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Fig. S8 LSV curve of NiFe(1:1)-Gel at initial and after 100 hours stability measurements for

electrochemical OER experiment.
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Fig. S9 FT-IR data of synthesized NiFe(1:1)-Gel, NiFe(1:1)-dried gel and after 100 hours

stability of NiFe (1:1)- dried gel.
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Fig. S10  XRD patterns of synthesized NiFe(1:1)-dried gel and after 100 hours stability of

NiFe(1:1)- dried gel (After stability sample, collected from Carbon cloth).
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Fig. S11 SEM image and corresponding elemental mapping image of NiFe(1:1)-Gel after 100

hours of stability.
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Fig. S12 XPS spectra of NiFe(1:1)-Gel after 100hours of three electrode OER
chronoamperometry experiment at a fixed 1.49 V to attain the current density of 1000 mA/ cm?
for 100 hours; XPS survey spectra (a), High-resolution Ni 2p (b), Fe 2p (¢), O 1s (d), N 1s (e), and
C 1s+K ().
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Fig. S13 Theoretical and measured faradaic efficiency after 100 hours stability of NiFe (1:1)-

Gel.
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Fig. S14 Nyquist plot of NiFe(1:1)-Gel for HER.
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Fig. S15 HER chronoamperometric measurement as a function of current density of NiFe(1:1)-

Gel.
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Fig. S16 LSV curve of NiFe(1:1)-Gel at initial and after 100 hours stability measurements for

electrochemical HER experiment.



Fig. S17 Photograph of the (2cm*2cm) AEM electrolyser.
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Fig. S18 LSV curve of NiFe(1:1)-Gel /AEM // NiFe(1:1)-Gel and Pt/C // AEM // IrO, of 4

cm? electrolyser system at 25 °C




Fig. S19 Photograph of the (3cmx3cm) AEM electrolyser.

Other Supporting Tables

Table S4. A comparison of electrochemical OER activity of synthesized NiFe (1:1)-Gelwith

literature reported PGM free transition metal based catalysts.



S. Catalyst n,Overpotential (mV) Tafel Reference
No Mo Mso Mo Msoo Mioeo (mMV/dec)
1 NiFe (1:1)-Gel 110 160 210 260 29 This
work
2 Mo,S;@NiMosS, 173 350 390 33.7 S-1
3 Nig sFep,-AHN 200 240 260 347 S-2
4 NiMoN@NiFeN 210 337 398 58.6 S-3
5 Ni,P-Fe,P/NF 220 290 340 58 S-4
6 Co4N-CeO, 239 491 37.1 S-5
7 NiMoO,/NiMoS 186 290 334 34 S-6
8 LiCoBPO 216 324 470 60 S-7
9 FeP/Ni,P 154 210 290 22.7 S-8
10 CoMoS,/NF 334 442 53 S-9
11 NiSe@NiOOH 332 ~420" 162 S-10
12 Nis,Fe oxide 291 58 S-11
13 Fe(0.5)-doped 260 32 S-12
B-Ni(OH),
14 S-NiFe,04 267 36.7 S-13
15 Fe1NiO 259 494 S-14
16 NiCoFe,P 290 56 S-15
17 NiFe LDH 280 49 .4 S-16
18 Ni—Fe(OH,) 298 37 S-17
19 NiFe 290 53 S-18
LDH/N iC0204
29 Fe;04/NiCy 308 398 63 S-19
21 Cu,O 375" 400" 90 S-20

*Estimated data obtained from respective polarisation curves

Table S5. A comparison of electrochemical HER activity of synthesized NiFe(1:1)-gel with

literature reported PGM free transition metal based catalysts.

S. Electrocatalyst Electrolyte nxOverpotential (mV) Tafel Reference
No (mV/dec)




Mo Moo Msoo  M100o
1 NiFe(1:1)-gel 1 M KOH 88 194 275 324 72 This work
2 NiFeMo-P-C 1 M KOH 87 87.3 S-21
3 NiFeAu LDH 1 M KOH 89 192 90 S-22
4  NiFe-Ru-LDHNS 1 M KOH 29 31 S-23
5 Nij4Fes-LDH 1 M KOH 170 290* 83 S-24
6  Nig7sFeo.125Vo.125- 1 M KOH 125 230* 62 S-25
LDHs/NF
7  NiCo-LDH/NF 1 M KOH 162 392* 141 S-26
8  Ni-doped 1 M KOH 98 32 S-27
MoS,nanosheets
9 NiS, NWs/CFP 1 M KOH 165  300* 134 S-28
10 Ce@NiFe-LDH 1 M KOH 81 180*  240* 80.94 S-29
11 SV-MoS, 1 M KOH 170 60 S-30
12 Ni,P-Fe,P/NF 1 M KOH 208*  299* 330 65 S-31
13 CoMoSx/NF 1 M KOH 89 198* 269 94 S-32

* Estimated data obtained from respective polarization curves

Table S6. Comparison of water-splitting performances for NiFe(1:1)-Gel with reported

bifunctionalelectrocatalysts in the alkaline media.

S.No Catalyst Current Voltage Reference
density
1 NiFe(1:1)-gel 10 mA cm 149V This work
2 NiCoFeMnCrP 10 mA cm? 1.32V S-33



17
18
19
20
21
22

N-Co304,@C@NF
Fe.00C00.13-NiSe;
Ni3;N-NiMoN-5
CoSn,

Co,P NC
W,oN/WC
NiCoP

3DSe(NiCo)Sx/(OH)x

NC@CuCo,Nx/CF
8-FeOOH NSs/NF
Ni-Co-P HNBs

Co/b-Mo,C@N-CNTs

Co/CNFs (1000)

Co(OH),@NCNTs@
NF

Fe;C-Co/NC
c/a-NiCoMoP
Cop.35Se/NC
CoFeP@C
N,Ce-NiCoP/NF
Ni,P-CoCH/CFP

10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?

10 mA cm™

10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?
10 mA cm?

10 mA cm™

140V
1.52V
1.54 V
1.55V
1.56 V
1.58 V
1.59 V
1.6V
1.62V
1.62V
1.62V
1.64 V
1.69 V
1.72V

1.77V
1.57V
1.7V
1.55V
1.54 V
1.53V

S-34
S-35
S-36
S-37
S-38
S-39
S-40
S-41
S-42
S-43
S-44
S-45
S-46
S-47

S-48
S-49
S-50
S-51
S-52
S-53

Table S7. Comparison of water-splitting performances for NiFe(1:1)-Gel with reported AEM

electrolyser system.

S. Catalyst Electrolyte = Current density  Reference
No. (mAcm?) in 2V
1 NiFe(1:1)-Gel 1M KOH 588 This work



2 Pt/C | AEM | IrO,

3 Mn3;04@CeO,/y-FeOOH | AEM
I Mn;04@CeO,/y-FeOOH

4 NiCoTi/Ti | AEM | NiCoTi/Ti
5 NiCo/r-GO | AEM | Co304/1-

GO
6 CuCoO I AEM | Ni
7 Cu,Co;.,04 I AEM I Ni
8 NiCo,04/Ni | AEM | Ni
9 v-FeOOH-NS | AEM | y-
FeOOH-NS

1M KOH
IM KOH

IM KOH
IM KOH

IM KOH
IM KOH
IM KOH
IM KOH

103
366

180
105

156
100
106
209

This work
S-54

SS5
S56

S57
S58
S59
S60
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