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Figure S1: SEM images of (A) Pt, (C) Ir before and, (B) Pt, (D) Ir after electro-cycled in 20M

LiTFSIL
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Figure S2: LSVs of (A) Pt, (B) Ir, (C) Au and, (D) Ni in 1M and 20 M LiTFSI with respect to
electrochemically active surface area (ECSA). Scan rate 50 mV/s.
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Figure S3: SEM images of (A) Au, (C) Fe, (E) Ni before and, (B) Au, (D) Fe, (F) after electro-

cycled in 20M LiTFSI.
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LSVs of (A) Pt, (B) Au, (C) Ir and, (D) Fe in varying LiTFSI concentration.
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Figure S5: LSVs of (A) Au, (B) Fe and, (C) Ni in LiClOy saturated by Argon. Scan rate 50
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Figure S6: LSVs of (A) Au, (B) Fe
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Figure S7: XPS spectra of Li 1s showing the formation of LiF in small amount compared to
LiTFSIL.!
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Figure S8: ATR-FTIR spectra of (A) LiTFSI (powder) and Au (foil) surface (before and after
electrolysis). The enlarged IR regions showing the presence of LiF in Au, Ir, and Pt are shown in
in figure (B), where the electrodes after electrolysis are compared with LiTFSI.
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Figure S9: EIS spectra of (A) Pt and (B) Ir in 1M and 5M LiClO,. EIS spectra of (C) Pt and (D)

Ir in 1M and 5M LiCl.
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Figure S10: EIS of (A) Au, (B) Fe and, (C) Niin 1M and 5M LiCIO,.
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Figure S11: EIS of (A) Au, (B) Fe and, (C) Ni in 1M and 5M LiCL
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Figure S12: The Randles circuit fitted to the above Nyquist plots.
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Table S1: Rg, R, Rcr and, Cpy, values of Pt, Ir, Au, Fe and Ni in 1M and, 5SM LiClO;,.

Metals Pt Au Fe Ni
Electrol IM M IM M IM M IM M IM M
te
y LiCl LiCl LiCl LiCl LiCl LiCl LiCl LiCl LiCl LiCl
(O (o) O4 O (O (o) (oN (O (O Oy
Rs (©2) 223 6.2 414 |1 23.04 | 476 | 17.76 | 123.7 | 72.85 | 26.68 | 12.66
R(Q) 12.8 6.8 954.4 | 1008 | 764.5 | 154.6 | 148.3 | 33.12 | 42.6 21.3
Rcr (Q) 249 408 374.2 389 3726 | 2550 | 8240 | 2774 966 895
1 3
CpL (uF 3.32 2.19 414 40.7 0.16 0.82 0.74 1.03 0.38 0.65
or
2 Or Or Or Or Or Or 10.6 14.7 Or Or
mFcm™)
47.4 313 | 579.1 | 572.9 5.3 273 5.43 9.3
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Table S2: Rg, R, Rt and, Cpp, values of Pt, Ir, Au, Fe and Ni in 1M and, 5SM LiCl.

Metals Pt Ir
Electrolyte 1M SM 1M SM 1M M 1M M 1M SM
LiCl LiCl LiCl | LiCl LiCl LiCl LiCl LiCl LiCl LiCl
Rs (Q2) 68.6 11.27 | 28.59 | 22.3 41.9 4.5 1349 | 119.6 23 9.1
R (Q2) 230.9 | 90.79 | 42.9 22.9 88.23 | 111.82 | 212.8 | 2964 | 16.8 3.96
Rer () 1135 1129 1763 | 3376 | 29770 | 17637 1362 1026 | 8076 | 2213
Cpr (uF or 0.97 0.28 0.64 0.21 0.3 2.1 0.7 1.74 1.46 1.5
mFcm2)
Or Or Or Or Or Or Or Or Or Or
13.9 4 9.14 3 10 70 10 24.8 20.8 | 21.43

S14




-10 4

Pt HER 0.05M H,S0,

== Pt HER 0.5M H,SO, + 0.IM LiTFSI ]
Pt HER 0.5M H,SO, + 1.0M LiTFSI
=Pt HER 0.5M H,SO, + 2.5M LiTFSI

Pt HER 0.1M NaOH + 1M LiTFSI
e Pt HER 0.1M NaOH + 5M LiTFSI 7
=== Pt HER 0.1M NaOH + 20M LiTFSI

Current Density (mAcm™) @

Current Density (mAem?)

-40 L] ) ) I L] T ”20 1 M L L] v Ll
035 <030 025 -020 -0.15 -0.10 -0.05 0.00 -1.2 -1.0 0.8 0.6
Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)
1 L] T ] ]

C 21 1
p

«

E

S’

%2 1
]

£

z

s 41 7]

a

o

=

2 -6 .

= e Ay HER 0.1M NaOH + IM LiTFSI

o Au HER 0.1M NaOH + 20M LiTFS

-8 T T

-1.4 4z 0 08 -0.6
Potential (V vs. Ag/AgCl)

Figure S13: LSVs of Pt in different concentration of LiTFSI in (A) 0.5M H,SO4and, (B) 0.1M
NaOH. (C) LSVs of Au in different concentration of LiTFSI in 0.1M NaOH. Scan rate 50 mV/s.
Graphite rod is used as counter.

S15



] L] 1 L
A 08 e Pd resp in 0.1M NaOH + IM LITFSI ]
= Pd resp in 0.1M NaOH + 20M LiTFSI

=)
1

H desorption

=20 -

Current (mA)

formation

Current Density (mAcm?) @

e Pd HER 0.1M NaOH + 1M LiTFSI
=== Pd HER 0.1M NaOH + 20M LiTFSI

0.0 ' 05 ' 10 ' 15 1.8
Potential (V vs. RHE)

16 -1.4 -1.2 -1.0
Potential (V vs. Ag/AgCl)

Figure S14: The CVs (A) and LSVs (B) with Palladium (Pd) in different LiTFSI concentrations
in 0.1M NaOH saturated by Argon. Scan rate is 50 mV/s. Graphite rod is used as counter

electrode.
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Figure S15: LSVs of Pt in different concentration of (A) LiNO; and, (B) LiOH and, LSVs of
Au in different concentration of (C) LiNOj and (D) LiOH saturated by Argon. Scan rate 50
mV/s. Graphite rod is used as counter.
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Figure S16: LSVs of Au in different concentration of NaClO, saturated by Argon. Scan rate 50
mV/s. Pt is used as counter electrode.

Electrochemically active surface area (ECSA):

Pt, Ir:

Electrochemically actives surface area (ECSA) of both Pt, Ir were calculated by taking under
potential deposition region of the cyclic voltammogram in Argon saturated 0.1M KOH (sigma
aldrich) medium. The cyclic voltammograms were measured at a scan rate 200 mVps using
Ag/AgCl and graphite rod were used as reference and counter electrode respectively. The charge

densities associated to monolayer hydrogen coverage are 210 uC/cm? and 218 uC/cm? for Pt?
and Ir3 respectively.
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Au:

To calculate the electrochemically active surface area (ECSA) of Au, Au was electro-cycled in Argon
saturated 0.5M H,SO,4 from OV to 1.6V vs. Ag/AgCl at 200 mV/s. For ECSA calculation the reduction

peak at 0.8V vs. Ag/AgCl due to reduction of AuO corresponding charge density is 390 uC/cm?. !
Ni:

For the ECSA calculation of Ni, Ni was electro-cycled from 0V to 0.5V vs. Ag/AgCl in Argon saturated
0.1M KOH at 200 mV/s. The reduction peak of Ni(OH)2 at V vs. Ag/AgCl corresponding charge density
of 514 uC/cm? was taken for active surface area calculation.*
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Figure S17: ECSA calculation of (A) Pt, (B) Ir, (C) Au and (D) Ni. Scan rate 200 mV/s. Graphite
rod is used as counter.
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