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Fig. S1. FT-IR analysis of as-synthesized electrocatalysts.
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Fig. S2. Particle size distribution plot of as-synthesized electrocatalysts.



104 |Sb,S,@N-rGO

Volume ads.(cc g", STP)

L) . L] o L} = L]
0.0 0.2 0.4 0.6 0.8
Relative pressure (P/Po)

161 [sb s @s-rGo

SA=309m’ g

Volume ads.(cc g", STP)

-2 T

L] L] L L)
0.0 0.2 0.4 0.6 0.8
Relative pressure (P/Po)

$b,S @N,$1GO
124 -

SA=359m’ g’

Volume ads.(cc g", STP)
-

L) L) L) L)
0.0 0.2 0.4 0.6 0.8
Relative pressure (P/Po)

1.0

Sb,S @P-rGO

Volume ads.(cc g", STP)

Pore volume dV (d) (cc g”)

-0.0009 -

-0.0012 +

_—

"o
~
2

-

—_

=

e

>
=

Pore volume

Pore volume dV (d) (ccg”)

Pore volume dV (d) (cc g")

00 02 04 06 08
Relative pressure (P/Po)

Fig. S3. N, adsorption-desorption curves and pore
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Table S1. Electrochemical activities of different heteroatom doped rGO supported Sb,S;
composite materials at the GCE electrode for the HER and OER.

n (mV) at

j (mA cm?) Tafel Slope EIS plot

Electrocatalyst 10 mAcm? at300mV (mV
HER | OER OER HER [ OER | R; |R,;| HER | OER
SSNG 238.6 | 310.7 10.16 128.4 | 200.5 | 9.97 - | 7143 | 2543
SSSG 206.5 | 290.8 12.45 125 3R192 30| 887N (NS 2SN NS 27 8
SSNSG 195.6 | 272.2 15.49 88.7 | 181.5] 19.23 | - | 252.1 | 1559
SSPG 186.6 | 160 56.63 88.1 | 141.8| 6.43 - | 922.2 | 955.6

Table S2. Comparative electrocatalytic performances of as prepared electrocatalysts with
similar state-of-the-art materials.

HER ,n (mV) @  Cell voltage

OER, n (mV)

Electrocatalyst Electrolyte @ 10 mA cm?? 10 mA ¢cm (V)
1 NCS/NS-rGO 1 M KOH 253.4 92.7 1.58
2 PrGO/NiCoP 1 M KOH 281.3 106 1.56
3 SNG@GF 1 M KOH 330 247 %75
4 Ni,P@NSG 1 M KOH 240 110 1.572
5 CoP/GO-400 1 M KOH 340 105 1.70
6 Al, Fe-codoped 1 M KOH 280 145 1.66

CoP/RGO
7 NiVB/rGO 1 M KOH 267 151 1.56
8 Ir/N-rGO 1 M KOH 260 76 1.74
9 rGO/Co,P-800 1 M KOH 378 134 1.78
10 Co-SCN/RGO 1 M KOH 250 150 1.63
11 FeS,-MoS,@CoS,- 1 M KOH 211 at 92 1.51
MOF 20 mA cm?
12 G-Mo-Ni;S, 1 M KOH 326 at 68 1.58
20 mA cm?
13 S-(Co, Fe)OOH 1 M KOH 240 186 1.64
14 S, N-CoySg 1 M KOH 244 92 1.54
15 Co;S,@MoS,- 1 M KOH 270 at 136 1.72 at
Ni;S, 50 mA cm2 50 mA cm2
16 Sb,S;@P-rGO 3M KOH 160 186.6 1.57
Abbreviations:

(NCS/NS-rGO) - NiCo,S4/N, S co-doped reduced graphene oxide,! (PrGO/NiCoP) - Ni-Co
phosphides encapsulated in P-doped reduced graphene oxide,” (SNG@GF) - Nitrogen and
sulfur co-doped graphene on graphite foam,*> (Ni,P@NSG) - Ni,P nanocrystals encapsulated
in N- and S-doped graphene,* (CoP/rG0O-400) - CoP/reduced graphene oxide at 400 °C,3 (Al,
Fe-codoped CoP/RGO) - Al, Fe- codoped CoP nanoparticles/reduced graphene oxide,°
(NiVB/rGO) - Nickel/vanadium boride nanoparticles/reduced graphene oxide,” (Ir/N-rGO) -
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N-doped graphene anchored Ir nanoparticles,® (rGO/Co,P) - Cobalt phosphide loaded
reduced graphene oxide,’ (Co—SCN/RGO) - Cobalt-coordinated sulfur-doped graphitic
carbon nitride and reduced graphene oxide,'” (FeS,-MoS,@Co0S,-MOF) - Metal-organic
framework (MOF)-derived mesoporous CoS, nanoarrays coupled with FeS,@MoS; layers,!!
(G-Mo-Ni3S;) - Graphene-Quantum-Dots (GQDs) loaded and molybdenum doped porous
Ni;S; hybrid,'> (S-(Co,Fe)OOH) - Sulfur-incorporated cobalt—iron (oxy) hydroxide
nanosheets,!3 (S, N-Co0oSg) - Sulfur-enriched N-CooSg,!* (Co3Ss@MoS;-Ni;S;) - Zeolitic
imidazolate framework derived CosS, hybridized MoS,-Ni3S, heterointerface.!>
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Fig. S4. ECSA measurements of Sb,S;@N-rGO, Sb,S;@S-rGO, Sb,S;@N,S-rGO and
Sb,S;@P-rGO electrocatalysts. Plot between current density vs. square route of scan rates for
measuring double layer capacitance (Cy).
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