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Figure S1: TEM image of (a) Cug NCs (b) Aug NCs (Insets show the corresponding particle size

distribution).

Figure S2: (a, b) TEM and HRTEM images of AusCu, NCs (Inset shows the corresponding
particle size distribution) and (c) corresponding elemental mapping showing the presence of

d)Aue)Cuandf)S
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Figure S3: Isotopic Distribution (simulated and experimental) of peak * with formula
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Figure S4: MALDI-MS analysis of (a) Au NCs and (b)AuCu NCs
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Figure S5: FTIR analysis of (a) MPA (b) Cug NCs (c) Aug NCs, and (d) Au,Cu; NCs
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Figure S6: PLE spectra of (a)Cug NCs (b) Aug NCs and (c) AusCu, NCs
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Figure S7: Powder X-ray Diffraction pattern of MoS,

overlap

Figure S8: (a) SEM image of MoS, and corresponding elemental mapping of (b) Mo (c) S (d)

overlap of Mo and S.

Figure S9: TEM image of MoS,.
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Figure $10: HRTEM-EDX spectrum of AusCu,/MoS, showing the presence of Au, Cu, Mo, and

Figure S11: (a,b) TEM images of Cu/MoS, and (c) corresponding elemental mapping showing

S (inset shows the contents of the elements).

(c)

the presence of d) Mo e) S f) Cu

Figure S12: (a,b) TEM images of Au/MoS, and (c) corresponding elemental mapping showing
the presence of d) Mo e) S f) Au

S6



(a) (b)
E) —
H 3
= o
& 2 Mo 3
= Mo 3 [7}
= E Cu2p

s2p
s2p
; , " r . , ; T r : r
1] 200 400 600 800 1000 1200 [} 200 400 600 800 1000 1200
Binding Energy(eV) Binding Energy (eV)
(c) (d)
Mo 3d
El El
e Mo 3¢ <
3 ‘E‘ S2p
£ 9 Cu2p
£ s> =
Au 4
Au 4
200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Binding Energy(eV) Binding Energy(eV)

Figure S13: XPS survey spectrum of (a) MoS, (b) Cug/MoS; (c) Aug/MoS, (d) and Au,Cu,/MoS,
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Figure S14: XPS analysis of Cu 2p in Cug NCs and Cug/MoS, composite.
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Figure S15: Raman spectra of MoS, and Au,Cu,/MoS,

Figure S16: HER polarization curve of Pt/C.
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Figure S17 (a) HER polarization curve with different loadings recorded at a scan rate of 10

mV/sec of (a) Cug/M0S, (b) Aug/MoS, and (c) Au,sCu,/MoS,
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Figure S18: Polarization curves

scan rate of 10 mV/sec

b
w
1

116 mV/dec

106 mV/dec

97 mv/dec

84 mV/dec

o
o
N

MeS,
——0.5wt% Au,Cu /MoS,
011 —— 1 wt% Au,Cu/MoS,
2 wt% Au,Cu/MoS,
=4 wt% Au,Cu/MoS,
0.04
T T T T T T T
03 06 089 12 15 18 21 24 27
Log (-J/ mA cm?)

(b) 120

-Z" (ohm)

100 4

80 4

604

404

20 4

0

of NCs encapsulated over MoS, towards HER recorded at a

= Mos,
® 0.5wWt% Au,Cu/MoS,
4 1 wi% Au,Cu,/MoS,
v 2 wt% AuCu,/MoS,
+ 4 wit% Au Cu /MoS,
.- LR .
N1l
‘lt ¢ e, -
0 =
) - .
-
A \
Vo
T T T T T T T
40 80 120 160 200 240 280
Z' (ohm)

—_
(g]
—

AJy s vs R.H.E (mA/em?)

0.8

0.6

0.4

0.2

0.0

v

2.4 mF cm®

® Mos,
® 0.5wt% AuCu/MoS, P
A 1wt% AuCu/MoS, //
v 2wt% AuCuMoS,
& 4ut% AuCu/Mos,
5.1 mF em”

3.6 mF cm®

26 mF cm™

30 40 50

Scan rate (mV/s)

20

60

Figure S19: Electrocatalytic performance of AusCu,/MoS, with different loadings towards HER

(a) Tafel slope derived from an early stage of HER polarization curve (b) Nyquist plots (c)

Comparative Cy plot as a function of scan rate.
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Figure S20: Cyclic voltammograms curve of (a) MoS, (b) 0.5 wt% Au,Cu,/MoS, (c) 1 wt%

Au,Cu,/MoS, (d) 2 wt% Au,Cu,/MoS, (e) 4 wt% Au,sCu,/MoS,in the potential window of 0.0 V-

0.3 V vs. RHE at different scan rates.
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Figure S21: Cyclic voltammograms curve of (a) MoS, (b) Cug/MoS, (c) Aug/MoS, (d)

Au,Cu,/MoS, in the potential window of 0.0 V- 0.3 V vs. RHE at different scan rates.
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Figure S22: Chronoamperometry measurements of (a) MoS, (b) Cug/MoS, (c) Aug/MoS,
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Figure S23: (a) HER polarization curve and (b) Nyquist plot curve of MoS, before and after
stability test.
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Figure S24: Cyclic voltammograms curve Au,Cu,/MoS, recorded after stability test.
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Figure S25: LSV cycling stability of AusCu,/MoS, upto 2000 LSV performance.
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Figure S26: (a) TEM and (b) HRTEM images of Au,Cu,/MoS, after catalysis
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Figure S27: Possible arrangements of Cu and Au positions in Au,Cu,(MPA)s cluster named as:

(a) A12, (b) A13, (c) A14 and (d) A13".
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Figure S28: Side view of the possible orientations of Cug(MPA)s cluster on MoS, and their

RE=0.00 eV RE=0.02 eV RE=0.16 eV

relative energies (RE).

Figure S29: Side view of the possible sites of Aug(MPA)s cluster on MoS, and their relative

energies (RE).
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Figure S30: Side view of the possible orientations of Au,Cu,(MPA)s cluster on MoS; and their

relative energies (RE).
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Figure S31: Top view of the possible orientations of MoS, for H-adsorption and their relative

energies (RE).
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Figure S32: Side view of the possible orientations of H-adsorption on Aug(MPA)s/MoS, and

their relative energies (RE).
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Figure S33: Side view of the possible orientations of H-adsorption on Cug(MPA)s/MoS, and

their relative energies (RE).
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Figure S34: Side view of the possible orientations of H-adsorption on AusCu,(MPA)s/MoS, and

their relative energies (RE).
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Table S1: Summary of HER overpotential,

Tafel

slope,

double-layer

capacitance,

electrochemically active surface area, and charge-transfer resistance of Au,Cu,/MoS,

Catalyst Name Electrolyte Overpotential | Reference
@10 mAcm™
(mV)

S-Au MoS; hybrid 0.5 M H,S0, 164 1
Ag/VA-Mo0S,+20 min Pd G.R 0.5 M H,S0, 210 2
Auy; NCs/MoS, 0.5 M H,S0, 292 3
Au,s NCs/MoS, 0.5 M H,S0, 280 4
AUzpd(, NCS/MOSZ 0.5M H2504 225 5
AU24Ag20( t BUPh-CUC)24C|2 0.5M HzSO4 260 6
Ag NCs/MoS, 0.5 M H,S0O, 230 7
Pdg cluster/AC-V 0.5 M H,S0, 400 8
Pt NCs@ CIAC-121 0.5 M H,S0,4 485 9
Au,Cu, NCs/MoS, 0.5 M H,SO, 155 This work

Sample Overpotential | Tafel Double Electroche | Charge

@ 10 mA/cm2 | Slope layer mically Transfer
(mV vs. RHE) (mv/dec) | capacitance | active resistanc
Cal surface e, Ry
(mF/cm?) area, (ohm)
ECSA
(em?)

MoS, 252 116 2.4 60 210

0.5 wt% Au,Cu,/MoS, | 236 97 3.6 90 151

1 wt% Au,sCu,/MoS, 192 84 5.1 127.5 54

2 wt% Au,Cu,/MoS, 155 78 10.2 255 39

4 wt% Au,Cuy/MoS, | 238 106 2.6 65 162

Table S2: Comparison of Au,Cu,/MoS, catalyst with the state-of-the-art catalysts developed

in the recent past.
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