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Chemicals and Materials

Dodecacarbonyltriruthenium (Ru3(CO);,, 99%), AB with 90% purity, and nafion (5
wt%) were supplied by Sigma-Aldrich. Acetone and ethyl alcohol were brought from
Aladdin Industrial Inc. Pt/C (Vulcan carbon) with a metal loading of 20 wt% was
provided by Alfa Aesar. Carbon black (Vulcan®XC-72) was acquired from Cabot
Corp. No further treatment was performed on the received chemicals and materials.
Ultrapure water (resistivity: 18.2 MQ cm) was directly applied during sample
preparations and catalytic activity tests.

Characterization

Transmission electron microscopy (TEM) and high-resolution TEM studies were
conducted using a JEOL JEM-2100F instrument. The crystal structure of the samples
was measured through X-ray diffraction (XRD) using a PANalytical X'Pert
diffractometer using Cu K[ radiation source (A\=1.54178 A, 40 kV and 40 mA). X-ray
photoelectron spectroscopy (XPS) experiments were performed using a Thermo
ESCALAB 250 Axis Ultra analyzer with an Al Ka radiation source (hv= 1486.6 eV).
The specific surface area (SSA) and pore size distribution of the samples were

characterized using an automated gas sorption analyzer (Quantachrome, Autosorb-1Q).
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Fig. S2 XRD patterns of Ru/C-300 and Ru/C-700.
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Fig. S3 BET surface areas of (a) carbon, (b) Ru/C-200, (¢) Ru/C-300, (d) Ru/C-400, (e)
Ru/C-500 and (f) Ru/C-700.
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Fig. S4 Pore size distribution of the carbon support.
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Fig. S5 (a) TEM image and (b) particle size distribution of Ru/C-300 after 1000 cycles.
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Fig. S6 (a) LSV curves of Ru/C-300 and Ru/C-700, (b) the capacitive current
determined by plotting as a function of scan rates, (c) Tafel slopes of Ru/C-300 and
Ru/C-700.



Figure S7.

Fig. S7 CV curves measured at different scan rates in 1.0 M KOH for as-prepared
catalysts (a) Ru/C-200, (b) Ru/C-300, (c) Ru/C-400, (d) Ru/C-500, (e) Ru/C-700.
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Table S1. Textural properties of the catalysts.

BET surface area Pore volume
Catalysts (m?/g) (cm¥/g)
Ru/C-200 169.96 0.49
Ru/C-300 171.43 0.41
Ru/C-400 170.23 0.42
Ru/C-500 156.35 0.42

Ru/C-700 150.96 0.46




Table S2. Comparison of HER activities with reported literature

Electrocatalvsts Overpotential Electrolyte Tafel Polts Ref
Y at 10 mA-cm?(mV) solution (mV dec™) '

8 1.0 M KOH 30

Ru/NG-750 !
33 0.5 M H,S0Oq, 44
52 1.0 M KOH 69

RuP,@NPC 38 0.5 M H,S0q, 38 2
57 1.0 M PBS 87

RuCo@NC 28 1.0 M KOH 31 3

Ru/C;N,4/C 79 1.0 M KOH — 4
17 1.0 M KOH 38

RU@CZN 5
13.5 0.5 M H,S0O, 30
29 1.0 M KOH 31

Ru-M002 6
55 0.5 M H,S0O, 44

Ru/GLC 35 0.5 M H,S0O, 46 7

Ru@CN 32 1.0 M KOH 53 8
13 1.0 M KOH 60

Ru/MoS,/CP 9
96 0.5 M H,S0, —
52 1.0 M KOH 50

NiCoP@Ru 10
49 0.5 M H,S0O, 48

Ru nanosheets 20 0.5 M H,SO, 46 1

Ru/C-300 14 1.0 M KOH 32.5 This work




Table S3. Comparison of catalytic activity of previously reported

ruthenium-based catalysts applied for AB hydrolysis

TOF Ea
Catalysts References
(mol'H, (min'molg,)!)  (kJ/mol)
Ru/carbon 670 14.3 12
Ru/Al,05-NFs 327 36.1 13
Ru(0)/TiO; 241 70 14
Ru@SiO, 200 38.2 15
Ru@AlLO; 83.3 48 16
Ru%CeO, 361 51 17
Ru%/ZrO, 173 58 18
Ru/g-C3Nj 313 37.4 19
Ru/ND 229 50.7 20
Ru/Graphene 600 12.7 21
Ru@X-NW 135 77 2
RuCu/graphene 135 30.59 3
Ru’HfO, 170 65 24
Ru/C 429.5 34.8 2
PtRu@PVP 308 56.3 26
Ru(0)@MWCNT 329 33 27
RW/TiO(B) 303 45.6 28
Ru@Ni/graphene 339.5 36.59 29
RuRh@PVP 386 47.4 30

Ru/C-300 643 38.7 This work
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