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Figure S1. X-ray diffraction (XRD) patterns of Co sheet (black) and etched Co (red).
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Figure S2. X-ray diffraction (XRD) patterns of as-prepared Co;Mo ribbon (black) and etched
Co/Mo (red).

An X-ray diffractometer (PANalytical B.V.), configured with a Cu-Ka radiation source,
graphite monochromator, and scintillation counter, was used to investigate the catalysts’
crystalline structures. For etched Co sheet (Figure S1, red), all the detectable diffraction peaks
(occur at 41.7°, 44.6°, 47.5°, 62.7°, and 76.0°) are identical to the reported experimental
patterns of hexagonal metallic cobalt (JCPDF 01-089-7373). No clear signal for cobalt oxides
is discovered after soaking in CAN according to XRD patterns, suggesting an amorphous

CoOy thin film on the etched Co surface. Peaks detected at 20.2°, 29.7°, 40.8°, 44.0°, 46.5°,



61.3° and 73.9° for etched Co/Mo could be derived from the hexagonal CosMo alloy (JCPDF
029-0488), while peaks at 12.6°, 22.5°, 23.3°, 27.0° are assigned to the cobalt molybdenum
oxide with the formula of CoMo0oO, or MoO3-CoO ((JCPDF 015-0439), indicating that some
of the surface atoms of CosMo have been transformed to oxidation states of Co! and Mo

respectively. Peaks at 28.2° could be ascribed to the trace amounts of tetragonal ammonium

nitrate NH4NO; (JCPDF 009-0132), which might be originated from Ce(NH,4),(NO;)s.

Table S1. Comparison of some reported non-noble-metal OER catalysts in basic electrolyte.

N @ 10 mA cm?  Tafel slope
Catalyst Electrolyte Nonset (mV) ) Ref.
(mV) (mV dec)
etched Co/Mo 0.1 M KOH 270 470 123 this work
CosMo 0.1 M KOH 340 530 87 this work
etched Co 0.1 M KOH 311 N/A 132 this work
Co sheet 0.1 M KOH 356 N/A 113 this work
NA-NiCo0,04 1 M NaOH N/A 458 52 [1]
Ni(OH), 0.1 M KOH 350 595 165 2]
MWCNTs + Ni(OH), 0.1 M KOH 337 540 140 [2]
MWCNTs/Ni(OH), 0.1 M KOH 322 474 87 2]
meso Co304-35 0.1 M KOH N/A 636 N/A [3]
meso Co304-100 0.1 M KOH N/A 525 N/A [3]
Fe-doped
0.1 M KOH N/A 486 N/A [4]

meso Co30y4




Table S2. Comparison of some reported Pt-free HER catalysts in basic electrolyte.

1@ 10 mA

Catalyst Electrolyte Nomset cm? Tafel slope Ref.
(mV) (mV dec™)
(mV)
etched Co/Mo 1 M KOH 90 240 139 this work
CosMo 1 M KOH 256 340 105 this work
Mo sheet 1 M KOH 260 370 97 this work
Ni wire 1 M NaOH N/A 350 N/A [6]
Ni/Ti 1 M NaOH N/A 220 N/A [6]
Co-P compact film 1 M KOH N/A >400 N/A [7]
porous Co-P/Co-POy, 1 M KOH N/A 380 N/A [7]
Ni—P 1 M NaOH N/A >300 125 [10]
Ni(OH)y/NF 1 M NaOH 120 250 N/A [14]
MoB 1 M KOH 140 220 59 [11]
CoO,@CN 1 M KOH 85 232 115 [13]
Mo,C 1 M KOH 140 270 78 [15]
WN nanorod array 1 M KOH 200 285 170 [16]
NiMo;S, 0.1 M KOH 59 257 98 [12]




Table S3. Comparison of some reported Pt-free HER catalysts in acidic electrolyte.

Catalyst Electrolyte Nonset N @ 10 mA cmr Tafel slope Ref
(mV) 2(mV) (mV dec!)
etched Co/Mo 0.5 M H,SO,4 109 220 71 this work
CosMo 0.5 M H,SO,4 130 390 113 this work
Mo sheet 0.5 M H,SO,4 240 N/A 76 this work
Co-NRCNTs 0.5 M H,S0, N/A 260 69 [5]
C;N,@NG 0.5 M H,S0,4 N/A 240 52 [8]
NENU-500 0.5 M H,S0, 180 237 96 9]
Mo0Os-MoS, 1.0 M H,SOy4 150-200 300 50-60 [17]
MoS,NF/GR 0.5 M H,S0,4 190 N/A 95 [18]
MoS,AG/rGO 0.5 M H,S0, 290 N/A 102 [23]
MoN/C 0.5 M H,S0,4 157 N/A 55 [19]
MoS,/ CNT-GR 0.5 M H,S0,4 140 255 100 [20]
Mo,N/CNT-GR 0.5 M H,S0,4 118 186 72 [20]
MoS,/Mo 0.5 M H,S0, 150-200 ~280-290 50-72 [21]
MoS,/Mo0, 0.5 M H,S0,4 104 240 76.1 [22]
[Mo3S,]* 0.5 M H,S0,4 150 280 120 [23]
MoS; NS/GR 0.5 M H,S0,4 ~140 N/A 41 [24]
exfoliated WS, 0.5 M H,S0, 280 N/A 110 [25]
MoS, 0.5 M H,S0, 180 270 50 [26]
Cop¢Moj 4N, 0.1 M HCI1O4 N/A 200 N/A [27]
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Figure S3. HER polarization curves of the etched Co/Mo before and after 1000 and 2000
cycles in 1 M KOH. Inset is the chronopotentiometry curve of the etched Co/Mo at an

overpotential of 150 mV.
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Figure S4. OER polarization curves of the etched Co/Mo before and after 1000 and 2000
cycles in 0.1 M KOH. Inset is the chronopotentiometry curve of the etched Co/Mo at 1.60 V

vs. RHE.
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