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1. Chemicals and materials

All chemicals were commercial and used without further purification.
Cobalt nitratehexahydrate (Co(NO3),:6H,0,99%), 2-methylimidazole (2-
MelM, 98%), cobalt chloride hexahydrate (CoCl,-6H,0, 99%), Nickel
chloride hexahydrate (NiCl,:6H,0, 99%), sodium hypophosphite
(NaHPO,, 99%),sodium borohydride (NaBH,, 98%), methanol
(CH30OH, >99.8%) and ethanol (C,HsOH, >99.8%) were supplied by
Wuhan Greatwall Chemical company. Ultrapure water with the specific
resistance of 18.3 MQ-cm was used as the reaction solvent.
2. Physical characterizations

Powder X-ray diffraction (XRD) patterns were measured by a Bruker
D8-Advance X-ray diffractometer using Cu Ko radiation source (A =
0.154178 nm) with a velocity of 10° mint. The morphologies and sizes of
the samples were observed by using a Tecnai G20 U-Twin transmission
electron microscope (TEM) at an acceleration voltage of 200 kV and a
Titan G2 60-300 Titan Probe corrected TEM equipped with an energy
dispersive X-ray detector (EDX) at an acceleration voltage of 300 kV. X-
ray photoelectron spectroscopy (XPS) measurement was performed with a
Thermo Fischer ESCALAB 250Xi spectrophotometer. Inductively
coupled plasma-atomic emission spectroscopy (ICP-AES) was performed
on IRIS Intrepid Il XSP. The characterization of Brunauer-Emmett-Teller

(BET) surface data, which was based on N adsorption/desorption



isotherms at 77 K and controlled by liquid nitrogen, was measured using a
Quantachrome NOVA 4200e.
3. The pathways of AB hydrolytic dehydrogenation

The pathways of AB hydrolytic dehydrogenation are as follows:

HsBNH;+ * —»H;BNHz* $3-1
H,O +* _» H,O% $3-2
OH*+H3BNHz*—» HsBOH* + NHz* $3-3
BH;OH*—»BH,OH* + H* $3-4
BH;OH* + OH*—»BH, (OH),* + H* $3-5
BH,OH*—»BHOH*+ H* S$3-6

BH,OH* + H,0*—» BHOH*+H,*+ OH*  S3-7
BH,OH*+ OH* —» BH, (OH),* S$3-8
BH,OH* + NHz*—» HOBH,-NH3z* $3-9
OH*+ HOBH,-NH3*—»BH, (OH),*+ NHz*  S3-10
HaO%+ H*—» OH*+ Hp* $3-11

Ho*—»Ha(q) $3-12
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Fig.S1 Powder XRD patterns of the obtained (a) as-prepared ZIF-67;(b)the OPC-300.
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Fig.S2 the corresponding EDX spectrum of as-prepared ZIF-67.(The Au signal originates from the
sputtering Au particles.)
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Fig.S3 the corresponding EDX spectrum of the OPC-300.(The Au signal originates from the
sputtering Au particles.)

— OPC-300
— OPC-300(reflux in water)
— OPC-300(reflux in ethanol)

PO S N W

A
NW
A

Intensity/a.u.

1|0 I 2I0 I 3|O I 4IO I 5I0 I 6|0 l 7'lD I 80
2 Theta/degree
Fig.S4 PXRD patterns of as-synthesized OPC-300 and OPC-300 refluxing in water or ethanol two

days.



Table S1. Physical Properties of the Nanocatalysts on OPC-300.

Sample BET surface area(m?/g) | pore volume(cm?®/g)
ZIF-67 1371.33 0.5968
OPC-300 56.21 0.3882
Nio.66C00.19P0.15/fOPC-300 37.3 0.3572
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Fig.S5 N, adsorption-desorption isotherms of the ZIF-67, OPC-300 and Nio.ssC00.19P0.1s/OPC-
300.



Table S2. Reactant molar ratios and ICP results for the synthesis of various samples

Catalysts Initial molar ratios ICP results
NiCl2 CoCl, NaH2PO2 Ni Co P Ni:Co:P
(Wt.%) (wt.%) (wt.%) (at.%)
Nio.75C00.25/OPC  0.04 0.01 0 23.476 5.893 0 0.75:0.25
-300
Nio.6sC00.21Po.11/ 0.04 0.01 0.1 17.9 4.42 3.72 0.68:0.21:0.1
OPC-300 1
Nio.6sC00.19P0.15/ 0.04 0.01 0.2 19.37 5.6 2.32 0.66:0.19:0.1
OPC-300 5
Nio.65C00.17Po.18/ 0.04 0.01 0.3 16.43 3.83 4.805 0.65:0.17:0.1
OPC-300 8
Nio.64C00.15P0.21/ 0.04 0.01 0.4 15.85 3.53 5.09 0.64:0.15:0.2
OPC-300 1
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Fig.S6 Thermogravimetric analysis (TGA) curves of the prepared Nio.66C00.19P0.15/OPC-300
nanocatalysts with a ramp of 5C/min.
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Fig.S7 Powder XRD patterns of the obtained (a) the OPC-300; (b) the Nio.66C00.19P0.15/OPC-300.
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Fig.S8 Powder XRD patterns of the obtained Nig.75C00.25/OPC-300. (the red line:Co-PDF#15-

0806; the black line: Ni-PDF#04-0850);
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Fig.S9 the corresponding EDX spectrum of the Nio.esC00.19P0.15/OPC-300.(The Au signal
originates from the sputtering Au particles.)

Fig.S10 HADDF-STEM and EDX mapping images of the Nig.ssC00.19P0.1s/fOPC-300.
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Fig.S11 Ni 2p XPS spectra of Nio.ssC00.19P0.15/OPC-300 and Nio.75C00.25/OPC-300.
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Fig.SlZ Co 2p XPS spectra of Ni0_56C00_19P0,15/OPC-300 and Nio,75C00_25/OPC-300.



Table S3. Comparisons of recent literature results on various transition-metal-based
catalysts for the hydrolysis of AB at 298K.

Catalyst Catalyst/AB TOF Activation | References
(molar ratio) | (molyzmoleaartmin?) | energy, Ea,
(kJ/mol)

Nio.66C00.19P0.15/OPC-300 0.042 68.032/95.24b 38.9 This

work
NiNPs@ZIF-8 0.03 35.3%/85.7° 42.7 S1
CoNPs@ZIF-8 0.03 19.4 -- S1
Ru/C -- 429.5 34.81 S2
Ru(0)@MWCNT -- 329 33 S3
Rh/graphene 0.004 325 19.7 S4
Co0.32@Pto.68/C -- 248.5 415 S5
Nio.74Ruo.26 alloy NPs -- 194.8 37.2 S6
Ru/graphene 0.01 100 11.7 S7
Commercial 20 wt% Pt/C 0.018 83.3 -- S8
Ag@Ni/graphene 0.05 77 49.56 S9
Cu08C0020/GO 0.024 70 45.53 S10
Nio.sMoo.1/graphene 0.05 66.7 21.8 S11
40 wt % Pt/C 0.018 55.56 21-23 S12
Cuo.sNio.s/CMK-1 0.072 54.8 -- S13
AuNi@MIL-101 0.017 66.2 -- S14
Pd@Co@MIL-101 0.011 51(30°C) 22 S15
Co/CTF 0.03 42.3 42.7 S16
AuCo/NXC-1 0.02 42.1 31.92 S17
NiNPs@3D-G 0.009 41.7 -- S18
Ag/C/Ni 0.022 5.32 38.91 S19
RGO/Pd 0.016 6.25 51 S20
Pd/Ce0> 0.011 29 68 S21
metastable Ru NP 0.0025 21.8 27.5 S22
AuCo/CNT 0.02 36.05 38.82 S23
CoPd/C annealed 0.024 35.7 -- S24
CuPd/RGO 0.003 29.9 -- S25
Ni/y-ALO3 0.018 1.7 -- S26
Hollow-Ni NPs 0.05 4.3 -- S27
CLD-Ni/ZIF-8 0.019 8.4 -- S28
3.2 nm Ni/C 0.0425 8.8 28 S29
Nanoporous Ni spheres 0.0425 19.6 27 S30
Ni@MSC-30 0.016 30.7 -- S25
Pd/zeolite 0.02 6.25 56 S31
Co/MIL-101-1-U 0.02 514 31.3 S32
CuCo/MIL-101-1-U 0.02 51.7 30.5 S33
Ni0.9Mo0.1 0.05 27.3 32.1 S34




Ru/y-Al203 -- 23.05 67 S35
PSSA-co-MA stabilized - 19.9 44 S36

Pd nanoclusters

a Hydrolysis of AB in water at 298K, TOF = molH; released/(mol catalyst > reaction time(min)).
TOF is obtained in the presence of the NaOH at 298K.

As shown in Table S3, a lot of nanocatalysts have been reported for
hydrogen evolution from AB, especially Ru, Rh, Pt-based noble metals and
their alloys nanocatalysts have the outstanding catalytic activity among
these metallic nanoparticles (MNPs) nanocatalystsS2-8, Nevertheless, these
noble metals and their alloys nanocatalysts could not be widely used on
account of expensive costs and limited abundance. In this work, we report
that the prepared noble-metal-free NipgsC00.19P0.15/OPC-300 nanocatalysts
show the higher catalytic activity than these reported first-row late
transition metal catalysts at room temperature up to now. And it is even
more effective than some noble metal NPs systems such as the commercial

20 wt % Pt/C catalyst, AuNi@MIL-101and so on.
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Fig.S13 PXRD patterns of the Nio.s6C00.19P0.15s/fOPC-300 nanocatalysts before and after 5 cycles.
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Fig.S14 TEM images of with different magnifications (a and c¢) of Nio.6sC00.19P0.15/OPC-300 after
5 cycles, (b) particle size distributions of the Nio.6sC00.19P0.15/OPC-300 after 5 cycles; (d) HRTEM
images of the Nio.6sC00.19P0.15/OPC-300 after 5 cycles.

As shown in Fig.S14a, b, c, TEM and magnified TEM images of the
Nio.66C00.19P0.15/OPC-300 nanocatalysts after 5 cycles reveal that
Nio.66C00.19P0.15 Nanoalloy particles were still well dispersed on the OPC-
300 with a diameter of about 2.9541.3 nm. By comparison, the size of
Nio.66C00.19P0.15 Nanoalloy particles after 5 cycles was more than twice as
large as that of NipgC00.19P0.15 Nanoalloy particles before the experiment.
At the same time, the NigeC00.19P0.15 Nanocrystal after 5 cycles proves the

distinct d-spacing is about 0.375nm (Fig.S14d).
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Figure.S15 Hydrogen evolution from AB by 4.2mol% Nio.e6C00.19P0.15/OPC-300
nanocatalysts in the presence of 0.4 M NaCl.
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Figure.S16 Hydrogen evolution from AB by 4.2mol% Nig.66C00.19P0.15/OPC-300
nanocatalysts in the presence of 0.4 M Na,COs.
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