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1. Experimental section

Materials

Cobalt nitrate hexahydrate (Co(NO3),-6H,0, > 99.0%, Aladdin), cobalt chloride hexahydrate
(CoCl,-6H,0, > 99.0%, Aladdin), sodium borohydride (NaBH,, > 98.0%, Sinopharm Group),
sodium hydroxide (NaOH, > 96.0%, Aladdin), urea (H,NCONH,, > 99.0%, Aladdin), ethanol
(C,Hg0, > 99.7%, Xilong Scientific), sodium molybdate dihydrate (Na,MoO,-2H,0, > 99.0%,
Xilong Scientific), ammonium acetate (CH;COONH,, > 98.0%, Xilong Scientific), N,N-
Dimethylformamide (DMF) and Trimesic acid-1,3,5-Benzenetricarboxylic acid (CoHgOg
(H;BTC), > 98%, Aladdin). All reagents were commercially available and could be used
directly without further purification. All aqueous solutions were prepared with deionized
water.

Synthesis of Co-BTC (MOF)

This study synthesized Co-BTC using the conventional method, as previously reported in
the literature.! Initially, 2 mmol Co(NOs),6H,0 and 0.7 mmol trimesic acid were mixed in
10 mL of DMF and stirred for 10 min. Subsequently, 5 mL of 1 M ammonium acetate
solution was added, stirring the mixture for 30 min. The mixture was then transferred to a 20
mL Teflon-lined autoclave and maintained at 150 °C for 24 h. After cooling to room
temperature and being washed thrice with DMF, the product was centrifuged and dried in a 60

°C oven overnight to produce Co-BTC (In the subsequent synthetic sections of this article,

when Co-BTC serves as a carrier, we represent it with MOF).

Synthesis of Co,B-MoO3;/MOF



Co,B-Mo00O3/MOF heterojunction materials were prepared using incipient wet
impregnation and NaBH, reduction methods. First, 30 mg of MOF was dispersed in 10 mL of
ethanol by sonication. Then, CoCl,-6H,0 and Na,MoO42H,O were added into the
suspension and stirred for 1 h. The solvent was then evaporated under a vacuum, obtaining
Co?*/Mo®*-MOF. The Co?"/Mo%"-MOF was mixed with 0.8 g urea in a mortar and ground
manually. Next, 4 mmol of NaBH, was added and uniformly dispersed into the mortar,
grinding by hand until the mixture turned black. The mixture was then transferred to a glass
vessel, and an appropriate amount of deionized water was added. The obtained samples were
centrifuged, washed three times with water and alcohol, and vacuum-dried at 60 °C for 12 h.
For comparison, while maintaining the total mass of the metal salt at 0.14 g, other Co,B-
MoO3;/MOF composites were prepared by varying the Co/Mo molar ratio (1:1, 4:1, 6:1, 13:1,
20:1) during the synthesis process. The MoB/MOF and Co,B-Co/MOF were prepared using
the same method without adding CoCl,-6H,0O or Na,MoO4-2H,0. Similarly, Co,B was
synthesized through the same procedure, excluding Na,MoQO,4-2H,0 and MOF.

2. Physical characterization

The structural integrity of samples was analyzed by X-ray diffraction (XRD, Rigaku 13
D/Max 2500 V/PC, Japan). The specific surface and pore size distribution of catalysts were
calculated by Brunauer-Emmett-Teller (BET) and the Barrett-Joyner-Halenda (BJH) methods,
respectively. The surface valence of material was analyzed by X-ray photoelectron
spectroscopy (XPS, JPS-9010 Mg Ka). Zeta potential was determined on a Litesizer 500. The
field-emission scanning electron microscopy (SEM, FEI Quanta 200 FEG) and transmission

electron microscopy (TEM, JEM-2100F) were used to characterize the morphology and



microstructure of samples. The water contact angle was investigated using an optical contact
angle meter (Dataphysics-OCA20). Electron paramagnetic resonance (EPR) spectra were
measured by Bruker E500 spectrometer. Metal contents were investigated by inductively
coupled plasma mass spectroscopy (ICP-MS, PekinElmer corporation, FLexar-NexION300X).
The work function (WF) was acquired by ultraviolet photoelectron spectroscopy (UPS).
Using a He (I) discharge lamp emitting the He photoelectron line (21.22 eV), the cutoff
energy (Ecuop), valence band maximum (£,), and Fermi level (E;) were extracted from the
UPS spectra. The Ag layer acted as a reference to measure the kinetic energy corresponding
to the Eyand then the E,was corrected to 0 eV.

The WF was calculated according to equation.? : WF = 21.22 — E ot
3. Catalytic measurements

The catalytic activity, reusability, and activation energy of the catalytic materials were
determined using the following test methods. Typically, a 25 mL mixture solution (containing
150 mM NaBH,4 + 0.4 wt.% NaOH) was kept in a three-necked round-bottom flask (50 mL),
and maintained it in a water bath at 25 °C. The volume of H, is monitored by a computer-
connected drainage system, which records instantaneous changes in water volume. The
catalytic reaction was started when the catalyst was added to the flask under constant
magnetic stirring conditions. Five consecutive cycling tests were conducted at 25 °C to assess
the reusability of the catalyst. We used fresh NaBH, solution instead of fully decomposed
NaBH,. After each reusability test, we centrifuged the catalytic material, washed it several
times using deionized water and anhydrous ethanol, dried it under vacuum at room

temperature, and weighed the catalytic material for the next cycle experiment. All



performance tests were performed three times under the same conditions, and the
experimental results were averaged to ensure accuracy. The activation energy of the designed
catalysts was evaluated in the temperature range of 25 ~ 45 °C using the same apparatus.
4. Calculation of catalytic performance

(1) The hydrogen production rate of the catalyst at different temperatures was analyzed

by applying the Arrhenius equation and the following equation was derived:

anZInA-Ea/RT )

Where ¥ (L min~! g') is the rate coefficient, A (L min~! g!) is a constant, £, (kJ mol)
is the activation energy, R (8.314 J mol~! K!) is the universal gas constant, and T (K) is

testing temperature.

(2) The specific H, generation rate (HGR) is calculated as follows:

Vi o (mL)
HGR =

t (min) x m (g) )
Where 29 denotes the drainage volume, m refers to the catalyst mass, and t is the

reaction time.

5. Supplementary Figures and Table
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Fig. S1. (a) XRD patterns of Co-BTC-urea. (b) FT-IR spectra of Co-BTC.
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Fig. S2. XRD patterns of (a) Co,B-Co/MOF, (b) MoB/MOF, and (c) Co,B.
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Fig. S3. (a) N, adsorption/desorption isotherm and (b) the corresponding pore size

distribution of Co,B-MoO3;/MOF.
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Fig. S4. SEM images of (a) Co-BTC, (b) Co,B-Co/MOF, and (c) Co,B.




Fig. SS. TEM image of Co,B-Co/MOF.
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Fig. S6. XPS survey spectra of Co,B-MoO3;/MOF and Co,B-Co/MOF.
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Fig. S7. High-resolution XPS spectra of C 1s of (a) Co,B-MoO3;/MOF and (b) Co,B-Co/MOF.
(c) O 1s for Co,B-MoO3;/MOF.
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Fig. S8. (a) UPS spectra and (b) work functions of the different catalysts.



Fig. S9. Schematic diagram of the setup for H, production by hydrolysis of 150 mM NaBH, +

0.4 wt.% NaOH solution.
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Fig. S10. (a) Self-hydrolysis of NaBH,4 study of 150 mM NaBH, solution at 25 °C. (b) Self-

hydrolysis of NaBH, study of 150 mM NaBH, + 0.4 wt.% NaOH solution at 25 °C.
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Fig. S11. (a) The equivalent H, per mole of sodium borohydride versus time with different

mass of catalyst and (b) the corresponding HGR values. All tests were performed at 298 K.
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Fig. S12. The relationship between the H, generation rate and applied temperatures of Co,B-
Co/MOF for alkalized NaBH, hydrolysis.
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Fig. S13. (a) Reusability test of Co,B-Co/MOF catalyst in alkaline NaBH, solution at 25 °C

and (b) the corresponding HGR values in the different cycle.
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Fig. S14. XRD patterns before and after catalyzing the hydrolysis of NaBH, for 5 times in
150 mM NaBH, + 0.4 wt.% NaOH solution.



Fig. S15. SEM images of Co,B-MoOs;/MOF (a) before and (b) after catalyzing the hydrolysis
of NaBH, for 5 times in 150 mM NaBH4 + 0.4 wt.% NaOH solution.
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Fig. S16. XPS survey spectra of Co,B-MoO3;/MOF and Co,B-MoO3;/MOF catalyst after 5 test

cycles.
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Fig. S17. Comparison of the high-resolution (a) Co 2p, (b) Mo 3d, (¢)B 1s XPS spectrum of
Co,B-M00O3;/MOF catalysts after cycling for 5 times.



Table S1. Inductive coupled plasma mass spectroscopy (ICP-MS) results of Co,B-
MoO3;/MOF.

Molar ratio of

Catalysts Co (wt. %) Mo (wt. %)
Co/Mo
Co,B-MoO;3;/MOF 51.3 3.6 14.3/1
C0,B-M00O3;/MOF-5" 82.6 4.2 19.6/1

Note: The catalyst sample of 2.0 mg was weighed and dissolved in 8 mL aqua regia solution,
followed by taking 80 pL solution to 100 mL volumetric flask with a pipette and diluted to
200 pg L' before ICP testing. The standard solution of Co and Mo was purchased from

commercial company and used directly.



Table S2. The summarized various parameters of catalysts that facilitate the production of H,

through hydrolysis of NaBH,.

Specific rate Activation energy Solute Temperatur
Catalysts (mL min! g, (kJ mol) e
D °0)

Co0,;B-MoO;/MOF 6893.1 50.5 150 mM NaBH, + 0.4 wt.% NaOH 25
Co/CuFey043 2937 18.2 2 wt.% NaBH, + 4 wt.% NaOH 35
Co@NHC # 1515.4 12.6 0.125 M NaBH, + 0.8 wt.% NaOH 25
CoyB-Fe)B 3 5316 334 150 mM NaBH, + 0.4 wt.% NaOH 25
Ui0-66 ¢ 6200 N.A 0.05 M NaBH4 30
Ru/ZIF-677 5520 N.A. 4.7 mg/mL NaBH,4 30
CoWB/NF 8 14130 18.15 5 wt.% NaBH, + 2 wt.% NaOH 30
Co/Fe-BDC MOFs ° 1159 N.A. 40 mg NaBH, + 10 mg NaOH 25
CoB 10 1486 214 5 wt.% NaBH,4 + 1 wt.% NaOH 30
Co-Ce-B !! 4760 33.1 1.5 wt.% NaBH,4 + 5 wt.% NaOH 30

Co@NMGC 2 3775 352 1.5 wt.% NaBH, + 1 wt.% NaOH 25+0.1
Ru-Fe/GO 13 473 59.33 10 wt.% NaBH, + 1 wt.% NaOH 25
CoP nanosheet 4 6100 41 1 wt.% NaBH, + 2 wt.% NaOH 25

Ni/Au/Co 13 N.A. 53.4 30 mM NaBH,, pH=12 20+0.5
Fe-CoP/Ti '6 6060 47.8 1 wt.% NaBH, + 1 wt.% NaOH 25
Co-Cu-B 7 2120 30 2.5 wt.% NaBH,4 + 5 wt.% NaOH 25
Ru0,-CoP '8 10713 433 6 wt.% NaBH,4 + 4 wt.% NaOH 30
Co-B-P 1Y 3976 30.84 2.5 wt.% NaBH,4 + 5 wt.% NaOH 30
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