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Experimental section

Materials and chemicals: Rhodium acetylacetonate (Rh(acac);, 97%),
Bis(acetylacetonato)- dioxomolybdenum (MoO,(acac),, 97%), formaldehyde (37 wt. %
in H,O), Carbon black (Vulcan XC-72), Nafion solution (5 wt%).

Synthesis of MoO,-Rh-NF: 20 mg Rh(acac); and 10 mg MoO,(acac), were dispersed
in 8 mL ultrapure water, and 5 mL formaldehyde was added after stirring for 30 min
at room temperature. The solution was then transferred to a stainless-steel autoclave
lined with Teflon. It was heated from room temperature to 180 °C and held for 10 h.
After cooling the autoclave to room temperature, the product was washed more than
three times with ethanol to remove organic matter and then dried in a vacuum oven at
65 °C for 10 h. MoO,, Rh-NF were obtained without the addition of rhodium or
molybdenum sources, respectively.

Fundamental characterization: Bruker (D8 Focus) was used for XRD test. The XPS
images were collected by Escalab 250Xi (Thermo Scientific). The TEM images were
acquired by JEOL JEM 2100F. The SEM image was taken by HITACHI SU8010.
Electrochemical measurement: In electrochemical testing, glassy carbon electrode
(GCE), graphitic rod and Hg/HgO were utilized as work, counter and reference
electrodes, respectively. The electrolyte was the 1.0 M KOH filled with N,. The
polarization curves were measured at the sweep of 5 mV/s. The electrochemical
impedance spectroscopy was recorded at a potential of 10 mA cm?2. Cyclic
voltammetry was used to cycle between -0.05 and 0.15 V vs. RHE at the sweep of

100 mV/s, and the polarization curves before and after the cycle were compared to



characterize the durability.
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Figure S1 XPS survey scan of MoO,-Rh-NF and Rh-NF electrocatalysts.
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Figure S2 Mo 3d XPS spectrum of MoO,-Rh-NF and Rh-NF electrocatalysts.
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Figure S3 Rh 3d XPS spectrum of MoO,-Rh-NF and Rh-NF electrocatalysts.
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Figure S4 O 1s XPS spectrum of MoO,-Rh-NF and Rh-NF electrocatalysts.



Figure S6 SEM image of MoO,-Rh-NF.
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Figure S7 (a) Mass activities of MoO,-Rh-NF and Rh-NF.
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Figure S8 (a) EIS of M0oO,-Rh-NF and Rh-NF.
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Figure S9 Polarization curves of MoO,-Rh-NF (a) and Rh-NF (b) in different

contents of hydrazine.
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Figure S10 (a) Tafel slopes of MoO,-Rh-NF and Rh-NF in the range of 100-200 mA

cm™.
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Figure S11 Polarization curves of MoO,-Rh-NF (a) and Rh-NF (b) in different pH.
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Figure S12 (a) EIS of MoO,-Rh-NF before and after 2000 cycles.
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Figure S13 (a) Polarization curves for Rh-NF after 2000 cycles.
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Figure S14 (a) EIS of Rh-NF before and after 2000 cycles.
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Figure S15 (a) Phase angles of Rh-NF at different potentials.
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Figure S16 EIS of MoO,-Rh-NF (a) and Rh-NF (b) at various potentials. (c¢) EIS-



derived Tafel plots of the MoO,-Rh-NF and Rh-NF catalysts obtained from the Ry;.
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Figure S17 SEM, TEM and HAADF-STEM image for MoO,-Rh-NF after stability

test.
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Figure S18 HER performance of MoO,-Rh in 1 M KOH.
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Figure S19 OER performance of MoO,-Rh-NF and Rh-NF in 1 M KOH.
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Figure S20 Performance of M0oO,-Rh-NF and Rh-NF in 1 M KOH for HER-OER

system.
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Figure S21 Density of state of Rh and MoO,-Rh.
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Figure S22 Work function calculation of (a) MoO,, (b) Rh. (c) Work function

diagram between Rh and MoO,.



Table S1 The fitted parameters of the EIS data of MoO,-Rh-NF and Rh-NF for HzOR.

Catalysts Potential / mV R,/ Q R/ Q C/mF
-0.05 18.01 83.69 0.1045

0 16.42 147.1 0.09211

Rh-NF 0.05 16.6 106.3 0.0875
0.1 17.05 33.32 0.0848

0.15 19.02 19.89 0.0851

-0.05 10.87 32.93 0.1406

0 10.93 60.88 0.1471

MoO,-Rh-NF 0.05 10.82 46.22 0.1433
0.1 10.2 17.51 0.1033

0.15 10.23 10.28 0.086




Table S2 Comparison of HZOR performance previously reported catalysts.

Electrolyte Potential / mV  Tafel slope
Catalysts Ref.
(1 M KOH +) (10 mA cm?)  /mV dec!

MoO,-Rh-NF 0.3 M N,H,4 -65 36.0 This work
RhIr MNs 0.5 M N,H, -12 30 1
Rh,S;/NC 0.1 M N,Hy 95 46 2

Rh/RhO,-500 0.5 M N,Hy -28 33.2 3
Rh/N-CBs 0.05 M N,H,4 72 74.16 4

RhRu s-alloy 1.0 M N,H, -48 / >

Ru-Cu,O/CF 0.5 M N,Hy -41 34 6

PW-CosN NWA/NF 0.1 M N,Hy 41 40 7
Ru;-NiCoP 0.3 M N,Hy -60 19.3 8
Nilry03-BDC 0.3 M N,Hy 21 24 ?

Rh-SA/Ti3C,04 0.1 M N,H4 38 40 10




Table S3 Comparison of HER performance previously reported catalysts in 1 M KOH.

Catalysts Electrolyte ~ Overpotential / mV (10 mA cm2) Ref.
MoQO,-Rh-NF 1 M KOH 24.2 This work
RhIr MNs 1 M KOH 20 !
Rh,S3;/NC 1 M KOH 38 2
Rh/RhO,-500 1 M KOH 17 3
Rh/N-CBs 1 M KOH 77 4
Ru-Cu,O/CF 1 M KOH 31 6
PW-Co;N NWA/NF 1 M KOH 41 7
Ru;-NiCoP 1 M KOH 32 8
Nilr ¢3-BDC 1 M KOH 27 9
Rh-SA/Ti;C,04 0.1 M KOH 29 10
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