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Experimental

Synthesis of Rh SAs/MoS, sample. The 3D NF was treated with ethanol, 3M HCI, and DI
water for 20 min each via ultrasonic prior to placing in the 50 mL Teflon-lined stainless-steel
autoclave. A reactant solution of 0.1 g of Na2M00..2H-0, 0.15 g of NH,CSNH,, and 0.01 g of
NgNa3O,Rh was also poured into the Teflon container containing the cleaned 3D NF. The
hydrothermal reaction was performed at 200 °C for 8 h. After the temperature was dropped to
room temperature, the Rh SAs/MoS, sample was taken out, repeatedly washed with DI water
and ethanol, and finally dried at 60 °C.

Synthesis of Pt/C and RuO, electrodes. 5 mg of Pt/C or RuO, powders was dissolved in 500
uL of isopropyl alcohol and 0.5 puL of Nafion solution under sonicating for 1 h to prepare
electrode ink. Then, the obtained ink was dropped on the cleaned nickel foam to form Pt/C or
RuO, working electrode for comparison.

Density Functional Theory (DFT). DFT calculations were performed using the Vienna Ab
initio Simulation Package (VASP) [S1] to identify the active sites of the optimal catalyst on its
surface. Grimme's DFT-D3 functional and the Perdew-Burke-Ernzerhof (PBE) exchange-
correlation functional [S2] were employed within a semi-empirical GGA type theory
framework. lon-electron interactions were explored using the projector augmented wave
method (PAW) implemented in VASP [S3], with a plane-wave basis set cut-off energy of 400
eV. Convergence criteria were setat 10 5 eV for energy and 0.02 eV A™! for Hellman—Feynman
forces. The crystalline structures were positioned in the center, with equal vacuum exposure on
both the top and bottom. The "VASPKIT" script within the VASP program was utilized to
generate a KPOINT file for calculating the k-point mesh [S4]. The influence of Gibbs free
energy (AG+y) on the catalytic performance in the HER process, as indicated by previous studies

[S5], was examined.
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Fig. S1. (a)-(c) SEM images at different magnifications and (d) EDS spectrum of 3D NF.



Fig. S2. EDS patterns of (a) CuCo-OH; (b) CuCo,S;@MoS,;; and (c) Rh SAs/CuCo,S4@MoS,.
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Fig. S3. (a)-(c) SEM images with different magnifications and (d) EDS spectrum of Rh

SAs/MoS,.
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Fig. S4. XAS analysis of the Rh SAs/CuCo,S4s@MoS, material as compared to that of Rh metal

and Rh,0j; referred from open access sources from MDR [S6,S7].
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Fig. S5. (a) LSV curves and (b) comparison of overpotential at 10 and 50 mA c¢cm2 of Rh

SAs/CuCo,S4s@MoS,; recorded before and after stability testing for the HER.



Fig. S6. (a) SEM and (b)-(f) EDS mapping images of the post-HER Rh SAs/CuCo,Ss@MoS,.
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Fig. S7. (a) LSV curves and (b) comparison of overpotential at 10 and 50 mA c¢cm™2 of Rh

SAs/CuCo,S4@MoS; recorded before and after stability testing for the OER.



Fig. S8. (a) SEM and (b)-(f) EDS mapping images of the post-OER Rh SAs/CuCo,S;@MoS,.
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Fig. S9. (a) Structure models of different materials; (b) TDOS and (c) Free adsorption energy
of different materials; (d) Adsorption of hydrogen on possible sites of Rh SAs/CuCo,Ss@MoS;
structure for HER and (e) corresponding free adsorption energy of different active sites for

HER.



Fig. S10. (a-d) SEM images at different magnifications of the post-OER Rh

SAs/CuCo,Ss@MoS, after 36 h stability test for overall water splitting.



Fig. S11. (a-d) SEM images at different magnifications of the post-HER Rh

SAs/CuCo,Ss@MoS, after 36 h stability test for overall water splitting.
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Fig. S12. Raman spectra of Rh SAs/CuCo,S4;@MoS,; before and after HER and OER stability

testing.
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Fig. S13. (a) CV curves at scan rate of 30 mV s-! of Rh SAs/CuCo,S4;@MoS,, CuCo,S;@MoS,,
Rh SAs/MoS,, CuCo-OH, and 3D NF. (b)-(f) CV curves at different scan rates of Rh

SAs/CuCo,S4@MoS,, CuCo,S;@MoS,, Rh SAs/MoS,, CuCo-OH, and 3D NF, respectively.



Table S1. Comparison of recently reported electrocatalysts for the HER.
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Table S2. Comparison of recently reported electrocatalysts for the OER.
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Table S3. Comparison of recently reported electrocatalysts for the overall water splitting.
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Table S4. Comparison of the STH conversion efficiency between CuCo,S4s@Rh-MoS; NSs(, .,

with other previous reports.

| Catalysts | STH (%) | References |
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