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Electrodeposition of Copper

Figure S1: (a) Faradaic efficiency of copper electrodeposition as a function of applied potential. 
FE-SEM micrographs of copper deposits on the GC electrode obtained at (b) -0.30 V, (c) -0.39 V, 
and (d) -0.40 V vs. Ag|AgCl|Cl-. Scale bar: 200 nm.
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Electrodeposition of Nickel

Figure S2: (a) Faradaic efficiency of nickel electrodeposition as a function of applied potential. 
FE-SEM micrographs of nickel deposits on the GC electrode obtained at (b) -0.90 V, (e) -1.00 V, 
and (f) -1.20 V vs. Ag|AgCl|Cl-. Scale bar: 200 nm.



S-4

Electrodeposition of Ruthenium 

Figure S3: (a) Faradaic efficiency of ruthenium electrodeposition as a function of applied 
potential. FE-SEM micrographs of ruthenium deposits on the GC electrode obtained at (c) -0.59 
V, and (d) -0.60 V vs. Ag|AgCl|Cl-. Scale bar: 200 nm.
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Network for the Electrochemical Hydrogenation (ECH) of 
Levulinic Acid
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Figure S4. Proposed reaction network for the electrochemical hydrogenation (ECH) of levulinic 
acid (LA), including key intermediates such as 4-hydroxypentanoic acid, valeric acid, 2,7-
octanedione, 4-hydroxy-2-butanone, and their respective transformation into value-added C4 
and C8 products (e.g., GVL, octane, 1-butanol, 1,3-butandiol).
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Proposed electrochemical reaction pathway for the 
hydrogenation of levulinic acid (LA) to γ-valerolactone (GVL) 
and valeric acid (VA) in alkaline media

Figure S5: Proposed electrochemical reaction pathway for the hydrogenation of levulinic acid 
(LA) to γ-valerolactone (GVL) and valeric acid (VA) in alkaline media.
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Electrodeposition of Copper-Nickel 

Figure S6: (a) Cyclic voltammograms (CV) recorded at various potential limits in a CuNi solution 
on a GC electrode, with a scan rate of 50 mV s⁻¹ at 25 °C. (b) Faradaic efficiency of copper-nickel 
electrodeposition as a function of applied potential. FE-SEM micrographs of copper-nickel 
deposits on the GC electrode obtained at (c) -0.80 V, (d) -0.90 V, and (e) -1.00 V vs. Ag|AgCl|Cl-. 
Scale bar: 200 nm.
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Electrodeposition of Copper-Ruthenium 

Figure S7: (a) Cyclic voltammograms (CV) recorded at various potential limits in a CuRu solution 
on a GC electrode, with a scan rate of 50 mV s⁻¹ at 25 °C. (b) Faradaic efficiency of copper-
ruthenium electrodeposition as a function of applied potential. FE-SEM micrographs of copper-
ruthenium deposits on the GC electrode obtained at (c) -0.60 V, and (d) -0.70 V vs. Ag|AgCl|Cl-. 
Scale bar: 200 nm.
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Electrodeposition of Nickel-Ruthenium

Figure S8: (a) Cyclic voltammograms (CV) recorded at various potential limits in a NiRu solution 
on a GC electrode, with a scan rate of 50 mV s⁻¹ at 25 °C. (b) Faradaic efficiency of nickel-
ruthenium electrodeposition as a function of applied potential. FE-SEM micrographs of nickel-
ruthenium deposits on the GC electrode obtained at (c) -0.80 V, (d) -0.90 V, and (e) -1.00 V vs. 
Ag|AgCl|Cl-. Scale bar: 200 nm.
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Electrodeposition of Copper-Nickel-Ruthenium

Figure S9: (a) Cyclic voltammograms (CV) recorded at various potential limits in a CuNiRu 
solution on a GC electrode, with a scan rate of 50 mV s⁻¹ at 25 °C. (b) Faradaic efficiency of 
copper-nickel-ruthenium electrodeposition as a function of applied potential. FE-SEM 
micrographs of copper-nickel-ruthenium deposits on the GC electrode obtained at (c) -0.80 V, 
(d) -1.00 V, and (e) -1.50 V vs. Ag|AgCl|Cl-. Scale bar: 200 nm.


