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The N2 and CO2 co-electrolysis have attracted attention as an alternative to the energy intensive 

process for urea synthesis. Here we reported the contribution of localized surface plasmon resonance 
(LSPR) of Ag NPs supported on heterojunctions, Ag@BiVO4/BiFeO3, during the N2 + CO2 co-
electrolysis. Our results demonstrated that exciting in the LSPR region of Ag NPs the Faradaic Efficiency 
and urea yield rate was improved with a reduced overpotential, 24.4% and 19.2 μmol h-1 g-1 at +0.1 V vs 
RHE compared to 9.4% and 9.6 μmol h-1 g-1 at -0.2 V vs RHE under dark conditions. Further in situ 
FTIR-IR investigations, Fig. 1A, demonstrated that under dark and N2 + CO2 atmosphere conditions, no 
huge signals related to nitrogen-intermediates were observed, otherwise a strong adsorption of H2O over 
catalyst surface was observed leading to HER. Under LSPR and N2 + CO2 conditions, signals related to 
nitrogen-intermediates were observed at 3320, 3131 and 1337 cm-1 related to the urea formation. In 
relation to H2O species, an opposite behavior was observed, revealing that under LSPR conditions, H2O 
species are not easily absorbed over catalyst surface and then HER is suppressed. 

 
Figure 1. (A) In situ FTIR-RAS experiments under N2 + CO2 atmosphere under dark condition (top) and 
upon laser irradiation (λ = 455 nm) (bottom) using Ag@BiVO4/BiFeO3 in 0.2 mol L-1 KHCO3, (B) 
Fourier-Transformed Ag-K edge k2-weighted EXAFS spectra of Ag@BiVO4/BiFeO3

 and (C) free energy 
profile until the coupling reaction to NCONH* over BiFeO3-Ag4 surface 
 
 As the Ag@BiVO4/BiFeO3, prepared mechanochemically, possesses a complex structure, X-
Ray Absorption Spectroscopy (XAS) experiments were carried out, Fig. 1B, to understand its structure 
and identify the possible catalytic sites involved in the urea electrosynthesis. XAS data showed that in 
addition to the expected Ag-Ag scattering for Ag species, other domains are present in the catalyst 
structure, such as Ag-O, Ag-Bi-O and Ag-Fe. Theoretical calculations considering different types of 
possible structures, revealed that a cluster BiFeO3-Ag4 plays an important role in the free energy profile 
for the C-N coupling to give NCONH*, Fig. 1C. In addition, the theoretical calculations agree with XAS 
data and intermediates observed on in situ FTIR-IR experiments.  
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