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Table S1. Mass quantification of Pt in Ag-based by ICP and XPS 

 ICP XPS 

Sample  Pt/(Pt+Ag)  

 mass (%) mass (%) 

Pt(0.3%)Ag/C 0.3±0.01 9.1 

Pt(0.5%)Ag/C 0.5±0.05 37 

Pt(6.9%)Ag/C 6.9±0.5 62 

 

Table S1 allows us to compare mass percentage values of the data obtained by ICP and XPS. The 

much higher Pt percentages obtained by XPS are a clear indication of a successful application of 

the galvanic replacement approach, whose main aim was to concentrate the noble metal at the 

surface of the particles. 

XPS analysis was used to understand better the sample’s surface chemical composition, which 

provides information to a depth of about ~5 nm.1 Pt 4f spectra are shown in Figure S1a. Curves 

deconvolution and fit lead to two doublets. According to their binding energy, two are assigned to 

Pt2+ and two to Pt0 species. It was observed that AgCl in the sample is sensitive to the XPS X-ray 

source, leading to a change in the spectrum with time. This sensitivity of AgCl has already been 

observed in other works. 2–4 Due to this phenomenon, Ag+ was not observed, and the stable 

spectrum at high resolution shows only Ag0 (Figure 2b). 
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Figure S1. High-resolution XPS spectra of (a) Pt 4f and (b) Ag 3d regions for Pt(0.3)Ag/C, 

Pt(0.5)Ag/C, and Pt(6.9)Ag/C samples. 

 

 
Figure S2. – Differential thermal and thermogravimetric analysis (DTG/TGA) curves of a) 
Pt(0.3%)Ag/C, b) Pt(0.5%)Ag/C and c) Pt(6.9%)Ag/C powder. Instrumental error is ≤ 0.1 % 

 

All TGA curves start without any significant weight loss due to the low amount of physically 

adsorbed water. Around 400ºC, a sharp weight loss is observed due to carbon decomposition. 5  

After carbon oxidation, the corresponding residual metal mass values found were 17%, 28%, and 

30% for Pt(0.3%)Ag/C, Pt(0.5%)Ag/C and Pt(6.9%)Ag/C, respectively. Through these values 
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obtained by the analysis of TGA and ICP, we determined numerical factors used in the current 

normalization for electrochemical experiments. 

When using ICP for metal-supported nanoparticles, most samples are digested using aqua regia. 

However, in this case, the presence of Ag did not allow us to use this mixture of acids as Ag 

nanoparticles oxidize, forming Ag ions that precipitate as AgCl. Thus, we used concentrated nitric 

acid digestion as an alternative procedure. Unfortunately, this reactant is a much weaker oxidizing 

agent, making the procedure more laborious. Besides, the boiling nitric acid does not completely 

dissolve the carbon. Then, filtration is required before injection on both ICP-OES and ICP-MS 

(we used both methodologies to validate our results). 

This weaker oxidation power obliged us to digest relatively small quantities of the catalysts 

(10mg). Therefore, as the materials are not perfectly homogeneous, with diverse metal particles 

dispersion on the carbon and different Pt covering on Ag particles, we got different Metal/Carbon 

ratios for different measurements with the same material. On the other hand, the dispersion in the 

Pt/Ag ratio was much smaller (see the slight average absolute deviation in Table S1). Therefore, 

we considered that the relative amount of metals in our sample was the only reliable value obtained 

with ICP with our digestion procedure, thus discarding the Metal/Carbon data, as this information 

was obtained through the TGA measurements. 

Another important point to pay attention to is the difference in the Metal/Carbon content of the 

three catalysts. Fortunately, Pt(0.5%)Ag/C and Pt(6.9%)Ag/C have both approximately the same 

value, validating all the conclusions of this paper and explaining the much lower currents of 

Pt(0.3%)Ag/C in Figure 4. 
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Figure S3. Chromatograms of the samples for a) Pt(0.3%)Ag/C b) Pt(0.5%)Ag/C c) Pt(6.9%)Ag/C 
d) Pt/C. Obtained potentials during linear voltammetry in the 0.2 – 1.35V range, scan rate 1.0 

mV.s-1 at 0.5 mol.L-1 NaOH and 1.0 mol.L-1 GlOH. 
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Figure S4. – HPLC calibration curves for (a) glycerate, (b) glycolate, (c) lactate and (d) formate. 
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Figure S5. Cyclic voltammograms (20 mV.s-1) obtained in 0.5 mol.L−1 NaOH and 1.0 mol.L−1 

ethanol solution normalized by geometric area for Pt(0.3%)Ag/C, Pt/C and Ag/C. Scan 6. 

 

Supplementary Notes 1 

 

The PtAg/C catalyst employed in the electrolyzer tests was prepared according to the procedure 

described in Ref. 6. A solution of silver nitrate (AgNO₃, 20 mM, Sigma-Aldrich®) was added to a 

boiling mixture of trisodium citrate (40 mM) and ultrapure water. The mixture was mainta ined 

under reflux for 30 hours. H₂PtCl₆·6H₂O was added to promote surface modification with platinum 

via galvanic replacement, achieving a nominal platinum content of 2.4% (mol/mol). Carbon 

Vulcan XC-72 (60 mg) was added, and the resulting dispersion was subjected to ultrasonica t ion 

for 30 minutes. To facilitate the immobilization of the nanoparticles onto the carbon support, the 

suspension was stirred continuously for 12 hours. Subsequently, the solid was washed with 

ultrapure water, centrifuged, and then dried in a Petri dish at 65 °C for 24 hours. The 2.4% Pt 

loading was not chosen arbitrarily but was optimized to yield a CV profile for GEOR similar to 

that observed for the Pt(0.5%)Ag/C catalyst discussed in the manuscript. Due to the difference in 

the particle size of this batch, the lower Pt content (0.5%) resulted in electrochemical behavior 
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closer to that of pure Ag. Therefore, a higher Pt content was necessary to achieve comparable 

catalytic features. 

The obtained materials were submitted to ICP-OES analysis, as were the previous materials. Table 

S2 shows the obtained metal percentage.  

 

Table S2. Mass quantification of Pt in Ag-based material by ICP-OES.  

 

Metal 

 

Average mass (mg) 

 
Pt (%) 

Pt 0.08 ±0.02 2.37±0.04 

Ag 

 
3.29±0.01 - 
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Figure S6: a) XRD pattern of Ag(36.6%)/C and Pt(2.4%)/Ag(32.9%)/C. Inset: Magnification of 

the (111) reflection of Ag to highlight peak position and possible shifts related to Pt deposition. 

b) CVs of Ag/C, PtAg/C and Pt/C catalysts in 0.5 mol.L-1 NaOH and 1.0 mol.L-1 GlOH at 20mV 

s-1. 

 

 

Figure S7. Chromatograms for a) Ag(36.6%)/C b) Pt(40%)/C c) Pt(2.4)Ag(32.9%)/C. Obtained 

during LSV in electrolyzer device each 2 minutes from 0.1 to 1.1V. Scan rate 0.1 mV.s-1  
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Figure S8. Photographs illustrating the assembly steps of the electrolyzer device. (a) Positioning 

of the anode catalyst layer onto the serpentine-patterned conductor plate. (b) Placement of the 

PTFE glass fiber fabric followed by the PBI membrane on top of the anode. (c) Placement of the 

cathode catalyst layer over the PBI membrane and addition of another PTFE glass fiber layer to 

insulate the plates. (d) Positioning of the cathode conductor plate over the assembled layers. (e) 

Tightening and securing the complete electrolyzer assembly. (f) Final assembly with connection 

of fluid tubes and electrical wiring for device operation. 
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Figure S9: Cyclic voltammograms performed in NaOH 0.5 mol.L−1 at 50 mV.s-1 for Pt0.5Ag/C 

using a) Pt mesh and b) Au mesh as counter electrodes. 

 

 

Figure S10: Products Selectivity at 0.9V vs RHE for GEOR on Pt/C, Pt(6.9%)Ag/C, 

Pt(0.5%)Ag/C, Pt(0.3%)Ag/C catalysts. 

 

Figure S11: a) Linear Sweep Voltametry of Ag/C catalyst recorded at 0.10 mV s⁻¹ in 1.0 M GlOH 

+ 0.5 M NaOH. and the respective b) Chromatograms obtained during LSL fom 0.2 – 1.35V range, 

scan rate 1.0 mVs-1. 
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