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Deliverable D5.2 First report on cluster-based EC in electrochemical cell 

Goal 
The goal is to provide the first demonstration of successful electrochemical tests of mono and bi-
metallic clusters in the CO2 electro reduction (CO2ER). ESR12, 13 and 8 working respectively at DTU, 
VITO and KU Leuven describe their approach to successfully test small nanoparticles/clusters in 
different electrochemical setups. 

 

Approach 
DTU-ESR12 (Esperanza Sedano Varo): Bimetallic AuAg clusters deposited at KUL (ESR1) along with Au 
mono-metallic Au and Cu references deposited at DTU on mirror-polished glassy carbon stubs, 
standard support for rotating disk electrode, were successfully tested using an EC-MS set-up with an 
extremely high sensitivity for gas products. Several improvements in the setup were performed to 
work with CO2ER. The first part of the project was focused on defining the experimental parameters 
to properly work with such low loadings and small nanoparticles. In particular, systematic stability and 
agglomeration studies depending on the pre-treatment methods of glassy carbon supports were 
carried out.  

 

 

VITO-ESR13 (Wenjian Hu): Zn clusters deposited on CuSe powder at TCL (ESR2) were tested at 25 °C 

in a commonly used H-type cell, including a working cathode, a counter anode (platinum gauzes), and 

a reference electrode (Hydrogen reference electrode). In the experiments, Nafion-117 membrane was 

used as proton exchange membrane to separate the cathode and anode compartments. 0.5 M 

H2SO4 aqueous solution and [Bmim]PF4-CH3CN-H2O served as anodic and cathodic electrolytes, 

respectively. In each experiment, the amount of anodic and cathodic electrolytes was 15 mL. Before 

starting the electrolysis experiment, the electrolytes were bubbled with CO2 for 30 min under stirring 

and the electrolysis was carried out under a steady stream of CO2 (10 sccm). 

Figure 1. EC-MS setup. A) Side view of the interface between the electrochemical cell and the mass spectrometer. B) Picture of 
the interface chip from the front and the back. C) Typical staircase experiments where a potential is applied, and the products 
are measured on almost real time. 

A) 

B) 

C) 
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KUL-ESR8 (Dimitra Papamichail): First sample of a series of Cu-based bimetallic clusters deposited at 
KUL (ESR1) and TCL (ESR2) on carbon paper (CP) electrodes was successfully tested at VITO during my 
secondment using a two-compartment electrochemical cell (H-cell) connected to DEMS (Differential 
Electrochemical Mass Spectrometry). DEMS was selected as an analytical technique for product 
quantification due to its high sensitivity to gaseous products. Moreover, it can provide a great tool for 
in-situ monitoring of products and screening of electrocatalysts activity for specific products.  

Adding to the above plan, our beamtime proposal at ESRF to investigate bimetallic systems of Cu-based 
clusters in-situ XAS experiments under CO2ER working conditions was successfully granted. Experiment 
is planned in spring 2023. 

  

GC Outlet: CO2 and 

gas product 

Gas outlets 

Inlet: CO2 

Figure 2. EC-GC setup at VITO 
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Results 
 

DTU-ESR12 (Esperanza Sedano Varo): CO2ER activity of 21 size-selected nanoparticles samples (10 Au, 

8 AuAg and 3 Cu) have been tested in operando using the EC-MS setup. Electrochemical data and 

microscopy images before and after electrochemistry, show that the optimal cleaning method for the 

glassy carbons is polish + 1h in nitric acid. This pre-treatment stabilizes the clusters and thereby 

minimizes agglomeration.  

 

Figure 3. SEM and AFM images of the glassy carbon surface for stability studies. The glassy carbons pre-treated with nitric acid have 
a smaller roughness, which can have a stabilizing effect on clusters.  The samples where the glassy carbon was just polished show a 
bigger agglomeration. 

Figure 4. EC-MS results for Au cluster samples deposited on pre-treated glassy carbons. The onset potential for CO production is lower in 
the samples pre-treated with nitric acid. The overall current is higher in the case of the nitric acid samples. This proves an overall better 
activity and selectivity of the nitric acid samples. 
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VITO-ESR13 (Wenjian Hu): Among the Cu2-xSe powders deposited with four different amounts of Zn 
clusters (Zn 4900 with 0.2 wt%, Zn 11k-22k with 0.2 wt%, Zn 4900 with 0.08 wt% and Zn 7000 with 
0.2% wt%), 0.2%Zn 11k-22k@ Cu2-xSe at -1.6VRHE showed highest with CO Faradaic efficiency of 42.2%. 

 

KUL-ESR8 (Dimitra Papamichail): First results on CuPd decorated CP showed a significant 
electrocatalytic activity compared to the plain C paper substrate, as shown in Figure 1. The detected 
gas products from CO2 electroreduction were methane (CH4), ethylene (C2H4) and hydrogen (H2). The 
MS signals of the gas products presented in Figure 1 show that H2 is the dominating product. Sample 
from the electrolyte was also collected to analyze the liquid products. The production of H2 may result 
from the use of a porous substrate that does not prevent the electrolyte diffusing into the electrode 
despite the presence of a layer of clusters at the surface. This will be taken into account for future 
qualitative analysis. 

 

 

 

 

 

  

Figure 6. (left) Electrocatalytic activity of CuPd decorated versus plain carbon paper. I-E curves from 0.1 to -
1.2 VRHE in CO2 saturated 0.5 M KHCO3 , scan rate 0.5 mV s-1. (right) MS ion signals of detected gaseous 
products – E during the LSV 
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Figure 5. 0.2%Zn 11k-22k@Cu2-xSe 
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Experimental details 
 

DTU-ESR12 (Esperanza Sedano Varo): The mass 

selected nanoparticles from DTU were prepared via the 

magnetron sputtering gas-aggregation method, with a 

TOF (Time of Flight) mass selector. The samples had 

extremely low loadings (5-10% coverage of projected 

surface, 100-600 ng/cm2). All electrochemical CO2 and 

CO reduction experiments were performed with a chip 

based electrochemical mass spectrometry setup in a 

stagnant thin-layer electrochemical cell. The 

electrolyte used in these experiments was 0,1M 

KHCO3. All the nanoparticles were introduced in the 

electrolyte under potential control, by using an 

auxiliary cell.  

 

VITO-ESR13 (Wenjian Hu): Zn cluster modified Cu2-xSe nanowires: 0.15 g Se powders and 5.0 g NaOH 

were dissolved with 20 mL deionized (DI) water at 80 °C, then 1.5 mL 0.5 M Cu(NO3)2 aqueous solution 

was added into above solution. The beaker was then moved into an oven at 140 °C for 5 h. The products 

were washed and then dried at 60 °C. The powder was sent to Teer Coating for Zn clusters deposition. 

10 mg powder prepared above and 1 mg carbon black (Vulcan XC 72) were suspended in the solution 

with 3 mL acetone and 20 μL Nafion D-521 dispersion (5 wt%) via ultrasound. Then, 302 μL of the above 

solution was uniformly spread onto the CP (1 × 1 cm−2) surface assisted by a micropipette and then 

dried under room temperature. On each carbon paper, the loading of catalyst was 1.0 mg cm−2. After 

electrolysis reaction, the gaseous products were collected by gas chromatograph equipped with a TCD 

detector with helium as internal standard. The liquid products were analyzed by 1H NMR. The Faradaic 

efficiency of the products was calculated through GC and NMR analysis. 

          

 

 

Figure 7. Experimental steps to introduce the cluster 
samples under potential control by using an auxiliary 
electrochemical cell 

Figure 8. A) Cu2-xSe nanowires, B) Cu2-xSe nanowires Gas diffusion electrode 

A) Cu Se O B) 
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KUL-ESR8 (Dimitra Papamichail): CuPd (90:10 at%) clusters deposited by ESR1 at KU Leuven via the 

laser-ablation technique on carbon paper (CP) with a mass loading of 1.9 µg cm-2. CO2 electroreduction 

was conducted on H-cell with two compartments separated by a Nafion® membrane. The reference 

electrode was the reversible hydrogen electrode (RHE), and the counter electrode was Pt. The 

catholyte was 0.5 M KHCO3 saturated with CO2 (pH 7.5) and the anolyte 5 M KOH. The electrolyte was 

constantly stirred by magnetic stirrer so that there is homogeneity in the electrolyte and the 

convection can be controlled. The flow of CO2 was 20 sccm. The screening tested consisted of linear 

sweep voltammetry (LSV) from 0.1 to -1.2 VRHE with a scan rate of 0.5 mV s-1. Gas products were 

detected with MS and liquid products will be analyzed by HPLC and GC-MS. 

 

Conclusions 
 

DTU-ESR12 (Esperanza Sedano Varo): In order to measure the electrocatalytic activity of size-selected 

clusters, the necessary experimental conditions at the EC-MS setup have been stablished. The effect 

of the pre-treatment method of the glassy carbon support was studied by testing Au nanoparticles, 

and looking at their agglomeration and dissolution with SEM. From this we conclude that from now on 

the glassy carbon stubs will be polished and cleaned in nitric acid for 1h, as this treatment helps on the 

stability of the clusters. 

 

VITO-ESR13 (Wenjian Hu): 0.2%Zn 11k-22k@ Cu2-xSe at -1.6VRHE showed highest with CO Faradaic 

efficiency of 42.2%. Deposition of Zn clusters did not lead to a significant increase of CO selectivity, 

which may be caused by unsuccessful material preparation as deposited Zn clusters could not be 

clearly evidenced by TEM. New samples will be produced. 

 

KUL-ESR8 (Dimitra Papamichail): Electrochemical H-cell coupled with DEMS provides an easy tool for 

screening the activity of electrocatalysts. It allows in situ mass-resolved determination of gaseous or 

volatile electrochemical reactants, reaction intermediates and products in real time. By connecting the 

time domain of the response of the MS to the potential domain, the potential where a specific 

molecule is produced can be determined. By applying this principle, chronoamperometry (CA) tests 

will be held at selected potentials for 1 h to obtain qualitative data of the products. Future experiments 

will involve testing clusters with different CuPd compositions (3:1, 1:1 and 1:3) to study the 

composition effect in the product distribution of CO2ER. 

 

mailto:0.2%25Zn4900@Oxidized
mailto:0.2%25Zn4900@Oxidized

