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1 Goals for deliverable D.1.1 

The objective of this report is to provide the first demonstration of successful depositions of mono and 

bimetallic clusters on flat substrates and powders done by Teer Coatings Ltd (ESR2 – Joao Coroa) and KU 

Leuven (ESR1&8, Imran Abbas & Dimitra Papamichail). 

At the moment of submission of this deliverable, four ESRs have been trained in cluster production and 

deposition: ESR 1 – Imran Abbas, ESR 8 Dimitra Papamichail, and ESR 13 Wenjian Hu were trained at KU 

Leuven (KUL) and ESR 2 Joao Coroa was trained at Teer Coatings Ltd (TCL). Several other ESRs (including ESR 

7, ESR 11, and ESR 12) will receive training in the coming months, either at their host institutes (DTU) or 

during planned secondments at KUL and TCL. 

2 Palladium cluster deposition (TCL) 

2.1 Approach 

TCL’s beam magnetron sputtering system allows a wide range of materials to be deposited as clusters on 

various substrates. Due to its built-in size-selective mass spectrometer and multiple magnetrons, not only 

can it deposit a wide range of clusters (typically between 2 to 20 atoms for smaller size clusters and between 

100 to 10,000 atoms for bigger size clusters) but also can create single and bimetallic clusters. 

In collaboration with Paul Scherrer Institute (PSI - ESR14), a special focus on palladium was given owing 

to its properties as an electrocatalyst for CO2 hydrogenation. Single element clusters containing between 400 

and 1500 atoms per cluster were preferred as a starting point and several characterization techniques are 

planned to verify the successful deposition. 

2.2 Experimental details 

2.2.1 TCL’s cluster beam system 

Teer’s system is composed of three main sections (Figure 1): 

(I) Condensation chamber, where a metal atoms in a dense vapour collide with each other and with the 

carrier gas to form clusters of various sizes. The walls of the chamber are cooled with water to increase 

the thermalisation efficiency, thus promoting cluster nucleation and growth (the lower the 

temperature, the better). Then clusters undergo supersonic expansion through the nozzle before 

entering section (II) via the skimmer. 

(II) Cluster beam formation and powder deposition, where a set of optic lenses and deflection lenses are 

responsible for selecting and focusing the beam. In this section, the beam can either be bent 

downwards for powder deposition or continue straight into section (III). 

(III) Mass selection of clusters, where the cluster beam faces a lateral time-of-flight (TOF) mass 

spectrometer before deposition onto planar substrates. 

A picoammeter is employed for measuring the cluster beam current on the sample substrate. During 

deposition, the current can be plotted against the atomic mass in order to have a visual representation of 

the range of clusters that are arriving at the surface, a feature that lacks in the powder deposition. 

Nevertheless, one can always redirect the beam towards section (III) to visualize what kind of clusters are 

being produced. 
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2.2.2 Deposition on powder substrates 

To test the powder deposition, which will be used for several of the samples that will be studied in the Catchy 

project, a first trial was made on a carbon graphite powder (TIMREX SFG 15 graphite provided by Imerys) 

with a surface area of 9.5 m2/g and a Scott density of 0.09 g/cm3. One gram of powder was weighed and 

introduced in a small oven at 150°C for one hour so water trapped in the powder could evaporate. 

Afterwards, it was loaded into a vibration cup and stored under vacuum in the powder deposition chamber. 

Vibration of the cup allows the powder to agitate, promoting uniformity of the clusters in the sample. Aiming 

for 0.1% of metal loading, non-size selected palladium clusters were deposited for 10 hours during a spawn 

of three days. 

 

Figure 1: Schematic of cluster beam system at Teer Coatings Ltd. 

2.2.3 Deposition on planar substrates 

For the planar deposition, glassy carbon (1 mm thickness) and conductive Kapton foil were used as substrate 

for samples that will be tested with X-ray Absorption Spectroscopy (XAS). A Transmission Electron 

Microscopy (TEM) grid was also included in the deposition schedule to be used as supplementary evidence 

of the presence of the clusters. To maintain uniformity, the sample stage was rastered during deposition as 

illustrated in figure 2. Aiming for 10 nm spacing between clusters (to avoid possible agglomeration) and a 

surface area of 7.2 cm2 , a 6 hours deposition was performed. 

 

Figure 2: Schematic of the sample stage for planar substrates. There was a first deposition  

on the TEM grid and then the beam followed the red pathway during the rest of the time. 
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2.3 Results 

POWDER DEPOSITION 

Carbon powders are not ideal for deposition. Due to their low density, powder can escape from the cup when 

the vibration starts. Moreover, the powder can easily aggregate, compromising uniformity in the long run, 

as can been seen in figure 3. 

 

Figure 3: Carbon powder before (left) and after (right) deposition. 

From time to time during the deposition, the size distribution of the clusters was analysed with the mass 

selector (Figure 4). While at the beginning of the deposition the size distribution was peaked around Pd420 at 

15 pA. As the time went on, a visible shift to bigger clusters could be seen, more specifically to a most intense 

size of Pd650 after 1 hour and Pd750 after 7 hours. The cluster current intensity also increased to 18 pA. One 

possible explanation could be the increase of the available palladium in the near walls of the condensation 

chamber that gets re-sputtered and helps the cluster growth mechanism. 

 

Figure 4: Cluster beam current vs atoms of palladium per cluster during powder deposition. 

To retrieve information about the amount of metal loading present in the carbon powder, Inductive 

Coupled Plasma Atomic Emission Spectroscopy (ICP-OES) was performed. Since the target value was 0.1% of 

metal loading, it was expected to have 1000 ppm of palladium. However, the results came back rather 

disappointing with a low value of only 174 ppm. The explanation for this low concentration is that most of 
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the (total measured) current comes from smaller clusters (Pd2,3,4) and not from the ones presented in Figure 

4. In planned future work, we will aim for a higher metal loading. 

PLANAR DEPOSITION 

The cluster beam deposition started its way at the TEM grid position and then followed to the Kapton and 

glassy carbon area. Figure 5 depicts the cluster distribution during deposition. This time, the parameters 

previously used at the powder deposition were changed in order to get the cluster current entirely made of 

bigger clusters. As a result, the intensity increased to 75 pA and the size to 604 atoms per cluster. The mass 

spectrometer only selected Pd604 clusters and the deposition took place. Likewise, as time went on, it is visible 

a shift from its original size to bigger clusters. However, there is a loss in current intensity that is probably 

due to a long deposition time (note that the the powder deposition went on for 3.3 hours during 3 days and 

the planar deposition for 6 hours straight) that is likely affected by the inefficient cooling of the walls of the 

condensation chamber. 

 

Figure 5: Cluster current versus atoms of palladium per cluster at the TEM grid (left)  

and at the deposition path for the glassy carbon and the Kapton foil (right). 

 

Figure 6: TEM image of Pd604 clusters. 

The TEM analysis confirmed the presence of the clusters, with a quite uniform distribution over the 

surface. The clusters have sizes between 2 and 3 nm (figure 6). The samples are also waiting for XAS analysis, 

where ESR14 will find out which angle of the incident beam works best for a high intensity Pd signal. This 

information will then be used to design of an electrochemical cell with a feasible data acquisition time for 

one spectrum. 
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3 Bimetallic cluster deposition (KUL) 

Bimetallic clusters have interesting catalytic properties for CO2 electroreduction. As first test system AgCu 

bimetallic clusters were produced by the KU Leuven Laser Ablation-Cluster Deposition Apparatus (CDA) and 

the samples were structurally characterized using TEM. 

 

3.1 Laser ablation-cluster deposition apparatus 

The Laser ablation cluster Deposition apparatus (CDA), is used in the Catchy project for bimetallic cluster 

production and deposition on flat supports and electrodes. The setup is composed of four chambers as 

schematically shown in Figure 7. 

i the source chamber for cluster production, where plate targets are ablated by two Nd:YAG lasers 

in a pulsed helium (He) environment and are synchronized by a delay generator in order to 

generate hot metal vapor mixtures. By three-body collisions with He atoms, the hot metal atoms 

are cooled down to form clusters. The centreline of the cluster beam is extracted and collimated 

by a skimmer before it reaches section ii.  

ii the extraction chamber, where acceleration of the charged clusters takes place using voltages to 

perform time of flight mass spectrometry (RToF-MS) to measure the size distribution of clusters 

being produced. 

iii the deposition chamber, where cluster deposition and flux determination take place. Before 

deposition of clusters on flat supports and electrodes, the flux is estimated using a quartz crystal 

microbalance (QCM). 

iv the load lock chambers for sample loading and transferring. 

 
Figure 7: Schematic of Cluster Deposition Apparatus at KU Leuven. 

3.2 AgCu bimetallic cluster deposition 

Ag and Cu are individually both known to be active for CO2 electroreduction. Therefore, AgCu bimetallic 

system is interesting for further research on this topic. AgCu bimetallic clusters were produced from an alloy 

target containing 10%Cu and 90%Ag in CDA. Target was cooled to temperature of -30°C using liquid nitrogen 
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and ablated using one of the lasers of CDA. The bimetallic clusters were deposited on fluorine doped tin oxide 

(FTO) to be used as electrode and on a TEM grid. The AgCu clusters will also be deposited on glassy carbon 

electrodes and tested by the Catchy partners at Vito, DTU and PSI. 

Images of the AgCu clusters deposited on TEM grid are shown in Figure 8. The particle size distribution 

estimated from the right TEM image is presented in Figure 9. It is obvious that most of the AgCu clusters 

produced lie in the range of 1 to 5 nm with a mean cluster size of 2.9 nm. Different bimetallic clusters of 

similar size range are of importance for catalytic conversion of CO2 into different valuable products what is 

promising for the planned electrocatalytic measurements.   

 

 

Figure 8: TEM images of the AgCu bimetallic clusters deposited by the CDA  
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Figure 9: AgCu cluster size distribution estimated from the TEM image in Figure 8 (right) 
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4 Conclusions 

At Teer Coatings Ltd, depositions on powder substrates proved to be the biggest challenge especially when 

high metal loadings (> 0.1%) are required. One possible solution is to change the cooling liquid of the inner 

walls of the condensation chamber (currently water) to a more efficient one (e.g., liquid nitrogen). Enhancing 

the thermalization would create bigger clusters and a higher cluster beam current, achieving higher metal 

loadings. Teer is currently searching for an adequate cooling device and in the meantime is ready to coat any 

powder as far as the requested metal loading is viable. In the case of the planar deposition, palladium clusters 

were first seen by TEM indicating a very positive outcome, with expected very narrow size distribution. More 

tests (XAS and electrochemical activity) will be performed to examine their chemical states and catalytic 

activity on the glassy carbon and Kapton foil surfaces. 

In KUL, AgCu clusters have successfully been produced and deposited on flat supports i.e. FTO and TEM grids.  

 


