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One of the most critical challenges in heterogeneous catalysis is the improvement and 
control of the atomic efficiency which can both reduce the cost of the catalysts and 
improve their performance. Cluster beam deposition (CBD) is a solvent-free technique 
that offers high degree of flexibility on cluster’s size and composition, which results the 
most promising technique in this scenario. 
To correctly address these challenges, cluster analysis must be complemented with 
novel and advanced characterization techniques, such as transmission electron 
microscopy (TEM). By acquiring high resolution (HR) TEM and scanning (S) TEM 
images it is possible to determine clusters structure, exposed planes or edges/steps; 
as well as their chemical composition by acquiring EELS or EDX maps in STEM 
mode. 
Recently, a number of efforts have been devoted in enhancing the structure control of 
the produced clusters as well as their scale up to the industrial level. We describe here 
the new generation of magnetron based CBD source, the Multiple Ions Cluster Source 
(MICS)1, where the single magnetron is replaced with three independent magnetrons 
allowing the production of a wide range of nanoalloy clusters starting from pure 
targets. The advantage of this source is the possibility to grow a wide range of 
samples via the controlled sputtering of pure targets, controlling both their structure 
(alloys, core@shell and shell@core) and composition by changing the mutual 
magnetron positions as well as their sputtering rate. But the beam current from CBD 
sources is typically limited to the 0.1 – 1 nA, corresponding to only ~𝜇𝜇𝜇𝜇/ℎ of deposited 
material. In order to use this novel system in real applications it is necessary to scale-
up the deposition rate up to ~𝑚𝑚𝜇𝜇/ℎ𝑜𝑜𝑜𝑜𝑜𝑜 or even ~𝜇𝜇/ℎ𝑜𝑜𝑜𝑜𝑜𝑜 rates. This challenge is 
nowadays being addressed though the recently invented Matrix Assembly Cluster 
Source (MACS)2 to generate clusters with high rate. It is based on a completely new 
concept for cluster production, an Ar+ ion sputters a pre-condensed Ar-M matrix 
(where M is the metal) producing a collision cascade and consequent cluster 
formation. 



Here we will present our recent results dedicated to optimise the electrochemical 
response of both metallic and transition metal dichalcogenides nanostructures 
produce by the above cluster beam source. Our study is complemented with atomic 
resolved electron microscopy characterisation. 
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