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“Single-spin sensors for studying surface 
magnetism: Improving noble metal catalysts by 

engineering their nanomagnetic properties” 
 

      Nobel metals such as palladium nanomaterial are of extreme importance as catalysts. Almost 90 
% of the worldwide palladium consumption is for use in car catalytic converters and catalysis in 
chemical industries [1]. While usually paramagnetic, palladium can turn ferromagnetic at the 
nanoscale [4]. Other noble metals also exhibit so far unexplained ferromagnetism at the nanoscale 
[5,6]. This is of high importance, since ferromagnetism has recently been linked to enhanced catalytic 
activity [2,3]. 
 We investigate the origin of palladium and other noble metal ferromagnetism using single spin 
quantum sensors. Our goal is engineering the noble metals’ nanomagnetic properties to make them 
better catalysts. In muon spin rotation studies, we performed a magnetic depth-scan of a palladium 
sample by implanting muons at different depths as local magnetic probes. With this method, we 
found a slight increase of the magnetic field at the palladium surface [7], potentially originating from 
induced orbital magnetic moments related to surface adsorbates [8,9]. We also found signs of a 
paramagnetic to ferromagnetic phase transition that happens at the surface only. This is highly 
relevant to catalysis since reactants adsorb at the palladium surface during the catalytic reaction. 
To gain further understanding of this palladium surface magnetic state, we propose magnetic 
imaging experiments using color centers in diamond as ultrasensitive magnetic field sensors. We also 
want to image the nanoscale surface magnetism of other noble metals and look for correlations of 
nanomagnetic properties with catalytic activity. 
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