
XAS study of bimetallic magnetic nanoparticles 

P. Lecante, C. Amiens1, D. Ciuculescu1, N. Atamena1 and R. Benfield2 

CEMES  – CNRS, Rue  Jeanne Marvig  29,  31055 Toulouse, France 

1LCC  – CNRS, Route  de Narbonne  205,  31077 Toulouse, France 

2School  of  Physical  Sciences,  University  of  Kent,  Canterbury  CT2  7NZ, United Kingdom 

The main goal of this project is the investigation of the chemical order inside bimetallic 3d/4d 
nanoparticules of magnetic interest in relation with the thermodynamics of the systems. The 
particles are elaborated in solution from organometallic precursors and kinetic control of the release 
and aggregation of the metal atoms in nanoparticules is one of several key parameters for the final 
magnetic properties. 

This study is actually a follow up of the previous project dealing with the study of the influence of 
the presence of various surfactants on the chemical order in the nanoparticules, kinetic factors being 
stable for the different systems [1-5]. Studies pointed to a strong segregation, with Rh at the core: 
even for relatively small amounts of Rh, EXAFS at Rh-edge was very close to the one of bulk metal 
while Co-edge EXAFS pointed to a disordered environment for Co, dominated by distances with 
light non-oxidizing atoms, actually light atoms from the surfactants (Figure 1). 

 

 

 

 

 

 

Figure 1: Uncorrected exafs Fourier transforms modulus for PVPCo1Rh3 at the Co and Rh edges, compared 
with a Rh foil or simulations. 

The same behaviour was observed for FeRh nanoparticules prepared following the same synthesis 
conditions, i.e. H2 reduction of organometallic precursors: for Rh content as low as 20%, Fe and Rh 
were nearly fully segregated, with a well organized Rh core and a disordered Fe shell (Figure 2).   

 

 

 

 

 

 

 

Figure 2: Left: XAS at Rh K-edge (inset: uncorrected FT). Right: Fe K-edge (inset: first derivative in 
XANES region). 

   



The systematic bias in metal arrangement in the particles was finally attributed to very different 
decomposition kinetics for the organometallic precursors under H2, promoting the rapid growth of a 
Rh core. New kinetic conditions were introduced for the most recent syntheses with the use of a 
new reducing agent. These conditions should promote much finer intermixing of the species. 

The last measurements performed on new these FeRh samples and pure Fe and Rh nanoparticules 
prepared in the same conditions for comparison, on beamline C at Rh-edge and beamline E4 at Fe-
edge, indeed indicate a quite different chemical organization (Figure 3). 

 

 

 

Figure 3: Uncorrected Fourier transforms modulus of the EXAFS signal for: (a) Fe85Rh15 NPs (1) (solid line) 
and Fe NPs (2) (dotted line), (b) 1 (solid line) and Rh NPs (3) (dotted line). 

At Fe edge (Figure 3, left), the distribution of distances is very close for Fe85Rh15 NPs and pure Fe 
ones, and not significantly wider than for a Fe foil. On the contrary, Rh environment is much more 
dispersed than in both Rh foil and pure Rh NPs, with a higher distances part attributed to Rh-Rh 
distances, and a lower part indicating shorter bonds with Fe atoms. The overall organization is best 
described as small clusters of Rh decorating the surface of Fe nanoparticules [6]. 
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