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Report: 
Nanoparticles, sufficiently small to form stable colloidal aqueous solutions, can be functionalised 

with different biomolecules, providing the possibility of recognising or binding to different targets, such 
a tissues or cells (1). Very recently we have developed a simple and versatil approach by which 
neoglycoconjugates of biologically significant carbohydrates are linked covalently to gold clusters, as a 
method for tailoring stable and water-soluble glyconanoparticles (2). By the same procedure, we have 
also prepared magnetic glyconanoparticles with a Au-Fe core of around 2 nm in diameter. These 
glyconanoparticles were the object of the experiment CH1601 carried out at the BM29 line.  
 In a first step we have carried out the study of the microstructure and electronic structure of pure 
gold nanoparticles functionalised either with neoglycoconjugates (Au-SRmaltose) or with alkane chains 
(Au-SR). Average particle sizes of 1.8 and 1.4 nm have been respectively found for these samples. In 
figure 1a, we have included the Au-L3 XANES spectra where an increase in intensity of the white line at 
this L3 resonance was found for the smaller sulphur functionalised gold nanoparticles (Au-SR sample).  

 
a)                                                                                  b) 
 
 
 
 
 
 
 
 
 
 
Figure 3: Au-L3 edge XANES spectra of the different capped gold nanoparticles compared to 
bulk gold (a), and Modulus of the Fourier transform of the Au-L3 edge of the different capped 
gold nanoparticles compared to bulk gold (b). 
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This behaviour indicates a charge transfer  from the 5d gold states to sulphur atoms which 

produces a higher density of holes (3). The Fourier Transform of the EXAFS oscillations (figure 1.b) 
shows large Au-S and low Au-Au coordination numbers for the Au-SR nanoparticles. Taking into 
account the TEM images obtained for these samples, a gold core surrounded by a gold sulphide-like 
shell has been proposed to explain XANES and EXAFS data.  
In a second step we have carried out the study of two samples constituted by an Au/Fe core 
functionalised with two different neoglycoconjugate molecules: a) 1-Au-Fe: Au/Fe nanoparticles 
functionalised with the disaccharide maltose, with  a Au:Fe atomic ratio of 5: 0.1 and approximated 
formula Au100Fe2(C23H43O11S)32 and b) 2-Au-Fe:  Au/Fe nanoparticles functionalised with the 
disaccharide lactose, with a Au:Fe atomic ratio of 5:1.0 and approximate formula 
Au100Fe20(C20H37O14S)32.    Fe-K and Au-L3 edges were measured, respectively in fluorescence and 
transmission modes, for solid samples supported on cellulose filters. Figure 2 shows the XANES at the 
Fe-K edge for the samples 1-Au-Fe and 2-Au-Fe (figure 2 a and 2.b respectively) in comparison to bulk 
iron and iron oxide (γ-Fe2O3), used as references. Just by comparison of the spectra it is obvious that the 
samples contain Fe in a oxidised state.  As the beam time was allocated in November 2003, we are still 
undertaken a complete data analysis.   

a)                                                                            b) 
 
 
 
 

 
 
 
 
 
 
 

Figure 1: K-Fe edge XANES spectra for: a) 1-Au-Fe in comparison to the bulk iron 
and γ-Fe2O3; and b) 2-Au-Fe in comparison to the bulk iron and γ-Fe2O3. 

 
In conection with this reseach, Palladium nanoparticles protected with alkylammonium salts  

showing a singular ferromagnetic behaviour (4) were also investigated in a preliminary study at the 
allocated beam time in BM29 last November. These samples will be the object of a new application for 
beam time. 

 
References: 

1. a) J. J. Schneider, Adv. Mater. 13 (2001) 529; b) A. Jordan, R. Scholz, P. Wust, H. Fahling, R. Felix, J. Magn. Magn. 
Mater. 201 (1999) 414 
2. a) T. C. Rojas, J. M. de la Fuente, A. G. Barrientos, S. Penadés, A. Fernández, Adv. Mater. 14 (2002) 585; b) J. M. de 
la Fuente, A. G. Barrientos, T. C. Rojas, J. Cañada, A. Fernández, S. Penadés, Angew. Chem. Int. En. Ed. 40 (2001) 2257 
3. P. Zhang, T. K. Sham, , Phys. Rev. Lett. 90 (2003) 245502 
4. B. Sampedro, P. Crespo, A. Hernando, R. Litrán, J. C. Sánchez-López, C. López-Cartes, A. Fernandez, J. Ramírez, J. 
Gonzalez Calbet, M. Vallet, Phys. Rev. Lett. 91 (2003) 237203 


