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Report: 
We have synthesised high density arrays of GeCox (x = 0.01- 0.05) nanowires and GeCox/Ge (x = 0.01- 0.05) 
core-shell heterostructured nanocables within the pores of anodic aluminium oxide (AAO) membranes.  
Magnetic measurements performed on GeCox nanowires indicate a Curie temperature (Tc) greater than 300 
K.  Moreover it is possible to tune the magnetic properties of GeCox by forming a GeCox/Ge core-shell 
nanocable structure. In order to determine the exact position of the Co atom within the Ge lattice  we 
conducted EXAFS/XANES experiments in fluorescence (Co K edge) and transmission (Ge K edge) mode 
using beamline BM29 on the following materials, GeCox (x =0.01 - 0.05) nanowires and GeCox/Ge (x = 0.01 
- 0.05) core-shell nanocables. In this report we have discussed specifically the data collected for the GeCo0.05 
nanowires and GeCo0.05/Ge core-shell nanocables. However, analysis of all experimental data collected  for 
these materials showed good correlations between the experimentally observed data and their respective 
theoretical models suggesting that Co occupies an interstitial site within the Ge lattice.  
 
Co K edge: A broad peak at 2.3 Å is observed in the fourier transform (FT) of the EXAFS data along with 
peaks at 3.15 Å and 3.9 Å respectively (Figure 1a).  These are attributed to Co-Ge inter-atomic distances for 
a Co atom occupying an interstitial site within the Ge lattice.  Although ideally we should have observed 
separate peaks at approximately 2.03 Å, 2.29 Å 2.42 Å  and 2.64 Å showing various Co-Ge distances for the 
interstitial site the broad peak at 2.3 Å encompasses these distances and gives an average value for the 
various Co-Ge inter-atomic distances.  Fitting of the Co K edge EXAFS data yielded a good corelation 
between the experimental data and the theoritical model (Figure 1b). It is significant that we do not observe 
any evidence for the formation of Co-Ge alloys or phase separated Co clusters even at a Co concentration ofn 
5 %.  It is worth noting that even in the core-shell nanocables the  Co atom occupies the same interstitial 
position as in the nanowires.  Thus it can be concluded that the position of the Co atom in the Ge lattice is not 
responsible for the change in the magnetic properties in GeCox based nanowires and nanocables.   
   



Ge K edge: The Ge K edge EXAFS data suggests that the Ge-atoms are sorrounded by a shell of O atoms at a 
distance of 1.74 Å, which implies that the Ge atoms are anchored to O atoms from the AAO membrane. The 
next-nearest neighbours to the Ge central atom were other Ge atoms at a distance of 2.46 Å corresponding to 
the Ge-Ge bond distance in Ge nanowires (figure 1c).  Although Ge atoms near the AAO membrane are in an 
oxidised state the Ge-Ge distance of 2.46 Å confirms the presence of a Ge host lattice.  As observed from the 
fitted data the experimental model again is in good agreement with the theoritical model (Figure 1d). 
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Figure 1: Absolute values of fourier transform of k3χ(k) into r space for  (a) Co K-edge and (c) Ge K-edge 
and typical experimental k3χ(k) and the corresponding theoretical fit for (b)Co K-edge and (d) Ge K-edge for 
GeCox nanowires and GeCox/Ge core-shell nanocable arrays..  
 
In conclusion experiments conducted at the ESRF clearly emphasise the power of EXAFS to 
investigate the structural environment of dilute magnetic semiconductor (DMS) nanostructures. These 
results clearly prove the presence of Co in an interstitial site within the Ge lattice. These results show 
no evidence for the formation of Co-Ge alloys or Co clusters in the materials further confirming that 
the unique magnetic properties observed do not originated from undesired secondary phases but are 
intrinsic to the DMS structure. These experiments have been essential in understanding the complex 
structural and magnetic interactions exhibited by these systems. 
 
 
 
 
 


