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Report: 
 
“Hole doped” fullerene based compounds are very interesting systems, which however received very 
exiguous attention until now [1, 2], especially because of the difficulties which one encounters during their 
preparation. In fact, the relatively high oxidation potential of C60 [3] and its tendency to undergo nucleophilic 
attach from the most common oxidant chemical species, put stringent limits to the choice of the suitable 
counter-ion in an hypothetical fullerenium salt. The interest in this class of compounds is mainly due to their 
expected noticeable high Tc in case that a superconducting “hole doped” phase was prepared. This behaviour 
is clearly predicted by either the standard BCS Theory (in the Migdal Eliashberg extension) or even by the 
still debated more recent non-adiabatic theories of superconductivity [4], which proved to describe quite well 
the already known “anionic” superconducting fullerides [5]. 
 
In this report we discuss the results of the analysis of high resolution powder diffraction data collected on the 
fullerenium salt C60(AsF6)2 at ID31, in which C60 is found in the charged state C60

2+. To our knowledge, this 
is the first time that a stable compound in which C60 is in the oxidised state and with a good crystal quality is 
prepared and undergoes a detailed structural study. 
Our results shows that the species C60

2+ in the solid state is extremely reactive and stabilises by promoting an 
unusual 1D zigzag polymer. This unique ground state prevents the compound to display any metallic 
behaviour and hence any superconducting transition. 
 
Data were collected at room temperature ( λ = 0.9337 Å) in the Debye Scherrer geometry; the sample was 
sealed in a quartz capillary of  0.5 mm diameter. The diffraction pattern shows slightly broad and asymmetric 
peaks with strongly Lorentzian shape; because of the extremely narrow instrumental response, the main 
contribution to the broadening could be ascribed to the size and strain effects arising from the sample. 
Almost all the peaks of the pattern were easily indexed with an orthorhombic cell, while the systematic 
extinctions were observed accordingly to the spatial group Imma. If one admits that, in absence of strong 



intra-molecular interactions both C60 and the AsF6
- anions should pack as spheres, the observed symmetry 

looks somewhat strange and requires a non trivial cell transformation to be explained. Hence, this distortion 
is a hint of a more complicated molecular arrangement.  
The coarse disposition of the molecules into the asymmetric unit was obtained with the use of the simulated 
annealing algorithm; the choice of the number of molecules inside the cell were constrained by the 
knowledge of the compound density, ∼2.2 gr/cm3, and of the stoichiometry ratio 1:2 between C60 and AsF6

-, 
provided by elemental analysis (ICP – OES). A good agreement with the data was obtained by sitting the 
centres of mass of both the two molecular species into the special positions 4e (0, ¼, z), with respectively 
z=0.86 for C60, z=0.69 and z=0.55 for the two AsF6

- ions.  
At this step, we noted that C60 units were placed very close, with a closest contact of ∼ 9 Å, thus suggesting 
that fullerenes should be bonded. If compared with the alkali doped polymers, the intermolecular distance is 
compatible with a link by [2+2] cycloaddition reaction. This connection is established along directions which 
form an unusual zigzag path with an angle of ∼ 72°, as shown in Fig. 1a). A strong confirmation of such 
polymerisation was provided by a more careful analysis of the disposition of single bonds (namely the bonds 
shared by two hexagons) on the fullerenic cage (Fig. 1b)). In fact, these bonds on the non-distorted buckyball 
are observed in positions which form angles of 36°, 60°, 90° and even 72° degrees. One could easily 
recognise that the bonds at 90° are involved in the tetragonal polymers, while those at 60° recur in the 
rhombohedral polymer. Polymers with bonds forming 36 and 60 degrees have been never observed because 
of obvious limitations due to the sterical hindrance of the fullerene itself, but an arrangement with fullerenes 
at 72° is in principle allowed and it is just what we observe in our compound.  
As far as the AsF6

- ions are concerned, they actually occupy the voids among the carbon backbone and their 
position is disordered around the special position 4e. Even if the refined thermal factors are high, these 
molecules cannot rotate freely around their centre of gravity, due to sterical constrictions,  but rather they  
librate around their equilibrium positions. 
The result of the Rietveld refinement (Rwp 4.33%, Rexp 1.16%) is shown in Fig. 1c), while the crystal 
structure is displayed in the inset. 
 
a)                                            b)                                                             c)                                   

 
 
Fig 1: a) Disposition of the C60 molecules into the orthorhombic cell of C60(AsF6)2. b) The angles formed by “double 
bonds” on the fullerene molecule. c) Observed (in black) and calculated (in red) diffraction profile of C60(AsF6)2 at 
300K (Rwp 4.33%, Rexp 1.16%). Inset: crystal structure of C60(AsF6)2 polymer. 
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