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Report: 
 
Intercalated fullerene polymers represent a wide, but still rather unknown family of compounds, which 
display a wealth of structural architectures (1D linear or zigzag chains, 2D planar sheets, where C60 units 
could be connected by single C-C bonds, four-membered carbon rings ([2+2] cycloaddition reaction) or both 
[1,2]). An important parameter which influences the polymerisation is the size of the intercalant: usually, in 
alkali doped fullerenes, the formation of intermolecular bonds is favoured when the lightest atoms are 
intercalated. This rule is valid also when the alkali-earth fullerides are considered; among them, those 
obtained with magnesium are then good candidates for the production of polymers. 
We succeded in preparing the series of MgxC60 compounds (2≤x≤6), following a new synthesis technique 
based on the use of a metallorganic precursor, which allowed us to drastically reduce the duration of the 
sample preparation, as compared to the earlier efforts [3]. The samples were then sealed in quartz capillaries 
of  0.5 mm diameter and underwent high resolution synchrotron diffraction at ID31 beamline  
(λ = 0.7999(1) Å). Data were collected both at room and at high temperature, by heating the capillaries with 
a hot gas blower, capable to reach T = 800K.  
The diffraction patterns at room temperature show quite broad lorentian peaks, the main contribution of 
which is due to the size and strain effects arising from the sample. In particular, the typical diffraction profile 
consists in the overlap of the reflections of at least two different phases: i) the former (χ phase) is easily 
indexed with the rhombohedral cell proposed by Borondics et al. [3] (s.g. R-3m, a = 9.229(1) Å, c = 
25.145(5) Å, γ = 120°); ii) the latter (δ phase) is completely new and is indexed with a monoclinic cell, very 
similar to that of polymer Li4C60 (s. g. I2/m, a = 9.309(2) Å, b = 9.036(1) Å, c = 14.798(4) Å, β = 91.68(1)°). 
In some cases, a minor amount of unreacted C60 is also observed. The Le Bail pattern decomposition of the 
diffraction profile of Mg4C60, where all the three phases are present, is shown in Figure 1a. 
Although the MgxC60 compounds obtained with the metallorganic precursor do not show significant changes 
in the diffraction profiles by tuning the Mg stoichiometry, we found indications that the δ phase is 
compatible with a lower amount of Mg. This hypothesis seems to be clearly confirmed by the preliminary 



diffraction analysis of MgxC60 synthesized via the “standard” route [3], where both χ and δ pure phases 
could be obtained with the stoichiometries respectively  x = 2 and x = 5. 
The Rietveld refinement of the two MgxC60 structures is still in progress, due to the difficulties arising from 
the superimposing peaks of the two phases and it would deserve a continuation of the experiment. 
Preliminary analysis, however, has clearly shown that in both the two phases fullerenes are polymerised. The 
χ “high doped” MgxC60 phase strongly resembles that of high pressure Rh-C60, in which 2D polymeric 
planes (ab planes) are formed by highly distorted C60 units, connected with four-membered carbon rings. The 
diffraction pattern shows high anisotropic broadening of the reflections, which varies from sample to sample; 
this effect indicates the presence of a relevant disorder (stacking faults, structural defects) and prevented a 
detailed structural analysis so far. On the contrary, the δ “low doped” phase is better crystalline with very 
sharp reflections. Similarly to Li4C60, C60 polymeric chains connected by four membered carbon rings 
propagate along the shortest b axis, while the particular arrangement of the chains is such that pairs of carbon 
atoms of neighbouring fullerenes are placed very close (∼2 Å), suggesting the presence of further 
intermolecular single C-C bond along the a axis, thus forming a 2D “hybrid” network. Preliminary analysis 
also suggests that the two Mg2+ ions should be placed in the pseudo-tetrahedral site of the monoclinic cell, 
again in strong analogy with Li4C60. 
Mg4C60 underwent then high resolution powder diffraction during a thermal annealing up to T = 800K. 
Surprisingly, we found that both the χ and δ phases are exceptionally stable. Indeed, their reflections 
disappeared at the same time when the C60 peaks dropped out, due to the cage collapse and the carbon 
graphitisation, observed at T = ∼800K, thus confirming the previous evidences arising from ESR study [4]. 
The temperature dependence of the lattice constants are in agreement with the polymeric nature of the 
compound and provided also a detailed confirm of the bond features: the linear thermal expansion along the a 
axis in the χ cell is approximately equal to that along b axis in the δ cell and 4-5 times smaller than that along 
c axis (stacking axis) of both the phases. On the contrary, the expansion along the a axis of the δ cell is 
slightly smaller that along b (see Figure 1b), accordingly with the two different bonding motives. 
 

a b  
Figure 1: a) Observed (o) and calculated (solid red line) powder diffraction pattern of Mg4C60 at 300 K; the sample is 
a mixture of two polymer phases, rhombohedral (χ) and monoclinic (δ), with a small fraction of unreacted C60 (Le Bail 
analysis, Rwp 3.66%). b) Temperature dependence and linear thermal expansion coefficients of the lattice parameter of 
the χ and δ phases in Mg4C60, in the temperature range T = 300-650 K. The lines through the data points are guides to 
the eye. 
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