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Report:

It is well known that magnesium cannot be intercalated easily in carbon based compounds, as for example in
graphite [1]. On the contrary, solid fullerene can host up to 5 Mg atoms per C g in the lattice interstices,
where Cgy molecules polymerise to form a 2D rhombohedral structure with metallic character and
unexpected thermal stability [2]. Recently, we also managed to isolate a new Mg fulleride Mg,Csgo, through a
direct solid state reaction. Synchrotron and neutron powder diffraction, performed respectively at ID31
(ESRF, Grenoble) and at HRPT (SINQ-PSI, Villigen) proved that Mg,Cso shares the same structure of the
superionic conductor LisCgo, with a peculiar hybrid 2D bonding network [3].

Magnesium intercalated fullerides represent interesting systems, which could find applications in the field of
energy storage, as electrodes for future Mg-ion batteries or as materials for the accumulation of hydrogen in
solid state tanks [4].

In order to optimise the intercalation process and also to possibly extend the family of Mg intercalated
fullerene compounds, recently we explored new chemical routes for the synthesis of these systems. In
particular, we managed to intercalate Cgo With Mg via a “cold” reaction mediated by solvents, in which the
alkali-earth metal can enter in solution, such as ammonia, tetrahydrofuran (THF) and methylamine. While the
latter gave invariably rise to amorphous compounds, stable crystalline samples were indeed produced by
using ammonia and THF.

High resolution synchrotron radiation diffraction was performed at the beamline ID31 (A = 0.40006 A) on
several Mg intercalated fullerides, obtained from different reaction mediated by solvents, either THF and
ammonia. While in the case of THF data substantially confirmed the previous results extracted by
diffractograms collected at BM1B (see experimental report of experiment CH-3258), in which Cg units are
packed in a hexagonal lattice in which THF molecules are co-intercalated (see Figure 1a)), samples obtained
from reaction in liquid ammonia displayed a quite different crystalline arrangement.

Diffraction pattern collected at room temperature on the sample with the nominal stoichiometry Mg4Ceo is
shown in Figure 1b). It consists of broad peaks which were easily indexed with a close packed hexagonal



cell:

S.G. P6s/mmc, a=10.014(1) A, ¢ = 16.320(3) A, y = 120° (Le Bail analysis).

The most intense peaks shows an unusual profile, which could not be fitted easily. However, a more careful
investigation revealed that this arises from the superimposion the contributes of two phases, the hexagonal
one, with broader peaks, plus another one featuring a face centered cubic cell: S. G. F m -3 m, a = 14.180(2)
A. A closest inspection of the cell parameters values indicated that the latter could be compatible with
segregated pristine Cgp, as a minority phase. Concerning the former, which approximately represents more
than 90% of the sample, surprisingly it closely resembles the hexagonal polimorphic modification of Cg,
which is known to be thermodinamically unstable under normal conditions; it could be obtained, for
example, upon crystallizing from fullerene solutions frozen with liquid nitrogen [5].

Since in this case the sample was obtained under normal conditions, we believe that the propensity of Cgo
units to arrange in a hexagonal lattice is rather induced by the presence of Mg. The slightly shorter lattice
parameters in our sample, if compared with those of hexagonal Ceo (a ~ 10.02 A and ¢ ~ 16.38 A) suggests
the possible intercalation of Mg ions in the observed structure, although further structural analysis (Rietveld
refinement), still in course, will be necessary to prove it. The refined interfullerene distance is of ~ 10 A, a
value which is large enough to exclude the presence of fullerene polymerisation, but on the other hand, also
too short to be compatible with the presence of co-intercalated ammonia molecules.
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Figure 1: a) Proposed structure of MgCeso(THF)3. b) Comparison of calculated and symulated powder
diffraction pattern of Mg4Cso synthesized in liquid ammonia (Le Bail analysis, Rwp = 5.17 %)
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