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reaction between C
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and Mg powder. For x = 5 a two dimensional structure was found. The polymer

phase is unusually stable up to high temperatures, it remains unchanged at 823 K for 20 minutes as con-

firmed by ESR. The mid-infrared absorption spectrum suggests that the polymer sheets contain single

bonded fulleride ions. Both the spin susceptibility and microwave conductivity measurements show that
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is metallic for T > 200 K. The transition from metallic to insulating states around 200 K may be

attributed to Anderson localization.
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phase is unusually stable up to high temperatures, it remains unchanged at 823 K for 20 minutes as con-
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1 Introduction 

Only one alkaline earth intercalated fullerene polymeric structure has been recognized until now [1], 

which is remarkable if compared with the variety of polymeric phases present in alkali metal doped  

systems. Theoretical calculations [2] suggest that 
60

C
n-

 polyanions are stable preferring single bond forma-

tion for 3n >  if one neglects counterion size effects. Ca
x
C60 and Ba

x
C60 were largely studied because of 

their superconductivity and no polymeric phase was found. In a previous paper [1] a systematic study of 

the Mg
x
C60 system was presented and a 2D polymer structure with lattice parameters a b= =  0.922 nm 

and 2 525c = .  nm was reported for 4x = . 

 An improved synthesis method allowed us to reconsider the Mg
x
C60 system and to point out that the 

stoichiometric composition of this structure is 5 rather than 4. We studied the phase purity of the sample 

with both X-ray diffraction and ESR. For stoichiometries different from 5x =  the samples are hetero-

geneous showing multiple ESR absorption lines at the highest frequency. The thermal stability was also 

studied with ESR in a wide temperature range. To gain more information about the nature of the bonds 

(single or double) we measured the infrared and Raman spectra. Microwave conductivity measurements 

were also performed in order to study the electronic properties. 
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2 Experimental 

The samples were prepared by solid state reaction between stoichiometric amounts of pure C60 and Mg 

powders in a carbon steel tube in a glove box at temperatures between 380 °C and 450 °C. Several inter-

mediate grindings were performed to improve the homogeneity of the samples. The progress of the reac-

tion was followed by X-ray diffraction. Electron spin resonance at 9 GHz was performed with a com-

mercial Bruker Elexsys E 500 spectrometer between 4–330 K on about 10 mg of Mg5C60 powder mixed 

with the ESR reference Mn:MgO in a 1:1 ratio. The samples were sealed in a quartz tube under 

200 mBar He. The high-frequency ESR spectra were recorded on the same samples with a home built 

spectrometer operating at 225 GHz (which corresponds to 8.1 T for 2g = ). Microwave resistivity was 

measured by a cavity perturbation technique [3] measuring the quality factor of a cavity operating at 

10 GHz in the TE011 mode between 130 K and 400 K. The characteristic grain dimensions were much 

smaller than the penetration depth. In this limit the microwave losses in the cavity are directly propor-

tional to the resistivity of the sample. The Mg5C60 grains were separated by SnO oxide powder in order to 

avoid percolation currents among them. Raman spectra were collected using a T64000 Jobin–Yvon 

spectrometer in triple grating configuration with spectral resolution below 3 cm–1. The excitation light 

was the 532 nm line of a frequency-doubled Nd–Yag laser. The diameter of the spot was 100 µm corre-

sponding to a nominal irradiance of about 150 W/cm2. Infrared spectra were recorded on pressed KBr 

pellets with a Bruker IFS 28 FTIR spectrometer under dynamic vacuum. 

3 Results and discussion 

The IR and Raman spectra of Mg5C60 are shown in Fig. 1. The IR spectrum shows many lines as  

expected for symmetry lowering due to polymerization. The T
1u

(1), T
1u

(2), T
1u

(3) modes are clearly 

visible at 523 cm–1, 576 cm–1 and 1193 cm–1, respectively. The intensity of the T
1u

(4) mode is instead 

suppressed and a mode visible also in the Raman spectrum appears at 1480 cm–1. This absorption line 

can be attributed to the Raman active Ag(2) mode blue shifted by approximately 10 cm 1-  with respect to  

 

 

Fig. 1 Infrared and Raman spectrum of Mg5C60. The Ag(2) 

mode at 1480 cm–1 is clearly visible in both spectra. The infra-

red peak around 800 cm–1 is typical of interfullerene single 

bonds. 
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the neutral C60 molecule. A similar effect has been observed in C60 monolayers on metal surfaces (Pt, Cu, 

Au) [4, 5] and has been related to the formation of metal-C60 covalent bonds. We consider this as proof 

of covalent bonding between Mg atoms and C60 molecules, where charge is transferred from the fullerene 

to the d-orbitals of the metal. This scenario is also supported by the similar values of the ionization po-

tentials of the Mg atom and the C60 molecule. The presence of the absorption peak at around 800 cm–1 in 

the IR spectrum is a signature of single interfullerene bonds, seen in single-bonded polymers (Na4C60, 

Na2RbC60 [6]) and dimers (RbC60)2 [7], (C59N)2 [8]. 

 The ESR spectrum at 225 GHz, Fig. 2, shows a single Lorentzian absorption line with line width 

2HD =  mT at all temperatures confirming the phase purity of the Mg5C60 samples. High frequency ESR 

allows in fact to see distinctly the absorption lines of phases with very similar g-factors. The slight dis-

tortion of the absorption line cannot be fitted with the characteristic line form of the g-factor anisotropy 

and is probably due to the inhomogeneity arising from the imperfect diffusion of the Mg atoms during 

the synthesis. 

 The temperature dependence of the spin susceptibility obtained by integrating the 9 GHz ESR signal is 

shown in Fig. 3 left. On the same figure the microwave conductivity is also reported. At temperatures 

higher than 200 K the susceptibility has a Pauli-like behavior while the conductivity decreases with tem-

perature as usual in metals. For T < 200 K the susceptibility follows the Curie law and the conductivity 

increases with temperature. 

 The temperature dependence of the ESR line width at different frequencies is shown in Fig. 3 right. 

The ESR line width is dominated at high magnetic fields by a inhomogeneous broadening and it is tem- 
 

  

Fig. 3 Left: Temperature dependence of the spin susceptibility (squares) and microwave conductivity (points) of 

Mg5C60. Right: ESR line width of Mg5C60 versus temperature at 9 GHz (squares) and 225 GHz (circles). 

Fig. 2 ESR spectrum at 225 GHz and 150 K of Mg5C60. 

The orthorhombic KC60 fulleride polymer line is an inten-

sity reference. 
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perature independent for T  > 200 K. With the lowering of the temperature the line broadens due to the 

localization of the spins in the disordered crystal. At 9 GHz the intrinsic line width contribution is domi-

nant and its temperature dependence is linear for T  > 200 K as in metals in which the main relaxation 

mechanism is due to electron-phonon scattering [9]. For T  < 200 K the line width becomes constant with 

temperature. 

 Both ESR and microwave conductivity show a continuous transition from a metallic to an insulating 

state with localized magnetic moments around 200 K. This behavior can be explained as an Anderson-

like electron localization due to a disorder of the lattice. This disorder induces a mobility edge Ec in the 

electron band. If the Fermi energy is lower than the mobility edge the ground state is insulating but for 

temperature higher than Ec/kB electrons became gradually delocalized. 

 We studied the thermal stability of the polymer phase by measuring the room temperature ESR spec-

trum after annealing in a furnace and quenching in water. The polymer phase was stable up to at least 

823 K for 30 minutes. At higher temperatures the color of the quartz sample holder and the ESR spec-

trum change indicating a diffusion of the Mg atoms into the silica structure. The change was irreversible 

with temperature. We thus conclude that Mg5C60 is stable up to very high temperatures, a reaction with 

the silica of the sample holder prevented us to measure the depolymerization temperature. These tem-

peratures are also too high to allow IR or X-ray diffraction to study the depolymerization of Mg5C60. 

4 Summary 

Mg5C60 is a 2D fulleride polymer with a slight inhomogeneity in the distribution of Mg atoms. IR and 

Raman spectra show the coexistence of single bonds between C60 molecules and C60–Mg atom covalent 

bonding but the determination of the exact crystalline structure needs a further investigation. The poly-

mer is metallic for temperatures higher than 200 K. At this temperature the system becomes insulating, 

which we attribute to a disorder-driven, Anderson-like electron localization. Mg5C60 is stable to at least 

823 K where the sample reacts with the silica sample holder. 
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