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Large Fullerenes in Mass Spectra
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Results and Discussion


Fullerenes have been studied for nearly three decades and enormous advances have been made. Mass spectrometry is commonly used for investigations on the distribution of fullerenes formed from evaporated graphite targets, and soot produced from such targets. We report distributions of fullerenes formed by graphite evaporation by use of a pulsed supersonic cluster source and compare them to certain distributions synthesised by other techniques, such as arc discharge and combustion methods. We highlight the fact that physical processes can occur during the mass spectral analysis of fullerenes under certain conditions that may skew the observed distribution of cage sizes present in a sample. In some cases, an analysis of fullerene-containing soot can greatly exaggerate the relative abundance of large fullerenes compared to C60 and medium-sized fullerenes, depending on the particular experimental setup.
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Figure 1. Fullerenes formed by the vaporization of graphite: (a) Fourier transform ion cyclotron resonance (FT-ICR) mass spectrum of the medium sized to the larger fullerene region for C2n positive ions observed directly from the vaporization of graphite by the use of a pulsed laser vaporization cluster source, (b) mass spectrum of fullerenes produced by the arc discharge method from an o-xylene extracted fullerene-containing soot. 


Here, we draw attention to the fact that such phenomena can cause significant errors in an interpretation of the relative abundances of smaller (C2n < C60–C70) with respect to medium (∼C80–C100) and in particular the much larger fullerene cages (C2n > C100–C500) from fullerene-containing soot or extracted samples. Although fullerenes originally detected were produced by the laser ablation of graphite, commercial samples are now typically generated by a carbon arc discharge in an inert atmosphere, such as helium or by the combustion of methane and other hydrocarbons. Figure 1(a) shows the cluster cations directly produced by laser vaporization of graphite in a pulsed supersonic cluster source. In that experimental setup, fullerenes remain in the gas phase until they are detected by mass spectrometry. When the arc discharge method is used, the fullerenes produced in the gas phase are generally solvent-extracted from the carbon soot also produced by the process. Solvent extraction with toluene and similar solvents, for example, is a common way to extract popular fullerenes from the bulk soot. Figure 1(b) shows the fullerene distribution from an o-xylene extract of soot produced by an arc discharge of graphite. C72, C68–C62, and all fullerenes smaller than C60, however, are not detected in the fullerene-containing soot because they are insoluble or ‘react away’ (i.e., are unstable) in the solid state. In fact, a large number of fullerene species – especially large ones – appear to be insoluble in common solvents and thus the comparison of all small-, medium-, and large-sized cages in a given extract is not an accurate reflection of the fullerene cage size distribution actually produced by the vaporization of graphite.
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