APPLICATION OF FTICR MASS SPECTROMETRY FOR THE IDENTIFICATION OF POLAR COMPOUNDS IN ITALIAN CRUDE OIL
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The use of the crude oil as primary source of energy has significant social and environmental impacts, from accidents and routine activities such as seismic exploration, drilling, and generation of polluting wastes.

Petroleum crude oil is a complex organic mixture in terms of the number of chemically distinct constituents: it is composed of unsaturated and saturated hydrocarbons, heteroatoms (such as N, S, and O), as well as a small percentage of metals, particularly vanadium, nickel, iron and copper. The hydrocarbon fraction can be as high as 90% by weight in light oils, compared to about 70% in heavy crude oil. A majority of the heteroatom free aromatics contain paraffinic chains, naphthalene rings, and aromatic rings side by side.

Heteroatomic compounds constitute a relatively small portion of crude oils, less than 15%, but have significant implications because their presence and composition, which depend on the origin of the crude oil, can cause positive and negative effects in the transformation processes as well as can be of environmental concern.
A variety of techniques have been employed to examine the structure of heteroatomic species. Compositions of the saturated hydrocarbons have been well characterized by gas chromatography mass spectrometry [1], two-dimensional gas chromatography coupled to mass spectrometry [2], high-resolution mass spectrometry [3,4], and liquid chromatography mass spectrometry [5,6]. However, comparatively modest is knowledge about the less abundant polar species or heavy crude oils, whose compositional complexity far exceeds the peak capacity of typical analytical techniques.

Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR/MS) is capable of achieving the peak capacity needed to resolve individual components of a complex data matrix. In the last years FT-ICR/MS has received considerable attention for its ability to make mass measurements with a combination of resolution and accuracy that is higher than any other mass spectrometer.

Qian et al. [7,8] applied electrospray ionization FT-ICR/MS for the identification of more than 3000 nitrogen containing compounds in crude oils without prior chromatographic separation. Marshall and Rodgers [9] demonstrated the unique utility of high field (9.4 T) ESI/FT-ICR/MS to resolve and identify the polar species found in all petroleum distillates.

In this work we show preliminary results obtained in the analysis of an Italian crude oil, sampled from a petroleum well sited into the Viggiano countryside (Basilicata region - Southern Italy), and the same oil after UV irradiation, simulating the naturally degradation occurring in the external environments.

The analysis were realized using the microESI/FT-ICR/MS 7 T ThermoElectron installed at Basilicata University and the nanoESI/FT-ICR/MS 12 T installed at GSF, Institute for Ecological Chemistry. The aim was to compare two instruments characterized by different features and working abilities.

Thermo’s LTQ-FT is a hybrid linear ion trap/FT-MS and Bruker’s APEX-Qe is a quadrupole mass analyzer interfaced to an FT-MS.

More than 10000 ion signals were resolved in two mass spectra recorded in positive and negative mode, respectively. With both the instruments was possible a tentative for the determination of elemental composition of polar species in oil samples, and identification of compounds’ class (numbers of heteroatoms) and type (rings plus double bonds).

The mass values of (singly-charged) ions from 200 to 1000 Da with relative abundance greater than 3 times the standard deviation of the baseline noise were imported into an Excel spreadsheet.

Conversion of measured masses from the IUPAC mass scale (12C = 12.00000 Da) to the Kendrick mass scale (CH2=14.00000 instead of 14.01565 Da) was performed to facilitate identification of homologous series [10].

Results highlight the different capability of the two instruments due to a major precision of 12 T equipment in the mass measurement (error < 0.5 ppm at 400 m/z). Moreover, software development is needed to be adapted for this kind of application – this is actually done in the German in collaboration with Bruker Daltonik / Bremen. Whit both instruments results are comparable selecting only the most rational combinations of C, H, O. At the moment, the extension of rationale to N and S containing signals is realistic only by the 12 T equipment.
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