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Abstract.

Large molecules in environmental samples have been detected initially by size exclusion chromatography (SEC) and their presence subsequently confirmed by MALDI-MS. Although SEC does not measure molecular mass, it can be used to estimate molecular mass ranges of polydisperse samples and fractions. The two requirements of SEC are 1) a solvent that minimises interaction between solute molecules and column packing and 2) a solvent able to completely dissolve the sample. We have shown that SEC using 1-methyl-2-pyrrolidinone (NMP) as eluent and calibrated using polystyrene standards provides an estimate of molecular mass for coal tar pitch fractions, in good agreement with the peak masses measured for the same fractions by MALDI-MS and LD-MS up to m/z 3,000.  

Size exclusion chromatograms in NMP eluent always show a bimodal distribution with an approximately zero-intensity gap between the peaks. This is true for coal liquids, petroleum asphaltenes, biomass tars and amber. Two explanations for this gap are that 1) there is a population of either very large molecules (or aggregates of small molecules masquerading as large) or 2) there is a change of structure above a particular mass value such that molecules become curved or three-dimensional and are excluded from the SEC column porosity. Calibration of SEC using three-dimensional standards (fullerene, colloidal silicas and soot) indicates that such shapes of molecule would elute as if of very large molecular mass, independent of density.  Aggregation has been disproved as a mechanism in NMP solution.

Mass spectrometric studies using lasers to ionise samples of wide polydispersity have indicated that mass discrimination is liable to prevent ionisation of the largest molecular mass material. A higher laser power is needed for the large mass molecules than for the small mass molecules present in polydisperse samples. Modification of the parameters of MALDI- MS by reducing the voltage on the detector while increasing the laser power to 90% of maximum as well as operating at low total ion intensities with pulsed ion extraction, has produced reproducible mass spectra for a pyridine-insoluble fraction of pitch showing a bimodal but continuous distribution of mass up to about m/z 100,000. The low-mass ranges of LD-MS and SEC agree reasonably satisfactorily. The high-mass range of LD-MS is a factor 100 or more, lower in mass than indicated by SEC. For agreement to be reached between the two methods, the molecules detected by LD-MS above several thousand mass units must be three-dimensional in shape to elute from SEC in the excluded region as large molecules.

HT-GC-MS of pentane-insoluble fractions of coal liquids and asphaltenes shows the absence of components amenable to the technique.  Pyrolysis-GC-MS of fractions of coal liquids indicates that molecules insoluble in acetone or acetonitrile do not form fragments able to pass through the GC column, but form char instead. The structures of the larger molecules differ significantly from structures of small molecules and cannot be predicted from them. However, their presence can be revealed by SEC and MALDI-MS.

