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DART Fourier Transform Ion Cyclotron Resonance Mass Spectrometry for

Analysis of Complex Organic Mixtures
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Results and Discussion


We report the first combination of a commercial direct analysis in real time (DART) source with FT-ICR MS and the application to analysis of complex organic mixtures. DART enables ionization of compounds with little or no sample preparation, and FT-ICR provides ultrahigh mass resolution and mass accuracy. The combination provides a rapid, robust, and reliable method for analysis of components spanning a wide range of chemical functionality. DART 9.4 T FT-ICR MS generates abundant molecular or quasimolecular ions from C60, heavy petroleum, naphthenate deposits, and biotar, without fragmentation. 
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Figure 1. Top: negative ion DART 9.4 T FT-ICR mass spectrum of a biotar sample. Inset: summed relative abundances for each member of the Ox (x=2–12) heteroatom class. Bottom: isoabundance-contoured plots of DBE vs. carbon number for each of the most abundant heteroatom classes. 
We applied DART FT-ICR MS for characterization of biotar produced from hardwood chips during fast pyrolysis under nitrogen. The primary components of wood include bio-polymers (cellulose, hemi-cellulose, lignin) that decompose on heating in the absence of oxygen. In general, pyrolysis of biomass results in the formation of gas, liquid (biotar), and solid (charcoal) phases. Fast pyrolysis is used to maximize the yield of liquid products that can be further upgraded to produce transportation fuels. The application of DART time-of-flight MS for analysis of mainly volatile, low molecular weight compounds formed during wood pyrolysis has been reported. Compositional characterization of biotar is crucial for the development and optimization of technology in manufacturing of bio-fuels. The negative ion DART FT-ICR mass spectrum of biotar (top) reveals more than 6400 different elemental compositions spanning a wide mass range (150<m/z<900). The most abundant heteroatom ion classes (top inset) are On (n=3–8). Fig. 1, bottom demonstrates the distribution of components within each heteroatom class, graphically sorted according to DBE and carbon number. All of the biotar On classes are highly aromatic (i.e., high DBE for a given carbon number). The diagonal distribution in DBE vs. carbon number is characteristic of polymers: i.e., composition and molecular weight increase proportionally with addition of each successive monomer unit. Here again, (-) DART determination of the most abundant heteroatom classes and the distribution of components in the DBE vs. carbon number plots are similar to those from (-) ESI, except for small differences in relative abundances.
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