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The identification of a compound is one of the most common tasks in chemical analysis. Given the diversity of chemical compounds and their wide range of reactivity, the difficulty of this task ranges from simple to impossible, depending on the specific compound, its concentration and its chemical surroundings. In the fortunate case of volatile compounds or compounds that can be made volatile by chemical modification, the ‘gold-standard’ method of GC/MS can often be applied for identification. Here, confident identifications are made by matching spectra and retention time to those in a reference library. In principle, this strategy can work equally well for identification by LC/MS-MS, but in practice this is hindered by the far larger number of potential analytes and the far smaller spectrum libraries. 

This talk will describe the current state and future promise of mass spectral libraries, including fragmentation by electron ionization (EI-GC/MS) and collision-induced dissociation (CID-tandem LC/MS). We begin with a discussion of how to assess the confidence of identification. We use a ‘Bayesian’ approach that separates this confidence into the three factors. 1) ‘Prior probability’ or the likelihood that a compound is present and detectable in the mixture prior to analysis. This crucial estimate requires a human expert. We give several practical illustrations of this critical, but often misunderstood idea. 2) Spectrum variability, where one ion can give many spectra. Since a mass spectrum is basically a kinetic property of an ion, variability primarily originates from instrument design and operation.  We describe a number of sources of this variation and ways of dealing with them. 3) Non-uniqueness of spectra, where multiple compounds can generate indistinguishable spectra.  Structural differences between compounds are sometimes lost in their fragmentation. This fundamental limitation of mass spectrometry can sometimes be overcome with retention time or other factors, but is often a key worry when trying to make confident identifications. Examples and ways of dealing with this problem will be discussed. 

We next discuss library-based strategies for dealing with compounds not present in the library. This includes the construction and use of ‘recurrent-spectra’ libraries, spectra-within-spectra uses of the EI library for identification of CID spectra, and in-silico fragmentation algorithms that access reference libraries. We then describe applications to ‘proteomics’, where the predictability of peptide fragmentation enables the creation of comprehensive libraries directly from ‘digests’ of biological materials or individual proteins (http://peptide.nist.gov/). Finally, we discuss progress towards a ‘no spectrum left behind’ approach to GC-LC/MS-analysis, seeking to classify and label all observable peaks in an experiment, and thereby provide ‘global’ results for a sample. We apply this to urine analysis, essential oils and biologic drug analysis.
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