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TOWARDS THE PERSONAL MASS SPECTROMETER:
CHEMICAL ANALYSIS IN SITU AND IN REAL TIME
R. Graham Cooks
Department of Chemistry, Purdue University
West Lafayette, Indiana, USA
E-mail: cooks@purdue.edu
The combination of two technologies, one a method of ionization of in the ambient environment and the other a miniature mass spectrometer, has set the stage for the emergence of the personal mass spectrometer.  This handheld instrument will be capable of direct analysis without sample pretreatment; it will be applicable to solids on environmental surfaces as well as solutions and vapors.  It will have a mass range of > 10,000 Da with unit mass resolution to ca. 1,000 Da.  It will be based on a quadrupole ion trap and hence will have intrinsic MS/MS capabilities for the analysis of complex mixtures. Most of the above capabilities have already been demonstrated separately in a miniature mass spectrometer and in a lab instrument operated with an ambient ion source.  This presentation describes the final steps in combining these technologies and creating an integrated autonomous handheld instrumentation package of less than 15kg. 

Desorption electrospray ionization (DESI) is the ambient ionization method of interest for miniature mass spectrometers.  It is presented with emphasis on analytical performance characteristics, the underlying mechanisms, and the molecular imaging application. Applications to metabolomics include direct analysis of biological fluids, typically after adsorption on a matrix like paper.  Lipid analysis directly from untreated biological tissue is discussed, especially in the context of bacterial typing.  Spatial resolution of 250 micron is achieved in DESI imaging and applied to tissue imaging for disease diagnosis and in forensics. 

Laser doppler spectroscopy is used in characterizing the DESI mechanism. A phase transfer (droplet pickup) mechanism is presented and supported by phase doppler anemometry measurements and by fluid dynamics simulations. The simulations indicate that prior droplets dissolve surface material which is released as progeny droplets by the mechanical forces associated with the primary droplet impact. 

Experiments in which both ESI and DESI is used in conjunction with a miniature mass spectrometer are also discussed.  A shoebox sized, 10 kg handheld miniature mass spectrometer, the Mini 10, based on a rectilinear ion trap mass analyzer is shown to allow immediate determination of biomolecules and drugs in the real environment.  The use of this small instrument for protein and drug characterization is also shown.  
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