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The need to detect molecules in ambient environments presents interesting challenges to the analytical chemistry community particularly when the concentrations are low, the molecules are complex, and real time analysis is required. In this presentation, I will describe two new methods for chemical imaging at spatial dimensions from a hundred micrometers to ten meters standoff. These methods leverage the unique capabilities of ultrafast lasers to deliver a large amount of energy into a chemical system on a time scale on the order of a vibrational period, ~30 fs. This induces highly nonlinear excitation that results in new phenomena that can be harnessed for new analytical capabilities. In the first example the method of femtosecond laser vaporization electrospray mass spectrometry will be presented. In this experiment, an intense femtosecond laser pulse (1013 W cm-2) is used to transfer a condensed phase sample into the vapor state for analysis. When femtosecond laser vaporization is combined with electrospray ionization mass spectrometry, a universal detector is produced that requires no sample work up and operates under ambient conditions. The method has been applied to the detection of pharmaceuticals, narcotics, trace explosives and a number of macro molecules including proteins. We have demonstrated that the method can be used to determine the structure of protein molecules in the condensed phase, whether folded or unfolded. The technique has been used for tissue typing, as well as classification of explosives. With analysis times of less than a second, the method can be used to image the spatial position of molecules on a surface.


In a second method employing the unique characteristics of ultrafast lasers, I will describe the use of filament-based impulsive Raman detection to detect gas phase molecules is a spatially-resolved manner at distances from 2 to 15 meters. The impulsive Raman method is approximately ten million times more sensitive than conventional spontaneous Raman because of a coherent excitation mechanism that forces all molecules in the laser beam to vibrate in phase. A probe laser propagating through the coherently excited medium then acquires intense Raman side bands. This technique is based on the discovery that the laser filamention process in air will self-shorten a commercially available femtosecond laser to a pulse 7 femtoseconds in duration. Such a pulse will impulsively excite coherent vibrations in all Raman active molecules, providing another example of universal detection. Using this technique, single-shot vibrational spectra can currently be obtained covering the 100 cm-1- 4200 cm-1 vibrational spectral region. This allows the detection and identification of mixtures of gases in a rapid, ~1 second, measurement. We have demonstrated that laser pulse shaping will control the longitudinal position of laser filamentation, thus allowing z-scanning capabilities. 
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