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	18.  WORK PROPOSAL DESCRIPTION (Approach, anticipated benefit in 200 words or less):
The interaction of directed energy sources such as energetic ions, electrons, and photons with surfaces provides the basis for modifying, patterning and analyzing surfaces.  This program investigates the fundamentals of these complex interactions over a wide range of conditions using several unique, world-class methods developed in our laboratory.  These uniquely sensitive tools for trace analysis are also providing, for the first time, mass based analysis of materials with nanometer scale lengths. This is a particularly interesting scale since it is the first time that materials of dimension similar to the interaction scale of directed energy sources have been investigated.
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	b. Publications:
22 publications during the last year.
c. Purpose:
Directed Energy sources represent an important method for analyzing, patterning and modifying nanomaterials.  The instruments and fundamental studies here quantify the limits of these techniques for nanomaterial development.

e. Approach: 
M. Pellin (50%), M. Savina (30%), I. Veryovkin (30%).

f. Technical Progress:
· Investigation of laser induced acoustic desorption (LIAD) as a volatilization method producing electronically cold, organic molecules with limited or no fragmentation has led to new understanding of the mechanism.  Velocity distributions demonstrate that previously suggested simple shake off mechanisms for this process must be incorrect due to the relatively high translational energies present.  We suggest the desorbed molecules must arise from an energetic phonon process.

· In a series of papers we have demonstrated that photoionization of ionophores attached to polypeptides is an efficient, discriminative method for detecting these important molecules.  Recent work demonstrates the in situ detection of molecules at concentration levels 100 times less than other methods.

· With the completion of a new SARISA instrument, depth profiling and trace measurement can now be accomplished at levels orders of magnitude lower than has been reported anywhere else.  Recent studies demonstrate monolayer by monolayer analysis at ppt concentration levels.   Moreover, useful yield measurements have now been demonstrated in the 20-30% range for a variety of elements.  This compares favorably to the 10-4 to 10-2 levels demonstrated for competing techniques.
· Using the methodology we have demonstrated the ability to make trace measurements on several elements in SiC grains for the first time.
g. Future Accomplishments: 
· Mass spectrometric imaging of soft materials with spatial resolutions below 1 micron particular for trace analysis represents a challenging and important problem in support of soft material and hard/soft interface synthesis.  The key is to find non-fragmenting ways to desorb and ionize the molecule of interest exclusively from the localized sample volume.  Our accomplishments this year suggest that progress can be made on both fronts.  LIAD studies will be extended to large organic molecules including DNA.   We will also investigate the effect of substrate composition, surface chemistry etc.of the process.  For photoionization, we will move to demonstrate that ionophore tagging can lead to quantitative analytical measurements at much lower levels than conventional methods.
· Low energy depth profiling represents one of the key analytical challenges currently facing the analytical community.  The SARISA instrument now allows dual beam analysis combining the high lateral resolution of high energy microfocus ion sources with the high depth resolution of a low energy depth profiling source.  We will use these capabilities to demonstrate 3-dimensional imaging of implant samples.
· Recently we have purchased a new ion source capable of 5-10 nm spot sizes.  This source provides us with the capability to image at nearly an order of magnitude higher lateral resolution than any current mass spectrometric instrument.   In this year we will begin implementing this imaging capability.

i. NEPA Requirements Required:
NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B.
l. Performance Measures and Expectations: 
Research should produce highly cited publications in major journals.
m. ES&H Considerations: 
Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply.



