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Work Proposal Description: 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.

b. Publications:   Nine
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 (10%), W. Calaway (80%), M. Savina (10%), I. Veryovkin (10%), A. Zinovev (Visiting Scholar, 10%).
f. Technical Progress: In preparation for sputtering yield measurements from nanoparticles, we have been developing methods to prepare and characterize bare gold nanoparticle samples with relatively high densities on a variety of support materials ranging from Si wafers to Si wafers coated with alumina (1-10 atomic layers), titania and vanadia.  The supports have demonstrated roughness using GISAXS of <0.4 nm.  The gold particles produced can be varied in size from 9 atoms to 20 nm.  Several papers have been published and several more in press on describing both the preparation method and the analysis method.
We have demonstrated for the first time that acoustic waves (produced by energetic laser pulses) can be used to desorb molecules adsorbed on a metal surface.  The molecules desorbed appear to have extremely low internal energies when compared to other desorption methods (e.g. laser desorption) suggesting that this desorption method may produce less fragmentation in mass spectra.
We have shown that a wide variety of ionophore molecules can be attached to peptides (both on the carboxy- and amino- terminal ends) and that they allow lower fragmentation and higher sensitivity for the tagged species.

Photocatalysis of TiO2 nanoparticle surfaces was followed in real time for the first time, allowing the identification of several previously unknown intermediates.
g. Future Accomplishments: Focused ion beam (FIB) erosion represents a powerful patterning method for structuring materials currently producing features with dimensions at or below 50 nm.  New FIB sources with 5 nm lateral resolutions have just become available and will be implemented in the trace analytical tools used here for analysis.  Since energetic ions produced in the FIB source remove materials by sputtering and since the sputtering process produces atom motion in the sample in the range of 5 nm two things are clear.  First, one needs to find ion energies, masses, nuclearities with smaller ranges if the resolution of this tool is to be improved further.  Second, one expects that the current models of this process will breakdown when the induced collision cascade becomes uncontained (that is when the size of the particle and moving atom ranges coincide).  This breakdown has significant implications for using ions to pattern and/or analyze the particles in this size range and below.  We have spent the past year developing well characterized, stable bare gold nanoparticle samples with narrow size distributions whose most probable size can be adjusted over the range of 2 to 20 nm’s.  We intend this year to characterize the size dependent sputtering yield of these samples for a wide variety of incident ion masses, nuclearities and energies.
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.  We will look into previous studies suggesting that progress can be made on both fronts.  We will utilize acoustic desorption to desorb a wide range of molecules; testing if the technique has wide applicability.   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.
 h. Relationships to Other Projects: 
i. NEPA Requirements Required: :   NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B.

j. Explanation of Milestone:  N/A 
k. Deliverables: N/A
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 

n. Human or Animal Subjects Activities: N/A
o. Security Requirements: N/A
