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14. Abstract 

We have learned to manipulate defects, domains, crystallinity, desorption, exchange, 
insertion, grafting, conductance, and deposition to advantage in order to manipulate film 
structures and properties and to isolate molecules for use, study, and/or reaction. 

We have enhanced our abilities to measure with sub-nanometer resolution across a broad 
spectral range. We have discovered unique opportunities at this scale, such as "optically 
hot" asperities on asymmetric nanoparticles. We expect to be able to exploit these effects 
to advantage. There are no other means of studying such materials at these scales. 
Couplings between molecules and nanoparticles that we propose to study may pose 
fundamental limitations on the densities to which functional devices can be packed. 

We have demonstrated our ability to discriminate between different nanostructure 
compositions. We have proposed using this capability to develop selective "stains" for 
scanning probe microscopy in analogy to those employed in conventional light 
microscopy. The difference here is that much higher spatial resolution will be possible so 
that single exposed functional groups may be labeled. 
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1999 Centennial American Physical Society Meeting, "Electron Transport Through Organic Molecules," 
L. A. Bumm, L. F. Charles, J. J. Arnold, T. D. Dunbar, D. L. Allara, and P. S. Weiss, Atlanta, GA, March 
24, 1999. Presented by L. A. Bumm. 

STM '99: the 10th Scanning Tunneling Microscopy Conference, "Identifying and Locating Functional 
Groups by Selective Reactions: Staining for Scanning Probe Microscopy," G. S. McCarty and P. S. Weiss, 
Seoul, Korea, July 19, 1999. 

American Chemical Society Meeting, "Directing Assembly in Monolayers by Controlling Solution 
Exchange Kinetics," A. L. Bross,* A. Hooper, D. L. Allara, and P. S. Weiss, New Orleans, LA, August 22, 
1999. 
*Winner of the I. M. Kolthoff Award for Undergraduate Research in Analytical Chemistry. 

American Chemical Society Meeting, "Differentiating Molecular Structures in Scanning Tunneling 



Microscopy," G. S. McCarty, CD. Keating, DJ. Fuchs, and P. S. Weiss, New Orleans, LA, August 23, 
1999. 

j. Honors/Awards/Prizes for contract/grant employees: 

Jamie J. Arnold 
Eberly College of Science Roberts Award. 

Aimee L. Bross 
Eberly College of Science John and Elizabeth Teas Scholarship. 
American Chemical Society, Analytical Chemistry Division, I. M. Kolthoff Undergraduate Research 
Award. 
American Physical Society, Chemical Physics Division, Graduate Student Travel Award. 

Michael T. Cygan 
National Research Council Post-doctoral Fellowship (for the Naval Research Laboratory) 

Terrence G. D'Onofrio 
Roberts Graduate Research Award 

James H. Ferris 
Dorothy M. Hoffman Vacuum Education Award, 2nd Prize. 

Marilyn M. Kamna 
Eberly College of Science Roberts Award. 

James G. Kushmerick 
Twelfth Graduate Research Exhibition, Honorable Mention. 
Braddock Graduate Fellowship of the Eberly College of Science. 

Greg S. McCarty 
American Vacuum Society, Nanometer Science and Technology Division Travel Award. 
Lubrizol Graduate Research Award, 1999 

Elizabeth Muth 
Eberly College of Science John and Elizabeth Teas Scholarship. 

Stephan J. Stranick 
Ithaca College Young Alumnus of the Year. 

Roger Wang 
College of Engineering H. Thomas and Dorothy Willits Hallowell Scholarship. 
The Pennsylvania State University Presidential Freshman Award. 

Paul S. Weiss 
Guest Editor for Special Issue of Israel Journal of Chemistry. 



Jahn Simon Guggenheim Memorial Fellowship. 
Visiting Professor, Department of Molecular Biotechnology, University of Washington. 
National Science Foundation Special Creativity Award. 
Visiting Professor, Department of Electronic Science and Engineering and the Venture Business 
Laboratory, Kyoto University. 
Elected Fellow, American Association for the Advancement of Science. 

Final Report - PART II 

• a. Principal Investigator 
Paul S. Weiss 

• b. Current telephone number 
(814) 865-3693 voice 
(814) 863-5516 fax 

• c. Cognizant ONR Program Officer 
Dr. John C. Pazik 

• d. Program objective 

The objective of this program was to examine the electronic and physico-chemical properties, 
the stability, and the dynamics of nanometer-scale structures and of components that may be 
used in such structures. These structures and components may play key roles in evolving or 
even revolutionizing devices for communications, sensors, and detectors. Our understanding 
of these structures is developed using unique scanning tunneling microscopy instrumentation 
which gives us the ability to work at low temperatures, to manipulate surface structures, and to 
probe both electronically and over a broad frequency range. We collaborate with key 
developers of molecules, films, and devices to screen and to advance the properties of the 
components, structures, and films they create. This work serves as the scientific backbone of 
the technological advances in related DARPA Moletronics work and in a wide range of other 
areas. 

• e. Most significant results 

We have learned to manipulate defects, domains, crystallinity, desorption, exchange, insertion, 
grafting, conductance, and deposition to advantage in order to manipulate film structures and 
properties and to isolate molecules for use, study, and/or reaction.1"8 We have used scanning 
tunneling microscopy, X-ray photoelectron spectroscopy, and infrared spectroscopy to 
measure the resultant films. 

We have enhanced our abilities to measure with sub-nanometer resolution across a broad 
spectral range.8"11 We have discovered unique opportunities at this scale, such as "optically 
hot" asperities on asymmetric nanoparticles. We expect to be able to exploit these effects to 
advantage. There are no other means of studying such materials at these scales. Couplings 
between molecules and nanoparticles that we propose to study may pose fundamental 
limitations on the densities to which functional devices can be packed. 

We have demonstrated our ability to discriminate between different nanostructure 



compositions. We have proposed using this capability to develop selective "stains" for 
scanning probe microscopy in analogy to those employed in conventional light 

microscopy.9'10 The difference here is that much higher spatial resolution will be possible so 
that single exposed functional groups may be labeled. 

Specific accomplishments relating to the above are: 

Selecting the separation or mixing of components at the nanometer scale.4,7 In addition, 
we can graft one film onto another in two dimensions. This enables selective decoration 
or reaction of unique surface sites at an interface that is physically perfect, but 
chemically distinct from the rest of the surface.4'7 

Selective removal of specific defects by processing films and controlling their 
completeness.1,4'7 This leads to independent control of insertion, exchange, and 
removal of molecules. 

Insertion of single molecules for subsequent study or reaction.3,8,11 These molecules 
can then be probed individually or in bundles.8,11 Recent (unpublished) experiments 
allow us to follow electronic switching of inserted molecules. This isolation also 
enabled the first example of the selective chemical modification of surface species 
without disrupting the nanometer-scale structure.3 A living polymer was grown off 
inserted, isolated tethers. It was also possible to bundle together the tethers so as to 
select growth of surface-bound polymer brushes. These polymers and the controlled 
substrate on which they lie may be used to create non-volatile nanometer-scale organic 
memory. 

We have observed "optically hot" regions on single nanoparticles.9,10 These may be 
used to enhance spectroscopy, optical coupling at the nanometer scale, or isolation at 
this scale. We have also shown that nanoparticles couple electronically as they are 
brought into proximity, but remain out of chemical contact (not yet published). We have 
created a unique system for studying these interactions that does not depend on bulk 
synthesis and laborious separations. This will allow us to explore the phase space of 
these interactions and their dependence on separation and orientation, before targeting 
selected assemblies for synthesis. 

Our ONR Program has served as the core for discovery in our group, from which a large 
number of other efforts have emanated. 

'Directing Assembly in Monolayers by Controlling Exchange Kinetics, A. L. Bross, A. E. 
Hooper, L. A. Bumm, D. L. Allara, and P. S. Weiss, to be submitted to Journal of Physical 
Chemistry B. 

2 Strong Substrate Effect in Local Poling of Ultrathin Ferroelectric Polymer Films, X. Q. 
Chen, Y. Terai, T. Horiuchi, H. Yamada, K. Matsushige, and P. S. Weiss, Thin Solid Films 
353,259(1999). 



3Ring-Opening Metathesis Polymerization from Surfaces, M. Week, J. J. Jackiw, R. R. Rossi, 
P. S. Weiss, and R. H. Grubbs, Journal of the American Chemical Society 121, 4088 (1999). 

4Directed Self-Assembly to Create Molecular Terraces with Molecularly Sharp Boundaries in 
Organic Monolayers, L. A. Bumm, J. J. Arnold, T. D. Dunbar, D. L. Allara, and P. S. Weiss. 
Journal of the American Chemical Society 121, 8017 (1999). 

5Electron Transport through Organic Molecules, L. A. Bumm, J. J. Arnold, T. D. Dunbar, D. 
L. Allara, and P. S. Weiss. Journal of Physical Chemistry B 103, 8122 (1999). 

^Molecular Caltrops: Adsorption and Spectroscopy, A. Hatzor, P. Harder, G. S. McCarty, D. 
J. Fuchs, J. M. Tour, D. L. Allara, and P. S. Weiss, to be submitted. 

n 
Creating, Tailoring and Using One-Dimensional Interfaces in Two-Dimensional Films, P. S. 

Weiss, H. Yokota, R. Aebersold, G. van den Engh, L. A. Bumm, J. J. Arnold, T. D. Dunbar, 
and D. L. Allara, Journal of Physics: Condensed Matter 10, 7703 (1998). 

o 

Insertion, Conductivity, and Structures of Conjugated Organic Oligomers in Self-Assembled 
Alkanethiol Monolayers on Auflll}, M. T. Cygan, T. D. Dunbar, J. J. Arnold, L. A. Bumm, 
N. F. Shedlock, T. P. Bürgin, L. Jones II, D. L. Allara, J. M. Tour, and P. S. Weiss, Journal of 
the American Chemical Society 120, 2721 (1998). 

Scanning Tunneling Microscopy and Spectroscopies of Nanometer-Scale Particles, G. S. 
McCarty, J. C. Love, J. G. Kushmerick, L. F. Charles, C. D. Keating, B. J. Toleno, M. E. Lyn, 
A. W. Castleman, Jr., M. J. Natan, and P. S. Weiss, Journal of Nanoparticle Research 1 
(1999), in press. 

Scanning Probe Studies of Single Nanostructures, G. S. McCarty and P. S. Weiss, Chemical 
Reviews 99, 1983(1999). 

lAre Single Molecular Wires Conducting? L. A. Bumm, J. J. Arnold, M. T. Cygan, T. D. 
Dunbar, T. P. Bürgin, L. Jones II, D. L. Allara, J. M. Tour, and P. S. Weiss, Science 271,1705 
(1996). 

•  g. List of names of graduate students and post-doctorals who worked on the project 

Jamie J. Arnold, Lyndon F. Charles, Michael T. Cygan, Terrence G. D'Onofrio, Jennifer J. Jackiw, 
Jennifer J. Johnson, James G. Kushmerick, Kyle R. Krom, Marilyn M. Kamna, Greg S. McCarty, 
and James Shore (others in prior funding periods). 
Dr. Lloyd A. Bumm, Dr. Michael T. Cygan, Dr. S. Alex Kandel, and Dr. Kevin F. Kelly. 
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Contract/Grant Number: N00014-91-J-1630 
Contract/Grant Title: Creation and Measurement of Components for Nanometer-Scale and 
Hybrid-Function Devices 
Principal Investigator: Paul S. Weiss 
Mailing Address: 
152 Davey Laboratory 
The Pennsylvania State University 
University Park, PA 16802-6300 
Phone Number: (814) 865-3693 
Fax Number: (814) 863-5516 
E-mail Address: stm@psu.edu 
http address: http://stml.chem.psu.edu/ 

a. Number of papers submitted to refereed journals, but not published: 3 
b. + Number of papers published in refereed journals: 23 
c. + Number of books or chapters submitted, but not yet published: 0 
d. + Number of books or chapters published: 0 
e. + Number of printed technical reports/non-refereed papers: 5 
f. Number of patents filed: 0 
g. + Number of patents granted: 0 
h. + Number of invited presentations: 51 
i. + Number of submitted presentations: 18 
j. + Honors/Awards/Prizes for contract/grant employees: 22 
k. Total number of Full-time equivalent Graduate Students and Post-Doctoral associates supported, 
under this R&T project number: 7 
Graduate Students: 4 
Post-Doctoral Associates: 3 
including the number of, 
Female Graduate Students: 2 
Female Post-Doctoral Associates: 0 
Minority* Graduate Students: 0.5 
Minority* Post-Doctoral Associates: 0 
Asian Graduate Students: 0 
Asian Post-Doctoral Associates: 0 


