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P.J. Benning, G.D. Waddill, T. Komeda, and J.H. Weaver, "Photoelectron Microscopy and
Spectroscopy using Synchrotron Radiation,” 23rd Annual Synchrotron Radiation Users
Group Meeting, Stoughton, Wisconsin, November 1990.

G.D. Waddill, P.J. Benning, and J.H. Weaver, "Cluster Assembly of Interfaces," 23rd
Annual Synchrotron Radiation Center Users Group Meeting, Stoughton, Wisconsin,
November 1990.

J.C. Patrin, Y.-Z. Li, and J.H. Weaver, "Cluster Growth of Al on GaAs(110) Studied by
Scanning Tunneling Microscopy,” March Meeting of the American Physical Society,
Cincinnati, Ohio, March 1991.

Y.Z. Li, J.C. Patrin, M. Chander, and J.H. Weaver, "Scanning Tunneling Microscopy of
Ce, Sm, and Yb Structures on GaAs(110)," March Meeting of the American Physical
Society, Cincinnati, Ohio, March 1991.

P.]. Benning, G.D. Waddill, T. Komeda, and J.H. Weaver, "Photoelectron Spectroscopy
using Synchrotron Radiation,” 13th Symposium on Applied Surface Analysis,
Minneapolis, June 1991.

Y.Z. Li, J.C. Patrin, and J.H. Weaver, "Cluster Growth of Al on GaAs(110) Studied by
Scanning Tunneling Microscopy,”" 13th Symposium on Applied Surface Analysis,
Minneapolis, June 1991. .

J.C. Patrin, Y.Z. Li, M. Chander, and J.H. Weaver, "Temperature and Coverage Dependent
Structures of Sb on GaAs(110) from Scanning Tunneling Microscopy,” 38th Annual
American Vacuum Society Symposium, Seattle, October 1991.

P.J. Benning, Y. Chen, F. Stepniak, and J.H. Weaver, "Electronic States of Alkali-Metal
Fullerides: Na, K, and Cs in Solid Cgq and C7,," 38th Annual American Vacuum Society
Symposium, Seattle, October 1991.
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16.

17.

18.

19.

20.
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M.B. Jost, P.J. Benning, N. Troullier, D.M. Poirier, J.L. martins, J.H. Weaver, L.P.F.
Chibante, and R.E. Smalley, "Valence and Conduction Band Electronic States in Solid C¢q
and C;,: Inverse Photoemission, Synchrotron Radiation Photoemission, and Theory,"
38th Annual American Vacuum Society Symposium, Seattle, October 1991.

J.H. Weaver, "Electronic Structure and Properties of Cg,, C7O, and Alkali-Metal
Fullerides," Workshop on Fullerenes, Philadelphia, August 198?.

D.M. Poirier, G.H. Kroll, M.B. Jost, T.R. Ohno, and J.H. Weaver, "Alkali Metal
Intercalated C¢, Films Studied with Inverse Photoemission and X-Ray Photoemission,"
March Meeting of the American Physical Society, Indianapolis, Indiana, March 1992.

P.J. Benning, T.R. Ohno, Y. Chen, C. Gu, F. Stepniak, and J.H. Weaver, "Photoemission
Stucies and Resistivity Measurements of Fulleride Thin Films,” March Meeting of the
American Physical Society, Indianapolis, Indiana, March 1992.

Y.Z. Li, M. Chander, J.C. Patrin, and J.H. Weaver, "Individual and Multilayer C ¢, Studied
with Scanning Tunneling Microscopy and Spectroscopy,” March Meeting of the American
Physical Society, Indianapolis, Indiana, March 1992.

Y.N. Yang, Y.S. Luo, and J.H. Weaver, "The Impact of Anisotropic Kinetics on Epitaxial

Growth: An STM Study of Ge/GaAs(110)," March Meeting of the American Physical
Society, Indianapolis, Indiana, March 1992.

Honors/Awards/Prizes
Physics News in 1990 (American Institute of Physics) for Cluster Assembly of Interfaces.

Physics News in 1991 (American Institute of Physics) for Studies of Fullerenes and
Fullerides.

Naval Research Reviews for Studies of Clusters
Elected Fellow of the American Physical Society with a citation that reads “For studies of
the fundamental parameters associated with overlayer growth on surfaces, with particular

note of the development of cluster assembly as a means of creating novel interface
structures.” '

Numb Grad Stud Receiving Full or Partial ONR C
10
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Part II
o.  Principal Investi

John H. Weaver

University of Minnesota

Department of Chemical Engineering & Materials Science
151 Amundson Hall

421 Washington Ave. SE

Minneapo:is, MN 55455

b. Cognizant ONR Scientifiz Officer
Dr. John Pazik

c.  Current telephone number: (612) 625-6548
[FAX: 612-625-6043] Internet: weaveQ01@staff.tc.umn.edu

d.  Brief description of proj

This program focused on fundamental problems related to the nucleation and growth of
clusters and the interaction of those clusters with surfaces. The issues it addressed were
those involved with the deposition of atoms on a surface, particularly the chemical
environments created by those atoms and the processes encountered as the number of
atoms increases. It investigated cluster formation and cluster-induced reaction, as well as
the tendency of clusters to nucleate preferentially at particular defect sites of the surface. It
focused on the evolution of clusters into new structures with distinct crystalline character.
These issues are of very broad importance because they are encountered when considering
the growth of elemental and compound layers on any surface, be they semiconductors,
high temperature superconductors, or fullerides.

e.  Sienifi ls of this proi

Our continuing studies of cluster formation focused on atom deposition at 300 K. In these
studies, we emphasized GaAs(110) with the metals Ti, Ce, Sm, Yb, Al, and Ag, and the
semiconductor Ge using STM and photoemission. These metals were chosen because
they exhibit different chemical reactivities with the surface. In many cases, we found
ordered structures at low coverage, but then the triggering of reactive intermixing and
compound formation at higher coverage. Our studies demonstrated that the clusters
themselves activated the reaction, with ordered structures at low surface density serving as
precursors to high density clusters and reaction. A very important point, then, is that a
growing overlayer evolves through sevcral stages, each being metastable, and one must
explore each state individually to gain the depth of understanding needed to describe the
chemical and physical processes at the surface/interface.

Cluster assembly as an alternate growth technique to atom deposition was developed under
ONR support, and we continued to examine its ramifications in both basic and applied
circumstances. This technique has received considerable attention, drawing invited papers
at conferences, a feature article in Science, and recognition in ONR Reviews. Variations in
the technique have also been explored, including a detailed study of the forces of interaction
between the cluster and the surface in the presence of the buffer layer. In one particularly
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intriguing study, we showed that the cladding of metallic clusters of nanoscale dimension
with CO prior to deposition on the surface of GaAs(110) produced Fermi level pinning
that scaled with the work function of the specific metal cluster, i.e. Schottky-limit behavior.
This was important in understanding Fermi level pinning and the role of surface defects.

We have investigated the properties of fullerenes in thin film form, both in their pure state
and in their many doped states. This work has been done in conjunction with Richard
Smalley's group at Rice. Our unique capabilities have made it possible to explore the full
distribution of electronic states of Cgq and Cy, and the effects induced by doping with
alkali metals, alkaline earth metals, rare earth metals, iodine, and others. We have
examined surface bonding and surface chemistry of the fullerenes, and we have
investigated their stability against oxygen and beam degradation. We have enjoyed
collaborations with José Luis Martins, a theorist, who has contributed a great deal to the
understanding of the physical properties, notably superconductivity in these new high
temperature superconductors. We have used STM to explore chemisorption growth
structures, virtually defining a new field of surface science and crystal growth. Finally,
with the discovery that atoms could be incorporationed into fullerenes with relatively high
yields, we have used our spectroscopies to examine the nature of the chemical bonding of
these new endohedral molecules.

Grad , ! post-doctoral iy worki .

G.D. Waddill (now Lawrence Livermore National Laboratory)
T. Komeda (now Texas Instruments, Japan)

T.R. Ohno (now Colorado School of Mines)

Y.Z. (Peter) Li, postdoc (now 3M)

Y.-N. (Neal) Yang, postdoc (now University of Maryland)
Yu Chen, postdoc

C.M. Aldao (now University of Mar del Plata)

L.M. Vitomirov (now Xerox)

S.G. Anderson (now University of Texas-Houston)

Y.J. (Jeff) Hu (not University of Washington-Seattle)

M.J. Jost, graudate student (now Rosemount)

G.H. Kroll, graduate student (now Micron Technologies)
S.E. Harvey, graduate student

F. Stepniak, graduate student

P.J. Benning, graduate student

D.M. Poirier, graduate student




