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Final Report to the Japan Science and Technology Agency: Nano-scale
Design Oriented Towards Optomagneto Materials”

Mark B. Knickelbein, Argonne National Laboratory

Research Theme and Aim

The work conducted at Argonne National Laboratory has been aimed at identifying and
characterizing metal and organometallic clusters as potential building blocks for the assembly of
nanoscale magnetic (including magneto-optical) materials. In our work, laser vaporization
synthesis was used in conjunction with molecular beam methods to create a variety of metal and
organometallic cluster species, which were then studied as isolated species in a vacuum environment.
Magnetic beam deflection (Stern-Gerlach) studies were employed to determine the magnetic
moments of clusters as a function of their size and composition. In other studies, electric
deflection measurements were employed to determine the polarizabilities and dipole moments of
these same types of clusters, quantities which have provided complementary information regarding
their electronic and geometric structures. In order to bridge the gap between gas-phase and
condensed-phase nanomaterials, we have synthesized polydisperse thin-film assemblies of cobalt
clusters using molecular beam deposition, and we have investigated the magnetic properties of these
films using AC and DC SQUID magnetometry.

Research Results

Isolated Clusters in Beams

The Argonne team has made significant progress in characterizing the magnetic properties of both
isolated and supported metal cluster systems. We have performed a molecular beam deflection
study of bare cobalt clusters and of the complexes formed from their reactions with benzene. As
shown in Fig. 1, bare cobalt clusters display magnetic moments in the 2.0-2.5 py, per atom range,
significantly above the bulk value of 1.72 n,. While Coiy.3, clusters are superparamagnetic at all
temperatures investigated (T=54-150K), Cor.1; display evidence of emerging locked-moment (i.e.,
blocked) behavior at T<100K. Small particles that exist in a blocked state have the spatial direction
of their magnetization vectors “frozen”, and thus in principle are capable of storing a bit of
information. Usually the anisotropy
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We have extended our

Figure 1. Magnetic moments per atom for bare and
benzene-covered cobalt clusters. The number of adsorbed
benzene molecules is indicated for some n.



deflection studies to metal ——
clusters containing more than one i
transition metal atom, namely to
cobalt-manganese alloy clusters.
We have measured magnetic
moments for Co,Mn,, clusters
(36-44% Mn content) in the size
range n+m=11-28 and found they
are magnetically ordered
superparamagnets, possessing
magnetic moments per-atom that
are comparable to or larger than
cobalt clusters of the same total 0.0 Lo
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is a remarkable result, since it is
known that bulk Co;.xMny alloys
having similar compositions (x) to
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long-range magnetic order and  (hcp) cobalt is indicated by the dashed line.

possess near-zero (local) magnetic
moments. Although these results
clearly show that small Co,Mn,, clusters possess
different electronic structures (and thus magnetic
properties) than bulk Co;Mny alloys, the underlying
details are not clear. Detailed electronic structure
calculations are needed to reveal the nature of the
electronic structures of these clusters and how they are
different from those of bulk alloys.

A particularly  promising class  of
organometallic building blocks are the multidecker
organometallic sandwich clusters, discovered by
Nakajima and coworkers at Keio University. Simple
molecular orbital considers predicted that certain
transition metal-benzene sandwich clusters such as
Vn(CeHe)n+1 should possess a net spin and thus be
(para)magnetic. To be useful as magnetic building
blocks in materials, however, it is desirable that the n
paramagnetic vanadium atoms in the cluster be
ferromagnetically coupled to form a high-spin
molecule. To investigate this possibility,
magnetic deflection studies were conducted at
Argonne using a Stern-Gerlach beam deflection
apparatus equipped with a cryogenic cluster
source.  These studies confirmed that the
moments of V,(CeHe)nes and  Scn(CsHe)n+a
clusters increase with with n (Fig. 2), confirming
that they are indeed ferromagetically ordered.
Even Ti,(CeHe)n+1, which might be expected to be
non-magnetic based on simple molecular orbital
considerations actually possesses a small but
nonzero moment above n=2.

Magnetic deflection studies were also
conducted on a second class of organometallic
sandwich clusters composed of various lanthanide
metal atoms (Ln) and 1,3,5,7 cyclooctatetraene
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(COT). The Argonne cryogenic source enabled production of very large Ln,(COT),41 clusters, for
example Eu,(COT),+; has been produced up to n=25 at low source temperatures. Magnetic
deflection studies of Ln,(COT)y+1 (Ln = Eu, Th, Ho, Tm) up to n=7 show a general increase of
magnetic moment with increasing n.  In particular Eu,(COT)y+1 cluster show a monotonic increase
in moment with increasing n, implying ferromagnetic ordering of atomic moments. By contrast,
the corresponding Th, Ho, and Tm complexes show a “dip” at n=4 followed by a further increase in
moments, suggesting an unusual magnetic ordering configuration in which a single Ln" ion aligns
antiferromagnetically with respect to the remaining, ferromagnetically ordered Ln ions (Fig. 4).

The discovery of the Cq and the other Gd ® 4, “ GAN
hollow fullerenes quickly led to speculation that i {1_.;,&:,1
they might serve as in-vivo “delivery capsules” for @@ ¥ — |
medicines or radiological contrast agents that are [IP-602eV  IP=5i6 e pre AR o
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GdzN-containing-Cgy (GdsN@Cgo for short) has

been shown to be an especially effective MRI Gd,N
contrast agent. Although major strides are being . _L&p&_,_,,
made toward the medical application of this T ol
compound, comparatively little is known about its f}“ o

fundamental molecular properties.  Recently, a
combined experimental and theoretical study of the
basic molecular and magnetic properties of
GdsN@Cgg was undertaken.  Shiv Khanna and Figure 5. Computed structures and
coworkers at Virignina Commonweath University  moments of GdsN and GdsN@Ceo.

used density functional theory to determine that

GdsN@Cg can exists as two structures, one with a magnetic moment of 14 bohr magnetons and
second with a moment of 21 bohr magnetons. In a complementary experimental effort, Mark
Knickelbein performed magnetic deflection measurements of the isolated GdsN “nugget”, and found
a magnetic moment of 17 £ 2 bohr magnetons, a value between those found in the theoretical study
of the encapsulated cluster. Together, these results show that encapsulation of GdsN does little to
affect its large magnetic moment—the

1P=6.T6 eV

property that likely leads to enhanced 00
proton relaxivity rates and thus the 3.00 /L\
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magnetically coupled clusters. The  magnetization value are observed in the time domain.
phenomenon appears to be related to  They are largest immediately following a switch in
the “magnetic memory” effects first  external field direction. The sample is equilibrated until
identified in rocks. AC  the first magnetic field switch. Background noise is
magnetometry studies have shown that  about 1% of the magnetization value until this point.
these samples possess super-spin-glass
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indicates that on average, Gd clusters
possess high Curie temperatures than
does bulk Gd. The gradual decline in
susceptibilities is likely the result
distribution of cluster sizes, with each
size having its own characteristic T..

Figure 7. Magnetization of a 50 ng Gd cluster sample
(on Si) measured with zero applied field and with a 50
Oe applied field. The Curie temperature of bulk Gd is
293K (indicated by the arrow).

Scientific and Industrial Impact

Our studies have confirmed that metal and organometallic clusters can have novel, and potentially
useful magnetic properties not displayed by conventional materials. The next step in actually
producing materials from these building blocks is to develop methods for depositing, aligning, and
stabilizing them on particular surfaces. This will require a multidisciplinary effort between
physical chemists and materials scientists.  Patterned surfaces formed from self-assembled
monolayers (SAMs) are promising candidates for this application. It is the marriage of the
magnetic cluster building blocks with the patterned substrates that now presents the greatest
challenge. When this marriage is achieved, the resulting materials will have potential for
information storage at length scales much smaller than existing technologies now provide.

Comparison and Contrast with Similar Research

There is considerable interest in the magnetic properties of metal nanoparticles in the 2-5 nm size
range, such as those produced by wet-synthetic methods. However, our studies have revealed that
new behavior emerges in zero-dimensional and one-dimensional clusters having sizes much smaller
than can be formed from conventional wet-prep methods.  “Molecular magnets” (e.g.,
Mn,,-acetate) are another class of clusters that display novel resonant (and thermally assisted)
magnetization tunneling behavior. Such magnetization tunnelling phenomena may provide the
basis for quantum computing applications, however these species display such behavior only at
extremely low temperatures (<1K), limiting practical applications. Our collaborative cluster
research has revealed magnetic clusters which may be more thermally robust and synthetically
“friendly”. Moreover, magnetic sandwich clusters possess larger moments than most “molecular
magnets” and do not need to be grown into single crystals in order to be utilized in thin film
magnetic materials—their one-dimensional structures provides a natural path toward spatial
orientation (e.g., via chemical tethering).

Perspectives
The study of magnetic clusters has proven to be a fruitful area of research, both in yielding insights
into fundamental magnetic behavior in low dimensions, but also in providing a path forward in the
design and production of magnetic materials from zero-dimensional and one-dimensional building
blocks. While we have learned much about clusters, there is still much to learn, particularly in
regarding to assembling and stabilizing them on surfaces. A major thrust of our future research at
Argonne will be along this direction, in collaborations with surface and materials scientists.
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Design Oriented Towards Optomagneto Materials™
AFM and STM Studies on Self-Organizing Molecular/Cluster-based Nanostructures

Steven J. Sibener (University of Chicago, USA)

I. Research Theme and Aim

Research at The University of Chicago is elucidating the nanoscale design and assembly
principles of molecular- and cluster-based opto-magnetic materials. Our focus is on the
condensed phase and thin film properties of adsorbed molecules, clusters and films of magnetic
organometallic complexes transcending 2D-monolayer to 3D-multilayer thin films. The Sibener
Group is a world-wide leader in using Atomic Force (AFM) and Scanning Tunneling (STM)
microscopy for characterizing the static structure and dynamics of ordered films of metals and
soft organic systems. We have completed construction of a new variable-temperature
ultra-high-vacuum SPM facility, and have also added electron-spectroscopy. Together, these
incisive probes allow us to precisely define the geometric and electronic structure of molecular
and cluster nanostructures. We seek to determine optimal self-organizing growth principles for
these films, as well as their precise atomic-level structures and thermodynamic stability regimes.
Scanning probe measurements are also being used to ascertain how inter-adsorbate and
adsorbate-substrate interactions influence the electronic, magnetic, and optical properties of
these systems.  Major scientific accomplishments have occurred under this JST program.

Il. Research Results

This program has made significant progress on creating several categories of highly-ordered
arrays of molecular and nanoparticle systems relevant for the development of functional
nanoscale materials. We have successfully grown, for example, near-perfect films of
self-assembling monolayers which will next be used as molecular-scale templates for
3D-growth, and highly-organized metal-containing molecular arrays based on ferrocene and
porphyrins. The porphyrins hold interest due to their intrinsic properties, and also as the
foundation for growing 3D coordination-compound-based materials. Ilustrative
molecule-resolved STM images below show: (a) a highly-organized self-assembled
monolayer of decanethiol suitable for guiding the assembly of further molecular overlays, (b) a
cryogenic STM image of ferrocene adsorbed on Au(111) reveals a dimerized structure (there are
great opportunities here, both with adsorbed and tethered ferrocynl species). We hope to
explore how molecule-molecule and molecule-substrate interactions fundamentally influence
molecular electronic behavior (HOMO-LUMO structure) such as negative differential resistance
(NDR); (c) a molecular array of NiTPP (nickel-tetra-phenyl-porphyrin) on Au(111). This image
reveals the atomically-resolved porphyrin array as well as the subtle details of molecular
packing. Moreover, we have characterized the molecule-surface binding interactions using
thermal desorption. These arrays form the foundation for 2- and 3-dimensional
organic/inorganic hybrid materials.

We have also developed a new, general method for the selective spatial deployment of magnetic
nanoparticles on diblock copolymer templates. Here, we first form phase-separated diblock
copolymer templates of poly(styrene-block-methylmethacrylate) (PS-b-PMMA).  We then
photo-modify the surface of this thin film using deep-UV irradiation, resulting in a more
highly-corugated surface which preferentially localizes adsorbed nanoparticles. Colloidal FePt
nanoparticles of approximately 4 nm diameter were then deposited onto the photomodified
surface, leading to selective spatial placement of the magnetic nanoparticles. These
nanoparticles bind with nearly perfect selectivity to the photo-modified PMMA component of
the diblock surface, Fig. (d). This method has become widely applicable, with demonstrated
selectivity for the placement of both FePt (magnetic), metallic (gold) and CdSe (optical



guantum dot) nanoparticles. During the past year we have done an important extenstion of
these activities to include not only horizontally-arranged polymer nanodomains, but most
recently vertically-arranged cylinders. Figure (e) shows two AFM images of highly-organized
diblock copolymer vertical arrays which, after photochemical modification, are suitable
templates for the creation of nano-arrays of magnetic, metallic, & optical (quantum confined)
nanoparticles and molecular magnets.

Striped SAM Ferrocene/Au Array Porphyrin Array Nano FePt/PS-PMMA
Nanoconfined Array

Images of Self-Organizing Molecular/Cluster-Based Nanostructures:  (a) Cryogenic-STM image of
striped-phase (spacing = 64A) Decanethiol SAMs with molecular model inset; (b) Cryogenic-STM image of
self-assembling Ferrocene/Au(111); (c) STM image of self-assembling (Ni-Tetra-Phenyl-Porphyrin)/Au(111)
with NiTPP molecular model; (d) AFM image of 4nm FePt Nanocrystals on diblock co-polymer template; (e)
Nano-confinement in lithographically-patterned channels induces “crystallization” of vertical diblock
co-polymer cylinders into periodic and highly-perfected arrays suitable for decoration with magnetic, metallic,
and quantum confined nanopatrticles as well as molecular magnets.

I11.  Scientific and Industrial Impact

This program has delineated several new routes to the fabrication of self-organizing nanoscale
arrays. These arrays are of high scientific and technological interest as they offer a path to
ultra-high density magnetic media. Moreover, the work on polymer nano-confinement in
lithographic structures demonstrates that a combination of top-down and bottom-up methods
provides an efficient route to large-scale patterning and organization for functional
nanostructures. Demonstrations of spatial positioning have involved FePt nanoparticles on
diblock copolymer templates, a system of realistic interest for technological applications.

IV. Appealing Points Compared to Similar Research

The methods we have developed, based upon molecular-level self-organization, provide a clear
path to massively parallel structure generation. Such methods will be needed as we move from
presently used storage media to terabyte densities based on molecular magnets and magnetic
nanoparticles. The combination of different length-scales is particularly appealing, where
micron or sub-micron lithography combined with self-organization can lead to organized
nanoscale materials.

V. Perspectives

The development of advanced materials for magnetic, optical, electronic and chemical
applications remains one of the key objectives for the world-wide interdisciplinary effort in
nanoscience. This JST program has significantly contributed to this ongoing effort by
elucidating fundamental understanding about the routes that can be taken to fabricate such
thin-film materials. The combination of scientific contributions from basic molecular
chemistry (molecular magnets and self-organization), nanoscience (magnetic and optical
nanoparticles), and polymer science (guided organization of spontaneously phase-separating
nanostructures from diblock systems) represents the state-of-the-art for this field of endeavor.
This international effort funded by JST has already made several notable discoveries. Much
fundamental research coupled with engineering at the molecular level needs to be done in the
coming years to bring this dream to technological fruition.
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SPIN RELAXATION IN ISOLATED MOLECULES AND CLUSTERS: THE INTERPRETATION
OF STERN-GERLACH EXPERIMENTS
M.B. Knickelbein, J. Chem. Phys. 121, 5281-5283 (2004)

FERROMAGNETISM IN ONE-DIMENSIONAL VANADIUM-BENZENE SANDWICH
CLUSTERS

K. Miyajima, A. Nakajima, S. Yabushita, M.B. Knickelbein, and K. Kaya

J. Am. Chem. Soc. 126, 13202-13203 (2004)

LANTHANIDE ORGANOMETALLIC SANDWICH NANOWIRES: FORMATION
MECHANISM

N. Hosoya, R. Takegami, J. Suzumura, K. Koyasu, K. Miyajima, M. Mitsui, M. B.
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MAGNETIC ORDERING IN CLUSTERS OF THE GROUP 3 TRANSITION ELEMENTS: Scy, Yo,
and La,
M.B. Knickelbein, Phys. Rev. B 71, 184442 (2005)

STERN-GERLACH STUDIES OF ORGANOMETALLIC SANDWICH CLUSTERS
K. Miyajima, M.B. Knickelbein and A. Nakajima, Eur. Phys. J. D 34, 177-182 (2005)

MAGNETIC PROPERTIES OF LANTHANIDE ORGANOMETALLIC SANDWICH
COMPLEXES PRODUCED IN A MOLECULAR BEAM
K. Miyajima, M.B. Knickelbein and A. Nakajima, Polyhedron 24, 2341-2345 (2005)

EXPLORING THE MAGNETIC PROPERTIES OF SANDWICH CLUSTERS
M.B. Knickelbein, A. Nakajima, S. Sibener
Magnetics Bus. Tech. Spring 2005 issue, 28-29

MAGNETIC MOMENTS OF BARE AND BENZENE-CAPPED COBALT CLUSTERS
M.B. Knickelbein, J. Chem. Phys. 125, 044308 (2006)

MAGNETIC MOMENTS OF SMALL BIMETALLIC CLUSTERS: Co,Mny,
M.B. Knickelbein, Phys. Rev. B 75, 014401 (2007)

ELECTRIC DEFLECTION STUDIES OF RHODIUM CLUSTERS
M.K. Beyer and M.B. Knickelbein, J. Chem. Phys. 126, 104301 (2007)

MAGNETIC ENDOHEDRAL METALLOFULLERENES WITH FLOPPY INTERIORS

M. Qian, S. V. Ong and S. N. Khanna, and M.B. Knickelbein
Phys. Rev. B 75, 104424 (2007)

STERN-GERLACH  EXPERIMENTS OF ONE-DIMENSIONAL METAL-BENZENE
SANDWICH CLUSTERS: My(CgHg)m (M = Al, Sc, Ti and V)

K. Miyajima, S. Yabushita, M. B. Knickelbein, and A. Nakajima

J. Am. Chem. Soc. 129, 8473-8480 (2007)

UNCOVERING NEW MAGNETIC PHENOMENA IN METAL CLUSTERS
M.B. Knickelbein
In Proceedings of the International Workshop:Clusters - A Bridge Across Disciplines held in
Jekyll Island, Georgia from December 16-20, 2006 (in press)
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THE STERN-GERLACH EXPERIMENT REVISITED: DETERMINATION OF T
HE MAGNETIC MOMENTS OF ISOLATED METAL CLUSTERS AND COMP

LEXES
DEPARTMENTAL SEMINAR, Department of Chemistry, University of Kentucky, A
pril 9, 2004

MOLECULAR MAGNETS IN THE GAS PHASE: STERN-GERLACH BEAM
DEFLECTION STUDIES OF METAL CLUSTERS
DEPARTMENTAL SEMINAR, Institut fur Festkdrperforschung, Forschungszentrum
Julich, Germany (Mar. 7, 2005)

MOLECULAR MAGNETS IN THE GAS PHASE: STERN-GERLACH BEAM
DEFLECTION STUDIES OF METAL CLUSTERS
INVITED TALK, Symposium on Size-Selected Clusters (SSSC “05), Brand,
Austria (Feb. 28-Mar. 4, 2005)

MOLECULAR BEAM DEFLECTION STUDIES OF MAGNETIC CLUSTERS
INVITED TALK, 21* Century COE Keio-LCC International Symposium on
Frontiers of Nanoscale World, held at Keio University Yagami campus, Sept. 22,
2005.

MOLECULAR BEAM DEFLECTION STUDIES OF MAGNETIC CLUSTERS
INVITED TALK, JST Joint International Symposium on Creation of
Nanoscale Designed Surfaces and their Electronic and Catalytic Properties,
held at Keio University Mita Campus Sept. 24-25, 2005.

STERN-GERLACH BEAM DEFLECTION STUDIES OF METAL-CONTAINING

CLUSTERS
INVITED TALK 2005 International Chemical Congress of Pacific Basin Societies
(PACIFICHEM 2005), December 14-19, 2005, Honolulu, Hawaii

POLARIZABILITIES OF TRANSITION METAL CLUSTERS
INVITED TALK, International Materials Research Conference (IRMC XV),
Cancun, Mexico, August 20-24 (2006)

MAGNETISM IN METAL CLUSTERS AND COMPLEXES
EPHRAIM AND WILMA SHAW ROSEMAN COLLOQUIUM SERIES,
CHEMISTRY DEPARTMENT, Johns Hopkins University, November 7, 2006

UNCOVERING NEW MAGNETIC PHENOMENA IN METAL CLUSTERS AND

COMPLEXES
INVITED TALK, International Workshop on "Clusters - A Bridge Across Disciplines"
Jekyll Island, Georgia, December 16-20, 2006.
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THE STERN-GERLACH DEFLECTION EXPERIMENT OF ORGANOMETALLIC SANDWICH
CLUSTERS
Ken Miyajima, Atsushi Nakajima, and Mark B. Knickelbein
POSTER, presented at the Twelfth International Symposium on Small Particles and
Inorganic Clusters (ISSPIC 12), Sept. 6-10, 2004, Nanjing, China.
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CLUSTERS
K. Miyajima, M.B. Knickelbein and A. Nakajima
POSTER, JST Joint International Symposium on Creation of Nanoscale
Designed Surfaces and their Electronic and Catalytic Properties, held at Keio
University Mita Campus Sept. 24-25, 2005.

ELECTRIC DEFLECTION OF RHODIUM CLUSTERS
Mark B. Knickelbein and Martin K. Beyer
CONTRIBUTED TALK, American Physical Society March Meeting, Baltimore,
MD, March 13-17, 2006

STERN-GERLACH MOLECULAR BEAM DEFLECTIONS OF MAGNETIC
SANDWICH CLUSTERS
Ken. Miyajima, Atsushi Nakajima and Mark B. Knickelbein
POSTER, presented at American Physical Society March Meeting, Baltimore, MD,
March 13-17, 2006
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Austria, March 11-16 (2007)

SANDWICH CLUSTERS: 1-DIMENSIONAL MOLECULAR MAGNETS
Ken Miyajima, Atsushi Nakajima, Mark B. Knickelbein, Steven J. Sibener
POSTER, DOE Baseline Review of the Argonne Center for Nanoscale Materials,
May 3, 2007

SANDWICH CLUSTERS: 1-DIMENSIONAL MOLECULAR MAGNETS
Ken Miyajima, Atsushi Nakajima, Mark B. Knickelbein, Steven J. Sibener
POSTER, Argonne Facilities User Meeting Poster Session, May 7-12, 2007

SANDWICH CLUSTERS: 1-DIMENSIONAL MOLECULAR MAGNETS
Ken Miyajima, Atsushi Nakajima, Mark B. Knickelbein, Steven J. Sibener
POSTER, France-U.S. Nanoscience Workshop, June 3-5, 2007
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Hitachi High Technologies America — National Nanotechnology Seminar Series, Burr Ridge, IL

University of Chicago, Department of Chemistry, Chicago, IL

Trends in Chemical Dynamics: From Small Molecules to Biomolecules, Taiwan

Johns Hopkins University, Department of Chemistry, Baltimore, MD

Telluride Meeting on Physical Polymers, Telluride, CO

1l. Oral Presentations by Graduate Students in the Sibener Group
Nataliya Yufa, Graduate Student in Sibener Group
"Decorating Polymeric Scaffolds with Nano-objects: Towards Functional Nanomaterials,"
Advanced Photon Source Users Meeting, Argonne National Laboratory, Argonne, IL (2007)
Nataliya Yufa, Graduate Student in Sibener Group
"FePt Decoration of Diblock Copolymers,” American Vacuum Society Prairie Chapter Meeting,
Evanston, IL (2005)
Nataliya Yufa, Graduate Student in Sibener Group
"Arraying FePt and CdSe nanoparticles on Modified Diblock Copolymer,” MRS Meeting, Boston,
MA (2005)
Nataliya Yufa, Graduate Student in Sibener Group
"Carbon Nanotube Alignment," University of Chicago, Chicago, IL (2006)

I1l. Poster Presentations by Graduate Students in the Sibener Group
Nataliya Yufa and Steven J. Sibener
"Polymers Crossing," Midwest Inter-MRSEC Symposium, Madison,
Wisconsin (2004)
Nataliya Yufa and Steven J. Sibener
"FePt Decoration of Diblock Copolymers,” American Vacuum Society Prairie Chapter
Meeting, Evanston, IL (2005), 1st Place Prize for Graduate Student Competition
Lieve Teugels, Cameron Iverson, Michael D. Hopkins and Steven J. Sibener
Dynamics at Surfaces Gordon Research Conference, August 12-17 2007




Proctor Academy, Andover NH
“Assembly of three dimensional metaltetraphenylporphyrin-based structures on a
Au(111) surface studied by scanning tunneling microscopy”
Cameron lverson, Lieve Teugels, Steven J. Sibener, and Michael D. Hopkins
Midwest NSF-MRSEC Symposium, April 14, 2007
Northwestern University, Evanston IL
“Assembly of nickel tetraphenylporphyrin and DABCO on a metal surface”
Cameron lverson, Lieve Teugels, Steven J. Sibener, and Michael D. Hopkins
American Chemical Society 233rd National Meeting, March 25-29, 2007
Chicago IL
“Assembly of nickel tetraphenylporphyrin and DABCO on a metal surface”
Lieve Teugels, Cameron lverson, Michael D. Hopkins and Steven J. Sibener
Dynamics at Surfaces Gordon Research Conference, August 14-19 2005
Proctor Academy, Andover NH
“Supramolecular assembly of porphyrin-based structures on Au(111) studied by
scanning tunneling microscopy”

IV. Publications from the Sibener Group

[1]. "Self-Assembly of FePt Nanoparticles on Modified Diblock Copolymer Templates”, S. B.
Darling, N. A. Yufa, A. L. Cisse, S. D. Bader, and S. J. Sibener, Advanced Materials 17 2446-2450
(2005).

[2]. "Self-Assembly of Magnetic and Semiconducting Nanoparticles on Modified Diblock
Copolymer Templates”, N. A. Yufa, A. L. Cisse, S. B. Darling, S. D. Bader, P. Guyot-Sionnest, and
S. J. Sibener, MRS Proceedings (Fall 2005) 0901-Ra09-06.

[3] “Single-Molecule Magnets: Exploring the Magnetic Properties of Sandwich Clusters”
Magnetics Business and Technology, Mark B. Nickelbein, Atsushi Nakajima, and Steven J. Sibener,
pp. 28-29, Spring Issue 2005.

Note: Several publications are forthcoming which will acknowledge JST support, to be published
after the submission date for this report.

V. Awards
Professor Sibener:
Elected Fellow, American Association for the Advancement of Science, 2006

Graduate Student Nataliya Yufa:
First Prize in Student Competition
American Vacuum Society Prairie Chapter Meeting, 2005
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