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RESEARCH SUMMARY

Postdoctoral research, July 2005 — present

Single molecule magnets (SMMs), species that show bistability of their spin ground states,
have generated much interest in the miniaturization of magnetic data storage devices. The first—
and still best—example of a SMM is based on the oxo-bridged cluster, [Mn;,0,,(O,CCH,),,(H,0),]
(Mn,,). The spin-reversal barrier depends on S*|D|, where  is the total spin and D is the axial zero-
field splitting (ZFS) parameter. Mn,, species show spin-reversal barriers, U, ranging from 42 — 56
cm™', depending on the exact solvate structure and choice of carboxylate bridging ligand. However,
there is no systematic study of the correlation between the structure of Mn;, and U,. By heating
Mn,, under vacuum, the four bound water molecules can be removed from the cluster, and current
efforts are aimed at substituting a wide variety of ligands to directly probe the effect of structural
and electronic perturbations on the observed spin-reversal barrier.

Rationally synthesizing new high spin species as potential SMMs based on the Mn,, family of
clusters is challenging due to the structural variability in oxo-bridged compounds. We have prepared
new SMMs with cyanide bridging ligands due to the ease in predicting both cluster geometry and
exchange coupling interactions. Using a directed-assembly approach by judicious choice of blocking
ligands, a wide variety of cyanide clusters exhibiting SMM behavior have been prepared. The face-
centered cubic cluster, [Tpy(H,0)CusFey(CN),,]*", shows the predicted § = 7 ground state, with a
small, negative ZFS, D = —0.16 cm™". The trigonal bipyramidal cluster with the same metal cyanide
linkages, [Tp,(Me;tacn),Cu;Fe,(CN)]*", has a much larger D-value of =5.7 cm™. A key difference
between these two clusters is the symmetry of the overall molecule. It is thought that the anisotropy
of the cubic cluster may be diminished due to its higher symmetry, thus the interplay between single-
ion anisotropy of the constituent metal centers and the overall shape anisotropy of the synthesized
molecular clusters is the focus of current research.

Ph.D. research, January 2001 — June 2005

Spin frustration gives rise to unusual magnetic properties on triangular-based lattices of
exchanged-coupled moments. The kagomé lattice, made of corner-sharing triangles of magnetic
ions, represents the ideal prototype in which to study spin frustration. For classical spins, spin
frustration engenders an infinite number of degenerate ground states. For quantum spins, the
theoretically predicted spin liquid phase in the kagomé lattice models the scatterless hole transport in
resonance valence bond theory of high-T. superconductors.

Jarosite, a mineral having the formula KFe;(OH),(SO,),, shows antiferromagnetic 3-D long-
range order (LRO) despite possessing the 2-D kagomé lattice of § = 52 Fe’ ions. It has long been
shown that purely 2-D magnetic systems cannot display LRO. Jarosites have escaped precise
magnetic characterization over the past three decades due to the difficulty of preparing materials in
pure and crystalline form. These materials suffer from having magnetic ion site vacancies and are
prepared only as powders. A series of pure iron jarosites (formula AFe,;(OH),(TO,),, A = Na', K,
Rb*, NH,", H;0", Ag", TI, and %2 Pb*"; T = S or Se) has been prepared stoichiometrically pure
through the use of a redox-based hydrothermal synthetic strategy. This synthetic method allows us
to grow single crystals from which we fully characterize the structure and magnetic properties. Iron
jarosites show signature spin frustrated behavior, indicated by a large Curie-Weiss constant, ® = —
800 K, with a transition temperature, Ty narrowly ranging from 56 — 65 K. High-field magnetization
experiments demonstrate (and subsequent neutron scattering experiments confirm) that the



observed LRO can be attributed to a canted spin structure developed from the Dzyaloshinsky-
Moriya (DM) interaction. Although the DM interaction energy is only 1.2 cm™, this is large enough
to give rise to a 3-D magnetic structure, precluding the ability to study the ground state physics of a
purely 2-D frustrated spin system.

The DM interaction scales as $°, thus copper hydroxy-bridged triangular species have been
prepared and characterized both structurally and magnetically. The kagomé compound
clinoatacamite, Cu,(OH);Cl, show nearest-neighbor antiferromagnetic coupling, but 3-D long-range
ferromagnetic order due to the presence of magnetic Cu*" between the layers. The analogous
compound Herbertsmithite, ZnCuy(OH),Cl, presents the hallmark of an § = %2 Cu®" compound
possessing the kagomé lattice. This compound has magnetically isolated layers, and we find no
evidence for magnetic ordering to temperatures down to 2 K, despite strong nearest-neighbor
antiferromagnetic coupling, indicated by ® = —300 K. Herbertsmithite displays no spin-gap in the
excitation spectrum at low temperature, a signature of quantum spin liquid.

Undergraduate research, February 1998 — July 2000

Boron nitride nanotubes are expected to exhibit electronic properties that are insensitive to
tube diameter and chirality, unlike their carbon analogues. Additionally, chemical derivatization of
BN can be facilitated by its more reactive bonds. BN nanotubes have been prepared from by
chemical vapor deposition (CVD) growth at 1000 °C from the precursor borazine, B;N;H,, with
catalytic NiB or Ni,B microparticles. XRD, EDS, and EELS demonstrate nanotube purity, and
SEM and TEM show that the resulting tubes are multi-walled.



