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MA 37.1 Fri 10:45 HSZ 403

Exploring molecular magnetism by first-principles density-
functional-theory calculations eJENS KORTUS Theoretische
Physik, TU Bergakademie Freiberg

Magnetism at the molecular scale holds great promises for future ap-
plications in information storage. However, before any applications we
have to understand the relevant processes which are governed by the laws
of quantum mechanics in detail. The magnetic properties at this length
scale are determined by exchange interactions and spin-orbit interaction.
The exchange interaction will determine the magnetic ground state of
the molecule. The spin-orbit coupling is responsible for the magnetic
anisotropy, which is one of the key properties of a single molecule mag-
net. First-principles density functional theory (DFT) calculations offer
an insight in the electronic structure and molecular orbitals and allows
for the calculation of exchange interaction and spin-orbit coupling.

We will compare our theoretical results to experimental ones for mag-
netic anisotropies. For many systems the agreement is very good,
however there are also cases were DFT underestimates the magnetic
anisotropy by a factor of two. Other possible application of DFT to
molecular systems include the calculation of STM spectra, which can be
directly compared to experiment allowing for a check of the calculated
charge densities.

MA 37.2 Fri 11:00 HSZ 403

Frequency Domain Magnetic Resonance Spectroscopy in
Molecular Magnetism — eJORIS VAN SLAGEREN — 1. Physikalis-
ches Institut, Universitidt Stuttgart

In recent years, we have developed an advanced magnetic resonance
technique called frequency-domain magnetic resonance spectroscopy
(FDMRS) and applied it to the study of a number of phenomena in
molecular magnetism. We are interested in the magnetic anisotropy of
molecular magnets especially in the form of zero-field splitting of the
ground state multiplet. We have shown that FDMRS is a very efficient
and accurate method to determine the parameters that describe the mag-
netic anisotropy. Our aim is to understand the physical origin of the
zero-field splitting in exchange coupled clusters, and the role played by
the single ion anisotropy and the mixing of spin multiplets. In addition,
we have become interested in the (especially dipolar) interaction between
single molecule magnets in the crystal and its influence on the magnetic
relaxation. To this end we have studied the magnetic resonance line-
shape in frozen solutions of single-molecule magnets. Our ability to vary
frequency and field independently allows us to perform more sophisti-
cated experiments. For example, we have shown that we can investigate
quantum tunneling of the magnetization. Finally we have shown that
single molecule magnets can function as efficient Faraday rotators of the
radiation polarization in the terahertz frequency range.

MA 37.3 Fri 11:15 HSZ 403

A BNa-NMR study of the ferric wheel system Na@Fe; (tea)s
eLARS SCHNELZER, ROLAND LEPPIN, and BERND PILAWA
Physikalisches Institut, Universitat Karlsruhe (TH), D-76131 Karlsruhe

The hexanuclear iron(IIT) complex Na@Feg(tea)s consists of a ring of
six Fe(III) ions which are coupled by organic ligands and centred by a
Na-alkali atom. The dynamic properties of Na@Fes(tea)s have been
studied by 'H and 2Na NMR measurements at 52 MHz. The temper-
ature dependence of the 'H T; rate reveals a peak at 30 K which is a
characteristic feature of the ferric wheel systems whereas the 2*Na NMR
T; rate measurements increases linearly with temperature indicating a
purely quadrupolar relaxation of the nuclear spin. In order to study the
influence of the electronic spin system on the NMR properties of the 2*Na,
nucleus, the magnetic field and temperature dependence of the T, rate
has been measured on a polycrystalline sample. The field dependence
shows the strong enhancement of the T; rate due to the level crossing
between the S=0 groundstate and the first excited S=1 state in the field
range between By ~11 T and B, ~13 T, proving the influence of the
Fe(III) spin on the Na nucleus. In contrast to the measurements at 52
MHz, the temperature dependence of Ty at 79.5 MHz is characterized by
a strong increase up to T ~30 K and a broad maximum, resembling the
'H measurements of T;~! on the Feg(tea)s system, when the magnetic
field is oriented parallel to the molecular symmetry axis.

Room: HSZ 403

MA 37.4 Fri 11:30 HSZ 403

Magnetic Anisotropy Energies of Metal-Benzene Sandwiches
eNICOLAE ATODIRESEI', YURIY MOKROUSOV2, GUSTAV
BIHLMAYER!, and STEFAN BLUGEL! — !Institut fiir Festkérper-
forschung, Forschungszentrum Jiilich, D-52425 Jiilich, Germany —
2Institute of Applied Physics and Microstructure Research Center,
University of Hamburg, 20355 Hamburg, Germany
Molecular magnets moved to the frontier of research as ideal candi-
dates for the smallest possible magnets. We performed ab initio cal-
culations for one-dimensional (1D) magnetic organometallic sandwiches,
M, Bz, (Bz = Cs¢Hg; M = V,Nb,Ta) and infinite wires within the
framework of the density functional theory (DFT) in the generalized
gradient approximation (GGA) using the full-potential linearized aug-
mented plane-wave method for 1D-systems [1,2]. We found that all the
M, Bz,, molecules and the infinite wires are magnetic. By including
the spin-orbit coupling in the total energy calculations we considered
the two possible symmetry-determined directions of the magnetization
in the molecules and wires: along the z-axis (z) and radial, parallel to
the plane of the benzenes (r). The magnetic anisotropy energy (MAE)
describes the energy difference between them. We conclude that by re-
placing the V atoms with heavier metals such as Nb and Ta, leads to a
stronger spin-orbit interaction with larger MAE’s. The (NbBz)., wire
shows a ballistic anisotropic magnetoresistance (BAMR)[3] effect. [1] Y.
Mokrousov et al. PRB 72 (2005);[2] http://www.flapw.de; [3] J. Velev et
al. PRL 94 (2005)

MA 37.5 Fri 11:45 HSZ 403
Spin-dependent transport through half-metallic organometal-
lic wires — oV. MASLYUK!, A. BaGreETs"? T. BREDOW?, M.
BRANDBYGE?, and I. MERTIG! — Martin-Luther-Universit\”at Halle-
Wittenberg, Fachbereich Physik, Germany — 2Institut f\”ur Nanotech-
nologie, Forschungszentrum Karlsruhe, Germany — 3Institut f\”ur The-
oretische Chemie, Universit\”at Hannover, Germany — “Department of
Micro and Nanotechnology, Technical University of Denmark, Denmark
During the last years, molecular magnets have been attracting enor-
mous attention, since they are candidates for future applications in high-
density information storage and quantum computers. Here, we present
a first class of magnetic one-dimensional organometallic systems which
show half-metallic behaviour and can be synthesized [1]. These sys-
tems are Met-C$_6$HS$_6% multi-decker clusters, with Met=V, Mn and
Co [2]. Theoretical investigations of the transport properties of such
organometallic wires are presented. The conductance and the elec-
tronic structure of the molecular wires were calculated by means of a
LCAO method based on density functional theory combined with non-
equilibrium Greens functions [3]. A detailed analysis of electronic, mag-
netic and transport properties is given. A large spin-polarization of the
electron current is predicted. Furthermore, the influence of the small
molecules, H$_2$, N$_2$, 0$.2$ and CO, on the transport properties of
organometallic wires is discussed.
[1] K.Miyajima, \textit{et al.},Eur.Phys.J.D {\bf 34},177(2005) [2]
V.V.Maslyuk, \textit{et al.},[cond-mat/0510144]. [3] M.Brandbyge,
\textit{et al.}, PRB {\bf 65}, 165401(2002).

MA 37.6 Fri 12:00 HSZ 403
Field-dependent magnetic paramaters in {NiyMo;,} — eMIRKO
BRUGER and JURGEN SCHNACK — Universitat Osnabriick, Fachbereich
Physik, Barbarastr. 7, D-49069 Osnabriick
MoY0s0 (2 — OH)1oHo {Ni"(H,0)3}4 is a magnetic molecule which
on first glance looks rather unspectacular since it comprises four Ni ions
which are placed at the vertices of an almost ideal tetrahedron and con-
nected by oxygen bridges. Thus one would expect that the magnetic
energy levels are reasonably well described by an isotropic Heisenberg
model with antiferromagnetic coupling. Preliminary experimental re-
sults, obtained by our experimental collaborators in Ames (USA) and
Okayama (Japan), show a low-temperature magnetization curve (M vs.
B) with increasing step size. The magnetization curve shows two equal
steps at low fields and two larger steps of similar size at high fields,
which are rounded of anisotropy. Even including biquadratic exchange
and Dzyaloshinsnskii-Moriya interaction we were unable to describe the
low-temperature magnetization curve. Furthermore low-field susceptibil-
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ity and magneto-optical experiments of our collaborators in Ames and
Knoxville (USA) portend small changes in the structure of the molecule
with applied magnetic field.

MA 37.7 Fri 12:15 HSZ 403

AC-susceptibility measurements of spinclusters in high mag-
netic fields — eROLAND LEPPIN and BERND PiLawA — Physikalisches
Institut, Universitat Karlsruhe (TH)

The Fey(hpdta);, Fes(hpdta), and Feg(hpdta)s clusters denote sys-
tems of antiferromagnetically coupled magnetic ions with s=5/2, which
are surrounded by organic ligands. Of these spin systems the static mag-
netic susceptibility and exchange coupling constants are known, but no
ESR signal can be detected to gain access to the electronic level structure.
However, spin dynamics are still accessible via levelcrossing experiments
with high field ac-susceptibility measurements.

Therefore an experimental setup has been developed to measure ac-
susceptibility in a de-magnetic field from 0 to 20T. Initial zero field mea-
surements of a Mny; cluster support the expected paramagnetic blocking
temperature behaviour. For the (hpdta)-systems it is expected to mea-
sure a peak in the ac-susceptibility, when the dc-field passes an electronic
levelcrossing between the lowest energy level and the next higher excited
state, causing a step-like increase in magnetization.

MA 37.8 Fri 12:30 HSZ 403

Tuning the magnetic ground state of a novel tetranuclear
Nickel(II) molecular complex by high magnetic fields — oC.
Gorze™?, A. Avronsov!, R. KLINGELER!®, B. BUCHNER!, V.
KaTAEV!, C. MENNERICH?, H.-H. Krauss?, M. GoIRaN® J.M.
Broro®, H. Rakoro®, S. DemESHKO? G. LEIBELING?, and F.
MEYER* — IFW Dresden, Germany — 2TU Braunschweig, Germany
— SLNCMP Toulouse, France — *University Géttingen, Germany

Electron spin resonance and magnetization data in magnetic fields
up to 50T of a novel multicenter magnetic molecular complex
[(L)2Nis(N3)(02C Ada)4)(Cl1Oy4) are reported. In this compound, four
Ni spins each S = 1 are coupled in a single molecule via the central
p4-azide bridge which provides paths for magnetic exchange. A com-
plex ESR spectrum comprising four resonance modes has been observed.
Analysis of the frequency and temperature dependence of the ESR sig-
nals yields the relevant parameters of the spin Hamiltonian, in particular
the single ion anisotropy gap and the g factor, which enables the calcu-
lation of the complex energy spectrum of the spin states in a magnetic
field. The experimental results give compelling evidence for tuning the
ground state of the molecule by magnetic field from a nonmagnetic state
at small fields to a magnetic one in strong fields owing to the spin level
crossing at a field of ~ 25T.

MA 37.9 Fri 12:45 HSZ 403

Magnetic and optical properties of oxamato bridged Cu(II)
complexes eBJORN BRAUER!, ToBIAS RUFFER?, DIETRICH R.
T. ZAHN', and GEORGETA SALVAN! — 'Technische Universitit Chem-
nitz, Institut fiir Physik, Reichenhainer Str. 70, D-09107 Chemnitz —
2Technische Universitit Chemnitz, Institut fiir Chemie, Strafie der Na-
tionen 62, D-09107 Chemnitz

Coordination complexes allow the step-wise incorporation of an ex-
tended number of transition metal ions. Bis-oxamato type transition
metal complexes are prominent representatives of such systems and are
used for the synthesis of trimetallic complexes. The magnetic coupling
constant of such molecules and their spin density were determined using
Superconducting Quantum Interference Device (SQUID) and Electron
Paramagnetic Resonance measurements on powder. These molecules
were also deposited as thin films on silicon using spin-coating. Variable
Angle Spectroscopic Ellipsometry (VASE), Raman and IR spectroscopy
studies showed that the molecular structure is preserved during the de-
position process and that the films exhibit a preferential molecular ori-
entation.

MA 37.10 Fri 13:00 HSZ 403

Quantum Tunneling of the Magnetization in Lanthanide
Double-Decker Complexes — eH. RupP!, B. BARBARAZ, P.
MULLER!, S. BRINK?, O. FUHR?, and M. RUBEN® — !Physikalisches
Institut III, Universitit Erlangen, Germany — Z2Laboratoire de
Magnétisme Louis Néel, CRNS, Grenoble, France 3Institut fiir
Nanotechnologie, Forschungszentrum Karlsruhe, Germany
Magnetization hysteresis of dysprosium double-decker single crystals
was observed below 4K. For the first time a larger blocking temperature
than for Mn acetate was found. The very large anisotropy of rare-earth
ions has two opposing effects on the barrier height for reversal of the mag-
netization: The strong axial anisotropy results in a very large ligand-field
splitting, whereas the large transversal anisotropy shortcuts the barrier.
The observed steps in the hysteresis are due to quantum tunneling of the
magnetization. We interpret these steps and related features in terms of
intermolecular exchange, dipole-dipole and hyperfine interactions.



