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Introduction:
This summer, the goal of my research has been to study thin films of
discotic organic molecules which form crystals when deposited onto
a substrate. This is a typical example of a complex material system,
where the electronic and magnetic properties are highly anisotropic,
and distinctly different from those of single molecules. I investigated
one particular group of these crystal-forming molecules, the
phthalocyanines, which allow for the encapsulation of a metal ion
with oxidation state 2+. [1] Using magnetic circular dichroism as a
method to probe the magnetism of two different metalphthalocyanines, Cu and Zn, I observed the effect that the metal ion
has on the magnetic properties of the crystal as a whole. Given that
many of these properties are only apparent at high magnetic field,
and low temperature, the Magnet Lab was the ideal location for
these experiments.
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Ø Cu-octabutoxy phthalocyanine and Zn-octabutoxy phthalocyanine
thin films were prepared using the solution-processed hollow pen
writing technique, developed at the University of Vermont. [2] This
method produces films with grain sizes as large as a millimeter.
Ø These metal-phthalocyanines are square-planar, and have D4h
symmetry. The eight butoxy aliphatic chains make the molecules
soluble in organic solvents, which is critical for this type of
deposition.

Ø Further, the change in amplitude of the magnetic circular
dichroism signal with magnetic field can shed light on the
magnetic ordering of the system (e.g. paramagnetic,
diamagnetic, etc…).

Conclusions:
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Ø Magnetic circular
dichroism, which
measures the
differential
absorption of left
and right circularly
polarized light, was
used to study the
magnetic
properties of these
films.
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Ø Three different features are associated with magnetic circular
dichroism. The A-term, see (2) above, is due to the Zeeman
splitting of the orbitally degenerate excited state, and results
in a derivative-like shape. The B-term, see (3) above, is seen
when two excited states are close in energy, but both are
relatively far from the ground state. These excited states are
mixed by the magnetic field. Finally, the C-term, see (4)
above, results from the splitting of a degenerate ground
state, making it temperature dependent. [3]

Ø Both the Cu and Zn phthalocyanine films seem to have
exhibited all three magnetic circular dichroism features, with
the C-terms being the most uncommon.
Ø The magnetic ordering of the Zn phthalocyanine was
observed to be diamagnetic, down to a temperature of 1.5K.
The Cu phthalocyanine, however, shows paramagnetic
behavior at low temperature (~10K), which changes to
diamagnetic behavior at higher temperature.
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Ø Magnetic fields as
large as 10T, and
temperatures as
low as 400mK,
were used to study
these crystals.
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Ø Magnetic circular dichroism is now
being performed in the new Florida-Split
Helix Magnet, at room temperature, with
a magnetic field strength of up to 22T.
Ø Future studies will be conducted at
temperatures as low as 4.2K with
magnetic fields as large as 25T.
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