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Summary of thesis contents

Metal phthalocyanines (MPcs) and metal porphyrins (MPs) have attracted much
attention as most promising materials to realize molecular devices and molecular
spintronics, because MPcs and MPs can tailor their electronic and magnetic states
by selecting the central metal ions. Whether we can control the wide range of
functionalities of MPcs and MPs on substrate surfaces depends on our knowledge
and techniques. It is of importance to reveal the interactions of MPcs and MPs
with the substrate surfaces and the electronic states and magnetic properties at
the interfaces. In addition, it is of interest from the fundamental science to
elucidate the mechanism of appearance of their functionalities when they are put
on extraordinary environments of surfaces. In this thesis, the author has set on
the three subjects based on the viewpoints of molecular orientation, surface
interactions, electronic structures and magnetic properties of complexes. The first
is molecular orientation of pyramidal structured vanadyl phthalocyanine (VOPc)
on Si(111)-(7x7) and Ag(111) surfaces. The interactions of VOPc with the substrate
surfaces were investigated. The second is a magnetic interaction between the
central V ion in VOPc and ferromagnetic metal surfaces. The last is the synthesis
of vanadium phthalocyanine (VPc) and its electronic and magnetic states.

Preparations and measurements of the samples were performed under an ultrahigh
vacuum (UHV) condition. Mainly three kinds of experimental methods, X-ray
absorption spectroscopy (XAS), X-ray magnetic circular dichroism (XMCD) and X-ray
photoelectron spectroscopy (XPS), were utilized to investigate element-selective
chemical and spin states. XAS and XMCD measurements were carried out by using
the XMCD system equipped with a superconducting magnet (B= 7 T) and a liquid He
cryostat (7= 3.8 K) at the end station of Beamline 4B of UVSOR-III of the Institute
for Molecular Science (IMS).

For the first topic, although molecular orientation and the effects of the work
function of the substrate surfaces have been unveiled in previous reports, the
interactions of adsorbed molecules with surfaces and the effects of the spin states of
the central metals have not been understood well. Therefore, the author investigated
molecular orientation and interactions of VOPc with Si and Ag surfaces. The
results from XAS, XMCD and XPS measurements clarified that VOPc is adsorbed
on the Si surface with an oxygen-down configuration, due to the strong interaction
of the oxygen atom in VOPc with Si. It was also revealed that the chemical
interaction between the framework of VOPc and Si is suppressed because of their
large distance and the electron spin of the central V is maintained in VOPc on the

Si surface as well as in a multilayer. On the other hand, it was found that VOPc is
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adsorbed on the Ag surface with an oxygen-up configuration. Furthermore, the
site specific interaction of the framework of VOPc with the Ag surface was
observed, although no interaction was observed between the central V and Ag and
the spin of the central V was again maintained.

For the second topic, much effort has been devoted to understand the magnetic
properties of MPcs and MPs on ferromagnetic surfaces. In the previous reports,
ferromagnetic couplings between the central metals in the MPcs/MPs and the
clean ferromagnetic surfaces have been elucidated, while antiferromagnetic
couplings of the central metal atoms in MPs with the oxygen-adsorbed
ferromagnetic surfaces are known. In this study, the magnetic interaction between
VOPc and some ferromagnetic metal surfaces has been investigated to achieve an
antiferromagnetic coupling of the central V with the ferromagnetic surfaces. The
ferromagnetic surfaces were obtained by preparing Fe, Co and Ni ultrathin films
on Cu(001). In the VOPc on the Fe system, it was found that the central V couples
antiferromagnetically with the Fe surface. Similarly, antiferromagnetic
interaction between the central V and Co was observed in the VOPc on the Co
surface. In Contrast to these results, no effective magnetic coupling was detected
in the VOPc on the Ni surface under a condition of a temperature of 5 K and an
external magnetic field of 0 T, although the Ni film was fully magnetized. The
existence of weak antiferromagnetic interaction between the central V and Ni was
nevertheless expected, because the XMCD signal of the central V in VOPc on Ni at
the field of 5 T was weakened in comparison to that on the Ag surface.

For the last topic, many MPcs have been synthesized since CuPc was discovered
in 1927. In the 3d-transition-metal series, 3d-MPcs composed of a phthalocyanine
ligand and a metal center have been synthesized for M = Ti, Cr-Zn, while the
synthesis of ScPc and VPc have not been successful, because they are unstable
under the atmospheric condition. The 3d orbitals in 3d-MPcs system split into
four energy levels due to the ligand field effect. To systematically understand the
electronic states of the central metal, the synthesis of the whole series of the
3d-MPcs is strongly required. In this study, VPc was synthesized for the first time
on a substrate surface under the UHV condition. The author has investigated its
electronic state and magnetic property. VPc was obtained by depositing metal free
phthalocyanine (H:Pc) and vanadium metal. From the results of angular
dependence of V L. edge XAS obtained using linearly polarized x-rays, it was found
that the electronic ground state of VPc is mainly attributed to (dxy)? (dxs, dyz)?!
(d22)0 (dx2-y2)0 with the spin state of S = 1/2. In addition, the reduction of the
XMCD signal of the central V was observed in multilayer, indicating that the VPc
molecules are coupled antiferromagnetically with each other.

In summary, the author has investigated the electronic and magnetic structures
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of VOPc on the substrate surfaces. The results shows that the electronic structure
of VOPc adsorbed on the surfaces is modified compared with that in multilayer
due to the interaction with the surfaces. Furthermore, the author has succeeded

in the synthesis of VPc and revealed its electronic state and magnetic property.
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Summary of the results of the doctoral thesis screening
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x T)iEMrFm. Ag(LI)EE Mk Em & O EEM Lo FRmIC DWW TE,I N TWD, £0D
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