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Study on the electronic and photonic properties of organic molecular solids
has recently been an important subject in the fields of both basic physical
science and applied materials science. There are two important factors which
determine the solid state properties of molecular solids. The first one is the
characteristic nature of the constituting molecules. The second one is the
intermolecular interaction which may strongly depend on the nature of moleculesa
nd also the molecular assembly structure. Thus, controlling the structures of
molecular assemblies results in control of the functional properties of the
solids. Therefore, the theme of the present thesis is to fabricate highly-
ordered, well-characterized ultrathin films of phthalocyanine-based compounds
and to study their nonlinear optical properties in the solid state for the

future applications in electronic and photonic molecular devices.

Epitaxial Growth of Lead Phthalocyanine Film on KI Single-Crystal Substrate

Lead phthalocyanine exhibits unique properties among the phthalocyanine family
due to its special molecular structure. Those reported so far are apparent one-
dimensional metallic conduction in the monoclinic modification thin films,
electrical switching effects, and high sensitivity to NO. gas. However, these
properties depend strongly on the film structures, and structure control such as
epitaxy has not been reported in PbPc. To get well-defined thin films for
various applications, it is necessary to know the mechanism of epitaxial growth
in PbPc. Therefore, in this work, PbPc films were grown on KBr and KI single-
crystal substrates at room temperature by the MBE technique with the intention
of realizing epitaxial growth. A new type of epitaxial structure with
incommensurate matching was derived from SEM and EDP analyses to be KI(001)(5X
10/7)R45° -PbPc, which is very different from that found in other phthalocyanines
The epitaxial growth was further confirmed by UV/visible spectral study. Two
new types of PbPc crystal structures were proposed based on the derived epitaxy

and X-ray diffraction analysis.

Growth of Double-Layer Film (Chloroaluminum Phthalocyanine/Vanadyl
Phthalocyanine) by the Molecular Beam Epitaxy

Interest in organic multilayer systems for electric and optical applications
has been increasing significantly. Organic crystals are composed of discrete
molecules held together by the relatively weak van der Waals forces. Therefore
the potential exists for fabrication of high quality heterostructures or
multilayer structures without inducing large strains using a variety of organic

crystalline materials. Such structures have potential uses for the study of




excitons in organic crystals, and furthermore, for tailoring the linear and
nonlinear optical and electronic properties of organic semiconductors in
photonic device applications
Both A1PcCl and VOPc molecules have pyramidal structures and are particularly

appealing for their relatively large third nonlinear optical susceptibility x **7.
Therefore, their heteroepitaxial growth is expected to exhibit interesting
optical and electrical properties. In this work, the epitaxial growth of AlPcCl
on VOPc unidirectionally oriented film on KBr substrate was realized using MBE
technique at the substrate temperature of 70° C. SEM observation indicated that
the A1PcCl layer exhibits unidirectionally oriented epitaxy and is most probably
of the unidirectionally oriented tetragonal lattice structure, which resembles
the one of the VOPc layers. The epitaxial growth of the AlPcCl layer on VOPc was

further confirmed by the low temperature spectral studies at 90 K.

Optical Second- and Third-Harmonic Generations in MBE-Grown Vanadyl
Phthalocyanine Thin Films

Phthalocyanines are a two-dimensional x-conjugated system and have been
reported to show relatively large x *° values, fast response time, and high
photochemical stability. However, up to now, most of the studies were dealing
with polycrystalline or amorphous Pc films. In this work, they have extended
the nonlinear optical studies to the unidirectionally oriented VOPc epitaxial
films in an attempt reach a general understanding of the structure-nonlinearity
relationship of two-dimensional 7z -electron systems. The principal behavior of
SHG and THG in unidirectionally oriented epitaxial and polycrystalline films of
VOPc was studied at the fundamental of Nd:YAG laser(l.06gm). The anisotropy of
THG in the unidirectionally oriented VOPc epitaxial film has been successfully
measured and demonstrated to he associated with the symmetry elements of the
films. The essential features were explained based on the point groups of 4mm
for VOPc/KBr and C.. for VOPc/silica. It was found that the unidirectionally
oriented phase with 4mm symmetry can be distinguished from the polycrystalline
phase based on in-plane polarization dependence THG measurements. The off-
diagonal component contributes significantly to the nonlinear optical response,
which differs from the one-dimensional 7z -conjugated systems that have only one
dominant diagonal compoment. This is a characterstic feature for the two-
dimensional systems. Finally, a molecular accommodation model for VOPc on KBr

(001) has been proposed according to the derived 4mm symmetry.

Spectral Dependence of the Anisotropy of x ‘*’ of Epitaxially Grown Vanadyl
Phthalocyanine Film

The symmetry of the VOPc epitaxial film was proven to be 4mm and the anisotropy



of x ®> has been studied at wavelength of 1064nm based on the symmetry elements
of the film in the preceding work. It was found that the characteristic feature

(3>

of the unidirectionally oriented film is the anisotropy of yx In this work

> to a wide wavelength region from

they extended the anisotropy study of x ©°
1020nm to 1980nm aimed at a general understanding of the nonlinear-optical
processes of two-dimensional 7 -electron systems. The spectral dependence of
the anisotropy of x ‘*’of MBE-grown VOPc¢ film has been studied by the technique
of third harmonic generation, and an explanation given based on the symmetry
elements of the film. It is found that the variation of the anisotropy of x ‘%’
is a result of thedispersion of the complex ratio 3x 1122/ x111:1. There is a

sharp “two-photon resonance” in the spectrim of x *’, which is located at 1.88

{3

eV above the ground state. Enhancement of yx is achieved in the

unidirectionally oriented VOP¢ film by one order of magnitude.

Dependence of Off-Diagonal Components of x ‘*> on Substrate Temperature of
Epitaxially Grown Vanadyl Phthalocyanine Films

The nonlinear optical properties of epitaxial films, such as the x “*’value
and response time, depend strongly on the film s quality (orderliness and
continuity). Therefore, it is important to establish the optimum conditions for
film growth. The normalized off-diagonal ratio 3x 1122/ x 1111 is equal to I for
isotropic films and larger than | for 4mm epitaxial films at wavelength of 1.06
mm, thus the ratio can be taken as a standard measure for the judgment of film
quality. In this work, the substrate temperature dependence of the normalized
off-diagonal ratio 3x 1122/ x 1111 of VOPc epitaxial films was studied because
the film structure can be strongly influenced by the substrate temperature. The
normalized off-diagonal ratios were determined by circular-polarization third
harmonic generation measurement. [t is revealed that the unidirectionally
oriented film with 4mm symmetry can be distinguished from the polycrystalline
film by circular-polarization third harmonic generation measurement, and the
quality of the epitaxial film can be quantitatively analyzed by the normalized

off-diagonal ratio.
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