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Molecular Morphology and Electrical Conduction
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The epitaxial thin films of vanadyle phthalocyanine (VOPc) on various substrates
were prepared by the MBE and normal vacuum deposition techniques. The
molecular stacking of these films are largly affected by the substrate materials and
their temperature. In the case of fused quartz and glass, the molecular plane of
VOPc is oriented perpendicular to the substrate plane. However, parallel
orientation of the morecular plane are observed in the VOPc films deposited onto
the KBr (001) and spin-coated PVDF film. The lateral electrical conductivity and
their activation energy are dependent on the molecular orientation.

TEXT

A vanadyl phthalocyanine (VOPc) molecule
has a dipole moment due to it's shuttlecock
struchre.[ll Large THG propefies have been
obtained in a VOPc and TiOPc thin film
comparing to CuPc and CoPc with a plane struc-
ture. It is well known that the molecular
arrangiment is controlled by substrate materials
temperature (Is) and heat pre-treatment of the
substrate.

Thin films of VOPc were prepared by the
molecqlar beam epitaxy (MBE) at the Pressure
of td7 Pa and common vacuum evaporation
(VE) techniques at 10-4Pa. VOPc was 

-obtained

from Eastman Kodak Co. This material was
used without further purification. Evaporating
conditions were as follows; in the case of the
MBE, the temperature of deposition (Td) was
300oC, substrate's temperature was changed
from room temperture to 200"C, in the case, of
the VE, Td and Ts were 390 and 60-130oC.
Ultraviolet and visible absorption spectra were
measured for thin films of VOPc prepared by
the equilibrium (MBE) and nonequilibrium
(VE) vapor phases deposition onto quartz

slides. Both films showed similar spectra. Three
absorption peaks were observed in the visible
region. The peaks at 640, 730 nm belong to the

phase I and main peak at 840 nT 
- 
originates

irott the phase II crystalline part.[2]-Then the

VOPc filnis obtained were suggested to be a

mixture of both crystalline phases. The tipical
visible absorption spectra of the films with

c-3-2

different thickness on a fused
in Fig.1

quartz are shown

The moleeular arrangement
by u thin film X-ray diffractmetry

was evaluated
and SEM. The

periodicity of L.21 nm Qg--7.3 dqgree) was
obseved in the specimen prepared onto a fused
quartz and glass slides. This has been known as

the diffraction from the (002) surface suggesting
that the VOPc molecular plane is stacked per-
pendicularly to the substrate. In this case

stacked molecules form columns which b axis
orients parallel to the substrate. The molecules
deposited onto a white mica formed micro-
crystals arranging somwhat at random at low
substrate temp6rature (50 o C). However,
epitaxial growth of crystals was observed at
elevated temperature Ts. With increasing
substrate temperature the grain size of the
crystals became larger. Figure 2 shows a SEM
photograph of the VOPc film deposited onto a
mica iubitrate Cfs:200oc) by the MBE tech-
nique. Many crystals with various sizes and
shapes were observed. In the case of the cleaved
KBr and KCl, diffraction peak at 27.4 degree was
only observed. These molecules deposited onto
the claeved KBr, KCL and spincoated Poly-
vinylidenfluoride are iudged to orient parallel
to the substrate. The interplaner spacing of
VOPc molecules lvas estimated as 0.33 nm.
H. Tada suggested that the thin films deposited
by MBE technique onto alkali halides crystallize
epitaxially with the modified lattice constants
by the influence of substrates.[3|
Figure 3 shows the X-ray diffraction spectra
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measured at the incident angle of L degree for
the VOPc thin films on various substrates.

Anisotropic electrical conducion origi-
nating from the molecular morphology is ob-
served in phthalocyanines.[4] Electron clouds
along the molecular stacking direction becomes
maximam resulting in higher conductivity
along the molecular column. Therefor the
evaluation of the lateral conductivity gives a
macroscopic measure of the molecular orien-
tation in a sence.

A pair of comb gpe Au electrodes with 150
gap were deposited onto the VOPc films.
Figure 4 shows the I-V characteristics of the
lateal conduction for the films prepared on-to
various substrates. The conductivities clanged
about five orders in magnitude ( 10-1- tdt2S/Zm)
depending on the substrate material. We can
put the conductivities in order; fused lluartz =
glass slide > white mica > spin-coarted PVDF >
KBr. This order well agreed with the sequence
of the molecular rientation (perpendicular to
the substrate). The molecular orientation and
electrical conduction depended on the substrate
temperature (ts) strongly. The lateral con-
ductivity and diffraction intensity at 20=7.3
degree were plotted against Ts for the VOpc
films deposited onto fused quartz and white
mica by the VE technique in Fig's S and 6. The
conducivity and diffraction intensity of the
VOPc films on fused quartz increased linealy
with increasing substrate temperature.

On the other hand, the VOPc film on
mica showed maximum value at Ts : 100oC on
both the conductivity and diffraction intensity.
It was clarified by X-ray studies that the parallel
oriented molecules increased and the per-
pendicular molecules decreased at higher
substrate temperatures (Is : 130 

oC) to the
contrary.

The temperature dependence of the
conductivities were measured. these activation
energies were estimated as 0.66 and 0.92 ev for
specimens prepared onto a fused quartz and
spin-coated PVDF film as shown in Fig.7. This
results support that the conduction along the
molecular column need a small activation
energy because of the maximum overlapping of
the electron cloud.
The band gup was estimated at t.32 ev for the
VOPc film deposited onto a fused quarzt. This
corresponds to the absorption edge of 940 nm.

X-ray photoelectron spectropic (Xf5)
study was employed to clarify the chemical
composition of the deposited thin films of
VOPc. The XI,S spectra of Cls, Nls and YZpttz
showed sharp peaks, respectively. However, a

broad Ol.s peak was observed in both the as-
recieved powder and evaporated films. The
O1s peak can be divided into three com-
ponents; the binding energy were 530.9,532.5
and 534.3 eV respectively. The first peak is
supposed due to V=O bond. The second and
third peaks may originate from the adsorbed
water, -OH bond. This results suggest VOPc
molecules to be hydrophilic. Further inves-
tigation by using FTIR will be continued on
this point.

This study was done with the grant-in-aid
co-operative research (A) of the ministry
educatiorL science and culture.
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Fig.l.Absorption spectra of VOpc films
deposited on fused quartz by VE.
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Fig.S.Diffraction intensity and conductivity
vs Ts of VOPc film on fused quartz deposeted
by VE.

Fig.2.Electron micrograph of VOPc film
deposited on mica by MBE.
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Fig.3 X-ray diffraction spectraof VOPc
deposited on various subtrates by VE.
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Flc.6.Diffraction intensity and conductivity
vs Ts of VOPc film on mica deposited by VE.
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Fig.4.V-I characteristics of VOPc films on
various substrates.VE; vacuum evaporation
MBE; molecular beam epitaxy.

FlGT.Temperature dependences of conduc-
tion current of VOPc/fused quartz and
VOPc/PVDF
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