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The First Discotic Metallomesogen Derived from Phthalocyaninatooxotitanium
for a Novel Photoconductive Liquid Crystal
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The first phthalocyaninatooxotitanium discotic liquid crystal
has been synthesized for a novel photoconductive liquid crystal.
The thermal behaviour of 2,3,9,10,16,17,23,24
octakis(octadecylthio)phthalocyaninatooxotitanium(IV) was
investigated by polarised light microscopy and differential
scanning calorimetry (DSC) and X-ray diffraction, to reveal that it
exhibits two hexagonal columnar mesophases.

Phthalocyaninatooxotitanium (PcTiO) are one of the most
interesting photoresponsive materials because of their high
photoconductivity.!:2 These have been found to have utility as
xerographic photoreceptors and GaAsAl printers.3 Many studies
of the solid state film show that the charge generation efficiency of
PcTiO derivatives is strongly dependent on the crystal structure.4

On the other hand, the photoconductivity of discotic liquid
crystals has been studied extensively.5-0 In particular, a fast hole
mobility (0.1 cm2V-ls-1} was reported for a plastic crystalline
phase of a triphenylene discotic liquid crystal.” However, up to
now there is no study of liquid crystalline
phthalocyaninatooxotitanium derivatives. Therefore, studies of the
charge carrier generation process as well as the determination of
the charge carrier mobility in the liquid crystalline phase of PcTiO
derivatives are expected to provide important information
regarding its applications.

In this communication, we describe the synthesis and thermal
properties of the first discotic liquid crystal having a PcTiO core
(Figure 1).
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Figure 1. Molecular structure of 1.

The synthesis of 2,3,9,10,16,17,23,24-
octakis(octadecylthio)phthalocyaninatooxotitanium(IV), 1, was
carried out by heating a mixture of 4,5
bis(octadecylthio)phthalonitrile, Ti(OBu)4 and urea in n-octanol at
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Figure 2. DSC traces of 1. The maximum temperatures of
heating are a) 300 °C (heating and cooling rate: 5 °Cmin-1) and b)
90 °C (heating and cooling rate: 1 °Cmin-1).

150 °C under N, for 6 h8 4,5-Bis(octadecyithio)phthalonitrile
was obtained by the reaction of 4,5-dichlorophthalonitrile and
octadecanethiol with K5CO3 in DMF at 150 °C for 1 h.
Characterization of the product was performed by UV-visible
absorption, IR and NMR spectroscopies and elemental analysis.?
These results were in good agreement with those reported
previously in the literature.2-10

Figure 2a shows the DSC traces of 1. On the first heating run
(bottom) an exothermic peak at 41 °C (13.4 kJmol-1) and two
endothermic peaks at 59 °C (106.5 kJmol-!) and 68 °C (11.7
kJmol-1) were detected. The clearing point was recognized at 292
°C (9.6 kJmol-1) by a microscopic observation of the textures. On
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the second heating run, new peaks appear at 35 °C, 43 °C and 54
°C. These are probably induced by slight modification of the
compound under heating up to the clearing point. The exothermic
peak at 41 °C was not observed during the second heating run
which suggests that it is due to an exothermic crystal-crystal
rearrangement. Figure 2b shows the DSC traces of a fresh sample
heated up to 90 °C. The two endothermic peaks at 59 °C and 68 °C
were observed both in the first and second heating runs. This
indicates that no decomposition or chemical modification occurs
up to 90 °C. However, the peak at 68 °C was not detected in the
cooling process.

The microscopic observation of 1 heated up to 150 °C revealed
that it melts at 60 °C and the texture obtained changes slightly at
70 °C. Both mesophases could not be identified only by texture
observations. But the corresponding phase transitions were also
observed on the cooling process and were reproducible in
repeated  heating-cooling cycles. The texture formed
spontaneously on cooling from the clearing point (292 °C) was
similar to that obtained for a mesophase of an analogous
phthalocyaninatooxovanadium complex which was assigned to be
Dy phase.!! However, no change of texture was recognized at 70
°C and the crystallization on cooling was observed at 36 °C.

The results of powder X-ray diffraction measurements for the
two mesophases are shown in Figure 3. X-ray diffraction patterns
of 1 at 65 °C and 150 °C are very similar in the narrow angle
region. Three peaks were observed with a spacing ratio of | :
1/V/3 : 1/2, which is characteristic of a hexagonal columnar phase.
In the wider angle region, X-ray pattern at 150 °C showed only a

a)

d100=31.8A
10 - 2000
a d=t6A d=42A
2 ., E 1500 L ~ .
E 8 I d“0=l7.9A8 d=3.9A|
3 é 1000 d=62A
2 6 o
— 500
w
72} B d._=155A 0
£ 4 ) 20071938 O e
] w
2
T T T T T T i ‘
0 5 10 15 20 25 30 35 40
26/ degree
b)
20
d,,,=31.0A
¥ 2000
L d=4.6A
2 15 2 1500 L
] : \
S S 1000
2 z |
': 10 'Q 500
2 =l 7TA
3] T B H 5N
5 _‘J / dzoo:IS'ZA 26/ degree
T T T T T T T

28/ degree

Figure 3. X-ray diffraction patterns of 1 at a) 65 °C and b) 150 °C.
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broad halo centered at 26=20° (ca.4.6 A) which is derived from
the molten alkyl chains, whilst the pattern at 65 °C exhibited four
additional peaks at 6.2 A, 4.6 A, 4.2 A and 3.9 A, indicating the
higher molecular order for this mesophase. The peak at 3.9 A
probably corresponds to the stacking periodicity of molecules.
However, the peak at 6.2 A may indicate the presence of dimers
in this mesophase. Further experiments are necessary to reveal the
details.

In conclusion, optical microscopy, DSC and X-ray diffraction
revealed that 1 is mesomorphic and the phase transition sequence
is as follows, C - 59 °C - Dy, - 68 °C - Dyg - 292 °C - I. Studies of
the thermal stability (over 292 °C) and the photoconductive
properties are in progress.
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