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The thermotropic mesophase behaviour of an asymmetrically shaped and highly substituted
tetrabenzotriazaporphyrin (TBTAP) derivative has been studied by optical microscopy, DSC
and X-ray diffraction. The TBTAP macrocycle differs from the more common phthalocyanine
ring system by the substitution of a methine for a nitrogen at one meso-position. The TBTAP
core was substituted with a single heptadecyl chain at this meso-position and four neopentyl
groups were statistically distributed around the peripheral benzene rings. In contrast to an
earlier study of this system which described the structure of the mesophase as discotic lamellar,
detailed X-ray diffraction study indicates that the TBTAP derivative forms a disordered
hexagonal columnar mesophase (Colpq), with a weak tendency towards antiparallel orientation
of neighbouring molecules observed in the form of a weak pseudo-centred rectangular packing.

1. Introduction

Phthalocyanine ring systems have been widely studied
in the solid state due to the striking combination of
physical properties that they exhibit [1]: extensive
planar aromatic structures, high anisotropic polariz-
ability and intense colour. Phthalocyanine derivatives
are commonly used as commercial pigments and are
renowned for their high thermal and chemical stability.
The central cavity of the molecule presents a complexing
site for over 70 species of transition metal atoms. Much
interest has been expressed in the conductivity and
optoelectronic properties of phthalocyanine-based mat-
erials: for example, as the photoconducting elements in
photocopiers [2] and for use in fuel cells [3].

The first mesomorphic phthalocyanines were reported
in the early eighties [4] and since then numerous liquid
crystalline phthalocyanine derivatives have been synthe-
sized with the aim of producing more easily controllable
macroscopic structures. These derivatives have been
predominantly alkyl and alkoxy octa-substituted mesog-
ens with side chains substituted at the 2,3-positions on
the benzene ring [ 5-8] or octa-alkyl compounds substi-
tuted at the 1,4-positions [9], but mesomorphic tetra-

* Author for correspondence.

substituted compounds have also been synthesized [ 10].
Hexagonal columnar phases are most commonly cited
(both Colng and Colno), however, nematic [6] and
rectangular columnar [9] structures have also been
reported. Much work needs to be carried out to link
unambiguously the phase structure to the anisotropic
macroscopic properties, and one current interest is the
possibility of using mesogenic metal-substituted aromatic
ring systems as self-assembling, one-dimensional molecular
semiconductors [11].

Asymmetrical substitution of the aromatic core is a
rarely used method of varying the molecular architecture
of a discotic mesogen. To date, asymmetry in phthalocy-
anine derivatives has been introduced by substitution to
an outer benzene ring: mesophases have been reported
for a phthalocyanine substituted at the 2,3-positions on
the benzene rings with two cyano groups and six long
alkyl chains ((CN [ CH3(CH2)11OCH2 J¢PcH2) [ 7] and
for a phthalocyanine substituted at the 1,4-positions
with either one or two hydroxy groups replacing alkyl
chains (HO(CioH12)7PcH2 and (HO)2(CioHi2)sPcHz)
[9]. The asymmetrical substitution of the macrocycles
seems to have little effect on the structure of the resulting
mesophases when compared with those of the analogous
symmetrical compounds. However the temperature
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range of the phase is affected, being increased for the
first example, while being decreased to the extent of the
formation of a monotropic phase for the bis-hydroxy
derivative. The rarely studied tetrabenzotriazaporphyrin
(TBTAP) ring system [12] presents the possibility of
substitution at one meso-position while maintaining the
spectroscopic properties and chemical stability of the
phthalocyanine parent material. The present compound,
which is based on TBTAP, is unusual both for its
asymmetric shape and for the use of short peripheral
substituents. It was originally synthesized during
research into the development of chemically modified
electrodes and its mesomorphic properties were unexpec-
ted. From preliminary studies it was proposed that the
material formed a lamellar phase [13], which would
have been the first time such a structure was observed
for a phthalocyanine-like core. In order to understand
this proposed structure better, we decided to investigate
further the mesomorphic behaviour of this compound,
and in the present paper we report a detailed structural
characterization of the mesophase based on optical
microscopy, DSC, high resolution X-ray scattering and
molecular modelling.

2. Experimental

The TBTAP derivative was synthesized and purified
using an identical method to that previously described
[14]. The TBTAP macrocycle differs from the more
common phthalocyanine ring system by the substitution
of a methine for a nitrogen at one meso-position. The
TBTAP core was substituted with a single heptadecyl
chain at this meso-position and four neopentyl groups
statistically distributed around the peripheral benzene
rings, as shown below:

CH3 CH CH
% 3 3 o
C
/ N\ VAN
CH; CH, _CHa  CHs
0
— (CHp)16CH3

(6]
CHjy CH/ O\
N/ 2 CH, /CH3
C AN
/SN /C
s CcHy CHj \cn3

Thin film samples of the material were prepared
between two untreated glass cover slips and optical
textures were observed using an Olympus BH-2 polarizing
microscope with a Linkam hot stage and controller
(accurate to £0-1°C). Thermographic data were obtained
using a Perkin Elmer DSC-7 differential scanning calori-
meter using a heating/cooling rate of 10°C min . Powder
X-ray diffraction patterns as a function of temperature
were recorded using Kei radiation from an INEL gener-
ator and a CPS 120 curved position-sensitive gas detector.
For selected temperatures, patterns were recorded on film
using a Phillips PW-1009 generator. Samples were studied
in sealed, 1mm diameter Lindeman glass capillaries.
Molecular dimensions were estimated and structures
visualized using Sybyl 5.5 software from Tripos run on
a PS390 Evans and Sutherland graphics workstation
managed by a MicroVax minicomputer.

3. Results

3.1. Optical studies

When observed using the microscope, the TBTAP
derivative was seen to become a highly viscous, birefrin-
gent fluid above ~100°C. The exact temperature of the
transition from the solid to the mesophase was not
optically observable due to the high viscosity of the
material. On further heating, the birefringent texture was
maintained and the sample became less viscous until the
transition into the isotropic phase at ~344°C. A small
amount of decolouration was observed at the edges of
the samples due to what was assumed to be an oxidation
process. The transition was reversible and on slow
cooling from the isotropic phase, the birefringent texture
emerged in the form of ‘petals’ (figure 1(¢)) which
coalesced to produce a fan-like structure (figure 1(b)).
This texture remained on cooling to room temperature.

3.2. Differential scanning calorimetry studies

The DSC trace of a fresh TBTAP sample on heating
to 100°C exhibited a single, small, broad peak with an
onset at 58°C and an enthalpy of 3-5J g '. The sample
was cooled from 100°C to — 100°C, but no features were
observed, and likewise on immediate reheating. When
the measurements were repeated several days later, a
similar behaviour was observed: a single peak on heating
starting at 58°C (3-2J ¢ ') and no further features or
peaks on subsequent cooling and immediate reheating.
Decomposition was observed on taking the bulk sample
above 250°C and so it was not feasible to record the
transition into the isotropic phase. It is possible that
this degradation also occurred throughout the sample
during formation of the spontaneous optical textures on
cooling from the isotropic phase. With this in mind, the
main structural characterization was based on X-ray
diffraction studies carried out at <200°C.
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Figure 1. Optical textures of the TBTAP derivative observed between crossed polarizers (X 100): (¢) mesophase emerging on
cooling from the isotropic phase; (b) birefringent texture maintained to room temperature.

3.3. X-ray studies

X-ray diffraction patterns were recorded at 10°C inter-
vals on cooling from 160°C to 40°C using the Guinier-
type camera with gas detector. The pattern obtained at
160°C is shown in figure 2: a sharp Bragg peak is observed
at 21-0A and two diffuse bands are seen centred at 51
and 3-5A. On cooling, the small angle repeat distance
demonstrated a weak temperature dependence down to
~90°C (plotted in figure 3 as calculated hexagonal lattice
constant versus temperature). The general outline of the
diffraction pattern remained unchanged down to 40°C.
In order to obtain greater detail, patterns were recorded
using photographic film and longer exposure times.
Diffraction patterns were taken on heating at 35, 55, 65,
75 and 90°C. All of the patterns were similar, and a

typical example is shown in figure 4 (75°C). An intense,
sharp peak was observed at 20-6 A accompanied by faint
peaks at 40-5 and 11-9A. In the wide angle region two
diffuse bands were seen centred at 5-3 and 3-8A. An
additional extremely faint diffuse band centred at ~8-3 A
was observable below 65°C. Computer modelling gave
an estimated molecular diameter of 23 A, discounting the
contribution from the heptadecyl chain, and the TBTAP
core diameter was 13 A.

4. Discussion
The TBTAP derivative is a blend of ten regio-isomers
due to the statistical distribution of the four peripheral
neopentyl groups and thus does not form a perfectly
ordered crystalline solid. The small peak in the DSC trace
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Figure 2. Typical X-ray diffraction pattern obtained for the TBTAP derivative recorded by a position-sensitive gas detector (160°C).
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Figure 3. Temperature dependence of the hexagonal lattice
parameter of the TBTAP derivative.

at 58°C arises as the result of minimal rearrangement
within the material as it moves from the solid into the
liquid crystalline phase, and is broadened due to the
mixture of isomers present in the sample. The absence of

further features until the re-emergence of the peak demon-
strates the existence of extensive supercooling and that
the small amount of ordering in the solid phase needed
a relaxation period on the time scale of days to develop.

The X-ray diffraction patterns are typical of those
observed for columnar phases: the discotic molecules
stack coaxially one upon another to form columns of
indefinite length, which in turn pack to form a two-
dimensional lattice. The 3-5A band arises from the face-
to-face packing of the aromatic cores and the 50 A band
from the neopentyl group intermolecular correlation spa-
cing. The diffuse nature of these bands indicates a liquid-
like arrangement of the molecules within the columns.
The very faint band at 83 A could be tentatively explained
by the development at lower temperatures of locally alkyl
rich areas with a correlation distance incommensurate
with the spacing of the phthalocyanine cores.

The relative spacings of the small angle Bragg peaks
dictate the nature of the 2-D lattice formed by the
columns. The reciprocal spacings of the two outer sharp
peaks fall in a ratio of 1: 312 demonstrating the existence

Figure 4. Typical X-ray diffraction pattern obtained for the TBTAP derivative recorded on film (75°C).
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of hexagonal packing. The secondary peak is very weak
due to the disruption introduced into the structures by
the range of regio-isomers and the long alkyl chains
present in the material. The hexagonal lattice parameter,
a, correspondin% to the diffraction repeat distance, d,
given by @ =(2/3"%)d, is 24-3 A at 160°C. This intercolum-
nar distance is reasonable when compared with the
theoretical molecular diameter calculated for the neopen-
tyl substituted TBTAP (23A), and the intercolumnar
distance reported (21-4 A) for a phthalocyanine mesogen
peripherally substituted with eight pentoxyalkyl chains
[8]. The octapentoxy substitution consists of a slightly
larger number of peripheral carbon atoms than the
combined tetraneopentyl and heptadecyl chain of the
TBTAP derivative, indicating that accommodation of the
volume occupied by the unusual substituents of
the current compound is feasible in the proposed hexa-
gonal structure.

The faint Bragg peak at 40-5A is at approximately
twice the spacing of the intense small angle peak, which
could have arisen due to diffraction of a /2 component
in the X-ray beam, reflected by the monochromator and
potentially visible because of the long exposure times
necessary to obtain the faint 312 peak discussed above.
To ensure that this was not the case, the measurement
was repeated with an aluminium filter (~100 tm thick)
which absorbs the 2 component more strongly than the
A[2. The relative intensity of the 40-5A peak with respect
to the 21-0 A reflection was preserved, indicating a slight
tendency for neighbouring TBTAP molecules to orient
themselves in opposite directions (figure 5) in order to
allow for the packing of the heptadecyl chain, and resulting
in a very weak pseudo-centred rectangular packing.

5. Conclusions

The thermotropic mesophase behaviour of an asym-
metrically shaped and highly substituted tetrabenzo-
triazaporphyrin compound was not expected and most
probably occurs due to the existence of numerous regio-
isomers within the material which introduce a sufficient
degree of disorder to prevent the formation of a crystal-
line structure. The mesophase formed is not lamellar as
initially suspected, but is typical of phthalocyanine deriv-
atives, being stable over a wide temperature range and
exhibiting a disordered hexagonal columnar (Colnd)
structure. In addition, a tendency towards antiparallel
orientation of neighbouring molecules was observed in
the form of a weak pseudo-centred rectangular packing,

E.A.C. thanks the EPSRC and the Wolfson Unit for
studentship sponsorship. H.J.C. and D.G. acknowledge
financial support from the EU under contract number
CHRX-CT93-0353. E.A.C. and H.J.C. thank the
University of Manchester for facilities provided for this
research.
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Figure 5. Schematic representation of proposed packing
structure with antiparallel orientation of neighbouring
molecules. (In reality the packing structure will show a
large degree of disorder with only a weak tendency to this
schematic antiparallel arrangement.)

References

[1] Leznorg C. C., and LEVER, A. B. P. (editors), 1992 and
1993, Phthalocyanines— Properties and Applications, Vols
I and II (Weinheim: VCH).

[2] GrEGORY, P. 1991, High Technology Applications of
Organic Colorants (Plenum Press), Chap. 7.

[3] Lever, A. B. P, HempsTEAD, M. R., LezNOFE, C. C.,
Liu, W., MELINK, M., NEVIN, W. A. and SEYMOUR, P.
1986, Pure appl. Chem., 58, 1467.

[4] PicHOCK, C., SIMON, J., SkouLIos, A., GUILLON, D.,
and WEBER, P. 1982, J. Am. chem. Soc., 104, 5245,

[5] SCHOUTEN, P. A., VAN DER PoL, J. F., ZWIKKER, J. W,
DrenTH, W., and PICKEN, S. J. 1991, Mol Cryst. lig.
Cryst., 192, 291; OHTA, K., JACQUEMIN, L., SRRLIN, C.,
Bosio, L., and SiMON, J. 1988, New J. Chem., 12, 751.

[6] LELIEVRE, D., PETIT, M. A. and SIMON, J., 1989, Lig.
Cryst., 4, 707.

[7] WEBER, P., GUILLON, D. and SKoULIOS, A. 1987, J. Phys.
Chem., 91, 2242.

[8] ENGEL, M., Bassour, P., Bosio, L., LEHMANN, H.,
HANACK, M., and SIMON, J., 1993, Lig. Cryst., 15, 709.

[9] Cook, M. J. 1994, J. mater. Sci.: Materials in Electronics,
5, 117.

[10] McKeowN, N. B. and PAINTER, J.) 1994, J. Mater.
Chem., 4, 1153.

[11] BopeN, N., BusHBy, R. J.| and CLEMENTS, J., 1994,
J. Mater. Sci.: Materials in Electronics, Sy 83.

[12] HELBERGER, J. H., 1937, Ann. Chem., 529, 205; BARRETT,
P. A., LINSTEAD, R. P., Tugy, G. A. P.  and ROBERTSON,
J. M., 1939, J. chem. Soc., 1809, and 1940, ibid., 1079;
Denr, C. E., 1938, ibid,, 1.

[13] McKeown, N. B., LEzNOFE, C. C., RICHARDSON, R. M.
and CHERODIAN, A. S. 1992, Mol. Cryst. lig. Cryst.,
213, 91.

[14] Leznorg, C. C.; and McKeowN, N. B. 1990, J. org.
Chem., 55, 2186.


http://www.ingentaconnect.com/content/external-references?article=/0033-4545^28^2958L.1467[aid=688877]
http://www.ingentaconnect.com/content/external-references?article=/0002-7863^28^29104L.5245[aid=688878]
http://www.ingentaconnect.com/content/external-references?article=/1058-725X^28^29192L.291[aid=688879]
http://www.ingentaconnect.com/content/external-references?article=/0267-8292^28^294L.707[aid=688881]
http://www.ingentaconnect.com/content/external-references?article=/0267-8292^28^2915L.709[aid=688883]
http://www.ingentaconnect.com/content/external-references?article=/0957-4522^28^295L.117[aid=646741]
http://www.ingentaconnect.com/content/external-references?article=/0957-4522^28^295L.83[aid=576329]
http://www.ingentaconnect.com/content/external-references?article=/1058-725X^28^29213L.91[aid=688885]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^28^2955L.2186[aid=688886]
http://www.ingentaconnect.com/content/external-references?article=/1058-725X^28^29192L.291[aid=688879]
http://www.ingentaconnect.com/content/external-references?article=/0267-8292^28^294L.707[aid=688881]
http://www.ingentaconnect.com/content/external-references?article=/0957-4522^28^295L.117[aid=646741]
http://www.ingentaconnect.com/content/external-references?article=/1058-725X^28^29213L.91[aid=688885]
http://www.ingentaconnect.com/content/external-references?article=/0022-3263^28^2955L.2186[aid=688886]

