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FTIR and X-ray Investigation of Triphenylene

Based Discotic Liquid Crystals.
Author: Declan J. Forde Supervisors: J.D. Bunning S. J. Spells

Novel disc like molecules based on hexa-n-alkoxy benzoates of triphenylene were
synthesised at Hull university. The compounds exhibited thermotropic liquid crystalline
behaviour. The compounds differed chemically based upon the number and position of
methyl additions to the ester benzoate linkage. Unsymmetrical compounds based on
hexa-n-alkoxy triphenylenes were also examined.

A number of techniques were employed to observe and measure the physical properties
of these compounds. Polarising optical microscopy was used to observe and record the
phase behaviour Typical schlieren nematic textures were often observed in the liquid
crystalline phase. The transition temperatures of the phase transitions were recorded to
within £0.1°C. Methyl additions to the ester benzoate linkage plays a major role in
determining transition temperatures and also the ranges of liquid crystal phase.

X-ray diffraction investigations allowed the molecular planar spacings to be measured,
use of a heating stage enabled measurements to be taken in the liquid crystalline phase.
All the samples produced a diffuse broad diffraction ring in the liquid crystalline phase,
indicating that the samples are not highly ordered and that they are likely to have adopted
a hexagonal packing arrangement. Planar spacings measured were in the range 22 - 30A,
only one sample, DB26, showed a diffraction ring corresponding to a planar spacing of
4.1A, indicating that molecular columns or partial columns were able to form from
molecules stacking one on top of another. Thus methyl groups on the ester benzoate
linkage disrupt the formation of columns, in turn reducing transition temperatures.

A number of methods of successfully aligning the discotic materials using surface
treatments are presented. Rubbed PVA and HTAB layers aligned the samples
hometropically, while SiO deposited layers aligned the samples homogeneously. (The
SiO deposition used an evaporation angle of 45°, a deposition angle of 5° is commonly
used to obtain homotropic alignment of calamitic materials.) Methods that produced
homogeonous alignment of calamitic materials produced hometropically aligned discotic
materials and vice-versa.

FTIR allows conformational information about a molecule to be determined. The CH,
wagging region was investigated to determine conformational information relating to the
alkyl arms. Combination of FTIR and aligned samples allowed the alignment process to
be investigated, it was determined that the alignment of the molecules occurs in a series
of stages, the triphenylene cores align first on cooling, followed by the ester benzoate
linkages and finally the alkyl arms.

Computer modelling simulations allowed various molecular conformations to be
observed, combination with X-ray diffraction data allowed molecular structures to be
generated. The software allowed various molecular dimensions to be easily measured
and the effect and extent of interdigitation of molecular arms to be observed. The
molecular dynamics calculations were only able to calculate energy minimisations for
crystalline structures, but the crystalline results offered valuable insights into the liquid
crystalline structures and behaviour.
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Force constant
Potassium bromide
Refractive index
Extradionary refractive index
Ordinary refractive index

Optical anisotropy

Director average of the molecular long axis

Number of C-C bonds in the alkane chain

Nematic disc-like phase
Twisted N phase

No. of end gauche

No. of double gauche
No. of kink

% end gauche

% double gauche
Polyamide

% kink

Poly vinyl alcohol
Rectangular disordered
Order parameter
Smectic A

Silicon monoxide

Trans state (i.e.  gtg)
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1.3. Development of discotic liquid crystals.

1.3.1. 1977 - 1980

1977

Up until 1977, all materials that showed liquid crystalline properties involved rod-like
molecules that were usually composed of a semi flexible core with highly flexible tails on
either side of the core. It was therefore believed that only these rod-like molecules
would be capable of displaying liquid crystalline mesophases. Chandrasekhar et al
postulated and showed in 1977 [} that the only geometrical constraint for liquid
crystalline behaviour is that the molecule is anisometric (non spherical) in shépe. Thus
compounds composed of disc-like molecules should also be able to exhibit stable liquid
crystal mesophases. These new liquid crysiél types are referred to as discotic liquid
crystals. The first compounds to be prepared and identified as liquid crystalline were
hexa substituted esters of benzene, specifically the hexa-n-alkanoates of benzene (Fig.
1.10.). Through optical investigation and X-ray studies a new kind of mesophase was
identified in which the discs stack on top of one another to form columns that exhibit

liquid crystal like behaviour.

R
R

Y o
eaos

R = n-C4H9 to n-Cngg

Figure 1.10. Hexa-n-alkanoate of benzene.
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1.3.2. 1981 - 1985

1981

Malthete et al (147 reported the first evidence of a cholesteric phase in a pure disc-like
molecule,  2,3,6,7,10,11-hexa-[s-(4-methyl)-4-n-hexyloxybenzoyloxy]  triphenylene,
which displayed a twisted Np or Npy* phase from 192.5°C - 246.5°C.

A classification of disc-like mesogens was published by Destrade et al 151 describing the
five identified mesomorphic phases of several disc-like liquid crystals. Optical textures,
nomenclature and proposed structures were described. Experiments were also underway
at attempting to orientate discotic mesophases by Levelut ef al [1) using a rotating
magnetic field and Vauchier ef al [17) using various surfacé treatments. Homeotropic
alignment, with the directors perpendicular to the walls, was obtained by use of glass
surfaces coated with flat molecules possessing six polar side functions e.g. polysiloxanes.
Parallel alignment was obtained using glass surfaces coated with obliquely deposited

silicon oxides at relatively large angles of 20°.
Tinh et al 15 synthesised hexa-4-n-alkylbenzoates of triphenylene, similar to the
compounds first synthesised by Tinh ez al 11;.
1982
Destrade et al [19) found in a mixture of two truxene based discotic liquid crystals the

occurrence of a re-entrant isotropic phase. The term re-entrant was used when a more

disordered phase appeared out of sequence after a more ordered phase on cooling.
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