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LIQUID CRYSTALLINE PROPERTIES OF 4-ALKOXY-4'-
CHLOROAZOBENZENES

ZBIGNIEW GALEWSKI
Institute of Chemistry, University of Wroctaw,
14, Joliot-Curie, 50-383 Wroctaw, Poland.

Abstract
New family of liquid crystalline compounds with high dipole moment of the

general formula:
C yHaney O<O—N=N=O—Cl

has been synthesised. On the basis of texture observation, DTA calorimetry and
thermooptics, smectic A, Smectic E and nematic phases were identified. The
temperatures and enthalpies of phase transition are discussed and compared with
the analogous Schiff base family, 4-chlorobenzylidene-4'alkoxyanilines.

INTRODUCTION

The azobenzene derivatives were among the first ten discovered liquid crystalline
compounds [1,2]. In spite of that there were no detailed investigations of this kind of
compounds. The alkoxy,4'"-alkylazobenezens with short alkyl chains (until butoxy) were
firstly described by Steinstrisser and Pohl in 1973 [3]. They recognised only nematic
mesophases. de Jeu in the series of papers [4,5,6] presents liquid crystalline properties and
their physical properties of 4-alkoxy,4'-butylazobenzenes. The family with longer alkyl
chains was investigated by the Halle group for 4-alkoxy,4'-nonylazobenzenes [7]. On the
base of X-ray diffraction, texture observations and DSC calorimetry smectic A, smectic
C, smectic I and smectic G were identified.

Dabrowski [8,9] described the families with both alkyl chains (one chain was methyl
and ethyl). They found very low melting temperatures and only nematic mesophase.
For application important are compounds with high dielectric anisotropy. Among them
there were only compounds with cyano [10,11,12,13] and nitro group [14,15] described.
The azobenzene compounds are very easy in preparation and purification and have rich
polymorphism [16,17]. The disadvantage is their yellow colour and the UV and Vis
instability. Very recently [18] they were successfully applied in non-linear optics.

The main aim of this paper is the presentation of the new family of azobenzenes liquid
crystalline compounds with the chloro group. Their properties are compared with the
analogue Schiff base 4-chlorobenzylidene,4'-alkoxyanilines.
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SYNTHESIS
The main root of preparations of 4-alkoxy,4'-chloroazobenzenes is as follows:

1. c1<O)>NH, N::SZH’HC' CI@N=N@0H
2 HON-N-Oror =g 0O nn-0)-or

The both steps of synthesis were done with the standard method [19]. All compounds
were crystallised from ethanol end next purified by column chromatography. Silica gel
(Merck Kiesielgel 60) with chloroform as an eluent was used. The purity was proven by
TLC, NMR spectroscopy and elemental analysis.

For phase transition investigation all compounds were melted under high vacuum for
solvent removing. Table 1 presents elemental analysis results:

TABLE 1. Elemental Analysis of 4-alkoxy,4'-chloroazobenzenes.

calculated found

n C H N C H N
1 63.3 4.49 114 63.18 4.36 11.32
2 64.5 5.03 10.7 64.93 5.34 10.31
3 65.6 5.50 10.2 65.41 5.36 10.18
4 66.5 5.93 9.70 66.55 5.77 9.72
5 67.4 6.32 9.25 67.27 6.21 9.25
6 68.2 6.68 8.84 68.01 6.59 8.83
7 69.0 7.01 8.47 69.18 7.01 8.49
8 69.7 731 8.12 69.82 731 812
9 70.3 7.58 7.81 70.07 7.62 7.68
10 70.9 7.84 7.51 70.42 7.70 7.41
11 71.4 8.07 7.24 71.20 8.07 7.15
12 71.9 8.29 6.99 71.70 8.26 7.02

EXPERIMENTAL

Thermo-optics set-up was described in the other paper [20]. Calorimetric
measurements were performed with a Rigaku DSC unit and DTA set-up made by
UNIPAN (Fig.1). In the last one all voltage signals were measured by two digital
multimeters ( Meratronik V542.1 and Black Star 4503), which through the IEC625 bus
were connected to the IBM 386DX computer. Heat effect was numerically calculated
using as a standard five organic compounds with known melting enthalpy [21]. Results of
measurements are presented in Table 2. (AH in kJ/mol in square brackets)

Photographs were done with the help of a Pentacon camera connected to the
AMPLIVAPOL microscope.

RESULTS
The temperatures of the phase transitions were detected from TOA, which was found
as most accurate (possible 0.1 K precession).
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Fig.1. Experimental arrangement for DTA measurements.

TABLE 2. Phase transition temperatures of 4-alkoxy,4'-chloroazobenzenes.

Cr S¢ Sy S, N 1
1 e 119.6 °
[37.0]
2 e 101.8 )
[31.3]
3 o 102.6 .
[35.5]
4 o 3918 s (868) o
[35.1] [3.2]
5 e 81.0 o (71.0) (74.0) o 86.5 .
(31.1] [4.10] [1.1] [8.1]
6 o 85.1 . 91.0 .
[34.6] [7.9]
T e 844 o (69.0) o 92.0 .
[41.5] [1.0] [9.3]
8 o 79.6 . 94.6 °
[82.2] [12.9]
9 o 84.0 ) 95.0 .
[60.6] [6.9]
10 o 83.6 ] 96.0 °
60.1] [(7.4]
11 o 93.5 . 947 °
[114.] [13.6]
12 o 85.0 . 933 °

[61.3] [8.8]
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First member of the investigated family with liquid crystalline properties was butoxy

derivative. On the base of DTA and thermo-optics scans (Fig.2) and the texture
investigation (Fig.7) there was identified only monotropic nematic.
The pentyl derivative shows very interesting polymorphism. The DTA scans see three
mesophases, but TOA only two (Fig.3) which were identified as a smectic A and smectic
E (Fig.8,9) [23,24]. The same situation, one extra phase not visible in TOA, has been
found in the heptyl derivative (Fig 4.)

All other compounds have only one smectic A mesophase. Typical for them are two
pics in DTA and two discontinuity in TOA. (Fig.5). They have characteristic texture,
focal conics (Fig.10), typical for smectics A. Full phase diagram is presented in Fig 6.

120
110 1

100 | N

T [°C]
8
}j
J/

70 1 o o

60 ' , , , . , ; ; , ; ' ;
t ¥ f ; f f ; , t } t !

Fig.6. Phase diagramme of 4-chloro,4'-alkoxyazobenzens: O0- melting,
a- S,—Iso, x- N-olIso, 0 - S48, ,0-5,->Sx

The phase situation is similar to an analogous family, 4-chlorobenzylidene,4'-
alkoxyanilines [24]. The difference is only in one atom in the central group. Such small
change does not change the lattice energy. There are the same ranges of melting
temperatures and the mesomorphism firstly apears in the butoxy derivatives. The phase
situation is different. Schiff bases have two smectics modifications A and B, but azo
family has only one, smectic A. In butoxy derivative there is monotropic nematic phase,
not existing in the Schiff base. The pentyloxy, azo compound has extra smectic E.
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Fig.2. TOA and DTA scans for 4-butoxy,4'-chloroazobenze
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Fig.4. TOA and DTA scans for 4-heptyloxy,4'-chloroazobenze
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Fig.7. 4-butoxy,4'-chloroazobenzene, T=84°C, marble texture. See Color Plate V.
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Fig 8. 4-pentyloxy,4'-chloroazobenzene, T=80°C, smectic A. See Color Plate VI
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Fig.10. 4-heptyloxy,4'-chloroazobenzene, T=89°C, smectic A. See Color Plate VIII.
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