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PRELIMINARY COMMUNICATIONS 

Thermotropic biaxial nematic phases with negative optical 
character 111 

by KLAUS PRAEFCKE, BERND KOHNE and DIRK SINGER 
Institute of Organic Chemistry, Technische Universitat Berlin, 

Stralje des 17. Juni 135, D-1000 Berlin 12, F.R. Germany 

DIETRICH DEMUS, GERHARD PELZL and SIEGMAR DIELE 
Sektion Chemie der Martin-Luther-Universitat Halle-Wittenberg, Muhlpforte 1, 

DDR-4010 Halle, G.D.R. 

(Received 16 January 1990; accepted 19 February 1990) 

Two disc-shaped multialkynyl arene ethers (1 and 2) with unusual thermo- 
mesomorphic properties are presented. Conoscopic studies show that the nematic 
phases of these new low molecular weight liquid crystals are biaxial and that the 
sign of their biaxiality is negative. The diether 2 is the first discotic twin liquid 
crystal which exhibits a nematic phase. 

The molecular architecture of thermomesomorphic organic compounds studied in 
the past 100 years is manifold and nowadays also includes a selection of disc-shaped 
substances [2]. Among the latter type of molecules are very few species which exhibit 
not only discotic phases (D), but also, or exclusively, nematic phases (N,) [3-71. The 
structure of such a N, phase is illustrated in figure 1. 

Figure 1 .  The structure of the discotic nematic phase (schematic presentation). 

Recently various examples of a new class of liquid crystal, highly unsaturated 
substituted hexakis(phenylethyny1)arenes [8] with diameters of their super disc cores 
of up to about 24 A, have been synthesized [4-71. Most of these mesogens exhibit N,. 
phases: the larger their core the more likely the formation of a N, phase appears to 
be. Here we present the two relatives 1 and 2 of this family of thermomesomorphic 
compounds which have an asymmetric molecular geometry contrary to the radially 
symmetric structure of hexakis(4-alkylphenylethyny1)benzene [4,5,7]. Our X-ray 
investigations show that the mesomorphic phase of these two materials are nematic. 
It is the aim of this preliminary communiation to show that these molecular' asym- 
metries give rise to the biaxiality of the nematic phase in both cases. 
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(1) Nonyl pentakis[(4-pentylphenyl)ethynyl]phenyl ether (1: C80H940, 1071.6), 
and (2) 1,12-bis( pentakis[(4-pentylphenyl)ethynyl]phenyloxy}dodecane (2: CIS4H17402, 
2057.1). The monoether 1 as well as the twin ether 2 each contain the large substituted 
pentayne unit(s) and have been prepared in two step syntheses starting from com- 
mercially available pentabromophenol via etherification (using NaH in DMF) which 
gives the following colourless intermediates: (1) nonyl pentabromophenyl ether, 
CISHI9Br,O, m.w. 614.8, m.p. 50.5OC, 63 per cent yield, or (2) l,lZbis(pentabromo- 
phenyloxy)dodecane, C24H24Br1002r m.w. 1 143.5, m.p. 138"C, 41 per cent yield. 
Pd catalysed alkynylations [4-71 of these two bromo ethers with 4-n-pentylphenyl- 
acetylene gave the yellow crystalline multialkynyl arene ethers 1 and 2 in 34 per cent 
or 58 per cent yield, respectively; in chloroform or ether they are blue fluorescent. 
Their structural formulas and phase transition data [9] are 

1'5 

H I  1'5 ' g H I  I 

1 

I 86.4"C 109.9"C 
(42.9kJ/mol) ' Nb (0.3 kJ/mol) ' 

2 

I IZI.4"C I56.2"C 
(67.9kJ/mol) ' Nb (O..lkJ/moI) ' 

The characterizations of the ethers 1 and 2 are based on a correct elemental analysis 
and on spectroscopic data, e.g. IR: v = 2210-2220 cm-' which will be published later 
together with those of homologous derivatives in these series. The bisether 2 is a new 
example of a rarely described liquid-crystalline dimer or twin with discotic units [lo] 
and is the first discotic twin liquid crystal which exhibits a nematic phase. 

On cooling the isotropic phases of 1 or 2, their nematic phases appear with 
homogeneous textures which are almost dark between crossed polarizers. These 
homogeneous textures are sometimes transformed about 2OoC below their clearing 
temperatures into typical schlieren textures, see the example for the twin ether 2 in 
figure 2. 

Conoscopic investigations [ 1 11 have been performed on thin layers of homo- 
geneously oriented nematic phases of 1 and 2 between two glass plates, using 23 pm 
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Figure 2.. Schlieren texture of the twin ether 2 at 123°C. 

thick spacers. For example, figure 3 shows the typical interference pattern of the 
biaxial nematic phase for the bisether 2. The isogyres form a cross when the trace of 
the optic axial plane lies parallel to either cross-wire (extinction position, see figure 
3 (a)).  Rotating the sample by & 45' breaks the cross into hyperbolic brushes (see 
figure 3 (6, c)). The clear splitting into two arcs could be observed only if the glass 
plates had been rubbed in a uniform direction. Using a sensitive red plate we were able 
to prove that the sign for the biaxiality is negative in both cases. We want to point 
out that the separation between the two arcs is enhanced drastically by a flow of the 
nematic in the direction of the rubbing. The interference figures become diffuse and 
finally disappear when the schlieren texture is formed from the homogeneous texture. 
For comparison, the conoscopic pattern in the N, phase of radially symmetric 
hexakis(4-pentylphenylethyny1)benzene [7] shows the typical cross of a uniaxial 
crystal in which the optic axis is perpendicular to the sample plane. In this case the 
conoscopic pattern is invariant to the rotation of the sample. We also found by 
refractometric measurements that the sign of the double refraction for this hexayne 
is negative as expected for discotic nematic phases. 

The biaxiality of nematic phases predicted theoretically 20 years ago [12] was 
experimentally proved for the first time in amphiphilic systems [13]. Later biaxial 
nematic phases could also be detected in thermotropic liquid crystals [14-161 as well 
as in polymeric ones [17-211. To our knowledge the biaxial nematic phases of 1 and 
2 presented here are the first examples of thermotropic optically negative biaxial 
nematics. The negative sign of the biaxiality in these two cases follows from the 
molecular geometry and from the structure of the nematic phases. In these cases the 
short axis ndl coincides with the direction perpendicular to the plane of the flat 
molecules which is the direction of the smallest polarizability. The splitting of the 
other axes is caused by the anisotropic alignment of the discs whereby the direction 
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Figure 3.  Interference figures of the biaxial nematic phase of compound 2, section perpen- 
dicular with respect to the acute bisectrix (T = 137OC). (a) The trace of the optic axial 
plane lies parallel to the polarizer or analyser (extinction position). (b)  and (c) The trace 
of the optic axial plane encloses an angle of + 45' or - 45' with the polarizer position. 

of the main axis of the indicatrix (n,) lies in the optic axial plane. The direction ny is 
perpendicular to the rubbing direction of the glass plates. Considering the polar- 
izability properties of these two molecules it can be assumed that the rubbing direction 
coincides with the preferred direction of the nonyloxy or 1, 12-dodecyldioxy chain 
which corresponds to the direction np of the indicatrix. Figure 4 shows the probable 
orientation of the indicatrix with respect to the molecular alignment. 

We assume that the surface interactions between the samples and the rubbed glass 
plates generate a uniform orientation (single crystal) of the initially inhomogeneously 
oriented biaxial nematic phase and not an artifical induction of biaxiality in a uniaxial 
nematic phase. 
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Figure 4. The axes of the biaxial indicatrix with respect to the molecular structure. The arrows 
drawn in the molecules indicate the preferred direction of the -OCgH,9 chain in 1 or of 
the -O(CH,),20- bridge in 2. 

It should be noted that for the thermotropic biaxial nematic phases published very 
recently [15, 161 the sign of the biaxiality is positive. In these two cases the nematic 
phases were oriented by strong electric fields. The field direction obviously coincides 
with the main axis ny of the indicatrix which is the axis of the greatest polarizability. 
Further investigations of our new compounds 1 and 2 as well as of other examples by 
additional experimental methods are in progress. 

We thank Mr. U. Babowsky, MLU, Halle, for participation in the conoscopic 
studies. K.P. is very grateful to Professor L. Kiesewetter and to Dip1.-Ing. G .  Gleske 
of his research group at  the Technische Universitat Berlin (TUB, Sfb 335 ‘Anisotrope 
Fluide’) for technical assistance. K.P. also thanks the Deutsche Forschungsgemein- 
schaft (Sfb 335 ‘Anisotrope Fluide’, project C3), E. Merck, Darmstadt, Schering AG, 
Berlin, and the Technische Universitat Berlin (UP, K, and PA 1) for financial 
support. 

References 
[I] 56th contribution on liquid-crystalline compounds; part 55: PRAEFCKE, K., KOHNE, B., 

[2] DEMUS, D., 1989, Liq. Crystals, 5, 75, see references cited therein. 
[3] TINH, N. H., DESTRADE, C., and GASPAROUX, H., 1979, Physics Lett. A, 72, 251. 
[4] KOHNE, B., and PRAEFCKE, K., 1987, Chimiu, 41, 196, see references cited therein. 
[5] EBERT, M., JUNGBAUER, D. A., KLEPPINGER, R., WENDORFF, J. H., KOHNE, B., and 

[6] PRAEFCKE, K., KOHNE, B., GUTBIER, K., JOHNEN, N., and SINGER, D., 1989, Liq. Crystuls, 

ECKERT, A., and HEMPEL, J., 1990, Z. Nuturf. (b)  45 (in the press). 

PRAEFCKE, K., 1989, Liq. Crystals, 4, 53. 

5, 233. 
171 PRAEFCKE, K., KOHNE, B., and SINGER, D., 1990, Angew. Chern., 102; and 1990, Angew. _ _  

Chem. Int. Ed. Engl., 29 (in the press). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



594 Preliminary Communications 

[8] Here arene stands for benzene [4,5,7], naphthalene [6], and triphenylene [7]. 
[9] Mettler TA 3000/DSC-30 S, heating rate 5 K/min. The melting points refer to the highest 

melting modifications found since both substances are multimorphous in the solid state. 
[lo] To the best of our knowledge dimer or twin liquid crystals containing discotic units have 

been described in the following papers: (a)  LILLYA, C. P., and MURTHY, Y. L. N., 1985, 
Molec. Crystals liq. Crystals Lett., 2, 121. (b) KOHNE, B., MARQUARDT, P., PRAEFCKE, K., 
PSARAS, P., STEPHAN, W., and TURGAY, K., 1986, Chimia, 40, 360. (c)  KREUDER, W., 
RINGSDORF, H., HERRMANN-SCHONHERR, O., and WENDORFF, H., 1987, Angew. Chem., 
99, 1300, or 1987, Angew. Chem. In?. Ed. Engl., 26, 1249. 

[ 1 I ]  The conoscopic observations have been performed using a microscope Jenapol interphako 
(VEB Carl Zeiss, Jena) in connection with a heating stage 400 of the type Heizkammer 
(VEB Carl Zeiss, Jena). 

1121 FREISER, M. J., 1970, Phys. Rev. Lett., 24, 1041. 
[I31 Yu, L. Y., and SAUPE, A., 1980, Phys. Rev. Lett., 45, 1000. 
[14] MALTH~TE, J., LIEBERT, L., LEVELUT, A.-M., and GALERNE, Y., 1986, C .  r .  hebd. Sianc. 

[15] CHANDRASEKHAR, S., SADASHIVA, B. K., RATNA, B. R., and RAJA, V. N., 1988, Pramana 

[16] PRAEFCKE, K., KOHNE, B., GUNDOGAN, B., DEMUS, D., DIELE, S., and PELZL, G., 1990, 

[I71 WINDLE, A. H., VINEY, C., GOLOMBOK, R., and DONALD, A. M., 1985, Faraday Discuss. 

[I81 HESSEL, F., and FINKELMANN, H., 1986, Polym. Bull., 15, 349. 
f19] HESSEL, F., HERR, R. P., and FINKELMANN, H., 1987, Makromolek. Chem., 188, 1597. 
[20] EBERT, M., HERMANN-SCHONHERR, O., WENDORFF, J. H., RINGSDORF, H., and TSCHIRNER, 

[21] BALLAUFF, M., 1988, Angew. Chem., 100, 775 AM. 

Acad. Sci., Paris, 303, 1073. 

J .  Phys., 30, L 491, and preliminary publications cited therein. 

Molec. Crystals liq. Crystals Lett., 7 ,  27. 

chem. Soc., 79, 55. 

P., 1988, Makromolek. Chem. rap. Commun., 9, 445. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


