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Dielectric behaviour of two dimeric liquid crystalline siloxanes

by A. HOHMUTH, B. SCHIEWE, S. HEINEMANN and H. KRESSE*

Martin-Luther-UniversitaÈ t Halle-Wittenberg, Institut fuÈ r Physikalische Chemie,
MuÈ hlpforte 1, 06108 Halle, Germany

(Received 15 April 1996; accepted 4 October 1996 )

The temperature and frequency dependence of their dielectric constants have been investigated
for two dimers consisting of swallow-tailed terminal groups connected via siloxane central
parts of di� erent length. The results have been compared with those of the respective
monomer. The central part contributes in di� erent ways to the static dielectric constants in
the isotropic phase. From relaxation measurements, it can be concluded that the reorientation
process about the short axis of the terminal groups is comparable with the respective process
in monomers. The relaxation frequencies as well as intensities are almost unin¯ uenced by the
siloxane part which suggests a very ¯ exible structure of such dimers. Unfortunately, the
maintenance of the antiparallel arrangement of swallow-tailed parts of the dimers could not
be proved because of insu� cient material for experimental work on the SA phase.

1. Introduction ment in the short range [12]. This particular feature has
been carefully investigated by dielectric measurements,After a period in which much research work had been

done in the ® eld of monomer and polymer liquid crystals, including the in¯ uence of molecular structure, dipolar
interactions and polymer backbones [13 ± 15]. Recently,materials taking a position in between monomers and

polymers are now the object of many scienti ® c papers it was shown by Schiewe and Kresse [9 ± 11] that in
linear and cyclic siloxanes with swallow-tailed side chains,[1 ± 11 ]. Such materials are helpful in understanding the

dependence of physical properties on the degree of the tendency to the antiparalle l arrangement of the side
chains is not suppressed. In order to ® ll the gap betweenpolymerization and in studying the in¯ uence of a chan-

ging environment on molecular motions. In this work, the monomer on the one hand and the oligomers on the
other, dimers of swallow-tailed molecules connected viatwo dimers, Si2 and Si12, have been synthesized, investi-

gated and compared with the monomer M and the Si-units have been investigated . Thereby, it was hoped
that two questions would be answered: ( i ) to what extentsiloxane precursor Px . Phase transition temperatures

are given in degrees Celsius. does the central part in¯ uence the dipolar reorientation
and antiparalle l arrangement of the mesogenic parts;For several years it has been known that Y-shaped

so-called swallow tailed liquid crystal materials have a (ii ) in which way are the mesogenic units mutually
orientated in terminally connected dimers?pronounced tendency to adopt an antiparalle l arrange-
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212 A. Hohmuth et al.

2. Experimental from Õ 15 ß C to 170 ß C by means of a Eurotherm control
device. By switching on a magnetic ® eld (0´7 T ), the2.1. Synthetic section

The synthesis of the monomer is described elsewhere parallel (E d B) and perpendicular (E)B) component of
e* can be determined if the substance possesses a nematic[10 ]. Siloxane precursors were purchased from the

E Merck (P2, purity 96%) or supplied from Wacker phase ( M , Si2 ) . In order to obtain the static dielectric
constants e0 , relaxation frequencies, fR and parametersChemie (P12, purity 90%). The siloxanes Si2 and

Si12 were obtained by a hydrosily lation reaction [16 ] h, the experimental data, e ¾ (f )and e (f ), have been ® tted
to modi® ed Cole ± Cole equations [17]. The Cole ± Coleof M with the respective precursor in toluene

(H2PtCl6 6́H2O as catalyst , 48 h at 100 ß C). The crude parameter h amounts 1 in the case of ideal Debye
relaxations. The contribution of the conductivity to theproduct was puri ® ed by column chromatography on

silica gel (Baker, 40 mm) with toluene/chloroform (1 : 1´5 ) overall loss is taken into account by the term A/ f. As
sample conductivity complicates or prevents the investi-as eluent. After evaporating the solvents, the sample was

dissolved in chloroform and again eluted through a gation of relaxation processes in many cases, much e� ort
was given to minimizing this problem during theshort column of Al2O3 (E Merck, neutral, 0´063 ±

0 2́00 mm). The last procedure involved a ® ltration using puri ® cation procedures.
a PTFE ® lter with a pore size of 0 2́ mm and the evapora-
tion of the solvent (24 h, 60 ß C in vacuo). All of these steps
were necessary in order to reduce the conductivity of the

e ¾ =e
2

+
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2

)G1 +A f
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(1 )samples. The yields were 28% (Si2 ) and 38% (Si12 ) .
The following NMR signals were detected:
Si2

1H NMR: (200 MHz, CDCl3 ) : d (ppm)=0´01
(s, 6H, 2x Si± CH_3 ) , 0´47 ± 0´52 (t, 2H, Si± CH_2 ± CH2 ± ) ,
0´84 ± 0´87 ( t, 6H, 2x CH_3 ± CH2 ± ) , 1´14 ± 1´32 (m, 30H,
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(2 )Si± CH2 ± (CH_2 )3 ± CH2 ± CH2 ± O, 2x CH3 (CH_2 )6 ± CH2 ±

CH2 ± O), 1´58 ± 1´70 (m, 4H, 2x COO± CH2 ± CH_2 ± ) ,
1´76 ± 1´83 (t, 2H, ± C_H2 ± CH2 ± O ± ) , 3´97 ± 4´04 ( t, 2H,
CH2 ± CH_2 ± O ± ) , 4´19 ± 4´28 (t, 4H, COO± CH_2 ± CH2 ± ) ,
6´92 ± 8´27 (several m, 12H, Ar), 7´70 (s, 1H, ± CH_ 5 C). 3. Results and discussion

Experimental curves for Si2 and Si12 are presented inSi12
1H NMR: (500 MHz, CDCl3 ): d (ppm) =0´06

(s, 36H, 12x Si± CH_3 ), 0´53 ± 0´57 ( t, 2H, Si± CH_2 ± CH2 ) , ® gure 1. There are two relaxation ranges for both sub-
stances. Because of the small frequency window and the0´87 ± 0´90 (t, 6H, CH_3 ± CH2 ± ) , 1´17 ± 1´35 (m, 30H,

Si± CH2 ± (CH_2 )3 ± CH2 ± O, 2x CH3 (CH_2 )6± CH2 ± CH2 ± O), high conductivity (see the increase of e at the low
frequency side of the loss curves), the low frequency1´53 ± 1´71 (m, 4H, 2x COO± CH2 ± CH_2 ± ), 1´79 ± 1´93

(t, 2H, CH2 ± CH_2 ± CH2 ± O ± ) , 3´98 ± 4´04 (t, 2H, relaxation can only be observed in the isotropic phase
and the liquid crystalline phase as it forms, and theCH2 ± CH_2 ± O ± ) , 4´23 ± 4´30 (t, 4H, COO± CH_2 ± CH2 ± ),

6´94 ± 8´25 (several m, 12H, Ar), 7´70 (s, 1H, ± CH_ 5 C). second relaxation in the SA phase.
Figure 2 shows the temperature dependence of the

static dielectric constants for Si2, Si12, and M [10]. The2.2. Dielectric section

The dielectric measurement device is a Hewlett- siloxane precursor P12 has a dielectric constant of about
2´2 (26 ß C) in the frequency range investigated. Com-Packard impedance analyser HP4192A (10 Hz± 10 MHz)

piloted by a computer which allows automatic measure- paring the static dielectric constants in the isotropic
phase, one establishes a surprising fact. The dimer Si12ments of the complex permittivity, e*(f )=e ¾ (f )Õ ie (f ),

of the sample. The measuring cell is a capacitor (A = has almost the same e0,I as the monomer. The values of
both substances lie on a line. In contrast, e0,I of Si2 is1 cm2, d =0´2 mm) whose temperature can be varied
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213Dimeric liquid crystalline siloxanes

Figure 1. Experimental curves e ¾ ( f ) and e ( f ) of Si2 and Si12 at several temperatures. Because of the absence of nematic phase
in Si12, measurements for di� erent orientations (parallel, perpendicular) were not possible.

about 40% higher than that of M . Investigations on Corresponding with this explanation, the e0,I values of
d̀iluted ’ polymers drop with increasing d̀ilution ’ [11].linear and cyclic oligomers [9] (siloxane backbone with

swallow-tailed side groups) have provided in all cases From the relatively small e0,I of the precursor P , this
would suggest that the Si± O dipoles partially compen-signi ® cantly higher values of e0,I compared with the

monomer. This ® nding had been explained by a contri- sate each other. This situation changes on substitution
of H atoms by mesogenic side groups, especially if eachbution of the dipole moment of the siloxane part. As

every Si atom is connected to a side chain, the freedom Si atom bears a side group (Si2, [9 ]). In Si12 the
siloxane part is quite long and the Si± O dipoles in theof movement of the backbone is restricted and the dipole

moment of the Si± O bonds contributes to that of the middle part behave like those in P and do not essentially
contribute to the dipoles of the mesogenic group.side chain. This argument is valid for Si2, also.
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214 A. Hohmuth et al.

Figure 2. Static dielectric constants of Si2, Si12 and M for comparison.

We are not able to prove the tendency to an anti- inal component of the dipole moment, it can only be
observed in the liquid crystalline phases for parallelparallel arrangement in the dimers as we do not have

enough experimental data at the transition N/SA . But, orientation of electric ® eld and molecular director. Si2

possesses in the isotropic, as well as in the liquidfrom the decrease of the absorption intensity ( ® gure 1 )
at this transition, we assume the maintenance of the crystalline phases, the lowest fR1 values which suggests

the lowest ¯ exibilit y of this motion. This agrees with theantiparallel correlation in the dimers.
The results of relaxation measurements are summar- above mentioned in¯ uence of the siloxane part on the

dielectric behaviou r. In Si12, the siloxane part alsoized in the Arrhenius diagram ( ® gure 3 ) and the table.
The low frequency process 1 is caused by reorientation causes the decrease in fR1, but not to the same extent as

in Si2.motions of the swallow-tailed part about the short axis.
As this relaxation mechanism is related to the longitud - The nature of the high frequency relaxation 2 is more

Figure 3. Arrhenius plots of Si2, Si12 and M . The lines designate the phase transitions isotropic/liquid crystalline and indicate
steps in fR1 . The relaxation frequencies fR2 have been obtained by ® tting the broad adsorption curves to one relaxation process.
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215Dimeric liquid crystalline siloxanes

Table. Summary of the results obtained by relaxation meas- ( ii ) The dielectric increment e01 ± e02 is a measure for
urements. EA =activation energy, p =change in relaxation the number of reorienting molecular dipoles.
frequencies, h= Cole± Cole parameter, e01 ± e02=dielectric

Although, a smaller increment is to be expectedincrement, *=measured for a parallel orientation.
for Si2 than for M , the opposite has been found.

Parameter M Si2 Si12 The dimer Si2 does have a larger increment (see
the table) . This means that the short siloxane
central part does not hinder the reorientation of2´5 2´0 10p=

fR1 ( I )

fR1 (L C) the terminal groups about their short axis.
Possibly, the large increment suggests a lowerEA1 ( I )/kJ mol Õ 1 100 80 Ô 3 85 Ô 2

EA1 (LC)/kJ mol Õ 1 90 Ô 2 140 Ô 5 112 Ô 4 tendency to antiparallel arrangement in Si2 com-
pared with M .h1 (LC) 1 0´85 0´90

(e01 ± e02 )I 1´2 1´4 0´8 This experimental result does not support the model
(e01 ± e02 ) at TI/LC Õ T =4 K 2´1* 3´0* 0´65 of phase separation [2 ] or sketches made from X-ray
h2 (LC) 0´8 0´6 0´7 data [3]. The suggested models should be improved in

such a way that the reorientations of liquid crystalline
units about the molecular short axis are possible .

complex as can be seen from the broadened and increas-
ingly asymmetric absorption curves. It is caused by the
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