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Liquid crystalline dimers with bent-core mesogenic units
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Germany

(Received 15 May 2006; in final form 28 August 2006; accepted 28 August 2006 )

Two series of dimers, in which two identical aromatic bent core mesogenic units are
connected via an organosiloxane or an alkylene spacer, have been investigated. The dimers
with a spacer consisting of a trisiloxane central group and relatively long alkylene groups
show an intercalated tilted smectic structure. The layer spacings appear to be very weakly
dependent on the terminal chain lengths. In these dimers the smectic phase is stabilized for the
compounds with a short terminal chain. Dimers with an aliphatic alkylene spacer are liquid
crystalline only when the spacer is relatively short and the terminal chains are long. For these
dimers a monolayer tilted smectic phase is observed.

1. Introduction

Bent-core mesogens have attracted considerable interest

in recent years because they are able to form new

smectic mesophases with a polar structure [1, 2]. The

restricted rotation around the molecular long axis gives

rise to a macroscopic polarization in the smectic layers.

Furthermore, in tilted smectic phases formed by these

bent-core molecules the combination of polar order and

director tilt leads to a chiral structure of the layers

without the presence of chiral molecules [3]. The

application of an alternating external electric field can

induce ferroelectric or antiferroelectric switching. In the

ferroelectric phases the polarization is uniform in

adjacent layers, whereas in antiferroelectric phases the

polarization alternates from layer to layer. To avoid

bulk polarization, an antiferroelectric ground state

occurs in most polar SmC phases of bent-core

molecules. However, ferroelectric phases have also been

observed, most notably when F-substituents are present

on the positions on the aromatic groups close to the

aliphatic tails, or when the interlayer fluctuations are

disturbed by the presence of a siloxane sublayer [4–7].

The formation of two-dimensional modulated struc-

tures or columnar-like blocks is another way to avoid

bulk polarization.

Several modifications of bent-core mesogens have

been investigated [1, 2, 5, 8]. For example, the effects of

the number of aromatic groups, the nature of the

bending unit and small substituents on the aromatic

groups have been investigated. An important factor that

determines the liquid crystalline properties is the length

of the aliphatic tails of the molecules [6, 8, 9]. A phase

sequence that is often found on increasing the tail length

in bent-core molecules is SmCc–Colr–SmCP [2]. In this

sequence the organization changes from intercalated to

monolayer. Changes in smectic ordering as a function of

terminal chain length are also often observed in

calamitic dimer liquid crystals in which two mesogenic

units are connected through a flexible chain [10–12]. In

these molecules the organization in smectic layers is

dependent on spacer and terminal chain length, the

ratio of both, and also on the dipole moment of the

mesogenic groups. Furthermore, the liquid crystalline

properties often strongly depend on the parity of the

spacer. For compounds with even spacers the transition

temperatures and transition enthalpies are usually

considerably higher than for compounds with an odd

spacer.

In the literature only a small number of dimer and

oligomer liquid crystalline molecules with bent-core

groups have been described. A few dimers have been

described that contain only one bent-core unit [13, 14].

These give, besides SmA or Col phases, also nematic

phases with unusual properties. Dimeric molecules with

two identical bent-core mesogens connected by a

siloxane-containing spacer have been investigated

recently [15, 16]. Depending on the number of siloxane

units in the spacer, either a ferroelectric or antiferro-

electric intercalated SmCP phase was found. Dimers*Corresponding author. Email: Ton.marcelis@wur.nl
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with an alkylene spacer have recently been described for

which columnar phases were found [15, 17]. These

molecules contain spacers and terminal chains with

similar alkyl lengths. In this paper we describe two

series of dimer liquid crystals with two bent-core

mesogenic units (see scheme 1). As spacers we use

relatively short alkylene spacers and relatively long

terminal chains. We also investigate dimers with a

trisiloxane-containing spacer to study the effect of

terminal chain lengths on the liquid crystalline proper-

ties.

2. Experimental

2.1. Synthesis

The siloxane dimers I-n,m were prepared by a hydro-

silylation reaction of monovinyl-terminated bent-core

molecules 2-n,m [18] with 1,1,3,3,5,5-hexamethyltrisi-

loxane 1 in toluene using platinum(0)-1,3-divinyl-

1,1,3,3-tetramethyldisiloxane (Karstedt reagent) as cat-

alyst. The dimers II-n,m with an alkyl spacer were

prepared by condensation of phenols 3-m [9] with

biscarboxylic acids 4-n [19] (scheme 2). The syntheses of

two representative examples are given below.

2.1.1. I-11,8. A mixture of 150 mg (0.18 mmol) of 2–

11,8 and 18 ml (0.07 mmol) of 1,1,3,3,5,5-

hexamethyltrisiloxane 1 was dissolved in 10 ml of dry

toluene under N2. Then 4 ml of Karstedt reagent in

xylenes (0.1M) was added and the mixture heated at

60uC for 8 h. After evaporation of the solvent the

residue was purified by column chromatography on

silica gel with dichloromethane containing 0.75%

methanol as eluant, and recrystallization from

petroleum ether 40–60/dichloromethane; yield 100 mg

(70%). 1H NMR (200 MHz, CDCl3) d (ppm): 8.22 (d,

8H), 8.09 (d, 8H), 7.43 (t, 2H), 7.36 (d, 8H), 7.14 (s, 2H),

7.12 (d, 4H), 6.92 (d, 8H), 3.99 (t, 8H, –OCH2), 1.77 (m,

8H), 1.6–1.1 (52H, –CH2–), 0.84 (t, 6H, –CH3), 0.47 (m,

4H, –CH2–Si), (0.00 (18H, CH3–Si). 13C NMR

(50 MHz, CDCl3) d (ppm): 164.3, 164.1, 163.8, 155.5,

151.4, 132.5, 131.9, 129.9, 126.6, 122.2, 120.9, 119.3,

115.8, 114.4, 68.4, 33.5, 31.8, 29.6, 29.4, 29.3, 29.2, 29.1,

26.0, 23.3, 22.7, 18.3, 14.1, 1.3, 0.3.

Scheme 1. Structures of the compounds of series I-n,m and II-n,m

Scheme 2. Syntheses of the dimers I-n,m and II-n,m
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2.1.2. II-6,18. Diacid 4–6 (83 mg) was heated under

reflux in 5 ml thionyl chloride for 1 h. After evaporation

of the excess thionylchloride the acid chloride was

dissolved in 12 ml of dry THF, and 410 mg of phenol

3–18 and 112 mg DMAP were added. This mixture was

stirred at room temperature for 2 days. After removal of

the solvent, dichloromethane was added and the solution

was washed twice with 1M HCl and with NaHCO3

solutions. After drying with Na2SO4 and evaporation of

solvent the residue was purified by column chromato-

graphy (0.5% methanol in dichloromethane) and

recrystallization from ethanol/chloroform; yield 215 mg

(52%). A final purification was performed by preparative

thin layer chromatography on silica gel using 1%

methanol in dichloromethane as eluant. 1H NMR

(300 MHz, CDCl3) d (ppm): 8.20 (d, 8H), 8.08 (d, 8H),

7.42 (t, 2H), 7.30 (d, 8H), 7.11 (6H), 6.91 (d, 8H), 4.02 (m,

8H, –OCH2), 1.76 (m, 8H), 1.53–1.39 (m, 64H, –CH2–),

0.81 (t, 6H, –CH3). 13C NMR (75 MHz, CDCl3) d (ppm):

164.7, 164.5, 164.2, 164.1, 155.9, 151.8, 132.8, 132.3,

130.3, 127.0, 122.5, 121.5, 121.3, 119.7, 116.2, 114.8, 68.8,

68.5, 32.3, 30.1, 30.0, 29.9, 29.8, 29.5, 29.4, 26.4, 26.2,

26.0, 25.7, 23.1, 14.5.

2.2. Measurements

The thermal behaviour was investigated using a Perkin-

Elmer DSC-7 instrument. The optical textures and

field-induced changes of the textures were examined

using a polarizing microscope (Leitz Orthoplan)

equipped with a Linkam THM 600/S hot stage. X-ray

diffraction measurements on non-oriented samples were

carried out using a Panalytical X’pert Pro MRD,

equipped with an Anton Paar temperature controller.

X-ray investigations on oriented samples were per-

formed using a 2D detector (HI-Star, Siemens AG). The

electro-optical properties were studied using commer-

cial cells (E. H. C. Corp., Japan) with rubbed polyimide

layers. The triangular wave method was used to study

the switching current response.

3. Results and discussion

The thermotropic properties of the dimers with the

oligosiloxane central segment, series I-n,m, are summar-

ized in table 1. All four dimers in this series show

many similarities with the dimers described by

Dantlgraber et al. [16] and Weissflog et al. [15]. The

melting points and isotropization temperatures of all

four dimers are rather similar. The properties of

compound I-11,12 were reported before [15] and the

transition properties agree well. The polarization

microscopy textures of the dimers all appear almost

optically isotropic. By decrossing the polarizers

domains of opposite handedness could be observed

(see figure 1). This points to a chiral superstructure. The

ferroelectric ground state for I-11,12 was proven by one

current peak per half period of a triangular voltage [15].

The ferroelectric ground state is promoted by the

microphase separation of the siloxane units which

disturbs the interlayer correlation that causes the

antiferroelectric ground state in most SmCP phases of

bent core molecules [16, 20].

The XRD patterns for all four dimers are also quite

similar and suggest a well defined layered structure with

liquid-like ordering within the layers. The d-spacings are

Table 1. Thermotropic properties (uC) and layer spacings (d)
of twins in series I-n,m. DH in kJ mol21 in square brackets.

Compound Thermotropic properties d/Å

I-11,8 Cr 90 [33] SmCPF 132 [40] I 40.1
I-11,12[15] Cr 85 [31] SmCPF 136 [48] I 40.8
I-11,16 Cr 84 [21] SmCPF 134 [48] I 41.8
I-10,8 Cr 82 [22] SmCPF 132 [42] I 38.1

Figure 1. Optical polarization micrographs of I-11,8 at 130uC; one obtained upon slightly decrossing the polarizer to the left and
the other to the right.
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summarized in table 1. Figure 2 shows the layer spacing

of the dimers and of their monomeric precursors as a

function of terminal chain length m. The d-spacings of

the corresponding monomeric precursors with a SmCPA

phase, 2–11,12 and 2–11,16, are 35.4 and 38.1 Å,

respectively. This indicates that the dimer molecules

are intercalated, because the lengths of the molecules

have become more than twice as large, whereas the layer

spacing has increased only slightly. This was also

concluded previously [15]. Interestingly, the three

dimeric compounds with a C11H22 spacer, I-11,m, all

have a rather similar layer thickness. Apparently, the

length of the terminal chains does not influence the

layer spacing strongly. Upon increasing the length m of

the monomeric precursor 2–11,12 with four C-atoms (to

compound 2–11,16) the thickness of the smectic layers

increases by 2.7 Å, whereas the layer spacing in the

corresponding siloxane dimers increases by only 1.0 Å.

When the tail m is longer than one aliphatic spacer

fragment n, the last part of the tail mixes in with the

siloxane sublayer. Comparison of I-10,8 and I-11,8

shows that the d-spacings are more strongly dependent

on n. A similar dependence of the layer spacings on n

and m was recently observed in oligomeric siloxanes

with side chain bent-core mesogens [21] and siloxane-

terminated bent-core molecules [7].

Another interesting phenomenon is that the mono-

meric compounds with the shortest terminal (i.e.

octyloxy) groups give a Colr phase, while as a dimer

they exhibit the SmCPF phase. This indicates that the

smectic ordering is stabilized in the dimers, probably

due to the strong tendency for microphase separation of

the siloxane groups. Something similar is seen for

siloxane-terminated bent-core molecules where even

very short spacers also give SmCPF phases [7].

Until very recently, dimer bent-core molecules with

an alkylene spacer had not been described in the

literature. The few compounds that have been described

and that have liquid crystalline properties have colum-

nar or nematic phases [15, 17]. We prepared several

compounds in which both the spacer and the terminal

chain lengths were varied. The compound with a

decamethylene spacer and decyloxy tails II-10,10

showed a relatively high melting point and no meso-

genic properties. Similar results were recently obtained

by Weissflog et al., who investigated dimers with four

different bent-core mesogenic units with dodecyloxy

tails linked by a decamethylene spacer. For these

compounds no liquid crystalline phases were observed

[15]. The compound with a shorter pentamethylene

spacer II-5,10 was also not liquid crystalline. When

dimer liquid crystals with relatively short spacers and

long terminal chains were investigated, liquid crystalline

phases were observed. The results are shown in table 2.

Only compound II-5,18 is enantiotropic; the com-

pounds with a hexamethylene II-6,18 or decamethylene

spacer II-10,18 are monotropic liquid crystalline.

A photomicrograph obtained for compound II-5,18

on cooling from the isotropic phase is shown in figure 3.

The texture indicates that a smectic mesophase might be

present although certain circular domains are reminis-

cent of a columnar phase. However, X-ray diffraction

measurements of the mesophases show in all cases up to

third or fourth order reflections in the small angle

region. This suggests a smectic ordering of the layers. X-

ray work on oriented samples also indicates a smectic

ordering (figure 4). A scan through the maxima at

constant Bragg angle yields a tilt angle ß of the

molecules with respect to the layer normal of 53u+/23u.
An estimation of the length of the molecule in the

fully stretched configuration yields a value L of

,10.5 nm. This value agrees very well with the value

calculated for the length of the building unit of the

layer, if only the experimentally obtained values of ß

and d are used. This result unambiguously proves that

Figure 2. Layer spacings d (Å) of the siloxane containing
dimers I-n,m as a function of m (-N-: n511; &:n510) and of
the corresponding monomeric alkenes 2-n,m (-#-).

Table 2. Thermotropic properties (uC) and layer spacings (d)
of twins in series II-n,m. DH in kJ mol21 in square brackets.

Compound Thermotropic properties d/Å

II-5,10 Cr 180 [90] I
II-10,10 Cr 163 [82] I
II-5,18 Cr 164 [28] SmCX 188 [35] I 57.7
II-6,18 Cr 174 [67] (SmCX 172 [25]) I 56.7
II-10,18 Cr 161 [67] (SmCX 158 a) I 59.0

a Could not be obtained due to crystallization.
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the layer structure is built up by the whole dimer, as

sketched in figure 5.

Clearly, the molecular structure—with the long

aliphatic chains and relatively short spacer between

the bent-core moieties—prevents an interdigitation of

the molecules of adjacent layers. This is a clear

difference from the behaviour of the siloxane-contain-

ing dimers. The results compare well with other non-

bent-core dimers with short spacers and long terminal

chains for which a monolayer structure is usually

observed in the smectic phases [10–12].

The three liquid crystalline compounds in series II-

n,m all show DSC traces with multiple transitions. As

shown, the high temperature phase is liquid crystalline

and the same textures are seen for all three compounds,

whereas the other phases are probably different crystal

modifications.

Electro-optical investigations on both compounds II-

5,18 and II-6,18 were carried out in commercial EHC

cells with 6 mm thickness. By application of a relatively

high voltage (+/2200 V/6 mm) a very slight change of the

birefringence could be observed, but an unambiguous

proof of ferroelectric or antiferroelectric switching was

not possible. Unfortunately, due to the beginning of

decomposition of the samples at the high temperatures

where the liquid crystalline phase is present and a too

high conductivity, switching current experiments were

not possible. Therefore, a more detailed assignment of

the SmCX phase was not possible.

4. Conclusions

In contrast to the olefinic monomeric precursors, all

compounds in the series with a central trisiloxane

group show SmCPF phases with ferroelectric switching

properties. This confirms the suggestion that decoupling

of the layers by the siloxane units suppresses the

antiferroelectric ground state of the banana-shaped

monomeric precursors. Incorporation of the monomeric

precursors in a siloxane-containing dimer stabilizes a

smectic ordering. Moreover, the thickness of the

smectic layers in this series is only very weakly

dependent on the length of the terminal chains. The

dimeric compounds with an aliphatic alkylene spacer

are only liquid crystalline if the terminal chains are

relatively long. These compounds show a strongly tilted

monolayer smectic phase with relatively high transition

temperatures.
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