
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Dimesogenic liquid crystal consisting of cholesterol and Schiff base
moieties: dependence of LC properties on the spacer length and
fluorination of the alkoxy tails
Eui-Doo Doa; Kyu-Nam Kima; Young-Wan Kwona; Jung-Il Jina

a Department of Chemistry and Center for Electro- and Photo-Responsive, Molecules, Korea
University, Seoul 136-701, Korea

To cite this Article Do, Eui-Doo , Kim, Kyu-Nam , Kwon, Young-Wan and Jin, Jung-Il(2006) 'Dimesogenic liquid crystal
consisting of cholesterol and Schiff base moieties: dependence of LC properties on the spacer length and fluorination of
the alkoxy tails', Liquid Crystals, 33: 5, 511 — 519
To link to this Article: DOI: 10.1080/02678290600617546
URL: http://dx.doi.org/10.1080/02678290600617546

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290600617546
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Dimesogenic liquid crystal consisting of cholesterol and Schiff base
moieties: dependence of LC properties on the spacer length and

fluorination of the alkoxy tails

EUI-DOO DO, KYU-NAM KIM, YOUNG-WAN KWON and JUNG-IL JIN*

Department of Chemistry and Center for Electro- and Photo-Responsive, Molecules, Korea University,

Seoul 136-701, Korea

(Received 30 September 2005; accepted 16 December 2005 )

The liquid crystalline properties of two series of non-symmetric liquid crystal dimers
consisting of cholesterol and Schiff base moieties interconnected by v-oxyalkanoyl spacers of
varying length are compared: one series (SBOC-n) carry the octyloxy tail on the Schiff base
mesogen, and the other (SBOF-n) a perfluoroheptylmethyloxy tail. In general, compounds
with the fluorinated alkoxy tail exhibited mesophases over a much wider temperature range
than those with the alkoxy tail. The latter series favoured the formation of more diverse
mesophases than the former. SBOC-4, -5 and -7, and SBOF-4, -5 and -10 formed the chiral
smectic C phase.

1. Introduction

We and others [1–16] reported earlier a great abundance

of polymorphism exhibited by some non-symmetric

dimers. Most of the non-symmetric dimers described by

ourselves [3, 5, 6, 8, 10, 11–13] contain the cholesterol

moiety as an integral structural component, which

contains several chiral centres. Luckhurst et al. [7]

reported LC properties of dimesogens consisting of a

Schiff base mesogen bearing a chiral alkyl tail and a

cyanobiphenyl mesogen. More scientific studies have

been discussed by many research groups [1, 4, 7, 14] on

a wide variety of non-symmetric and symmetric dimers

without chiral centres. We were particularly interested

in investigating (i) the dependence of liquid crystal (LC)

behaviour on the length and partity of the spacers, (ii)

the dependence of LC behaviour on the nature of the

tails on the Schiff base mesogen and (iii) induction of

the formation of the chiral smectic phase, especially of

the SmC* phase, by the chiral centres in the cholesterol

moiety. The chiral smectic C phase may be induced in

these systems, depending on the length of alkoxy and

perfluorinated tails.

Meanwhile, the effect of fluorination of aromatic

mesogenic cores and polyfluorinated alkyl or alkoxy

tails on LC properties of monomesogenic compounds

have been the subjects of many studies [17–21].

Recently, we compared LC properties including ferroe-

lectic behaviour of a series of non-symmetric dimers in

which the cholesterol moiety is interlinked through the

6-oxyhexanoyl spacer to the second azobenzene-based

mesogen bearing the octyloxy or perfluoroheptylmethy-

loxy tail [12, 13].

In this study, we compare the LC properties of two

series of dimesogens on varying the length of the central

spacer linking the two mesogenic units. The SBOC-n
series have an octyloxy tail while the SBOF-n series

possess the perfluoroheptylmethyloxy tail, with ‘n’ deno-

ting the number of methylene groups in the central spacer.

2. Experimental

2.1. Synthesis

The compounds of the SBOC-n and SBOF-n series were

prepared following the multi-synthetic routes shown in

scheme 1. Since details of the synthetic procedure have*Corresponding author. Email: jijin@korea.ac.kr
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already been reported by us [12, 13] and others [22, 23]

for similar compounds, we here present only spectral

and elemental analysis data for representative examples

of the newly prepared compounds. As shown in

scheme 1, the two series of SBOC-n and SBOF-n
compounds were prepared by reacting cholesteryl-5-(4-

formylphenoxy)alkanoate (1) with either 4-oxtyloxyphe-

nylamine (2) or 4-(1H,1H-perfluorooctyloxy)phenylamine

Scheme 1. Synthetic route to compounds of the SBOC-n and SBOF-n series.

Figure 1. DSC thermograms of SBOC-n series.
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(3) in ethanol in the presence of activated molecular

sieve (4 Å). The synthetic details for the preparation

and LC properties of SBOC-5 and SBOF-5 can be

found in our previous report [12].

2.1.1. N-[4-{5-(Cholesteryloxycarbonyl)butyloxy}

benzylidene]-4-n-octyloxyaniline (SBOC-4). 1H NMR
(300 MHz, CDCl3, ppm): 0.5–1.9 (m, 60H, –CH–,

–CH2–,–CH3–), 2.4(m, 4H, –C5CH–CH2– and

–OCO–CH2–), 4.0 (t, 4H, ArOCH2–), 4.6 (m, 1H,

–OCH–), 5.4 (m, 1H, –CH5CH–) 6.9–7.8 (m, 8H,

–Ar–), 8.4 (s, 1H, –CH5N–). FTIR (KBr, cm21): 2943

and 2868 (C–H stretching), 1728 (C5O stretching),

1626 (C5N stretching), 1601, 1571,1511, 1464 (C5C

stretching), 1250 and 1172 (C–O stretching). Elemental
analysis: calcd for C52H78N2O4, C 80.15, H 10.03, N

1.76; found, C 80.11, H 10.10, N 1.71%.

2.1.2. N-[4-{5-(Cholesteryloxycarbonyl)butyloxy}

benzylidene]-4-n-pentadecafluorooctyloxyaniline (SBOF-

4). 1H NMR (300 MHz, CDCl3, ppm): 0.5–1.9 (m, 45H,

–CH–,–CH2–,–CH3–), 2.3(m, 4H, –C5CH–CH2– and

–OCO–CH2–), 4.0 (t, 2H, –ArOCH2–), 4.5 (t, 2H,

–ArOCH2CF2–), 4.6 (m, 1H, –OCH–), 5.4 (m, 1H,

–CH5CH–) 6.9–7.8 (m, 8H, –Ar–), 8.4 (s, 1H,

–CH5N–). FTIR (KBr, cm21): 2932, 2865 (C–H

stretching), 1725 (C5O stretching), 1624 (C5N

stretching), 1604, 1572, 1511, 1468 (C5C stretching),

1250, 1171 (C–O stretching). Elemental analysis: calcd

for C52H63F15N2O4, C 58.64, H 5.96, N 2.63; found, C

58.64, H 5.96, N 2.52%.

2.2. Experimental techniques

The IR and 1H NMR spectra of the intermediates and

final compounds were recorded on a Bomem MB FTIR

spectrophotometer (Canada) and a Bruker AM 300

spectrometer (Germany), respectively. Thermal transi-

tions of the LC compounds were studied under a

nitrogen atmosphere using a Mettler Toledo DSC821e

(Switzerland) differential scanning calorimeter. The

heating and cooling rates in general were kept at

2uC min21. Indium was employed as a reference

material for the calibration of temperature and

enthalpy. The peak maximum or minimum point was

taken as the transition temperature. Thermodynamic

Figure 2. DSC thermograms of SBOF-n series.

Non-symmetric LC dimers 513

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



parameters for the transitions were obtained from the
DSC thermograms.

The optical textures of the mesophase formed by the

compounds obtained were observed using a polarizing

microscope (Olympus BH-2, Japan) equipped with a

hot stage (FP-82HT) and an automatic temperature

controller (Mettler FP-90, Switzerland). When the

sample formed a homeotropic texture on a regular slide
glass, a rubbed polyimide substrate was used to observe

the optical texture.

X-ray diffractograms of the compounds were

obtained at varying temperatures using the synchrotron

radiation (1.542 Å) of the 3C2 beam line at the Pohang

Synchrotron Laboratory, Pohang, Korea.

Table 2. Transition temperatures (uC), enthalpy changes (kJ mol21) in parentheses, and mesophase range (uC) for the phase
transitions of SBOF-n series compounds.

n Transition DTi-Cr

4 Cr (22.7) (11.4)
127.1 SmA 217.0 I

89.9

5a Cr (21.8) (0.05) (16.6)
111.9 SmC* 143.7 SmA 235.3 I 123.4

6 Cr (21.1) (11.3)
83.4 SmA 196.5 I 113.1

7 Cr (13.5) (9.5)
72.0 SmA 200.3 I 128.3

10 Cr (22.0) (11.9)
86.4 SmA 176.4 I

90

aData taken from [12].

Table 1. Transition temperatures (uC), enthalpy changes (kJ mol21) in parentheses, and mesophase range (uC), for the phase
transitions of SBOC-n series compounds.

n Transition DTi-Cr

4 Cr (35.3) (7.2)
118.4 SmA 168.4 I

50

5a Cr (53.5) (1.0) (1.9)
130.5 SmA 195.5 N* 197.6 I

67.1

6 Cr (59.3) (1.1) (1.8)
140.4 SmA 145.5 N* 156.9 I 16.5

7 Cr (43.8) (0.9) (6.5)
144.8 SmA 167.2 N* 179.6 I

34.8

10 Cr (61.7) (0.32) (3.0)
122.8 SmA 127.6 N* 151.5 I

28.7

aData taken from [12].
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3. Results and discussion

3.1. Phase transitions and mesophases

The thermal transitions and mesophases of the com-

pounds were studied by differential scanning calorime-

try (DSC) and their optical textures were observed on a

polarizing microscope. The nature of the mosophases

was also confirmed by small angle X-ray diffractometry

(SAXD). Figures 1 and 2 compare the DSC thermo-

grams of the alkoxy tail compounds with those of the

perfluoroalkoxy tail compounds. Tables 1 and 2 sum-

marize the data relating to the thermal transitions and

the nature of the mesophases of the compounds; the

enthalpy changes of the phase transitions are also

included. The DSC thermograms show that all the

transitions involving the SmA and cholesteric (N*)

phases are enantiotropic whereas those involving the

SmC* phase are monotropic. However, we earlier

showed that the SBOF-5 compound forms the SmC*

phase enatiotropically [12]. Because the peak intensity

for the SmA–SmC* transitions are so weak, expanded

peaks for the transitions are shown in the insets of

figures 1 and 2. As for the melting transition tempera-

tures (Tm) of the two series, as shown in figures 3 (a)

and 3 (b), the melting points (118–145uC) of the SBOC-

n series are in general much higher than those (72–

127uC) of the SBOF-n series. No regular dependence of

Tm on the length (n) and parity of the spacer is

apparent. However, the isotropic temperatures (Ti)

show a distinctive, so-called, odd–even dependence on

the number of methylene groups in the central spacer,

although data points for n58 and 9 are missing. In both
Figure 3. The dependence of Tm and Ti on the number of the
methylene unit (n) in SBOC-n and SBOF-n.

Figure 4. Optical textures of (a) SBOC-10 taken at 148.7uC on heating, (b) SBOC-7 taken at 163.2uC on cooling, (c) SBOC-10
taken at 92.4uC on cooling, (d ) SBOF-10 taken at 171.3uC on heating, (e) SBOF-4 taken at 207.8uC on cooling, and ( f ) SBOF-4
taken at 113.5uC on cooling [magnification 400X].
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Figure 5. Small angle X-ray diffractograms of SBOC-4, SBOC-10, SBOF-4 and SBOF-10.
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series the Ti values for compounds with the same spacer

parity decreased with increasing n. Similar behaviour

has been observed in other series earlier [13]. Various

molecular theories [24] have been proposed to explain

the alternation of the transition properties with the

number of the methylene groups in the central spacers

of liquid crystalline dimers.

The heats of melting of the SBOC-n series are

significantly higher than those of the other series.

Although there is no information on the crystal

structures of the compounds, it is conjectured that a

better molecular packing is achieved in the former than

in the latter. All the compounds revealed a much higher

degree of supercooling prior to crystallization, that is, in

the transition from the LC phase to crystalline solid

state, than in other phase transitions involving LC

phases. This phenomenon is very common in the phase

transitions of LC compounds, and is due to the fact that

crystallization requires more extensive molecular reor-

ganization than other phase transitions involving only

mesophases and the isotropic phase.

The alkoxy tail compounds are able to form SmC*,

SmA, and cholesteric (N*) phases. In contrast, the

number of mesophases formed by the fluoroalkoxy tail

compounds is reduced. They exhibited focal-conic fan

textures, figures 4 (b), (d) and (e), for SmA phases and

the oily streak texture, Figure 4 (a), for the cholesteric

phase. The focal-conic fan textures of the SmC* phase

clearly showed equally spaced retardation lines, fig-

ure 4 (f). The nature of the SmX phase formed by

SBOC-10 should be clarified further. The optical

texture of the SmX phase is given in figure 4 (c).

The examination of data given in tables 1 and 2

reveals in part the influence of the perfluoroalkoxy

tail. (1) The perfluoroalkoxy tail expands the meso-

phase temperature range much more efficiently than

the alkoxy tail. For example, the total mesophase

temperature range of SBOF-4 is 90uC, which is much

greater than that of SBOC-4 (50uC). This is caused by

the significant increase in the Ti values of the

fluorinated series. Lowered melting temperature, with

the sole exception of SBOF-4, also contributes to the

widening of the mesophase temperature range. (2) The

perfluoroalkoxy tails effectively suppress the formation

of the cholesteric phase by the SBOF-n series. It is

probable that, due to their incompatibility with the

hydrogenated part of the molecules and strong affinity

among themselves, the perfluoroalkyl tail favours

microscopically segregated morphology that promotes

the formation of the layered smectic (SmA) phase. The

perfluoroalkoxy tail also tends to prevent the formation

of the SmC* phase as we earlier observed for another

series of compounds [12, 13]. However, it is intriguing to

note that the SBOF compounds with n54, 5 and 10

form the SmC* phase and SBOF-5 is unique in that it

forms the SmC* phase enantiotropically. Thus, the

introduction of fluorine atoms into the terminal alkoxy

chain increases the thermal stability of the mesophases

of the resulting compounds. This observation may be

attributed to the perfluorinated alkyl chain having a

higher tendency to reside in the all-trans-conformation

[13, 17] when compared with hydrogenated alkyl

groups.

3.2. Mesophase structures by X-ray diffraction

The nature of the mesophases formed by the present

compounds was determined by polarizing microscopy

and X-ray diffraction. In addition, the LC behaviour of

SBOC-5 and SBOF-5 reported earlier in detail by us

provides a reliable basis for the identification of

mesophases exhibited by other members of the present

series [12].

The smectic phase of the present compounds all

exhibited Bragg diffraction peaks (figure 5) in the small

Table 3. Layer spacing in the SmA and SmC* phases of the SBOC-n and SBOF-n series.

Compound
Layer spacing/Å in SmA phase;

(half layer spacing)
Layer spacing/Å in SmC or

SmC* phase (tilt angle/u)
Estimated molecular

length/Å

SBOC-4 45.6 44.0 (15.2) 46.9
SBOC-5a 46.9 42.5 (14) 47.5
SBOC-6 48.3 — 49.0
SBOC-7 50.2 48.0 (17.0) 50.1
SBOC-10 55.2 (24.6) — 53.8

SBOF-4 46.5 46.0 (8.4) 47.7
SBOF-5 49.3 46.8 (17) 47.9
SBOF-6 49.1 (24.5) — 49.1
SBOF-7 50.5 (25.2) — 51.1
SBOF-10 52.6 47.8 (24.7) 54.1

aData taken from [12].
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angle region, corresponding to the long spacing or layer

reflections. Figure 6 shows the dependence of layer

spacing on temperature for some of the present

compounds in the smectic phases. Table 3 lists the

layer spacing of the smectic phases estimated from the

small angle X-ray diffractograms. Their molecular

lengths were calculated using CS Chem 3D Pro

(Cambridge Soft Co., USA) assuming an all-trans-

conformation for all the CH2 and CF2 carbons in the

central spacer and in the terminal chain.

According to the data given in table 3 the experi-

mentally determined layer spacing values are very

similar to or only slightly different from the calculated

values, which indicates that the conformation around

the carbon atoms in the spacers and tails is basically all-

trans. Figure 6 shows how abruptly the layer spacing of

the SmA phases of SBOC-4, SBOC-7, SBOF-4 and

SBOF-10 decreases from 45.6 to 44.0 Å, from 50.2 to

48.0 Å, from 46.5 to 46.0 Å, and from 52.6 to 47.8 Å at

the transition points, respectively. All of them undergo

a phase transition from the SmA to SmC*. The tilt

angles of the SmC* phases are estimated to be about

15.2u, 17.0u, 8.4u and 24.7u, respectively. Although the

available data are limited, it appears that the longer

spacer length increases the tilt angle in the SmC* phase.

We earlier reported the LC properties of a similar

series of compounds where the second mesogenic group

was azobenzene-based in place of the Schiff base in the

present series [13]. The main difference between the two

series to be noted is that the present Schiff base series

have a greater tendency to form the SmC* phase. It is

generally known [25, 26] that the Schiff base LC

compounds display more abundant polymorphism than

the azobenzene-based LC compounds. Another char-

acteristic behaviour of the present and earlier series [13]

bearing long fluorinated alkyl tails is that they both

form only the SmA phase. This strongly indicates that

strong interactions among the perfluoroalkyl group

overwhelm the influence of linking groups, azo vs.

imino group, in the mesogenic units.

4. Conclusion

We have prepared two new series of non-symmetric

dimesogens compounds containing cholesterol and

Schiff base-type mesogens interconnected by v-oxyalk-

anoyl spacers of varying length. The first series (SBOC-

n) contain the octyloxy tail on the Schiff base mesogen,

while the other series (SBOF-n) have the perfluoroocty-

loxy tail. The two series show differing mesomorphic

behaviour. The SBOC-n series show SmA, SmC*, and

N* phases depending on the length of central spacer,

with the one exception of SBOC-4. In contrast, the

SBOF-n series exhibit only the SmA and SmC* phases,

Figure 6. Temperature dependence of layer spacing of
SBOC-4, SBOC-7, SBOF-4, and SBOF-10.
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suppressing the formation of the cholesteric (N*) phase,

with the exception of SBOF-6 and SBOF-7. The

perfluoroalkoxy tail also prevents the formation of the

SmC* phase by compounds having the medium length

of central spacer. These observations are attributed to a

strong incompatibility of the perfluorinated tails with

hydrogenated chains. The perfluoroalkyl tail also tends
to improve the thermal stability of the mesophase,

increasing the mesophase temperature range.
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