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

Phase transitions in novel disulphide-bridged alkoxycyanobiphenyl dimers
Santanu Kumar Pal*; V. A. Raghunathan®; Sandeep Kumar®
2 Raman Research Institute, Bangalore - 560 080, India

To cite this Article Pal, Santanu Kumar , Raghunathan, V. A. and Kumar, Sandeep(2007) 'Phase transitions in novel
disulphide-bridged alkoxycyanobiphenyl dimers', Liquid Crystals, 34: 2, 135 — 141

To link to this Article: DOI: 10.1080/02678290601061280
URL: http://dx.doi.org/10.1080/02678290601061280

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges 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/10.1080/02678290601061280
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 46 25 January 2011

Downl oaded At:

Liquid Crystals, Vol. 34, No. 2, February 2007, 135-141

Taylor & Francis
Taylor b Francis Group
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dimers
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The synthesis, characterization and mesomorphic properties of the first examples of novel
disulphide-bridged alkoxycyanobiphenyl dimers are reported. The thermal behaviour of these
mesogens was investigated by polarizing optical microscopy, differential scanning calorimetry
and X-ray diffractometry. The dimers with a shorter spacer exhibit only the nematic phase
while dimers with a longer spacer display nematic as well as smectic phases. X-ray diffraction
experiments reveal the intercalated structure of the SmA phase of these dimers and the
presence of short range SmA-like order in the N phase (cybotactic nematic) of all the
compounds, except the one with the shortest spacer.

1. Introduction

Although the first examples of liquid crystalline dimers
were reported by Vorlander in 1927 [1], they attracted
particular attention during the 1980s. Griffin and Britt
showed that a liquid crystalline dimer, a precursor to
main chain polymeric liquid crystals, can be prepared
by coupling two mesogenic units with an aliphatic
spacer [2]. Subsequently, several classes of dimeric
liquid crystals have been prepared and studied exten-
sively [3]. The interest in these materials stems not only
from their ability to act as model compounds for semi-
flexible main chain liquid crystalline polymers but also
from their properties which are quite different from
those of conventional low molar mass mesogens [3].

Dimers containing two calamitic units show interest-
ing mesomorphic behaviour depending on the length of
the spacer and structure of the linking group. For
example, dimesogenic compounds containing an oligo-
siloxyl group form smectic mesophases regardless of the
nature of the terminal substituent, whereas the same
type of compounds having a methylene spacer form
only nematic phases [4, 5]. An ether linkage between the
mesogenic unit and the central polymethylene spacer
usually produces nematogens, whereas an ester linkage
induces smectogenic properties in the system [5].

The effects of methylene, ethylene oxide and siloxane
spacers on the mesomorphic properties of symmetrical
and unsymmetrical liquid crystalline dimers containing
alkoxycyanobiphenyl have been studied by Creed ef al.
[6]. It is generally observed that the nematic—isotropic
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transition temperatures are higher for compounds with
an alkoxy chain than for an alkyl chain with the same
total number of atoms. This difference is attributed to
the higher anisotropy of the molecular polarizability
expected for an ether linkage in comparison with a
methylene group. Using a molecular field theory for
flexible molecules, Emerson and Luckhurst showed
that the difference in behaviour between the alkoxy-
and alkyl-cyanobiphenyl-based monomers and dimers
can be attributed entirely to difference in the geometry
[7].

The formation of self-assembled monolayers (SAMs)
by thiols, disulphides and thioethers on metals, parti-
cularly on gold, is well documented. SAMs provide a
convenient, flexible and simple system for studies in
nanoscience and nanotechnology. A variety of thiols
and disulphides have been used to prepare SAMs [§]. A
literature survey reveals that while disulphide-bridged
discotic dimers have been synthesized and used to
prepare SAMs [9], calamitic dimesogenic compounds
having a disulphide-bridge in the linking unit have not
yet been explored. In the case of simple alkoxycyano-
biphenyl dimers with a polymethylene spacer, the all-
trans conformation is favoured. There is a large
difference in energy between the cis and trans con-
formations. The cis conformation energy is lower as it
requires steric hindrance between two hydrogens in the
methylene units. On the other hand, in the case of
sulphur-bridged alkoxycyanobiphenyl no hydrogen
atom is attached to the sulphur group and thus there
will be no steric hindrance. The statistical average of
trans conformation will be lower in these materials. The
geometry and torsional potential of the disulphide
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group would influence the molecular shape and hence
the transition temperatures [7].

We have recently reported the synthesis and char-
acterization of mesogenic thiol-functionalized alkoxy-
cyanobiphenyls [10] and their self-assembled
monolayers on gold [11]. In order to study the effect
of sulphur atoms in the linking unit on mesomorphism
and SAMs, we have prepared the first examples of
disulphide-bridged mesogenic alkoxycyanobiphenyl
dimers. Their synthesis, characterization and meso-
morphic behaviour are now reported.

2. Experimental
2.1. Chemical synthesis

The synthesis of disulphide-bridged alkoxycyanobiphe-
nyls 5 is outlined in scheme 1. Commercially available
4'-hydroxy-4-biphenylcarbonitrile 1 was alkylated
under classical conditions with an excess of the
appropriate a,m-dibromoalkane to obtain the w-bromi-
nated product 2 [12]. The bromo-terminated alkoxy-
cyanobiphenyls 2 were converted to thioacetates 3 by
reacting with thioacetic acid. Hydrolysis of the thioa-
cetates furnished the desired thiol-terminated alkoxy-
cyanobiphenyls 4 which on oxidation with iodine
afforded the desired dimers 5. Since the synthetic
details for the preparation of 4 and 5 for different
chain lengths are essentially identical, only the proce-
dures for the preparation of 4a and 5a are described.
The structures of all the compounds were elucidated
from their '"H NMR, '*C NMR, IR, and UV spectra
and eclemental analysis. Spectral data and elemental
analysis of all the compounds were in good agreement
with their structures, indicating the high purity of all the
materials.

NCOH

Br’/A\f“x:\\Br

MEK, CS,COj3, KI

1 61%

2.1.1. 4'- |[(6-Sulphanylhexyl)oxy][1,1’-biphenyl]-4-carboni-
trile (4a). Compound 3a (100mg) was dissolved in
THF (5ml) and the solution was degassed by bubbling
N, for 5-10min. A solution of NaBH4 (45mg) in 5ml
distilled water was added. The resulting mixture was
kept at room temperature with stirring for 24 h under
nitrogen. It was then poured into distilled water and
the mixture extracted with dichloromethane (3 x 25 ml).
The combined organic extracts were washed with
distilled water, dried over anhydrous sodium sulphate
and evaporated to dryness under reduced pressure.
The residue was purified by silica gel column
chromatography (eluant: hexane/CH,Cl,, 1/1) to
afford 4a (84 mg, 95%). '"H NMR: (400 MHz, CDCI):
0 1.7 (d, J=8.2Hz, 2H), 7.6 (d, J=8.2Hz, 2H), 7.5
(d, J=8.6Hz, 2H), 6.9 (d, /=8.6 Hz), 4.0 (t, J=6.4 Hz,
2H), 2.7 (q, J=7.4Hz, 2H), 1.3-1.9 (m, 9H). '*C NMR:
(100MHz, CDCl3): 159.8, 145.3, 132.5, 1314,
128.4, 127, 119, 115, 110, 68, 33.9, 29.7, 29.1, 28, 25.5,
24.5.

2.1.2. 4'-{|6-({6-](4'-Cyano|[1,1'-biphenyl]-4yl)oxy]hexyl}-
disulphanyl)hexylloxy}[1,1’-biphenyl]-4-carbonitrile (5a).
Compound 4a (100mg, 0.32mmol) was dissolved in
dichloromethane (5ml) and an excess of iodine (50 mg)
added. The resulting mixture was stirred overnight at
room temperature. It was then poured into a 5%
solution of sodium thiosulphate and the mixture
extracted with dichloromethane (3 x25ml). The
combined organic extracts were washed with distilled
water, dried over anhydrous sodium sulphate and
evaporated to dryness. The residue was then passed
through a small silica column using 1/1 dichlomethane/
petroleum ether as eluant to afford 5a (60 mg, 60%). "H
NMR: (400 MHz, CDCl;): ¢ 7.7 (d, J=8.2 Hz, 4H), 7.6
(d, J=8.2Hz, 4H), 7.5 (d, J=8.6Hz, 4H), 6.9 (d,

oYL rte

2
j GH;COSH, KOtBu, EtOH
{)

6%

NaBH,, THF, H,O 0]

95%

Ot e et

4

J lo. 60%

g Ve Ve S g
5

Scheme 1.
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Synthetic routes to disulphide-bridged alkoxycyanobiphenyl dimers.
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Table 1. Phase transition temperatures (peak temperature in DSC, °C) and associated enthalpy changes (kJ mol !, in parentheses)
of terminally thioacetate, thiol-functionalized alkoxycyanobiphenyl and their dimers. Cr=crystalline phase; N=nematic phase; Sm
A=smectic A phase; I=isotropic phase.

Compound Heating scan Cooling scan

3b Cr84 (43) 1 165 (43) Cr

3c Cr 74 (13) Cr 79 (46) 1 162 (42) Cr

4b Cr 60.1 (34) N 71.2 (0.5) T 170.4 (0.5) N 46.2 (33) Cr

4c Cr67.8 (39) 1 165.5(0.7) N 49.4 (35) Cr

5a Cr 1304 (55) 1 1124.2 (3) N91.2 (44) Cr

5b Cr 97.2 (49) N 109 (0.5) 1 1108.2 (1.7) N 75 (48) Cr

5¢ Cr 96.3 (52) N 106.9 (2.5) I 1105.8 (2.5) N 56.7 (46) Cr

5d Cr 75.2 (2) Cr 95.8 (70) Sm A 100.2 (0.04) N 108.6 (4) 1 1107.5 (4) N 99.7 (0.04) Sm A 74.7 (55) Cr
Se Cr 75.5 (3) 82.4 (6) Cr 96.9 (48) Sm A 100.5 (3) I 199.6 (6) Sm A 70.5 (44) Cr

J=8.6Hz, 4H), 4.0 (t, J=6.4Hz, 4H), 2.7 (t, J=7.2 Hz,
4H), 1.5-1.9 (m, 16H). *C NMR: (100 MHz, CDCl5, all
the derivatives Sa—e show similar spectra): 0 159.8, 145,
132.6, 131.4, 128.4, 127.1, 119.0, 115.2, 110.2, 68, 39,
30.8, 29.1, 28.2, 25.7. Elemental analysis: calcd for
C38H40N202S2, C 7353, H 648, N 451, S 1035, found
C 73.13, H 6.48, N 4.88, S 10.85%. IR: (KBr, all the
derivatives Sa-e show similar spectra) vy.x 2854.5,
2923.9, 2219.9, 1602.7, 1521.7, 1602.7, 1492, 1463.9,
1377, 1249.8, 1180.4, 1033.8, 831.3cm '. UV-vis:
(CHCl3, all the derivatives 5a—e show similar spectra):
Amax 295.2 nm.

2.2. Measurements

Structural characterization of the compounds was
carried out through a combination of infrared spectro-
scopy (Shimadzu FTIR-8400 spectrophotometer), 'H
NMR as well as '*C NMR (Bruker AMX 400 spectro-
meter) and elemental analysis (Carlo-Erba 1106 analy-
ser). IR spectra were obtained in Nujol mull for
intermediate compounds and in KBr discs for the target
compounds. '"H NMR spectra were recorded using
deuteriated chloroform (CDCl3) as solvent. Tetra-
methylsilane (TMS) was used as an internal standard.

The transition temperatures and associated enthalpy
values were determined using a differential scanning
calorimeter (DSC, Perkin-Elmer, Model Pyris 1D)
which was operated at a scanning rate 5°Cmin~ ' both
on heating and cooling. The apparatus was calibrated
using indium (156.6°C) as a standard. Textural observa-
tions of the mesophase were carried out using polarizing
optical microscopy (Olympus BX51) provided with a
heating stage (Mettler FP82HT) and a central processor
(Mettler FP90).

X-ray diffraction (XRD) was carried out on powder
samples using Cu-K, (1=1.54A) radiation from a
Rigaku ultrax 18 rotating anode generator (4kW)
monochromated with a graphite crystal. The samples
were held in sealed Lindemann capillary tubes (0.7 mm

diameter) and the diffraction patterns were collected on
a two-dimensional Marresearch image plate. A mag-
netic field of about 5kG was used to align the samples.

3. Results and discussion

The phase transition temperatures of all the new
compounds investigated together with the transition
enthalpy values determined by DSC are given in table 1.
The lower homologues Sa—c¢ of the dimer series
displayed a distinct nematic phase while smectogenic
properties appeared for the higher members (5d, e).
The first member of the series 5a, prepared by
dimerization of the terminal thiol 4a having six
methylene units, showed only a monotropic nematic
phase. The crystalline compound 5a on heating melts at
130°C to the isotropic phase. However, on cooling, the
nematic phase appears at 124°C, crystallizing at 91°C.
The DSC traces obtained on the heating and cooling
runs are shown in figure 1. Under the microscope a
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Figure1. DSC thermogram of a sample of compound 5a on
heating and cooling; rate 5°C min~ ",
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Figure2. (a) Optical photomicrograph of compound 5a at 105°C on cooling from isotropic liquid; (b) texture observed on cooling
the isotropic liquid of compound 5b at 100°C; (¢) photomicrograph of the texture of the nematic phase of dimmer 5d at 105°C; (d)
focal-conic fan textures of SmA phase obtained on slow cooling the isotropic liquid of 5d at 85°C (crossed polarizers, magnification

x 200 for all the photomicrographs).

typical schlieren texture of the nematic phase is
displayed, as shown in figure 2 (a).

Homologues 5b and Sc exhibit an enantiotropic
nematic phase. Upon heating, they melt at about 97°C
and 96°C to the nematic phase which clears at about
109°C and 107°C, respectively. On cooling, the nematic
phase appears with only about one degree of super-
cooling in both compounds. The compounds crystallize
at 75°C and 57°C, respectively, on further cooling.
DSC traces and a photomicrograph of the nematic
texture of compound 5b are shown in figures 3 and
2 (b), respectively. Compound 5c¢ is particularly inter-
esting. Although its DSC trace shows only a single
isotropic—nematic transition at 105.8°C, POM reveals
two other second order transitions. On cooling, the
appearance of a SmA phase at 83°C and a reentrant
nematic phase at 68°C can be clearly seen under the
POM.

Compound 5d shows both nematic and smectic
mesophases; see figures 2 (¢) and 2(d) respectively. In
DSC it shows first a crystal to crystal transition at about
75°C, then melts at 96°C to the Sm A phase which
transforms to the nematic at about 100°C and finally

clears at 109°C. On cooling, the isotropic to nematic
phase transition appears at about 108°C and the N-
SmA transition at 100°C. On continued cooling, the

40
E
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/|
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Figure3. DSC traces for compound 5b on heating and
cooling; rate 5°C min~ .
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Figure4. The dependence of the transition temperature on the number of atoms (m) in the spacer. For simplicity S atoms have
been counted as carbon atoms. Cr=crystalline phase; M=mesophase; N=nematic phase; [=isotropic phase; Sm=smectic phase.

compound crystallizes at 75°C. In the 2nd heating run
no crystal to crystal transition peak is discernable.
Compound 5e melts to the SmA phase at 97°C which
clears at about 101°C. Before melting it also displays
two crystal to crystal transitions at about 76°C and
82°C. On cooling the isotropic phase, the SmA phase
appears at 99°C, crystallizing at 70°C.

The dependence of the transition temperatures on the
number of atoms in the spacer for the thiol dimers is
shown in figure 4. It is apparent that both melting
points and the nematic-isotropic (N-I) temperatures
exhibit a smooth falling tendency with increasing
number of atoms in the spacer. The large change in
Tn.1 for the compounds with spacers of 14 and 16
atoms could be due to their different crystal packing
densities. Deuterium NMR studies have shown that the
order parameter for the methylene groups along the
chain varies markedly and particularly, the order
parameter of the methylene group at 7th and S8th

position in 4-n-octyl-4’-cyanobiphenyl differ signifi-
cantly [13].

In comparison with the well known alkoxycyanobi-
phenyl dimers, which show only N phases, the present
series show both N and SmA phases. The Ty for the
alkoxycyanobiphenyl series with odd and even number
of methylene units alternate quite dramatically for short
spacers, but for long spacers this alternation has
essentially vanished and 7y ; simply decreases by a
small amount with increasing number of methylene
units [14]. Because of the presence of a disulphide (-S-
S-) bridge, the present series of dimers always posses an
even number of atoms in the spacer, though they are
derived from odd- and even-numbered precursors. All
these dimers adopt a more or less coparallel structure
and therefore, as expected, do not display any odd—even
effect. The energy-minimized structure of compound 5a
is shown in figure 5. Interestingly, the N-I transitional
entropy is significantly smaller for the present series

Figure 5. The MM2 energy-minimized structure of compound 5a.
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(a)

(b)

()

Figure 6. (a—c) X-ray diffraction patterns obtained for compound 5e, 5b and 5a at 96, 100 and 110°C, respectively.

which suggests that the order in the nematic phase is
small. This is also clear from X-ray diffraction
experiments. Additionally the transition temperatures
are much lower in the new compounds and the
significant reduction in 7Ty | from m=14 to m=16 is
not shown by the alkoxycyanobiphenyl series.
Although the majority of symmetrical alkoxycy-
anobiphenyl dimers contain alkyl spacers, a few
examples having different spacers such as diethylene
oxide and disiloxane have been reported [6]. The
nematic—isotropic transitions of these compounds are
at much higher temperatures compared with the present
dimers. This could be because of the increasing
flexibility of the spacer due to the presence of a large
number of carbon atoms. A similar effect has been
observed in the case of oligoethylene oxide spacer [15].

4. X-ray diffraction studies

Diffraction patterns of the N and SmA phases of all the
compounds show a diffuse peak in the wide angle
region, in a direction normal to that of the magnetic
field. It has a spacing of about 0.45 nm and corresponds
to the average lateral separation of the molecules in
these fluid phases. In the SmA phase of the dimer with
the longest spacer (5e) a single sharp peak is observed in
the small angle region of the diffraction pattern along
the field direction, figure 6(¢). It has a spacing of
3.84nm at 96°C, which matches very well with the
spacing expected from an intercalated structure, see
figure 7. This peak shifts to 3.60nm at 100°C in the
SmA phase of 5d, consistent with the decrease in the
length of the spacer. A broad peak at 3.52nm is
observed at 105°C in the N phase of 5d, indicating the
presence of SmA-like short range order in this phase.
Such nematic phases with short range translational
order are well known near the N-SmA transition and is
related to the small enthalpy changes involved in this
phase change.

Figure7. Sketch of the intercalated SmA phase exhibited by
5d.
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In compounds Sc¢ and 5b a broad peak is observed in
the N phase, at 3.35 and 2.95nm, respectively, which
indicates the presence of short range SmA-like order.
Interestingly, these compounds give an additional broad
peak in the small angle region of the diffraction pattern
along the field direction, with spacings of 1.34 and
1.20nm, respectively figure 6(b). These spacings are
approximately comparable to the length of the rigid
aromatic core of the molecule. In the case of 5a the peak
corresponding to short range SmA-like order is absent
and only a broad peak at 1.15nm is observed, figure 6 (c).
This is consistent with the observation that the SmA
phase is stabilized with increasing spacer length. As the d-
spacing in these dimers is significantly larger than the half
length of the molecule, a U-shaped conformation was
ruled out. The formation of intercalated smectic phases
by several symmetric and non-symmetric dimers has been
well documented in the literature [3, 16].

5. Conclusion

We have reported the first examples of alkoxycyanobi-
phenyl dimers having a disulphide bridge. X-ray
diffraction experiments indicate an intercalated struc-
ture for the SmA phase of the higher members of the
homologous series. The N phase, of all except the
compound with the shortest spacer, shows the presence
of short range SmA-like order. We have proposed a
possible structural model for the mesophase on the basis
of X-ray data. All these disulphide-bridged dimers form
stable monolayers on a gold surface. The full character-
ization of these self-assembled monolayers is in progress
and will be presented later.
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