
Research Journal of Applied Science Engineering and Technology 1(2): 66-76, 2009

ISSN: 2040-7467

© Maxwell Scientific Organization,  2009

Submit Date: June 26, 2009 Accepted Date: July 18, 2009 Published Date: August 31, 2009

Corresponding author: R. Manohar, Department of Physics, University of Lucknow, Lucknow-226007, India

66

8-shaped Mesogenic Homologous Series with Polar Substituents: Synthesis,
Characterization and Unusual Dielectric Behaviour

1R. Manohar, 1A.K. Srivastava, 1P.B. Chand, 1A.K. Misra, 2A.K. Prajapati   and 2M.C. Varia
1Physics Department, University of Lucknow, Lucknow-226007, India

2Applied Chemistry Department, Faculty of Technology and Engineering,

The M.S. University of Baroda, Vadodara-390 001, India

Abstract: A new l-shaped mesogenic homologous series with polar bromo and nitro substituent was

synthesized by fixing rigid 2-bromo-4-nitrophenylazo groups to a resorcinol moiety. 4-n-alkoxybenzoyl groups

esterify both the phenolic -OH groups.  In the present series, methoxy and ethoxy derivatives are non-

mesogenic, n-propyloxy to n-octyloxy derivatives exhibit enantiotropic nematic mesophase. Smectic C (SmC)

mesophase commences from the n- octyloxy derivative as an enantiotropic phase and is retained up to the last

member synthesized. The effect of polar bromo and nitro substituent on mesomorphic properties is discussed.

In this paper, we also report the unusual dielectric behaviour of n-octyloxy and n-tetradecyloxy derivatives of

the present l-shaped mesogenic homologous series. The dielectric permittivity of the sample was found to be

unusually low in SmC phase in comparison to nematic phase. We have explained it on the basis of two-

conformer model, which can exist in SmC phase due to specific shape of the molecule. The model has been

supported by calculating activation energy of both the possible conformers from Arrhenius plot of relaxation

frequency versus temperature. There is a clear difference in the value of activation energy of both the

conformers as expected.
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INTRODUCTION

Liquid crystalline materials are of great interest for

material science as well as for life sciences. Their

properties can be tuned by appropriate molecule design

i.e. a calamatic structure or a discotic one. The design of

novel thermotropic liquid crystals  as advanced functional

materials involves suitable selection of a core fragment,

linking group and terminal functionality. In most cases, a

significant mesophase destabilization is connected with

this structura l variation; however in rare cases lateral

substituent’s can have a mesophase stabilizing effect.

Lateral substitution at the centre of the mesogen

increases the molar volume and decreases the LC packing

density (Rein and  Demus, 1993), thereby hindering their

ability to form any kind of liquid crystalline phase if the

mesogen is short (Ishizuka et al., 1995), and smectic

mesophases if the mesogen is more extended (Ishizuka et

al., 1995; Andersch and Tschierske, 1996).

Recently molecular topology (Goodby et al., 1998)

has attracted much attention for producing molecules of

different shapes with mesogenic behaviour. Recent review

of research work shows that a number of efforts have

been going on for designing molecules of different shape

showing liquid crystalline behaviour. Reports in the

literature have revealed that the majority (~ 90%) of the

published work on bent, banana or V-shaped, based on

rigid central 1, 3-phenylene and 2, 7-naphthylene cores

self-assemble  to  yield  molecular structures that exhibit

banana liquid crystalline polymorphism (Shen et al.,
1999). The swallowed tailed compounds (Takezoe and
Takanishi, 2006) have also been reported  with interesting
liquid crystalline phases. “Janus-like” super molecular
liquid crystals have been found with chiral nematic and
chiral smectic phases (Massalska-Arodz et al., 1989;
Saez, and G oodby, 2003). Yoshizawa and Yamaguchi
(2002) have reported layered structure in the nematic
phase consisting of U shaped molecule. Yamaguchi et al.
(2005) have reported synthesis of homologous series of
novel l-shaped mesogenic compounds, which showed
unusual smectic phases. They have investigated the
physical properties of l-shaped mesogenic compounds by
means of DSC, XRD and optical microscopy. Yoshizawa
et al. (2006) have designed novel Y-shaped liquid crystal
oligomers in which three mesogenic units are connected
via 3, 5-dihydroxybenzoic acid. The Y-shaped liquid
crystal oligomers were found to show a direct phase
transition from isotropic liquid to anticlinic SmC
(SmCanti) phase. They observed that the Y-shaped
compounds are quite different from that of the
corresponding l-shaped mesogenic compounds. Earlier we
(Vora et al., 2001) have reported the synthesis of two l
shape mesogenic homologous series of in which one
series having methyl and other having ethoxy terminal
substituent. Mahajan et al. (2001) have also reported
synthesis of two l shape mesogenic homologous series of
1, 2, 4-trisubstituted benzene derivative possessing ester
and  amide  linkages  having  terminal  chloro or methoxy
substituent.
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In the present research, we report the synthesis of a new

l-shaped mesogenic homologous series of azoester

containing polar bromo and nitro substituents to evaluate

the effect of polar substituents on mesomorphism. W e

also report the dielectric characterization of two

representative members, n-octyloxy and n-tetradecyloxy

derivatives of this newly synthesized l-shaped

homologous series. The l shape molecular topology is

expected to produce a characteristic effects since two

different non-symmetric molecular configuration co-exist

in a single molecule.  The dielectric response of planar

aligned sample is expected to be the result of more than

one relaxation process because of their particular

molecular shape, therefore the Cole-Cole presentation

have been used to study the molecular relaxation process

for both the representative compounds.

MATERIALS AND METHODS

Characterization: Micro analyses of the compounds

were carried out on a Coleman carbon–hydrogen analyzer

and the values obtained are in close agreement with those

calculated. IR spectra were determined as KBr pellets,

using a Shimadzu IR-8400 spectrophotometer. 1H NMR

spectra were obtained with a Perkin–Elmer R-32

spectrometer using tetramethylsilane (TMS) as the

internal reference standard. The chemical shifts are

quoted as * (parts per million) downfield from the

reference. CDCl3 was used as a solvent for all the

compoun ds. Liqu id crystalline properties were

investigated on a Leitz Laborlux 12 POL microscope

provided with a heating stage. The enthalpies of

transitions, reported as J g-1, were measured on a Mettler

TA-4000 system, at a scanning  rate of 5ºC min-1. The

instrument was calibrated using pure indium as a

standard.

4-Hydroxybenzoic acid, the appropriate n-alkyl

bromides (BDH), KOH, resorcinol, bromine, 4-

nitroaniline, NaNO2, thionyl chloride etc. (Sisco Chem.)

were used as received. All the solvents were dried and

distilled prior to use. Compounds of the new series I was

prepared following the pathway shown in Fig. 1.

2-Bromo-4-nitroaniline [A]: This was prepared from 4-

nitroaniline by the reported method (Zhang et al., 1997).

.

Bromo-4-nitro 2’, 4’-dihydroxy azobenzene [B]: The

compound B was synthesized by using the diazotization

of compound A  and coupling it with resorcinol (Vogel,

1951).  The crude dye was crystallized repeatedly from

ethanol till a constant melting point was obtained. m. p.:

197ºC. Elemental analysis: found C 42.13, H 2.08, N

12.61%, C12H8N3O4Br requires C 42.06, H 2.37, and N

12.43%. The IR spectrum of the compound showed a

broad peak of intermolecular hydrogen bonded phenolic

–OH between 3500 and 3300 cm–1. Other signals

observed were at 2921, 1610 (-N=N-), 1589, 1502, 1475,

1406, 1305, 1273, 1247, 1192, 1120, 1035, 877, 839, 658,

565 (Br) cmG1.

4-n-Alkoxybenzoic acids [C] and 4-n-alkoxybenzoyl

chlorides [D]: These compounds were synthesized by a

modified method of Dave and Vora (1970).

Bromo-4-nitro-2’, 4’-bis (4-n-alkoxybenzoyloxy)

azobenzenes (Series I): Compound B (0.02 mol) was

dissolved in dry pyridine (5 ml) and a cold solution of

Compound D (0.04 mol) in dry pyridine (5 ml) was added

slowly to it in an ice  bath w ith constant stirring. The

mixture was allowed to stand overnight at room

temperature. It was acidified with cold 1: 1 aqueous

hydrochloric acid. The solid was separated, dried and

triturated by stirring for 30 min with 10% aqueous sodium

hydroxide solution and then washed with water. The

insoluble product was thus separated from the reactants

and was chromatographed on silica gel using petroleum

ether (60-80ºC)–ethyl acetate mixture (96:4) as eluent.

Removal of solvent from the elute afforded as solid

material which was crystallized repeatedly from ethanol

till constant transition temperatures were obtained. The

purities of all these compounds were checked by thin

layer chromatography. Elemental analyses of all the

compounds of series I was found to be satisfactory. IR

and 1H NM R spectral data of n-octyloxy derivative are

given below.

IR spectrum (<max/cmG1): 2921, 1685 (-COO-), 1605

(-N=N -), 1580, 1511, 1500, 1467, 1430, 1307, 1255,

1170, 1124, 1016, 941, 843, 773, 647, 550. 1H NMR

spectrum: * 0.9 (t, 6H, 2 x -CH3), 1.25-1.50 (m, 20H, 10

x  -CH2-), 1.79 (qunt. 4H, 2 x -O-C-CH2-), 4.00 (t, 4H, 2

x ArOCH2-), 6.90 (d, J=9Hz, 4H, ArH), 7.03 (d, J=9Hz,

2H, ArH), 7.96 (d, J=9Hz, 4H, ArH), 8.50(s, 1H, ArH),

8.70 (d, 2H, ArH), 9.00 ( s, 1H, ArH).

Preparation of cell and measurement of dielectric

parameters: Two similar cells have been prepared by

using highly conducting ITO coated optically flat glass

substrates, which were used as electrodes. These

electrodes allow us to align the liquid crystal molecules.

To get planar alignment all the electrodes were pre-treated

with adhesion promoter and polymer (Nylon 6/6), and

then rubbed unidirectionally with velvet cloth. The

thickness of the cell was maintained at 5 mm by means of

Mylar spacer. The cells have been calibrated using

standard AR grade liquids like Benzene and CCl4. The

materials were introduced into the cell by capillary action

at 5ºC higher than their isotropic transition temperature,

and then cooled slowly in the presence of a small electric

field for obtaining well-aligned cells. Their alignment was

confirmed by observing them with polarizing microscope

model CENSICO (7626).

The dielectric behaviour of materials has been

studied in the frequency range 100Hz-10MHz using a

computer controlled Impedance/gain phase analyzer

Hewlett/Packard (HP4194A). Measurements in the higher

frequency range have been limited to 10MHz because of

dominating effect of ITO coated on the glass plates

(Srivastava and Dhar, 1991). The dielectric parameters

were measured as a function of temperature, by keeping
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Fig. 1. Synthetic route to series I

the sample on a hot stage of computer controlled
refrigerator circulator (Julabo F25). The experiments were
done at very slow heating rate and temperature was
measured with the accuracy of ± 0.1ºC.

RESULTS AND DISCUSSION 

Optical Microscopic Studies: As a preliminary
investigation, the mesophases exhibited by series I was
examined using a polarizing optical microscope. Thin film
of the samples was obtained by sandwiching them
between a glass slide and a cover slip.  First two members
synthesized (n = 1 & 2) of the series I is non-mesogenic.
On cooling from the isotropic liquid in an ordinary slide,
n-propyloxy to n-octyloxy derivatives of the series I show
the threaded/marble texture  characteristic of nematic
mesophase (Fig. 2a). On further cooling, only the n-
octyloxy derivative show schlieren texture characteristic
of SmC mesophase (Fig. 2b). On cooling from the
isotropic liquid, the n-decyloxy to n-hexadecyloxy
derivatives shows schlieren texture characteristic of SmC
mesophase.

DSC Studies: As representative cases, the associated
enthalpies of transition of the n-octyloxy and the n-

tetradecyloxy derivatives of series I were measured by
differential scanning calorimetric (DSC). Data are
recorded in Table 1. Enthalpy changes of the various
transitions agree well with the existing related literature
value (Dhar et al., 2002).

The Phase Behaviour: Twelve compounds were
synthesized, and their mesogenic properties were
evaluated. Methoxy and ethoxy derivatives are non-
mesogenic, n-propyloxy to n-octyloxy derivatives exhibit
enantiotropic nematic mesophase. Smectic C mesophase
commences from the n- octyloxy derivative as an
enantiotropic phase and is retained up to the last member
synthesized.  The transition temperatures are recorded in
Table 2. A plot of transition temperatures against the
number of carbon atoms in the alkoxy chain (Fig. 3)
shows smooth falling tendencies with pronounces odd-
even effect for the N ! I transition temperatures with
increasing chain length. The SmC – I transition
temperatures also shows falling tendency as the series
ascended.

Mesogenic Properties and Molecular Constitution:
Figure 4 shows the molecular shapes of the n-octyloxy
derivative of the present series I in the respective all-trans
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(a)

(b)

Fig. 2: Optical textures of (a) Compound 8 (130ºC) (b)
Compound 8 (115ºC).

Fig. 3. The phase behaviour of series

conformation (energy-minimized models derived from CS

ChemDraw Ultra 7.0), from which it can be noticed that

the molecules are neither rod-like nor disc-like.

Simply considering the length to breadth ratio of

these molecules does not provide a convincing

explanation of the occurrence of anisotropic liquid phases.

It is well known that thermo tropic liquid crystals are

highly  sensitive to the molecular constitution. It is of

prime importance from the chemist’s point of view to find

the effect of alteration in molecular core to the mesogenic

Table 1:  DSC data for series I compound.

Derivative Transition Peak  Temp. ( ºC) )H (J/g) )S (J /g ºK)

n-octylosxy Cr -SmC 88.500 Ä78.120 0.216

Sm C-N 121.000 6.170 0.016

N-I 130.000 0.980 0.002

n-tetradecyloxy Cr-Sm C87.500 Ä76.430 0.212

Sm C-I 131.000 1.770 0.004

Ä: total enthalpy including any other Cr-Cr transition

Table 2. Transition temperatures (ºC) of the series I compound.

Compound R = -C nH 2n+1  Cr   T SmC T N I

No n =   

1 1 ! 185 - - - - !

2 2 ! 170 - - - - !

3 3 ! 148 - - ! 153 !

4 4 ! 143 - - ! 166 !

5 5 ! 108 - - ! 127 !

6 6 ! 103 - - ! 139 !

7 7 ! 85 - - ! 131 !

8 8 ! 88 ! 122 ! 131 !

9 10 ! 95 ! 146 - - !

10 12 ! 90 ! 140 - - !

11 14 ! 88 ! 132 - - !

12 16 ! 95 ! 131 - - !

Cr = crystall ine solid phase; SmC = smectic C phase; N = nematic phase; I =

isotropic liquid phase; · = phase exists; - = phase does not exist

(a)

(b)

Fig. 4: Energy-minimized (a) Ball and stick model and (b)
Space filling model (MM2 models derived from CS
Chem draw Ultra 7.0 software) structures of n-octyloxy
derivative

properties of the compound. The thermal stability and

mesophase length as a measure of mesomorphism can be

correlated with the molecular constitution of the

compounds. Figure. 5 shows the comparison of transition

temperatures and molecular structures of representative

compounds 8 (n = 8) of the present series I  with other

structurally related compounds A (Patel,  2000) and B

(Nandedkar,  1999) reported in the literature. The width

of  the  smectic  phase  of  present  compound  8 is 34ºC
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Compound 8. Cr 88 SmC 122 N 131 Iso

Compound A. Cr 71 SmA 116 Iso

Compound B. Cr (88 N) 101 Iso

R = -C nH2n+1; n = 8

Fig. 5: The transition temperatures and molecular structures of representative compounds 8 of the present series I with other
structurally related compounds A and B.

whereas that of compound A is 45ºC. Gray (1962) has

explained that the compound, which required more

thermal energy to disorganize the molecular arrangement

of the smectic mesophase, is thermally more stable. As

can be shown in Fig. 5, more thermal energy has to be

supplied to disorganize the molecular arrangement of the

smectic melt of compound 8, evidenced by the fact that

the SmC ! N transition temperature is higher by 6ºC than

that for the SmA ! Iso transition temperature of

compound A. The higher smectic-nematic transition

temperatures of compound 8 may be due to the polar

nature of the lateral bromo group which increases the

overall polarizability of the molecules of compound 8

compared to compound A. The range and thermal stability

of the mesophase is a more important factor in relating

mesomorphic behaviour to chemical constitution since the

chemical grouping gives rise to intermolecular attractions,

which in turn determine the mesophase range and thermal

stability. One should remember too that the length of the

mesophase is determined partly by the Cr ! Sm phase

transition temperatures. 

Figure 5 indicates that the thermal stability of

nematic mesophase of compound 8 is higher by 43ºC,

compared to compound B. This is understandable, as the

molecules of compound 8 are more polarizable compared

to the molecules of compound B due to the presence of

highly  polar nitro and bromo substituents. The entire

mesogenic homologous series of compound B is purely

nematogenic whereas the presence of polar substituents in

the molecule of present mesogenic homologous series

induces the smectogenic tendencies.

Dielectric behaviour: The temperature dependence of the

perpendicular component of dielectric permittivity for
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both n-octyloxy and n-tetradecyloxy derivatives of the

present l-shaped mesogenic homologous series is given in

Fig. 6. It is clear from Fig. 6a that dielectric permittivity

for n-octyloxy derivative increases w ith increase in

temperature and shows a sharp fall near the Cr to SmC

phase transition temperature i.e. 88ºC. A sharp

discontinuity is again observed near the SmC to N phase

transition at 122ºC and dielectric permittivity is almost

independent of temperature in N phase. Further increase

in temperature results in the N to isotropic transition and

after this transition temperature the liquid  crystal sample

behaves like any ordinary organic liquid. Similar type of

behaviour is also observed  by many researchers for liquid

crystals molecules of different shape, but the magnitude

of dielectric  permittivity is much higher for present l

shape sample in comparison to liquid crystal materials

with molecules of other shapes. This may be due to the

unique shape of molecules taken for the present work.

The plot in Fig. 6 (a) clearly shows an unexpected

discontinuity in SmC phase near 92ºC, which suggests the

existence of temperature dependent dual molecular

arrangement in the SmC phase of these l shaped

molecules. The texture studies confirm that no

reorientation of director is taking place. We have

designated the SmC phase before 92ºC as SmC1 and after

92ºC as SmC2 phase. This type of molecular behaviour is

also supported by the relaxation frequency versus

temperature curve (discussed later) of the sample in

smectic C phase (Fig. 7a). The existence of more than one

molecular arrangement in any particular liquid crystalline

phase has also been reported by  other researchers

(Baessler et al., 1970).

Usually the dielectric permittivity in smectic phase is

higher than dielectric permittivity in nematic phase, while

in the present work the  dielectric  permittivity in smectic

C phase is lower than the dielectric permittivity in

nematic phase. This unusual behaviour can be explained

by a model of two different molecular conformers of

oppositely induced dipole moment. The l shape molecular

topology suggests the coexistence of two different non

symmetric arms in a single molecule (Fig. 8a). The

behaviour may be explained by a model of dynamically

fluctuating two interconvertible conformers separated by

a temperature dependent energy barrier. The two possible

conformers of l shape molecules are as presented in Fig.

8b. It is clear from the figure that both of these molecule

conformers have oppositely induced dipole moment. 

Let the n1, n2 and p1, p2 are the concentration and

induced polarization of species one and two respectively

and the concentration of these two species is dependent on

temperature. Therefore when the induced dipole moments

of these two conformers counteract, the net induced

polarization will vanishes or attain a minimum value

depending on their respective concentration i.e. n1 p1 = n2

p2 (Manohar et al., 2007; Patel, and G oodby, 1987).

This may be the reason behind the exceptionally low

values of dielectric permittivity in SmC phase of such

sample.

(a)

(b)

Fig 6: Temperature dependence of the dielectric permittivity
of (a) n-octyloxy derivative (b) and n-tetradecyloxy
derivative.

The variation of dielectric permittivity with temperature

for second derivative of the series i.e. n-tetradecyloxy

derivative is show n in Fig. 6b. The nature of dielectric

permittivity in crystalline phase is almost similar to that

observed for the previous element. After showing a

discontinuity near Cr to SmC phase transition temperature

i.e. 88ºC, dielectric permittivity increases gradually till

isotropic transition temperature because nematic phase

does not exist. The dual molecular arrangement in the

sample is not as clear from the Fig. 6b as for the first

sample. But existence of dual molecular arrangement can

be verified from Fig. 7b i.e. relaxation frequency versus

temperature curve, as the whole plot can be divided into

two parts (discussed later) in SmC phase. 

The dielectric relaxation phenomenon of such a

typical molecular structure must be due to the combined

effect of more than one relaxation phenomenon. To

ascertain the existence of dynamically fluctuating two

interconvertible conformers separated by a temperature 
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(a) (b)

Fig  7: The plot of relaxation frequency with temperature for (a) n-octyloxy derivative and (b) n-tetradecyloxy derivative in SmC
phase.

Rod Shape molecuole 8 Shape molecule Bent core molecule

(a)

Species 1 Species 2

(b)

Fig  8: (a) Represent the topological concept of the l shape molecule, (b) is showing the two different possible conformers in l-
shaped molecule liquid crystal samples. And the arrows are showing the most preferred alignment direction of the molecule.
The induced polarization sign for these conformers will be opposite.

dependent energy barrier we have determined the

relaxation frequency of the samples using  the Cole-Cole

presentation.  The Cole -Cole dispersion equation may be

given as (Hill et al., 1969; Bottcher and  Bordewijk, 1978)

 (1)
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where *¥  is dielectric strength of material, ¥ (4) is

high frequency of dielectric permittivity of free space, T

is the angular frequency, J is relaxation time and a is

distribution parameter. If the value of a is small the above

equation will satisfy the Debye type of relaxation

phenomenon but for a value more than 0.5 the above

equation suggests the existence of more than one

relaxation process (Srivastava et al., 2006).

The errors of experimental data in low and high

frequency range due to such type of sample holder are

quite common (Dhar et al., 2004) therefore the

experimental results extremely required a low and high

frequency correction. On separating real and imaginary

part of the equation (1) one may get after adding high and

low frequency correction parameters

        (2)

and

    (3)

where s (dc) is ionic conductance and eo  is free space

permittivity , f is frequency, while n, m  and k are fitting

parameters. The term e¢  (dc) f --n and s (dc)/ eo2Bfk are

added in above equations for low frequency effect due to

the electrode polarization, capacitance and ionic

conductance. The term Af m is added in equation 3 for high

frequency effect due to the ITO resistance and lead

inductance. By the least square fitting of above equation

into experimental data we have removed the low and high

frequency errors.

The Cole-Cole plot of first n-octyloxy derivative of

the series in the SmC phase is shown in Fig. 9a. The Cole

– Cole plots clearly show the existence of  SmC1 and

SmC2 phases. Using such plots dielectric  parameters such

as distribution parameter; relaxation frequency and

dielectric strength have been evaluated. The plot between

the relaxation frequency and temperature for n-octyloxy

derivative in SmC phase has been show n in Fig. 7a. 

It is clear from Fig. 7a that the whole temperatures

range of SmC phase can be divided into two parts, shown

by two different straight lines of different slopes. The

activation parameter has been calculated using

(4)

Where W b is activation energy, k is Boltzmann

constant and t is relaxation time. 

(a)

(b)

Fig 9: The Cole-Cole plot for (a) n-octyloxy derivative and
(b) n-tetradecyloxy derivative in SmC phase.  The solid
legends represent the SmC1 phase and open legend
represents the SmC2 Phase in different samples.

The activation barrier in SmC phase towards lower

temperature side is 3.56 kJ/mol, whereas towards higher

temperature side it was 5.8 kJ/mol. Which confirms the

existence of two interconvertible conformers separated by

a temperature dependent energy barrier and support the

observation made by dielectric permittivity curve.

Previously Dhar et al. (2004) and Ratna et al. (1980) have

also reported the existence of two SmA phase on the basis

of two different activation energies in the particular

temperature range.

Similar type of behaviour of relaxation frequency is
also observed for n-tetradecyloxy derivative in smectic C
phase (Fig. 7b). Here the two energies are found to be
1.44 kJ/mol and 4.44 kJ/mol. The relaxation frequency
again shifts towards the lower frequency side at higher
temperature and the figure shows the existence of more
than one molecular arrangement in smectic C phase. Such
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a typical behaviour of relaxation frequency for n-
tetradecyloxy derivative of this series conforms that
increase in temperature produces the distortion in shape of
molecule, which is also supported by Table 3. The
dielectric strength of the sample decreases drastically at
higher temperature. Similar type of behaviour of
relaxation frequency is also reported by our group earlier
and the relaxation process may be correlated with the
rotation of side chain of the molecule (Singh et al., 2005).

The values of distribution parameter and dielectric
strength at different temperatures in SmC are listed in the
Table 3. The higher values of distribution parameter
suggest the existence of more than one relaxation
phenomenon in the sample (Srivastava et al., 2007),
which may be due to the typical l shape of the molecules
of the series. The distribution parameter and dielectric
strength both are almost temperature independent in SmC
phase but a clear difference exist in the value of these
parameters for SmC1 and SmC2 phases of the samples.

The absorption curve in nematic phase of 8th member
of series is given Fig. 10. The peak in the curve indicates
the relaxation frequency at any particular temperature.
The absorption band in nematic phase is almost similar to
the SmC phase of the element, but the temperature
dependence of relaxation frequency show s an opposite
behaviour as compared to SmC phase. In smectic C phase
the relaxation frequency decreases with the increase in the
temperature, while the relaxation frequency increases with
increase in temperature during nematic phase (Fig. 10).
The higher relaxation frequency at higher temperature is
quite common phenomenon.

CONCLUSION

A new l-shaped mesogenic homologous series with
polar   bromo  and  nitro  substituents  was  synthesized

Table 3: Variat ions of  dielec tr ic  st rength,  di st ribu tion  parameter in SmC phase

forboth n-octyloxy and n-tetradecyloxy derivatives.

Temp (ºC) Dielectric Strenght n-octyloxt Distribution parameter

90 105.571 0.044

91 104.785 0.037

92 104.906 0.033

94 104.333 0.016

96 104.685 0.020

100 89.978 0.107

105 95.280 0.114

110 100.713 0.087

115 103.348 0.083

117 102.327 0.092

119 101.005 0.092

120 108.221 0.097

121 108.215 0.102

122 107.957 0.105

123 106.821 0.097

124 105.435 0.103

125 100.281 0.117

127 98.017 0.134

128 96.483 0.156

n-tetradecyloxy

107 139.015 0.221

112 161.895 0.154

117 170.143 0.154

119 168.163 0.148

120 160.682 0.130

121 160.437 0.116

122 156.178 0.091

123 149.249 0.058

124 143.834 0.044

126 133.809 0.001

127 135.952 0.001

128 133.809 0.001

129 131.675 0.012

130 128.387 0.015

 lower members (n # 8) exhibit nematic mesophase except

methoxy and ethoxy derivatives, which are non-

mesogenic whereas higher members (n $ 8) exhibit

smectic C mesophase.

The smectic and nematic mesophase thermal

stabilities of the present series having polar nitro and

bromo substituents are higher as compared to the

structurally related mesogenic compounds without bromo

as well as bromo and nitro substituents.

Fig 10: The absorption curve at different temperatures and inset represents the temperature dependence of relaxation

 frequency of the n-octyloxy derivative in nematic phase.
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The samples under investigation show unusual

dielectric behaviour because of peculiar 8 shape of

molecules. The dielectric  permittivity versus temperature

curve shows the existence of two molecular arrangements

in SmC phase. 

The unusually dielectric permittivity values have

been explained by using a model of two interconvertible

conformers separated by an energy barrier, which is

temperature dependent. The existence of these conformers

has been confirmed by relaxation frequency versus

temperature curve and by calculating the activation

energies of different molecular arrangements. This has

also been reflected by distribution parameters and

dielectric strength as calculated by using Cole-Cole plots.
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