
 

 

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

Dielectric studies of smectogenic dioxane mixtures revealing a nematic gap
R. Dabrowski; S. Urban

Online publication date: 06 August 2010

To cite this Article Dabrowski, R. and Urban, S.(1998) 'Dielectric studies of smectogenic dioxane mixtures revealing a
nematic gap', Liquid Crystals, 24: 4, 583 — 586
To link to this Article: DOI: 10.1080/026782998207055
URL: http://dx.doi.org/10.1080/026782998207055

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/10.1080/026782998207055
http://www.informaworld.com/terms-and-conditions-of-access.pdf


L iquid Crystals, 1998, Vol. 24, No. 4, 583 ± 586

Dielectric studies of smectogenic dioxane mixtures revealing a

nematic gap

by R. DA̧BROWSKI

Institute of Chemistry, Military Technical Academy, Warsaw, Poland

and S. URBAN*

Institute of Physics, Jagellonian University, Reymonta 4, 30-159 Cracow, Poland

(Received 1 October 1997; accepted 6 November 1997 )

The results of dielectric studies of two bi-component mixtures of well separated members
(fourth and twelfth) of the series of 5-n-alkyl-2-(4-isothiocyanatophenyl )-1,3-dioxanes (nDBTs)
are presented. Pure nDBTs exhibit the smectic A phase only, whereas the mixtures of well
separated members of the series create a nematic gap. It was found that molecular rotations
around the short axes are hindered by a lower activation barrier in the smectic A than in the
nematic phase of the mixture, similarly to the situation for many pure substances with the
same phase sequence. In the case of the large concentration of the longer component, a
crystalline phase is created in which the short component performs uniaxial rotations in cages
formed by the long molecules of the second component.

1. Introduction

The homologous series of 5-n-alkyl-2-(4-isothio-
cyanatophenyl )-1,3-dioxanes

(nDBTs) exhibits only the smectic A1 (SmA1 ) phase [1].
From the point of view of applications such substances
seem not to be interesting because of their much lower
ability to give orientation in comparison with nematics.
However, binary mixtures composed of well separated
members of a series can often create a nematic (N) phase
with very useful physical properties [1± 3]. In the case
of the nDBT series, the fourth member, 4DBT, mixed
with homologues with n > 7 reveals a nematic gap
between the isotropic (I) and SmA phases. The temper-

Figure 1. The phase diagram for binary mixtures of 4DBT
ature range of the N phase reaches a maximum for the and 12DBT. The arrows indicate the concentrations at
4DBT+12DBT mixture (as shown in ® gure 1). which the present studies were performed.

Recently we have performed dielectric studies on pure
nDBT substances with n =4 � 10 [4]. The relaxation

the short axes are remarkably smaller in the SmA phases
times and the activation enthalpies characterizing the

than in the N phase [5, 6]. We try here to check this
molecular rotations around the short axes show a peculiar

e� ect for the nematic phase created by the destabilization
behaviour in the SmA phase. In the present paper we

of the smectic A phase involved when there is a large
report on similar studies performed on two mixtures

di� erence in the molecular lengths of the components.
of the above mentioned compounds. The motivation
for these studies was the experimental ® nding that the

2. Experimental and results
activation barriers for molecular rotations around

Two mixtures were prepared: one with a concentration
of 0 2́8 mole fraction of 12DBT (abbreviated as 4̀+12’),
corresponding to the maximum of the nematic gap*Author for correspondence.
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584 R. Da̧browski and S. Urban

( ® gure 1), and the second with a concentration of 0 3́0 permittivity does not decrease to the high frequency
value e

2
at the SmA± crystalline (CrI ) phase transitionmole fraction of 4DBT (abbreviated as 1̀2+4’). Their

transition temperatures obtained on cooling are as for the pure compounds: this happens at the second,
CrI ± CrII , phase transition.

4̀+12’ I± 64 5́± N± 49± SmA± 35± Cr ( ß C)
The dielectric relaxation spectra were analysed with

1̀2+4’ I± 69± SmA± 52± CrI ± 35± CrII ( ß C) . the Cole± Cole equation

The substances were synthesized in the Institute of e*(v) Õ e
2

es Õ e
2

=
1

1 + ( ivt)
1 Õ a

, (1 )Chemistry of the Military Technical Academy, Warsaw.
The measurements of the complex dielectric permittivity,

where t is the relaxation time and the parameter ae*(n) =e ¾ (n) Õ ie ² (n) , were performed in the frequency
characterizes the distribution of the relaxation times.range 1 kHz ± 13 MHz using a HP 4192A impedance
Figure 3 presents the dispersion and absorption spectraanalyser. A parallel-plate capacitor (A # 2 cm2 ) was
which are representative for particular phases of bothcalibrated with the use of standard liquids; the distance
mixtures. The lines are the ® ts of the imaginary partbetween the electrodes was 0 2́ mm. The samples were
of equation (1) to the spectra. The relaxation timesaligned by a magnetic ® eld (B # 0 7́ T). All measurements
were calculated from the frequency of the maximumwere performed on cooling the samples, temperature
of the losses e ²

max : t= (vmax ) Õ
1= (2pnmax ) Õ

1. They arewas stabilized within Ô 0 1́ K.
presented in ® gure 4 in the form of the Arrhenius plots.Figure 2 presents the static permittivity es as a function

of temperature for both mixtures. In the case of the
3. Discussion4̀+12’ mixture, the transition I± N was accompanied

In ref. [4] we analysed the electric structure of DBTby a considerable increase (parallel orientation, BdE ) ,
molecules, concluding that their net dipole momentor decrease (perpendicular orientation, B)E ) of the
m# 4 1́ D and is inclined from the para-axis of thepermittivity (E being the measuring electric ® eld ). The
benzene ring by b# 31 ß . The static permittivity in theparallel component, e

d
, reaches maximum a few degrees

isotropic phase, eis , gradually decreases with n whichabove the N± SmA transition and then smoothly
indicates that the e� ective dipole moment becomesdecreases through the transition point and into the
d̀issolved’ in the longer alkyl chains. In the case ofsmectic phase (the open points in ® gure 2 come from
the mixtures under study, the static permittivity of thetwo independent runs). The perpendicular alignment
isotropic phase is 8 0́ for the 4̀+12’ and 7 7́ foralways failed a few degrees above the transition to the
the 1̀2+4’ mixture ( ® gure 2). Taking into account thesmectic phase. The transition I± SmA in the case of the
actual concentrations of the components and e is values1̀2+4’ mixture was always accompanied by a stepwise
measured for the pure substances (10 7́ for 4DBT anddecrease of the permittivity, similarly to that in the
6 7́ for 12DBT), one can conclude that the dipolestudies of the pure substances [4]. However, the static
moments exhibit antiparallel correlations in the isotropic
phase of the mixtures.

3.1. 4̀+12’ Mixture
The large value of the dielectric anisotropy, De=

e
d
Õ e)#6, observed in the nematic phase of the 4̀+12’

mixture is characteristic for strongly polar substances
and is comparable with the anisotropies obtained for
other isothiocyanato compounds [7± 10]. The parallel
component survives to some extent to the smectic phase,
whereas the perpendicular one could not be kept stable
from a few degrees above the N± SmA transition
( ® gure 2 ). The e

*

d
relaxation spectra of the nematic phase

show some distribution of the relaxation times (a ~0 1́).
After cooling to the SmA phase these spectra exhibit a
small distortion at the low frequency side which is better
seen in the Cole± Cole plot ( ® gure 5). This suggests that
the rotations of molecules of particular components about
the short axes become separated in the SmA phase.
However, the spectrum is dominated by the rotations ofFigure 2. Temperature dependence of the static permittivities

of the two binary mixtures. the shorter 4DBT molecules (compare ® gures 3 and 5),
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585Dielectric studies of bi-component mixtures

Figure 3. Dispersion and absorption spectra in di� erent phases of mixtures: (a) 4̀+12’, (b) 1̀2+4’. Solid lines are the ® ts of the
imaginary part of equation (1 ) to the experimental spectra.

and we assume that the average relaxation time t
d

calculated from the position of the maximum of the
losses ( ® gure 3) well characterizes the relaxation of
this component. The activation enthalpies calculated
from the Arrhenius equation, t

d
=t0 exp (DH

d
/RT ),

are equal to 78 5́ Ô 3 kJ mol Õ
1 in the N phase and

51 1́ Ô 2 kJ mol Õ
1 in the SmA phase (this latter value is

10 kJ mol Õ
1 smaller than that for pure 4DBT in the

SmA phase [4] ). Thus, the energy barrier hindering the
molecular rotations about the short axes is markedly
lower in the SmA than in the N phase of the 4̀+12’
mixture; this is similar to the behaviour observed for
many pure substances with nematic and smectic poly-
morphism [5, 6]. For the perpendicularly oriented
nematic sample, the relaxation spectra are shifted to
distinctly larger frequencies (see ® gure 3).

3.2. 1̀2+4’ Mixture
In the case of this mixture the dielectric properties of

Figure 4. Arrhenius plots for the two mixtures in di� erent
the SmA phase are similar to those observed for thephases. The deviations from the straight lines of the points
pure substances [4]. The large value of e

2
# 4 3́ suggestsclose to the clearing temperatures are probably caused by

the two phases regions. that in this case too the high frequency relaxation
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Figure 5. Cole± Cole plot for the
spectrum of the SmA phase of
the 4̀+12’ mixture shown
in ® gure 3 (a). The semi-circles
are the ® ts of two Debye-type
processes.

process connected with the rotations of molecules zero close to the CrI ± CrII transition (a real transition
point was seen due to disappearance of the losses).around the long axes exists. After cooling the sample,

Concluding, we can say that the dielectric relaxationthe next two transitions were observed (see ® gures 2
studies give important information about the molecularand 4). In the high temperature crystalline phase (CrI ),
dynamics in bi-component mixtures of well separateda relaxation process was still observed, however its
members of the same homologous series. The activationamplitude (increment de=es Õ e

2
) diminished with

barrier hindering the molecular rotations around thecooling and at the second transition it disappeared.
short axes in the mixture exhibiting the nematic andThe calculated relaxation times show a very strange
smectic A polymorphism behaves similarly to the casetemperature dependence (see ® gure 4 ).
for pure substances with the same phase sequence. AAs can be seen in ® gure 4, the relaxation time behaves
large concentration of the longer component leads to anormally in the SmA phase only, whereas in the CrI
crystalline phase in which the short component performsphase its temperature dependence is rather unexpected
uniaxial rotations in cages formed by the long moleculesin spite of a prolonged temperature stabilization. The
of the second component.unusual shortening of t at the SmA± CrI phase transition,

its further decrease and then increase, as well as a
This work was supported by the Polish Researchsystematic decrease of the dielectric increment de with

Project No. 2 P03B 059 13, coordinated by KBN.lowering of the temperature in the CrI phase, can be
explained as follows. The 1̀2+4’ mixture is dominated References
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