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Static and dynamic dielectric behavior of mesogenic compounds of different polarity in the vicinity
of the isotropic to nematic phase transition
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Mesogenic compounds belonging to the two well-known -cyanophenyl, and -isothiocyanatophenyl homolo-
gous series, which distinctly differ in the molecular polarity (2C[N, 5D; 2N5C5S, 2.5D), show an
essential difference in the pretransitional dielectric behavior in the vicinity of the isotropic to nematic~I-N!
phase transition. Taking into account the results presented in Phys. Rev. E67, 041705~2003!, the features of
the I-N transition observed for the less polar mesogens are characteristic for the first order phase transition,
whereas in the case of the strongly polar ones, the I-N transition is undoubtedly close to the second order.
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I. INTRODUCTION

The phase transition from the isotropic liquid to the ne
atic liquid crystal~I-N! is mostly classified as weakly firs
order or close to second order. That somewhat ambigu
attribution of the I-N transition results from the fact that
experiments one detects the molar volume jump and the
tent heat at the transition, on the one hand, and the pre
sitional effects in the isotropic phase when the tempera
approaches to the transition, on the other hand@1#. However,
in some papers the I-N transition is classified as first or
because of a lack of prenematic effects in measured phy
property.

The pretransitional effects in the vicinity of the I-N tran
sition appear nearly exclusively in nonlinear studies, i
when an external stimulus is sufficiently strong. The expe
mental data are abundant and they are concerned with
static measurements of magnetic@2# and electric@3# birefrin-
gence, light scattering@4#, and the nonlinear dielectric effec
@5#, as well as dynamic studies of molecular spin-lattice
laxation@6,7#, dynamic light scattering@8#, the transient grat-
ing optical Kerr effect@9,10#, and the nonlinear dielectric
relaxation@11–13#. The prenematic effects which appear
the linear dielectric properties as a peculiar temperature
havior of the static permittivity@14–16# are a rather excep
tional case. The present paper shows that the peculiarit
the static permittivity behavior concerns the most polar m
sogens only. The fact, of course, does not abate the sig
cance of that peculiarity, which is still waiting for the the
retical description.

*Electronic address: jadzyn@ifmpan.poznan.pl
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II. EXPERIMENT

The two compounds studied, 1-~4-trans-pentylcyclo-
hexyl!-2-~4-isothiocyanatophenyl! ethane C5H11CyHxCH2

CH2Ph2N5C5S, ~5NCS!, and 1-~4-trans-pentylcyclo-
hexyl!-2 -~4-cyanophenyl!ethane C5H11CyHxCH2CH2Ph
2C[N, ~5CN!, are of a very similar molecular structure an
differ in the polar group only. The temperatures of the pha
transitions between the crystalline~Cr!, nematic~N! and iso-
tropic ~I! phases were as follows: Cr314.2KN 321.3KI, for
5NCS and Cr310K N 325.3K I, for 5CN. Because of a
relatively narrow temperature range of the nematic phas
5NCS ~7 K!, if compared to 5CN~15 K!, and a possible
influence of that circumstance on the prenematic behav
the third compound: 1-~trans-4-octylcyclohexyl!-4-
isotiocyanatobenzene, C8H17CyHxPh2N5C5S ~8CHBT!,
Cr 301.9KN 321.0KI, with a large range of existence of th
nematic phase~19 K!, was studied, too. The compound
were synthesized and purified at the Institute of Chemis
Military University of Technology, Warsaw. Their purity
checked by chromatography, was better than 99%.

Dielectric characteristics of the compounds were m
sured with a HP 4194A impedance/gain phase analyzer in
frequency range of 50 kHz–100 MHz. A high performan
electrical heating of the plane measuring capacitor assur
temperature stabilization of better than 1023 K and the pos-
sibility of a temperature change of 1022 K @15#.

The shear viscosity was measured with a Haake visc
eter RV 20 with a measuring system CV 100. The syst
consists of a rotary beaker filled with the studied liquid an
cylindrical sensor of Mooney-Ewart type~ME 15!, placed in
the center of the beaker. The liquid gap was 0.5 mm. T
studied liquids show a Newtonian behavior in the availa
©2004 The American Physical Society01-1
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range of the shear rates (30–300 s21). The accuracy of the
viscosity determination was 0.5%. The temperature of
sample was controlled within60.1 °C.

III. RESULTS AND DISCUSSION

Figure 1 presents temperature dependences of the s
dielectric permittivity and its derivative for the compoun
studied. A difference observed in the dielectric behavior
-NCS derivatives and 5CN is striking.

The results are quite similar to those presented in R
@15# for mesogenic pentylcyanobiphenyl~5CB! and nonme-
sogenic butylcyanobiphenyl~4CB!. The former compound
showed a critical-like behavior of the permittivity derivativ
as the temperature of isotropic to nematic phase trans
approaches~like observed for 5CN in Fig. 1!, what is char-
acteristic for the transitionclose to the second order. The
latter, nonmesogenic 4CB, showed no pretransitional effe
as expected for the first order phase transition from isotro
liquid to crystalline solid~I-Cr!.

As seen in Fig. 1, for 5NCS there are no symptoms in
permittivity behavior of the coming up I-N phase transitio
and for 8CHBT one observes only a slight increase in
permittivity derivative. The fact can suggest that the tran
tion is close to the first order, the more so as the slope o
d«st/dT on T dependences, equal to about 431024 K22, is
very close to that obtained for nonmesogenic, strongly po

FIG. 1. Temperature dependences of the static permittivity
its temperature derivative for 5NCS, 8CHBT, and 5CN in the vic
ity of isotropic to nematic phase transition.
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nCB, in the vicinity of the I-Cr phase transition@15#.
The above suggestion of the difference in the order of

phase transitions in -NCS derivatives and 5CN seems to
a support also in the dynamic dielectric properties of
compounds. Figure 2 presents temperature dependence~in
form of the Arrhenius plots! of the dielectric relaxation time
(t) and the viscosity (h) of 5NCS, 8CHBT, and 5CN. The
relaxation time corresponds to the molecular rotation aro
the short axis. For rotating molecules with the dipole m
ment directed, more or less, along their long axis, as in
case of compounds studied, the dielectric absorption b
corresponding to the above mentioned mode of rotati
dominates in the spectrum and the evaluation oft is quite
reliable ~the details of the procedure are described in R
@15#!.

An analysis of the results presented in Fig. 2 shows t
the dependences do not fulfill strictly the Arrhenius requi
ment for the constant activation energyEA :

ln x~T!5 ln xA1
EA

RT
, ~1!

i.e., the dependence lnx(T) on T21 is not linear.x denotes
here the relaxation time or the viscosity,xA is the pre-
exponential factor,R the gas constant, andT the absolute
temperature. The most often the experimental data conc
ing the thermally activated physical processes, do not fu
the Arrhenius relation~1! with the assumption of the tem
perature independent activation energy. As we discussed
viously @15# there are no physical reasons for the assum
tion, as the basic physical properties of liquids, the num
of molecules in unit volume, first of all, depend essentia

d
-

FIG. 2. Arrhenius plots for the dielectric relaxation time (t )
corresponding to the molecular rotation around the short axis
for the viscosity (h ) measured in the isotropic phase of 5NC
8CHBT, and 5CN.
1-2



e

ur
.

ti
l-

th
lts

re
he
th
a-
vi
a

ro
ho
ou
rg
ui

na
o

an
fo
ly
e
ne

at
th

of
en-

tical
on
of
eri-
pen-

mo-

B,
4

v-
n
s of
-

o-
the
ins
in

eak
e-
e
ces
ar-
he

f
flo

de-
he
tic

of
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on temperature. With decreasing temperature one should
pect some increase ofEA , rather than its constant value.

As results from Eq.~1!, the derivative] ln x(T)/](T21)
gives directlyEA at a given temperature, so the temperat
dependence of the activation energy can be analyzed
course, for the ‘‘Arrhenius processes’’ the value ofEA should
be temperature independent.

Figure 3 presents temperature dependences of the ac
tion energy for the rotation of 5NCS, 8CHBT and 5CN mo
ecules and for the viscous flow of the compounds in
vicinity of I-N phase transition. We believe that the resu
are not trivial.

The viscous flow of the compounds of similar structu
~5NCS and 5CB! can be described with the same value of t
activation energy and shows only small deviation from
Arrhenius behavior:EA weakly increases with the temper
ture decrease with the slope of about 0.24 kJ/mol per kel
For 8CHBT the viscosity activation energy is somewh
higher. There are no prenematic effects in the viscous p
erties of the compounds. The results presented in Fig. 3 s
that for 5NCS and 5CN, in the temperature region of ab
10° above the I-N transition and higher, the activation ene
for the molecular rotation around the short axis behaves q
similarly to that of the viscosity:EA for 5NCS and 5CN is
equal to each other and its temperature dependence is a
gous to that corresponding to the viscous flow. The value
the activation energy is only of about 6 kJ/mol higher th
that of the viscosity. An analogous difference is observed
8CHBT. All these experimental facts show that a relative
far from the I-N phase transition, the rotation of the m
sogenic molecules in the isotropic phase is mainly gover
by the viscosity of the medium.

In the temperature region close to the isotropic to nem
phase transition, the behavior of the activation energy for
molecular rotation strongly differentiates the2NCS deriva-

FIG. 3. Temperature dependences of the activation energy
the molecular rotation around the short axis and for the viscous
of 5NCS, 8CHBT, and 5CN in the isotropic phase.
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tives and 5CN. Once more the prenematic effect in a form
the critical-like temperature dependence of the activation
ergy is observed for 5CN, while for the2NCS derivatives
only a slight increase above the ‘‘normal’’EA(T) depen-
dence, i.e., parallel to that of the viscosity, is observed.

Figure 4 presents temperature dependence of the cri
parts of the static permittivity derivative and the activati
energy for the rotation of 5CN molecules. The critical part
a given quantity is taken as a difference between its exp
mental temperature dependence and the reference de
dence of the quantity measured for nonmesogenic ho
logue in the vicinity of the first order phase transition~liquid-
crystalline solid!. As reference data, the results for 4C
discussed in Ref.@15#, were taken. The solid lines in Fig.
are the best fit of the equation of (T2T* )2a type to the
experimental data. It is worth noticing that the critical beha
iors of both the permittivity derivative and the activatio
energy can be consistently described with the same value
the critical exponent (a) and the distance between the tem
perature of the I-N phase transition (TNI) and the virtual
temperature of the second order phase transition (T* ).

The critical phenomena observed in the vicinity of isotr
pic to nematic phase transition result from a formation of
pseudonematic domains in the isotropic liquid. The doma
are statistically distributed and show strong fluctuations
size and shape with time. Thus one can expect still a w
influence of the ‘‘nematic potential’’ on the short range b
havior in the isotropic liquid. However, in case of th
strongly polar mesogenic molecules, the potential redu
the dielectric permittivity via the tendency toward an antip
allel orientation of the molecules within the domains, on t

or
w

FIG. 4. Temperature dependence of the critical parts of the
rivative of the static permittivity and the activation energy for t
5CN molecules rotation in the vicinity of the isotropic to nema
phase transition. The solid lines are the best fit of an equation
(T2T* )2a type to the experimental data.
1-3
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one hand, and an increase of the molecular relaxation t
~observed as a critical-like temperature dependence of
activation energy!, on the other hand. The same physic
reason for these two effects results in the same values o
critical parameters depicted in Fig. 4. The viscosity, a
quantity which concerns the bulk property of the liquid, ca
not reflect a short range molecular ordering.

In case of a small tendency to antiparallel dipole-dip
correlation, as in -NCS derivatives, the molecular organi
tion in the pseudonematic domains are not so efficient a
case of -CN derivatives, and the pretransitional effects
hardly observed in the linear dielectric properties. The c
clusions arising from the presented results are following:

~i! The mesogenic compounds composed of the molec
of the same structure and different polarity can behave q
differently in the vicinity of the isotropic to nematic phas
an
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transition. On the basis of the static and dynamic linear
electric properties, one can classify the I-N phase transi
in the less polar compounds as close to first order and
close to the second order for the strongly polar compoun

~ii ! A somewhat different look at the Arrhenius equatio
allowing for the temperature dependence of the activat
energy, which seems to have physical reasons, gives q
interesting and important data concerning the phase tra
tion studied.
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