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Fluidlike behavior of dielectric permittivity in a wide range of temperature
above and below the nematic-isotropic transition
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Singular behavior of the static dielectric permittivity ofn-alkyloxycyanobiphenyls (CnH2n11O-Ph-Ph-C
[N, n56, 7! was studied above and below the nematic clearing point (TI -N). On approaching the clearing
point, the evolution of principal components of the nematic permittivity tensor,« i and«' , is described by the
order parameter exponentb'0.25. The mean value of the nematic permittivity«mean5(« i12«')/3 exhibits a
singular behavior similar to that observed in the isotropic phase and that for the diameter of the coexistence
curve in binary mixtures. The derivative of experimental datad« iso(T)/dT and d«mean(T)/dT shows the
specific-heat-like behavior with universal exponentsa5a8'0.5. Results obtained confirm the hypothesis of
the fluidlike, pseudospinodal, and tricritical behavior of the isotropic to nematic phase transition.@A. Drozd-
Rzoska, Phys. Rev. E59, 5556~1999!#.
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INTRODUCTION

In 1970, Widom and Rowlinson@1# described a model fo
the liquid-vapor transition showing the singularity of the d
ameter of the coexistence curve if the system has a spe
heat critical anomaly. The first unambiguous experim
confirming this hypothesis was made by Ju¨ngst, Knuth, and
Hensel@2# for liquid-metal–gas transition. This result con
cluded the long-standing discussion on the possible vali
of the Caillet-Matthies law of rectilinear diameter@3–5#.
Similar singularity of the binodal diameter was also found
binary mixtures of limited miscibility, belonging to the sam
universality class (d53, n51) @4,5#. If we compare experi-
mental results of various physical properties, as, for instan
density, refractive index, concentration, dielectric permitt
ity @3–8#, the diameter anomaly seems to be particularly p
nounced for the latter@6–8#. Noteworthy here is the similar
ity of the permittivity behavior above and below the critic
consolute temperature (TC) @6–13#,

«5«C1auT2TCu1AuT2TCu12a1¯

and

d«

dT
}Cv}uT2TCu2a, ~1!

where «5«homogeneous for T.TC and «5«diameter5(«L
1«U)/2 for T,TC . «U and «L are static dielectric permit
tivities in the upper and lower coexistence phase, resp
tively. In the homogeneous phase the relationship betw
the anomalies of dielectric permittivity and the specific h
was first suggested in the theory of Mistura in 1974@14#.
When discussing the two-phase region belowTC , the order
parameter is the next significant quantity@4,5#. It can be
related to dielectric permittivity as@7,8#

S5«U2«L}~TC2T!b, ~2!
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where the critical exponentb'0.325.
Recently, thefluidlike behavior hypothesis was proposed f
describing properties of the isotropic-nematic~I-N! transition
in liquid crystalline materials. It assumes that the nema
clearing temperature (TI-N) lies on the branch of the hypo
thetical binodal curve@15–19#. Recent studies based on lin
ear and nonlinear dielectric permittivity tests showed a v
good agreement with thefluidlike model when considering
the pretransitional behavior in the isotropic phase. The
tained set of experimental results could not be explain
within the simple mean-field description dominating in t
last few decades@17–19#. Hence, the question arises wheth
the fluidlike description may also be valid for the low tem
perature phase~nematic!. In the opinion of the authors, ex
perimental results in the isotropic phase are puzzling@5,20–
30#. The quantitative analysis is restricted to the behavior
the order parameter. To parametrize experimental data,
empirical Haller dependence is often used@20,22,23,26–28#,

S5« i2«'}uT2TI -Nub, T,TI -N , ~3!

whereb50.15– 0.2 is an empirical material dependent p
rameter.« i and«' are dielectric permittivities of the ordere
sample in the direction parallel and perpendicular to the
rectorn.

However, this equation cannot be satisfied close toTI -N at
which the discontinuous transition occurs. From t
Landau–de Gennes~LdG! model one may conclude
@5,30,31# that

S5S** 1BuT2T** ub, T,TI -N5T** 1DT8, ~4!

where T** is the extrapolated temperature of the sup
cooled nematic phase andS** is a function of constant am
plitudes in the LdG series. In the simple LdG model,b5 1

2

@5# ~mean field value! @5,30#. For the LdG expansion consid
ered up to sixth order, the tricritical behavior appears a
thenb5 1

4 @5,31,32#.
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No conclusive experimental support for the mean field
tricritical description has been obtained yet@20–30#. Only
last year Marinelli and Mercuri@33# reported results of pre
cise photopyroelectric measurements of the anisotropy in
thermal conductivity, strongly supporting the tricritical poi
hypothesis.

In the present paper studies of dielectric permittivity
the isotropic and nematic phase ofn-hexyloxycyanobiphenyl
~6OCB! and n-heptyloxycyanobiphenyl~7OCB! are re-
ported. Tests were conducted in a wide range of temp
tures: up toT2TI -N'30 K in the nematic phase andT
2TI -N'80 K in the isotropic liquid. It was shown that da
obtained can be exceptionally well parametrized by the eq
tions analogous to those applied in the case of critical bin
mixtures. Particularly, there is a clear evidence of the p
transitional behavior for the ‘‘diameter’’: «mean(T)5 1

3 « i

1 2
3 «' .

EXPERIMENT

The static electric permittivity was measured with
Wayne Kerr 6425 precision analyzer at 10 kHz with a 5-di
resolution. The samples were placed in a flat-parallel cop

FIG. 1. Static dielectric permittivity behavior in the isotrop
and in the nematic phases of 6OCB. The upper inset shows
behavior of the dielectric permittivity in the isotropic phase and
behavior of the mean permittivity in the nematic phase. The low
inset presents the behavior of dielectric strength—order param
Solid lines in insets are fitted by Eqs.~4!–~6!. Arrows denote the
clearing point.
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capacitor with gold-covered electrodes with a gapd
50.5 mm. Components« i and «' of dielectric permittivity
were measured in the sample ordered by the magnetic
(B50.8 T). The temperature was controlled with an acc
racy of 60.01 °C. Tested samples of rodlike nematoge
~6OCB, TI -N575.860.2 °C and 7OCB, TI -N'73.50
60.05 °C! were prepared at the Military University of Tech
nology, Warsaw, Poland. The purity of the compounds w
better than 99.9%. The analysis of data was conducted u
a nonlinear fitting procedure and the derivative calculus p
cedures inORIGIN 6.1software. Errors are given as three sta
dard deviations.

RESULTS AND DISCUSSION

Figure 1 shows results of measurements of dielectric p
mittivity in 6OCB. In agreement with Refs.@16,18,19# the
behavior in the isotropic phase is well portrayed by theflu-
idlike relation

« isot~T!5«* 1aI uT2T* u1AI uT2T* u12a

for T.TI -N5T* 1DT. ~5!

The anomalous behavior associated with the almo
continuous character of theI-N transition is also clearly vis-
ible for the diameter in the nematic phase~the inset in Fig.
1!,

«mean~T!5«** 1aNuT2T** u1ANuT2T** u12a

forT,TI -N5T** 2DT8. ~6!

Parameters for relations~5! and ~6! are collected in Table I.
In both cases the same value of the exponenta'0.5 was
obtained within limits of experimental errors. The lower i
set in Fig. 1 shows the behavior of the order parameter.
sumingS** 50 one gets the valueb'0.2 for T** 577 K.
For S** Þ0 the value ofb ranging from 0.24 to 0.5 is ca
pable of parametrizing data. Forb'0.29 the obtained value
of the singular temperatureT** is the same as that obtaine
in Eq. ~6! from thediameteranalysis.

Figure 2 shows results of similar measurements in 7O
but with much higher ‘‘experimental point density’’ applie
than usual. The singular behavior of« iso(T) and«mean(T) is
shown in detail in Fig. 3. Obtained dependencies are alm
perfectly portrayed by relations~5! and~6! ~solid lines!, with
parameters given in Table I. Within the limit of experiment
error data are described by the same values of critical ex
nentsa85a50.5 and critical amplitudesA/A8521. This is

he
e
r
er.
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TABLE I. Results of fitting in the isotropic and in the nematic phases of 6OCB and 7OCB using Eq~5!
and ~6!.

Mesogen~phase! «* (I ), «**(N) al , aN ~K21! AI , AN ~K2w! w512a T* , T** ~°C!

6OCB ~I! 11.4160.1 20.02860.005 0.16460.02 0.5160.04 74.8860.1
6OCB ~N! 11.4860.1 0.00960.003 20.1260.02 0.5160.06 75.660.3
7OCB ~I! 9.90260.002 20.02360.001 0.16360.003 0.50660.01 72.3660.05
7OCB ~N! 9.99660.05 0.00560.002 20.16160.006 0.4960.04 73.4160.15
1-2
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BRIEF REPORTS PHYSICAL REVIEW E 64 052701
additionally confirmed by distortion-sensitive derivativ
analysis of experimental data presented in Fig. 4. On b
sides of the nematic clearing temperature the specific-h
like anomaly is clearly visible,

d« iso

dT
,
d«mean

dT
5const1~T2Tsing!

2a, a'0.5, ~7!

whereTsing5T* for T.TI -N andTsing5T** for T,TI -N.
Noteworthy is the large range of the validity of the pr

transitional description in comparison with the specific-h
and density experimental results. It is worth mentioning h

FIG. 2. Static dielectric permittivity behavior in the isotrop
and in the nematic phases of 7OCB. The inset shows the beha
of dielectric strength. Solid line is fitted by Eq.~4!.

FIG. 3. The behavior of the dielectric permittivity in the isotr
pic phase and the behavior of the mean permittivity in the nem
phase of 7OCB. Solid lines in insets are fitted by Eqs.~5! and ~6!.
The inset shows the behavior in the immediate vicinity of the cle
ing point. Stars and dotted arrows denote positions of extrapol
virtual critical ~tricritical! points. The solid line in the inset repre
sent a smooth curve. The ‘‘discontinuity’’ is caused by theORIGIN

GRAPH software.
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that linear terms in relations~5! and ~6! do not describe ex-
perimental data at any distance from the phase transi
point. Hence, they cannot be considered as the noncri
background effect. The inset in Fig. 2 shows the behavio
the order parameter of 7OCB. In comparison to results d
cussed for 6OCB the scattering of exponentb has been re-
duced but the obtained value still remains puzzling.

Figure 5 shows results of derivative analysis of the ‘‘or-
der parameter data’’ from the inset in Fig. 2. It removed the
constant parameterS** in Eq. ~4! and consequently simpli
fied the analysis to the linear-regression fit. Results obtai
clearly show that up toT** 2T,7 K behavior ofD«(T) is
described by the tricritical order parameter exponentb
50.24560.02. For 7,T,37 K the temperature behavior i
essentially different. This may be related to correction-
scaling terms or to the influence of fluctuations associa

ior

ic

r-
ed

FIG. 4. The derivative analysis of experimental data from Fig
Solid lines are described by relation~7!. The inset presents the sam
data in a way showing the obtained value of exponenta50.5.

FIG. 5. The derivative analysis of experimental data for diel
tric strength~order parameter! in the nematic phase of 7OCB~data
taken from the inset in Fig. 2!.
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BRIEF REPORTS PHYSICAL REVIEW E 64 052701
with more complex mesophases. The comparison of
analysis of results for 6OCB and 7OCB shows the essen
influence of the quality of experimental data on results
tained. The influence of the experimental error is stronger
the order parameter than on«mean, which can be related to
their definitions. Moreover, in the analysis of critical ph
nomena, particular attention should be paid to the immed
vicinity of the continuous phase transition: the experimen
temperature resolution of data has a fundamental effec
the results obtained. This factor is particularly important
the IN transition because of its discontinuity.

Concluding, the behavior of dielectric permittivity in th
nematic and isotropic phases of nematogens can be well
trayed by relations that are analogous to those applied
binary liquid mixtures of limited miscibility. The tricritical
values of exponents describing the behavior of the dielec
s
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permittivity exponent have been obtained:b'0.25, a'a8
'0.5. This agrees with thefluidlike, pseudospinodal, and
tricritical nature of the I-N transition deduced from line
and nonlinear dielectric measurements in the isotropic ph
@18#. Worth mentioning is also the fluidlike dimensionalit
@15,17,18# d53 of the tricritical description@5#. In the opin-
ion of the authors, particularly worth stressing is the e
dence for the ‘‘diameter’’ «mean(T) singular dependence. I
shows in an unequivocal way that thefluidlike behavior is
clearly manifested in the nematic phase forTI -N,T,TI -N
130 K.
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