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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 ofalkyloxycyanobiphenyls ({H,,.10-Ph-Ph-C
=N, n=6, 7) was studied above and below the nematic clearing pding). On approaching the clearing
point, the evolution of principal components of the nematic permittivity tenscande , , is described by the
order parameter exponeft=0.25. The mean value of the nematic permittiéty.,= (,+ 2¢,)/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 ddtg,(T)/dT and dee,(T)/dT shows the
specific-heat-like behavior with universal exponeats o’ ~0.5. Results obtained confirm the hypothesis of
the fluidlike, pseudospinodahndtricritical behavior of the isotropic to nematic phase transit{@gn. Drozd-
Rzoska, Phys. Rev. B9, 5556(1999].
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INTRODUCTION where the critical exponen~0.325.
Recently, théluidlike behavior hypothesis was proposed for
In 1970, Widom and Rowlinsofi] described a model for describing properties of the isotropic-nemdtid\) transition
the liquid-vapor transition showing the singularity of the di- in liquid crystalline materials. It assumes that the nematic-
ameter of the coexistence curve if the system has a specifidearing temperatureT(y) lies on the branch of the hypo-
heat critical anomaly. The first unambiguous experimenthetical binodal curvé15—-19. Recent studies based on lin-
confirming this hypothesis was made byngst, Knuth, and ear and nonlinear dielectric permittivity tests showed a very
Hensel[2] for liquid-metal—gas transition. This result con- good agreement with thBuidlike model when considering
cluded the long-standing discussion on the possible validitghe pretransitional behavior in the isotropic phase. The ob-
of the Caillet-Matthies law of rectilinear diamet¢B—5]. tained set of experimental results could not be explained
Similar singularity of the binodal diameter was also found inwithin the simple mean-field description dominating in the
binary mixtures of limited miscibility, belonging to the same last few decadelsl7—19. Hence, the question arises whether
universality classd=3, n=1) [4,5]. If we compare experi- the fluidlike description may also be valid for the low tem-
mental results of various physical properties, as, for instancegerature phasénematig. In the opinion of the authors, ex-
density, refractive index, concentration, dielectric permittiv-perimental results in the isotropic phase are puzZl:80—
ity [3—8]|, the diameter anomaly seems to be particularly pro-30]. The quantitative analysis is restricted to the behavior of
nounced for the lattdi6—8]. Noteworthy here is the similar- the order parameter. To parametrize experimental data, the
ity of the permittivity behavior above and below the critical empirical Haller dependence is often u$,22,23,26-2B
consolute temperaturel ¢) [6—13,
S=g—&, *|[T-T\>, T<T.y, 3
g=ec+a|T—T|+AT-T[t %+
whereb=0.15-0.2 is an empirical material dependent pa-

and rametere; ande, are dielectric permittivities of the ordered
sample in the direction parallel and perpendicular to the di-
de . rectorn.
d_'roccvoc T=Tel™, (1) However, this equation cannot be satisfied closg g at

which the discontinuous transition occurs. From the
where &= &homogeneous fOr T>Tc and &= & giamerer= (€L Landau—de GennegLdG) model one may conclude
+ey)/2 for T<T¢. ey ande, are static dielectric permit- [5,30,3] that
tivities in the upper and lower coexistence phase, respec-
tively. In the homogeneous phase the relationship between ~ S=S** +B|T—-T** |, T<T \=T** +AT', (4
the anomalies of dielectric permittivity and the specific heat
was first suggested in the theory of Mistura in 1974].  where T** is the extrapolated temperature of the super-
When discussing the two-phase region belBw, the order cooled nematic phase ai®l* is a function of constant am-
parameter is the next significant quantfi,5]. It can be plitudes in the LdG series. In the simple LdG modék: 3

related to dielectric permittivity afs7,8] [5] (mean field valug[5,30]. For the LdG expansion consid-
ered up to sixth order, the tricritical behavior appears and
S=8U_8L“(TC_T)B, (2) thenﬁ:% [5,31,32
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o0, e i’““““%AA ] capacitor with gold-covered electr.odes .with a _g_aip
8L el ®0, Fs § isotrapic =0.5mm. Components; ande, of dielectric permittivity
paratie Op S P4 were measured in the sample ordered by the magnetic field
6L % f 1.3 meano,o°§_ (B=0.8T). The temperature was controlled with an accu-
© R A L racy of £0.01°C. Tested samples of rodlike nematogens
> 4l - i o (60CB, T, .y=75.820.2°C and 70CB, T,.\~73.50
Ié b +0.05°Q were prepared at the Mi]itary University of Tech-
E ol | nology, Warsaw, Poland. The_purlty of the compounds was
g 6 000000 ; ABA AL A A better than 99.9%. The analysis of data was conducted using
L 1o} aF a nonlinear fitting procedure and the derivative calculus pro-
g : ul cedures irobRIGIN 6.1software. Errors are given as three stan-
g g Lperpendicular o ee@; § 1o} dard deviations.
© ° eeeee E z £=03+0.1
sl TINE R R RESULTS AND DISCUSSION
elo 0 s w0 10 Figure 1 shows results of measurements of dielectric per-
T (°C) mittivity in 60CB. In agreement with Ref§16,18,19 the

behavior in the isotropic phase is well portrayed by fiue
FIG. 1. Static dielectric permittivity behavior in the isotropic idlike relation
and in the nematic phases of 60CB. The upper inset shows the

behavior of the dielectric permittivity in the isotropic phase and the gisof T)=8*+a|T-T*|+A|T-T*|1 ¢

behavior of the mean permittivity in the nematic phase. The lower

inset presents the behavior of dielectric strength—order parameter. for T>T, \=T*+AT. 5
Solid lines in insets are fitted by Eq&l)—(6). Arrows denote the . . .

clearing point. The anomalous behavior associated with the almost-

continuous character of tHeN transition is also clearly vis-
No conclusive experimental support for the mean field orible for the diameter in the nematic phaike inset in Fig.
tricritical description has been obtained y&0-3@. Only 1),
last year Marinelli and Mercufi33] reported results of pre- x e e 1 a
cise photopyroelectric measurements of the anisotropy in the Emead T)=&™* +ay|T—T* [+ Ay T—T**|
thermal c_onductivity, strongly supporting the tricritical point forT<T,. =T** —AT'. (6)
hypothesis.

In the present paper studies of dielectric permittivity in parameters for relatior(§) and (6) are collected in Table 1.
the isotropic and nematic phaserehexyloxycyanobiphenyl  |n hoth cases the same value of the exponert0.5 was
(60CB) and n-heptyloxycyanobiphenyl(7OCB) are re-  gptained within limits of experimental errors. The lower in-
ported. Tests were conducted in a wide range of temperaset in Fig. 1 shows the behavior of the order parameter. As-
tures: up toT—T,y=30K in the nematic phase anfl  symingS** =0 one gets the valug~0.2 for T** =77 K.
—T,.y=80K in the isotropic liquid. It was shown that data pqor s** -0 the value ofB ranging from 0.24 to 0.5 is ca-
obtained can be exceptionally well parametrized by the €QUasaple of parametrizing data. F=~0.29 the obtained value

tions analogous to those applied in the case of critical binarys the singular temperatufE** is the same as that obtained
mixtures. Particularly, there is a clear evidence of the prey, Eq. (6) from the diameteranalysis.

tra2n3|t|onal behavior for the diameter: &meafT)= 3¢ Figure 2 shows results of similar measurements in 7OCB
t38,. but with much higher “experimental point density” applied
than usual. The singular behavior ©f(T) and e eafT) is
EXPERIMENT shown in detail in Fig. 3. Obtained dependencies are almost
perfectly portrayed by relation®) and(6) (solid lineg, with
The static electric permittivity was measured with aparameters given in Table I. Within the limit of experimental
Wayne Kerr 6425 precision analyzer at 10 kHz with a 5-digiterror data are described by the same values of critical expo-
resolution. The samples were placed in a flat-parallel coppeatentsa’ = o= 0.5 and critical amplitude8/A’ = —1. This is

TABLE I. Results of fitting in the isotropic and in the nematic phases of 60CB and 70CB usin¢g9Egs.
and (6).

Mesogen(phase e*(1), ¢*{N) @, an (K™ ALAVK™®  e=1l-a T* T (°O)

60CB (I) 11.41+0.1 —0.028+0.005 0.164:0.02 0.51-0.04 74.880.1
60CB (N) 11.48+0.1 0.009-0.003 —0.12+0.02 0.51-0.06 75.6:0.3
70CB (1) 9.902:£0.002 —0.023+0.001 0.16%30.003 0.506:0.01 72.36:0.05
70CB (N) 9.996+0.05 0.005-0.002 —0.161+0.006 0.4%0.04 73.410.15
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FIG. 2. Static dielectric permittivity behavior in the isotropic
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FIG. 4. The derivative analysis of experimental data from Fig. 3.

and in the nematic phases of 70CB. The inset shows the behavi®olid lines are described by relatiéh. The inset presents the same
of dielectric strength. Solid line is fitted by E).

data in a way showing the obtained value of exponent0.5.

additionally confirmed by distortion-sensitive derivative tnat linear terms in relation) and (6) do not describe ex-
analysis of experimental data presented in Fig. 4. On botherimental data at any distance from the phase transition

sides of the nematic clearing temperature the specific-heajoint. Hence, they cannot be considered as the noncritical
like anomaly is clearly visible,

deiso demean

dT ' dT

=const-(T—Tgjg) %

a~0.5,

whereTgj,g=T* for T>T, .y and Tgpq=T** for T<T,_y.

Noteworthy is the large range of the validity of the pre-

transitional description in comparison with the speC|f|c-heatﬁed the analysis to the linear-regression fit. Results obtained

and density experimental results. It is worth mentioning here
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FIG. 3. The behavior of the dielectric permittivity in the isotro-
pic phase and the behavior of the mean permittivity in the nematic \ 1
phase of 70CB. Solid lines in insets are fitted by E&$.and (6).

The inset shows the behavior in the immediate vicinity of the clear-

(@)

background effect. The inset in Fig. 2 shows the behavior of
the order parameter of 7OCB. In comparison to results dis-
cussed for 60CB the scattering of expongnihas been re-
duced but the obtained value still remains puzzling.

Figure 5 shows results of derivative analysis of thar-*
der parameter datafrom the inset in Fig. 2. It removed the
constant paramete3** in Eq. (4) and consequently simpli-

Clearly show that up t@** —T<7 K behavior ofAe(T) is
described by the tricritical order parameter expongnt
=0.245+0.02. For KT<37K the temperature behavior is
essentially different. This may be related to correction-to-
scaling terms or to the influence of fluctuations associated

slope =-0.749 £ 0.02
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ing point. Stars and dotted arrows denote positions of extrapolated

virtual critical (tricritical) points. The solid line in the inset repre-
sent a smooth curve. The “discontinuity” is caused by grGIN

GRAPH software.

FIG. 5. The derivative analysis of experimental data for dielec-
tric strength(order parameterin the nematic phase of 70C@ata
taken from the inset in Fig.)2
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with more complex mesophases. The comparison of th@ermittivity exponent have been obtainggk=0.25, a~ o'
analysis of results for 60CB and 70CB shows the essentiak0.5. This agrees with théluidlike, pseudospinodaland
influence of the quality of experimental data on results obdricritical nature of the I-N transition deduced from linear
tained. The influence of the experimental error is stronger omand nonlinear dielectric measurements in the isotropic phase
the order parameter than en,.., which can be related to [18]. Worth mentioning is also the fluidlike dimensionality
their definitions. Moreover, in the analysis of critical phe-[15,17,18 d=3 of the tricritical descriptiof5]. In the opin-
nomena, particular attention should be paid to the immediat®n of the authors, particularly worth stressing is the evi-
vicinity of the continuous phase transition: the experimentadence for the ‘diametel’ e,.o{T) singular dependence. It
temperature resolution of data has a fundamental effect oshows in an unequivocal way that tfleidlike behavior is

the results obtained. This factor is particularly important forclearly manifested in the nematic phase Tqry<T<T,.y

the IN transition because of its discontinuity. +30K.
Concluding, the behavior of dielectric permittivity in the
nematic and |sqtroplc phases of nematogens can be We_,-ll por- ACKNOWLEDGMENT
trayed by relations that are analogous to those applied to
binary liquid mixtures of limited miscibility. The tricritical The authors would like to acknowledge the support of the
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