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The paper presents the results of measurements of the linear dielectric properties of the compounds from the
homologous series of alkylcyanobiphenyls,H3,,. {PhPhCN,nCB) in the vicinity of the first order transition
(from the isotropic liquid to the crystalline phassE nonmesogeniaCB’s (n=2-4) and the weakly first order
transition(from the isotropic liquid to the nematic phas# 5CB. The experimental method for the separation
of the critical part of the static permittivity derivative and the activation energy for rotation of the mesogenic
molecules, in the vicinity of weakly first order phase transition, is proposed. It is shown that the critical
temperature dependence of the permittivity and the activation energy can be described with a funckion of (
—T*)™ * type, with the same values of the temperature of virtual transition of the second @/deaifd the
critical exponent &).
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. INTRODUCTION creases towards tHeN transition[15] or as the number of
mesogenic molecules in unit volume increagEs, 17).

The properties of nematogenic liquids in the vicinity of  In the paper we present the experimental results obtained
the isotropic to nematicl¢N) phase transition are still a with the linear static and dynamic dielectric methods in the
subject of numerous works, mainly experimental-9]. The  vicinity of first order (crystallization and weakly first order
basic reason for the constant interest is that the transition dfi-N) phase transitions. There are two aims of the paper. The
the first order in nature is preceded by pretransitional phefirst one concerns the empirical analysis of temperature be-
nomena that show a critical-like behavior, characteristic ofiavior of the static permittivity of strongly polar compounds
the continuous, second order phase transitions. For a typicH) the vicinity of phase transition. Our results give an experi-
transition of the first order, as the crystallization, for ex-mental basis for the formulation of the permittivity back-
ample, the symptoms of the coming up transition are no@round corresponding to noncriticéthormal” ) behavior of

observed. Therefore, thé-N transition is classified as 1€ Permittivity of strongly polar, nonmesogenic liquids. Up
weakly first order or close to second order to now, the problem was open and only arbitrary assumptions

The pretransitional phenomena are observed both for th(éoncerning the background were mdde-14.

decreasing temperature of pure nematogenic liquids and for _The_ second aim of the paper concerns the dielectric rel_ax-
ation time. In some quite recently published papers, the lin-

the |n<ireasm3_ concetntratl(:n (t)ftnematogenlcT?oleﬁules N Bar dielectric relaxation method is listed among others as a
nonpolar medium, at constant temperature. The phenomeng.,,y gyjtable for studies of the dynamics of prenematic
appear nearly exclusively in the nonlinear studies, i.e., WheRo o Therefore, we present the results of temperature de-
an external stimulus is sufficiently strong. A peculiar tem-pengence of the linear dielectric relaxation time determined
perature behavior of the linear static permittivity of strongly yith an exceptional care for mesogenic 5CB in the vicinity

polar mesogens in the vicinity dfN transition is rather an  of |_N transition. The results are compared with those ob-
exceptional case of the pretransitional effect seen in a weafgined for nonmesogenic 4CR8].

electric field[10—14. However, the dynamics of the pretran-
sitional effects can be studied with the nonlinear techniques,
such as the Kerr effect or the nonlinear dielectric spectros-
copy, only. The linear methods, the linear dielectric spectros- The compounds studied belong to the homologous series
copy at the first place, are not able to detect the dynamiof the strongly polar(dipole moment~=5D) alkylcyanobi-
prenematic effects. Only when an additional, strong electriphenyls (GH,,.1PhPhCN,nCB). Forn=2, 3, and 4, the
field is applied to the liquid, a new dielectric absorption bandcompounds are nonmesogenic with the melting points at
appears in the frequency region of about one order of mag348.2 K, 339 K, and 320.1 K, respectively. Some data point
nitude lower than that recorded with the linear spectroscopyut towards the existence of a monotropic, very unstable
[15-17. The relaxation time and the strength of the newnematic phase of 4CB at a temperature of about 20 K below
band show a critical-like behavior as the temperature dethe melting point, but we did not avoid the crystallization of
4CB at 320.1 K in each of our experiments. For5, a
stable nematic phase occurs with thBl transition tempera-
*Electronic address: jadzyn@ifmpan.poznan.pl ture equal to 308.4 K. The compounds were synthesized and

Il. EXPERIMENT
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FIG. 1. Temperature dependence of the static permittigaly Peculiarity in the permittivity dependence on temperature

and its derivative(b) for nonmesogenimCB’s, n=2-4, in the  Observed for isotropic 5CEFig. 2) is certainly related to the
vicinity of isotropic (1) to crystal(C) first order phase transition. ~ @pproaching transition to the nematic phase. The effect is
much more pronounced in the permittivity derivative, which
purified at the Institute of Chemistry, Military University of Shows a C“UC"’""_"fe behawor as temperature apprqaches the
Technology, Warsaw. The purity of the compounds, checked-N phase transitior(Fig. 3). Of course, the experimental
by chromatography, was better than 99.5%. data_presented in Fig. 3 for 5CB concern two pherjo_mena:

The measurements of the dielectric properties of liquidthe first one refers to the “normal,” noncritical permittivity
nCB's were performed with a HP 4194A impedance/gain-behaV'Or of t.h_e polar liquids, and the second one is related to
phase analyzer in the frequency range of 50 kHz—100 MHzthe pretransmo_n_al effects. If one assumes that for mesogenic
The static values of the permittivity were taken as a low-5CB the noncriticade/dT dependence on temperature cor-
frequency plateau of the real part of the permittivity. The€Sponds to that obtained for nonmesogenic 46@id line
accuracy of the permittivity determination was better thanin Fig. 3), a critical part of the permittivity derivative of 5CB
0.5%. The measuring capacitor consisted of three plane ele€an be represented as a difference
trodes: one centrdl'hot” ) electrode and two grounded elec-
trodes on each side. The electrical heating of high perfor- de de de
mance, with the use of UNIPAN 650H controller, assured a (ﬁ) = (ﬁ) - (—) 2
temperature stabilization better than 20K and a possibility crit meso nonmeso
of the temperature change of 1DK.

The results obtained according to E8) are depicted in
Fig. 4. The data are perfectly reproduced in the whole stud-
ied temperature range with the following equation:

Figure Xa) presents temperature dependence of the static
permittivity measured for the nonmesogenic cyanobiphenyls. 0.04

IIl. RESULTS AND DISCUSSION

EMUMARRR! T T
The electric permittivity shows no pretransitional effects in d_e(K--):NL I
the vicinity of first order transition from the isotropic liquids dT | &
to the crystalline (-C) phase. In the studied temperature 002 o -
range, the:(T) dependence for nonmesogenic compounds is 1R
only slightly nonlinear, as shown in Fig(d). Temperature [ | %
dependence of the permittivity derivative can be reproduced 000 | ?9% -
here with the linear relation - { &, SEB
[ | P0go ° oo, k
T (da) T-T 1 SCI N g
dT() dTl-c & -c), & TR .

where the first term on the right side of the equation corre-
sponds to the derivative value &&=T,.c of givennCB (n FIG. 3. Temperature dependence of the derivative of the static
=2-4), and the slopég, within the experimental errors, is permittivity of nonmesogenic 4CB and mesogenic 5CB. The solid
the same for 2CB, 3CB, and 4CB; and equals 1.88ine corresponds to the noncritical temperature dependence of the
X104 K2, derivative according to Eq(1).
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FIG. 4. The critical part of the derivative of the static permittiv-

ity of 5CB as a function of temperature. The solid line corresponds FIG. 5. Temperature dependence of the Cole-Cole expament
to the best fit of Eq(3) to the experimental datgoints. resulting from the best fit of the expressi@h to the experimental
absorption band corresponding to the rotation of 4CB and 5CB
de molecules around the short axis.
(d—T) =A(T-T*)" 4, )

crit tion seems to be important, as nowadays the theory of
_ . anomalous dielectric relaxatidgfor 0<1) develops success-
whereT* denotes the temperature of virtual transition of thefu"y [19-27 and reliable experimental data are needed. One
second ordery is the critical exponent, andlis a parameter.  expects that the extension of the classical theory of Brownian
T* is, in general, slightly below the-N transition tempera-  motion to the fractional dynamics in a system exhibiting
ture. The best fit of E¢(3) to the datashown in Fig. 4 as the  anomalous diffusion, i.e., diffusion in disordered fractal
solid line) gives the following values of the parametefs:  structures, can explain peculiar temperature behavior of the
=307.6 K anda=0.54. The differenceT\y—T*=0.8 K,  Cole-Cole exponent in the vicinity of I-N phase transition
obtained is typical fot-N phase transition. The value of the [23].
critical exponent is close to that obtained in studies of the The results presented in Fig. 6 show that at first sight

specific heaf10] and dielectric studies by Rzoskal.[11-  there is no obvious difference in théT) dependence ob-
14}, so our results seem to support the fluidlike hypothesis ofained for 4CB and 5CB. In particular, in the vicinity biN
prenematic behavior of 5CRI1-14,17. transition the dielectric relaxation time of 5CB exhibits no

The next part of the paper concerns the dynamics of thgyitical behavior. Figure 7 shows that the relaxation time of

linear dielectric properties of nonmesogenic 4CB and mepoth compounds does not fulfill the Arrhenius dependence:
sogenic 5CB. The dielectric relaxation spectra, recorded for

the compounds in the isotropic phase, were resolved into two A
componentgcorresponding to the molecular rotation around InT=C+ RT ()
their principal axesof the Cole-Cole type:

whereE, is the activation energyR the gas constant, the

. A absolute temperature, ar@ is the constant. The deviation
& :8w+$' 4 from the linear dependencerversusT ! is much more
wT)
In Eq. (4) e, denotes the permittivity measured at a fre- T("s); P ' v "'
qguency sufficiently high to prevent the dipolar reorientation, SF ! E
A is the dielectric strengthw the angular frequency, ant sk ! E
the relaxation time. Equatio@) reduces to the Debye equa- EN LT 1
tion for the exponent value=1. As for the rodlike mol- ! scB g
ecules with the dipole moment directed along the long axis sk °‘joo° 3
(the case ofnCB’s), the most informative is the dielectric : ' ° o ]
relaxation time corresponding to the rotation around the 1E N;
short axis(strongly dominated bandwe will discuss tem- 1 E c |1 ace
perature behavior of that relaxation time) (in the vicinity - | ‘! | 1 1

of I-C and|-N transitions. 0
305 310 315 320 325 330 335 340

As follows from Fig. 5, the dielectric absorption band, T®)

corresponding to the rotation of 4CB and 5CB molecules
around the short axis, shows a deviation from the Debye’s FIG. 6. Temperature dependence of the dielectric relaxation
form (0=1). The deviation is very subtle for nonmesogenictime corresponding to the rotation around the short axis of 4CB and
4CB and is quite distinct for mesogenic 5CB. The observas5CB molecules in the vicinity of-N and!-C phase transitions.
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FIG. 8. Temperature dependence of the activation energy for the
molecular rotation around the short axis in the vicinity of first order
(4CB) and weakly first orde(5CB) phase transitions. The solid line
corresponds to the noncritical temperature dependence of the acti-
pronounced for mesogenic 5CB. It is obvious that in such &ation energy according to E¢).

situation a reliable value of the activation energy for the

molecular rotation cannot be determined as the slope of denental errorsincrease with decreasing temperature. The de-
pendence(5). Two issues of the situation are in common pendence can be approximated with the linear function
practice in literature. Often one ignores the experimentahnalogous to Eq(1):

nonlinearity in Inr versusT ~* dependence and the activation

energy is calculated as a mean slope of the dependence. That E(T)=(Ea)c— (T—T\ o), (6)

way is used when the nonlinearity is not too pronounced,

what happens in the experiments performed in a not too I_arg@,here €,),.c denotes the activation energy Bt T, . The
temperature range. The second way leads through an intrgtope 7 of the dependence shown in Fig. 8 for 4CB is equal
duction of some modifications of the Arrhenius equationto 9.2< 10 2 kJ/(molK). In the temperature range studied,
[24,29. In the above mentioned ways one assumes that thihe value ofE, for nonmesogenic 4CB changes from 28
activation energye, should be temperature independent. AskJ/mol to about 33 kJ/mol.

a matter of fact, there are no physical reasons for that as- TheE,(T) dependence obtained for 5CB exhibits a pecu-
sumption. As the basic properties of liquids, the number ofiar behavior: as the temperature approachesl {Netransi-
molecules in unit volume and the viscosity, at the first placetion, the activation energy for the rotation of mesogenic mol-
depend essentially on temperature; one may expect an i¢cules shows a critical-like increase. If one assumes that the
crease of the activation energy for the molecular rotatiorEa(T) dependence of nonmesogenic 4CB represents a “nor-
with decreasing temperature. The prenematic region is ofal” behavior of the compound of the same polarity and
special interest on that score. structure as 5CB, the difference of the dependences from

The procedure we propose here for the determination ofig. 8 represents a critical part of the activation energy of

the activation energi, consists in the differentiation of the Mesogenic 5CB:
experimental lm versusT ™! dependence. As results from

FIG. 7. Arrhenius plot for the dielectric relaxation time of 4CB
and 5CB molecules in the isotropic phase.

Eq. (5), the derivativesin#/d(T~1) gives directly the activa- Br AR AR
tion energy at a given temperature, so that allows one to 2 CNS T T* =—3(’)OZ‘76300614K ]
analyze temperature dependenceEgf. Of course, the pro- E B=0470. ]
cedure requires very accurate values of the relaxation time o } ]
determined for an appropriate step of the temperature g 15 - : g
change, especially in the vicinity of the phase transition stud- 2 :
ied. The experimental results presented in Fig. 7 fulfill these %’;10 - }
requirements. In the vicinity of both-C andI-N transitions o Y
the step of the temperature change was equal t& X0 5 }

Figure 8 presents the temperature dependence of the acti- [T | E
vation energy for the rotation of 4CB and 5CB molecules in pbmabi b b b b b Lo

305 310 315 320 325 330 335 340

the vicinity of I-C and |-N phase transitions, respectively, T®

obtained from the differentiation of the dependences shown
in Fig.7. When the temperature approaches the phase transi- Fig, 9. The critical part of the activation energy of 5CB as a
tion, the activation energy behaves quite differently dependfunction of temperature in the vicinity of weakly first orde

ing on the type of the transition. In case of the first orld€  phase transition. The solid line is the best fit of Eg) to the
transition(4CB), E, shows a smal(but beyond the experi- experimental datépoints.
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Ecgt(-r) =EXN®S{T)—ER°"MeSPT). (7) equately be taken as a reference for a critical-like behavior of
the mesogenic compounds, of the same polarity and struc-
The difference is shown in Fig. 9. The solid line presents theure, in the vicinity of weakly first order phase transition.
best fit of equation: (i) The activation energy for the rotation of mesogenic
crit _ molecules around the short axis, in the vicinity of the isotro-
ER(T=B(T-T)"%, 8) pic to nematic transition, shows a critical-like behavior in
contrast to the nonmesogenic ones, for which the activation
energy only weakly depends on temperat(ciwse to the
Arrhenius behavigr also in the vicinity of the first order
transition to the solid state. Simultaneously, the correspond-
ing dielectric absorption band of mesogenic compound
shows a deviation from the Debye’s form and an approach-
ing of the transition to the nematic phase manifests itself in a
On the basis of present results of precisely performedonsiderable increase of the deviation.
measurements of the linear dielectric properties of the me- (iii) For the mesogenic compound studied, the tempera-
sogenic and nonmesogenic compounds composed of strongiyre dependence of the critical part of both the permittivity
polar molecules, the following conclusions can be drawn. derivative and the activation energy fulfills the equation of
(i) The dielectric behavior of the nonmesogenic com-(T—T*) ¢ type with practically the same values of the fit-
pounds in the vicinity of first order phase transition can ad-ting parameter3* anda.

to the experimental data. The values of bdth and 3 re-
sulting from the fit of Eq.(8) to ES"'(T) experimental data
coincide withT* and« obtained in the static dielectric stud-

l1es.

IV. CONCLUSIONS
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