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The dielectric relaxation spectroscopy is used for studying the orientational molecular dynamics in the isotropic
() and nematic (N) phases of two mesogenic liquids composed of the molecules of similar structure and
length, but of an essentially different polaritp:heptylcyanobiphenyl, ¢4:sPhPhCN, 7CB (molecular dipole
momentu ~ 5D) and 4-frans-4'-n-hexylcyclohexyl)isothiocyanatobenzengHz:CyHXPhNCS, 6CHBT

~ 2.5D); advantageously, the temperatures of thH phase transition for the two compounds are very close

to each otherTn = 316.6+ 0.2 K). It is shown that regardless of the differences in polarity of 7CB and
6CHBT molecules and their abilities in dipolar aggregation, the values and temperature dependences of the
relaxation time (corresponding to the rotational diffusion of the molecules around their short axis) are very
close to each other, in both the isotropic and nematic phases of the liquids studied. Therefore, the data show
that the dielectric relaxation processes occurring in dipolar liquids in the isotropic and nematic states lead
through the rotational diffusion of individual molecules and the diffusion seems to be not influenced by the
intermolecular interactions.

Introduction structure and essentially different polarities and the conclusion
concerning the dielectric relaxation was somewhat unex-
pected: in the isotropic phase of both compounds, at the same
temperature, the dielectric absorption maximum was found to

i the d ics of molecul entational be at the same frequency of the probing electric field. This
coupiing, on the dynamics ol molecular reorientational ProCesSes o 5 g that the relaxational processes due to the dipolar rotational
which appear in the spectra as an electromagnetic energy

. o . L2 diffusion are running in the same way independently of the
apsorptlorﬂ. Intuition suggests to us that_, in the liquid state, the strength of the dipolar interactions. Moreover, since the liquids
dipolar molecular aggregation should influence the molecular

. tudied were different with respect to their mesogeneity (one
dynamics and one should expect to observe the strongest effecﬁ uid is nematogenic while the other is smectogenic) and the
for molecules having the highest dipole moments. From the q 9 9

experimental point of view, a solution for the problem is, in temperatures of the phase transitions were quite different in the
principle, quite simple. One has to perform the relaxational :WO compogndsd thej( te(rjm atbthe same.te;Eperz;tur.e m?ﬁ.lea.lg
experiment on two liquids composed of molecules having, as 0 some misundersianding, because, In the physics ot fiqul

much as possible, different dipole moment values, but, simul- crystals', itis ggnerally a relatlve.temperature which is 'used for
taneously, the other properties of the liquids studied, both COMParing a given property of different compounds, either the

microscopic (such as the molecular length, the moment of "éduced oner* = T/hTNl (where .sublscr;]pt dNﬁl refers t_o the
inertia, etc.) and macroscopic (mainly the viscosity), should be nemeguc—lsotroplc phases) or simply the differeneel = T
as much as possible close to each other. Because compliancg TN~ The main argument for the first way of the temperature
with those requirements is rather difficult, the experimental data €XPression comes from the Maier and Saupe théarpjch

on that matter are more than modest. Of course. we excludePredicts a universal function of the nematic orientational order
from our considerations the liquids where the strong and Parameter on the reduced temperafiifeHowever, the case
directional intermolecular interactions, such as the hydrogen Of the order parameter is rather particular, and if one has to
bonds, occur. compare the temperature dependences of other physical quanti-

In a recent papet,we presented the experimental data on tlhes, ,SUCh as tpg_fglelectnc permittivity, the relagatlcr)]n time, or
two mesogenic liquids composed of molecules of a quite similar the Viscosity of different nematogenic compounds, the situation

is not so clear.

*To whom correspondence should be addressed. E-mail: A uniqueness of the experimental results presented in this
jadzyn@ifmpan.poznan.pl. paper lies in the fact that the two mesogenic compounds studied

The interpretation of the dielectric relaxation spectra of dipolar
liquids always touches a delicate problem regarding the influ-
ence of intermolecular interactions, mainly the dipedigpole
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Figure 1. Dielectric relaxation spectra of 7CB in the isotropic (I) and  Figure 2. Dielectric relaxation spectra of 6CHBT in the isotropic (1)
nematic (N) phases. and nematic (N) phases.

fulfill not only the requirements concerning the similarity in
the molecular structure and the dissimilarity in the polarity of

the molecules, but also the phase transitions from the iSotropic 4, stapilization of the temperature (at the millikelvin level)

liquid to the liquid crystalline nematic phase occur practically | i the possibility of varying the temperature by steps of2L0

at the same temperature. Itis really an exceptional case whichy g,cp equipment allows us to determine the permittivity with
allows us to confront directly all the results obtained for different . oative accuracy better than 0.5%.

mesogenic compounds without any hesitation on an appropriate viscosity was determined with a Haake viscometer RV

way of temperature expression. 20 with the measuring system CV 100, consisting of a rotary
beaker filled with the compound studied and a cylindrical sensor
of Mooney-Ewart type (M 15) placed in the center of the beaker.
The compounds that we have considered belong to two well- The liquid gap was 0.5 mm. The accuracy of the viscosity
known homologous seriesn-alkylcyanobiphenyls, @Hzn+1- measurements was 0.5%. The temperature of the sample was
PhPhCN,CB (studied here = 7), composed of the strongly  controlled with an accuracy af0.1 °C.
polar molecules (the dipole momemnt 5D), and 4-frans-4'-
n-alkylcyclohexyl)isothiocyanatobenzenesHzn+1CyHXPhNCS, Results and Discussion
NCHBT (studied her@ = 6), with the molecular dipole moment
of about 2.5 D. As mentioned above, the two mesogenic In Figures 1 and 2 are presented the temperature and the
compounds exhibit the transition from the isotropic to the frequency dependences of the red) &nd imaginary{'') parts
nematic phase practically at the same temperature 3t ®.& of the complex dielectric permittivityet = ¢' — i€'") measured
K. The compounds were synthesized and purified at the Institute in the isotropic and nematic phases of 7CB and 6CHBT,
of Chemistry, Military University of Technology, Warsaw, and respectively. As it was mentioned, in the nematic phase, it is
their purities, checked by chromatography, were better than the component of the permittivigy, parallel to the macroscopic
99.5%. nematic orientation (the directdj forced by the biasing electric
The dielectric characteristics of the compounds were mea- field, which was measured. For the probing electric field of low
sured with an HP 4194A impedance/gain phase analyzer in thefrequency, the real part of the permittivity is frequency-
frequency range of 50 kHz to 100 MHz. The static values of independent (the static dielectric constary, and its value
the permittivity were determined from the low-frequency plateau reflects, at a given number of dipolar molecules per unit volume,
of the real part of the complex dielectric permittivity. The the collective molecular contribution to the dielectric polarization
measuring capacitor consisted of three plane electrodes, oneof the sample studied. As we have shown in a recent paper,
central and two grounded on each side, with a distance betweerthe temperature dependences of the static permittivity and its
the electrodes of about 0.5 mm. In the nematic phase, a dcderivative, measured in the isotropic phase of mesogenic liquids,
biasing electric field was applied to the capacitor, so the parallel are very important indicators of the molecular self-organization
component of the permittivitg”, (n||E) was measured. The in the pretransitional region, thus allowing one to correlate the

electrical heating of high performance by using a Scientific
Instruments temperature controller, model 9700, assured a quite

Experimental Section
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& T T T T T T T T T T T T T T ] AF L) of the permittivity and its temperature dependences. In the case
99 | @ 4§ (Vzm of strongly polar 7CB, the static permittivity exhibits a
NI aeeeenoooecoee,, | ] maximum in the prenematic region and, as a consequence, the
98 | | * 4336 permittivity derivative and the entropy increment change their
97y | V42.92 sign to the positive in that region. The static permittivity of a
A 429,64 less polar 6CHBT also shows the pretransitional anomalous
b fmm%moo 00, 3500 temperature behavior, but of a greatly reduced extent: the
“F °%0,, 1 " permittivity attains a maximum just at the temperature of the
65y, SCHBT ‘P00, o 2876 |—N phase transition, and the entropy increment attains the value
o li.l..‘l‘...l...‘1....1..‘.°EAS ; close.tozeroat.theftransitiqn. _ . o
7 (K) g Q ® 3 ?(—Lz As illustrated in Figure 3b, in the isotropic phase of the liquids
0.04 FNIQ /! 1 KVim studied, at a temperature very close to théltransition—in
0.02 £ \an 3 o1 the case of 6CHBTand at a temperature of about 8 degrees
- *eeons, ] before the transitiorin case of 7CB-the entropy increment
0.00 - B '—‘011—.—,—.—.—;—:——.———: 0.0 AS= 0; i.e., theresulting field-induced ordering effeain the
0.02 oo ‘_: ol dipolar molecules disappears. In the case of stro_ngly polar 7CB
E °°<>oo 1 molecules, as the temperature decreases, the increment of the
-0.04 - sCHBT 005 102 entropy increases, changes its sign, and becomes posife (
0.06 £ °o0o0000o00 °] > 0). So, here, the electric field applied to the isotropic dipolar
Lo b b b by w0403 liquid acts as alecreasing factor of the resulting orden the
315 320 325 330 335 340 molecular level. The observed effects certainly result from the

T/K
Figure 3. Temperature dependences of the static dielectric permittivity
and the Helmholz free energy (a) and the permittivity derivative and
the entropy (b).

competition between the normal field ordering of the molecular
dipoles in the liquids and the field interference in the intermo-
lecular entities spontaneously formed as the precursors of the
nematic state (prenematic domains). The problem was discussed
extent of that self-organization to the properties of the individual in detail in ref 5.

mesogenic molecules. The importance of this problem was first  The presented data clearly show that a large difference in
realized by Ftalich in 19588 who showed that the electric field ~ the polarity of 7CB and 6CHBT molecules reflects itself very
induced increments of two basic thermodynamic quantities, strongly on the static dielectric properties and related thermo-

namely, the Helmholtz free energyF and the entrop\S, are dynamic quantities measured in the isotropic phase of the two
directly related, respectively, to the static permittivity and its Compounds.
derivative: Now, we will see how the difference in the polarity reflects
itself on the dynamics of 7CB and 6CHBT molecules, as
AF F(TE) —F(M ¢ recorded by dielectric relaxation spectroscopy. The dielectric
= =2 25 ) spectra presented in Figures 1 and 2 were resolved into two
E E elementary contributions of the Cel€ole type'®
as_STH S _ e @ | 2 AM
E E 20T (o, T) =€(w,T) —id"(w,T) =¢,(T) + ) ——
&1+ [iwm(M)]"
where Fo and & denote the values of the thermodynamic < g <1 ()
quantities in the absence of the electric fidids the amplitude
of the probing field,T is the absolute temperature, aagl= corresponding to molecular rotations around their two principal
8.85 pF/m is the permittivity of free space. axes. In eq 3w denotes the angular frequency, is the

The above equations give us a simple thermodynamic permittivity measured at a sufficiently high frequency to prevent
interpretation of the static dielectric properties of the material dipolar reorientationy is the dielectric strength, ang is the
under consideratiofr.? The static permittivity itself corresponds  relaxation time of thekth relaxation process. The exponent
to the Helmholtz free energy, i.e., represents a maximum of refers to the symmetric broadening of the dielectric absorption
the energy which can be yielded during the isothermal dischargeband with respect to the Debye-type bamd £ 1)1 For a
of the capacitor filled with the dielectric material. The temper- rodlike molecule with the dipole moment directed along the
ature derivative of the permittivity, in turn, is related directly long symmetry axis (it is the case of molecules studied), the
to the entropy change due to an application of the probing absorption band due to molecular rotation around the short axis
electric field to the system. Of particular importance is the sign is strongly prevailing in the dielectric spectrum. The contribution
of the entropy incrememhS= YT,E) — S(T) which depends from the molecular rotation around the long axis is relatively
directly on the sign of the permittivity derivative. A negative small and only weakly depends on the temperature and the type
value of d4/dT, i.e.,AS < 0, means that, due to an application of phase, so we will not discuss it here.
of the electric field to the dielectrics, the entropy decreases (the The temperature dependences of the two principal relaxation
molecular order in the system increases). This is the normal parameters, namely, the dielectric strerdythnd the relaxation
behavior of dipolar liquids. time z, corresponding to the molecular rotation around the short

Figure 3 presents the temperature dependences of the statiexis, obtained from the best fit of the Cel€ole eq 3 to the
permittivity (a) and its derivative (b) together with the incre- experimental spectra of 7CB and 6CHBT, are presented in
ments of the free energy and the entropy (per unit volume and Figures 4 and 5, respectively. The obtained values of the third
unit field strength, and the entropy, per kelvin) calculated from fitting parameter-the exponento—show that the dielectric
egs 1 and 2, for 7CB and 6CHBT. The different polarities of absorption bands of compounds studied are very close to the
the two compounds are manifested clearly by the different values Debye-type bands with an exception of the pretransitional region
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Figure 4. Temperature dependences of the dielectric strength of the
band corresponding to the rotational diffusion of 7CB and 6CHBT
molecules around their short axis.
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Figure 5. Arrhenius plots for the relaxation time corresponding to
the rotational diffusion of 7CB and 6CHBT molecules around their
short axis.

where, both from the isotropic and the nematic side, one

Jadyn et al.
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Figure 6. Shear viscosity of freely flowing 7CB and 6CHBT in the
isotropic and nematic phases.
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Figure 7. Activation energy for 7CB and 6CHBT molecules rotation
around their short axis as a function of temperature.

6CHBT in their free flow. Both compounds belong to the low-
viscosity group of the mesogenic liquids, and their viscosities

observes a rather small broadening (about 5%) of the bandsare enough close to each other for eliminating its unexpected

with a maximum at the+N transition. The effect was discussed
in refs 12-14 and is not essential for the problem treated in
this paper.

An important difference in the dielectric strength of the two
compounds (Figure 5) reflects directly the difference in the
polarity of the molecules from which are formed the compounds.

In that context, the results presented in Figure 5 are certainly

unusual. Thealielectric relaxation timesorresponding to the
rotational motion around the short axis of 7CB and 6CHBT
molecules of so different polarityre practically equal to each
other both in the isotropic and the nematic phasé&$is

role in the relaxation processes. The details on the viscous
behavior of freely flowing mesogenic liquids are described in
refs 15 and 16.

In Figure 5, the temperature dependences of the relaxation
time are presented in the form of Arrhenius plots. According
to the Arrhenius equation

=ceulg
7(T) = Cex RT

the value of the relaxation time is determined by the ratio of

(4)

experimental fact seems to be a solid base for confirming an the activation energyH), which is, in general, assumed to be
apparent single-molecular mechanism of the relaxation processesemperature-independent, and the thermal endR3y. C is a

in liquids, as seen in the conventional dielectric spectro-
scopy.

Because the viscosity of a liquid is an essential factor
determining the value of the dielectric relaxation time, one can

constant. However, since the meaning of the “activation energy”
for the rotational Brownian motion is not too clear, the postulate
of a constanE value as a function of the temperature seems
to have no solid physical basis. It is why we have prop&sad

suppose that in the case of the compounds studied here we caprocedure for determination &a by the differentiation of eq

deal with some exceptional viscosity dependences leading to4: the derivative of the logarithm afwith respect tar ! yields
some compensations in the relaxation times. It is rather difficult directly the temperature dependence of the activation energy
to imagine such a situation especially since it should concern E5 for the rotational diffusion of molecules under study. Of
at the same time two quite different phases of the compounds.course, the procedure does not exclude the temperature inde-
Figure 6 shows the temperature behavior of the shear viscositypendence of the activation energy. Figure 7 presents the results
measured in the isotropic and nematic phases of 7CB andobtained in that way. The temperature behavior of the activation
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