PHYSICAL REVIEW E, VOLUME 65, 041701

Complex dynamics of isotropic 4-cyano-43-pentylbiphenyl (5CB) in linear
and nonlinear dielectric relaxation studies
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A comprehensive presentation of the temperature evolution of “linear” and “nonlinear” dielectric relaxation
in the isotropic phase of nematic liquid crystalline compound %&Byano-4n-pentylbiphenyl is given. The
“nonlinear” relaxation is related to the strong pretransitional rise in the lifetime of prenematic fluctuations. The
“linear” relaxation has a clear non-Debye and non-Arrhenius form. In the immediate vicinity of the nematic
clearing point it shows a weak pretransitional anomaly. Results obtained coincide with the complex liquid
relaxation pattern found in transient grating optical Kerr effect studieSengupta and M. D. Fayer, J. Chem.
Phys.102 4193(1995; R. Torreet al, Philos. Mag. A77, 645(1997)]. The striking similarity to the behavior
found in critical, binary mixtures suggests the extension of the “fluidlike” hypothesis for the isotropic-nematic
transition to dynamic phenomena in the isotropic pH&e. Mukherjee. J. Phys.: Condens. Matt€ 9191
(1998]. The presence of both glassy and fluidlike features in isotropic 5CB coincides with the recent results of
simulation analysis for the system of hard ellipsoids by ledtal.[Phys. Rev. B62, 5173(2000] and with the
novel general picture for liquid-liquid transitions proposed by Tar{éa/s. Rev. B62, 6968(2000].
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I. INTRODUCTION

The dynamics of complex liquids is one of the challenges

of modern condensed matter phys[ds-4]. Its commonly

recognized features are the complex pattern of relaxation

PACS nunier64.70.Md, 64.60.Fr, 77.22.Ch

In the intermediate time scale TG-OKE studies revealed a
weak temperature-dependent relaxafidm, 18,

int.
Tint. 70
T (2

[1-8], the unusual increase of relaxation times on cooling

[1-4] or pressurind5-7], and the significance of mesoscale where the shear viscosity was described using the Arrhen-
structureg1,2,8,9. Studies of complex liquid dynamics may ius temperature dependence.

be particularly interesting near the phase transition where the The intermediate relaxation time reached a few nanosec-
influence of universal, system-independent behavior occursnds forT—T,.y. It is noteworthy that no pretransitional
[1,8—10. In the 1990s transient grating optical Kerr effect effects were observed. However, experimental data in Refs.
(TG-OKE) studies[11-18 revealed the complex, three- [17,18 were not conclusive nedF, . The Debye-Stokes-
stage relaxation in isotropic nematogens. The first, slow reEinstein(DSE) form of relation(2) suggested that;, , cor-
laxation showed a strong pretransitional anomaly on apresponds to the diffusive reorientational motions of the long
proaching the isotropic-nemati@-N) clearing temperature axis of rodlike molecule§17,18.

[11-18,

slow
70

Tslow™ T 7% (1)

where therS®" is the amplitudeT* is the extrapolated vir-

tual critical temperature, aniT=T,_—T* denotes the dis-
continuity of the isotropic-nemati¢l-N) transition. T,_y is
the nematic clearing temperature antl is the extrapolated
virtual critical temperature.

In the picosecond domain a fast relaxation, described by
the universal decay function, was found to[i@-1§

G(t)=t™?, ()

wheret is the elapse time at a given temperature and the
exponentd=0.63.

In 5CB, the temperature dependence remained almost
constant at about 300 ps fo< T, [16]. Sengupta and Fayer
[16] showed that analysis based on the LdG model gives the
value 9= 3 [16]. Their novel theoretical approach, employ-

This relaxation was already known from dynamic lighting the Ising model for critical systems and the mode-

scattering or time-resolved Kerr effect studig$9-25 and
references therein However, TG-OKE studies im-cyano-
n-pentylbiphenyl  (5CB),  n-p-methoxybenzylideng- -
butylaniline (MBBA) [11-16, and nematic mixture ZLlI
1167[17,18 showed that relatioril) may be valid up to

coupling theory(MCT) [16], made it possible to reproduce
the slow and the fast relaxations. The non-mean-field behav-
ior appearing in relatiod) was also obtained in the molecu-
lar dynamics simulation for a single particle relaxation
[26,27. It is noteworthy that the complex relaxation in iso-

Tyx=T,.nt(35-40 K), where fluctuations shrink to two or tropic 5CB given by Egs(1)—(3) was also found in the
three molecules and practically cease to exist. The value dftimulated gain-phase dynamic light scattering stufi2s.

Tsow Changes from about 1 ms &ty to less than 1 ns &k,

Dielectric relaxation is one of the basic tools for studying

[11-18. Relation (1) can be derived from the mean-field dynamics in complex liquid1—-9]. Regarding the isotropic

Landau—de Genng&dG) model[19].
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phase, the vast majority of dielectric relaxation studies sug-
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gest the validity of the Arrhenius temperature dependenceerature behavior was already found by Ze[2] in 1982

and the almost-Debye spectrum of relaxation timesalthough his data only covered a limited range of tempera-
[24,29-37 and references therdinwhich agrees with the tures in the isotropic phase.

mean-field description for theN transition. In 1977 Druon In basic monographs the simple mean-field description is
and Wacrenief29] and Lippens, Parneix, and Chapof@®]  still the only proposal for théN transition[19,24,25,33,43—
tested nematio-cyanobiphenylg7CB, 8CB and compared 45]. This is mainly based on the success of the LdG model in
Cole-Cole plots in the nematic and in the isotropic phase. Fothe parametrization of pretransitional static anomalies in the
the latter they reported a strong asymmetric deformation. Isotropic phase of the electro-optic Kerr effect, the optical
1985 Buka and Pric¢31] suggested that for rodlike mol- Kerr effect(OKE), the Cotton-Mouton effediCME), and the
ecules asr-cyanobiphenyls this behavior may be a result ofintensity of the scattered ligtit) [19,24,25,43—5Pand ref-

two single relaxation time, Debye, processes. In 1987 Boserences therein. However, discrepancies between the mean-
et al.[32] for 8CB and 7CB pointed to the possible validity field-based predictions and the experimental results for static
of the Martin-Maier-Saupe mean-field model. Recently,and thermodynamic properties of thé\ transition piled up
Jadzynet al. [36,37] summarized the molecular interpreta- since the mid-1970¢[53-55, and references therginit

tion of dielectric relaxation of nematic liquid crystals basing seems that for the static properties the agreement between
on measurements in (@rmans-4n-hexylcyclohexy)-  the theory and the experiment can be reached byluidike
isothiocyanatobenzene. The resolution into elementary spebtypothesis[54,56,57 which assumes thal,_ lies on a

tra contributions of the Cole-Cole plot was performed bybranch of the hypothetical coexistence cur¢einoda)

using the Cole-Cole formulgg7] [54,56. Studies of the statiinear and nonlinear dielectric
permittivity provided a particularly strong support for the
. E Ag; 4 fluidlike hypothesis. The most important studies here are the
&7 =8t 2 1+(ini)1—Ri' (4) precise experimental estimations of the discontintifyand

the specific-heat critical exponeat=0.5+0.02[55,57-60Q.

wherek; is the parameter that refers the distribution of re-  This paper presents a comprehensive analysis of tempera-
laxation times of théth reorientational procesd,e; and r; ture behavior ofinear andnonlineardielectric relaxation of
denote the relaxation strength and relaxation time, respedd the isotropic phase of 4-cyanordpentylbiphenyl(5CB,
tively. Thee., is the high-frequency value of the permittivity, Ti-v=35.1°C andly._cys;=21°0), often treated as a model
w=2f, andf is the measurement frequency. liquid crystalline compound24]. The first aim of the pre-
Regarding the isotropic phase Jadatral. [37] obtained sented studies was the comparison of the relaxation patterns
the parametrization using two terms in Ea% which corre- obtained for the TG-OKE measurements and for the dielec-
sponded to the rotation of the rodlike molecule around thdric relaxation tests. The second aim was to test the possible
short and the long axes. For the nematic phase he suggest@¥ension of théluidlike hypothesis for dynamic phenomena
three modes of reorientation. Values of paramekerabout  in the isotropic phase of nematic liquid crystals. The ob-
10~2 were reported, i.e., the almost Debye distribution oftained coexistence aflassyandfluidiike features in the iso-
two relaxation processes associated with the rotation of th#OPIC phase correlate with the recent results of the simula-
rodlike molecule around the short and long axes. Regardinfon analysis for hard ellipsoids by Latz, Schilling, and Latz
the important temperature evolution of relaxation times thd61] and the novel model for liquid-liquid transitions pro-
application of the simple Arrhenius dependence is strongly?osed by Tanakgs2].
recommended 24,39-37. However, as for the isotropic
phase such a statement is based on the analysis of not more II. EXPERIMENT
than ten temperatures chosen ugge20 K) above the clear-
ing temperature. Moreover, the analysis of the distribution of Dielectric relaxation studies were conducted using the
dielectric relaxation time were conducted for one or two tem-Novocontrol Concept 80 broandband dielectric spectrometer
peratures remote from the nematic clearing temperatureith the Quatro temperature control system. Studies were
[24,29-37. Recently, Massalska-Arodet al. [38] and Ur-  conducted fromf=1 MHz to f=1 GHz, the range usually
ban, Gestblom, and Dabrowdid9] tested isopentylcyanobi- applied in dielectric relaxation tests in similar compounds
phenyl (5*CB), a compound resembling the structure of[36,37. Measurements were conducted with the five-digit
5CB, which can be supercooled down to 230 K in the iso+esolution and+0.02 K temperature stabilization.
tropic phase. They obtained a clear non-Arrhenius tempera- In liquids, changes of dielectric permittivity induced by
ture behavior and a strong broadening of loss curves on coothe strong electric field are described by the nonlinear dielec-
ing. A similar behavior was noted in the nematic phase ofric effect(NDE). It is defined as:ype=(5—¢)/E?, where
liquid crystalline mixtureE7 [40]. In the immediate vicinity & and e are dielectric permittivities in a strong and weak
a “singular” broadening of loss curves was found. The broad(measuring electric field. The strong electric field was ap-
nematic phase irE7 enabled studies in a large range of plied in the form of dc pulses: lengthtpy=2-16 ms and
temperatures and gave the evidence for a clear norvoltage U=200-1200V. The application of rectangular
Arrhenius temperature evolution of relaxation time]. high-voltage pulses made the the heating of the sample un-
The non-Arrhenius and non-Debye dependences were alswcessary. The validity of the conditierf— e <E? was al-
noted in preliminary tests for the isotropic phase of 8CBways tested. Measurements were conducted for frequencies
[41]. It is noteworthy that for 5CB the non-Arrhenius tem- ranging fromf =34 kHz (the lowest frequency ever used in
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3 isotropy of static dielectric permittivity for a perfectly or-
03 " dered sample. The coefficieatis the constant amplitude of
?1 Iy the second-rank term in the LdG expansjds].
T For 5CB the collective relaxation timergy.(T.n)
' g Oﬁ =0.6 us[20—-27 and hence foff = 34 kHz the static condi-
f 02 < D% tion frge>1 is W€II satisfieql. The experiment ga¥gpg
: * =168 (10 ** m?V~2K). Taking the valueAe®=11 [22]
© one may geta=0.043 (10°Jmolr*K™1) [22] in a fair
= agreement with earlier daf22-25. The obtained value of
‘L\)ﬁ O 34kHz discontinuity of the transitionAT=(1.1+0.05) K, agrees
ez n well with results of earlier studig$5,58. Noteworthy is the
* 620 kHz (H) lack of the “background term” in relation5) often taken
g ‘2 m:: into account in KE or CME studig®21—25. The application
: . \ of the novel NDE experimental technique showed that even

for the frequencyf =100 kHz, taken as the static one in ear-

lier tests[55,58—60, deviations from Eq(5) in the immedi-

ate vicinity occur. This is particularly visible for the
FIG. 1. Reciprocals of measured NDE values for frequenciedlistortion-sensitive apparent amplitude analy$he inset in

given in the figure. Forf =620 kHz results are presented for the Fig. 1). The appearance of distortions ndary can be asso-

measuring fieldU=2Vmm (L) and U=20Vmm %(H). The ciated with the coincidence between the time scale of the

inset shows results of apparent amplitude analysis of data from thBlDE response (I/) and the time scale of the testéd)

main part of figure. The arrow shows the clearing point. system occurring on the rise of the measurement frequency.

For an arbitrary frequency the application of the LdG model

NDE test3 up to f=2.0 MHz. The strong electric field in- gives: Aype=(2¢0/3a)(Ae°Ae) [57], whereAe" denotes

duced a change in the capacitance of the measurement g€ anisotropy of dielectric permittivity for the given mea-

pacitor containing the sample: about 1 fF f@gmue Surement frequencf Hence, for 5CB the amplitudéype

=100 pF. This caused a shift in frequency of the generatoghould be frequency and temperature independent. This is in

including the measurement capacif68], which was regis- clear disagreement with the results presented in Fig. 1. The

tered with the use of the modulation domain analyzer HFobtained behavior can be explained by recallingfthiglike

53310A. This measurement technique essentially differ§lypothesis. In the homogeneous phase of critical mixtures

from the two-generator technique used up to ié#. Only  [65],

this novel technique made measurements of frequencies as

low as f =234 kHz possible. Due to this novel measurement enpe=Cx{(AM?)y, (6)

technique the frequency and the intensity of the weak mea-

suring field can be changed. The apparatus was designed ajflareC is a constant parametey= xo(T—Tc) ” denotes

built in our lab by Michal Gorny. The sample was placed in g ,scenyibility, T.. is the critical consolute temperature and
a flat-parallel measurement capacitor made of Invar with AM?), is the mean-square of the order parameter fluctua-
gap of 0.5 mm and the diameter of 20 mm. The capacito ions. v

was surrounded by a special jacket fed by the Julabo HD cifical mixtures belong to the same universality class as
45SP circulating thermostat. The temperature was measun?ge Ising model and the one-component fluids for which
using a miniature platinum resistgDIN 43 260 placed in =3 andn=1, whered andn denote dimensionalities of the

?ne o;tthcgpacitor coverz. Theftclalstzd 5CB ‘(’jv"?‘s pu:jc.haslg%tem and of the order parameter, respectively. In this uni-
rom the company and carefully degassed immediate X/ersality class properties are described by nonclassical criti-

prior to measurements. Data were analyzed usin@HeIN ._cal exponents, for instance for the susceptibifity 1.23, for
6.1 software. All errors are given as three standard dev'athe correlation length=0.63, and for the specific heat
tions. =~0.12[44]. However, it was argued in Ref65] that in a
strong electric field the correlation length may become an-
lIl. RESULTS AND DISCUSSION isotropic: &(E)=(¢,,&, ,€,). The component, remains
§onclassical whereas the componént crosses over the

25 30 35 40 45
T-T (K)

Figure 1 shows reciprocals of measured NDE values for
series of frequencies of the weak measuring field. For th
lowest tested frequency € 34 kHz) experimental data up to
Tx=T,.yt35 K, without any distortions neaf,_y, are de-
scribed by the linear dependend&]

inzburg criterion and is described by the classigakan
ield) exponenty= 3. The quasinematic structure induced by
a strong electric field makes the susceptibility exponent al-
most classical ¥=1). This made the explanation of unusual
critical anomalies of NDH 65,66 and EKE[67] possible.
end= AL (T—T%), (5) Eor naturally anisotropic, prenematic fluctuations, the rela-
NDE™ "NDE tion (6) takes the forn{57]

whereAype= (2¢4/3a) (A£%)? denotes the amplitude of the o .
pretransitional effect in the static limify° denotes the an- enpe=Cx(|AM[)y (|AM[)y, (7
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where the susceptibility* = x5 (T—T*)?, y=1.

Hence, one may expect that the amplitude of NDE de-
scribes the properties of mesoscale pretransitional fluctua
tions. The influence of the measurement frequency on th
stationary NDE response may be shown using the apparel
amplitude analysis results of which are presented in the inse
in Fig. 1,

LF
ANDE

Anpe(T) = enpe(T—T%) =ARRe+ 1t w2l (8

Tslow

where 74, IS given by relation(1).

The simultaneous fitting for all tested frequencies
gave Alpe=164+2(10" 1 m2V~2K), Abe=7 P B e ..
+2(10 ¥ m?V~2K) and 75°"=(0.55+0.05) usK. The 10° 10’ 10° 10°
latter value agrees with the ones obtained in time-resolveu S H)

OKE [20-22 or TG OKE [12-18 studies. In the static FIG. 2. Results of measurements of the real part of dielectric

limit, NDE registers an average response of several fluctuasermittivity in the isotropic phase of 5CB.

tions but does not detect a single fluctuatighA M|)!~°

«Ag®. This is the case of the static NDE. On increasing the However, these experiments were associated with isotro-
frequency, the coincidence between the system and the megic fluctuations. In the opinion of the authors the dynamics
surement time scales occurs. Hence, the response fromak prenematic fluctuations should be compared with the de-
single prenematic fluctuation can be detected. But within theay of elongated, anisotropic fluctuations. This may happen
fluctuation the prenematic order causes the cancellation af a critical mixture under a strong external field, for in-
permanent dipole momentg:) ordered in the antiparallel stance, under shear flqw3,74 or under strong electric field
way. For higher frequency nedj._y the anisotropy of dielec- [66,75,7§. The recent analysis of the shear viscosity
tric permittivity associated with the permanent dipole mo-anomaly[77] and the decay of NDE after switching-off the
ment is almost negligible and sgAM|){,xAe® (u=0). strong electric field[66] suggests that in both cases the
This may explain the unusual negative sign of NDE nearguasinematic structure in the immediate vicinityTof may

T,.y obtained in some nematogens for higher measurememippear. This yieldeg=1 and hencer=1/2 andz=2 (the
frequencied68—71. The above hypothesis is supported by value for the nonconserved order parametaragreement

the comparison of the experimental ratio of amplitudes withwith relations(1) and (7).

those resulting from Eqgs(7) and (8): (ANpe/ ANpE)exp. Let us now consider thinear dielectric relaxation behav-
=23+1 and Ayoe/ANbe) eqs. (6’72):(A80)2/(A80A82:0) ior. Measurements were conducted for 51 temperatures rang-
=22.4 whereAe%=11[22] andAe,_,=0.49 [72]. For the ing fromT,_y to T, y+ 44 K. Results of measurements of the
novel NDE technique a test of the effect of the weak meafeal and imaginary parts of dielectric permittivity are pre-
suring field intensity on the pretransitional behavior was alsgented in Figs. 2 and 3. It is clearly visible that the number of
possible. No influence of this factor was found on the statidested temperatures per decade increases on approaching the
limit. However, already forf =620 kHz the pretransitional clearing temperature. Basing on these data Fig. 4 shows the
behavior is strongly affected by the intensity of the measurCole-Cole plot for the immediate vicinity of the nematic
ing field (Fig. 1). This factor may be responsible for devia-

tions from relation(8) occurring in the immediate vicinity of 30
T|_N .

Considering the validity of thdluidlike hypothesis the 25
guestion arises whether the dependence for the relaxatio

time applied in Eqs(1) and (8) can be found in systems 20
belonging to the Ising universality class for critical phenom- _ I
ena. Dynamic light scattering and sound attenuation experi-«w 4
ments showed that in critical binary mixtures the evolution
of the relaxation time is given bj44]

10

Tk < (T—Te) 7Y, 9 o5

wherey=2zv, zis the critical dynamic exponent anit is ; e R
the critical consolute temperature. Light scattering or sound 10° 10’ 7 (H) 10° 10°
attenuation experiments gaye=1.9 in agreement with rela-

tion (8) for »=0.63 andz=3 (the value for the conserved FIG. 3. Results of measurements of the imaginary part of dielec-
order parameteif44]. tric permittivity in the isotropic phase of 5CB.
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FIG. 4. Cole-Cole plot of data from Figs. 2 and 3 for the imme-

diate vicinity and for the largest tested distance from the clearing F!G- 5. Normalized superposition of chosen dielectric loss
point. The maximal values of” are related tof=25.5 MHz for ~ CUIVes in the tested range of temperatures. The inset shows the

T=(T,.y+0.1K) and f=155MHz for T=(T, y+44) K. The temperature evolution ah andn power coefficient§see Eq(11)]
solid curves are parametrized by the HN relati®h with the fol- determined from the derivative analysiéin £”)/(In f) as constant-

lowing parameters:a=0.74+0.02, b=0.93-0.02, 7, =7.4ns value horizontal line$38].

+0.03, Ae=6.92+0.05, 7,,=2.52+0.03 for T=(T,y+0.1) K _
and a=0.83+0.02, b=1+0.01, 7,=1.2ns-0.01, Ae=6.47 Where parametersOm<1 and Osn<1 characterize the

+0.02, 7,,=2.46+0.06 for T= (T, \+44) K. The inset shows the shape of the loss curve; Values=n=1 are for the single
relative deviation of the HN fit from experimental data given in relaxation time in the Debye process. Parameters in relation
Fig. 4. (11) are associated with HN relatiof10) by m=a andn
=ab [78]. Values of coefficienim and n presented in the
clearing temperature and for the greatest tested distance froimset were determined using the derivative analysis of the
T,.n. An attempt to parametrize the Cole-Cole dependencéoss curves: @ Ing”)/dInf. The constant values of the ob-
in Fig. 4 by means of the sum of two Cole-Cole equationstained dependence determine paramete(tor f<f) andn
[37] failed for the immediate vicinity off_y. A parametri-  (for f>f). The obtained temperature evolution of these pa-
zation with a reliable error of fitting both near and remoterameters is shown in the inset to Fig. 5. It is noteworthy that
from the clearing temperature was possible when applyindor T<<Ty the low-frequency wing power exponent remains
the Hauvrilliak-Negami(HN) function[78] that is often used constant atn=0.88. The same value af, within the limit of

in complex liquids, experimental error, was recently found for the ethanol-
dodecane critical mixturg82]. Regarding the high-frequency
. Ae wing, the value of the coefficient decreases gradually to
e¥=e,+ T (o) P (100 about 0.6.

Figure 6 shows the temperature evolution of dielectric

The obtained parameters are given in Fig. 4. Itis notewor—re.laxgt'fn t'mﬁs’ takgln. as= Illf P /\ﬁlu? Tfp were Idet(Tr-
thy that similar singular behavior of the distribution of relax- MN€d Irom the con ition d ne y(din .)_.0' Itis clearly
ation times was recently obtained also in high-resolutionv's'ble that the simple Arrhenius description is valid only in

tests in the nematic phase of 5CB that included the immedi& Narrow range_of temperatures. To parametrize the non-
ate vicinity of T,_y [78] Arrhenius behavior the Vogel-Fulcher-Tamm@rFT) func-

Figure 5 shows the normalized superposition of a feWtion is often applied to complex liquidsl-8]. It also por-

chosen experimental loss curves, known as the timelrays the data presented in Fig. 3,

temperature superposition in the glass transition physics DT
[78,80. The validity of the dependences found for amor- e exp( _0) (12)
phous materials by Jonshgg1] can be seen in Fig. 1, T-To

Fym where 7y '=0.172 ns, the ideal glass temperatilig=218
8¥=consP<(f—) for f<f, +5 andD =2.26+ 0.2 the parameter classifying the fragility
P of glass-forming materials. The latter value is typical of frag-

ile glass former$3,4].

Recently, the Eyring-type equation was successfully ap-

F-n plied to portray the dependence of dielectric relaxation times
84_‘:0”3{1(_) for f>f,, (11y remote fromTc for the ethanol-dodecane critical mixture

fp [82]. It is worth recalling that such a dependence was already

and
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whereA=(0.36+0.05) nsK andB=(2102+10) K.
Near T,_y the discrepancy from this behavior is clearly
visible. The inset in Fig. 7 shows that it can be portrayed by

3.5

Residuals (%)
o
go © 9

o
o

o

2
Q
o

N
o

T= 7'Eyring(-r_-l—*)7¢1 (14

N
o

where ¢=0.021*+0.04.
N It is noteworthy that the obtained value of the discontinu-
T ity of the I-N transition AT) is once more the same as the
’ one presented in NDE studies. Similar pretransitional behav-
ior of dielectric relaxation time was also obtained for the
ethanol-dodecane critical mixtuf82]. However, in the iso-
tropic 5CB the detection of the anomaly was only possible
. . . L owing to the derivative analysi§ig. 7). This can be associ-
0.0029 0.0030 0.0031 0.0032 ated with the principal weakness of the obtained anomaly
T (K" caused by the discontinuity of theN transition and the fact
that linear dielectric permittivity is not directly coupled to
FIG. 6. Temperature evolution of dielectric relaxation times, fluctuations as it is in the case of NDE. For dielectric per-
taken as reciprocals of loss curve peaks, in the isotropic phase d@hittivity the registered response is the average from the iso-
5CB. The solid curve is parametrized by the VFT EtR). The line  tropic and prenematic regions. The influence of prenematic
shows the limited validity of the Arrhenius dependence for portray-fluctuations is more significant on approachifig due to the
ing 7(T) experimental dependence. The inset shows the residuahcrease of their size and lifetimg,7). Hence, the pretran-
analysis of the VFT relation fit quality. sitional discrepancy from relatiof12) may be related to the
local viscosity within fluctuations and to the changes of the
used for the intermediate relaxation time in TG-OKE studiesnumber of molecules in them. Noteworthy is the recent pro-
[relation(2)]. The distortion sensitive analysis of experimen-posal of a novel analysis of the viscosity anomaly in critical
tal data applied in Fig. 7 shows that except for the vicinity of mixtures[77]. In the immediate vicinity of the critical point
T,.n this dependence also portrays dielectric relaxation timeghe appearance of classiqahean-field quasinematic struc-

In[z (ns)]

21

in isotropic 5CB, ture described by the MCT critical exponegit=0.042 was
suggested. Assuming that such a dependence also occurs for
A B the viscosity within the prenematic fluctuations that are as-
7'Eyring:(T exp( ?)' (13 sociated with the number of molecules changing according

to the relation T—T*) ~%°[83], one may obtain the value of
the exponent from Eq.14).

It was found that the temperature evolution of loss curve
maxima is described by the same function as the static di-
56 | electric permittivity[55,57,58. A similar behavior was also
g observed for the ethanol-dodecane critical mixt(iB2].
? Solid lines in Fig. 8 are parametrized by
S L.l ep(T)=e"* +a'(T-TH)+A(T-T*)"@
I:
£
A for
40 P& -’ TNt T>T>T, (19
b [~ éDo 02 04 06 08 1.? 12 14 16
: logl(T- ) (K]
o L L L L where ¢"*=1.93+0.01, «=0.49+0.04, a”"=—0.00122

310 320 13:3‘(’K) 340 350 +0.0006,A”=0.121+0.005, andAT=1.1+0.1. Values of
ep(T) are for 20 MHzf,<1 GHz.

FIG. 7. Plot of the derivative analysis of the temperature depen- For the static dielectric permittivity it was found in Ref.
dence of dielectric relaxation times. It shows the possible validity off 55] that
the Eyring-type dependengeelation(13)] remote from the clearing
point (straight ling and the pretransitional effect in the immediate e (T)y=e'*+a'(T-T*) +A’(T—T*)1’“
vicinity of T,.y (the deviation from the straight lineThe inset
shows the proposal of parametrization of this pretransitional effec
by relation (14). The horizontal dashed line shows the “back-

ground” behavior remote frorf,_y (straight line in the main part of
the figure. TI—N+ 100 K> T>T|_N , (16)

%or
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cal mixture[73]. This suggests that thituidlike hypothesis
[54-6Q may be also valid for the dynamic phenomena in
the isotropic phase of nhematogens. Dynamic processes reg-
istered by the NDE are associated with the slow, collective
relaxation[Eq. (1)]. In the immediate vicinity ofT,.y the
sensitivity to the intensity of the weak measuring field oc-
curs. One may associate this fact with the increase of size
and lifetime of pretransitional fluctuation as well as with the
increase of the susceptibility to external disturbancegs)(
The linear dielectric relaxation can be associated with the
intermediate relaxation found in TG-OKE studies. The tem-
perature dependence of the linear dielectric relaxation time
. . B shows a weak pretransitional anomaly, not detected in TG-
: 04, 08 08 OKE experiment$12—1§. Dielectric relaxation studies also
i |40y (T-T)° (K™ provide information on the distribution of relaxation times.
; 310 320 330 340 350 Particularly noteworthy is the universal, temperature-
T (K) independent value of the exponent describing the low-
frequency wing of the loss curvesm~=0.88. All the men-
FIG. 8. Evolution of maxima of dielectric loss curves in the tioned features of the linear dielectric relaxation were also
isotropic phase of 5CB. The solid curve is parametrized by(E5. ~ found in similar studies of the ethanol-dodecane critical mix-
The star shows the extrapolated value of the virtual criiadriti- ture[82]. This may suggest that the structure created by the
cal) point. The arrow indicates the clearing point. The inset showsprenematic fluctuations may have a vital influence on the
results of the derivative analysis of experimental data maxima obehavior of the isotropic phase as it was suggested for the
peaks and static dielectric permittivitdata from Ref[55]) in the  low-frequency, ionic-dominated behavior of dielectric per-
linearized scale giving evidence for the critical exponerst 1/2. mittivity [83].
The intersection with the horizontal line determines the place at Results of TG-OKE studies and the discussed dielectric
which S’F; ande’ change their temperature behavior on approachingneasurements may suggest that in the isotropic phase of ||q_
Tin- uid crystalline materials apart from thituidlike behavior
someglassyfeatures appear, such as the complex relaxation
where results are for constant frequenty 10 kHz, e'*  pattern, the non-Debye form of loss curves and their broad-
=10.741+0.03, @=0.50+0.04, a'=—0.0277£0.002, A" ening on cooling, and the possible validity of the VFT equa-
=0.144+0.003, andAT=1.1=0.1. tion [78]. Thefluidlike behavior dominates the NDE pretran-
In l_Joth cases, the same values of_the exponend.5 and  sijtional anomaly, manifested inefy(T) and &’(T)
the discontinuityAT~1.1 were obtained. It is noteworthy gependences. The universal, system-independent behavior
and ionic domains down to 20 Hz imcyanobiphenyls was  cyrves. Thefluidlike behavior in isotropic nematogens may
shown in Ref[83]. The validity of relationg15) and(16) is  pe associated with theseudospinodaindtricritical behav-
supported by the distortion-sensitive derivative analysis prepyy [57]. This is supported by the fact that the application of
sented in the inset in Fig. 8. Farp(T) relation (15) de-  josephson’s scaling lajM4] gives the dimensionalitg= 3
scribes the experimental data upTe-T,, i.e., in the fluc-  for the experimental values of the critical exponents for spe-
tuation region. Foe'(T) relation(16) is valid for the whole  cific heat a=0.5, susceptibilityy=1, and the correlation
tested range of temperatures, upTte: (T, y+100) K. The  |ength»=0.5. These values point to the pseudospinodal flu-
static dielectric permittivity registers the cancellation of per-idlike andtricritical behavior. Recently, Marinelli and Mer-
manent dipole moments due to the antiparallel ordering anduri [84] conducted precise photopyroelectric measurements
this process does not react to the passing throighThe  of anisotropy in the thermal conductivity for the nematic
anomaly ofe5(T) may be associated with the energy accom-phase of 5CB. Rzosket al. [85] analyzed the anisotropy of
panying this process. The inset in Fig. 8 shows that the temthe static dielectric permittivity in 60CB and 70CB using
perature at which the pretransitional effects bend déam  high-resolution data. Both tests gave clear evidence for the

”

tiparallel ordering dominatg¢sfor ep occurs at T,y tricritical value of the order parameter exponght 0.25 in

295 -

290 |-

N W A

2.80 |-

o

275

(,>) Lp/:2 P 0O0L

K:.:w ‘\
AT _(¢)=71K

L
]
-

)
o

270 | ¥ \
: 0.2

+27) K and fore' already at T,.y+7) K. the nematic phase.
Regarding the appearance aglassy properties Latz,
IV. CONCLUSIONS Schilling, and LatZ[61] showed that for the hard ellipsoid

system with prenematic, orientational fluctuation dynamic
Results are presented of an experimental attempt at groperties, the behavior typical of the ideal glass transition
comprehensive presentation of the temperature dependenskould be expected. Also, recently Tanaka propd$ai a
of linear and nonlinear dielectric relaxation in the isotropic novel model of liquid-liquid transitions suggesting the basic
phase of nematogens. Results obtained coincide with thsignificance of cooperative medium-range local structures
complex liquid relaxation pattern found in TG-OKE studies appearing in a sea of a “normal liquid.” One of the interest-
[12—-18. Noteworthy is the similarity of the obtained prop- ing results of this model is the proposal of explaining the
erties with those found in the homogeneous phase of a critiappearance of the so called “Fisher clustd?3,86. Tanaka
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associated this phenomenon with the existence of a hiddehjgher pressuregs58]. The evolution of prenematic fluctua-
critical (spinodal point below the glass temperature, to betions is given by relation§l) and(7) and may be associated
expected in the negative pressure red®fi. The lifetime of  with nonconserved order parameter. Basing on data from
his “pretransitional fluctuations” should be described within Refs.[55,58 one may estimate the pressure evolution of the
the mean-field limit byrs(T—Ts) ™", whereTg, is the  discontinuity of the I-N transition for 5CB: AT=1.1
(pseudgspinodal temperature. Tanak&2] also suggested +0.0093, whereP is in MPa andT is in K. Hence, the
that the postulated local bond ordering should be associatagpothetical “hidden” critical (tricritical) point may be
with the nonconserved order parameter, in contrast to thgjaced atP=(— 115+ 20), MPa, i.e., for a stretched 5CB.
“normal liquid” dominated by density changes. Pressure
should decrease the manifestation of this pretransitional ef-
fect. For thefluidlike description of thd-N transitionT* is

the (pseudgspinodal temperature. The pretransitional behav-
ior is strongly influenced by the mean-field properties as dis- The authors are grateful to P. G. de Gennes and R. Schill-
cussed above. Pressure increases the discontinuity of the [HNg for stimulating discussions. The research was supported
transition and hence pretransitional anomalies are smaller fdry KBN, Poland, Grant No. 5PO3B 022 20.
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