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Classical-nonclassical crossover behavior of critical and noncritical liquid binary solutions
in a strong electric field
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A nitrobenzene-dodecane binary mixture has been studied with the use of the nonlinear dielectric effect for
one critical and two noncritical concentrations in a series of frequendjgsif a weak measuring electric
field. It has been found that for the temperature region whefrg>1+ (7, the lifetime of fluctuations the
critical exponent/=y—28~0.59 and consequently exponentgsusceptibility and 8 (order parametérex-
hibit nonclassical values. Close to the phase-transition temperature whgre7l/different patterns appear for
critical and noncritical concentrations. For the latter the exporigands to zero that may point to the classical
behavior, withy~1 and 8—0.5. For the critical concentratiofi=0.4, this may be the consequence of the
semiclassical behavior with~1 and 8~0.325.[S1063-651X99)08309-9

PACS numbd(s): 64.70.Ja, 64.60.Ht

[. INTRODUCTION associated withf,, causes additional averaging and conse-

" . _quently leads to the change gffrom about 0.4 to the non-
The study of pretransitional effects with the use of non classical value 0.59. This paper shows the results of NDE

linear methods is often employed owing to their high sensi-_, "~~~ "~ o . ;
. " . . . .~ studies in a critical solution for a set of frequencies and com-
tivity to critical fluctuations[1,2]. The nonlinear dielectric L s ; o

I . . . . pares it with the pretransitional effect in noncritical solu-
effect (NDE), describing changes of dielectric permittivity ..
. e D . tions.
induced by the application of a strong electric fi¢Rl, is
used for liquids. It belongs to the same group of research
methods as the electro-optic Kerr eff¢dt2,4). Both meth- Il. RESULTS AND DISCUSSION
ods may be treated as a natural tool for studying properties of
critical solutions in a strong electric fielf2,4-11. For
NDE, on approaching the critical consolute temperatur
(Te) [2,9-11:

Description of the experimental setup for performing

éneasurements of NDE as a function of temperature and fre-

guency of the measuring electric fields can be founfdlB].

The experiment has been conducted in a nitrobenzene-

_ dodecandnb-d) solution. Both components were purchased
Enpe™ (AMZ) X (T=Te) ™", h=v=2p () from FLUKA. Dodecane was used as obtairedthout fur-

] ther purification and nitrobenzenze was distilled two times
where Eype=Ae®/E?= (5~ ¢)/E? is the measure of the prior to its use. In the presented research, studies have been
NDE, ande and s are dielectric permittivities in a weak, conducted for wider sets of frequencies than previous
measuring electric field and a stroitg) electric field, re- [2,5,7,8,12 70 kHz, 512 kHz, 2.45 MHz, and 8.6 MHz. It is

spectively. Critical exponentg and 3 correspond to the sus- worth noting that 70 kHz is, up to now, the lowest frequency
ceptibility (y) and the order parameté).

It can be inferred from Ref8] that there are two regions

with two different values of the critical exponedt in which o 70kHz
Eqg. (1) is fulfilled. In the vicinity of Tc, where the time A 512 kHz
scale introduced by the radio-frequency measuring field = 20 o 245MHz
1/f ,< 7 (7is the lifetime of critical fluctuations the critical & o 86MHz
exponenty~0.4, while remote fronT where 1f >, the £

~

critical exponenty~0.59. The strong electric field may in- =
duce the elongation of critical fluctuations and, consequently, g 15
the crossover from the three-dimensional Ising nonclassical
behavior to the classical one. Some components of the cor-
relation lengthé(E+#0)=(§,¢,,¢,): & maintains the non-
classical characteristic  behavior & (T—Tc) V=~(T
—T¢) 982 while other components behave classicadly
x(T—Tc) %5 Such a property leads to the classical behav- - :
ior of susceptibility y<(T—Tc) ! and, consequently, to T T (KO)]
~0.4 after taking into account the corrections-to-scaling g
terms[2]. The strong electric field interacts with the aniso-  F|G. 1. The critical effect of NDE for a series of tested frequen-
tropic fluctuations in a way similar to that observed in thecies in the nitrobenzene-dodecane critical mixtutg= xc
isotropic phase of liquid-crystalline materials close to the=0.625 mf of nb. The obtained values of the critical exponent are
mesomorphic phasfl2]. Remote fromT. the time scale also shownthe error+0.02).

NDE

£

log,, [
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FIG. 2. The pretransitional behavior of NDE in nitrobenzene—  FIG. 3. The pretransitional behavior of NDE in nitrobenzene-

dodecane for a noncritical solution. The obtained values of the critidodecane for a noncritical solution. The obtained values of the criti-
cal exponent are also shown: the errod.04 near the binodal tem- cal exponent are also shown: the ertp0.04 nearTg and =0.03
perature Tg) and =0.03 remote fronTg . remote fromTg .

of measuring electric field applied for NDE measurements irin relation (1) [12]. This is due to to the dominance of one
critical solutions. Results of the dependence of lag{(E?)  kind of fluctuations, which significantly favors deformation
as a function of log{—T) for the critical solution are shown by the strong electric field. According to the experimental
in Fig. 1. The experimental pretransitional effects form twodata[14] and the Landau-Ginzburg theory fde=4 [15], in
regions described by critical exponents=-0.36—0.38 near the strong fluctuations region the critical exponemtsl,
Tc and ¢~0.6 remote fronT. By lowering the measure- B~0.5, and hence) tends to 0. Concluding we can say that
ment frequency, the nonclassical region, wits1.24 and (i) for both critical and noncritical concentrations iff 1/
consequently 4=0.59, is extended. Simultaneously the > is fulfilled then y=~1.23, 8~0.325, andy=0.59 (non-
mean-field (classical region with y~1 and ~0.39 is re- classical case (ii) for critical concentration if I/,<r then
duced to the temperature rangeTof T¢ less tha 1 K for ~ y=1.02 (with the inclusion of logarithmic corrections
the measuring frequency 70 kHz. The critical expongnt [B~0.325, and/~0.39(semiclassical cageand(iii) for non-
depends on the time scale, since the system needs time tatical concentration if 1ff,,<<7 one can observe=1.02,
return to equilibrium after having been disturbed by a strongd—0.5, andy—0 (classical case
electric field[6,7,17. It should be noted that NDE is a very  The presented results are similar to the ones obtained for
sensitive detector of the phase-transition temperature. Obinary solutions under shear floM4] except for those ob-
crossingT ¢, or more generally the separati@inoda) tem-  tained for critical concentration. In our opinion this may be
perature Ty, the NDE apparatus records a very strongdue to the fact that shear flow generates only one kind of
change of dielectric permittivity due to the fact that the gapfluctuation deformation. In the strong electric field, the de-
of the measurement capacitor is in the lower phase of théormation of fluctuations with the dielectric permittivity
two-phase region. lower or higher than the average permittivity of the solution
The results of measurements of NDE for two noncriticalmay be differen{16]. For noncritical mixtures one kind of
solutions with the concentrations:+0.035 mole fraction fluctuations dominates and consequently one type of defor-
(mf) of nb, andx-—0.075 mf of nb are shown in Figs. 2 and mation dominates in the external electric field. In this case
3. One can again notice that in the case of a noncriticathe situation may be similar for NDE and shear-flow experi-
mixture the crossover temperature divides the temperatur@ents.
dependence into two regions of NDE described by different
exponents. The high-temperature region is described by
=~0.6, whereas close bz, the value of the exponent dra-
matically decreases. The analysis was conducted using the The authors would like to acknowledge the financial sup-
pseudospinodal hypothesis in which the extrapolated temport of the State Committee for Scientific ReseafKBN)
peratureTgp<Tg plays the role of the singular temperature under Project No. 2 PO3B 030 12.
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