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Dynamics of critical fluctuations in a binary mixture of limited miscibility
under a strong electric field
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Experimental investigations of relaxation after switching off the strong electric field in a nitrobenzene-
dodecane mixture are presented. Studies were conducted for mixtures of critical and noncritical concentrations
using the time-resolved nonlinear dielectric effect. The decays obtained can be portrayed by means of the
stretched exponential function with the value of the exponent in agreement with the dynamic droplet model
predictions. It has been shown that experimental decays exhibit a universal scaling behavior. The relaxation
time (scaling factor shows a power behavior with the expongnt 1.2 for the critical mixture ang—1 for
the noncritical one. These values are much smaller than theoretically preglietédB—1.9. Based on the
assumption that a strong electric field induces in the mixture a quasinematic structure with semiclassical critical
properties, a quantitative explanation of this difference is proposed.

PACS numbgs): 64.70.Ja, 64.60.Ht, 77.22.Ch

INTRODUCTION 2—7p

X= E~0.395, (4)
One of the characteristic features of complex liquids is the

nonexponential behavior of relaxation tim¢s—3]. The  where;~0.004 is the correlation-function critical exponent.

stretched exponentidSE) function is most often applied to The DDM also assumes

the interval of timegt) longer than the relaxation time):
T~ (T=T¢) Y, y~-19, (5)

X
E) } (1) wherez~3 is the dynamic exponent. A different approach to
T the problem was presented by Onuki and Ddiwho related
the anisotropy of the structure factor of a critical solution in
where 0<x<1 is the SE exponent andis the relaxation a strong electric field to that of the dielectric tensor and ob-
decay time. The initial part of the relaxation process can begained
parametrized by the von Schweidler dependence

R(t)~exr{ -

4 [ y? t

R(t)=f—h(t/7)°, 0<b<1. 2 0
Generally, the coefficients in relatiof® and(2) are system WhereK(y) is the Kawasaki function andop is the relax-
dependenf1-3]. To the best of the authors knowledge the alion time. o

only exception is the relaxation in a critical mixture after It can also be simplified to

switching off the strong electric field. This phenomenon was . 13 .
first observed by Degiorgio and Piazp4] who applied a R()~1~2.29t/70p) (t<7op) and
time-resolved electro-optic Kerr effeEKE) to micellar so- R(t)~0.199t/7op) " *° (t>7op). (7)
lutions of nonionic surfactants near their lower consolute

point and next to two other critical binary mixtur¢s,6].  The similarity of these equations to the von Schweidler de-
They obtained the value of the SE exponent by applying thggendence is noteworthy. As for the temperature evolution of
droplet model(DM) to dynamic phenomenfthe dynamic the relaxation time

droplet model(DDM)]

677775§3 _
” (11¢)? t TOD=kB—T°C(T—Tc) Y, y=~—1.85, (8)
R(t)=Cf l‘”"’lex;{ }exp(—g)dl, )
’ ol Al where 7. (T—T¢) ¢ denotes the shear viscosity with

$=0.032—-0.041[8]. The experiments mentioned above
whereR(t) is the normalized birefringence dec&ydenotes [4-6] and the subsequent tests in propylene carbonate-
the normalizing factor, the indexrepresents the cluster size, butylbenzene critical mixtur¢9] confirmed the validity of
the exponents~0.59 describes the temperature evolution ofthe SE description proposed by the DDM model. In R&f.
the stationary birefringence, agd(T—T) " is the correla- it is shown that the OD formula also portrays the decay well.

tion lengthv~0.63. In the EKE experiments the strong, steady electric field is
The saddle point approximation simplifies relati@ tho  applied in the form of rectangular pulses of duratidty, .
the SE equation with the expond, 6] Such a behavior of a strong electric field also occurs for the
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nonlinear dielectric effect (NDE) [10,17] Eype=(eF !
—¢)/E?, whereeF ¢ are dielectric permittivitiegfor radio & o
frequenciesin a strong and weak electric field, respectively.
The first test on time-resolved NDE in 1-nitropropane-
dodecane critical mixture was conducted by the authors ir
1991[12]. The next studies were carried out for the isother-
mal, pressure approaching the critical consolute point in the
nitrobenzene-dodecane mixtyres].

This paper shows results of time-resolved NDE studies in
nitrobenzene-dodecane under atmospheric pressure for mi»
tures of critical and noncritical concentration. It is notewor-

o AT,=0.02
s AT,=0.01

01 % AP =1 MPa

05
i x=0.39

log,[R(®)]

log,, [-IN(AN

thy that a significant difference between these two cases fo oot} 45 a-g%go
the temperature behavior of the stationary NDE has beer T *og., 119" . dg e

recently found 14]. Another aim of our investigations was to 1
find further data concerning expongntThe results of only

few e_xperiment§¢5,6] agree with the theoretical_predictions FIG. 1. Normalized relaxation decays in the log-log scale for
rngnnongd abqvér_elatlons(S) and (8)] whereas in the ma- several distances from the point of the continuous phase transition.
jority of investigations[4,9,12,13 a much smaller value of 1_1_ genotes the distance from the critical consolute pont,

10
109,4(t7)

y=1.1-1.3 was obtained. —Tsp is the distance from the extrapolated point of a hypothetical,
continuous pseudospinodal transition for the noncritical concentra-
EXPERIMENT tion (x=xc+0.04 mole fraction of nitrobenzeheP— P is the

pressure distance from the critical consolute point. Pressure data are
Measurements were performed using the setup describagken from Ref[13]. The inset shows the SE behavior of one of
in Ref. [11]. Tests were conducted for the frequency of theresponses.
weak measuring filed,,=3.5 MHz, the voltagépeak-peak

of which was 1.5 V. The.electrlc field was applied in the superpose decays for different distances fiBginto a one
form of dc pulses of duratioAtp =1 ms—32m. The period gcajing curve. The single, scaled decay also contains data for
between pulses was 1-3 s and the voltage 70-1000 V. Th@e poncritical mixture and decays obtained from isothermal
capacitor gap was 0.8 mro=4.7 pF. The switching off of  ressure studies in a critical nitrobenzene-dodecane mixture
the steady electric field induced a shift of capacitaficeS 73],
fF) which was registered with three-digit resolution. For the” The inset clearly shows the validity of the SE description
results obtained it is important that the strong electric field isyf the decay. The average value for the SE exponent for the
switched off in the stationary state fitp> 7. Temperature critical mixture isx=0.39+0.02 and for the noncritical one
was measured by means of a platinum resie€fdN 43 260 5 x—0.37+0.06. The decay can also be portrayed by means
placed in one of the capacitor covers and by a Keithley 1954yt the DDM integral general response formi@. However,
multimeter. The gradient of temperature across the measurgysis is only possible if the exponepiis treated as an adjust-
ment capacitor, monitored by two thermoc_ouples did not exzyple parameter but then the results become ambigi@us
ceed 0.002 K. The data were analyzed ushRiGIN 5.050ft-  The OD model[7] decay formula was derived for birefrin-
ware. All errors are given as three standard deviations. gence for which the wave numbkressentially differs from
the one in NDE studies. The shape of the OD decay strongly
RESULTS AND DISCUSSION depends on the value of the& factor[16].
. ) It should be noted that the droplet modi&b] and the OD
Figure 1 shows experimental NDE responses for severgl,, e [7] predicted Yere= ¥npe= Yineor~0.59 but experi-
distances frqm the critical (;onsqlute temperature. The "ehents(Ref. [17], and references the?g)igave Veke= Uineor
sponse function was normalized in the following way: > ynpe. The proposal of explaining this discrepancy is
ot given in Refs[17-19.
R(t)=1—Enpe(t)/Expe: ©) Figure 2 shows the critical behavior of the temperature
evolution of relaxation times. It should be noted that for the

where&ypg(t) is the value of NDE at time after switching  analysis of the noncritical mixture a pseudopinodal hypoth-
off the strong electric field an ,\ﬁ‘;E is the stationary, “satu- esijs[20] was used:

rated” value of NDE fort> 7.

The deformation of the NDE responses due to relaxation
processes ceases to be visible Tor Tc>0.2 K when the
relaxation time is less than 0.02 ms. Then only the saturated
value can be measured. This restriction is associated with thehereTg is the binodal temperaturé, is the pseudospin-
internal dynamics of the measuring technique. It is worthodal temperature, and T is a measure of the discontinuity
noticing the compatibility of time-resolved NDE and EKE of the transition. For the critical and the noncritical mixture
methods. For the latter the region in the immediate vicinitythe critical exponeny is much smaller than the value given
of T¢ is inaccessible. This is due to loss of transparencyin relations(5) and (8).
caused by critical opalescence. Figure 1 also shows that a In the opinion of the authors such a behavior may be
simple scaling of the decay-time axis made it possible taassociated with the quasinematic structure of critical fluctua-

T=7o(T—Tgp) Y with T>Tg, Tgp=Tg—AT (10
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never found in observations of a liquid droplet immersed in
another liquid, for instance an oil droplet in water. Only
prolate droplets were observg2l3—25. Such behavior was
associated with the nonstability of the oblate forms which
unlike the prolate objects are perpendicular to the direction
of the strong electric fielf26]. However, this factor may not
be vital for the relatively small and short lived critical fluc-
tuations. Applying this hypothesigl7] it can be assumed
that the correlation length of prolate fluctuations §s

= (&iong: €shorésno) @nd  the correlation length of oblate

0.0

-0.5

log [z (ms)]

09,z (ms)]

A5 7= (T- TC)y

7, =1.33 s fluctuations isé= (&snort: €long: €long) - The component with
20k Y=12+008 index “long” pertains the nonclassical behavior under field
s E, i.e., the critical exponent~0.63 while the “short” com-
26 24 =22 20 -18 -16 -1.4 -2 -0 08 06 ponents may crossover the Ginzburg criterion and become

log,, (T - Ty (K] classical, i.e.v=0.5. For a critical mixture under a strong
electric field the number of both types of fluctuations should
FIG. 2. Logarithmic plot of the temperature dependence of thepe equal. Additionally, taking into account the fact that for
relaxation time for the critical and the noncriticdhe inset mix- the nonconserved order parameter the dynamical exponent
ture. Parameters of the fit of dataolid lineg are given in the ,—»o [8], one can define the exponeptas an average of

figure. contributions from both prolate and oblate components:
tions in a strong electric field. This feature strongly influ- y=U2AZ(Vshort Z,) + Z(Viongt Z,))

ences the critical effects of stationary EKE and NDIE—

19]. For the lattef17] =Viong ™t Vshortt 22,~1.26, (12)

where z,~0.064 is the dynamic critical exponent for the
critical part of the shear viscositysec £27 and the diffusion

. . 1
where the mean square of the order parameter fluctuatiorf@efficientD =& T [27),
(AM2),x(T—Tc)#, B is the universal critical exponent for It should be noted that the valze=2 has been found also

the order parameter, and the susceptibiltgmpressibility for prenematic fluctuations in the isotropic phase of nemato-
x*(T—T¢) " ?. As mentioned above the OD model and the 98NS[28]. In the opinion of authors this coincidence addi-
droplet model predicty=y—28~0.59 with y~1.23 and tionally supports the fluidlike, critical hypothe$29—32 for

ERBE(AMZ) X (T=T¢) ™, (12)

8~0.325(nonclassical valugs the isotropic phase of nematogenic liquid crystalline materi-
However, it has been shown in Rg19] that such a value als. . ) L .
can be only obtained remote frof., where the condition For noncritical mixtures the domination of one kind of

fluctuations may create a structure more similar to the one

f-1/7>1 is fulfilled. NearT., for f_'/7<1, the exponent : : .
m .7 1S U e m 7 XP that observed for the isotropic phase of nematogens and shift

y~1 (classical valug and B8~0.325 (nonclassical value )
which consequently gave~0.39 (semiclassical behavipr y_)Tlh (Fr']g' 3)has yvel:c a;:,b—»O [.171]' ical . i ch
Recent studies for a noncritical solution suggest that in this & hypothesis of the semiclassical, quasinematic charac-

case on approaching the spinodal temperaif+e0 [14]. Le”St'(ﬁ of the cr[[trllcall fluctL:atlgpglz_—lq was f'r;’t tlntro- th
This may be the consequence 0.5 andy~1, i.e., the uced 1o remove the long-standing discrépancy between the-
retical and experimental behavior of stationary NDE and

classical behavior. Such a discrepancy between the NDE b o . :
havior in critical and noncritical solutions may be associate KE in critical solutions(Ref. [17], and refe_rer_lces thergin
esults presented above suggest that this idea can also be

with the fact that the strong electric field may act in a differ- ) ) ; .
ent way on fluctuations which have dielectric permittivity applied to explain the experimentally obtained values of ex-
ponenty.

larger(e.g., nitrobenzene riglor smaller(e.g.,n-alkane rich
than the permittivity of the mixtur§21,22. Due to this dif-
ference critical fluctuations under strong electric field may
take the form of prolatérodlike) and oblate(disklike) ob- The authors would like to acknowledge the support of the
jects, respectively. However, the oblate deformation wasKBN under Project No. 2 PO3B 030 12.
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