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Critical behavior in broad-band dielectric relaxation on approaching the critical consolute point
in ethanol-dodecane mixture
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We present a quantitative experimental evidence for the influence of critical fluctuations on the high fre-
quency dielectric relaxation in a binary critical mixture. The analysis clearly shows the presence of critical
anomaly both for the maxim&g) and frequenciesf() of loss curves peaks. For the temperature evolution of
e;; similar relation as for the static dielectric permittivity was obtained. The temperature dependence of
relaxation times can be portrayed by using the Eyring-type equation remote from the critical consolute point
and shows the unusual precriticgheeding upThe obtained behavior resembles that found recently in the
isotropic phase of nematic liquid crysts. Drozd-Rzoska and S. J. Rzoska, Phys. Re§5F41701(2002)].

Results presented agree also with the recent theoretical suggksti@oodyear and S. C. Tucker, J. Chem.
Phys.111, 9673(1999] that relaxation in supercritical fluids may exhibit glasslike features.
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I. INTRODUCTION laxation in a critical mixture. The main aim of our studies
was to test the temperature behavior of coordinates of loss
The broad-band dielectric relaxation is one of the basicurve peaks f(,£}). Tests were conducted in dodecane-
methods used for studying dynamics in complex liquidsethanol critical mixture for which dielectric relaxation occurs
[1-4]. However, for critical mixtures such studies cannot begat 5 relatively low frequencfs—9]. Recently, Goodyear and
taken as conclusive. Only preliminary and qualitative state-ycker[21] analyzed the influence of precritical inhomoge-
ments of the influence of the mesoscopic scale inhomogengyities (fluctuations in the dynamics of a simple supercriti-
ities (critical fluctuationg on the dielectric relaxation exist -5 model liquid and suggested that it should resemble the

[5-9]. On the other hand, there is clear evidence for theone found in glassy liquids. This paper presents a prelimi-

effect of critical fluctuations on the static dielectric permit- : . . : o :
- . nary discussion of such behavior manifested in dielectric re-
tivity [9-18]. In the 1980s, after five decades of studi&s- laxation studies of critical mixtures.

20] and references therginthe validity of the relation de-
rived by Goulon, Greffe, and Oxtolyt1] and Sengerst al.

[12] was shown:
Il. EXPERIMENT

' _ ’ r+e AL
' (M= egit 't ATtU(L D0+ ), @ Dielectric relaxation in simple liquids is usually observed

wheret=(T—Tc)/T¢ is the dimensionless distance from the &t Very high frequencief5—9]. However, in some systems,
critical consolute temperaturBe. ¢=1—a, a is the spe- for mstan_ce, solpnons of alcohals, it appears_at relgtlvely low
cific heat critical exponenf\’ denotes the critical amplitude, fréguencies. This may be related to the reorientation of large
coefficientse,;, a’ andb’ are constants. The expression in associates depending largely on the local concentration of
brackets describes the first correction-to-scaling term. For th@lcohol molecules and on local viscosf82,23. Hence, the
three-dimensional Ising model universality class, to whichinfluence of critical fluctuations on dielectric relaxation may
critical mixtures belong, the exponent=0.115 andA  be particularly effective in alcohol-hydrocarbon mixtures.
=0.5. Results presented below are for the dodecane-ethanol mix-
It is noteworthy that the theoretical basis of relatidy  ture of critical concentratiofx=0.687 mole fraction of eth-
was already given by Mistura in 19733]. He concluded anol [24]. The experimental critical temperature was deter-
that the anomaly of the derivative of dielectric permittivity mined as the point of boost in dielectric permittivity on
[de’(T)/dT] should resemble that of heat capaciBp cooling. For the presented analysis the most important was
~t~ % The long-standing puzzle of the behavior of the staticthe temperature evolution of loss curves peak coordinates.
dielectric permittivity in critical mixtures[10,14-2Q and They could be obtained up t®o=(T.+25) K. Measure-
references therejrcan be associated with the low-frequency, ments were carried out using HP 4191A RF impedance ana-
critical Maxwell-Wagner(MW) relaxation[14]. Due to its lyzer. The sample was placed at the end of the coaxial line.
influence the “static” critical effect predicted by relatigh)  Absolute precision of the’ ands” was 3% and the resolu-
may appear only for high enough frequencies, i.e., ffor tion was 1% fore’ and 3% fore”. Temperature was stabi-
>100 kHz. The contribution from the MW effect is particu- lized using UNIPAN 650 temperature control seflymipan
larly important when taking into account the weakness ofSci. Instrum., Polandwith accuracy+0.01 K. Ethanol and
¢’(T) anomaly[14-20. dodecane was purified using the standard proced@®ls
This paper presents an experimental evidence of the influbata were analyzed usingrIGIN 6.1 software(Microcal
ence of critical fluctuations on the broad-band dielectric rednc.). All errors are given as three standard deviations.
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FIG. 1. The time-temperature superpositi@S) of loss curves T (K"

in the homogeneous phase of the ethanol-dodecane mixture. The

inset shows results of the derivative analysis of chosen data from FIG. 2. The Eyring plot of the temperature dependence of di-
the main part of the figure showing the validity of relatié. The electric relaxation times. The solid line is parametrized by By

horizontal line indicates the value of the power coefficient in rela-11€ UPPer inset shows the pretransitional effect analyzed using Eq.
tion (2). (4). The lower inset presents the influence of the alcohol concentra-

tion on dielectric relaxation timgT=(T+5) K]. Concentrations
are given in mole fractions of ethanol. Arrows indicate position of
critical temperature and concentration.

Figure 1 shows the superposition of chosen loss curves
from the set of 30 tested temperatures, ranging fignup to  [31], in the nonlinear dielectric effe¢NDE) [32], and in the
(Tc+25) K. The high-frequency wings were only partially sound attenuatiofSA) [19,24 studies:

registered in the applied frequency window. Nevertheless, N
the validity of the power dependence predicted for super- 7 L(T="Te)”, )
cooled liquids and amorphous materials is clearly visible for,nare y=1.9 (SA) ([24] and references therginor y

IIl. RESULTS AND DISCUSSION

the low-frequency wing26-28, =1.1-1.3(time-resolved EKE and EKE[19,31,33. The
latter was associated with the appearance of the quasinematic
g"(f ) epe(f1,)", (20 anisotropic structure induced by a strong electric fi@d).
This precriticalslowing downs accompanied by the precriti-
where the almost-Debye dependence is relateu+al. cal increase of shear viscosit$3-36,

On cooling, the coefficient first decreases and next re- TV = oAt~ ® 5
mains constant an=0.88+0.02 for Tc<T<(Tc+20) K. 7(T)=neA,t 7, ®)
This b_ehawor is clearly V|S|ble_for the_ derlv_atlv_e analysis of \ hare s is the noncritical background term, most often
e_xpe_nmental Qata presented In the inset in Fig. 1. Thg .de'iven by the Arrhenius dependende, and =z, v are the
rivative analysis was also applied to determine the positionisi.a| amplitude and the critical exponent, respectively. The
of peak freququyf(o) ’,,Wh'Ch was tgken as the frequency at mode-coupling theory predicts,~0.054 as the shear vis-
which the conditiorde” (f)/df=0 is fulfilled. In pure eth- ;i exnonent whereas in the renormalization group analy-
anol the evolution of relaxation time can be well param-g.,"_ 065[19,33—3§. Taking the value:~0.63 one gets
etrized by the simple Arrhenius dependence with activationqﬁz(’)’ 03:;) andq’)z,o 042' respectively |
energyE,=17.5 l.(‘] mol * frqm room tgmperature up to 145 However, results presented in Fig. 2 show that for the
K [29]. The obtained evolution of(T) in ethanol-dodecane yqqte mixture the precriticapeeding upccurs. To explain
C“t!ca!' mixture s cl_early non-Ar_rhenlus. A rez_;\sonable de'this behavior the results given in the lower inset in Fig. 2 are
scrlptlon Qf .the obtained data, V_V'th the exce_pt|on of th? 'M-worth noting. They show that for a given temperature the
mediate vicinity ofTc, was possible by applying the Eyring- j,crease of the alcohol concentration results in a strong non-

type[30] dependencérig. 2), linear decrease of the relaxation time. In the tested mixtures
i alcohol-poor and alcohol-rich critical fluctuations on ap-
V9= (A/T) exp(B/T), (3 proachingT. appear. The registered dielectric response is

the average from théackground, normal liquidand from
whereB=(2091+ 20) K andA,=4.71x 10 * K. This gives critical fluctuations. However, the “weight” of contributions
17.4 kImol! as the activation enthalpy. from alcohol-rich and alcohol-poor fluctuations is different
Generally, in critical mixtures a precriticalowing down as it is shown in the lower inset in Fig. 2. On approaching
is expected 19]. The strongslowing downwas found in the T, where the size of fluctuations increases, the influence of
time-resolved birefringendelectro-optic Kerr effec(EKE)]  alcohol-rich fluctuations dominates resulting in pretransi-
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tional speeding upOne may expect that the Debye-Stokes- A

(MH2)
Einstein (DSE) relation is fulfilled for processes associated

with the reorientation of alcohol molecules in a nonpolar
solvent within fluctuations. This is an essentially different 22
situation than the one described in EgH. and (5) showing

the direct response from mesoscopic-scale critical fluctua-

tions. At present, there is no theory that describes the critical
behavior of dielectric relaxation time. The upper inset in Fig. 20
2 shows that the obtained critical effect can be portrayed by

7(T)= 79t~ ¢, (6) ‘8
where Ac=1.09+0.01, ¢'=0.042+0.005, To=284.86 K
+0.03.

The form of Eq.(6) agrees well with relatiof5), assum-
ing the validity of the DSE relation for the tested mixture. )
We also tried to test th_e possible valldl_ty of two other equa- 285 290 295 300 305 310
tions to portray this critical effect. The first was analogous to T (K)

Eq. (1). The second contained the additional “Eyring”-type

background term. Similar relations were recently success- FIG. 3. The temperature evolution of the height of dielectric loss
fully applied to describe the anomaly of electric conductivity curves. The solid curve is portrayed by relatiéf). The dotted

in a critical mixture[37]. However, for7(T) the satisfactory curve shows the behavior when the correction-to-scaling term is
fit was obtained only with unreasonable values of fitted pafeglected. Both curves superpose on approachiig The upper
rameters. scale shows values of peak frequencies associated with presented

Figure 3 shows that the evolution of the maxima of thevalues ofe(T). The upper inset present the behavior of the static

loss curves is described by the same relation as static permﬁ!ielectric permittivity where the solid line is parametrized by rela-
tivity. tion (1). The lower inset presents results of the derivative analysis

of &'(T) andeg(T) experimental data. The applied scale shows that
SE(T)=8',§,cm+ a’t+A"t?(1+b"t%9), 7) de'(T)/dT, dep(T)/dTect™« with a=0.12.

1.6

where £/=2.15, a"=—19.2, A"=9.86, b"=1480, ande the pretransitionabending dowrfor the static dielectric per-

= 1_0[20_8& 0.1 for 40 MHz< f,<700 MHz. mittivity is observed in all mixtures with the upper critical
The behavior of the static dielectric permittivity is pre- consolute point tested so f§8—17. Molecular origins of

sented in the upper inset in Fig. 2. The obtained dependend@/ch behavior are still unexplained onlzy the dependence on

is well portrayed by relatiorfl) with &/,,=7.55,a' = — 38, s_uch_ thermodyn_am|c factors abT-/dE“ (strong-electric-

A’=2, b'=1660, ande=1—a=0.9+0.3 for the constant field-induced shift ofT¢), enthalpy, and volume excesses

frequencyf=10 MHz. For the chosen value of frequency Nave been establish¢di2,17,20.

both the dielectric relaxation the MW relaxation did not in-

fluence the anomaly of the static dielectric permittivity. It is IV. CONCLUSIONS
noteworthy that by omitting the correction-to-scaling term it
was possible to describe data fbr T-<<4 K, with approxi-
mately the same values of the critical exponentAll fits

Results presented show that the appearance of critical
fluctuations on approaching the critical consolute point sig-
R nificantly influence the behavior of the high-frequency di-
gave the same value 3ic=(284.85-0.06) K in fair agree-  gjeciric relaxation. The form of loss curves is non-Debye.
ment with the experimental valuéc=(284.88-0.02) K. 1he |ow-frequency wing is described by the same exponent
Concluding, the experimental dependencesspfT) and  m—( 88 forT—T:<20 K. The evolution of the maxima of
e'(T) are described by isomorphic relations, with the sameoss curvegfor 400< f,<800 MH2) and the static dielectric
universal critical exponenp=1—a. The existence of the permittivity (for f =10 MHz) are described by analogous re-
above anomalies and their similar forms are supported by thgtions. associated with the same critical exponent 1
distortion-sensitive derivative analysis. They are presented in. , This similarity may be considered as a result of the
the lower inset in Fig. 3. It also directly shows the validity of validity of Kramers-Kronig relationg30]. It is noteworthy
the dependence predicted by Mistura @er' (T)/dT is valid  that similar pretransitional behavior af(T), &'(T), and
also fords',;(T)/dT. The applied scale in the inset reducesngrJ(T) was recently found in the isotropic phase of a nematic
thg analysis to the Iinear-regre.ssion and shows the rellatior]nmuid crystal[38]. This agrees with théuidlike hypothesis
ship of discussed anomalies with the exponenst0.12. This suggesting a common description of the homogeneous phase
inset made it possible to estimate the temperatW®ga.«  of critical mixtures and isotropic phase of nematogEss-—
=Tmax—Tc at which the inversion of temperature depen-41]. Regarding the temperature evolution of the dielectric
dences of £ (T) and &'(T) occur, ie., at which relaxation time, the precriticapeeding upwas observed.
de'/dT=0 and de /dT=0. They areAT,,~0.1K for  This behavior is unlike the precriticadlowing downob-
e'(T) and AT5,=0.32 K for ep(T). It is noteworthy that served for fluctuation-sensitive methodsl9,24,31,32
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Worth recalling here is the fact that for linear spectroscopiesemperature dependence gfT) was not discussed yet the
homogeneougfrom “normal” liquid) and inhomogeneous basic influence of critical fluctuation on the form of the
(from critical fluctuationg contributions are inseparable. relaxation loss curve was clearly demonstrated.

This is the case of dielectric relaxation discussed in this pa- Recently, Goodyear and Tuck¢2l] numerically ana-

per. On the other hand, nonlinear spectroscopies, includinlyzed a model supercritical liquid and concluded that its dy-
nonlinear dielectric relaxatiof32], extract the contribution namics should exhibit glasslike features. The non-Debye and
from inhomogeneities. For dielectric relaxation the pretran-non-Arrhenius behaviors are basic features of glass-forming
sitional speeding upmay be associated with intermolecular liquids appearing in dielectric relaxation studids-4]. Re-
interactions dominating in alcohol-poor and alcohol-richsults discussed above show that such behavior also occurs in
fluctuations. The significance of this factor is indicated bycritical mixtures. The glasslike behavior is even more visible
recent studies of vibrational relaxation in supercritical ethanén nonlinear dielectric relaxation studies. In R€f31,32 the

and carbon dioxidg42]. In both cases, the pretransitional validity of the stretched-exponential decay was demonstrated
speeding upvas found but only for ethane, a clear inversionfor nitrobenzene-dodecane mixture. Moreover, at early
of temperature behavior occurred. Worth mentioning are alsstages of decay the possible validity of von-Schweindler-
dielectric relaxation studies in pdlinylmethylethej-water  type dependence was foufdy.

mixture with a lower critical consolute poié3]. For this
mixture the critical point is reached on heating and hence the
relaxation time decreases on approachirg in the imme-
diate vicinity of Tc an additional, precritical, decrease of K. Orzechowski is grateful to Professor H. A. Kolodziej
7(T) was observed. Although in Ref43] the quantitative for his interest and helpful discussions.
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