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Dynamics of glassy clusters appearing by nonlinear dielectric effect studies
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Preliminary results of time-resolved nonlinear dielectric eff@¢DE) studies in the liquid, glassforming
epoxy resin EPON 5 are presented. For all tested temperatures the NDE response of the sample parametrizes
the stretched exponential function with expongrt0.38+ 0.05. The temperature evolution of relaxation times
can be parametrized by means of the Vogel-Fulcher-Tammann funefif= 7°FexpOypeTy /T
—ThPE), with 7§PE~0.35,De~1.2, andT)°5~261 K. The latter value is, within the limit of the experimen-
tal error, equal to the glass temperatiig. The relaxation of “nonlinear” changes of the dielectric permit-
tivity induced by a strong, steady electric field may be associated with the dynamic equilibrium of glassy
clusters and the surrounding fluidlike regi¢61063-651X99)05302-7

PACS numbd(s): 64.70.Pf, 61.20.Lc

The glass transition temperatufg is one of the charac- [11]. In the research reported we applied this method to
teristic temperatures which can be identified in supercooledEpidian 5[poly(bisphenolA-co-epichlorohydrih, glycil end
glass forming liquids from the analysis of dynamic and ther-capped from the epoxy resin family, delivered by Sarzyna
modynamic properties. It is usually defined as the temperaChemical Company, Poland. Its equivalent molecular weight
ture at which calorimetric quantities show an anonjaly3].  was about 390.

In such materials, dynamic properties revealed nonexponen- The basic theoretical model for the NDE, based on the
tial relaxation which may be parametrized by thelLangevin(L) theory of paramagnetism, was given by Debye
Kohlrausch-Williams-Watts ~ stretched-exponential ~relax-[12]. It only takes into account the orientation of permanent
ation: R(t) = exg — (/7)#], whereR(T) is the normalized re- dipole moment in a strong electric field

sponse functiont is time, 7 is the relaxation time, ang@ is
the stretched exponefit—4]. This nonexponential relaxation
(B<1) may be roughly classified into two categories: intrin-
sic (homogeneoyselaxation, and net relaxation due to spa-
tial heterogeneities. Several stud[@s3] of supercooled lig- whereN is the number of dipolar molecules in a unit volume,
uids nearTy have indicated that heterogeneities occur ink is the Boltzmann constant, andis the value of the per-
length scales from 1 to 5 nm. Nuclear magnetic resonancmanent dipole moment.

measurementst,5] showed that these domains are not static, It is believed to be the sole molecular mechanism contrib-
but their distinct relaxation rates persist long enough to causeting to the negative sign of the ND]. It reflects the fact

the response with broad distribution of relaxation times.that in a strong electric field dipoles are less reactive to the
Such dynamic heterogeneity, which evolves as the samplaction of the weak measuring field. All other molecular pro-
responds, was observed by the spectral hole burning methasses, including molecular interactions and fluctuations, are
[6,7]. For temperatures abovgy, Fisher in his lecture in expected to give a positive contribution to the total value of
[Ref. [8]] postulated the existence of locally closely packedthe NDE[9]. There are several successful models for station-
configurations of “glassy clusters” in a dynamic equilibrium ary NDE behavior as well as its relaxation in simple liquids
with “fluidlike” regions. [9,13—-14. However, their application to complex liquids

The preliminary results of the time-resolved nonlinear di-seems to be very restricted. In this respect studies in critical
electric effect(NDE [9]) presented in this paper seem to solutions[17] and in the isotropic phase of liquid crystalline
point to the appearance of a singularity on approaching thenaterials[18] are noteworthy. They showed that in both
glass transition temperature, which may further be associatethses the pretransitional effects depend on the appearance of
with the existence of postulated glassy clusters. In a strongretransitional fluctuations of the next phas€ype
electric field, the dielectric permittivitye®=¢+¢,E? «(AM?)yx, where the first factor denotes the mean square
+O(E*, whereeF and ¢ are dielectric perimittivities in  of the order parametéM) fluctuations, andy is the suscep-
strong(E) and weakmeasuring electric fields, respectively. tibility to an external perturbation. It is worth noting that in
The field-independent magnitudgpe=e,=(¢F—¢)/E? is  nematogens with a permanent dipole moment approximately
known as the NDE9]. Studies conducted up to now showed parallel to the main axis of the molecule, pretransitional ef-
that the NDE is extremely sensitive to inhomogeneities infects of the opposite sign were foun&ype>0 for wr<<1
liquids caused by critical fluctuatio9] or even very weak and &pe<0 for wr>1, wheref=w/27 is the radio fre-
statistical fluctuations of the polarizatiofl0,11. Time- quency of the measurement figltg].
resolved NDE studies of near-critical solutions after switch- In this paper we applied the NDE experimental technique,
ing a strong electric field on and off showed that this methodecently developed in our groud9]. It makes use of two
can be applied to investigate dynamics of critical fluctuationslectric fields: the weak measuring fieli<0.1—10 MHz,
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FIG. 1. Stretched-exponential behavior of the response function describing the rise of the NDE signal after switching on the strong
electric field (T=76 °C). The slope of the solid line impligg&~0.35. The bottom inset shows the experimental NDE signal and the SE fit.
The upper inset presents the temperature behavior of the “saturated” stationary value of the NDE.

U peak-peaic 1.5 V) and the rectangular ac pulse of a strongwheret is the time from the moment the strong electric field
electric field; their lengths wereAt=1-64s andU,, was switched on, and}ye is the extrapolated, saturated,
=100-500V. The sample was placed in a flat parallel castationary value of the NDE far> 7.

pacitor, gapd=1 mm and diameterr2=20 mm, made from To minimize the error of nonlinear fitting the analysis was
Invar. The temperature was measured by means of a plattonducted using the linear regression: the adjusted value of
num resistorAl class(DIN 43 260. The temperature was £32_was changed until the experimental data could be opti-
stabilized with a precision 0£0.02 }E</h. ;n the whole tested mally parametrized by a straight line on a log-log scale, as
temperature range the conditidne“>E* was always ful-  shown in Fig. 1. The parameters of the straight line thus
filled [19]. obtained approximated the values of parametensd 8. The

A typical sample response to the rectangular pulse of @pjt; of the measurement frequency framr 100 kHz to 10
strong electric field is shown in the bottom inset in Fig. 1.\,.\- \ isnin the limit of the experimental error does not in-

The deformation of the response is due to the influence % Lence on the value ofS2_. It was always negative, as

relaxation processes in the sample. The valueAbfwas own in the upper inset in Fig. 1. The valuedifi. was a
systematically increased upon decreasing the temperatufg PP 9- 1. E

from 90 to 40°C. However. a limited value dft can be €W orders greater than that observed in simple dipolar lig-
applied at each tested tem’perature. Too largatavalue uids [.9.’10]' Such a Iarge_effect was observed anly for.pre-

caused a shift of the horizontal baseline after the strong eleé[ansmonalleff.ect_s in the Isotropic phase of nematogenic and
tric field was switched off in respect to the initial baseline. smectogenic liquid crystalline compounds,18,20.

This limited the possibility of measurements for>40 °C. Figure 2 shows the temperature evolution of relaxation

In the analysis we only used a pulse short enough to avoi@?se,;a?eestetr{gnegaw Lhee \i‘/gﬁlysz';a%ﬁ?ﬁgé%d l;n '?T']géaln'slt(getngé
the influence of this parasitic factor. Since the “saturated” y P y

stationary state was never reached, we only have left to ang/_ogeI—FuIcher—Tammanﬂ\/FT) function

lyze the rise of the NDE signal. Its typical form is shown in NDF

the bottom inset in Fig. 1. In the tested temperature range the 7= NDE oy DeTo &)
behavior could be described by the stretched exponential re- 0 T-To°5)"

sponse function

B
R(t)=1— SNDaEt(t) = exp[ - ( E)

NDE 7

Its validity for representing the primary relaxation is well
) known [21], and the dielectric relaxation times in EPON 5
parametrized in such studies are given in the inset in Fig. 2:
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FIG. 2. Temperature evolution of the NDE relaxation times, on a scale displaying the validity of the VFT function. The inset shows the
behavior of the primary relaxation times determined from the “linear” dielectric relaxddh

the analysis gave,~12us andT,~222K. The singular tional effect appeared when the time scale associated with
temperaturel, determined in dielectric relaxation studies is the strong electric field was much faster than the relaxation
associated with the extrapolated ideal-glass temperature. E{Me of pretransitional fluctuatior|sl8,22. This is also the
aminations of relaxation time of the NDE response gavease of presented results: f4/0.16—10us and 7
TBIDEQOBS andTlalDE: 261+3 K. This temperature con- =4—3005 in the tested temperature range. The very large,
forms well to the glass temperatufg~260.6 K determined negative, value of the saturated, stationary value of the NDE
in calorimetric studies, and ta,=7(100s)~259K ex- may probably be explained only if one relates it to the ori-

; . . ; entation of “fluctuations” of the neighboring phagglass
tracted from dielectric relaxation da@l]. When comparing clusters in a fluidlike surrounding gs wasgthpe cagse inythe
“linear” and “nonlinear” dielectric relaxation, marked dis- !

A . aforementioned pretransitional, critical effects.
crepancies in valu?\‘%Eof both smgular temperatures and also Concluding, in our opinion the results obtained indicate
prefactorsz, and 7o~ are clearly visible. The latter can yh4t time-resolved NDE studies in the supercooled liquid
probably be associated with the relatively fast relaxation of 3nay detect the dynamics of glassy clusters. The obtained

single dipole(dielectric relaxation studi¢gsand slow relax-  gjngularity may result from freezing of the whole system at a
ation of large glassy clustetsiDE studie$. Strongly differ-  ansition to the glassy state.

ent pretransitional effect for dielectric permittivity and the
NDE has already been observed in critical solutions and iso- The authors gratefully acknowledge the financial support
tropic phase of nematogens, both in stationary and dynamiof the State Committee for Scientific Reseaf&BN, Po-

properties studiegl7,18,20,22 Noteworthy is the fact that

land), Project No. 2 PO3B 030 12, and are also grateful to

in the isotropic phase of nematogens the negative pretransileksandra Drozd-Rzoska for stimulating discussions.
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