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The evaluation method of dielectric data based on a Williams product apsat&rbe, D. Richter, J.
Colmenero, and B. Farago, Phys. Re\o4 3853(1996)] is not suited to the crossover region of the dynamic
glass transition. This method is insensitive to the shape, position, or even existence of at least one of the
relaxation functions if, in the extrapolation from below to above the crossover region, the two processes cross
or approach one another. Since a crossover region without any particular change in the relaxation mechanism
of these processes can in fact be adjusted by this method, better dielectric data for polybutadiene in the
gigahertz frequency region are needed to determine whether or not there are peculiarities in the dielectric
function. It would be an odd assumption that the many particularities in the crossover region in other instances
are not reflected in the dielectric respons&1063-651X99)02607-0

PACS numbes): 64.70.Pf, 61.20-p, 61.12.Ex, 61.4%e

I. INTRODUCTION Il. THE DIELECTRIC MERGING APPROACH
OF ARBE et al.
In the relaxation chart of amorphous polymers, the main The evaluation method of Arbet al. is first based on an
transitiona usually approaches the logélprocesg1] in the additive formula,
so-called crossover region. The study of this region by in-
elastic neutron scattering documented in the paper by Arbe e()=f0.()+(1-f g (1), (1)
et al.[2] was completed by dielectric response. In that study, of
data evaluation was correlated with the statistical indepenand then fed with a product ans8 from underlyinge and
dence ofa and B, similarly to that used for the scattering g processes,
evaluation, and was therefore based on the Williams product

ansatZ3]. ep (D= 0a(Deg(t). 2
Working with this ansatz in the crossover region seems
dangerous for two reasons. The relaxation functionsp;(t), i=« or B are defined by

(i) A product of two correlation functionspqs(t) dielectric complianceg(t) =Ae¢(t). Both relaxation func-
= ¢1(t) @,(t), forces merging to a new correlation function tions, ¢,(t) and¢4(t), correspond, via the fluctuation dissi-
above the crossover,(t), with the property that the new pation theoren{FDT), to autocorrelation functions of polar-
correlation timer, corresponds approximately to the shorterization fluctuations (dipole-dipole correlation with the
correlation time,r,~min{r,m}=m, say. In the extreme ex- 9eneral property [¢;(t)|<¢;(0)=1, t=0. The relative
trapolation caser,> 7, the transition region of, is com-  Strength factor for thex process,f,, 0<f,<1, is inter-
pletely quenched byp;~0 for r,<t~r,, whatever the preted as the relative fraction of the polarization relasaty

shape ofp, may be. This insensitivity allows, within certain PY thé a relaxation, i.e., with ng8 assistance.

limits, an arbitrary treatment of the slower relaxatign A first extrapolation ofa and 8= B of Eq. (1) without
above the crossover, if the experimental data in thigh-  the use of Eq(2) [Fig. 1(c)] would result in an intersection
frequency region are of moderate accuracy. of both @ and B traces in the Arrhenius diagrafsee their

(i) The dielectric study of Arbet al. [2] further shows Fig. 11). The intgrsgction ter.npe.rature is called merging tem-
that an extrapolation of both processes from below the croseratureTy, . This intersection is subsequently avoided by
over, where they are well separated, to above the crossover e product ansatz E@2) for ¢g_(t), since the product of
possible without any particularity in this region, namely, two decaying functions always decays faster than each func-
without qualitative changes in the relaxation processes. Thition of both (see their Fig. 1B
also seems dangerous since, as a rule, many particularities Extrapolation [Fig. 1(a)] to above the crossoverT(
are observed there; cf. the recent review of Sokdklv An >T)\) heeds a definition of or 8 because only one process
alternative evaluation of dielectric data] would also show is observed there. This is done I8/ extrapolations from
particularities. low-temperature behavior, wheseand 8 are well separated

The paper is organized as follows. In Sec. Il, the dielectricand, therefore, well defined. Arbet al. used onlyf, [Fig.
evaluation method of Arbet al. is briefly recapitulated. In  1(b)] and the relaxation timeyy Of the a relaxation as
Sec. |l our starting point is described in more detail. Sectiorfree fit parameters, without considering any particular
IV is a brief discussion of the two conflicting points of view. change in the relaxation mechanism of these processes.
We do not comment on the neutron scattering study of The main result is an Arrhenius-plot scenalfag. 1(a)]
Arbe’s paper, which is actually pioneering work. with a remaining gap of about 0.8 frequency decades be-
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o FIG. 2. Splitting scenario of Ref5]. The @ process has a sepa-
rate & onset| at T,,; the a high-temperature process is continu-
, /B ously connected with the loc#l process by a crossover befid at
- ’;/Tx’ Tb [9]
al T functions¢(t) are correlation functions. The general condi-

tion |p(t)|<¢(0)=1 does not exclude negative values
(¢<0). Since any probability densify(x) of a random pro-
FIG. 1. Dielectric merging scenario according to Ref]. (&)  cessx(t) must be positivep(x)=0, in generakp(t) cannot
Traces in the Arrhenius diagram resulting from a phenomenologicabe interpreted as é&onditiona) probability density. The in-
evaluation of dielectric data according to E¢sl and(2). (b) Dis-  terpretation ofe as a probability, and thus the interpretation
appearance of the “only " relaxation strengthf, at | . (c) Inter-  of the product ¢, ¢, by statistical independence of two pro-
section of the formally extrapolated “underlyingt and 3 traces  cegsesy, (t) andx,(t), needs a model for thevariable that
in the Arrhenius diagram at the merging temperaflije ensuresp=0. Such models are described in the literafi@éie
and will be called “polarization decay models.” In principle,
tween thea process and a continuo@with B) g (t) pro-  the dipole-dipole autocorrelation functian stemming from
cess. The strength factdr, tends almost linearly to zero a vector quantity may behave differently than a density-
(indicated by a down arrow in Figs. 1a) and i1b)]. Nev-  density autocorrelation function stemming from a scalar

/T

ertheless, thex trace is continued td>T), . quantity without the possibilities of T vector compensation
(9] _ N
Ill. OUR STARTING POINT Less problemat|c yvould be an interpretation of the spec-
tral densityG(w) [being a Fourier transform ap(t)] as a
We start from the following statements. probability density. SinceG(w)=0 (Khintchin theorem
(1) Neutron spin echo and dielectric experiments measurgl0]), and since any fluctuation is based on probabilities,
different correlation functions. G(w) can always be interpreted as the probability density of

(2) Thus, an interpretation of the correlation function in the entropy production in dlog w interval atw, with o the
terms of a probability and the concomitant “product” ansatz frequency. The Williams product ansatz H®), however,
for statistically independent processes that may work for theorresponds to a convolution of twe(w) functions,
density autocorrelation function measured in neutron scatter-
ing does not imply the same for the dipole-dipole autocorre- P1() a(t) 2 Gy (w)* Gy(w). (©)

lation function that is measured in dielectric spectroscopy. ) _
“It is therefore necessary, in general, to compare the timeJ e Spectral interpretatigii0] can then be based onsam

correlation functions obtained from several related experi®f o statistically independent stochastic functiorge)

ments in order to establish the mechanism of relaxati@]y = é1(@) + &(w), defined here as a function of frequencies.
(3) Extension of the precisely measurable low- Thus we arrive at a polarization model with two independent

temperature behavior of and 8 processes to higher tem- X(@) components. Equatiof3) seeks to represent an entropy
peratures is biased in that it assumes that the relaxatioproduction of a sum proces¢w) where the polarization can

mechanismsr and 8 do not change their physical nature in independently decay by 1 or 2, i.e., By or &.
the crossover region. The “splitting” ansatz alternatively used in Re],

(4) The term “statistical independence” is not given

priori but must be, according to Kolmogordv], deduced 8*:82+82+ - for T<Ton,

from the explanations and specifications of such conditions e¥=gi+.-- for T>T,,, (4)
under which any data of real phenomena can be considered

as statistically independent. whereT,, is an onset temperature in the crossoffég. 2),

According to the FDT, as mentioned above, the relaxatiorcorresponds to a sum of correlation functions or spectral den-
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sities, G(w) =G4(w) + G,(w). The entropy production re- map because the dielectri®@ contribution is large in
sults from either the 1 or the 2 relaxatiam,(t) or ¢,(t) (not  PnHMA. This is a new piece in the long list gualitative
from 1 or 2dipoles, which are assumed to be statistically changes in the crossover regipti.
independent. Equatiofd) is not biased toward the mutual The nearly parallel course of the and 8. traces in the
arrangement of relaxation traces of an Arrhenius diagramArrhenius diagram Fig. (&) implies, in the light of the prod-
Formally, ¢ of the product ansat2) corresponds tes for  uct ansatz Eq(2) for B¢ and the strong temperature depen-
T<T,,and tog, for T>T,,. For shear relaxation, the use of dence off ,, a complicated balance between the relaxation
additive compliances was addressed by Pldd4k times (7, ,75) and the shape parameters of the extrapolated
¢z and ¢, functions. Such a balance cannot be proved as
yet, since the dielectric data are rather uncertain ffor
IV. DISCUSSION >10° Hz; see Fig. 10 of2].
i _ _ o The dielectric merging scenaridrigs. 1a) and Xb)] is
At first sight, Figs. 18) and 2 seem to be rather similar. parq 1o grasp with respect to tracing anrelaxation in the
The « relaxation intensity tends linearly to zero at onset ina henius diagram for temperatures higher than the arrow

the crossover region, and there remains a gap of about ON€mperature (T, in Fig. 2) where thef , strength tends to
frequency decade betweenand another trace that is a con- ;a4

tinuation of thep _disp_ersi_on zone to higher temperatures. i can also be seen froff2] that dielectric and neutron
But the interpretation is different. _ _ spin echo spectroscopNSE) reflect different facets of the

In the paper of Arbeetal, the continuous high- gynamic glass transition. Two illustrative examplés:the
temperature trace is labelegs . The corresponding distri-  meang relaxation time from NSE is two decades faster than
bution of relaxation times should “include the modifications from dielectrics; (ii) the « relaxation in NSE shows a
of the B relaxation by the presence of the relaxation.”  strongly Q-dispersive power law, whereas dielectrics shows,
Their conclusion for the merging region is that “the higher after an additive analysis, a normall(log w) peak. A third
the temperature, the more similar becomes the shape of the&xample follows from the general consideration mentioned
distribution function of relaxation times of the effectiy#  above. The dielectric relaxation is heavily influenced by mu-
relaxation to the shape of the distribution function of relax-tual vector compensation of neighbor dipoles. In R&fit is
ation times of thex relaxation, but shifted in the Inaxis” shown that the dielectric intensity af and .. increases
(see their Fig. 15 and the related discussiditis presents a when n-butylmethacrylatenBMA, is copolymerized with
puzzling situation in which a high-temperature relaxationthe nonpolar styrene. This can only be explained by an in-
Bet is introduced as some kind of a modifi@irelaxation  creasing breakdown of dipole compensation inrfBMA

but reaIizeq as being dom.inated bylike processes. by the styrene monomers. Such a compensation is not di-
AIFernaUver [51, .the hlgh—tgmperatur_e process can berectly reflected by a density correlation.
considered as a distinct relaxation zagevith no attempt to As a general strategy, it seems better to use the different

compose it froma and B, by statistical independence. The responses to find facets of the complex phenomenon of glass
dielectric data of Arbeet al. may also be interpreted in this transition, and to try afterwards to construct a consistent pic-
framework. Their finding of a more similar shaffé&asym-  ture of the complex situation from the different facets, than
metrization”) of the relaxation functions ofr anda (their  to treat different responses with the same or similar argu-
Beii), the disappearance of thestrength factoff ,, and the  ments and evaluation methods.
gap (“shifted in the In7 axis™) between both traces in an
Arrhenius diagram underscores the distinction between all
three dispersion zonds, «, 8}, also. V. CONCLUSION

This conclusion is supported by heat capacity spectros-
copy (HCS), which indicateg9,12] unambiguously an onset
of entropyﬂuctuationA82~ACp~(Ton— T) in the splitting
region in substances where tle onset is in the 10 kHz
frequency region. HCS in polpthexyl methacrylate
(PnHMA) [13], where the onset frequency is near the middle
of the HCS frequency window, shows a clear distinction be- Financial support from the Land Sachsen-Anhalt, the
tweenaanda (B is not calorimetrically activeby a saddle  Deutsche Forschungsgemeinschaft DFG, and the Fonds der
in the Cj; contour map, which is not seen in taé contour ~ Chemischen Industrie FCl is gratefully acknowledged.

The method used by Arbet al. for the evaluation of di-
electric data is not suited for the crossover region of dynamic
glass transition.
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