PHYSICAL REVIEW E VOLUME 54, NUMBER 6 DECEMBER 1996
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Lebonet al.[Phys. Rev. E51, 4537(1995] have shown that the depolarized light scattering susceptibility
spectrum of ZnCJ at each temperature is well represented by the sum of contributions fromphecess, the
boson peak, and the microscopic peak. In this Comment, we point out that the fastess of the coupling
model of relaxation makes a very weak contribution to the susceptibility in nonfragile glass formers, such as
ZnCl,. Consequently, the coupling model prediction for the fast dynamics in Zis®ssentially the same as
the approach of Leboat al. [S1063-651X96)10512-3

PACS numbes): 64.70.Pf

In a recent papelrl], Lebon, Dreyfus, Li, Aouadi, Cum- shown to conform to the coupling model, specifically its pre-
mins, and PicKLDLACP) reported depolarized light scatter- diction of a prominent fast 100 GH2 « relaxation. This
ing data for molten zinc chloride, Znglone of the simplest fast a relaxation is reminiscent of the fag process of
“nonfragile” (in the Angell sensd2,3]) inorganic glass MCT, but has distinctly different characteristics. While
formers. The short time susceptibility spectryfi(w) ex-  prominent in the spectrum of fragile glass formers, the fast
hibited three features(i) a low-frequency structural or « relaxation of the coupling model is quite weak for non-
a-relaxation peakfii) a broad, high-frequency vibrational fragile liquids. As described in this Comment, the coupling
peak, comprised of a boson peak and a higher-frequenayodel predictions are simultaneously consistent with LD-
component, called the microscopic peak; &iid) a mini- LACP’s data for the nonfragile ZnGland for the neutron-
mum in x”"(w), at frequencies intermediate betwe@nand  scattering data of fragile polymef$6-19.

(ii). In their paper, the authors analyzed the data in two ways. In neutron-scattering studies of several polymers includ-
The first was guided by the predictions of mode couplinging poly(vinylchloride), polyisoprene, and polybutadiene,
theory (MCT) [4], and included examination of the fre- Colmenero and co-workergl6—-18 and Zornet al. [19]
quency dependence of the susceptibility minimum forwere able to remove the vibrational contribution from the
T>T., whereT, is the critical temperature. Due to the ex- experimental intermediate scattering function, thereby isolat-
istence of a strong boson pefk| in ZnCl,’'s depolarized ing the normalized relaxational contribution at each tempera-
spectra, LDLACP could not properly test MCT; conse-ture. The boson peak contribution is weak in these fragile
quently, the theory’s predictions concerning the shape of thpolymers. For thex relaxation, the density-density correla-
susceptibility minimum and the existence of a fasttions function was found to exhibit a crossover in the vicinity
B-relaxation process were neither substantiated nor refutedf t,=2 ps from

[1].

The second approach adopted by LDLACP was to assume
that at each temperature the susceptibility spectrum was the
sum of thea-relaxation process and a vibrational contribu- Crel(t) =exp(—t/7), t>t; (1)
tion. The latter was approximated by the sum of two Lorent-
zians, representing the boson peak around 500 GHz and the
microscopic peak above 2000 GHz. The frequengy and widttg? the Kohlrausch’s stretched exponential form,
of the latter were assumed to be temperature independent,
while its intensity, as well as all three parameters for the
boson peak, were allowed to vary with temperature. The
a-relaxation dispersion was modeled using the Cole- Cro(t)=exf — (t/7%)B], t>t.. 2
Davidson function. The obtained fits to the ZnQpectra at
different temperatures were quite satisfactory; notwithstand-
ing, the analysis was considered to be only a phenomeno-
logical representation of the data, with no specific connectiorSimilar results were obtained from analysis of molecular-
to any theory or modd]1]. dynamics simulation data @i-terphenyl[11], a fragile smalll

The purpose of this Comment is to point out thatmolecule liquid. Continuity requirement @f¢(t) att. leads
LDLACP’s representation of the data is in accord with theto the relation
coupling model[6-12] for ZnCl, and other “intermediate”
and “strong” glass formers such as glycerd3,14 and
B,0; [15]. Previously, neutron-scattering measurements ob- % _+B-1_\18
tained[16—19 on fragile polymeric glass formers have been =t o) ()
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FIG. 1. Light scattering susceptibility spectfapen circles at
the indicated temperaturés degrees Celsigsalong with the sum
(solid curves of the « relaxation calculated according to the cou-
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method outlined above. The fastrelaxation timer,(T) of
Eq. (1) is calculated from LDLACP’s fit parameters? (T)
and B8(T), using

To(T)=tg AT (T)]AT, )
which is another way of writing Eq.3). We taket.=1 ps,
consistent with the value found from high-frequency conduc-
tivity relaxation data of another ionic melt, 0.6
CaNO3),—0.4KNO; [21] and within a factor of 2 of the
(longen value found for several polymergl6-19 and
o-terphenyl[11]. In Fig. 1 we show the susceptibility, which
is the sum of the relaxation part, described by the Fourier
transform of Egs(1) and(2), and the vibrational components
(the boson and microscopic peakas deduced by LDLACP.
For all temperatures up to the highest 650 °C, the tast
process in Znd is fairly inconspicuous. This is illustrated
in the inset to Fig. 1, which shows that the exponential de-

pling model plus two Lorentzians, representing the boson peak anB@Y: €xip—tc/7(T)], differs only slightly from the Kohl-
the microscopic peak. The parameters of the Lorentzians and tH@usch function fort<<t.. The point is that while the fast

Kohlrausch exponeng were based on the fits reported by Lebon

a process of ZnCJ does exist, it is weak, making only a

et al. [1]. The inset shows the negligible difference between thehegligible contribution to the experimental spectrum. A simi-

coupling model prediction of” (solid lines and the Kohlrausch
stretched exponential functiddashed lines

Equations(1)—(3) constitute the predictions of the cou-

lar conclusion was reached by an analydid]| of neutron-
scattering data on glycerdl13] and molecular-dynamics
simulation data of methangR2]. At intermediate frequen-
cies, a susceptibility minimum is observed with increasing
frequency as a result of the decline pf(w) on the high-
frequency side of the relaxational peak, along with the sub-

pling model, whose utility has been demonstrated in variougequem rise on the low-frequency side of the broad vibra-

applicationg 7,8]. The coupling parameter of the coupling
model is to be identified with * 3.

The prominence of the fast process, described by Eg.
(1), depends on the parameter§ and 8 of the slow «
process given by Eq(2). We define prominence by the
amount of decay, *exd—t./7,(T)], transpiring up to the
crossover timd.. This dependence of the fast alpha promi-

nence on the characteristics of the slow process can be trac

to the continuity conditionfEq. (3)] at t=t.. Sincet, is
temperature insensitives—12], the prominence of the fast
process diminishes with largef and/org. This property of
the fasta relaxation has been demonstrated in Figs)4
1(c) of Ref.[12].

tional component.

Depolarized light scattering spectra 0585 obtained by
Brodin et al. [15] are similar to the present ZnClresults.
The Kohlrausch exponenB for the slow a process in
B,O; is at least as large as that of ZnCl[i.e.,
B(B,03)>0.80]. With this information it can be shown that
the fasta process makes negligible contribution to the sus-

qptibility spectra of BOj at all temperatures of experimen-
al investigation (306 T<1273 K). This finding is consis-
tent with experimental data indicating that the fast dynamics
consist mainly of vibrational contributions at temperatures
above or belowr . of MCT [15].

In conclusion, we reiterate that the phenomenological fit
of LDLACP to susceptibility spectra of ZnGldiffers mini-

Phenomenologically, it has been established that glassally from our fit using the coupling model. The slight de-

formers having largeg are less fragil¢3,20]. Consequently,

viation occurring at high frequency is masked by the boson

the coupling model predicts a marked decrease in the prompeak and the vibrational contribution at these temperatures.

strong glass formers. Experimentally, most polymers hav
been found, both from shorf16—19 and long-time mea-
surementq 3,8,20, to have significantly smalleB’s than
even the fragile small molecules, glass-forming liquids, an
certainly smaller than ZnG| which is only an intermediate
liquid (8~0.8[1-3]). The expectation is that in comparison
to polymers, the fastr process in ZnCJ should be barely

visible in the depolarized light scattering and neutron-

(gescribe the boson peak makes it impossible to distinguish

etween the respective fits. Therefore, the success of their
phenomenological approach is in fact a demonstration that
he coupling model's description of the fast dynamics of
nCl, is consistent with the data. The spirit of this Comment
is that there is a theoretical scheme, the coupling model
[6,7,10, which provides a basis for the phenomenological
approach of LDLACP. It is noteworthy that the coupling
model predictions are consistent, on the one hand, with data

scattering spectra. Unfortunately, this near disappearance on fragile glass-forming polymergl6—19, which exhibit

the fasta process, while actually a confirmation of the cou-

prominent fast relaxations, and, on the other hand, with data

pling model, may be misconstrued as indicating a departuréf intermediate and strong glass formers, including Zn@®l

of experimental data from the moddi3,14.

In light of these considerations, we reexamine the ZnCl
data of LDLACP, utilizing the fitting parameters determined
therein (see Tables | and Ill of Ref.1]) from the second

,03, and glycerol, which show hardly any trace of the fast
« process.

This work was supported by the Office of Naval Research
(K.L.N.) under Contract No. NO001496WX20267.
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