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Abstract. An analysis of light scattering spectra of different glass-forming liquids is presented.
It is shown that at high temperatures one finds a scenario for the temperature variations of
dynamic spectra at high frequencies which is common for strong and fragile liquids. This
scenario breaks down at some crossover temperatureTx . One conclusion is that the difference
between strong and fragile glass-forming liquids is the temperature range betweenTx and Tg :
it is small for fragile and large for strong glass-forming systems.

Many liquids of quite different molecular origin can be supercooled down to the glassy
state. However, the nature of the liquid-to-glass transition is still not understood, even on
a qualitative level. Different materials show different temperature behaviours of viscosity
e.g. near-Arrhenius for covalently bonded structures and strongly non-Arrhenius for van der
Waals liquids. According to a classification introduced by Angell [1] the former are called
strong and the latterfragile liquids. Recent achievements of the mode-coupling theory
of the glass transition (MCT) [2] strongly stimulated new experimental investigations.
MCT predicts the existence of some critical temperatureTc where the dynamics of the
supercooled liquid should change significantly. MCT was rather successfully used for the
analysis of fragile systems andTc was identified to be'15–25% higher than the calorimetric
glass transition temperatureTg [3]. However, the analysis of the non-fragile glass formers
B2O3 [4] and glycerol [5–7] revealed deviations from the leading-order asymptotic MCT
predictions.

Until now it has not been clear whether the dynamics of the glass transition exhibits the
same scenario for both strong and fragile liquids. It is the aim of the present communication
to show that at temperatures higher than some crossover temperature,Tx one can find a
common behaviour in light scattering spectra of different glass formers.

To compare our result, let us recall the main asymptotic predictions of idealized
MCT for a susceptibility spectrum [2]. At high temperatures,T > Tc, the spectrum of
the fast dynamics should be essentially temperature-independent; onlyα-relaxation shifts
with temperature without changing its spectral shape and intensity (inset figure 1(a)).
Power-law dependencies as asymptotes for the low-frequency tail of the fast dynamics
spectrum,χ ”(ν) ∝ νa, and for the high-frequency tail of theα-relaxation,χ ”(ν) ∝ ν−b

(0 < a < 0.395, 0< b < 1) are predicted. As a result, a minimum inχ ”(ν) appears with
a universal form:

χ ′′(ν) = χmin

(b(ν/νmin)
a + a(ν/νmin)

−b)

(a + b)
(1)
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Figure 1. Depolarized light scattering spectra at different temperatures. (a) Strong glass former
B2O3 (Tg = 525 K) [4]; the inset shows a qualitative scenario suggested by MCT. (b) Fragile
glass former OTP (Tg = 243 K) [9]; dashed lines show master curves (equation 1) with the
exponentsa = 0.45 andb = 0.55. (c) The same OTP spectra after subtraction of theα-relaxation
contribution.

whereχmin andνmin are the amplitude and position of this minimum. They are related to
each other and to the maximum in frequency of theα-relaxationνα [2, 8]:

χmin ∝ (
νmin

)a
χmin ∝ (

να

)ab/(a+b)
νmin ∝ (

να

)b/(a+b)
. (2)

It is important to note that all these predictions (1), (2) are simple consequences of this
qualitative scenario which is sketched in the inset of figure 1(a). According to MCT this
scenario should break down atTc.

Let us turn to a phenomenological analysis of experimental data. Figure 1(a) shows
the light scattering susceptibility spectraI/(n + 1) (here I is a measured intensity and
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n + 1 = [1 − exp(−hν/kT )]−1 is a temperature Bose factor) of the strong glass former
B2O3 [4]. One can see in the temperature range betweenTg ' 525 K andT ' 800 K
a strong variation of the spectrum of the fast dynamics (ν > 50 GHz). However, above
T ' 800–900 K the spectrum of the fast dynamics is nearly temperature-independent
(figure 1(a)). The only temperature variation is a shift of theα-relaxation contribution to
higher frequency with increase ofT .

This temperature dependence of the spectrum of the fast dynamics has not been seen as
clearly for other glass formers. Figure 1(b) shows an example of a fragile system,ortho-
terphenyl (OTP) [9] where one can see the variations of the intensity in the frequency range
of fast dynamics at all temperatures. It was shown in [7] that at temperatures above'290 K
the spectra around the susceptibility minimum can be approximately described by a single
master curve (1) with exponentsb ≈ 0.55 anda ≈ 0.45 (figure 1(b)). Moreover, it was
shown that all relations (2) hold for this temperature range and give the same exponentsa

and b [7]. This indicates that the same qualitative scenario (inset figure 1(a)), which was
clearly observed in B2O3, holds also for OTP.

The advantage of a strong glass former such as B2O3 is that even at highT , the α-
relaxation is still far away in frequency from the fast dynamics. As a result, one can easily
follow the temperature evolution of the fast dynamics contributions [4]. In contrast, for
most of the fragile and intermediate liquids theα-relaxation contribution overlaps strongly
with the spectrum of the fast dynamics atT > Tx and a shift of theα-relaxation peak with
temperature produces variations of the spectrum even in the frequency range of the fast
dynamics (figure 1(b)). However, if one subtracts the contributionχ ”(ν) ∝ ν−b described
approximately by the parameters of the master curve on the low-frequency side of the
minimum, the same scenario for the temperature evolution of the fast dynamics spectrum
is revealed for OTP (figure 1(c)): the spectrum of the fast dynamics varies strongly below
'290 K and then becomes essentially temperature-independent. The analysis of different
glass formers showed [7] that the same scenario (equations (1) and (2)) also holds for CKN,
salol, m-TCP and glycerol. It was shown [10] that it holds also for the spectra of water in the
temperature range 255–353 K. Thus very different liquids such as B2O3 (covalent bonds),
glycerol and water (hydrogen bonds), OTP, salol and m-TCP (van der Waals liquids), and
CKN (ionic system) show similar behaviours in the dynamics at high temperatures.

However, this scenario breaks down at a certain crossover temperature. One can clearly
see the break atTx ' 800–900 K for the case of B2O3 (figure 1(a)). One can also find the
break as a deviation from the predictions (equations (1) and(2)), for example, as a deviation
from a single power-law relation betweenχmin and νmin. This analysis has been carried
out [7] and allows us to identifyTx (figure 2(a)). One can see that the single power-law
relation with the same exponenta, as it was found from the master curve, holds at higher
T and then breaks down at some temperatureTx .

The question arises whether one can identify this crossover temperature from the
analysis of other properties? Recently, a model-independent method for the analysis of the
temperature variation ofνα was suggested by Stickelet al [11]. In particular, the analysis of
ξ = {d[log(να)]/dT }−0.5 was suggested, which for the case of the Vogel–Fulcher–Tammann
behaviourνα ∝ exp[−B/(T − T0)] varies linearly with temperatureξ = (T − T0)/B.
The analysis ofξ for salol [11] is presented in figure 2(b). It shows clearly a change
in temperature variation ofνα at Tx where the parameters of the susceptibility minimum
deviate from a single power-law relation (figure 2(a)). Thus this crossover temperature
where the observed high-temperature scenario for the dynamics breaks down also shows up
in the temperature dependence ofνα.

Our analysis shows that a general scenario for the high-temperature dynamics of strong
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Figure 2. (a) Temperature dependence of the relation between the minimum parameters
(equation (2)) for different systems [7]; arrows showTc estimated within MCT analysis. (b)
Temperature dependence of theα-relaxation parameterξ for salol [11].

and fragile-glass forming liquids exists: the spectrum of fast dynamics is essentially
temperature independent and only theα-relaxation contribution shifts with temperature. At
some crossover temperatureTx this scenario breaks down. The spectrum of the fast dynamics
becomes temperature dependent atT < Tx : the low-frequency vibrational contribution (the
so-called boson peak) becomes more pronounced and the intensity of the fast relaxation
decreases strongly with decreasing temperature belowTx [4, 5]. We note that the extracted
crossover temperatureTx is close to the critical temperatureTc reported within MCT analysis.
Another important conclusion is that the ratioTx/Tg correlates with the degree of fragility:
it is '1.15 for CKN (extremely fragile),'1.2 for OTP and salol (fragile), but'1.55–1.7
for B2O3 (strong). Thus one difference between strong and fragile glass formers is the
temperature range betweenTx andTg. Whether one can find also a general scenario for the
dynamics in this temperature range is open to question, although there is one suggestion in
this direction [12].
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