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The dynamic structure facta$(q, w) of o-terphenyl, obtained by Brillouin light scattering &
0.04 nm™!) in the 1 to 30 GHz range, shows signatures of relaxation phenomena at temperatures well
within the glassy phase. Using a phenomenological ansatz for the density fluctuations memory function
andS(g, w) data obtained by inelastic x-ray scattering at high momentum trangfer (-6 nm™'), we
describe this relaxational dynamics in terms of two distinct processes: (i) one i thes range and
slightly temperature dependent, and (ii) an “instantaneous” one, representing the microscopic transient
and giving rise to & -independent contribution to the Brillouin linewidth. [S0031-9007(99)08497-5]

PACS numbers: 78.35.+c, 61.20.Lc, 78.70.Ck, 83.50.Fc

The nature of the microscopic mechanisms which aréess general predictions, due to the complex interplay be-
at the basis of the glass transition is an intriguing operiween a system-independent dynamics (the so-cafled
question in condensed matter physics. One of the mairegion) and a system-dependent one (hopping processes);
obstacles to a thorough comprehension of this problemalthough some experimental data have been shown to be
lies in the difficulties to unify the descriptions used abovecompatible with the extended MCT predictions [5], differ-
and below the glass transition temperatfig, ent models have also been proposed [4,7]. In fact, there

In liquids, one of the key concepts appearing in theis still no general consensus on the description of the fast
description of the dynamics of the density fluctuations isrelaxational dynamics in glasses.
that ofrelaxation Considering a density fluctuatia¥y,, We have recently presented measurements of the dy-
with wave vectorg, a relaxation process usually refers namic structure facto§(g, w), of different glasses in the
to a mechanism responsible for the dissipation of the enam™! ¢ range using inelastic x-ray scattering (IXS) [8,9].
ergy initially associated t@ p, towards other degrees of In these studies, it has been shown that the main spec-
freedom. Since a truly microscopic interpretation of thetral features are reasonably well represented in terms of a
relaxation processes is still lacking, their description isMarkovian approximation (representing the microscopic
often kept at a phenomenological level introducing somdransient) for the memory function. With this simple
specific model for the time and wave vector dependenmodel, which describes a completely unrelaxed dynamics,
memory function forép, [1]. On general grounds, the one finds (i) quantitative agreement with the sound veloc-
correlation function of the density fluctuations(g, 1) = ity measured with lower frequency techniques and (ii) a
(8py(t)8p,(0)), shows a decay with at least two char- ¢*> hydrodynamiclike behavior of the Brillouin linewidth
acteristic time regions. These are, respectively, the shof8—10]. On this background, we have performed a Bril-
time “microscopic” region, wheré p, loses correlation in  louin light scattering (BLS) experiment in order to look
atomic vibrations around quasiequilibrium positions, andor possible signatures of the fast relaxational dynamics
the structural ¢) relaxation region, which mirrors the re- on the S(g, w) of the OTP glass at frequencies lower
arrangement of the intermolecular environment. The than those probed by IXS. In fact, incoherent techniques
relaxation is known to be strongly temperature dependensuch as depolarized light scattering suggest that the den-
and its characteristic time, becomes as long a€)> s sity fluctuations at the values probed by BLS should be
aroundT,, corresponding to the “freezing” of the molecu- affected by such fast processes [11].
lar structure in the glass. On the contrary, the microscopic In this Letter we report on the shape of th&;, ) of
region is expected to stay almost unchanged going fronthe OTP glass in the 1-30 GHz frequency range, as de-
the liquid to the glassy phase. Besides these very gertermined from a BLS experiment. From a general point
eral featurestast(i.e., in thel0~ ! s range) relaxations in of view, the obtained spectra demonstrate the presence
several glasses have been observed with different expef a secondary relaxation process in the GHz range as
mental techniques, e.g.,—in the case of théerphenyl evidenced by both a Mountain-like central band and a
(OTP) glass—incoherent neutron scattering {2, NMR  T-dependent width for the Brillouin peaks. A quantitative
[3], and depolarized light scattering [4,5]. Such featuresanalysis of theS(g, w) spectra is also presented, based on
have been often interpreted [2,3,5] in terms of the mode two relaxation, phenomenological model for the mem-
coupling theory (MCT) [6], which has been proven to de-ory function, chosen as the simplest one able to satis-
scribe many details of the dynamics in the strongly superfactorily describe our data. The first relaxation process,
cooled region. However, in the glassy phase MCT giveslescribed here by a simple Debye ansatz, is found to be
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only slightly temperature dependent and to have a characoncerns the 10 GHz FSR spectra, a slight background,
teristic timer in the 107! s range: it likely corresponds arising from the two adjacent orders transmitted by the
to the fast dynamics also observed witltoherenttech-  filter + interferometer system, has been observed. This
nigues [2—5]. The second one giveg-andependent con- background is fully depolarized, as the isotropic signal
tribution to the Brillouin linewidth, and is described here goes to zero above-30 GHz, and while it can seriously
by an “instantaneous” process which represents the maffect the shape of the depolarized spectra [17], it has
croscopic transient. This simple model also consistentlpnly minor effects on the polarized ones. In fact, this
describes th&(g, w) spectra recently measured by IXS in effect induces a systematic error at 2 GHz=6f0% on
the highg range g = 1-6 nm™!) [9]. our depolarized measurements and of osl3%, a value

In the BLS g range, theS(g, w) spectrum is propor- comparable to the statistical error, on the much more in-
tional to the isotropic spectrunfyso(w), which can be de- tense polarized ones (see inset of Fig. 1a, whgfe)
rived from the polarized/[j(w)] and depolarized/[ (w)] andl, (w) spectra in thd—60,60] GHz frequency range
spectra measured in backscattering geometry according &ve presented for a typical case). Moreover, the effect of
the relation [12]/j(w) = hLso(w) + I, (w). Herer™! this spurious contribution is canceled out in the isotropic,
is the depolarization ratio, which gets the value 0.75 indifference spectra. Finally, by using different FSRs and
the hypothesis that isotropic induced effects are negligiblpinhole sizes, we have checked that our spectra are unaf-
[13]. Starting from the measured spectra, and exploitindected, at frequencies higher thari GHz, by the strong
the fact that théso (w) contribution tol}(w) rapidly goes elastic stray light coming from spurious reflections. The
to zero at frequencies higher than the Brillouin peak posielastic scattering from a dilute aqueous suspension of la-
tion, it is then possible to obtaifiso(w) by overlapping tex particles (120 nm diameter) was used to determine the
the tails of /;(w) and I, (w) using an adjustable factor instrumental resolution function.
and then subtracting the latter from the former. Finally, SelectedS(q,w) spectra obtained with the described
the dynamic structure factor can be obtained on an abs@rocedure are presented in Fig. 1 at the indicated tem-
lute scale exploiting thé(g, @) second sum rule [1]. peratures. They are clearly characterized by the typical

In our experiment, we usegb% purity OTP (Aldrich  signatures of a relaxation process active in the GHz range.
ChemicalsT, = 244 K, T,, = 329 K), and details onthe Such a relaxation is obviously different from tlaeone.
sample purification are reported in Ref. [14]. The lightIn fact, at the probed temperatures, the latter is completely
scattering measurements were performed using a singtaried in the instrumental resolution function since its
mode at\, = 514.5 nm from a Coherent Innova 300 Ar  characteristic timer,, is larger thar=10? s. In particu-
laser, with a typical power 0£300 mW. We have mea- lar, the spectra in Fig. 1a, reported in log-log scale, show,
sured the depolarization ratie, !, in the 30—300 GHz beside the Brillouin line, a Mountain-like tail extending
range and at room temperature (297 K), in the deeply unto the lowest investigated frequencies. This tail is the
dercooled phase, using a SOPRA double monochromatirect spectral manifestation of such a secondary relaxa-
tor [15]. We got the result ™' = 0.73 = 0.03, constant tion, whose presence also appears ds @ependence of
in the whole probed frequency range, consistent with th¢he Brillouin peak widths. This effect is shown in Fig. 1b,
fully depolarized expected value. We are then confidentvhere we report on an enlarged frequency scale the details
that isotropic induced effects are negligible, and that thef the Brillouin peaks: the Brillouin linewidth is always
previously discussed subtraction procedure correctly givelrger than the resolution function and shows a marked
the dynamic structure factor. In the BLS experimenttemperature dependence.
the scattered light was analyzed by a Sandercock-type Once we assessed the presence of this relaxational
(3 + 3)-pass tandem Fabry-Pérot interferometer, withdynamics, we performed a quantitative analysis of the
a finesse of=100 and a contrast>5 X 10!° [16]. spectra in terms of the generalized Langevin equation
Both I;(w) and I, (w) spectra were collected in stan- for the density autocorrelation function, whose second
dard backscattering geometry. The integration time wasnemory function can be written a8 times the kinematic
of =10 s/channel and the effect of the dark countslongitudinal viscosityr;(w) [1]. Within this framework,
(<1 countg's) on the data analysis was checked to beand neglecting the constant-pressure entropy fluctuations
negligible. In order to obtain high resolution spectra suf-contribution, theS(g, ) can be expressed as [1]
ficiently extended in frequency for the discussed sub- 2024

w

traction procedure to be safe, at each temperature and S(g, w) = Im{w? — c2¢* — iwg*vi(w)} !,
polarization we collected and then joined two spectra with (1)
different free spectral ranges (FSRy{0 and 30 GHz,

corresponding to an effective FSR for the tandem configuwhere ¢, is the adiabatic sound velocity ang, is the
ration of =200 and 600 GHz, respectively). A 0.5 nm thermal velocity. Different choices are, at this stage,
bandwidth (HWHM) filter was used to suppress the signapossible forv;(w). In what follows, we will rely on
from high interference orders transmitted by the frequency simple, phenomenological model. We will show that
analyzer. Such a choice guarantees that the 30 GHz FSRis model is able, with a minimal number of free

spectra are unaffected by spurious contributions. For whaiarameters, to consistently describe both #@, w)
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by the termA2 /ip w, wherep is the mass density ankf

-1 .
10 E the a relaxation strength. (i) A Markovian contribution
10242 a) , D, which accounts for the very fast, microscopic decay of
= ; the memory function. (iii) A further contribution, which
1034 € - takes into account the (secondary) relaxational effects
3 ] appearing in the spectra and which we simply model in
10 3 ”1 5 E terms of a Debye ansatz (single exponential in time). The
05 40 20 0 20 40 , ] function v, (w) then reads
—~ E & 1R 3
- E &\ 2. (2 — 2, )12,
E 0 4 vi(w) =A% /ipw + D, + (2 T iwrcd,) 2
8 10% 1 HEz]recaac (c) [talpresents the soun(_j velocity at frequ_en_cies
2 3 , S g (W T, =w=7"". In Eqg.(2), 7 is the characteristic
. 10 Bers R 4 time of the longitudinal compliance, rather than that of
N the modulusr’ = 7(cax/cx)?. Within this model, and
w107 % ) noting thatA2, = p(c2., — ¢2), the fitting function to the
. looa - 4\ ] dynamic structure factor spectra is found to be dependent
107 3 SESE= on four free parameters, namely, cw, Cax, and D,.

The corresponding fits are reported as solid lines in
Figs. 1a and 1b and show a reasonable agreement with
the experimental data. We want to underline the fact that
neglecting the secondary relaxation contribution in the
memory function leads to a damped harmonic oscillator
(DHO) line shape for theS(g, w). This latter ansatz,
which has been often used to describe §li¢, w) spectra
in the glassy phase, gives a poor fit to our experimental
data (dashed lines in Fig. 1). The temperature dependence
of the parameters obtained from the fits to the complete
model, Eq. (2), are discussed in the following.

The parameter is found to be only slightly tempera-
ture dependent, decreasing fros80 X 10712 s atT =
190 K to =25 X 1072 s atT,. This value corresponds
to a characteristic frequency (7 7)~! = 6 GHz, which
is in the middle of the frequency window accessible to
Brillouin measurements, and compares qualitatively well

1 with the ones obtained for the fast relaxation process ob-
0.0000 : - e served in glassy OTP bipcoherentexperiments [2-5].
-1.0 05 0.0 0.5 1.0 The ¢ andc,. parameters are reported in the inset of
V"’app(GHZ) Fig. 2 together with their error bars. A sound velocity

FIG. 1. (a) Examples of BLSS(q.») spectra in the dispersio_n of about 2% is clearly v_isible ou_tsid(_e the error
o-terphenyl glass taken at the indicated temperatures. (Onlfars- Beingw,,,7 = 1, wherew,,, is the Brillouin peak

~10% of the data points are shown, for clarity). The solid andposition, the apparent sound veloCity,, = wapp/q IS
dashed lines are the fits obtained using either a two relaxationiarger tharc ... This shows once more that, already at the

based memory function [Eq. (2)], or a simple unrelaxed ansatzmga|| 4 values explored in BLS experiments, the sound

Eqg. (2) with c. = c,«], respectively. The inset reports the . :
Lo?ar(iz?ad anc; depcola]rized pspectray measured! at 545 K. velocity does not probe the process solely, but is also

The ghosts of the stray light, which appear at 30 GHz in theaffected by a faster dynamics. o
larger FSR spectra, have been removed, for clarity. (b) The The D, parameter, representing the contribution to
same spectra and the corresponding fits as in (a) are reportéde Brillouin linewidth coming from the instantaneous

on an enlarged frequency scale centered on the Brillouin pealgrocess, is found to be temperature independent and
vapp-  The experimental resolution function is also showniS reported in Fig. 2. For the sake of comparison, in
(dotted fine). the same figure we also report the analogous quanti-
spectra presented here and those measured by inelasties Dgrs = 2I'srs/q> (Dixs = 2lixs/q?), obtained
x-ray scattering in the highy range ¢ = 1-6 nm~!)  from the BLS (IXS) FWHM 2'grs [14] (2I'1xs [9]).

[9]. Specifically, we represent;(w) as the sum of The D;xs data are found to be temperature indepen-
three different contributions. (i) The process which, dent from the glass up to the normal liquid phase,
in the temperature and frequency range of interest, simplPxs = (5 = 1) X 1073 cm?s™!.  Conversely, in the
renormalizes the adiabatic sound speed and is describdoiv-g range, DgLs shows a considerable temperature
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! : ! " ' " ' instantaneous one which approximates the microscopic
L2 8y ] o ., dynamics. The former process is found to be slightly
10 1526l 9’?,@ ] ¢ Y temperature dependent, and has a characteristic time in
1%, o? . ] the 107! s range, consistently with the fast process ob-
j.§24_ * Tg - ] served in glassy OTP by other experimental techniques
187 I ,‘ [2-5]. Conversely, the latter process is found to have a
23] T A temperature independent effect on the Brillouin line shape
3 and is able to explain, beside the lgnBLS data, also the
Hf S(g, w) spectra measured by IXS in the higtregion [9].
] } ] This analysis gives clues on the connection between the
][I ---------- . B 1} ----- T T;{ fast relaxational dynamics and the microscopic transient,
}ll ________ Y l%qr%%il F] a topic which is still not fully addressed by the current the-

T(X)

D( em?s )
g_
[ (8]
=
[\]
2
(3%
3

ories on the glass transition. It will therefore be of great
. : , . , . : interest to see whether the results reported here can be un-
100 200 300 400 derstood within a well-defined theoretical framework.
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from (i) the instantaneous process contributidn,, to the !

FWHM of the BLS peaks (full diamonds); (iDl'sLs/q%, where discussions.
the linewidth (FWHM),2T'g s, of the BLS peaks has been de-
rived by fitting them to the D2HO ansatz in the peak region
(full circles) [14]; (iii) 2T'1xs/q*, where the FWHM,2T"|xs, . :
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