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Comparative analysis of the fast dynamics in the supercooled nonfragile glass-forming liquid
Na0.5Li 0.5PO3 observed by coherent neutron scattering
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Experimental results obtained by coherent neutron scattering with a time-of-flight spectrometer on the
nonfragile glass-forming liquid Na0.5Li 0.5PO3 ~Tg5515 K, Tm5749 K! in a wide temperature range~300–773
K! are presented. As predicted by the mode coupling theory~MCT!, the resulting dynamical structure factor
has aq-independent form in the intermediateb fast regime. Furthermore, it is also found that theq dependence
of the dynamical structure factor is the same for the boson peak and the quasielastic region. Thus, a phenom-
enological model assuming that the quasielastic component is related to the damping of the localized vibra-
tional modes that give rise to the boson peak is discussed. Though the spectra are well described over a wide
temperature range, it is shown that the temperatureT* where the boson peak becomes overdamped is signifi-
cantly above the melting temperature in this system and thus cannot be associated to any onset of metastability
as previously suggested. On the other hand, a qualitative discussion of the susceptibility spectra aboveTg in the
frame of the MCT leads to a possible crossover temperatureTc near 620 K (;1.2Tg) close to the temperature
of the decoupling phenomenon of the relaxation time scales observed by31P NMR in this system. ThisTc

value is also compatible with a power-law temperature dependence of the structural relaxation time scale
deduced from the viscosity data.@S0163-1829~97!04542-6#
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I. INTRODUCTION

During the last decade, the glass transition phenome
has known a renewed interest triggered in particular by
development of a microscopic theoretical approach, the
called mode coupling theory~MCT!,1 which offers a fully
dynamical picture of the supercooled liquid state. This the
provides an approximation scheme allowing the calculat
of the time evolution of the density correlation function fro
a microscopic equation of motion. In a simplified versio
this approach leads to a kinematic instability at a crosso
temperatureTc above Tg where the density fluctuation
modes arrest with decreasing temperature. In the viscous
dercooled liquid aboveTc , the correlation function of the
density fluctuations is found to decay into two steps wh
are identified as thea and theb fast relaxation processes an
is described by a set of scaling laws whereas underTc only
the b fast process remains, as the structural relaxation oa
process is ideally frozen.

In the MCT scheme, theb fast process is thus the sho
time decay of the density correlation function before t
structural relaxation takes place and is ascribed to local
motions associated with the rattling of particles in their ca
formed by surrounding particles. This fast process occurs
picosecond time scale and has to be distinguished from
secondarybslow processes2 that are a typical feature of su
percooled liquids. The strict ergodic to nonergodic transit
at Tc predicted by the MCT is not observed in real glas
560163-1829/97/56~18!/11546~7!/$10.00
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forming liquids due to the existence of temperature activa
hopping processes that break the trapping of molecule
cages formed by neighboring molecules and so restore
godicity below Tc . However, an extended version of th
theory, taking these hopping processes into account, repl
this sharp transition by a change in the transport mechan
nearTc from liquidlike to solidlike behavior. Therefore, rem
nants of the singularity may strongly influence the dynam
aroundTc .

Analyzing neutron3–6 and light7–10 scattering spectra
some predictions of this mode coupling theory for the liqu
glass transition have been verified in particular aboveTc for
a class of glass-forming liquids which are called fragile11

These systems often consist of relatively small, weakly
teracting molecules and so are close to the hard-sphere
uids for which the MCT has been developed. In these frag
systems, the crossover seems to be correctly described b
scaling laws of the simplest version of the MCT with a cros
over temperatureTc located at about 1.2Tg . However, it is
not clear up to now whether this dynamic instability is al
relevant in less fragile systems that are characterized b
smoother temperature dependence of the structural relaxa
time scale and thus a stronger influence of the tempera
activated hopping processes on the dynamics aroundTc .
Furthermore, it is now well established that the lowest f
quency inelastic feature in the vibrational contribution to t
dynamical structure factorS(q,v), the so-called boson peak
strongly increases when going from fragile towards stro
11 546 © 1997 The American Physical Society
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56 11 547COMPARATIVE ANALYSIS OF THE FAST DYNAMICS . . .
glass-forming liquids.12 This inelastic component that has
be regarded as specific to disordered materials13 is com-
pletely neglected in the asymptotic solution of the MC
equations. However, it strongly distorts the dynamical s
ceptibility above the susceptibility minimum14–17 between
the a and b fast processes in the mesoscopic regime tha
just the frequency range concerned by some predicted s
ing laws of the MCT. This inelastic contribution could thu
be responsible for the departure of the asymptotic expon
from the constraint imposed by the MCT, already sligh
observed in fragile liquids and strongly amplified in le
fragile systems.18 So a successful description of the liqu
glass transition in less fragile systems has to address
influence of these low-frequency vibrational modes on
relaxation dynamics.

As already pointed out, there are some experimental in
cations for a possible common physical origin between
boson peak and the quasielastic component~the MCT b fast

process!. For most glasses, it is well known that the depol
ization ratio @r(v)5I VH(v)/I VV(v)# observed in low-
frequency Raman spectra is similar for both contributio
and independent of temperature. Recently, coherent neu
scattering experiments have shown19 that theq dependence
of the dynamical structure factor was the same for the bo
peak and the quasielastic region. These results can be t
into account if it is assumed that the quasielastic part co
from the damping of the vibrational modes that give rise
the boson peak as for example in the approach propose
Gochiyaevet al.20 Using this model, a good description o
the low-frequency Raman spectra has been achieved in
ile liquids as well as in stronger ones.20–23 Furthermore, an
interesting result can be related to this phenomenolog
approach. It has been found that the boson peak beco
overdamped at a temperatureT* close to the crossover tem
peratureTc of the MCT deduced from scaling analysis of th
susceptibility spectra in the different glass-forming liqui
that were investigated.23 According to these authors, it mean
that in this temperature range, two independent explanat
support the idea of a nonmonotonous change of the dyna
in supercooled liquids.

In the present paper, we report a coherent neutr
scattering experiment on Na0.5Li 0.5PO3 initiated in order to
study the fast dynamics near the liquid glass transition i
nonfragile glass-forming liquid. The remainder of the pap
is organized as follows: after mentioning some experim
tal details~Sec. II!, we present a detailed analysis and d
cussion of the data. The first part of Sec. III is concern
with the factorization problem of theq andv dependences o
the dynamical structure factorS(q,v) in the mesoscopic fre
quency range in connection with the MCTb fast regime and a
possible relation between thisb fast process and the boso
peak. Then a phenomenological approach, the convolu
model first proposed by Gochiyaevet al., which associates
these two low-energy processes is used. The spectra are
lyzed within this approach in order to determine whether
not the temperatureT* , where the boson peak becom
overdamped in this system, can be connected with a cr
over temperature between solidlike and liquidlike dynam
as previously suggested. In the last part of Sec. III, a sh
qualitative discussion of the dynamical susceptibilities in
-
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framework of the MCT is presented. Our summary and c
clusions are given in Sec. IV.

II. EXPERIMENT

Na0.5Li 0.5PO3 is the eutectic composition~Tg5515 K,
Tm5749 K! based on the two alkali phosphate compoun
NaPO3 and LiPO3. The structure consists of covalent twiste
chains of phosphate tetrahedra PO4 linked through ionic
bonds between nonbridging oxygen and alkali ions. In
crystalline state, NaPO3 ~Ref. 24! and LiPO3 ~Ref. 25! are
characterized by a very different conformational state of
phosphate chain. As the cations are supposed to be rand
distributed in the mixed structure, it results in a random m
crostructure which prevents the supercooled liquid fro
crystallizing in the whole temperature range betweenTg and
Tm , thus over more than 200 K. As it is clearly shown
Fig. 1, the temperature dependence of the viscosity for
glass-forming liquid has an intermediate behavior betwe
fragile liquids and strong ones in the Angell classificati
like two other systems currently under study, glycerol a
ZnCl2, although the high-temperature limit could be notic
ably different due to the polymeric structure.

As the liquid glass transition phenomenon seems to
mainly concerned with the phosphate chain dynamics in
system, special care has been taken during the synthes
the sample used for this neutron-scattering experiment. F
pure 7Li starting materials have been chosen due to the h
absorption cross section of the6Li isotope ~7.5% natural
abundance!. Second, phosphate glasses being sligh
hygroscopic,28 deuterated compounds have been used for
synthesis in order to avoid contamination of the scatte
intensity by the incoherent scattering from the residual wa
In this condition Na0.5Li 0.5PO3 is a coherent scattere
~93.4%! and furthermore, 87.2% of the total scattering cro
section is due to the coherent scattering from the phosp
chains. Thus neutron scattering is a suitable probe to ana

FIG. 1. Viscosity data of Na0.5Li 0.5PO3 as compared to those o
glycerol and ZnCl2 in an Angell plot.11 d are from Ref. 26 andm
from Ref. 27.
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11 548 56B. RUFFLÉ et al.
the collective dynamics of the liquid glass transition ph
nomenon in this system.

Neutron-scattering experiments have been done on
time-of-flight ~TOF! spectrometer MIBEMOL at the reacto
Orphée of the Laboratoire Le´on Brillouin ~Saclay, France!.
Using cold neutrons with an incident wavelength set to
Å, a resolution of 84meV ~full width at half height! has been
achieved at detector angles 2u ranging from 36° to 141°.
Thus, scattering vectors up to 1.9 Å21 at zero energy trans
fer were allowed. As MIBEMOL is characterized by a res
lution function of triangular shape, inelastic and broad qua
elastic scattering as low as 0.1 meV can be observed
order to study the dynamics in Na0.5Li 0.5PO3 from well be-
low the calorimetric glass transition temperatureTg up to the
melting temperatureTm ~about 500 °C!, a hollow niobium
cell has been especially conceived for this experiment
consists roughly of two thin rolled up niobium sheets~0.1
mm! forming two cylinders of, respectively, 11 and 15 m
in diameter, leaving an empty space of 2 mm width. T
value has been calculated in order to achieve a transmis
of 90% that allows us to neglect multiple scattering corr
tions whereas the cylindrical geometry ensures an as iso
pic scattering as possible. During the experiment, care
been taken to guarantee absolute intensity calibration so
runs have been measured in an uninterrupted series wit
removing the sample from the oven. Furthermore, since
scattering cell is filled at room temperature with glass bea
the experiment has been started from the highest temper
in the stable liquid phase down to room temperature in or
to ensure that the same number of scattering nuclei are in
neutron beam during the whole experiment. The detector
ficiencies have been determined from a scan with a hol
vanadium cylinder of the same size. The sligh
temperature-dependent background of the empty can
been derived from two scans, one at room temperature
the other at 500 °C. After these usual corrections, the T
spectraS(2u,t,T) have been converted in dynamical stru
ture factor spectraS(q,v,T) with q dependent energy range
by interpolation with a wave vector step of 0.2 Å21 ensuring
a rather good signal-to-noise ratio~23 spectra from 0.6 up to
5.0 Å21!.

III. RESULTS AND DISCUSSION

In Fig. 2 is shown a representative set of the coher
neutron-scattering spectra obtained from belowTg up to
aboveTm for the wavevector 1.6 Å21. In order to remove
the trivial temperature dependence of the scattered inten
these spectra have been plotted in reduced inten
Sred(q,v,T)5S(q,v,T)/@vn(v,T)# where n(v,T) is the
Bose factor. At low temperatures, the inelastic scattered
tensity is mainly due to low-energy vibrational excitatio
that give rise to a broad asymmetric band, the so-called
son peak with a maximum located around 6 meV at 461
just belowTg . On varying temperature, the scattered inte
sity follows the Bose factor distribution for the energy abo
6 meV whereas at lower energy an excess scattering app
particularly aboveTg . This broad quasielastic contributio
grows in intensity faster than the Bose factor revealing
harmonic processes and is interpreted in the MCT frame
the b fast relaxation though alternative phenomenologic
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approaches are also used attempting to connect it to
damping of the low-energy vibrational modes.20,29 In
Na0.5Li 0.5PO3, the spectrum is not completely quasielastic
the highest temperature studied just aboveTm in good agree-
ment with the intermediate fragility of this system.12 Accord-
ing to the viscosity data shown in Fig. 1, the structural
laxation should give a strictly elastic component on t
whole temperature range investigated. Indeed, it is infer
from Fig. 1 that at 773 K the width of thea process remains
below 1meV that has to be compared to the resolution wid
of 84 meV. It means that the broad quasielastic componen
Na0.5Li 0.5PO3 can be safely studied over a wide temperatu
range in the whole supercooled liquid phase. In particu
MCT predictions in this mesoscopicb fast regime can be
tested.

One of the MCT predictions1 concerning theb fast relax-
ation region is a decoupling property of the dynamical str
ture factorS(q,v,T) between a purely frequency-depende
and a purely wavevector-dependent term:Sb(q,v,T)
5G(v,T) H(q). According to this expression, the shape
the dynamical structure factor or the susceptibility spec
x9(q,v,T)5S(q,v,T)/n(v,T) is predicted to be indepen
dent of the wavevector in theb fast regime. This factorization
property has been tested on the susceptibility spectra
tained in Na0.5Li 0.5PO3 and reported in Fig. 3 forT
5631 K. The data for 0.6 Å21<q<5.0 Å21 are shown to
overlap within experimental error over a wide energy ran
Therefore, it is found that this factorization property is ve
fied in the whole temperature range~300–773 K! not only in
the b fast relaxation region as predicted by the MCT but al
for the boson peak whatever the relative intensities of th
two processes. Although the verification of this factorizati
property is a prerequisite condition for any mode coupli
analysis in theb fast regime, it does not exclude other inte
pretations of the data. In particular, the observed similaq
dependence of the dynamical structure factor for the bo
peak and the quasielastic region does not preclude a vi
tional origin for the latter.

Following an idea first proposed by Gochiyaevet al.,20

these observations can be taken into account if it is assu
that each vibrational eigenmode with a frequencyV is

FIG. 2. Coherent neutron-scattering spectra of Na0.5Li 0.5PO3 in
reduced intensity obtained on the TOF spectrometer MIBEMOL
a momentum transferq51.6 Å21 at selected temperatures from
below Tg up to aboveTm . Note the coincidence of all spectra fo
energy transfers above 6 meV, the energy of the boson peak m
mum at 461 K.
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56 11 549COMPARATIVE ANALYSIS OF THE FAST DYNAMICS . . .
damped via a relaxation memory functionm(v,T),

m~v,T!5
d2~T!

12 ivt~T!
, ~1!

resulting in the following susceptibility for each vibration
mode:

x~v,V,T!5@V22v22m~v,T!#21. ~2!

Then, the scattered intensity is simply given by the sum
the contributions of all the vibrational excitations. Replaci
the summation by integration, the vibrational density
statesg(V) is introduced:

I ~v,T!5n~v,T!E g~V!x9~v,V,T!dV. ~3!

The frequency dependence of the vibrational density
statesg(v) can then be obtained from the shape of the sc
tered spectra at sufficiently low temperature when there is
relaxation

I ~v,T!Tg!

vn~v,T!Tg!
5I 0~v,T!Tg!5

g~v!

v2 , ~4!

whereI 0 is the reduced intensity scattered spectra at this
temperature. Next, the vibrational density of states orI 0 is
characterized byvbp(T), the slightly temperature-depende
frequency of the boson peak maximum included in the mo
in order to take into account the commonly observed soft
ing of the boson peak with increasing temperature. Thus
assumed that the spectral shape of the boson peak is
temperature dependent. This leads to the following exp
sion for the scattered intensity that has been used to fit
experimental data:

I ~v,T!5n~v,T!E V2I 0@V,vbp~T!#x9~v,V,T!dV.

~5!

In the Debye memory function of Eq.~1!, d(T) is the
homogeneous temperature-dependent coupling strength

FIG. 3. Test of the factorization property predicted by the MC
for theb fast relaxation region. The 23 susceptibility spectra at 631
interpolated to constantq between 0.6 and 5.0 Å21 are represented
with different symbols. Note that the boson peak at higher ene
also verifies the factorization property with the sameq dependence.
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tween the vibrational and relaxational modes whereast(T)
is the relaxation time of the latter. ForT→0, d→0 and Eq.
~5! becomes an identity giving an inelastic spectra. On
creasing temperature,d(T) increases towardsvbp(T) giving
rise to a broad quasielastic component untilvbp

2 5d2 at T
5T* where the boson peak merges completely into
quasielastic component. By analogy with the soft mo
formalism,30 the renormalized frequency of the boson pe
maximum v0

25vbp
2 2d2 is expected to follow a critical

power-law temperature dependence just belowT* : v0
2

}(T* 2T). It corresponds to a transition of the excitatio
that give rise to the boson peak from vibrational to rela
ational type of collective motions.

Using this phenomenological approach, Raman spe
obtained on several glass formers have been fitted leadin
vbp

2 5d2 for a temperatureT* close to the crossover tem
peratureTc of the MCT deduced from scaling analysis of th
susceptibility spectra.23 These results have led the authors
conclude that at this temperatureT* ;Tc a dynamical cross-
over occurs in this energy range between a solidlike dyna
ics for T,Tc characterized by a vibrational spectra towar
a liquidlike dynamics forT.Tc characterized by a relax
ational spectra. This crossover could thus be observed e
by the critical behavior of the relaxational spectrum with
the frames of the MCT or by the critical behavior of th
boson peak.

As shown in Fig. 4, this phenomenological model wi
only three free parameters describes very well the cohe
neutron-scattering spectra obtained in Na0.5Li 0.5PO3 in the
whole temperature range investigated from belowTg up to
aboveTm . According to Eq.~4!, the shape of the vibrationa
density of statesg(v) has been deduced from the room tem
perature reduced intensity spectra where the quasiela
component is strongly reduced. But in this glass, the str
asymmetric shape of the boson peak is very well descri
by a phenomenological generalized Lorentzian form:

I 0„v,vbp~T!…}
v2

@v21vbp
2 ~T!#2 . ~6!

So in the fitting procedure, this analytic function charact
ized by a unique parametervbp(T) has been used forI 0

y

FIG. 4. q-rescaled spectra from belowTg up to aboveTm fitted
with the convolution model Eq.~5! ~Ref. 20! showing a very good
agreement over the whole temperature range investigated.
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rather than the experimental data. It should also be m
tioned that no extra intensity parameter has been added in
fitting procedure as the temperature dependence of the b
peak intensity follows the Bose factor which is included
Eq. ~5!.

The relaxation timet derived from these fits is found t
be weakly temperature dependent and in the range of
picosecond. Thus the strong temperature dependence o
scattered spectra is only due to the variations of the coup
strengthd and the position of the maximum of the boso
peakvbp as shown in Fig. 5. In the framework of this mode
the boson peak is not overdamped even at the highest
perature studied just aboveTm as the temperature depe
dence of the coupling strengthd2(T) does not cross the
vbp

2 (T) one. As shown in the inset of Fig. 5, this leads to
renormalized frequency of the boson peak maximumv0

2

5vbp
2 2d2 that goes to zero aroundT* 5875 K, well above

the melting temperature. Thus, contrary to the suggestio
some authors,23 the temperatureT* at which the boson pea
merges into the quasielastic scattering cannot be assoc
with any metastability onset in this system sinceT* is found
in the stable liquid phase.

Some of the most detailed predictions of the MCT a
based on an asymptotic development of the susceptib
spectrum in theb fast region around the minimum that sep
rates thea process on the low-frequency side from vibr
tional modes at higher frequencies.1 For T above but close to
the crossover temperatureTc , the susceptibility minimum is
predicted to exhibit a universal spectral shape character
by a first power lawv2b at low frequencies in the range th
is the high frequency part of the stretched exponential for
a relaxation. For the high-frequency side of the minimum
second power lawva characterizing theb fast regime is pre-
dicted. This susceptibility minimum can be then appro
mated by an interpolation formula between these two po
laws leading to the determination of two parametersvmin and
xmin9 , the frequency and the amplitude of the susceptibi
minimum. According to the MCT, these two parameters f
low critical temperature dependences:vmin}(T2Tc)

1/2a

andxmin9 }(T2Tc)
1/2.

FIG. 5. Temperature dependence of the coupling strengthd ~d!
and the position of the boson peak maximumvbp ~m! obtained
from the fitted spectra of Fig. 4 with the convolution mod
Inset: Critical temperature dependence of the renormalized
quency of the boson peak maximumv0

25vbp
2 2d2 leading toT*

5875 K well above the melting temperature in this system.
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Note that the critical exponentsa andb are not indepen-
dent but obey a relation involving the gamma function and
parameterl with the conditions 0,b,1 and 0,a,0.395.
Furthermore, a critical temperature dependence is also
dicted for the structural relaxation time scaleta}(T
2Tc)

2g with a critical exponentg also related to the previ-
ous onesg5 1

2 a1 1
2 b. So aboveTc , all these critical behav-

iors are determined by the unique parameterl that could be
theoretically calculated from the static structure factorS(q)
but is usually left as a free parameter in MCT analysis
real glass formers.

One should keep in mind that these predictions of t
idealized MCT in theb fast regime are only asymptotic result
derived from the mode coupling equations for frequenc
around the susceptibility minima and for temperatures
too far from Tc . Furthermore, it has also been shown th
even in very fragile liquids, these predictions break dow
very close toTc as hopping processes, neglected in this id
alized version, restore ergodicity belowTc .31 It should also
be remembered that in the mode coupling asymptotic resu
the lowest-frequency vibrational component, namely, the
son peak, is not properly taken into account. These lim
tions notwithstanding, several fragile liquids investigat
have exhibited these different critical behaviors for the s
ceptibility spectrum obtained by neutron scattering32,33 as
well as by light scattering.7–10,34The scaling laws have bee
particularly verified aboveTc , locating the crossover tem
perature around 1.2Tg . For the temperatures belowTc , only
one fragile liquid „@Ca(NO3)2#0.4@K(NO3)#0.6… seems to
clearly exhibit up to now the knee in theb fast region of the
susceptibility following correctly the MCT predictions.7 All
the other systems investigated show deviations probably
to a stronger boson peak influence resulting in critical exp
nentsa andb that cannot fulfill the MCT constraint.

As shown in Fig. 6, the coherent neutron susceptibil
spectra obtained on Na0.5Li 0.5PO3 aboveTg are also strongly
influenced by the presence of the boson peak around 6 m
Furthermore, the structural relaxation remains sufficien
slow to not enter the energy window scanned by our exp

e-

FIG. 6. Temperature dependence of theq-rescaled susceptibility
spectra for some temperatures aboveTg . At high energy, the boson
peak is clearly seen even for temperatures aboveTm whereas at
lower energy theb fast region remains almost flat with an increasin
amplitude with temperature.
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56 11 551COMPARATIVE ANALYSIS OF THE FAST DYNAMICS . . .
ment even for the highest temperature studied, 773 K,
aboveTm . All these features result in almost flat suscep
bility spectra in theb fast region without any prominent mini
mum. The slope at high energies is rather close toa'1 as
for other nonfragile glass-forming liquids investigated.14,15,17

So the lack of pronounced susceptibility minima in the
spectra do not allow a complete line shape analysis wi
the framework of the MCT.

Nevertheless, a prediction that can be tested, as it doe
require any determination of a critical exponent, is the te
perature dependence of the susceptibility plateau he
xmin9 . Its temperature dependence forT.Tg is reported in
Fig. 7~a! showing a steeper increase above about 650
These data are compatible with the MCT scenario leadin
a possible crossover temperatureTc near 620 K. As shown in
Fig. 7~b!, the a relaxation time scale that is related to th
shear viscosityhs via the Stokes-Einstein relationta

}hs /T can also lead to the same crossover temperatureTc

;620 K. However, theg53 value used to obtain the linea
dependence in Fig. 7~b! cannot be checked against the MC
constraint as the other critical exponentsa and b are un-
known in this supercooled liquid and cannot be safely de
mined from the susceptibility spectra.

It is very interesting to note that the possible crosso
temperatureTc;620 K found is very close to the temper
ture where a secondarybslow process emerges from the stru
tural relaxation as detected by31P NMR measurements35 and
mechanical experiments36 in this glass-forming liquid and
shown in Fig. 8. This secondary process has been attrib
to local reorientations of the PO4 tetrahedra forming the
phosphate chains. It merges into the structural ora process
above 600 K, thus slightly belowTc (;1.2Tg). In the case
of fragile liquids, the temperature where this decoupling p
nomenon between the structural relaxation and a secon
bslow process observed by NMR or dielectric spectrosco
occurs is also often found just below the crossover temp
ture Tc deduced from MCT analysis.37

FIG. 7. ~a! Temperature dependence of the susceptibility plat
height deduced from the susceptibility spectra of Fig. 6 leading
possible crossover temperatureTc;620 K. ~b! Critical scaling of
the structural relaxation time scaleta}hs /T also leading to the
same crossover temperatureTc;620 K with g53.
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IV. CONCLUSION

In this paper, we have shown that in Na0.5Li 0.5PO3, the
dynamical structure factor obtained by a coherent neutr
scattering experiment is independent of the wave vecto
the whole temperature range investigated from belowTg up
to aboveTm . This factorization property ofS(q,v,T) is thus
in good agreement with the results given by the MCT for t
b fast region. Nevertheless, the observed similarq dependence
of the dynamical structure factor for the boson peak and
fast relaxational process does not preclude a vibrational
gin for the latter. Using an alternative approach that rela
these two contributions, a very good agreement has b
found between the coherent neutron-scattering spectra
the model in the whole temperature range from belowTg up
to aboveTm . However, it has been demonstrated that
temperatureT* , where the boson peak becomes ov
damped, cannot be associated with any metastability of
liquid as recently suggested. Indeed, in this systemT* has
been found above the melting temperature.

On the other hand, the temperature dependence of the
process intensity can be accounted for by the prediction
the simplest version of the MCT. It leads to a crossov
temperatureTc;620 K (;1.2Tg) in the supercooled liquid
phase, in good agreement with scaling analysis of the st
tural relaxation time scale deduced from viscosity data. F
thermore, it is also close to the temperature where a dec
pling phenomenon between the structural relaxation an
secondarybslow process occurs in this system as already
served by31P NMR. However, it has not been possible
use the susceptibility spectra for a line-shape analysis
thus a more quantitative comparison with the MCT pred
tions. In particular, the susceptibility spectra obtained
Na0.5Li 0.5PO3 are strongly distorted by low-lying vibrationa
modes, the boson peak, not really taken into account by
MCT.

These results suggest that in less fragile systems, the
relaxational intensity could be the result of two nea

u
a

FIG. 8. Temperature dependence of the structural relaxa
time scalets}hs /T ~d! and relaxation times obtained by31P NMR
~j,l! ~Ref. 35! and DMA ~m! ~Ref. 36!. Below T;600 K occurs
a decoupling between thea process and a secondarybslow process.
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equally weighted contributions: one from the structural
laxation as described by the MCT and the other one from
damping of the boson peak of negligible intensity in mo
fragile liquids.
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