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Evolution of structural relaxation spectra of glycerol within the gigahertz band
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The structural relaxation spectra and the crossover from relaxation to oscillation dynamics, as measured by
Wouttke et al. [Phys. Rev. Lett.72, 3052 (1994] for glycerol within the GHz band by depolarized light
scattering, are described by the solutions of a schematic mode coupling theory model. The applicability of
scaling laws for the discussion of the model solutions is consid¢gdd63-651X%97)13103-§

PACS numbd(s): 64.70.Pf, 61.20.Lc

. INTRODUCTION FDg(1) + Qad (1)

t
Traditionally the dynamics of glass-forming liquids such +f [M[fg(t—t’)+Q§mq(t—t’)]at,<bq(t’)dt’=O,
as glycerol was studied in a frequency window extending 0

from, say, 0.01 Hz up to 1 MHz. One observes spectra or (1a
decay curves whose characteristic time scalshift drasti-
cally with changes of temperatuife and which are stretched Mg (t) = Fo(P(1))- (1b)

over huge dynamical windows. The underlying processes arﬁereﬂq>0 areM characteristic frequencies! aeg(t) areM
rerl‘]grrr]ed to.fast s{ruclftural rer:axauton: t-'rhle sI;)west proces?ggular fluctuating force correlation functions. The numbers
which manitests Itselt as a characteristc low-lrequency peal) anq the functiongv’®{t) describe the transient dynam-
in susceptibility spectra, is called the process[1]. Great . .J ; qg( ) ; Y
' ) ; _ics. In a simplest approach, the regular kernel is modeled to
progress has been made recently in extending the access@gscribe a Markov processt’™(t) = v, 5(t), with v,=0 de-
q qO\t)> q=

window toward higher frequencies. For example, dielectric,ying some friction constant. The essence of the theory is
loss spectra of glycerol are now available up_to_370 GHz Eq. (1b), which expresses the kernel, for a retarded fric-
The r_eported high frequency spectra are similar _to and agon as a polynomialF, of the set ofM correlatorsd. The
puzzling as the ones measured at lower frequencies. On thgyn_negative coefficients of the mode-coupling polynomial
other hand, normal liquids have their spectra within the THz]:q are given in terms of the liquid structure factors. They
band, and they do not exhibit structural relaxation. ThUSServe as the Coup"ng constants of the model, and depend
there is the question: how do structural relaxation phenomsmoothly on control parameters like MCT brings out a
ena appear upon cooling or compression? For glycerol anbifurcation transition from ergodic liquid solutions to ideal
other conventional glass formers the appearance must occyglass states in the sense defined by Edwards and Anderson
within the GHz window. The first complete measurements of 10]. If the temperature is lowered, there appears a critical
the evolution of structural relaxation were reported byeki valueT., so that forT>T, the solutions of Egs(1) exhibit
al. [3] for the mixed salt CaNO5),KNO3 (CKN), and by van  relaxation of all correlatorsb (t) to the equilibrium value
Megen and Underwoof#4] for a colloid. Also for glycerol zero. ForT<T. however, spontaneous arrest is obtained:
the appearance of structural relaxation spectra was studigbly(t—»)=f,>0. If T is lowered toward and through ,
recently [5—8] by light and neutron scattering, and in this the solutions exhibit features which have a similarity to the
paper quantitative interpretation of the light scattering dat&nown experimental facts for structural relaxation. For de-
[6] shall be presented. tails, the reader is referred to Reéfl1]. Wuttke et al. [6]

The evolution of structural relaxation is the subject of the@rgued that their light scattering spectra for glycerol can be
mode-coupling theoryMCT). Originally this theory was rationalized within the known MCT scenario, and one aim of

proposed as an approximation theory for simple classical liqthiS Paper is to corroborate their reasoning.
For smallw and small values for the separation parameter

uids[9]. It aims at the evaluation of a set bf autocorrela- B
tion functions for density fluctuations as a function of tilme o=C(Tc—T)/Tc, Egs.(1) lead to

®4(t), g=1,...M, and of the corresponding susceptibility -1

spectrayy(w) as a function of frequency. ®4(t) obey the Cy(w)= o= Timu(w)’ (29
initial conditions®4(0)=1 and,®,4(0)=0, and they are to a

be calculated from the closed equations of motion where®,(w) andmy(w) denote the Fourier-Laplace trans-

form of ®(t) and Fo(®(t)), respectively. This equation is
scale invariant: withd®(t), <I>§=<I>q(xt) is also a set of
solutions for allx>0. The slow dynamics near the bifurca-
tion point is determined by Eq2a) only up to some overall
*Also at Max-Planck-Institut fu Physik (Werner-Heisenberg- time scalet, . This dynamics is given byF, i.e., by the
Institut), P.O. Box 401212, 80805 Michen, Germany. equilibrium structure. TheM frequencies(), and kernels
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Mg ¥t) merely determine the value fdp [11]. One can P T
show that the specified slow dynamics deals with relaxationXs | sk ’ps 22X X

[12], i.e., the solutions can be written as a superposition of B
Debye laws: 0.1 E 263K
[ 253k

@ (t)=Fe—“g (T)dT, 0, T)=0. (26 oo | "
q o q » Qql1)=0. 01 F

Pk

[ 223K ]
A further simplification of the mathematical problem is pos- 0001 b 2ok %3 R i

sible if one restricts oneself to a mesoscopic dynamical win- E Lmk

dow, where|®q(t)—fo(T=Ty)| or [@P4(w)+fo(T=T)| ek
are small. In a leading ordef{s| expansion one arrives at a L mE _:
scaling law for the susceptibility spectrum, ) n ™ 1000

XZ: hAC(r;(i(wt(r)! 0=0. (33) w'2r (GHz)

Here A denotes some probing variable which couples to, FI|G. L lsgjszepti?i"t_y S(;J?Ctr:ta as trt11e_ar1(sured by YV;H?sl'[e]
d(t); its specification enters the amplitutig only. In par- or glycerol by depolarized light scatieringpen circie € ex-

. " perimental data are shown in arbitrary units, and they are normal-
ticular one can use Ed3a) for Xq(“’)’ where the depen- ized so that they coincide for frequencies above 2 THz. Data above

dence orq merely appears in factdr, . For the aforemen- 144 Gz are not exhibited foF=303, 283, 253, 233, 213, and 193
tioned light scattering experimen§] the test variableA i in order to avoid overcrowding of the figure. The dashed-dotted
presumably is the anisotropic part of the molecule’s polarizrajgnt line indicates a white noise spectrugti,(w)*w. The
ability tensor. It is straightforward to evaluate from func- yi lines are MCT solutions for the model defined by EG®. with
tional 7, a number\, called the exponent parameter. It de- model parameters described in the text.

termines theo-independent master functiong. , whose ] ]
quantitative details are well understofitB]. For large res- All Systems, which have so far been described successfully
caled frequencies one obtains the critical spectra(@ by MCT results, are fragile in Angell's classificatiga4].
>1)=sin(@a/2)[(1—a) o+ O(&~2), specified byﬁ the Glycerol is between fragile and strong, so that a quantitative
critical exponent, 0<a< . For smélla) the glass suscep- test of MCT results against its dynamics is of particular in-
- X ' -2 N . terest.

<1)= +O(@3). , , : ,
:Ir?élrlg a‘ﬁ:f;;?tfég foﬁ(:})} e io)gecr:gl(f s Ic(;)g%)wdi)aggi?caet The various partial structure factors, which quantify the

some frequencyb, where y. (@)= xy. For small rescaled mode-coupling functionaf, , are not available for glycerol

frequencies the liquid spectra follow the von Schweidler Iawat present. Therefore a complete discussion of this system

MO~ S (L b)a © O, specifed by 1010 T 81801 PSS To procee boyoe s
the von Schweidler exponett, O0<b=1. Thus there ap- | g ymp h i | Thi i
ears a minimum at some frequendy,, , where x(&mr) ations on a two-component schematic mode - This model is
EA ; in> m a caricature of the general equations of motidn by an
=xmin- Let us reiterate that the exponemtsb, and all the - S .
PR - . M=2 specialization. The first correlat@p,(t), to be de-
constantsB, Cq, @y, Xk, @min,» @and xmin are given bya,

they can be taken from published tablas] or from a plot noted agb(t), is meant to represent the large set of density

2 - fluctuation correlators, which deal with the structure dynam-
of y. versusa curves. The temperature dependence of the

spectra is determined by the correlation saale || 2 and ics of glycerol. The second correlatdr,(t), to be denoted

. = 1 o _as®(t), is meant to describe the dynamics of the probing
by the time scal¢,=to/|o|"*. The scales describe in par variable A, which is studied in the light scattering experi-

Eﬁ:lssr' the temperature variation of spectral minima andment. In Sec. Il the model will be defined precisely, and its
' results will be shown to fit the mentioned glycerol light scat-
tering spectra. In Sec. Il we will examine how the solutions
of the model can be described by the leading order result

(3b) (3a). Indeed it will be shown that only a part of the measured
spectra fall in the range of validity of the scaling law descrip-

The cited results are exact asymptotic formulas for the McTiON- In Sec. IV some general conclusions shall be added to
bifurcation dynamics. Unfortunately, so far no handy formu-the discussion.
las for the corrections to the scaling laws are available.
Equations(3) imply some universal features of MCT and
most tests of the theory aimed at an assessment of these. For
the hard sphere system, all quantities Iikeand\ had been The following discussion is based on Fig. 1, which exhib-
evaluated, and therefore the comparison of MCT predictionits a comparison of MCT solutions for the frequency window
and relaxation curves for colloids could be done using th&.4 GHz <w/27<800 GHz with the depolarized light scat-
single constant, as fit parametef4]. For complicated lig- tering spectra of Wuttket al.[6]. There is no obvious quali-
uids the details of the functionaF, are not known and, tative difference between the glycerol spectra reproduced in
therefore, for example, the comparison of spectra for CKNFig. 1 and those discussed by $2teret al. [5] or Sokolov,
with Egs.(3) had to use alsh, andA as fit parameterf3].  Steffen, and Rssler[8]. The latter refer to the considerably

wk:a)k/ta'i Omin= a)min/taa Xk:%kcov

Xmin™ XminCo -

Il. DATA INTERPRETATION
BY A SCHEMATIC MCT MODEL
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smaller windoww/27=50 GHz, so that their fit by MCT :
formulas would be less demanding than the fits shown in this glass
paper. The shown spectra were publisfiflin an unnor- LO pomommoes hE
malized form. We have normalized them so that they agree
for frequencies above 2 THz, as reported for the Raman
spectra of Ref[5]. v,
Let us start with a comment on a particular point of con- 0.5
cern in Refs[5—8]. The measured specttéw), which are
related to the susceptibility spectra of Fig. 1 by a trivial ‘
frequency factot (w) we x"(w), exhibit a bump at the lower liquid 200K
edge of the Raman band. From Fig. 1 of Réfl one infers . . .
that the center of the bump is located near 1 THz, and that its 1.0 2.0 3.0 4.0
low frequency tail influences the spectra down to about v,
wol2m~400 GHz. The mentioned bump is referred %o-8]
as the boson peak. It represents oscillatory rather than relax- FIG. 2. Coupling constant plane for the model defined by Egs.
ational motion. For a normal ||qu|d onhe would expect the (43) and(4b). The full line is the curve of quuid-to-glass transitions.
spectruml () to be essentially frequency independent for The diamonds with dots mark thg-v, pairs, chosen for the solu-
w<wyg . Such white noise spectrum is equivalent to a lineaf!ons of Fig. 1. The inset shows the same parameterandu, as
variation of the susceptibility spectrum with frequency: runction of temperature, connected by lines as guides to the eye.
" . N . The stars indicate the transition point for the chosen parameter path
Xwhite( @) < . A white noise line is added in dashed dotted to(vl(T),vz(T)).
Fig. 1 as a guide to the eye. Equati{#b) implies that the
@"(w)=x"(w)/w versusw curve decreases monotonically -, . cannot be described by the leading asymptotic for-
for a relaxation process. For a relaxation process the slope ﬂf]ula(Sa) [5,6].
the logy” versus log diagram must not exceed unity. The Equation(3a) is reproduced by every MCT example, pro-
bosom peak manifests itself in Fig. 1 by the tendency of th§iqeq it can reproduce the desired value forThe simplest
spec_trum to _increase more steeply than the dashed dotted "'éex‘ample deals with a single correlator, shyt), and uses a
with increasing log for w=wy . quadratic polynomial in Eq(1b). The transient dynamics is

One notices that the susceptibility spectra in Fig. 1Tor specified by some frequendy and some damping constant
near 223 or 233 K vary sublinearly,’(0)*w? a~0.3, for  , The equation of motion reads

the two-decade window/27<100 GHz. The sublinear sus-

1.0

300K

ceptibility spectra lead to an enhancement of the spectra for 2D (1) + va P (1) + Q2D (1)

wl2m~1 GHz abovey,,. by more than one order of mag-

nitude. The neutron scattering cross secti@h exhibits a +sztm(t—t')a ,d(t")dt' =0 (4a)
corresponding enhancement (w)~1/w'~2 above a 0 ' '

frequency-independent background. MCT has predicted the

mentioned power law spectrum as the critical spectrum offhe mode coupling polynomial is quantified by two coupling
the relaxation for temperatures neBs. The critical spec- constante; =0,

trum was first observed for CKN by neutr¢h5] and light 5

scattering[16] spectroscopies, respectively. It appears as a m(t)=v,®(t) +v® (1) (4b)

remarkable experimental observation that glycerol exhibitsl.he bifurcations from the weak coupling liquid states to the

giigg'fglbngcarﬁntﬁ;tcl\l/f g.rllyn?is rt]?zgggkl)ls riﬁ’:'/a:th ]',f)rf?ﬁ;strong coupling glass states occur at a parabola curve in the
discussion of nonfragile systemsg v1— v, plane, which is shown as full line in Fig. 2. if,

The high frequency wing of the peak is visible in Fig. 1 decreases from 4 to 1, the exponent paramgtarcreases
. l e .
for T=243 K. The crossover from this wing to the normal from 5 to 1[18]. The model exhibits a number of nongeneric

N ... features like the transition singularities along the straight
liquid spectrum forw/277=1 THz produces a susceptibility line, which is indicated in Fig. 2 by a dash. These are well
minimum at some frequency,,,. Since thea-peak tail is y : :

. . . . understood but they are of no particular interest for the dis-
superimposed on the critical spectrum, the intengity, y b

cussion in this paper. The specified model shall be used as a

:,,)( (@min) 1S enhar_1ced b_y more than a f_actor 10 abovecaricature of all the density fluctuations of glycerol. This
Xuhite(@min)- If One tries to fit the spectral minimum by a sum

oY e model represents all the oscillatory modes by a single oscil-
of some standard model for thespectrum and a vibrational |410r For the probing variable a second correlator, called

spectrum found from the low temperature spectrum, ongp (1) shall be used. Its equation of motion reads like Eq.
misses the measured minimum mt_ensmﬁn of glyce:r(_)l by (48 with @, Q, », andm(t) replaced byb,, Q, v., and
at least one order of magnitude. This fact was explicitly dem—ms(t), respectively. The kerneh (t) shall be specified by a

onstrated before for the CKN dafd7]. Wuttke et al. [6] ; : - :
. . single coupling constant;=0 as the quadratic expression
have shown that the-peak wing can be used to estimate a g Ping s d P

von Schweidler exponetit~0.6. This implies\~0.7, which Ms(t) = v P (1) D(t). (40)

in turn leads toa~0.3. Thea-peak tails are described rea-

sonably by the master functign . However, independent of The peculiarity of this model is that the first correlator influ-
the choice ofx, the light scattering spectra fdr=273 K and ences the dynamics of the second, but not vice versa. This
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model was introduced by Sjoen[19] as a caricature for the ,
self-motion or tagged particle dynamics of a liquid. Xs

The full lines in Fig. 1 show the susceptibility spectra 01 kb
X<(w) as obtained by solving Eq&ta—(4c). To achieve the i
intended fits we have chosen temperature-independent values
O27=16.51 THz, v=0, QJ/27=0.3086 THz, v/2w
=0.3813 THz, and);=31.65. The inset in Fig. 2 shows the A
drift of the chosen fit parametets; andv, as function of 0.001 ¢
temperature. For vanishings, x.(») would be a damped j ]
oscillator spectrum whose low frequency part falls below the ST

0.01 | -

dashed dotted line in Fig. 1. Essentially the same would be ”

true if a model withv,<<0.2, v,<1 would be considered. A

The strong spectra shown in Fig. 1, which stretch over a 0.1 F
three-decade window and vary withdrastically, result en- E N

tirely from the smooth drift of the coupling constants 0.01 E
(v1,v5), which are shown in Fig. 2 by diamonds with dots. ;

The mode-coupling parameters are shifted through the bifur- 0.001 k i

cation line; the intersection point{=0.863, v5=1.88,

T ki
which is indicated in Fig. 2 by a star, leads to an exponent w28k

parametemn=0.730. This implies the anomalous exponents
a=0.314 andb=0.591. The critical temperaturg, is lo- 0.001 1 1000
cated between 223 and 233 K. o/2n (GHz)

We anticipate that the shown fits represent an acceptable
description of the measured evolution of structural relaxatior}
in glycerol within the GHz band for 173 Kk T<363 K. The u

FIG. 3. The solution fops from Fig. 1 on an extended abscissa
pper part The results for 283 and 303 K have not been exhibited

fit includes the low frequency wing of the boson peak anojn order not to overcrowd the figure. The lower part exhibits the
q y 9 P ' corresponding susceptibility spectya of the first componen® of

ftreats the crossover from oscillatory to requatlonal dynam-the model. Curves, +, and— denote solutions at the critical point
ics. The results shown suggest the conclusion that the evolu-

; 99 VYt =0.863,05=1.88, andv,;=0v$+2x10 ° andv,=v$, respec-
tion of strucyural relaxation in glycerol matches the physmaltively_ The dashed lines exhibit properly shifted master spegtra
picture provided by the MCT10]. -

Eq. (3a), for the exponent paramet&r=0.730.

This phenomenon is demonstrated in Fig. 3 forThe233 K
curves. The shifted master spectrim is above the MCT
The evaluated spectra shall be used to discuss quantitaelution y.(w) at 10 GHz, while no discrepancies between

tively the connection between the solutions for the specifiedhe master spectrum and(w) are visible between 0.1 and
model and the leading order asymptotic formu(@ The 100 GHz. Thea-peak tail of y2(w) is well described byy_
upper part of Fig. 3 reproduces the MCT results of Fig. 1; thedown to 0.2 MHz, whiley_ differs from thea-peak tail of
window is enlarged so that the peaks can be included in y"(w) already for 20 MHz. If one increase€g further, the
the discussion. The lower part exhibits the correspondingange of applicability of Eq(3a) shrinks even more, as is

results for the other correlatdp. The spectra at the critical demonstrated for the liquid spectgd in Fig. 3 for T=253
point are added as curves with lalmelTwo further spectra, and 273 K.

labeled*, are also shown. These are calculated for the two The deviation of the shifteq_ from X2 () for w>wpm,

points v;=v{+2x10"° andv,=v5. They correspond t0 has a different sign fof =273 K than forT=233 K. This
very small separationfr|, and the parameters are placed gifference cannot be explained by a discussion of the men-
symmetrically with respect to the critical point.=T.  tioned leading order corrections to E@a. Rather one has
+6T, and5T>0. R to remember the derivation of the scaling law. This was done
Rescaling of the master spectfa, as described in Eq. via Eq. (2a) for a window, where all transient dynamics
(3a by ¢, andt, , is done in the double logarithmic repre- could be ignored. It was shown in particular via E2p) that
sentation of Fig. 3 by parallel shifts of the lpgersus lo@ this window deals with relaxation only. All oscillatory fea-
curve. The master spectra for=0.730 are shown as dashed tyres of the transient dynamics have to be outside the win-
curves. If the minima Of\/_ and of the curve labeled by dow, where Eqs_(3) can be used. The known genera|
are placed on top of each other, both spectraTorand  asymptotic MCT formulas cannot be used to discuss glycerol
T_ are described properly by E¢3a for a large window. spectra forw above the identifiedwy/27=400 GHz. For
Small corrections to the leading order results, BB, be-  »=w, the boson peak masks the scaling law spectra. This is
come visible fory for frequencies above 1 GHz and fgf  demonstrated explicitly in Fig. 4 for tHE= 253 K spectrum.
for frequencies below 0.01 MHz. The leading corrections toThe full line reproduces the corresponding fit curve from
the leading order result for. , Eq.(3a), increase proportion- Fig. 1. The dashed line is the master spectrym for
ally to |0} and as a consequence the window of applicax=0.730. It is shifted so that it can describe well the mea-
bility of Eqg. (3@ shrinks with increasingT—T,|. The size sureda-peak wing forw/27<10 GHz. Obviously it fits the
of the correction can be different for different correlators.spectrum around the minimum for a two-and-one-half-

Ill. SCALING LAW DESCRIPTION
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Xs (@)
250
0.1} . 200 |
N
ani
Q, 150
B
Ql:
sg 100
0.01 : il L s aanl A2 2 a1l Lo tataal I T ] F
1 10 100 1000 S0 ¢
/21 (GHz)
FIG. 4. The MCT spectrum fof =253 K from Fig. 1 (full 240 280 320 360
curve in comparison with the light-scattering spectrum of Wuttke T (K)
et al.[6] (open circles The dashed line is the scaling law spectrum
X— for A=0.730, rescaled so as to match thepeak wing of FIG. 5. The position of the susceptibility minimay, for xq
wl27w<10 GHz. (full square$ and y’ (open diamondsobtained from Fig. 3. The

lines connecting the symbols are added as guide to the eye. The

decade window. However the critical spectrum, which showd!2Shed line “is the  scaling law asymptof8h), wmin=Cy(T
. =T, with 1/2a=1.59, T,=230.5 K, andC, chosen to match
up in the dashed master curve fefw,,;;=10, does not de- the minima for 233 K
scribe the MCT results. Fan/277>200 GHz the MCT spec- '
tra increase with increasing strongly above the relaxation

spectrum in agreement with the data. The spectrum for 0.9f the corrglatortl) is only 27%. Upon mcrgasm@' It beT
THz <w/2m=1 THz deals with the crossover from structural COMes buried under the low frequency wing of the micro-
relaxation to oscillatory transient motion. Figures 3 and 4SCOPIC excitation band; foF=285 Kthe'suscgpubnw(' no
corroborate the conclusion of RéB], that the light scatter- 0nger exhibits a minimum. The-peak intensity of; is so
ing spectra within the GHz band can only partly be explainedstrong that the spectra show a minimum for all temperatures
by the scaling law$3). They confirm also the observation of Studied. As explained above, the low frequency wing of the
Refs.[5,8], that the Raman spectra of glycerol, which dealP0son peak covers the critical spectrum Tor270 K. The
with the dynamics above 50 GHz, cannot be fitted with theMinimum of xg for T>270 K is therefore produced by the
leading order asymptotic formuld8). However, our results, crossover of thex-peak tail to the boson peak spectrum. This
in particular our Figs. 1 and 2, are not in accord with thecrossover is described by MCT as shown in Fig. 1, but it is
statements of Sokolov, Steffen, andsRter[8] that “strong  Outside the range of validity of formuld8). The variation of
deviations from MCT predictions have been found for thethe two minima positions with changes of described here
nonfragile liquid glycerol,” and that, “in the nonfragile sys- for the two spectrgy” and x;, was discussed recently by
tem glycerol, MCT fails to describe the spectra.” Toulouse, Pick, and Dreyfu20] in a comparison of two

If the scaling law applies, a spectrugi(w) for T_=T,  susceptibility spectra of salol. These authors compared
+ 6T determines that T,=T,—46T, since |o(T,)|  minima positions which were obtained by neutron and light
=|o(T_)|. This is exemplified for the curves in Fig. 3.  scattering, spectroscopy.
The spectra folT<T, exhibit a knee, while those fof The power laws for the scales, which are obtained by
>T, exhibit a minimum, as was explained in Sec. I. TheMCT in a leading order asymptotic description for small
position w, of the knee and the corresponding spectral intendistance$T—T|, are identified most clearly by considering
sity x for T=T, can be determined via E¢3b) from the  a rectification diagram. Sina@,|o]", the %, versusT
minimum position wy,, and minimum intensityy,, for T  graph is proportional td — T within the range of validity of
=T_ . This result is of potential relevance for the interpre- Egs. (3). Similarly, since the susceptibility maxima follow
tation of spectra. If the spectra of some systemTorcould  the power lawwy,|a]?, y=1/2a+ 1/2b, the 0¥, versusT
be measured for suchir, where the minimum was identified curve also linearly intersects the abscissarat Figure 6
at T_, one could test the following implications of Eqgs. exhibits the corresponding results obtained from Fig. 3 for
(3b): W= @ min( @K/ Omin) AN xk= X min(Xc/ Xemir)- X<(w). In agreement with the preceding discussion, one no-

Equation(3a) implies that the positionu,;, is the same tices that the power laws for the scales are followedTor
for all probing variablesA. This implication is obvious in <253 K. A linear extrapolation of the rectified diagrams for
Fig. 3, if one compares the spectral minimaydfwith those  |T—T,/<30 K therefore yields a reasonable estimation of
of ¥’ for T=T_ or for T=233 K. In Fig. 5 the minima the critical temperatur&. . The a-peak position is measured
positions for the two susceptibilities of our model are com-by light scattering experiments only for temperatures above
pared. ForT>260 K the corrections to the leading order 310 K. But forT>300 K one is outside the range of validity
results become so important that the two minima are locatedf Egs.(3), and therefore the power laws for the scales are no
at quite different positions. The total intensity of thepeak  longer valid. If one would extrapolate linearly74/” versus
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Xs 313K

0.0 w3k T
1 10 100 1000
/21 (GHz)

FIG. 7. Some of the data and calculated spectra from Fig. 1 in a
. . . . semilogarithmic representation. Added are the data for 418]K
240 280 320 360 and a fit by the solution of Eq4) with parameters specified in the

T (K) text.

FIG. 6. Minima positionso,, (in units of 27 THz) to the power  drifts have been ignored in our fits for the sake of mathemati-
2a=0.628(full square$ and maxima position®nya (in units of 2r  cal simplicity. Thereby we could distinguish between tem-
THz) to the power 1y=0.410(open circle§ as obtained from Fig.  perature variations of the spectra caused by trivial parameter
3 for the susceptibility spectrgg , as function of temperature. The drifts on the one hand, and the consequences of drifts of the
lines connecting the symbols are guides to the eye. crucial mode coupling parameters near the bifurcation singu-

larity on the other hand. In R€f6] one further spectrum was
T curves fromT>300 K to lower temperatures, one would reported for the very high temperatufe=413 K. It was not
estimate quite a wrong value fdt, , as is obvious from Fig. possible to fit this spectrum with the mentioned constraint for
6 for our 1/r=w,, results. the model parameters. However, choosing the drifted param-
eters for the second correlator,=18.8, (4/27=0.7325
THz, andv/27=1.13 THz (keeping(}, » unchangegthe
solution for yz(w) also reasonably interpolates these data.

Some additional remarks shall conclude our discussionThis is shown in Fig. 7, where the more conventional semi
MCT predicts within the leading asymptotic limit that the logarithmic representation of spectra is used.
a-peak shapes are determined by the functidfial No gen- Let us point out two further implications of the;-v,
erally valid result for the fulle-peak shapes can be justified. drift, which are not directly related to the bifurcation phe-
A discussion of thex-peak shapes for glycerol would require nomenon. First, the cage effect, as described by the mode
the derivation ofF, within a microscopic theory and a solu- coupling functional7,, leads to a considerable renormaliza-
tion of Egs.(1) in a similar way as was done earlier for the tion of the oscillator frequencies. The susceptibility peaks in
hard sphere liquid and some other simple liquid models. On&ig. 3 are located at higher frequencies than the “bare” fre-
could also try to fit the data within more involved schematicquencies)s and(}, respectively. Second, the high frequency
models, so thatr peaks are described. In any case there is népectra also exhibit characteristic drifts with temperature.
reason to assume that thepeak shapes of the schematic These high frequency specid#(w) are exhibited for some
model in Fig. 3 have a quantitative relation to the ones forrepresentative temperatures in Fig. 8 on linear scales. For
light scattering spectra of glycerol fas/27<0.4 GHz. such diagrams the boson peak shows up very directlyf for

Obviously, there is no possibility to describe the conven-<293 K. The boson peak frequency is found to decrease,
tional Raman spectrum of glycerol within the full THz win- and the boson peak intensity is found to increase upon heat-
dow with our two oscillator model. However, in this context ing. This vibrational softening with increasing temperature
it is reassuring that Alba-Simionesco and Krauzmj2id] can be understood for our model from elementary formulas,
succeeded in fitting complete Raman spectra with a twavhich have been obtained by solving E@®. analytically in
component MCT model for some glass former. Their fitsthe strong coupling limif18].
also describe the evolution of the high frequency part of the There are several experimental techniques yielding corr-
structural relaxation. However their results are based on elators as a function of time within the ps window. Therefore
more involved connection between MCT correlators and Rait might be worthwhile to show the results for our model in
man response functions than we used here. Fig. 9, which underlie the fit curves in Fig. 1. The boson

One expects that the considered large variation of th@eak of the spectra manifests itself as a pronounced oscilla-
temperature also causes some changes of the oscillator p#on of @ for times between 0.1 and 1 ps. Figure 1 shows,
rameters), v, Q¢ , andvg. One also expects a temperature that our model does not describe properly the smearing of
drift of the mode coupling coefficientg in Eq. (4c) of the  the Raman spectra. The oscillations in Fig. 9 are therefore to
same order as considered in Fig. 2 foy andv,. These some extent an artifact of the applied oversimplifications. If

IV. CONCLUSIONS
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FIG. 8. Relaxation spectrabg(w)=yxs/w in units of (2 FIG. 9. The solution(t) andd(t) of Egs.(4) used to evalu-

THz) ™! for the MCT solutions shown in Fig. 1 for some represen-

' ate the spectra in Figs. 1 and 3. The dashed lines with label
tative temperatures.

exhibit the solutions at the transition point.

we would have used a more involved regular kernelfects. However, the data studied here do not allow for a
M™4t) in Eq.(1a) so that the Raman band between 1 and 10Meaningful quantitative analysis ofeffects.

THz would be fitted, we would have obtained a transient Figure 3 shows that important low frequency features of
dynamics with less pronounced oscillations than that show#he spectra folf<260 K fall outside the studied window.

in Fig. 9. The critical correlators, i.e., the solutions at the Therefore our fits cannot be used as a reliable estimation of

critical point, are shown as dashed curves in Fig. 9. They- Indeed, we have also produced fits of a quality similar to
decay toward the critical nonergodicity paramete‘r@ the one shown in Fig. 1 for other parameterdVe have not

=f,(T=T,) which for our model readi®=1—)\=0.270 systematically examined the possibility for fits of the glyc-
anolquczli 1/(vf%)=0.883 erol spectra for other parameter sets than those mentioned
S s : :

It is well understood that proper extensions of the MCTabove. Therefore the preceding analysis is not meant to be a

eliminate the discussed sharp transition to an ideal glass gptermlnatlon of MCT parametgrs for glycerol; rather it is

T, in favor of some smooth crossover far near T, [11] merely offered as a demonstration that relevant spectra for a
c . ) . -

There is still a regime of parameters and frequencies wheronfragile glass former can be interpreted within the MCT,

Eq. (3a) holds. However, the simple scaling lawhas to be even W'.th'n a very primitive scher_natlc mode_l.. Any further

generalized to a two parameter scaling law. The master Spegpnclusmn_could _be reached onl_y if susce_pt|b|I|ty spectra for

tra are still given by, but in addition toc there appears a some probing variablé were available, which extend for all

second relevant control parameter, called the hopping paran‘f—'teOI temperatures from 1 THz down into the middie of the
eter 5=0. A first test of the indicated results of the extendedMHZ band.
MCT against data was done for the mentioned CKN spectra

[22]. From this work one infers that som##0 effects can

also be fitted with a=0 theory by erroneously choosing too  We are very indebted to H. Z. Cummins for many helpful
small a value for\. We cannot exclude that our analysis discussions and suggestions. We thank also W. Petry, A. P.
suffers from this mistake. The Iqg versus low curves for  Sokolov, and J. Wuttke for comments; and we acknowledge
193 and 203 K in Fig. 1 are somewhat steeperdt7<8  gratefully the permission by the authors of RE] to use
GHz than the curves suggested by the data. This systematieir data files. Our work was supported by Verbundprojekt
discrepancy between data and fit is a signaturé@0 ef- BMBF 03-G04TUM.
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