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Experimental studies of the liquid-glass transition in trimethylheptane
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The molecular glass former trimethylheptane was studied by calorimetric, dielectric, ultrasonic, neutron
scattering, Brillouin scattering, and depolarized light-scattering techniques. The molecular structure appears to
be nearly spherical optically as indicated by the low depolarization ratio and dielectric susceptibility values. A
preliminary mode-coupling theofMCT) analysis of the light-scattering and neutron-scattering data indicates
that Tc=150 K, at least 25 K abov&;. The susceptibility minima were analyzed with the MCT interpola-
tion equation, and disagreement between the light and neutron results was observed despite the apparent
isotropy of the molecules.

PACS numbeps): 64.70.Pf, 78.35tc, 61.12—q

[. INTRODUCTION Although TMH is commercially available, there is very
little published experimental literature on its physical prop-
Recent research on the liquid-glass transition has oftegrties, apart from the Brillouin scattering study of Carroll

relied on experimental data obtained with neutron- and lightand Patterson. We have therefore undertaken a series of stud-

scattering techniques. Interpretation of such data is usualligs of TMH with ultrasonics, light scattering, neutron scat-

based on theoretical predictions for the translational dynamtering, differential scanning calorimetry, refractive index,

ics S(qg,w), but the spectra can also be affected by orienta@nd dielectric susceptibility techniques. In this publication,

tional dynamics(for molecular glass formeysor by chemi- we present a preliminary report of the results obtained in

cal bonding rearrangement$or network glass formejs these experiments.

Thus there is considerable interest in identifying a fragile

molecular glass-forming material free of both network and

orientational effects that can serve as a model system for Il. EXPERIMENTS

detailed tests of theories of the liquid-glass transition. A. Material properties

In 1984, Carroll and Pattersdt] reported Brillouin scat- . 0 .
tering experiments on a group of branched alkanes. One Ofurzéﬁéz-;gmffgxlQ/E\}/Fijlgan%(rlg;ﬁ?c gfsghﬁcigfe%ﬁ)_'urgggs
the materials they studied, 2,4,6-trimethylheptafi&H), P y g ’

was found to produce spectra with very low depolarizationand’ subsequently, from Chemsamp(@ray Court, SC

ratios, indicative of a molecular structure that is opticallytzrggg?i'cslzoerxth;irl:\%hrfg?f ngn(%;t“:aelgrﬁqoscgf éirgfﬁalgdc:hs
isotropic. Recently, a preliminary evaluation of the molecu- b 9 P

lar conformation of TMH was carried out by Craig Brown at
NIST with a program(CERIU9) that uses a simple interatomic
model potential with fixed bond lengths and minimizes the
total energy. The result, shown in Fig. 1, indicates a nearly
globular conformation and supports the highly symmetric
structure suggested by the low depolarization ratio observed
in the light-scattering experiments.

*Present address: Physics Department, Oklahoma State Univer-
sity, Stillwater, OK 74078.

TPresent address: RCDAMP, Pusan National University, Pusan
609-735, Korea.

tpresent address: Physical Acoustics Corporation, P.O. Box 3135,

Princeton, NJ 08543. FIG. 1. Conformation of TMH predicted bgerIUS a computer
Spresent address: Borough of Manhattan Community Collegeprogram that minimizes the total energy of the molecule with fixed
199 Chambers St., New York, NY 10007. bond lengths.

1063-651X/2000/6@)/78310)/$15.00 PRE 62 783 ©2000 The American Physical Society



784 G. Q. SHENet al. PRE 62
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and flame sealed under vacuum. For the other experiments it 10° r o . 1
was used as provided by the supplier. Material properties of  4g+L 1 . L . ! . ! . L
TMH supplied by the manufacturer areolecular weight 100 150 200 250 300

=142.28, refractive index n=1.4071, specific gravity Temperature (K)

=0.7225. Yawset al. [2] give the melting and boiling tem- FIG. 3. Relaxation time of TMH obtained from Brillouin scat-

peratures of TMH ady=219 K, Tg=420.8 _K- ' tering analyzed with Mountain theoryl(, rg), depolarized back-
Carroll and Pattersofi] measured the density and viscos- scattering &, ,), and dielectric susceptibility analyzed with Cole-

ity of TMH as Davidson fits ¥,7p;). The single ultrasonic value at 157 K

4 (@,7yg) corresponds tamr,s=1 at the attenuation maximum, for
p(T)=0.9558-7.946<10 “[T(K)] glent, (1) wl2m=4.4 MHz.

7(T)=0.01514 expl154T) cP. 2 The viscosity measurements reported in R&f.were fit-

(The temperature range in which these fits apply was noTtEd to t_he simple Arrhenius form ShOW’_‘ in 5@). No more
specified) extensive measurements gfT) are available, so the fragil-
We measured the refractive indexT) at 488 nm with ity of TMH has not been established. Nevertheless, for this
the minimum deviation method using a triangular glass Cuprehmmary _St”.dy’ we will assume that TMH sa simple van
vette mounted in a cryostat. The result for the range 200—308€" Waals liquid, like most other molecular liquids, and that

K was it is therefore relatively fragile.
Nygg T)=1.534-4.4x 10 *T. (©)) B. Dielectric susceptibility
These properties of TMH are summarized in Table I. Dielectric measurements in the temperature range 100—

The specific hea€p of TMH was measured at the Uni- 298 K were carried out at the Universitee Bourgogne in
versifede Rennes | by differential scanning calorimetry with Dijon. Because of the highly symmetric structure of TMH,
a Perkin-Elmer Series 7 thermal analysis system. A scan 4p€ signal was very weale..4 pF for the filled cell, 0.9 pF for
10 K/min revealed a large jump i€ centered atTg the empty cell corresponding to a permittivity of 1.6, and
~125 K, from~0.55 J/igK to~1.1 J/gK as illustrated in measurements were only possible in the frequency range 10
Fig. 2. This samélg was inferred by Carroll and Patterson kKHZ to 1 MHz.

from a change in slope of the Brillouin shift vs temperature _Fits t0 €’(w) were carried out for the temperature range
plot. 138-153 K with Debye, Cole-Cole, and Cole-Davidson

functions with limited success due to the extremely weak
signal. ForT<142 K, the loss peak was not within the ex-
perimental window, and values were obtained from fits to

the high-frequency part of’ (w). The Cole-Davidson fits
1.2 O O
N /] N— — €*(0)= €.t (s~ €)/(1-iwT)P (4)

with €,=2.5718, es=2.5954, 7 andpg free, gave the- val-
ues shown asp; in Fig. 3, plotted together withr values
04 obtained from ultrasonics7(;g), Brillouin scattering g),
and depolarized backscattering experiments) (to be dis-
cussed below.

Specific Heat (J/gK)
o
o«

110 120 130 140 150
Temperature (K) C. Ultrasonics

FIG. 2. Specific hea€p of TMH measured by differential scan- The §Ound velocityCo(T) of TMH was measured at Le-
ning calorimetry at 10 K/minCp increases from~0.55 J/gK to  high University at 5 MHz and 15 MHz in the range 240-300
~1.1 JigKin a step centered &~125 K. K. A linear fit to the 5-MHz data gaveCy(T)=2474
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FIG. 4. Temperature dependence of the sound sdd de-
termined by pulse-echo measurements at 4 MBZ;(sound attenu-
ation in TMH at 4.4 MHz measured by an acousto-optical diffrac-
tion technique @).
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—4.4 [T(K)] m/s (1185 m/s at 293 K Measurements per-

formed at the Universite P. et M. Curie in Paris at 4 MHz

with  the pulse-echo method gaveCy(T)=2627 A S
—5.0 [T(K)] m/s (1207 m/s at 293 K slightly higher than -10 -5 0 5 10

the Lehigh value. As shown in Fig. 4, the pulse-echo signal Frequency (GHz)
disappears between 135 K and 165 K due to the high attenu-
ation in this region. There is also a slope change near 125 K FIG. 5. VV 6=90° polarized Brillouin scattering spectra of
indicative of the glass transition. TMH at temperatures between 294(t6p) and 96 K(bottom) with
In another experiment in Paris an acousto-optical diffracits using the Mountain theory.
tion technique at 4.4 MHZ3] was used to measure the at-
tenuation in the range 132-189 K where it is between 3.5
and 79 dB/cm(This method is very accurate for high attenu-
ation, but is less accurate for attenuatieri0 dB/cm) As
shown in Fig. 4, the maximum attenuatiowhere w7~ 1) .
occurs at~157 K, so thatr,s (157 K)~36 ns.(This 7yg
point is included in Fig. 3.

TMH VV and VH
T=160K

D. Brillouin scattering 10°

Brillouin scattering experiments were carried out at City
College of New York with a Sandercock tandem Fabry-Perot
interferometer in six-pass (82) configuration with a mirror
spacing of 8 mn{18.75 GHz free spectral rangdhe mirror
reflectivity was 92%, which gave a finesfe>60. The
488-nm exciting light was obtained from a Coherent Innova
90 Argon laser operating in single mode.

Polarized(VV) and depolarizedVH) Brillouin spectra
were collected at=90°. The optical bandwidth was limited
to 10 nm by an Amici prism—spatial filter combinaticifror 10" gF
the depolarized backscattering experiments described below, 7
a narrow-band interference filter was added.

Figure 5 shows VV polarized spectra at temperatures
from 294 K to 96 K with fits using the simplest version of ol | S e . |
the Mountain theory with exponential relaxation of the lon- 19 ' ;
gitudinal viscosity{4]. In these fitsq was fixed but all other
parameters—including the thermal diffusion constant—were
treated as free fitting parameters since no independently de- FIG. 6. Vv (B) and VH (@) 6=90° Brillouin spectra of
termined values were available. Figure 6 shows the VV andMH at T=160 K. The solid line is a fit using the Mountain
VH spectra at 160 K on a semilogarithmic plot, demonstrattheory. The dashed line is a four-Lorentzian fit for which the Bril-
ing that the VH intensity is negligible compared to the VV louin and Mountain components are shown separately.

10?

Intensity (counts)

Frequency (GHz)
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FIG. 7. Sq(E) of TMH at temperatures between 300 K and 110
K obtained by neutron-scattering time-of-flight spectroscopy. The &
data are shown on different vertical scales(@ and (b). Those
spectra represent an average ow@rvalues between 0.2 and

1.7 AL,

intensity as previously reported by Carroll and Pattefddn
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FIG. 8. Susceptibility spectrg”(E) of TMH obtained from the
neutron-scattering spectra of Fig. 7.
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The figure shows the Mountain fit and also a separate four-
Lorentzian fit with the Brillouin and Mountain modes shown

separately.

E. Neutron scattering

10!

x"(©)

Incoherent neutron-scattering measurements were per-
formed on the TOF2 time of flight spectrometer at the Na-
tional Institute of Standards and Technology in Gaithersburg,
Maryland. The wavelength of the neutrons used was 4.8 A,
giving a resolution of approximately 6@.eV. The detection

part of the spectrometer consisted of 64 detectors arranged i
a circle and covering angles from 1.6° to 138.5° or, for the_
elastic line, wave vectors from 0.2 to 1.7 “A. The sample

b LA ) LR M MR ] M
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d=10mm Raman
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"FiG. 9. Depolarized backscattering spectra of TMH Tt
200 K. () Tandem Fabry-Perot spectra with=0.5, 3.0, and
10.0 mm and the Raman spectrum, plotted separdt@lylhe four

was contained in a cell composed of 16 small thin-walledspecira ofa) spliced to form a single composite intensity spectrum
silica quartz tubes 1.2 mm in dlameter, arranged in a pIanq.(w)_ (c) Susceptibility spectrum found frontb) with x”(w)

The plane of the sample was oriented at 45° relative to the- | (v)/[n(w)+1]. A 1-nm narrow-band dielectric filter was used
incident beam giving a “dead angle” corresponding to wavefor the spectra withd=10 mm and 3 mm. For theé=0.5 mm
vectors 0.9-1.0 A, i.e. well away from the two maxima spectra no filter was used except for the Amici prism. The shaded
region in(c) indicates leakage of the intense LA Brillouin line.

of the static structure factor at 1.5 and 1.7"A
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The resulting spectra were averaged over all the detectomsas the case for salfb]. In salol, a strong contribution from
and therefore represent an average over a large ran@e of rotations significantly enhanced the light-scatteringpeak
values. In principle, single-detector spectra could provideelative to its neutron-scattering counterpart. This suggests
data at specifiQ values, but the signal-to-noise ratio was too that, in TMH, rotations do not contribute significantly to the
low to allow us to analyze single-detector data. light scattering, which would be consistent with the low op-

The quasielasti®Q-averaged dynamical structure factor tica| depolarization ratio and the apparent near-spherical con-

So(E) (centered at zero energig presented in Fig. 7 ontwo  tgrmation of the TMH molecule.
different vertical scales in order to sho\a) the full elastic

peaks andb) the quasielastic tails. These tails completely

vanish below 150 K, which roughly corresponds to the ideal F. Depolarized light-scattering spectroscopy

glass transitior(or crossover temperaturel, determined

from depolarized light scattering experiments to be discussed In depolarized backscattering spectroscopy, first-order
below. The same data are presented in Fig. 8 as a generalizedattering from longitudinglLA) and transversé€TA) modes
susceptibility y"(E) computed fromSo(E) by division by is forbidden by symmetry. The observed spedti;%?(w)

the Bose factof 1+n(E)]. This figure clearly reveals the arise from a combination of orientational dynamiésr op-
resolution cutoff of the spectrometer-at60 weV where the tically anisotropic moleculgsand interaction-induced scat-
resolution-broadened elastic peaks merge. At higher enetering that can be viewed as a second-order light-scattering
gies, two features are identifiable fd=210 K: a weaka procesg6]. While for anisotropic materials such as salol the
peak at the higher temperatures and fheninimum, both  orientational scattering mechanism appears to be dominant
shifting towards lower energy with decreasing temperaturel7], the low integrated depolarization ratio observed for
The neutrona peak is not very prominent, and is closer in TMH indicates that, for this material, orientational scattering
magnitude to thex peak measured in light scattering than should not be importani8]. The spectra should primarily
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reflect the dynamics of density fluctuations and should thereels for the analysis, but the spectra were still quite weak.
fore be useful for comparison with predictions of the mode- The experiments were carried out in near-backscattering
coupling theory(MCT) [9]. geometry §=173°) with ~200 mW of 488-nm laser light

A preliminary depolarized light-scattering study of TMH incident on the sample. Spectra were collected with the
in a limited temperature range was reported by Hwangl.  Sandercock tandem Fabry-Perot interferometer with mirror
[8]. However, it was subsequently found that the instrumenspacings of 0.5, 3.0, and 10.0 mm and also with a Spex 1401
tation used in that experiment allowed some higher-ordeRaman spectrometer. The four spectra for each temperature
transmission of the tandem Fabry-Perot interferometer to bavere then spliced together to provide a single broad-
included in the measured spectra, causing possible distortidnequency-range spectrufifw), which was then converted
of the spectra at low frequenci¢40]. We have therefore to a susceptibility spectrumy”(w) by division by the Bose
carried out a new set of experiments with the addition of aactor [n(w)+1]. Figure 9 forT=200 K shows the four
1-nm narrow-bandwidth dielectric filter to suppress higher-individual spectra(a), the single composité(w) spectrum
order transmission. Unfortunately, the maximum transmis<{b), and the corresponding susceptibility spectrgfiw) (c).
sion of the filter is only 30%, which, for a weak scatterer like Figure 10 shows the full set d{ w) and x"(w) spectra ob-
TMH, results in a serious signal-to-noise problem. We rantained with this procedure for temperatures from 130 K to
many of the experiments for up to 10 h for a single spectrun240 K. We note that ther-peak intensity is comparable to
in order to collect spectra with sufficient signal-to-noise lev-that of the boson peak at2000 GHz. This is in contrast to
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materials with pronounced optical anisotropy such as salol TABLE Il. Parameters obtained from fits of the neutron scatt-
that have far strongex peaks. In this sense TMH resembles tering susceptibility spectra to E(5).
calcium potassium nitrate for which orientational dynamics

also do not contribute significantly to the light-scattering T a b Xmin omin (GH2)
spectrum. 260 0266 0741 727 50.3
240 0.312 1.04 61.5 51.3
lll. DATA ANALYSIS 220 0.381 1.26 53.5 50.2
A. Brillouin scattering 210 0.447 1.28 36.5 35.6

The VV polarized Brillouin spectra shown in Fig. 5 were

first analyzed with the Mountain theory as illustrated in Fig. of the Brillouin LA modes are due to translational structural
6. We also followed a generalized hydrodynamics approace|axation, the disagreement betweenand 7 must have
with an origin involving neither orientational dynamics nor fast
B 2 2 . 1 relaxation. One possible explanation is that the Brillouin
H(0)=(lo/w)Im[w— o ~lwyo—wm(w)] (59 spectrum measure®,(w) for a well-definedsmal) q value
since the Brillouin scattering process is first-order allowed.
So the damping of the Brillouin mode represents the relax-
ation dynamics of the longitudinal viscosity at the scattering
wave vectorg. For the depolarized backscattering geometry,
on the contrary, since first-order scattering from either lon-
) . . gitudinal or transverse modes is forbidden, scattering occurs
The relaxation timerg for longitudinal sound waves, 5< 5 second-order process from pairs of maggsand S
1 2

taken either asp obtained from the fits to Eq5) or 7y h +a,=q [6]. Si . I d dent
obtained with the Mountain theorwith exponential relax- €req; g, =g (o). SINCE7, IS generally ag-dependen
quantity, the convolution OSql(w) and qu(w) underlying

ation are plotted in Fig. 1(t). We also show the ) )
a-relaxation timer, determined from thex peaks in the the depolarized backscatering spectrum may therefore have a
depolarized backscattering spectra of FiglllONote thatr,  differenta-peak position than that @&q(w).

is five to ten times longer than the relaxation timgsin-

ferred from the Brillouin spectra using either the generalized B. Neutron scattering

hydrodynamics or Mountain theories. o The neutron scattering spect8(E), shown in Fig. 7,
_Attemperatures below-160 K where the Brillouin line-  \ere integrated between the energies corresponding to
width Awg in Fig. 11(b) is a maximum g7g~1), there- o+, \wherew,,, is the position of the minimum in the
laxation timesrg found in such ‘a-relaxation-only” fits to |ight-scattering susceptibility spectrum, in order to estimate
Brillouin spectra are expected to increase too slowly withy,q Debye-Waller factof o(T). The result is shown in Fig.

with m(w) aproximated by the Cole-Davidson relaxation
function

om(w)=A[(1-iwr) A-1]. (5b)

(6)

decreasingT_ because of the increasing c_ontributions c_)f theq15 and suggests the possible presence of a cusfi80 K.

fast relaxation processes that are not_ includigd]. This The values off o(T) were found by dividing the intensity

strong Iow-temperature d|sagrgement is clearly seenTfor paonveen— o by the total intensity, which was measured

<160 K in Fig. 3 whererg falls increasingly farther below  ggparately. We note that the spectra were not corrected for

all the other = values. For T>160 K, however, the g|5giic scattering, so that the absolute valuefy6T) shown

a-relaxation-only model should be adequ_ate._Nevertheless§m Fig. 12 may be too high.

for T=200, 220, and 240 K, as shown in Fig. (&l 75 The neutrony”(w) spectra of Fig. 8 were fit to the inter-

(taken as eithercp or ) is still well below 7, found from polation equation of MCT

depolarized backscattering spectra. The disagreement can

also be inferred from Fig. 15 where tlepeak of the depo- Xmin o \7° o \?

larized backscattering spectrumat,~ 1/7, passes through X'(w)= a+b a(w . ) +b(w . )

the Brillouin line at~240 K while the corresponding coin- min mn

cidence forwg would occur~160 K whenrwg~1 andthe with a andb free. The fits, in the frequency range 20—300

Brillouin linewidth is a maximum. GHz, are shown in Fig. 13. The resulting fit parameters are
Similar differences have been observed with other mategiven in Table Il. The frequency of the minimum,,;, at

rials including salol, propylene carbonate, and orthoterpheeach temperature is plotted in Fig. 14 together with the val-

nyl, and have sometimes been interpreted as indicating thafes found from the light scattering spectra.

the « peak atw,=1/7, in the depolarized spectra results  We consider this analysis as very preliminary since, for

primarily from orientational structural relaxation while the T<210 K the neutron scattering susceptibility minimum is

damping of the Brillouin modes results primarily from trans- cut off by the spectrometer resolution. The MCT analysis is

lational structural relaxation processes for which thpeak therefore restricted to a temperature range well above the

is at wg=1/7g. However, since the apparent isotropy of inferred T where the asymptotic analysis may no longer be

TMH indicates that orientational dynamics should not be sigvalid. However, we believe that the data do establish the

nificant, this explanation does not appear to be relevant foresult that w,;,(neutron< wyin(light) at high T. This is

TMH. similar to the result obtained for salf]. As for salol, the

Since for TMH, the nearly isotropic structure implies that two values may become equal closeTtg, but this possibil-

both thea peak in the depolarized spectrum and the dampingty could not be studied in this preliminary experiment.
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FIG. 12. Debye-Waller factofo(T) obtained from integration
of the neutron-scattering spec®g(E) over thea-peak region. The
integration range was-E,,;,, the position of the susceptibility
minimum in the light-scattering data. The data were not correctedrhe combinedr-g fits with 8x~0.78 for T=240, 220, and
for elastic scattering which may make the absolute valu&,(r) 200 K, and theg fits for T=180, 160, and 150 K are shown
too big but should not affect its qualitative temperature dependencen Fig. 15.

_ ) The lowest temperaturg’(w) spectrum shown in Fig. 15
C. Depolarized backscattering is at 130 K, 20 K below our estimatét-~150 K. In con-

The susceptibility spectra”(w) of Fig. 10b) obtained trast to other materials studied by this technique, however,
from the depolarized backscattering spectra were analyzeitie low-frequency region at 130 K appears nearly flat rather
by fitting the region of the susceptibility minimuiithe 8 than exhibiting the usual positive slope. This result may in-
region with the MCT interpolation equatio(6), with aand  dicate the presence of an additional weak low-frequency
b constrained by the MCT -function relation scattering mechanism, but the spectrum is too weak at this
temperature to merit further analysis.

The susceptibility minimuny, is predicted by MCT to
obey

FIG. 14. Position of the susceptibility minimuma,;, found
from light scattering A) and neutron scattering spectr@).

I'?(1—a)/T'(1—2a)=T?1+b)/T'(1+2b). (7)
The fits for T=240, 220, 200, 180, and 160 K were done
globally, givinga=0.268. A separate fit fof =150 K gave (Xmin)2=(T—To).
a=0.253.

For the three highest temperatures, shpeak was fit with s e e A
a Kohlrausch function. The fit range was varied until the
theoreticala peak joined smoothly onto the MCF fit [12].
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o n " FIG. 15. Fits of the depolarized backscattering spectra of Fig. 10
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to the MCT interpolation equatiof®) for the 8 region and also, for
T=240, 220 and 200 K, to a Kohlrausch function wigh~0.78 in
the a-peak region. Thea fit range was adjusted to provide a

FIG. 13. Fits of neutron scattering susceptibility spectra to thesmooth match to thg fit. The resultingr values are shown in Fig.
interpolation equatiori6) of MCT with a andb free.

3asrt,.
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FIG. 16. (& (ximip)? vs T found from the
], MCT fits of Fig. 15. A linear fit givesTc
£ ol i ~150 K.(b) 23, vsT from the MCT fits of Fig.
15.(c) 7~ Y7 vs T deduced from Kohlrausch fits
to the a peaks in Fig. 15 fofT =240, 220, and
200 K. A liner fit givesTc~150 K.
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As shown in Fig. 16a), a plot of (x/;,)? vs T is roughly  scattering and suggested that there exist, in salol, two distinct
linear and extrapolates to zero at approximately 150 K, procorrelators, one for rotational motion and another for trans-
viding another estimate of .. MCT also predicts that lational motion[13,5]. It is, however, puzzling in TMH, in
o which rotations do not appear to play a major role.
Omin*(T—Te). €)
However, a plot ofw?3,, vsT, shoyvn in Fig. 160) has ex- IV. CONCLUSIONS
cessive scatter, and a linear fit extrapolated to zero at ] ]
~130 K, a value we consider too low to e . Trimethylheptane appears to have a nearly isotropic mo-
For the relaxation timer, of the « peak, MCT predicts lecular structure, as evidenced by its low optical depolariza-
that tion ratio and dielectric susceptibility, as well as by the struc-
ture simulation shown in Fig. 1. MCT analyses of the
r;”yoc(T—Tc). (10 B-relaxation region of the neutron-scattering and light-

scattering spectra nevertheless give different valuesfgy,

A plot of 7, vs T is shown in Fig. 16c). Although there  as shown in Fig. 14, possibly indicating that the asymptotic
are only three points, a linear fit is possible and indicates aregion in which universality applies is very narrow. Also, the
intercept~150 K in agreement with thex{;,;)? result of  values of thea-relaxation time determined from Brillouin
Fig. 16a) and the cusp irfo(T) in Fig. 12. scattering fg) and depolarized light-scattering measure-

An unexpected observation in TMH is that tiffemini-  ments ¢,) are significantly different as shown in Fig. 3.
mum in the susceptibility obtained from neutron scatteringSuch differences have previously been attributed to the dif-
appears at a lower frequency than feninimum obtained fering importance of orientational dynamics for different ex-
from light scattering. This difference was understandable irperimental techniques. The occurrence of these differences
salol because of the greater contribution of rotations to lighfor TMH suggests that their origin is not yet understood. The
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preliminary MCT analyses presented here suggest Taat tended viscosity measurements, would be highly desirable.

~150 K.
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