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Depolarized light scattering spectra of liquid salol that have been analyzed in recent studies of the
liquid-glass transition are reexamined in order to determine the relative importance of orientational
fluctuations and interaction-induced scattering. First, the spectra of CCly, CHCl3, CH2Cl;, and
CS, for which all the relevant parameters are known are compared to theoretical predictions in
order to verify the experimental procedure. The same procedure is then applied to the molecular
glass former salol for which we find that orientational fluctuations dominate at all frequencies up

to at least 4000 GHz.

We suggest that the previously reported agreement between depolarized

light scattering spectra and predictions of the mode coupling theory for salol and other molecular
glass forming materials results from coupling between rotational and translational motions of the

molecules.

PACS number(s): 64.70.Pf, 78.35.4+c, 61.25.Em

I. INTRODUCTION

Depolarized light scattering spectroscopy of super-
cooled liquids has been employed by several groups
in recent years as part of a concerted effort to eluci-
date the dynamical mechanism underlying the liquid-
glass transition [1-8]. These spectra have been in-
terpreted for some materials as arising primarily from
an interaction-induced scattering mechanism [dipole-
induced-dipole (DID) mechanism], which allowed the ob-
served spectra to be related directly to the dynamics of
density fluctuations [9,10] and thus compared to predic-
tions of the mode coupling theory (MCT) of the liquid-
glass transition [11,10]. These light scattering spectra
have been found to exhibit many of the detailed charac-
teristics predicted by MCT and, together with inelastic
neutron scattering data, have provided strong support for
the relevance of the MCT to real glass forming materials.

Despite the success of this approach, several central
questions related to these experiments have not yet been
resolved. In this paper, we explore the relative contribu-
tions to these spectra of two light scattering mechanisms:
interaction-induced scattering and orientational fluctua-
tions.

Low-frequency depolarized light scattering from lig-
uids has three principal origins: shear modes (which are
the transverse acoustic modes at low temperatures), ori-
entational fluctuations, and interaction-induced scatter-
ing. Shear mode scattering can be eliminated by using
the backscattering geometry [12], orientational fluctua-
tions are only relevant for anisotropic molecules, while
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interaction-induced scattering always occurs. In liquids
containing anisotropic molecules or ions, orientational
and interaction-induced scattering both occur even in de-
polarized backscattering and cannot be separated by any
purely experimental procedure.

Since many of the glass forming materials investigated
in recent light scattering studies contain anisotropic
molecules or ions, it is important to determine the ex-
tent to which each of the two scattering mechanisms
contributes to the observed spectra. [This problem was
noted in Ref. [1], where spectra of the glass forming mixed
salt calcium potassium nitrate (CKN) were compared
with spectra of mixed KC1-ZnCl,, which presumably pro-
duces no orientational contribution, and were found to be
qualitatively similar.] While the relative importance of
the two scattering mechanisms has been investigated pre-
viously for several simple liquids [13,14], no quantitative
comparison of the two contributions has yet been car-
ried out for glass forming materials, a comparison that
is particularly critical for highly anisotropic molecular
glass formers such as salol. Incidentally, we note that
in two previous studies of light scattering from liquid
CS,, one [15] attributed the depolarized scattering en-
tirely to orientational fluctuations, while the other [16]
attributed it to interaction induced (DID) scattering. It
has also been proposed that depolarized light scattering
spectra. of anisotropic molecular fluids may have a “nar-
row” component associated with orientational dynam-
ics and a “broad” component due to interaction-induced
scattering [17].

In Sec. II we review the theoretical predictions for
the two scattering mechanisms and previous experimen-
tal and computer simulation data. In Sec. III we first test
our experimental technique for deciding which scattering
mechanism is dominant by studying three closely related
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materials, CCly, CHCl3 and CH;,Cl,, as well as CS;, four
systems for which a comparison with theory can be made
because all the physical constants are known. Our re-
sults on CS; and CCl, allow us to make contact with
earlier experiments on CS; [15,16] and with an earlier
molecular dynamics comparison of the spectra of these
two substances by McTague et al. [18]. We then present
data on the molecular glass forming material salol and on
solutions of salol in CCly. In Sec. IV we discuss the dy-
namics underlying the observed light scattering spectra
of molecular glass formers such as salol and the relation
of the spectra to the predictions of MCT.

II. LIGHT SCATTERING MECHANISMS
A. Orientational fluctuations

Consider a volume V filled with identical molecules
at number density N, each with isotropic atomic polariz-
ability «, illuminated by a monochromatic incident plane

N -
wave (intensity Iy, electric field E;= Eyn;, angular fre-
quency wy, and wave vector ky). Scattered light of in-

iy -
tensity Is, electric field Es= Es7g, produced by the
atomic dipoles is detected at a (large) distance r from
the scattering volume. For scattering in the plane per-

pendicular to E‘) I, assuming that the molecular positions
are uncorrelated (N3 < 1), the scattered intensity Is
is
Is = NV I1k*o?/r? | (2.1)
— —
with Es parallel to E; (Rayleigh scattering).

For comparison with experiment, Is is usually scaled
by I;V/r? to produce a geometry-independent cross sec-
tion per unit volume (or Rayleigh ratio) R with dimen-
sions (cm™?1)

Isrz
v’

R = (2.2)
For the case in Eq. (2.1) of isotropic uncorrelated
molecules and scattering at 90° from the incident beam,
the Rayleigh ratios for scattered light polarized perpen-
dicular (V') or parallel (H) to the scattering plane (kr, ks)
are

Ryyv = Nk*a? |
RVH =0.

(2.3)
(2.4)

For anisotropic molecules, the polarizability is a tensor
property. The average scattered intensity (Is) and spec-

trum Is(w) are determined by the scattered field corre-
lation function [19]

CIS(t) = (Es(t)E5(0)>

N
= (E2k*/r?) <Za15( it ()

X Z a}"s(o)eiq'r'"(o)> ,
m=1

(2.5)

—

A LA —
nraingand d=ksg

where aIS - —IZI is the scattering
vector.

Computer simulations and experiments [13] show that
for depolarized scattering (i.e., VH geometry) in pure
molecular fluids, the cross terms in Eq. (2.5) make only
a small contribution compared to the “self” terms, so
that, to a good approximation,

x (X ads(B)ats (@)@
b

Crs(t) (2.6)

For simplicity we will assume that the molecules are ax-
ially symmetric so that the polarizability tensor is given
by

(1“ 0 0
o = 0 [s 2R 0 (2.7)
0 0 O
We define the mean polarizability a by
1
o = g(a“ “+ 2(1_1_) (2.83.)
and the anisotropy § by
= (a” - aL) . (28b)

The total depolarized Rayleigh ratio Ry g due entirely
to the anisotropy is given by [19]

RVH = Nk‘l(l%ﬁz) )

while the polarized Rayleigh ratio Ry vy is given by

(2.9)

Ryy = Riso+ 3By (2.10)
where R;, is determined by the isotropic part of the po-
larizability tensor and is therefore independent of rota-
tions. For gases, where the molecular positions are un-
correlated, R;s is given by Eq. (2.3), where a is the av-
erage polarizability, given by Eq. (2.8a). In this case the

integrated depolarization ratio
_Iva _ Rvw (2.11)
Ivy  Ryv

is given by

_ _ (p*/15)

_ _ 3((111 bt aL)z
Peas = 2 1432 /15

5(c11 + 21 )2 + 41 —ay)?
(2.12a)

[Equation (2.12a) can be used to find 8 from measure-
ments of p in gases.]

In liquids, where NA3 > 1, R;,, is reduced by inter-
ference effects, typically by a factor of 10 — 100 relative
to Eq. (2.3). As first shown by Einstein, the integrated
intensity R;s, for fluids results from density fluctuations
and can be computed as [20]

2
RA =T
180 Ag

kgT(n® — 1)%k7 , (2.12b)
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where 1 is the isothermal compressibility. For liquids,
we therefore take
4
Ry, = RE, + 3Bva - (2.13)
The reduction in Rjs, also leads to depolarization ratios
for liquids that are usually much larger than for the cor-

responding gases.
The spectral depolarization ratio

= 1)

is strongly frequency dependent. For simple liquids,
Iiso(w) appears as a narrow triplet consisting of a cen-
tral quasielastic thermal diffusion component plus two
symmetrically shifted Brillouin components [21]. In this
spectral range, p(w) may be very small. But for frequen-
cies beyond the range of Iiso(w), both Iyy (w) and Iy g (w)
display the same broad “rotational wing” and p(w) = 2

1
independent of the relative anisotropy 8/a.

(2.14)

B. Interaction-induced scattering

Since the observation of a broad depolarized com-
ponent in the light scattering spectra of monatomic
gases (for which 8 = 0) by McTague and Birnbaum in
1968 [22], the study of interaction-induced (or collision-
induced) light scattering in liquids and gases has been
pursued by many investigators [23]. While several differ-
ent interaction-induced scattering mechanisms exist [24],
the most important one for dense liquids is the dipole-
induced-dipole mechanism, first discussed by Silberstein
in 1917 [25]. In the DID picture, the dipole moment

_Z;i induced on a molecule 7 by the incident light in turn
polarizes its neighbors, which then radiate at the same
frequency. The fluctuations of the total dipole of the
sample produces the scattered DID intensity.

For simplicity, we will ignore optical anisotropy and let
each molecule have isotropic polarizability a. A molecule

at 71‘7 polarized by the incident field E,—, will have a

dipole moment ;: @ E: 1. The electric field at ?j due to
this dipole is [26]

(2.15)

where 7 is a unit vector from 7; towards ?j. The v
component of the total dipole field at 7j due to all such
7 ; molecules (neglecting retardation effects) is given by

E}L =% aT"(ry)EY , (2.16)
J#i
where
T(r) = ria(si’.,?ﬁ —5p). (2.17)

If a small volume element V' < A2 contains NV identi-

cal molecules, then the total far-field polarized scattered
intensity ID1P due to the polarization induced on each

molecule by the dipole field (2.16) is

2

K4 NV

DID zz

IDID — ﬁf,a‘* > TP (ry) (2.18)
3,j=1

and the corresponding depolarized intensity is I‘I,?}P =

1o

The sum in Eq. (2.18) depends on the positions of all
NV molecules and cannot generally be calculated ana-
lytically. (For high-symmetry distributions, the sum van-
ishes identically.) Therefore, molecular dynamics simula-
tions (e.g., [27,28]) have been employed to calculate the
sums. Bykhovskii and Pick [28] find that for a Lennard-
Jones liquid at zero pressure, at densities near the glass
transition,

6 NV 2
—= | Y ' T%(ry;) | ~0.25
NV \ 4=,

while No? ~ 1, so that the DID intensity per molecule is

4
IPPP(NV) ~ f—zl,a“ x 0.25N? . (2.19)

Therefore, for a macroscopic scattering volume (V' >
A3), assuming random phases for the scattered fields
from different volume elements, the corresponding DID
Rayleigh ratios are

RYP ~ N3k*a* x 0.25 , (2.20a)

RD2 ~ N3k*a* x 0.19 . (2.20b)
(Note that the depolarization ratio ppip = 0.75 is the
same as the result for orientational fluctuations at fre-
quencies above the range of Iis,.)

From Egs. (2.20a) and (2.10), the ratio of the intensi-
ties of DID scattering to orientational fluctuation scat-
tering (rot) for Iyv is approximately

DID N2 2.804N?
I‘:_o‘; _B T x025=
L7y 4 (an—oay) (011 —ay)
(2.21)

(The same result applies to Iy g.) The numerical factor
2.8 in Eq. (2.21) is approximate, but can easily be refined
using the data in [28].

In deriving Eq. (2.21) we have assumed that the DID
and rotational contributions are independent. Computer
simulations for anisotropic molecules indicate that small
cross terms exist as well [13,14], but we will not consider
these terms here. As shown by Frenkel and McTague [13],
molecular dynamics simulations for Ny and CO; indicate
that the orientational and DID spectra are similar in form
and that the orientational contribution dominates at all
frequencies out to ~ 300 cm™1.



53 ORIGIN OF DEPOLARIZED LIGHT SCATTERING IN . ..

C. Numerical evaluations

In principle, Eq. (2.21) should be sufficient to deter-
mine which scattering mechanism, DID or rotational, is
dominant for glass forming liquids such as salol. As-
suming that cross terms between orientational and DID
polarization can be neglected, all that is needed is the
number density N, the mean polarizability «, and the
polarizability anisotropy (. Unfortunately, 8 has not
been measured for salol or any of the common glass form-
ing materials (e.g., CKN, OTP, and glycerol). We have
therefore followed an indirect route in order to determine
the dominant scattering mechanism for salol.

First we measured the VV and V H spectra of the
molecular liquids CCly, CHCl;, CH;Cl,, and CS, for
which N, a, and 3 are known. From the integrated
spectra we found the corresponding Rayleigh ratios and
compared them with the theoretical predictions of Sec.
II. Reasonably good agreement was obtained, indicating
that the method is applicable. We then measured the
V'V and V H spectra of salol as well as of salol dissolved
in CCly. As described below, the results show that ori-
entational fluctuations are the principal source of light
scattering for salol.

Measurements of R and p have been reported for many
liquids and gases; for liquids, typical experimental val-
ues for Ryy are ~ 1 x 1075 cm™! [29-31]. Much of the
data up to 1962 had been summarized by Fabelinskii [29].
The older literature is often unreliable, however, partly
because vibrational Raman scattering was often inadver-
tently included and partly because the limited sensitiv-
ity available before the advent of lasers made Ry g and
p difficult to measure accurately, particularly in gases.
The average polarizability « is usually determined from
measurements of the refractive index n via the Lorentz-
Lorenz equation [32]

3 n?2-1

o = ————47TN 77112 T 5 N (2.22)

899

while 3 is determined either from Kerr constant measure-
ments or from depolarization measurements performed in
the gas phase [29].

In Table I we list values of « for the five materials stud-
ied, obtained with Eq. (2.22) using handbook values [33]
for the refractive index n and number intensity N. Po-
larizability anisotropy values 8 and depolarization ratios
p for CCly, CHCl3, and CH3Cl; are from the depolarized
light scattering measurements of Bridge and Buckingham
[34], while for CS; both o and 3 are from Bogaard and
Orr [35].

The second section of Table I lists the theoretical
Rayleigh ratios predicted for these materials in the lig-
uid phase at 20°C, taking A = 27/k = 4880 A. The
Ri‘io values were computed using published x1 values for
CCly, CHCIl3, and CS2, while for CH;Cl, and salol x¢
was approximated by values obtained from the Brillouin
shifts and previously determined sound velocities. The
third entry in this section gives Ry vy, assuming that the
V H spectrum is rotational in origin, as shown by the
first entry (R%SY). The last entry in this section shows
the calculated intensity ratio IPIP /It (or RPIP/Rrot),
which applies for either VH or VV. Note that this ra-
tio is > 16 for CCly so that interaction-induced (DID)
scattering should predominate (as expected), while for
the other materials the ratio is < 0.12, indicating that
orientational fluctuations should dominate. Finally, in
the last section of Table I, we include experimental Ry v
and p values for CCly, CHCl3, and CS,. Since we did
not measure absolute intensities in our experiments, we
arbitrarily adopted the value Ryy (CHCl3) = 1.0 x 10~%
(cm™1) as a standard in the analysis of our data presented
in Sec. III.

Since the frequency dependence of RPIP and R™* has
not been analyzed for the materials we are studying here,
it could be possible that R™' dominates at low frequen-
cies while RP'P becomes important at higher frequencies.
Frenkel and McTague [13] reported molecular dynamics
studies of RPIP and R for N and CO, and found that

TABLE I. Theoretical and experimental Rayleigh ratios (cm™?!).

Quantity CC].4 CHC]3 CHzClz CSZ 013 H1003
Pexp (gaS) <5 x107° [34] 0.625 x 107 [34] 1.124 x1077 [34] 0.072 (from a and B)
a (cm®) [Eq. (2.22)] 10.5 x1072* 8.5 x107%* 6.44 x107%* 8.6 x107%* [35] 2.24 x107%*
B= (o) —aL) < 2.8x107% 2.6 x1072%* 2.66 x1072* 9.4 x1072* [35]

(from a and p) (from «a and p) (from « and p)
kr (1072 cm?/dyn) 106 [46] 101 [46] 65 [47] 93 [46] 36 [47)]
Theory (liquid)
Ry [Eq. (1.5b)] < 9.6 x107° 9.3 x10~7 1.2 x 107° 1.6 x107°
R [Eq. (2.12b)] 9.6 x 107° 8.7 x107° 4.8 x107° 1.85 x107° 3.9 x10™°
Ryv [Eq. (2.13)] 9.8 x107° 9.9 x107° 6.4 x107° 4.0 x107°
RD'? [Eq. (2.20b)] 1.54 x107"7 1.17 x1077 7.46 x107® 2.85 x1077 5.83 x107 !
4RVY /Riso 0.021 0.018 0.021 0.021 2 x107°
RP'D / Rret > 16. 0.12 0.06 0.02
[(Eq. 2.21)]
Expt. (liquid)
Pexpt 0.0195 [45] 0.114 [45] 0.502 [45]
RS 5.88 x107° [30] 18.6 x107° [29] 83.9 x107° [31]

12.5 x107° [29] 77 x107¢ [29]
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Rrt/RPID is uniformly > 1 and is nearly frequency in-
dependent. Kivelson [17] has suggested that this result
may not apply to large molecules such as salol for which
rotational dynamics are slower, leading to a “separation
of time scales” and a crossover to DID-dominated scat-
tering at high frequencies. We will return to this point
in the next section.
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III.

LIGHT SCATTERING EXPERIMENTS

A. CCl4, CHCls, CHgClz, and CS)

As noted in Sec. IIC, we first performed light scat-
tering experiments on liquid CCl,, CHCl;, CH,Cl,, and

CSZ in

order to test the theoretical predictions of the
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FIG. 1. Light scattering spectra of liquids at 300 K with 4880-A excitation. Scattering angle § = 90°. Top, low-frequency
VV and VH spectra; bottom, complete VV and VH spectra. (a) CSz, (b) CCly, (c) CHCls, (d) CH2Clz, and (e) salol.
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FIG. 1 (Continued).

relative importance, for each material, of the two light
scattering mechanisms discussed in the preceding sec-
tion. We subsequently applied the same procedure to
salol. The liquids were filtered directly into 1-cm? square
glass cuvettes and were studied at room temperature.
0 = 90° VV and V H spectra excited with a 4880-A ar-
gon laser were recorded with a Spex 1401 tandem grating
spectrometer and with a Sandercock tandem Fabry-Pérot
(FP) interferometer with several different mirror separa-
tion settings. The Stokes sides of the Raman and FP
spectra were combined using the Raman intensities as
reference, since these were collected with the most care-
fully controlled conditions. The resulting spectra nor-
malized to the laser intensity, in counts/sec mW, were
self-consistent to +5%.

In order to determine the corresponding Rayleigh ra-
tios, we integrated each spectrum from 0 to 3500 GHz
to obtain a value of I*** (counts/sec mW) that we com-

pared to the result for the integrated CHClz V'V spec-
trum. Taking Ryv(CHCl3) = 1.0 X 107° as a standard,
this technique resulted in a conversion factor relating R
to I*°t: R = 4.19 x 10711 x Jtot,

The VV and VH spectra for CS; are shown in Fig.
1(a), plotted as logyg [I(w)] (counts/sec mW) vs f (GHz).
The upper plot shows the low-frequency region (0 < f <
20 GHz) in which Iyy is dominated by the Rayleigh
and Brillouin lines ([is,), whose peaks are ~ 100 times
stronger than Iy g, which is flat in this region. The
full VV and VH spectra are shown in the lower fig-
ure. For frequencies above ~ 10 GHz, Iyy and Iy g
have identical line shapes with a constant depolarization
ratio p(w) ~ 0.75. The corresponding spectra for CCly,
CHCI3, CH;Cl;, and salol are shown in Figs. 1(b), 1(c),
1(d), and 1(e), respectively.

Although for CS; the Rayleigh and Brillouin lines are
much stronger than the depolarized background, their
integrated intensity i, = Iy — Iy (where ITOW
indicates integration from 0 to 10 GHz only) is smaller
than the integrated depolarized intensity. Numerical in-
tegration of the CS; spectra gave Iyy = 9.1 x 105,
Iyy = 1.54 x 108, Ij;, = 2.98 x 10%, and p = 0.59. The
ratio [iso/Ian; (Where Ipp; = %IVH) is 0.25 [36].

In Table IT we list the integrated intensities for all
five materials, converted to Rayleigh ratios by com-
parison with Iyy of CHCl;. We also show the ex-
perimental values of %Rv H/Riso- Since both Ris, and
the theoretical value of §R81},3 are independent of the
anisotropy 0 and inclusion of orientational dynamics can
only increase Ry g, the experimentally observed ratio
%RV #/ Riso should provide a good measure of the relative
importance of the DID and orientational contributions.
From Table I, the theoretical ratio %RBI}} / Riso for these
materials (excluding salol) is uniformly ~ 0.02, while the
experimental ratio %RVH /Riso increases from 0.03 for
CCly to 4.1 for CS,, indicating that the DID mechanism
is dominant only for CCl,. This result is confirmed by the
comparison of R} with the predicted R‘I}II]} and RiY
shown at the bottom of Table II. For CHCl3;, CH;Cl,,
and CSq, RS /RY; is ~ 2, while Ry'H /RDY is between
14 and 130. We therefore conclude that our experimen-
tal method and the theoretical evaluation of the DID
Rayleigh ratio allow us to determine the origin of the

TABLE II. Experimental R and p values compared with theory.

Quantity CCly CHCIl3 CH:Cl; CS. Salol
Expt. values ®

Rvy 2.2 %1077 1.66 x 10~° 2.02 x 1078 3.80 x 1075 1.76 x 107°
Rvv 9.2 x 1078 1x107°P 9.15 x 1078 6.45 x 1075 4.54 x 10~°
Ri.o 8.8 x107° 7.6 x 107 6.3 x 107° 1.2 x 1075 2.1 x 1078
p 0.024 0.17 0.22 0.59 0.39
2Rvu/Riso 0.03 0.29 0.43 4.1 1.1
Comparison

with theory

Ry /RO 1.4 14 27 130 3.0 x 10°
RYE /Ry > 23 1.8 1.7 2.4

®Corrected for instrumental I'v /Iy = 0.84.
b Assumed value.
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V H spectrum.

Note that the shape of I(w) is not indicative of the
origin of the VH spectrum. This is demonstrated in
Fig. 2, where we show the VH spectra of CS, and
CCly. (This figure is similar to Fig. 3 of McTague et
al. [18].) The two spectra have very similar shapes with
I(C8;) ~ 10CI(CCly), yet we conclude from the last two
lines of Table II that the CS, spectrum is primarily due
to orientational fluctuations, while the CCly spectrum is
interaction induced. The fact that the two spectra nev-
ertheless are qualitatively similar is consistent with the
computer simulation results of Refs. [13] and [14].

B. Salol: Pure liquid and dilution experiments

For salol, as shown in Table II, the experimental Ry g
value exceeds the theoretical DID value by a factor of
~ 105, indicating that the integrated anisotropic scat-
tered intensity is overwhelmingly due to orientational
fluctuations. The result for salol is more dramatic than
for the other liquids, presumably because the large salol
molecules are further apart, leading to a very small RPIP
value. Note that at T = 300 K, salol is already super-
cooled by ~ 20°C, so that the main part of the V H ori-
entational spectrum is much narrower than for the other
liquids studied (see Fig. 1). Since the value of the di-
electric anisotropy [ of salol is not known, no theoretical
comparison of RPY; with Ry is possible. However, from
Eq. (2.9) and Ry}, an approximate value for 3 can be
obtained: B ~ 3.4 x 10724 cm?3, implying an anisotropy
ratio 8/a = 1.5, somewhat larger than any of the other
liquids in Table I.

In order to further explore the possible role of the DID
mechanism for salol, we also studied the light scattering
spectra of solutions of salol in CCly. (This experiment
was motivated by a previous study of ortho-terphenyl by
Patkowski and Steffen [37].) If the depolarized scatter-
ing from salol is due to orientation fluctuations, then the
depolarized intensity for a salol-CCl, solution, above the
(small) intrinsic CCly intensity, should be equal to the
observed intensity for pure salol multiplied by the ratio
of number concentrations. Conversely, if the DID mech-
anism is responsible, then adding salol to CCly should

10000
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FIG. 2. VH spectra of CS, and CCl,.

produce a decrease in Ry pg(w) according to the theo-
retical DID results shown in Table I. This experiment
should therefore reveal a difference in the intensity rel-
ative to pure CCly; between high and low frequencies if
there actually were a crossover between the two scatter-
ing mechanisms.

Figure 3 shows the observed V H spectra of CCly, sa-
lol, and a 10% salol-CCly solution by weight. As seen in
Fig. 3, the intensity of the 10% solution spectrum is well
above that of the CCly spectrum for all frequencies up to
4000 GHz, indicating that the salol spectrum is predomi-
nantly due to orientational fluctuations at all frequencies
and that the intensity of DID scattering throughout this
range is negligible for salol.

Finally, in Fig. 4 we show the three x''(w) spectra com-
puted from the Iy g (w) spectra in Fig. 3 as x"(w) =
wlyg(w). Comparing Figs. 3 and 4 shows that the in-
creased intensity in I(w) for the 10% solution relative
to pure CCly is not restricted to the a-peak region but
is also seen in the high-frequency range of the spectra,
which extends well beyond the region of the boson peak
at ~ 500 GHz. Thus the idea of a crossover from low-
frequency orientational scattering to high-frequency DID
scattering mentioned in Sec. II appears to be ruled out
for salol.

IV. DISCUSSION AND CONCLUSION

The analysis presented in Sec. III has shown that the
depolarized light scattering spectrum measured by some
of us in salol [38] arises predominantly from orientational
fluctuations, a conclusion that seems likely to also apply
to other molecular glass formers such as propylene car-
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FIG. 3. VH spectra of CS,, salol, and 10% salol-CCly so-
lution. Top, 0-50 GHz; bottom, 0-4000 GHz.
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FIG. 4. VH x"(w) spectra of salol, CCly, and 10%
salol-CCly solution.

bonate, orthoterphenyl, glycerol, or metatoluidine, for in-
stance. In Ref. [38], this depolarized salol spectrum and
its thermal evolution was analyzed using the x"(w,T)
predicted by the idealized MCT [11]. Consistent results
were obtained and were subsequently refined [39] using
an extended version of the MCT. Consistent results were
also obtained with the idealized MCT when analyzing
X" (w) spectra of the molecular glass formers propylene
carbonate [2], orthoterphenyl [5], glycerol [3], and more
recently metatoluidine [8].

The preceding results represent a challenge for the the-
ory. MCT has been developed as a theory of density
fluctuation dynamics and the theoretical predictions of
MCT apply directly to the density fluctuation correlators
¢g(t). These are the predictions that have been never-
theless compared sucessfully to the light scattering mea-
surements. This success indicates that coupling between
the orientational motion and the center of mass motion
of the molecules is responsible for the similar dynamics
of the orientational and density fluctuation correlators.
Such a coupling has been extensively studied in molecu-
lar crystals possessing orientational disorder by different
authors (including one of us [40]) and has been recently
reviewed by Lynden-Bell and Michel [41]. However, for
molecular crystals, the high symmetry of the crystals and
of the molecules involved make the theoretical situation
relatively easy to study. The absence of local symmetry
in a molecular liquid and of the very small number of ele-
ments of the point group symmetry of the corresponding
molecules makes the problem of applying the MCT in
systems where this orientation-translation coupling must

be taken into account a much more difficult problem to
solve. It therefore remains to be shown that the orien-
tational correlators exhibit the same properties as the
density correlators. We note, however, that a molecular
dynamics simulation of CKN by Signorini, Barrat, and
Klein [42] provides important evidence supporting this
conjecture. They computed the temperature-dependent
susceptibility spectrum x”(w) for the displacement of
Ca2* ions and found a temperature-dependent minimum.
They also analyzed the orientational correlation function
C3(t) = (P2(cos@)) for the rotational dynamics of the
NOj ions. From Cs(t) they computed the corresponding
susceptibility x4 (w) and found that, at different temper-
atures, X5 (w) has a shallow minimum at approximately
the same frequency as the minimum of the corresponding
X" (w) curve. The agreement between these two minima
suggests that for CKN the orientational and translational
dynamics are strongly coupled. This result agrees with
the MCT prediction that close to T¢, in the region of
the suceptibility minimum, the correlator of any variable
that couples strongly to the density should have the same
form as the density correlator ¢q(t) [11].

Finally, we note that Dixon et al. [43] have compared
their salol dielectric data [44] with the depolarized light
scattering data and found significant differences. This
observation seems surprising in view of the fact that
both the dielectric and light scattering spectra of salol
probe the same orientational dynamics. However, dielec-
tric measurements of polar molecular liquids probe the
dynamics of orientable dipoles described by the correla-
tion function C(¢) = (P1(cos0)), while depolarized light
scattering probes the dynamics of the anisotropic polar-
izability tensor described by C(t) = (Pz2(cos8)). While
both techniques probe the same orientational dynamics,
the detailed forms of these correlation functions, and thus
of the corresponding susceptibility spectra, need not be
the same. We will discuss this point further in a future
work.
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