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Although the anomalous temperature depen-
dence of attenuation of sound waves in a binary
mixture of liquids near its solution critical point
has been extensively studied in the ultrasonic re-
gion,2 there is so far no measurement in the
hypersonic region available in the literature.
From a purely phenomenological point of view,
the anomalous damping of a sound wave near the
critical point may be related to an anomalous in-
crease of the longitudinal viscosity (§n+¢,
where 7 is the shear viscosity and ¢ is the bulk
viscosity) of the mixture.® In view of the cur-
rent interest in anomalies of transport coeffi-
cients near the critical point,*° measurement of
frequency and temperature dependence of viscos-
ities near the critical point is important in
checking the various theoretical conjectures.

The attenuation data in the MHz range are gener-
ally taken to support a theoretical model suggest-
ed by Fixman.%7,?2 Using high-resolution Brill-
ouin spectroscopy, we have extended this investi-
gation to the hypersonic region (GHz). We have
selected the system nitrobenzene plus z-hexane
mainly for two reasons: The system has been
studied by D’Arrigo and Sette over a fairly wide
range of concentrations and temperatures; the
ultrasonic data on this particular system seem

to fit Fixman’s theory rather well over the fre-
quency range 5-95 MHz.” It is therefore of inter-
est to see whether the same agreement with the-
ory would persist up to frequencies of several
GHz. A preliminary result of this experiment
has already been reported.®

The monochromatic light source used is a sin-
gle-mode He-Ne laser (Spectra Physics Model
119) which has an output of 250 uW at A=6320 A
and a linewidth less than 20 MHz over a period
of several hours. A pressure-scanning Fabry-
Perot spectrometer having 98% reflectivity mir-
rors and 1.1094-cm Invar spacer (correspond-
ing to 13.51 GHz interorder spacing) is used to
analyze the scattered-light spectrum. The effec-
tive finesse of the spectrometer is about 70, giv-
ing a frequency resolution of 200 MHz. Back-
scattering geometry is adopted for the following
advantages: maximum light-gathering efficien-
cy, minimum line broadening due to a finite col-
lection angle, and minimum contamination from

the wing of the central component (Rayleigh scat-
tering), which has an intensity over one thou-
sand times larger than that of Brillouin compo-
nent near the critical point. The detection sys-
tem consists of an ITT FW130 photon counting
tube followed by a standard pulse counting and
discriminating electronics. Samples were pre-
pared from electronic grade nitrobenzene (East-
man Kodak Co., triple distilled) and research
grade n-hexane (Phillips Petroleum Co., 99.99
mole %) in a sealed vessel. A separate experi-
ment was carried out to determine the coexis-
tence curve® which gives X, =0.42 (mole fraction
of nitrobenzene in #-hexane) and ¢,=20.20°
£0.10°C. These figures are in fair agreement
with values given by Sette.! The sample temper-
ature is maintained to about +0.01°C during a
complete scan which lasts for about an hour.
The temperature stability is believed to be quite
adequate for measurement of the Brillouin width
and shift.

Data were taken in the following way: The
sample was heated up to 30.25°C and shaken for
complete mixing before the scan. After a scan,
temperature was lowered and enough time was
allowed for the sample to reach a new equilibri-
um. Three typical Brillouin doublets for three
different temperatures are shown in Fig. 1.

Note that two peaks belong, respectively, to dif-
ferent orders. The peak height corresponds to

Brillouin Scattering From
Critical Mixture of
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FIG. 1. Typical recorder tracing of the Brillouin

doublet for three temperatures. The resolution func-
tion of the spectrometer is shown in the upper corner.

909



VoLuME 20, NUMBER 17

PHYSICAL REVIEW LETTERS

22 ApriL 1968

about 100 counts/sec. One can see a definite
broadening of the peaks as the temperature gets
closer to {,. The Brillouin shift versus temper-
ature is presented in Fig. 2. For the sake of
comparison we also include data of pure liquids.
It is seen that for the mixture as one comes
down toward {., the sound velocity increases
slightly (like a normal liquid) and then decreas-
es slightly for £—¢, <1°C. We have checked that
this is not due to the change in the index of re-
fraction of the mixture. This behavior is quali-
tatively different from recent measurement on
gas-liquid system.!® To obtain the true line-
width Avg, we numerically deconvolute the ex-
perimentally measured resolution function (shown
on upper left-hand corner of Fig. 1) from the
measured Brillouin peak. We assume the true
line shape is a Lorentzian and the width thus ex-
tracted is good to +10%. Figure 3 presents the
true width as a function of temperature. We al-
so measured the widths of pure liquids. They do
not show appreciable variation over the same
temperature range and are about 650 and 290

MHz for nitrobenzene and n-hexane, respectively.

From Fig. 3, one can clearly see that there
are two contributions to the width Avg: a con-
stant or weakly temperature-dependent part
which is the concentration-weighted average of
linewidths of the two component liquids (shown
by dotted line in Fig. 3), i.e., (Avg)c=650 MHz
x0.42 +290 MHz x0.58 = 440 MHz, and a strong-
ly temperature-dependent part (Avg), which di-
verges or strongly cusps as ¢ approaches ¢..

q? y—1 (ac 171 (a
AVB=ZT-E{9(V)+A(V)-‘-C-—-+D _8_1—1.-> T\oe

P P, T Xs ,C
using the same notation as that of Ref. 11.

It has been shown* that the thermal conductivi-
ty A of a mixture exhibits no anomaly near the
critical point, whereas the specific heats be-
come very large. On the other hand, the recent
measurements on the quasielastic peak of the
mixture®® and the scaling-law argument of Kada-
noff and Swift!* indicate that the third term is at
most weakly divergent with a very small coeffi-
cient in front. Therefore, if the temperature is
not very close to ¢, the experimentally observed
strong divergence is expected to come from the
first term. Fixman® and Kawasaki and Tanaka?®
have given an expression for the excess frequen-
cy-dependent absorption coefficient A a(v) which
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FIG. 2. Brillouin shift versus temperature, The dot-
ted lines are drawn for visual purposes only. The er-
ror of the measurement is about 1 %,

This behavior is consistent with the measured
static shear viscosity.*

If we admit the hydrodynamic description for
sound-wave propagation in the solution even in
the GHz region, the standard treatment!'!? gives
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FIG. 3. Width of Brillouin peak versus temperature.
The solid line is fit to Fixman’s theory. Also indi~-
cated are widths for the pure liquids and their weight-
ed averages.
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can be related to the excess damping (Avp),
=Aa(v)vg/m. vg is the velocity of sound which is
proportional to vg. Since vpg is shown to vary
less than 2% over the range of temperature stud-
ied, it is safe to regard (Avp), as proportional
to Aa(v). We therefore write

(avy) =A'Ia), (2)

where

d=C'lt-t |
c

and I(d) is a known function given in Ref. 6. The
solid curve in Fig. 3 is drawn with A’=620x108
sec” ! and C’'=1.20 deg™!, which is probably the
best fit one can do with expression (2). In Fix-
man’s expression both A’ and C’ are functions of
frequency and are given by A’=Av®¢ and C’
=Cv~12, If we substitute v=5.6x10° Hz as an
average frequency of the sound waves being mea-
sured, we obtain A=3.03 sec™'* and C=9.0
x10* sec~2 deg™!, which quantitatively dis-
agree with A =1.05 sec™%* and C=1.936x102
sec™/2 deg~! given by Singh” et al. from the
best fit to the ultrasonic data ﬁ-’Arrigo and
Sette.! It should be noted that expression (2) has
a finite value at t=/,, while the experimental
width seems to diverge more strongly. The data
are not precise enough to test (¢-¢.)”Y-type de-
pendence. More precise measurement close to
¢, is required to do this analysis. It should be
pointed out that, in contrast to sound-absorption
measurements, light-scattering experiments
give not only the frequency-, but also the wave-
vector —dependent transport coefficients. There-
fore, the ordinary hydrodynamic theory might
need a further extension when the spatial corre-
lation distance in the concentration fluctuations
becomes comparable with the acoustic wave-
length. For this purpose, the Brillouin width as
a function of the scattering angle is also being
investigated. The detailed experimental setup
and result, together with more refined theoreti-

cal analysis, will be reported elsewhere.
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