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Making use of acoustic spectroscopy methods, the sound
attenuation factor and the sound propagation velocity in liquid
systems have been studied in a wide range of frequencies,
concentrations, and temperatures, including a neighborhood of
the critical consolute temperature (CCT). A relaxation interval
of sound attenuation has been shown to exist for studied
solutions with critical concentration at frequencies lower than
300 MHz when approaching CCT. This interval is caused by
creation and decay of critical fluctuations. The relaxation time
of those processes, being the averaged lifetime of concentration
fluctuations, increases when approaching CCT. The obtained data
qualitatively agree with conclusions of dynamical theory of critical
phenomena.

Today, a study of critical phenomena in liquid systems
remains one of the challenging problems of the condensed
matter physics [1, 2]. Investigations of various steady-
state properties of those systems near the critical point
are the most intense, and great advances in this direction
have been achieved [3]. At the same time, there are
a few papers devoted to the experimental study of
liquid transport properties near critical points, especially
by acoustic methods, most of them being carried out
in a narrow frequency range. Therefore, the aim of
this work is to study the attenuation factor and the
sound propagation velocity in various liquid systems
near the phase transition point, in wide frequency and
temperature intervals, including a close neighborhood of
critical temperature.

Liquid systems of different origins have been selected
as subjects of inquiry, namely, a binary solution
nitromethane — n-amyl alcohol, with the mole fraction
of n-amyl alcohol being of 0.1, 0.3, 0.384 (the critical
value), 0.5, and 0.7; a binary solution nitrobenzene—
hexane, with the mole fraction of nitrobenzene being of
0.3, 0.4 (the critical value), 0.5, and 0.7; and a nematic
liquid crystal 4-pentyl-4'-cyanobiphenyl (5CB). Binary
solutions were investigated at temperatures higher than
CCT (T > Tv).

The sound propagation velocity ¢ and the amplitude
attenuation factor « in all the liquids concerned were
measured by the pulse-phase method in the temperature
interval from T, to 323 K and in the frequency interval
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f = 5+ 2500 MHz. The measurements of ¢ and «
were carried out according to methods described in
[4]. Below, we indicate some features of the acoustic
experiment procedure in the case of investigating
liquids near a critical temperature. The liquid with
critical concentration was poured into an acoustic cell
immersed in water, which fills the glass tank covered
by heat insulator to reduce the temperature gradient.
Temperature stabilization was done with the help of a U-
10 thermostat. The error of temperature measurements
was of 0.05 °C. The room temperature was kept, constant
with an accuracy of 0.5 °C.

The temperature stabilization of the system with an
accuracy of 0.05 °C was carried out during 1—4 hours,
depending on the distance from 7%. Provided that such
conditions for an acoustic experiment are fulfilled, it
made possible to measure the sound attenuation factor
near the phase transition point with an error of 2—7%,
and the sound propagation velocity with an error of
0.5% [4].

In the case of binary solutions, a drastic increase of
the amplitude factor of sound attenuation was observed,
when approaching T,. The temperatures, at which the
sound attenuation was maximal, were taken as critical
ones. In so doing, the CCT for the system nitromethane
— n-amyl alcohol was established to be T, = 300.95 K,
and for nitrobenzene — hexane, T, = 293.9 K. A
substantial enhancement of sound attenuation was also
observed near the temperature of the nematic—isotropic-
liquid phase transition, where an essential growth of the
molecular orientation fluctuations takes place due to the
spontaneous appearance of a direction of orientational
molecular ordering [3]. The temperature, at which the
maximal value of the attenuation factor was measured,
was taken as the phase transition temperature, and, for
5CB, T, = 307.85 K.

The studies of the temperature dependence of the
sound propagation velocity have not revealed essential
anomalies near the critical temperature. It was found
that the sound velocity decreases linearly with the
temperature growth for the solutions nitromethane —
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Fig. 1. Concentration dependences of the sound attenuation value
af~? in nitrobenzene-hexane solution at various frequencies (X

is a molar fraction of nitrobenzene)

n-amyl alcohol and nitrobenzene—hexane. In the
solutions concerned, the sound propagation velocity
does not depend on frequency, within the limits of
measurement errors, in the frequency interval of 5—
300 MHz. At frequencies higher than 300 MHz, a
dispersion of the sound velocity of about 3.5% is
observed in the solutions under investigation, which
diminishes when moving apart from CCT.

In Fig. 1, the dependences of the sound attenuation
value af 2 on the concentration are shown for the
nitrobenzene—hexane solution at 7' = 294.1 K and
f =15, 15,50, and 300 MHz. As is seen from this figure,
the value of o f =2 drastically increases at low frequencies
and has a maximum at concentrations close to the
critical one. When the frequency grows, the amplitude
of the maximum diminishes and, at frequencies above
300 MHz, the maximum disappears.

Qualitatively, the same picture is observed for the
binary solution nitromethane — n-amyl alcohol.

For 5CB liquid crystal, the sound attenuation value
is a function of frequency in the range of 2.5—35 MHz
and has a maximum at the phase transition temperature
TNfl-

Such a behavior of the sound attenuation factor
at low frequencies w < 100 MHz is connected to
the processes of creation and decay of fluctuations of
various origins in the systems under investigation, when
approaching the CCT of the solution or the phase
transition temperature of 5CB liquid crystal [3, 5]. In
accordance with the theory of critical phenomena [6—§],
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the lifetime of critical fluctuations is determined by the
expression

6mnR3
Te = kBT ) (1)

where 7 = 1,.(T)(rog)?7t="%" and R. = rot™" are
the shear viscosity and the correlation length of the
system, respectively. In the neighborhood of T,, i.e.
at t = [T —T.|/T. < 1073 — 10~%, according to the
available experimental data [9—11], the typical lifetime
of fluctuations determined by (1) is 7. ~ 1075 — 107" s.
The inverse frequency values w ~ 10 MHz (w™! =~
10~7 s), at which a substantial sound attenuation is
observed in the studied liquid systems, correspond just
to this time interval. At the same time, at frequencies
w > 10 MHz (w =~ 300 MHz, w™! =~ 3 x 107? s) those
values are much less than 7., and there is no attenuation.

To describe the frequency dependence of the value
af~2, we used the empirical equation which made
allowance for two relaxation times [11]:

o Ay + Ay
2 1+ (wn)? 1+ (wm)?

+ B, (2)

where A; is a low-frequency limit of the value af =2 in
the i-th region of dispersion (wr; < 1,7 =1,2), Bisa
high-frequency limit of the value a.f ~2, 7; is a relaxation
time in the i-th region of dispersion. The calculation of
acoustic spectra was made by an iteration procedure [12];
iterations were continued until the values of unknown
quantities that minimized the deviations of af =2 from
experimental ones in the studied frequency interval were
found.

The analysis of the temperature dependence of the
relaxation frequency in a low-frequency interval (see
Fig. 2) showed that, when approaching the critical
temperature, the relaxation frequency for nitromethane
— n-amyl alcohol and nitrobenzene—hexane (at the
critical concentration) solutions decreases, which is in
agreement with conclusions of the dynamical theory of
critical phenomena [3,6].

At low frequencies w < 100 MHz, investigations of
the temperature dependence of the sound attenuation
factor A; in the systems concerned in the temperature
interval t ~ 10~* — 1072 above CCT were carried out.
The results obtained are depicted in Figs. 3 and 4. As
is seen from the presented plots, when the temperature
approaches T. (t — 0), the value of A7" — 0. The data
obtained were approximated (see Figs. 3 and 4) by a
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Fig. 2. Dependences of the relaxation frequency in a low-frequency

1,0

interval of nitrobenzene-hexane (circles) and nitromethane—n-
amyl alcohol (squares) solutions with critical concentration on the
temperature difference AT =T — T¢

power function
Ay = Apt ™, (3)

where Ap; and ny are fitting parameters.

Experimental data lead to following values: for
nitromethane — n-amyl alcohol solution, n; =1.1+0.1,
Agr = 4.6 x 107'® m~'s?; for nitrobenzene—hexane
solution, ny = 1.25+0.02, Ag; = 1.04 x 10~16 m~'s2;
and for 5CB liquid crystal, ny = 1.1 £0.1, Ag; = 1.85 x
10~ m~!s? for the isotropic phase and n; = 1.2 £0.1,
Ap1 = 3.66 x 10712 m—1s2 for the nematic one.

Thus, the calculations show that the temperature
behavior of the sound attenuation factor at low
frequencies (A4;) is the same for the substances
concerned; only the values of the coefficients Ag; of
the low-frequency attenuation are different. The values,
obtained for the power degree ny according to (3), are
close to results obtained on the basis of a literature data
analysis [13,14].

According to the obtained experimental data for
A, (t) (Figs. 3 and 4) and the temperature dependences
of the density p [15,16] and the sound propagation
velocity cg in the systems concerned, the values of the
bulk viscosity 7,; were calculated for the low-frequency
relaxation interval, making use of formula [4]

A pcg
22’

(4)

Tl =
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Fig. 3. Dependences of the reciprocal low-frequency sound
attenuation on AT for two binary solutions with critical

concentration
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Fig. 4. Dependences of the reciprocal low-frequency sound
attenuation on AT for 5CB liquid crystal (squares correspond to
the nematic phase and circles to the isotropic one)

where ¢y is the sound velocity at wm < 1. The results
obtained are shown in Fig. 5 on a log-log scale.

One can see that the obtained dependences 7,1 (t),
similarly to the dependences A;(t) (see Figs. 3 and 4),
can be approximated by a power function

M1 = Wvot_n- (5)
The fitting parameters 1,0 and n for the investigated
systems are as follows: for nitromethane — n-amyl
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Fig. 5. Dependences 71,1 (t) on a log-log scale for liquid systems:
nitrobenzene-hexane binary solution (squares), nitromethane—
n-amyl alcohol binary solution (circles), isotropic (deltas) and

nematic (nablas) phases of 5CB liquid crystal

alcohol solution, n = 1.140.1, 7,0 = 4.55 x 10~2 mPa-s;
for nitrobenzene—hexane solution, n = 1.25 + 0.02,
Nwo = 8.2 x 1073 mPa-s; and for 5CB liquid crystal,
n = 1.1 £ 0.1, n,0 = 30 mPa-s for the isotropic phase
and n = 1.2 £ 0.1, ,0 = 42 mPa-s for the nematic one.

A comparison of the results obtained for 7, (t) with
experimental data for the shear viscosity 7,(t) in the
systems concerned evidences for that, in the fluctuation
range of temperatures (t ~ 10”4 —1072), the ratio 1,1 /75
is about a hundred.

The results of studies showed that the temperature
behavior of the bulk viscosity is the same for various
liquid systems, only the values of the coefficient 7, are
different. We believe that this result indicates that if the
relaxation mechanism stipulated by the bulk viscosity
is considered in the low-frequency interval, one has to
make allowance for individual features of solutions.

The investigations performed and the results
obtained give a possibility to make the following
conclusions. The relaxation region of sound attenuation
is observed in the solutions concerned with the
critical concentration at frequencies below 300 MHz
when approaching CCT. This region results from
the creation and decay of critical fluctuations. The
fluctuation relaxation time, which characterizes their
average lifetime, increases near the critical temperature.
The data obtained are in qualitative agreement with
the conclusions of the dynamical theory of critical
phenomena [6—8|.
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AKYCTUYHI BJTACTUBOCTI PIIMHHUX CUCTEM
TIOBJIN3Y KPUTUYHOI TEMITEPATYPU

, 0./. Aavozin, O.1. Biaoyc

Pesmowme

MeTomaMu aKyCTUYHOI CIIEKTPOCKOIIT IPOBeIeHO JTOCTiIKEHHS KO-
edinienTa nOrIMHAHHS | IMIBHAKOCTI MOMMUPEHHS 3BYKY B PiIMHHHUX
cucTeMaxX B IIMPOKOMY J[ialla30Hi YacTOT, TeMIepaTyp i KOHIIeH-
Tparniil, BKIOYA9YU OJU3bKUNH OKiJl KPUTHIHOT TEMIIEPATYPH PO3-
mapysauas (KTP). [Tokazaso, mo B ZOCTIIXKYBAHUX PO3UYMHAX 3
KPUATHYHOIO KOHI[eHTpariecio 3 HabmmkennaMm g0 KTP nma wacro-
Tax, HUKYIuX 3a 300 MI'11, ciocTepiraeThesa pesakcaliina 0671acThb
[OrJIMHAHHS 3BYKY, 3yMOBJIEHA [POIECAMU YTBOPEHHSI i PO3IALy
kpurugHEX drykryaniit. Yac penakcamnil nux dykryamniii, mo xa-
paKTepu3ye cepejHiil Jac IXHbOrO KUTTH, 301IbIIyeThCA 3 HAOIH-
xkenasim 10 KTP. OxgeprkaHi gaHi SKiCHO y3roKyHOThCS 3 BUCHOB-
KaM{ JUHAMIYHOT TeOpil KPUTUIHUX SBHII.
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