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Experimental study of nitromethane—n-amyl alcohol and experiment, methods of processing the experimental
nitrobenzene—hexane binary solutions near the critical Jgtg is described in [7i9]_

temperature of stratification have been carried out by acoustic
spectroscopy in a wide frequency range (f=5-2800 MHz). On
the basis of the obtained experimental data, the frequency and
temperature dependences of the sound absorption coefficient
were studied in the range of low (f=5+110 MHz) and high
(f=1000+-2800 MHZ) frequencies. The obtained results confirm
the conclusions of the dynamic theory of critical phenomena.

Experimental investigations of the equilibrium and
kinetic properties of liquid systems in the critical state
still remain one of the actual problems of condensed
matter physics [1, 2]. However, a main attention is
paid now to studying the equilibrium properties in
the critical state. But the number of investigations
of the kinetic properties of liquid systems near the
phase transition, especially when acoustic methods are
used, is considerably less. It is worth noting that just
methods of acoustic spectroscopy, that are very sensitive
to structural and fluctuation transformations in liquids
[2—4], could become a reliable tool for testing the
various conclusions of the modern dynamical theory
of critical phenomena [5, 6]. Nowadays, however, an
application of these methods is confined by the narrow
range of frequencies. From our point of view, this
considerably restricts the unique possibilities of this
method concerning the investigation of the critical state
of matter.

The aim of the work is to study the kinetic properties
of liquids in the critical state by acoustic spectroscopy.
In this case, we use a wide range of acoustic frequencies
from 5 to 3000 MHz.

The used acoustic technique was developed at the
Chair of Molecular Physics of Kyiv State University
by V.S. Sperkach [7, 8] and is has been used for
a long time in the investigations of various kinetic
properties of liquid systems (individual liquids, binary
solutions, disperse and colloid systems) in a wide range
of thermodynamical parameters far from the critical
state. The technique, peculiarities of carrying out the
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In this work, the method of acoustic spectroscopy
[8] has been used for the first time in studying the
kinetic properties of binary solutions close to the
critical temperature of stratification. As objects of the
research, we have chosen nitromethane—n-amyl alcohol
(the critical mole fraction X.=0.384) and nitrobenzene-
hexane (X.=0.4) solutions. In these solutions, the
measurements of the temperature dependence of
the amplitude coefficient of sound absorption (a)
in the single-phase region (I" > T.) close to
the critical temperature of stratification 7. in the
wide range of frequencies 5—3000 MHz were carried
out.

The obtained dependences - f~2 (T) are depicted
in Figs. 1 and 2. As seen, in the whole studied frequency
range, the sound absorption coefficient increases with
approaching the critical temperature. Moreover, one
can see that the sound absorption at low frequencies
(w =5+10 MHz) is much stronger than that at high
frequencies (w >100 MHz). The obtained data (Figs. 1
and 2) were used to analyze the temperature dependence
a- f72(t) in the form

(07

= Agt’"(“)Ag (

2o

=D (1)

T.

Here, Ag is a coefficient which depends on frequency,
and n(w) is an effective exponent.

The coefficients Ag(w) and effective exponents n(w)
were calculated for each used frequency w. For example,
dependence (1) on log-log scale for the frequency w =10
MHz is shown in Fig. 3.

On the basis of these data, we derived for
nitromethane-n-amyl alcohol solution: n=1.1+£0.1,
Ap=4.6-10"16 m~!s2; for nitrobenzene-hexane solution
n=1.2540.02, Ap=1.04-107'% m~'s?. Values of the
effective exponent n were found to be close to similar
ones calculated on the basis of the data on « - f~2(t) [4,
10] in the same frequency range w ~10 MHz.
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Fig. 1. The dependences of «/f? magnitude on temperature in
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Fig. 2. The same as in Fig. 1 for nitrobenzene-hexane solution

with critical mole fraction of nitrobenzene

Similarly, the dependences a - f=2(t) (1) were
analyzed for the rest studied frequencies w. In this
case, the values of the effective coefficients Ag(w) and
exponents n(w) were found. It was revealed that the
exponent n(w) increases with decrease in the ultrasound
frequency w.

The dependence n~!(w) for nitrobenzene-hexane
solution is shown in Fig. 4. As seen, it tends to a finite
value n~! ~0.5 as w —0. So, the exponent in relation (1)
that describes the temperature dependence of the sound
absorption coefficient at w —0 equals (nw —0)=2.

Let’s compare this result with the conclusions of
the dynamical theory of critical phenomena [5, 6]
concerning relation (1). According to [5, 6], in the
hydrodynamic region which is characterized by the
inequalities ¢R. << 1 and w7, << 1, the temperature
dependence of the volume viscosity coefficient satisfies
the relation 7, ~RZ ~ t*(here, R, = 1ot~ ¥ and
7. ~ R? are the correlation length and the relaxation
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Fig 3. The dependence of ./ f2 magnitude on temperature ¢ in log-
log scale at frequency f=10 MHz for nitrobenzene—hexane solution
with mole fraction of nitrobenzene 0.4
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Fig. 4. The dependence of reciprocal magnitude of the exponent ny

on frequency for given binary solution with critical concentration

time of fluctuations, respectively). According to [11, 12],
2=3.065.

At high frequencies (wr. >> 1), in accordance with
the dynamical theory of critical phenomena [5], the
volume viscosity and the absorption coefficient in the
system are determined by the relation o - f=2 ~ 1, ~
R. ~ ¢ [9, 10] on the critical isochore.

According to [2], the critical exponent of the
correlation length is v &2/3. We have obtained the
same value, v ~0.62, in [13, 14] from the on data the
temperature behaviour of the shear viscosity coefficient
in the same solutions, nitromethane—n-amyl alcohol and
nitrobenzene—hexane.

Thus, the obtained temperature dependences a ~
t73% ~ t~2 in the case of wT, << 1, and a ~ t7% ~ ¢t72/3
for the case of w7, >> 1 for the high frequencies confirm
the theoretical conclusions of scaling theory [2, 5, 6].

So, the use of the method of acoustic spectroscopy
just in the wide range of frequencies for investigating
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the temperature dependence of the sound absorption
coefficient along the direction of critical isoconcentrate
(T > T., X = X.) of binary solutions allowed us
to confirm the conclusions of the dynamical theory of
critical phenomena in the extreme cases wr. << 1,
wTe >> 1.
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AKYCTUYHA CIIEKTPOCKOIIIS BIHAPHUX
PO3YMHIB MOB/JIN3Y KPUTUYIHOI
TEMIIEPATYPU PO3IIAPYBAHHS

B.C. Cnepxan |, O./]. Aavoxin, O.1. Biaoyc

Peswowme

MeromamMu aKyCTHIHO! CIEKTPOCKOLIl B IMHPOKOMY Aiama3oHi wTa-
cror (f = 5 + 2800 MI'y) npoBeaeHO €KCIEePUMEHTAIbHI JOCTi-
pKeHHsT OiHApHUX PO3YMHIB HITPOMETAH—H-aMiJIOBHH CoupT Ta
HITPOOEH30I—TeKCaH MOOJN3Y KPUTHIHOI TeMIIepaTypH PO3MIapy-
BamHs. Ha OCHOBI OTpHMAHHUX €KCIEPUMEHTAIBHUX JAHUX I00YI0-
BAHO JACTOTHY Ta TeMIIePATYPHY 3aJ€KHOCTI KoedilieHTa IorIu-
HAHHS 3BYKY B YKa3aHHUX 06’¢kTax B obsacri Hu3bkux (f = 5--110
MTl'n) i Bucokmx (f = 1000 + 2800 MTI'm) wacror. Orpumani pe-
3yJbTaTH HiTBEP/KYIOTh BHCHOBKU JUHAMIYHOI TeOpii KpUTHI-
HUX dBUIIL.
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