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Experimental study of nitromethane�n-amyl alcohol and

nitrobenzene�hexane binary solutions near the critical

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

experiment, methods of processing the experimental

data is described in [7�9].

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 Xc=0.384) and nitrobenzene-

hexane (Xc=0.4) solutions. In these solutions, the

measurements of the temperature dependence of

the amplitude coefficient of sound absorption (�)
in the single-phase region (T > Tc) close to

the critical temperature of stratification Tc 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

(! �5�10 MHz) is much stronger than that at high

frequencies (! �100 ÌHz). The obtained data (Figs. 1

and 2) were used to analyze the temperature dependence

� � f�2(t) in the form

�

f2
= A0t

�n(!)A0

�
T � Tc

Tc

�
�n(!)

: (1)

Here, A0 is a coefficient which depends on frequency,

and n(!) is an effective exponent.

The coefficients A0(!) and effective exponents n(!)
were calculated for each used frequency !. For example,

dependence (1) on log-log scale for the frequency ! �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,

A0=4.6�10
�16 m�1s2; for nitrobenzene�hexane solution

n=1.25�0.02, A0=1.04�10
�16 m�1s2. 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 ! �10 MHz.

ISSN 0503-1265. Ukr. J. Phys. 2004. V. 49, N 10 975



V.S. SPERKACH, A.D. ALEKHIN, Î.I. BILOUS

Fig. 1. The dependences of �=f2 magnitude on temperature in

nitromethane�n-amyl alcohol solution with critical mole fraction

0.384 of amyl alcohol for various frequencies

Fig. 2. The same as in Fig. 1 for nitrobenzene�hexane solution

with critical mole fraction of nitrobenzene

Fig 3. The dependence of �=f2 magnitude on temperature t in log-

log scale at frequency f=10 ÌHz for nitrobenzene�hexane solution

with mole fraction of nitrobenzene 0.4

Fig. 4. The dependence of reciprocal magnitude of the exponent n1

on frequency for given binary solution with critical concentration

Similarly, the dependences � � f�2(t) (1) were

analyzed for the rest studied frequencies !. In this

case, the values of the effective coefficients A0(!) and
exponents n(!) were found. It was revealed that the

exponent n(!) increases with decrease in the ultrasound

frequency !.

The dependence n�1(!) for nitrobenzene�hexane

solution is shown in Fig. 4. As seen, it tends to a finite

value n�1
�0.5 as ! !0. So, the exponent in relation (1)

that describes the temperature dependence of the sound

absorption coefficient at ! !0 equals (n! !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 qRc << 1 and !�c << 1, the temperature

dependence of the volume viscosity coefficient satisfies

the relation �v �Rz
c � tz�(here, Rc = r0t

�� and

�c � R3
c are the correlation length and the relaxation

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

z=3.065.

At high frequencies (!�c >> 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 � � f�2
� �v �

Rc � t�� [9, 10] on the critical isochore.

According to [2], the critical exponent of the

correlation length is � �2/3. We have obtained the

same value, � �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 � �

t�3�
� t�2 in the case of !�c << 1, and � � t�� � t�2=3

for the case of !�c >> 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 > Tc, X = Xc) of binary solutions allowed us

to confirm the conclusions of the dynamical theory of

critical phenomena in the extreme cases !�c << 1,
!�c >> 1.
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ÀÊÓÑÒÈ×ÍÀ ÑÏÅÊÒÐÎÑÊÎÏIß ÁIÍÀÐÍÈÕ

ÐÎÇ×ÈÍIÂ ÏÎÁËÈÇÓ ÊÐÈÒÈ×ÍÎ�

ÒÅÌÏÅÐÀÒÓÐÈ ÐÎÇØÀÐÓÂÀÍÍß

Â.Ñ. Ñïåðêà÷ , Î.Ä. Àëüîõií, Î.I. Áiëîóñ

Ð å ç þ ì å

Ìåòîäàìè àêóñòè÷íî¨ ñïåêòðîñêîïi¨ â øèðîêîìó äiàïàçîíi ÷à-

ñòîò (f = 5 � 2800 ÌÃö) ïðîâåäåíî åêñïåðèìåíòàëüíi äîñëi-

äæåííÿ áiíàðíèõ ðîç÷èíiâ íiòðîìåòàí�í-àìiëîâèé ñïèðò òà

íiòðîáåíçîë�ãåêñàí ïîáëèçó êðèòè÷íî¨ òåìïåðàòóðè ðîçøàðó-

âàííÿ. Íà îñíîâi îòðèìàíèõ åêñïåðèìåíòàëüíèõ äàíèõ ïîáóäî-

âàíî ÷àñòîòíó òà òåìïåðàòóðíó çàëåæíîñòi êîåôiöi¹íòà ïîãëè-

íàííÿ çâóêó â óêàçàíèõ îá'¹êòàõ â îáëàñòi íèçüêèõ (f = 5�110

ÌÃö) i âèñîêèõ (f = 1000 � 2800 ÌÃö) ÷àñòîò. Îòðèìàíi ðå-

çóëüòàòè ïiäòâåðäæóþòü âèñíîâêè äèíàìi÷íî¨ òåîði¨ êðèòè÷-

íèõ ÿâèù.
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