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ISOTHERMAL COMPRESSIBILITY
NEAR THE SOLUTION’S PECULIAR POINT

Using the Mandelstam–Brillouin spectrum of scattered light, the velocities of hypersound with
frequencies of 6.2, 4.8, and 2.6 GHz in three aqueous solutions of non-electrolytes have been
determined in a wide temperature interval. The ratio of the central triplet line intensity to the
intensity of the Mandelstam–Brillouin components (the Landau–Placzek ratio) is calculated as
well. The corresponding temperature dependences of the adiabatic and isothermal compress-
ibilities and the coefficient of volumetric expansion are plotted. The adiabatic compressibility
value was found to depend on the angle of scattered light.
K e yw o r d s: Mandelstam–Brillouin light scattering, Landau–Placzek ratio, isothermal com-
pressibility, adiabatic compressibility, coefficient of volumetric expansion.

1. Introduction

There is a class of solutions, which, irrespective of
the concentration of their components, can be mixed
only at a certain pressure value or if a third compo-
nent is added. The aqueous solutions of methylpyri-
dine are an example. At normal atmospheric pres-
sure 𝑃𝐻 = 105 Pa, methylpyridine and water are
in a mixed state [1]. However, if the pressure 𝑃 be-
comes much lower or greater than 𝑃𝐻 , those solutions
demonstrate a tendency to the stratification. Other
types of mixtures, such as solutions of glycerin with
guaiacol [2], form a closed stratification region, if a
third component is added.

The aqueous solutions of methylpyridine are char-
acterized by a specific temperature behavior. The
specific feature consists in that the homogeneous so-
lutions are in the thermodynamic equilibrium only at
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the normal pressure 𝑃𝐻 and a certain temperature
𝑡0. The latter is usually called the temperature of the
solution’s peculiar point. As a rule, the temperature
𝑡0 has the same value for all concentrations and can
be evaluated, if the upper and lower temperatures of
the closed stratification region are known.

For the aqueous methylpyridine solutions, the pe-
culiar point temperature is located within an in-
terval of 45–55 ∘C. In Fig. 1, the temperature de-
pendences of the line intensity corresponding to the
Rayleigh light scattering in the aqueous solutions
of 𝛾-picoline with concentrations of 0.2, 0.1, and
0.06 mole fractions are depicted. From the figure,
one can see that the intensity maximum for the up-
per critical temperature at a 𝛾-picoline concentra-
tion of 0.06 mole fraction takes place at 𝑡 ≈ 35 ∘C,
whereas the corresponding maximum for the lower
critical temperature is observed at 𝑡 ≈ 62 ∘C. The
peculiar point 𝑡0 is located near a temperature
of 50 ∘C.



Isothermal Compressibility near the Solution’s Peculiar Point

One of the important parameters that character-
ize the liquid structure is the liquid compressibil-
ity. This quantity is related to the sound propagation
velocity. The adiabatic compressibility is mainly de-
termined by the velocity of sound wave propagation,
whereas the isothermal compressibility is connected
with the Landau–Placzek ratio. Experimental results
obtained for the ultrasonic and hypersonic propaga-
tion velocities in liquids and solutions, including those
which had undergone stratification [3,4], showed that
the adiabatic compressibility, as well as the sound ve-
locity, does not have specific deviations larger than
3–4% even near the critical and peculiar points in
liquids and solutions.

The isothermal compressibility 𝛽𝑇 is related to the
adiabatic compressibility 𝛽𝑆 via the known expression

𝜎2𝑇

𝜌𝐶𝑃𝛽𝑆
=

𝛽𝑇

𝛽𝑆
− 1, (1)

where 𝜎 is the coefficient of volumetric expansion, 𝑇
the absolute temperature, 𝜌 the density, and 𝐶𝑃 the
heat capacity at a constant pressure. The adiabatic
compressibility

𝛽𝑆 =
1

𝜌𝑉 2 , (2)

where 𝑉 is the sound velocity. At the same time,

𝐿
𝜎2𝑇

𝜌𝐶𝑃𝛽𝑆
=

𝐼𝐶
2𝐼MB

, (3)

where 𝐿 is a constant that is very close to unity in
many cases, 𝐼𝐶 the intensity of the central line of
the Rayleigh triplet, and 𝐼MB the intensity of the
Mandelstam–Brillouin components [5]. Hence, we ob-
tain the relation

𝐼𝐶
2𝐼MB

=
𝛽𝑇

𝛽𝑆
− 1. (4)

For liquids and solutions far from the phase tran-
sition temperature, the values of 𝛽𝑇 and 𝛽𝑆 are of
the same order of magnitude. Near the phase transi-
tion temperatures, the peculiar solution points, and
the stratification temperatures of binary liquids, the
quantity 𝐼𝐶

2𝐼MB
increases, and this behavior is respon-

sible for the growth of the 𝛽𝑇 -values.
Very often, however, the growth of 𝐼𝐶 is associ-

ated with the multiple light scattering. The contri-
bution of this process is difficult to distinguish from

Fig. 1. Temperature dependences of the Landau–Placzek ra-
tio 𝐼𝐶

2𝐼MB
for the aqueous solutions of 𝛾-picoline with concen-

trations of 0.2 (�), 0.1 (×), and 0.06 mole fractions (N)

the total increase of 𝐼𝐶 . In this case, while estimating
the value of 𝛽𝑇 , it is necessary to adequately account
for possible distortions of the 𝐼𝐶-values by contribu-
tions from the multiple light scattering. The Landau–
Placzek ratio makes it possible to calculate not only
𝛽𝑇 , but also the related coefficient of volumetric ex-
pansion 𝜎. Really, by denoting 𝐼𝐶

2𝐼MB
= 𝐼 and using

Eq. (2), we obtain

𝜎 =

√︂
𝐼𝐶𝑃

𝑉 2𝑇
. (5)

In work [4], the results of experiments aimed at
studying the adiabatic compressibility 𝛽𝑆 in low-
concentration aqueous solutions of 𝛾-picoline at hy-
personic frequencies 4–5 GHz were reported. A pro-
nounced minimum of 𝛽𝑆 was detected at a sound
frequency of about 4.7 GHz in the vicinity of a 𝛾-
picoline concentration of 0.06 mole fraction both at
𝑡 = 25 and 65 ∘C. The obtained value of 𝛽𝑆 was used
to calculate the characteristic scale of microscopic in-
homogeneities.

At the same time, the temperature behavior of the
quantity 𝛽𝑇 in solutions with low concentrations is
also of great importance. Since the quantities 𝛽𝑆 and
𝛽𝑇 are related to each other via the Landau–Placzek
ratio [see Eq. (4)], our main attention will be focused
on the experimental measurements of the quantity
𝐼𝐶

2𝐼MB
in the aqueous solution of 𝛾-picoline with a con-

centration of 0.06 mole fraction. The obtained data
will also allow us to determine the frequency depen-
dence of the quantity 𝛽𝑆 in the vicinity of the solution
peculiar point.
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Fig. 2. Temperature dependences of the hypersound velocity
in the aqueous solution of 𝛾-picoline with a concentration of
0.06 mole fraction. The hypersound frequencies are 6.2 (�),
and 2.5 GHz (×)

In this work, we evaluate the adiabatic, 𝛽𝑆 , and
isothermal, 𝛽𝑇 , compressibilities, as well as the co-
efficient of volumetric expansion 𝜎, for an aqueous
solution of 𝛾-picoline. For this purpose, we use the
temperature dependences of the Landau-Placzek ra-
tio 𝐼𝐶

2𝐼MB
near the peculiar point. The exact values of

those parameters will help the elucidation of the phys-
ical nature of peculiar points in the aqueous solutions
of 𝛾-picoline to be made.

2. Experiments and Their Results

The experimental installation and its parameters
were described in work [6]. The spectra of the po-
larized light scattering were studied making use of
a double-pass Fabry–Perot interferometer. The light
scattering angle was about 45∘. The error of the an-
gle fixation did not exceed 0.2∘. The interferometer
dispersion was 0.417 cm−1. The contrast of the pic-
ture interference reached 4 × 105, and the sharpness
was equal to 35. A He–Ne laser with a wavelength of
632.8 nm and a power of 115 mW served as a light
source. The shift Δ𝑣 of the Mandelstam–Brillouin
components (MBCs) was measured with an accuracy
of 0.5%. The hypersound velocity 𝑉 was calculated
by the formula

𝑉 =
Δ𝑣 𝐶

2𝑛𝑣0 sin 𝜃
2

,

where 𝐶 is the velocity of exciting light, 𝑣0 its fre-
quency, 𝑛 the refractive index, and 𝜃 the scattering
angle.

The values of the Landau–Placzek ratio 𝐼𝐶
2𝐼MB

were
determined by measuring the areas under the peaks
𝐼𝐶 and 𝐼MB. The corresponding accuracy of area mea-
surements was close to 15–20%.

The measured quantity 𝛽𝑇 is closely related to the
intensity of the central component in the Rayleigh
triplet. However, this intensity can be distorted by
the light scattering at concentration fluctuations. In
our case, due to a low concentration of 𝛾-picoline
in the aqueous solution, the light scattering at con-
centration fluctuations was reduced to a minimum
value (it was insignificant even at much higher pi-
coline concentrations).

In Fig. 2, the temperature dependences of the ve-
locity of hypersound with frequencies of 6.2 and
2.4 GHz in the aqueous solution of 𝛾-picoline are
shown. As one can see from this figure, the obtained
dependences differ substantially. The velocity of 6.2-
GHz hypersound gradually decreases with the increa-
sing temperature, as it usually occurs in the cases
of molecular liquids and ideal solutions. For hyper-
sound with a frequency of 2.6 GHz, the tempera-
ture dependence of the hypersound velocity has some
peculiarities.

In particular, two maxima and a minimum are ob-
served in a rather narrow temperature interval. The
minimum takes place at the temperature 𝑡 = 50 ∘C,
i.e. at the temperature of the peculiar point. From
whence, it follows that the thermodynamic instabil-
ity in a vicinity of the peculiar point is observed for
the velocity of hypersound with a frequency of about
2.6 GHz. The origin of the interaction between the
sound modes of the medium motion and the modes
associated with structural changes has yet to be elu-
cidated with the help of experiments. However, it is
possible to calculate the temperature dependence of
the compressibility and the coefficient of volumetric
expansion, if we take into account the non-trivial tem-
perature behavior of the hypersound velocity at the
frequency 𝑓 = 2.6 GHz.

Using the values obtained for the hypersound ve-
locity, the quantity 𝐼, and relations (2) and (4), the
adiabatic, 𝛽𝑆 , and isothermal, 𝛽𝑇 , compressibilities
were calculated. The coefficients of volumetric expan-
sion for the solution were calculated with the help of
formula (5). The heat capacity at a constant pressure,
𝐶𝑃 , was obtained making use of the additive formula.

Table 1 demonstrates the values of 𝛽𝑇 and 𝛽𝑆 cal-
culated from the experimentally obtained values for
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the sound velocity 𝑉 and the ratio 𝐼𝐶
2𝐼MB

. The values
of 𝛽𝑇 expectedly exceed the 𝛽𝑆-values by two orders
of magnitude, because the Landau–Placzek ratio has
a general tendency to grow.

Table 2 contains the values of the coefficient of
volumetric expansion 𝜎 calculated by formula (5),
as well as the corresponding values for pure wa-
ter, 𝜎w, calculated by the same formula. The cal-
culations were carried out for the same tempera-
tures at which the experimental values of 𝐼𝐶

2𝐼MB
were

obtained. It should be noted that, in Table 1, for
the quantity 𝐼𝐶

2𝐼MB
, there is a minimum of 100 at

𝑡 = 50 ∘C located between two maxima (155 at
𝑡 = 30 ∘C and 148 at 𝑡 = 62 ∘C). This value extends
to a wider temperature interval, playing the role of
a temperature-independent background. Subtracting
this background, we obtained values that character-
ize the intensity values associated with the upper and
lower critical temperatures. Table 2 also contains the
values for the coefficient of volumetric expansion for
water, 𝜎𝑤, taken from work [7].

Hence, from the data presented in Table 2, it fol-
lows that the coefficient of volumetric expansion of
the solution is numerically much larger than 𝜎 for
pure water. In other words, despite that water domi-
nates in the solution, the value 𝜎 of the solution is not
determined by the value 𝜎w of water. The coefficient
of volumetric expansion of the solution exceeds that
of water by 4.5–20 times in the examined temperature
interval. Table 2 also demonstrates that the difference
𝜎− 0.023 also has maximum values at the upper and
lower critical temperatures, and those values strongly
exceed the value of the coefficient of volumetric ex-
pansion of pure water 𝜎w.

Let us consider the value of 𝜎 at 𝑡 = 50 ∘C. Ac-
cording to Fig. 1, the temperature dependence of
the quantity 𝐼𝐶

2𝐼MB
contains sections, where it re-

tains constant values: 𝐼𝐶
2𝐼MB

≈ 20, 80, and 100 at
𝛾-picoline concentrations of 0.2, 0.1, and 0.06 mole
fractions, which corresponds to 𝜎-values of 0.01, 0.02,
and 0.023, respectively. Those values do not depend
on the temperature and exceed the value of the co-
efficient of volumetric expansion of water at 50 ∘C
by factors of about 22, 43, and 50, respectively. Such
an increase of the coefficient of volumetric expansion,
which is connected only with the solution concentra-
tion and does not depend on the temperature, gives
grounds to suggest that it is not associated with the

Table 1. Isothermal, 𝛽𝑇 , and adiabatic,
𝛽𝑆, compressibilities at various temperatures

𝑡, ∘C 𝐼𝐶
2𝐼MB

= 𝐼 𝑉, m/s 𝛽𝑆 = 1
𝜌𝑉 2 𝛽𝑇 = (𝐼 + 1)𝛽𝑠

28 140 1570 45× 10−12 6345× 10−12

30 155 1570 45× 10−12 7020× 10−12

40 130 1580 44.5× 10−12 5829× 10−12

50 100 1525 47.7× 10−12 4817× 10−12

60 130 1540 46.8× 10−12 6131× 10−12

62 148 1550 46.2× 10−12 6884× 10−12

70 125 1525 47.7× 10−12 6010× 10−12

Table 2. Coefficients of volumetric
expansion for the aqueous solution of 𝛾-picoline, 𝜎,
and pure water, 𝜎w, at various temperatures

𝑡, ∘C 𝑇, K 𝜎 =
√︁

𝐼 𝐶𝑝

𝑉 2𝑇
𝜎 − 0.023 𝜎w

𝜎−0.023
𝜎w

28 301 0.028 0.005 0.00028 17.8
30 303 0.029 0.006 0.0003 20
40 313 0.026 0.003 0.00039 7.7
50 323 0.023 0 0.00046 0
60 333 0.0263 0.0033 0.00052 8.3
62 335 0.0278 0.0048 0.00053 9.05
70 343 0.0257 0.0027 0.00058 4.65

existence of the solution’s peculiar point. Instead, we
may assume that such a behavior of the quantity 𝜎 for
the solution is governed by the structuring processes
in aqueous solutions. This hypothesis is supported,
in particular, by the fact that the structuring pro-
cess becomes more intensive with a reduction of the
non-electrolyte concentration in water. Perhaps, a 𝛾-
picoline concentration of 0.06 mole fraction in water
is optimal for the structuring, because changing it in
any direction from this value leads to the structuring
weakening.

From the aforesaid, it follows that the adiabatic
and isothermal compressibilities of the aqueous 𝛾-
picoline solution measured at the sound frequency
𝑓 = 2.6 GHz reveal a specific behavior in a vicinity of
the peculiar point. Such behavior may probably be
associated with the interaction of various modes of
the medium motion taking place at this frequency.

3. Conclusions

To summarize, in this work, on the basis of exper-
imental measurements, the following results are ob-
tained:
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∙ the temperature dependences of hypersound ve-
locities in the aqueous solution of 𝛾-picoline are de-
termined at frequencies of 6.2, 4.5, and 2.5 GHz;

∙ a non-trivial behavior of the temperature depen-
dence of the hypersound velocity at a frequency of
about 2.5 GHz is revealed;

∙ the adiabatic and isothermal compressibilities of
the aqueous 𝛾-picoline solution at a frequency of
about 2.5 GHz are evaluated on the basis of the hy-
persound velocity values and the value of the Landau–
Placzek ratio;

∙ the temperature dependence of the coefficient of
volumetric expansion 𝜎 of the solution is calculated
on the basis of the Landau–Placzek ratio value; it is
found that the values obtained for the aqueous solu-
tion of 𝛾-picoline considerably exceed the correspond-
ing values for pure water.

The coefficient of volumetric expansion of the aque-
ous solutions of 𝛾-picoline depends only on the con-
centration, but not on the temperature. Its values are
associated with the structuring process. The latter
becomes stronger with a reduction of the 𝛾-picoline
concentration. It is quite possible that this structur-
ing process is closely related to a specific charge for-
mation which, according to work [8], takes place near
the peculiar point of the solutions and reflects the ex-
istence of a long-term equilibration process in them.

The authors sincerely thank Prof. V.Ya.Gotsulsky
and M.V.Timofeev for discussing the obtained results
and their assistance in preparing this article.
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IЗОТЕРМIЧНА СТИСЛИВIСТЬ
В ОКОЛI ОСОБЛИВОЇ ТОЧКИ РОЗЧИНУ

За допомогою мандельштам–брiллюенiвського спектра роз-
сiяного свiтла визначено швидкостi гiперзвуку на часто-
тах 6,2, 4,8 та 2,6 ГГц для трьох водних розчинiв нееле-
ктролiтiв у широкому iнтервалi температур. Також визна-
чено вiдношення Ландау–Плачека, а саме вiдношення iн-
тенсивностей центральної лiнiї триплету до компонентiв
Мандельштама–Брiллюена. За допомогою отриманих да-
них побудовано температурнi залежностi адiабатичної та
iзотермiчної стисливостей i коефiцiєнта об’ємного розши-
рення. Виявлено залежнiсть адiабатичної стисливостi вiд
кута спостереження розсiяного свiтла.

Ключ о в i с л о в а: мандельштам–брiллюенiвське розсiю-
вання свiтла, вiдношення Ландау–Плачека, iзотермiчна та
адiабатична стисливостi, коефiцiєнт об’ємного розширення.
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