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ADIABATIC COMPRESSIBILITY
OF AQUEOUS SOLUTIONS OF POLYOLS

According to experimental data on the density of polyol solutions and the propagation veloc-
ity of ultrasonic waves in them, the adiabatic compressibilities of the aqueous solutions of
erythritol, xylitol, sorbitol, and mannitol are calculated. For all examined solutions, the tem-
perature dependence of the adiabatic compressibility is found to pass through a minimum. As
the polyol concentration in water increases, the minimum of the adiabatic compressibility shifts
toward lower temperatures. The temperature values corresponding to the minimum of the mo-
lar adiabatic compressibility are calculated. The concentration dependences of this parameter
are shown to be linear. The presence of a special point for the studied aqueous solutions of

polyols is established.
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1. Introduction

During the last two decades, the study of critical phe-
nomena in liquid systems obtained a new impetus
and acquired a qualitatively new meaning [1-4]. This
progress is associated with the study of systems that
are characterized by a behavior typical of continuous
phase transitions. Such systems include, first of all,
water [5, 6], where the liquid-to-liquid transition was
discovered [7-9], and aqueous solutions, in particular,
of alcohols [10-14].

The properties of liquid systems in the vicinity
of their singular points are researched using various
methods [15-20], in particular, acoustic spectroscopy
[21-23].

Polyols (sugar alcohols) and their aqueous solutions
became widely used in emergency medicine (they
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form the basis of plasma substitutes), as well as in
the pharmaceutical (drug excipients) and food (nat-
ural sugar substitutes and dietary nutrition supple-
ments) industries. They are also needed in a number
of chemical productions. Therefore, such researches
are necessary and important.

The aim of this work was to study the tempera-
ture and concentration dependences of the adiabatic
compressibility in the aqueous solutions of polyols.

2. Research Methods and Objects

The adiabatic compressibility Ss of a solution can
be calculated using the known Newton—-Laplace rela-
tion [23]

Bs = (pc*)™! (1)

on the basis of the data for the density p and the prop-
agation velocity ¢ of sound vibrations in the exam-
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ined system. In order to calculate the adiabatic com-
pressibility 8¢ according to formula (1), experimen-
tal studies of the density of polyol solutions and the
sound propagation velocity in them were performed.

The solutions were prepared from doubly distilled
water and various polyols of the chemically pure
grade. The weighing was performed on an analytical
balance with an error of £2 x 10™* g. Solutions of
the following polyols and with the following concen-
trations were studied: erythritol (1, 5, 15, 25, 30, and
35 wt.%), xylitol (5, 10, 20, 30, 40, 50, and 60 wt.%),
sorbitol (5, 10, 20, 30, 40, 60, and 70 wt.%), and
mannitol (1, 3, 10, 15, and 20 wt.%).

The densities of the solutions were determined with
the help of a two-capillary pycnometer. The ultra-
sound velocity in the liquid systems was measured
by means of the pulse-phase method at a frequency
of 15 MHz. The measurements were performed in a
temperature interval of 283-353 K under atmospheric
pressure. The specimens were thermostated with the
help of a circulating liquid thermostat with an er-
ror of £0.1°C. The relative measurement errors were
0.05% for the density and 0.5% for the ultrasound
velocity.

3. Experimental Results

In Fig. 1, the temperature dependences of the ultra-
sound propagation velocity in the aqueous solutions
of xylitol are plotted. Analogously to all other exam-
ined polyol solutions, the temperature dependences of
the ultrasound velocity for the xylitol solutions with
the concentrations far from the saturation demon-
strate a maximum, which shifts toward low temper-
atures, as the content of non-aqueous component in-
creases. In the xylitol and sorbitol solutions with con-
centrations higher than 40 wt.%, the maximum of ul-
trasound velocity in the studied temperature interval
disappears, and this parameter decreases monotoni-
cally, as the temperature grows.

The increase of the polyol content in the solutions
gives rise to the growth of the propagation velocity
of sound waves in them. An example of the concen-
tration dependence of the sound velocity is shown in
Fig. 2. In the solutions with polyol contents up to
20 wt.%, the velocity growth is almost linear, as the
concentration increases. In the polyol solutions with
concentrations higher than 20 wt.%, deviations from
the linearity are observed.
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Fig. 1. Temperature dependences of the ultrasound propaga-
tion velocity in aqueous xylitol solutions
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Fig. 2. Concentration dependences of the sound propagation
velocity in aqueous sorbitol solutions at various temperatures:
293 (1), 313 (2), and 333 K (3)

From the results of our experiments, it follows that
the densities of the aqueous solutions of erythritol,
xylitol, sorbitol, and mannitol non-monotonically de-
crease with the increasing temperature and increase
with the increasing polyol content.

Characteristic temperature dependences of the adi-
abatic compressibility of the aqueous solutions of
studied polyols, which were calculated according to
formula (1), are shown in Figs. 3 and 4. As one
can see from those figures, the adiabatic compress-
ibility of the solutions passes through a minimum,
when the temperature changes, and this minimum
shifts toward lower temperatures, as the concentra-

781



R.O. Saienko, O.V. Saienko, O.S. Svechnikova

4,5 T ]
2 &D ——P=5%
4 . ——P=10%
e —0—P=15%
‘" o 2 o—
s o * —0—P=20%
S 3 ‘v—l—H‘d— ——P=30%
£25 ——P=40%
’ .t e
Famamambaey
2 —h—P=70%
o |

283 303 323 343 363 T, K

Fig. 3. Temperature dependences of the adiabatic compress-
ibility for aqueous sorbitol solutions with various concentra-
tions
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Fig. 4. Temperature dependences of the adiabatic compress-
ibility for aqueous xylitol solutions with various concentrations
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Fig. 5. Temperature dependences of the temperature coeffi-
cient of molar adiabatic compressibility for aqueous erythritol
solutions with various concentrations
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Fig. 6. Temperature dependences of the temperature coef-
ficient of molar adiabatic compressibility for aqueous sorbitol
solutions with various concentrations
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Fig. 7. Concentration dependences of the temperature of the
molar adiabatic compressibility minima for aqueous solutions
of various polyols

tion grows. In the solutions of polyols with concen-
trations higher than 40 wt.%, the minimum of the
adiabatic compressibility disappears in the studied
temperature interval, and this parameter increases
linearly.

The isotherms of the concentration dependences of
the adiabatic compressibility in the researched sys-
tems pass through a minimum and have intersection
points, which gradually shift toward the region of
lower contents of the non-aqueous component.
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4. Discussion

The authors of work [24] came to the conclusion that,
when studying aqueous solutions, it is more illustra-
tive to analyze the behavior of the molar adiabatic
compressibility Ssmol, rather than the adiabatic com-
pressibility 8s. The parameter Bgmo) is determined by
the formula

ﬁS’mol = ﬂS’va (2)

where V,,, = M/p is the molar volume, and M the
molar mass of the solution. This change can be ex-
plained by the fact that the value of the molar adi-
abatic compressibility is related to the same number
of molecules. Therefore, for example, the temperature
Tin corresponding to the minimum of the molar adi-
abatic compressibility may be more informative.

Note that, for aqueous solutions with known con-
centrations, the minima in the dependences of the
adiabatic compressibility and molar adiabatic com-
pressibility are observed at different temperatures.
The minimum of the molar adiabatic compressibility
is observed at a temperature lower by about 10-15 K
than the corresponding temperature of the adiabatic
compressibility minimum.

The values of Bsmol calculated using formula (2)
were applied to determine the temperatures T,
corresponding to the minimum of the molar adia-
batic compressibility. For a definite solution, the val-
ues Tiin were determined by analyzing the depen-
dences Bsmol(T) for the extremum. The calculations
were performed using the software program “Ad-
vanced Grapher”. The results of calculations are pre-
sented in Figs. 5 and 6, which show the dependences
of 8ﬁsmol/8T onT.

In Fig. 7, the dependences of the temperature Tiiy
on the solute concentration are exhibited for various
aqueous polyol solutions. The increase of the polyol
content in water brings about a monotonic shift of the
temperature of the molar adiabatic compressibility
minimum toward low temperatures. For all examined
solutions, to a determination error of +(2+3)% for
Thin, the concentration dependences of T,;, turned
out grouped along the same line (Fig. 7, line 7). Such
a behavior of the concentration dependence of the
temperatures of the molar adiabatic compressibility
minima is observed for all investigated solutions up
to concentrations of about 6—7 mol.%, with Tpin =
= (305 +6) K.

ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 9

Xylitol and sorbitol can create aqueous solutions
with concentrations higher than 7 mol.%. For those
solutions with concentrations in an interval of 6—
7 mol.%, the temperatures corresponding to the mo-
lar adiabatic compressibility minimum undergo a
“jump-like” change to lower values (Fig. 7, line 2).

The value obtained for the temperatures of the adi-
abatic compressibility minima, Ty, = (305 £ 6) K,
agrees well with the temperatures of specific points in
the aqueous solutions of propyl alcohols [3] and testi-
fies to the presence of specific points in the aqueous
polyol solutions.

5. Conclusions

1. Our research of the aqueous solutions of polyols
with various concentrations has shown that the adia-
batic compressibility of the examined systems passes
through a minimum as the temperature changes.

2. The temperature T, corresponding to the min-
imum of the molar adiabatic compressibility decreases
linearly with the growth of polyol concentration in
water.

3. The change in the slope (the cusp) of the depen-
dence of the temperature corresponding to the min-
imum of the molar adiabatic compressibility on the
concentration in the aqueous solutions of examined
polyols near the special point of water (315 K) testi-
fies to the presence of a special point in them.
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AJNIIABATVYHA CTUCJIUBICTD
BOJHUNX PO3YUMHIB ITOJIIOJIIB

3a eKCrepuMeHTaIbHUMHU JJAHUMH [IPO I'YCTUHY 1 MIBUIAKICTH O~
MINPEHHs! YJIbTPA3BYKOBUX XBUJIb IIPOBEJIEHO PO3PAaXyYHKH aJii-
abaTHU<IHOI CTHCINBOCT] y BOOHUX PO3YMHAX EPUTPHUTY, KCUIITY,
copbity i maniTy. Beranossieno, 1o TemuepaTypHi 3a/1€2KHOCTI
a/1iabaTHIHOI CTUCIUBOCTI JOCIII?KEHUX CUCTEM IIPOXOSATD e~
pe3 mimimymu. 3i 36imbIneHHsM KoHUIEeHTpanil mosioxy y Boxi
MiHIMYM a/1iabaTHYHOT CTUCIUBOCTI 3MIILYETHCA Y OIK HUMKIUX
Temieparyp. PospaxoBaHo 3HaveHHSI TeMmueparyp MiHIMyMiB
MoJIsipHOT ajiabaTudHol ctuciauBocti. [lokazaHo, IO KOHIIEH-
TpaniiiHa 3aJIe?KHICTh TEMIIEPATYP MIiHIMyMy MOJISIpHOI ajiaba-
TUYHOI CTUCJIMBOCTI HOCUTH JIHINHMI XapakTep. BecranoBiaeHo
HAasIBHICTH OCOOJIMBOI TOYKH JJIsI JIOCJIIXKYBAHUX BOJSHUX PO3-
YHUHIB MTOJTOJIB.

Katwoei caoea: agiabaTudHa CTHCIUBICTD, OO, BOIHI
pO3YUHHU.
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