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LIGHT SCATTERING BY AQUEOUS SOLUTIONS
OF ALCOHOLS NEAR THEIR SINGULAR POINTSPACS 82.60.Lf, 61.20.Lc

The dependence of the position 𝑥0 of the low-concentration peak on the curves of light scatter-
ing by aqueous solutions of alcohols on their molecular masses has been found. The relevant
concentration for ethylene glycol at 20 ∘C is determined and compared with the literature data
for the homologous series of methanol. The obtained dependence is linear to an error less than
2%.
K e yw o r d s: light scattering, dilute aqueous solutions of alcohols, low-concentration peak,
ethylene glycol.

It is known [1, 2] that, in the aqueous solutions of
alcohols, besides the peak of light scattering by con-
centration fluctuations, which is observed at alcohol
molar fractions 𝑥 ≈ 0.3÷0.5, another, the so-called
low-concentration peak is observed at low alcohol mo-
lar fractions 𝑥 ≈ 0.05. The origin of the latter is most
likely associated with structural reorganizations in
the medium [3]. However, it has not been studied suf-
ficiently. As a rule, the corresponding experiments on
the integral light scattering are carried out at a con-
stant temperature 𝑇 , a constant pressure 𝑃 , and a
varying concentration. Therefore, the concentration,
at which the physical properties of the solution – e.g.,
light scattering – demonstrate an anomalous behav-
ior, should be called as a singular one or, in view of the
constant experimental 𝑃 , 𝑉 , and 𝑇 values, as a sin-
gular point in the four-dimensional thermodynamic
space 𝑥–𝑃–𝑉 –𝑇 . It is evident that, for the varying
temperature or pressure, those points will form curves
on the surface, and, in the case of the simultaneous
variations in the temperature and the pressure, a sur-
face in the 𝑥–𝑃–𝑇 space.
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It is of interest that the presence of singular points
for alcohol solutions was discovered as long ago as by
D.I. Mendeleev [4]. At the same time, the discussion
in the literature concerning the nature of the low-
concentration peak continues till now. Ideas were put
forward that this peak is associated with the presence
of microbubbles [5] or non-controllable impurities [6].

This work aimed at establishing the dependence
of the low-concentration peak coordinate 𝑥0 for the
aqueous solution of alcohols on the molecular mass of
alcohols. Experimental researches [7] were carried out
on an installation, whose schematic diagram is shown
in Fig. 1. Light emitted by source 1 (a helium-neon
laser LGN-215) was directed with the help of system
of collimators 2 onto specimen 3 located in a cylin-
drical cuvette. The cuvette was placed in thermostat
4, whose temperature was stabilized to an error of
±0.1 ∘C. Light scattered at an angle of 90∘ was reg-
istered with the help of photoelectronic multiplier 5
(FEU-79) with an optical system allowing one to se-
lect the scattering volume and with PC-based elec-
tronic system 6 to calculate photopulses. Reference
beam system 7 allowed the scattered light intensity
to be measured with the compensation of the thermal
and time drifts of the equipment.
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Fig. 1. Schematic diagram of the installation: (1 ) light source
LGN-215, (2 ) system of collimators, (3 ) specimen, (4 ) thermo-
stat, (5 ) photodetecting unit with a photomultiplier FEU-79
operating in the single-photon regime, (6 ) PC-based registra-
tion system, (7 ) reference beam system

Fig. 2. Light scattering coefficient for the system water–ethy-
lene glycol at a temperature of 20 ∘C as a function of the al-
cohol molar concentration in the solution

Fig. 3. Dependence of the coordinate 𝑥0 of the singular point
for alcohol solutions on the molecular mass of dissolved alco-
hols: methanol [8], ethanol [1,9], isopropanol [10], tert-butanol
[1,2,11], and pentanol. Points near the curve center correspond
to the isomers: 1-propanol and isopropanol. All the tempera-
tures are close to 20 ∘C

In order to determine the coefficient of light scatter-
ing by solutions, the installation was calibrated. For
this purpose, we used benzene, for which the coef-
ficient of light scattering is known to equal 𝑅B =
= 8.2 × 10−6 cm−1 [1] and which is the most refer-
enced substance. The coefficient of light scattering by
the solutions was determined using the formula

𝑅𝑥 = 𝑅B
𝐼𝑥𝐼0B
𝐼0𝑥𝐼B

,

where 𝐼𝑥, 𝐼0𝑥, 𝐼B, and 𝐼0B are the intensities of scat-
tered light and the reference beam (subscript 0) by
the solution (subscript 𝑥) and benzene (subscript B).

In Fig. 2, the dependence of the light scattering
coefficient for the solution water –ethylene glycol on
the molar concentration of alcohol is plotted. The cor-
responding analysis shows that the maximum value
of light scattering intensity in the solution water–
ethylene glycol is observed at the molar concentration
of alcohol 𝑥0 = 0.055.

In order to illustrate the variation of concentra-
tion 𝑥0 as the molecular masses of dissolved alcohols
change, we analyzed the literature data taken from
works [1, 2, 8–11] and compared them with our re-
sults. In Fig. 3, the obtained dependence of the sin-

882 ISSN 2071-0194. Ukr. J. Phys. 2014. Vol. 59, No. 9



Light Scattering by Aqueous Solutions of Alcohols

gular point coordinate 𝑥0 for the solutions of alcohols
from the homologous series of methanol on the molec-
ular mass of a dissolved alcohol is depicted. One can
see that the experimental points fall well on a straight
line. The processing of experimental data using the
least-squares method enabled us to describe this de-
pendence with an error less than 2% by the formula

𝑥0 = 0.002(88−𝑀),

where 𝑀 is the molecular mass of the corresponding
alcohol.

Hence, in our opinion, the revealed linear rela-
tion between the concentration coordinate of singular
points in the solutions of alcohols from the homol-
ogous series of methanol and the molecular masses
of the corresponding alcohols proves that the low-
concentration peak on the light scattering curve is as-
sociated neither with impurities in the series of mutu-
ally independent experiments nor with the influence
of nanobubbles on the light scattering. Really, it is
difficult to imagine a situation when identical condi-
tions for the emergence of nanobubbles would be cre-
ated in different experiments, or when the solutions of
different alcohols in those experiments would contain
the same impurities at the same concentrations.

In our opinion, the issue of whether the coordinates
of singular points for alcohol solutions will coincide
if they are determined by analyzing various physi-
cal properties, e.g., acoustic, thermal, and rheologi-
cal ones, remains open. Nevertheless, as was shown in
work [12], nine of twelve mentioned methods for the
determination of singular point parameters in aque-
ous solutions of alcohols give identical coordinates
for the position of the low-concentration light scat-
tering maximum. The following issue also remains
open: What is the form of curves circumscribed by
the singular points in the three-dimensional thermo-
dynamic space when the thermodynamic parameters
vary? To answer this question, a series of experi-
ments on molecular light scattering in the indicated
solutions with the varying temperature and pressure
has to be done.

The authors express their profound gratitude to
Prof.M.P.Malomuzh for his attention to the work
and for the detailed discussion of all obtained results.
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РОЗСIЯННЯ СВIТЛА
ВОДНИМИ РОЗЧИНАМИ СПИРТIВ
ПОБЛИЗУ ЇХ ОСОБЛИВИХ ТОЧОК

Р е з ю м е

Робота присвячена встановленню залежностi положення
низькоконцентрацiйного пiка розсiяння свiтла водними роз-
чинами спиртiв 𝑥0 мольної частки спирту вiд їх молеку-
лярної маси. Знайдена вiдповiдна концентрацiя особливої
точки 𝑥0 для етиленглiколю при 20 ∘С i порiвняна з лiте-
ратурними даними для гомологiчного ряду метанол. Отри-
мана залежнiсть є лiнiйною з похибкою <2%.
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