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Abstract. Modern development vector of environmental monitoring leads to elaboration of analytical methods for qualita-
tive and quantitative analysis of different ecotoxicants. Many studies face the lack of information on isomers and
homologues of already studied compounds. This problem cannot always be solved experimentally due to the difficulty
of separating or synthesizing certain compounds; the use of group theories of solutions will help partly; using them,
solubility in water or partition coefficient between two immiscible solvents is calculated for ecotoxicants. These pa-
rameters are important for solving the analytical and ecological problems. The partition coefficient in the octanol — water
system is associated with a possibility of accumulation of different compounds in living organisms; the partition coef-
ficient in the hexane — acetonitrile system can be used in gas chromatographic analysis. Solubility in water is closely
associated with accumulation of ecotoxicants in water bodies, as well as with their ability to be transferred. This paper
presents the capabilities of the UNIFAC model for solving physicochemical problems using the example of calculating
the properties of real ecotoxicants on the basis of the available thermodynamic data. All the obtained calculated values
were compared with those determined experimentally. In the case of pyrene derivatives, solubility data were obtained
for the first time using a correlation group model to calculate the heat of fusion and melting temperature.

Keywords: UNIFAC; ecology; GCMS; identification; solubility; partition coefficient

Received: 27.01.2023 Accepted: 03.04.2023 Online: 13.04.2023 Published: 25.04.2023

Introduction. Determination of physicochemical properties of ecotoxicants is an important task
from the viewpoint of ecology and physical chemistry. Among such properties is the partition coef-
ficient of a substance between two immiscible solvents, solubility in water, and octanol — water par-
tition coefficient. Information about the partition coefficients in two-phase solvent systems can be
used in sample preparation for extraction and subsequent analysis of toxic compounds [1, 2]. The
partition coefficient octanol — water is of particular importance since it is associated with
the ability of substances to penetrate through organic membranes [3]. Solubility in water is closely
related to the ability of a substance to accumulate in water bodies, as well as to penetrate into
groundwater [4]. All these physicochemical properties were studied only for a number of ecotoxi-
cants, since some substances are either extremely difficult to separate in pure form, or they have not
yet been synthesized. There are a large number of isomers and homologues for ecotoxicants, which
are also toxic [5, 6]. An urgent problem is the development of methods for predicting the physico-
chemical properties of individual compounds based on their presumed structure.

The most common methods for predicting the properties of chemical compounds are the group
approach methods. In these methods, the molecules are separated into fragments, most often func-
tional groups. The most actively applied model realising this approach is the UNIFAC model [7].
It allows calculating the activity coefficients of individual components in a complex mixture by di-
viding them into separate fragments. For organic molecules, this approach is efficient since they are
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built from a limited set of functional groups. A set of groups CHs, CH2, CH, C and OH allows
designing any alkane, cycloalkane or aliphatic alcohol, including a polyhydric one. For example,
n-hexane (CHz-(CH2)4-CHs) consists of two CHz groups and four CH> groups. Ethanol contains one
CHzs, one CH> and one OH group. Adding a group for ethers (C-O-C) and for esters (RiOORy) it is
possible to build molecules not only of ethers and esters, but also of hydroxyethers and hydroxyesters.
For the consideration of amines, the NH> group is introduced, and for aromatic compounds, two
groups of aromatic carbon are introduced — ACH — aromatic carbon with a hydrogen atom and AC —
aromatic carbon without a hydrogen atom.

Some substances (CH3OH, H.O, CH3CN) are distinguished as separate groups. Usually, these
are the parent compounds of homologous series or substances that differ markedly in their properties
from the typical organic substances. The ability to calculate the activity coefficients of components
in the mixture allows estimating a large number of physicochemical properties using the equations of
chemical thermodynamics. Using Raoult's law, it is possible to describe the liquid — vapour equilib-
rium, which is applied in modelling of rectification, distillation and evaporation [8, 9]. The Schroeder
equation allows describing solubility in mixed solvents [10]. In the UNIFAC model, the activity fac-
tor is broken down into two components:

Iny = Inycomb + Inyres, 1)

where v is the activity coefficient; ycomb — COmbinatorial component of the activity coefficient;
yres — residual component of the the activity coefficient.

The combinatorial component takes into account the difference in the shape of molecules. The
residual component is associated with energy interactions between molecules in solution. An obvious
presence of the combinatorial component makes it possible to describe the properties of solutions of
polymers and macromolecules [11]. In practice, all the parameters, which are necessary for the model,
are determined by regression of experimental data based on liquid — vapour, liquid — liquid and solu-
bility equilibria. Such an approach to describing the properties of multicomponent systems can be
efficiently used in environmental monitoring and chemical analysis; further, it will be shown by the
example of calculating the solubility and partition coefficients.

Methods. Chromatographic analysis. Chromatographic measurements were conducted on
a Shimadzu GC-QP2010SE chromato-mass spectrometer equipped with an RTX-5MS column
(30 mx0.25 mmx0.25 um) of Restek Company. The chromatograph operated in a constant flow
rate mode (1.03 ml/min). Helium was the carrier gas. Evaporator temperature was 250 °C. Injec-
tion volume was 1 ul, reset 20:1. The oven program consisted of an initial isotherm of 50 °C
(for 10 min), then the temperature raised to 290 °C at a rate of 10 °C/min and was maintained for
10 min. Temperature of the ion source of mass detector equalled 200 °C, interface temperature
was 290 °C. Mass scanning range was chosen as 45-500 m/z with imaging duration of 0.3 s.

Calculation of solubility according to the UNIFAC model. With a gradual change of the mole
fraction of a component in solution from zero to one it is possible to find the equality point of both
parts (if it exists at all). A smooth change in the composition of the solvent will correspond to a
smooth change in the mole fraction of asphaltene. Thus, it is possible to construct a solubility isotherm

using the Schroeder equation:
2
AH (1 1
f={In(y.x)+—| =——1], 2
[ (raX)+— [T TB )

where AHs is the substance heat of fusion; T — temperature of the system; T¢ — substance melting
point; R — universal gas constant; x, — mole fraction.

Calculation of the asphaltene solubility in one solvent was carried out by the dichotomy
method (halving the segment). At each calculated point, the asphaltene activity coefficient was
calculated according to the UNIFAC model, after which the error was determined from formula (2).
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The calculation continued until the error became less than 102°. When calculating the solubility in
two solvents, the solubility in one of the two-phase systems (in the absence of the third component)
was taken as the first point. Then, there was a movement along the solubility line using the confidence
interval method. The accuracy of the calculations was controlled by the calculation error.

Discussion of results. Group approach in the calculation of partition coefficients for ecoanalyti-
cal purposes. In gas chromatography-mass spectrometry (GCMS) analysis, some analytes might not
be in the databases, which either completely excludes their identification or leads to erroneous iden-
tification. This problem is especially acute in analytical studies [12, 13] and in the development of
modern technologies [14-16]. In this case, for many known ecotoxicants, several homologues or iso-
mers can be proposed, which will have no less toxic properties, but will not be available in databases.
For example, in the NIST MS 2018 mass spectra database, there are no mass spectra of any CzoH1s
tetramethyl pyrenes, although there are 16 substances with such a molecular formula in the database.
These 16 spectra may well become a source of false identification, if tetramethyl pyrene is present in
the analysed sample. At the same time, there are studies on the toxicity of pyrene [17], but the toxicity
of its homologues was not investigated. If we take the extremely toxic 2,3,7,8-tetrachlorodibenzodi-
oxine [18] as an example, there are no mass spectra of even a monomethyl derivative for it, and there
are only two other substances with the same molecular formula. Due to the lack
of information, any studies of the toxicity of such homologues and isomers will face the difficulty of
their identification in complex matrices [19]. For this reason, it is important to identify the noninves-
tigated compounds and to increase the reliability of identification of the already studied compounds.

In practice other identification features can be used in addition to the mass spectrum. In case of
identification on capillary columns the retention indices are applied [20], which make it possible to
exclude the identification options that are unreliable for a given release time from the list of sub-
stances with similar mass spectra. It is possible to vary the ionization energy (in electron impact mass
spectrometry, the energy of electrons in an ion source is varied). Sometimes, this makes it possible
to reliably determine the molecular formula and even make reasonable assumptions about the struc-
ture of the analyte [21]. However, this significantly complicates the analysis and does not work well
with substances with a weak intensity of molecular ion in the spectrum.

Back in the mid-1960s, it was proposed to use the partition coefficient Kq of a substance between
two immiscible phases as an additional structure-dependent parameter for specifying the structure of
molecules in gas chromatographic (GC) analysis [22]. Such a coefficient (concentration partition co-
efficient) is the ratio of the equilibrium concentrations of a substance distributed between two liquid
phases. Examples of such phases are water — octanol, hexane — ethylene glycol solvent systems. During
partition, polar substances will predominantly concentrate in a more polar solvent, and non-polar
substances in a less polar one. If you take a mixture of methanol and heptane and distribute them
between ethylene glycol and hexane, methanol will be collected in ethylene glycol, and heptane in
hexane. If GC analysis of each phase is performed separately, then with equal volumes injected into
the injector of the chromatograph, methanol partition coefficient can be calculated as the ratio of peak
areas of methanol in the hexane and ethylene glycol phases:

S

_ “hexane
K, = heane

S

eg

: ©)

where Shexane IS the peak area of the component in hexane phase; Seq — peak area of the component in
ethylene glycol phase.

On the one hand, this complicates the analysis, since now it is necessary to obtain two chro-
matograms instead of one. However, this allows solving several problems. First, each of the two
chromatograms is simpler since not all sample components are present in the investigated phase.
Secondly, by comparing the calculated partition coefficient of an unknown analyte with the known
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values, it can be used as an additional identification feature. Since the partition coefficient does not
depend linearly on the retention index (which is also calculated from the chromatogram), the result
is two independent identification features. When using mass spectrometric detector, it is possible to
determine three independent identification features for each analyte. This methodology was success-
fully applied until the beginning of 1990 [23]. During this time, a number of important improvements
were proposed. The list of the used solvent systems was expanded. First of all, this is due to hexane —
acetonitrile system, an active use of which started in the analysis of essential oils and petroleum
products [24]. In [25] a method for K¢ measurement on the basis of an internal standard was proposed.
A substance with a known partition coefficient was taken as a standard. Then, formula (3) for hexane —
ethylene glycol pair of solvents is converted to the form

S S st
K — Ks hexane - €g , ( 4)
‘ t Seg Shzxane

where K is the partition coefficient of the standard; St

hexane

— peak area of the standard in the hexane

phase; Sj; — peak area of the standard in the ethylene glycol phase.

This modification makes it possible to avoid errors associated with inaccurate dosing of the sam-
ple into the chromatograph evaporator. Empirical formulas for calculating Kq of substances based on
their known physicochemical properties, such as molecular weight, boiling point, number of carbon
atoms in a molecule also appeared [26]. The LSER model [27, 28] that makes it possible to calculate
the partition coefficients in previously studied solvent systems with a sufficiently high accuracy is
most actively used in analytical practice. This made it possible to apply this method not only to con-
firm the results of identification, but also to check the assumptions about the structure of analyte
molecules. However, the approach appeared to be much more efficient when the chromato-partition
method was combined with group theories of solutions [29], which is due to a possibility of working
with systems of solvents of variable composition. Group theories of solutions make it possible to
estimate the partition coefficients for the non-investigated compounds.

Calculation of the activity coefficients of groups, and then of individual molecules, is rather
complicated, but its result can be easily applied to the calculation of the Kq value. As an example, let
us consider a system of o and 3 phases. For a two-phase equilibrium, the activities of any component
i distributed between phases are equal to each other. Thermodynamic activity of a; is equal to the
product of the activity coefficient yi and the mole fraction of the component xi, provided that it is
normalized to a pure substance. Normalization is interpreted as a choice of composition at which the
activity coefficient is assumed to be equal to one. Now, it is possible to write down the condition of
thermodynamic equilibrium of phases:

Yo,iXei = Vp.i%s.io )
where o and B indicate the belonging of characteristics to phases o and .
After transformations we get:
_ ’Y(x,i _ X

Bi
Vo Xai

K

X

(6)

Kx value is the ratio of mole fractions of the component in coexisting phases and differs from Kgq
value only by a simple factor equal to the ratio of molar volumes of the same phases,

Ki=KoH (7)

where V, and Vg are molar volumes of o and 3 phases.
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Using equations (5)-(7) for any organic molecule that can be built from the known groups with
the known parameters, it is possible to calculate the partition coefficient. The calculated value can
then be compared with the measured value, and the assumptions about the structure of the analyte
can be verified. It appears that the partition coefficient is a rather structure-sensitive parameter. Thus,
for 3-carene and a-terpinene (general formula CioH1e, both are components of the essential oil of
coniferous plants), the Kovats retention indices are 1011 and 1018 [30]. Mass spectrum of these sub-
stances consists of ion series with the main masses 41-43; 77-79; 93; 121 and 136. In the conditions
of routine GC-MS analysis on a 30-meter column, a difference in retention indices of 100 units cor-
responds to 1-2 min of time, i.e., the difference in the release time of these substances is from 3 to 6 s.
This is not enough to reliably distinguish between substances. However, the situation changes when
the partition coefficients are taken into account. For the hexane — acetonitrile system, Kq values are 6.7
and 4.3 for 3-carene and a-terpinene, respectively [23]. UNIFAC calculations give values of 7.5 and
4.4, which are extremely close to the experimental values. It is important to note that for any data set,
the partition coefficient for 3-carene is 1.55-1.7 times higher than that for a-terpinene. This is a quite

measurable difference and, therefore, the sub-

50,000,000 1 stances can be distinguished.
One example of using this approach is
40,000,000 Ll the identification of polyaromatic com-
‘ A UL AR I 1 pounds in middle-distillate petroleum pro-
2 ducts. Figure 1 illustrates the possibilities of

% 30,000,000 A -

5 the chromato-partition method. A sample of
= vl il L | ‘ commercial diesel fuel was taken as an ob-
20,000,000 AR AN 2 ject. Six largest peaks in the centre of the
chromatogram (1) are mono-, di- and trime-

10,000,000 1 | | ‘ ‘ ‘ ‘ thyl naphthalenes. Large peaks in the right
CEA A o U L

LR i A part of the chromatogram (2) of the hexane
0+—— ; phase are Ci1s-C22 n-alkanes. If there was no
10 20 %0 interphase partition, chromatogram (3) would

Retention time, min be observed, obtained by summing lines 1

Fig.1. General view of chromatograms of equilibrium solutions and 2 (original fuel). It can be seen that in
of diesel fuel in acetonitrile (1); hexane (2) this case, many peaks would simply overlap

I ot L

and initial diesel fuel (3).

Chromatograms are shifted from each other by a constant each other.

without distortion of peak heights Figure 2 shows a section of the chroma-
togram of hexane and acetonitrile phases.
16,000,000 | . Two large peaks can be found on the chro-
14,000,000 I _ matogram of acetonitrile extract, while there
12,000,000 are more of them in the hexane phase. Peak |
is an n-alkane, peaks Il and IV are isomeric

> 10,000,000 .
G 1 v alkanes, peaks Il and V are isomers of methyl
g 80000001 v Vi naphthalene, peak VI is an alkyl derivative of
6,000,000 \ benzene with a long radical. There is a clear
4,000,000 tendency of non-aromatic compounds to con-
2,000,000- w centrate in the hexane phase, which makes it
0 . . . . . possible to analyse them separately and calcu-
16 162 164 166 168 17 late the partition coefficient as an additional
Retention time, min identification feature. In addition to identifi-
Fig.2. Section of chromatograms shown in Fig.1, cation of aromatic compounds, this approach
in the interval of release time 16-17 min can also be useful in the study of other fuel

1 — hexane extract; 2 — acetonitrile extract components [31].
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rene, biphenyl, tetrahydro naphthalene, diben-
zothiophene, dibenzofuran, carbazole [29].
Group approach in calculating the solu-
bility of ecotoxicants in water and hydrocar- _ Fig.3. Calculated and experimental values
bons. In mass spectrometry the use of parti- of partition coefficients of some components of diesel fuel
tion coefficients is of an auxiliary nature,
whereas in modelling of natural and technological processes these values are included in the list of
the main ones. One of the most important indicators of any ecotoxicant is its solubility in water.
However, if the substance is not in the database and is not isolated as a pure compound, the only way
to estimate the solubility is to calculate it. Even if the solubility data are available, there is a possibility
of experimental error due to the fact that the solubility of many ecotoxicants in water is very low
(10-100 pg/1). The UNIFAC model makes it possible to calculate the solubility of such substances,
for this it is necessary to take into account the effects of fusion of the substance under study. In
practice such accounting is made using the Schroeder — van Laar equation. Since melting points of
many important ecotoxicants are much higher than 0 °C, only the heat and fusion of the ecotoxicant
should be taken into account when calculating the solubility in water. According to the Schroeder —
van Laar equation, in this case, the activity of an ecotoxicant calculated according to the UNIFAC
model in a solution, which is in equilibrium with a solid ecotoxicant, is related to the heat of fusion
and melting temperature of the substance by the following formula:

H
In(yx)zAfT[%—_%_]. 8

It can be seen that the right side of formula (8) does not depend on the composition of solution.
This means that it can be considered as a constant factor when calculating the total activity coeffi-
cient of the ecotoxicant:

. — T T T T T T — T T T T T 1
08 08 09 09 1 005 11 015 1.2 0.25
Kd, UNIFAC model

Iny =Iny, . +1ny, =10y, +Iny. +1ny,. 9)

With such a calculation of solubility, the main difficulty may be the lack of information on the
heat of fusion of an ecotoxicant. However, it is possible to calculate these values using group contri-
bution methods [32]. In such methods, a certain physical property of a substance is estimated as
a linear combination of the contributions of individual molecular groups. For example, for the heat
of fusion, the equation will look as:

AfH =Hyo +ZiNiH fus,1 +2ijH fus,2 +ZkOiH fus,3” (10)

where Ni, M;, O; are the numbers of groups of the first, second and third order in the molecule; Hys1,
Hius,2, Hius3 — the contribution of each group to the heat of fusion; Hsys,o — constant value.
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First order groups are the simplest functional groups. For example, methyl (CHs), hydroxo (OH)
or aromatic with hydrogen (ACH). Groups of the second and third orders are combinations of simple
groups; it is necessary to take them into account for correcting the obtained values with regard for the
mutual influence of closely spaced groups or the shape of a molecule. Pyrene molecule in this calcula-
tion will consist of 16 groups of the first order (6 AC and 10 ACH) and 4 groups of the third order (two
conjugations of aromatic rings according to the type of phenalene and two conjugations of aromatic
rings of the phenanthrene type). The value calculated in this way is 421 K, which is extremely close to
the experimentally determined value of 424 K [33].

Table 1 presents the results of solubility calculations for several important ecotoxicants and their
homologues. It can be seen that the discrepancies between the calculated and experimental values are
one order of magnitude. In the case of methyl and ethyl pyrene, the values were obtained using the
calculated heat of fusion. Although a discrepancy of one order is significant for analytical practice,
in the case of solubility estimation such accuracy will be sufficient. When working with the non-
investigated substances, such an estimated calculation is, in fact, the only method for determining the
solubility of ecotoxicants in mixed solvent systems.

Table 1
Examples of calculating the solubility of ecotoxicants according to the UNIFAC model (equation (8)
Equilibrium | Heat of fusion, - Experimental

Substance Formula mole fraction J/mol Solubility, mg/! solubility, mg/I
DDT, 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane C14HoCls 9.60-10° 26,280 [34] 1.9-101 2.5-102[35]
DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene Cu14HsCl4 1.00-10°7 23,550 [36] 1.8 1.2-101[35]
Hexachloroethane C2Cls 3.10-10° 9,750 [33] 4.1-10% 1.1-10%[37]
Hexachlorane CsHeCls 3.1-108 25,930 [38] 5.0-10! 7.3[39]
Benzpyrene CaoH12 4.70-10° 14,700 [34] 6.6-10* 3.8:103[37]
Pyrene CisHio 2.50-10°° 16,700 [33] 2.8:102 1.3-101[37]
Methyl pyrene Ci7H12 1.60-10°° 18,283" 1.9-10* No data
Ethyl pyrene CisH14 1.30-10°° 17,922" 1.7-10,000* No data

*Values obtained from formula (10).

Group models of solutions are used to solve the environmental and technological problems in
the calculation of solubility diagrams for hydrocarbon mixtures. Such a calculation itself would be
a standard physicochemical problem if the researchers had exhaustive data on physicochemical pro-
perties of components. However, in practice the researchers face the lack of information about the
system under consideration [40]. When preparing fuel for marine engines, fuel oil or other residual
products of deep oil refining (oil tar, visbreaker tar) are often added to it. Since the solubility of high-
molecular non-volatile products in fuels based on n-alkanes is low, for increasing it, it is necessary to
add a diesel fraction with a high content of aromatic compounds to the fuel. The resulting fuel should
be stable and, at the same time, meet a number of environmental and economic requirements [41].
Among the environmental constraints, one of the most important is low sulphur content in fuel
(less than 0.5 wt.% according to the requirements of the International Maritime Organization).
This value is easy to calculate if sulphur content in the residual product is known (sulphur content
in the initial volatile diesel fractions is much lower and can usually be neglected) and the con-
centration of the residual product. Solubility in a mixture of alkanes and substituted arenes de-
pends on their ratio and should be determined experimentally. The situation is complicated by the
fact that such solutions are usually dark and can precipitate with time. For this reason, the calcu-
lation of the solubility of such compounds is an important ecological problem, which can also be
solved using group models.

Molecular and group composition of the alkane-arene mixture can be determined from the data
of GC-MS analysis. If the group and molecular composition of the residual product is known, it is
possible to calculate its solubility using the Schroeder formula. The problem is that the residual products
are also multicomponent, and it is customary to distinguish four main classes of compounds in their
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composition: paraffins, aromatic compounds, resins, and asphaltenes. This classification is based on
SARA analysis. This is the procedure for successive isolation of the four above fractions using a set
of solvents. Asphaltenes are the first to precipitate from the residual fuel; therefore, the remaining
components only contribute to the change in the composition of the solvent. In order to correctly take
into account these changes, it was proposed to use the average molecular weights of each of the above
groups and the results of infrared (IR) spectroscopy and nuclear magnetic resonance (NMR). In this
case, the molecular weight can be determined by cryoscopy or from the solvent vapour pressure.

At the stage of choosing a solvent for cryoscopy, UNIFAC model calculations are very useful.
The UNIFAC model makes it possible to choose such a solvent, the solution of the substance in which
will be close to ideal, for asphaltenes it appeared to be benzene. In addition to the average molecular
weight, the elemental composition (or the equivalent average gross formula of the simulated com-
pound) is needed for calculations, as well as IR or NMR spectra, which allow to determine the com-
position of the functional groups present in the compound. Based on these data, the group composi-
tion of an average molecule of asphaltene or hydrocarbon mixture can be obtained. As an example,
Table 2 shows the group composition of asphaltenes of various compositions in the range of molec-
ular weights 617-1,574 g/mol. The group composition was calculated based on the fact that only the
AC, ACH, CH>, and CHs groups are present in the asphaltene molecule. Thus, if the asphaltene em-
pirical formula had the form CnHwm, then the number of groups was calculated using the system of
equations

N(AC) + N(ACH) +N(CH,) +1=N;
N(ACH) +2N(CH,) +3=M; (11)
N(ACH):N(AC) =k,

where N(AC), N(ACH), and N(CH>) are the numbers of UNIFAC groups comprised in one asphal-
tene molecule (the number of CHs groups is assumed to be one); k is the ratio of the number of ASN
groups to the number of AC groups.

Parameter k can be estimated from the NMR spectroscopy data, or one of the known polyaro-
matic compounds can be taken as a sample. Thus, for benzopyrene k =11/8 = 1.375. Such calculations
can be performed even with N and M not rounded to integers and not rounding the obtained values
of N(AC), etc. As an illustration of this method, Fig. 4 shows the solubility isotherms of asphaltenes
with characteristics from Table 2 in mixtures of two diesel fractions. Fraction 1 consists mainly of
alkanes and isoalkanes (98 wt.%), and fraction 2 of aromatic compounds (75 wt.%). As can be seen
from the calculation results, asphaltenes dissolve better in highly aromatized fractions; also with an
increase in molecular weight the solubility in alkane fractions decreases significantly.

Table 2 Asphaltene
0

Data on composition and molecular weight
of different asphaltenes [42]

Parameter Sample 1 Sample 2 Sample 3

Mw, g/mol 617 1,135 1,574
C, wt.% 89.18 86.14 87.65
H, wt.% 5.68 6.39 6.5
S, wt.% 2.45 55 3.22
AC 20.9 33.1 46.5
ACH 15.9 253 35.6
CH: 8.1 221 319 1.00, Y. y v 0
CHs 1 1 1 0 0.25 0.5 0.75 1.00

Fuel 1 Fuel 2

Fig.4. Calculated asphaltene solubility isotherms (1-3)
from Table 2 at a temperature of 373 K
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Conclusion. The given examples do not exhaust the application field of group theories of solu-
tions for solving technological and ecoanalytical problems. The efficiency of such application de-
pends on the availability and reliability of the physicochemical characteristics of the substances under
study. These characteristics can be determined both experimentally and using different correlation
dependences. In this work, it was demonstrated that the UNIFAC model can give satisfactory results
when calculating the solubility of ecotoxicants in water and can also be used in the estimation of
partition coefficients in two-phase systems.
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