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This work is devoted to the theoretical substantiation of connection of temperature dependence
of the solubility of carbohydrates with thermal effect of their dissolution in the water-containing
organic solvents that is of great importance for optimization of the technology of their extraction
from plant raw materials and further purification and separation by recrystallization. The
dependence of the solubility of fructose, glucose, sucrose, and maltose in aqueous isopropanol and
acetone at temperatures of 298 K (25°C) and 275 K (2°C) from water content in a solvent was studied.
The constancy of the mechanism of solubility of carbohydrates in these environments in the given
temperature interval is experimentally proved. For the first time based on the equation of Vant-
Goff the logical connection of temperature dependence of solubility and thermal effect of solubility
of carbohydrates is strictly grounded. The values of the thermal effect that are determined by the
experimental data allow calculating the solubility of the studied carbohydrates in the aqueous—
organic solvent of different concentration in the temperature range from 2°C to 25°C. It has been
established that the main contribution to the thermal effect of dissolving carbohydrates is the
hydration process. Solvation by molecules of organic solvent practically does not change the value
of the specified thermal effect. The significance of determined temperature dependences of the
solubility of fructose, glucose and maltose is shown to optimize the technological conditions for
the separation of glucose-fructose and glucose-maltose syrups by selective crystallization.

Keywords: solubility, temperature dependence, thermal effect, fructose, glucose, saccharose,
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Introduction Dependence from temperature and appropriate

theoretical interpretation of the results of sucrose

Experimental data of dependence of the solubility of
substances from temperature is accepted to represent
either in the form of tables and graphs or through

empirically chosen equations by authors of the researches.

For example, this kind of dependence for the sucrose
system - water in the interval from -12°C to + 81°C with a

step of one degree is given in the work (Sapronov, 1998).

In the same source, it is noted that in the interval from
0 to 90°C the content of sucrose in saturated aqueous
solution S (mas.%) With sufficient accuracy is described
by the equation in the form of polyoma

S=64,397 + 7,251-10"% + 20,569-10-4t* — 9,035-10°¢5,

where t is the solution temperature in degrees Celsius.

It is essential to know the dependence of sucrose
solubility in the water on the content of various
inorganic salts such as KCI, NaCl, MgCl, and CaCl
for sugar production. These salts can both increase

and reduce the sucrose solubility (Wang, 1993).

solubility and other carbohydrates in water solutions
and the applicability of the UNIFAC model for this
purpose are provided in the works (Zhang, 2010;
Baghbanbashi, 2014; Peres,1997). This dependence is
usually well described by the Vant Goff equation.

Data on the dependence of sucrose solubility in water-
ethanol from alcohol content in the full range of
concentrations at temperatures of 0°C, 14°C, and 40°C
is presented in tabular form in the handbook (Simanova,
2004) are described in detail in a wide range of
temperatures in other sources (Peres, 1997; Peres, 1997;
Spiliotis, 2000). Such information allows calculating
multi-component crystallization and rectification with
high accuracy, to design new processes and types of
apparatuses in sugar, alcohol and liquor-vodka industry
on this basis. Similar data for other three-component
carbohydrate systems - water - organic solvent are
obtained and described by the authors in the works
(Peres, 1997; Peres, 1997; Spiliotis, 2000). In addition
to sucrose, the solubility of glucose, maltoses, fructose,
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xylose, mannose, lactulose, lactose, tagatose, galactose,
etc. in solvents such as ethanol, methanol, propanol-1,
butanol, pentanol, propylene glycol, glycerin were
studied (Tinjaca, 2019; Ye, 2017; Gabas,1988). The
solvents were used both in their purest form and in
various water relations (Ye, 2017; Gabas,1988).

More complex multi-component systems for studying
the solubility of carbohydrates in order to extract
and separate them from natural and synthetic
raw materials are of interest. For instance, the
study (Montanes, 2009) explores the possibility of
using complex supercritical carbon dioxide with
ethanol:water (95:5, vol./vol.) used as a co-solvent at
T = (60 and 100) °C, P = (10-30) MPa and co-solvents
content from 6 to 21% (weight/weight) for the
selective extraction of components from lactulose/
lactose and tagatose/galactose binary mixtures.

The study of carbohydrate extraction processes of
different chemical nature from lignocellulose biomass
by extraction by waterless complex organic salts - ion
liquids (ILs) (Teles, 2016; Mohan, 2016) has an essential
practical meaning for the production of green fuel
and other useful substances. In the same works, the
mechanism of dissolving carbohydrates in ILs with the
formation of solvate complexes of monosaccharides
with ion pairs of complex salts is discussed.

Despite the abundance of work devoted to the study of
the carbohydrates dissolution mechanism in complex
multi-component systems, the researchers did not
conduct a systematic study of the role of water, and
the process of dissolution in terms of the fundamental
laws of physical chemistry.

The author of this work has developed and imple-
mented a new method of separating carbohydrates
from two-component mixtures by selective
crystallization of one of them when adding an
organic solvent to the water solution of the mixture
(Danilchuk, 2012). This method is applicable for the
separation of glucose-fructose and glucose-maltose
syrups (RU Patent No. 2347818, 20097; Danilchuk,
2016). Widely used solvents - isopropanol, acetone,
acetonitrile - can be used to implement the method.
The author proposed a physical and chemical model
of the process of dissolving carbohydrates in mixed
water-organic solvents, showing the decisive role of
hydration in the process of carbohydrates dissolving.

Previously for the first time (Danilchuk, 2013) we
have demonstrated that the process of dissolving
carbohydrates in water-organic environments (water-

7 Danilchuk, V. D. (2009). RU Patent No. 2347818.

containing isopropanol, acetone, acetonitrile) from
the law of acting masses can be considered as a
quasi-chemical reaction of equilibrium between
carbohydrate in solid (Carbohydrate) ., and dissolved
states [(Carbohydrate)bH,O]

solution®

(Carbohydrate) ., + bH,0 = [(Carbohydrate) bH,O]

solid solution®

Theright side of this equilibrium equation the formation
of a hydrated carbohydrate complex that directly
passes into the solution is depicted symbolically. In
this case, the constant of physicochemical equilibrium
K, replacing the volumetric concentrations on the mass
fraction, can be recorded as

K=P/C, €]

where C is the mass fraction of water in the binary
solvent; P — solubility expressed in g of carbohydrate
dissolved in 1 g of a binary solvent; the indicator b is
equal to the stoichiometric coefficient in the chemical
equation. In the mathematical expression of the
equilibrium constant (1) the concentration of solids
(Carbohydrate)_,, as usual, do not include.

This description of the solubility process is the
physicochemical substantiation of the established
experimental equation of solubility of carbohydrates
in water-organic media:

P=acC®
or in logarithmic form
lgP=blgC+lga,

a, b — coefficients derived from experimental linear
graphs in logarithmic coordinates x =1g Cand y = 1g P
by least squares method for each of the carbohydrates
in this binary solvent since the linear dependence is
performed in these coordinates

)

y=bx+lga.

The coefficient a, as seen in the comparison of
equations (1) and (2), is a non-dimensional constant
of equilibrium.

It is known that the amount of carbohydrates
solubility and the change of this magnitude from the
temperature is determined by the chemical nature
of the carbohydrate and the solvent composition.
Changing these parameters can affect the solubility
of different carbohydrates in different ways and, in
particular to achieve selective crystallization of one
of the components, which allows us to separate and
purify the components of the mixture.
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One of the objectives of this study was to confirm the
persistence of the physicochemical mechanism of the
dissolution process of fructose, glucose, sucrose, and
maltose in aqueous isopropanol and acetone, with a
decrease in temperature from T1 =298 K (25°C) to T2 =
=275 K (2°C). For this purpose coefficients of solubility
equation a and b at the temperature of 25°C, which
are received in work (Danilchuk, 2013), were refined,
and the similar coefficients at temperature of 2°C
have been clarified.

The solution of the identified problem will theoretically
justify the connection of the temperature dependence
of the solubility of the specified carbohydrates with
the thermal effect of their dissolution in the water-
containing organic solvents of different composition.
Establishment of such connection is the primary
purpose of the research and is of great practical impor-
tance for optimization of technological processes of
heat and mass exchange of extraction of carbohydrates
from vegetative raw materials and their further
purification and separation of the method of selective
crystallization (Danilchuk, 2012; RU Patent No. 2347818,
2009; Danilchuk, 2016; RU Patent No. 2604288, 2016%)
proposed by us. The theoretical value of the sought
connection is that this relationship will allow to
accurately calculate the solubility of carbohydrates
at any temperature for any composition of the water-
organic solvent within limits required for carrying out
technological processes.

Materials and methods

For the study were used: distilled water, carbohydrates -
glucose, fructose, maltose and saccharose chemical
purity 99.9 mas. %, organic solvents — chemically pure
and non-aqueous isopropanol and acetone.

The solubility of carbohydrates was determined
by titration of binary mixtures (aqueous solutions
of carbohydrates) of different composition by the
third component (organic solvent) to the turbidity
of the solution’®. This method is usually used to build
phase diagrams of three-component systems when
all three components are liquids. The essence of the
titration process is to add the third component to the
homogeneous two-component solution to the point of
turbidity associated with the formation of the second
liquid phase. Thus, the composition of the saturated
solution is calculated and one point is obtained on the
solubility curve of the phase diagram separating the

8 Danilchuk, J. (2016). RU Patent No. 2604288.

single-phase area from the two-phase. The method
of titration shown was firstly applied and modified to
determine the solubility of solids — carbohydrates in
two-component solvents. The modification allows in
the process of repeated titration using two measuring
burettes and during one procedure to obtain a large
number of points on the curve of the solubility of
carbohydrates in the organic solvent from the content
of water in a wide range from 10 to 70 mas. % (C = 0.1-
0.7). Processing of the received data of titration by the
method of the least squares in logarithmic coordinates
x=Ig Cand y=lg P allows defining parameters a and b
in equation (2).

As an example, we will describe the procedure
of getting a dependence of sucrose solubility in
water—-based acetone with the help of the method
of repeated titration at the temperature of 25°C. For
the experience it is necessary to have: distilled water,
sucrose with the content of the principal substance
99.9 mas. %, exceptionally pure waterfree acetone,
scales with the accuracy of weighing 0.01 g, conical
flask on 250 cm?, two measuring burettes: for water -
on 25 cm?, for acetone - on 50 cm?.

In the conical flask the weighed portion of sucrose with
a mass of 6.00 g dissolved in 4.00 cm?® (4.00 g) of water at
a given ambient temperature (25°C) to the formation of
a transparent solution. We have installed two measuring
burettes, filled with water (25 cm?®) and acetone (50 cm?)
on a tripod. After exhausting the first 50 cm® of acetone
in the process of titration added a second portion of
acetone in the same volume. Equipment and reagents
must take the ambient temperature of 25°C before
titration. The results of multiple titration were made in
the first two columns of table 1, where the first column
shows the total water volume VW added to the system,
taking into account the 4 cm® initially inside the flask
before titration, and the second column shows the total
volume of acetone VA, which went on titration till the
moment of clouding at this step.

The process of multiple titration was performed as
follows. In the flask to the original solution 6.00 g
sucrose (MS = 6.00 g) in 4.00 g of water (VW = 4.0 cm’),
acetone was gradually poured from the burette at
stirring to the point of turbidity, which came after
the addition of VA = 5,9 cm® (see Table 1). Then
from another burette in the received mix was poured
0.5 cm® of water (VW =4.5 cm®) at hashing. The general
mixture became transparent, i.e., homogeneous.
The process of titration by acetone to turbidity was

 Konyukhov, V. Yu., & Popov, K.I. . (2002). Physicochemical foundations of food industry. Publishing complex of the Moscow State University

of Food Production.
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repeated. In the second stage of titration 1.6 cm3
of acetone was spent, i.e., from the moment of the
beginning of titration, the total spent VA = 5.9 cm?® of
acetone that corresponds to a position of a meniscus
in the burette and was entered in the second line of
the second column of Table 1. The procedure was
repeated many times and finished when the total
mixture contained 6.00 grams of sucrose, 24.5 cm?
(24.50 g) of water and 99.4 cm?® (78.63 g) acetone.

To fill Table 1 and further processing of results it was
necessary to transfer volumes of water and acetone

characterizing points of titration in corresponding
masses MW and MA. For this purpose the volumetric
density of water and acetone, equal respectively 1.000
and 0.791 g/cm® were used. Water content C and
solubility of sucrose P counted on formulas

C=M,/(M,, + M,),
P=M/(M,, +M,).

In the last two columns Table 1 show the modules of
decimal logarithms of parameters C and B, necessary

Table 1
Solubility of sucrose in water acetone at 25°C
VW, cm?® VA, cm? MA g MW +MA, g C P -lgC -lgP
4,0 4,3 3,40 7,40 0,5405 0,8108 0,267 0,091
4,5 59 4,67 9,17 0,4907 0,6543 0,309 0,184
50 7,1 5,62 10,62 0,4708 0,5650 0,327 0,248
5,5 8,5 6,72 12,22 0,4501 0,4910 0,347 0,309
6,0 9,9 7,83 13,83 0,4338 0,4338 0,363 0,363
6,5 11,4 9,02 15,52 0,4188 0,3866 0,378 0,413
7,0 13,1 10,36 17,36 0,4032 0,3456 0,394 0,461
7,5 14,8 11,71 19,21 0,3904 0,3123 0,408 0,505
8,0 16,9 13,37 21,37 0,3744 0,2808 0,427 0,552
8,5 18,8 14,87 23,37 0,3637 0,2567 0,439 0,591
9,0 20,8 16,45 25,45 0,3536 0,2358 0,451 0,628
9,5 22,8 18,03 27,53 0,3451 0,2179 0,462 0,662
10,0 24,6 19,46 29,46 0,3394 0,2037 0,469 0,691
10,5 26,9 21,28 31,78 0,3304 0,1888 0,481 0,724
11,0 28,9 22,86 33,86 0,3249 0,1772 0,488 0,752
11,5 30,8 24,36 35,86 0,3207 0,1673 0,494 0,776
12,0 32,9 26,02 38,02 0,3156 0,1578 0,501 0,802
12,5 34,9 27,61 40,11 0,3116 0,1496 0,506 0,825
13,0 37,2 29,43 42,43 0,3064 0,1414 0,514 0,850
13,5 39,5 31,24 44,74 0,3017 0,1341 0,520 0,873
14,0 41,4 32,75 46,75 0,2995 0,1283 0,524 0,892
14,5 43,8 34,65 49,15 0,2950 0,1221 0,530 0,913
15,0 46,9 37,10 52,10 0,2879 0,1152 0,541 0,939
15,5 49,3 39,00 54,50 0,2844 0,1101 0,546 0,958
16,0 51,8 40,97 56,97 0,2808 0,1053 0,552 0,977
16,5 53,9 42,63 59,13 0,2790 0,1015 0,554 0,994
17,0 56,8 44,93 61,93 0,2745 0,0969 0,561 1,014
17,5 59,0 46,67 64,17 0,2727 0,0935 0,564 1,029
18,0 61,7 48,80 66,80 0,2695 0,0898 0,570 1,047
18,5 65,3 51,65 70,15 0,2637 0,0855 0,579 1,068
19,0 68,9 54,50 73,50 0,2585 0,0816 0,588 1,088
19,5 71,3 56,40 75,90 0,2569 0,0791 0,590 1,102
20,0 73,8 58,38 78,38 0,2552 0,0766 0,593 1,116
20,5 76,6 60,59 81,09 0,2528 0,0740 0,597 1,131
21,0 79,4 62,81 83,81 0,2506 0,0716 0,601 1,145
21,5 81,9 64,78 86,28 0,2492 0,0695 0,603 1,158
22,0 84,5 66,84 88,84 0,2476 0,0675 0,606 1,170
22,5 87,3 69,05 91,55 0,2458 0,0655 0,609 1,184
23,0 90,4 71,51 94,51 0,2434 0,0635 0,614 1,197
23,5 92,9 73,48 96,98 0,2423 0,0619 0,616 1,209
24,0 96,0 75,94 99,94 0,2401 0,0600 0,620 1,222
24,5 99,4 78,63 103,13 0,2376 0,0582 0,624 1,235
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for plotting the graphs in Figures 1la, 1b, 2a, 2b and
definition of parameters of the equation of solubility
a and b of Table 2. The obtained results described
as an example of the experience of determining the
solubility of sucrose in aqueous acetone at 25°C are
reflected in the corresponding graph (Figure. 29).
Thus, in the process of repeated titration, 42
points were obtained on the specified chart in the
logarithmic coordinates x = 1g C and y = 1g P, which
gives the possibility after mathematical processing
with great accuracy to define parameters a and b in
the solubility equation (2) based on the obtained
trend line equation

y=13,3211x + 0,8518.

Obviously, in this case, b = 3,32 and a = 1038 ==711,
that is, the equation of solubility of sucrose in water-
based acetone at 25°C has the form

P=711C5%

Results and discussion

The results of the study are shown in Figures 1a, 1b,
2a, 2b and in Table 2.

As it can be seen from the figures, at both
temperatures of the study T, = 298 K and T, = 275
the experimental dependences of solubility on the
mass fraction of water in aqueous-organic solvents
in logarithmic coordinates are well straightened,
which confirms feasibility of the equation of
solubility (2), thus the coefficient of inclination b
of corresponding straight lines of a trend within the
limits of error of measurements and calculations at
transition from one temperature to another does
not change.

The invariability of indicator b in the solubility
equation (see Table 2) at two temperatures
confirms the safety of stoichiometric coefficient

in the corresponding quasi-chemical equation of
equilibrium, i.e. necessary for hydration of one
carbohydrate molecule quantity of water molecules
is preserved. So, for example, for hydration of
glucose molecule in aqueous isopropanol requires
two molecules of water, in aqueous acetone - an
average of 2.57 molecules of water. In general, for the
studied systems carbohydrate -water-organic solvent
experimentally defined values b vary within 1.85-3.73,
i.e., in the process of hydration involved about two to
four molecules of water. In the case of water—based
acetone, the amount of water molecules required for
hydration is significantly higher than in the case of
aqueous isopropanol.

Thus, the
mechanism of carbohydrate
temperature range is confirmed.

constancy of the physicochemical
solubility in this

The preservation of the dissolution mechanism allows
using the ratio of equilibrium constants at different
temperatures n = a/a, to determine the thermal
effect - the calculation of enthalpy AH° and heat Q
of the dissolution process, which corresponds to the
stoichiometric equation. For this purpose we use the
Van’t Hoff” isobar in an integral form

a, AH® [ 1 1
Inf — |=———|——=—|
a, R \T, T,
where AH’ — enthalpy (J/mol); R — gas constant, equal

to 8.31 J/mol, deg; a, and a, are equilibrium constants
respectively at absolute temperatures T, and T,.

3

It is important to note that in the implementation
of the solubility equation (2) at two temperatures T,
and T, with the preservation of indicator b, the ratio
of constants n = a,/a, at the same time equal to the
ratio of the corresponding solubility of carbohydrate
P /P, at the set water content C in a binary water-
organic solvent. Thus, the Van’t Hoff’ equation (3) for
a given carbohydrate and a given solvent composition

Table 2
Coefficients of the equation of solubility of carbohydrates at temperatures T,= 298 K (a,, b)) u T,= 275K (a,, b,)
Isopropanol Acetone
Carbohydrate

a, b, a, b, a/a, a b, a, b, a/a,
Fructose 1,96 1,86 1,70 1,85 1,15 2,34 2,30 2,01 2,29 1,16
Glucose 1,74 2,01 0,49 2,00 3,55 2,22 2,57 0,62 2,57 3,58
Sucrose 2,57 2,11 1,26 2,11 2,04 7,11 3,32 3,56 3,32 2,00
Maltose 2,36 2,74 1,12 2,74 2,11 483 3,72 2,29 3,73 2,11
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Figure la
Solubility of carbohydrates in isopropanol
at a temperature of 25°C

Figure 1b
Solubility of carbohydrates in isopropanol
at a temperature of 2°C
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is essentially a carbohydrate solubility dependence on Table 3

temperature.

The thermal effect of dissolution process Q is
equal in absolute value to the change of enthalpy
and is opposite in the sign Q = -AH° [21]. Since
the relative changes in coefficients n in the case
of aqueous isopropanol and acetone were equal
among themselves within the measurement error,
the corresponding calculations for these two binary
solvents are summarized in the general table
(Table 3), in which the average of the two values of n
are shown. Proximity of the relationship n = a /a, for
different water-organic mediums indicates the main
contribution to the thermal effect of carbohydrate
dissolution of the hydration process and relatively
small contribution of the process of solvation by
organic solvent molecules.

Enthalpy and the heat of dissolving carbohydrates in
aqueous isopropanol and acetone

Carbohydrate n AH?, kJ/mol Q, kJ/mol
Fructose 1,16 4.4 -4.4
Glucose 3,57 37,7 -37,7
Sucrose 2,02 20,8 -20,8
Maltose 2,11 22,1 -22,1

From Table 3 it can be seen that the heat of dissolution
of carbohydrates in aqueous isopropanol and acetone
is negative, that is, the process of dissolution of
crystals occurs with heat absorption. The greatest
amount of heat is absorbed at the dissolution of
glucose, and the smallest - at the dissolution of
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fructose; the thermal effects of the dissolution of
sucrose and maltose are almost identical.

Using the values of AH® from the Table 3 in accordance
with the Van’t Hoff” equation (3) based on solubility
data (Table 2) at a temperature of T, = 298 K (25°C), it
is possible to calculate the solubility of carbohydrates
at any temperature T, in the studied range of
temperatures from 2°C to 25°C.

As an example, we determine the solubility of sucrose in
a water solution containing 50 mas. % isopropanol (C =
= 0.5) at a temperature of 14°C (287 K). To do this, we
use the Van’t Hoff” equation (3), where T, = 298 K (25°C)
and T, = 287 K (14°C). The value a, = 2.57 is taken from
Table 2, and the value AH®= 20800 J/mol is taken from
Table 3. Thus, in equation (2), all parameters except a,
which value can be calculated are known. As a result
of the calculation from equation (2), we get a, = 1.86.
Since the value of parameter b = 2.11 remains the same
as at the temperature of 298 K (25°C), the equation of
solubility of sucrose in aqueous isopropanol has the form

P=1,86C*!,
In particular from this equation for C = 0.5 we get
P=1,86(0,5)*!!=0,431.

Thus, the solubility of sucrose in aqueous acetone
containing 50 mas. % of water, at 14°C is 43 gin 100 g
of mixed solvent (P = 0.43).

Knowledge of the temperature dependence of the
solubility of carbohydrates in mixed water-organic
solvents allows making practically important
recommendations for an increase of efficiency of
technological processes of separation and purification
of glucose-fructose and glucose-maltose syrups
previously developed by the author method of selective
crystallization (Danilchuk, 2012; RU Patent No.
2347818, 2009; Danilchuk, 2016; RU Patent No. 2604288,
2016). For example, for any composition of aqueous
isopropanol and acetone with a decrease in temperature
from 25°C to 2°C according to the Table 3 the solubility
of fructose falls in 1.16 times, and solubility of glucose in
3.57 times, that is, the solubility of fructose in relation to
glucose in this case increases by 3,57/1,16 = 3.08 times.
The increase in the solubility ratio of fructose and
glucose in aqueous isopropanol with a decrease in
temperature from 25°C to 2°C significantly increases
the efficiency of the process of separating of these
carbohydrate by selective crystallization of glucose-
fructose syrup, as it was established experimentally by
us earlier (Danilchuk, 2012; RU Patent No. 2347818). The
same decrease in temperature will reduce the separation

efficiency of glucose-maltose syrup (Danilchuk, 2016;
RU Patent No. 2604288, 2016), since as it decreases the
relative difference between the solubility of glucose and
maltose by 3,57/2,11 = 1.69 times due to the fact that the
solubility of glucose falls faster than less soluble maltose.
Therefore, in the latter case, it is recommended to
conduct the process at the highest possible temperature.
This recommendation applies equally to the separation
of glucose-maltose syrup by isopropanol and acetone
(Danilchuk, 2016).

It was interesting to conduct the processing of reference
data (Simanova, 2004) on the solubility of sucrose in
water—based ethanol within the framework of the above
concept of the mechanism of solubility of carbohydrates
and the connection of solubility with thermal effect.
For this purpose tabular data from the reference book
for temperature T, = 313 K (40°C) and T, = 287 K (14°C)
in the field of change of ethanol concentration from
40 vol. % (33.30 mass %) up to 90 vol. % (85, 66 mass %)
were plotted on the corresponding graphs in the
coordinates of g C — 1g P (Fig. 3).

From Fig. 3, it can be seen that the slope coefficients
of the trend line for two temperatures b, = 2,88 and
b, = 2,95 have close values, given the measurement
error. That means that in this range of temperatures
from 14 to 40°C the mechanism of solubility of sucrose
in ethyl alcohol is preserved and the corresponding
solubility equations have the form

P=768C>*for T, =313 K (40°C), “)

P=375C*% for T, = 287 K (14°C). (5)
The preservation of the dissolution mechanism allows
to use the ratio of coefficients a /a, = 7,68/3,75 = 2,048 to

Figure 3
Solubility of sucrose in ethanol at temperatures of 287 K
(14°C) and 313 K (40°C) according to the handbook [6]
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calculate the enthalpy AH° and heat Q of sucrose
solubility in ethanol, substituting this ratio in the left
part of the Van’t Hoff” equation (3), which gives AH°® =
= 20.6 kJ/mol and Q =-20.6 kJ/mol. This result almost
coincided with the data of Table 3 for sucrose. Thus, the
important conclusion of this work on weak dependence
of the solubility of carbohydrates in water-organic
solvents from the chemical nature of organic solvent at
middle and high concentrations of the latter is confirmed.
The main contribution to the thermal effect of solubility
of carbohydrates makes the hydration process.

For comparison with the results of carbohydrate
solubility obtained by us in aqueous isopropanol
and acetone at 25°C, we define the equation of
sucrose solubility in water-based ethanol at the same
temperature. As b, we take the average value of this
indicator from the equations (4) and (5), which is 2.92.
From the Van’t Hoff’ equation (3), we calculate the
coefficient a = 5.16. Therefore, the sought for equation
has the form
P=5,16C %%, (6)
With the help of this equation, we define, for example,
the solubility of sucrose in ethanol containing 80 vol. %
alcohol at a temperature of 25°C. According to the
reference data (Simanova, 2004) the mass fraction of
ethanol in such a solvent is 73.5%, which corresponds
to the water content C = 0.265, when substituting it
into equation (6) we get P=0.107, that is, in 100 grams
of binary solvent dissolves 10.7 g of sucrose.

Conclusions

The dependence of the solubility of fructose, glucose,
sucrose, and maltose in aqueous isopropanol and
acetone at temperatures of 298 K (25°C) and 275 K
(2°C) from water content in a solvent is studied.
The constancy of the mechanism of dissolution
of carbohydrates in these mediums in the given
temperature interval is experimentally proved. The
results of this work allowed to theoretically justify
the applicability of the Van’t Hoff’ equation to
the description of the temperature dependence
of the solubility of carbohydrates in the water-
containing organic solvents, which allows linking this
dependence with the thermal effect of solubility. The
results obtained, in general, are of great importance
for optimizing the technology of extracting
carbohydrates from plant raw materials, further
purification and separation by selective crystallization.

The values of the thermal effect determined from
experimental data allow calculating the solubility

of the studied carbohydrates in water-organic
mediums in a temperature range from 2°C to 25°C.
It has been established that the main contribution
to the thermal effect of dissolving carbohydrates is
made by the hydration process. Solvation by organic
solvent molecules practically does not change
the value of the specified thermal effect. It was
revealed that the increase in the ratio of solubility
of fructose and glucose in aqueous isopropanol
with a decrease in temperature from 25 to 2°C
significantly increases the efficiency of the process
of separating glucose and fructose by the method of
selective crystallization of glucose-fructose syrup.
The same decrease in temperature will reduce the
separation effectiveness of glucose-maltose syrup,
as it decreases the relative difference between the
solubility of glucose and maltose due to the fact
that the solubility of glucose falls faster than less
soluble maltose. Therefore, in the latter case, it
is recommended to carry out the process at the
highest possible temperature.

The work was done within the framework of
the President of the Russian Federation’s grant
Ne MD-3576.2015.4.
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ITUTAHUE

TeroBoi 3¢ ¢eKT pacTBOpeHMUs YIIIeBOA0OB
B BOJTHO-OPraHMYeCKMX cpemax

Jauunbuyk 0nus BanepseBHa!

I ®dIrBOY BO «MOCKOBCKHUIT FOCYZaPCTBEHHBIN YHUBEPCUTET MNIIEBBIX POU3BOICTB»

Koppecnondenyus, kacarwowascs amoii cmamou, doiHa 6vims adpecosana Janunsuyk FO.B., ®IEOY
BO «Mockosckuti 20cydapcmeeHHblli yHugepcumem nuujesslx npouzeodcmer, adpec: 125080, 20pod Mocksa,
Bonokonamckoe wocce, dom 11, e-mail: dan_uv@mail.ru

HanHasi pab6oTa TIOCBSIIEHA TeOPEeTUUECKOMY OGOCHOBAaHMIO CBSI3M TeMIlepaTypHOIt
3aBUCUMOCTM DPAaCTBOPUMOCTU YITIEBOJOB € TeIUIOBBIM 3bdekToM UX pacTBOpeHUS B
BOJIOCOEP)KAlIMX OPTraHMYECKMX PpacTBOPUTENSIX, UTO MMeeT G6OJbIIoe 3HaueHue mJis
ONTUMM3ALIUY TEXHOJIOTUY UX U3BJIEUEeHMS U3 PACTUTENBLHOIO ChIPbS Y Ja/IbHEMIINX OUUCTKU U
paspeneHus MyTeM MepeKpUCTaIn3aIym. MizyueHa 3aBUCMMOCTb PaCTBOPUMOCTY (PYKTO3BI,
[VTIOKO3bl, CaXapo3bl ¥ MaJIbTO3bI B BOLHBIX M30IIPOIIaHOJIe U alleTOHe pU TeMIiepatypax 298 K
(25°C) n 275 K (2°C) oT comepskaHMsI BOAbl B pacTBOpuUTese. DKCIIEPUMEHTATIBHO JTOKa3aHa
HEU3MEHHOCTb MeXaHM3Ma pPacTBOPeHMsl YIVIeBOAOB B [JaHHBIX cpelaX B IpUBEIEHHOM
MHTepBaje TeMIepaTyp. BriepBble Ha ocHOBe ypaBHeHUs BanT-Todda cTporo ob6ocHoBaHa
aHaIUTUYeCcKasl CBSI3b TeMIIEPATYPHOI 3aBUCUMMOCTM PACTBOPMMOCTU U TeIUIOBOTO 3ddekTa
pacTBopeHMsl yrneBomoB. OmpeleseHHble 10 3KCIEPUMEHTAJbHbIM [JAaHHBIM BeJIWYMHBI
TerI0Boro 3dgdeKrTa MO3BOJSIOT PACCUIUTATH PACTBOPUMOCTb U3YUEHHBIX YITIEBOJOB B BOTHO-
OpraHMYecKOM pPacTBOPUTEJIe Pa3IMYHOM KOHIIEHTpallMy B Auana3oHe Temiepatyp oT 2°C 1o
25°C. YcTaHOBJIEHO, UYTO OCHOBHO BKJIa/I, B TEIIJIOBOI 3(p¢deKT pacTBOPEHMS YITIEBOJOB BHOCUT
npouecc ruapartaiyy. ConpBataiys MoJIeKyJIaMy OpraHMYeCcKOro pacTBOPUTEIS TPAaKTUYeCK
He MeHsIeT BeIMUMHY YKa3aHHOTO TerioBoro sddexra. [Toka3aHo 3HayeHME IOTYYEeHHBIX
TeMIIepaTypHbIX 3aBUCUMOCTEll pacTBOPMMOCTU (PYKTO3bI, DIIOKO3bI ¥ MaabTO3bl /IS
ONITMMM3ALIMY TEXHOJIOTUUECKUX YCIOBMI pasmesieHMs] IOKO3HO-GPYKTO3HbIX M IIIOKO3HO-
MaJIbTO3HBIX CMPOIIOB METOA,OM CeleKTUBHOI KpUCTANIU3aLIUN.

Kniouessvle cnoea: pacTBOPUMMOCTb, TeMIlepaTypHas 3aBUCMMOCTb, TeIUIOBOi 3hdeKT,
(dbpyKTO3a, [TI0K03a, caxapo3a, MaIbTo3a, U30TIPOTIaHOJI, alleTOH.
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