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KOHCTAHTHI DJIEKTPOJIMTUYECKOM TUCCOINUAIIAA CYJIb®ATOB JIUTUS, HATPUS
N KAJIUSA B BOJHO-3TAHOJIBHBIX PACTBOPAX
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Konoykmomempuueckum memooom onpeoenensvt KOHCIAHNbl 3J1EKMPOAUMUYecKou ouc-
coyuauuu cynbhamos 1umus, HAMpPuUsL U KAa1us 6 600H0-IManoabHbIX pacmeopax npu 25 °C. Li;SO.,
Na>SO4, KoSO4 nokazanu cnuxncenue ux cnocoonocmu x ouccoyuauuu. Qowenpusnano, umo chie-
neHb INeKMPOIUMUUECKOU OUCCOUUAUUN ITIEKMPOSIUMOE 8 PACMEOPe 3A8UCUM Om OUIleKmpuye-
CKOll npoHuyaemocmu pacmeopumens. Booa u smanon cunvHo paznuuaromcs oudneKmpuueckou
nponuyaemocmoito. Iloamomy moxcno nonyuams pacmeopumenu ¢ paziuiHoil OUINEKMPUUECKOIL
HPOHUUAEMOCHbIO RYMEM USMEHEHUS COOEPHCAHUS CRUPMA 8 CMECU C 800011, MAKUM 00pA30M 61UAS
Ha pasHogecnoe cocmosHue conu 8 pacmeope. Iloamomy 6 600HO-IMAHONLHBIX PACMEOPAX C YBell-
YeHUeM CO0epPIHCAHUA CRUPMA CYIbHAmbl TUMUs, HAMPUA U KATIUA 00IICHBL NPOABIAMD CEOUCHEA
cnabozo nexkmpoauma. B amom ciayuae 3a6ucumocms MoaapHoil I1eKMPOnPOBOOHOCHIU OM KOHYEH-
mpauuu cynbhamos 1umus, HAaMPUsA U Kaaus 6 600HO-IMAHOTIbHBIX PACHEOPAX 0yoenm umems opy-
201l 6uo. /leiicmeumesnvho, ¢ yeeaudeHuem co0epHcanus CRUPma é 600HO-IMAHONbHBIX PACMEOPAX
CHUICAEMCA MOIAPHAA ITEKMPONPOBOOHOCHb 6CTIEOCHIEUE ROHUNCEHUA CHIENEeHU INIeKMPOoIUmute-
ckoit ouccoyuayuu. C noHUICEeHUEeM KOHUEHMPAUUN COIU 8 DACHEODE 803DACHIACH MONIAPHAA IT1eK-
mMponpoeoOHOCHIb, RPUDIUNCAACH K Ao, KAK 07151 600HO20, MAK U 0J151 600HO-CRUPHLOGHIX PACHIEOPO8.
Kaxk cnedyem u3 nonyuennvix oannsix, 3asucumocms 2. om Co(M3SO.), (M2SOs — nauanshsie konyen-
mpayuu Li>SO4, NaySO., K:SOy) 0151 600H020 pacmeopa c évicokum Kodpuuuenmom xoppenayuu
mpancgopmupyemcs 6 npamyro 1unuio 8 Koopounamax ypasnenus Konspaywa, max xax cynsgpamaot
JAUMUA, HAMPUA U KATIUSA 8 600HOIL CPede 8bICIYNAIOM CUTbHBIMU ITIeKmpoaumamu. /[na 600no-ma-
HOJTbHBIX PACINEOPOE BbICOKUT KOIhuyuenm Koppenayuu é koopounamax ypasuenus 42°Co(M2SOs)*=
Koue' 20° - Koue'do**A nabnoodaemcsa ¢ cnyuae [C:HsOHJ>50 % o6vemusix. Imo o3nauaem, 4umo 8 ymux
pacmeopax cynvhamol TUMUA, HAMPUA U KATUA RPOABIAIOM C80licmea c1ado2o Inekmpoauma. Ilpu
cooeporcanuu cnupma om 10% 00 40% 06. cynvghamot numusa, nampusa u Kaaua 6bICHYnarom IneK-
mMpoAUmMOM CpeoHell Cuibl, U NOIMOMY XAPAKMEPHbL HU3KUE KoIpduuyuenmol Koppenauuu 0.
mpancgopmauuii 6 koopounamax ypasnenuii Konvpaywia u 423-Co(M2S01)*= Koue* 40° - Kouc*Ao* "I
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Constants of electrolytic dissociation of the lithium, sodium and potassium sulphates in
aqueous ethanol solutions at 25 °C were determined by conductometric method. Li>SOs, Na SO.,
K.SO. were shown to decrease their ability to dissociation. It is generally accepted that the degree
of electrolytic dissociation of electrolytes in a solution depends on the dielectric constant of the
solvent. Water and ethanol differ greatly in their dielectric constant. For this reason, it is possible
to prepare the solvent with different dielectric permittivity by changing the alcohol content in a
mixture with water, thus, influencing the equilibrium state of the salt in solution. Therefore, in
water-ethanol solutions with an increase in the alcohol content, sulfates of lithium, sodium and
potassium should exhibit the properties of a weak electrolyte. In this case, the dependence of the
molar conductivity on the concentration of sulfates of lithium, sodium and potassium in water-
ethanol solutions will have a different appearance. Indeed, with an increase in the alcohol content
in agueous ethanol solutions, the molar conductivity decreases due to a decrease in the degree of
electrolytic dissociation. With a decrease in the salt concentration in the solution, the molar elec-
trical conductivity increases, approaching 4o, for both water and water-alcohol solutions. As it fol-
lows from the obtained data, the dependence of 4 on the total concentrations of Li;SOs, Na;SOs,
K.S0.) for the water solution with a high correlation coefficient is transformed into a straight line
in the coordinates of the Kolraush equation since the sulfates of lithium, sodium and potassium act
as strong electrolytes in the agueous medium. For water-ethanol solutions, a high correlation co-
efficient in the coordinates of the equation 443 Co(M2S04)? = Kois - Ao - Kois - Ao>-A is observed in
the case of [C.HsOH]> 50% of the volume. This means that in these solutions lithium, sodium and
potassium sulphates exhibit the properties of a weak electrolyte. When the alcohol content is from
10% to 40% by volume, sulfates of lithium, sodium and potassium are medium-strength electrolyte
and, therefore, low correlation coefficients are characteristic of transformations in the coordinates

of the equations Kohlrausch and 443 Co(M2S04)? = Kbis * A0° - Kbis - Ao>*A.
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INTRODUCTION

Information about the electrochemical proper-
ties of aqueous organic solutions of alkali metal sul-
phates is extremely scarce. However, this information
can serve as a theoretical and scientific basis for creat-
ing more optimal conditions for the processing and pu-
rification of inorganic salts. The authors [1, 2] showed
a decrease in the electrical conductivity of sodium sul-
phate in aqueous acetone and aqueous dioxane and pro-
posed mathematical equations describing the depend-
ence of the conductivity on the salt concentration. The
physicochemical properties of lithium, sodium, and
potassium sulphates in aqueous solutions and melts
were described in [3-6]. However, in the literature,
there are practically no data on the physicochemical
properties of alkali metal sulphates in aqueous-alco-
holic solutions. The authors of [7-11] indicate the rele-
vance and practical significance of studying the physi-
cochemical properties of inorganic salts in aqueous-or-
ganic solutions. Earlier, in [12], we have shown that in

aqueous-ethanol solutions the degree of electrolytic
dissociation of sodium sulphate decreases with in-
creasing alcohol concentration. In this case, Na;SOj is
converted from a strong electrolyte in an aqueous so-
lution to an electrolyte of medium or low strength in
aqueous ethanol solutions, depending on the alcohol
content. This study was continued and the regularities
of electrolytic dissociation of lithium, sodium and po-
tassium sulphates in aqueous ethanol solutions were
studied.

EXPERIMENTAL PART

The dietary ethanol used in the experiment was
rectified, the residual water concentration was 4% by
volume. Sulphate lithium of brand "C.P. (chemically
pure) " sodium sulphate of brand "C.P." and potassium
sulphate of brand "C.P." were additionally purified by
recrystallization. A certain amount of ethyl alcohol
was added to the initially prepared saturated aqueous
solutions of lithium, sodium and potassium sulphates.
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The resulting water-ethanol salt solutions were brought
to a state of equilibrium by mixing with magnetic stir-
rers. The achievement of equilibrium state in the stud-
ied systems was checked by microcrystalline method
[13]. The concentration of salts in saturated solutions
was determined according to (R.S.S.) GOST [14], by
titration with barium chloride in the presence of an in-
dicator, dichromate. Specific electrical conductivity of
sodium sulphate solutions & (Ohm™-m™?) was deter-
mined using a conductometer "HM-200". The molar
conductivity A (Ohm™-mol*-m?) was found by the for-
mula 2 = a&-1000/Co(M,S04)?, where Co(M2SQO.) is the
initial concentration of Li»SO4, Na2SOs, K;SO..

During the main experiment, the original satu-
rated solution was tenfold diluted using solvent (water
was used as a solvent for agueous solutions, and water-
ethanol solutions were diluted by corresponding mix-
ture of water with ethanol). The intrinsic electrical con-
ductivity of the used solvents was determined experi-
mentally. It was no more than 1% of the electrical con-
ductivity of the solution.

RESULTS AND DISCUSSION

It is known [15, 16] that the solubility of lith-
ium, sodium and potassium sulphates decreases with
increasing alcohol content in a solution. The concen-
trations of salts in saturated water-ethanol solutions
were determined by the method of volumetric titration
described in [14] (Table 1).

Table 1
Molar concentrations of alkali metal sulphates in satu-
rated aqueous ethanol solutions. T=25 °C
Tabnuya 1. MonsipHble KOHIEHTPALMH Cy1b(aTOB I1e-
JJOYHBIX ME€TAJIJIOB B HACBIIIIEHHBIX BOJHO-3TAHOJBbHbBIX

pactBopax. T=25 °C

[H20]:[C2H50H], | Co(Li2SO4) | Co(NazSOas) |Co(K2SO4)
Volume fractions, %| Mol/L Mol/L Mol/L
100:0 3.313 1.965 0.692
90:10 2.211 0.961 0.441
80:20 1.553 0.383 0.161
70:30 1.061 0.161 0.105
60:40 0.742 0.076 0.058
50:50 0.432 0.052 0.022
40:60 0.183 0.038 0.015
30:70 0.089 0.016 0.009
20:80 0.031 0.008 0.005
10:90 0.007 0.005 0.002

During the injection of alcohol not just the
concentration but also the mass fraction of salt in the
studied solutions decreases. In Table 2 the evidence of
decreasing solubility of sulphate alkali metals in three-
component systems: Li.SOs-H,0-C;HsOH, Na,SOs-
H>0-C,;HsOH and K»S04-H,0-C>Hs0H at 25 °C both
described in the literature [15, 16] and obtained by us
additionally in the field of low salt concentrations in
the system is given.

Table 2

The solubility of sulfates of lithium, sodium and potassium in water-ethanol solutions. T= 25 °C
Tabnuya 2. PacTBOPUMOCTB CyJIb()ATOB JUTHSI, HATPUS M KAJHsl B BOHO-ITaHOJbLHbBIX pacTBopax. T=25 °C

The composition of a saturated solution, wt.%

System Li,S04-H,0-C,Hs0H System Na;S0,-H,0-C,HsOH System K,S0;-H,0O-C,HsOH
Li;SO.4 H,0O C,HsOH NazSO. H,0O C;Hs0H K2SO4 H,0O C;Hs0H
25.60 74.40 0.00 21.90 78.10 0.00 11.10 88.90 0.00
19.80 73.65 6.55 12.22 80.62 7.16 7.25 84.40 7.50
15.08 70.77 14.15 5.32 78.90 15.78 2.84 80.97 16.19
11.04 66.25 22.71 2.36 72.71 24.93 1.80 73.10 25.10

8.13 59.91 31.96 1.16 64.46 34.38 1.10 64.50 34.40
4.99 52.79 42.22 0.81 55.10 44.08 0.42 55.28 44.30
2.24 44.43 53.33 0.61 45,18 54.21 0.31 45.29 54.40
1.13 34.49 64.38 0.26 34.80 64.94 0.18 34.82 65.00
0.41 23.71 75.88 0.14 23.78 76.09 0.11 23.78 76.10
0.09 12.18 87.72 0.09 12.18 87.73 0.04 12.16 87.76

It can be seen from the Table 2 that with the
increase in alcohol concentration the solubility of lith-
ium, sodium and potassium sulphates decreases more
than two-fold. In our opinion, it is caused by the change
in the dielectric constant of the liquid phase. Water
(e = 78.53) and ethanol (e = 24.30) differ sufficiently
in dielectric permittivity. In that way, it is possible to
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prepare the solvent with different dielectric permittiv-
ity by changing the alcohol content in a mixture with
water, thus, affecting the equilibrium state of the salt in
solution. When calculating the Table 2 data, the exper-
imentally determined values of the density of saturated
solutions of lithium, sodium and potassium sulphates
in aqueous ethanol solutions were used (Table 3).
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The decrease in the density of solutions is
caused not only by the addition of alcohol, which has
a lower density compared to water, but also by a de-
crease in the concentration of dissolved salt.

The characteristic of electrolytic dissociation
of lithium, sodium and potassium sulphates were stud-
ied by conductometric method, same as in [12], by
finding the dependence of molar conductivity on the
salt concentration in the solution. The concentration of
Li2SO4, Na2SO4, K2SO4 was varied by diluting the sat-
urated solutions with an appropriate solvent (water or
aqueous ethanol). In aqueous solutions, the sulphates
of lithium, sodium and potassium are strong electro-

N.M. Bopucos, A.A. Habues

Iytes and, therefore, the interdependence of molar con-
ductivity and salt concentration obeys the equation
Kohlrausch [17-21].

A= Ko — 3.'C()(|\/|2SO4)'/Z (l)
where A is the molar electrical conductivity of the so-
lution; Ao is the maximum molar electrical conductivity
of the solution; Co(M2SOy) is the initial concentration
of lithium, sodium or potassium sulphate; a is the pa-
rameter characterizing the electrophoretic and relaxa-
tion effects of ion inhibition.

At low concentrations of ethanol (10-40% vol.) in
a solution Li;SO4, Na2SO., K2SO4 exhibit the proper-
ties of an electrolyte of medium strength [12].

Table 3.

The density of saturated solutions of lithium, sodium and potassium sulfates in water-ethanol solutions. T= 25 °C
Taobnuya 3. IINOTHOCTH HACBIIIEHHBIX PACTBOPOB €YyJb(aTOB JUTHS, HATPUS M KAJIMs B BOJHO-3TAHOJbHBIX pac-
TBOpax. T=25°C

H>0]:[C2H50H], (HzO + C,Hs0OH + MzSO4) kg/m3
VcE|ume] f[ractions i]n% p (H20 + CoHsOH) kg/m?|—— <&~ Na2SOs Kz50s4
100:0 997.05% 1245.01 1240.02 1093.01
9010 984.71 1150.04 1175.04 1035.05
80:20 973.62 1095.02 1100.03 990.06
70:30 962.21 1040.01 1000.01 966.01
60:40 948.01 1000.04 950.04 950.04
50:50 930.23 970.03 940.03 911.03
40-60 909.11 950.01 920.01 901.07
30-70 885.52 902.04 885.02 878.09
2080 859.34 890.02 865.04 858.04
10:90 829.21 860.01 845.03 839.01

* The data from [17] was used, the density of the solvent (mixture of water with ethanol) was found experimentally
* Mcnonb30BaHbl AaHHbIe U3 [17], IIIOTHOCTH PaCTBOPHUTEIIS HaliIeHa SKCIIEPUMEHTAIBLHO (CMECh BOJIBI C STAHOJIOM)

At a certain concentration of alcohol in the so-
lution (> 50% vol.), these salts become the weak elec-
trolytes and, therefore, they are characterized by the
following equation [12]:

47\,3'C0(M2804)2 = KD|5'7xo3 - KD|5 7»02'% (2)

From the linear graphic dependence
4)3-Co(M2S04)? on A (Figure) the slope tangent, which
is equal to Kpis A¢?, and the intercept (which is equal to
Kbis*Ao®), were determined.

These values were used to determine

Mo = Kpis Ao/ Kpis- ho? 3)
and salt dissociation constants in aqueous ethanol so-
lution

Kois = slope angle tangent/Aq? 4)

The obtained values of the electrolytic dissoci-
ation constants of the studied salts are summarized in
the Table 4.

Therefore, as we can see from the Table 4, the
values of the dissociation constant of alkali metal sul-
phates with increasing alcohol concentration de-
creases. This is due to the decrease in the polarity of
the liquid phase during the transition from a strongly
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Fig. The linear dependence of molar conductivity on the concen-
tration of lithium sulfate in the coordinates of equation (2). [H20]:
[C2HsOH]= 10:90, volume percentages. The correlation coeffi-
cient is 0.9999
Puc. JIuneitnast Koppensiiys 3aBUCUMOCTH MOJISIPHOM 3JIEKTpO-
IMPOBOAHOCTH OT KOHLCHTpPALUU cynb(baTa JIMTHUA B KOOpJMHATax
ypasrenus (2). [H20]: [C2HsOH] = 10:90 o6bemHubIe f0mu B %.
Koaddunment koppensiumu pasen 0,9999

polar solvent (water) to a mixture with less polar (eth-
anol). The data of Table 4 also clearly indicate the in-
fluence of the nature of the salt on the value of the elec-
trolytic dissociation constant: with an increase in the
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Table 4

Values of electrolytic dissociation constants of lithium, sodium and potassium sulphates in aqueous ethanol solu-

tions T =25 °C

Tabnuya 4. 3Ha4YeHNSA KOHCTAHT JJIEeKTPOJTUTHYECKOH JUCCONMANMH CYIb(aTOB JUTHA, HATPHS U KAJTUSA B BOTHO-
TaHOJIBHBIX pacTBopax. T =25 °C

Volume fraction of ethanol, Kbis (mol/l)?
% vol. Li2SO4 Na,SO4 K2SO4
50 (3.54+0.01)-10°3 (1.95+0.01)-10°3 (2.42+0.01)-10
60 (1.01+0.31)-10°3 (5.97+0.01)-10* (1.25+0.06)-10
70 (6.54+0.21)-10* (2.29+£0.05)-10* (8.96+0.02)-107
80 (1.08+0.01)-10* (2.31+£0.01)-10° (6.20+0.40)- 107
90 (3.80+0.03)-10°° (1.77+0.02)-10°3 (1.06+0.01)-107

size of the cation, the electrolytic dissociation constant
decreases. The total effect of these factors seems to re-
duce the polarity of the oxygen-metal bond, which re-
duces Kos.

Using the more sensitive conductometer and
finding the salt concentration in the solution by volume
titration instead of the gravimetric one allowed us to
clarify the values of the electrolytic dissociation con-
stants Na>SOa, which were previously given in [12].

The data obtained as a reference data can be
used as a theoretical and scientific basis for cleaning
and obtaining inorganic substances [12]. For the first
time, concentrations of lithium, sodium, and potassium
sulphates in water-ethanol solutions with different al-
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cohol contents were determined using the bulk titration
method.

In Table 4 data, two regularities of electrolytic
dissociation of salts are observed. First, a decrease in
the dissociation constants of alkali metal sulphates
with an increase in the volume fraction of ethanol indi-
cates that alcohol additives significantly reduce the de-
gree of electrolytic dissociation of salts. Second, the
constant, hence the degree, of electrolytic dissociation
depends on the nature of the cation and decreases in the
row Li-Na-K.

Paboma evinoanena npu gunancuposaruu 3a

cuem cpedcms nayunoeo epanma baweocnedynusepu-
cmema um. M. Axkmynnot Ne 66/ om 14.06.2019.
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