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Abstract. The work deals with polyvalent electrolytes condonetric investigation of Cugl
[Cu(en)]Cl,, FeCk solutions in binary mixed solvent DMSO-CB in a avidange of electrolyte
concentrations (18-10%2 mol/dnf). Investigations were carried out at the tempematinterval 298,
15-323,15 K. lon association constantg)XKor given non-symmetrical electrolytes were chited for two
stages of association. Integral thermodynamic cbastics (G,, 4H,, 4S,) of stage ion association
process were calculated. The comparison of thermaxiyc characteristics of equilibrium processes abo
to make a conclusion about relative influence dapand donor properties of medium on the procesdes
stage ion association in polyvalent electrolyteuohs.
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Introduction The correct conductivity equation must be used

The problem of the solvent's influence on the iofP! the precise description of the experimental
association constants and the equilibrium iofelation A = f(c). It is rater difficult to solve this
concentrations of non-symmetric electrolytes iproblem, because there are no equations which can
individual and mixed solvents is rather actual fope used for non-symmetric polyvalent electrolytes.
both scientists and engineers. Such type of The piggest part of chemical processes passes in

electrolytes is widely used in a great variety of |iquid phase. Therefore if possible investigators

organic synthesis, galvanic and catalytic process .
etc. The analysis of the thermodynamigﬁant to make direct management of the process they

characteristic of ion association processes opould have the reliable information about the
aprotonic Lewis acids makes possible the evaluatihedium influence at all stages of equilibria in
of their relative force and, as a consequencer théplutions. Unfortunately, there are no enough
catalytic activity. In addition the comparison ofbibliographic data about the solvent effect on
thermodynamic  characteristics of equilibriunconstants and particularly on thermodynamic
processes allows to make a conclusion about tBRaracteristics of the ion association processes of
relative influence of a compound's polar and don olyvalent electrolytes. Hence the mentioned

2;%%3253 n ic;]n 0 otl?/s alg;?(;(la:gt?gl ytc()ef syast es;;ig.e 'O oblem is still the central one in the modern tigeo
E}of electrolyte solutions.

The most reliable criteria of acid force is th Sol o S _ .
constant of ion association or free Gibbs’ energy a olvent efiect on ionic processes is convenient to
estigate in binary mixed solvents. It allowstas

well as enthalpy and entropy of the process. Tt#@v

maiority of Lewis’ acids are polvvalent electrolste b o€ the influence of universal solvation by means
jortty PoIyv 91 of changing the solvent composition. So

So it i.s hecessary to f'ind the constants of thg%tadimethylsulfoxide (DMSO) which is characterized
association for_ getting the correct data. "by quite high values of permittivitys (= 46,9) and
conductometry is one of the best methods of thgsnor number (29,8), and low value of the

determination of the thermodynamic characteristicsaytoprotolysis constant (5:1) has been chosen as
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the basic solvent. The choice of chlorobenzene (CBepend on values of limiting molar conductivity of
¢ = 5,6) as the second component of mixed solvean anion Xo) and on limiting molar conductivity of
has been made because it is possible to exclude the electrolyte atstage of the associatioky.
adductive interactions among components of the Equilibrium ion concentrationss) are determined
binary solvent. Moreover, CB is an inert componerity solving the system of nonlinear equations. This
in the specific salvation process and it is wellibte  system includes expressions for ion association
in dimethylsulfoxide. Therefore the role ofconstants and the mass action law (2, 3), equatibns
chlorobenzene is in direct changing of the solvemectroneutrality and mass saving:

permittivity values. K,= (Cl fl) / ( c,c, f, f4), )
Analysis of the problem G,
and state of the problem K, = W, 3
Long before the authors have designed the R

method of the determination of the constants of the C, =G *+2C,, 4) (

stage ion association of polyvalent electrolytes [1 C; =C,—C, —C, (5)

The mentioned above approach cardinally differes
from the known methods. It is based on the solvin‘ﬁ
of the system of nonlinear equations which consisﬁ -
of the ion association constant&,J, equilibrium AZ'. . - N

ion concentrations and conductivity of the solution i IS the activitycoefficient of corresponding ion
We suggest to check the method on an exampleth"‘t can be calculated from the Debae-Hiuckel
the 2-1 electrolyte. Schematically it is posside t&quation:

describe the process of ion association as follows: f = exp(—Azf |1/2) ’

M? +24" B - MA™ + 4" [ - M4,

whereK,; andK,, are the ion association constant¥hereA is the Debae-Hiuckel's coefficient.
at the first and the second stages correspondingly. ~ Calculation of ‘unknown values.,; and K.

herec, is the molar anion concentration;
Cs iIs the molar concentration of ionic associate

So the molar conductometric equation is: executes with the help of nonlinear programming
1/2 methods by minimization of deviation function:
4 _[)\01_(A1)\ or* By }Cl/ co” NZT:( )2 ( ) 2
o= /]ex 4—/16ac. JINT =2 ,
+[}\02—(A2?\02+ 82)1’2} col Co 1 = P I/ |

whereNT is the quantity of experimental points at

whereA is the molar conductivity; conductivity isotherm = f(c):

Co is the molar concentration of the electrolyte; N ) I | ductivi | ]
%o1 and g, are limiting molar conductivities at first ~ exej @r€ €xperimental molar conductivity values ;

and second stages of association, correspondingly; heaicj are values of the molar conductivity
besidesio = hos + Ao, calculated with the help of equation (1).

%o is the limiting molar conductivity of thetype The use of optimization methods requires the
initial assumption on the values of association

Catl;g)r_]'is the limiting molar conductivity of anion; ~ constants that allow us to determine the molarcioni
A, B are Onzager’s coefficients; concentrations; by solving the system of nonlinear
¢, C; are molar concentrations of catiohgA® €quations (2-5). This gives the possibility to

andM?* correspondingly; minimize the deviation function = y(K,1, Ku2, Xo1,
| is the ionic strength of solution. Xoz). The search of minimum of the deviation

As it follows from equation (1), the molarfunction was executed in the range of association

conductivity () is the function of the valugg; and constants from 18 to 10™° using the method of

¢. Valuesc also depend on relationship of thealong-coordinate slope [2]. The error of ion
association constants and on the molar concentrati@ssociation constants determination is about 5 %.
of electrolyte ¢). Therefore for 2-1 electrolyte The rightness of the given approach was checked on
A = f(hon, Moz Ka1, Kao, Co). It is interesting to note the experimental data of the conductivity of non-
that equation (1) contains Onzager's coefficiengymmetrical polyvalent electrolytes in aqueous and
which in the case of non-symmetric electrolytegon-aqueous solutions, which have been published.
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The decision of the problem superficially describe the process of ionic
and discussing of scientific results association. It is so because the stage association

The present work deals with ponvaIentconStants depend not only on temperature but also

electrolytes conductometric investigation of CyCI on solvent permittivity which in its turn depend$_ N
[Cu(en)]Cl,, FeCh solutions in binary mixed temperature, e.d, = (T, &(T)). The thermodynamic

solvent DMSO-CB in a wide range of e|ectro|yté;haracteristics determination exhibited an error no
concentrations (18-102 mol/dn?). Investigations MOre than 3%.

were carried out at the temperature interval 298,15 Conclusions

323,15 K. The choice of all electrolytes was due to

their good solubility both in individual (DMSO) and T SUM up it is interesting to note that the given
binary (DMSO-CB) solvents. analysis allows to predict the direction of theveot

lon association constant&) for given non- influence on the ionic association constants and
symmetrical electrolytes were calculated for twéence the equilibrium ion concentrations of non-
stages of association according to the schemes: symmetric electrolytes in individual and mixed
for 2-1 electrolyte (CuGJ [Cu(en}]Cl,) solvents. Besides the comparison of thermodynamic

501, ol [ o4 . characteristics of equilibrium processes allows to
MCI, MCI™+Cl" ~Ot.M7+2Cl make a conclusion about relative influence of polar

for 3-1 electrolyte (Feg) and donor properties of medium on the processes of
stage ion association in polyvalent electrolyte
MC|3 aNY e Z+C| ~SE.mcl#+2C1 solutions.
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