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INFLUENCE OF IONIC ASSOCIATION ON VISCOSITY
OF ELECTROLYTE SOLUTIONS

I. A NEW APPROACH TO THE JONES-DOLE EQUATION

The extended forms of Jones-Dole equations have been
proposed taking into account the occurence of ionic equili-
bria in electrolyte solutions of the type KA-, R,A and KA
where K means cation and A anion respectively.

The viscosity measurements in electrolyte solutions are one of
the methods which allowed us to the more comprehensive description
of ion-ion and ion-dipoles of solvent interactions. This is one of
the methods of study phenomen of ionic solvatation. Up till now
several equations describing relationship between viscosity and
concentration of electrolyte in solution have been suggested. One

of mostly applied is the J on e s-0 o le equation [I]!
i/2
TIAlo =qgr * 1 + Ac + Be (1)
where :
T™v - is relative viscosity of solution,
and - the dynamic viscisities of solution and solvent re-

spectively,
¢ - is molar concentration of electrolyte.

The coefficient A is connected with electrostatic ion-ion inter-
actions and can be calculated from Falkenhagen equation [2].
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The excellent agreement of the empirical A coefficients and
theoretical ones was confirmed in aqueous solutions. In organic and
mixed solvent the agreement is poorer especially in the case where
ionic association occurs [3]. The obtained empirically coefficient 8
is a measure of the ion-solvent interaction and is a sum of ionic
contributions for cation and anion.

Interpretation of the values of 8 coefficient may be based on
the different models [4-7]. Especially the values of 3B/9T coeffi-
cent afford valuable conclusion [8-12] with regard to the effect of
the electrolyte on the the solvent structure.

The Jones-Dole in form (1) is obeyed in the limited concentra-
tion range of electrolyte e.g. in water to ca. 0.1 mol -dm’ 3. In
organic and mixed solvents the range of concentration should be
determined experimentally for each electrolyte and occasionally
terms involving higher powers of the molar concentration must be
added and equation (1) can be written in the following form:

=1 &« AT +Be Dc® (2)

The majority of the literature data of viscosity for electro-
lyte solutions concern the 1-1 electrolytes and the influence of
ionic association on viscosty is not usually taken into account.
lonic association causes that the concentration of ions is lower

ihan the electrolyte one and 8 coefficient, being a measure of
electrolyte solvent interaction, is not a simple sum of BK+
and Ba-.

Hence interaction undissociated part of electrolyte for example
an ion pair with solvent should be also taken into consideration.
Therefore if ionic association, connected with the process:

K+ ¢ A' A KA
occurs equation (1) takes the following form:

rjr =1 + AvoTlc' + Bj ac +Bq(l - o )c

where :
a - the degree of dissociation,
K - the association constant,

(0]



8j - B coefficient for ions: fI* * a«* * OA~!
BO - 6 coefficient for undissociated form of electrolyte.

The degree of dissociation, can be obtained from association
constant using the relations:

(3a)
-Agh-VSc
(3b)
1 RfiOHVo.c
where:
y4 - mean molar activity coefficient;
ADH ®DH " coeificient3 of the Debye-Huckel equation;
R - distance parameter of ions.
Davies and Ma lpass [13] used equation (3) for

description of viscisity in electrolyte solutions.
In the case of electrolytes KA2 type two possible equilibria
may be exist:

(4)
K (5)
where:
Ka - association constant,
Krf - dissociation constant.

For each of them i.e. (4) and (5), respectively, the associa-

tion constants, Ka’ may be written:

cKA2yKA2

al CKA+ CA' yKA+ yA-
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Taking y™ » y™»* 3 Y~ sod y« “ 1 arid also describing
concentrations in following way: 2
L}
cka2 *Cc(I « 0]
CKA+ aC<XI (I - °*2)
CA* IECI1N + ** 20
ck+2 =c ciinj . (8)
equation (6) and (7) can be written in forms:
1 - 0j
K (9)
al  odld - Wa\R
1-a?2
Ks2 * ca~rd  d2) yK+ (10)

Very frequently the equilibria (4) and (5) satisfy the condi-
tion

0 » Kfll « Ka2 (11)

which means, that in the solution undissociated form, KA2, does not
practically exist, that is ad” = 1. Thus only the equilibrium (5)
describes electrolyte solution and the association constant, Ka2*
may be written in forms:

Ka2 =ca2(l + «2~+2 ir2n

In thi3 special case the Jones-Dole equation should be written
in form [14]:



nr - 1 + AVcSC & Bk*2 ck+2 & Bka* cKA+ * Ba- ca-

or
Tir * 1 + A + B™M+2 co2 + 0«A4 " oa 2™ * BA" *ooom2n

which may bo transform into form:
rjr * 1 + AVcotj' * (B + 2Ba~) cc< (B ~+BA~) c(l -0 O3
K KA

Denoting: B2 + 2BA- » B2, B + B _ >Bj, a = oij the follo-
wing relationship is obtained; KA

*Ir * 1 & fNccT + B2ca e Bc(l - ) (14)

Such form of Jones-Oole equation was used by Quintana
et al. [14] in order to obtain the B™ and B2 coefficient for Na2S04
in water-etanol mixtures. They used the salt of K2A type and in
that case: B2 * BA-2 * 2BK* and ®1 * ®KA~ + BK+ where: K+ = Na+
and A'2 =S0O-2.

Assuming otj » 1 the whole concentration of electrolyte can be
divide formally into two parts which dissociate according to equa-
tions:

part 1 KA2N ———>»KA+ + A” as symmetrical electrolyte
part 2 KAN2 )---=»K*2 * 2A" as asymmetrical electrolyte (15)

The concentration c(l - c<) corresponds the part 1 and <2 the
part 2 respectively. Proportion between both contributions
dependent on concentration of electrolyte i.e. at the lower concen-
tration the quantitative contribution of the part 2 increases. At
¢ =0 this contribution becomes total i.e. electrolyte is complete-
ly dissociated according.to the scheme:

KA2“>K+2 + 2A' and cK+2 =c¢c, cA- =2



where Is the number of types of the ions formed from molecule

and

T_ms oA %1 (1z2] - jzj @°
iz |i.iz2r Y2 ™

X® < 1z21 xJ+1Zjl = uizz2l

The other symbols have their usual meaning.

As it seen the value of A depend on the type of electrolyte and
the limmiting ionic mobility.

In the case if all equilibria described equations (4) and (5)
take place o™ < 1 then in solution all chemical forms exist and

their concentrations are described equations (B).
Hence electrolyte may pe treated as the composed of three forms:

KA~ - undissociated one,
KA~ - dissociated one according to the scheme KAj —"KA* & A',
KA” - dissociated one according to the scheme KAj—vK*2 + 2A".

The concentrations! c(l - oij), co”Cl - and ca”™ corres-
pond these forms KA™0), KA™X) and Kaf£2), respectively.

In this most general case the Jones-Dole equation for electro-
lyte of KAj type nmay be taken on form equation (17)

Tr = 1 + 'Wcal«2 ¢ 0ijLBjCU - a2) + B”o”] + c(l - c™Bg (17)

where!

80 1 BKA2* Bl = 8KA+ + 8A"™ 02 s BK+2 * 2Ba-
In the case of electrolyte of K2A type it will be:

BO = BKA7’ Bl =bkA” + BK+> B2 =BA”’2 4 2Bk+ respectively.



Assuming Ka”« K& and cij » 1 the form KA2 is practically
absent in the solution equation (17) takes on form (18) identical
with equation (14)

rjr =1 & AvVcolj & Bic(l " a2 * B~ca2 (18)

As besides Kfl2 has inconsiderable value i.e. oi2 “ 1 then
equation (18) can be written in form:

i =1 & AVc" + Be

identical with one for completely dissociated electrolytes of KA2
type.

For unsymetrical electrolytes of KAj or K}A type the following
possible equilibria should be taken into account:

For unsymmetrical electrolytes of KAj or KA type the follo-

wing

Kal

KA* + A’ KA, (19a)
a2

KA+2 + A- «—==> KAl (19b)
Kd2

, Ka3 +2

K A" 5=* KA (19¢)

Kd3

and the association constants can be written for then, respectively:

cKA3 yKAj
al R (20a)
cKAt CA- yKAl yA-
cKA; yKA2
va2 (20b)

CKA+2 CA* yn YA



CKA+ yKA*
«.] =cC . «»"'>
K A K° A

If ~o<2 and o0ij. denote the degree of'dissociation corres-
ponding to equilibria (19a), (19b) and (19c), respectively, the
concentration of all possible form of ions and undissociated
electrolyte can be obtained from equations (21)

cKAj = (1 - olpc (21a)
cKA3 = oij(l - qi2)c (21b)
CKA*2 * “|'V 1° ‘'m (21c)
» 0ijC & ajoijC e oijoijajc (21d)
ck+3 = ot™ajc (21e)

When the determined as above concentrations are substituted
into equations (20a), (20b), (20c) then for

YyKA3 * 1 and *<a; 3 in-
equations (20) take forms:

K = e (22a)
oijd -a2)(l +a2 +a2a3)cy2

7 S — — (22b)
djCtjd - a3)(l ea2 +a2"3"cyKA+2

0ijCjd - ct3)yKA+2
a3 7 1 l-—————— ~ (22c)
*'la2a3”1 * a2 * c203"cy- yK*3



If all equilibria (19) occur and all possible chemical forms of
electrolyte exist their concentrations are expressed by equation
(21), electrolyte may be considered as composed of four parts

undisociated one,
- dissociated one according to the scheme: KAj—KA2 ¢ A ,

KAj2” - dissociated one according to the scheme: KAj—KA+2 + 2A |

KAj~ - dissociated one according to the scheme: KAj—K*3 + 3A .

The concentrations c(l - ot?), ca™(l - c¢*2), ca”otjd - <3) and
caloea3 correspond the forms KAj°\ KAj1?" KAMN2” and KAN res-
pectively.

In the above case for electrolyte of KAj type the Jones-Dole
equation should be presented in form (23a)

Tr * 1 + Ayfcoro™o™ + 011 1 - * 02027™M " a~ ¢ + B3°R2oi3cN *
* (I - j)cBg (23a)
where:

Bo 1 bka3-

bi 1 BKA2+ + V>
B2 * BKA+2 + 20A-.

B3 s BK+3 + 3BA-

in the case of electrolyte KjA type it will be:

so =BA* Bl V * BRA> 2 =2v + BKA2' 83 - 3Bt + BA3

respectively.
The Jones-Qole equation for KA} electrolyte shown in form (23a)

is mostly general equation taking into consideration the possibili-
ty of occurance of electrolyte in different chemical forms, which



concentration depend on the values of association constants
Kaz1 Ka3 and the molar concentration of electrolyte.

Usually the equilibrium constants obey the inequality Kgl<Ka2<Ka3’
Then o0ij * 1 and equation (23a) should be modified (K*j « 0):

*1 +A-~/c* Bj(l - orfjic * "ol) e (23b)
When moreover K32 < Ka3 and c< “ 1 equation (23b) is given by
tir = 1 & AVcoif + B2c (I - otj) + B”coij (23c)

If also Kaj reaches not large values and oi™ » 1 then equation (23a)
can be written in a form:

Tr =1 + AV? + BjC (23d)

which is characteristic for completely dissociated electrolytes of
KAj or KjA type.

Summarizing the suggested approaches to the Jones-Dole equation
include influence of ion-ion and ion-dipole of solvent interaction
for all ions and ion pairs existing in solution. The complete forms
of these equations for electrolyte of KA2 type i.e. equation (17)
and especially for KA one equation (23a) are evidently complicated.
However the limiting equivalent conductivities of ions and the
association constants, determined from the conductivity measurements,
enable to calculate the values of A coefficients from the Falken-
hagen equation and the degrees of dissociation of electrolyte in an
iterative procedure. The values of B coefficients corresponding to
specified ions and ion pairs can be obtained from series of rj and
c data by use of suitable m%};chods.

The review of the proper methods to enable to solution suggest-
ed abo forms of the Jones-Dole equation was made in paper [15].
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Adam Bald

WPLYW ASOCIJACJ]I JONOWE] NA LEPKOSC ROZTWOROW ELEKTROLITOW
I. NOWE POSTACIE ROWNANIA JONESA-DOLE*A

Zaproponowano rozszerzono wersje rownania Jone3a-Dol8’a, ktore
uwzgledniajg réwnowagi jonowe wystepujgce w roztworach elektrolitéw
niecatkowicie zdysocjowanych typu KA2, K?A, KA, i K,A, gdzie: K -
kation, A - anion. Wspoiczynniki A i B proponowanych réwnan zwigza-
ne z oddziatywaniami typu jon-jon i jon-rozpuszczalnik przypisano
Scisle okreslonym jonom i parom jonowym.



