Notizen

Direct Correlation between Diffusion Coefficient
and Transport Numbers in Dilute Electrolyte
Solutions

R. Haase

Lehrstuhl fiir Physikalische Chemie II der Rheinisch-West-
falischen Technischen Hochschule Aachen

(Z. Naturforsch. 30 a, 1211 —1212 [1975] ;
received July 22, 1975)

For dilute solutions of a strong electrolyte containing two
kinds of ions, there is a direct correlation between the dif-
fusion coefficient and the transport numbers. This follows
from the Onsager and Onsager-Fuoss equations by elimina-
tion of the electrophoretic term.

We consider diffusion (interdiffusion) and elec-
tromigration in a dilute solution of a single strong
electrolyte containing two kinds of ions, i. e. cations
of (positive) charge number z, and anions of
(negative) charge number z_, in a neutral solvent.
As independent state variables, we choose the ther-
modynamic temperature 7, the pressure P, and the
molality m of the electrolyte. We denote the gas
constant by R and the Faraday constant by F.

The thermodynamic properties of the solution
can be expressed in terms of the conventional
(stoichiometric mean ionic molal) activity coef-
ficient y which depends on T, P, and m. For dilute
solutions ¥ coincides with all the other mean acti-
vity coefficients.

The relevant transport coefficients are the diffu-
sion coefficient (interdiffusion coefficient) D and
the cationic and anionic conductivities 4, and 4_
(or the mobilities u, =1,/F and u_=1_/F). The
ionic conductivities can be derived from measured
values of the equivalent conductivity A of the solu-
tion and of the transport numbers ¢, and ¢_ of the
cations and anions. The quantities 4; and #; are
defined in the Hittorf reference system (reference
substance: solvent) while A is independent of the
reference system. For the type of solution con-
sidered here, we have the interrelations

Ao=t. A, I_=t_A4,
Lo+A_=A,t, +t_=1. (1)

All the transport coefficients are functions of 7, P,
and m. The limiting values for infinite dilution
(m—0) of D ,4, J;, and t; are denoted by D°,
A% 2,2, and 1, respectively. They only depend on
T and P.

We restrict the discussion to solutions so dilute
that In y and the composition-dependent parts of the
transport coefficients are proportional to m?. Then
the following relations hold:

Iny = — b; m*(Debye-Hiickel limiting law), (2)

1211
A2 —1,) = (2,82 +z_12)bym?
(Onsager limiting law),  (3)

D=D'+4)(1+1)
(Onsager-Fuoss limiting law) (4)

where
D°=—I;—Z—(;1+~—L_) 1040 A0—
070
e ©
4-0 zj (2, +z_)2bymt,  (6)
T:m( aal;y)T P’ (7)

b, and b, being positive functions of T and P given

by _ 10,2 2 3
b= —z,.z_[2(z5v,.+22v_)]%B,

3Z+ z_??b2= —4‘RT€b1.

In this, », and »_ denote the dissociation numbers
of the cations and anions, B the Debye-Hiickel con-
stant (in the molality scale), % the viscosity of the
solvent, and & the (absolute) dielectric constant
(rationalized permittivity) of the solvent.

The fact that the same function b, m? (describ-
ing the first-order electrophoretic effect) occurs in
(3) and (6) is not immediately obvious from the
formulas in the literature. After some elementary
calculations, however, one soon realizes the fact
indicated.

Equations (3) and (4) are due to Onsager?! and
Onsager and Fuoss 2, respectively. The relations for
2; and A, corresponding to (3) and also given by
Onsager!, will not be considered here since they
involve the relaxation effect, too.

Equation (5) is equivalent to a formula derived
by Noyes (1908) which becomes the well-known
equation of Nernst (1888) in the case of uni-uni-
valent electrolytes (z, = —z_ =1). The relation of
Hartley (1931) follows from (4) and (5) with
4 =0 (no electrophoretic effect).

We obtain the explicit expression for I' from
(2) and (7):

I'— —%b;mk. (8)
Since, in view of (6) and (8), the product I'4 is

proportional to m and thus lies outside the m?-
range, we rewrite (4) as follows:

D=D'(1+T) +4. 9)

This equation is consistent with (2) and (3).
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Eliminating b, m* between (3) and (6), we and (5) the limiting values D® and ¢ can be cal-

derive from (1), (8), and (9) : culated from 4% and 1%. The composition depen-

D=D(1—}b, m) dence of D is seen to be due to both the Debye-

- };T I Hiickel term and the term containing #§ —¢,
P2 ( L B)@ . g (=2

s z_

This is a direct correlation between the diffusion
coefficient D and the transport number ¢, (or t_ =
1—t,), valid for the m¥range. According to (1)

+

Though the derivation given here is straight-
forward, the correlation (10) has never been

established in the literature, as far as the author
is aware.
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