Topic 2930
Viscosities; Salt Solutions
The (shear) viscosities of salt solutions have been extensively studied
[1,2]. A frequently cited paper (always worth reading in terms of the care
taken in the experimental study) was published by Jones and Dole [3]. The
dependence of the viscosity of an aqueous salt solution η(aq) (at fixed
temperature and pressure) on concentration of salt j is described by the
Jones-Dole equation; equation (a) where η1* (l) is the viscosity of
water (l) at the same T and p [3,4].

η(aq ) / η1* (l) = 1 + A ⋅ c1j / 2 + B ⋅ c j

(a)

Equation (a) is re-expressed as follows. By definition;
ψ = [η(aq) − η1* (l)] /[η1* (l) ⋅ c1j / 2 ]
Hence ψ = A + B ⋅ c1j / 2

(b)
(c)

A plot of ψ against (cj )1/2 has intercept A and slope B, the Jones-Dole Bviscosity coefficient [5]. The A coefficient describes the impact of chargecharge interactions on the viscosity of a solution, being generally positive
and estimated using the Falkenhagen equation [6-8]. The B coefficient
characterises ion-solvent interactions at defined T and p. For a 1:1 salt j,
the Bj coefficient for salt j is expressed as the sum of ionic B coefficients.
B j = B+ + B -

(d)

For example, Bj for a series of salts with a common anion, the changes in
Bj reflect changes in B+ for the cations. The pattern in B(R4N+ I-;aq;298.2
K) reflects the changes in B(R4N+;aq;298.2 K) through the series from R =
methyl to R = n-butyl. In fact the change in this case is indicative of the
change in character from ‘structure breaking’ Me4N+ to hydrophobic
‘structure forming’ Bu4N+ ions [9]. In broad terms a positive B coefficient
indicates a tendency for the solute to enhance water-water interactions and
thus raise the viscosity whereas a negative coefficient indicates a tendency
to induce disorder [10].

Ionic B-viscosity coefficients are linked to the hydration properties of
ions. An important link was suggested by Gurney [l1]. On the grounds
that K+ and Cl- ions are roughly the same size, Gurney argued that for
aqueous solutions, B(K+) = B(Cl-). Hence one can estimate single-ion Bviscosity coefficients. A negative B-ionic coefficient indicates that the ion
is a ‘structure breaker’ and a positive B-ionic viscosity coefficient
indicates that the ion is a ‘structure former’.
The terms ‘structure breaker’ and ‘structure former’ were extensively
used in the decades from 1950 to 1990. However their popularity waned
towards the end of the century as more precise descriptions of ionic
hydration were sought.
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