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Abstract: Titrimetric analysis of acids and bases is widely used. We show in this brief
review a little known phenomenon of how concentrated salts can enhance the titrations of
weak bases. In aqueous solutions, the activity of the titrant proton is enhanced, while in
nonaqueous solutions, the base is leveled to a stronger base, both allows titrations of very

weak bases.
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Introduction

Arrhenius™, in 1899, from catalytic
experiments, determined that the addition of a
neutral salt, like sodium chloride, to a solution of
an uncharged weak acid caused an increase in its
dissociation as a result of decreased activity
coefficient of the ions®. Kolthoff, in 1916,
found that indicators with an alkaline character
were given an acid tint by neutral salts and the
opposite for those with an acid character?®.
Harned™, in the 1920s, investigated the effects
of salts on the activity coefficients of acids and
bases. He found that chloride salts greater than
about 1 M increased the activity coefficient of
HCI to greater than unity. This increased acid
strength allowing titration of weaker bases.

Results and Discussion

Titration of Weak Bases in Aqueous Solution
in the Presence of Concentrated Salts

It was only in the 1950s that Critchfield and
Johnson®™ took analytical advantage of this
increased acidity to titrate very weak bases in
aqueous solution. They found a linear decrease
in the pH of HCI with added Nal up to 8 M. The
pH of 0.01 M HCI decreases from 2 to zero; a
100-fold increase in acidity! Figure 1 illustrates
the enhanced evolution of hydrogen from a 1 M
HCI solution in the presence of zinc granules
without and with addition of 6M NaCl. This

clearly shows the orders of magnitude increase
in acidity in the presence of the salt. Figure 2
shows the titration of the weak base analine, K,
3.8x10™°, in the presence of 7 M Nal. Critchfield
and Johnson concluded that the hydrogen ion is
probably made more active by losing water of
hydration.

Matkovich and Christian®® reported evidence
that in about 75% saturated calcium chloride (4.2
m), all the water is tied up in solvating the
calcium chloride. This serves as the basis for
separating acetone from water. At 4.2 m CaCl,,
13 molecules of water are associated with each
molecule of salt. This agrees closely with the
hydration number of 12.0 for calcium chloride
and demonstrates that all the water, which is
55.5 M, is taken up by the CaCl,.

Titration of Weak Bases in Nonagueous
Solvents in the Presence of Concentrated Salts

Christian!”! demonstrated that the titration of
weak bases in nonaqueous solvents could be
titrated in the presence of concentrated neutral
salts. Trace quantities of bases with K, as small
as 4x10™" could be titrated with coulometrically
generated acid in acetone in the presence of 3 M
LiClO,. Schertz and Christian®® then undertook a
detailed investigation of volumetric potentio-
metric titrations in this system. They were able
to titrate very weak bases. In this case, the base
end of the titration curve is shifted to more basic
potentials. The salt is acting as a Lewis acid to
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level the base and increase its strength. Figure 3 as caffeine with K, of 4.1x10™! The weaker the
shows the titration of m-nitroanaline, K, 4x10%?,  base, the more salt required.

in the presence of increasing concentrations of A comprehensive review of the effects of
LiClO,. It was possible to titrate bases as weak  salts on titrations may be found in ©.

1M HCl + Zn 1M HCl in 6M NaCl + Zn
Figure 1. Hydrogen evolution from HCI by reaction with zinc granules.
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Figure 2. Potentiometric titration of analine; curve 2 in 7 M aqueous Nal. From Reference 5.
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Figure 3. Effect of LiClIO, concentration on potentiometric titration of m-nitroanaline, K, 4x10™, in 50 ml
acetone. From Reference 8.
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