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constants, it is obvious that an uncritical choice of
ligand concentrations can lead to more experi
ments than really necessary, because some results
are useless. This is especially important during
studies that include some expensive ligands or
chemicals that are not available in large amounts.

Because the instrumental methods usually give
only a cumulative response, an illustrative
(graphical) presentation of the experimental re
sults, which indicates the "contribution" of
mixed-ligand complexes, would be welcome.

For these reasons, the problems of experimen
tal design and data presentation will be treated
here in more detail. Some principles will be dis
cussed with already published polarographic and
voltammetric measurements as examples but con
clusions obtained in this way are of wider impor
tance.

f3ab can be calculated [9,10] because

log f3ab = log S + (a/V)log f3vo

+ (b/V)log f30v

where S = V!/a!b! and V = a + b.
In polarographic and voltammetric methods,

based on the measurement of the half-wave or
peak potential shift (aEI / 2 or aEp ), in depen
dence on the ligand concentration, additional as
sumptions are made: kinetic lability of all the
complexes (simple and mixed), i.e., reversibility of
the electrode reaction; large excess of both com
plexants over total metal concentration, Le., [A]t
»[M]t and [B]t» [M]t; absence of polynuclear
species; and absence of pronounced surface activ
ity of ligands and/or complexes. Under such con
ditions, the following mass-balance equation:

N N

[M]t = [M] + L [MA a] + L [MBb]
a~l b~l

THE EQUILIBRIA

Additionally, one or more mixed-ligand species
can also be formed:

It is assumed that the metal ion of interest (M)
can form more than one simple complex species
with each of the ligands A and B.

where N denotes the highest possible coordina
tion number, should be valid (obviously neither a
nor b can be equal to zero in the last sum that
reflects the presence of the ternary species).

Because both complexants are present in large
excess, total and free ligand concentrations can
be taken as equal, assuming that HA and HB are
strong acids. If not, free concentrations at a cho
sen pH value should be calculated using corre
sponding protonation constants.

N

+ L [MAaBb]
a+b=2

[MA a ]

f3ao = [M][Ar

[MB b ]

f30b = [M][Bt

[MAaBb]

f3 ab
= [M][Ar[B]b

Usually, experiments are performed at a grad
ually increasing concentration of one ligand (A)
and a constant level of the other (B) which gives
the weaker complexes. When both complexants
are of comparable strength, each of them can be
tested in both roles. Constant values of ionic
strength (1) and total metal concentration ([M]t)
are assumed.

From known stability constants of simple bi
nary complexes, statistically expected values of

RESULTS AND DISCUSSION

Experimental design
Maximum coordination number N = 2. If the

highest possible coordination number is N = 2,
the experimental conditions under which the only
mixed-ligand species constitutes a large fraction
of the total dissolved metal should be found.
According to Schaap and McMasters [7], the
highest relative concentration of MAB will be
reached if

(1)
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