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Nickel (11) Complexes as Possible Indicators for Structure in
Alcohol-Water Mixtures

By R. D. GiLLarp* and H. M. SutTON
(Chemical Laboratovies, University of Kent at Canterbury)

Suminary Changes in the equilibrium between magnetic
isomers of a nickel(11) complex are used to comment on
the nature of water-alcohol mixtures.

THE behaviour of alcohol-water mixtures, and in particular
the effects observed in water-rich mixtures, have recently
been the subject of much investigation. Hitherto, the
techniques used have been confined to measurement of
thermodynamic and spectroscopic properties of the mix-
tures themselves,»? or to the observation of kinetic effects.3

We report preliminary investigations on the use of
bis-meso-stilbenediaminenickel(11) acetate, Ni(m-stien),Ac,,
as a probe for solvent structure in mixtures of water with
t-butyl alcohol, isopropyl alcohol, n-propyl alcohol, ethanol,
or methanol.

Certain diamines co-ordinate to nickel(11) to give com-
plexes which exist in either blue (octahedral, paramagnetic)
or yellow (square-planar, diamagnetic) forms.* The best
knowr examples are probably the nickel(11) complexes of
stilber ediamine, which are known as Lifschitz salts.®
When the meso-isomer of the diamine is used along with
an anion such as acetate, or mono-, di-, or tri-chloroacetate,
then the yellow-blue transformation can be brought about
with particular ease.® A solution of Ni(m-stien),Ac, in an
alcohol is blue. Mixing with water at room temperature
turns the solution green, and, on the addition of more
water, yellow.

A solvent-controlled equilibrium between the yellow (Y)
and blue (B) species is presumably operative.” The role
playec. by the solvent may be a first solvation sphere
influence; 7.e. the number of solvent molecules co-ordinated
to the nickel{11) ion changes from alcohol to water. On
the otaer hand, the solvent might simply act as a dielectric
continuum, and the changes in the electronic transition may
occur only because of ion pairing between the anion and the
nickel’11). The ease with which the complex changes
colour with certain specific anions could be explained by
either argument, since the ion pairing might involve con-
concomitant changes in the ordering of the solvent around
the nickel ion. The electronic state of the nickel(11) could
be described as situated at the cross-over point of the

relevant Orgel diagrams, so that small changes in the ligand
field on the z-axis can produce complexes with different
electronic spectra in equilibrium with each other.

For the formal equilibritm Y « B an equilibrium
constant, }3, can be calculated from spectrophotometric
measurements on the “‘yellow” band at 440 nm. Plots of
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FiGURE. Variation of logB with log[S] for Ni(m-stien), Ac, in

alcohol—water mixtuves: (a) tn methanol-water ; (b) in ethanol-watey;
(c) in propanol-water (n-propanol O, isopropyl alcohol @); (d)
t-butyl alcohol-water.
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log B vs. log[S] (where B = [Y]/[B] and [S] is the total,
mixed molarity, of the solvent) at 25° are shown in the
Figure. At low alcohol concentrations a deviation from
linearity is frequently observed, and this is greatest for the
t-butyl alcohol-water system. With methanol-water, no
deviation from linearity is noticeable. With all of the
systems studied where deviations occur, anomalies are
found at about the same mole fractions of alcohol as those
observed by previous workers using ultrasonic techniques.?

Thus the development of the yellow colour, and hence the
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value of log B, is enhanced most with those alcohols which
(according to a mass of earlier evidence!?) build up large
clusters of water about themselves in a water-rich environ-
ment.

Work is continuing on the possible uses of Ni(m-stien),Ac,
and similar nickel(11) complexes as indicators for solvent
structure, in particular on aqueous solutions of ionic and
nonionic solutes, and aqueous systems of biological
importance.
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