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groups. The short-range interactions between the solvent
molecules and the phenyl groups are expected to undergo
minor changes upon reduction and thus do not contribute to
AS°®. Furthermore, it has been argued recently® that in so-
lution only very small configurational changes occur upon
reduction. Obviously, there are no contributions to AS® from
intrinsic reorganization. In conclusion, the solvent molecules
perceive only the charge changes occurring with the reduction
of the cluster compound.

The thermodynamic parameters of the conproportionation
equilibrium (eq 5 and 6) are closely related to those of the

Keon
Az + Cz—z P —— 2Bz—1 (5)
—-RT In K,y = AG,,° = AH,,° — TAS,,,° = FAE® (6)

successive redox steps discussed here.
It is easily seen that eq 7-9 hold, and the values found for

AG,,.° = AG,® - AGy® (7
AH,,° = AH,\° - AH,° (8)
AS.n® = AS|° - AS,° %

these parameters are also listed in Tabie II.

For the ruthenium compound with AS,, = 0, this means
AG,, = AH_, = FAE®, and so the driving force for the
conproportionation consists only of an enthalpic term. As AE°
is constant (Table II), the conproportionation equilibrium
constant K, is nearly independent from the temperature and
so is the redox stability of the mixed-valence ion

((bpy),CIRu),pyz**.

Experimental Section

Materials. Aug(PPh,)g(PFy),%!% and ((bpy),CIRu),pyz(PFy),’ were
prepared as described.

Measurements. Cyclic voltammetric measurements were made with
a PAR Model 174A polarographic analyzer coupled with a PAR
Model 175 universal programmer. The recording devices were a Kipp
BD 30 recorder and a Tektronix 564B storage oscilloscope. No
differences for AE, values were noted. Sweep rates were chosen in
the region for the reversible behavior of the electrode processes
(100-200 mV s!). Measurements were carried out with a noni-
sothermal cell of the same design as that described by Weaver et al.!
The reliability of the equipment was tested by the conduction of some
pilot experiments.* All measurements were made in acetone (p.a.
Merck) that was 0.1 M in Bu,NPF,. All potentials are referred to
the Ag-AgCl (0.1 M LiCl-acetone) reference electrode. This electrode
was thermostated at 20.0 °C. The working electrode was a platinum
disk and the auxiliary electrode a platinum plate. The iR drop was
minimized by the use of a Luggin capillary. The scan rate inde-
pendency of AE, for the scan rates of interest® shows that no un-
compensated resistance was present.

Computational Information. The cyclic voltammetric parameters
were calculated with the program QUAQUA, which uses the recently
introduced orthogonal collocation method.!* The program was run
on a Minc 11 ED computer system. This program is able to calculate
cyclic voltammograms for quasi-reversible multistep electron transfers.
For the present purpose, only reversible conditions were used (¢ =
100). The agreement with the published values is excellent for AE®
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>80 mV. For 0 < AE® < 40 mV, deviations of 2-3 mV were noted.
A close inspection of Table II of ref 5 show some irregularities in AE,
for AE]/Z < 0mV.
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Hendrickson et al.! have recently observed an interesting
effect of crystal quality on the spin-transition behavior of an
iron(III) spin-crossover complex. The change in properties
is reflected in the high-spin content as a function of temper-
ature. In particular, when the crystal quality is reduced by
grinding the sample, the transition curve (magnetic moment
vs temperature) flattens with increasing fractions of “residual”
high-spin ions at low temperatures.

In the course of our studies on spin transitions in complexes
of iron(II) we have also found that the crystal quality and
history, as given by the method of preparation or by treatments
of the samples such as grinding or application of pressure or
v radiation, heavily alters the spin-transition behavior.™

Such observations are not surprising for spin transitions of
the abrupt type, where first-order phase transitions accompany
the spin transition.

All spin transitions known in cobalt(II) compounds are of
the gradual type, and the spin transition may extend over more
than 100 K. In order to study the influence of the crystal
quality, we have reexamined the spin transition in the co-
balt(I) complex [Co(pmi),](ClO,), (pmi = 2-pyridinal me-
thylimine). The existence of a spin transition in [Co-
(pmi);](BF,), has been demonstrated earlier.>® For our study,
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Figure 1. Effective magnetic moment of different samples of [Co-
(pmi);](ClO,), as a function of temperature: +, preparation A from
aqueous solution; 0, sample A after grinding with mortar and pestle;
B, sample A after milling for 1 h in a ball mill; O, preparation B from
methanol solution.

however, we have chosen the perchlorate salt because it
crystallizes more easily. The cobalt salt displays a spin
transition similar to that of the tetrafluoroborate, if it is
prepared from aqueous solution. Preparation of the salt from
methanol solution leads to a chemically identical product, but
the transition curve is less abrupt and the transition is in-
complete (see Figure 1). To our knowledge this is the first
example of a preparation effect on spin transition in cobalt(II)
complexes.

Mechanical treatment of the samples alters the spin-tran-
sition curves in the present cobalt complex (see Figure 1).
Even grinding with mortar and pestle, which is a relatively
mild treatment, significantly flattens the transition curves;
milling the samples in a ball mill (in petroleum ether sus-
pension to avoid local heating and eventual decomposition)
leads to incomplete transitions.

Notes

This behavior in cobalt(II) spin-crossover complexes com-
pletely resembles that found for iron(III)! and iron(II)>*
systems, but, what is particularly surprising, in the case of the
present cobalt(II) complex there is no evidence for a first-order
phase transition.

This influence of mechanical treatment may be understood
on the grounds of changes in the bulk elastic properties and
in the strain introduced by lattice imperfections. Recently
developed models for high-spin = low-spin transitions assume
that a cooperative interaction is operative due to elastic de-
formations of the crystallites as a consequence of differences
in size and/or shape of the high-spin and low-spin complex
molecules.”® Therefore, a change in the elastic properties
and strain in the crystal will definitely affect the spin-transition
behavior in individual crystallites. Due to inhomogeneities in
these changes from crystallite to crystallite, the average taken
over all individual spin-transition curves of the crystallites will
be “smeared out” as compared to the sharp transition of an
unperturbed system. For part of the molecules, the elastic
energy contributions become sufficiently large to push them
out of the “spin equilibrium” into the region of stable high-spin
or low-spin ground states, depending on the sign of the elastic
energy contribution. This may well explain the observation
of residual high-spin fractions at low temperatures and also
residual low-spin fractions in the high-temperature limit.

As a consequence, in actual studies of spin-crossover systems,
one has to be very careful in the quantitative interpretation
of experimental data because sample preparation and sample
treatment may change these such that comparison and model
calculations may be meaningless.
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