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The zero-field splitting found with tetrahedral co-
balt(II) can also exert a significant influence on the sus-
ceptibilities. Since this effect is usually of the same
magnitude as the J’s reported® (for example, it is about
9.4°K in (EtN);CoCl#), it is dangerous to omit this
effect from such data analyses. Using a molecular-
field approach similar to that reported for nickel salts®
we have calculated exactly the energy levels and re-
sulting susceptibility of tetrahedral cobalt(II) and used
a least-squares procedure to fit the data reported
earlier® for the representative compound Co;(phthal-
azine)Cl;. The parameters {g) = 2.25, D/k = 22.9°K,
E/k = 12.5°K, and 2Jz/k = 11.0°K fit the measured
susceptibilities within the stated accuracy of 1%, while
the set of parameters (g) = 2.22, D/k = 107.4°K, and
E/k = 2Jz/k = 0°K fits the data almost as well.

Thus, we conclude along with Lever, Thompson, and
Reiff? that exchange interaction may be present in this
compound, although the experimental data presertly
available are not adequate to distinguish between inter-
molecular and intramolecular effects. Measurements
at lower temperatures, particularly on single crystals,
are required before one can conclude unambiguously
that intramolecular interaction is present.
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Reply to ‘‘A Caveat on Exchange Interactions”’

Sir:

The basic premise that, under certatn circumstances,
the magnetic effects of zero-field splitting may be con-
fused with those due to an exchange interaction of com-
parable magnitude is, of course, correct.

In binuclear .S = !/, complexes, for example (as cited
by Carlin), a small exchange interaction energy (J)
may give rise to magnetic properties similar to those
arising from a zero-field splitting of similar magnitude.
In such cases the splitting of the ground-state spin
manifold is 2J and D, respectively, and low-tempera-

ture (<80°K) and magnetic anisotropy studies would .

be needed to distinguish the source of such behavior.

However, in the systems we have studied,? with S =
/5 ions, the overall splitting of the ground-state spin
manifold is [127|, and a value of D, much larger than J,
is needed to simulate magnetic behavior.

To confirm this qualitative prediction the data for
several of the binuclear cobalt(II) derivatives? (that
with highest J, that with lowest J, and an intermedi-
ate case) were recalculated assuming that the magnetic
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CORRESPONDENCE

behavior arises solely through the presence of a zero-
field splitting of the *A; (in T';) ground state.

Using an appropriate set of equations®* the following
values of D and g will fit the observed data within the
temperature limits of the experiment

D,cm-t g J,em™12
(phthalazine)Co.ls 81 2.15 —-5.5
(phthalazine)Co:Cl; 52 2.25 -3.4
(2-methylpyrazine),CozBr, 34 2.35 —-1.6

It is evident that a very large D value is needed to sim-
ulate the behavior of a relatively small exchange inter-
action (also quoted above).

The zero-field splitting arises from a spin—orbit inter-
action between the ground-state spinors and compo-
nents of excited states whose degeneracy has been
lifted by a noncubic crystal field. While D values are
commonly very small (usually less than 10 cm~!)
tetrahedral cobalt(II) complexes might give rise to
larger values since the first excited state (*T) lies com-
paratively close (4000-4500 cm—! in these cases) to the
ground state. In axial systems a splitting of the ex-
cited state of AE, lying at ~10Dg above the ground
state, will lead® to an approximate D of S\2AE/(10Dg)2.

To obtain D = 80 ecm™4, for example, a splitting of
the *T, state of close to 10,000 em™! would be needed,
while for D = 34, the splitting 1is close to 3500 cm™".

These derivatives have a CoN.X, chromophore of
approximately C,, symmetry. While the wvalidity of
such a first-order evaluation of the magnitude of D may
be questioned, it is evident that such a stereochemistry
does not give rise to a very large zero-field splitting.
This is exemplified by the observation that complexes
such as the “tetrahedral” pyridinecobalt halides ((py).-
CoXs) have magnetic moments, at least within the
range 78-300°K, with little dependence on temperature.®
For example the complexes (3-pic)eCol; and (3-pic)s-
CoBr, can be fitted® with D = 15-20 em™!. The very
high values of D necessary to fit most of the diazine
complexes leave little doubt that the magnetic behavior
of these binuclear cobalt(11) complexes? is indeed cor-
rectly interpreted in terms of a dominant exchange in-
teraction. Certainly there will be some zero-field
splitting, and when low-temperature (<80°K) studies
of the magnetism of these complexes are carried out
such splitting should be included. in their analysis.
There is little to gain, however, from including this pa-
rameter into the higher temperature analysis.
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