Can crystal structure determine molecular structure?

For Co,(dpa),Cl,, yes
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A tetragonal form of Co,(dpa),Cl, [dpa =anion of bis-
(2-pyridyl)amine] with an unsymmetrical chain of three Co
atoms is found to crystallize along with its previously
reported orthorhombic form that has a symmetrical chain.

In 1994 it was reported! that the title compound, Co;-
(dpa),Cl, [dpa = anion of bis(2-pyridyl)amine], had a molecular
structure in which there was a very unsymmetrical linear
chain of cobalt atoms with Co—Co distances of 2.270(3) A
and 2.472(3) A. This appeared to be anomalous in view of
the fact that previously analogous molecules containing
nickel? and copper,® and subsequently, those with ruthenium*
and rhodium* were all found to have symmetrical chains of
metal atoms. This prompted us to reinvestigate the com-
pound, and we found?® that it formed crystals, Co;(dpa),-
Cl,-CH,Cl,, that were isomorphous (space group Pnn2) with
those of the copper,® ruthenium* and rhodium* compounds.
In all four Pnn2 crystals, there is one molecule of solvent per
molecule of the trinuclear complex: CH,Cl, for Co, Ru and
Rh, and H,O for Cu.*® At this point it was uncertain what to
make of the reported' unsymmetrical tricobalt compound,
which was said to be Cos(dpa),Cl,-2CH,Cl,-H,0 and to
crystallize in space group /4.

This interesting, if confusing, state of affairs was made still
more interesting by the next two developments. (1) It was
found® that Cr,(dpa),Cl,CH,CI, could be made and that it
too, crystallized in space group Pnn2 with a symmetrical
structure.” (2) Another compound, [Co(dpa),][Cos(dpa),Cl,],
in which two neutral molecules were co-crystallized, was
prepared and found to contain the unsymmetrical Cos(dpa),-
Cl, molecule,® very similar to that first reported.! Most
recently, two more crystalline forms of Nis(dpa),Cl, have
been discovered and both of these also contain symmetrical
molecules.’

At this point, the situation was that for M;(dpa),Cl, mole-
cules with M = Cr, Ni, Cu, Ru, and Rh, only the symmetrical
form was seen, but for Co the molecule had been observed
once in symmetrical form and twice in unsymmetrical form.
The two cases where it was unsymmetrical were each unique
in their unit cell contents, containing, according to the
report,' three solvent molecules (2 CH,Cl, and H,0) in one
case and the Co(dpa), molecule in the other.® One other
paper bearing on the problem reports a DFT calculation'® on
Cos(dpa),Cl, that finds a single, broad potential minimum for
the Co, chain with the middle Co atom centered, but with the
potential well very shallow.

We now report that in our method of preparation®® for
Coj,(dpa),Cl,CH,Cl,, which we heretofore believed to give only
the orthorhombic, Prn2, crystal form of this composition, with
symmetrical molecules, one actually obtains a mixture of these
orthorhombic crystals with another type, namely a tetragonal
form. Both are very dark greenish black and cannot be dis-
tinguished by color alone. They are shown in Fig. 1. We have
characterized this second form crystallographically.!! These
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Fig. 1 Scanning electron micrograph of two crystalline forms of
Co,(dpa),Cl,. (a) Orthorhombic crystal. (b) Tetragonal crystal. They
crystallized together from a dichloromethane solution and were
separated by hand.

Fig. 2 Perspective view of the molecule of Cos(dpa),Cl, in Cos-
(dpa),Cl,-2CH,Cl,. Atoms are drawn as their ellipsoids at the 40%
probability level. Hydrogen atoms are omitted for clarity.

crystals are tetragonal, space group I4, and they contain the
Co,(dpa),Cl, molecules in their unsymmetrical form, as shown
in Fig. 2. The composition is Co,(dpa),Cl,-2CH,Cl,. Table 1
compares the key molecular dimensions of the unsymmetrical
molecules as found in the two previous cases,® and in this case.
There are no significant differences, and with respect to the
short and long Co—Co distances, the agreement is particularly
good. Thus, even though the reported calculation'® showed no
evidence for a minimum at any specific combination of unequal
distances, when the molecule adopts an unsymmetrical form, it
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Table 1 Dimensions of unsymmetrical Co,(dpa),Cl,-solv. molecules
in three crystal forms

Ref. 1 Ref. 8 This work
Solvent 2CH,CI1,-H,O [Co(dpa),] 2(CH,Cl,)
Crystal form 14¢ P4/n 14
Co(1)-Co(2) 2.290(3) 2.285(1) 2.294(1)
Co(2)-Co(3) 2.472(3) 2.459(1) 2.466(1)
Co(1)-Cl 2.432(4) 2.386(2) 2.432(1)
Co(3)-Cl 2.361(4) 2.353(2) 2.369(2)
Co(1)-N 1.964(av) 1.965(3) 1.973(av)
Co(2)-N 1.900(av) 1.907(3) 1.906(av)
Co(3)-N 2.121(av) 2.125(3) 2.115(av)
Temperature/K 295° 213 213

“Should be I4; see text and ref. 1. Reported at the Cambridge Crystal-
lographic Data Centre but not stated in ref. 1.

is always the same unsymmetrical form. This poses an interest-
ing problem for further theoretical work.

A powder diffraction pattern from a typical preparation of
Cos(dpa),Cl, shows that both the tetragonal and orthorhombic
forms are present (and nothing else), with the former making
up 10-20%. Both forms, when dissolved in CH,Cl, give the
same 'H NMR spectrum.

The key conclusions to be drawn from these new observ-
ations are (1) that the two forms of the molecule are energetic-
ally so similar that both can crystallize simultaneously from the
same solution in CH,Cl, and (2) any measurement made on a
bulk sample (e.g. magnetic susceptibility) is of dubious value
since the sample is, or at least may be, a mixture of two different
substances.
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