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Single-crystal X-ray diffraction is undoubtedly the most
common and powerful method for the determination of molec-
ular structures in the solid state.! However, it must be
recognized that interpretation of the data is not always straight-
forward.2 Problems in data interpretation are commonly at-
tributed to a number of factors, including (i) incorrect space
group assignment,® (ii) incorrect atom assignment,*S (iii)
disorder,2%%7 and (iv) incorrect site symmetry.® In this paper,
we describe how, in specific circumstances, models may refine
into extremely deceptive false minima, characterized by well-
behaved refinement and displacement parameters, but are grossly
distorted from the true structures. The existence of such a
phenomenon has serious implications with respect to the
interpretation of certain molecular structures as determined by
X-ray diffraction.

We have recently reported the structure of the eight-coordinate
complex W(PMes)sHI; as part of our investigations of the
equilibrium deuterium isotope effect for the oxidative addition
of H, to W(PMes)s[».° Subsequently, we have determined the
structures of the fluoro, chloro, and bromo derivatives
W(PMe;)sHX> (X = F,'° CL!! Br'2 ).1* Unexpectedly, the
structure determined for W(PMes)4H,Cl, proved to be unique
compared to the other derivatives W(PMe;)4H,X, (X =F, Br,
I). Specifically, whereas W(PMe3)4sH>X: (X = F, Br, I) exhibit
structures based on a trigonal dodecahedron,' with a distorted
tetrahedral array of PMe;s ligands (see Figure 1), all four PMe;
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Figure 1. Structures of W(PMe;)sH,X,.

Figure 2. Structures of W(PMe;)4H,Cl; corresponding to (a) the false
minimum (R = 0.0459, R,, = 0.0649, GOF = 1.70) and (b) the true
minimum (R = 0.0229, R,, = 0.0261, GOF = 1.04).

ligands of W(PMe;3)4H,Cl, were found to be located in one
hemisphere of the molecule. In view of the unprecedented
nature of this ligand arrangement, due attention was naturally
given to the correctness of the structure solution. However,
the respectability of (i) the R values (R = 0.0459, R,, = 0.0649),
(ii) the goodness-of-fit (GOF = 1.70), (iii) the displacement
parameters, and (iv) the bond lengths about W provided no
indication as to a potential error in the structure determination.
Nevertheless, after much deliberation, it was determined that
the structure had actually refined into an extremely deceptive
false minimum. Upon recognizing the nature of the problem,
it was possible to adjust the structure and so refine it in the
true minimum, characterized by lower R values (R = 0.0229,
Ry = 0.0261) and a better goodness-of-fit (GOF = 1.04). The
result of this refinement is a structure analogous to those of the
other halide derivatives W(PMe3)sH,X, (X =F, Br, I), with a
distorted tetrahedral array of PMe; ligands (Figure 2).1°

The occurrence of the false minimum is associated with the
fact that W(PMe;)sH>Cl, adopts a polar space group, namely
Cmc2, (No. 36). For a space group with a polar axis, it is well
known that two minima exist in a least-squares refinement
procedure, corresponding to chemically identical structures
which are related by reflection perpendicular to the polar
axis.!s!7 Since the space group Cmc2; contains a polar z axis,
two such minima also exist for W(PMe;)4H,Cl,. However, the
structure corresponding to the false minimum (see Figure 2) is
neither one of these minima. Rather, the incorrect structure of
the false minimum corresponds to the very unusual situation in
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Figure 3. Structures of W(PMe;)sH,F>(H,0) corresponding to (a) the
false minimum with transoid PMe; ligands displaced from their true
positions (R = 0.0494, R, = 0.0615, GOF = 1.57), (b) the true
minimum (R = 0.0357, R,, = 0.0395, GOF = 1.01), and (c) the false
minimum with H,O displaced from its true position (R = 0.0382, R,
= 0.0429, GOF = 1.09).

which only the transoid PMes ligands of the true structure are
inverted along the z axis (with W located at z = 0).!8

Having identified the relationship between the structures in
the false and true minima, it is necessary to rationalize (i) why
one of the PMes ligands was initially located in the incorrect
position and (ii) why the incorrect structure refined so success-

fully. Both of these phenomena are presumably consequences.

of the facts that (i) the X-ray scattering is dominated by the
tungsten atom and (i) the relationship between the tungsten
atoms in this structure is appropriately described by the
centrosymmetric space group Cmcm, even though the space
group adopted by the molecule is Cmc2;. In view of such
pseudosymmetry, an electron density difference map based only
on the position of the tungsten atom would be expected to
exhibit mirror symmetry perpendicular to the polar z axis, as is
indeed observed. Therefore, at this stage, the difference map
represents a composite of both possible polar configurations.
As more atoms are included in the model, the pseudosymmetry
is removed, and the electron density difference map would
consequently be expected to depart from mirror symmetry.
However, at all stages of the refinement procedure, effective
mirror symmetry is observed in the electron density difference
maps (see supporting information). As a result, even in the
final stages of refinement, it is possible to select the incorrect
locations for a set of atoms, especially if such positions are not
chemically unreasonable.!® Perhaps even more surprising is the
fact that the subsequent model refines so well (again, presumably
since the scattering is dominated by the tungsten atom),?® with
the least-squares refinement calculations showing no tendency
to converge to the true minimum.?'

It is important to emphasize the latter point, i.e., that the
incorrect structure has all the appearances of a perfectly good
solution in terms of both its refinement and displacement
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parameters.”2 Hence, it is plausible that other structures may
also suffer from related problems of refinement into unrecog-
nized false minima. One such example that we have discovered

is that of the aqua derivative, W(PMes)H,Fy(H,0),22% a

compound in which the PMe; ligands were also originally
described as occupying positions in one hemisphere, rather than
a distorted tetrahedral array about the metal center. We have
re-collected data on W(PMe;)sH,F2(H>0) and have confirmed
that it does indeed refine well (R = 0.0494, R,, = 0.0615, GOF
= 1.57) with such a structure (Figure 3a). However, adjusting
the positions of the transoid PMe; ligands by inversion of the
z coordinates (with W at z = 0) allows refinement to the true
structure illustrated in Figure 3b (in which the PMe; ligands
are displaced by ~21° from their incorrect positions), with
improved refinement parameters (R = 0.0357, Ry = 0.0395,
GOF = 1.01). Moreover, it is also possible to refine the water
molecule, which in the true structure is hydrogen-bonded to the
fluoride ligands, in a position on the other side of the molecule,
where it is devoid of such interactions (Figure 3¢).> Impor-
tantly, although the change in R values (R = 0.0382, Ry, =
0.0429, GOF = 1.09) from the true structure is minimal, the
impact of such a structural change is quite significant, especially
if one is interested in the phenomenon of hydrogen-bonding.

In summary, we have demonstrated that molecules which
crystallize in polar space groups may suffer from structure
solutions that refine into deceptive false minima. Although the
existence of false minima is not without precedence,!'®% the
examples described here are remarkable in the sense that the
false structures are dramatically different from their true
structures but are nevertheless characterized by low R values
and well-behaved displacement parameters. It is likely that this
effect will be most pronounced when the X-ray scattering is
dominated by a single atom. Thus, in addition to the well-
known requirement of ensuring that the correct sense of a polar
axis has been selected,!6 it is critical to establish that all of the
atoms in the asymmetric unit of a polar space group belong to
a single true polar configuration and that the correct molecular
geometry is established.
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