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The Crystal and Molecular Structure of the Bis-(o-xylene)silver Perchlorate
Dimer

By I. F. TAYLOR, JUN,, and E. L. AMMA¥
(Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208,)

Summarv The crystal structure of the dimer of bis-(o-
xylene)silver perchlorate has been determined by single-
crystal methods: the dimer is made up of oxygen-bridged
silver(r) with the fourfold co-ordination of the metal
completed by interaction with the mr-electrons of two
aromatic entities.

THE crystal structures of a number of complexes between
silver perchlorate and aromatic m-donors may be described
as layer structures. The layers or sheets are composed of
AgClO, (ionic material) and aromatic (organic material)
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FIGURE. Perspective view of the dimer of bis-(o-xylene)-AgClO,.
The two halves of the dimer ave velated by the centre of symmetry
indicated. Bonded distances ave shown by dotted lines. For
simplicity the next neavest Ag—C ave not dotted. They arve:
Ag—C(6) 2-57, Ag-C(12) 2-53A. The rings ave normal within
experimental evvor and distances and angles are not shown. Maxi-
mum e.s.d’s in distances ave: Ag-C,0 4+ 0-03; C-C, 40-07;
Cl-O 4+ 0-04A. The maximum e.s.d.’s for the angles ave: Ag—O—
Ag, 4+1; O-Ag-O, +1; C-Ag-C, +1; CC-Ag, +2; C-C-C,
+4°. The e.s.d.’s arve relatively high due to large thevmal motions
of the rings, as expected for an isolated dimeric molecule.

which are alternately stacked to make the crystal structure.
Examples of this type of layer are found in the crystal
structures: benzenesilver perchlorate,! bis(cyclohexyl-
benzene)silver perchlorate,®> bis-(m-xylene)silver per-
chlorate,® naphthalenetetrakis(silver perchlorate) tetra-
hydrate,* and anthracene-tetrakis(silver perchlorate) mono-
hydrate. In these structures, Ag-O(perchlorate) distances
range between 2-45—2-68 A. We have maintained, in
spite of the fact that these distances are long compared
with single bond silver-oxygen distances as indicated by
covalent radii (ca. 2-2A), they are important interactions in
the stabilization of the structure. We have now found
strong support for this view in the oxygen-bridged dimeric
structure of bis-(o-xylene)silver perchlorate. The geo-
metric details of the dimer yield valuable information
concerning the nature of the silver-aromatic bond.

Bis-(o-xylene)silver(1) perchlorate [o-MeCgH,Me],AgICIO,
forms colourless, hygroscopic, light-sensitive needles,
stable only in sealed capillaries: M 420, triclinic P1. With
Mo-K, (A= 0-7T1068), a = 8-595(1), b = 10-766(1), ¢ =
10-817(1)A, o = 86-21(1), B = 103-28(1), y = 113-70(1)°,
Z = 2, Dy = 1-56; Dy, could not be measured but,in general,
for these types of compounds D varies between 1:6—1-8,
@ =12-6 cm-! for Mo-K,. Crystals were mounted in
capillaries on an automated Picker full-circle diffracto-
meter and aligned by standard methods.® 3500 inde-
pendent %kl intensities were measured with Mo-K, radia-
tion, of which 1236 were non-zero. The structure was
solved by standard heavy-atom techniques and refined by
full-matrix least-squares with anisotropic temperature
factors for Ag and Cl and four oxygens, but only isotropic
for the remaining atoms, to a final R factor of 0-103.%

The structure consists of isolated oxygen-bridged dimers
(Figure) in which each silver acquires its usual co-ordination
number of four by forming bonds with the sr-orbitals of
two aromatic entities and two bridging oxygen atoms of
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perchlorate groups. The Ag—Ag distance within the dimer
is 4-198(5)A, i.e., no metal-metal interaction. Whereas
the Ag-O bridging distances within the dimer are ca. 2-64,
the next shortest Ag—O distance is 3-38A. There are no
Ag-O distances less than 4A between dimers, and clearly
no significant intermolecular Ag-O interaction exists. All
other non-bonded interatomic distances are normal. In
space group Pl the centre of the Ag, O(1), O(1'), Ag’
four-membered ring lies on a centre of symmetry and
therefore, this ring must be planar. The angle between
Cl-O(1) and O(l1)—(centre of Ag—-Ag’ line) is 168°. This
together with the Ag-O(1)-Ag’ angle of 109° indicates that
each bridging oxygen contributes two electron pairs and
two tetrahedral orbitals to the bridge bonding. The sharp
O(1)-Ag-O(1’) angle indicates that Ag contributes almost
pure p-orbital to the bridge. Therefore, the bridge-
bonding is well described as four electron pair donor-acceptor
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bonds. On the other hand, the “broad” C(7)-Ag-C(1)
angle indicates that Ag uses a considerable amount of 5s-
orbital in its interaction with the aromatic moieties: this
strongly supports our view?—% that the principal interaction
between Agl and aromatic entities involves the silver
5s-orbital with the 7r-electrons.

Fukui et al.” predicted, based upon a MO charge-transfer
model, that Agl would interact with the sr-electrons of
the C-C bond directly opposite to the methyl groups in
o-xylene. We find this to be true for one ring but not the
other. This may well be simply a reflection of non-bonded
repulsions between methyl groups overcoming the electronic
factors involved.
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