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Inorganic lamellar solids occur in many forms with
an equally broad range of applications. Widely studied
classes include clays,1 metal chalcogenides,2 and metal
oxides3 as well as the metal phosphates4 and phosphon-
ates.4a,5 Clays and metal phosphonates have been
extensively studied due to their ability to intercalate
guest molecules and the concurrent swelling of their
interlayer regions which accompanies these intercala-
tion processes.6 Herein, we present a family of previ-
ously unrecognized layered complexes. Silver sulfonates
represent an unexplored class of lamellar solids7 which,
owing to their strong analogy to zirconium phosphon-
ates, offer a potential wealth of chemical opportunity.8
We report the single-crystal X-ray structure of silver
p-toluenesulfonate, AgOTs, an infinite lamellar array
containing SO3-bridged AgI centers. Correlation to the
powder X-ray diffraction pattern (PXRD) confirms the
single crystal to be representative of the bulk sample.
DSC/TGA data and results of preliminary intercalation
experiments with nonylamine are presented.

Diffusion of isopropyl ether into a methanol solution
of pure Ag p-toluenesulfonate9 resulted in the growth
of platelike, colorless crystals. A single-crystal X-ray

determination10 revealed an infinite lamellar structure
consisting of parallel layers of SO3-bridged silver ions
with the toluene groups directed into the interlamellar
region (Figure 1). These features are exactly analogous
to a layered metal phosphonate. The interlayer dis-
tance, defined as the perpendicular distance between
planes of silver ions, is 15.309 (1) Å, and the thickness
of a single lamella, defined as the Ag-O-S layers, is
3.90 (1) Å. Thus, the gallery height present in the
compound is 11.41 (2) Å. Adjacent layers align down
the a axis, which is not perpendicular to the lamellae,
corresponding to an offset of 0.99 (1) Å. The coordina-
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Figure 1. Perspective view of AgOTs, showing the infinite
lamellar structure and toluene groups directed into the inter-
layer region.
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tion exhibited in this structure by both the AgI ion and
the sulfonate ligand is quite unusual (Figure 2). Each
AgI ion has no fewer than seven other atoms within van
der Waals distance,11 namely two other AgI ions (Ag-
Ag distance ) 3.350 (2) Å and five sulfonate oxygen
atoms (four Ag-O distances range from 2.391 (3) to
2.524 (3) and a single long contact at 2.699 (3) Å).12 The
geometry at the AgI centers is best described as the
insertion of an additional donor atom to one of the
rectangular faces in a trigonal prismatic structure,
similar to the geometry in TaF7

2-.13 This elevated
coordination about the silver center results from each
individual sulfonate group forming bonds to five differ-
ent AgI ions, with two oxygen atoms each bonding to
two different silver centers while the third oxygen bonds
to only a single silver ion.14 The PXRD pattern of the
bulk sample of AgOTs could be indexed with unit cell
parameters which match the single-crystal parameters
at room temperature.15 Cross-polarization magic-angle
spinning (CPMAS) solid-state 13C NMR also confirmed
that only a single type of toluenesulfonate group was
present in the bulk structure, as was observed crystal-
lographically.

DSC/TGA analyses of a sample of AgOTs revealed
that the sample was completely stable to almost 250
°C.16 As could be expected, a lamellar structure com-
posed of monovalent cations interacting with mono-
valent anions does not yield a framework with a
stability equivalent to complexes composed of di- or
trivalent ions interacting with one another. However,
this stability is notable as the compound is purported
to be highly air and light sensitive.

Numerous lamellar networks are known to intercalate
organic molecules and swell in their presence.6 Direct
treatment of AgOTs with 2 equiv of liquid nonylamine
results in the formation of a waxy solid. Upon heating
at 70 °C for 30 min, this material shows a room-
temperature PXRD pattern indicative of a layered solid
with an interlayer spacing of 24.46(1) Å.17 The length
of an all-trans-nonylamine molecule is ca. 12.3 Å.
Currently, we cannot say whether the Ag/SO3 layers
retain the same structural form. A systematic study
to elucidate the nature of this intercalation behavior is
in progress. The structural versatility and promising
intercalation behavior of this novel lamellar system
indicates a wealth of lower temperature (<250 °C)
applications for which layered silver sulfonates may find
use. Preliminary results concerning other silver organo-
sulfonates reveal that the lamellar motif is a general
phenomenon.18
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Figure 2. View down onto a single layer of AgOTs, with the
toluene groups omitted for clarity, showing the 5-fold donacity
of the SO3 groups and the seven-atom coordination about each
silver. Ag, large dark circles; S, light circles; O, small dark
circles.
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