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The successful assembly of extended frameworks from
molecular building units has yielded a remarkable class of
materials having diverse architecture and functibnghese
include metat-organic solids with open frameworks having
zeolite-like attributesand others having important electrohic
and magnetit properties. One of the simplest strategies
employed in the production of such 3-D networks is schemati-
cally illustrated in Figure 1a,b, where open-framework diamond-
like networks have been achieved by the addition copolymer-
ization of either rod-like ligand§° or metal clusters with
tetrahedral metal ior§:3d¢ In this report, we show how the
tendency of silver(l) for linear coordination may be explott€d
in its reaction with the rod-like 4,4bipyridine (4,4-bpy) ligand
to form extended chains that cross-link yielding a 3-D open
framework having 23x 6 A extended channels as shown in

Figure 1c. The hydrothermal synthesis, structure, and porosity

of crystalline Ag(4,4bpy)NO; will be described.
A mixture of AgNGQ; (0.050 g, 0.29 mmol) and 4:bpy

(0.050 g, 0.32 mmol) was suspended in 5 mL of deionized water
and transferred to a stainless steel bomb, which was sealed,

heated at 140C for 5 h, and then cooled gradually to 110
for 3 h, followed by further cooling to 96C for 4 h prior to

being cooled down to room temperature. Large, pale gray

parallelepiped crystals of Ag(4:%py)-NOs; were collected,

washed with deionized water and ethanol, and then air-dried to

give 0.083 g (86% yield based on silver nitraté). This
compound is stable indefinitely in air, and it is insoluble in water

and polar and nonpolar organic solvents such as benzene
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Figure 1. A schematic representation of the assembly of metal ions
(dark spheres) and organic ligands (dark rods) or metal tetrahedral
clusters to yield diamond-like frameworks (a, top, and b, middle) or
open frameworks with rectangular channels (c, bottom). In each case
the assembly is accompanied by the inclusion of a guest molecule G
which occupies the voids.
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Figure 2. The building block unit including the asymmetric unit present

in crystalline Ag(4,4-bpy)-NOs with non-hydrogen atoms represented
by thermal ellipsoids drawn to encompass 50% of their electron density.
Atoms labeled with additional letters-AH are symmetry equivalent

to those atoms without such designation. The hydrogen atoms have
been omitted for clarity.

hexane, diethyl ether, methanol, ethanol, acetonitrile, ni-
tromethane, and acetone.

X-ray structure determinatiSron a single crystal isolated
from the reaction mixture was performed to reveal an extended
open cationic network composed of the building unit shown in
Figure 2. Each silver(l) is linked to two nitrogens of different
but symmetry-equivalent 44bpy units in a nearly linear
coordination [NEAg—N1A = 173.7(2)] to form extended
chains. Adjacent chains are cross-linked in an almost perpen-
dicular fashion [N:Ag—AgF—N1F = 81.0(2F] by Ag—Ag
bonds leading to a 3-D open network as represented in Figure
3a? The overall structure is composed of three such networks
that interpenetrat€to give an open framework having 236
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the center of the channels. The nitrate guests form very weak
interactions to the silver by binding to the vacant site (through
the oxygens) in &ransfashion to the Ag-Ag bonds with Ag—O
=2.78(1) and 2.83(2) A, which are typical of ionic interactions
in metal nitrates?!

Experimentation aimed at evaluating the ion exchange
properties of this material showed that reversible exchange can
be achieved. In a typical experiment, the addition of a slight
excess of NaPirq) to a suspension of crystalline Ag(&4dpy)-

NOjs in water at room temperature showed that the;@ions
begin to exchange with RRnions after 30 min, as evidenced
by the infrared data. Here, intensesPBands at 835 and 560
cm~1 begin to appear as those intense bands from 1385 to 1335
cm! due to NQ~ begin to disappear, with the rest of the
spectrum remaining virtually unchanged. On the basis of FT
IR data and elemental microanalyéigt is estimated that after

6 h nearly 95% exchange has occurred. Inspection of the
crystals under an optical microscope during the exchange
process revealed that the crystals became opaque upon complete
exchange; however, they still give a sharp X-ray powder
diffraction pattern. This pattern is not coincident with that of
the original unexchanged material. We observed that, upon the
addition of KNGy(aq) to the exchanged solid, the transparency
of the crystals is restored and their corresponding XRD pattern
is found to be indistinguishable from that of the original starting
solid, Ag(4,4-bpy)-NOs. Analogous results were achieved for
the reversible exchange of Ma®, BF,~, and S@Q?~ anions.

The thermal stability of the Ag(4,4py)NO; network was
investigated by performing thermal gravimetric analysis on a
25.894 mg sample which revealed no weight loss up to 238
°C. An abrupt but clean weight loss of 66% corresponding to
one 4,4-bpy and one nitrate per formula unit (theoretical 67%)
was observed at 30TC, leaving behind metallic silver.

At the outset of this study interpenetration had precluded the
formation of open frameworks with accessible channels that are
amenable to reversible inclusion chemistry. This work dem-
onstrates the feasibility of achieving large channels having

Figure 3. (a, top) A single framework of the Ag(4:%py)NOs

structure shown here along the crystallographic direction [100]. Silver - ) -
atoms are represented as yellow spheres ariebgydas lines running shapes yet unobserved in zeolites and other metanic

horizontally across the page and almost vertically into the page, while POrous frameworks in spite of the presence of interpenetrating
Ag—Ag bonds are running vertically along the page. (b, bottom) The frameworks. The T-sh_aped building unit which is responglble
crystal structure of Ag(4:4bpy)NOs shown approximately down the ~ for the assembly of this 3-D open framework has the unique
crystallographic direction [100], where large channels which are character of providing a vacant coordination site on the metal,
occupied by nitrate anions exist in spite of the presence of three & desirable property which has been implicated as the key
interpenetrated frameworks. The framework atoms are represented astructural feature causing activation of small molecules over
lines: Ag, yellow; C, gray; N, light blue. The nitrate inclusions are metal oxided?® Current investigations take into account the
statistically disordered about the crystallograp@icaxis. Only one rarity of T-shaped coordination in porous materials and focus
orientation is depicted with large spheres: O, red; N, green. The 4,4 on accessing other solids that are based on this motif.
bpy hydrogens were omitted for clarity.
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