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The reaction of Cu(NO3)2, glutaric acid and 4,4A-bipyridine
in water affords a novel 3D coordination polymer which
exhibits reversible desorption and adsorption of water
molecules with retention of single crystallinity.

Crystal engineering of metal-organic networks via self-assem-
bly of metal ions and multifunctional ligands has attracted
considerable attention because of the structural diversity present
in such compounds which in turn facilitates systematic
evaluation of structure property relationships.1,2 Rigid ligands
afford multiple supramolecular isomers for a given set of
molecular components and a range of reaction conditions.
However, use of flexible ligands should in principle offer a
greater degree of structural diversity and there has been interest
in such ligands for magnetic3–5 or porous6–8 materials. The
glutarate anion is a readily available bifunctional ligand which
is a flexible analogue of benzene-1,3-dicarboxylate, a ligand
which can sustain discrete9,10 and infinite11,12 structures with
nanoscale features. As revealed by Figure 1, glutarate anions
possess a three carbon aliphatic backbone and there exist three
likely conformations: anti-anti, anti-gauche and gauche-
gauche. A CSD survey‡ revealed that the anti-anti and anti-
gauche conformations tend to be favoured in coordination
compounds. Bimetallic building units are ubiquitous in coor-
dination chemistry13,14 and we report herein the use of glutarate
anions to sustain 2D sheets which can be pillared to generate the
modular 3D nets [Cu2(glutarate)2L·xH2O]n, L = 4,4A-bipyridine
(bipy), 1 (x = 3, 1a, x = 0, 1b, x = 3, 1c) and L = 1,2-bis(4-
pyridyl)ethane (bipyethane), 2 (x = 5, 2a, x = 2, 2b, x = 5,
2c).§

1a consists of corrugated sheets of metal-glutarate moieties
parallel to [100] (Fig. 2a) that are pillared via axial coordination
of canted bipy ligands (Fig. 2b).¶ The resulting 3D network
contains channels with effective dimensions of ca. 2.9 Å 34.0
Å occupied by 2 crystallographically independent water
molecules that form hydrogen bonded chains (d(O…O) = 2.81
and 2.97 Å) which interact with the methylene groups of the
glutarate ligands (d(C…O) = 3.66–3.88 Å), Fig. 2c. A similar

1D polymer of ordered water molecules was observed in a 3D
hydrogen bonded ionic network that contains channels with the
requisite size and environment. However, this structure does not
survive desorption of the guest water molecules.15 The glutarate
ligands adopt the anti-gauche mode with torsion angles of 175°
and 57° and the orientation of the carboxylate moiety with
respect to the backbone generates dihedral angles of ca. 43° and
37° (Fig. 2a). The bridging bipy ligands connect the sheets in a
criss-cross pattern that facilitates p–p face-to-face interactions
(d(C…C) = 3.38 to 3.58 Å). Such a criss-crossed network
possesses a topology related to the a-polonium net, a topology
that has also been generated via M(CN)2 sheets linked by
pyrazine ligands.16

Thermogravimetric analysis of 1a revealed that it is stable up
to 300 °C with loss of ca. 8.5% mass between 60 and 120 °C,
consistent with desorption of water molecules (calculated 9%).
Interestingly, when heated at 150 °C for 3 days, crystals of 1a
were observed to remain crystalline and the crystal structure of
the apohost, 1b, confirmed that removal of guest molecules
does not influence the 3D network. IR and thermal analysis
were used to confirm that 1b can adsorb water molecules under
various conditions. For example, under an atmosphere of ca.
60% water vapour, a powdered sample of 1b adsorbs water and
reaches saturation after ca. 1 hour whereas single crystals of 1b
take ca. 15 hours to reach saturation. The X-ray crystal structure
of such a sample, 1c, revealed it to be unchanged with respect to
1a. Attempts to incorporate other guest molecules during
crystallization of 1 were unsuccessful (methanol, hexanes,
mixtures of water: methanol (1+1, 1+5 and 1+10), benzene,
nitrobenzene or anisole) and resulted in the formation of 1a.
Attempts to adsorb other guests by direct contact with 1b were
also unsuccessful (gas chromatographic experiments and infra-

† Electronic supplementary information (ESI) available: experimental
details, IR, TGA and XRPD of all compounds. See http://www.rsc.org/
suppdata/cc/b3/b301219k/.

Fig. 1 The three possible conformations of glutarate alkyl chains and the
corresponding projections down the Csp3–Csp3 bonds with the range of
torsion angles observed in the structures deposited in the CSD.

Fig. 2 Detailed view of the Cu2(glutarate)2 sheets down [100] in 1 and 2 (a),
crystal structures of the 3D nets of 1a (b) and 2a (d) down [001] and view
of a channel of water molecules in 1a (c).
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red spectra indicated that methanol, ethanol, acetonitrile or n-
hexane are not adsorbed under anhydrous conditions).†

The crystal structure of 2 is similar to that of 1 with
differences due to the presence of the additional ethylene
moieties (Fig. 2d).¶ 2a contains channels with effective
dimensions of ca. 3.5 Å 3 4.4 Å occupied by 5 independent
water molecules. The glutarate backbone possesses an anti-
gauche conformation with torsion angles of 173° and 60° and a
relative orientation of the carboxylate moieties with respect to
the backbone of ca. 39° and 33°. The bipyethane ligands are
canted and criss-cross between the dicopper tetraglutarate
sheets. They engage in edge-to-face aromatic stacking inter-
actions (d(C…C) = 3.54 to 4.11 Å) reinforced by CH2…CH2
interactions (d(C…C) = 3.76 Å) and CH…p interactions
(d(C…C) = 3.85 to 3.89 Å). 2a was observed to desorb its guest
water molecules following exposure to the atmosphere for ca. 1
hour.† The resulting apohost 2b retained single crystallinity and
was observed to adsorb water molecules via immersion in
water. The resulting crystals, 2c, were confirmed to be
isostructural to 2a. The slightly larger channels in 2a would
therefore appear to result in lower affinity for water molecules
when compared to 1a, which readily adsorbs from gas as well as
liquid contact.

In conclusion, compound 1 represents a novel porous
network that was generated in water and acts as a highly
selective adsorbent for water molecules. That 1 retains single
crystallinity might be attributed to the stability of the 2D sheets
and the ability of the cross-linking ligands to engage in stacking
interactions. Compounds 1 and 2 are new members of a
relatively small group of molecular materials that reversibly
desorb guest molecules with retention of single crystal-
linity.6,17–27 In the context of porosity, it has been suggested that
the generation of porous materials that retain crystallinity
during reversible desorption and exhibit high selectivity
towards guest molecules might be relevant as adsorbents for
separations and sensing devices.28
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Notes and references
‡ A conformational analysis of crystal structures containing the glutarate
fragment and metals was conducted using the CSD (CCDC 2002 Conquest
Version 1.5) and revealed that out of 30 non-equivalent glutarate ligands, 12
exhibit the anti-anti mode, 13 the anti-gauche mode and 5 the gauche-
gauche conformation.
§ 1 and 2 form via reaction of Cu(NO3)2·2.5H2O (1.165 g, 5.009 mmol),
glutaric acid (1.982 g, 15.00 mmol) and bipy (0.390 g, 2.50 mmol) or
bipyethane (0.460 g, 2.52 mmol) in water. The initial precipitates so formed
were characterized by single crystal unit cell determination (dark blue
crystals obtained during the synthesis of 2) and X-ray powder diffraction
(crystals obtained during the synthesis of 1 and 2) were found to be the
known M(4,4A-bipyridine)1.5 ladder29 and bilayer30 compounds, respec-
tively. These initial products converted to green crystals of 1 and 2 by
heating the reaction mixtures at ca. 80 °C for several hours. Yields of 1.392g
(2.353 mmol) and 1.615 g (2.479 mmol) for 1 and 2, respectively, were
obtained; excess glutaric acid was recycled by filtration of the supernatant
solution and recrystallisation.
¶ Crystallographic data: Intensity data for 1a, 1b, 1c and 2a, 2b, 2c were
collected at 100 K on a Bruker SMART-APEX diffractometer using Moka
radiation (l = 0.7107 Å). Lorentz and polarization corrections were applied
and diffracted data were also corrected for absorption using the SADABS
program. Structures were solved by direct methods and Fourier techniques.
Structure solution and refinement were based on ¡F¡2. All non-hydrogen
atoms were refined with anisotropic displacement parameters except for the
oxygen atoms of solvent in 2c. The H atoms of the C–H groups were fixed
in calculated positions. The two molecules of water in the asymmetric unit
of 1a lie at general and special positions, thereby affording the reported 1+3
stoichiometry. The water molecules of 1c were disordered over several
positions and were refined with fixed site occupation factors (sof). In 2, the
oxygen atoms of the solvent were disordered over several general positions
(8 for 2a, 5 for 2b and 9 for 2c) and refined with fixed sof for total
occupancies of 2.5, 1 and 2.5 respectively. These correspond to 1+5, 1+2

and 1+5 stoichiometries since the tetracarboxylate moieties lie around
special positions. All crystallographic calculations were conducted with
SHELXTL 6.10.

Crystal data for 1a: Monoclinic, C2/c, a = 21.191(2), b = 13.190(2), c
= 8.521(2) Å, b = 100.314(2)°, volume = 2343.3(4) Å3, Z = 4, Dc =
1.694 g cm23, m = 1.878 mm21, F(000) = 1224, 2qmax = 54.96° (219 5
h5 27, 217 5 k5 14, 211 5 l5 10). Final residuals (for 159 parameters)
were R1 = 0.0376 for 2670 reflections with I > 2s(I), and R1 = 0.0452,
wR2 = 0.0963, GooF = 1.046 for all 7149 data. Residual electron density
was 0.946 and 20.575 e.A23. 1b and 1c exhibit similar structural data as 1a
except for the absence of water (sof 0.03–0.07 for residues, residual electron
density = 0.533 and 20.416 e.A23) in 1b and the presence of disordered
oxygen atoms of the solvent 1c.

Crystal data for 2a: Monoclinic, C2/c, a = 24.238(2), b = 13.053(2), c
= 8.631(2) Å, b = 91.473(2)°, volume = 2729.8(5) Å3, Z = 4, Dc = 1.585
g cm23, m = 1.625 mm21, F(000) = 1328, 2qmax = 54.96° (230 5 h 5
30, 216 5 k 5 11, 210 5 l 5 11). Final residuals (for 222 parameters)
were R1 = 0.0410 for 3082 reflections with I > 2s(I), and R1 = 0.0484,
wR2 = 0.0972, GooF = 1.049 for all 8295 data. Residual electron density
was 0.594 and 20.417 e.A23. 2b and 2c exhibit similar crystal data as 2a
except for the presence of 2 disordered oxygen atoms in 2b.

CCDC reference numbers 203221–203226. See http://www.rsc.org/
suppdata/cc/b3/b301219k/ for crystallographic data in CIF format.
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