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The crystal structure of a strontium−imidazolium polymeric material
obtained from the reaction of zwitterionic 1,3-bis(carboxymethyl)-
imidazolium with SrCO3 (2:1) in water is reported. The compound
crystallized in the orthorhombic space group Pcc2 with a ) 14.545-
(3) Å, b ) 8.514(5) Å, c ) 8.5619(14) Å, V ) 1060.2(6) Å3, and
Z ) 2. The macromolecular structure is constructed from
8-coordinate strontium, which binds to six different imidazolium
carboxylate molecules. The two-dimensional polymer is separated
by water sheets in which the water molecules form near-planar
hexagons.

Water has generated more interest than any other small
molecule because of its fundamental importance in many
biological and chemical processes.1 Despite extensive studies,
water remains a poorly understood liquid, although recent
investigations on the properties of water clusters,2 water
oligomers in supramolecular crystals,3 and low-dimensional
water polymers in supramolecular solids4 have provided new
impetus. Although the latter play a crucial role in stabilizing
the native conformation of biopolymers, such polymeric
water networks are rare in synthetic crystal hosts.

Of the numerous different configurations of water oligo-
mers, the hexamer is of particular interest, as it is considered

the smallest unit that can exhibit the properties of bulk
water.2b Cyclic water hexamers may, for example, be isolated
in liquid helium and analyzed by spectroscopy.2a Water
oligomers may also be stabilized in molecular matrixes,
including planar hexamers found in the structure of bimesityl-
3,3′-dicarboxylic acid,5 extended water tapes in an organic
host,6 and hexameric clusters with a puckered-boat confor-
mation in a copper-carboxylic acid framework.7 Apart from
inclusion complexes containing water clusters and chains,
crystals with two-dimensional water layers sandwiched
between organic/inorganic frameworks are also known.8

Water layers sandwiched between nickel(II) chelate com-
plexes were even found to undergo structural changes as a
function of the temperature, giving rise to condensed 8- and
12-membered rings, as demonstrated by neutron diffraction.9

In general, the incorporation of water clusters or networks
into polymeric architectures is accomplished using synthons
that are rich in hydrogen bond donor/acceptor groups,4,10with
inter- and intramolecular hydrogen bonding and other non-
covalent interactions being the main driving forces for the
assembly of such systems. The imidazolium cation contains
three acidic protons that can be harnessed in hydrogen-
bonding networks,11 and they have already been used to
generate hydrogen-bond-driven polymeric systems.4b,12Herein,
we report a nearly planar hydrogen-bonding stabilized water
sheet interspersing a two-dimensional coordination polymer,
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which is isolated from the reaction between a carboxylic acid-
functionalized imidazolium salt and strontium carbonate.

Treatment of the zwitterion 1,3-bis(carboxymethyl)imi-
dazolium with 0.5 equiv of SrCO3 in water at room
temperature yields a clear solution from which colorless
prismatic crystals of (C7H7N2O4)2Sr‚4H2O, 1, form as the
concentration of the solution increases due to slow evapora-
tion of the solvent. Analysis of1 by single crystal X-ray
diffraction methods (see Table 1) reveals the polymeric
structure shown in Figure 1, in which a two-dimensional
water layer is segregated by layers composed of the
strontium-imidazolium 2D network.

In 1, each strontium(II) cation is surrounded by eight
oxygen atoms, stemming from six different imidazolium
molecules, which form a distorted hexagonal bipyramid
geometry (see Figure 2). Two carboxylate groups act as
chelate ligands with O-Sr bond distances of O3-Sr1 )
2.810(3) Å and O4-Sr1 ) 2.641(4) Å, and the remaining
four bind in a unidentate mode [O1-Sr1 ) 2.482(3) Å].
Oxygen atom O4 further bridges to another metal center
[O4-Sr1 ) 2.515(4) Å], resulting in an oxygen-bridged
strontium chain [Sr‚‚‚Sr ) 4.2810(7) Å].

These chains are interwoven by chain-bridging imidazo-
lium dicarboxylates, the distance between the strontium ions
in different rows being 8.514(5) Å (Figure 3b). Eight-
coordinate strontium which is bound to six carboxylate
ligands has been previously observed in crystals of anhydrous
Sr[C2(COO)2] with O-Sr distances ranging between 2.507(2)
and 2.751(2) Å13 and in [Sr3(OCSOEt)6(EtOH)8], where the

distance of the central strontium atom to the eight sur-
rounding oxygen atoms lies between 2.521(5) and 2.764(6)
Å.14

Oxygen atom O2 is not involved in bonding to the metal
cation but interacts with the water layer via hydrogen bonding
[O2‚‚‚O6 ) 2.689(2) Å]. Additionally, much longer hydro-
gen bonds stem from C2 [H2B‚‚‚O6 ) 2.662 Å] and from
C4 [H4A‚‚‚O5 ) 2.417 Å].

The water layer is almost planar with a hexagonal
arrangement of the water molecules in thebc plane. There
are two independent, edge-shared hexamers, of which one
has an envelope, the other a twisted boat conformation. The
O‚‚‚O distances within the hexamer range from 2.759(5)
to 2.824(4) Å, which is slightly shorter than the distance
found in liquid water, 2.85 Å.15 The deviation of the oxygen
atoms from the mean plane of water hexamers is 0.25 and
0.43 Å, respectively. The size of the water-filled gap
between the polymer layers is approximately 4.5 Å, with
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Figure 1. View along thec axis of 1; hydrogen atoms at the water
molecules have been omitted for clarity. (Sr is in yellow).

Table 1. Crystallographic Data for (C7H7N2O4)2Sr‚4H2O

chemical formula C14H22N4O12Sr
formula weight 525.98
space group Pcc2
a 14.545(3) Å
b 8.514(5) Å
c 8.5619(14) Å
T 140(2) K
λ 0.71070 Å
V 1060.2(6) Å3

Z 2
Dcalcd 1.648 Mg/m3

µ 2.611 mm-1

final R indeces [I > 2σ(I)] R1 ) 0.0327, wR2) 0.0792
R indeces (all data) R1) 0.0365, wR2) 0.0809

Figure 2. Coordination around the strontium atom; ellipsoids are drawn
at the 50% probability level; hydrogen atoms have been omitted for clarity.
Selected bond lengths (Å) and angles (°): Sr1-O1, 2.482(3); Sr1-O3,
2.810(3); Sr1-O4, 2.641(4); Sr1-O4*, 2.515(4); C1-O1, 1.245(5); C1-
O2, 1.255(5); C7-O3, 1.240(5); C7-O4, 1.265(5); N1-C3, 1.324(5); N1-
C4, 1.366(6); N2-C3, 1.321(4); N2-C5, 1.349(6); C4-C5, 1.364(6); C1-
O1-Sr1, 145.4(3); O1-C1-O2, 126.3(4); O3-C7-O4, 124.8(4).

Figure 3. (a) Coordination in the polymer along theb axis. (b)
Coordination in the polymer along thea axis; View of the water sheet along
the bc plane with selected bond lengths (Å) and angles (°): O5a-O5b,
2.779(4); O6a-O6b, 2.824(4); O5a-O6a, 2.788(5); O5a-O6b, 2.759(5);
O5b-O6a, 2.759(6); O5b-O6b, 2.789(6); O5-O6-O5, 102.3(2); O6-
O5-O6, 106.7(2).

COMMUNICATION

Inorganic Chemistry, Vol. 44, No. 15, 2005 5201



the shortest distance spanning from H4‚‚‚H4 (4.43 Å). Of
the acidic imidazolium protons, namely H3, but also H4
and H5, only H4 is engaged in hydrogen bonding to
water molecules. The other two protons form hydrogen
bonds to nearby carboxylic acid oxygen atoms. It is
possibly the presence of relatively weak hydrogen-
bonding protons on the imidazolium, which allow the water
molecules to form hydrogen bonds with each other, thereby
generating the water sheet rather than forming more-
extensive hydrogen bonding to the organic part of the
structure.

Two-dimensional, hexagonal water layers have been
observed previously.16 The overall structure further bears a
close resemblance to, for example, that observed in mont-
morillonite clays where water molecules are easily absorbed
between the layers, leading to a swelling of the mineral.17

Yet, it is the combination of several features in compound1
that make this structure special: (i) both the water layer and
the coordination compound form a two-dimensional polymer,
(ii) the water layer has a relatively planar structure, and (iii)
there is no direct bonding interaction between the water
molecules and the imidazolium salt and only one strong
hydrogen bond per asymmetric unit between the different
layers.

Compound1 is stable in air with the water molecules
between the layers being trapped at room temperature,
although analysis by DSC shows that loss of water begins
already above 40°C. If 1 is heated under vacuum at 100-
110 °C, the water molecules are completely removed after
several minutes. In D2O, only four magnetically different
carbon nuclei are observed by13C NMR spectroscopy, which
strongly suggests that1 exists in solution as solvated cation
and anion. Electrospray ionization mass spectrometry (ESI-
MS) offers supporting information for this proposition but
also provides clues to the growth of the extended coordina-
tion structure. At low concentration, ca.<1 ppm, only the
imidazolium moiety [C7H7N2O4]+ is observed. As the
concentration is increased to 5-10 ppm, various aggregates
are observed, which on the basis of their isotopic pattern
were assigned, among others, to species of the composition
[(C7H7N2O4)4Sr3]2+, [(C7H7N2O4)6Sr4]2+, and [(C7H7N2O4)8-
Sr5]2+. The size of the aggregates increases further with
increasing concentration, but their relative intensity remains
low. It is not unreasonable to assume that this growth in
aggregate size represents the early stages of the nucleation
process prior to the onset of crystallization.
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