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Crystal engineering of metal-organic polymers with functional
building blocks may produce intriguing structures and properties.1

Mimicking zeolite structures, metal-organic polymers can be
deliberately designed to have micropores and large open channels.
More importantly, metal-organic polymers may have properties
that are not shown by zeolites, such as solubility. Soluble
coordination polymers have shown interesting properties, such
as moisture absorption and delivery of drugs.2 Designing metal-
organic polymers incorporated with both covalent and hydrogen
bonds may achieve these properties. Hydrogen bond containing
complexes may be used for generating metal-organic nanofibers3

and as chemotherapeutic agents.4 It has been reported that
submicron fibers represent a new approach to semipermeable
membranes.5 While there has been great interest in the preparation
of nanofibers, the studies on metal-organic polymers are rare.3

Here we report new mixed-bonding acentric framework metal-
organic polymers, [(H2O)2Zn(BPY)(BPEN)2]‚1.75(BPEN)‚0.25-
(BPY)‚2NO3‚4.45H2O (BPY ) 4,4′-bipyridine; BPEN) trans-
1,2-bis(4-pyridyl)ethylene)1, and its isostructural cadmium
analogue2, created by unbalanced inclusion guest species, and1
has been fabricated into nanofibers by electrospinning.

The reaction of Zn(NO3)2‚6H2O (0.1487g) or Cd(NO3)2‚4H2O
(0.1543g) with BPY(0.0781g) and BPEN (0.1842g) in the mole
ratio of 1:1:2 under hydrothermal conditions at 120°C for 3 days
produced yellow-orange crystals of1 (79% yield) and2 (75%
yield), and they are suitable for single-crystal X-ray diffraction
analysis.6 Based on the unit cell information and the preliminary

structural solution from a quick data set of2, it is concluded that
2 is isostructural with1.6 The repeat unit of1 with mixed-ligand
bent-T-shape geometry, showing the numbering scheme, is shown
in Figure 1, and the two-dimensional network structure of1 is
shown in Figure 2. The structure consists of octahedral Zn atoms
coordinated by two BPY linear molecules, and the BPY-Zn-
BPY chains are extended along theb axis. The BPY-Zn-BPY
chains are then linked by double BPEN linear chains with mixed
covalent and hydrogen bonds to result in a two-dimensional
framework structure. The remaining two sites around the Zn metal
atoms are coordinated by two water molecules. The water
molecules form hydrogen bonds to the noncoordinated ni-
trogen atoms on the double BPEN bridging molecules (O(1)-
H(1A)‚‚‚N(4) 2.748(3); O(2)-H(2A)‚‚‚N(2) 2.806(3) Å). Each
of the double bridging BPEN molecules contains both coordinated
and hydrogen-bonded N-donors; the two BPEN molecules are
paired at each terminal side, with one nitrogen atom covalently
bonded to the metal and one nitrogen atom hydrogen-bonded to
the oxygen on the water molecule, and this double head and tail
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17.929(1),b ) 11.459(1),c ) 28.581 (1) Å,â ) 98.403(1)°, U ) 5809.1-
(5) Å3, Z ) 4, Dcalc) 1.354 g cm-3, µ ) 0.496 mm-1, T ) 223(2) K.
Final R indices [I > 4σ(I)]: R1 ) 0.0305, wR2) 0.0735. The Laue
symmetry was determined to be 2/m, and from the systematic absences
noted, the space group was shown to be eitherCc or C2/c. Although the
main polymeric framework fits well on a two-fold axis, the remaining
anions and solvents do not conform to this symmetry and necessitate
refinement in the lower symmetry space groupCc. Both of the anions
were found to be disordered over two slightly different positions, and
so each of the four orientations was refined as an ideal rigid body.
Additionally, one of the two interstitial BPEN molecules was found to
be replaced by BPY and water 25% of the time. Unit cell dimensions
for 2: Monoclinic, space groupCc, a ) 17.848(9),b ) 11.733(9),c )
28.936 (9) Å,â ) 98.48(2)°. Elemental analysis: for complex1, Calcd.
C, 58.27; H, 5.14; N, 14.19. Found: C, 58.48; H, 4.89; N, 13.91.
Complex2, Calcd. C, 56.04; H, 4.94; N, 13.65. Found: C, 56.63; H,
4.45; N, 13.17.

Figure 1. View of the basic part of the polymer showing the atom
numbering scheme. Thermal ellipsoids are 40% equiprobability envelopes,
with hydrogen atoms omitted. This unit has essentially two-fold symmetry.

Figure 2. View of polymer chains and the networks, with the large
rectangular grids where anions and various solvent molecules reside.
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connection feature propagated to link the chains into a two-
dimensional network. While the single hydrogen-bonded organic
bridges have been observed in several compounds, such as [Cu-
(bipy)(H2O)2(FBF3)2‚bipy,7 [Mn(CO)3(OH)]4‚2(bipy)‚2MeCN,8

and Co(NCS)2(bipy)(H2O)2‚bipy,9 the double bridging feature with
both covalent and hydrogen bonds is more interesting. The mixed
ligand network rings create large rectangles with Zn‚‚‚‚Zn
distances of 11.459× 14.667 Å. The two-dimensional networks
are assembled in such a way that the zinc atoms are located close
to the centers of the cavities of adjacent 2-D nets. There are about
thirty-four molecules and anions (molecules included are seven
BPEN, one BPY, eight nitrates, and eighteen water molecules)
in the cavities per unit cell volume. Numerous hydrogen-bonding
interactions among the inclusion species are present in the
structure. In total, there are 64 hydrogen-bonding interactions per
unit cell volume. The included BPY, nitrates, and water molecules
in the network structure are dominantly on the left side of the
BPY-Zn-BPY chains (Figure 3). This left-side handedness of
the inclusion species breaks down the two-fold symmetry of the
network and results in an acentric coordination polymer. There
are many frameworks with acentric space groups reported;10 this
mixed-bonding acentric structure is unique in that it was created
by unbalanced guest species and utilizes double bridges of both
covalent and hydrogen bonds.

Alternatively, the structure may be viewed as a one-dimensional
covalent-bonded polymer with elongated BPEN sidearms, which

are further stacked into two-dimensional nets by theπ-π interac-
tions between the BPEN sidearms from the neighboring chains.
It should be noted that the inclusion capability and the hydrogen
bonding of the compound are essential elements for the soluble
property of the complex.

Complex1 was dissolved in 10 mL of water or DMF to form
a saturated metal-organic polymer solution,11a an electric field
(25 kV) was then applied to the capillary tube filled with the
solution held by its surface tension at the end of the capillary,
and the applied field created a charged jet from the solution of
1.11b The solvent evaporated during the travel course and left
behind charged fibers that were collected on a fiber-collection
screen. The diameter and morphology of the nanofibers were
studied using an optical microscope and a scanning electron
microscope (Figure 4). The diameters of the fibers range from
60 nm to 4µm.

In summary, we have synthesized two new acentric framework
metal-organic polymers created by unbalanced inclusion guest
species. The new metal-organic polymer has been fabricated into
nanofibers using electrospinning techniques. The metal-organic
nanofibers and their properties are being explored in our labora-
tory.
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Figure 3. View of the polymeric chain along theb axis, including anions
and solvents. The breaking of the two-fold symmetry of the core polymer
by the interstitial material is clear. Only one orientation of each disordered
group is shown at any site.

Figure 4. Scanning electron micrograph of electrospun nanofiber.
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