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Zn3(BPDC)2(O2CH)2?2Et2NCHO is a new metal–organic

framework with 2,29-bipyridine-5,59-dicarboxylate (BPDC)

groups as linkers. Although synthesized solvothermally from

achiral components, this MOF has a three dimensional (3D)

structure with chiral nano-pores. The zinc centers are linked

together by carboxylate groups into trinuclear chains; the two

terminal zinc atoms are also bound to bipyridine groups.

Metal–organic frameworks (MOFs) are being investigated as

potential materials for a variety of applications including gas

storage,1–5 gas separation,6–10 catalysis,11–14 sensors,15–18 and drug

delivery.19–22 Chiral MOFs are of interest due to their potential

applications as heterogeneous asymmetric catalysts and as

stationary phases for enantioselective separations.23 Most chiral

MOFs are prepared with the use of chiral organic linkers.24 For

example, Lin and co-workers25–27 have successfully synthesized a

variety of homochiral MOFs using enantiopure binaphthyl-

derived ligands. Homochiral MOFs have also been synthesized

from achiral components via self-resolution during crystal

growth,28–30 generally either by using enantiopure seed crystals,31

or through the influence of chiral catalysts or solvents.32–34 Here

we report the synthesis of a new MOF with chiral nano-pores by

spontaneous resolution from achiral components. This MOF

shows permanent porosity: removal of the solvent does not result

in collapse of the chiral nano-pores.

A mixture of Zn(NO3)2?6H2O, formic acid, and 2,29-bipyridine-

5,59-dicarboxylic acid in N,N’-diethylformamide (DEF) was heated

at 100 uC for 3 weeks to give light yellow crystals formulated as

Zn3(BPDC)2(O2CH)2?2DEF (1?2DEF). A BPDC/formic acid

ratio of ca. 1.0 is critical to the formation of 1?2DEF. A few

other MOFs containing formate ligands are known, but

most of these groups were claimed to have been generated by

decomposition of a formamide solvent.35,36

Crystals of 1?2DEF conform to the chiral space group P41212;

the specimen examined was a racemic twin.{ Crystallographic data

and important bond distances and angles are given in the

supplementary information. The zinc atoms are linked by

carboxylate groups into nearly-linear trinuclear units (Fig. 1).

The Zn–Zn–Zn angle is 173.4u. The central atom in the chain

(Zn2) has an octahedral ZnO6 coordination environment with

Zn–O bond distances in the range 1.951–2.093 Å. The two

terminal atoms (Zn1) have distorted square pyramidal ZnO3N2

coordination environments, in which the bipyridine nitrogens

occupy two of the equatorial positions. One unidentate formate and

two bidentate BPDC carboxylate groups bridge between the central

Zn atom and each of the two terminal Zn atoms. Thus, formate

oxygen O6 is not bound to the framework and this anion evidently

can pivot in the solvent cavity about the O5–C13 axis, which results

in large displacement parameters for atoms C13 and O6.

This MOF is nanoporous, and highly disordered DEF

molecules occupy the framework cavities. The pore openings as

viewed along the c-axis are rectangular in shape and have

dimensions of about 0.78 6 1.53 nm. Within a layer perpendicular

to the c-axis, the pores are arranged in a herringbone fashion, but

adjacent layers are stacked along the c-axis in such a way that the

pattern appears to have four-fold symmetry in projection (Fig. 2a).

Actually, the layers are related not by a four-fold rotation axis,

but by four-fold screw axes (Fig. 2b). The BPDC-Zn framework is

arranged in a helical fashion about these axes, which are the source

of the chirality of the nanopores. If the network is viewed along the

[111] direction Fig. 2c), the pores form a pseudo-hexagonal

arrangement in which the pore openings are about 0.75 6 1.2 nm.
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Fig. 1 ORTEP view of the asymmetric unit of 1 (50% probability level).

The colors of red, black, purple and blue correspond to oxygen, carbon,

zinc, and nitrogen atoms, respectively. (Hydrogen atoms are omitted for

clarity.)
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The calculated void volume is about 2780 Å3 per unit cell, which

is about 53.6% of the total volume. Thermogravimetic analysis of

1?2DEF reveals that 10% of the weight (corresponding to removal

of all of the DEF solvent molecules) is lost between 20 and 200 uC.

If crystals of 1?2DEF are solvent exchanged three times with

CHCl3 and then exposed to vacuum at 120 uC, the resulting

material is free of DEF and has the stoichiometry

Zn3(BPDC)2(O2CH)2 (1). This material has a surface area (by

BET analysis) of 570 m2 g21, which shows that the nanoporous

structure is maintained upon removal of the solvent. The

framework is thermally stable up to at least 200 uC. The PXRD

pattern of solvent-free 1 closely resembles that calculated from the

single crystal data for 1?2DEF, thus indicating that the host

framework is retained (see supplementary information).

In conclusion, we have successfully synthesized a new chiral

MOF constructed from achiral components. If homochiral

samples can be generated, such a material may be useful in

catalysis and separations.
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