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Systematic Expansion of Porous Crystals to Include Large Molecules

The last decade has seen explosive growth in the synthesis and
characterization of porous metal organic framework (MOF) com-
pounds. A major goal has been to maximize MOF porosity and
pore size. A key parameter in porosity is the pore aperture, as this
controls the size of molecules that might be captured by the pore.
Thus far, pore size has been limited to less than 32 A in diameter,
and even in this size regime the structures can collapse. Yet pores
of this and larger sizes are highly sought after to enable inclusion
of very large molecules, including proteins.

Recently, scientists at the University of California, Berkeley and
Lawrence Berkeley National Laboratory have synthesized a series
of MOFs with pores large enough to house protein molecules—up
to 98 A—in collaboration with researchers from Northwestern University and international teams
including the National Institute of Advanced Industrial Science and Technology (AIST) and JOEL
Ltd. of Japan, and Stockholm University in Sweden. In this study, strategies were designed for
the first time to overcome three major obstacles to further expansion of the pores: (a) limited
solubility of large organic links; (b) structure interpenetration; and (c) collapse of pores after
guest molecule removal. In particular, a well-studied MOF with a honeycomb-like pore structure
was targeted: MOF-74, which is built from linkers that have one phenylene ring. By expanding
the linkers into two, three, four, five, six, seven, nine, and eleven phenylene rings, a series of
structures were generated with sequentially larger pores that maintained the same topology of
MOF-74.
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regard to both positions and the relative intensities of the peaks. Furthermore, the predicted
structures are ultimately validated with the Rietveld refinements on PXRD patterns collected at
SSRL's Beam Line 2-1 in a reflection geometry. One member of this series, IRMOF-74-1V is
shown here as an example (Fig. 1).

These MOF crystals demonstrate remarkable stability, ultrahigh porosity and extremely large
pore aperture, leading to a new size regime accessible for the inclusion of large organic, inor-
ganic and biological molecules inside the pores of crystalline materials. Specifically, several
members in this series demonstrated that their pores are large enough to allow biomolecules
such as myoglobin and green fluorescent proteins (GFPs) to pass through. These new MOFs
have potential application in molecular recognition and drug delivery.




Details about this study
are available in a recent
issue of Science (DOI
10.1126/science.1220131).

The synthesis and char-
acterization of the new
MOFs and their properties
are publically available
and can be found in:

http://www.sciencemag.org/
content/336/6084/1018.full
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Figure 2. Crystal structures of IRMOF-74 series. (A) Perspective views of
a single one dimensional channel shown for each member of IRMOF
series starting from the smallest (uppermost right). (B) Perspective side
view of the hexagonal channel showing the ring of 282 atoms
(highlighted in gold) defining the pore aperture of the largest member of
the series, IRMOF-74-XI.
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