JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Strong H Binding and Selective Gas Adsorption within
the Microporous Coordination Solid Mg(OC-CH-CO)
Mircea Dinca#, and Jeffrey R. Long

J. Am. Chem. Soc., 2005, 127 (26), 9376-9377+ DOI: 10.1021/ja0523082 « Publication Date (Web): 09 June 2005
Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 107 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0523082

JIAIC[S

COMMUNICATIONS

Published on Web 06/09/2005

Strong H , Binding and Selective Gas Adsorption within the Microporous
Coordination Solid Mg 3(0,C-C1oHs-COy)3

Mircea Dinca and Jeffrey R. Long*
Department of Chemistry, Unérsity of California, Berkeley, California, 94720-1460

Received April 9, 2005; E-mail: jlong@berkeley.edu

A possible transition from hydrocarbons to hydrogen as the fuel
of choice in mobile applications relies in part on the development
of a viable hydrogen storage systéms a consequence, chemical
hydrides? metal hydrides,and nanostructured carlfocontinue to
be investigated as potentiak dtorage materials. Recently, it was
realized that microporous metabrganic frameworks are also
promising candidates for storing hydrogem particular, cubic
frameworks consisting of tetrahedral 1% units linked by linear
aryldicarboxylates were demonstrated to adsorb reversibly up to
1.6 wt % H at 77 K and 1 atn¢ This work was followed by reports
of significant hydrogen uptake in other microporous frameworks,
wherein Mi#*, Ni2t, CW#t, or Zret ions are connected through
rigid organic bridging unit§. Obviously, the hydrogen storage
capacities of these materials might improve significantly if the
transition metal ions could be replaced with a lighter, main group
ion of similar radius, such as Mg. Herein, we report the synthesis
of the first magnesium-based metarganic framework, which is
indeed structurally analogous to a zinc-containing framework. Upon
desolvation, the new compound displays an exceptionally high H
adsorption enthalpy and, unexpectedly, selective uptake,afrH
O, over \; or CO.

Incorporation of M@*" ions into an aryldicarboxylate-bridged
framework was accomplished under conditions approximating those
employed previously in generating Znion-containing frame-
works? Heating arN,N-diethyIformgmide (D.EF) _solution of Mg- Figure 1. Portions of the crystal structure af showing the linear Mg
(NOs)26H;0 and 2,6-naphthalenedicarboxylic acidbkHDC) at 105 unit (upper) and, upon removing the DEF molecules, the arrangement of
°C for 24 h afforded MgINDC)3(DEF), (1) as colorless block-  channels along the (101) direction (lower). Hydrogen atoms are omitted
shaped crystasA similar reaction utilizing Zn(N@),:6H,0 in a for clarity.
mixture of methanol and DMF produced ZNDC)3(CH3zOH), DEF molecules upon heating in the range #3200 °C. Accord-
2DMF-H20 (2). ingly, a preweighed sample of the compound was evacuated by

X-ray analysi8 of a single crystal ofl revealed a structure in  heating at 190°C under dynamic vacuum, until the outgas rate
which linear Mg units are linked via naphthalenedicarboxylate was less than 1 mTorr/min. The resulting mass loss of 36.3% was
bridges to form a neutral, three-dimensional framework (see Figure very near the 36.1% loss expected upon liberation of four DEF
1). The Mg units consist of a central Mg ion coordinated  molecules. Subsequent powder X-ray diffraction analysis revealed
octahedrally by six carboxylate oxygen atoms, and two outé¥Mg ~ Mgs(NDC); to have a crystal structure different from that bf
ions, each coordinated by four carboxylate oxygen atoms and two Significantly, exposure of the solid to DEF converted it back to
DEF molecules in a distorted octahedral geometry. Note that crystalline 1 (see Figure S2 in the Supporting Information),
trinuclear moieties of this type have been observed previously assuggesting that the connectivity of the magnesitdicarboxylate
discrete molecular complexes of formula §¥@.CR)sL4.1° In 1, framework of1 remains intact upon desolvation. As such, we can
the Mg units stack along the (101) direction, such that, together expect Mg(NDC); to be a microporous solid featuring coordina-
with the connecting dicarboxylate ligands of the framework, they tively unsaturated Mg centers.
define one-dimensional channels in which the DEF molecules The hydrogen storage characteristics of J{INDC); were
reside. An analogous framework is present within the crystal measured using a volumetric gas sorption apparatus. As shown in
structure of2,° although here the channels are filled with a mixture Figure 2, the H adsorption isotherm at 77 K reveals an uptake of
of methanol, DMF, and water molecules instead of DEF. Indeed, just 2.3 mmol/g (1.7 mol/mol, 0.46 wt %) at 880 Torr. A fit of the
this structure type appears to be quite general in view of its Langmuir-Freundlich equatiof to the data gave a predicted

precedent within the frameworks of §NDC)s(Py)!t and saturation of 3.0 mmol/g (2.2 mol/mol, 0.60 wt %). This represents
Zng(BDC)3(CH30H)4:2CH;OH (BDC = 1,4-benzenedicarboxy-  arather low storage capacity compared to a number of other-metal
late)1? Thus, Mg ions are in fact capable of replacing?Niand organic framework solid3® and suggests that the pore dimensions
Zn?* jons within a metatorganic framework. in Mg3(NDC); are somewhat constricted compared to the frame-

Compoundl is readily desolvated to generate MgDC);. A work of 1. The steepness of the rise in the isotherm, however,

thermogravimetric analysis dfindicated release of the four bound indicates a relatively strongzbinding interaction. Indeed, by fitting
9376 m J. AM. CHEM. SOC. 2005, 127, 9376—9377 10.1021/ja0523082 CCC: $30.25 © 2005 American Chemical Society
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] 20 apparatus are necessary, however, for directly testing the efficacy
1 A of such separations.
37 A 4 The foregoing results demonstrate the utility of ¥Mgons in
. A producing lightweight metatorganic frameworks with sustainable
porosity and potential applications in the storage and separation of
gases with low liquefaction points. Future work will focus on the
incorporation of M§" ions into more open framework structures,
and on the extension of this approach to other light main group
cations, such as It B3*, and APF™.
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Figure 2. Gas sorption isotherms for the uptake of €O, H, and Q in mogravimetric analysis plots (PDF); X-ray crystallographic files (CIF).
Mg3(NDC)s at 77 K. The solid line represents a Langmtfireundlich fit This material is available free of charge via the Internet at http:/
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a second Hadsorption isotherm measured at 87 K and applying a
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