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Tailorable inorganic coordination polymé¥rs] in particular, A B '1;
metal-organic frameworks (MOF3)” comprise an important N 35'**
emerging class of materials. They are noteworthy for their structural ‘\ _ f‘ *y l?" A

— MO

and chemical diversity, high internal surface areas, and (often)
permanent microporosity. As such, they have attracted great interest
for numerous applications including ion exchaddmterogeneous
catalysis? optoelectronic$,gas separationgas sensin§,and gas
storage, in particular Hstorage. Among the factors useful for
attaining high gravimetric uptake oftare small pores, open metal
coordination sites, and low framework mass. Here we report on
the synthesis and hydrogen uptake properties of carborane-based
MOFs that exploit some or all of these characteristics to achieve
surprisingly high H uptake. To our knowledge, these are the first
metal-organic frameworks to make use of boron-rich components
as building block$.Carboranes are icosahedral carbon-containing
boron clusters possessing several material-favorable properties
including rigidity, thermal stability, and chemical stability. Dicarbon  rigyre 1. Crystallographically derived (a) structure bf(b) topology and
carboranes of the form8,—2H, (6 < n <12) may be regarded  connectivity of2, (c) 3-D topology and connectivity &, (d) space-filling
as three-dimensional delocalized aromatic systems in which surfacepacking diagrams d? downb axes with DEF removed from Z0H clusters.
bonding and core bonding corresponartbonding ande-bonding, The coordinated DEF molecules are omitted for clarity .
respectively’. These compounds can be prepared on the kilogram
scale and have been used for a variety of applications, including a)
boron neutron capture therapy, molecular delivery devices in
biomedicine, and molecular motos.

As a starting point for carborane-based MOFs, we have focused
on Zn(ll) coordination of the deprotonated form of 1,12-dihydroxy-
carbonyl-1,12-dicarbaloscdodecaboranep(CDCH, (1); Figure . : :
1A). p-CDC? has approximately the same 2-D footprint as 5 15 25 35 35 6 8 T2 T
benzene-1,4-dicarboxylate (bdc), the strut defining the archetypal Two Theta (26) Loading (mg/g)
cubic framework compound, MOF-5 [Z@(bdc}],. In comparison Figure 2. (a) PXRD patterns: simulated pattern based on the single-crystal
with other frameworks, MOF-5 is a good, albeit not spectacular, Structure of (bottom),2 as synthesized (middle), addtop); (b) heats of
hydrogen storage material, at least at cryogenic temperatures (1,26950rPtion Hagg for Hz in 4 (blue) and3 (red).

N .
W,t% at77 Kanq 1 atrm.We reasoned that by replacmg benzene in an octahedral geometry. In addition, one of the dicarboxylate
with the three-dimensional carborane (volume approximately that ligands in the structure is ligated to zinc through only one oxygen

swept out by a rotating phenyl nryg) we might obtain a close atom. The zincs are further connected by a triply bridging hydroxide
structural analogue of MOF-5, but with smaller pores and therefore ion 14 Thermogravimetric analysis (TGA) @frevealed mass losses

Eigdher hezlats (;),f adsolrption. Such a change Czl“d lead to highe(;Zetween 125 and 17%C and 175-250 °C, assigned to free and
ydrogen loading at low temperatures and modest pressures and,  qinate DEF, respectively, but no further mass loss up to 500

or more per§|s_tent Ioadl_ng at higher temperatétdie solvother- °C. Elemental analysis measurements of the crystalline material
mal synthesis instead yielded a more complex MOF of the formula heated under vacuum at 30 confirmed the removal of the
[Zn3(OH)(p'CDC)2;(2EF.)4]” (2f) [DEF = dletgylformamllcd(;] (Fig-  coordinated DEF. Powder X-ray diffraction (PXRD) measurements
ure L. C(j:gmp:]oun ewg;es hrom MOF"? hecgusg of the sterics  ogiaplished that although the crystallinity is retained, the structure
Impose yt € cage an or the source of the zinc Ion uskaay is irreversibly altered. We have not yet been able to obtain a single-
analysis of a_smgle crystal (ﬁre_vealed a structure in which two crystal structure of the DEF-free version of the MG (Figure

of the three zinc ions are coordinated to two DEF molecules, each 2a). Infrared data are inconclusive regarding whether the partially
coordinated carboxylate o2 becomes fully coordinated id

Levsssray,
*oa, "
s,
s,
.,
s,
.

I/';':J&T“"’ngsf\le;goggi"f;f)igétory (Supporting Information, Figure S9). Nonetheless, the number of
§ University of Missouri-Columbia. coordination sites occupied by DEF2ris greater than the number
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Figure 3. Adsorption (solid squares) and desorption (empty squares)
isotherms for H uptake by chloroform-treatezi(blue),3 (red), and4 (green)
at 77 K.

of coordination sites needed for complete coordinatiop-6DC?.
This mismatch may result in coordinatively unsaturated or at least
highly reactive metal site’s. Adsorption measurements (Figure S6)
were used to determine thejddccessible surface areas 8f
(compound evacuated at 1080C) and4. The Brunauer, Emmett,
and Teller (BET) surface areas are 248 and 1%@mespectively.
Notably, despite the removal of coordinated DEF, the conversion
of 3 to 4 decreases the size of the most prevalent pores from 6 to
5 A (Figure S10).

In contrast to modest Nadsorption4 displays remarkably high
H, uptake at 77 K: 2.1% (25 mg of #&n? of 4) at 1 atm. This is
apparently triple the uptake 8f(volumetric measurements; Figure
3) and stands in striking contrast to unheated sampl@qicé., no
uptake even after one week of exposure to chloroform (often
effective for solvent exchange) and ambient vacuum). Further
comparison of3 and 4 reveals that at 1 atm the latter takes up
about 6 additional K molecules per [Zg{OH)]™® cluster. It is
tempting to attribute the enhanced uptake to putative open metal
sites, although the observed reduction of pore size might also
account for the finding&® The H, results for4 compare favorably
to those for a variety of other MOFs measured under the same
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