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A microporous metal—organic framework Zn(ADC)(4,4'-Bpe)os-XG are blocked 6 On the basis of the well-established approach
[1; ADC = 4,4'-azobenzenedicarboxylate, 4,4'-Bpe = trans-bis- to constructingx-Po types of microporous 3D primitive cubic
(4-pyridyl)ethylene, G = guest molecules] with a triply interpen- MOFs M(R(COO))(L)osxG [M?" = Cw* and Zr;
etrative primitive cubic net was synthesized and characterized. R(COO) = dicarboxylate linker; L= bidentate pillar linker;
With pores of about 3.4 x 3.4 A, the activated 1a exhibits highly G = guest molecules),** we have successfully utilized such

selective sorption behavior toward H,/N,, H,/CO, and CO,/CH,. a simple strategy to systematically tune the micropores by

(3) Kitaura, R.; Seki, K.; Akiyama, G.; Kitagawa, 8ngew. Chem., Int.
. _ .. T Ed. 2003 42, 428.
The tuning of micropores within porous materials is of (4) Pan, L.; Adams,kK. M.; Hernaﬂdez, H. E.; Wang, X.; Zheng, C.;
; ; ; ; ; : Hattori, Y.; Kaneko, K.J. Am. Chem. SoQ003 125, 3062.
great importance for their gppllpatlon in the separation of (5) Dybtsev, D. N.: Chun. H.. Yoon, S. H.: Kim. D.: Kim. Kl Am.
small molecules, as exemplified in Molecular Gate adsorbent Chem. S0c2004 126, 32.
whose pores are tunable for the economical nitrogen and (6) Maji, T. K.; Uemura, K.; Chang, H.-C.; Matsuda, R.; Kitagawa, S.
o . . Angew. Chem., Int. EQ004 43, 3269.
carbon dioxide removdl.During the last 2 decades, mi- (7 pinca, M.; Long, J. RJ. Am. Chem. So2005 127, 9376.

croporous metatorganic frameworks (MOFs) have been (8) Eourrelg.JSA Lleévr?llyn.sl’.é-d;ogelrrzt? Cllé:sl\l/lsi)llange, F.; Loiseau, T.;
d . . . erey, G.J. Am. Chem. So g .
rapldly emerging as a new type of microporous materials (9) Matsuda, R.; Kitaura, R.; Kitagawa, S.; Kubota, Y.; Belosludov, R.

for their functional gas storage and separation capacities. V.; Kobayashi, R. C.; Sakamoto, H.; Chiba, T.; Takata, M.; Kawazoe,
; i ; ; Y.; Mita, Y. Nature 2005 436, 238.

Unlike traditional porous zeolite materials whose pores are (10) Samsonenko, D. G.. Kim. H. Sun. .. Kim. G.-H.: Lee, H.-S. Kim.

confined by tetrahedral oxide skeletons and thus are difficult K. Chem—Asian J.2007 1, 484. o _

to tune, the pores within MOFs can be systematically (11) Navarro, J. A. R.; Barea, E.; Salas, J. M.; Masciocchi, N.; Galli, S.;

. oTES . > Sironi, A.; Ania, C. O.; Parra, J. Bnorg. Chem 2006 45, 2397.
adjusted by the judicious choice of metal-containing second- (1) pan 1. Oison. D, H.; Ciemnolonsk. L R.: Heddy b Linhgew.

ary building units and/or bridging organic linkets. Chem., Int. Ed200§ 45, 616.

This superior feature is very important to develop novel (3 znggOQST%?sgakhm”mV- V-1, Gabbai, F. Ragew. Chem., Int. Ed.
microporous materials for their selective sorption behaviors (14) Ma, S.; Sun, D.: Wang, X.-S.; Zhou, H.-8ngew. Chem., Int. Ed

and thus for gas separation in which smaller molecules can 2007 46, 2458. _
(15) Maiji, T. K.; Matsuda, R.; Kitagawa, $lat. Mater.2007, 6, 142.

go through the microporous channels while larger substrates(ig) Humphrey, S. M.; Chang, J.-S.; Jhung, S. H.; Yoon, J. W.; Wood, P.

T. Angew. Chem., Int. EQ007, 47, 272.
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Figure 1. Double- and triple-framework interpenetration to tune mi-
cropores within MOFs.

double-framework interpenetration (Figure 1a) and explore
their functional properties for the separation of small gas
molecules, alkanes, and hexane isoni&r¥.

It is expected that the introduction of longer dicarboxylates
and bidentate pillar linkers will lead to the formation of
multiply interpenetrated frameworks, which have largely
been overlooked for their recognition of small molecuife¥.

To the best of our knowledge, very few multiply interpen-
etrated MOFs have been realized to exhibit permanent

orosity?>3* Herein we report a rare example of a tripl
P vy P P Py Figure 2. X-ray crystal structure of MOR showing (a) a paddle-wheel

interpenetrated cubic net (Figure 1b)’ Zn(AD(?)(zB@ebﬁ' building unit and the coordination geometries, (b) one of the three
2.5DMF0.5H,0 [1; ADC = 4,4-azobenzenedicarboxylate, independent primitive cubic nets, (c) a 1D channel of 8.8.4 A along
4,4-Bpe = transhis(4-pyridyl)ethylene, DMF= N,N- thec axis, and (d) a 1D channel of 3:63.6 A viewed along the rectangular

. . . diagonal of the paddle-wheel clusters (zinc, pink; carbon, gray; nitrogen,
dimethylformamide], with pores of about 34 3.4 A, for blue; oxygen, red; hydrogen, white).

highly selective separation ofHN,, H,/CO, and CQ/CHs,.

1 was synthesized by the solvothermal reaction gfBIC,
4,4-Bpe, and Zn(N@),6H,0O in DMF at 100°C for 24 h
as red block-shaped crystals. It was formulated as Zn(ADC)-
(4,4-Bpehs2.5DMF0.5H,0 by elemental microanalysis
and single-crystal X-ray diffraction studies, and the phase
purity of the bulk material was independently confirmed by
powder X-ray diffraction (PXRD) and thermogravimetric
analysis (TGA)®>36

As expected, the framework is composed of paddle-wheel
dinuclear Zn units that are bridged by ADC dianions and
further pillared by 4,4Bpe to form a 3D triply interpen-

(29) Chen, B.; Liang, C.; Yang, J.; Contreras, D. S.; Clancy, Y. L,

Lobkovsky, E. B.; Yaghi, O. M.; Dai, SAngew. Chem., Int. E@006 Figure 3. XPRD patterns of the as-synthesizéd(black), methanol-
45, 1390. exchangedL (red), activatedla (blue), and DMF-regenerated (green).
(30) Chen, B.; Ma, S.; Zapata, F.; Lobkovsky, E. B.; Yandndrg. Chem
(31) %:?1%?143?\1385 Zapata, F.; Fronczek, F. R.; Lobkovsky, E. B.; Zhou etrated _elor_lgated p”mlt.lve CUbla-(PO) structure. Because
H.-C. Inorg. Chem2007, 46, 1233. of the triple interpenetration of the 3D frameworks, the pores

(32) Bacia, P. S.; Zapata, F; Silva, J. A. C.; Rodrigues, A. E.; Chen, B. of MOF 1 are reduced to c8.4 x 3.4 A along thec axis

J. Phys. Chem. B007, 111, 6101. .
(33) Carlucci, L.; Ciani, G.; Proserpio, D. MCoord. Chem. Re 2003 (Flgure 2c) and ca3.6 x 3.6 A along .the rectangular
246, 247. _ ' _ diagonal of the paddle-wheel clusters (Figure 2d).
(34) Kesanli, B.; Cui, Y.; Smith, M. R.; Bittner, E. W.; Bockrath, B. C.; 1 exhibited less framework transformations and/or defor-

Lin, W. Angew. Chem., Int. EQ005 44, 72. . .
(35) Synthesis of: A mixture of Zn(NQy)2+6H,0 (0.279 g, 0.936 mmol), mations compared to those doubly interpenetrated MOFs Zn-

H2ADC (0.253 g, 0.936 mmol), and 4;Bpe (0.085 g, 0.466 mmol)  (BDC)(4,4-Bipy)os and Zn(NDC)(4,4Bpe)s223 partly
was suspended in DMF (100 mL) and heated in a vial (400 mL) at b the th ind dent net o f db
100 °C for 24 h. The red block-shaped crystals formed were col- Pecause the three independent nets withame enforced by

lected, washed with DMF and hexane, and dried in air (0.50 g, van der Waals interactions. Immersing the as-synthesdized

?g::";qilj\l”; 5%’1%';]).0G‘C'C%2f°57zrﬁfA$g¥4|{lB‘fg)’1j2'Egj'\rf(';o'c‘r"'ggo 4. (Figure 3a) in pure methanol broadened the PXRD pattern

H, 5.06; N, 12.32. (Figure 3b), while activation of the methanol-exchanded
(36) Crystal data fofl: CggHs4N11014ZNn3, monoclinic, space grou2/c, ° i i

2z 20.1473(13) Abzzsé.slcl)sé(ls) A = 32 588(2) A = 97 021- at 150_ C under vacuum Qvernlght Igd to the formatlon of

(3)°, V= 17924(2) R, Z = 8, Deac = 1.053 g cm?, = 0.850 mm %, an activatedla that has high crystalline form (Figure 3c).

T = 173 K, F(000) = 5832, 51 679 reflections collected, 12632 |mmersinglainto pure DMF generatetl (Figure 3d), whose

independent reflection&{: = 0.0722), which were used in all of the - . - .
calculations. Final residuals (for 847 parameters) werel R12o(1)] PXRD is S“ghtly different from that ofl. Such different

= 0.0477 and WR2 (all datay 0.1564. CCDC 649367. PXRD patterns are attributed to the framework dynamics
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selective sorption of hydrogen (kinetic diameter: 2.8 A) over
nitrogen (3.64 A) and carbon monoxide (3.76 A) (Figure
4a)% 1la also exhibits selective sorption of carbon dioxide
(3.3 A) over methane (3.8 A) at 195 K (Figure 4b). The
Brunauer-Emmett-Teller surface area dfa is calculated

to be about 100 g based on the carbon dioxide
adsorption isotherm. The hydrogen storage capacityeof

is quite high for such a low surface area material, as
rationalized by Thomas on a variety of microporous materi-
als3 Because of the dynamic nature of such an interpen-
etrated framework, the sorption isotherms show typical
hysteretic behaviors with respect to hydrogen, carbon
dioxide, and methan@.

In conclusion, a rare example of a triply interpenetrated
MOF was rationally designed and structurally characterized,
exhibiting highly selective sorption of gas molecules. The
rational design approach to construct pillared paddle-wheel
cubic (-Pg) nets, together with the richness of dicarboxylates
and bidentate organic linkers of variable length and space,
has made such a strategy especially interesting to tune the
micropores of MOFs for their recognition and separation of
small molecules by taking advantage of framework inter-
penetration. We are currently exploring a variety of mi-
croporous MOFs oft-Pg nets for their potential applications
in gas storage and separation.
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