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Two metal—organic frameworks (MOFs), MOF-501 and MOF-502,
respectively, formulated as Co,(BPTC)(H,0)s*Gx and Co,(BPTC)-
(H.0)(DMF),*Gy (BPTC = 3,3',5,5"-hiphenyltetracarboxylate; G =
guest molecules), have been synthesized and structurally char-
acterized, and their topologies were found to be based on the
NbO (MOF-501) and PtS (MOF-502) nets. Heating MOF-501 in
solution results in the more thermodynamically favored MOF-502.

We have identified the most common nets that should
result from the assembly of simple molecular shapes. These
are referred to as default nets since, among an infinite number
of possibilities, they form most frequently in MOF chem-
istry.* In particular, the NbO net was identified as the default rigyre 1. The crystal structure of GEBPTC)(HO)sG, (MOF-501)
for linking square building units that are oriented at 99 showing (a) square BPTC (red) and (b) square(C®%)s (green) building

each other, and the PtS net for linking square and tetrahedraknits to form an NbO net (c) in the 3-periodic crystal structure (d) (Co,
green; C, gray; O, red). Hydrogen atoms, guest molecules, and terminal

building units*In this report, we exploit the ligand exchange solvent molecules have been omitted for clarity. Note: The(C0;)s

lability of Co(l1)? to show that a metalorganic framework  cluster is disordered such that one cobalt center is located in four possible

(MOF) based on the NbO net (MOF-501) can be converted symmetry related positions; however, only one has been selected in making

into one that is based on the PtS net (MOF-502). Structural the llustration.

transformations of MOFs have been reported in severaltasesheated to 75C at a rate of ZC/min for 48 h. It was then

and used to tailor porosity in one notable exanple. cooled to room temperature af@/min to give orange cubic
MOF-501 was prepared from reaction OIB'PTC (0030 CI’yStals of MOF'501, which was formulated aSQQPTC)'

g, 0.09 mmolj (Figure 1a) and Co(N§»-6H,0 (0.050 g,  (H20)s(DMF)s(EtOH)(HO) (37% yield, based on JBPTC)®

0.17 mmol) in a solution containing DMF (3 mL)28s0H During the synthesis of MOF-501, a small amount of a

(3 mL), and HO (2 mL). This solution was sealed in a Second phase was observed as purple plates whose proportion

Teflon-lined stainless steel digestion bomb (23 mL) and
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increased when reaction times were extended. Subsequently,
a pure sample of the second phase, named MOF-502, was
obtained by heating the reaction mixture for 144 h at@5
This was obtained in 56% vyield (based onBRTC) and
formulated as C4BPTC)(HO)(DMF),+(DMF)(H,0).5” The
direct transformation of MOF-501 into MOF-502 was also
achieved by submerging isolated MOF-501 crystals in the
original mother liquor and heating for 96 h at 76.
As-synthesized MOF-501 gradually turns opaque after
several days in air. It is insoluble in common organic solvents
at room temperature. The guest molecules in freshly syn-
thesized MOF-501 can be partially exchanged by organic
solvents such as acetone, dichloromethane, benzene, aceto-
nitrile, and tetrahydrofuran, and crystallinity was maintained
for several day§.AIthough MOF-501 exh|t_)|ts favorable  rigyre 2. The crystal structure of GEBPTC)(HO)(DMF),-Gy (MOF-
solvent exchange properties, sorption studies of exchangeds02) showing (a) square BPTC (red) and (b) distorted tetrahedséCOg)4
and evacuated samples indicate that it is nonporous to gaseégreen) building units to form an PtS net (c) in the 3-periodic crystal structure
. . (d) (Co, green; C, gray; O, red). Hydrogen atoms, guest molecules, and the
We atifr}bme the lack of permanent_ porosity to framework terminal solvent molecules have been omitted for clarity.
instability caused by loss of coordinated solvent and de-

stabilization of the CfCO;)s bgilding Uni_tS- the Co(ll) centers, while the other Co(ll) center is coordinated
‘Both MOFs were characterized by single crystal X-ray by another water molecule and an oxygen from each of two
diffraction studie$.MOF-501 is constructed from GEO,)4 monodentate carboxylates. The bridgimgOH, was con-

(H20)s units (Figure 1b), in which two Co(ll) centers, each firmed as such by comparison of the €,-OH, bond
having distorted octahedral coordination geometries, arelengths (1.986(6) and 2.184(9) A), which clearly supports
bridged by two bis-monodentate carboxylates and one watersuch assignment. Typical Ep-OH, distances are 2.151(21)
molecule. Three terminal water ligands are bound to one of A| whereas Ceu-OH or Co-u»-O bond lengths are

: : 1.905(19) and 1.794(65) A, respectivélyBy considering
(6) Elemental microanalysis félOF-501. Calcd for Co(BPTC)(H:O)s: . .
(DMF)3(EtOH)(H:0)s = Co,COnNsHsz: C, 37.22: H, 5.85: N, 4.82.  the points-of-extension of the carboxylate C atoms of the

go&r)mz:b )C,zségé?z; I)-i 56.22;(N), 4.6855%(. )FT-IRé!zB)r 4020%0 <):nT1)2: © Co(CO;)(H20)s5 units, and the 3,'35, and 5carbon atoms

4 r, w), 1 s), 1622 (s), 1556 (s), 1439 (m), 1424 (s), ; ;

1388 (s). 1388 (5), 1368 (s), 1317 (W), 1255 (W), 1113 (). 909 (W), of'the organic unit, we observe that two squares are formed
777 (M), 726 (m), 660 (M), 456 (w). (Figure 1a,b). In the overall crystal structure, these square

@ %iﬂn;em%m:“aaga'ys'_s I;M%Fgoz- CS'CF‘ g’rgig%'?acz(;bé?)& units are linked to produce a 3D-periodic structure that is
(OIPe (DM )8,242)_1'7587,4,0263; 1,3,‘?\!;3_02%5_ FTIR (ker s00m0 based on the NbO net (Figure 1c). The crystal structure of

ET;;):( 3)»4291 1(30(, )29133?7%"12' )1615??1(75)(, 1)62172((551),(15)861 S))é 1(45)0 1(82'2 MOF-501 (Figure 1d) supports a network of ca. 2700 A
s), s), s), m), m), m), . . . )
(W), 940 (W), 914 (W), 833 (W), 777 (), 726 (S), 685 (S), 665 (S), 456 por%s 1|1n which eight solvent molecules per formula unit
w). residet
g;;g%cj?;5%%%%2%%?’(8M3'2"’7-2é.c,_|H32C2)§Fﬁ)zéﬂjg}j;oii The structure of MOF-502 is also 3-periodic, and is
Coy(BPTC)(H0)s'(DMF)(CHoClo)2(H20)s: C, 29.70; H, 4.15; N, constructed from CgCO,)4(H.O)(DMF), units and BPTC.

=
—~

8

(1565#;: O;rghc)' Z;Hg%)ﬂ"ézgg’\é'g?-a‘%’&;% CoBPTONO)k — Here again both Co(ll) centers have distorted octahedral
1.2 61716)0.2! 2\ )4. ) . , y . , ) & . . , - . .
35.17; H, 4.82; N, 2.87%. CIEN, Ca(BPTC)(HO)s (DMF)(CHsCN)- geometries and are bridged by three carboxylates: two bis-

(H5000)5: C, ?65.4(1:5; H, 5.80; l\(l), 5.39. Fo%nd:oC, 35863:CH,34§-21;_ N, monodentate and one chelatipg-O bridging tridentate

E{' 4.?5'39[1]-'81.@6%&%5;&)(5& 3%;’.&(32'.\"5)(4.‘;3"7"? r\}(sz.Of)s%k). » 38.61; (Figure 2b). One Co(ll) center has a single water and two
All crystallographic measurements were made on a Bruker SMART terminal DMF molecules while the other has two chelating

APEX CCD area detector with graphite-monochromated Ma K i inte-nf- ; _
radiation ¢ — 0.71073 A) operated at 2000 W power (50 kV. 40 bidentate carboxylates. Wh_en the po!nts qf extens!on (car

mA). The distance between crystal and detector was 5.056 cm. Both DOXxylate C atoms) are considered, this unit approximates a

structures were solved by direct methods and subsequent differencetetrahedron, albeit distorted (Figure 2b), which when con-

Fourier syntheses using the SHELX-TL software suite. All non- . .

hydrogen™ atoms were refined anisotropically. Contributions from neCt_ed with squares (BPTC) gives the MOF-502 structure
disorder from guest molecules were accounted for using the SQUEEZE that is based on the PtS net (Figure 2c). In the overall crystal
subroutine of the PLATON software suite. Crystallographic data for _ ;

an orange block (0.09 0.09 x 0.09 mnd) of MOF-501 cubicFm3m st3ructl_1re of MOF-502 (Figure 2d), there are pores of ca. 900
(No. 225), witha = 28.7135(6) AV = 23673.3(9) &, Z = 24,u(Mo A3 which contain three solvent molecules per formula nit.
Ko) = 1.586 mm?, dea= 0.882 g cm3, T = 153(2) K. R1 ( > : ot AT

20(1)) = 0.1398 and W2 (all daiay 0.3602, GOF= 1248, The Noting the dIZStInCt connectivity dlfferenc_es betwe_en these
maximum and minimum peaks on the final difference Fourier map twO structures? the structural transformation must involve
corresponded to 1.326 and0.682 /A% respectively. Crystal-  cleavage and formation of metal carboxylate bonds in
lographic data for a purple plate (0.200.09 x 0.05 mn¥) of MOF-
502 monoclinicP2y/n (No. 14), witha = 14.279(3) Ab = 13.006(2)

©

~

A, ¢ =17.515@3) A, = 96.872(4), V = 3229.5(10) &, Z = 4, (10) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
u(Mo Ko)= 1.434 mnm?, dcaic = 1.091 g cn3, T = 153(2) K, R1 G.; Taylor, R.J. Chem. Soc., Dalton. Tran%989 12, S1-S83.

> 20 (1)) = 0.0581 and wR2 (all datay 0.1408, GOF= 1.033. The (11) The van der Waals radius of C (1.70 A) and H (1.20 A) were employed
maximum and minimum peaks in the final difference Fourier map in the determination of the distance parameters. Bondi).A2hys.
corresponded to 1.013 ane0.590 /A3, respectively. Chem.1964 68, 441—-451.
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Coordination sequences and S¢éhisymbols for NbO and PtS. CS . . . .
NbO: 4. 12, 28, 50, 76, 110, 148, 194, 244, 302 in3t6 3d CS— contacting The Cambridge Crystallographic Data Centre, 12, Union

PtS: 4, 10, 24, 42, 64, 92, 124, 162, 204, 252 iacBCS—-PtS: 4, Road, Cambridge CB2 1EZ, U.K.. Faxt44 1223 336033.
10, 24, 42, 64, 90, 124, 162, 204, 250 ir2& Schldli-NbO: 6,6,

62°62°82°8, in 16 3¢, 3d Schldli-PtS: 4-4-8,-8,-84-8gin 8 2c. Schldli-

PtS: 44-8,-87,:87-87 in 8 2e 1C048612Y

Inorganic Chemistry, Vol. 44, No. 2, 2005 183





