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A number of designed 3-D discrete molecular shapes have beenChart 1. Truncated Octahedral Shapes Built from Square Units
assembled by joining metal ions with organic link&Success of
such syntheses is critically dependent on identifying chemical units
with specific geometry that would assemble into a target structure.
In this context, for a square unit, there agly three truncated
3-D discrete shapes that can be assembled in which all squares
and all links are equivalent: octahedron, cuboctahedron, and
icosidodecahedrofiThis report concerns the truncated octahedron
for which two construction strategies have been previously imple-
mented wherein either alternative facaspor all facesb, of the a 90
octahedron are built from triangular organic linkers, and vertices '

from protected squares (Pd P&, Mo,*"), a, or unprotected :5%9@_ _ ,_.d' :b )
squares,b.34 Here, we report the construction of a truncated %4’_%’ = - oo A L--"'\_.
octahedron of the third type, from Cw(CO,),4 building blocks, © TTDC ¢
in which the carboxylate carbon atoms defingigid squared, d e

and 2,2.5',2"-terthiophene-5,5dicarboxylate (TTDC) having & \1op-28 truncated octahedron are observed. The diameter size of

linking angle very close t80° when in thecis,cisconformation, the eight triangular apertures in MOP-28 is 9.0 A, whereas those
e We further show that molecular structures of this kind can be ¢ he triangular and square apertures in MOP-1 are 3.8 and 7.0 A
designed to have truly porous architectures and remarkable Capadt)iespectivelﬁo We note that, due to the highly porous nature of
for adsorption of gases, as evidenced by this compound's Type | \iop-28 (solvent accessible area accounts for 68.4% of the crystal
gas sorption isotherm. . volume), attempts to model the free guest molecules using the X-ray
To prepare truncated octahedrenwe used reactions known to  gingle-crystal data were unsuccessfllevertheless, we undertook
produce the CYCO,)s paddle-wheel unit. These were uncovered 5 gpqy to examine the mobility of the guests and the likelihood of
in an earlier study involving the use of such units with 1,3- using the open space for gas sorption.
benzenedicarboxylate to produce a 25 A-sized truncated cubocta- As-synthesized MOP-28 was solvent-exchanged with THF, and
hedron, metatorganic polyhedron-1 (MOP-£)Reaction of equimo- ot the as-synthesized and the THF-exchanged samples were
lar amounts of Cu(Ng),-2.5H,0 and HTTDC at 85°C for 24 h analyzed by thermal gravimetry. For the as-synthesized sample, a
in a mixture of NMP (2-methyl-1-pyrrolidinone) and DMAN(N- gradual weight loss of 20.2% (5.80°C) and a sharp weight loss
dimethylacetamide) gives green crystals of {{TiTDC);o(NMP)e- of 10.9% (186-200°C) were observed, corresponding to the escape
(H20)q]-13NMP-DMA -H,0 (termed MOP-28]. of free guests (13 NMP, 1 DMA, and 1,8; calcd 20.3%) and
The structure of MOP-28 was determined by single-crystal X-ray tarminal ligands (6 NMP and 649; calcd 10.2%3.For the THF-
diffraction studies.Each MOP-28 molecule is composed of 6,Cu exchanged sample, a sharp weight loss5@ °C) and, more
(COy)4 paddie-wheel building blocks and Is,cisterthiophene  gjgnificantly, a plateau region in the temperature range efZiD
linking units (Figure 1ac). Each paddle-wheel unit (square) has o jygicate that the molecular architecture of MOP-28 is stable up
two t_ermlnal ligands: one water pointing toward and one NMP ;1 200 °C in the absence of guests. The vast openness of the
pointing away from the center of the truncated octahedral cage gy ctyre and the consequent facile loss of THF alter the crystallinity
(Figure 1a). The asymmetric unit of MOP-28 contains two f the sample and give slightly shifted powder X-ray diffraction
crystallographically independent TTDC linkers for which the linkking  jines with reduced intensitidslt is not unreasonable to attribute
angles are 93.8(6) and 86.6{4)Both angles deviate slightly from e gifferences to distortions in the positions of MOP-28 truncated
90° in opposite directions to provide the required® #gle. It is octahedral units with respect to each other upon guest evacuation,
noteworthy that theis,cisconformation of terthiophene units also thereby resulting in a random arrangement of those units in the
results in a unique sulfur-rich interior of the truncated octahedron. ¢,jid. However. on the molecular level. MOP-28 structure and its
The internal cavity of MOP-28, illustrated by the yellow sphere  44sity are maintained as unequivocally proven by gas sorption.
(Figure 1b), has a diameter of 16-0'_8‘(W'th°”t terminal ligariéls). Nitrogen sorption isotherm measurements (Figure 2) were
The overall diameter of MOP-28 is 27.0 A (without terminal  peformed on an evacuated sample of the THF-exchanged MOP-
ligands), which is similar to that of the truncated cuboctahedron 5g ¢qjig. Indeed, it shows a Type | gas sorption behavior indicative
oo
MOP-1519Since MOP-28 only has half the number ofALO2): 4f 4 microporous material. The reproducibility of the isotherm was
paddle-wheel building blocks as MOP-1, larger openings within ;onfirmed by repeating the adsorptiedesorption cycle three times.
t University of Michigan. Significantly, all gas molecules can be removed, as observgd from
* UniversiteParis 7. the desorption branch of the plot. A small H4-type hysteresis loop
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Figure 1. The crystal structure of MOP-28. (a) An ORTEP diagram of a truncated octahedral molecule of MOP-28. Thermal ellipsoids are drawn at 35%
probability level (Cu, turquoise; O, red; C, gray; S, yellow; N, blue; H, green). For the purpose of clarity, the disordered coordinating NMP @aonly sh

at one site. (b) A ball-and-stick model of a MOP-28 molecule viewed approximately down the 3-fold axis, showing the internal cavity (yellow sphere) of
16.0 A in diameter. (c) A space-filling model of a MOP-28 molecule viewed down the 3-fold axis, showing the large triangular apertures of 9.0 A in

diameter. (For b-c: Cu, blue; O, red; C, black; S, orange; H, light gray. All terminal ligands have been omitted.)
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Figure 2. Nitrogen sorption isotherm (77 K) for MOP-28.

is also observed in the isotherm. Given the location of the lower
closure point of the loopR/Py = 0.21), the hysteresis must be
attributed to causes other than capillary condensation, @f Mrge
pores? From the adsorption branch of the isotherm, Langmuir
surface area of 1100%g, BET surface area of 9144y, and pore
volume of 0.39 crg (Dubinin—Radushkevitch model) have been
obtained. The amount of Nadsorbed in the pores (337 mg/g)
corresponds to 57 Nmolecules per truncated octahedron. It is
remarkable that MOP-28, being a solid composed of discrete
molecules, exhibits porosity similar to that of extended metal
organic framework$? To our knowledge, MOP-28 is the most
porous molecular structure and stands among the first to be
characterized by gas sorptiéh.
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