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By using supermolecular building blocks (SBBs) strategy, a
polyhedron-based metal-organic framework (PMOF), which
features three types of cages with multiple sizes and shapes,
has been synthesized. It exhibits high performance for CO,
capture (170 cm® g at 273 K under 1 bar) and selectivity of
CO,/CH,4 (9.4) and C3Hg/CH, (271.5).

Porous metal-organic frameworks (MOFs) as a burgeoning
class of adsorbent materials have drawn considerable attention
because of their large surface area, tunable pore size and
shape, functional pore surface and high stability, etc.’
However, metal-organic polyhedral (MOP) based MOFs are
different from traditional MOFs, which both have cages
carrying large voids and open-channel-type pores. In the
polyhedron-based MOFs (PMOFs), individual cages with
large voids are interconnected through relatively small
windows. Due to sieving effect, the sizes of windows can
make the suitable gas molecules go through the pores/cages
while the others are blocked outside. A large number of
reported PMOFs exhibit high H, storage and CO, capture,
excellent catalysis, drug delivery, rapid and selective
adsorption of dyes.’

Up to now, several synthetic strategies have been
developed sequentially to PMOFs. The
supermolecular building blocks (SBBs) approach has recently
been verified a powerful strategy for the design and
construction of PMOFs. In general, PMOFs can be assembled
by numerous types of SBBs.®> For example, tetrahedral,’
cubic,’ octahedral,® cuboctahedral,” rhombic dodecahedral,®
35 and tri-capped trigonal prism SBBs.” In the most of PMOFs,
the metal often exists in the form of paddlewheel or tri-
nuclear cluster which offers great stability and high-density
open metal sites (OMSs) after de-solvent.'® Meanwhile, the
surface area of the cavities and the sizes of the windows can
be tuned by changing the length of the linker. With the largely
reported PMOFs, paddlewheel as molecule building blocks
(MBBs) offering a platform to construct MOPs has been
extensively and elaborately studied.'' Herein, by using SBBs
strategy, we successfully synthesized a novel PMOF with
three types of MOPs based on a less explored bent
tetracarboxylate ligand"?
[H30][Cu,(tpta);(DMA)4(COO)]-12H,0-7DMA (JLU-Liu22)
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(Hstpta = [1,17:3”,17’-terphenyl]-3,3"",5,5" -tetracarboxyli
acid). To our knowledge, the linker is vital to the constructio.

so of the stable framework with large surface area. Blin

extending the length of the ligands often results in the
framework either collapse upon guest molecules removal
self-interpenetrate.’® Therefore, selecting an optimal ligand is
the prerequisite to build target product. Herein, we select -~
C,-symmetric bent ligand Hytpta with appropriate length 7.
A (the terminal benzenes center distance) as the optimum
linker to ensure the fabricating of MOPs with large surfac
area and avoid interpenetrating. The Hytpta ligand with 120°
angle from the terminal isophthalate moieties built by Cu(..
paddlewheel afford the platform to fabricate the well-knowr
MOP-1.3%7414 Fascinatingly, the expected PMOF materia
JLU-Liu22 based on anionic skeleton with high-density
OMSs and large pore volume exhibits high performance fo
CO, capture and natural gas (NG) purification. The selectivity
of CO,/CHy, C,H¢/CH4 and C3Hg/CH,4 were appraised by th
ideal adsorbed solution theory (IAST).

In the structure of JLU-Liu22, the PMOF is assembled b
binary MBBs: the typical Cu paddlewheel with square
geometry and the organic MBBs simplified a pairs of triane’~
geometry (Fig. 1a). The HCOO™ bridging linker instead of tw.
solvent molecules located in the center of two paddlewheels.
JLU-Liu22 features three types of cages with different sizes
and shapes (10, 13, and 18 A, respectively): small cage i
consisted of 12 Cu paddlewheel MBBs and 6 tpta* linkers t
construct a truncated tetrahedron (T-T4) configuration,
medium cage with cuboctahedron (cuo) geometry, constructe:
by 12 Cu paddlewheel MBBs and 24 tpta* linkers; and largr
cage outlined in truncated octahedron (T-Oy) built from 24 C-
paddlewheel MBBs and 16 tpta* linkers (Fig. 1b, SI ESIt).
The three types of polyhedron packing arrangement results i
a novel (3,4)-connected network with multiple pore system,
such as a 1D square channel with an approximate diameter of
6.8 x 6.8 A” along the ¢ axis (regardless of the van der Wa 'e
radii) (Fig. 1c, d, S2, ESIf). From another viewpoints of
topology, the Cu paddlewheel MBBs and tpta* ligands bot.
regarded as 4-c nodes, JLU-Liu22 adopts a new topolog.
with a Schlifli symbol of {4.6°.8} {4.6*.8}{4.6°}4, which is
different from PCN-306 based on the same Hytpta ligand anc
Cu(Il) paddlewheel (Fig. S3, ESIt).'*
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Fig. 1 Description of the structure of JLU-Liu22: a) binary MBBs; b)
three types of cages with different size (diagonal Cu-Cu distance,
regardless of Van der Waals radii); c) ball and stick model of the 3D

s framework; d) polyhedral view of the net. Colour scheme: carbon =
gray, oxygen = red, copper = green. Guest molecules and H atoms
have been omitted for clarity.

The total accessible volume after removal of the guest and
coordinated solvent molecules is 66.5% calculated by
10 PLATON. JLU-Liu22 exhibits good thermal stability, which
can be stable up to 300 °C (Fig. S8, ESI{). N, sorption
experiment for desolvated JLU-Liu22 shows a reversible
type-I isotherm characteristic of microporous material (Fig.
S9, ESIt). The Brunauer-Emmett-Teller (BET) surface area
is for JLU-Liu22 is calculated to be 1487 m? g™'. On the basis of
the N, sorption isotherm, the micropore volume is 0.77 cm® g’
!, which is close to the theoretical value of 0.83 cm® g™'.
High-porosity together with multiple-pore system and high-
density OMSs (1.0 per nm®) in this PMOF inspired us to
2 investigate its gas uptake capacity. As shown in Fig. 2, the
amount of CO, uptake for JLU-Liu22 is 170 (33.4 wt%) and
95 (18.5 wt%) cm’® g' at 273 and 298 K under 1 bar,
respectively, which overpasses many reported MOFs based on
bent tetracarboxylate ligands (Table S1 ESIf), and exceeds
»s NTU-111 with high-density Lewis basic sites (LBSs) and
PCN-88 with predesigned single-molecule-traps (SMT). %!
To date, although large numbers of PMOFs with good H,
storage and CO, capture performance have been reported,
only a few exhibit high performance for adsorption and
% separation of light hydrocarbon.'® Nevertheless, JLU-Liu22
exhibits notable adsorption capacities to C,Hg (105 and 74
em® g') and C3Hg (109 and 93 ecm® g™'), which overpass the
values of BIF-24.'7 It adsorbs a little amount of CH, (28 and
16 cm® g!). To evaluate the affinity of the JLU-Liu22 for gas
3s molecules, the isosteric heats (Q,) for small gases (CO,, CHy,
C,Hg and Cs;Hg) were calculated based on the adsorption
isotherms at 273 and 298 K (Fig. S11-S18, ESIf). At zero-
coverage, the Qy value of CH, is 11 kJ mol™', whereas the Qy
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Fig. 2 a) CO,; b) CH,; ¢) C,Hg and d) C;H; gas sorption isotherms for
JLU-Liu22 at 273 K (red) and 298 K (blue) under 1 bar.

values of CO,, C,H, and C3Hg are 30, 30.5 and 30.3 kJ mol™
respectively. The lower Qg of CH4 can be attributed to the
lower Van der Waals interactions with the framework,
together with the ionic skeleton of JLU-Liu22 possesses
worst interactions with the hardest polarized CH,; molecule.
The results show that it may be an ideal material for highly
selective separation for CO,, C,Hg, and C3Hg over CHy.

To imitate the separation behavior of JLU-Liu22 under a
more real-world setting, the gas selectivity of CO,/CHy,
C,H4¢/CH4 and C3;Hg/CHy in a binary mixture were calculated
via IAST based on the experimental single-component
isotherms fitted by the dual site Langmuir Freundlich (DSLF)
model at 298 K under 1 bar (Fig. 3). The selectivity of
CO,/CH4 (50% and 50%, 5% and 95%) is 9.4 and 7.7, which
can be classified as the top rank of the MOFs materials,'® and
comparable to the attractive Mg-MOF-74 with open Mg sites
(selectivity of CO,/CH, is 11.5 under the same conditions)."
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Fig. 3 CO,, CHy4, C;H and C;Hg adsorption isotherms at 298 K along
with the dual-site Langmuir Freundlich (DSLF) fits (a, b); CO,/CHy;
C,H¢/CH,4 and C;Hg/CHy4 adsorption selectivity are predicted by IAST
at 298 K and 1 bar for JLU-Liu22 (c, d).
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Furthermore, the selectivities of C,Hs/CH4 and C3Hg/CH,4
are 14.4 and 271.5, respectively. It is highlighted that the high
selectivity of C3Hg/CH,4 is much higher than many reported
MOFs, such as JLU-Liu5,"® UTSA-352.*° The PMOF JLU-
Liu22 exhibiting great separation for CHy can be attributed to
many reasons: i) ionic framework and OMSs can enhance
framework-CO, interactions through charge-induced forces
due to its greater quadrupole moment and polarizability
compared with CHy; ii) CHy is the smallest molecule and
therefore has the weakest interactions with adsorbent; iii) the
uptake capacity of hydrocarbons increases with polarizability
(CHs =25 x 10, C,Hg = 44 x 10, C3Hg = 63 x 10™° cm®)?!,
due to increasing charge-induced dipole interactions with the
OMSs.

In summary, based on the powerful SBB strategy, we have
successfully constructed a novel PMOF JLU-Liu22 with
well-known MOP-1 fabricated by Cu-paddlewheel and bent
tetracarboxylate ligand. It features three types of cages: cuo,
T-Tg4, and T-Oy. JLU-Liu22 with the ionic skeleton exhibits
high CO, capture as well as highly selective separation of CO,
and light hydrocarbons (C,H¢ and C;Hg) over CH,.
Subsequently, these emerging and promising porous PMOFs
materials will be candidate for the application in the field of
industrially important gas capture and separation in the near
future.

This work was supported by the National Natural Science
Foundation of China (Nos. 21373095, 21371067 and
21171064).
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