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The solvothermal reactions of a Zn(II) ion with ligands containing two 1,3-benzene dicarboxylate

residues linked via bent organic linkers with different flexibilities resulted in the isoreticular metal—
organic frameworks (MOFs), PMOF-4 and PMOF-5, based on a rhombic dodecahedral metal-organic
polyhedron (MOP) as a tertiary building unit (TBU). The rhombic dodecahedral MOP was built using six
[Zny(COO0)4] clusters as a 4-c secondary building unit (SBU) and eight [Zny(COO);] clusters as a 3-c
SBU. The network of the isoreticular MOFs based on the rhombic dodecahedral Zn-MOP was a 3,3,4-c
net with a zjz topology, which was different from those of the similar MOFs, PMOF-3 and PCN-12,
based on a cuboctahedral Cu-MOP as a 24-c TBU. However, both 24-¢c TBUs in all MOFs were
quadruply interlinked to six neighboring TBUs to form the same pcu underlying topology.

Introduction

The prediction of the structure and topology of a new metal—
organic framework (MOF) is an extremely difficult task.' Even a
small change in the reactants and/or in the reaction conditions,
such as solvents, concentrations of the reactants, temperature, pH
values, and counter ions, may lead to a completely different
framework structure. The main reason for this problem stems
from the difficulty in predicting the structure of a metal node as a
primary building unit (PBU), or of a metal cluster node as a
secondary building unit (SBU). It is well known that a Cu(Il) ion
with a ligand containing a carboxylate residue has a strong
preference for square-paddle-wheel [Cu,(COO)s] SBUs.”> The
reaction of a Cu(Il) ion with 1,3,5-benzenetricarboxylate (BTC)
in various solvents led to HKUST-1(Cu) ([Cu(Il);(BTC),S;], in
which S is the ligated solvent molecule), with a 3,4-c tho
topology.® In the network, the BTC ligand serves as a 3-c organic
node with 3m point symmetry, and the [Cu,(COO),] serves as a
4-c metal cluster SBU with mmm point symmetry.* The reaction
of a Cu(Il) ion with 1,3-benzenedicarboxylate (1,3-BDC) also
generated either the 2-D MOF [Cu(II)(1,3-BDC)S,] (in which S
is the ligated solvent molecule),” with a 4-c sql topology, or a
cuboctahedral metal-organic polyhedron (MOP), [Cuyy(1,3-
BDC),4S,4];° both were based on the same [Cu,(COO),] as a 4-c
metal cluster SBU. However, a Zn(II) ion with a ligand
containing a carboxylate residue does not have as strong a
preference for a square-paddle-wheel [Zn,(COO),] SBU as does a
Cu(Il) ion. Depending on reaction conditions, not only
mononuclear Zn(II) centers of diverse coordination environments,
such as PBUs,’ but also various other metal clusters, such as
[Zn4O(CO0)],2 [Zn3(CO0)4],° [Zny(CO0)4],'*  and
[Zn,(COO0)5],"" have been reported as SBUs. Although the
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solvothermal reaction of a Zn(II) ion with BTC in DMF resulted
in the isostructural HKUST-1(Zn) [Zn(I1);(BTC),S;] with the
same 3,4-c thbo topology based on the dinuclear metal cluster

50 [Zny(COO),] as a 4-c SBU,"? similar reactions in different

solvents and/or in the presence of a template, such as serine,
produced the MOF [Zn,(BTC),(NOs)S;], with a different net
topology: a regular srs topology,'® in which both the ligand and
the other dinuclear metal cluster, [Zn,(COO);], served as a 3-c

ss SBU with a 32-point symmetry."*

The reaction of a Zn(II) ion with 1,3-BDC also produces a 2-D
MOF based on the [Zn,(COO),] metal cluster as a 4-c SBU.’
Although there are several reports of the preparation of the
cuboctahedral Cu-MOP, [Cuy(L)24S,4], based on the

60 [Cuy(COO)4] SBU using either 1,3-BDC or its derivatives as a

bent ditopic linker ligand (L) between the [Cuy(COO),] SBUs, '’
the corresponding isostructural cuboctahedral Zn-MOP,
[Zn,4(L)24S,4], based on the 4-c [Zn,(COO),] SBU has not been
reported. In addition, several MOFs based on the cuboctahedral

6s Cu-MOP as a supramolecular tertiary building unit (TBU) have

been reported by using ligands containing two or three covalently
linked 1,3-BDC residues,'® whereas only a few corresponding
MOFs based on a cuboctahedral Zn-MOP are known,'” which is
probably related to the limited stability of the [Zn,(COO),] SBU.
In this study, we report two isoreticular polyhedron-based
MOFs (PMOFs) that were obtained by using two tetracarboxylate
ligands containing two 1,3-BDC residues linked via two long
covalent linkers with different flexibilities (Scheme 1). We also
investigated the structural and topological characteristics of the

75 PMOFs.
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HOOC O Z X O COOH
COOH COOH
5,5'-(1,3-phenylenedi-2,1-ethynediyl)
bis(1,3-benzenedicarboxylic acid) (H4L1)

(o) (o}

HOOC NH HN COOH

COOH COOH
5,5 -[1,3-phenylenebis(carbonylimino)]
bis(1,3-benzenedicarboxylic acid) (H4L2)
Scheme 1. Two tetracarboxylate ligands containing two 1,3-BDC
residues.

Experimental section

General procedures. All reagents were purchased from
commercial sources and used without further purification.
Elemental analyses (C, H, and N) were performed at the Central
Research Facilities of the Ulsan National Institute of Science &
Technology. FT-IR spectra were recorded as KBr pellets on a
Nicolet iS IO FT-IR spectrophotometer using the reflectance
technique (4000-400 cm™"). Thermal gravimetric analysis (TGA)
data were recorded on a TA Instruments Q-600 series thermal
gravimetric analyzer in a nitrogen atmosphere. Powder X-ray
diffraction (PXRD) data were recorded using a Rigaku D/M
2200T automated diffractometer at room temperature, with a step
size of 0.02° in a 20 angle. Simulated PXRD patterns were
calculated with the Material Studio program'® using the single
crystal data. 5,5’-(1,3-phenylenedi-2,1-ethynediyl)bis(1,3-
benzenedicarboxylic acid) (H,L") was prepared according to the
reported procedure.'*

Preparation of 5,5'-[1,3-phenylenebis(carbonylimino)]bis(1,3-
benzenedicarboxylic acid) (H,L?). 1,3-Benzenedicarboxylic
acid chloride (3.04 g; 14.97 mmol) was added to a solution of
8.16 g (45.05 mmol) of 5-amino isophthalic acid and 3.60 mL
(25.83 mmol) of triethylamine in 80 mL of NN-
dimethylacetamide (DMA). The mixture was stirred for 16 h,
followed by the addition of 500 mL of water. After filtration, the
solid was washed using acetone, water, methanol, and ether, with
a yield of 590 g, 79.9%. HRMS (FAB) m/z caled for
CosH7N,019 ([M+H]"): 493.088; found: 493.088. Elemental
analysis caled for CyHigN,Oqp: C 58.54, H 3.28, N 5.69%;
found: C 54.89, H 3.92, N 5.25%. '"H NMR spectrum (300 MHz,
DMSO-ds, & ppm) 13.4 (s, 4H, -COOH), 10.8 (s, 2H, -NH), 8.77
(s, 4H, Ar-H), 8.72 (s, 1H, Ar-H), 8.22 (d, 2H, Ar-H), 8.21 (d, 2H,
Ar-H), 7.69 (t, 1H, Ar-H); '*C NMR spectrum (75 MHz, DMSO-
ds, & ppm): 166.58, 165.34, 139.80, 134.70, 131.80, 131.17,
128.92, 127.23, 125.19, 124.76; IR spectrum (KBr, cm’l): 3437
(br), 3394 (m), 3253 (br), 3160 (m), 3126 (m), 3092 (m), 2927
(m), 2856 (w), 2615 (br), 1712 (s), 1672 (s), 1611 (m), 1568 (s),
1489 (w), 1454 (m), 1430 (m), 1405 (m), 1338 (m), 1295 (m),
1285 (m), 1247 (m), 1217 (sh), 1150 (w), 1107 (w), 1085 (vw),
1001 (vw), 965 (vw), 951 (vw), 908 (w), 871 (vw), 818 (vw), 760
(m), 717 (w), 673 (m), 596 (w), 542 (vw), 490 (vw), 457 (vw).
Preparation of MOFs

ss Preparation  of
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[Zn,sL'1,(H,0),5](NO5): 104DEF-30H,0
(PMOF-4). A solid mixture of 45 mg (0.099 mmol) of HyL! and
148 mg (0.498 mmol) of Zn(NOs),-6H,0 was dissolved in 5 mL
of N,N-diethylformamide (DEF) in an 8 mL glass vial. The
solution was heated in an oven at 85°C for 1-2 days, resulting in
pale-yellow block crystals. The crystals were collected by
filtration, washed with fresh DEF, and then air-dried. Yield: 133
mg, 83.6% (based on the ligand). Elemental analysis} calculated
for [ZnysL'5(H,0),5](NO;)g- 104DEF-30H,0,
(Css2H13800282N112Znpg): C 51.79, H 7.21, N 8.13%; found: C
51.50, H 7.21, N 8.51%. FT-IR (KBr, 4000400 cm™"): 3421 (br,
w), 2978 (w), 2938 (w), 2878 (w), 1637 (vs), 1596 (m), 1578 (m),
1436 (m), 1384 (s), 1364 (s), 1302 (w), 1266 (w), 1214 (w), 1106
(w), 987 (w), 944 (w), 824 (w), 778 (w), 723 (w), 685 (w), 668
(w), 531 (w).

Preparation of [anstlz(HZO)zs](NO3)8'52DMA (PMOF-5). A
solid mixture of 49 mg (0.099 mmol) of H,L? and 148 mg (0.498
mmol) of Zn(NO;),-6H,0 was dissolved in 2 mL DMA in a 5 mL
glass vial. The solution sealed in a Pyrex tube was aged at 85°C
for 5 days. The clear solution was cooled down to ambient
temperature and stood for 3-4 days resulting in colorless
octahedron-shaped crystals. The crystals were collected by
filtration, washed with fresh DMA, and then air-dried. Yield:
43.5 mg, 39.9% (based on the ligand). Elemental analysis}
calculated for [Zny5L.2 ,(H,0),5](NO;)g- 52DMA,
(C496H668N840224zn28): C 4506, H 509, N 890%, found: H 495,
C 45.25, N 8.88%. IR spectrum (KBr, 4000-400 cm™): 3421 (br,
w), 3072 (w), 2936 (w), 2876 (W), 2794 (w), 1761 (w), 1720 (w),
1676 (w), 1616 (vs), 1556 (w), 1404 (w), 1385 (vs), 1264 (w),
1233 (w), 1195 (w), 1150 (w), 1103 (w), 1021 (w), 967 (w), 907
(W), 824 (w), 780 (w), 723 (w), 682 (W), 596 (W), 476 (w).
Crystallographic data collection and refinement of the
structures. The diffraction data of PMOF-4 were measured using
a single crystal coated with Paratone oil at 173 K with Mo Ko
radiation on an X-ray diffraction camera system using a Bruker
SMART CCD equipped with a graphite crystal incident beam
monochromator. The SMART and SAINT software packageslg
were used for data collection and integration, respectively. The
collected data were corrected for absorbance using SADABS,*
based on Laue symmetry, using equivalent reflections. The
diffraction data of PMOF-5 were measured using a single crystal
coated with Paratone oil at 100 K with synchrotron radiation on
an ADSC Quantum-210 detector at 2D SMC with a silicon (111)
double crystal monochromator (DCM) at the Pohang Accelerator
Laboratory, Korea. The ADSC Q210 ADX program®' was used
for data collection, and HKL3000* was used for cell refinement,
reduction, and absorption correction. The crystal structures were
solved by the direct method and were refined by full-matrix least-
squares calculations using the SHELXTL program package.”
PMOF-4. [ZnyL'1,(H,0)55](NO3)s (Cs15H 76N5O145Zns5), fw =
8234.97 g'mol™', cubic, space group Pm-3m, a = b = ¢ =
32.366(5) A, V =33906(8) A*, Z =1, p (Mo Ko, A =0.71013 A)
= 0.509 mm , 93319 reflections were collected, 3136 of which
were unique [Ry, = 0.4530]. Two zinc ions and two ligated water
molecules at crystallographic 4mm symmetry sites (Wyckoff f°
site), the other two zinc ions and two ligated water molecules at
crystallographic 3m symmetry sites (Wyckoff g site), and a ligand
at a crystallographic mm2 symmetry site (Wyckoff i site) were
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observed as an asymmetric unit. Counteranionic nitrate ions,
which were probably disordered in the solvent pore, were not
identified. All non-hydrogen atoms were refined anisotropically;
the hydrogen atoms were assigned isotropic displacement
coefficients U(H) = 1.2U (C) and their coordinates were allowed
to ride on their respective atoms. The least-squares refinement of
the structural model was performed under geometry restraints,
such as DFIX, DANG, and FLAT, and displacement parameter
restraints, such as ISOR, DEMU, and SIMU. The hydrogen
atoms of the ligated water molecules were not included in the
least-squares refinement. The final refinement was performed
with the modification of the structure factors for the electron
density of the disordered solvents (28365 A, 83.7% of the total
unit cell volume; 8581 solvent electrons correspond to eight
nitrate anions and 149 DEF molecules per unit cell) using the
SQUEEZE option of PLATON.?* Refinement of the structure
converged at a final R1 = 0.2841 and wR2 = 0.5272 for 2019
reflections with 7 > 20(l); R1 = 0.3461 and wR2 = 0.5560 for all
3136 reflections. The largest difference peak and hole were 1.473
and —1.321 e-A~, respectively.

PMOF-5. [ZHZSLzlz(HZO)ZS](NOS)S (CassH200N320172Zng), fw =
8691.16 g'mol', cubic, space group Pm-3, a=Db = ¢ = 31.102(4)
A, V =30086(6) A°, Z = 1, u (synchrotron, A = 1.00000 A) =
0.864 mm ', 18250 reflections were collected, 1748 of which
were unique [R;, = 0.0929]. Two zinc ions and two ligated water
molecules at crystallographic mm2 symmetry sites (Wyckoff i
site), the other two zinc ions and two ligated water molecules at
crystallographic 3 symmetry sites (Wyckoft 4 site), and a ligand
at a crystallographic m symmetry site (Wyckoff j site) were
observed as an asymmetric unit. Counteranionic nitrate ions,
which were probably disordered in the solvent pore, could not be
identified. All non-hydrogen atoms were refined anisotropically;
the hydrogen atoms were assigned isotropic displacement
coefficients U(H) = 1.2U (C and N) and their coordinates were
35 allowed to ride on their respective atoms. The least-squares
refinement of the structural model was performed under geometry
restraints, such as DFIX, DANG, and FLAT, and the
displacement parameter restraint ISOR. The hydrogen atoms of
the ligated water molecules were not included in the least-squares
refinement. The final refinement was performed with the
modification of the structure factors for the electron density of the
disordered solvents (24176 A’, 80.4% of the total unit cell
volume; 5275 solvent electrons correspond to eight nitrate anions
and 105 DMA molecules per unit cell) using the SQUEEZE
option of PLATON. Refinement converged at a final R1 =0.1101
and wR2 = 0.2660 for 1134 reflections with /7 > 20(l); Rl =
0.1366 and wR2 = 0.2876 for all 1748 reflections. The largest
difference peak and hole were 0.343 and -0247 eA”
respectively.

A summary of the crystal data and some crystallography data
is given in Tables S1 and S2. CCDC 969629-30 contain the
supplementary crystallographic data for PMOF-4 and PMOF-5.
The data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html ~ or  from  the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK.

Results and discussion
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Preparation of the MOFs. The solvothermal reaction of
Zn(NOs),-6H,0 with tetracarboxylic acid (HyL' or H,L?) at an
approximate 4-5:1 mole ratio under amide solvent (DEF or
DMA) resulted in the MOF [anngz(Hzo)zg](NO3)g'XS'yH2O (lIl
which x and y are the number of solvent (DEF or DMA)
molecules and water molecules, respectively; L = L!and S = DEF
for PMOF-4; L = L2 and S = DMA for PMOF-5) (Scheme 2).

Zn(NO3)2'6H20
at85°C
+ ——— [Znygl12(H20)28](NO3)g
DEF or DMA
Hal PMOF-4: L = L'

PMOF-5: L = L2
Scheme 2. Reaction Scheme.

Crystal structure of PMOF-4, [ansLlu(HZO)zs](NO3)8. The
carboxylate residues of the ligand formed two different types of
dinuclear Zn(IT) clusters, [Zny(CO0)4(H,0),] and
[Zny(CO0)3(H,0),], as SBUs in the network of PMOF-4. The
[Zn,(CO0)4(H,0),] SBU, which contained two 5-coordinate
square-pyramidal Zn(Il) centers, served as a 4-c node, and the
[Zn,(COO0);3(H,0),] SBU, which contained two tetrahedral Zn(II)
centers, served as a 3-c node (Figure la and 1b). The 4-c
[Zn,(CO0)4(H,0),] SBUs at the six corners of the octahedron
and the 3-c [Zny(COO0)3(H,0),] SBUs at the eight faces of the
octahedron led to a 3,4-c rhombic dodecahedral MOP with 14
corners, 12 rthombic faces, and 28 edges as supramolecular TBU
(Figure 1c). The outer diameter of the rhombic dodecahedral
MOP was ~ 29 A, and the diameter of the inner cavity was ~ 13
A (Figure 2b). The rhombic dodecahedral MOPs were
interconnected to each other via bent 1,3-phenylenedi-2,1-
ethynediyl linkers of the ligands as a 24-c TBU node, but are
quadruply interconnected to the six neighboring MOPs, to form a
3-D network with a peu underlying topology based on the
rhombic dodecahedral MOP as a topological 6-c octahedral node
(Figure 2a). The quadruple linkage between the two MOPs
generated a small cage-like pore (Figure 2c), and the primitive
cubic linkage of the MOPs in the network with a pcu underlying
topology led to a large cubic cavity with a diagonal dimension of
~ 23 A (Figure 2d). The larger dimension of the rhombic
dodecahedral MOP compared with that of the supercubic cavity
did not allow the interpenetration of the network, which led to an
extremely large solvent cavity in PMOF-4, corresponding to ~
84% of the whole network structure. The [Zny(COO)4(H,0);]
SBU is neutral, whereas the [Zn,(COO)3;(H,0),] SBU is mono
cationic; hence, the framework is a cationic 3-D network.
Although PMOF-4 must contain eight nitrate ions as counter
anions per thombic dodecahedral MOP unit, they could not be
identified in the crystal structure because they were completely
disordered in the solvent pore. An isoreticular MOF was reported
using N-phenyl-N"-phenylbicyclo[2,2,2]oct-7-ene-2,3,5,6-
tetracarboxdiimide tetracarboxylic acid as another
tetracarboxylate ligand containing two 1,3-BDC units linked via a
different bent covalent linker, in which the same rhombic
dodecahedral MOPs were interconnected to the six neighboring
MOPs to form a 3-D network with a pcu underlying topology‘25
However, the size of the supercubic cavity in this MOF was
larger than that of the rhombic dodecahedral MOP, thus allowing

1o the two-fold interpenetration of the network with a pcu
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Figure 1. The SBUs and the TBU observed in PMOF-4. (a) A 4-c

[Zny,(COO)4(H20),]  square  paddle-wheel SBU, (b) a 3-c
5 [Zny(COO)3(H,0),] trigonal paddle-wheel SBU, and (c) a rhombic

dodecahedral MOP made of six 4-c and eight 3-c SBUs as a TBU.

Figure 2. (a) Ball-and-stick and schematic packing diagrams of PMOF-4.
Space-filling and schematic diagrams of (b) the cuboctahedral MOP as a
TBU and (c) the quadruple linkage between the MOPs. (d) Supercubic
cage generated via the primitive cubic packing arrangement of the
cuboctahedral MOPs. The cavities in the centers of the MOP, the
quadruple linkage, and the supercube are represented using green, pink,
and yellow dummy balls.

s

Crystal structure of PMOF-5, [anstlz(HzO)zs](NO3)s.
PMOF-5 was also isoreticular to PMOF-4 (Figures S1 and S2).
The 1,3-phenylenedi-2,1-ethynediyl linker residues containing
rigid ethynyl linkages between the rhombic dodecahedral MOPs
in PMOF-4 replaced by the 1,3-
phenylenebis(carbonylimino) residues containing flexible amide
linkages in PMOF-5. Not only the 3,4-c rhombic dodecahedral
MOP (Figure S1), but also the quadruple linkage between the
MOPs in PMOF-4, were retained in PMOF-5, despite the
increased flexibility of the L? ligand (Figures S2a and S2b).
25 Although PMOF-5 was highly porous (the volume of the solvent
cavity corresponded to ~ 80% of the total structure) and its
underlying net topology was pcu, it was a noninterpenetrated
network, as in PMOF-4, because the size of the rhombic
dodecahedral TBU was larger than that of the supercubic cavity
generated by the primitive cubic packing arrangement of the
MOPs (Figure S2c).

Topology of the MOFs. In PMOF-4 and PMOF-5, the rhombic
dodecahedral MOP could be considered as a 24-c
rhombicuboctahedral TBU when the 24 branching edges of the
3s thombic dodecahedral MOP are considered as new 3-c nodes

@

were

%)
S

w
S

(Figure 3a). It has been reported that the reactions of a Cu(II) ion
with the same tetracarboxylate ligand and a similar
tetracarboxylate ligand containing long bent organic linkers
between the two 1,3-BDC residues may produce MOFs with the
40 same underlying net topology, PMOF-3'6 and
[Cuy4(L)12(H20)16(DMSO)s],, (in which L is 1,3-bis(5-methoxy-
1,3-benzene dicarboxylate)benzene)'™, both based on the same
cuboctahedral MOP as a TBU. Among these MOFs, the
cuboctahedral MOP could also be considered as a 24-c
45 thombicuboctahedral TBU when the 24 branching edges of the
cuboctahedral MOP are considered as 3-c nodes (Figure 3b) and
are quadruply interconnected to six neighboring MOPs, thus
leading to a network with the same peu underlying topology.?**’

so Figure 3. Rhombicuboctahedra based on (a) cuboctahedron and (b)
rhombic dodecahedron.

Although the underlying topology of the isoreticular PMOF-4
and PMOF-5 is the same as that of PMOF-3 as a pcu topology,
the complete net topology of the isoreticular PMOF-4 and

ss PMOF-5 was different from that of PMOF-3. The net topology of
PMOF-3 and [Cuy(L);»(Hy0);4(DMSO)s], based on the
[Cuy(COO),] metal cluster as a 4-c SBU and the tetracarboxylate
ligands as two linked 3-c nodes in different environments is a
3,3,44-c net with a zmj topology.””*® Conversely, the net

60 topology of the isoreticular PMOF-4 and PMOF-5 based on the
[Zny(COO0);] and the [Zny(COO),] metal clusters as 3-c and 4-c
nodes, respectively, and the tetracarboxylate ligand L' or L* as
two linked 3-c nodes in the same environment was a 3,3,4-c net
with a zjz topology (Figure 4).%%

65

rhombic dodecahedral MOP as a TBU and purple tiles showing the bb-
type linkage between the rhombic dodecahedral MOP units.

In the MOFs with a zmj topology, two different kinds of

70 quadruple linkages, two AA4-type linkages between the same two
square faces of the cuboctahedral MOPs (Figures 5a and S3a),
and four BB-type linkages between the same two square nodes of

4 | Journal Name, [year], [vol], 00-00
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the cuboctahedral MOPs (Figures 5b and S3b) were observed.”’
Interestingly, all the quadruple linkages in the isoreticular PMOF-
4 and PMOF-5 based on the rhombic dodecahedral MOP are of
the bb-type of linkage between the two square nodes of the
rhombic dodecahedral MOPs (Figures 5c¢ and S3c), and were
similar to the BB-type linkage between the two square nodes of
the cuboctahedral MOPs. This kind of quadruple linkage in the
isoreticular PMOF-4 and PMOF-5 is also different to the AB-type
quadruple linkages between the square face of the cuboctahedral
10 MOP and the square node of the cuboctahedral MOP (Figures 5d
and S3d) in the other MOP-based MOF with a 3,3,3,3,4,4,4,4-c
net with a zhe topology that is generated from the reaction of a
Cu(Il) ion with the ligand containing a short methylene linker
between the two 1,3-BDC residues.?”?

[

15
Figure 5. Four different types of quadruple linkages observed in the
polyhedron-based MOFs with an underlying pcu topology. (a) AA4-type,
(b) BB-type, (c) bb-type, and (d) AB-type linkages.

The PXRD patterns of the as-synthesized samples were similar
20 to the simulated patterns from the single crystal structures of
PMOF-4 and PMOF-5, respectively (Figure 6). However, the
MOFs at ambient condition lost their crystallinity (Figure S4).
Although the MOFs have a large amount of solvent molecules at
their potential pores (Figure SS5), the removal of the solvent
»s molecules from the pore via either a conventional vacuum-drying
process or supercritical CO, activation process resulted in the
complete loss of crystallinity and the collapse of the porosity,
leaving no significant N, sorption properties.

[] ﬂ as-synthesized PMOF-5
J simulated PMOF-5
Ju A A A A
" as-synthesized PMOF-4

Jjka

5 1w 15 2
2 theta

simulated PMOF-4

30 Figure 6. PXRD patterns of the as-synthesized samples of PMOF-4 and
PMOF-5, which were ground under a small amount of mother liquor in an
inert atmosphere.

Conclusions

The reactions of tetracarboxylate ligands containing two 1,3-BDC
residues with a Cu(ll) ion lead to MOFs based on the
cuboctahedral MOP as a 24-c TBU because of the strong
preference for the [Cuy(COO),] SBU. Conversely, similar
reactions with the Zn(I) ion produced the two isoreticular MOP-
based MOFs, PMOF-4 and PMOF-5, with a 3,3,4-c zjz topology,
40 in which the MOP is a 3,4-c rhombic dodecahedron based on 3-c
[Zny,(COO);] and 4-c¢ [Zny(COO),] SBUs. The MOP with 24
branching edges served as a 24-c rhombicuboctahedral TBU,
which  was quadruply linked to six neighboring
rhombicuboctahedral TBUs in a pecu underlying topology.
Although the underlying topology of PMOF-4 and PMOF-5 was
the same as that of [Cuas(L);»(H,0)16(DMSO)s],"** and PMOF-
3" with a 3,3,4,4-c zmj topology and of the PCN-12%* of a
3.3,3,3,4,4,4,4-c zhc topology, the mode of the quadruple linkage
in PMOF-4 and PMOF-5 is different from those in the other
so MOFs with different net topologies. In the MOFs of the net with
a zjz topology, all the quadruple linkages are of the same bb-type,
where the four edges that are directly involved in the formation of
the Zn,(COO), SBU are interlinked to the same types of the four
edges directly involved in the formation of the Zn,(COO), SBU.

The difference in the net topology of the Zn-based MOF and
those of the reported Cu-based MOFs stems from the different
preference for the SBUs. While a Cu(Il) ion with a ligand
containing carboxylate residue exhibited a strong preference for
the square-paddle-wheel [Cuy(COO),] SBU, a Zn(II) ion could
adopt not only the square-paddle-wheel [Zn,(COO),] cluster as a
4-c SBU, but also the trigonal-paddle-wheel [Zn,(COO);] cluster
as a 3-c SBU.
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Graphic content:

The solvothermal reactions of a Zn(II) ion with ligands
containing two 1,3-benzene dicarboxylate residues resulted in
s isoreticular MOFs with a 3,3,4-c zjz topology based on a rhombic
dodecahedral metal-organic polyhedron (MOP), in which the
rhombic dodecahedral MOP was built using six [Zn,(COO),]
clusters as a 4-c SBU and eight [Zny(COO);] clusters as a 3-c
SBU.
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