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ABSTRACT: Two 2-fold interpenetrating metal−organic
frameworks based on 1,3,5-tris[2-(4-carboxyphenyl)-1-ethyn-
yl]-2,4,6-trimethylbenzene (H3L

Me), [Mn3(L
Me)2(DMF)4-

(H2O)]·1.5DMF·3.5H2O (1) and [Cd3(L
Me)2(DMF)]-

[Cd3(L
Me)2(DMF)2(H2O)]·5DMF·3.5H2O (2), have been

synthesized by using rigid trigonal H3L
Me and nitrate under

solvothermal conditions. Complex 1 displays a three-dimen-
sional open framework with rare (3,6)-connected 2-nodal sit
topology, whereas complex 2 features a new (3,3,6)-connected
topology. Both 1 and 2 are blue fluorescent, and the magnetic
measurement of 1 indicates that metal centers within the trinuclear cluster exhibit antiferromagnetic coupling interactions.
Significantly, although complexes 1 and 2 have similar total solvent-accessible volumes, 2 demonstrates a higher Brunauer−
Emmett−Teller surface area than that of 1, further indicating the influence of pore structure on gas absorption.

■ INTRODUCTION

Metal−organic frameworks (MOFs) have become a hot
research interest in the porous materials field, due to their
incomparable characteristics in structural variety as well as their
fundamental and industrial contributions.1−3 The self-assembly
characteristic of the covalent bonds between metal clusters and
organic linkers results in MOFs turning into ordered crystalline
materials with high Brunauer−Emmett−Teller (BET) surface
area, which makes them useful for various applications in areas
including gas storage,4,5 luminescence,6−10 catalysis,11−14

separation,15−17 chirality,18,19 biotechnology,20−22 magnet-
ism,23−27 and so forth. Thus, constructing the desired nature
and structure of MOFs is one of the rapidly growing research
areas in the chemical field over the last few decades.
A number of basics might influence the structures and

properties of MOF materials, such as the various metal centers,
organic linkers, and subsidiary molecules.28,29 As is well-known,
the organic ligand plays a key part in self-assembly and
determination of the configurable and functional nature of the
MOFs. In general, the distance from the linker core to each pair
of carboxylates increases when lengthening organic ligands, and
thus the MOF pore size also enlarges, for instance, MOF-5,
HKUST-1, MOF-177, MOF-399, MOF-14, PCN-6, MOF-143,
and MOF-388.30−33 Moreover, Mn2+, Mn3+, Ni2+, Co2+ ions
provide variations of magnetic anisotropy and spin quantum
number due to their unpaired electrons per ion; and the d10

metals are excellent candidates in the construction of

luminescent molecular materials.34−37 These different charac-
teristics enable us to produce luminescent and magnetic MOF
materials which are crucial to lighting, optical equipment, thin
film, and magnetic memory materials.38 Consequently, design-
ing new organic ligands and assembling with suitable metal ions
are still an important research subject.
Among the carboxylate ligands, trigonal carboxylate ligands

based on C3 symmetry have become the focus of attention due
to the structure multiformity in constructing porous materials,
such as 4,4′,4″-(benzene-1,3,5-triyl-tris(ethyne-2,1-diyl))-
tribenzoate (H3BTE), 4,4′,4″-(2,4,6-trimethylbenzene-1,3,5-
triyl)tribenzoic acid (H3TMTA), and 4,4′,4″-benzene-1,3,5-
triyltribenzoate (H3BTB).

39,40 These ligands can easily form
C3-symmetric tricarboxylate linkers and construct MOF
materials with high surface area. Bearing all of this in mind,
we prepared a new trigonal carboxylate ligand, 1,3,5-tris[2-(4-
carboxyphenyl)-1-ethynyl]-2,4,6-trimethylbenzene (H3L

Me),
which has not been reported yet. Its triangular nodal topology
is characterized by a carboxylate−carboxylate and centroid−
carboxylate separation distance of calc. 17 Å and 10 Å,
respectively. H3L

Me was selected due to the following factors:
(i) the characteristic of the organic ligand may promote the
formation of novel network topologies; (ii) it can exhibit a
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variety of coordination modes through the carboxylate oxygen
atom; (iii) H3L

Me ligand and metal ions via coordination bonds
may generate multinuclear and high-dimensional self-penetrat-
ing or interpenetrating nets. In this work, through the self-
assembly of H3L

Me with manganese and cadmium salts, two
porous metal−organic frameworks are obtained. Single crystal
diffraction analysis data display that both MOFs possess three-
dimensional (3D) honeycomb 2-fold interpenetrating frame-
works based on a trinuclear [M3(COO)6] secondary building
unit (SBU) and Y-shaped trinodal organic linker. The magnetic
measurement of complex 1 indicates that antiferromagnetic
interactions exist between the manganese ions. Photolumines-
cent investigation shows that complex 2 possesses a strong
luminescent property when compared to complex 1 due to the
cadmium ion. Although two complexes have similar solvent-
accessible volumes, complex 2 possesses a higher BET surface
area than that of 1.

■ EXPERIMENTAL SECTION
All chemical analytical grade reagents employed were used as
commercially. H3L

Me was synthesized using a Sonogashira coupling
approach (Scheme 1). Powder X-ray diffraction (PXRD) pattern

experiments were carried on a Bruker AXS D8 instrument. The IR
spectra were operated on a Nicolet 330 FTIR spectrometer.
Thermogravimetric experiments (TGA) were performed using a
PerkinElmer TGA7 instrument. The data of luminescence spectra
were recorded using an F-280 fluorescence spectrophotometer. The
measurements of elemental analysis were using a PerkinElmer 240
elemental instrument. The magnetic property was analyzed using a
Squid-VSM, Quantum Design. The measurements of gas uptake were
performed using a Micrometritics ASAP 2020 instrument at various
gases and temperatures.
Synthesis of Complex 1 [Mn3(L

Me)2(DMF)4(H2O)]·1.5DMF·
3.5H2O (1). MnCl2·4H2O (3.0 mg, 0.015 mmol) and H3L

Me (1.1
mg, 0.0020 mmol) were dissolved in DMF (1.0 mL) and then sealed
and heated to 90 °C for 48 h. The reaction was cooled to room
temperature in 800 min. Light yellow flaky crystals of 1 were obtained
and dried at system temperature (yield: 50%, based on manganese).
Elemental analysis calcd (%) for 1: C89.5H91.5O23N5.5Mn3: C, 60.49; H,
5.19; N, 4.37. Found: C, 60.13; H, 5.07; N, 4.45. IR data (KBr cm−1):
3430(w), 2926(w), 1655(s), 1602(m), 1538(s), 1389(m), 1098(w),
863(w), 783(w), 700(s), 576(w), 419(w).
Synthesis of Complex 2 [Cd3(L

Me)2(DMF)3][Cd3(L
Me)2(DMF)2-

(H2O)]·5DMF·3.5H2O (2). A mixture of Cd(NO3)2·4H2O (3.1 mg,
0.010 mmol), H3L

Me (1.1 mg, 0.0020 mmol), 1.0 mL of DMF was
placed in a sealed glass tube. The final mixture was sealed in a glass vial
and heated at 120 °C for 48 h. Yellow needle crystals of 2 were gained
and dried at indoor temperature (yield: 40%, based on cadmium).
Elemental analysis calcd (%) for 2: C174H164O38.5N10Cd6: C, 56.7; H,
4.49; N, 3.80. Found: C, 57.03; H, 4.21; N, 3.68. IR data (KBr cm−1):
3423(w), 2925(w), 2201(w), 1651(s), 1580(m), 1532(m), 1385(s),
125(w), 1095(m), 858(m), 780(s), 699(w), 665(w), 526(w), 416(w).
X-ray Structural Crystallography. The data of two crystals were

measured on an Agilent Super nova and a Bruker APEXII CCD
diffractometer with Mo−Kα radiation source (λ = 0.71073 Å),

respectively. The absorption corrections of two crystals were employed
by the program SADABS.41 Structures were refined with anisotropy on
F2, and by full-matrix least-squares with SHELXTL-97.42 The
SQUEEZE procedure was applied to eliminate the disordered solvent
molecules, and then a new file was generated. Two crystal structures
were inspected through the Addsym subprogram of PLATON43 to
determine that no attached symmetry should be used for the models.
Two crystallographic data are presented in Table 1, and the sectional

bond lengths and angles are presented in Tables S1 and S2. The
topological analyses and some graphs were generated applying the
TOPOS program.44 CCDC numbers (1009434, 1009435) include the
supplementary crystallographic data, which have been come from the
Cambridge Crystallographic Data Center.

■ RESULTS AND DISCUSSION

Synthesis and Characterization. 1,3,5-Tris[2-(4-carbo-
methoxyphenyl)-1-ethynyl]-2,4,6-trimethylbenzene was synthe-
sized using Sonogashira coupling of 1,3,5-triiodo-2,4,6-
trimethylbenzene with methyl 4-ethynylbenzoate, and then
H3L

Me was obtained through hydrolysis reaction. The course
was displayed in Scheme 1, and the synthetic details were
shown in Supporting Information.

Crystal Structure. The crystal structure reveals that 1
crystallizes in triclinic space group P1 ̅ and possesses a 3D
honeycomb framework based on trinuclear SBUs and C3-
symmetric ligands with a sit topology. Figure 1a exhibits that
the asymmetric unit includes three equivalent Mn(II) ions, two
(LMe)3− ligands, one coordinated water molecule, and four
coordinated DMF molecules. Mn1 is six coordinated,
connected by three O atoms from three (LMe)3− ligands, O1,
O2 from DMF molecules and O1w from water molecule,
demonstrating a distorted octahedral geometry. Mn2 is
surrounded by six O atoms from four different (LMe)3− ligands.
Mn3 is also six coordination, located in tiny distorted
octahedral configurations, connected by two O from DMF
molecules and the other coordinated O from four (LMe)3−

ligands. The Mn−O covalent bond distances are within the
range of 2.096 (4)−2.360 (4) Å, which is consistent with the

Scheme 1. Synthetic Procedures of H3L
Me

Table 1. Crystallographic Data for Complexes 1 and 2

1 2

empirical formula C84H72O17Mn3N4 C159H122O30Cd6N5

formula weight 1574.28 3257.02
temperature (K) 150.00(10) 273.15
crystal system triclinic orthorhombic
space group P1̅ Pna21
a (Å) 13.8783(5) 42.439(10)
b (Å) 20.3674(8) 13.969(4)
c (Å) 21.0344(5) 33.470(8)
α (deg) 62.572(3) 90.00
β (deg) 82.489(3) 90.00
γ (deg) 73.850(3) 90.00
volume (Å3) 5069.1(3) 19842(9)
Z 2 4
ρcalc (g/cm3) 1.031 1.090
μ (mm−1) 0.422 0.687
F (000) 1630.0 6556.0
data/restraints/params 18916/4/987 33438/1/1823
GOF on F2 1.004 1.007
final R indices [I > 2σ(I)]a R1 = 0.1153 R1 = 0.0866

wR2 = 0.3542 wR2 = 0.1842
aR1 = ∑||Fo| − |Fc||/|∑o|. wR2 = {∑[w(Fo

2 − Fc
2)2]/∑[w(Fo

2)2]}1/2.
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other reported manganese complexes.45−49 The (LMe)3− ligands
possess two coordination modes: μ5-η2:η0:η1:η1:η1:η1 and μ7-
η2:η1:η1:η1:η1:η1η1 (a, b in Scheme S1). As illustrated in Figure
1b, a hexagonal plane is formed by three trinuclear SBUs and
three carboxylate benzene groups, where three trinuclear SBUs
act as the three points of the hexagonal, and the other vertices
and edges are combined by (LMe)3− ligands to generate
hexagonal enterclose. The whole framework is further formed
by the π···π stacking between the aromatic ring center of the
near carboxylic acid and another aromatic ring center of
(LMe)3− ligand in the other framework (the centroid−centroid
distance is 3.6 Å). The observed interpenetration mode is
highlighted in Figure 1b. Each Y-shape (LMe)3− ligand connects
three trinuclear SBUs, the trinuclear Mn cluster and the rigid
trigonal carboxylate ligand were generated a two-dimensional
(2D) framework. The π···π stacking between the two single net
further stabilize the interpenetration, and it reveals a 3D 2-fold
interpenetrating network with one-dimensional (1D) channels
along the a axis (Figure 1c). The dimensions of the channels in
the single net are approximately 18.76 Å × 17.51 Å along the a
axis, and after interpenetration, the dimensions changed to
14.51 Å × 8.51 Å, in which uncoordinated DMF and water
molecules are taken up. The total volume is 23.5% for 1, as
obtained by PLATON routine.
To fully comprehend this crystal structure of complex 1, we

have used the TOPOS software to execute topological analysis
of the porous 3D framework.50 The topological structure
displayed a 2-nodal (3, 6)-connected network, and its
stoichiometry is (3-c)2(6-c), in which each Mn3−SBU is
taken as a 6-coordinated node and each (LMe)3− ligand as a 3-
coordinated node. It is interesting to note that the 3-connected
and 6-connected relationship is 2 to 1, illustrating that this 3D
framework is a 2-fold interpenetrating structure with rare sit
topology51 (Figure 2). The Schafl̈i notation is {4.62}2{4

2.610.83}
and the complicated symbol is [4.4.6.6.6.6.6.6.6.6.6(2).6(2).-
8.8.8(6)] [4.6(2).6(2)].

The datum analysis of crystal indicates that 2 crystallizes in
orthorhombic Pna21 space group. It is interesting that the
asymmetric unit is composed of two individual networks
founded on a similar SBU. The asymmetric unit of both
networks consists of two ligands, three cadmium ions, and three
coordinated solvate molecules. Both networks are based on a
trinuclear SBU, and the only difference between these two
networks is the coordinated solvates on Cd ions: Cd3 and Cd4,
on which one is coordinated by three DMF molecules and the
other is by two DMF and one water molecules. In these two
SBUs, five Cd (II) atoms are all in a six-coordinated mode,
showing octahedral geometry; only Cd6 exhibits a tetragonal
pyramidal coordination conformation via five covalent bonds.
The details of the above description as displayed in Figure 1a.
In this reaction, all carboxylic acid groups from the H3L

Me were
generated by the reaction of deprotonation via the assembly
process. The (LMe)3− ligands possess three types of
coordination modes: μ7-η2:η1:η1:η1:η1:η1:η1, μ5-η2:η1:η1:η1:η1,
μ5-η2:η1:η2:η1:η1 (b−d in Scheme S1). The Cd−O covalent
bond lengths are within the range of 2.094(10)−2.562(8) Å,
which is consistent with the other reported cadmium
complexes.52 As shown in Figure 3b, the two SBUs were
connected by the backbones of the (LMe)3− ligands to generate
two independent open frameworks with 1D channels along the
b axis. The dimensions of the channels are 21.21 Å × 18.14 Å.
These two independent frameworks interpenetrate each other
through strong π···π interaction (3.525 Å) between two central
benzene rings of the organic ligands in different nets. After the
interpenetration, the dimensions of the channels changed to
12.83 Å × 11.99 Å.
To achieve insight into the 3D network, topological analysis

for 2 was implemented via the corresponding software. The
picturesque and attractive structural characteristic of 2 is that
this 3D porous framework can be reasonable simplified to a
unique 3-nodal net with an unprecedented {4.6.8}2-
{42.65.86.102} topology. Interestingly, the asymmetric unit
includes two individual networks based on a similar SBU.

Figure 1. (a) Coordination mode of metal ions for complex 1. (b) The
π···π stacking between two (LMe)3− ligands in different nets. (c) 3D
porous 2-fold interpenetrating framework viewed from the a axis
direction.

Figure 2. A graphical representation of a simplified 2-fold inter-
penetrating porous 3D framework for 1 with sit topology containing
two types of nodes.
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Through the analysis of TOPOS software, each of two (LMe)3−

ligands is simplified as 3-connected nodes due to its different
coordinated configuration with the point symbol of {4.6.8},
respectively. Therefore, the stoichiometry is (3-c)(3-c), and
two Cd-SBUs can be regarded as 6-connected node with the
point symbol of {42.65.86.102}. Thus, two independent units via
strong π···π interactions form a 2-fold interpenetrating 3D
network, which is a 3-nodal (3,3,6)-connected network (Figure
4).53 A few reports of a similar topological structure, such as
(3,6)-, (3,6,6)-connected nets,54,55 were acquired by consulting
various literature reports. However, within the scope of our
knowledge, no reports of these types of (3,3,6)-connected 3-
nodal or interpenetrating modal structures have been named in
the topology database.
Analyses of Powder Diffraction, IR Spectra, Thermog-

ravimetry and Luminescent Properties. The two com-
plexes were acquired under different temperatures in a sealed
glass tube through a solvothermal reaction, synthesized by
using rigid trigonal H3L

Me and nitrate.56 The data of powder
diffraction and IR spectrum for complexes 1 and 2 have been
measured to establish the purities and structures, which are
revealed in Figures S1 and S2, Supporting Information,
respectively.
The thermogravimetric analysis (TGA) experiments of

samples 1 and 2 were measured in a N2 ambience with a
heating range of 25−800 °C. The TGA curves of two samples
are presented in Supporting Information S3. The TGA chart of
sample 1 displays a weight loss of 4.7% (calculated 4.6%) in the
25−69 °C range ascribed to the loss of lattice water; whereafter,
another 23.0% weight loss from 70 to 322 °C (calculated
23.6%) is in accordance with the elimination of five and a half
DMF molecules and one coordinated water molecule;

subsequently, the framework starts to decompose. The curves
of 2 exhibiting a weight loss of 22.1% is equivalent of the loss of
four and a half water molecules and 10 DMF molecules from
25 to 244 °C (calculated 22.0%); upon further heating, the
organic framework collapses to form oxide components.
The luminescent properties of MOFs are interesting because

of their various applications in biomedicine, light-emitting
devices and chemical sensors, and the like.57−59 General d10

transition metal are remarkable candidates in the construction
of photoluminescence materials because the metal is hard to
oxidize or reduce.60−64 Meanwhile, the coordination modes of
organic ligands and different metals also affect the emission
wavelength and luminescent theory.65 The luminescent proper-
ties of H3L

Me and complexes 1 and 2 were tested in the solid
state at room temperature (clear data as revealed in Figure 5).
The photoluminescence datum of free H3L

Me ligand displays an
emission maxima peak at 440 nm (λex = 300 nm), which is
ascribed to the π* → n or π* → π transitions.66−68 The

Figure 3. (a) Coordination mode of metal ions for complex 2. (b) 3D
porous 2-fold interpenetrating framework viewed from the b axis
direction.

Figure 4. A graphical representation of a simplified 2-fold inter-
penetrating porous 3D network for 2 with 3,3,6-c topology containing
three types of nodes.

Figure 5. Photoluminescences of H3L
Me ligand and complexes 1 and

2.
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maxima peaks of two MOFs are at 448 nm (λex = 295 nm) and
428 nm (λex = 300 nm), respectively. The maxima peak of 1 is
red-shifted by 8 nm, and a blue shift of 12 nm has been
presented in 2 in contrast to those of the free H3L

Me ligand.
The difference phenomenon shows that the electronic
configuration characteristics of Mn and Cd are different; the
latter one is difficult to oxidize or reduce.69 Furthermore,
different coordination environments of central metal ions
resulting in the ligand π*···π transitions is also another factor.
Magnetic Properties for Complex 1. Because complex 1

includes three MnII ions, the measurement of magnetic
properties was performed under a 1000 Oe applied field. The
details of the χMT versus T plot at the temperature ranging
from 1.8 to 300 K are exhibited in Figure 6a, of which χM is the

explanation of greater susceptibility of each MnII3 unit.
Complex 1 exhibits a dominant antiferromagnetic exchange
between the MnII ions. The values of χMT continually decrease
as the temperature decreases and descend sharply after 75 K.
The χMT value reaches the maximum at 300 K of 12.5 cm3

mol−1 K, which is slightly lower than the calculation of the
theoretical value (13.125 cm3 mol−1 K) with the presence of
three uncoupled MnII ions. Generally, in most of MnII

complexes, assuming g = 2.0, the magnetic torque at 300 K is
slightly lower than the calculative value, that is to say, the Lande
factor of MnII is lower than 2.0. Furthermore, the
antiferromagnetic coupling effect among manganese ions
could likewise cause a lower value than those of a
corresponding theoretical one. The magnetic susceptibility
abides by the formula χ = C/(T − θ) below 100 K, which is
named the Curie−Weiss law, and it is further supported by a
well-fitted χM

−1 versus T plot that gives C (Curie constant) =
13.63 cm3 mol−1 K and θ (Weiss constant) = −27.91 K (Figure
6b). The measurement of DC magnetization was performed at
1.8 K in the 1−7 T magnetic field ranges. The magnetization
increases in all the fields. The field dependence of magnet-
ization quickly increases to 3.86 μB at the point of 2 T and
finally reaches a saturation state. The magnetization value of 5.3
μB at the point of 7 T is much lower than that of MMn3 with the
theoretical saturation value of 15 μB, indicating not a strong
enough field to cause the spins of [Mn3] to arrange in parallel
entirely along the direction of the applied field. The
magnetization curve manifests that complex 1 has antiferro-
magnetic interaction (Figure 6c). In order to research the
dynamics of the effect of magnetization relaxation, the ac
magnetic susceptibility was measured under a 5.0 Oe ac field
adding a zero applied dc field in the 1.8−20 K temperature
ranges and in the 1−500 Hz frequency range. The diagram of
in-phase and out-of-phase ac magnetic susceptibility versus T is

displayed in Supporting Information S4. The graph was
generated without magnetic frequency-dependence, and the
complex 1 does not exhibit three-dimensional ac signals.

Gas Adsorption Analyses. The measurement of adsorp-
tion properties of complexes 1 and 2 have been performed on a
Micrometritics ASAP 2020 system. Two MOFs were
sequentially exchanged with methanol and dichloromethane,
and the degassing process was performed at 40 °C for 5 h. The
gas sorption capabilities of two complexes were investigated
using several gases (N2, H2, Ar, and CO2) at varying
temperatures. The pore volumes of complexes 1 and 2 were
calculated by the PLATON43 program. The values are 5069.1
and 19842 Å3, which corresponds with 23.5 and 30.8% of their
respective unit.
The N2 and Ar gas uptake isotherms of 1 show the type IV

adsorption isotherm under 77 K temperature (Figure 7a). The

uptakes of N2 and Ar are only 27.6 cm3 g−1 and 20.8 cm3 g−1 at
1 bar, respectively. The BET surface area is estimated 59.4 m2

g−1 from the data of the measurement. The achieved pore
volume is 0.04 cm3g−1, which is much smaller than that
calculated (0.23 cm3·g−1) from the single crystal data. This
phenomenon may be interpreted as the adaptability of the weak
π···π stacking under the high pressure, which results in the
dislocation of the organic frameworks, and it is the same as
other reported soft porous MOFs.70 The desolvated complex 2
exhibits typical type-I gas uptake isotherms, indicating the
presence of microporous structures after eliminating the solvent
molecules (Figure 7b). The adsorption isotherms of N2 and Ar
have an abrupt slope from 0.01 to 0.1 bar, which reveals that
the total pore volume is packed with the gas in the 0.01−0.1 bar
pressure of the range. Then the uptake capacity of N2 and Ar
increases slightly and reaches a platform 351.2 cm3 g−1 and
421.9 cm3 g−1 at 1 bar, respectively. The BET surface area and
pore volume are estimated to be 1353.32 m2 g−1 and 0.54 cm3

g−1 by measuring data, respectively.
Although complex 2 displays a higher adsorption of N2 and

Ar corresponding to higher surface area and pore volume, H2
and CO2 measurements of 1 and 2 show diverse results. As is
shown in Figure 8, complex 1 takes up a defined amount of
hydrogen, 52.7 cm3 g−1 (0.47 wt %) at 77 K, 24.9 cm3 g−1 of
carbon dioxide at 273 K. H2 and CO2 adsorption capacities of
complex 2 are not influenced by its high surface area or pore
volume at low pressures. The results show that complex 2 at 77
K takes up a defined amount of hydrogen 76.4 cm3 g−1 (0.68 wt
%), which is slightly higher than that of complex 1. However,
the uptake value of carbon dioxide is 20.5 cm3 g−1 at 273 K,
which is lower than that of complex 1. Although the uptake
values of nitrogen and argon of complex 2 are almost 12 times

Figure 6. (a) The magnetic susceptibility curve of χMT versus T. (b)
The 1/χM versus T plots is the Curie−Weiss fitting. (c) M−H curve in
the 1−7 T magnetic filed ranges. Figure 7. (a) The N2 and Ar sorption isotherms at 77 K for complex 1.

(b) The N2 and Ar sorption isotherms at 77 K for complex 2. N2: red
symbols, Ar: blue symbols.
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greater than that of complex 1, the uptake capacities of H2 and
CO2 are similar for 1 and 2. These results further confirm that
the adsorption capacity of two complexes is highly influenced
by pore size and geometry.71

■ CONCLUSIONS
In summary, two 2-fold interpenetrating 3D porous MOFs
based on trinuclear transition metal clusters and 1,3,5-tris[2-(4-
carboxyphenyl)-1-ethynyl]-2,4,6-trimethylbenzene ligand were
successfully obtained, and some basic characterization methods
such as X-ray single crystal diffactometor, EA, PXRD, IR, and
TGA, and so forth were carried out. Both 1 and 2 are 3D 2-fold
interpenetration frameworks. Complex 1 is (3,6)-connected
with rare sit topology, which interpenetrates each other through
π···π stacking. 2 is a new (3, 3, 6)-connected network based on
a trinuclear cluster and a C3-symmetric trimethyl substituted
organic linker. Fluorescence test exhibits that it produced a red
shift and blue shift compared with free ligand, respectively,
which is due to the different metal and coordination
environments. The magnetic results reveal that the magnetic
behavior of 1 should arise from the antiferromagnetic
interaction among the Mn(II) ions. Gas uptake measurements
on 1 and 2 reveal that complex 2 possesses a much higher
surface area than that of 1, although they exhibit similar H2 and
CO2 uptakes, and the CO2 uptake and Qst for 1 is higher than
that of 2, further indicating the influence of pore structure on
the gas absorption.
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