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Abstract

Three new coordination polymers, namely, {[Cu,(bcpmba)(p,-OH)]-2H,0}, (1), [Mn(Hbcpmba)], (2), and [Co,(bcpmba)
(n3-OH)-H,0],, (3) (H;bcpmba = 3,5-bi(4-carboxy-phenylene-methylene-oxy)-benzoic acid) have been prepared under solvo-
thermal conditions. The complexes were characterized by physico-chemical and spectroscopic methods. All of the compounds
1-3 contain one-dimensional (1D) chains extended via the bcpmba®~ bridge to generate 2D porous layers which are further
connected by bcpmba®~ ligands to form 3D porous coordination polymers. The result shows configurations of the ligand
have an important influence on the structure. Magnetic susceptibility measurements indicate that compounds 1-3 exhibit
antiferromagnetic coupling between adjacent metal ions, with the corresponding J value of —2.76 cm™' for compound 2.

Introduction

The design and construction of the porous coordination pol-
ymers (PCPs) are extremely attractive, due to their poten-
tial applications in gas storage, separation, heterogeneous
catalysis, and magnetism [1, 2]. Organic linkers and metal
centers are of vital importance in the design and synthesis
of porous coordination polymers with the expected structure
and properties [3]. Among a large variety of organic build-
ing blocks utilized for constructing new PCPs and related
compounds, aromatic multicarboxylic acids represent a par-
ticularly promising class of ligands owing to their high coor-
dination versatility, different levels of deprotonation, thermal
stability, and suitability for hydrothermal synthesis [4—8].
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The semirigid aromatic multicarboxylate ligands are still
good candidates for building PCPs on account of their rich
coordination modes and various conformations [9, 10]. In
the process of building PCPs, the semirigid aromatic multi-
carboxylate ligands can relatively easily regulate its configu-
rations to enhance the structural diversity, in contrast to the
rigid ligands with difficult conformational changes [11, 12].

Based on the above-mentioned considerations, a semi-
rigid tripodal carboxylate ligand, H;bcpmba (Scheme 1),
was selected to synthesize coordination polymers with vari-
ous architectures. Therefore, H;bcpmba was selected as the
building block based on the following considerations: First,
three benzene rings in Hybcpmba are rigid, therefore they
can accommodate space in a coordination polymer, thus
facilitating the formation of porous coordination polymers
[13]. Second, the additional —O— spacer in H;bcpmba rotates
and bends to adopt various configurations, thus exhibiting
flexible nature [14]. Third, three carboxylic groups pro-
vide a magnetic superexchange between the metal centers
[14]; therefore, materials with excellent properties may be
obtained using H3bcpmba.

In this study, three new coordination polymers, namely,
{[Cu,(bcpmba)(p,-OH)]-2H,0}, (1), [Mn(Hbcpmba)],
(2) and [Coy(bcpmba)(p;-OH)-H,0], (3) were synthesized
under hydrothermal conditions. Three new compounds have
been characterized by elemental analysis, IR spectra, TG,
and X-ray crystallography. The crystal structures, magnetic
properties, and thermal properties are studied in detail.
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Scheme 1 Structural formulae of ligand used in this work

Experimental section
General remarks

All reagents were from commercial sources (analytical
reagent grade) and were used as received. H3bcpmba
ligand was purchased from Jinan Henghua Sci. & Tec. Co.
Ltd. Infrared spectra were measured on a Nicolet Avatar
360 FTIR instrument from 4000 to 400 cm™~! using KBr
pellets. Elemental analyses of C, H, and N were carried
out on a Perkin-Elemer 2400 CHNS Elemental Analyzer.
Powder X-ray diffraction was performed on a Bruker D8
ADVANCE X-ray powder diffractometer with Cu Ka
radiation (1 =1.5406 A). Thermogravimetric analyses
were performed on a Netzsch TG209F3 thermogravimet-
ric analyzer from 30 to 900 °C at 5 °C min™' under N,
The variable-temperature magnetic susceptibility measure-
ments for polycrystalline complexes 1-3 were collected on
a Quantum Design SQUID MPMS XL-7 instrument over
the temperature range of 2-300 K under an applied field of
1000 Oe, and the diamagnetic corrections were evaluated
by using Pascal’s constants.

Preparation of {[Cu,(bcpmba)(p,-OH)]-2H,0}, (1)

A mixture of CuCl,-4H,0 (17 mg, 0.1 mmol) and H3bcpmba
(21 mg, 0.05 mmol) was added to a mixed solvent system
containing acetonitrile (4 mL) and water (2 mL). The con-
tents were first sealed in a 25 mL Teflon-lined stainless ves-
sel and heated at 160 °C for 72 h and then gradually cooled
to room temperature at a rate of 5 °C h™!. Blue colored rod-
like crystals of 1 were collected by filtration and washed
with methanol and ethanol. Yield 16 mg (74%) based on
Hjbcpmba. Caled. (Found) for C;; sHyCuO, 5: C, 49.25
(49.21); H, 2.84 (2.80); N, 0.00 (0.00) %. IR (KBr pellet,
em™1): 3421 (m), 2981 (m), 1581 (m), 1411 (s), 1151 (m),
966 (w), 769 (m), 675 (w), 457 (W).

@ Springer

Preparation of [Mn(Hbcpmba)], (2)

The procedure was similar to the preparation of 1, except that
CuCl,-4H,0 was replaced with MnCl,-4H,0. Yield 10 mg
(49%) based on H;bcpmba. Caled. (Found) for C,3H;(MnOg:
C, 58.19 (58.12); H, 3.37 (3.30); N, 0.00 (0.00) %. IR (KBr
pellet, cm™1): 3440 (w), 2879 (w), 2499 (w), 1599 (s), 1369
(s), 1159 (s), 924 (w), 773 (m), 707 (w), 528 (w).

Preparation of [Co,(bcpmba)(p;-OH)-H,0], (3)

The procedure was similar to the preparation of 1, except
that CuCl,-4H,0 was replaced with CoCl,-6H,0. Yield
28 mg (47%) based on Hibcpmba. Calcd. (Found) for
C,3H,3C0,0,;: C, 46.92 (46.94); H, 3.06 (3.04); N, 0.00
(0.00) %. IR (KBr pellet, cm™'): 3424 (m), 1550 (s), 1405
(s), 1155 (m), 1054 (w), 769 (m).

Crystal structure determination

Crystallographic data for the compounds were collected on
a Bruker Apex Smart CCD diffractometer with graphite-
monochromated Mo—Ka radiation (1=0.71073 A) using the
®-scan technique at room temperature. SAINT software was
used for data integration and reduction [15]. Absorption cor-
rection was performed with SADABS [16]. All the structures
were solved by the direct method employing SHELXS-97
and SHELXL-97 was used to refine on F? with full-matrix
least squares technique [17, 18]. The non-hydrogen atoms
were refined with the anisotropic displacement parameters.
The hydrogen atoms were set in calculated positions and
refined as riding atoms with a common isotropic thermal
parameter. The contribution of the electron density by the
remaining disorder solvent molecule in the channels of was
removed by the SQUEEZE routine in PLATON [19].

Details of the crystal parameters, data collections and
refinement for 1-3 are summarized in Table 1. Selected bond
lengths and angles with their estimated standard deviations
are given in Table 2.

Results and discussion

Structural description of the complexes

{[Cu,(bcpmba)(u,-OH)]-2H,0}, (1). Compound 1 crystal-
lizes in the monoclinic space group C2/c and generates a 3D
porous coordination polymer. The asymmetric unit consists
of one copper atom, one half of a completely deprotonated
bepmba®~ ligand, one half of the pys-OH group, and one free
water molecule. (Fig. 1a). The copper atom is tetracoordinate
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Table 1 Crystallographic data
and structure refinement details
for compounds 1-3*

Molecules

{[Cu,(bcpmba)(ji4-
OH)]-2H,0}, (V)

[Mn(Hbcpmba)], (2)

[Co,L(1,-OH)-H,0], (3)

Empirical formula Cy3HcCu,04 Cy;H,(MnOg Cy3H 3C0,0,

Formula weight 599.47 475.30 572.23

Temperature (K) 296(2) K 296(2) K 296(2) K

Crystal system C2/c Pna2, 41

Space group Monoclinic Orthorhombic Triclinic

aA) 17.948(5) 18.780(4) 6.1824(14)

bA) 25.517(7) 24.303(5) 15.010(4)

¢ (A) 5.7716(16) 4.7114(11) 16.201(3)

a(®) 90 90 65.990(4)

AQ) 99.040(5) 90 81.368(5)

7 (©) 90 90 83.525(5)

V(A% 2610.4(12) 2150.3(8) 1355.6(5)

V4 4 4 2

D,y (g cm™) 1.525 1.468 1.402

Radiation (Mo Ka) (A) 0.71073 0.71073 0.71073

pt (Mo Ka) (mm™) 1.685 0.661 1.272

F(000) 1216 972 580

0(°) 1.40-26.27 1.37-25.01 1.38-25.01

Index ranges —22<h<18, —-22<h<17, —-7<h<6,
—-25<k<31, —-28<k<27, —-17<k<17,
-7<1<5 -3<I<5 -19<1<16

Reflections collected 7158 10,450 6878

Independent reflections 2636 3246 4746

Ry 0.0511 0.0484 0.0777

Data 2636 3246 4746

Restraints 18 7 96

Parameters 178 290 365

Goodness-of-fit GOF on F2 1.201 1.098 0.935

R, [1>20(D)] 0.0556 0.0472 0.0882

wR, [1>206(1)] 0.1692 0.1640 0.2114

R, (all data) 0.0809 0.0564 0.1706

wR, (all data) 0.1948 0.1768 0.2911

Residual electroon density (max 1.145, —0.907 1.093, —0.649 0.82, —1.23

and min) (e A7)

1/2

Ry = ZFol-IFN/ T |Fol. wRy = [Zw(F3 = F2)'/ Zw(F3)’]

in an almost perfect square geometry with a CuO, coordina-
tion environment formed by the three oxygen atoms (O1,
04#2 and O3#1 of three different bcpmba®~ ligand and the
one oxygen atom O5 of the p,-OH group). The Cu-O bond
lengths fall in the normal range of 1.91-1.95 A [20]. The
sum of the angles (£O1-Cul-04#2 85.33(17)°, £O4#2—
Cul-03#1 90.66(17)°, £O3#1-Cul-05 90.64(18)°, and
£05-Cul-01 93.37(17)°) is ~360°. The copper atom and
four coordinated O atoms lie almost in the base plane, and
the copper atom deviates from the base plane by 0.0041 A.
In compound 1, three carboxylate groups of bcpmba’®~
ligands are completely deprotonated and display a bridging
bidentate coordination mode (Scheme 2a). Two adjacent

copper atoms are bridged by sharing OS5 to generate dimer
units with a Cul---Cul distance of 3.485 A. Two Cu,0; units
are bridged by one oxygen atom of y,-OH to generate a 1D
chain along the c-direction (Fig. 1b). These chains are fur-
ther bridged through four carboxylate O atoms from one
bepmba®~ ligand to generate 2D porous layers in the ab-
plane (Fig. 1c). The 2D porous layer is further extended by
bepmba’~ linkers along the c-axis to generate a 3D porous
framework. The solvent-accessible volume was calculated
to be 27.5% using the PLATON software [19].

[Mn(Hbcpmba)], (2). Compound 2 crystallizes in the
orthorhombic space group Pna2; and exhibits a 3D
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Table 2 Selected bond length

o Compound 1 Compound 2 Compound 3

(A) and bond angles (°) for

compounds 1-3 Cu(1)-0(5) 1.913(2)  Mn(1)-O(1) 2.101(4)  Col-O24#1 1.964(4)

Cu(1)-0(1) 1.935(4)  Mn(1)-0(4) 2.152(4)  Col-O4#2 2.023(5)

Cu(1)-0O3)#l1 1.947(4)  Mn(1)-0(5) 2.155(4) Col-05 2.253(5)

Cu(1)-0d)#2 1.949(4)  Mn(1)-O(6)#1 2251(4)  Col-08#3 1.991(4)

Mn(1)-0O(2) 2251(4)  Col-09 1.981(5)

Mn(1)-O(4)#2 2294(4)  Co2-Ol#4 2.067(5)

Co2-01W 2.099(5)

Co2-05 2.132(4)

Co2-07#3 2.099(4)

Co2-09 2.093(4)

Co2-09#5 2.069(4)

O(5)-Cu(1)-0O(1) 93.37(17) O(1)-Mn(1)-0O(5) 168.63(16) O2#1-Col-O8#3 142.6(2)

O(5)-Cu(1)-0(3)#1 90.64(18) O(4)-Mn(1)-O(6)#1 94.25(16)  O2#1-Co1-09 112.37(19)
O(1)-Cu(1)-O4)#2 85.33(17) O(6)#1-Mn(1)-0(2) 84.89(15)  O4#2-Col-0O5 173.91(14)
O)#1-Cu(1)-O(4)#2 90.66(17) O(4)-Mn(1)-O4)#2 94.32(10)  09-Col-O8#3 101.01(18)
Cu(1)#3-0(5)-Cu(1)  131.33) O(2)-Mn(1)-O(4)#2 86.38(15)  O1#4—Co2-0O5 168.43(19)
O7#3-Co2-O1W  87.95(19)
O9#5-Co2-0O1W  93.07(17)
09-Co2-07#3 97.67(17)
O9#5-Co2-09 80.83(17)

Symmetry code: #1 —x+1/2, y+1/2, —z+3/2; #2 —x+1/2, —y+1/2, —z+1; #3 —x+1,y, —z+5/2;
#4 —x+1/2, y—1/2, —z+43/2 for {[Cuy(bcpmba)(p,-OH)]-2H,0}, (1); #1 x, y, z—1; #2 —x+1, —y+1,
2+ 1/2; #3 —x+1/2, y+1/2, z-3/2; #4 —x+1, —y+1, z—1/2; #5 —x+1/2, y—1/2, z+3/2; #6 x, y,
2+ 1 #7 x+1/2, —y+1/2, z—1; #8 x—1/2, —y+1/2, z+1 for [Mn(Hbcpmba)], (2). #1 1-x, —y, 1 -z
#2 14x,4+y,+z #3 3—x, 1=y, —z#d 14x, 14y, 4+ #5 2—x, 1—-y, 1 -z, #6 —1+x, —1+y,+2z;
#—1+x,+y,+z for [Co,(bcpmba)(i;-OH)-H,0],, (3)

03 04 A

0443 O3#3

>a .

< X <3

owsé ﬁ . P,

(-

(b) :g

Fig.1 Crystal structure of 1: a Coordination environment of Cu(II) y—1/2, —z+3/2. b The 1D zigzag chain formed by Co atoms that are
in 1 showing 50% probability displacement ellipsoids (H atoms are bridged by carboxylate O atoms. ¢ The 2D layer in the ab plane of
omitted for clarity). Symmetry code: #1 —x+1/2, y+1/2, —z+3/2; coordination polymer 1

#2 —x+1/2, —y+1/72, —z+1; #3 —x+1,y, —z+5/2; #4 —x+1/2,

@ Springer
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(a)

Scheme 2 The different coordination modes of 1 (a), 2 (b), 3(c)

microporous framework. The asymmetric unit is com-
posed of one manganese atom and one partly deprotonated
Hbcpmba?~ ligand. The coordination geometry around
the manganese atom is a distorted octahedral, in which the
four equatorial positions are occupied by the carboxylate
oxygens (04, O6#1, 02, and O4#2) with the bond lengths
ranging from 2.152(4) to 2.294(4) A, comparable to simi-
lar complexes reported in the literature [21]. Further, the
axial positions are occupied by the carboxylate oxygens
(O1 and O5) [Mn-01=2.101(4) A and Mn-05=2.155(4)
Al. The bond angles around the Mn atom are in the range
of 84.9-168.6° (£04-Mn1-06#1 94.2(1)°, £O6#1-Mn1—
02 84.9(1)°, £02-Mn1-04#2 86.4(1)°, £04#2-Mn1-04

Ol1#5 02#7
b
A
(0]
(@
(b)
Fig.2 Crystal structure of 2: a Coordination environment

of Mn(Il) in 2 showing 50% probability displacement ellip-
soids (H atoms are omitted for clarity). Symmetry code: #1 x, y,
z=1; #2 —x+1, —y+1, z+1/2; #3 —x+1/2, y+1/2, z-3/2;

(b) (c)

94.3(1)°, and £O5-Mn1-01 168.6(2)°) (Fig. 2a). The man-
ganese atoms are bridged as a dimer by sharing one oxy-
gen atom to induce a 1D Mn—O-Mn zigzag chain with an
Mn---Mn separation of 3.731(2) A along the a-axis (Fig. 2b).
However, the adjacent chains are linked by bcpmba®~ ligands
through monodentate, bridging bidentate, and bridging tri-
dentate coordination modes to form 2D porous layers in the
ab-plane (Scheme 2b). In this layer, each bcpmba®~ ligand
connects to four manganese atoms, and each manganese
atom is connected to four ligands (Fig. 2c). These layers are
further interconnected through bepmba®~ ligands, resulting
in a 3D porous framework. The solvent-accessible volume

#4 —x+1, —y+1,2-U2;#5 —x+1/2,y—1/2,z4+3/2; #6 x, y, 2+ 1;
#7 x+1/2, —y+1/2,z—1; #8 x—1/2, —y+1/2, z+1. b The 1D zig-
zag chain formed by Mn atoms that are bridged by carboxylate O
atoms. ¢ The 2D layer in the ab plane of coordination polymer 2
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was calculated to be 14.3% using the PLATON software
[19].

[Coy(becpmba)(u;-OH)-H,0], (3). Compound 3 crystal-
lized in triclinic space group Pi. As indicated in Fig. 3a,
3 consists of two crystallographically independent cobalt
atoms, one bcpmba®~ ligand, one hydroxyl group, and a
water ligand. The water molecule is highly disordered over
two places with half occupancies. The cobalt atom is five
coordinated by four carboxylate oxygen atoms from four
bepmba®~ ligands, one oxygen atom from hydroxyl group to
form triangular bicone coordination geometry, in which the
equatorial positions are occupied by the three oxygen atoms
(O2#1, O8#3 and 09) with the bond lengths ranging from
1.964(4) to 1.991(4) A, comparable to similar complexes
reported in the literature [22]. The bond angles around the
cobalt 1 atoms are in the range of 101.01(18) to 173.91(14)°.
The coordination geometry around cobalt 2 atoms is a dis-
torted octahedral, in which the four equatorial positions are

04#2

(c)

Fig.3 Crystal structure of 3: a Coordination environment of Co(II)
in 3 showing 50% probability displacement ellipsoids (H atoms are
omitted for clarity). Symmetry code: #1 x+1, y+1, z; #2 —x+2, —y
+1, —z+1;#3 —x+3, —y+1, —z;#4 —x+1, —y, —z+ 1; #5x+1,

@ Springer

occupied by the oxygen atoms (O9#5, 09, O7#3 and O1W)
with the bond lengths ranging from 2.069(4) to 2.099(4)
A, comparable to similar complexes reported in the litera-
ture [23]. Further, the axial positions are occupied by the
carboxylate oxygens (O1#4 and O5) [Co2-O1#4=2.067(5)
A and Co2-05= 2.132(4) A]. The bond angles around the
cobalt atoms are in the range of 80.83(17) to 168.43(19)°.
The deprotonated bcpmba®~ anions adopt a bridging biden-
tate coordination mode to bridge four cobalt centers to form
a tetranuclear cluster (Fig. 3b), then were connected with
two carboxylic by bridging bidentate and monodentate coor-
dination mode, extending to be the 1D chain (Fig. 3c). These
chains are further linked by bcpmba®~ ligands through bridg-
ing bidentate and bridging tridentate coordination modes
to form 2D porous layers in the be-plane (Fig. 3d). The 2D
porous layer is further extended by bcpmba®~ linkers along
the a-axis to generate a 3D porous framework (Figure S3).
The porosity was calculated using PLATON software at
19.2%.

(b)

v, z; #6 x—1, y, z; #7 x—1, y—1, z. b The tetranuclear copper clus-
ter. ¢ The 1D zigzag chain formed by Co atoms that are bridged by
carboxylate O atoms. d The 2D layer in the ab plane of coordination
polymer 3
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Effect of the coordination mode of ligand L
on the structures of compounds 1-3

Notably, the coordination mode of ligands plays an impor-
tant role in coordination chemistry [5, 24]. Coordination
polymers 1-3 consist of 1D chains extended via the bridge
of bepmba®~ ligands to generate 2D porous layers which
are further connected by bcpmba®~ ligands to generate 3D
porous coordination polymers. However, it was observed
that the pore size of coordination polymers is different,
which can be attributed to different coordination modes
of the ligand. The ligand adopts a Y-shaped configura-
tion in all of the coordination polymers 1-3. However,
coordination mode is different in the different coordination
polymers. In coordination polymer 1, the three carboxylic
groups of the ligand adopt bridging bidentate coordina-
tion mode. In coordination polymer 2, the ligand adopts
monodentate, bridging bidentate, and bridging-tridentate
coordination modes. For 3, the three carboxylic groups of
the ligand adopt bridging bidentate and bridging-tridentate
coordination mode (Scheme 2).

Different coordination modes of the ligands resulted
in the difference in the pore size of the three coordina-
tion polymers. Therefore, the above-mentioned analyses
revealed that the coordination modes of ligands often play
an important role in the self-assembly processes to form
porous coordination polymers with different structures.

PXRD and TGA analyses

Complexes 1-3 are air stable, insoluble in common organic
solvents, and can retain their crystalline integrity under
ambient conditions. In order to check the phase purity of
complexes 1-3, the powder X-ray diffraction patterns of
these complexes were checked at room temperature. As
shown in Fig. S4-S6, the peak positions of the simulated
and experimental PXRD patterns are in agreement with
each other generally, demonstrating the good phase purity
of the complexes. The thermal behaviors of 1-3 were stud-
ied by thermogravimetric analysis (TGA). The experi-
ments were performed on samples consisting of numerous
single crystals under a nitrogen atmosphere with a heating
rate of 5 °C min~!, as shown in Fig. 4.

For 1, first, a gradual mass loss was discovered between
30 and 180 °C, which can be attributed to the departure of
seven water molecules (found 18.6%; calcd 18.3%). The
TGA trace of the framework then shows a plateau of sta-
bility until 280 °C. Further heating above 280 °C induced
the gradual decomposition of 1. An abrupt weight loss was
observed in the temperature range of 280-452 °C. For 2,

100

80 -

Weight (%)

0 200 400 600 800 1000
Temperature (°C)

Fig.4 The thermogravimetric analyses (TGA) curves of coordination
polymer 1-3

the structure is stable up to 340 °C, with a total weight
loss of 82.2% in the temperature range 340-488 °C, cor-
responding to the loss of Hbcpmba®~ ligand (calcd 84.9%).
The remaining residues corresponded to the formation of
MnO (found 14.4%; calcd 14.9%). For complex 3, a weight
loss of 15.0% (calcd 15.3%) is observed from 31 to 102 °C,
which is attributed to the loss of the coordinated water and
free water, next a weight loss of 59.1% (calcd 58.9%) is
observed from 305 to 457 °C, which is attributed to the
loss of the coordinated becpmba *~ ligand.

Magnetic properties

Variable-temperature magnetic susceptibility studies were
carried out on powder samples of 1-3 in the 2-300 K tem-
perature range. As the temperature was lowered to 2 K, the
xyT value continuously decreased, which suggests that anti-
ferromagnetic interactions are operative in 1-3.

For compound 1, The y,,T versus T plot exhibits a value
of 0.38 cm® K mol™! at 300 K, close to the expected value
of 0.37 cm® mol~! K for one spin-only copper atom (Fig. 5).
The inverse susceptibility versus temperature plot is lin-
ear above 140 K, following the Curie—Weiss law with a
Weiss constant of §= — 155 K and a Curie constant of 0.58
cm® mol~! K (Figure S4). Further, the negative 6 value indi-
cates the presence of antiferromagnetic interactions among
the adjacent copper atoms.

For compound 2, as shown in Fig. 6, the y,,T value at
300 K is 4.43 cm® mol~' K, which is close to the value of
4.38 cm> mol~! K expected for one magnetically isolated high-
spin Mn(II) center (Sy;,,=5/2, g=2.0). Between 14 and 300 K,
the magnetic susceptibility can be fitted to the Curie—Weiss
law with C=4.35 cm® mol~! K and 6= —35.8 K (Figure
S5). These results indicate an antiferromagnetic interaction

@ Springer
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Fig.5 Temperature dependence of y,,I" (O) and y,, (o) versus T for
coordination polymer 1
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Fig.6 Temperature dependence of y,,T (O)and y,, (o) versus T for
coordination polymer 2. The solid line represents the best fit to the
equation in the text

between the adjacent Mn(II) ions. Compound 2 contains
an Mn(II) chain interlinked by the H;bcpmba ligands. The
exchange interaction is negligible because of a quite long dis-
tance (20.96 A) between chains. Therefore, the system can
be treated as a magnetically isolated 1D chain. In order to
understand quantitatively the magnitude of magnetic interac-
tion, a 1D chain model was used to simulate the experimental
magnetic behavior. The interaction (/) can be extracted by
the spin Hamiltonian H= —J XS, S, ;. In the classical-spin
approximation, the following expression [Eq. (1)] of magnetic
susceptibility was deduced by Fisher [25]

NGBS+ 1) (14 pu
}(chain - 3kT 1— U

ey
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where y is the Langevin function y=coth [J § (S+ 1)/
kT]—=KkT/[J S (S+ 1)], with S=5/2. The best simulation of
the experimental data of 2 leads to J= —2.76 cm™, g=2.07
with an agreement factor [defined as R=2[(y,,)obs — (y,,)
calc]?/Z(yy) onsl Of 2.76 X 1072, The solid lines in Fig. 6
show that the data in the 2-300 K can be explained using
Eq. (1). The J parameter confirms that an antiferromagnetic
exchange coupling exists between the adjacent Mn(II) cent-
ers, which is agreement with a negative 0 value.

The temperature dependence of the magnetic susceptibil-
ity of 3 in the form of y,,T and y,, versus T is displayed in
Fig. 7. The experimental y,,T values at room temperature is
5.48 cm® mol~! K, which is greater than that for two isolated
spin only Co** cations (3.75 cm?® mol~! K with g=2.0).
The large value is due to the occurrence of an unquenched
orbital contribution typical of the 4Tlg ground state in
six-coordinated Co (II) complexes [26]. The temperature
dependence of the reciprocal susceptibilities (1/y,;) obeys
the Curie—Weiss law above 25 K with a Weiss constant of
0= —10.8 K, Curie constant of C=2.80 cm® mol~! K (Fig-
ure S6). The negative @ value also suggests that antiferro-
magnetic interactions are operative in 3.

Conclusion

Three porous coordination polymers based on a semirigid
tripodal carboxylate ligand were successfully developed
under similar reaction conditions. These compounds exhib-
ited intriguing coordination features with 3D porous coor-
dination polymers. The structural differences indicate that
different coordination modes of the ligand play an important
role in the self-assembly processes to form coordination pol-
ymers with different structures. This work will further enrich
the synthesis and design of CPs based on semirigid tripodal
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Fig.7 Temperature dependence of y,,7 (O) and y,, (o versus T for
coordination polymer 3
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carboxylate ligands, and the extendable work will construct
stabilized and functionalized materials through employing
a variety of analogous ligands.
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