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Five new coordination polymers, namely, [Mn(2,2"-bipy)(H,0),(H,LH], (1), {[Co(btb)(H,0),(H,L"]-0.5H,0},
(2), [Co(bib)(H,0):(HoLY], (3), [Nia(bpm)(H,0)5(L%)], (4), {[Cox(H,0)5(OH)(HL)]'H,0}, (5), (HiL'
1,1":2',1"-terphenyl-4,4',4",5'-tetracarboxylic acid, H,L? = 1,1":2',1"-terphenyl-3,3",4',5'-tetracarboxylic acid, 2,2'-
bipy = 2,2'-bipyridine, btb = 1,4-bis(1,2,4-triazol-1-yl)butane, bib = 1,4-bis(imidazol-1-yl)butane, bpm = bis(4-
pyridyl)amine), have been obtained under hydrothermal conditions. Complex 1 exhibits a 3D supramolecular
framework based on 1D chain. Both complexes 2 and 3 are 3D supramolecular framework constructed by 1D zig-
zag chain. Complex 4 features a 3D tetra-nodal (3,4,4,5)-connected architecture containing 1D x-COO bridged
chains with (52.62.7.9)(5%.6".7°. 8),(5%.6),(6°.7°.9) topology. Complex 5 shows a 3D penta-nodal (3,4,4,6,6)-
connected net containing 1D u-OH/u-COO bridged chains and mononuclear Co(II) nodes with a
(42.6°.8)(4%),(4*.6%),(4".6°.8°),(4*.67.8") topology. Variable-temperature magnetic susceptibility measurements
reveals that complexes 2 and 3 show antiferromagnetic interactions between the adjacent Co(Il) ions, whereas 4 is

a ferromagnetic system.

Introduction

Studies of metal-organic frameworks (MOFs) or coordination
polymers (CPs) is of considerable interest due to their fascinating
network topologies and potential applications as functional
materials.'” Organic aromatic multicarboxylate, such as 1,2,4,5-
benzenetetracarboxylate, as the mediators between the metal
centers, can yield predetermined networks and have been widely
utilized to construct coordination polymers.*” As derivatives of
1,2,4,5-benzenetetracarboxylate, 1,1':2',1"-terphenyl-
tetracarboxylic acid is a more flexible and bigger ligand. The four
carboxyl groups of 1,1':2',1"-terphenyl-tetracarboxylic acid may
be completely or partially deprotonated, inducing various
coordination modes and allowing higher dimensionality
structures, and can act as hydrogen bond acceptor/donor,
depending upon the degree of deprotonation. On the other hand,
three sets of carboxyl groups separated by phenyl group can form
different dihedral angles through the rotation of C-C single
bonds, thus it may ligate metal centres in different orientations.
These characters may lead to various motifs with unique
topologies.® Liu et al. prepared a novel 3D microporous complex
[Zny(HL')(4,4"-bipy)(H,0),], (MOF-COOH, H,L' 1,1:2',1"-
terphenyl-4,4',4",5'-tetracarboxy-lic acid, 4,4'-bipy 4.4
bipyridine) containing uncoordinated carbonyl groups pointing to
the pores. The MOF-COOH complex can effectively and
selectively serve as an antenna for sensitizing the visible-emitting
Tb*" cation.’

Meanwhile, the strategy of mixed-ligands assembly has been
becoming an effective approach for the construction of

93
3

w
b

coordination frameworks with fascinating topologies and
desirable properties**. Among them, the rigid/flexible N-donor
ligands have been widely utilized in the construction of MOFs
with various topologies.'™!! According to previous studies, the
rigid/flexible N-donor ligands, such as Dbis(pyridyl) or
bis(imidazol-1-yl) or bis(1,2,4-triazol-1-yl) ligands have
signficant influence on the assembly systems of multicarboxylate
ligands and metal centers.'>* In this work, we selected isomeric
tetracarboxylic acid, 1,1':2',1"-terphenyl-4,4',4",5'-tetracarboxylic
acid (H4L1) or 1,1":2',1"-terphenyl-3,3",4',5'-tetracarboxylic acid
(H4L?) as a bridging ligand and reacted it with/without
rigid/flexible N-donor ligand and Mn(II)/Co(II)/Ni(II) ions under
hydrothermal conditions, which gave rise to five coordination
polymers, namely [Mn(2,2'-bipy)(H,0),(H,L")], 1),
{[Co(btb)(H,0),(H,L)]-0.5H,0}, (2), [Co(bib)(H,0)x(H,L")],
(3), [Niy(bpm)(H,0)3(L)], (4), {[Cox(H,0)5(OH)(HL?)]-H,0},,
(5). Herein, we report their syntheses, crystal structures,
thermogravimetric analysis and magnetic properties.

Experimental
Materials and Physical Measurements

All solvents and reagents for synthesis were commercially
purchased and used as received. Elemental analyses for carbon,
hydrogen and nitrogen were performed on a Perkin-Elmer 2400
Series II analyzer. The infrared spectra (4000 ~ 400 cm™") were
recorded as KBr pellets a FTIR Nexus spectrometer. Powder X-
ray diffraction (PXRD) patterns for samples were taken on a
Rigaku Ultima IV diffractometer (Cu Ka radiation, 1 = 1.5406 A),
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with a scan speed of 8 °/min and a step size of 0.02 ° in 26. The
calculated PXRD patterns were simulated by using the single-
crystal X-ray diffraction data. Thermogravimetric (TG) curves
were recorded on a NETZSCH STA 449C microanalyzer in air
s atmosphere at a heating rate of 10 °C/min. Variable-temperature
magnetic susceptibility measurements (2-300 K) were carried out
on a Quantum Design PPMS60000 in a magnetic field of 1 KOe,
and the diamagnetic corrections were evaluated by using Pascal’s

constants.
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Scheme 1 Structures of the Hy,L', H;L?, and N-donor ligands used in this
work.

Preparation of Complexes 1-5

[Mn(2,2'-bipy)(H,0),(H,L")], (1)

A mixture of H,L' (0.1 mmol, 40.6 mg), 2,2-bipy (0.10 mmol,
15.6 mg), Mn(OAc),"4H,0 (0.1 mmol, 22.2 mg), KOH (0.2
mmol, 11.2 mg) and H,O (10 mL) was placed in a Teflon-lined
stainless steel vessel (25 mL), heated to 160 °C for 3 days, and
s then cooled to room temperature over 24 h. Pink brism crystals of
1 were obtained. Yield: 27.4 mg, 42% (based on Mn). Elemental
analysis (%): calcd for C3,H,,MnN,Oy, (M, = 651.47): C 59.00,
H 3.71, N 4.30; found: C 59.08, H 3.66, N 4.23. IR (cm’):
3434(m), 1716(m), 1687(m), 1599(s), 1551(s), 1438(s), 1355(s),
748(s).

{ICo(btb)(H,0),(H,L")]-0.5H,0}, (2)

2 was prepared by the similar method as that described for 1,
except that bipy was replaced by btb (0.1 mmol, 19.3 mg) and
Mn(OAc), 4H,0 was replaced by Co(OAc),4H,0 (0.1 mmol,
22.5 mg). Red brism crystals of 2 were obtained. Yield: 24.5 mg,
40% (based on Co). Elemental analysis (%): caled for
C26H23C0N3010_5 (Mr = 60440) C 5167, H 384, N 695, found:
C 50.85, H 3.98, N 6.78. IR (cm™): 3490(m), 1683(s), 1541(m),
1384(m), 1281(s), 1186(m), 1134(m), 794(m).
[Co(bib)(H,0),(H,L")], (3)

3 was prepared by the similar method as that described for 2,
except that btb was replaced by bib (0.1 mmol, 19.0 mg). Red
brism crystals of 3 were obtained. Yield: 24.9 mg, 42% (based on
Co). Elemental analysis (%): caled for Cy;H,3CoN,Oy (M, =
s 594.40): C 54.56, H 3.90, N 4.71; found: C 54.63, H 3.95, N
4.78. IR (cm’'): 3489(m), 1680(s), 1544(m), 1384(m), 1285(s),
1186(m), 1130(m), 790(m).

[Niy(bpm)(H,0)3(L?)], (4)

S

S

&

S

50

o
a

o
a5

75

©
a

100

105

A mixture of H,L? (0.1 mmol, 40.6 mg), bpm (0.10 mmol, 17.1
mg), Ni(OAc),'4H,0 (0.1 mmol, 24.8 mg), KOH (0.4 mmol,
22.4 mg) and H,O (10 mL) was placed in a Teflon-lined stainless
steel vessel (25 mL), heated to 160 °C for 3 days, and then cooled
to room temperature over 24 h. Green brism crystals of 4 were
obtained. Yield: 13.0 mg, 35% (based on Ni). Elemental analysis
(%): caled for C3,H,5N3Ni, O (M, = 744.97): C34.19,H3.97,N
9.20; found: C 34.15, H 3.94, N 9.25. IR (cm’): 3470(m),
1601(s), 1547(s), 1520(s), 1410(s), 1389(s), 751(s).
{{Co,(H;0);(OH)(HL?)|-H,0}, (5)

A mixture of H,L? (0.1 mmol, 40.6 mg), Co(OAc),-4H,O (0.1
mmol, 24.8 mg), KOH (0.4 mmol, 22.4 mg) and H,0O (10 mL)
was placed in a Teflon-lined stainless steel vessel (25 mL),
heated to 160 °C for 3 days, and then cooled to room temperature
over 24 h. Red brism crystals of 5 were obtained. Yield: 1.2 mg,
4% (based on Co). Elemental analysis (%): caled for
CyHyC0,0,5 (M, = 610.24): C 43.30, H 3.30; found: C 43.35, H
3.34. IR (cm™): 3470(m), 1605(s), 1544(s), 1522(s), 1413(s),
1390(s), 753(s).

X-Ray Crystallography

Single crystal X-ray diffraction analyses of 1-5 were carried out
on a Rigaku XtaLAB mini diffractometer with graphite
monochromated MoKo. radiation (A = 0.71073 A) at room
temperature. The collected data were reduced using the porgram

CrystalClear'® and an empirical absorption correction was applied.

All structures were solved by direct methods and refined based on
F? by the full-matrix least-squares methods using SHELXTL.'S
All non-H atoms were refined anisotropically. The H atoms were
assigned with common isotropic displacement factors and
included the refinement with restrains. The
crystallographic data are listed in Table 1. Selected bond lengths
and angles for 1-5 are listed in Table S1, shown in Electronic
Supplementary Information.

in final

Results and Discussion
Description of Crystal Structures

[Mn(2,2'-bipy)(H,0),(H,L")], (1). There are one Mn (II) ion, one
2,2"-bipy, two coordinated water molecule and one H,L' ligand in
the asymmetric unit of 1. As shown in Fig. 1a, Mn1 center takes a
distorted octahedron geometry, in which two oxygen atoms (Mn—
O = 2.1047(18) and 2.1206(17) A) from two H,L' ligands and
two nitrogen atoms (Mn-N = 2.283(2) and 2.292(2) A) from 2,2'-
bipy form the equatorial plane and the apical positions are
occupied by two water molecules (Mn-O 2.204(2) and
2.2120(17) A) with the 09-Mn1-0O10 angle of 176.64(7) °. In 1,
4,4'-carboxylic group of H,L' is undeprotonated and free of
coordination. The other two carboxylate groups of H,L' ligand
display (x)-(«")-, coordination fashion to link two Mn (IT)
atoms (Scheme 2a). The adjacent Mn (II) atoms are linked by ;-
H,L' to generate a 1D chain (Fig. 1b). Such 1D chains are further
connected by hydrogen bonding between two undeprotonated
carboxylic groups from different H,L' (d(O---O) = 2.58 A,
Z (OHO) = 169.5 °) to generate a 2D network. And the 2D
networks are further linked by hydrogen bonding between the
coordinated-water molecules and undeprotonated carboxylic
groups (d(O---0) = 2.88 A, £ (OHO) = 168.6 °), to form a 3D
supramolecular architecture (Fig. 1c, Table S2, ESI).
{[Co(btb)(H,0),(H,L")]-0.5H,0}, (2) and
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Table 1. Crystal and Structure Refinement Data for Complexes 1-5.

1 2 3 4 5
Empirical formula C32H24M1’1N2010 C26H23C0N3010_5 C27H23CON2010 C32H25N3Ni2011 C22H20C02013
Formula weight 651.47 604.40 594.40 744.97 610.24
Temperature/K 296(2) 296(2) 296(2) 296(2) 296(2)
Crystal system Triclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group P1 C2le C2/c P2y/c P2y/c
alA 10.454(5) 28.966(4) 28.550(2) 15.896(7) 14.444(8)
b/A 10.739(5) 7.6922(7) 7.7222(7) 7.823(3) 6.526(4)
c/A 13.686(7) 24.702(3) 24.645(2) 23.210(10) 23.959(13)
al® 99.384(6) 90.00 90.00 90.00 90.00
pI° 99.642(6) 107.507(6) 106.196(19) 92.895(7) 97.852(7)
y/° 94.786(6) 90.00 90.00 90.00 90.00
VIA® 1484.8(12) 5249.0(11) 5217.8(7) 2883(2) 2237(2)
V4 2 8 8 4 4
D.Jg-cm® 1.457 1.530 1.513 1.717 1.812
/mm’! 0.507 0.720 0.720 1.379 1.557
F(000) 670 2488 2448 1528 1240
20 Range/® 1.53-27.52 1.73 —25.50 2.57-27.54 1.76 — 27.55 2.85-27.56
Reflns. collected 15990 23051 26592 29630 23079
Independent reflns. 6797 4879 5976 6618 5179
Rint 0.0500 0.0854 0.0920 0.0722 0.0675
Data/restraints/parameters 6797/8/418 4879/0/370 5976/6/363 6618/9/442 5179/0/337
GOOF 1.080 1.074 1.067 1.066 1.030
R 0.0473 0.0543 0.0496 0.0446 0.0387
wRy [I>26 (1)] 0.1263 0.1416 0.1087 0.1273 0.1011
R, (all data) 0.0637 0.0769 0.0685 0.0504 0.0497
WR, (all data) 0.1435 0.1623 0.1202 0.1325 0.1080
Apax and pr(e.A'3) 0.340, -0.442 0.551, -0.599 0.298, -0.538 1.143,-1.120 0.660, -0.576

“Ri=3(F) -1 F) Y3l F);"wR, = {S[w( F)H F) ) 2w FI >

Scheme 2 Coordination modes of H,L' and L? ligands in this work (a for
1, b for 2 and 3, ¢ for 4 and d for 5).

©

1s Fig. 1 (a) Coordination environments of Mn(Il) ion in 1. (b) View of the

1D chain. (¢) View of 3D supramolecular structure. Hydrogen bonds are
represented as light orange dash line.

[Co(bib)(H,0),(H,LH], (3). Complexes 2 and 3 crystallize in the
20 same monoclinic space group C2/c, and X-ray crystallography

reveals that they have the same skeleton structure except half free

This journal is © The Royal Society of Chemistry [year] Dalton Transactions, [year], [vol], 00-00 | 3
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water molecule. Thus, only the structure of 2 is described in
detail here. Complex 2 comprises one Co(Il) atom, one btb
ligand, one H,L' ligand, two coordinated water molecule and one
free water molecule. As depicted in Fig. 2a, Col surrounded by
one nitrogen atom from one btb and three carboxylate oxygen
atoms from two different H,L! and two coordinated water. The
Co-N bond length is 2.094(3) A and Co-O ones are in the range
of 2.059(3)-2.205(3) A. 4"5-Carboxylic group of H,L' is
undeprotonated and 4"-carboxylic group is free of coordination.
The other three carboxylate groups of H,L' ligand display (x')-
(x"-(x")-, binding fashion to link two Co(Il) atoms (Scheme
2b). Thus, the Co(II) atoms are bridged by H,L' ligands and p,-
btb to form a 1D zig-zag chain (Fig. 2b).

Two kinds of hydrogen bonding are present: (a) hydrogen
bonding between undeprotonated carboxylic group and
carboxylate O atom of H,L' ligands with O---O distances of 2.50
and 2.57 A, respectively; (b) hydrogen bonding between
coordinated water molecules and carboxylate O atoms of H,L'
ligands with O---O distances of 2.65-3.13 A. For complex 2, the
free water molecules are located by hydrogen bonds among btb,
and carboxylate O atoms of H,L' ligands. These hydrogen
bonding interactions not only brings further stability for the
structure but also link the 1D zig-zag chains to form a 3D
supramolecular architecture (Fig. 2¢c, Table S2, ESI)
[Niy(bpm)(H,0)5(L%)], (4). There are three crystallographic
independent Ni(II) atoms, each taking a distorted octahedral
coordination sphere (Fig. 3a). Nil is six-coordinated by two
oxygen atoms from two L* ligands (Ni-O = 2.041(2) A), two
coordinated water molecules (Ni-O = 2.110(2) A) and two
nitrogen atom from two bpm (Ni-N = 2.094(2) A). The Ni2
center is coordinated by four oxygen atoms from two L? ligands
(Ni-O = 2.032(2)-2.185(2) A), one coordinated water (Ni-O =
2.137(2) A) and one nitrogen atom from two bpm (Ni-N =
2.032(2) A). The Ni3 is coordinated by two aqua ligands and four
oxygen atoms from four L? ligands. The Ni-O bond lengths are in
the range of 2.041(2)- 2.090(2) A. Four carboxylate groups of L
ligand adopt the (x'-x")-(xc'-x")-(x?)-(c")-us coordination fashion
to bridge one Nil, two Ni2 and two Ni3 (Scheme 1c). The Nil,
Ni2 and Ni3 atoms are bridged by two carboxylate groups in
syn,anti fashion to form a 1D chain with the Ni---Ni distances of
5.24 and 5.30 A, respectively. (Fig. 3b). Such 1D chains are
further interlinked by L? and bpm ligands to form a 3D network
(see Fig. 3¢)

Analysis of the network topology of 4 reveals that Ni2 center acts
as a 3-connected node. Nil and Ni3 act as 4-connected nodes.
And the L? ligands serve as the 5-connected nodes. According to
the simplification principle, the 3D structure of 4 is a (3,4,4,5)-
connected net with stoichiometry (3-c),(4-c)(4-c)(5-c), (Fig. 3d).
Topological analysis of the net indicates a (5%.6%.7.9)(5%.6".7°.8),
(5%.6),(6°.7%.9) topology.

{[Co,(H,0)5(OH)(HL»)]-H,0}, (5). The crystal structure of 5
shows a 3D network with 1D u-OH/u-COO bridged chains and
monouclear Co(II) nodes bridging by the HL? ligands. There are
three crystallographic independent Co(Il) ions, each taking a
distorted octahedral coordination sphere (Fig. 4a). Col ion is six-
coordinated by four O atoms from four HL? ligands and two
water molecules. The Co-O bond lengths are in the range of

2.069(2)- 2.120(2) A. Co2 ions are six-coordinated by two u3-OH

(Co-O = 2.0853(18) A) and four oxygen atoms from four HL?
o0 ligands (Co-O = 2.0958(19) and 2.110(2) A). Co3 is coordinated
by two carboxylate atoms (Co-O = 2.0821(19) and 2.0974(18) A),
two water molecules (Co-O = 2.160(2) and 2.1678(19) A) and
two u3-OH (Co-O = 2.0761(17) and 2.0873(18) A). In 5, 3-
carboxylic group of HL! is undeprotonated and HL? ligand links
six Co(II) in the (x'-#")-(xc'-x")-(ic")-(xc")-16 coordination fashion.
The Co2 and Co3 ions are bridged by the carboxylate groups in
("-x")-(x' k") modes and u3-OH to form a 1D chain. Such 1D
chains are further connected by the HL? ligands via [Co(H,0),0.]
units along diferent directions to form a 3D network (Fig. 4b).
From the view of topology, 13-OH can be considered as the 3-
connected node. Col and Co3 can be considered as the 4-
connected node, while Co2 and HL? ligand serve as a 6-
connected node. According to the simplification principle, the 3D
structure of 5 is a (3,4,4,6,6)-connected net with stoichiometry (3-
75 C)2(4-¢)(4-¢c(6-¢),(6-¢) (Fig. 4c). Topological analysis of the net

indicates a (4°.6°.8)(4%),(4".6%),(4*.6°. 8°),(4*.67.8*) topology.

OSA\
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a5
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©
Fig. 2 (a) Coordination environments of Co(Il) ion in 2 (symmetry codes:
85 A -X, -y +1,-z+ 1). (b) View of the 1D chain of 2. (c) View of 3D
supramolecular structure. Free water molecules are omitted for clarity.
Hydrogen bonds are represented as light orange dash line.
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Fig. 3 (a) Coordination environments of Ni(II) ions in 4 (symmetry codes:
Ar-x+1,-y+2,-z+ 1;B:x,-y+3/2,z+1/2; C:-x+1,y+1/2,-z
+1/2;D:-x,-y+2,-z+ 1 E:x,-y+ 52,2+ 1/2; F: -x,y-1/2,-z+

10 1/2). (b) View of the 3-D architecture of 4. (¢) Schematic representation
of the (3, 4, 4, 5)-connected net with (52.62.7.9) (52.6%. 7°. 8), (5%.6),(6*.7%.
9) topology in 4. (green: Ni2 nodes; gold: Nil and Ni3 nodes; pink: L2
ligand nodes)

Synthetic Chemistry and Structural Diversity

o

H,L' and H,L? are a pair of isomeric tetracarboxylic acid, which
differ in the position of two carboxylic groups. In the present
study, five new complexes were successfully synthesized.

Parallel experiments show that the pH values of the reaction
system are crucial for formation of compounds 1-5. Complexes
1-3 could only be obtained in the special pH values of ~4, while
complexes 4 and 5 could only be obtained in the special pH
values of ~7. When the pH value is lower or higher than that
special value, the expected crystals could not be obtained. We
assume that several factors together with the co-existence of N-
donor ligands directed the final structures, such as the reaction
pH, the thermodynamic and kinetic equilibrium, and so on."”

2

S

2

S

As we all know, coordination modes of multicarboxylate ligand

play a vital role on the structures of final products. According
3 previous references, The four carboxyl groups of H,L' may be

completely or partially deprotonated, inducing various

(©

Fig. 4 (a) Coordination environments of Co(Il) ions in 5 (symmetry codes:
0wA-x+2,-y-1,-z+1;B:x,-y-12,z+ 1/2; C: -x+2,y-1/2,-z+

1/2;D:-x+1,-y,-z+ L E:x,-y+ 12, z+ 1/2; F: -x+ 1, y-1/2,-z+

1/2;G:-x+1,-y+1,-z+ ; H: -x+ 1,y + 1/2, - z+ 1/2). (b) View of

the 2D layer of 5. (c) Schematic representation of the (3,4,4,6,6)-

connected net of 5 with a (42.6°.8)(4°)2(4".6%),(4".6°.8%)2(44.6".8") topology.
45 (red: O nodes; light orange: Col nodes; aqua: Co2 nodes; blue: Co3

nodes; green: L2 ligand nodes)

modes. For complexes 1-3, two carboxylic groups of H,L' is
undeprotonated and free of coordination for 1 while only one
so undeprotonated carboxylic groups free of coordination for 2 and
3. In 1, the other two carboxylate groups of H,L' ligand display
(«")-(x")-u, coordination fashion to link two Mn (II) atoms

This journal

is © The Royal Society of Chemistry [year]
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(Scheme 2a). Thus 1 shows a 1D chain. In 2 and 3, three
carboxylate groups of H,L' ligand display (x")-(x")-(x")-s2
binding fashion to link two Co(II) atoms (Scheme 2b). So 2 and 3
display 1D zig-zag chains.

For {[Cos(HL"),(bpe);(H,0),]:6H,0}, (6, bpe 1,2-bi(4-
pyridyl)ethene),® the H,L' is partially deprotonated as HL' and
the ligand displays (r'-x")-(k-u5)-14 binding fashions. In 6, three
Co(Il) atoms are held together by carboxylate groups to form a
trinuclear unit, and the trinuclear units are expanded by HL' and
bpe ligands to form a 2D double-deck network. For
{[Cox(H,0)s(H,L")]-10H,0},, (7),* two carboxylate groups of
H,L' are deprotonated. In 7, H,L' ligand shows (x'-")-(xc")-3
coordinated modes. Thus two adjacent Co(II) are combined by
carboxylic groups to form a Co, unit. The units are bridged by
H,L' ligands to generate a grid chain. While for {{Cdy(2,2-
bipy)(H,0)2(L)]'H;0}, (8),% [Cox(L')(pyridine)(H0)s], (9),*
and {[Coy(L")(4,4-bipy), s(H,0)]-H,0}, (10, 4,4-bipy = 4,4
bipyridine),* the four carboxylate groups of H,L' are completely
deprotonated. In 8, 9 and 10, four carboxylate groups display
(- 11)-(1%p12)- o pia)pag (1) )-(rc' k)~ -1 )-pe, - and
(rc"-x")-(" -x")-(?)-(1")-us, binding fashions, respectively. In 6,
Four Cd(II) centers are linked by carboxylate groups, affording a
Cd, cluster. Thus complex 8 is a 3D porous structure building on
Cd, clusters SBUs. In 9, Co(Il) centers are connected by the
carboxylate groups and p,-aqua molecules to form a 1D chain.
Such 1D chains are further connected by the L' ligands to form a
2D double-decker layer. In 10, the Co2 and Co3 atoms are
bridged by the carboxylate groups to form a 1D wavelike chain.
Such 1D chains are further connected by the L' and 4,4'-bipy
ligands via [CoINOs3] units to form a 3D network.

For complex 4, L? ligand adopts (x'-x")-(ic'-x")-(®)~(ic" )
coordination fashion to coordinted five Ni(II) ions (Scheme 2c).
So 4 has a tetranodal (3,4,4,5)-connected net with a
(5%.6°.7.9)(5%.6 7°.8), (5%.6)x(6°.7%.9) topology. Although the
coordination modes of multicarboxylate ligand in 4 are similar to
those in 10. 4 has (3,4,4,5)-connected 3D net with a
(5%.6%.7.9)(5%.6* 7°.8),(5%.6),(6°.7%.9) topology, while 10 exhibits
(4,4,4,5)-connected 3D archtecture with a (42.6.8%.10),(4%.6°.8"),
(62.8°.12), topology. In 4, three crystallographic independent
Ni(Il) atoms are all six-coordinated with distorted octahedral
coordination sphere, while in 10, Col is four-coordinated with a
distorted tetrahedron and Co2 and Co3 take on a distorted
octagonal configuration. This may be due to they have different
N-donor ligands and different dispositions of the carboxylate
groups of multicarboxylate ligands. In 5, the HL? ligand links six
Co(1I) in the (x'-x")-(rc'-1c")-(xc")-(rc")-pt6 coordination fashion. And
5 possesses a penta-nodal (3,4,4,6,6)-connected net with a
(42.6°.8)(4%),(4*.6),(4*.6°. 8%),(4*.67 8% topology.
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PXRD and Thermal Analysis

In order to check the phase purity of complexes 1-4, the powder
X-ray diffraction (PXRD) patterns of these complexes were
checked at room temperature. As shown in Fig. S1 (ESI), the
peak positions of the simulated and experimental PXRD patterns
are in agreement with each other, demonstrating the good phase
ss purity of the complexes.

Complexes 1-4 are air stable, insoluble in common organic
solvents, and can retain their crystalline integrity at ambient

w
=

condition for a long time. The thermal behaviors of 1-4 were
studied by thermogravimetric analysis (TGA). The experiments
were performed on samples consisting of numerous single
crystals under N, atmosphere with a heating rate of 10 °C min™,
as shown in Fig. S2 (ESI). For complex 1, the first weight loss of
54% (caled. 5.5%) was observed from 135 to 165 °C
corresponding to the loss of free water molecules. Then pyrolysis
of the sample occurred from ~270 to 650 °C. The removal of
water molecules can be observed for 2 with the weight loss of 7.9
% (calc. 7.4 %) from 75 to 200 °C. Then pyrolysis of the sample
occurred from ~200 to 615 °C. The final residue of 10.5 % is
close to the calculated 12.4 % based on CoO. Complex 3
exhibited no mass loss until ~170 °C, at which point a series of
mass losses ensued. Complex 4 loses the lattice water molecules
at 230-295 °C (calc. 7.3% and exp. 8.2%). The final mass
remnant of 19.9% at 580 °C likely represents the deposition of
NiO (20.1% calcd).

75 Magnetic Properties of 2-4
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The magnetic susceptibilities, yy, of 2—4 were measured in the
temperature range of 2-300 K at 1,000 Oe (Fig. 5). For complex 2
and 3, the experimental 7T value at room temperature is 3.07
and 3.06 cm*-mol™"-K, respectively, which is larger than the spin-
only value (1.875 cm® mol™ K with g = 2.0) expected for a
magnetically isolated Co(Il) ion. This is due to the occurrence of
an unquenched orbital contribution typical of the *T 1¢ ground
state in six-coordinated Co(II) complexes.'® As the sample is
cooled from room temperature, The T value decrease first
slowly and then rapidly. The temperature dependence of the
reciprocal susceptibilities (1/yy) obeys the Curie-Weiss law
above 30 K with a Weiss constant § = -13.11 K and Curie
constant C = 3.23 cm*K-mol” for 2 and # = -12.66 K and C =
3.23 ecm®K-mol™ for 3. The magnetic behavior and the negative
0 value suggest that antiferromagnetic interactions are operative
in 2 and 3.

For complex 4, the experimental yy7 value at 300 K is 1.51
em®mol K, which is larger than the spin-only value (1.0
em’-mol™"K) expected for a magnetically isolated Ni(Il) ion. As
the temperature is lowered, the yyu7 value increases slightly,
reaching a maximum value of 1.55 cm®mol™ K at 15 K, and
then decreases rapidly. According to previous literatures, the
syn,anti ~ carboxylate bridges can mediate ferromagnetic
couplings.” The bridging mode of the carboxylate group are
generally indication of ferromagnetic interactions. The magnetic
susceptibilities data in 15-300 K can be well fitted to the Curie-
Weiss law with a Weiss constant = 0.18 K and Curie constant C
1.51 cm®K-mol" for 4, revealing weak ferromagnetic
interactions between the adjacent Ni(II) ions.

Conclusions

Five new complexes based on isomeric tetracarboxylic acids, the
1,1":2',1"-terphenyl-4,4',4",5'-tetracarboxylic acid and 1,1':2',1"-
terphenyl-3,3",4',5'-tetracarboxylic acid, have been synthesized
and characterized. Complexs 1-3 contain 1D infinite chains, and
these 1D chains are further linked by hydrogen bonding to form
3D supramolecular networks. While complexes 4 and 5 show 3D
mixed-connected network, respectively. The structural analysis
indicate that the coordination modes of multicarboxylate ligand,
N-donor ligands and different dispositions of the carboxylate
groups of multicarboxylate ligands have a great influence on the
structure of final products. Magnetic studies indicate that 2 and 3
show weak antiferromagnetic interactions, while 4 exhibits weak
ferromagnetic interactions. The results demonstrate that such
tetracarboxylic acid may be used as a versatile building block to
construct novel coordination polymers with fascinating structures
and properties, also, further synthesis, structures and properties
studies of coordination frameworks with these tetracarboxylic
acid are under way in our lab.
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