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a b s t r a c t

Five transition-metal coordination polymers, namely, [Zn7Cl6(oba)4]n (1), [Cd7Cl6(oba)4]n (2), [Zn(oba)
(H2O)]n (3), [Ag2(oba)]n (4) and [Co(oba)(H2O)2]n (5) (H2oba¼4,40-oxydibenzoic acid), have been
achieved under hydrothermal conditions and structurally characterized by IR, elemental analyses, X-
ray single-crystal diffraction and TGA. The X-ray single-crystal diffraction reveals that compounds 1 and
2 are isomorphism, featuring pillared-layer 3D motifs, in which the 2D inorganic layers (Zn6Cl7)n (or
(Cd6Cl7)n) are connected by oba2� pillars. Compound 3 exhibits 1D stair-like chain and extends to a 3D
network by two different interchain O–H–O hydrogen bonding interactions while compound 4 features
wave chains and stretches to 2D layer by interchain Ag–O weak contacts. Compound 5 shows 2D
network in which Co-chains are pillared by oba2� ligand and then forms a 3D network by four different
O–H–O hydrogen bonding interactions. Furthermore, 1–4 exhibit luminescent properties at a solid state
and 5 shows antiferromagnetic behavior.

& 2014 Elsevier Inc. All rights reserved.

1. Introduction

In recent years, the transition-metal coordination polymers
have received much attention not only because of their intriguing
structures, but also for the potential applications in catalysis [1,2],
separation and storage [3,4], optical properties [5], magnetism
[6,7], etc. To construct desired transition-metal coordination poly-
mers with rational and controllable structure, the self-assembly
method is very frequently-used and is important in the synthesis.
Moreover, selecting appropriate reaction conditions also plays a
vital role, because many factors affect the formation, such as the
metal ions, the pH value and the molar ratio of reactants, etc.,
especially the selection of organic ligands.

To the best of our knowledge, the aromatic carboxylate ligands
have been widely used in the assembly process with their special
advantages, in which the carboxyl groups can coordinate to metal
ions through diverse coordination modes, such as terminal mono-
dentate, chelating to one metal atom and bridging bidentate in
different fashions [8]. Moreover, the carboxylate groups may be

completely or partially deprotonated, and can act as hydrogen bond
acceptors as well as hydrogen bond donors to assemble supramole-
cular structures [9]; on the other hand, the existence of aromatic
rings can promote the formation of π–π stacking interactions, which
also play an important role in supramolecular networks.Further
survey shows that, nowadays the utilization of aromatic carboxylate
ligands that contain flexibility and rigidity such as 4,40-oxydibenzoic
acid, 4-(2-carboxyphenoxy)phthalic acid and so on has turned out to
be a wise decision. Many compounds with interesting structures [10–
14] and properties have been synthesized, for instance chiral [15],
microporous [16], and luminescent [17] complexes . Encouraged by
the factors, the V-shaped ligand 4,40-oxydibenzoic acid catches our
attention, which not only contains dicarboxylate groups and aromatic
rings, providing acting sites for coordination and intermolecular
forces, but also can twist or bend around the ether bond (the C–O–
C angle is 121.8(4)1 ) [15] to meet the coordination requirements in
the assembly process.

Herein, with H2oba and triazines as starting materials, we
obtained five coordination polymers, [Zn7Cl6(oba)4]n (1),
[Cd7Cl6(oba)4]n (2) and [Zn(oba)(H2O)]n (3), [Ag2(oba)]n (4) and
[Co(oba)(H2O)2]n (5), which have different dimensions and struc-
tures. Meanwhile, the luminescent properties of 1–4 as well as
magnetic property of 5 are also discussed in this paper.
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2. Experimental

2.1. Materials and methods

All chemicals were commercially available and used as received
without further purification. Infrared spectra were recorded on a
Bruker VERTEX–70 FT-IR spectrophotometer using KBr pellets in
the range of 400–4000 cm�1. Elemental analyses were performed
via Vario EL III Etro Elemental Analyzer. The fluorescent data were
collected using a Hitachi Fluorescence spectrophotometer-F-7000.
Magnetic measurement was carried out on a Quantum Design
MPMS-XL SQUID magnetometer. Thermogravimetric analyses
(TGA) were performed under N2 atmosphere with a heating rate
of 10 1C min�1 using TGA/SDTA851e. The X-Ray powder diffraction
data were collected on Philips X'-PertPro diffractometer with Cu
Kα radiation.

2.2. Preparations of the compounds

2.2.1. Synthesis of [Zn7Cl6(oba)4]n (1)
ZnCl2 (2 mmol, 0.272 g), H2oba (1 mmol, 0.258 g), 2,4-diamino-

6-phenyl-triazine (1 mmol, 0.187 g) and H2O (8 mL) were added to
Teflon-lined reactor and stirred for 20 min, and then kept at 180 1C
for 3 days. After the autoclave had been cooled to room tempera-
ture over 6–7 h, colorless sheet crystalline solids of complex 1
(0.156 g, yield 36.8% based on oba2�) were isolated from the
mother liquid, washed with water. Anal. Calcd: C56H32Cl6O20Zn7

(%): C, 39.68; H, 1.90. Found: C, 39.43; H, 2.12. IR (KBr pellet,
cm�1): 3436(m), 1595(s), 1537(m), 1359(s), 1261(s), 1161(m), 880
(w), 854(w), 787(m), 695(w), 659(w).

2.2.2. Synthesis of [Cd7Cl6(oba)4]n (2)
Replacement of ZnCl2 of 1 by CdCl2 �2.5H2O, 2,4-diamino-6-

phenyl-triazine by 2,4-diamino-6-chlorine-triazine, colorless sheet
crystalline solids of complex 2 (0.208 g, yield 41.1% based on
oba2�) were isolated from the mother liquid, washed with water.
Anal. Calcd: C56H32Cl6O20Cd7 (%): C, 33.22; H, 1.59. Found: C, 35.54;
H, 1.73. IR (KBr pellet, cm�1): 3442(s), 1596(s), 1536(m), 1360(s),
1261(s), 1160(m), 881(w), 856(w), 785(m), 697(w), 659(w).

2.2.3. Synthesis of [Zn(oba)(H2O)]n (3)
Replacement of 2,4-diamino-6-phenyl-triazine of 1 by 2,4-

diamino-6-methyl-triazine, colorless block crystalline solids of
complex 3 (0.084 g, yield 24.7% based on oba2�) were isolated
from the mother liquid, washed with water. Anal. Calcd:
C14H10O6Zn (%): C, 49.51; H, 2.97. Found: C, 49.37; H, 3.21. IR
(KBr pellet, cm�1): 3362(m), 1597(s), 1542(s), 1400(s), 1304(w),
1253(s), 1162(s), 880(m), 783(m), 697(w), 668(m).

2.2.4. Synthesis of [Ag2(oba)]n (4)
When the metal salt AgNO3 was used to replace ZnCl2 of 1,

yellow block crystalline solids of complex 4 (0.062 g, yield 13.1%
based on oba2�) were isolated from the mother liquid, washed
with water. Anal. Calcd: C14H8O5Ag2 (%): C, 35.73; H, 1.71. Found: C,
35.53; H, 1.91. IR (KBr pellet, cm�1): 3409(m), 3232(m), 1592(s),
1543(s), 1396(s),1259(s), 1157(m), 887(w), 828(w), 776(w), 660(w).

2.2.5. Synthesis of [Co(oba)(H2O)2]n (5)
By replacement of ZnCl2 and 2,4-diamino-6-phenyl-triazine of

1 by CoCl2 �6H2O and 2,4-diamino-6-vinyl-triazine and the tem-
perature were maintained at 150 1C, purple sheet crystalline solids
of complex 5 (0.142 g, yield 40.4% based on oba2�) were isolated
from the mother liquid, washed with water. Anal. Calc: C14H12O7Co
(%): C, 47.86; H: 3.45. Found: C: 47.88; H: 3.44. IR (KBr pellet, cm�1):

3589(m), 3179(m), 1600(s), 1500(m), 1428(s), 1396(s), 1259(s), 1158
(m), 1102(w), 872(w), 778(w), 658(w).

2.3. X-ray crystallographic analyses

X-ray single crystal data were collected at 296(2) K (for 1–5) on a
Bruker Apex-II CCD area detector diffractometer with Mo Kα radiation
(λ¼0.71073 Ǻ). Data reduction and absorption correction were made
with empirical methods. The structures were solved by direct
methods using SHELXS-97 [18] and refined by full-matrix least-
squares techniques using SHELXL-97 [19]. Anisotropic displacement
parameters were refined for all non-hydrogen atoms. And all hydro-
gen atoms bonded to C atoms were added in the riding model while
the aqueous hydrogen atoms of 3 and 5 were located from the
difference Fourier maps. The crystal data and refinement details for
five complexes are shown in Table 1 and selected bond lengths (Å)
and bond angles (1) in (Table S1 In supporting information). CCDC
numbers 944947, 944948, 944946, 977122 and 977121 for com-
pounds 1–5, respectively. These crystallographic data for this paper
can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retriev-
ing.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: (þ44) 1223-336-033; or
e-mail: deposit@ccdc.cam.ac.uk).

3. Results and discussions

3.1. Syntheses

Under the similar synthesis conditions, much effort had been
put to get other crystals with different metal salts but it failed and
only the precipitates were present. It is inferred that the condi-
tions such as the pH value or reacting temperature might be not
suitable for crystallization of other compounds [20]. In the
synthesized compounds, though the triazines are absent, their
roles in adjusting the pH value cannot be neglected. It is probable
that the –NH2 groups of triazines and the carboxyl groups of H2oba
form a buffer solution, which can adjust the pH value in a small
scope, providing a suitable condition for crystals [21].

3.2. Crystal structures of compounds 1 and 2

Single-crystal X-ray diffraction analyses reveal that compounds
1 and 2 are isomorphous, crystallizing in triclinic system P-1 space
group, featuring pillared-layer 3D motifs, in which the 2D inor-
ganic layers (Zn6Cl7)n (or (Cd6Cl7)n) are further connected by
oba2� pillars. The asymmetric unit of 1 consists of four crystal-
lographically independent zinc atoms, three chlorine atoms and
two oba2� ligands. The coordination environment around four
zinc atoms is shown in Fig. 1a, Zn1, Zn2 and Zn3 atoms possessing
distorted octahedral geometrical configuration and Zn4 in a
square-pyramidal configuration. The Zn1 atom is coordinated to
three oxygen atoms from three oba2� ligands, and three chlorine
atoms. The Zn2 and Zn3 atoms, however, are coordinated to four
oxygen atoms from four oba2� ligands, and two chlorine atoms.
The Zn4 atom is coordinated to three oxygen atoms from three
oba2� ligands and one chlorine atom at basal face and the other at
apical cite. The Zn–Cl lengths are in the range from 2.581(3) Å to
2.688(3) Å, similar distances of which from 2.3678(17) Å to 2.6710
(19) Å are ever observed in reported compound [Zn2(EM5)(μ-
Cl)3]2(ClO4)2 �4H2O (EM¼bis(1,4,7-triazacyclononane)) [22]. The
Zn–O lengths are in the range from 2.209(7) Å to 2.392(7) Å. Zn2
sitting at a center of inversion is connected to two Zn3 atoms (Zn3
and Zn3A, A: 1�x, 1�y, �z) and two Zn4 atoms (Zn4B and Zn4C,
B: 2�x, 1�y, �z; C: �1þx, y, z) by two μ3–Cl atoms. And then the
two pairs of zinc atoms are further connected to two Zn1 atoms
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through two μ3–Cl and two μ2–Cl atoms, furnishing [Zn7Cl6] unit.
Such unit is rare in the reported coordination polymers containing
Zinc and Chlorine atoms. The adjacent units are doubly linked by
two Zn1–Cl1 bonds (Zn1–Cl1¼2.623 Å), resulting in one-
dimensional chain (Fig. S1). Weak Zn–Cl contacts have also been
found to extend the chains into 2D sheet (Zn–Cl¼2.884 Å), giving
rise to 2D [Zn7Cl6]n inorganic sheet (Fig. S2). The adjacent layers
are pillared by oba2� ligand to form a 3D structure with an
interlayer Zn–Zn distance of ca. 15.182 Å, which adopts μ6–η1:η2:
η1:η2 mode (Fig. 1b). As the linker, the ether-oxygen angles (C–O–
C) of oba2� are 120.31 and 120.21.

Though many 3D pillared-layer compounds have been obtained
[23–25], the 2D layers of them are mostly formed by metal-
hydroxide layers such as compound α-Cd2(μ3-OH)2(2,4-pyda) (2,4-
pydaH2¼2,4-pyridinedicarboxylic acid) [26], [{Mn(OH)}2{C12
H8O(COO)2}] ({C12H8O(COO)2}¼ oba2�¼4,40-oxybis(benzoate)) [27]

and so on, which are further pillared by organic ligand to 3D
networks. While in compounds 1 and 2, the 2D inorganic layers
are comprised by metal-chlorine units and then stretch to 3D
networks by organic linkers, which appear to be not common.

3.3. Crystal structure of compound 3

Compound 3 crystallizing in monoclinic P21/c space group
exhibits 1D stair-like chain built up from binuclear zinc units by
oba2� ligands. As shown in Fig. 2a, the binuclear unit contains two
symmetrical Zn(II) ions, both of which bear distorted tetrahedral
geometry, ligated by three oxygen atoms from three oba2� ligands
and another oxygen atom from one water molecule. The Zn–O
lengths are in the range of 1.959(2) to 2.010(2) Å and O–Zn–O
angles from 98.15(9)1 to 134.54(9)1. Both lengths and angles are
comparable to the reported compound Zn2(oba)2 [15]. In addition,

Fig. 1. (a) An ORTEP drawing of compound 1 showing 30% ellipsoid probability (A: 1�x, 2�y,�z; B: 1�x, 1�y,�z; C: �1þx, y, z; D: 2� x, 1�y, �z); (b) the 3D
pillared-layer structure of 1.

Table 1
Crystal data and refinement details for compounds 1–5.

1 2 3 4 5

Empirical formula C56H32Cl6O20Zn7 C56H32Cl6O20Cd7 C14H10O6Zn C14H8O5Ag2 C14H12O7Co
Formula weight 1695.11 2024.32 339.5 471.94 351.17
Crystal system Triclinic Triclinic Monoclinic Orthorhombic Monoclinic
Space group P-1 P-1 P21/c Pbcn P21/c
a (Å) 10.3682(12) 10.3615(8) 14.1474(15) 7.2411(12) 13.883(6)
b (Å) 10.7642(12) 10.7636(8) 16.0945(17) 5.6063(9) 9.869(5)
c (Å) 15.1820(17) 15.1561(10) 5.9044(7) 29.614(5) 10.132(4)
α (1) 85.909(2) 85.9550(10) 90.00 90.00 90.00
β (1) 74.367(2) 74.3650(10) 97.402(2) 90.00 104.198(10)
γ (1) 61.995(2) 62.0070(10) 90.00 90.00 90.00
V (Å3) 1437.6(3) 1434.21(18) 1333.2(3) 1202.2(3) 1345.8(10)
Z 1 1 4 4 4
T (K) 296(2) 296(2) 296(2) 296(2) 296(2)
μ (mm�1) 3.228 2.903 1.867 3.277 1.310
Dc (g/cm3) 1.958 2.344 1.692 2.608 1.733
θ limits (1) 2.15 to 25.00 1.40 to 25.00 1.45 to 28.26 3.13 to 24.99 2.56 to 24.99
Ref. collected 4999 5005 3187 1057 2358
Ref. unique 4311 4518 2402 935 1322
Rint 0.0230 0.0224 0.0235 0.0241 0.1126
R index [I42s(I)] R1¼0.0799, R1¼0.0301, R1¼0.0323, R1¼0.0339, R1¼0.0760,

wR2¼0.2331 wR2¼0.0804 wR2¼0.0878 wR2¼0.834 wR2¼0.1628
R(all data) R1¼0.0867, R1¼0.0345, R1¼0.0531, R1¼0.0387, R1¼0.1432,

wR2¼0.2438 wR2¼0.0888 wR2¼0.1070 wR2¼0.086 wR2¼0.1901
GOOF 1.060 1.052 1.087 1.075 0.981
Δρmax (eÅ�3) �2.676 �1.837 �0.494 �1.200 �0.521
Δρmin (eÅ�3) 0.291 0.396 0.146 0.106 0.129

R¼∑(||Fo|–|Fc||)/∑|Fo|, wR¼{∑w[(Fo2–Fc2)2]/∑w[(Fo2)2]}1/2, w¼1/[s2(Fo2)þ(aP)2þbP], P¼(Fo2þ2Fc2)/3]0.1: a¼0.1901, b¼3.1900; 2: a¼0.0547, b¼0.000; 3: a¼0.0590, b¼0.000; 4:
a¼0.0340, b¼6.1993; 5: a¼0.0615, b¼0.000.
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each Zn atom possesses two weak interactions with carboxylate-
oxygen atoms with the separation of Zn–O between 2.681 and
2.790 Å, which are a little longer than the common Zn-carboxyl
distance [28]. Zn1 and Zn1A (A: 2�x, �y, �z) atoms are bridged
by two syn,anti–μ2–η1:η1 carboxylate groups into binuclear unit
with Zn–Zn distance of 3.813 Å. Then the binuclear units are
further linked by two oba2� ligands using μ3–η1:η1:η1 mode
(ignoring Zn–O weak interactions), resulting in one-dimensional
stair-like chains (Fig. S3), similar structure ever observed in
compound {[Ag2(D-Hasp)(L-Hasp)] �1.5H2O}n (H2asp¼aspartic
acid) [29]. Due to the diverse coordination modes of oba2� ,
different structures are observed in reported compound [Zn(oba)
(H2O)] [30] with the same formula from compound 3, of which
two carboxylate moieties of oba2� bridge each Zn center to
produce 1D (Zn–oba)n chains and are further connected by the
oba-frameworks to yield a 2D structure. In the ligand oba2� of
compound 3, C–O–C angle is about 120.01 and the angle of two
phenyl rings is about 63.321, smaller than the literature reported
65.11 [12] and 66.51 [16].

In addition, between adjacent one-dimensional stair-like
chains, there exist two O–H–O hydrogen bonding interactions
between coordination water molecules and carboxyl oxygen atoms
of oba2� ligands, which are O6–H6–O2#1, 2.864 Å; O6–H6B–
O2#2, 2.879 Å (#1: x, y, zþ1; #2: x, �yþ1/2, zþ1/2) (Table S2
in supporting information:), and as a result, the whole 3D
supramolecular network is built up (Fig. 2b).

3.4. Crystal structure of compound 4

With crystallizing in orthorhombic system Pbcn space group,
the compound 4 exhibits wave chains consisting of binuclear silver
units bridged by oba2� ligands and then connects to a two-
dimensional network by Ag–O weak interactions. As shown in
Fig. 3a, in binuclear silver unit, Ag1 and Ag1A (A: 1�x, �y, 1�z)
are symmetrical, and clamped by two syn,syn–μ2:η1:η1 carboxyl
groups from two oba2� ligands, resulting in a [Ag2C2O4] eight-
membered ring, similar coordination mode of carboxyl group has
been observed in compounds [Ag2(NO2-bdc)(phdat)]n (phdat¼
2,4-diamine-6-phenyl-1,3,5-triazine) [31] and [Ag(bga)2(tpa)0.5]n
(bga¼benzoguanamine, H2tpa¼terephthlic acid) [32]. The dis-
tance of Ag–Ag is 2.876 Å, significantly shorter than twice the
Vander Waals radius of Ag(I) (3.40 Å), and even shorter than Ag–
Ag contact in metallic silver (2.89 Å), which suggests the existence
of argentophilicity can enhance the aggregation of silver atoms
[33]. Each silver atom is coordinated to two oxygen atoms from

two oba2� ligands with Ag–O lengths in the range of 2.155(3)–
2.185(3) Å, the O–Ag–O angle 159.961, which is comparable with
those reported silver carboxylate compounds [34,35]. The binuc-
lear silver units are further bridged by oba2� with a μ4–η1:η1:η1:
η1 mode forming 1D infinite wave chains. Besides, each silver atom
exhibits additional contact to one oxygen atom from oba2� ligand
between chains with Ag–O distance of 2.625 Å, similar weak
contact ever observed in the compound [Ag5(nda)2.5(dmt)]n
(H2nda¼naphthalene-1,4-dicarboxylic acid, dmt¼2,4-diamine-6-
methyl-1,3,5-triazine) [20] with Ag–O distance between 2.617 and
2.878 Å, in virtue of which, the one–dimensional wave chains are
extended into two-dimensional network (Fig. 3b). The angle of the
two aromatic rings of oba2� ligand is 57.0341.

3.5. Crystal structure of compound 5

Single-crystal X-ray analysis reveals that compound 5, which
crystallizes in monoclinic space group P21/c, is a three-
dimensional coordination polymer formed by hydrogen bonding
interactions. As shown in Fig. 4a, the asymmetrical unit of
compound 5 contains one cobalt atom, one oba2� ligand and
two coordinated water molecules. Co1 atom is coordinated to six
oxygen atoms, four from three oba2� ligands and the other two
from two water molecules, resulting in distorted octahedral
geometry. The Co–O lengths are ranging from 2.014(5) Å to 2.175
(5) Å, which are in the normal range of Co–carboxyl compounds
[36,37]. In compound 5, the neighboring cobalt atoms are linked
into one-dimensional infinite chain via syn,anti–μ2–η1:η1 carboxyl
groups with Co–Co distance of 5.21 Å, and further connected to
two-dimensional layer structure by pillared ligand oba2� , which
adopts μ3–η1:η1:η1:η1 modes (Fig. S4). While in the reported
compound [Co(Hoba)2(H2O)2] [38], only one carboxylic acid of
each H2oba ligand is deprotonated, and Co(Hoba)2 layers are
formed due to different coordination modes of H2oba� . The
dihedral angle of the two aromatic rings connected by the ether
oxygen atom in compound 5 is 79.2531, larger than the dihedral
angles of four compounds described above in this paper.

In addition, the 2D layer framework is stabilized by an intra-
layer O–H–O hydrogen bonding interaction between water mole-
cules and oba2� ligands, with the oxygen atoms from oba2� ligand
acting as acceptor (O6–H6B–O4#1 (#1: x, y, zþ1)). Then three
dimensional supramolecular networks are further formed via three
inter-layer hydrogen bonding interactions, which are O6–H6C–
O2#2, O7–H7B–O1#3, O7–H7C–O2#2 (#2: �x, y�1/2, �z�1/2;
#3: �x,�y,�z) (Fig. 4b and Table S2 in supporting information).

Fig. 2. (a) Binuclear zinc unit of compound 3, the atom showing 30% ellipsoid probability (A: 2�x,�y, �z; B: �1þx, y, z; C: 1 �x, �y, �z); (b) the 3D network structure of 3
by hydrogen bond interactions.
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3.6. IR spectra

The IR spectra of 1–5 display the characteristic absorption
bands of H2oba. The strong peaks of 1595 cm�1, 1359 cm�1 for
1, 1596 cm�1, 1360 cm�1 for 2, 1597 cm�1, 1400 cm�1 for 3, 1592
cm�1, 1396 cm�1 for 4, 1600 cm�1, 1396 cm�1 for 5 can be
attributed to the asymmetric (vas) and symmetric (vs) stretching
vibration of carboxyl groups, respectively, indicating the ligand
H2oba has been coordinated to different metal ions in bridging
fashion [20]. The bands 600–900 cm�1 can be attributed to the
stretching of C–H of benzene ring (Fig. S5 in supporting
information).

3.7. XRD and thermal stability

In order to confirm the phase purities of compounds 1–5, the
X-ray powder diffraction of these compounds was characterized at

room temperature. As shown in Fig. S6, the peak positions of
simulated and experimental curves are in good agreement with
each other, suggesting that the crystal samples are pure.

The thermogravimetric analyses (TGA) were performed under
N2 atmosphere and the TG curves are shown in Fig. S7. For
compounds 1 and 2, the stabilities are high from the observed,
which are evident from the beginning loss temperature (about
350 1C). The curves are close to zero at 800 1C suggesting the
nearly complete weight loss of 1 and 2, which can be attributed to
the sublimation of newly formed MCl2 (M¼Zn, Cd) compounds
[39,40]. Two-step weight loss is observed of compound 3 that the
first loss of 6.2% (calc. 5.3%) at 160–360 1C, corresponding to the
removal of one coordinated water molecule, while the second loss
at 400–530 1C is for the framework collapse. The compound 4 loses
oba2� ligand at about 300 1C, and the remaining weight 51.1%
(calc. 50.9%) indicates the final product is Ag2O. As for compound
5, the first loss of 10.72% (calc. 10.26%) is at approximately 100 1C,

Fig. 3. (a) Binuclear silver unit of compound 4, the atoms showing 30% ellipsoid probability (A: 1�x, �y, 1�z); (b) the 2D network of compound 4 connected by Ag–O weak
contacts.

Fig. 4. (a) The asymmetrical unit of compound 5, atoms showing 30% ellipsoid probability; (b) the 3D structure of 5 by hydrogen bond interactions.
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in accordance with the removal of two coordinated water mole-
cules; the residua can be thermally stable to 370 1C.

3.8. Luminescent properties of compound 1–4

The room-temperature photoluminescence spectra of com-
pounds 1–4 are shown in Fig. 5. The free ligand H2oba displays
photoluminescence with the emission maximum at 319 nm
(λex¼276 nm, Fig. S8), which can be presumed that the peak
originates from the πn-π transition [41]. For compounds 1 and 2,
upon the excitation of 280 nm, emissions are observed between
335 and 326 nm, respectively, while the emission of 338 nm
(λex¼278 nm) is shown in compound 3, all of which can be
assigned to intraligand (πn-π) transition [42]. For Zn(II) and Cd
(II) ions, it is difficult to oxidize or to reduce owing to the d10

configuration, emissions are neither ligand-to-metal charge trans-
fer (LMCT) nor metal-to-ligand charge transfer (MLCT) [43]. With
regard to compound 4, two peaks of 360 nm and 494 nm are
observed, and the former can be attributed to intraligand (πn-π)
transition, while the latter may be assigned to the ligand-to-metal
charge transfer (LMCT) bands [44,45]. As we know, many Ag
(I) complexes are emissive only at a low temperature owing to
the intense spin–orbital coupling of Ag(I), and the room-
temperature photoluminescent Ag(I) complexes that are scarce
[46]. Therefore, compound 4 may be a promising candidate for
photo-active materials.

3.9. Magnetic property of compound 5

The temperature dependence magnetic susceptibility data of
compound 5 is measured for crystal sample under an applied field
of 1000 Oe in the range of 2–300 K. The plots of χmT and χm�1 are
shown in Fig. 6. The χmT value is 3.08 cm3 mol�1 K at 300 K, which
is larger than the expected (1.875 cm3 mol�1 K) for one isolated
Co(II) ion (S¼3/2, g¼2.0), owing to the orbital contribution of Co
(II) in an octahedral environment [47]. Upon cooling, the value
steadily decreases to reach the value of 2.31 cm3 mol�1 K at 50 K,
and sharply decreases to the value of 0.43 cm3 mol�1 K at 2 K on
further cooling, which show the existence of antiferromagnetic
exchange interactions between Co(II) ions. The χm�1 vs. T plot is
well fitted by the Curie–Weiss law χ¼C/(T�θ) in the temperature
300–25 K, with the Weiss temperature θ¼�15.19 K and Curie
constant C¼3.13 cm3 mol�1 K, which is consistent with the pre-
sence of hexacoordinated high-spin Co(II) ions (C¼2.8–
3.4 cm3 mol�1 K) [48,49]. The negative θ value further confirms
the antiferromagnetic behavior.

In order to estimate the strength of the antiferromagnetic
exchange interactions, a phenomenological approach is used and
the phenomenological equation is [49–51]:

χT ¼ Aexpð–E1=kTÞþBexpð–E2=kTÞ

Herein, AþB equals the Curie constant, and E1, E2 represent the
“activation energies” corresponding to the spin–orbit coupling and
the antiferromagnetic exchange interaction. The obtained values
AþB¼3.26 cm3 mol�1 K and E1/k¼59.38 K are consistent with
those given in the literature for the Curie constant (C¼2.8–
3.4 cm3 mol�1 K) and for the effect of spin–orbit coupling and
site distortion (E1/k of the order of 100 K). As for the value found
for the antiferromagnetic exchange interaction, it is weak and the
�E2/k¼�3.51 K.

The filed dependence of the magnetization (0–8 T) measured at
2 K shows a rapid increase from zero filed to 4 T (Fig. S9), and then
gradually increase to 2.3 Nβ at 8 T, smaller than the saturation
value 3.0 Nβ for one octahedral Co(II) ions with S¼3/2 and g¼2.0
[52], consistent with the observed antiferromagnetic behavior. The
weak antiferromagnetic behavior may go through the carbxylate
syn–anti bridges along the (–OCO–Co–)n chains [53,54], as well
may operate through the inter-layer and intra-layer hydrogen
bonding interactions [55].

4. Conclusion

In summary, under different hydrothermal conditions, we have
obtained five compounds, in which the V-shaped ligand H2oba
adopts diverse coordination modes and as a result, the compounds
present different dimensional structures. 1 and 2 are isomorphism,
featuring pillared-layer 3D motifs with oba2� as pillars. The
existence of hydrogen bonding interaction promotes the formation
and stability of 3D networks in 3 and 5, while 4 shows 2D layers by
interchain Ag–O interaction. In addition, compounds 1–5 show
structure-dependent photoluminescence or magnetism.
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