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Self-assembly of silver(I) cations, flexible 2,2′-oxydibenzoate anions (L2−), and 1,2-bis(4-
pyridyl)ethane (bpa) ligands affords a new three-dimensional supramolecular architecture,
{[Ag2(L)(bpa)2]·(H2O)4}n (1), which has been characterized by elemental analysis, IR, TGA,
PXRD, and single-crystal X-ray diffraction. Complex 1 exhibits layers further connected through
hydrogen bonding and π · · ·π stacking interactions. Its photoluminescence was also investigated.
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Introduction

Design and synthesis of hybrid inorganic-organic
materials has recently become an area of intensive re-
search which is not only due to the structural and
topological novelties of such solids, but also because
of their potentially interesting electronic, optical, cat-
alytic and other properties [1 – 6]. A great number
of coordination polymers with various structures have
been reported to date; nevertheless, it is still a great
challenge to predict the exact structure of assembly
products in crystal engineering. Indeed, common weak
intermolecular interactions such as hydrogen bonding
and π· · ·π stacking [7 – 12] have been employed as co-
hesive forces in the consolidation of such inorganic-
organic materials.

As is well-known, silver(I) ions principally exhibit
linear, trigonal, and tetrahedral coordination and have
high affinity for hard donor atoms such as nitrogen
or oxygen atoms and soft donor atoms such as sulfur
atoms, being a favorable building block for MOFs. Fur-
thermore, silver ions are known to form short Ag· · ·Ag
contacts in supported as well as ligand unsupported
interactions, which have been proved to be two of
the most important factors contributing to the for-
mation of such complexes and their special proper-
ties [13 – 15]. On the other hand, as a member of

polycarboxylate ligands, 2,2′-oxydibenzoic acid is a
flexible ligand because two phenyl rings can rotate
around the etheric oxygen atom, which can be used
to construct intriguing coordination polymers because
of the non-coplanarity of two phenyl rings. In addi-
tion, the use of auxiliary ligands is also an effective
method for framework formation of coordination poly-
mers owing to the fact that they can satisfy and even
mediate the coordination needs of the metal center
and consequently generate more meaningful architec-
tures [16 – 21]. Recently, we began to study the reac-
tion of silver salts with flexible 2,2′-oxydibenzoic acid
and 1,2-bis(4-pyridyl)ethane (bpa) ligands with the
aim to construct unusual coordination architectures. In
this paper, we report the synthesis and structural char-
acterization of {[Ag2(L)(bpa)2]·(H2O)4}n (1), which
forms layers further connected to generate a three-
dimensional supramolecular structure through hydro-
gen bonding and π· · ·π stacking interactions.

Experimental Section

Materials and measurements

Reagents purchased commercially were used without fur-
ther purification. Elemental analyses for C, H and N were
performed on a Perkin-Elmer 240 elemental analyzer. The
FT-IR spectra were recorded from KBr pellets in the range
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from 400 to 4000 cm−1 on a Nicolet NEXUS 470-FTIR
spectrometer. Thermal analysis was performed on a SDT
2960 thermal analyzer from room temperature to 800 ◦C with
a heating rate of 20 ◦C min−1 under nitrogen flow. Powder
X-ray diffraction (PXRD) for 1 was measured at 293 K on
a Rigaku D/max-3B diffractometer (CuKα , λ = 1.5418 Å).
The powder samples were prepared by crushing the crystals
and scanned from 5 to 50◦ with a step of 0.1◦ s−1. Lumines-
cence spectra of solid samples were recorded on a Hitachi
850 fluorescence spectrophotometer.

Preparation of {[Ag2(L)(bpa)2]·(H2O)4}n (1)

Excess aqueous NH3 solution was slowly added dropwise
to a suspension of Ag2O (0.023 g, 0.1 mmol) in MeOH-H2O
(6 mL, 5 : 1 v/v), and the mixture was stirred for 15 min.
H2L (0.026 g, 0.1 mmol) and bpa (0.018 g, 0.1 mmol) were

Empirical formula C38H40Ag2N4O9
Formula weight 912.48
Crystal color and habit colorless prism
Crystal size, mm3 0.20× 0.18× 0.17
Temperature, K 296
Crystal system triclinic
Space group P1̄
a, Å 12.0133(9)
b, Å 12.9635(11)
c, Å 13.5440(9)
α , deg 71.659(7)
β , deg 76.176(6)
γ , deg 71.818(7)
V , Å3 1878.8(2)
Z 2
Dcalcd, g cm−3 1.61
µ(MoKα ), mm−1 1.1
F(000), e 924
θ range data collection, deg 3.09 – 25.00
Reflns. collected / independent / Rint 14032 / 6596 / 0.0351
hkl ranges −14≤ h≤ 14, −14≤ k ≤ 15, −12≤ l ≤ 16
Param. refined 478
R1a / wR2b [I > 2 σ (I)] 0.0668 / 0.1550
R1a / wR2b (all data) 0.1067 / 0.1756
GoFc (F2) 1.076
∆ρfin (max / min), e Å−3 1.18 / −1.17

a R1 = Σ||Fo|− |Fc||/Σ|Fo|; b wR2 = [Σw(F2
o −F2

c )2/Σw(F2
o )2]1/2, w = [σ2(F2

o )+(AP)2+
BP]−1, where P = (Max(F2

o ,0)+2F2
c )/3; c GoF = [Σw(F2

o −F2
c )2/(nobs−nparam)]1/2.

Table 1. Crystal data and numbers perti-
nent to data collection and structure re-
finement for 1.

Ag(1)–N(1) 2.196(5) Ag(1)–N(2)#1 2.186(5)
Ag(1)–O(1) 2.596(5) Ag(2)–N(3) 2.177(5)
Ag(2)–N(4)#2 2.164(5) Ag(2)–O(3) 2.657(8)
Ag(1)–Ag(1)#3 3.1049(14) Ag(2)–Ag(2)#4 3.0964(13)
N(2)#1–Ag(1)–N(1) 158.4(2) N(2)#1–Ag(1)–O(1) 92.7(2)
N(1)–Ag(1)–O(1) 95.5(2) N(4)#2–Ag(2)–N(3) 163.2(2)
N(4)#2–Ag(2)–O(3) 101.0(2) N(3)–Ag(2)–O(3) 90.8(3)

a Symmetry codes: #1x, y, 1+ z; #2 x, y, −1+ z; #3 1− x, 1− y, 1− z; #4 2− x, 2− y, −z.

Table 2. Selected bond lengths (Å) and
bond angles (deg) for complex 1a.

then slowly added, and stirring was continued for another
30 min. The resultant colorless solution was allowed to stand
in the dark at room temperature for a week to give col-
orless prism of 1 (yield 55% based on silver). – Anal.
for Ag2C38H40N4O9 (912.48): calcd. C 50.02, H 4.42, N
6.14; found C 50.08, H 4.49, N 6.11%. – IR (KBr, cm−1):
ν = 3432 (s), 1606 (m), 1427 (w), 1383 (m), 1221 (w), 1095
(w), 828 (w), 754 (w) , 667 (w), 542 (w)

Crystallographic studies

Single-crystal X-ray diffraction data of complex 1 was
collected on a Bruker Smart Apex CCD diffractome-
ter [22] with graphite-monochromatized MoKα radiation
(λ = 0.71073 Å) at room temperature using the ω-scan tech-
nique. Empirical absorption corrections were applied to the
intensities using the program SADABS [23]. The structures
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D–H· · ·A d(D–H) d(H· · ·A) d(D· · ·A) ∠(DHA)
O(1W)–H(1WA)· · ·O(2W) 0.85 2.18 3.025(15) 179.0
O(1W)–H(1WB)· · ·O(3W)#5 0.75 2.12 2.822(18) 157.3
O(2W)–H(2WA)· · ·O(5) 0.88 2.55 3.183(9) 129.5
O(2W)–H(2WB)· · ·O(1) 0.85 1.86 2.646(9) 152.6
O(3W)–H(3WA)· · ·O(2W) 0.85 2.08 2.923(16) 179.4
O(3W)–H(WB)· · ·O(4W)#5 0.84 2.01 2.851(16) 179.2
O(4W)–H(4WA)· · ·O(4)#5 0.85 1.92 2.719(11) 155.9
O(4W)–H(4WB)· · ·O(4)#1 0.85 2.17 3.024(13) 178.3

a Symmetry codes: #1 x, y, 1+ z; #5 1− x, 2− y, 1− z.

Table 3. Hydrogen bond lengths (Å) and
bond angles (deg) for complound 1a.

were solved using SHELXS-97 and refined with SHELXL-
97 [24, 25]. All non-hydrogen atoms were subjected to
anisotropic refinement. The hydrogen atoms of the organic
ligands were included in the structure factor calculation at
idealized positions using a riding model and refined isotropi-
cally. The hydrogen atoms of the water molecules were lo-
cated from difference Fourier maps and then restrained at
fixed positions and refined isotropically. The crystallographic
data and selected bond lengths and angles for 1 are listed in
Tables 1 and 2, respectively.

CCDC 887722 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data request/cif.

Results and Discussion

Description of the crystal structure of
{[Ag2(L)(bpa)2]·(H2O)4}n (1)

As shown in Fig. 1, the asymmetric unit of 1 con-
tains two silver cations, one dianion L2−, two bpa lig-
ands, and four water molecules. Ag1 atoms adopt a lin-
ear geometry and are ligated by two nitrogen atoms
from two different bpa ligands, while Ag2 atoms ex-
hibit a T-shaped trigonal geometry and are ligated by
two nitrogen atoms from two different bpa ligands
and one carboxylic oxygen atom. Ag atoms are in-
terconnected by bpa ligands to give infinite Ag-bpa
chains, which are associated through Ag· · ·Ag inter-
actions (Ag1· · ·Ag1#3 3.105 Å, Ag2· · ·Ag2#4 3.097 Å)
to generate double chains A and B (Fig. 2). Within
chain B, each pair of bpa ligands is aligned in a
face-to-face π· · ·π stacking mode with centroid-to-
centroid distances of 3.991 Å. Such double chains
A and B are stacked in an ABAB fashion through
L2− ligands bridging adjacent double chains, result-
ing in a layer structure (Fig. 3). The Ag–O and Ag–
N bond lengths are in the ranges of 2.594 – 2.827 Å
and 2.164 – 2.196 Å, respectively. Ag–O distances are

Fig. 1. The connectivity pattern in the asymmetric unit of
complex 1. All hydrogen atoms are omitted for clarity. (Sym-
metry codes: #1 x, y, 1+ z; #2 x, y, −1z; #3 1−x, 1−y, 1− z;
#4 2− x, 2− y, −z).

Fig. 2. (a) View of the Ag1-bpa double chain A along the
c axis; (b) view of the Ag2-bpa double chain B along the
c axis.

www.ccdc.cam.ac.uk/data_request/cif
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Fig. 3. Layer parallel to the ac plane in 1.

beyond the common range of 2.32 – 2.52 Å for sil-
ver(I) carboxylates, but still shorter than the sum of
the van der Waals radii (3.24 Å) of the silver and
oxygen atoms, suggesting the existence of signifi-
cant Ag· · ·O interactions. Finally, the layers are fur-
ther extended into a 3D supramolecular architecture
via hydrogen bonding and π· · ·π stacking interac-
tions with centroid-to-centroid distances of 3.891 and
3.937 Å (Fig. 4). It is interesting to note that the wa-
ter molecules exist in the space between layers to

Fig. 4. 3D supramolecular network in 1
constructed by hydrogen bonding and
π· · ··π stacking interactions.

Fig. 5. Hydrogen bonding motifs self-
assembled from L2− anions and water
molecules.

furnish a water tape along the c axis. Three water
molecules (O1W, O2W, and O3W) and their sym-
metric equivalents form a (H2O)6 water ring. O4W
acts as a donor for hydrogen bonds to two adja-
cent carboxylate O4 atoms (O4W-H4WB· · ·O4#1 and
O4W-H4WA· · ·O4#5) to give rise to a four-membered
ring of water molecules. The presented 1D water
tape can be assigned the code T6(0)4(0)A0 [26],
which is made up of alternating four- and six-
membered rings of water molecules (Fig. 5). In addi-
tion, O2W also acts as a donor for hydrogen bonds
to adjacent carboxylate O1 and ether oxygen O5
atoms making the supramolecular architecture more
stable. Hydrogen bond parameters are displayed in
Table 3.

Thermal analysis of the title complex 1

Thermogravimetric analysis (TGA) was conducted
to study the thermal stability of the title complex,
which is an important aspect of metal-organic frame-
works. The TGA curve for complex 1 is shown in
Fig. 6. It has two degradation steps in the range
30 – 800 ◦C. The first weight loss of 7.4% occurs be-
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Fig. 6. Thermogravimetric analysis (TGA) curve for complex
1.

tween 29 and 112 ◦C (calcd: 7.8%), corresponding to
the loss of the four free water molecules per formula
unit. Then, a plateau region is observed from 112 to
174 ◦C. The host framework starts to decompose above
174 ◦C.

Powder XRD studies

Compound 1 has been characterized by powder X-
ray diffraction (PXRD), as shown in Fig. 7. The PXRD
for 1 suggests that a single phase of 1 is formed and
that it is the major component of the product, but it is

Fig. 7. Simulated and observed PXRD patterns of 1.

Fig. 8. The emission spectrum of complex 1 in the solid state
at room temperature.

not absolutely phase-pure, but contains an as yet un-
known impurity. The differences in reflection intensi-
ties between the simulated and the experimental pat-
tern are due to the variation in preferred orientation of
the powder samples.

Luminescence properties of complex 1

Luminescent compounds composed of d10 metal
centers and organic ligands are of great interest be-
cause of their potential applications in the areas of
chemical sensors and photochemistry. These crys-
talline solids usually display regular photoluminescent
properties. Therefore, in the present work, the lumi-
nescence properties of complex 1 were investigated in
the solid state at room temperature. Upon excitation at
ca. 369 nm, complex 1 displays fluorescence emission
at 438 nm (Fig. 8), which can be assigned to the intra-
ligand (π-π*) transition because similar emissions are
observed at 410 nm (λ ex = 346 nm) for the free H2L
acid. By and large, silver(I) complexes are strongly
photoluminescent only at low temperature owing to the
intense spin-orbital coupling of Ag(I) [27 – 29]. Conse-
quently, compound 1 presents an unusual example of
room-temperature luminescence.

Conclusions

In summary, we have synthesized a new silver(I)-
organic framework {[Ag2(L)(bpa)2]·(H2O)4}n (1).
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The peculiar structural feature of complex 1 is that Ag
atoms are interconnected by bpa ligands to give infi-
nite Ag-bpa double chains A and B aggregate through
Ag· · ·Ag interactions. The chains are stacked alternat-
ingly in an ABAB fashion through L2− bridging lig-
ands, resulting in a layer structure. These layers are
further extended into a 3D supramolecular architecture
via hydrogen bonding and π· · ·π stacking interactions.
The results indicate that the Ag· · ·Ag contacts, the hy-
drogen bonds and π· · ·π interactions have great influ-

ence on the formation of the supramolecular architec-
ture. Moreover, complex 1 displays an intense emis-
sion at room temperature and may be a candidate for
luminescent materials.
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