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A silver(I) coordination polymer, [Agy(bpdc)], (1) (H,bpde=2,2"-bipyridyl-3,3’-dicarboxylic
acid), has been synthesized and characterized. Compound 1 exhibits a 2-D network containing
1-D channels. Each (bpdc)®~ is an octadentate p¢-ligand coordinating with six Ag(I)’s in 1.
This coordination of (bpdc)®~ ligand is first observed here. Neighboring networks are arranged
in a [ABAB: - -] pattern to form 3-D supramolecular architecture by 7- - -7 stacking. Compound
1 shows intense photoluminescence at room temperature.

Keywords: 2,2'-Bipyridyl-3,3’-dicarboxylic acid; Silver; Coordination polymer; Crystal
structure

1. Introduction

In construction of metal-organic frameworks (MOFs), Ag(I) is often used due to its
high affinity to N and O donors, its flexible coordination number and geometry, and
Ag---Ag weak interaction. Many Ag(I) complexes with different frameworks and
topologies have been synthesized [1-10]. To construct metal-organic complexes, careful
selection of a multifunction organic ligand is important with multidentate N or O
donors employed as organic spacers in the construction of extended structures [11-17].
These building blocks contain multi-oxygens and nitrogens to coordinate with metal
ions in different ways, resulting in the formations of various MOFs with specific
topologies and properties [18-20]. We introduce a multidentate N and O donor ligand,
2,2'-bipyridyl-3,3’-dicarboxylic acid (H,bpdc) for construction of MOFs.

H,bpdc is a multifunctional bridging ligand containing one 2,2'-bipyridyl unit and
two carboxyl groups, functioning as bis(monodentate) [21], tridentate [22-24],
bis(bidentate) [23, 25, 26], pentadentate [27], and even hexadentate [28] bridging
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Scheme 1. The coordination of (bpdc)®~ in 1.

connecters in ligand-directed synthesis, owing to the strong chelating bipyridyl and
adjacent carboxyl groups. The two pyridyl rings of (bpdc)*~ are not coplanar in
coordination, owing to the steric hindrance of 2,2-positioned carboxylate groups
[29-33]. The distortion of bipyridyl about the central C—C bond endows (bpdc)*~ ability
to link metal ions into chains [29-33].

Our aim is to synthesize high-dimensional coordination polymers through combining
(bpdc)*~ and silver(I) and studying the influence on the framework structure of their
compounds. A metal coordination polymer was synthesized, [Ag,(bpdc)],, as a 2-D
network containing 1-D channels. Each (bpdc)®~ is ue-ligand as an octadentate ligand
(scheme 1) to coordinate six silver(I)’s in 1. We report the synthesis, characterization,
crystal structure, and photoluminescence of [Ag,(bpdc)], (1).

2. Experimental

2.1. Reagents and physical measurements

H,bpdc was prepared according to the literature method [34]. Other chemicals
and reagents were used as received from commercial sources. Elemental analyses (C, H,
and N) were determined with a Elementar Vario EL elemental analyzer; IR spectra were
recorded as KBr pellets on a Bruker EQUINOXS5S spectrophotometer from 4000 to
400cm ™. Fluorescence spectra were performed on a Hitachi F-4500 fluorescence
spectrophotometer at room temperature.

2.2. Syntheses of complex (1)

A solution of AgNO; (0.0338 g, 0.2mmol) in MeOH (10mL) was slowly added to
a stirring solution of H,bpdc (0.0488 g, 0.2 mmol) in H,O (10 mL), and then 0.5mol L™
NaOH aqueous solution was added dropwise to the reaction mixture to give
a transparent solution. The solution was allowed to stand at room temperature for
one month giving colorless quadrate-like crystals. Yield: 83.8% (based on H,bpdc).
Anal. Calcd for CioHgAg,N,O4: C, 31.47; H, 1.32; N, 6.12%. Found: C, 31.41;
H, 1.38; N, 6.15%. FT-IR (KBrem™'): 1597(s), 1378(s), 1062(m), 843(m), 768(w),
691(m), 595(w).
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2.3. X-ray crystallography

Intensity data were collected on a Bruker Smart APEX II CCD diffractometer with
graphite-monochromated Mo-Ka radiation ().=0.71073A) at room temperature.
Empirical absorption corrections were applied using SADABS. The structures were
solved by direct methods and refined by the full-matrix least-squares based on F* using
SHELXTL-97 [35]. All non-hydrogen atoms were refined anisotropically and the
hydrogen atoms of organic ligands were generated geometrically. Crystal data and
structural refinement parameters for 1 are summarized in table 1. Selected bond
distances and angles are listed in table 2.

Table 1. Crystal data and structure refinement parameters for 1.

Compound 1
Empirical formula C,HgAg>N,O4
Formula weight 457.93
Crystal system Monoclinic
Space group i C2/c
Units of cell dimensions (A, °)

a 13.649(10)

b 12.022(9)

¢ 6.813(5)

o 90

B 91.539(9)

Y. 90
V(A% 1117.6(14)
Z 4
D Anal. Caled Mg~ 'm™ 2722
w (mm~Y 3.519
F (000) i 872
A (Mo-Ka)/A 0.71073
Reflections collected 2698
Unique reflections 998
Parameters 93
Son F° 1.074
Ry, wR, [I > 20(])] 0.0207, 0.0494
Ry, wR; (all data) 0.0238, 0.0516
Ap max and min (e A73) 0.551 and —0.633

Ry =Y | Fol = |Fell /S| Fol for Fo>40(Fo); wRy= {3 [w(F2 — F2)’)/3_ [w(F2) 1} 2.

Table 2. Selected bond distances (/D\) and angles (°) for 1.

Ag(1)-O(D#2 2.386(2) Ag(2)-0(1) 2.365(2)
Ag(1)-O(1)#3 2.386(2) Ag(2)-O(1)#4 2.365(2)
Ag(1)-0(2) 2.373(2) Ag)-N()#5 2.372(3)
Ag(1)-OQ)#1 2.373(2) Ag(2)-N(1)#6 2.372(3)
OQ)#1-Ag(1)-0(2) 86.13(11) O(1)-Ag(2)-O(1)#4 73.49(11)
OQ)#1-Ag(1)-O(1)#2 119.39(9) O(1)-Ag2)-N(1)#5 148.47(8)
0Q2)-Ag(1-O(1)#2 133.31(8) O()#4-Ag(2)-N(1)#5 116.19(9)
OQ)#1-Ag(1)-O(1)#3 133.31(8) O(1)-Ag(2)-N(1)#6 116.19(9)
0Q2)-Ag(1)-O(1)#3 119.39(9) O(1)#4-Ag(2)-N(1)#6 148.47(8)

Symmetry transformations used to generate equivalent atoms: #1: —x, y, —z+ 1/2; #2: x, =y +2, 2+ 1/2; #3: —x, =y +2,—z;
#A —x, p, —z— 120 #5 —x, —y+ 1, =z #6: x, —p+1,2—1/2
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3. Results and discussion

3.1. Structural description of [Ag,(bpdc)], (1)

Compound 1 is a 2-D network containing 1-D channels, stable in air and insoluble in
common organic solvents. As shown in figure 1, the asymmetric unit consists of two
crystallographically independent Ag(I) atoms. Agl is tetrahedral via binding with two
oxygens (OlA and OIB) from two different carboxylates of two different (bpdc)*~
ligands and the other two oxygens (02 and O2C) from two different carboxylates of the
same (bpdc)>~. The Agl-O bond lengths are 2.373(2) and 2.386(2) A, similar to those
observed previously [36]. Ag2C is chelated by two pyridyl nitrogens (N1 and N1C) from
a (bpdc)®~ ligand and two oxygens (O1E and OIF) from two carboxylates of two
(bpdc)*~ ligands. The Ag2-N and Ag2-O bond lengths are 2.372(3) and 2.365(2) A,
respectively. The O-Ag2-O bond angle is 73.49(1)°, N-Ag2-N is 72.34(1)° and
N-Ag2-0 are in range 116.19(9)-148.47(8)°.

The most striking feature of 1 is that each (bpdc)®~ ligand is simultaneously bound to
three Agl (Agl, AglA, and AglB) and three Ag2 (Ag2, Ag2B, and Ag2C) atoms as
a ue-bridging connecter. It is different from reported examples based on (bpdc)*~
ligand and Ag(I) [25, 28], in which it is a us-ligand in a hexadentate fashion (N, N’; O,
O’; and O, O’) coordinating with three Ag(I) centers through three chelate bonds. In 1,
each carboxylate binds with three Ag(I)’s tridentately, while the bipyridyl chelates Ag(I)
with bidentate coordination; the six-connecting octadentate coordination pattern in 1 is
unique. Also in 1, each carboxylate of (bpdc)*~ exhibits a ps—n'—n” bridging mode, very
rare in complexes of (bpdc)®~.

The pyridyl rings of (bpdc)®~ are twisted with an angle of 42.96°, indicating they are
not coplanar, perhaps reducing mutual repulsion between carboxylate groups. The
carboxylate is dramatically out of the plane of pyridyl ring with dihedral angle of
42.55°. A slight twisting is observed between carboxylate groups in (bpdc)®~ with
dihedral angle of 11.78°. The combination of these twists and bonds of (bpdc)*~ ligands
make Ag(I) centers into a 2-D network (figure 2) with all sliver(I)’s in the same plane.
The Agl---Ag2 distance is 3.817 A; Agl---Agl and Ag2---Ag2 distances are 4.709 A
and 3.591 A, respectively, significantly longer than the van der Waals distance of 3.40 A,
illustrating lack of direct Ag---Ag interaction.

Figure 1. ORTEP drawing of [Ag,(bpdc)],, drawn with displacement ellipsoids at the 30% probability;
hydrogen atoms have been omitted for clarity.



08: 24 23 January 2011

Downl oaded At:

Silver(1) coordination polymer 2151

Compound 1 possesses a 2-D framework with four grids, parallelogram, quadrangle,
rhombus, and hexagon (figure 3). Two triangular (bpdc)®~ ligands coordinate to two
Agl’s to form a distorted hexagon, producing a grid pore of 5.505 x 3.591 A based on
the Agl---Agl and Ol---O1. Two oxygens of carboxylate bridge Agl and Ag2 to form
a regular rhombus and further connecting to Ag(I) nodes of adjacent hexagons with
2,2'-bipyridyl, resulting in an extended sheet in the bc-plane.

Neighboring 2-D layers are arranged in a [ABAB--.] pattern to form a 3-D
framework through =- - -7 stacking in an offset edge-to-edge fashion with a distance of
3.389 A between pyridyl rings of the neighboring 2-D layers, creating 1-D channels with
a diameter of about 11 A propagating infinitely along the b-axis (figure 4). Obviously,
the - - -7 stacking interaction plays an important role in stabilization of the lattice.

Ligand conformation is a key factor in the coordination structures; (bpdc)*~
possesses oxygen and nitrogen donors on opposite sides, enabling the ligand to bridge.
The conformation of free bipyridyl is controlled by repulsion between lone electron
pairs of nitrogens. Thus, frans-conformation is energetically preferred, but the carboxyl
groups in 3,3’-positions has an additional influence on the angle of the pyridyl planes

Figure 3. A simplified scheme of 2-D network with four grids along g-axis.
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Figure 4. View of 3-D structure containing 1-D channels through 7 --- packing interaction along h-axis.

owing to (i) conjugative effect between pyridyl ring and carboxylate and (ii) steric
factors such as size and spatial arrangement of carboxyl group. The twists of (bpdc)*~
are responsible for formation of the network.

3.2. IR spectra

The IR spectra show features attributable to carboxylate stretching of the complex.
In infrared spectra of 1, no band was observed from 3600 to 3300cm ™', indicating
absence of O-H stretch of carboxylic acids and complete deprotonation of the
ligand. The v,(COO) is identified by the strong band at 1597cm™' and v(COO) at
1378 cm™'. The separation between the v,((COO) and v(COO) band in 1 is 219cm ™",
confirming the bridging of carboxylate groups in 1 [37].

3.3. Luminescence properties

Because of the excellent luminescent properties of d'® metal complexes, the
luminescence of 1 and free ligand were investigated. The emission spectrum of 1 in
the solid state at room temperature is shown in figure 5. Compound 1 exhibits one
strong emission band at 390 nm upon excitation at 245 nm, which can be tentatively
assigned to the m—x* electronic transition of ligand [38, 39], since a similar emission at
392 nm was observed for free ligand at the same excitation condition.

3.4. Thermogravimetric analyses

Thermal stability of the supramolecular framework constructed from Ag(I) and
H,bpdc was investigated by TGA. There is only one mass loss in the TGA curve of
1 (Supplemental Material), which is stable to 245°C. The weight loss of 51.2%
(Anal. Caled 49.4%) observed from 245 to 540°C corresponds to the release of
ligands. The remaining weight of 48.4% corresponds to the final product Ag,O
(Anal. Calcd 50.6%).
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Figure 5. The emission spectrum of 1 in the solid state at room temperature.

4. Conclusion

A 2-D Ag(I) coordination polymer with 2,2’-bipyridyl-3,3’-dicarboxylate was structu-
rally characterized. Each (bpdc)*™ is ue-octadentate coordinating with six silvers in 1.
This coordination of (bpdc)>~ has not been found in other complexes with (bpdc)®~.
Each carboxylate of (bpdc)’~ is 5—n'—n” bridging, also very rare. Ligand conformation
plays a key role in the coordination structure. Compound 1 displays intense emission
and may be a candidate for blue luminescent material.

Supplementary material

Crystallographic data for the structural analysis have been deposited with the
Cambridge Crystallographic Data Centre, CCDC No. 654624 for 1. Copies of
the data can be obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (Fax: (internet) +44-1223-336-033; Email:
deposit@ccdc.cam.ac.uk).

Acknowledgments

This work was supported by the National Natural Science Foundation of China
(Grant No. 20573083) and the Natural Science Foundation of Educational Bureau
of Shaanxi Province (Grant No. 07JK385) and NWU Doctorate Dissertation of
Excellence Funds (Grant No. 07YYBO07).



08: 24 23 January 2011

Downl oaded At:

2154 X.-L. Chen et al.

References

[1] X. Liu, G.C. Guo, M.L. Fu, X.H. Liu, M.S. Wang, J.S. Huang. Inorg. Chem., 45, 3679 (2000).
[2] S.L. Zheng, M.L. Tong, X.M. Chen. Coord. Chem. Rev., 246, 185 (2003).
[3] X.H. Bu, Y.B. Xie, J.R. Li, R.H. Zhang. Inorg. Chem., 42, 7422 (2003).
[4] C.Y. Su, Y.P. Cai, C.L. Chen, M.D. Smith, W. Kaim, H.C. zur Loye. J. Am. Chem. Soc., 125,
8595 (2003).
[5] C.Y. Su, Y.P. Cai, C.L. Chen, F. Lissner, B.S. Kang, W. Kaim. Angew. Chem. Int. Ed., 41, 3371 (2002).
[6] W.P. Su, M.C. Hong, J.B. Weng, R. Cao, S.F. Lu. Angew. Chem. Int. Ed., 39, 2911 (2002).
[7] CJ. Wang, Y.Y. Wang, H. Wang, G.P. Yang, G.L. Wen, M. Zhang, Q.Z. Shi. Inorg. Chem. Commun.,
11, 843 (2008).
[8] M. Kato, T. Fujihara, D. Yanoc, A. Nagasawa. Cryst. Eng. Comm., 10, 1460 (2008).
[9] N.K. Al-Rasbi, H. Adams, L.P. Harding, M.D. Ward. Eur. J. Inorg. Chem., 4770 (2007).
[10] K. Onodera, N.C. Kasuga, T. Takashima, A. Hara, A. Amano, H. Murakami, K. Nomiya. Dalton
Trans., 3646 (2007).
[11] Y. Cui, S.J. Lee, W. Lin. J. Am. Chem. Soc., 125, 6014 (2003).
[12] H. Jiang, A. Hu, W. Lin. Chem. Commun., 96 (2003).
[13] R. Horikoshi, T. Mochida, H. Moriyama. Inorg. Chem., 41, 3017 (2002).
[14] X.H. Bu, W.F. Hou, M. Du, W. Chen, R.H. Zhang. Cryst. Growth Des., 2, 329 (2002).
[15] X. Li, R. Cao, Y.Q. Sun, Q. Shi, D.Q. Yuan, D.F. Sun, W.H. Bi, M.C. Hong. Cryst. Growth Des., 4,
225 (2004).
[16] L.L. Wen, Z.F. Tian, J. Lin, H.Z. Zhu, Q.J. Meng. Z. Anorg. Allg. Chem., 632, 689 (2006).
[17] M. Rafizadeh, V. Amani, B. Neumiiller. Z. Anorg. Allg. Chem., 632, 2383 (2006).
[18] S.R. Batten, R. Robson. Angew. Chem. Int. Ed., 37, 1460 (1998).
[19] P.J. Hagrman, D. Hagrman, J. Zubieta. Angew. Chem. Int. Ed, 38, 2639 (1999).
[20] X.L. Chen, J.J. Wang, H.M. Hu, F. Fu, H.M. Shu, M.L. Yang, G.L. Xue, C.Q. Du, Y.J. Yao. Z. Anorg.
Allg. Chem., 633, 2053 (2007).
[21] G.Y.S.K. Swamy, K. Chandramohan, N.V. Lakshmi, K. Ravikumar. Z. Kristallogr., 213, 191 (1998).
[22] Z.J. Zhong, X.Z. You, Q.C. Yang. Polyhedron, 13, 1951 (1994).
[23] X.M. Zhang, H.S. Wu, X.M. Chen. Eur. J. Inorg. Chem., 2959 (2003).
[24] M.L. Tong, G. Yang, X.M. Chen. Aust. J. Chem., 53, 607 (2000).
[25] B.L. Wu, H.Q. Zhang, H.Y. Zhang, Q.A. Wu, H.W. Hou, Y. Zhu, X.Y. Wang. Aust. J. Chem., 56,
335 (2003).
[26] B.L. Wu, H.Q. Zhang, H.Y. Zhang, Q.A. Wu, H.-W. Hou, Y. Zhu, X.Y. Wang. Synth. React. Inorg. Met.
Org. Chem., 34, 313 (2004).
[27] B.L. Wu, D.Q. Yuan, F.L. Jiang, R.H. Wang, L. Han, Y.F. Zhou, M.C. Hong. Eur. J. Inorg. Chem.,
2695 (2004).
[28] H.Y. Guo, C.X. Chen, Y.G. Wei, X.L. Jin, C. Fang, P. Wang. Chin. J. Chem., 22, 49 (2004).
[29] R.H. Wang, M.C. Hong, J.H. Luo, R. Cao, J.B. Weng. Chem. Commun., 1018 (2003).
[30] R.H. Wang, M.C. Hong, J.H. Luo, R. Cao, J.B. Weng. Eur. J. Inorg. Chem., 2082 (2002).
[31] J.M. Rueff, S. Pillet, N. Claiser, G. Bonaventure, M. Souhassou, P. Rabu. Eur. J. Inorg. Chem.,
895 (2002).
[32] H. Kumagai, K. Inoue, M. Kurmoo. Bull. Chem. Soc. Jpn, 75, 1283 (2002).
[33]1 J.Y. Lu, V. Schauss. Inorg. Chem. Commun., 6, 1332 (2003).
[34] G.E. Inglett, G.F. Smith. J. Chem. Soc., Chem., 72, 842 (1950).
[35] G.M. Sheldrick. SHELXTL Program for the Solution of Crystal of Structures, University of G&ttingen,
Gottingen, Germany (1993).
[36] R.H. Wang, M.C. Hong, J.H. Luo, F.L. Jiang, L. Han, Z.Z. Lin, R. Cao. Inorg. Chim. Acta, 57,
103 (2004).
[37] K. Nakamoto. Infrared and Raman Spectra of Inorganic and Coordination Compounds, Part B, 5th Edn,
Wiley, New York (1997).
[38] J.W. Ye, P. Zhang, K.Q. Ye, H.Y. Zhang, S.M. Jiang, L. Ye, G.D. Yang, Y. Wang. J. Solid State Chem.,
179, 438 (2006).
[39] X. He, C.Z. Lu. Z. Anorg. Allg. Chem., 630, 2583 (2004).



