
Poly[bis(l-benzene-1,4-dicarboxyl-
ato)bis[l-6-(4-pyridyl)-5H-imida-
zolo[4,5-f][1,10]phenanthroline]-
dilead(II)]: an interpenetrating a-Po
net

Zhan-Lin Xu, Xiao-Yuan Ma, Shuai Ma and Xiu-Yan Wang*

College of Chemistry, Jilin Normal University, Siping 136000, People’s Republic of

China

Correspondence e-mail: wangxiuyan2001@yahoo.com.cn

Received 6 August 2010

Accepted 9 August 2010

Online 18 August 2010

The asymmetric unit of the title compound, [Pb2(C8H4O4)2-

(C18H11N5)2]n, contains two PbII atoms, two benzene-1,4-

dicarboxylate (1,4-bdc) dianions and two 6-(4-pyridyl)-5H-

imidazolo[4,5-f][1,10]phenanthroline (L) ligands. Each PbII

atom is eight-coordinated by three N atoms from two different

L ligands and five carboxylate O atoms from three different

1,4-bdc dianions. The two 1,4-bdc dianions (1,4-bdc1 and 1,4-

bdc2) show different coordination modes. Each 1,4-bdc1

coordinates to two PbII atoms in a chelating bis-bidentate

mode. Each carboxylate group of the 1,4-bdc2 anion connects

two PbII atoms in a chelating–bridging tridentate mode to

form a dinuclear unit. Neighbouring dinuclear units are

connected together by the aromatic backbone of the 1,4-bdc

dianions and the L ligands into a three-dimensional six-

connected �-polonium framework. The most striking feature

is that two identical three-dimensional single �-polonium nets

are interlocked with each other, thus leading directly to the

formation of a twofold interpenetrated three-dimensional �-

polonium architecture. The framework is held together in part

by strong N—H� � �O hydrogen bonds between the imidazole

NH groups of the L ligands and the carboxylate O atoms of

1,4-bdc dianions within different �-polonium nets.

Comment

The design and synthesis of coordination polymers with infi-

nite three-dimensional framework structures has been an area

of rapid growth in recent years, owing to the potential of these

polymers in various applications such as catalysis, electrical

conductivity, host–guest chemistry and magnetism (Ockwig et

al., 2005; O’Keeffe et al., 2008; Yang et al., 2008). In this regard,

a great many coordination polymers with mineral topologies,

including CdSO4 (cds), NbO (nbo), Pt3O4 (pto), pyrite (pyr),

quartz (qtz), rutile (rto), diamond (diaz) and sodalite (sod),

have provided experimental examples of these theoretical

topologies (Batten, 2001; Batten & Robson, 1998; Carlucci et

al., 2003). As a result, the design and construction of diverse

topological networks has received much attention (Eddaoudi

et al., 2001). The topologies of coordination polymers can

often be controlled and modified by the coordination

geometry preferred by the metal ion and the chemical struc-

ture of the organic ligand (Long et al., 2002). It is well known

that careful selection of a suitable organic ligand with certain

features is helpful for constructing coordination polymers with

desirable properties. So far, the combination of bridging

carboxylates, 1,10-phenanthroline-like (phen-like) chelating

ligands and metal ions has generated many interesting coor-

dination architectures (Wang et al., 2008; Qiao et al., 2008;

Kong et al., 2009). Unfortunately, owing to the termination

effect of chelating phen-like ligands, such coordination poly-

mers containing both polycarboxylates and phen-like ligands

are usually only one- or two-dimensional (Wang et al., 2009,

2010; Qiao et al., 2009). High-dimensional complexes based on

dicarboxylate and phen-like ligands have rarely been reported

(Yang et al., 2007). Here, we have selected the benzene-1,4-

dicarboxylate dianion (1,4-bdc) as an organic linker and

6-(4-pyridyl)-5H-imidazolo[4,5-f][1,10]phenanthroline (L) as

an N-donor ligand, generating a new twofold interpenetrating

coordination polymer with an �-Po topology, viz. [Pb2(1,4-

bdc)2(L)2]n, (I).

The asymmetric unit of (I) contains two PbII atoms, two 1,4-

bdc dianions and two L ligands (Fig. 1). Each PbII atom is

eight-coordinated by three N atoms from two different L

ligands and five carboxylate O atoms from three different 1,4-

bdc dianions. The Pb—O distances (Table 1) are comparable

with those observed for [Pb(eedb)(L0)(DMF)] (eedb is 4,40-

ethylenedibenzoate and L0 is pyrazino[2,3-f][1,10]phenanthro-

line and DMF is dimethylformamide) (Qiao et al., 2009). The

two independent 1,4-bdc dianions show different coordination

modes. For convenience, the 1,4-bdc anions containing atoms

O1–O4 and O5–O8 are designated 1,4-bdc1 and 1,4-bdc2,

respectively. Each 1,4-bdc1 anion coordinates to two PbII

atoms in a chelating bis-bidentate mode. Carboxylate atoms

O1 and O2 chelate Pb1, while atoms O3 and O4 chelate Pb2v

[symmetry code: (v) x, y, z� 1]. Each carboxylate group of the

1,4-bdc2 anion connects two PbII atoms in a chelating–bridging

tridentate mode to form a dimer. Carboxylate atoms O5 and
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O6 chelate Pb1, while atom O5 bridges simultaneously to Pb2.

The other O atoms, O7 and O8, chelate Pb2vi, while atom O7

bridges simultaneously to Pb1vi [symmetry code: (vi) 1 + x, y,

z]. The distance between the PbII atoms in the dinuclear unit is

3.751 (3) Å.

Neighbouring dinuclear units are connected together by the

aromatic backbone of both 1,4-bdc dianions and the L ligands.

Each dinuclear PbII unit is surrounded by eight organic

ligands, viz. four bridging 1,4-bdc dianions and four bridging L

ligands. Although each dinuclear PbII unit is ligated by eight

bridging ligands, it is essentially linked to six nearest neigh-

bours, because two pairs of L ligands form two ‘double

bridges’ (Fig. 2). Each dinuclear unit therefore acts as a six-

connecting node, and the overall three-dimensional frame-

work topology is that of �-polonium (Fig. 2).

The most striking feature of (I) is that two identical three-

dimensional single �-polonium nets are interlocked with each

other, thus leading directly to the formation of a twofold

interpenetrated three-dimensional �-Po architecture (Fig. 3).

There are strong N—H� � �O hydrogen bonds between the

imidazole NH groups of the L ligands (N3 and N8) and the

carboxylate O atoms of the 1,4-bdc ligands within different �-

Po nets (Table 2). Each �-Po net is hydrogen bonded to its

neighbour through these hydrogen bonds, which further

consolidates the twofold interpenetrated framework.

To date, although a number of �-Po frameworks have been

reported, we are not aware of any other example of a PbII

metal-organic compounds
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Figure 1
A view of the local coordination of the PbII atoms in (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 30% probability
level and H atoms have been omitted for clarity. [Symmetry codes: (i) x � 1, y, z; (ii) x, 1 + y, z; (iii) x, y, 1 + z; (iv) x, y � 1, z.]

Figure 2
A view of the three-dimensional �-polonium net of (I). Large balls
represent the six-connected nodes.

Figure 3
A view of the twofold interpenetrated �-polonium structure of (I).
Hydrogen-bonding interactions between the nets are shown as dashed
lines.



coordination polymer with this motif (O’Keeffe et al., 2008;

Wang et al., 2010). As far as we know, only one �-Po frame-

work based on a 1,10-phen-like ligand, [Cd(1,4-ndc)(L0)]n (L0

is pyrazino[2,3-f][1,10]phenanthroline (1,4-ndc is naphtha-

lene-1,4-dicarboxylate), has been reported so far (Qiao et al.,

2008). In that structure, four CdII atoms are bridged by the

carboxylate groups of the 1,4-ndc ligands to form tetranuclear

cadmium carboxylate clusters. These tetranuclear cadmium

carboxylate clusters are further connected together by the

aromatic backbone of the dicarboxylate ligands to generate a

three-dimensional non-interpenetrating �-Po net.

Notably, although the very recently reported compound

{[Pb(1,4-bdc)(L)]�2H2O}n (Wang et al., 2010) is constructed

from the same mixed organic ligands and PbII atoms, its

structure is entirely different from that of (I). In that

compound, each carboxylate group of the 1,4-bdc anion

chelates one PbII atom in a bidentate mode. All 1,4-bdc anions

assume one kind of coordination mode, namely bridging

bis(bidentate). Adjacent PbII atoms are bridged by 1,4-bdc

dianions to form a one-dimensional zigzag chain. The L

ligands are attached on both sides of the chains in chelating

modes. Clearly, the topological difference between (I) and the

previously reported compound is mainly attributed to the

different coordination modes of the 1,4-bdc dianions and the

L ligands. The water molecules are not coordinated to any of

the metal atoms, and are in the voids between the chains. It

should be pointed out that the previously reported compound

was synthesized at 443 K, while (I) was prepared at 468 K in

the presence of PbII, 1,4-bdc and L. Thus, the synthesis of the

two structures can apparently be controlled through variation

of the reaction temperature.

Experimental

A mixture of Pb(NO3)2 (0.5 mmol), 1,4-H2bdc (0.5 mmol) and L

(1 mmol) was dissolved in distilled water (12 ml). The resulting

solution was stirred for about 2 h at room temperature, sealed in a

23 ml Teflon-lined stainless steel autoclave and heated at 468 K for

7 d under autogenous pressure, then cooled slowly to room temper-

ature. Pale-yellow block-shaped crystals of (I) suitable for single-

crystal X-ray diffraction analysis were collected from the final reac-

tion system by filtration, washed several times with distilled water and

dried in air at ambient temperature (yield 35% based on PbII).

Crystal data

[Pb2(C8H4O4)2(C18H11N5)2]
Mr = 1337.24
Triclinic, P1
a = 10.9066 (7) Å
b = 15.0537 (10) Å
c = 15.0663 (10) Å
� = 75.890 (1)�

� = 74.199 (1)�

� = 81.399 (1)�

V = 2299.2 (3) Å3

Z = 2
Mo K� radiation
� = 7.38 mm�1

T = 293 K
0.27 � 0.22 � 0.16 mm

Data collection

Bruker APEX diffractometer
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.56, Tmax = 0.77

12743 measured reflections
7984 independent reflections
6315 reflections with I > 2�(I)
Rint = 0.021

Refinement

R[F 2 > 2�(F 2)] = 0.031
wR(F 2) = 0.070
S = 0.98
7984 reflections

649 parameters
H-atom parameters constrained
��max = 1.27 e Å�3

��min = �0.60 e Å�3

All H atoms were positioned geometrically, with N—H = 0.86 Å

and C—H = 0.93 Å, and refined as riding, with Uiso(H) =

1.2Ueq(carrier).

Data collection: SMART (Bruker, 1997); cell refinement: SAINT

(Bruker, 1999); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

SHELXTL-Plus (Sheldrick, 2008); software used to prepare material

for publication: publCIF (Westrip, 2010).

The authors thank the Key Laboratory of Preparation and

Applications of Environmentally Friendly Materials and

Institute Foundation of Siping City (grant No. 2009011) for

supporting this work.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ3261). Services for accessing these data are
described at the back of the journal.

References

Batten, S. R. (2001). CrystEngComm, 3, 67–72.
Batten, S. R. & Robson, R. (1998). Angew. Chem. Int. Ed. 37, 1460–1494.
Bruker (1997). SMART. Version 5.622. Bruker AXS Inc., Madison, Wisconsin,

USA.
Bruker (1999). SAINT. Version 6.02. Bruker AXS Inc., Madison, Wisconsin,

USA.
Carlucci, L., Ciani, G. & Proserpio, D. M. (2003). Coord. Chem. Rev. 246, 247–

289.
Eddaoudi, M., Moler, D. B., Li, H., Chen, B., Reineke, T. M., O’Keeffe, M. &

Yaghi, O. M. (2001). Acc. Chem. Res. 34, 319–330.
Kong, Z.-G., Wang, M., Ma, X.-Y. & Wang, Q.-W. (2009). Acta Cryst. C65,

m472–m474.
Long, D.-L., Blake, A. J., Champness, N. R., Wilson, C. & Schroder, M. (2002).

Chem. Eur. J. 8, 2026–2033.

metal-organic compounds

Acta Cryst. (2010). C66, m245–m248 Xu et al. � [Pb2(C8H4O4)2(C18H11N5)2] m247

Table 1
Selected bond lengths (Å).
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