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A lead(II) complex with three ligands, 4,40-bipyridine (4,40-
bpy), nitrate, and thiocyanate, has been synthesized and charac-
terized by CHN elemental analysis, IR-, 1H-, 13C- and 207Pb
NMR spectroscopy. The single-crystal X-ray data of [Pb(4,40-
bpy)(NO3)(SCN)]n compound shows that the complex to be
two dimensional polymeric and the Pb atom has an eight-coordi-
nate geometry. The lone pair of electrons on lead(II) is inactive
in this complex.

In relation with work on mixed-ligands lead(II) com-
plexes1–5 described in earlier papers, it is hardly surprising to
find further examples of these complexes with Pb2þ ion. The
4,40-bpy ligand,6–8 thiocyanate,10 and nitrate3,10 anions are wide-
ly used for the synthesis of polynuclear complexes with extended
structures. The lead(II) complexes are frequently discussed in
considering of the coordination and stereoactivity of heavy met-
als.11 Since the presence of lone pair is not directly detected but
recognized on the basis of the spatial distribution of atoms as-
sumed to be donors to the central ion, the identification of these
donor atoms is fundamental to the analysis of any particular sys-
tem. Interestingly, this is not a straightforward process. Building
new molecular species and modifying their architectures in order
to control their physical properties, have been a topic for many
research groups. Different ligands have been used to study the
lead(II) complexes.10,11 The bridge ligands such as 4,40-bpy be-
cause of forming of polynuclear complexes are also a very good
candidate for the investigation of the ‘‘stereochemical activity’’
of valence shell electron lone pairs in the polymeric and supra-
molecular compounds.

The [Pb(4,40-bpy)(NO3)(SCN)]n complex was prepared by
the following method (the branch tube method): 4,40-bpy
(0.156 g, 1mmol) was placed in one arm of the branched tube
and a mixture of lead(II) nitrate (0.331 g, 1mmol) and potassium
thiocyanate (0.097 g, 1mmol) in the other. Methanol was care-
fully added to fill both arms, the tube sealed and the ligand-con-
taining arm immersed in a bath at 60 �C while the other was at
ambient temperature. After 10 days, white crystals (mp =
220 �C), had deposited in the cooler arm which were filtered
off, washed with acetone and ether and air dried (0.242 g, yield
50%), Found: C, 27.87; H, 1.29; N, 11.25%. Calcd for
C11H8N4O3PbS: C, 27.30; H, 1.65; N, 11.58%. IR(cm�1) select-
ed bands: 718(s), 800(s), 1060(m), 1365(vs), 1585(s), 2040(s),
3035(w). 1H NMR (DMSO, �): 7.8 ppm (m, 2H) and 8.75 ppm
(m, 2H). 13C{1H} NMR (DMSO, �): 123.20 (S13CN), 124.30,
139.30, 144.50, 149.30. 207Pb NMR (DMS, �) �2369:44 ppm.

Single crystal X-ray diffraction analysis of the complex was
carried out (Figure 1).12 The crystal structure of [Pb(4,40-
bpy)(NO3)(SCN)]n consists of two dimensional polymeric units

of [Pb(4,40-bpy)(NO3)(SCN)]. The nitrogen atoms of 4,40-bipyr-
idine ligand and the oxygen atoms of nitrate anion are linked to
different lead atoms and also the sulfur and nitrogen atoms of
thiocyanate anion are bridged to two lead atoms. Each lead atom
is linked by the nitrogen atoms of 4,40-bipyridine ligand with a
Pb–N distances of 2.664(5), and 2.702(5) �A, the oxygens of ni-

Figure 1. The ORTEP diagram of the [Pb(4,40-bpy)(NO3)-
(SCN)]n. Selected bond lengths [ �A] and bond angles [�]:
Pb(1)–N(1) 2.664(5), Pb(1)–N(2)#1 2.461(6), Pb(1)–N(10)#2
2.702(5), Pb(1)–O(1) 2.724(6), Pb(1)–O(2) 2.802(6), Pb(1)–
O(3)#3 2.815(6), Pb(1)–O(1)#3 2.842(6), Pb(1)–S(1) 2.909(2),
N(1)–Pb(1)–N(2)#1 82.4(2), N(2)#1–Pb(1)–N(10)#2 84.4(2),
N(1)–Pb(1)–N(10)#2 162.4(2), N(2)#1–Pb(1)–O(1) 87.7(2),
O(1)–Pb(1)–N(1) 72.7(2), N(10)#2–Pb(1)–O(1) 118.47(18),
N(2)#1–Pb(1)–O(2) 76.9(2), O(2)–Pb(1)–N(1) 114.67(18),
N(10)#2–Pb(1)–O(2) 73.33(17), O(1)–Pb(1)–O(2) 45.57(16),
N(2)#2–Pb(1)–O(3)#3 152.9(2), N(1)–Pb(1)–O(3)#3 78.02(17),
N(10)#2–Pb(1)–O(3)#3 109.96(19), O(1)#2–Pb(1)–O(3)#3
104.0(2), O(2)–Pb(1)–O(3)#3 128.59(18), N(2)#1–Pb(1)–
O(1)#3 159.3(2), N(2)–Pb(1)–O(1)#3 118.25(18), N(10)–Pb(1)–
O(1)#3 75.42(19), O(1)–Pb(1)–O(1)#3 97.68(3), O(2)–Pb(1)–
O(1)#3 92.6(2), O(3)#3–Pb(1)–O(1)#3 44.42(15), N(2)#1–
Pb(1)–S(1) 85.47(16), N(1)–Pb(1)–S(1) 84.37(15), N(10)#2–
Pb(1)–S(1) 82.96(15), O(1)–Pb(1)–S(1) 156.75(16), O(2)–
Pb(1)–S(1) 151.52(12), O(3)#3–Pb(1)–S(1) 74.11(14), O(1)#3–
Pb(1)–S(1) 96.50(17). #1 �xþ 1, �yþ 1, �z #2 xþ 1, y� 1,
z #3 �xþ 1, y� 1=2, �zþ 1=2.
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trate anions with Pb–O distances of 2.724(6), 2.802(6), 2.815(6),
2.842(6) �A, the nitrogen of thiocyanate anion with a Pb–N dis-
tance of 2.461(6) �A and also the sulfur atom of thiocyanate anion
with a Pb–S distance of 2.909(2) �A. The coordination number in
this complex is eight (two 4,40-bipyridine ligands, four nitrate
anions, two thiocynate anions) and the lead atoms are bridged
by 4,40-bipyridine, nitrate and thiocyanate ligands and produce
polymer units in the solid state. Since the inversion center is
not located at the middle of the C(3)–C(30) bond, the aromatic
rings of 4,40-bipyridine are not coplanar. The two 4,40-bipyridine
ligands are trans and the N(1)–Pb(1)–N(10A) angle is 162.4�, but
the thiocyanate and also nitrate ligands are cis. The nitrate anion
could be chelated as bidentate and also could be bridged and in-
deed, one of oxygen atoms of this anion is linked to two differ-
ence lead atoms.

The structure of [Pb(4,40-bpy)(NO3)(SCN)]n compound is
interesting in several aspects. The above-mentioned compound
is a new rarely observed 2-D framework type and a new
mixed-ligands complex containing three ligands that have simul-
taneously been bridged in its crystal structure and also the lone
pair in this complex is inactive. The lone pair in the most of
lead(II) complexes is active, and the structures with inactive lone
pair were rarely observed.11 The possible stereochemical activity
of the lone pair in divalent lead compounds has recently been
discussed by Shimoni–Livny et al. based on a thorough review
of crystal data available in the Cambridge Structural Database
(CSD).11 They classify lead coordination as holodirected11

which refers to complexes in which the bonds to ligand atoms
are directed throughout the surface of encompassing sphere,
while hemidirected11 refers to those cases in which the bonds
to ligand atoms are directed throughout only part of the coordi-

nation sphere, leaving a gap in the distribution of bonds to the
ligand. The latter, presents in all Pb(II) compounds with coordi-
nation number 2 to 5, is quite common in Pb(II) compounds with
coordination numbers 6, 7 and 8, and does not exist in lead com-
plexes with higher coordination numbers, here holodirected ge-
ometry is the rule. For the structure described here, coordination
around the lead atoms is holodirected and the arrangement of
4,40-bipyridine (4,40-bpy) and nitrate, thiocyanate anions do
not suggest any gap or hole in coordination geometry around
the metal, possibly lone pair of electrons on lead(II) is inactive.
Whether the three bridged ligands help to inactivate the lone pair
in the coordination geometry around the metal ion or whether in-
activeness of the lone pair helps to form the three bridge, is not
clear. As shown in Figure 2, the three bridged ligands yield in-
finite chains parallel to the crystallographic vectors a and c.
There is �–� stacking interaction between the parallel aromatic
rings belonging to adjacent chains in this complex parallel to the
crystallographic vector b.
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