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Two new lead(II) complexes containing nitrite, [Pb(L)2(NO2)2], L¼ 1,10-phenanthroline (phen)
or 2,20-bipyridine (bpy), have been synthesized and characterized. The crystal structure of
[Pb(phen)2(NO2)2] shows monomeric units. The coordination number is eight (four from
‘‘phen’’ ligands and four nitrite anions), weak interaction of lead(II) with oxygen atoms of
adjacent molecules produce dimer units in the solid state. The arrangement of ligands exhibits
a coordination hole around the lead(II), occupied possibly by a stereoactive lone pair of
electrons on lead(II), and the coordination around lead is hemidirected. There is a �–� stacking
interaction between the parallel aromatic rings that may help to increase the ‘‘gap’’ around
lead(II).

Keywords: Lead(II) complexes; Nitrite ligand; Crystal structure; 1,10-phenanthroline;
2,20-bipyridine

1. Introduction

Building new complexes and modifying their architectures in order to study their
physical properties, has been a topic for many research groups. Many well-
characterized bidentate ligands, such as ‘‘phen’’ or ‘‘bpy’’, complexes of lead(II) contain
nitrate, perchlorate or thiocyanate anions and multifunction coordination mode anions
such as nitrite ion have been described rarely [1–8]. The nitrite anion is an ambidentate
ligand and can coordinate metal ions via both the N and O atoms. This anion is mono-
dentate through oxygen to give a nitrito complex, or through nitrogen to give a nitro
complex or bidentate through chelation, or by forming a bridge [9–13]. For these
reasons, there are a variety of complexes containing nitrite. Here the synthesis and
characterization of two new 1 : 2 adducts of 1,10-phenanthroline and 2,20-bipyridine
and lead(II) with nitrite counter ion are reported.
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2. Experimental

2.1. Physical measurements

IR spectra were recorded as nujol mulls using Perkin-Elmer 597 and Nicolet 510 P
spectrophotometers. Microanalyses were carried out using a Heraeus CHN–O-Rapid
analyzer. Melting points were measured on an Electrothermal 9100 apparatus and
are uncorrected. The 207Pb solution NMR spectra were recorded on a Bruker
DRX-500 AVANCE spectrometer at 104.6MHz using a 5-mm broadband probe.
Lead chemical shifts are reported (ppm) downfield from tetrametyllead using Pbph4
(�Pb¼�178.0 ppm, saturated in CDCl3) as an external standard. Each lead spectrum
was acquired in 3–10 h.

2.2. Preparation of [Pb(phen)2(NO2)2] (1)

The 1,10-phenanthroline (0.2 g, 1mmol) was placed in one arm of a branched tube and
mixtures of lead(II) acetate (0.36 g, 1mmol) and sodium nitrite (0.138 g, 2mmol) in the
other. Methanol was carefully added to fill both arms, then the tube was sealed and
the ligand-containing arm immersed in a bath at 608C, while the other was at ambient
temperature. After 10 days, yellow crystals (m.p. 2338C) were deposited in the cooler
arm which were filtered off, washed with acetone and ether and air dried (0.356 g,
yield 53%), m.p. 2138C. Found: C, 43.61; H, 2.38; N, 12.43; C24H16N6O4Pb. Calcd:
C, 43.65; H, 2.42; N, 12.73%.

IR (cm�1) selected bands: 740(s), 1010(s), 1212(vs), 1410(vs), 1590(s), 1618(s), and
3040(w).

1H NMR (500.13MHz; DMSO; ppm; �): 8.10–8.30 (m, 4H), 8.55–9.00 (m, 2H), and
9.20–9.45 (m, 2H).

13C-{1H} NMR (125.7MHz; DMSO; ppm; �): 124.30, 127.50, 129.40, 139.30, 144.50,
and 149.32.

UV-Vis: �max (nm) (H2O, log �/M�1 cm�1) 430 (4.58).
207Pb NMR (DMSO; ppm; �) �2145.7.

2.3. Preparation of Pb(bpy)2(NO2)2 (2)

This complex was prepared via an analogous method to that used for
[Pb(phen)2(NO2)2]. Reactant materials: bpy, lead(II) acetate, sodium nitrite, (2 : 1 : 2),
yellow crystals, m.p. 2058C. Yield 306 g, 50%. Found: C, 39.80; H, 2.90; N, 13.20;
C20H16N6O4Pb. Calcd: C, 39.21; H, 2.61; N, 13.72%.

IR (cm�1) selected bands: 742(s), 1015(s), 1210(vs), 1410(vs), 1592(s), 1617(s),
and 3030(w).

1H NMR (500.13MHz, DMSO; ppm; �): 7.80 (t, 2H), 8.25 (q, 2H), 8.75 (d, 2H),
and 7.80 (d, 2H).

13C-{1H} NMR (125.7MHz, DMSO; ppm; �): 127.50, 129.40, 139.30, 144.50,
and 149.32.

UV-Vis: �max (nm) (H2O, log �/M�1 cm�1) 420 (4.80).
207Pb NMR (DMSO; ppm; �) �2021.5.
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2.4. Determination of the structure

Crystallographic measurements were made at 293(2)K using a Siemens R3m/V
diffractometer. The intensity data were collected within the range 2.318� �� 28.068
using graphite monochromataed Mo–K� radiation (�¼ 0.71073 Å). Accurate unit
cell parameters and an orientation matrix for data collection were obtained from
least-squares refinement. Intensities of 5377 unique reflections were measured, from
which 4364 with I>2�(I) were used in the refinement. The structure was solved
by direct methods and refined by full-matrix least-squares techniques on F 2.

The positions of hydrogen atoms were idealized and included in the calculations of
the structure factors as fixed contributions. Each hydrogen atom was assigned an
isotropic thermal parameter. R1, wR2, with goodness-of-fit on F 2 (0.940) are 0.0341,
0.08520, respectively. The final difference density map showed a maximum peak and
hole of 1.730 and �0.963 e Å�3. Corrections for Lorentz and polarization effects
as well as the empirical correction for absorption using semi-empirical programs
were applied. All structural calculations were carried out with a PDP-11/23þ computer
using the SDP-PLUS program package [14, 15].

Crystal data and structure refinement are given in table 1. Selected bond lengths and
angles are given in table 2. Anisotropic thermal parameters, observed and calculated

Table 1. Crystal data and structure refinement for [Pb(phen)2(NO2)2].

Identification code [Pb(phen)2(NO2)2]
Empirical formula C24H16N604Pb
Formula weight 659.62
Temperature 293(2)K
Wavelength 0.71073 Å
Crystal system monoclinic
Space group P21/n
Unit cell dimensions a¼ 10.871(2) Å

b¼ 14.427(3) Å
c¼ 14.239(3) Å
�¼ 92.33(3)8

Volume 2231.4(8) Å3

Z 4
Density (calculated) 1.963Mgm�3

Absorption coefficient 7.607mm�1

F(000) 1264
Crystal size 0.40� 0.20� 0.20mm3

Theta range for data collection 2.31–28.068
Index ranges 0� h� 14

0� k� 19
�18� l� 18

Reflections collected 7125
Independent reflections 5377 [R(int)¼ 0.0422]
Completeness to theta 99.4%
Absorption correction Semi-empirical
Max. and min. transmission 0.3115 and 0.1508
Refinement method Full-matrix least-squares on F 2

Data/Restraints/Parameters 5377/0/316
Goodness-of-fit on F2 0.940
Final R [I>2�(I)] indices for 4364 ref1
R indices (all data) Rl¼ 0.0341, wR2¼ 0.0852

R1¼ 0.0410, wR2¼ 0.0874

Largest diff. peak, hole 1.730, �0.963 e Å�3
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structure factors, full lists of bond distances, bond angles and torsion angles are given
in the supplementary material. ORTEP diagrams and a perspective view of the packing
in the unit cell are shown in figures 1 and 2.

3. Discussion

3.1. Synthesis

In the reaction of lead(II) salts with 1,10-phenanthroline or 2,20-bipyridine ligands and
nitrite anion, the products are normally obtained as powdered materials through
conventional synthetic methods [16] and are typically insoluble in all organic solvents,
so their structures are difficult to characterize. By diffusion along a thermal gradient in
methanol solution (the branched tube method) lead(II) complexes in the crystalline
form have been obtained. These compounds are yellow, air-stable and high-melting
solids that are soluble in dimethylsulfoxide (DMSO). In the IR spectra of the nitrite
lead(II) complexes the absorptions due to �as and �sym fall in the range 1410 and
1210–1212 cm�1, respectively. The � value (�as–�sym) indicates that the nitrite anions
coordinate to the lead(II) center as O,O-chelates [17].

Table 2. Selected bond lengths (Å) and angles (8) for the
[Pb(phen)2(NO2)2].

Pb(1)–N(2) 2.497(4)
Pb(1)–O(2) 2.526(4)
Pb(1)–O(3) 2.550(4)
Pb(1)–O(1) 2.735(5)
Pb(1)–O(4) 2.833(4)
Pb(1)–N(3) 3.010(5)
Pb(1)–N(4) 3.038(5)
Pb(1)–N(1) 2.567(4)
N(2)–Pb(1)–O(2) 75.67(16)
N(2)–Pb(1)–O(3) 76.52(13)
O(2)–Pb(1)–O(3) 70.20(15)
N(2)–Pb(1)–N(1) 65.36(13)
O(2)–Pb(1)–N(1) 73.80(15)
O(3)–Pb(1)–N(1) 132.60(14)
N(2)–Pb(1)–O(1) 117.78(15)
O(2)–Pb(1)–O(1) 45.88(16)
N(2)–Pb(1)–O(4) 121.80(12)
O(2)–Pb(1)–O(4) 82.33(15)
O(3)–Pb(1)–O(4) 45.30(12)
N(1)–Pb(1)–O(4) 75.86(15)
N(2)–Pb(1)–N(3) 77.80(13)
O(2)–Pb(1)–N(3) 138.03(14)
O(3)–Pb(1)–N(3) 72.38(13)
N(1)–Pb(1)–N(3) 122.20(14)
O(1)–Pb(1)–N(3) 159.63(15)
N(2)–Pb(1)–N(3) 84.75(13)
N(2)–Pb(1)–N(4) 77.89(13)
O(2)–Pb(1)–N(4) 145.25(15)
O(3)–Pb(1)–N(4) 124.31(13)
N(1)–Pb(1)–N(4) 74.89(14)
O(1)–Pb(1)–N(4) 138.18(15)
O(4)–Pb(1)–N(4) 131.34(13)
N(1)–Pb(1)–N(4) 54.22(13)
O(3)–Pb(1)–O(1) 97.49(15)
N(1)–Pb(1)–O(1) 77.79(15)
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3.2. Crystal structure of [Pb(phen)2(NO2)2] (1)

The crystal structure of [Pb(phen)2(NO2)2] consists of monomeric units with each lead
chelated by the nitrogens of 1,10-phenanthroline ligands with Pb–N distances of 2.497,
3.010, 3.038 and 2.567 Å, and also the oxygens of nitrite unions with Pb–O distances of
2.526, 2.550, 2.735 and 2.833 Å (table 2). The coordination number in this complex
is eight (four from ‘‘phen’’ ligands and four from nitrite anions). The weak interaction
of lead(II) with oxygen atoms of adjacent molecules produce dimer units in the solid
state. In fact, each Pb atom in this structure along with eight normal bonds
forms one ‘‘weak’’ Pb � � �O bond with distances of 3.150 Å. The presence of a lone
pair of the lead atom is apparently the reason that the bridging interactions cannot
be shorter. If the stereochemically active lone pair was not present, more bridging inter-
actions between lead(II) and nitro ligands of the neighboring oxygen atoms might be
possible, leading to more symmetry.

Determination of the structure of this material by X-ray crystallography (table 1)
showed that the monomeric structure of this complex contains various similarities to
the monomeric structures of [Pb(phen)2(O2ClO2)2] [1], [Pb(phen)2(NO3)2] [1] and the
dimer structure of [Pb(phen)2(SCN)2]2 [18].

The arrangement of 1,10-phenanthroline and nitrite anions suggest a gap or hole in
coordination geometry around the metal ion [O(2)–Pb–N(4) angle is 145.258 and
O(1)–Pb–N(4) angle is 138.188], occupied by a stereoactive lone pair of electrons on
lead(II). A larger difference in the Pb–N distances of two 1,10-phenanthroline ligands
exists with the Pb–N distances of 1,10-phenanthroline ligand trans to the lone pair
at 2.497 and 2.567 Å, whereas, the Pb–N distances of 1,10-phenanthroline ligand

Figure 1. The ORTEP diagram of the [Pb(phen)2(NO2)2].
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cis to the lone pair are 3.010 and 3.038 Å, 0.5 Å difference. Shown in figure 3 are the two
Pb–L distances (Pb–L1 and Pb–L2) for the hemidirected lead(II) compounds.

The increase in lone pair activity and increased interaction of the lone pair-Pb–L1

may cause the difference between Pb–L1 and Pb–L2 angles to be larger.
The observed shortening of the Pb–N bonds on the side of Pb(II) ion opposite to the

putative lone pair (2.497 and 2.567 Å compared with 3.010 and 3.038 Å adjacent to
the lone pair) supports the presence of this feature [19]. Hence, the geometry of the
nearest coordination environment of every lead atom is likely caused by the geometrical
constraints of coordinated 1,10-phenanthroline ligands and nitrite anions and by
the influence of a stereochemically active lone pair of electrons in a hybrid orbital on
the metal. Such an environment leaves space for bonding of an oxygen atom of nitrite
anion of an adjacent molecule (figure 2).

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

Figure 2. The unit cell of [Pb(phen)2(NO2)2].
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of crystal data available at the Cambridge Structural Database (CSD) [20]. They
classify lead coordination as holodirected, which refers to complexes in which the
bonds to ligand atoms are directed throughout the surface of an encompassing
sphere, while hemidirected refers to those cases in which the bonds to ligand atoms
are directed through only part of the coordination sphere, leaving a gap in the distribu-
tion of bonds to the ligand. For the structure described here, coordination around the
lead atoms is hemidirected with a significant gap trans to the one 1,10-phenanthroline
ligand.

The striking similarity between [Pb(phen)2(NO3)2] [1], [Pb(phen)2(ClO4)2] [1] and
[Pb(phen)2(NCS)2]2 [18] with the complex described here are �–� stacking [21, 22] inter-
actions between the parallel aromatic rings belonging to adjacent chains in all three
compounds, as shown in figures 2 and 4. In the structure reported here, the interplanar
distance is 3.62 Å.

A simple model to describe �–� interactions has been developed by Hunter et al. [23].
This model predicts that face-to-face �-stacked interactions will be disfavored due to the
dominance of �–� repulsion [24, 25]. Hence, within the molecule discussed here the
electron-poor pyridyl rings interact with less electron-poor rings such as phenyl
groups (figure 4).

Thus two factors, lone pair activity and �–� stacking, control the coordination
sphere of these complexes. Whether the �–� stacking between the parallel aromatic
rings helps to increase the ‘‘gap’’ in the coordination sphere around the metal ion

Pb

L

L1

L2

L

L

longer bond

shorter bond

Figure 3. The Pb–L distances (Pb–L1 and Pb–L2) for the hemidirected lead(II) compounds.

N N

NN

Figure 4. Projection of nearest neighbor pairs in the �–� stacks of the heteroaromatic bases in
[Pb(phen)n(NO2)2].
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or whether the ‘‘hole’’ from the ‘‘stereochemical activity’’ of valence shell lone electron
pairs helps to form �–� stacking is not clear. However, self-assembly of these complexes
is likely caused by both lone pair activity and the �–� stacking interactions.

Supplementary material

Crystallographic data for the structures reported in the article have been deposited
with the Cambridge Crystallographic Data Centre (CCDC) as supplementary
material, CCDC No. 183432, for [Pb(phen)2(NO2)2]. Copies of the data can be obtained
on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. e-mail:
deposit@ccdc.cam.ac.uk.
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