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Abstract

A two-dimensional polymer, [Tl3(l-BPC)2(l-NO3)]n [BPC = biphenyl-2-carboxylate], has been synthesized and characterized. Its sin-
gle-crystal X-ray structure shows three types of TlI-ions with coordination numbers of 5 (Tl1 and Tl2), and 4 (Tl3). Two of the thallium
atoms, Tl1 and Tl3, contain close TlI� � �p (aromatic) contacts, thus attaining a total hapticity of 11 and 10 with environments Tl1O5C6

and Tl3O4C6, respectively.
� 2006 Elsevier B.V. All rights reserved.
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Design and synthesis of new materials with specific
properties and applications is a major challenge to chem-
ists. Among all of the transition and non transition metals,
Tl(I) chemistry is very interesting due to a variety of rea-
sons. The TlI compounds are interesting and frequently dis-
cussed in considering the ‘‘stereo-chemical activity’’ of
valence shell electron lone pairs, potential ability to form
metal–metal bonds and also complexes with aromatic
hydrocarbons [1–32]. From recent structural study of
Tl(I) complexes of anthranilates and salicylates [8], it has
been argued that polyhapto-aromatic interactions also play
an important role in determining the solid state lattices of
such compounds, so that it was anticipated that this might
be true for the Tl(I) complex of the biphenyl-2-carboxylate
(BPC�). The ‘‘BPC�’’ anion with two aromatic groups and
because of its ability for forming of polyhapto interactions
may also be a good candidate for the investigation of the
phenomena.
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The reaction between ‘‘BPC�’’ and TlI(NO3) provided
colorless crystals with general formula [Tl3(l-BPC)2(l-
NO3)]n [HBPC = biphenyl-2-carboxylic acid] (1) [33].
Determination of the structure of the (1) by X–ray crystal-
lography [34] showed three types of TlI-ions with coordina-
tion numbers of 5 (Tl1 and Tl2) and 4 (Tl3) that are
coordinated by oxygen atoms of biphenyl-2-carboxylate
and nitrate anions with distances of ca. 2.63–2.95 Å
(Fig. 1). The compound in solid state is a 2D polymer.
The nitrate anion is disordered and acts as both a bidentate
chelating, and a bridging group where two oxygen atoms
coordinate to a thallium(I) ion and one these oxygen atom
also as a bridge to another thallium atom, and the last oxy-
gen atom only bridges to one thallium atom (Scheme 1a).
The carboxylate group of the ‘‘BPC�’’ ligand acts only as
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Fig. 1. ORTEP diagram of [Tl3(l-BPC)2(l-NO3)]n (1), the nitrate anion is
disordered.
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Scheme 1.

Fig. 2. Environment of Tl-atoms in [Tl3(l-BPC)2(l-NO3)]n (1) after extending the bonding limit, showing of Tl� � �Tl and Tl� � �C interactions.
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a bridging group where two oxygen atoms link to five thal-
lium(I) ion, a novel and interesting behavior of a carboxyl-
ate group (Scheme 1b).

The arrangement of the O-atoms in this complex suggest
a gap or hole in the coordination geometry around the TlI

coordination sphere (Fig. 2a–c), suggesting the lone pair of
the Tl(I) atoms to be ‘active’ in the solid state [31,32].

With low coordination numbers of 4 and 5 for large
thallium(I) ions in (1), one tends to look for secondary
interactions that could possibly relieve this coordinative
unsaturation. To find any other potential donor center,
it is necessary to extend the bonding limit. A search
was made generally for Tl� � �Tl and Tl� � �C approaches
and it appears that Tl atoms may also be involved in
thallophilic and polyhapto interactions. The separation
between the thallium atoms is Tl1� � �Tl2i = Tl2� � �Tl1i =
3.906(7), Tl2� � �Tl3 = 3.879(5), and Tl2� � �Tl3i = Tl3� � �-
Tl2i = 3.838(5) Å (Fig. 2a–c), which is less than twice
the van der Waals radius of thallium (ca. 3.92 Å [33]) and
was proposed to represent a weak attractive interaction.

A search was also made for Tl� � �C approaches and it
appears that Tl1 and Tl3 in (1) may also be involved in
close g6 interaction with one of phenyl groups of the
‘‘BPC�’’ ligand (Fig. 2a and c). Thus, the Tl1 and Tl3
atoms are linked to six carbon atoms of phenyl groups with
distances Tl1� � �C14, Tl1� � �C15, Tl1� � �C16, Tl1� � �C17,
Tl1� � �C18 and Tl1� � �C19 of 3.932, 3.802, 3.668, 3.668,
3.806, and 3.962 Å (with a Tl� � �centroid separation of
3.43 Å), respectively (Fig. 2a), and Tl3� � �C1i, Tl3� � �C2i,
Tl3� � �C3i, Tl3� � �C4i, Tl3� � �C5i, and Tl3� � �C6i (i: �z, �y,
�z) of 3.812, 3.615, 3.444, 3.457, 3.658, and 3.830 Å (with
a Tl� � �centroid separation of 3.32 Å), respectively (Fig. 2c).
Hence, the Tl1 and Tl3 coordination sphere is completed
and rather than a Tl1O5 and Tl3O4 coordination sphere,
the complex can be considered to contain a hexahapto cen-
ter with coordination numbers 11 and 10. The Tl� � �C sep-
arations range is 3.20–4.00 Å in recent reportedly species
[8,26], and the sum of the van der Waals radii of C and
Tl atoms is 3.66 Å [35]. Thus, hexahapto aromatic coordi-
nation of Tl1 and Tl3 appears to be yet another factor
which can make varying contributions to the stability of
complexes of this metal ion.

The obvious question then is whether the lone pair of
the Tl1 and Tl3 atoms in (1) like that of PbII [36] may or
may not be involved in donor bonding with phenyl groups.
Though a qualitative explanation of the nature of these
particular interactions may be offered in terms of precise
geometrical considerations, identification of the exact nat-
ure of the interaction is not always obvious [37]. Thus,
whether the thallium atoms in (1) act only as a Lewis acid
or whether as a Lewis acid and a Lewis base [37] is not
clear.
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