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Abstract: A new metal-organic complex Ph(cbba),(phen), (1, H,chba=2-(4"-chlorine-benzoyl)benzoic acid, phen=

1,10-phenanthroline) has been hydrothermally synthesized and structurally characterized by elemental analysis,

IR, fluorescence spectrum and single-crystal X-ray diffraction. The compound crystallizes in orthorhombic, space
group Pben with a=1.474 49(7) nm, 6=0.953 90(4) nm, ¢=3.031 65(14) nm, V=4.264 1(3) nm?, C5,H3;CI,N,O4Pb,
M.=1086.91, D.=1.693 g-cm>, w(Mo Ka)=4.141 mm™, F(000)=2 144, Z=4, the final R=0.018 3 and wR=0.0457
for 3 582 observed reflections (/>2c(1)). In the crystal structure, the lead atom is six-coordinated with two carboxylate

oxygen atoms from different cbba ligands and four nitrogen atoms from different phen ligands, showing a distorted

octahedral geometry. Furthermore, 1 shows yellow photoluminescent property at room temperature. CCDC: 792222.

Key words: hydrothermal synthesis; crystal structure; lead complex; luminescence

0 Introduction

As we know, lead is a heavy and toxic metal, so
the study of Pb (I) model complexes in biological
systems and removal of lead by chelating agents through
coordination is very important. Lead(Il) possesses a
large radius, a variable stereochemical activity, and a
flexible coordination environment, which provide
unique opportunities for the construction of novel

metal-organic frameworks (MOFs)™?. Recently, increas-
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ing investigations have been focused on the construc-
tion of coordination polymers using heterocyclic carbox-
ylic acids like pyridine-®, pyrazine-*! and imidazole-
carboxylic acids® as building blocks. These building
blocks contain multi-oxygen and nitrogen atoms and
can coordinate with metal ions in different ways,
resulting in the formation of various metal-organic
frameworks (MOFs) with specific topologies and useful
properties.

We are interested in the solid-state coordination
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chemistry of 2-(4'-chlorine-benzoyl)benzoic acid, which
shows an excellent building block with charge and
multi-connecting ability. As far as we are aware, there
has been only one report on the structures of transition
metal complexes with 2-(4'-chlorine-benzoyl)benzoic
acid ligand®®, but those based on metal Pb and mixed
ligands of 2-(4’-chlorine-benzoyl)benzoic acid and
chelate phen ligand, to the best of our knowledge, have
not been previously investigated. Of particular interest
to us is the construction of metal of main group
polymers with new structural features by the utilization
report here the

of hydrothermal synthesis. We

preparation and crystal structure of the title complex

Pb(cbba)y(phen), (1).
1 Experimental

1.1 Synthesis of Pb(cbba),(phen),

The title compound was prepared from a mixture of
Pb(NO;) (0.030 g), Hycbba (0.052 g), phen (0.036 g) and
H,0 (18 mL) in a 30 mL Teflon-lined autoclave under
autogenous pressure at 170 C for five days. After
cooling to room temperature, colorless block crystals
were collected by filtration and washed with distilled
water in 38% vyield (based on Pb). Anal. Caled. for
Cs:HuCLN,O6Ph (%): C, 57.46; H, 2.97; N, 5.15. Found
(%): C, 57.45; H, 2.95; N, 5.14. IR (KBr, cm™): 3 056w,

1659s 1 601w, 1 583s, 1 557s, 1429w, 1 418w, 1 379s,
1347w, 1299w, 1 286m, 1 247w, 1 142w, 1 091m, 1 015
w, 932s, 857m, 840m, 774w, 750m, 730w, 675w, 651w,
636w, 529w, 478w.
1.2 Structure determination

A single crystal of the title compound with
dimensions of 0.235 mm x0.138 mm x0.095 mm was
mounted on a Bruker Smart Apex II CCD diffracto-
meter equipped with a graphite-monochromatic Mo Ko
(A=0.071 073 nm) radiation using an ¢-@ scan mode
at 273(2) K. In the range of 3.86°<26<52.06°, a total of
22 551 reflections were collected and 4 198 were inde-
pendent with R;,=0.017 3, of which 3 582 were observ-
ed with I>20(l). The correction for Lp factors was
applied. The structure was solved by direct methods
with  SHELX-97 program'” and refined by full-matrix
least-squares techniques on F? with SHELXL-97%. All
non-hydrogen atoms were refined anisotropically and
hydrogen atoms isotropically. All H atoms were placed
in calculated positions and refined as riding with U,(H)
=1.2U.(C). The final R=0.018 4 and wR=0.047 6 (w=1/
[*(F,)+(0.022 9P)*+1.934 3P), where P=(F+2F})/3). S
=1.125, (Ap)=3506 e-nm=, (Ap),,=—629 e-nm™ and
(A/0),=0.001. The selected important bond parameters

are given in Table 1.

CCDC: 792222.

Table 1 Selected bond lengths (nm) and bond angles (°)

Pb1-02 0.269 50(18) Pb1-N1 0.255 1(2) Pb1-N2 0.264 57(18)
Pb1-02A 0.269 50(18) Pb1-NIA 0.255 1(2) Pb1-N2A 0.264 57(18)
NI1A-PbI-N1 75.64(9) N2A-Pb1-N2 138.42(8) N1A-Pb1-02A 75.35(6)
NI1A-Pb1-N2A 63.98(5) N1A-Pb1-02 126.81(6) N1-Pb1-02A 126.81(6)
N1-Pb1-N2A 82.98(6) N1-Pb1-02 75.35(6) N2A-Pb1-02A 120.94(6)
NI1A-Pb1-N2 82.98(6) N2A-Pb1-02 68.99(5) N2-Pb1-02A 68.99(5)
N1-Pb1-N2 63.98(5) N2-Pb1-02 120.94(6) 02-Pb1-02A 154.69(9)
Symmetry transformations used to generate the equivalent atoms: A: 1-x, y, 0.5-z.

2 Results and discussion

2.1 IR spectrum
The COO~ is coordinated with its asymmetric

and symmetric stretching appearing at 1583 cm™

¥(0CO),) and 1379 em™ (¥(0CO),,,)", respectively.

The Av(@(0CO),yu—v(0CO),,,) is 204 cm™ (>200 cm™),
showing the presence of monodentate linkage of
carboxylates in the dianions. Thus the carboxylates
coordinate to the metal as monodentate ligands via the
carboxylate groups!"”. The absence of the characteristic

bands at abound 1700 em™ in compound 1 attributed to
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the protonated carboxylic group indicates that the
complete deprotonation of cbba ligand upon reaction
with Pb ions " In addition, X-ray diffraction analysis
further indicates the existence of monodentate
coordination manners of the carboxylate groups and
prence deprotonation of cbba ligands.
2.2 Description of the structure

Single-crystal X-ray diffraction analysis reveals
that compound Pb(cbba),(phen), (1) crystallizes in Pbcn
space group and consists of a zero-dimensional
structure. The molecular structure of the compound 1 is
shown in Fig.1. There are one Pb(Il) ion, two phen
ligands and two cbba ligands in the asymmetric unit.
The Pbl ion is six-coordinated by two carboxylate
oxygen atoms (O1, O2A) from two different cbba ligands
and four nitrogen atoms (N1, N2, N1A, N2A) from two
different phen ligands, showing a distorted octahedral
(02) and three

nitrogen (N1A, N2, N2A) atoms define an equatorial

geometry. One carboxylate oxygen

plane, while the axial coordination sites are occupied
by the other carboxylate oxygen atom (02A) and
nitrogen atom (N1). The bond distances of Pb-O in
compound 1 are 0.269 51(19) nm, and the Pb-N bond
distances in the crystal are in the range of 0.2551(2)~
0.264 57(18) nm.

Symmetry codes: A: 1-x, y, 0.5—z; Ellipsoids at 30% probability

Fig.1  Molecular structure of the title coordination
polymer
One coordination mode of the cbba ligand is
present in the structure of compound 1, namely
monodentate bridging mode.
There are significant 77-7 interactions in the

packing diagram between the neighboring phen or cbba

ligands. The centroid-to-centroid and perpendicular
distances between ring plane C4C5C6C7C11C12 and in
the adjacent molecule ring plane N2C1C2C3C4C12 are
0.371 2 nm and 0.336 2 nm, respectively. While the
centroid-to-centroid and  perpendicular  distances
between two neighboring rings C21C22C23C24C25C26
and C21'C22'C23'C24'C25'C26’ (symmetry code: 1-x,
1-y, 1-z) are 0.417 3 and 0.328 1 nm, respectively. By
virtue of these 77-7 interactions, compound 1 forms an
interleaving three-dimensional supramolecular network
(Fig.2). These supramolecular interactions together with
coordinate-covalent interactions between metal ions
and organic ligands strengthen the stability of the 3D

network structure.

Fig.2 3D Supramolecular network viewed along the

b axis in 1

2.3 Photoluminescent properties

The emission spectrum of compound 1 in the solid
state at room temperature is shown in Fig.3. It can be
observed  that compound 1  exhibits yellow
photoluminescence with an emission maximum at ca.
593 nm upon excitation at 325 nm. In order to
understand the nature of these emission bands, we first
analyzed the photoluminescence properties of free
phen, and confirmed that it does not emit any
luminescence in the range of 400~800 nm. And then we
investigated the emission spectrum of Hycbba itself and
the result indicated that it does not emit any
luminescence in the range 400~800 nm, which has also

12 Thus, according to the

been confirmed previously
previous literature!, the emission band could be
assigned to the emission of ligand-to-metal charge

transfer (LMCT).
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