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Abstract: A novel coordination polymer, [Pb(L)(1,3-bdc)]-2H,0
(1), (L = 2-(2,6-dichlorophenyl)-1H-imidazo(4,5-f][1,10]phenan-
throline, 1,3-H,bdc = 1,3-benzenedicarboxylic acid) has
been successfully prepared under hydrothermal condi-
tions. The structure of 1 is a 1D chain structure, which
further stacks together to form a 3D supramolecular archi-
tecture by m—mn interactions and C-H---mt interactions. In
addition, the thermogravimetric analysis of 1 has been
investigated.

Keywords: lead(u), coordination polymer, crystal struc-
ture, 1,10-phenanthroline derivate

1 Introduction

Recently, coordination polymers have attracted great
interest for their unique structural diversities and poten-
tial applications (Lu et al., 2020; Zhao et al., 2022) such
as catalysis (Wang et al., 2017), gas storage (Gandara
et al., 2014), fluorescent probes (Wang., 2019; Lin et al.,
2016; Li et al., 2020), magnetism (Deng et al., 2019; Jan-
kowski et al., 2019), biological uses (Raja et al., 2012),
and so on. The process of coordination polymers’ self-
assembly is also affected by many factors, such as the
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choosing of metal center and nitrogen-containing ligand,
pH value, mole ratio, solvent, and so on, as any small
difference may result in a different final structure of the
product than the original target structure (Bharati et al.,
2020; Li et al., 2021b; Yang et al., 2021; Yu et al., 2020).
Nitrogen-containing ligand is a kind of excellent ligand
widely used as bridging and chelating blocks to construct
coordination polymers (Li et al., 2021a,c; Tian et al., 2016;
Wu et al., 2016; Xu et al., 2007). In this regard, phenan-
throline derivatives, a rigid nitrogen-containing ligand,
can promote charge transfer and stabilize the coordination
polymers (Xu et al., 2022; Zhang et al., 2003). To our
knowledge, reports on the coordination polymers based
on the 2-(2,6-dichlorophenyl)-1H-imidazo[4,5-f][1,10]phe-
nanthroline are very limited (Wang et al., 2015).

With the aforementioned considerations, we selected
2-(2,6-dichlorophenyl)-1H-imidazo[4,5-f][1,10]phenan-
throline (L) as a nitrogen-containing ligand and
1,3-benzenedicarboxylic acid (1,3-H,bdc) as a connector to
construct a new coordination polymer [Pbh(L)(1,3-bdc)]-2H,0.

2 Results and discussion

2.1 Structural analysis

The asymmetric unit of 1 consists of one unique Ph()
atom, one L ligand, one 1,3-bdc anion, and two free water
molecules. As shown in Figure 1, the coordination envir-
onment of atom Pb(m) is completed by four carboxylate
oxygen atoms (0(1), 0(2), 0(3'"), and 0(4)) from two
different 1,3-bdc anions and one nitrogen atom (N(2))
from one chelating L ligand in the equatorial plane, and
one N atom (N(1)) in vertex positions. The Pb—0 and Pb—N
distances in 1 are comparable to those reported in other
analogous complex [Pb(L)(adip)o;] (H,adip = adipic
acid, HL = 1-(1H-imidazo[4,5-f][1,10]phenanthrolin-2-yl)
naphthalen-2-ol) (Table 1) (Song et al., 2021). The 1,3-bdc
anions link two neighboring Pb(i1) atoms in a bis-chelating
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Figure 1: View of the coordination environment of the Pb(i1) atom in 1
(symmetric codes: ix-1/2, y + 1/2, 2).

Table 1: Selected bond lengths (A) and angles (°) for the complex 1

Pb(1)-N(2) 2.492(6)
Pb(1)-N(2) 2.630(6)
Pb(1)-0(1) 2.494(6)
Pb(1)-0(2) 2.708(6)
Pb(1)-0(3)’ 2.613(5)
Pb(1)-0(4)’ 2.441(7)
0(4)-Pb(1)-N(1)" 80.0(2)
0(4)-Pb(1)-0(1)" 78.11(18)
N(1)-Pb(1)-0(1) 78.8(2)
0(4)-Pb(1)-0(3)" 51.55(19)
N(1)-Pb(1)-0(3)" 83.6(2)
0(1)-Pb(1)-0(3)" 128.8(2)
0(4)-Pb(1)-N(2)" 120.34(19)
N(1)-Pb(1)-N(2) 64.8(2)
0(1)-Pb(1)-N(2) 133.15(18)
0(3)-Pb(1)-N(2)" 76.93(18)
0(4)-Pb(1)-0(2)" 126.62(19)
N(1)-Pb(1)-0(2) 79.2(2)
0(1)-Pb(1)-0(2) 49.85(18)
0(3)-Pb(1)-0(2)" 162.6(2)
N(2)-Pb(1)-0(2) 93.30(19)

Symmetry codes: ix-1/2, y+1/2,z; iix +1/2, y-1/2, z.

Figure 2: View of the 1D chain of 1 constructed by the 1,3-bdc.
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mode to generate a one-dimensional chain with the
Pb---Pb separation of 10.217 A (Figure 2). Moreover, the
1,3-bdc anions are stacked with those of an adjacent
chain through n-n interactions to form a one-dimen-
sional double-chain structure (centroid-to-centroid dis-
tance 3.604(4) A and face-to-face distance 3.487(3) A,
and dihedral angle of 0.0(4)°) (Figure 3).

Interestingly, as shown in Figure 4, other n—m inter-
actions have been observed in 1, and the L ligands from
the double chains furnish m-m stacking interactions
between the L ligands of neighboring chains [N(1)/C(1)-C(5),
N(2)/C(6)-C(10) at (x, -1 + y, z), centroid-to-centroid
distance of 3.642(4) A and face-to-face distance of
3.248(3) A, and dihedral angle of 1.6(4)°], resulting
in a two-dimensional supramolecular layer (Figure 5).
More interestingly, the C-H---m interactions have also
been found in 1. It is the C-H---m interactions between
the C(17) atom of the L ligand and the benzene ring
[C(21)-C(26) at (-x, y, 1/2-2)] of 1,3-bdc anion (2.94 A,
and angle of 12.23°) (Figure 6), which make the two-
dimensional layers to generate a three-dimensional
supramolecular architecture (Figure 7).

2.2 PXRD pattern and thermal analysis

To check the relative purity of 1, the powder X-ray diffrac-
tion patterns were carried out for 1. The experimental
powder X-ray diffraction patterns of 1 match well with
the corresponding simulated patterns obtained from the
single crystal data, thus proving the phase purity of the
synthesized samples (Figure 8).

To study the stability of 1, thermogravimetric analysis
(TGA) was performed. As shown in Figure 9, the TG curve
reveals that the first weight loss of 4.6% between 53°C and
174°C corresponds to the loss of the two free water mole-
cules (calcd. 4.7%). The second weight loss from 219°C to
552°C can be attributed to the decomposition of the
organic group CgH,Os; of 1,3-bdc anion and L ligand
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Figure 3: View of the 1D double-chain structure of 1 formed by n—m interactions.

Figure 4: View of the m—m interactions in 1.

(weight loss: 66.3%; calcd. 66.4%). The TGA results
basically agree with the formula of the title complex.

3 Conclusions

A Pb() coordination polymer [Pb(L)(1,3-bdc)]-2H,0 (1)
has been synthesized under hydrothermal conditions
with the mixed ligands of the 1,3-benzenedicarboxylic
acid (1,3-H,bdc) and 2-(2,6-dichlorophenyl)-1H-imidazo
[4,5-f]1[1,10]phenanthroline (L). The 1,3-bdc anions link
two neighboring Pb(i) atoms to acquire a one-dimen-
sional (1D) chain. The aforementioned 1D chains generate
further a two-dimensional (2D) supramolecular layer by
two kinds of n—m aromatic packing interactions. The 2D

Figure 5: View of the 2D supramolecular structure of 1 formed by the other m—m interactions.
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Figure 7: View of the 3D supramolecular structure of 1 formed by
C-H---minteractions.

supramolecular layers are extended into a three-dimen-
sional (3D) supramolecular architecture via C—H---mt inter-
actions. Moreover, the powder X-ray diffraction patterns
and thermogravimetric analysis of 1 have been studied.

Experimental

All reagents and solvents for syntheses were bought
from the commercial companies (Jinan Henghua Sci. &
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Figure 8: View of the powder X-ray diffraction patterns of 1.
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Figure 9: View of the thermal analysis curve of 1.

Tec. Co. Ltd and Jiangsu Hengxiang Chemical Sales Co.
Ltd, China). Thermogravimetric analyses (TGA) were per-
formed on a TG SDT2960 thermal analyzer under nitrogen
gas (TA, USA). Powder X-ray diffraction (PXRD) patterns
were measured on a Rigaku Dmax 2000 X-ray diffract-
ometer with graphite-monochromatized CuKo radiation
(Rigaku, Japan). Elemental analyses for C, H, and N were
performed on a Perkin-Elmer 240 CHN elemental analyzer
(Perkin Elmer, North Waltham, USA).

Preparation of [Pb(L)(1,3-bdc)]-2H,0 (1)

A mixture of Pb(NOs), (0.4 mmol, 0.132¢g), L (0.4 mmol,
0.146 g), 1,3-H,bdc (0.4 mmol, 0.066 g), and H,0 (9 mL)
was adjusted to the pH value to 7.03 with triethylamine.
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The mixture was stirred for 30 min at room temperature,
then transferred to a 20 mL Teflon reaction kettle and
heated at 160°C for 96 h, and then cooled to room tem-
perature at rate of 5°C-h™. The yellow block-shaped crys-
tals of 1 were obtained in 45% yield (based on the Pb).
Analytical found for C,;H;sCLLN,O¢Pb, calcd. %: C, 41.97;
H, 2.35; N, 7.25; found %: C, 40.46; H, 2.31; N, 7.16.
Selected IR (KBr) cm™: 3,416 [v(H,0)], 1,580 [v,s(CO0)],
1,414 [v4(CO0)], 1,329, 1,240, 1,075 [v(C=N)], 897, 813,
735, 640, 557.

X-ray crystallography

The single-crystal diffraction data for 1 were collected on
a Bruker-AXS Smart CCD diffractometer with graphite-
monochromatized Mo-Ka radiation (A = 0.71073 A) by ¢
and w scan mode at 298 (2) K. All of the structures were
solved by direct methods using SIR2014 (Burla et al.,
2015) and refined by full-matrix least-squares methods
based on F2 using SHELXL2018/3 program (Sheldrick,
2015). All the nonhydrogen atoms were located directly
and refined anisotropically. The hydrogen atoms attached
to carbon atoms were set in the calculated positions and
refined as a riding model. Detailed crystal data and struc-
ture refinement are listed in Table 2. The selected bond
lengths and angles are listed in Table 1. Crystallographic

Table 2: Crystalline data and refinement parameters for complex 1

Empirical formula C57H48CILN,O6Pb
Formula weight 772.54
Crystal system Monoclinic
Space group C2/c

a A 19.4331(18)
bR 6.3184(6)
cd) 40.553(4)

B (©) 103.2850(10)
Volume (A3) 4,846.1(8)

Z 8

D. (g-cm™3) 2.118

u (mm™) 7.239

F(000) 2,976

6 range (°) 2.154-25.006

Crystal size (mm)
Tot. reflections
Uniq. reflections, Rint

0.218 x 0.191 x 0.152
4,254
13,415, 0.0220

GOF on F# 1.107

R, indices [/ > 2a(/)] 0.0446

WR, indices (all data) 0.1054
DPrmins Dpmax (e:A73) -2.672, 1.510
CCDC No. 2182312
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data have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication num-
bers CCDC 2182312. The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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