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Synthesis, Crystal Structure and Fluorescent Properties of a Cadmium(ID
Coordination Polymer Constructed from Camphor Acid and 1,3,5-Tris
(imidazol-1-ylmethyl)-2,4,6-trimethylbenzene

LIU Guang-Xiang”™
(School of Biochemical and Environmental Engineering, Nanjing Xiaozhuang University, Nanjing 211171, China)

Abstract: A new three-dimensional coordination polymer of {[Cd,(titmb) (CAM),| -2H,0}, (1) (H,CAM =camphor
acid, and titmb=1,3,5-tris (imidazol-1-ylmethyl)-2,4,6-trimethylbenzene) has been prepared and characterized by
elemental analysis, IR spectroscopy, TGA and single-crystal X-ray diffraction. The crystal is of monoclinic, space
group P1 with a=1.238 25(15) nm, b=1.301 28(16) nm, ¢=1.537 29(19) nm, a=91.351 (2)°, B=94.864 (3)°, y=
98.730 (2)°, V=2.437 9 (5) nm’, D.=1.386 g-cm?, Z=2, F (000)=1 040, Goof=1.027, R,=0.054 5, wR,=0.121 0.
(3, 4, 6)-connected network with (4.6*.8), (4°.6.8°) (68),
topology. Moreover, their luminescent properties have been investigated in the solid state. CCDC: 834854.

Complex 1 displays an unusual three-dimensional
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0 Introduction

Metal-organic coordination polymers (MOCPs) on
the basis of self-assembly of metal ions and
multifunctional ligands have been rapidly developed

because of their fascinating structural diversities and
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potential applications in the fields of catalysis, gas
absorption, chirality, luminescence, nonlinear optics,
and magnetism!?. Designing of coordination polymers
with specified properties remains an intriguing
challenge to synthetic chemists, in terms of choosing

both organic ligands as well as metal ions™. A vast
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literature has been reported in the judicious selection of
organic ligands in attaining the desirable topologies ‘.
MOCPs, based on rigid carboxylate linkers, have been
widely studied and highly explored™. In contrast to the
rigid ligands, the rational design of coordination
polymers based on flexible ligands are quite interesting
in terms of the self-assembly process and structure-
property relationship®. Because of the conformational
freedom of the flexible ligands, it results in formation of
both discrete macrocylces and infinite polymeric
structures; conversion between these two types of
structures  (discrete and polymer) could also be
achieved by the ring-opening isomerism®. Cao and his
group studied and reviewed the coordination polymers
based on flexible ligands™ The conformational freedom
of flexible ligands offers the possibility to construct
unpredictable and interesting coordination networks
with useful properties. The final structures, based on
flexible ligands, are subjected to several factors, such as
synthetic conditions (temperature, pH, pressure, and

solvents), coordination geometry of metal ions,

geometrical disposition of donor sites, template
molecules, and so on """, Thus, an investigation of the
correlation between the subtle conformation of a flexible
ligand and the topology of the coordination network
formed is a challenging task for inorganic chemists.

On the other hand, among the N-donor bridging
ligands, bis (imidazole) ligands, as an important family
of flexible N-donor ligands, have attracted great interest
B4 Tn our previous work ", we have reported a series of
fascinating archetypal structures based on the 1,4-bis
(imidazol-1-ylmethyl)benzene (bix) or 4,4-bis (imidazol-
(bimb)

inspection of the reported cases, we found that the

1-ylmethyl)biphenyl ligands. On careful

flexible nature of the alkyl (-CH,-) spacer allows the
ligands to bend and rotate freely so as to conform to the
coordination geometries of central metal atoms. 1,3,5-
Tris (imidazol-1-ylmethyl)-2,4,6-trimethylbenzene)
(titmb) is a flexible tri (imidazole) ligand that was
concerned in recent years as a result of their
pluridentated and excellent coordinated ability "l
Building on the above consideration, we select camphor

acid (H,CAM) as the main ligand, in the presence of

neutral titmb as auxiliary ligand and Cd(NO;),+4H,0 to
construct a new three-dimensional coordination polymer
of {[Cd, (titmb) (CAM),] -2H,0}, (1). Herein, we report

the  synthesis, structural characterization and

fluorescent properties.
1 Experimental

1.1 Materials and general methods

All reagents for syntheses and analyses were
purchased from commercial sources and used as
received without further purification. The titmb ligand
was synthesized in accordance with the procedure
reported in the literature!"”. Elemental analyses (C, H
and N) were performed on a Vario EL 1II elemental
analyzer. The IR spectrum as a KBr disk was recorded
on a Nicolet Avatar 360 FTIR spectrometer. The
luminescence spectra for the powdered solid samples
were measured at room temperature on a Hitachi F-
4500 fluorescence spectrophotometer with a xenon arc
lamp as the light source. In the measurements of
emission and excitation spectra the pass width is 5
nm. All the measurements were carried out under the
same experimental conditions. Thermal gravimetric
(TGA) were performed on a Netzsch STA-
409PC instrument in flowing N, with a heating rate of
10 °C-min™.
1.2 Synthesis of {[Cd,(titmb)(CAM),]-2H,0}, (1)

A mixture containing Cd(NOs),-4H,0 (61.6 mg,
0.2 mmol), H,CAM (20.0 mg, 0.1 mmol), titmb (36.0
mg, 0.1 mmol) and LiOH-H,0 (8.4 mg, 0.2 mmol) in

15 ml deionized water was sealed in a 25 mL Teflon

analyses

lined stainless steel container and heated at 140 °C
for 3 d. Colorless pillar crystals of 1 were collected by
filtration and washed with water and ethanol several
times with a yield of 52% . Anal. Caled. for
CyHssNgOoCd, (%): C, 48.39; H, 5.55; N, 8.26. Anal.
Found (%): C, 48.42; H, 5.58; N, 8.24. IR spectrum:
3463, 3 049, 2 927, 1 607, 1 561, 1 533, 1 519,
1441, 1 382, 1281, 1 132, 1 090, 1 029, 952, 827,
822, 769, 725, 651 and 543 cm™.
1.3 X-ray crystallography

A colorless block single crystal of 1 with 0.28

mmxX0.24 mmx0.22 mm was carefully selected under a
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polarizing microscope and glued at the tip of a thin
glass fiber with cyanoacrylate (super glue) adhesive.

Single crystal structure determination by X-ray
diffraction was performed on a Bruker Smart Apex Il
CCD diffractometer equipped with a normal focus, 3
kW sealed tube X-ray source (Mo Ka radiation, A =
0.071 073 nm) operating at 50 kV and 30 mA. Data
the SAINT

processing program ". Empirical absorption correction

processing was accomplished  with

was applied. The structure was solved by the direct
method using SHELXS-97 " and refined by full-matrix
least squares on F? using SHELXL-97 ™. All of the non-
hydrogen atoms were refined anisotropically. The
hydrogen atoms were added according to the theoretical
model. The crystal parameters date collection and
refinement results for complex 1 is shown in Table 1. The

selected bond distances and angles are listed in Table 2.

CCDC: 899224.

Table 1 Crystal data and structure refinement for complex 1

Formula C4HssNgO1oCds D./ (g-em™) 1.386

Formula weight 1017.72 Absorption coefficient / mm 0.928

Temperature / K 293(2) 0 range / (°) 1.58~26.00

Crystal system Triclinic Limiting indices -9=<sh<l5, -l6<k=<15, -18<[<18

Space group Pl F(000) 1040

a/nm 1.238 25(15) Reflections collected 13 222

b/ nm 1.301 28(16) Independent reflections 9 344 (R,,=0.033 1)

¢/ nm 1.537 29(19) Reflections observed (I>20(1)) 6 408

al(°) 91.351(2) Data/restraints/parameters 9 344/0/567

B/ 94.864(3) Goodness-of-fit on F* 1.027

v /1(°) 98.730(2) Ry, wR, (I>20(1)) 0.054 5, 0.121 0

V/nm? 2.437 9(5) Ry, wR, (all data) 0.084 7, 0.127 9

Z 2 Largest difference peak and hole / (e-nm™) 583, -1 113

Table 2 Selected bond lengths (nm) and angles(°)

Cd(1)-N(6) 0.218 1(5) Cd(2)-N(2)" 0.223 7(5) Cd(1)-0(2) 0.218 9(4)
Cd(2)-N(4)* 0.223 8(5) Cd(1)-0(6) 0.226 0(4) Cd(2)-0(7) 0.228 7(4)
Cd(1)-0(5) 0.233 1(4) Cd(2)-0(8) 0.228 9(4) Cd(1)-0(5) 0.239 8(4)
Cd(2)-0(3)" 0.232 1(4) Cd(1)-0(1) 0.244 6(4) Cd(2)-0(4)™ 0.240 1(4)
N(6)-Cd(1)-0(2) 124.46(16) N(2)"-Cd(2)-N(4) 103.04(18) N(6)-Cd(1)-0(6) 124.35(18)
N(2)*-Cd(2)-0(7) 107.35(17) 0(2)-Cd(1)-0(6) 102.54(16) N(4)i-Cd(2)-0(7) 85.45(16)
N(6)-Cd(1)-0(5) 96.21(16) N(2)*-Cd(2)-0(8) 94.86(18) 0(2)-Cd(1)-0(5) 91.62(15)
N(4)"-Cd(2)-0(8) 136.23(16) 0(6)-Cd(1)-0(5) 111.75(16) 0(7)-Cd(2)-0(8) 50.95(14)
N(6)-Cd(1)-0(5) 95.74(16) N(2)"-Cd(2)-0(3) 142.78(17) 0(2)-Cd(1)-0(5) 138.25(15)
N(4)"-Cd(2)-0(3) 90.39(16) 0(6)-Cd(1)-0(5) 54.21(14) 0(7)-Cd(2)-0(3)" 108.21(16)
0(5)-Cd(1)-0(5) 71.31(15) 0(8)-Cd(2)-0(3)" 98.97(15) N(6)-Cd(1)-O(1) 90.25(15)
N(2)"-Cd(2)-0(4) 91.25(15) 0(2)-Cd(1)-0(1) 54.05(14) N(4)i-Cd(2)-0(4) 89.22(16)
0(6)-Cd(1)-0(1) 95.77(15) 0(7)-Cd(2)-0(4)" 161.36(15) 0(5)-Cd(1)-O(1) 140.65(13)
0(8)-Cd(2)-0(4)" 130.41(14) 0(5)-Cd(1)-0(1) 146.64(14) 0(3)"-Cd(2)-0(4) 53.90(14)

Symmetry code: ' —x+1, —y+1, —z+1; " —x+1, —=y+2, —z+1; " x, y-1, z

2 Results and discussion

2.1 Crystal structure

Single-crystal X-ray structural analysis shows that

complex 1 crystallizes in the monoclinic system with
P1 space group. The asymmetric unit of 1 contains
Cdl and Cd2 cations, both lying in general positions,
two crystallographically independent CAM?~ dianions,
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one titmb ligand and two free lattice water molecules.
As shown in Fig.1, both Cd1 and Cd2 ions are six-

coordinated, displaying distorted octahedral
geometries. Cd1 ion is coordinated by five carboxylate
oxygen atoms from three different CAM** dianions and
one nitrogen atom from one titmb ligand. Cd2 ion is
coordinated by four carboxylate oxygen atoms from
two different CAM*~ dianions, and two nitrogen atoms
from two individual titmb ligands. The Cd-O distances
range from 0.218 9(4) to 0.244 6(4) nm, and the Cd-N
distance is the range of 0.218 1 (5)~0.223 7 (5) nm.
The O(N)-Cd-O(N) bond angles range from 50.95(14)
to 161.36 (15), which are similar to those observed in
the reported complexes®. It is interesting to note that
the two types of CAM? -~ dianions show different
coordination modes. One bridges two Cd(Il) atoms with
both two carboxylate groups in bidentate chelating
coordination modes, while the other connects three
Cd(I) atoms with one of two carboxylate groups in a

bidentate chelating coordination mode and the other

one in a bidentate bridging coordination mode. As
such, CAM* dianions bridge Cd (I) ions to form a 1D
[CA(CAM)], double chain with [Cdy(CAM),] loops (Fig.
2). Interestingly, these 1D [Cd(CAM)], double-chains
are further linked by titmb ligands with cis, trans,
trans conformation to generate a 3D framework (Fig.3).
In  addition, intermolecular  hydrogen-bonding
interactions exist among the lattice water molecules
and carboxylate oxygen atoms, which further stabilized
the structure of 1.

Better insight into such elegant frameworks can be
achieved using the topology method: first, based on the
considerations of the their connectivity, Cd2, the dimer
Cd, and titmb ligand are viewed to be four-, six-, and
three-connected nodes; second, Cd-O/N coordination
bonds, CAM ligands are simplified to be linear
connectors; then the combination of nodes and
connectors suggests the (3, 4, 6)-connected frameworks

for the present case. The topological notation for such

(3, 4, 6)-connected frameworks is (4.6.8),(42.6.8%)(68),

Hydrogen atoms and water molecules are omitted for clarity; Symmetry code: ' —x+1, —y+1, —z+1; ¥ —x+1, —y+2, —z+1; " x, y-1, z

Fig.1 Asymmetric unit and coordination environment of Cd(Il) in complex 1
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showing the labeling of atoms with thermal ellipsoids at 30% probability

Symmetry code: ' —x+1, —y+1,—z+1; " x, y+1, 23 T —w+1, —y+2, —z+1; ¥ —w42, —y+2, z

Fig.2 1D double-chain structure with rhombic voids in complex 1
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Fig.4 Topological illustration for the trinodal (3, 4, 6)-connected (4.6*.8),(4%.6*.8%)(68), net of 1

net (Fig.4). In the literature™?, the (3, 4)-, (3, 6)- and
(4, 6)-connected frameworks are often encountered, but
we are not aware of a precedent characterized by such
topology like that found in 1.
2.2 IR spectra

The IR spectrum of 1 shows characteristic bands
of carboxylate groups at 1607 and 1561 cm™ for the
1382 em 7 for
(Av) between

antisymmetric  stretching and at
symmetric stretching. The separations
Vom(CO,) and v,,(CO,) bands indicate the presence of
bidentate  chelating and  bridging  coordination
modes P Single-crystal X-ray diffractions show that
carboxylate groups coordinate to the metal atoms in 1
in an absolutely same fashion. The absence of the
"in 1

group

characteristic bands at around 1 700 cm -

attributed to the protonated carboxylate

indicates that the complete deprotonation of H,CAM
upon reaction with Cd ion. The IR spectra of 1 exhibit
a characteristic peak of imidazole at 1 519 em™.
2.3 Thermogravimetric analyses

Thermal gravimetric analyses (TGA) were carried
out to examine the thermal stability of 1. The samples
were heated up in flowing N, with a heating rate of
10 °C *min .
losses. The first weight loss of 3.60% in the range of

Complex 1 has two steps of weight

20~105 °C is consistent with the removal of two free
lattice water molecules (Caled. 3.54%). The second
step from 280 to 530 °C can be atiributed to the
release of the organic ligands. The remaining weight is
assigned to CdO (Obsd. 25.01%, Caled. 25.23%).

2.4 Luminescent properties

Luminescent complexes are currently of great
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interest because of their various applications in

chemical Sensors, photochemistry, and

display %, The

properties of Zn and Cd carboxylate compounds have
28]

electroluminescent luminescent

been investigated™. The photoluminescent spectra of 1
and free neutral titmb ligand were measured at room
temperature. As illustrated in Fig.5, the intense
(A =370 nm) for 1 is

observed. The free titmb ligand exhibits fluorescent

emission band at 447 nm

emission bands at 423 nm (A.,=330 nm). In order to
understand the nature of the emission band, the
photoluminescence properties of the H,CAM ligand
were analyzed. A weak emission (A,,,=561 nm) could be
observed. In comparison to the free ligands, the
emission maximums of 1 have changed. This may be
caused by a change in the HOMO and LUMO energy
levels of deprotonated CAM? -~ dianions and neutral
ligands coordinating to metal centers, a charge-transfer
transition between ligands and metal centers, and a
joint contribution of the intraligand transitions or
charge-transfer transitions between the coordinated
ligands and the metal centers ™. These observations
indicate that they may be excellent candidates for

potential photoactive materials.

T T T T T
300 400 500 600 700 800
Wavelength /nm

Fig.5 Solid-state emission spectra of 1 in the solid state

at room temperature
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