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A Novel 3D (3,5,5)-Connected H-bonding Architecture Based
on 2D Coordination Polymer [Cd(nip)(bix),sH,0],
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Abstract: A novel compound [Cd (nip)(bix)osH,O], (1) (nip =5-nitroisophthalic acid and bix=1,4-bis (imidazol-1-
ylmethyl)-benzene) has been hydrothermally prepared and characterized. Single-crystal X-ray diffraction studies
indicate that the compound 1 crystallizes in triclinic, space group Pl with =0.827 1(2) nm, b=1.016 5(3) nm, c=
1.147 4(3) nm, a=70.862(4)°, B=68.988(4)°, y=69.001(4)°, V=0.818 4(4) nm?®, Z=2, D.=1.861 g-cm™, u=1.380
mm™, F(000)=454, and final R,=0.0400, wR,=0.090 1. In 1, nip> ions act as us-linker to bridge Cd" atoms into
an infinite 1D chain with alternately 8-member ring and 16-member ring, moreover, the bix ligands pillar these
1D chains into 2D (3,4)-connected coordination network. Eventually, through R%(6) H-bonding rings, these 2D
nets are extended to 3D supramolecular framework showing a new (3,5,5)-connected {3.4.5} {3.4.5.6".7.8}

{3.4°.5%.6%7% topology. In addition, the thermal and fluorescence properties associated with the compound 1 were

also investigated. CCDC: 778936.
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Recent years have witnessed an explosion in the motifs, but also for their potential applications!?. Tn the
self-assembly of metal-organic supramolecular networks language of supramolecular chemistry, the structure of
with specific shapes/topologies directed by metal-ligand metal-organic materials is dependent upon how the
coordination, not only for their intriguing structural metal-ligand coordination and intermolecular interac-
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tions express the recognition information stored in the
building blocks, especially the ligand*. At this stage,
much research has been devoted to the metal-organic
supramolecular architectures derived from multidentate
O-donor ligands. Among them, aromatic dicarboxylate
ligands, such as benzene dicarboxylate and its
derivatives, have been extensively employed in the
preparation of the metal-organic molecular crystals!®®.
On the other hand, polydentate aromatic heterocyclic
ligands  (polyazoles), especially for imidazoles and
triazoles ligands bearing alkyl spacers, are good choice
of N-donor ligands, and the flexible nature of spacers
allows the ligands to bend and rotate for meeting the
steric requirement upon metal binding®'?. The previous
studies show that the combination of these polyazoles
and aromatic polycarboxylate ligands can result in
novel topologies, magnetic and luminescent proper-
ties!""L Along with our work of assembly of various
molecular networks based upon polycarboxylate and N-

[13-15]

donor ligands!*™, in this work, we report a novel 2D

(3,4)-connected coordination network with formulas
[Cd (nip) (bix)esH0], (1) [Honip =5-nitroisophthalic acid
and bix=1,4-bis(imidazol-1-ylmethyl)-benzene)]|, which
are extended via R?% (6) H-bonding rings to give a 3D
supramolecular framework with a new (3,5,5)-connected
{3.4.5}{3.4%.5.6.7.8} {3.4°.5%.6*. 7*topology. Also, solid-
state properties, such as photolumin-escence and

thermal stability of 1, have been discussed.
1 Experimental

1.1 Materials and general methods
All solvents and reagents were of analytical grade
and used without further purification. Elemental

analyses (C, H, N) were performed on a Perkin-Elmer
2400 CHN elemental analyzer. Infrared spectra (4 000~

650 cm™) were recorded with a Thermo Nicolet 670
spectrophotometer by OMNI sampler. TG analyses were
performed on a Netzsch STA 449C microanalyzer under
air atmosphere at a heating rate of 10 °C min~". Fluo-
rescence spectra were recorded on a Hitachi F-4500
fluorescence spectrophotometer at room temperature.
1.2 Syntheses of [Cd(nip)(bix),sH,O],

Cd(Ac),-2H,0 (0.1 mmol, 26.65 mg), nip (0.1
mmol, 21.11 mg), bix (0.1 mmol, 32.00 mg), and deion-
ized water (10 mlL) were sealed in a Teflon-lined
stainless vessel (25 mL), and heated at 160 °C for 120 h
under autogenous pressure, then cooled slowly to room
temperature. Colorless block crystals were obtained by
filtration in 61% yield. Anal. Caled. for C;sH,N;0,Cd
(%): C, 39.28; H, 1.65; N, 9.16. Found(%): C, 39.25; H,
1.66; N, 9.17. IR/em™: 3321 (br), 1 605 (s), 1 559(s),
1536 (s),1 452 (s), 1 382 (s), 1 345 (s), 1 237 (m), 1 110
(m), 1 087 (m), 1 030 (w), 940 (m), 914(m), 847(m), 787
(m), 771(w), 731 (s).
1.3 Crystal structure determination

X-ray diffraction data were collected on a Rigaku
Mercury CCD diffractometer equipped with graphite
monochromatized Mo Ko (A=0.071 073 nm) by Crystal
clear software. Empirical absorption corrections were
applied. The structures were solved by direct methods
using SHELXS-97 programs™. All of the non-hydrogen
atoms were located from the difference Fourier maps,
and then refined anisotropically with SHELXL-97 via a
full-matrix least-square procedure. The hydrogen atoms
were added according to the theoretical model. The
crystallographic data of the compound are summarized
in Table 1. Selected bond lengths and bond angles are
given in Table 2.

CCDC: 778936.

Table 1 Crystal data and structure refinement for complex 1

Empirical formula CisHpCdN;0,
Formula weight 458.68
Temperature / K 293(2)
Crystal system Triclinic
Space group P1

a/ nm 0.827 1(2)
b/ nm 1.016 5(3)

¢/ nm 1.147 4(3)

«l () 70.862(4)
B/ () 68.988(4)
y1() 69.001(4)
V / nm? 0.818 4(4)
Z 2

D./ (g-em™) 1.861

©/ mm™ 1.38
F(000) 454
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Continued Table 1

Crystal size / mm

6 range for data collection / (°)
Limiting indices

Reflections collected / unique (R;,)

Refinement method

0.19x0.16x0.10

1.95~25.01

-9<h<9, -12<k<10, -13<I<12
4051 /2 841 (0.039 1)

Full-matrix least-squares on F?

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices (I>20(I))"

R indices (all data)®

Largest diff. peak and hole / (e-nm™)

2841/3/239

1.052

R=0.040 0, wR,=0.090 1
R=0.066 3, wR,=0.116 2
1 327 and -1 609

R=YNE-IEN S E); wRo=] 3 [w(EF2=FA2 S [(F2™

Table 2 Selected bond lengths (nm) and angles (°) for complex 1

Cd(1)-0(3)#2 0.223 9(4) Cd(1)-02)
Cd(1)-N(1) 0.223 6(5) Cd(1)-0(5)#1
03)#2-Cd(1)-N(1) 130.58(18) 0(2)-Cd(1)-0(5)#1
0(3)#2-Cd(1)-0(2) 96.64(15) 0@3)#2-Cd(1)-0(1)
N(1)-Cd(1)-0(2) 92.24(18) N(1)-Cd(1)-0(1)
0(3/#2-Cd(1)-0(5)#1 85.39(15) 0(2)-Cd(1)-0(1)
N(1)-Cd(1)-0(5)#1 142.25(16) O(5)#1-Cd(1)-0(1)

0.231 8(5) Cd(1)-0(1) 0.239 3(5)
0.238 6(4) Cd(1)-0(@)#1 0.240 2(4)
94.55(17) 0(3)#2-Cd(1)-0(4)#1 138.13(15)
83.45(16) N(1)-Cd(1)-0(4)#1 88.03(16)
85.53(19) 0(2)-Cd(1)-0(4)#1 97.26(17)
177.11(16) O(5)#1-Cd(1)-0(4)#1 54.29(14)
88.34(17) 0(1)-Cd(1)-0(4)#1 84.52(17)

Symmetry codes: #1: 2—x, 1-y, —z; #2: 2—x, —y, —z; #3: 1-x, 1-y, 1-z.

2 Results and discussion

2.1 Crystal structure descriptions

X-ray structural analysis reveals that compound 1
crystallizes in the triclinic space group PI, and the
asymmetric unit contains one Cd ion, one nip®>~ anion,
one-half bix ligand and one coordinated water molecule.
As shown in Fig.1, the Cd centre is coordinated by one
(N1), four carboxylate
oxygen atoms from three different nip®~ ligands (02,
03#2, 04#1, O5#1) and one hydroxyl oxygen atom (O1)
from aqua ligand, forming a distorted octahedral
coordination geometry. The Cd-N distance is 0.223 6(5)
nm, while the Cd-O distances are in the range of
0.223 9(4)~0.240 2(4) nm, which are both within the

normal ranges'"”".

nitrogen atom from bix ligand

—z; #2: 2-x, -y, —z; Hydrogen

Symmetry codes: #1: 2—x, 1-y,

atoms are omitted for clarity
ORTEP view of coordination environment of Cd"

Fig.1
with thermal ellipsoids at 50% probability

ligand adopts us-n'n'n'n'

coordination mode to bridge Cd ! atoms into an infinite

In 1, each nip*~

1D chain, which alternately contains 8-membered rings
and 16-membered rings with the Cd--- Cd distance of
0.422 7 and 0.769 9 nm, respectively (Fig.2a). More-
over, the bix ligands pillar these 1D chains into 2D
coordination network (Fig.2b). Further investigation of
the crystal packing of compound 1 suggests that there
are one kinds of O—H --- O H-bonding ring [R% (6)]
between adjacent 2D coordination layers, which origin
from the coordinated carboxylate groups (03 and O5)
oxygen atoms of different nip’~ in the same layer and
coordinated water molecules in another layer. The H-
bonding cyclic [R%(6): —-Cd-05---H-O1-H---03-]
geometries are as follows 03---H-01 153.01°, 0.2742
nm (03---01), and O1-H---05 128.40°, 0.2711 nm (O1
--05). Just through H- bonding rings mentioned above,
these 2D layers are extended to a 3D supramolecular
architecture (Fig.2c).

From a viewpoint of network topology, Cd" ion and
nip® ~ ligand can be defined as 3- and 4-connected
nodes, respectively, while bix ligand serves as linker,
and thus, the 2D coordination network exhibits a (3,4)-
connected V,0s-type topology, and its Schlfli symbol is
{426} {4268} (Fig.3a). Further, if these hydrogen-

bonding interactions are taken into account, water
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Fig.2

(a) 1D chain structure of complex 1 with alternately
contain 8-member (A) ring and 16-member ring
(B); (b) 2D layer structure viewed along the

b-axis; (¢) 3D H-bonded supramolecular structure
of 1

Fig.3

(a) View of (3,4)-connected V,0s topology of 1
(hydrogen bonding is not considered); (b) view of
(3.5.5)-connected topology (hydrogen bonding is
considered, sky-blue for Pb", gray for Hpimde-
and block for water ligand)

molecules can be regarded as 3-connected nodes with
vertex symbols of (3.4.5), while Cd" and nip*~ ligand act
as  S-connected nodes with vertex symbol of
(3.4.4.5.6.6.6.6.7.8) and (3.4.4.4.5.5.6.6,.7.75),
respectively. In this case, the overall 3D network is
trinodal (3,5,5)-connected net, and its Schlfli symbol is
{3.4.5}{3.4.5.6".7.8} {3.4°.52.67% analyszed by Topos

M as shown in Fig.3b. As far as we know,

program
although mixed-connected or high connected supra-
molecular networks have been demonstrated™?!, the
unique topological net with mixed-connected node is
rarely discussed in supramolecular framework based on
2D coordination networks up to now™. The net in 1
represents a new mixed connected topology supramole-
cular structure.
2.2 Thermogravimetric analyses

The TG curves of complex 1 exhibits two weight-
loss steps. The first minor weight-loss of 3.96% ranging
from 140 to 180 °C, which can be attributed to the
removal of the coordinated water molecule (caled.
3.92% ). The second weight-loss of 69.24% in the
temperature range of 350~460 °C can be ascribed to the
loss of all organic ligands. The whole weight losses of
73.20% are in good agreement with the calculated
values 72.00%.
2.3 Photoluminescent properties

The photoluminescent spectra of 1 has been
measured at room temperature, as shown in Fig.4, the
compound 1 exhibits two intense emission peaks at 425
and 470 nm (A.,=300 nm). In comparison with the N-
donor ligand, the first emission peak (425 nm) may

arise from 77%—7 transitions of the bix ligands because
350

300+

250

Intensity / a.u.

— [
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(=} =}
I 1
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Fig.4 Solid-state photoluminescent spectra of 1 at

room temperature
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a similar peak also appears for the free bix ligand =%,
the second emission peak (470 nm) may be due to the
ligand-to-metal charge-transfer (LMCT) band™.
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