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Synthesis, Structure and Characterization of a Two-Dimensional Cd(ID-Organic
Framework Based on Trinuclear Cd(I) Clusters: [Cds(L)(cis-1,4-chdc),(trans-1,4-chdc)]
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Abstract: The title metal-organic framework, [Cds(L),(cis-1,4-chdc),(trans-1,4-chde)] (1, L=2-(4-fluorophenyl)-1H-
imidazo [4,5-f][1,10]|phenanthroline, 1,4-H,chdc=1,4-cyclohexanedicarboxylic acid) has been synthesized under

hydrothermal condition and characterized by elemental analysis, IR and single-crystal X-ray diffraction. It
crystallizes in triclinic, space group P1 with =0.85171(17) nm, 56=1.1999(2) nm, ¢=1.521 4(3) nm, a=68.13(3)°,
B=79.48(3)°, y=82.32(3)°, V=1.4150(5) nm®, Z=1, CuH5,Cd3F,NsOyp, M,=1476.32, D,=1.732 g-cm™, F(000)=738,
w(Mo Ka)=1.197 mm™, R=0.067 6 and wR=0.1354. The cis-1,4-chdc® ligands bridge the Cd(I) cations to form a
trinuclear Cd(Il) based double chain along the @ axis. Further, the trans-chde? ligands link the adjacent double

chains to yield an interesting two-dimensional network. The L ligands are attached on both sides of the layers.

CCDC: 792221.
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0 Introduction

Metal-organic frameworks (MOFs) based on poly-
nuclear metal clusters are an attractive area of research
in recent years due to their interesting molecular
topologies and potential applications as functional

materials!". The polynuclear metal clusters can be very
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versatile in terms of coordination properties and rigidity
as well as displaying intriguing physical properties in
comparison with mononuclear species®®. In order to
fabricate desired polynuclear metal cluster, the choice
of organic ligands has gradually become established as
a useful strategy®'". In this regard, the multi-carboxy-

late building blocks with special configurations are
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widely selected in design of the polynuclear metal
cluster. Following this idea, a variety of MOFs based on
polynuclear metal clusters have been obtained using
the multi-carboxylate building blocks!"™. Typically, 1,3-
benzenedicarboxylic acid and 1,4-benzenedicarboxylic
acid have been widely used for the design and synthesis
of the MOF's with polynuclear metal cluster . However,
so far, less effort has been made on the 1,4-cyclohex-
anedicarboxylic acid (1,4-Hychde). Here, we selected
1,4-Hychde as an organic linker and L. (L=2-(4-fluoro-
phenyl)-1H-imidazo[4,5-f][ 1,10]phenanthroline) as a N-
donor chelating ligand, generating a new two-dimen-
sional MOF, [Cds(L)y(cis-1,4-chdc),(trans-1,4-chdc)] (1).

1 Experimental

1.1 Generals

The L ligand was synthesized according to the
reported method™ and all other materials were analyt-
ical reagent grade and used as received without further
purification. Elemental analysis was carried out with a
Perkin-Elmer 240C analyzer; IR spectra were obtained
on a Perkin-Elmer 2400LSII spectrometer.
1.2 Synthesis and crystal growth

CdCl,-2.5H,0 (1 mmol), 1,4-H,chde (1 mmol) and
(12 mL), and
triethylamine was added until the pH value of the

L (0.5 mmol) were placed in water

solution was about 5.6. The resultant solution was
heated at 456 K in a Teflon-lined stainless steel
autoclave for five days. The reaction system was then
slowly cooled to room temperature. Pale yellow crystals
of 1 suitable for single crystal X-ray diffraction analysis
were collected from the final reaction system by
filtration, washed several times with distilled water and
dried in air at ambient temperature. Yield: 39% based
on Cd(Il). IR (KBr, cm™): 1615m, 1 612w, 1 580m, 1 542
m, 1 465w, 1 342m, 732w, 628w. Anal. Calcd. For C¢,Hs,
Cd;FoNz01,(%): C, 50.40; H, 3.52; N, 7.59. Found(%):
C, 50.62; H, 3.65; N, 7.22.
1.3 X-ray structure determination

A single crystal with dimensions of 0.28 mm X
0.21 mmx0.18 mm was selected and mounted on a
Rigaku RAXIS-RAPID single crystal diffractometer
equipped with a narrow-focus, 5.4 kW sealed tube X-

ray source (graphite-monochromated Mo K« radiation,
A=0.071 073 nm) at a temperature of (20+2) C. The
data processing was accomplished with the PROCESS-
AUTO processing program. Out of the total 13 838
reflections collected in the 3.02° <6 <27.48° range,
6 394 were independent with R;,=0.08, of which 4 088
were considered to be observed (I>20 (/) and used in
the succeeding refinement. The structure was solved by
Direct Method with SHELXS-97 program" and refined
with SHELXL 97" by full-matrix least-squares techni
ques on F% All non-hydrogen atoms were refined aniso-
tropically and hydrogen atoms isotropically. The final
R=0.0676 and wR=0.1354 (w=1/[o” (F.})+(0.042 6P)*
+1.974 0P] , where P=(F+2F2)/3). S=1.113, (Ap)um=
1134 e-nm?, (Ap),;,=—1614 e -nm™ and (A/0),,,=0.000.
CCDC: 792221.

2 Results and discussion

2.1 Description of crystal structure

The selected bond distances and angles are listed
in Table 1. The single-crystal analysis of the structure
reveals that compound 1 is a two-dimensional network
built up by L, cis- and trans-1,4-chdc*~ ligands with
Cd(I) cations. The trans-chdc®~ ligand lies about an
inversion centre. As shown in Fig.1, the Cdl shows a
distorted monocapped trigonal prism coordination
geometry, coordinated by five oxygen atoms from two
different cis-1,4-chdc® and one trans-1,4-chdc® ligands,
and two nitrogen atoms from one L ligand. The Cd2
cation, however, is six-coordinated by six carboxylate
oxygen atoms from four distinct cis-1,4-chde®™ and two
different trans-1,4-chdc?®™ ligands in a distorted octahe-
dral coordination environment. The Cd-O bond lengths
vary from 0.221 4(5) to 0.255 9(5) nm, and the Cd-N
distances are 0.232 2(6) and 0.241 3(6) nm. The Cd-O
and Cd-N distances are comparable with the reported
ones!”. The cis-1,4-chdc® ligands bridge the Cd(Il)
cations to form a trinuclear Cd(Il) based double chain
(Fig.2). Further, the trans-chdc? -
ligands link the adjacent double chains to yield an

along the a axis

interesting two-dimensional network. The L ligands are
(Fig.2). A better

insight into the structure of 1 can be achieved by the

attached on both sides of the layers
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Table 1 Selected bond distances (nm) and angles (°)
Cd(1)-0(1) 0.234 1(4) Cd(1)-0(2) 0.246 6(5) Cd(1)-0(6) 0.222 9(6)
Cd(1)-0(3)¢ 0.255 9(5) Cd(1)-0(4)" 0.233 3(5) Cd(1)-N(1) 0.232 2(6)
Cd(1)-N(2) 0.241 3(6) €d(2)-0(1) 0.228 2(5) Cd(2)-0(5) 0.221 4(5)
Cd(2)-0(1y 0.228 2(5) Cd(2)-03)" 0.233 6(4) Cd(2)-0(3) 0.233 6(4)
0(3)"-Cd(2)-0(3) 180 0(6)i-Cd(1)-N(1) 95.4(2) 0(6)i-Cd(1)-0(4) 150.0(2)
N(1)-Cd(1)-0(4) 107.90(19) 0(6)i-Cd(1)-0(1) 85.4(2) N(1)-Cd(1)-0(1) 132.98(18)
0@)y"-cd(1)-0(1) 91.97(18) 0(6)i-Cd(1)-N(2) 81.7(2) N(1)-Cd(1)-N(2) 70.2(2)
0@)"-Cd(1)-N(2) 88.6(2) 0(1)-Cd(1)-N(2) 154.67(19) 0(6)i-Cd(1)-0(2) 116.1(2)
N(1)-Cd(1)-0(2) 85.14(18) 0(4)"-Cd(1)-0(2) 85.20(19) 0(1)-Cd(1)-0(2 53.78(17)
N(2)-Cd(1)-0(2) 151.28(19) 0(6)i-Cd(1)-0(3) 97.9(2) N(1)-Cd(1)-0(3) 149.87(16)
0(4)"-Cd(1)-0(3) 52.90(16) 0(1)-Cd(1)-0(3) 75.21(16) N(2)-Cd(1)-0(3) 85.09(18)
0(2)-Cd(1)-0(3) 112.58(17) 0(5)-Cd(2)-0(5) 180 0(5)-Cd(2)-0(1) 86.9(2)
0(5)i-Cd(2)-0(1) 93.1(2) 0(5)-Cd(2)-0(1) 93.1(2) 0(5)-Cd(2)-0(1) 86.9(2)
0(1)-Cd(2)-0(1) 180 0(5)-Cd(2)-0(3)" 89.50(19) 0(5)"-Cd(2)-0(3) 89.50(19)
0(1)-Cd(2)-0(3) 80.86(17) 0(1)-Cd(2)-0(3) 99.14(17)

Symmetry codes: ' —x, —y+1, —z+1; " —x+1, —y+1, —z+1; " 21,

application of topological approach, that is, reducing
multidimensional structures to simple node-and-linker
nets. As discussed above, each trinuclear Cd(Il) cluster
is surrounded by eight organic ligands: six bridging 1,4-
chde and two chelating L. Although each Cd(Il) cluster
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Displacement ellipsoids at the 20% probability level

Fig.1 View of the trinuclear CA(Il) cluster of complex 1

Fig.2 View of the layer structure of complex 1

Y

z; v —x, —y+2, —z+1.

is connected by eight bridging ligands, it is virtually
linked to four nearest neighbors, because two pairs of
cis-1,4-chdc® ligands form two “double-bridges” (Fig.
2). From the topological point of view, this cluster can
be defined as a four-connected node. Thus, the overall
topology of the two-dimensional framework is best
described as a four-connected (4,4) network (Fig.3).
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- -
Fig.3 View of the (4,4) network structure of complex 1

2.2 IR analysis

IR spectrum of complex 1 shows the characteristic
bands of the carboxylate group at 1 615 em™ for the
anti-symmetric stretching and 1542 cm™ for the symm-
etric stretching. Peaks at 1612, 1580 and 1 465 cm™
could be attributed to ¥(C=C) vibration of aromatic ring.
The peak at 1342 em™ is ascribed to the »(C=N) vibra-
tion of L.
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