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A 2D cadmium(II) coordination polymer with oxalate and 2,20-bipyridine,
[Cd2(bpy)(ox)2(H2O)2]n � nH2O, was synthesized and the single crystal structure was determined
by X-ray crystallography. Thermal properties and the decomposition kinetics of the title
complex were studied showing that the decomposition of this complex in N2 is a two-step
process, A�!

F1
B �!

Fn
C. Kinetic parameters were obtained.
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1. Introduction

The design and synthesis of metal coordination polymers have received considerable
attention due to their architectures and potential applications in functional materials,
nanotechnology, molecular recognition, etc. [1–3]. In the design and synthesis of metal
coordination polymers, factors such as the structural characteristic of ligands, the
metal ions and their coordination geometry, the inorganic counter anions, the ratio of
metal-to-ligand and the reaction solvents [4–7] may influence the topological
architectures and the properties of the coordination polymers obtained.
The appropriate selection of metal centers and multifunctional ligands and the
judicious choice of assembly reaction conditions may lead to formation of metal
coordination polymers with new metal-ligand bonding modes and intriguing
topological architectures.

In constructing metal coordination polymers, saturated aliphatic dicarboxylates such
as malonate, oxalate, glutarate and malate [8–12] have been used as building blocks,
owing to their conformational and coordination versatility. Among these, oxalate has
been known to function as a bis-bidentate ligand, binding metal ions in diverse bonding
modes leading to formation of polynuclear complexes ranging from discrete entities to
multidimensional systems [13–17]. Large numbers of coordination polymers containing
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oxalate with interesting compositions and topologies have been synthesized through
introducing N-donor ligands such as 2,20-bipyridine, 4,40-bipyridine and phenanthroline
[18–21] into the reaction systems.

In this contribution, a 2D mixed-ligand cadmium(II) polymer with oxalate and
2,20-bipyridine co-ligands, [Cd2(bpy)(ox)2(H2O)2]n � nH2O (bpy¼ 2,20-bipyridine,
ox¼C2O

2�
4 ), was synthesized. The single crystal structure was determined by X-ray

crystallography, the thermal properties investigated by thermogravimetry (TG) and the
decomposition kinetics studied by an un-isothermal method.

2. Experimental

2.1. Synthesis of title complex

One mmol 2,20-bipyridine in EtOH aqueous (20mL, 1 : 1) was added to 1.5mmol
Cd(NO3)3 � 4H2O aqueous solution (5mL) under stirring for 1 h. Then 1.5mmol oxalic
acid aqueous solution (10mL) was added to the mixture. After being refluxed for 1 h,
the resulting solution was allowed to stand at ambient temperature. After several weeks,
colorless crystals were obtained, collected by filtration, washed with water and dried
under vacuum. Yield: 53%. Found: C, 27.59; H, 2.31; N, 4.60%. Calcd for
C14H14Cd2N2O11: C, 27.49; H, 2.29; N, 4.58%. IR(KBr cm�1): 3412m, 3072w, 1647s,
1583w, 1515w, 1424m, 866w, 727m.

2.2. Physical measurements

Elemental analyses were performed on a Perkin-Elmer 240C analyzer and IR spectra
were recorded on a Nicolet IR-470 spectrometer using KBr pellets in the range
4000–400 cm�1. Thermal decomposition experiments were carried out using a Netzsch
TG 209 instrument in nitrogen atmosphere. The heating rate for thermal decomposition
was 10�C min�1.

Data collection was made using graphite monochromated Mo-Ka (�¼ 0.071073 nm)
radiation on a Rigaku Raxis-IV X-ray diffractometer at 291(2) K. The structures were
solved by direct methods and refined on F2 by full-matrix least squares using
SHELXTL [22]. Non-hydrogen atoms were located by direct phase determination and
subjected to anisotropic refinement. All the hydrogen atoms were placed in calculated
positions. Details of the crystal structure determination of the title complex are listed
in table 1, and selected bond distances and angles in table 2.

3. Results and discussion

3.1. Structure of title complex

The structure of the title complex is shown in figure 1. Cd1 is six-coordinate by four
oxygen atoms from two C2O

2�
4 ions and two nitrogen atoms of 2,20-bipyridine, forming

a distorted octahedral geometry; Cd2 is 7-coordinate with four oxygen atoms from two
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C2O
2�
4 ions and two water molecules together with a bridging O atom (O4) from

another oxalate ion. As for the oxalate ligand, there are two coordination modes, one is
chelate bis-bidentate, another is chelate bidentate and chelate/bridging bidentate, a new
mode as far as we know. Furthermore, Cd2 and Cd2A assemble in opposite direction,
which results in a centrosymmetric structure unit [Cd4(bpy)2(ox)4(H2O)4] (see figure 1).
Two Cd2 atoms (Cd2, Cd2A) are connected to each other through two bridging O
atoms (O4, O4A) from two oxalate ligands to form a parallelogram. A similar
connecting fashion can be seen in [Cd2L2(H2O)2Br4]n � 2nH2O (L¼ 2,20-bis(4-pyridyl-
methyleneoxy)-1,10-bi-naphthalene) with bridging Br� [19], but Cd in that polymer has
only one coordination mode.

Table 1. Crystallographic data and refinement parameters for the
title complex.

Formula C14H14Cd2N2O11

Formula weight 611.07
Crystal system Monoclinic
Space group P2(1)n
Unit cell dimensions (Å,�)
a 7.7884(16)
b 15.030(3)
c 15.661(3)
a 90
� 93.89(3)
� 90
Volume (Å3) 1829.0(6)
Z 4
DCalcd (Mgm�3) 2.219
F(000) 1184
Reflections collected/unique 5521/3030 [R(int)¼ 0.0186]
Goodness-of-fit on F2 1.051
Final R indices [I42�(I)] R1¼ 0.0304; wR2¼ 0.0837

Table 2. Selected bond distances (Å) and angles (�) for the title complex.

Cd(1)–O(5) 2.280(3) Cd(2)–O(9) 2.244(4)
Cd(1)–O(2) 2.295(3) Cd(2)–O(10) 2.343(4)
Cd(1)–O(1) 2.304(3) Cd(2)–O(3) 2.353(3)
Cd(1)–O(6) 2.304(3) Cd(2)–O(8)#1 2.371(3)
Cd(1)–N(2) 2.318(4) Cd(2)–O(7)#1 2.420(3)
Cd(1)–N(1) 2.385(4) Cd(2)–O(4 2.421(3)
O(4)–Cd(2)#2 2.539(3) Cd(2)–O(4)#2 2.539(3)
O(7)–Cd(2)#3 2.420(3) O(8)–Cd(2)#3 2.371(3)

O(5)–Cd(1)–O(2) 87.65(12) O(5)–Cd(1)–O(6) 72.39(12)
O(5)–Cd(1)–O(1) 111.26(13) O(2)–Cd(1)–O(6) 139.88(14)
O(2)–Cd(1)–O(1) 71.36(11) O(1)–Cd(1)–O(6) 83.74(12)
O(2)–Cd(1)–N(2) 97.62(14) O(5)–Cd(1)–N(2) 156.16(14)
O(9)–Cd(2)–O(3) 141.17(12) O(3)–Cd(2)–O(8)#1 103.74(13)
O(10)–Cd(2)–O(3) 85.43(14) O(9)–Cd(2)–O(7)#1 80.16(14)
O(9)–Cd(2)–O(8)#1 94.13(14) O(10)–Cd(2)–O(7)#1 140.34(12)
O(10)–Cd(2)–O(8)#1 150.24(13) O(3)–Cd(2)–O(7)#1 74.74(12)
O(3)–Cd(2)–O(4)#2 138.81(11) O(8)#1–Cd(2)–O(7)#1 69.08(11)

Symmetry transformations used to generate equivalent atoms: #1.� xþ 1/2, y� 1/2, �zþ 1/2; #2.� xþ 1, �yþ 2, �z;
#3. �xþ 1/2, yþ 1/2, �zþ 1/2.
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A pronounced conformational feature of the structure is that 16 atoms (Cd2, Cd2A,
O4, O4A, O1, O1A, O2, O2A, C11, C11A, O3, O3A O9, O9A) are coplanar with mean
deviation of 0.0529 Å, and Cd1 atoms (Cd1, Cd1A) are slightly out of the plane due to
chelation of C2O

2�
4 ions and 2,20-bipyridine. The 2,20-bipyridine plane is almost vertical

to this big plane with a dihedral angle of 91.7�, and this arrangement leads to formation
of a framework constructed by C2O

2�
4 and Cd (see figure 2a) with 2,20-bipyridine in it.

This configuration together with the radian of coordinated oxalate make the 2D layer
look like superposed, interlaced and closed curves connected with 2,20-bipyridine
(figure 2b). In addition, hydrogen bonds exist between oxalate O atoms and water
molecules, including coordinated H2O and lattice H2O; those in adjacent layers give rise
to a 3D supramolecular H-bonding framework.

3.2. Thermal stabilities and thermal decomposition kinetics

The typical DSC and TG curves of the title complex are shown in figures 3 and 4,
respectively. Three transitions appeared in the decomposition process. The first
transition from 95.0 to 200�C with DSC peak at 183�C is due to the loss of lattice and
coordinated H2O from the structure. The higher temperature value and wide
temperature range for water loss is caused by the participation of coordinated water
in complicated hydrogen bonds. The calculated mass loss of 9.07% for this thermal
event agrees with that revealed by the TG curve (8.84%).

The second transition from 200 to 400�C is a consecutive complicated process
containing two contiguous DTG peaks at 325 and 355�C. This thermal event is an
endothermic process with �H of 356.2 Jg�1 in the DSC curve, due to decomposition of
C2O

2�
4 and 2,20-bipyridine, and accompanied by formation of CdO. The third transition

is beyond 400 and is related to the gradual elimination of carbon from [Cd2(bpy)(ox)2]n
decomposition in N2 [23]. The total mass loss of 78.28% up to 680�C is quite closed to
the theoretical value (78.98%) calculated by taking CdO as the final product.
The second transition is more important and will be taken in to kinetic analysis.

Figure 1. ORTEP drawing of the title complex (with 50% probability displacement ellipsoids).

3240 Y.-X. Zhou et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



According to the non-isothermal kinetics theory of Ozawa–Flynn–Wall (OFW),

kinetic parameters can be obtained from the equation below [24],

ln� ¼ ln
AE

R

� �
� ln gð�Þ � 5:3305� 1:052 �

E

RT
ð1Þ

 

Cd2

Cd1

(a)

(b)

Figure 2. (a) 2D infinite framework of the complex. The O atoms of lattice H2O are omitted for clarity;
(b) 2D infinite framework of superposed, interlaced curves viewed along the a-axis. The lattice H2O is omitted
for clarity.
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where � is heating rate, a degree of conversion, g(a) mechanism function, E activation
energy, A pre-exponential factor, and R gas constant.

With different heating rates of 5, 10, 20 and 30�C min�1, different temperature data
are obtained in the same degree of conversion (a). These data are used in equation (1),
from which it is seen that graphs of ln� versus 1/T show straight lines with slopes
m¼�1.052E/R. Figure 5 shows the activation energy (E) with different a.
The appearance of two maxima indicates decomposition is a double step reaction.
Selecting mechanism function f(a) of different singular reaction types [25], testing all
two-step reaction types, and setting the initial values of the parameters of E according
to figure 5, the calculated curves were obtained by means of multivariate non-linear
regression. These curves were fitted to the experimental ones and corrected with least
squares method. Considering fitting quality, the mechanism of d : f, A�!

Fn
B �!

F1
C,

Figure 3. DSC curve of the title complex.

Figure 4. TG-DTG curve of the title complex.

3242 Y.-X. Zhou et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



is the most suitable for this reaction. The optimized kinetic parameters are obtained
(see table 3) and graphic presentation of the curve fitting is shown in figure 6.
From figure 6 it can be seen that the experimental data and the nonlinear regression
model fit very well with correlation coefficient above 0.999.

In short, the kinetic analysis above shows that the decomposition of the title complex
is a two-step reaction A�!

Fn
B �!

F1
C: an n-th order reaction (Fn) with n¼ 0.36,
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Figure 5. Activation energy (E) and logA at different a.

Table 3. Kinetic data and fitting quality on the complex.

Corr. Coeff. Reg. Par. Step Mode E(kJmol�1) lg(A/s�1) Order

0.998839 0.00100 I F1 138.7386 12.3349
II Fn 291.0868 23.2351 2.2982

Figure 6. Curve fitting of second transition, simulated with reaction types Fn and F1. r, s, �, œ
experimental plots, — integral plots.
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E1¼ 278.2 kJmol�1, log(A1/s�1)¼ 22.3, is followed by a 1st order reaction (F1) with
E2¼ 244.6 kJmol�1, log(A2/s�1)¼ 18.5.

Supplementary material

The supplementary crystallographic data for this article can be obtained free of
charge from The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(Fax: þ44-1223-336-033; Email: deposit@ ccdc.cam.ac.uk or www: http://
www.ccdc.cam.ac.uk). CCDC Reference No.: 272864.
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