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Two transition metal coordination compounds, [Cd(NBDOA) � (H2O)2]n and
[Co(phen) � (H2O)4](NBDOA) � 2H2O, were synthesized and characterized by elemental analysis
and infrared (IR) spectroscopy. The structures investigated by X-ray single crystal diffraction
reveal that the coordination polymer [Cd(NBDOA) � (H2O)2]n possesses two kinds of
microporous channels which are bridged by five kinds of hydrogen bonds to generate a 3-D
supramolecular network. [Co(phen)(H2O)4](NBDOA) � 2H2O was constructed by
[Co(phen) � (H2O)4]

2þ and NBDOA2� through electrostatic attraction and many kinds of
hydrogen-bonding interactions. The thermal stabilities of the compounds were studied by
differential scanning calorimeter (DSC) and thermogravimetry–differential thermogravimetric
(TG–DTG) measurements, which shows that cadmium(II) and cobalt(II) complexes begin
exothermic decomposition at 540K and 529K with final residues of CdO and CoO,
respectively.

Keywords: Cadmium(II); Cobalt(II); 2-Nitro-benzene-1,4-dioxyacetic acid; Crystal structure;
Thermal analysis

1. Introduction

Metal-organic networks (coordination polymers) attract much attention because of
topology design and potential properties in adsorption, catalysis, luminescence,
magnetism, etc. [1–10]. Aromatic di- or multicarboxylates are good candidates for
the assembly of cavity-containing metal-organic architectures derived from two
characteristics. First, they show various coordination geometries using completely or
partially deprotonated carboxylic groups; second, they can act as both hydrogen-bond
donors and acceptors depending on the number of deprotonated carboxylic groups.
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During the past decade, many frameworks have been synthesized and characterized

by using rigid multicarboxylate ligands such as 1,4-benzenedicarboxylate [11],

1,3,5-benzenetricarboxylate [12], 1,2,4,5-benzenetetracarboxylate [13, 14] or 1,2,4-

benzenetricarboxylate [15, 16]. But flexible multicarboxylate ligands have been less

studied [17–19], possibly due to the difficulties in predicting the resulting framework

structures.
Benzene-1,4-dioxyacetic acid (BDOAH2) as an excellent flexible multicarboxylate

ligand received interest due to the presence of the –OCH2– group. Gao and co-workers

have reported the structures of some transition metal (Cd(II), Zn(II), Cu(II), Co(II))

coordination polymers based on BDOA2�, most have a fascinating 1-D helical or

zigzag chain [1, 17, 20–23]. In 2006, Yang et al. [24] investigated 3-D hybrid frameworks

and properties of alkaline earth metal complexes of BDOA2�, demonstrating BDOAH2

has characteristics of both Fexibility and rigidity to be a new building block in

construction of novel 3-D networks. Some lanthanide coordination polymers contain-

ing BDOA2� were reported by Li et al. [25] and Deng et al. [26]. In these complexes,

BDOA2� adopts various coordination modes to connect to lanthanides and constructed

different networks. To obtain more new compounds with excellent properties and

fascinating architecture based on flexible benzene-1,4-dioxyacetic acid, 2-nitro-benzene-

1,4-dioxyacetic acid (NBDOAH2) was chosen.
NBDOAH2 is a multidentate flexible ligand with versatile coordination modes, which

can be regarded as an excellent candidate for the construction of supramolecular

complexes [27, 28]. In our recent work, a series of coordination polymers using

NBDOA anion as ligand were prepared, focused on transition metal and alkaline earth

metal including Co(II), Cu(II), Mn(II), Zn(II), and Ca(II) [28–32]. To explore such

compounds, we have undertaken the synthesis, crystal structure and thermal analysis of

a Cd(II) polymer complex [Cd(NBDOA) � (H2O)2]n.
Furthermore, 2-nitro-benzene-1,4-dioxyacetic acid as a dibasic phenoxyacetic acid

can construct structures with various cations. Hence, a Co(II) complex,

[Co(phen) � (H2O)4](NBDOA) � 2H2O, was synthesized using phenanthroline as the

neutral ligand and NBDOA as counter anions. Although, NBDOA has constructed a

large number of complexes in our previous work as ligand [29–31], as an outer anion is

reported for the first time. Co(II) coordinated with phenanthroline has been reported a

lot [33–36], but only a few reports on [Co(phen)(H2O)4]
2þ [37–39].

The metal chelating property aspects of 1,10-phenanthroline have been widely

utilized in all aspects of coordination chemistry [40–45]. Great interest has focused on

Co(II) coordination compounds based on phenanthroline. In these compounds, various

anions were coordinated with the central Co(II). There are three Co(II) coordination

cations with phenanthroline and water, CoðphenÞ2þ3 [46–49], Co(phen)2ðH2OÞ
2þ
2 [24, 50–

52], and Co(phen)ðH2OÞ
2þ
4 [37–39, 53]. In 2004, Lu did structures of a layered vanadium

oxide with an interlayer metal coordination complex [Co(phen)3][V10O26]H2O, and in

1999, Geraghty reported the structures of two cobalt(II) complexes of octanedioic

acid (odaH2) and nonanedioic acid (ndaH2), [Co(phen)3]oda � 14H2O, and

[Co(phen)3]nda � 11.5H2O. Sha described the structure of Co(phen)2ðH2OÞ
2þ
2 in 2007,

Yesilel synthesized and characterized phenanthroline complexes of Co(II) orotates and

studied the thermal stability. Recently, the complexes formed by Co(phen)ðH2OÞ
2þ
4 and

sulfuric acid, adipic acid, and suberic acid were synthesized and characterized, all

showing a fantastic 3-D structure.

1514 Z.-M. Li et al.
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In this study, two coordination compounds, [Cd(NBDOA) � (H2O)2]n and
[Co(phen) � (H2O)4](NBDOA) � 2H2O, were synthesized and the crystal structures and
thermal decomposition properties were studied.

2. Experimental

2.1. Physical measurements

Elemental analyses were performed on the Carlo Erba 1106 full-automatic trace organic
elemental analyzer. Fourier transform infrared spectroscopy (FT-IR) spectra were
recorded with a Bruker Equinox 55 FT-IR spectrometer in dry KBr pellets from
400–4000 cm�1 with a resolution of 4 cm�1. A Perkin Elmer Pyris1 differential scanning
calorimeter (DSC) (sample mass: about 1.0mg; self-generating atmosphere; heating
rate, 10Kmin�1) was used for DSC measurement. A Perkin Elmer Pyris1 thermo-
gravimetry–differential thermogravimetric (TG–DTG) analyzer (sample mass: about
1.0mg; atmosphere, flowing dry, oxygen-free nitrogen with a flowing rate of
20mLmin�1; heating rate, 10Kmin�1) was used for TG analysis.

2.2. Synthesis of [Cd(NBDOA) . (H2O)2]n

NBDOAH2 was prepared by nitration of benzene-1,4-dioxyacetic acid, which was
synthesized by reaction of hydroquinone with chloroacetic acid in a molar ratio of 1 : 2
at 373K [54]. A mixture of 0.3mmol Cd(NO3)2 � 4H2O, 0.3mmol NBDOAH2, 0.6mmol
NaOH, and 15mL H2O was sealed in a 25mL Teflon-lined autoclave and kept at 373K
for 72 h under autogenous pressure. After cooling slowly to room temperature, yellow
crystals were collected in 76% yield (based on Cd). Anal. Calcd for
[Cd(NBDOA) � (H2O)2]n: C, 28.76%; H, 2.65%; N, 3.35%. Found: C, 28.84%;
H, 2.56%; N, 3.41%. IR (KBr pellet) data (� cm�1): 3556, 3389, 2941, 1578, 1530,
1425, 1343, 1286, 1223, 1158, 1063, 952, 859, 818, 757.

2.3. Synthesis of [Co(phen) . (H2O)4](NBDOA) . 2H2O

[Co(phen) � (H2O)4](NBDOA) � 2H2O was prepared by addition of 0.5mmol
1,10-phenanthroline, 1.0mmol NaOH, and 0.5mmol Co(NO3)2 to a hot aqueous
solution of 0.5mmol NBDOAH2 with subsequent filtration. Pink block crystals were
obtained from the filtered solution at room temperature over several days, yield 72%
(based on NBDOAH2). Anal. Calcd for [Co(phen) � (H2O)4](NBDOA) � 2H2O: C,
42.86%; H, 4.38%; N, 6.82%. Found: C, 42.45%; H, 4.29%; N, 6.75%. IR (KBr pellet)
data (� cm�1): 3458, 3369, 3085, 2964, 1672, 1658, 1605, 1533, 1421, 1362, 1274, 1265,
1158, 1082, 862, 757, 726, 621.

2.4. X-ray crystallography

A suitable blue block crystal of [Cd(NBDOA) � (H2O)2]n with dimensions of
0.22� 0.20� 0.14mm was mounted on a glass fiber and the data were collected on a

2-nitro-benzene-1,4-dioxyacetic acid (NBDOA) 1515
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Bruker Smart CCD diffractometer with a Mo-Ka radiation (�¼ 0.71073 Å) at 294(2)K

by using an ! scan mode in the range of 1.835 �5 25.02�. A total of 3375 reflections

were collected, of which 2338 were unique with Rint¼ 0.0226. All non-hydrogen atoms

were located by direct methods and subsequent difference Fourier syntheses. The

hydrogens bound to carbon were located by geometric calculations, and their positions

and thermal parameters were fixed during the structure refinement. All calculations

were performed by the SHELXTL-97 program [55].
The X-ray single data collection of [Co(phen) � (H2O)4](NBDOA) � 2H2O was carried

on a Rigaku RAXIS-RAPID diffractometer using graphite-monochromated Mo-Ka
radiation (�¼ 0.71073 Å) at 153(2)K. The structure was solved by direct methods by

using SHELXS-97 program [56] and refined by full-matrix least squares techniques

based on F2 with the SHELXTL-97 program package [55]. All non-hydrogen atoms

were located by direct methods and subsequent difference Fourier syntheses. Hydrogens

bound to carbon were located by geometrical calculations, and their positions and

thermal parameters were fixed during the structure refinement.
Crystallographic data and experimental details for structure analyses are summarized

in table 1. Further information concerning the crystal-structure determinations in

crystallographic information file format is available in the Supporting Information.

Table 1. Crystallographic data and structure refinement for the complexes.

[Cd(NBDOA) � (H2O)2]n [Co(phen) � (H2O)4](NBDOA) � 2H2O

Empirical formula C10H11CdNO10 C22H27CoN3O14

Formula weight 417.60 616.40
Temperature (K) 294(2) 153(2)

Wavelength (Å) 0.71073 0.71073
Crystal system Triclinic Monoclinic
Space group P�1 P2(1)/c
Unit cell dimensions (Å, �)
a 7.793(2) 7.3815(2)
b 8.043(2) 14.5750(4)
c 11.235(3) 24.0014(5)
� 95.818(4)
� 91.440(5) 93.249(1)
� 107.805(4)
Volume (Å3), Z 665.9(3), 2 2578.05(11), 4
Calculated density (g cm�3) 2.083 1.588
Absorption coefficient (mm�1) 1.696 0.744
F(000) 412 1276
Crystal size (mm3) 0.22� 0.20� 0.14 0.52� 0.44� 0.09
� range for data collection (�) 2.68–26.41 3.10–27.48
Limiting indices �8� h� 9; �9� k�9;

�11� l� 13
�9� h�9; �18� k�18;
�31� l� 31

Reflections collected 3375 25051
Independent reflections 2338 [Rint¼ 0.0226] 5897 [Rint¼ 0.0257]
Data/restraints/parameters 2338/6/199 5897/12/410
Goodness-of-fit on F2 1.047 1.008
Final R indices [I4 2�(I )] R1¼ 0.0323, wR2¼ 0.0761 R1¼ 0.0313, wR2¼ 0.0915
R indices (all data) R1¼ 0.0425, wR2¼ 0.0817 R1¼ 0.0333, wR2¼ 0.0929
Largest difference

peak and hole (e Å�3)
0.755 and �0.703 0.548 and �0.546

1516 Z.-M. Li et al.
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3. Results and discussion

3.1. Crystal structure of [Cd(NBDOA) . (H2O)2]n

The molecular structure of [Cd(NBDOA) � (H2O)2]n consists of one Cd(II), one 2-nitro-

benzene-1,4-dioxyacetic, and two coordinated waters. Selected bond distances and

angles are given in table 2. The coordination environment of the central Cd(II) is shown

in figure 1 as a six-coordinate distorted octahedral geometry defined by four

carboxylate oxygens from four NBDOA2� ligands and two oxygens from two

Table 2. Selected bond lengths (Å) and angles (�) for [Cd(NBDOA) � (H2O)2]n and [Co(phen) �
(H2O)4](NBDOA) � 2H2O.

[Cd(NBDOA) � (H2O)2]n [Co(phen) � (H2O)4](NBDOA) � 2H2O

Cd(1)–O(8)#1 2.277(3) Co–O(9) 2.059(1)
Cd(1)–O(2)#2 2.296(3) Co–O(12) 2.145(1)
Cd(1)–O(1) 2.319(3) Co–O(10) 2.070(1)
Cd(1)–O(9) 2.426(3) Co–N(2) 2.146(1)
O(7)–Cd(1)#3 2.347(3) Co–O(11) 2.028(1)
Cd(1)–O(10) 2.329(3) Co–N(3) 2.148(1)

O(8)#1–Cd(1)–O(2)#2 87.98(12) O(11)–Co–O(9) 175.34(5)
O(2)#2–Cd(1)–O(1) 104.31(11) O(11)–Co–O(12) 89.51(4)
O(2)#2–Cd(1)–O(10) 147.55(12) O(11)–Co–N(2) 96.25(6)
O(8)#1–Cd(1)–O(7)#3 125.17(13) O(12)–Co–N(2) 90.87(5)
O(1)–Cd(1)–O(7)#3 79.64(13) O(10)–Co–N(3) 98.77(5)
O(8)#1–Cd(1)–O(9) 78.63(12) O(11)–Co–O(10) 91.81(6)
O(1)–Cd(1)–O(9) 76.83(11) O(9)–Co–O(12) 87.62(4)
O(7)#3–Cd(1)–O(9) 156.19(13) O(9)–Co–N(2) 87.46(5)
O(8)#1–Cd(1)–O(1) 154.38(12) O(11)–Co–N(3) 87.58(5)
O(8)#1–Cd(1)–O(10) 84.44(12) O(12)–Co–N(3) 168.16(5)
O(1)–Cd(1)–O(10) 95.75(12) O(9)–Co–O(10) 84.67(6)
O(2)#2–Cd(1)–O(7)#3 80.00(12) O(10)–Co–O(12) 92.80(5)
O(10)–Cd(1)–O(7)#3 78.84(13) O(10)–Co–N(2) 171.17(6)
O(2)#2–Cd(1)–O(9) 102.32(12) O(9)–Co–N(3) 95.96(5)
O(10)–Cd(1)–O(9) 106.97(12) N(2)–Co–N(3) 78.05(5)

Symmetry transformations used to generate equivalent atoms for [Cd(NBDOA) � (H2O)2]n: #1: xþ 1, y, z� 1; #2: �xþ 1,
�yþ 2, �zþ 1; #3: �xþ 1, �yþ 2, �zþ 2.

Figure 1. Coordination environment of cadmium in [Cd(NBDOA) � (H2O)2]n.

2-nitro-benzene-1,4-dioxyacetic acid (NBDOA) 1517
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coordinated waters. O7, O8, O9, and O1 form the equatorial plane, and O2 and O10 are

axial.
The Cd–O distances (carboxylate) [2.277(3)–2.347(3) Å] lie within the range of the

corresponding bond distances [2.251–2.879 Å] reported for normal Cd-carboxylate

complexes [57], [2.347(4), 2.364(5)] of [Cd(BDOA) � 2H2O]n [20]. Contrast to the

distances of Cu–O (carboxylate) [1.951(2)–1.978(2) Å] of {[Cu2(NBDOA)2 �

(H2O)2] � 2(H2O)}n [31] and Ca–O (carboxylate) [2.328(8)–2.489(4) Å] of [Ca(nbdo)

(H2O)2]n [32], the distances of Cd–O (carboxylate) is about 0.3 Å longer than Cu–O and

0.1 Å shorter than Ca–O. The angles O–Cd(1)–O in the title compound are from

76.83(11) to 156.19(13)�, and the torsion angles of C(3)–O(3)–C(2)–C(1) and C(6)–

O(6)–C(9)–C(10) are �179.6(3) and �78.3(5)�, respectively, displaying the flexible

character of the ligand. The coordination mode of the complex is shown in figure 2.

Each NBDOA2� binds to four Cd ions, and both of the carboxylates adopt skew-skew

bidentate bridging coordination, which means the Cd ions are not coplanar to

carboxylate and the torsion angles of C–C–O–Cd are quite different. For C1

carboxylate the two coordinated Cd ions are at the same side of the carboxylate

Figure 3. The 1-D channel viewed along the a axis of [Cd(NBDOA) � (H2O)2]n.

NO2

OCH2CH

O

O

Cd

Cd

HCH2CO

O

O

Cd

Cd

Figure 2. Coordination mode of 2-nitro-benzene-1,4-dioxyacetic in [Cd(NBDOA) � (H2O)2]n.

1518 Z.-M. Li et al.
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plane, while for C10 carboxylate, the two coordinated Cd ions are at opposite sides of
the carboxylate plane.

As shown in figure 3, there exists a 1-D microporous channel along the a axis,
constructed by two NBDOA2� ligands and two Cd ions with the cavity about
10.855� 5.061 Å2, also shown in figure 4 (bore A), with Cd � � �Cd distance in the unit of
13.081 Å. Along the b axis there are two kinds of eight-membered rings (bore C and
bore D shown in figure 4), constructed by two carboxylates and two Cd ions; the
distances of Cd � � �Cd in the two rings are 4.243 and 4.378 Å, respectively. The two rings
are almost vertical to each other, forming an infinite chain along the b axis, which
connects the 1-D channel into a 2-D channel, with another kind of channel (bore B in
figure 4) formed with a cavity of 9.657� 4.710 Å2, and Cd � � �Cd distance in the unit is
11.087 Å. The two kinds of channels intersect each other.

In the complex, there are five kinds of intermolecular hydrogen bonds (given in
Table 3), three of which are between coordinated water and carboxylate; the other two
exist between coordinated water and nitro and oxyacetic groups. The intermolecular
hydrogen bonds connect the 2-D structure to a 3-D supramolecular network.

3.2. Crystal structure of [Co(phen) . (H2O)4](NBDOA) . 2H2O

X-ray structure analysis shows that this complex is composed of one [Co(phen) �
(H2O)4]

2þ, one NBDOA2�, and two crystal waters, as illustrated in figure 5. In the
structure of [Co(phen) � (H2O)4]

2þ, the cobalt is six-coordinate by two nitrogens from a
chelating phen and four oxygens from four coordinated waters in a distorted octahedral
geometry. Its equatorial plane is defined by N(2), O(9), O(10), and O(11) with mean

Figure 4. The perspective view of the microporous channels of [Cd(NBDOA) � (H2O)2]n.

2-nitro-benzene-1,4-dioxyacetic acid (NBDOA) 1519
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deviation of 0.061 Å; the Co(II) is away from the mean basal plane by 0.009 Å. N(3) and
O(12) occupy apical sites with the N(3)–Co–O(12) angle of 168.16(5)�. For NBDOA2�

the O1, N1, and O4 are almost coplanar to the benzene ring, with mean deviation of
0.0085 Å for the plane defined by O1, N1, O4, and carbons of the benzene ring, while
for C1, C2, C9, and C10 the deviations are larger and they are not coplanar to the

Table 3. Hydrogen bond lengths (Å) and angles (�) for [Cd(NBDOA) � (H2O)2]n and [Co(phen) �
(H2O)4](NBDOA) � 2H2O.

D–H � � �A d(D–H) d(H � � �A) d(D � � �A) ff(D–H � � �A)

[Cd(NBDOA) � (H2O)2]n
O9–H9C � � �O8#5 0.853 2.000 2.811 158.57
O9–H9D � � �O1#2 0.856 2.234 2.879 132.05
O10–H10A � � �O2#6 0.850 2.123 2.964 170.32
O10–H10B � � �O5#7 0.848 2.245 2.909 135.25
O10–H10B � � �O6#7 0.848 2.454 3.248 156.26

[Co(phen) � (H2O)4](NBDOA) � 2H2O
O(10)–H(10B) � � �O(6)#2 0.820(2) 2.114(17) 2.8302(18) 146(3)
O(11)–H(11A) � � �O(2)#3 0.820(2) 1.822(4) 2.6381(16) 173(2)
O(11)–H(11B) � � �O(5)#4 0.820(2) 2.035(9) 2.8231(16) 161(2)
O(12)–H(12A) � � �O(3)#3 0.820(2) 1.989(3) 2.8074(16) 176(2)
O(12)–H(12B) � � �O(6)#2 0.820(2) 1.877(7) 2.6774(16) 165(2)
O(13)–H(13A) � � �O(14) 0.823(2) 1.896(8) 2.663(2) 154.6(17)
O(13)–H(13B) � � �O(3)#5 0.821(2) 2.043(8) 2.8561(17) 171(5)
O(14)–H(14B) � � �O(5)#4 0.821(2) 1.905(12) 2.7164(19) 169(6)
O(14)–H(14A) � � �O(1)#6 0.821(2) 2.22(2) 2.9417(18) 147(3)
O(14)–H(14A) � � �O(7)#6 0.821(2) 2.31(2) 2.974(2) 139(3)

Symmetry transformations used to generate equivalent atoms for [Cd(NBDOA) � (H2O)2]n: #2: �xþ 1, �yþ 2, �zþ 1; #5:
�x, �yþ 1, �zþ 2; #6: xþ 1, y, z; #7: �xþ 1, �yþ 1, �zþ 2; for [Co(phen) � (H2O)4](NBDOA) � 2H2O: #2: x� 1/2, �yþ 3/
2, z� 1/2; #3: x� 1, y, z; #4: �xþ 1, �yþ 1, �zþ 1; #5: �xþ 3/2, y� 1/2, �zþ 1/2; #6: �xþ 1/2, y� 1/2, �zþ 1/2.

Figure 5. Molecular structure of [Co(phen) � (H2O)4](NBDOA) � 2H2O.

1520 Z.-M. Li et al.

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

33
 1

3 
O

ct
ob

er
 2

01
3 



former plane, especially for C2 the deviation is 1.4877 Å. Selected bond distances and

angles are given in table 2. The torsion angles of C6–O4–C9–C10 and C3–O1–C1–C2

are 176.6(1) and �70.8(1)�, respectively, which displays the flexibility of 2-nitro-

benzene-1,4-dioxyacetate acid.
Besides the electrostatic attraction between [Co(phen) � (H2O)4]

2þ and NBDOA2�,

there are many kinds of hydrogen-bonding interactions, table 3. Each [Co(phen) �

(H2O)4]
2þ connects five NBDOA2� and one crystal water through eight kinds of

hydrogen-bonds, in which seven are between coordinated water and oxygen of

carboxyl, and the other is between coordinated water and one crystal water. NBDOA2�

Figure 6. Packing diagram of [Co(phen) � (H2O)4](NBDOA) � 2H2O along b axis (above) and c axis (below).
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displays versatile hydrogen-bonds, offering oxygen to form 11 kinds of hydrogen-bonds
with five [Co(phen) � (H2O)4]

2þ cations and three crystal waters, in which not only two
carboxyl groups take part in hydrogen-bonds, but also O1 and O7 from oxyacetate and
nitro form O(14)–H(14A) � � �O(1) and O(14)–H(14A) � � �O(7) hydrogen-bonds.

The supramolecular layers along b and c axes in the complex are shown in figure 6.
[Co(phen) � (H2O)4]

2þ and NBDOA2� are alternately arranged along b� c plane, which
was bridged by hydrogen-bonds among the coordinated waters and carboxyl groups
resulting in a 2-D layer; the angle of the neighboring phen ring and benzene ring of
NBDOA is 7.7�, and the distance of adjacent Co(II) is 7.382 Å. The 2-D layer is
connected through hydrogen-bonds to form a 3-D supramolecular structure.

3.3. Thermal analysis

In the DSC curve (Supplementary material) of [Cd(NBDOA) � (H2O)2]n there are one
endothermic and two exothermic processes. The TG–DTG curves (Supplementary
material) demonstrate that there exist three main mass loss stages: from 420 to 482K,
8.43%; from 540 to 618K, 24.87%; and from 618 to 761K, 46.95%. The first mass loss
is attributed to loss of coordinated water (Calcd 8.62%), an endothermic process in the
DSC curve. The second mass loss stage is the loss of the nitro group and two
phenoxyacetate radicals (OCH2) (Calcd 25.40%). There is no distinguishing heat effect
during this stage in the DSC curve. When the temperature is 692K, the coordination
polymer decomposes rapidly, with large mass loss in TG curve and the intensive
exothermic peak in the DSC curve. The final residue for [Cd(NBDOA) � (H2O)2]n at
873.2K is 19.92% of which coincides with the calculated value of CdO, 19.49%.

The DSC and TG–DTG curves of [Co(phen) � (H2O)4](NBDOA) � 2H2O are shown in
the ‘‘Supplementary material’’ provided. There are three mass loss stages. The first one
with 16.62% occurs between 320.0–390.4K, reaching largest rate at 370.6K in DTG
curve related to the endothermic peak observed in DSC curve, which corresponds to
loss of the two lattice waters and four coordinated waters (Calcd 17.53%); the second
with 23.35% occurs in the range of 529.7–604.1K, reaching its largest rate at 541.2K in
the DTG curve, corresponding to the first exothermic peaks observed in the DSC curve.
This stage may be classified to loss of phenoxyacetate radical (–OCH2COO)2 (Calcd
24.03%); the third mass loss process with 47.47% occurs, reaching largest rate at
696.4K in DTG curve, corresponding to loss of phenanthroline and combustion of the
organic groups, giving the broad exothermic peak observed in the DSC curve. When the
temperature is 766.8K, the residue is constant with 12.56%, which coincides with the
calculated value of CoO, 12.15%.

4. Conclusions

NBDOAH2 as a multidentate flexible ligand and dibasic phenoxyacetic acid were used
to construct two transition metal complexes. The central Cd(II) of [Cd(NBDOA) �
(H2O)2]n were coordinated by tetradentate NBDOA and two waters, and form a 2-D
microporous channel, which connected to a 3-D supramolecular structure through five
kinds of hydrogen bonds. In [Co(phen) � (H2O)4](NBDOA) � 2H2O, 1,10-phenanthroline
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coordinates with Co(II) making NBDOA out of the coordination sphere.
[Co(phen) � (H2O)4]

2þ and NBDOA2� were connected by electrostatic attraction and
various hydrogen-bonding interactions to construct the structure. Thermal analyses for
the two compounds reveal that both release considerable heat when decomposed and
large volumes of gas were produced. NBDOA as a multidentate flexible ligand or
dibasic acid construct coordination or ionic compounds as a new building block in
design and construction of multifunctional materials.

Supplementary Material

CCDC 631932 and 276076 contain the supplementary crystallographic data of two
compounds for this article. These data can also be obtained free of charge from The
Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data_request/
cif (or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: þ44 1223 336033; Email: deposit@ccdc.cam.ac.uk or www: http://
www.ccdc.cam.ac.uk]).
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