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Solvothermal synthesis, structure, and luminescence of a 3-D

Cd(II) complex assembled with biphenyl-2,5,

29,59-tetracarboxylic acid involving in situ ligand reaction
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Chemistry, Northeast Normal University, Changchun, Jilin 130024, China
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A 3-D metal-organic framework [Cd3(L)2(DMF)2] � 2H2O � 2DMF (1) (H3L¼ 2-(dimethylcar-
bamoyl)biphenyl-5,20,50-tricarboxylic acid, DMF¼N,N-dimethylformamide) with trinuclear
Cd(II) units has been prepared. Complex 1 is a (3, 6)-connected (42 � 6)2(4

4
� 62 � 88 � 10)

coordination net, which results from the solvothermal in situ formation of a new asymmetric
ligand, 2-(dimethylcarbamoyl)biphenyl-5,20,50-tricarboxylic acid (H3L), through amidation of
biphenyl-2,5,20,50-tetracarboxylic acid (H4bptc). Additionally, the luminescence of 1 has been
investigated.

Keywords: Trinuclear Cd(II) unit; Amidation reaction; Topology; Photoluminescent

1. Introduction

Metal–organic frameworks (MOFs) have received interest for potential applications,
fascinating architectures, and topologies [1–3]. Ligands play crucial roles for design and
synthesis of the target coordination polymers. Biphenyl-tetracarboxylic acid ligands
have proven to be good candidates in the preparation of MOFs [4, 5] and are versatile
ligands for the construction of high-dimensional MOFs with fascinating topologies
[6, 7]. The carboxylates can form metal-carboxylate clusters which possess larger sizes,
more coordination sites, and smaller steric hindrance for ligands with respect to simple
metal centered nodes [8, 9]. Following previous studies [10–12], here we choose
biphenyl-2,5,20,50-tetracarboxylic acid (H4bptc) as the ligand for the following reasons:
(1) adjacent ‘‘dense’’ carboxyl groups reacting with metal ions can form various
coordination modes and have high potential to generate metal clusters and (2) among
reported networks of metal carboxylates, biphenyl-2,5,20,50-tetracarboxylic acid
remains largely unexplored [13, 14].

MOFs are generated by reactions of pre-synthesized or commercially available
ligands with metal ions [15]. In situ ligand synthesis is of interest in coordination
chemistry and organic chemistry for the preparation of crystalline coordination

*Corresponding author. Email: zhangh@nenu.edu.cn

Journal of Coordination Chemistry

ISSN 0095-8972 print/ISSN 1029-0389 online � 2012 Taylor & Francis

http://dx.doi.org/10.1080/00958972.2011.652099

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

40
 1

3 
O

ct
ob

er
 2

01
3 



complexes, and for the discovery of new organic reactions [16]. In the past few years,
Zhang, Chen and Xiong et al. have published reviews about in situ ligand syntheses in
coordination chemistry [15, 17, 18]. There are few examples on amidation of a
carboxylate ligand.

Hydro(solvo)thermal reactions provide the capability of in situ ligand synthesis due
to their reaction conditions [15, 17]. Even insoluble reagents which are unsuitable to
synthesize complexes by conventional means can be used in this method, and in the
reaction process metastable compounds may be produced and, thus, are available
for crystal growth [19–22]. Herein, we report a new metal–organic complex
[Cd3(L)2(DMF)2] � 2H2O � 2DMF (1) with trinuclear Cd(II) units, which was obtained
by the reaction of CdCl2 � 2.5H2O and H4bptc based on solvothermal reactions.
Complex 1 displays a new (3, 6)-connected topology with the Schläfli symbol
(42 � 6)2(4

4
� 62 � 88 � 10). The biphenyl-2,5,20,50-tetracarboxylic acid ligand formed

through an amidation reaction under solvothermal conditions.

2. Experimental

2.1. Materials and instrumentation

Chemicals were purchased from commercial sources and used without purification. The
FT-IR spectra were measured in KBr pellets from 4000 to 400 cm�1 on a Mattson
Alpha-Centauri spectrometer. Elemental analyses for C, H, and N were performed on a
Perkin-Elmer 2400 Elemental Analyzer. Thermogravimetric analyses (TGA) were
performed on a Perkin-Elmer Thermal Analyzer under N2 with a heating rate of
10�Cmin�1. Solid-state luminescence spectra were measured on a Cary Eclipse
spectrofluorometer (Varian) equipped with a xenon lamp and quartz carrier at room
temperature.

2.2. Synthesis

2.2.1. Synthesis of [Cd3(L)2(DMF)2] . 2H2O . 2DMF (1). A mixture of
CdCl2 � 2.5H2O (0.0206 g, 0.09mmol), H4bptc (0.0199 g, 0.06mmol), H2O (1mL), and
DMF (20mL) was placed in a Teflon reactor (20mL) and heated at 160�C for 4 days.
After the sample was gradually cooled to room temperature at a rate of 10�Ch�1,
colorless block crystals of 1 were obtained in 45% yield based on H4bptc. Anal. Calcd
for C48H56Cd3N6O20 (Mr¼ 1374.19): C, 41.95; H, 4.11; N, 6.12. Found (%): C, 41.83;
H, 4.24; N, 6.01. IR (4000–400 cm�1): 3431(m), 1605(s), 1416(s), 1080(m), 858(s), 811(s),
722(s), 630(s), 500(s).

2.3. X-ray crystallography

The X-ray intensity data for 1 were collected on a Bruker SMART APEX CCD
diffractometer with Mo-K� radiation (�¼ 0.71073 Å) at 273(2)K. The crystal structure
was solved by direct methods and refined employing full-matrix least-squares on F2

(SHELXTL-97). The non-hydrogen atoms were refined with anisotropic displacement
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parameters except for disordered guest DMF in 1. Disordered C, O, N, and H atoms of

uncoordinated DMF molecules were split over two positions, with total occupancy of 1,

and were refined using DFIX. All hydrogen atoms attached to ligands and DMF

molecules were geometrically placed, and those of free water were not located. Crystal

data and details of the structure determination for 1 are listed in table 1 and selected

bond lengths and angles are listed in table S1.

3. Results and discussion

3.1. Description of the structure

[Cd3(L)2(DMF)2] . 2H2O . 2DMF (1). Single-crystal X-ray diffraction shows that 1

crystallizes in the triclinic space group Pı and possesses a 3-D coordination network

composed of trinuclear Cd(II) units and two kinds of L3�. As shown in figure 1(a), the

non-centrosymmetric linear trinuclear Cd(II) unit consists of a central Cd1 coordinated

by seven carboxylate oxygen atoms of four different L3� ligands with pentagonal

bipyramidal geometry and two outer Cd2A and Cd3. Cd2 is coordinated by six

carboxylate oxygen atoms from four different L3� ligands in a distorted octahedral

geometry. Cd3 also exhibits a slightly distorted octahedral geometry, coordinated by

two carboxylate oxygen atoms (O2 and O8) and two amide oxygen atoms (O7 and

O14D) of two L3� ligands and two amide oxygen atoms (O15 and O16) from two DMF

molecules. Cd1 is bridged to neighboring Cd2A and Cd3 atoms by one –O–C–O–

bridge and three m2–Ocarboxyl (O6B, O8, and O13) to afford a trinuclear Cd(II) unit with

Cd1 � � �Cd2 and Cd1 � � �Cd3 distances of 3.660 and 3.971 Å. Each L3� links three

trinuclear Cd(II) units using its three carboxylates and one amide to generate a 3-D

framework (figure 2b). Trinuclear Cd(II) unit and L3� can be considered as

Table 1. Crystal data and structure refinement for 1.

Empirical formula C48H56Cd3N6O20

Formula weight 1374.19
Crystal system Triclinic
Space group P�1

Unit cell dimensions (Å, �)
a 12.6784(9)
b 13.5433(9)
c 17.1322(12)
� 77.839(1)
� 76.404(1)
� 80.614(1)
Volume (Å3), Z 2775.1(3), 2
Absorption coefficient (mm�1) 1.218
Calculated density (g cm�3) 1.645
R(int) 0.0255
Goodness-of-fit on F2 1.048
R1

a [I4 2�(I)] 0.0502
wR2

b [I4 2�(I)] 0.1255

aR1¼
P
jjFoj � jFcjj/

P
jFoj,

bwR2¼
P

wðF 2
o � F 2

c Þ
2

� �
=
P

wðF 2
o Þ

2
� �1=2

.
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six-connected and three-connected nodes, respectively (figure 2a). The 3-D network can

be rationalized as a (3, 6)-connected (42 � 6)2(4
4
� 62 � 88 � 10) topology (figure 2c).

In 1, two types of m5-bridged L3� exist (A-type and B-type, figure 1b) which show the

same coordination mode, three carboxylates of each L3� adopt two coordination

modes: m2-�
1 : �2 tridentate chelating-bridging for the 20 and 5-substituted carboxylates

and m1-�
1 : �1 bidentate chelating for the 50-carboxylate. The dihedral angle between two

benzene rings of A-type L3� is 87.46� while for B-type, it is 73.46�.
Hydro(solvo)thermal reactions provide the potential of in situ ligand synthesis due to

reaction conditions [15, 23]. In the synthesis of 1, the presence of DMF and H2O under

solvothermal conditions results in amidation reaction of biphenyl-2,5,20,50-tetracar-

boxylic acid (H4bptc). The reaction is shown in scheme 1, at higher temperature DMF

slowly hydrolyzes giving formic acid and dimethylamine, and then dimethylamine

reacts with H4bptc to give 2-(dimethylcarbamoyl)biphenyl-5,20,50-tricarboxylic acid

(H3L). Therefore, the high temperature, pressure and long reactions promote the in situ

synthesis of L3� in 1. To our knowledge, the in situ generated L3� is the first ligand

derived from H4bptc under solvothermal conditions.

Figure 1. (a) Coordination environments of Cd(II) in 1. Hydrogen atoms are omitted for clarity. Symmetry
codes: A, xþ 1, y, z; B, �xþ 1, �yþ 1, �z; C, x, y� 1, z; D, �xþ 1,�yþ 1, �zþ 1. (b) The coordination
modes of L3� in 1.
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Scheme 1. The possible reaction between biphenyl-2,5,20,50-tetracarboxylic acid and DMF under
solvothermal condition.

Figure 2. (a) Schematic representations of the three- and six-connected nodes. (b) Polyhedral view of the
3-D structure in 1. (c) Schematic illustration of the (42 � 6)2(4

4
� 62 � 88 � 10) topology of the 3-D network of 1.
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A number of Cd(II) coordination polymers from polycarboxylates have been
obtained, but both composition and structural features of 1 are different from those
reported. For example, a polynuclear complex {[Cd9(IDC)2(HIDC)6(Bipy)4] �
2N(CH3)(CH2CH3)2 � 2DMF}n (H2IDC¼ imidazole-4,5-dicarboxylic acid, Bipy¼ 4,40-
bipyridine) [24] was prepared under solvothermal condition and the complex exhibited
a 3-D structure with channels along the c-axis in which free solvent molecules are
located. Complexes [Cd2(bptc)(bpimb)(H2O)] � 2H2O and [Cd2(bptc)(bpib)] � 4H2O [23]
were synthesized by reactions of the corresponding cadmium salts with biphenyl-
3,30,4,40-tetracarboxylic acid (H4bptc) and N-containing auxiliary ligands and both
present binodal high-connected topologies. Complex {[Cd(H2btc)(terpy)] �H2O}n [25]
was obtained by reaction of CdO with biphenyl-2,20,4,40-tetracarboxylic acid (H4bptc)
and terpyridine in water and features a 3-D supramolecular framework. Complexes
{[Cd4(bpea)4(IP)8] � 6H2O}n and {[Cd1.5(suc)1.5(IP)1.5] � 4H2O}n (bpea¼ biphenylethene-
4,40-dicarboxylate, H2suc¼ succinic acid and IP¼ 1H-imidazo[4, 5-f][1, 10]-phenanthro-
line) [26] also show interesting supramolecular frameworks. Structural differences can
be attributed to different ligands used and different synthetic conditions.

3.2. Photoluminescent property

The luminescent properties of free H4bptc and 1 at room temperature are depicted in
figure 3. H4bptc displays an emission at 439 nm upon excitation at 377 nm. Complex 1

exhibits a distinct emission at 423 nm upon excitation at 367 nm, tentatively attributed
to intraligand ���* transitions of H4bptc. Comparing with free H4bptc, the
signiEcantly blue shifted emission for 1 is observed. It is possible that a combination
of several factors together, including O-donor ligand chelation to the metal centers,
effectively increases the rigidities of the ligands and reduces loss of energy by radiation-
less decay [25, 26], as well as amidation reaction and deprotonation of H4bptc.

3.3. Thermal analysis

The thermal stability of 1 was investigated by TGA under nitrogen with a heating rate
of 10�Cmin�1 (figure S1). In 1, the first weight loss, 50–130�C, corresponds to loss of

Figure 3. The emission spectra of 1 at room temperature.
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two guest water molecules and two guest DMF (Obsd 12.13%, Calcd 13.26%). The
second weight loss of 62.79% (Calcd 62.20%) from 180 to 560�C corresponds to
decomposition of L3� and coordinated DMF. The remaining weight may be attributed
to the formation of CdO (Obsd 25.08%, Calcd 24.54%).

4. Conclusion

We have demonstrated a 3-D framework with (3, 6)-connected topology, in which
trinuclear Cd(II) unit and L3� are six-connected and three-connected nodes. In this
study, a new 2-(dimethylcarbamoyl)biphenyl-5,20,50-tricarboxylic acid (H3L) from
biphenyl-2,5,20,50-tetracarboxylic acid (H4bptc) precursor has been synthesized through
in situ ligand transformation under solvothermal conditions, providing a useful strategy
to construct coordination complexes or MOFs via in situ ligand synthesis.

Supplementary material

Crystallographic data for the structural analyses have been deposited with the
Cambridge Crystallographic Data Center, CCDC No. 804581 for 1. Copies of this
information may be obtained free of charge from The Director, CCDC, 12 Union
Road, Cambridge CB21EZ, UK (Fax: þ44-1223-336033; E-mail: deposit@ccdc.
cam.ac.uk or http://www.ccdc.cam.ac.uk).
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