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Design and synthesis of functional materials of metal-organic frameworks (MOF) type has become 
a fascinating area of interest in last years. The polymeric complexes consisting of transition metal 
ions and organic ligands have attracted considerable attention because of their promising 
applications various fields like gas storage or catalysis.1 Our effort is to design novel porous metal-
organic frameworks, which could be potentially tested for gas adsorption, notably carbon dioxide. 
In our recent work we have been studying Zn(II) coordination polymers containing 1,4-
benzenedicarboxylate (BDC) or 1,3,5-benzenetricarboxylate (BTC) anions and trans-4,4'-
azobis(pyridine) (AZPY) as a neutral spacer. We have characterized by X-ray diffraction several 
novel compounds, of which the layer-pillared metal-organic framework, 
{[Zn2(OH)(AZPY)(BDC)1.5]·H2O}n was tested for adsorption of carbon dioxide.2 

Currently we are interested in synthesis and characterization of MOF containing lanthanide cations. 
Here we report the structure and thermal stability of novel ceria metal-organic framework, 
{[Ce(BTC)(H2O)]·DMF}n (BTC = 1,3,5-benzenetricarboxylate, DMF = dimethylformamide). 
Searching of the Cambridge Structural Database gave no record for this compound and according 
to our best knowledge it is the first solved structure containing Ce cation and BTC anion. 

The single crystal X-ray diffraction experiments were performed with a Nonius KappaCCD 
diffractometer equipped with a Cryostream Cooler (Oxford Cryosystems) using graphite 
monochromatised MoKα radiation (λ = 0.71073 Å). The structure was solved by direct methods 
(SIR97) and refined by SHELXL97. In-situ PXRD experiments were carried out at B2 Hasylab 
beamline in DESY (Hamburg, Germany) with a synchrotron X-ray wavelength λ = 0.689867 Å. 
Data were collected using OBI image plate detector. Crystal data for {[Ce(BTC)(H2O)]·DMF}n,  
Tetragonal space group P43 with a = 10.4629(5) Å, c = 14.1275(5) Å, V = 1546.57(12) Å3, Z = 4. 
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Fig. 1: a) View of the structure of {[Ce(BTC)(H2O)]·DMF}n b) Coordination polyhedron around 
cerium(III) cation. 

Structure of the compound is shown in Fig. 1a. The all carboxylate oxygen atoms of BTC ligand 
are coordinated to Ce(III) cations. Moreover the coordination sphere each of Ce is completed by the 
molecule of coordinated water (atom O7 in Fig. 1a). The bond length Ce-O of seven coordinated 
oxygen atoms is in the range 2.38-2.53 Å. Moreover, one oxygen atom is semicoordinated with Ce-



O bond length being 2.872(1) Å.  Considering this semicoordination and chromophore CeO8, the 
coordination polyhedron around Ce can be described as bi-capped trigonal prism (see Fig. 1b). 

The crystal structure of the complex can be characterized as three-dimensional framework. The 
view of the crystal packing along c axis is shown in Fig. 2a. It is obvious, that the structural 
channels, propagating in [001] crystallographic direction, are present in the compound. The 
coordinated water molecules are pointing into these channels. Moreover, the structure contains 
solvated molecule of DMF. This molecule was disordered in the lattice and its presence was 
determined by the results of elemental analysis, thermogravimetry and infrared spectroscopy. It was 
of interest to study the possibility to remove the coordinated water molecules by the thermal 
treatment and this way to increase the opened porosity in the sample. From the results of thermal 
analysis it was determined, that water departure takes place at about 96 oC. However, after water 
removal the structure transformation could take place. Therefore to study the thermal stability of 
{[Ce(BTC)(H2O)]·DMF}n, in-situ powder XRD experiments were carried out at B2 Hasylab 
beamline. The results are shown in Fig. 2b. 
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Fig. 2: a) View of the structure along c crystallographic axis. b.) Powder XRD experiments 
measured in-situ during heating. 

 
Fig. 2b shows XRD diffraction patterns of {[Ce(BTC)(H2O)]·DMF}n at room temperature and after 
heating to 100, 200 and 300 oC. The measured patterns demonstrate, that the framework is stable 
after heating to 100 oC. After heating to 200 oC, the line broadening and decrease of intensity of the 
diffraction peaks was observed, but the sample was still crystalline. Further heating to 300 oC led to 
collapse of the framework. These results will be used in the near future to study the conditions of 
activation of the compound and adsorption of different gases. 
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