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During the last decade, polymeric complexes have attracted considerable attention because of 

their structural diversity as well as their potential applications in practical areas, such as 

catalysis, gas storage and magnetism.
1,2

 Rare earth metal ions are less frequently chosen for 

the node of coordination polymers because of their notorious variability with respect to both 

coordination number and geometry. However, the lanthanide ions exhibit unique topological 

structure leading to interesting magnetic properties.
3
      

 

In our work we have focused on the preparation of coordination polymers using Ln(III) 

cations as nodes and formate (HCOO
-
) anion as the smallest and the simplest carboxylate 

anion which was formed in-situ during the synthesis from acidic hydrolysis of DMF 

molecules (DMF = N,N´-dimethylformamide). A series of seven isomorphous three-

dimensional coordination polymers with formula {[Ln(FOR)3]}n, (were Ln
3+

 = La (1), Ce (2), 

Pr (3), Nd (4), Sm (5), Eu (6), Gd (7); FOR = formate) have been hydrothermally synthesized 

and characterized by elemental analysis, IR and Raman spectroscopy, TG, single-crystal X-

ray diffraction and high energy X-ray diffraction (HEXRD). 

 

The reflection intensities for 2, 3, 6 were collected on a Xcalibur four-circle CCD 

diffractometer equipped with a graphite monochromator and using MoKα radiation (λ = 

0.71073 Å). High energy X-ray diffraction (HEXRD) measurements were carried out at 

wiggler beamline BW5 of Doris positron storage ring in DESY (Hamburg, Germany). 

HEXRD patterns of 1, 2, 3, 4, 5, 6, 7 were conducted with energy 100 keV corresponding to a 

wavelenght of 0.123984 Å. Diffracted photons from the sample were collected using two-

dimensional image plate square detector Perkin-Elmer 1621 with a resolution of 2300 x 2300 

pixels with a pixel size 150 x 150 μm
2
.  

 

Crystal XRD studies reveal that complexes 2, 3 and 6 are isomorphous. The crystal structure 

of 2 is described here as an example. Figure 1a shows the atomic labelling diagram of 2. The 

crystal structure of the complex 2 can be characterized as three-dimensional neutral 

framework composed of Ce(III) cations and formate anions. The Ce(III) atoms lie on a site of 

R3 symmetry and are coordinated by nine O atoms from nine different formate anions, which 

lie on mirror planes. The coordination polyhedron around Ce(III) can be described as a three-

capped trigonal prism. Each C atom makes three C−O−Ce linkages through one μ2-bridging O 

atom (O2) and one μ1-bond O atom (O1). The Ce-O1 bond distance with the monodentate 

oxygen atom is 2.502(2) Å, and the bridging oxygen atom (O2) distances range from 2.580(1) 

to 2.597(1) Å. Figure 1b) shows that three Ce ions and three formate anions are connected, 

forming six-membered rings. The closest distance between two metal centers is 4.1116(1) Å 

along the c axis and 6.3221(2) Å between adjacent chains. Crystal data: trigonal space group 

R3m with a = 10.6891(2) Å, c = 4.1116(1) Å, V = 406.84 Å
3
, Z = 3. 
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Fig. 1 a) Coordination environment around Ce(III) cations in complex {[Ce(FOR)3]}n. b) 

View of the structure along c crystallographic axis. 

 

HEXRD data were measured and used to refine the structure of the other isomorphs. The 

measured diffraction patterns are shown in Fig. 2. Based on data of crystal structure of 2 it 

was possible to calculate and index the diffraction patterns of the other Ln(III) compounds. 

Consequently from known values of theta angles, hkl indexes and mathematical quadratic 

form of the Bragg equation for the trigonal the lattice parameters of all complexes were 

calculated (Table 1). A very good linear relationship between lanthanide covalent radii and 

cell volume was observed. These results will be used in the near future to study of magnetic 

properties of the compounds.  

 

Table 1. Calculated cell parameters for {[Ln(FOR)3]}n.  

 

Ln(III) 
Covalent radii 

[pm] 
a [Å] c [Å] V [Å3] 

La3+ 117.2 10.7255 4.1480 413.249 

Ce3+ 115 10.6658 4.1211 406.007 

Pr3+ 113 10.6042 4.0960 398.885 

Nd3+ 112.3 10.5766 4.0786 395.127 

Sm3+ 109.8 10.4983 4.0450 386.089 

Eu3+ 108.7 10.4584 4.0378 382.475 

Gd3+ 107.8 10.4162 4.0256 379.114 

 

Fig 2. XRD patterns of the studied complexes 
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