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Abstract. Seven lanthanide diphosphonates, [H3N(CH2)4NH3]Ln[hedpH][hedpH2] (Ln = La, 
Pr, Sm, Eu, Gd, Tb, Er; hedp = 1–hydroxyethylidenediphosphonate) have been synthesized 
with 1,4-diaminobutane as the template. The structures were obtained starting from the 
known X-ray single crystal model of lanthanum compound, with the X-ray powder diffrac-
tion data for these seven compounds. H-atoms were introduced using geometrical considera-
tions. Rietveld fits of the experimental diffractograms confirm the isostructurality of all 
compounds in the series, and show the different behaviour between the two distances M-M 
existing in the structures. 

1. Introduction 
Metal phosphonate chemistry is of great interest in material science due to their potential 
applications in many fields such as ion-exchange, catalysis, and sensor devices [1,2]. Often, 
metal phosphonates exhibit polymeric structures consisting of chains, layers, or three-
dimensional networks, but monomeric structures are also known. In particular, the tunable 
organic units in diphosphonate [R(PO3)2

4–] allow the construction of metal phosphonate 
materials with new architectures, including open framework structures [3,4] and porous 
pillared layered structures [5,6]. 
Components of the family [H3N(CH2)4NH3]Ln[hedpH][hedpH2], with Ln = La, Pr, Sm, Tb 
and Er has been recently reported by our research group [7,8] and the crystal structure of the 
La compound was already published by Liu and collaborators [9]. Following with the work 
previously developed [10] we present here the results of the structural study for seven com-
ponents of the family (Ln= La, Pr, Sm, Eu, Gd, Tb and Er) using their synchrotron XRPD 
data and the La X-ray single crystal data. 
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2. X-ray crystallographic analysis 

2.1 Data collection 
X-ray single crystal data were collected in the laboratory diffractometer Nonius Kappa CCD, 
using Cu-Kα radiation (λ = 1.5418Å), at room temperature. The powder data were collected 
at the ESRF (BM25-Spline, λ = 0.8290419Å), in a range between 3.5 and 60°, with a step 
size of 0.02° at room temperature. 

2.2 Structural refinement 
In a Rietveld refinement with the FullProf program [11], unit cell parameters and the posi-
tions of the non H-atoms were refined, being the position of the H-atoms completed using 
the program Mercury [12], taking into account geometrical considerations, as is usually done 
in the case of single crystal data. The final structural results show the isostructurality of the 
seven compounds, tuned by the influence of the cations. 
For the Rietveld refinement, the single crystal structure of lanthanum compound [9] was 
used as initial model in all cases. 
The XRPD profiles have been modeled as a pseudo-Voigt function. We have refined the zero 
offset, the scale factor, six background terms, the η parameter, the W Caglioti parameter, the 
unit cell, and the position of all atoms, excluding all hydrogens and template atoms, except in 
the case of terbium compound, in which only the coordinates of the central atom and the 
oxygens around it were refined. The refinement was made in the range 2θ=3.5–45.0º. 

3. Results and discussion 
The refinement indexes of agreement for the seven structures analyzed are listed in table 1. 
Very low values are reached for all the cases, except for the terbium compound, due to the 
low quality of the XRPD data and the small number of atomic parameters that could be re-
fined. Even so, all values obtained for the adjustment figures of merit are within acceptable 
ranges [13]. As an example, the final Rietveld refinement for the Eu compound is showed in 
figure 1 (all the others are closely similar to this). We can observe that the model adjusts 
very well with the experimental values. 

 

Figure 1. Rietveld refinement for the Eu compound. 
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Table 1. Refinement indexes of agreement for the analyzed compounds. 
Ln La Pr Sm Eu Gd Tb Er 

RB 6.50 5.53 4.76 4.82 4.36 8.81 5.39 

RF 5.11 4.73 4.22 4.01 3.77 8.00 4.92 

 
As explained in the description of the La compound [9], due to the different binding mode of 
phosphonates, it can be defined two distinct faces in the polyhedra LaO7, related to its oppo-
site by an inversion center (see figure 2). This causes alternating short and long Ln-Ln dis-
tances, as shown in table 2, which vary in a defined and different way with the metal radius. 
Long distances remain almost constant, with a maximum variation of 0.06Å (≈1%), and 
short distances decrease (0.32Å) with decreasing size of the central atom. This shortening is 
due to the decrease of the bond’s distances with the coordinated oxygens O(1) and O(6), and 
the same goes for the angle O(2)-P(2)-O(6), involved in the Ln-Ln connection. No signifi-
cant changes were observed for the rest of the M-O distances and O-P-O angles by varying 
the central atom. 

Table 2. Ln-Ln distances (from Rietveld fit). 
 

 

 

 

 

 

 

Ln d(short)/Å d(long)/Å 

La 4.9281(5) 5.8451(5) 

Pr 4.816(2) 5.872(3) 

Sm 4.735(2) 5.897(3) 

Eu 4.729(2) 5.904(3) 

Gd 4.7098(1) 5.8991(2) 

Tb 4.6084(1) 5.8430(2) 

Er 4.6168(4) 5.8937(5) 

Looking at the changes on the unit cell volume with reference to the Shannon’s effective 
ionic radii [14], we observe the expected trend: as we move towards the right in the periodic 
table the radius decreases linearly, and so does the volume of the cell. Table 3 shows the 
values of unit cell volumes and Shannon’s effective ionic radii for the seven studied com-
pounds and, in table 4, cell parameters after Rietveld refinement for all compounds are listed. 
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Figure 2. Ln-Ln distances for the Eu compound. 

Table 3. Shannon’s ionic radii and unit cell volume after refinement. 
Ln RShannon / Å Vcell / Å3 

La 1.10 1000.23(9) 

Pr 1.06 992.56(9) 

Sm 1.02 985.67(8) 

Eu 1.01 986.77(9) 

Gd 1.00 983.37(9) 

Tb 0.98 961.8(1) 

Er 0.95 972.16(9) 

 

Table 4. Cell parameters after Rietveld refinement for the seven compounds. 
Ln a(Å) b(Å) c(Å) α(°) β(°) γ(°) 

La 10.2287(6) 10.7286(6) 10.7395(6) 67.446(4) 90.024(5) 68.655(4) 

Pr 10.1795(5) 10.6473(6) 10.8527(6) 66.691(4) 89.564(5) 68.566(4) 

Sm 10.1438(5) 10.5911(5) 10.8908(6) 66.419(4) 89.380(4) 68.583(3) 

Eu 10.1517(5) 10.5882(5) 10.9284(6) 66.104(3) 89.294(4) 68.547(4) 

Gd 10.1335(5) 10.5598(6) 10.9399(6) 66.090(4) 89.166(5) 68.510(4) 

Tb 10.0580(7) 10.4041(8) 10.9572(8) 65.807(5) 88.785(7) 68.491(5) 

Er 10.0955(5) 10.4574(5) 10.9855(6) 65.785(4) 88.753(5) 68.426(4) 
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4. Concluding remarks 
The Rietveld refinements of XRPD data for seven members of 
[H3N(CH2)4NH3]Ln[hedpH][hedpH2] family (Ln = La, Pr, Sm, Eu, Gd, Tb and Er) have been 
performed, confirming the isostructurality of all compound, and showing the different beha-
vior between the two existing Ln-Ln distances in the structures, related to the bond’s dis-
tances of the central atom with its coordinated oxygens, and the relationship between the unit 
cell volume and the metal in the complexes. 
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