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ABSTRACT. The paper describes the preparation of CeCl3 × 7 H2O polycrystalline material and the growth of  pure and Gd3+ doped single crystals of this type. The crystal structure was identified by X‑ray diffraction methods. The absorption spectra in the UV, VIS  and IR domains were studied. The EPR spectrum, consisting from the fine structure transition lines, was determined for the Gd3+ doped single crystals.

INTRODUCTION

Although the lanthanides were discovered for a long time, the lanthanide compounds are still not entirely characterized till now. The interaction of the 4f electrons of lanthanide ions with the host lattice is weak. Nevertheless, this interaction has a large influence on the optical and magnetic properties of  lanthanide ions [1] and can be evidenced by EPR spectroscopy . 

Because of these specific characteristics, the lanthanide halides hydrates and their related systems are a class of materials of potential interest [2]. From the large variety of possible compounds, we have chosen for our study CeCl3 × 7 H2O (cerium chloride heptahydrate) which was less investigated, probably because this substance is highly hygroscopic and therefore is difficult to handle. The literature reports recent studies only of the dehydration process of some rare earth (Nd, Tb, Dy) chloride hydrates  [3, 4] and rare earth chloride hydrates with organic inclusions [5, 6] and gives data on their dielectric properties [7].

The aim of the present paper is to study some physical properties of the CeCl3 × 7 H2O single crystals by X-ray diffraction, UV-VIS and IR spectroscopy, and the influence of the first neighborhood on the EPR spectra of the gadolinium trivalent ion in Gd3+ doped CeCl3 × 7 H2O single crystals.

EXPERIMENTAL

The CeCl3 compound has two possible forms:

A. CeCl3 without H2O – it can be prepared in the following ways:

a)  from cerium oxide and chloride:

2 Ce2O3 +  6 Cl2 = 4 CeCl3 + 3O2

b) from cerium oxide and carbontetrachloride:

2 Ce2O3 + 3 CCl4 = 4 CeCl3 + 3 CO2

B. CeCl3 hydrate – for the preparation of this compound, data from the literature indicates the two following possibilities:

a) from the solution obtained by the reaction of cerium hydroxide with hydrochloric acid:

Ce(OH)3 + 3 HCl = CeCl3 + 3 H2O 

b) from the solution obtained by the reaction of cerium carbonate with  hydrochloric acid: 

Ce2(CO3)3 + 6 HCl = 2CeCl3 + 3 H2O + 3 CO2
A third possibility, not mentioned in the literature, is the preparation from the aqueous solution of CeF3 and BaCl2. We applied this method because we had CeF3 available as starting material:

2 CeF3 + 3 BaCl2 = 2 CeCl3 + 3 BaF2
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The major advantage of this method is that BaF2 is insoluble in water, and can be separated by simple filtration from the solution. According to  the above-mentioned reaction, we have obtained CeCl3 hydrate in polycrystalline form.

CeCl3 × 7 H2O is extremely soluble in water. This property allows both the purification and the preparation of the material from aqueous solutions. Therefore, after multiple recrystallization processes, we obtained a starting material for the single crystal growth without diamagnetic impurities. This fact  was confirmed  by EPR measurements.

RESULTS
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The transparent, colorless single crystalline samples were obtained by slow evaporation of the CeCl3 aqueous solution in approximately 2 to 3 weeks. One of these samples is shown in Figure 1. Up to the present, our experiments indicate that the crystal growing process can be accomplished at a temperature around 30oC. 

The Gd3+ doped samples were obtained in the same way when we added to the aqueous solution of CeCl3 small quantities of GdCl3 in a molar ratio of 1/500 (Gd3+/Ce3+).

In order to identify the exact structure of the single crystals obtained by us we effectuated X‑Ray diffraction measurements on polycrystalline sam​ples. The experimental X-ray powder pattern is presented in Figure 2. 

These measurements have con​firmed that the crystals contain indeed seven H2O molecules. The single crystals have a monoclinic system and their space group is P1. Using these data, we generated the unit cell and the possible positions of the atoms in it (Figure 3). 
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The UV-VIS and IR transmission spectra show that the CeCl3 × 7 H2O single crystals prepared by us are not transparent in the UV, transparent in the VIS and partially transparent in the 400-1500 cm-1 range of the IR domain. 

We have to mention that the investigated single crystalline samples were rather thick (2-3 mm), so the results are not very conclusive. Further measurements are in progress.

The EPR spectrum of Gd3+ doped CeCl3 × 7 H2O single crystals has been measured with an X-band Radiopan SE/X - 2453 spectrometer at room temperature (Figure 4). 
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From the preliminary analysis of the spectra, we consider that the symmetry of the magnetic complex is lower then axial. The EPR spectra is described by the following spin Hamiltonian that can be expressed in the standard notation [8]:
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After preliminary investigations, we consider that there are two magnetically equivalent centers in the unit cell - if we consider only the next nearest neighborhood of  Ce3+ ions and if the Gd3+ ions occupy their sites. However, the symmetry axes of these magnetic centers are differently oriented. 

CONCLUSIONS

We have obtained CeCl3 heptahydrate single crystals of relatively large size using the growth method as described above. This fact was confirmed by X-ray diffraction measurements.

Based on the UV-VIS and IR absorption spectra, we can affirm that our samples may prove a good material for the visible domain. No transmission was observed in the UV domain. The IR absorption measurements carried out till now were not conclusive enough because the single crystalline samples were too thick. Investigations with the polycrystalline base material included in KBr pellets were not made.

The preliminary analysis of the EPR spectra confirmed the presence of  two magnetic centers with differently oriented symmetry axes. The thorough study and the exact determination of the spin‑Hamiltonian parameters are in progress. 
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Figure 1. CeCl3 × 7 H2O single crystal grown from solution








Figure 3. The unit cell (left) and the asymmetric unit (right) proposed for the CeCl3 × 7 H2O single crystal





Figure 4. The EPR spectrum of the Gd3+ ion in the CeCl3 × 7 H2O diamagnetic base at an arbitrary orientation of the external magnetic field





Figure 2. The X-ray diffraction powder pattern measured for polycrystalline CeCl3 × 7 H2O samples
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