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ABSTRACT 

Hydrated lanthanide(II1) and yttrium(II1) selenites were prepared. Simultaneous thermo- 
gravimetric and differential thermal analysis, classical differential thermal analysis , X-ray 
diffraction and other methods of analysis have been used in the characterisation as well as in 
the study of the thermal decomposition of these compounds. The results led to the composi- 
tion and thermal stability and also to interpretations concerning the thermal decomposition 
mechanisms. 

INTRODUCTION 

Communications on the preparation of lanthanide(II1) and yttrium(II1) 
selenites were published in 1874 by Nilson, Berzelius, Cl&e and Jolin (see 
ref. 1) and in 1911 by Espil [2]. 

The first study on the thermal stability of these compounds was carried 
out by Giesbrecht and coworkers [3,4], up to 960 o C. Other investigations of 
the thermal decomposition of several lanthanide(II1) and yttrium(II1) 
selenites have also been described [5-lo]. 

In this work, all lanthanide(II1) (except for promethium) and yttrium(II1) 
selenites were prepared. These compounds were characterised and studied 
by employing iodometric and complexometric methods, TG-DTA, DTA 
and X-ray diffraction powder patterns. The data obtained allowed us to 
acquire information as yet absent from the literature about the thermal 
decomposition of the aforementioned compounds. 

* Author to whom correspondence should be addressed. 
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EXPERIMENTAL 

Sodium selenite, lanthanide(II1) and yttrium(II1) chlorides and selenites 
were prepared in accordance with already-described procedures [3]. 

Lanthanide(II1) and yttrium(II1) ions were determined both by complexo- 
metric back titrations with standard EDTA and ZnSO, solutions, using 
xylenol orange as indicator [ll], and by TG curves. Selenite ions were 
determined by both iodometry [12] and TG curves. The water contents of 
the compounds were determined by TG curves. 

Simultaneous TG-DTA curves were obtained with Rigaku Denki Co. 
(Japan) equipment, a-Al,O, being used as the reference material; samples of 
about 20 mg were placed in a platinum crucible and heated at a rate of 
10°C rnin-’ . m an argon atmosphere (flow rate = 20 ml min-‘), at ambient 
pressure. 

DTA curves were recorded on BP-engenharia equipment (Campinas, 
Brazil). a-Al,O, was used as the reference material. The samples were 
diluted to 20% (by weight) with cy-Al,O, and tightly and homogeneously 
packed in the cylindrical holes of the nickel block of the specimen-holder 
assembly. The heating rate was 10 o C min-’ under a static air atmosphere at 
ambient pressure. 

Diffraction patterns were obtained with an HGZ 4/B horizontal dif- 
fractometer (G.D.R.) equipped with a proportional counter and pulse height 

TABLE 1 

Analytical and thermoanalytical (TG) results 

Compound Lanthanide (%) 

Theo- EDTA TG 

rett- 

cal 

La,(SeO,),.3H,O 38.98 39.87 38.58 

Ce,(SeO,),.4H,O 38.22 38.97 37.04 

Pr,(SeO,),.4H,O 38.35 38.71 38.07 

Nd,(Se0,),.4H,O 38.91 39.53 38.35 

Sm,(SeO,),.4H,O 39.90 40.75 40.96 

Eu,(SeO,),.4H,O 40.15 41.02 41.01 

Gd,(SeO,),.4H,O 40.98 40.73 40.78 

Tb,(SeO,),.4H,O 41.24 41.49 41.21 

Dy,(SeOs)s.4Hz0 41.78 42.16 41.39 

Ho,(SeO,),.4H,O 42.14 43.15 41.47 

Er,(Se0,),.4H,O 42.48 43.99 42.20 

Tm,(SeO,),.4H,O 42.72 43.01 42.25 

Yb,(Se0,),.3H,O 44.31 44.23 43.91 

Lu,(Se0,)3.4H,0 43.58 44.56 43.53 

Y,0H(Se0,)2.5.3H20 d 31.40 29.88 33.07 

Selenium (%) Water (%) 

Theo- Iodo- TG Theo- TG 

reti- metric reti- 

cal cal 

33.23 32.73 33.05 7.59 7.75 

32.31 31.75 31.67 9.83 10.0 

32.24 31.77 32.34 9.81 10.0 

31.95 31.10 31.45 9.72 9.94 

31.43 29.95 30.60 9.56 9.50 

31.30 30.60 30.24 9.52 9.75 

30.87 29.50 30.59 9.39 9.50 

30.73 29.47 30.62 9.35 9.50 

30.45 29.27 30.24 9.27 9.50 

30.26 29.47 30.23 9.21 9.50 

30.08 29.05 29.88 9.15 9.75 

29.95 29.37 29.88 9.11 9.25 

30.33 29.99 30.24 6.92 7.00 

29.50 29.53 29.18 8.98 9.00 

34.86 34.43 34.45 9.55 9.00 

d [OH], = 3.0%; [OH]r, = 2.5% 
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discriminator. The Bragg-Brentano arrangement was adopted using Cu Ka 
radiation (X = 1.541 A) and settings of 38 kV and 20 mA. 

RESULTS AND DISCUSSION 

Table 1 presents the analytical and thermoanalytical (TG) data of the 
prepared compounds having the general formulae Ln *( SeO,) 3 . n H,O, where 
Ln = lanthanide and n = 3 or 4, and Y,OH(SeO,),,, * 3H,O. 

In the simultaneous TG-DTA curves (Figs. l-3), the mass losses ob- 
served up to 250” C, corresponding to endothermic peaks, are due to 
hydration water. Only in the yttrium compound is a small mass loss 
corresponding to the endothermic peak observed over the range 300-350 o C, 
and this is ascribed to the “ hydroxyl" water loss. 

For anhydrous lanthanum selenite (Fig. la), no mass loss is observed 
between 250 and 700’ C, but the DTA curve shows an exothermic peak at 
550 ’ C. For the anhydrous selenites of praseodymium to samarium (Figs. lc, 

AT 

Fig. 1. Simultaneous TG-DTA curves of lanthanide selenite hydrates (heating rate, 10°C 
min-‘): a, La,(Se0,),.3H,O (20.05 mg): b, Ce,(SeO,),.4H,O (20.00 mg); c, Pr,(SeO,),. 
4H,O (20.12 mg); d. Nd,(Se0,),.4H,O (20.12 mg); e, Sm,(SeO,),.4H,O (20.00 mg). 



TEMPERATURE 1°C 1 

Fig. 2. Simultaneous TG-DTA curves of lanthanide selenite tetrahydrates (m = 20.00 mg; 
heating rate, 10°C min-‘): f, Eu,(Se0,)3.4H, 0; g, Gd,(SeO,),.4H,O; h, Tb,(SeO,),. 

4H,O; i, Dy,(SeO,),.4H,O; j, Ho,(Se0,),.4H,O. 

Id and le), em-opium to dysprosium (Figs. 2f, 2g, 2h and 2i) and yttrium 
(oxy)selenite (Fig. 30), the exothermic peak occurs at = 590 o C, with a small 
mass loss which increases with the atomic number of the lanthanide. This 
mass loss is probably due the exothermic reaction associated with the 
decrease of the thermal stability of these compounds as the atomic number 
increases. For the anhydrous selenites of holmium (Fig. 2j) and erbium to 
lutetium (Figs. 3k, 31, 3m and 3n) the exothermic peak was not observed, 
suggesting that the heat evolved in the exothermic reaction is spent in the 
thermal decomposition, prevailing over the endothermic peak. Furthermore, 
this was confirmed by the classical DTA curves (Figs. 4 and 5), where all 
compounds (except that of cerium) present exothermic peaks. No doubt this 
is due to the diluting and packing of the samples, which promotes a 
temperature increase of the thermal decomposition. 

The X-ray powder patterns show that the compounds are amorphous up 
to = 500 o C and in the crystalline state for temperature higher than = 
650 o C (Fig. 6), showing that the exothermic peak is due to the crystallisa- 
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Fig. 3. Simultaneous TG-DTA curves of lanthanide and yttrium selenite hydrates (m = 20.00 
mg; heating rate, 10°C min-‘): k, Er,(SeO,),e4H,O; 1, Tm,(Se0,),.4H,O; m, Yb,(SeO,),. 
3H,O; n, Lu,(Se0,)3.4H,0; o, Y,(OH)(SeO,),,.3H,O. 

tion process. For cerium(II1) selenite, the exothermic peak is not observed; 
this is probably due to the lower thermal stability of this compound. 

The thermal decomposition of anhydrous lanthanum selenite occurs in 
three steps, the following intermediate compounds being formed: 

La201.5(SeOA.5 ( unique form among the currently investigated com- 
pounds), La,O,SeO, and the final product La,O,. For anhydrous cerium(II1) 
selenite, the thermal decomposition occurs in a single step, with the final 
formation of CeO,. The lower stability of cerium(II1) selenite is probably 
due to the oxidation reaction Ce(II1) + Ce(IV) (exothermic). The lower 
stability of the cerium(II1) compounds were also observed in previous 
studies [13,14]. 

For the anhydrous selenites of praseodymium to holmium and ytterbium, 
the thermal decomposition occurs with the formation of the following 
intermediates: Ln,O,(SeO,),_, and Ln,O,SeO,; the final residue is Ln,O,, 
except for praseodymium (Pr,O,,) and terbium (Tbd07). For the first 
intermediate x values increase over the range 0.1-l with the increase of the 
atomic number of the lanthanide ion. 
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Fig. 4. DTA curves of lanthanide selenite hydrates, diluted to 20% (by weight) with a-alumina 
(heating rate, 10°C min-‘): a, La,(SeO,),.3H,O; b, Ce,(SeO,),.4H,O; c, Pr,(SeO,),. 
4H,O; d, Nd,(SeO,),.4H,O; e, Sm,(SeO,),.4H,O; f, Eu,(Se0,),.4H,O: g, Gd,(SeO,),. 
4H,O. 

For the thermal decomposition of the anhydrous selenites of erbium, 
thulium and lutetium single intermediates, Ln,O,SeO,, are formed which 
decompose to the corresponding oxides Ln,O,. For the basic selenite of 
yttrium, the thermal decomposition of Y200.5(Se0,),., occurs with the for- 
mation of two intermediates, Y200.65(Se0,),,,, and Y,O,SeO,; the final 
residue is Y203. 

The temperature ranges associated with the mass losses observed in the 
TG curves are shown in Table 2. 

Calculations based on the mass losses observed in the TG curves as well 
as information obtained from the DTA curves are consistent with the 
following thermal decomposition mechanisms: 

(1) La,(SeO,), - 3H,O + La,(SeO,), + 3H,O 

La,(SeO& + La,O,.,(SeO,),., + 1.5Se0, 

La,Or.,(SeO& + La,O,SeO, + 0.5Se0, 
La ,O, SeO, + La,O, + SeO, 
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Fig. 5. DTA curves of lanthanide and yttrium selenite hydrates, diluted to 20% (by weight) 
with a-alumina (heating rate, 10 o C min -I): h, Tb,(SeO,),.4H,O; i, Dy,(SeO,),-4H,O; j, 

Ho,(SeO,),.4H,O; k, Er,(SeO,),.4H,O; 1, Tm,(SeO,),.4H,O; m, Yb,(Se0,),.3H,O; n. 
Lul(Se0,),.4H,0: o, Y,(OH)(Se0,),,.3H20. 

Fig. 6. X-ray powder patterns of: a. Laz(Se0,),.3Hz0; b, La,(SeO,), (4OOOC); c, 

La,(SeO,), (75OOC): d, Yb,(SeO,),.3H,O; e. Yb,(SeO?), (4OOOC); f, Yb,(SeO,), (750°C 



230 

TABLE 2 

Temperature range (“C) and mass loss (mg) observed in the TG curves 

Sele- Dehydration Thermal decomposition of the anhydrous compound 
nite AT(OC) (Am AT(OC) (Am AT(OC) (Am AT (“C) (Ant 

(mg)) (mg)) (mg)) (mg)) 

880-960 (1.5) 1070-1240 (3.1) La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 

DY 
Ho 
Ev 
Tm 
Yb 
Lu 
Y 

50-250 
50-200 
50-200 
50-200 
50-200 
50-200 
50-200 
50-200 
50-200 
50-180 
50-210 
50-200 
50-220 
50-220 
50-210 

300-350 

(1.55) 

(2.0) 
(2.0) 
(2.0) 
(1.9) 
(1.9) 
(1.9) 
(1.9) 
(1.9) 
(1.9) 
(1.85) 
(1.85) 

(1.4) 
(1.8) 
(1.8) 
(0.5) 

720-880 
420-600 
500-590 
500-590 
500-590 
500-590 
500-590 
500-590 
500-590 
500-590 
500-800 
500-800 
500-630 
500-760 
500-570 

(4.8) 
(8.9) 
(0.3) 
(0.3) 
(0.3) 
(0.6) 
(0.8) 
(0.8) 
(1.4) 
(2.0) 
(5.7) 
(5.7) 
(2.8) 
(5.5) 
(0.4) 

650-820 (5.6) 
650-820 (5.7) 
630-800 (5.4) 
630-800 (5.1) 
590-815 (5.0) 
590-800 (4.8) 
590-780 (4.3) 
590-760 (3.7) 

630-760 (2.9) 

600-770 (5.5) 

820-1130 (2.9) 
820-1130 (3.0) 
800-1070 (2.9) 
800-1040 (2.9) 
815-1030 (2.9) 
8OC- 970 (2.8) 
780- 960 (2.9) 
760- 950 (2.9) 
800- 940 (2.8) 
800- 925 (2.8) 
760- 925 (2.9) 
760- 920 (2.8) 
770- 970 (2.9) 

(2) 

(3) 

(4) 

(5) 

Ce,(SeO,), .4H,O + Ce,(SeO,), + 4H,O 

CeASeOA + 2Ce0, + 3Se0, 

3Pr,(SeO,), .4H,O -+ 3Pr,(SeO,), + 12H,O 

3Pr,(SeO,), + 3Pr,O,.,(SeO,),,, + 0.3Se0, 

3Pr,O,.* (Se03 ) 2.9 + 3Pr,O,+,.SeO, + 5.7Se0, 
3Pr,O,+,SeO, + Pr,O,, + 3Se0, 

2Tb,(SeO,), .4H,O + 2Tb,(SeO,), + 8H,O 

2~2(Se03)3 _ 
2Tb200.,(Seo,) 2.7 

2Tb,O, +y SeO, 

Ln,(SeO,), . nH,O 

Ln ,(SeOA 
LnA(SeO,),-, 
Ln 202 SeO, 

Ln = Nd, Sm, Eu, Gd, 
n = 4 (except for Yb, 
X = 0.1 (Nd, Sm), 0.2 

_ _ 
+ ZTb,O,,,(SeO,),., < 0.6Se0, 
+ 2Tb,0,+,Se03 + 3.4Se0, 
-+ Tb,O, + SeO, 

+ Ln,(SeO,), + nH,O 
+ Ln,O_,(SeO,),_, + xSe0, 
+ Ln,O,SeO, + (2 - x)SeO, 
-+ Ln,O, + SeO, 

Dy, Ho, Yb 
n = 3) 
(Eu), 0.3 (Gd), 0.5 (Dy), 0.7 (Ho) or 1.0 (Yb) 

(6) Ln,(SeO,), - 4H,O -+ Ln,(SeO,), + 4H,O 

Ln,(SeO,), + Ln ,O,SeO, + 2Se0, 
Ln,O,SeO, + Ln,O, + SeO, 

Ln = Er, Tm, Lu 
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(7) Y,OH(SeO,) 2.5 - 3H,O + Y,OH(SeO,), 5 + 3H,O 

Y,OH(SeO,) 2.5 + Y200.5(SeOj)2.5 + 0.5H20 

Y200.5 (SeO,) 2.5 + Y2°0.65(Seo3)2.35 + 0e15Se02 

Y2°~.65(Seo3) 2.35 + Y,O,SeO, + 1.35Se0, 
Y202 SeO, + Y203 + SeO, 

CONCLUDING REMARKS 

The method used for the preparation of the currently investigated com- 
pounds, starting from trivalent lanthanide and yttrium chlorides, leads to 
quantitative yield; however, losses were observed in the process of washing 
carried out in order to obtain chloride-free precipitates. 

The thermal stability of these compounds (except for cerium(II1) selenite) 
decreases with the increase of the atomic number of the lanthanides. 

TG-DTA, DTA and X-ray powder patterns provided information about 
the thermal decomposition mechanisms which have not yet been reported in 
the literature. 
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