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STUDIES ON DOUBLE SELENATES. VII. THERMAL
DECOMPOSITION OF HOLMIUM, ERBIUM, THULIUM
AND ALKALI METAL DOUBLE SELENATES
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The preparation and thermal decomposition of holmium, erbium and
thulium selenates [1,2], alkali metal selenates [3] and holmium and cesium
double selenate trihydrate [4] were already reported. There is also an old
reference to the preparation of erbium and potassium double selenate
octohydrate [5]. We found no reference in the literature to the preparation
and thermal decomposition of the other holmium, thulium and alkali metal
double selenates.

EXPERIMENTAL

Selenic acid and holmium, erbium and thulium selenates [1] alkali metal
selenates [3] and double selenates of holmium, erbium, thulium and alkali
metals [6] were prepared following the procedures described previously. The
lanthanide ions were determined by the usual oxalate—oxide gravimetric
method, and alkali metal ions by atomic absorption spectroscopy in a
Perkin—FElmer 403 atomic absorption spectrophotometer. Water of crystalli-
zation and selenium contents were determined from the TG curves. The TG
and DTA curves were obtained according to the procedures described
previously [6].

RESULTS AND DISCUSSION

Table 1 presents the analytical and thermoanalytical (TG) data of the
compounds prepared having the formula Ln,(SeO,);-M,SeO, - nH,0,
where Ln = Ho, Er, Tm and M = Li, Na, K, Rb, Cs.

* Author to whom correspondence should be addressed.
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Fig. 1. TG curves of the double selenates of Ho, Er, Tm and alkali metal. Heating rate:
52°C min~!. (a) Ho,(SeO,); Li,Se0,-8H,0 (7.24 mg); (b) Ho,(SeO,); Na,Se0,-6H,0
(7.20 mg); (c) Ho,(5¢0,);-K,5e0,-7H,0 (7.88 mg); (d) Ho,(SeO,);-Rb,5¢0,-2H,0 (7.12
mg); () Ho,(Se0,);-Cs,Se0,-4H,0 (7.10 mg); (f) Er,(Se0,),-Li,S¢0,-14H,0 (7.28 mg);
(8) Er,(Se0,);-Na,Se0,-10H,0 (7.22 mg); (h) Er,(Se0,);-K,Se0,-4H,0 (7.12 mg); (i)
Er,(Se0,);-Rb,Se0,-9H, 0 (7.08 mg); (j) Er,(S5e0,);-Cs,5¢0,-8H,0 (7.27 mg): (k)
Tm,(SeOy)4-Li,Se0,-10H,0 (7.18 mg); (1) Tm,(SeO4);-Na,Se0,-8H,0 (7.12 mg); (m)
Tm,(Se0y4);-K,S0,4-7H,0 (7.11 mg); (n) Tm,(SeO,);-Rb,8e0,-6H,0 (7.15 mg); and (o)
Tm,(Se0,);-Cs,Se0,-6H,0 (7.24 mg).

It can be seen from the TG and DTA curves of Figs. 1 and 2, respectively,
that the thermal decomposition of these double selenates still occurs in a
characteristic way for each compound. The reactions taking place during the
thermal decomposition of these compounds can be summarized by the
following equations

Ln,(SeO,), - M,Se0, — Ln,0,Se0; - M,Se0, + 2Se0, + 1.50, (2)
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Ln,0,Se0, - M,SeO, - Ln,0, - M,SeO, + SeO, (5)
Ln,0, - M,S¢0, — Ln,0, + M,0 + Se0, + 0.50, (6)
Ln,0, - M,S¢0, — Ln,0, + xM,0 + xSe0, + 0.50, + | (1 — x)M,SeO, |
(7)
Ln,0; - M,Se0, — Ln,0, + |M,SeO, | (8)

Table 2 attributes to each compound the probable set of the above
reactions and their temperature ranges corresponding to the successive mass
losses observed in the TG curves.

Table 3 indicates the temperature of DTA peaks, all endothermic, corre-
sponding to the reactions or fusion occurring for each compound.

As seen from the TG curves of Fig. 1, the thermal decomposition of these
compounds starts with dehydration and once more it occurs in a characteris-
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Fig. 2. DTA curves of the double selenates of Ho, Er, Tm and alkali metal, diluted at 20% in
a-alumina. Heating rate: 9.0°C min~'. (a) Ho,(SeQ,);-Li,(Se0,)-8H,0; (b) Ho,(SeO,);-
Na,(Se0,)-6H,0; (c) Ho,(5e0,);-K,(85e0,)-7TH,0; (d) Ho,(Se0,);-Rb,(S5e0,)-2H,0;
(&) Ho,(Se0,);-Cs,(Se0,)-4H,0; (f) Ery(SeO4)3-Li(Se0,)-14H;0; (8) Ery(Se0,);-
Na,(Se0,)-10H,0; (h) Er,(Se0,),-K,(5¢0,)-4H,0; (i) Er,(S5¢0,);Rb,(5¢0,)-9H,0; ()
Er,(Se0,);- Cs,(Se0,) - 8H,0; (k) Tm,(SeOy);- Liy(SeOy) - 10H,0; (1) Tm,(SeO4)s-
Na,(Se0Q,4)-8H,0; (m) Tm,(SeO,)4-K,(Se0,)-7TH,0; (n) Tm,(SeO,);-Rb,(Se0,)-6H,0;
and (0) Tm,(SeO,);-Cs,(Se0,) - 6H,0.
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tic way for each compound. The Ho-Li, Ho—-Na, Ho-Cs and Er—K double
selenates dehydration occurs in one single step. In the case of the Ho—Cs
double selenate trihydrate already reported [4], dehydration occurred in two
steps but the part of the TG curve corresponding to the thermal decomposi-
tion of the anhydrons double salt is quite similar to the corresponding part
of the TG curve of the Ho-Cs double selenate described in the present
report. This difference in dehydration probably is due to the fact that these
compounds were prepared by different techniques.

The Ho-Rb, Tm-Li, Tm-K, Tm-Cs double selenates undergo dehydra-
tion in two steps and Ho-K, Er-Li, Er-Na, Er-Rb, Er—-Cs, Tm-Na,
Tm—Rb double selenates in three steps. The mass losses observed at temper-
atures below 80°C (Er-Li, Er-Na, Tm-Li, Tm-Na double selenates)
probably are due to the presence of water because of the high hygroscopicity
of these compounds at room temperature.

The TG curves of Fig. 1 also show that the subsequent thermal decom-
position of the anhydrous double salts depends upon the lanthanide and
alkali metal selenate present and occurs in three steps.

The first mass losses occurring between 486 and 557°C are due to the
intermediate formation of the (di)oxyselenites of the corresponding
lanthanides. There is no evidence in the TG curves of the intermediate
formation of the corresponding selenites or (mono)oxyselenite. Notwith-
standing all double selenates gave positive tests for selenite ion in presence
of selenate ion [7] after being heated at 700° C in platinum crucibles.

The second mass losses of the anhydrous double selenates occurring
between 650 and 768° C are due to the decomposition of the (di)oxyselenites
formed previously, to the corresponding lanthanides oxides (Ho,O,, Er,0,,
and Tm,0,) and to the reduction of lithium selenate to lithium selenite [3]
in the case of Ho-Li, Er-Li and Dy-Li double selenates.

The last mass losses observed in the TG curves are due to the final
decomposition of the alkaline selenate. In the case of the double salts
containing lithium, the lithium selenite formed in the previous step decom-
poses into lithium oxide and the final residues contain a mixture of lithium
oxide and lanthanide oxide. The sodium selenate of the double salts contain-
ing sodium probably undergoes partial reduction to sodium selenite and the
mixture decomposes into sodium oxide with partial evaporation.

The alkali metal selenates of Ho—K, Ho-Rb, Ho—Cs, and Er-K double
selenates decomposes into the corresponding oxides with partial evapora-
tion. The final residues of these compounds were formed by the correspond-
ing lanthanide oxide and 77%, 59%, 34%, and 43%, respectively, of the
theoretical amount of alkali metal oxides.

The final residues of Er—Rb, Er-Cs, Tm-Na, Tm-K, Tm-Rb, and
Tm-Cs double selenates were practically formed by the corresponding
lanthanide oxides, which indicate almost total evaporation of the alkali
selenates and their oxides.
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The DTA curves of Figs. 2 show endothermic peaks in correspondence
with all mass losses presented by the TG curves and peaks corresponding to
fusion. The temperature of each DTA peak and its probable interpretation
are shown in Table 3.

The general aspect of DTA of Ho—Cs double selenate trihydrate already
reported [4] 1s different as compared with the DTA curve of Ho-Cs double
selenate tretrahydrate described in the present report, but the peak tempera-
tures in both DTA curves show good agreement.

CONCLUSIONS

The thermal behavior of holmium, erbium, thulium and alkali metal
double selenates showed some differences compared to the thermal behavior
of the corresponding simple selenates and the double selenates already
reported, specially regarding the increasing amount of alkali metal com-
pounds undergoing volatilization. Each double selenate presents characteris-
tic TG and DTA patterns.
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