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STUDIES ON DOUBLE SELENATES. II. THERMAL DECOMPOSITION
OF CERIUM(III) AND ALKALI METAL DOUBLE SELENATES
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The first communication on the double selenates of cerium (I1I) and alkali
metals [1] described the compounds Ce,(SeO,); - Na,SeO4 - 5 H,O and
Ce,(Se0,); - 5 K,SeQ,. More recently, these compounds were prepared by
drying a mixture of the solutions of cerium(III) carbonate and the corre-
sponding alkali metal carbonates in seienic acid [2]. No reference was found
to the application of TG and DTA in the study of these double salts.

EXPERIMENTAL

Alkali metal selenates [3], selenic acid and cerium(III) selenate [4] and
cerium(III) and alkali metal double selenates [ 5] were prepared as described
previously. In the case of cerium(III) and lithium double selenate the iso-
lated crystals proved to be only cerium(1II) selenate.

Cerium(III) ions were determined by the usual oxalate—oxide method and
the alkali metal ions by atomic absorption in a Perkin-Elmer 403 atomic
absorption spectrophotometer. Water of crystallization and selenium content
were determined from TG curves. The TG and DTA curves were obtained as
described previously [5].

RESULTS AND DISCUSSION

Table 1 presents the analytical and thermoanalytical (TG) data of the
compounds prepared having the formula Ce,(Se0,); - Me,SeO, - n H,O
(Me = Na, K, Rb, Cs).

The thermal decomposition of the cerium(IIl) and alkali metal selenates
was quite similar in the part corresponding to the thermal decomposition of
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cerium(III) selenate and it does not seem to be influenced by the alkali metal
selenate present, as occurred in the case of lanthanum and alkali metal
double selenates [5].

All the reactions taking placing during the thermal decomposition of the
cerium(IIl) and alkali metal (except lithium) double selenates can be sum-
marized by the following equations

Ce,(Se0,); - Me,Se0, - n H,0 » Ce,(Se0,); - Me,SeO, +n H,O 1)
Ce,(Se0.); - Me,SeO, ~ Ce(Se0;)s - Me,SeO, + 1.5 O, (2)
Ce,(Se0;); - Me,SeO,4 + 0.5 O, » 2 CeO, - Me,SeO, + 3 SeO, (3)
2 CeO, - Me,Se0O,; = 2 CeO, - Me,O + SeO, +0.5 O, (4)
2 Ce0, - Me,Se0O,; ~ 2 CeO; + [Me,SeO,| (5)

Table 2 attributes to each compound the probable set of the above reac-
tions and their temperature ranges corresponding to the various mass losses
observed in the TG curves.

Table 3 gives the temperature of DTA peaks (all endothermic) correspond-
ing to the reactions or fusion occurring for each compound.

The first mass losses in the TG curves (Fig. 1) up to 200°C are due to
dehydration. The mass losses between 817 and 496°C are due to decomposi-
tion of cerium(Ill) selenate to cerium(IV) oxide and they occur at lower
temperatures as compared with the lanthanum and alkali metal double sele-
nates [5], probably due to the rapid and quantitative oxidation of Ce(III) to
Ce(1V). Although the TG curves do not show any evidence of the formation
of intermediate compounds, selenate ion undergoes reduction to selenite ion
simultaneously with the oxidation of Ce(III) to Ce(I1V), resulting in CeO..

Samples of cerium(III) and sodium double selenate heated up to 350°C in
platinum crucibles suspended inside a furnace near a thermocouple of Pt/Pt—
Rh 13% connected to a pyrometer, showed the yellowish colour of Ce(IV)
ion; the content of selenite ion in these samples, determined iodometrically
[4], was 32.0%, which corresponds to a 96% conversion of selenate to

TABLE 2

Reactions and corresponding temperature ranges observed in the TG curves of the com-
pounds Ce,(SeO4)3; - Me,8e04 - n H,0

Compound Temp. range of mass loss reactions in the TG curves
(°C)
(1) (2) (3) 4) (5)
Ce,(Se04);3 - NajySeO4 - 4 H,0 63— 89, 317—47C 1030—1185
117—200
Ce,(Se0Q4)3 - K5S8e0,; - 8 H,0 63—130 333—484 977—1135
Cey(SeQ4)s - Rb,SeO4 - 8 H,O 57—117 333—480 952—1114 952—1114

Ce,(Se0y); - Cs,8e04 - H,0 120153 327—496 900—1060
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Fig. 1. TG curves of the double selenates of cerium(IIl) and alkali metal. Heating rate:
5.2°C min~!. (a) Ce,(SeO4); - Na;Se0,; - 4 H,O (7.42 mg); (b) Cey(Se0,;); - K,8e0, -
8 H,O (8.35 mg); (c¢) Ces(SeO4);3 - Rb,SeO4 - 8 H,O (8.30 mg); and (d) Ce;(SeO4); -
Cs, SeO4 - H,0 (8.25 mg).

Fig. 2. DTA curves of the double selenates of cerium and alkali metal, diluted to 20% in
a-alumina. Heating rate; 9.0°C min~'. (a) Ce,;(Se04); - Na;SeO, - 4 H,0;(b) Ce2(Se04); -
K;S8e0; - 8 H;0; (c) Ce;(SeC4); - Rb;SeO; - 8 H,0; and (d) Cea(SeOj); - Cs,Se0, -
H,0.

selenite. The content of selenite ion in samples of the same compound
heated up to 400° C decreased to 8.2%.

The last step of the TG curves of the cerium(IIl) and alkali metal double
selenates depends upon the nature of the alkali metal considered [3]. Above
1030°C the sodium selenate decomposes to sodium oxide, probably with
intermediate formation of sodium selenite [3], but without evaporation; at
1185°C-the residue is probably a mixture of CeO, and Na,O. Potassium sele-
nate starts decomposition to potassium oxide above 977°C, without forma-
tion of selenite [6] or evaporation; at 1185°C the residue is possibly a mix-
ture of CeO, and K,0. Above 950°C rubidium selenate partly decomposes to
rubidium oxide and the remainder evaporates, so that the residue at 1114°C
contains CeQO, and about 54.5% of the theoretical amount of Rb,0. In the
case of cerium(III) and caesium double selenate the final mass loss starting at
900°C corresponds to total evaporation of caesium selenate, so that the final
residue at 1060°C contains only CeO,.

The DTA curves of Fig. 2 show the peaks corresponding to all mass losses
in the TG curves and only one peak associated with fusion. The temperature
f each DTA peak and its probable interpretation are summarized in Table 3.

The peaks in the DTA curves of cerium(IIl) and sodium and cerium(III)
and potassium at 505 and 517°C respectively, are probably indicative of the
intermediate reduction of Se(VI) to Se(1V).
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CONCLUDING REMARKS

The thermal behaviour of the cerium(III) and alkali metal (except lithium)
double selenates revealed many variations as compared with the thermal
behaviour of the corresponding simple selenates, so that each double selenate
presents typical TG and DTA patterns.
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