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STUDIES ON LANTHANOID SULFITES. PART VIHI.*
THERMOGRAVIMETRIC STUDY OF EUROPIUM SULFITE
TRIHYDRATE

M. Karppinen, M. Leskeld ** and L. Niinisto

LABORATORY OF INORGANIC AND ANALYTICAL CHEMISTRY, HELSINKI UNIVERSITY OF
TECHNOLOGY, SF-02150 ESPOO, FINLAND

When Eu, (S03);°3H, 0 is heated in air it forms after dehydration two sulfite-sulfate phases:
Eu;(S0,),50, and Eu,S0;(S0,),. The latter phase is thermally remarkably stable and de-
composes above 700°C via Eu, 0,50, to Eu,0;. Anhydrous Eu,(503); and Eu,0,50, were
also found as intermediates before Eu, O, when the TG experiments were carried out in nitrogen
but in other details the decomposition mechanism differs from that in air.

Lately the research emphasis on rare earth sulfites has been focused on
their complex thermal degradation in various atmospheres as shown by a
recent review covering available literature until mid-80ies[1].

In the previous parts of the series, the thermal behaviour of Er, Ce, Nd
and Sc sulfites has been studied in detail [2—4]. Under oxidative conditions,
cerium forms upon heating the intermediates Ce,(S03),S0, and Ce, SO,
(SO4), [3]. It has been suggested that Ce,(SO3),S0, could be used in a ther-
mochemical cycle for splitting sulfur dioxide into sulfur and oxygen [5].
This interesting property of forming sulfite-sulfate phases seems to be con-
nected with the variable oxidation state of the lanthanoid ion [6], and there-
fore the present study of europium sulfite trihydrate was initiated.

Experimental

The starting material for thermoanalytical studies, Eu,(S0;); 3H,0,
was prepared by precipitation from aqueous solution as described earlier
[7]. The TG measurements were carried out in a Perkin-Elmer TGA-7
thermal balance, equipped with the TADS control and computing system,
under the following conditions. Heating rate: 2 or 10 deg min™!; sample

weight: 10—20 mg; atmosphere: dynamic air or nitrogen; temperature range:
25—1250°. Standard platinum crucibles were employed.

* For Part VII, see re1. 6.
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The starting material and crystalline intermediates (Eu,(SOs)s,
Eu,(S03),S0,4, Eu,S80;(80,4),, Eu,0,80,) were identified by X-ray
powder diffractometry (Table 1).

Table 1 X-ray powder diffraction patterns of Eu,(S0,);°3H,0, Eu, (SO;);,Eu,80;(S0,), (obtained
upon firing at 700°C in air) and Eu, 0, 50,.

Eu,(S0,)3H,0 Eu,(SO5%, Eu,S0,(S0,4), Eu,0,S0,
d A I, d A Il d A I, d A I,
6.23 30 6.25 30 6.24 55 6.45 10
591 100 5.96 70 5.55 20 4.92 10
5.11 45 3.70 15 5.04 70 3.96 15
479 25 3.51 75 465 25 3.86 10
425 15 349 100 4.30 85 3.01 100
3.73 20 3.40 45 4.20 35 2.96 90
343 55 3.30 25 3.74 25 291 95
3.24 35 3.23 30 347 40 2.65 10
3.16 25 3.04 55 3.41 75 2.20 20
3.04 25 293 60 335 40 2.17 30
2.95 95 2.88 20 3.29 75 2.09 25
275 20 2.75 40 3.16 45 1.987 15
2.69 25 2.68 30 3.02 40 1.938 10
2.17 15 2.48 40 2.94 100 1.738 40
2.11 20 234 40 2.90 40 1.708 50
2.06 25 2.26 10 2.81 50 1.683 40
1.986 15 2.11 10 2.73 75
1.871 30 2.40 30

2.10 35

2.03 35

2.00 45

1.865 65

Results and discussion

In air, Eu,(S0;);'3H,0 forms after the dehydration the two sulfite-
sulfate phases Eu,(S03),S0,; and Eu,S0;(S80,), (Fig. 1). The stability
range of the latter phase is remarkable extending over some 200 degrees,
as noted earlier [6]. A change in the heating rate (2 vs. 10 deg min™!)
appears to influence the curves very slightly. In both cases the dehydration,
which takes place in two steps according to the DTG curve, is not complete
but oxidation to Eu, (SO;), S0, starts before the weight level corresponding
to anhydrous Eu, (8O3 )5 is reached.

Above 750° an abrupt decomposition takes place leading to Eu, 0, S0,
and finally to Eu, Q3. The initial and final temperatures (appr. 1100 and
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1200°) for the reaction Eu, 0,80, = Eu, 05 at 10 deg min~! heating rate
are approximately same as those observed for Eu,(SO,); under similar
experimental conditions in a comparative study involving all lanthanide

sulfates [8].

In nitrogen the formation of sulfite-sulfate phases is excluded but in
spite of this the decomposition mechanism is more complicated and more
dependent on the heating rate and other experimental conditions. Also in
this case the dehydration is a two-step process and not complete before

further decomposition occurs (Fig. 2).
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Fig. 1 TG and DTG curves for Eu, (80;);°3H, O recorded in air at 2 deg min~%, For comparison, 2 TG
curve recorded at a heating rate of 10 deg min™! is given (broken line). The sample weights are
19.0 and 11.3 mg, respectively. The horizontal lines indicate calculated weight losses which

correspond the stoichiometries given with formiulas
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Fig.2 TG and DTG curves for Eu;(803),'3H,0 in nitrogen. Heating rate is 10 deg min™! and

sample weight 22.7 mg

J. Thermal Anal. 35, 1989



358 KARPPINEN et al.: STUDIES ON LANTHANOID SULFITES

The final product in nitrogen is the sesquioxide as in ajr but the de-
composition process Eu,(SO;); - Eu,Q; appears to proceed through
several steps (Fig. 2). The intermediate phases have low stabilities and do not
correspond to stoichiometric compounds with the exception of Eu,0,S0,.

The present results may now be compared with the TG data available
for other lanthanide sulfites. While all lanthanides may be crystallized from
solution as Ln, (SO;), SO, hydrates [6], only cerium and europium form the
sulfite-sulfate phases when the solid sulfates are slowly heated in air. This
behaviour is probably connected with the oxidation-reduction potential
of the lanthanides as also the heating curve of Yb,(S03),S0, (and to lesser
extent that of Sm) shows a weight increase in air. This weight increase does
not correspond toYb,S0;(S0,), before decomposition to oxosulfate
begins, however [6].

In other details the decomposition of Eu,(SO;);:3H,0 in air as well
as in nitrogen resembles that of the neighbouring lanthanide sulfites, viz.
Sm and Gd [9]; see also the results obtained for Nd {3]. It may be noted,
however, that the degradation in nitrogen (Fig. 2) appears to be more com-
plex for europium than for other lanthanides as the anhydrous Eu,(SO;);
decomposes to Eu, O, S0, in several steps.
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Zusammenfassung — Eu,(S0;3);°3H,0 bildet durch Erhitzen in Luft nach Dehydratation zwei Sulfit-
Sulfat-Phasen: Eu,(S03),50, und Eu,S0;(80,), !Letztere ist thermisch bedeutend stabiler und
zersetzt sich oberhalb 700°C iiber Eu, 0,80, zu Eu,0;. Bei Durchfiihrung der TG-Experimente in
Stickstoff' wurden als Zwischenprodukte vor Eu,0; auch wasserfreies Eu,(505); und Eu,0,S0,
gefunden, in anderen Details weicht jedoch der Mechanismus der Zersetzung von dem der Zersetzung in
Luft ab.
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Pesome -~ Ilpm marpesaHum  TDPUTHIpATA CYJLPHTA eBPONMA B aT-
Moctepe BO3IYyXa HPOHCXOXHT NETHEDPATANHA ero ¢ NOCIASLYOMAM
o6pazoBaHueM ABYX cyixpdur-cynbdaTAHX $as Eu/SO3/2804 -4
Eu2803/504/2- IllocnerHee COeXWHEHWE TEePMHUYECKH OYeH: CTACHIL~
HOe ¥ pasnraraercs BHme 700° 1o Eu203 Yepe3 CcTaizup o6palopa-~
HHMA NPOMEXYTOYHOrO0 COeZUHEHHA Eu202304. Ilpm TT' mrarpene
TPATHIDATA CYyAbQWTA €BPONMA OHJIM Taxkxe Hajljenn Ge3mozHue
Eu2/503/3 " Eu202804xax NPOMEXyTOYHHE NPOLYKTH, HO B OCTaXb-—

HOM MeXaHH3M pas3JioXeHua OHJ OTJIHUEH OT TaKoBOIO B aruocd)epe

BO 3ny'xa .
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