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When Eu2 (SOa)3 '3H20 is heated in air it forms after dehydration two, sulfite-sulfate phases: 
Eu:(SO3)2SO4 and Eu2SO3(SO4)2. The latter phase is thermally remarkably stable and de- 
composes above 700~ via Eu2OaSO4 to Eu203. Anhydrous Eu2(SOa)a and Eu202SO4 were 
also found as intermediates before Eu203 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 Ce2(SO3)2 SO4 and C% SO3 
(SO4)2 [3 ]. It has been suggested that C%(SO3)2SO4 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, Eu2(SO3)3"3H20, 
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- l ;  sample 
weight: 10-20 mg; atmosphere: dynamic air or nitrogen; temperature range: 
25-1250 ~ Standard platinum crucibles were employed. 

* For Part VII, see rei. 6. 
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The starting material and 
Eu2 (SO3)2504, E U 2 8 0 3  ( 5 0 4 ) 2 ,  

powder diffractometry (Table 1). 

crystalline 
Eu2 02 SO4 ) 

intermediates (Eu2(SO3)3, 
were identified by X-ray 

Table 1 X-ray powder diffraction patterns of Eu2 (SOa)a'3H2 O, Eu2 (SOa)3,Eu#Oa (SO4)2 (obtained 
upon firing at 700~ in air) and Eu202SO 4 . 

Eu2 (SOa)'3H20 Eu2 (SOa ~3 Eu2 SOa(SO4)2 Eu202 SO4 

d, A I/Io d, A I/lo d, A I/Io d, A I/1o 

6.23 30 6.25 30 6.24 55 6.45 10 
5.91 100 5.96 70 5.55 20 4.92 10 
5.11 45 3.70 15 5.04 70 3.96 15 
4.79 25 3.51 75 4.65 25 3.86 10 
4.25 15 3.49 100 4.30 85 3.01 100 
3.73 20 3.40 45 4.20 35 2.96 90 
3.43 55 3.30 25 3.74 25 2.91 95 
3.24 35 3.23 30 3.47 40 2.65 10 
3.16 25 3.04 55 3.41 75 2.20 20 
3.04 25 2.93 60 3.35 40 2.17 30 
2.95 95 2.88 20 3.29 75 2.09 25 
2.75 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 ! 00 1.738 40 
2.11 20 2.34 40 2.90 40 1.708 50 
2.06 25 2.26 I0 2.81 50 1.683 40 
!.986 15 2.11 I0 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, E u  2 ( S O  a ) a ' 3 H 2 0  forms after the dehydration the two sulfite- 
sulfate phases Eu2 (SO3)2 SO4 and Eu2SOa (SO4)2 (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 -1 ) 
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 Eu2 (SO3)2 SO4 starts before the weight level corresponding 
to anhydrous Eu2 (SO3)a is reached. 

Above 750 ~ an abrupt decomposition takes place leading to Eu2 02 SO4 
and finally to Eu203. The initial and final temperatures (appr. 1100 and 
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1200 ~ for the reaction Eu202SO4 ~ Eu203 at 10 deg min -1 heating rate 
are approximately same as those observed for Euz(SO4)3 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). 

I Eu2(S03)3 3H20 .., 
-'~" I00~ . . . . . .  ./~ 1" '~-Eu~SOj(SOt,)2 

JE 

- "" "~!i \ i  o2_~ 
II "~ -o.4 "~ 80 . . ,  

Eu2OzSO~. " ' . -0.6 .~ 70 E-u-LO2-S-Ot'- ' i ~ '  

ii ~ -o.8 ~~' 
60 EU203 I; - I . 0  

i., i l I 
250 500 750 1000 1250 

Temperature ,~ 
Fig. I TG and DTG curves for Eu2(SO3)3 '3H20  recorded in air at 2 deg min -l. For comparison, a TG 

curve recorded at a heating rate of  10 deg min -1 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 forniulas 

100F: '~TG f""~'% m...., . . . .  "",. (.. 0 

I ' ,. aEo so3 3 " ,  I 
9~ \ I  ~ - ~ - r  . . . .  r -  i . . . . .  \ i ~ -  

i l N ooso, ',J 
" I . . . . . . . . . .  

7C I' I - 1.6 "E 

L L I I 
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Temperature,  ~ 

Fig. 2 TG and DTG curves for Eu2(SOs)3.3H20 in nitrogen. Heating rate is 10 deg min -1 and 
sample weight 22.7 mg 
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The final product in nitrogen is the sesquioxide as in air but the de- 
composition process Eu2(SO3) 3 ~ EH203 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  Eu202 SO4. 

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 2 (SOa)2 SO4 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  Yb2(SO3)2SO4 (and to lesser 
extent that of Sm) shows a weight increase in air. This weight increase does 
not  correspond toYb2SOa(SO4)2 before decomposition to oxosulfate 
begins, however [6]. 

In other details the decomposition of  Eu2 (SO3)3"3H20 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 Eu2 (SO3)3 
decomposes to Eu2 02 S04 in several steps. 
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Zusammenfassung - Eu2(SOa)3"3H20 bildet durch Erhitzen in Luft nach Dehydratation zwei Sulfit- 
Sulfat-Phasen: Eu2(SO3)2SO 4 und Eu2SO3(SO4)2"!Letztere ist thermisch bedeutend stabiler und 
zersetzt sich oberhalb 700~ fiber Eu202SO4 zu Eu2Oa. Bei Durchffihrung der TG-Experimente in 
Stickstoff wurden als Zwischenprodukte vor Eu203 auch wasserfreies Eu2(SO3) 3 und Eu202SO 4 
gefunden, in anderen Details weicht jedoch der Mechanismus der Zersetzung yon dem der Zersetzung in 
Luft ab. 
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Pes~Me - Hp~ HarpeBan~H TpHrH~paTa cy~aTa eBpon~a B aT- 

Moc~epe Bos~yxa npOHCXO~HT ~erH~paTa~H~ ero c noc~e~y~mHM 

o6pasoBaHHeM ~Byx Cy~$HT--Cy~bSaTHMX Sas Eu/S03/2SO 4 K 

Eu2S03/S04/2. Hoc~e~Hee coe~HHeHHe TepMH~eC~H OqeH~ CTa6H~5-- 

Hoe H pasnaraeTc~ BMme 700 ~ Ao Eu203 ~epes CTa~H~ oGpasoma- 

HHg HpOMe~yTOqHOFO cOe~HHeHH~ EU202S04. Hpz TF HarpeBe 

TpHra~paTa cyab~Ta eBpon~ GMaH TaE~e Ha~eHM GesmO~HMe 

EU2/S03/3 ~ EU202S04EaK npoMe~yTO~HMe Hpo~yETM, HO S OCTaAb-- 

HOM MexaHHSU pasxO~eHH~ GMX OT~HqeH OT ~'a~oBo~o B aTMocSepe 

BOS~yxa. 
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