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Thermal decomposition of rare earth pentanitrato complexes has been studied by TG and 
DTA. M2Ln(NO3)s'nH20 (M = NH4, Ln = La, Nd, Pr) decomposes in air through anhydrous 
(NH4)2 Ln(NO~)2 to Ln(NO3)3, LnONO3 and finally to Ln203 above 600~ When M--K and 
Ln --.La, the intermediate K2 La(NOa)5 is remarkably stable and KLaO2 is formed at 800~ Except 
for Nd, the nonanitrato complex M3 Ln2(NO3)9 was detected during the degradation process in 
both air and nitrogen but its stability range is too narrow to allow its preparative isolation as single 
phase. For comparison, the TG and DSC curves were recorded for La(NO3)a'6H20 where 
La(NOa) 3 and especially LaONO a appear as stable intermediates. 

Because rare earth nitrates are possible starting materials for the prepar- 
ation of superconducting LnBa2Cu307_ x phases (Ln = Y, for instance), there 
has been lately a renewed interest to study their thermal decomposition me- 
chanisms and temperatures. The earlier investigations into the structural and 
thermal properties of rare earth nitrates have been recently reviewed [1 ]. 
The thermal degradation of the trinitrate hydrates, Ln(NO3) 3.nH20, were 
first systematically studied by Wendlandt and Bear [2, 3 ]. Later studies have 
confirmed their finding that the decomposition proceeds via the anhydrous 
phase to the oxonitrate LnONO3 and finally to the sesquioxide Ln203. 
Cerium and scandium behave exceptionally as they form the Ce(IV) oxo- 
nitrate or complex scandium oxonitrates, respectively [4, 5 ]. 

The decomposition of rare earth nitrato complexes containing alkali, 
ammonium or hydroxo ions is more complicated than that of the simple 
nitrates and several intermediates are possible [1 ]. In this study we shall 
discuss the possibility of preparing various anhydrous nitrates by isolating 
the intermediates formed during the thermal decomposition of complex 
nitrate hydrates. These results will be compared to thermoanalytical data 
obtained for a simple nitrate, viz. La(NO3)3" 6H20. 

Experimental 

The starting materials, La(NOa)a'6H20 and M2Ln(NOa)s'nH20 
(M = NH4, K; Ln = La, Nd, Pr), were prepared by slow crystallization from 
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aqueous solution [6]. TG experiments were performed in a Perkin-Elmer 
TGS=2 or TGA-7 equipment using a dynamic nitrogen or air atmosphere 
and heating rates from 2 to 15 deg rain -1 . The sample size was 10-20 rag. 
Simultaneous TG/DTA curves were recorded with a MOM Q-derivatograph 
using 100-200 mg samples. DSC curves were recorded in a Perkin-Elmer 
equipment in air using A1 crucibles having a small hole in their lid to allow 
t~evo lved  gases to escape. 

Results and discussion 

The pentanitrato complexes used as starting materials may contain a 
variable amount of water. In the case of the ammonium complexes this 
has been verified by an X-ray crystallographic study [7]. Regardless of the 
degree of hydration, the anhydrous M2Ln(NO3)s phase is formed around 
200 ~ Figures 1-3 depict the thermoanalytical curves for the lanthanum 
compounds. It appears that the anflydrous K2 La(NOa)s phase is much more 
stable than the corresponding ammonium compound. Its stability range 
extends up to 400 ~ while the ammonium compounds starts to decompose 
already at 200 ~ The decomposition is completed and La203 is formed 
at much lower temperature (600 ~ ) for the ammonium compound than for 
the potassium complex which forms the thermally very stable KLaO2 first 
at 800 ~ . 

There seem to be no significant differences between the decomposition 
patterns of (NH4)2Ln(NOa)s'4H20 (Ln = La, Nd, Pr) as shown by the 
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Fig. 1 TG a n d  DTG curves o f  (NH4)2La(NO3)s" nH20 in nitrogen. Sample weight is 19.8 mg and the 
heating rate is 5 deg vain -l . 
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Fig. 2 TG and DTG curves of  K2La(NO3) s ' n H 2 0  in air. Sample weight is 20.6 mg and heating rate 
2 deg rain -1 . 
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Fig. 3 TG and DTA curves o f  (NH4)2La(NOa)s '4H20 in air. Sample weight is 200 mg and heating 
rate 5 deg min -1 . 
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Fig. 4 TG and DTA curves o f  (NH4)2Pr(NO3)s '4H20 in air. Sample weight is 100 mg and heating 
rate 5 deg rain -~ . 

TG[DTA curves (Figs. 3-5) .  These curves,_recorded with relatively, large__ 
samples and a 10w he~ting- speed, allow,, us to-examine- the ~ possibility- to ~:~ 
utilize thermal decomposition as a preparative method for the synthesis of 
anhydrous nitrates (NH4)2 Ln(NO3)s, (NH4)3Ln2(NO3)9, Ln(NO3)3 
and LnONO3 of which especially the cubic nonanitrato complex would be 
of interest for spectroscopic studies [8]. " 

The formation of M3Ln2(NO3)9 can be seen in the TG curves for the 
La and Pr complexes but not for the Nd compound. Unfortunately, the 
stability range of  the nonanitrato intermediate appears too low for sepa- 
ration. On the other hand, thermal decomposition could be used for the 
synthesis of M2 Ln(NO3)s, Ln(NO3 )3 and LnONO3 in case of all rare earths 
studied including neodymium. The atmosphere (nitrogen or air) or the 
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Fig. 5 TG and DTA curves of (NH4)2Nd(NO3)s-4H20 in air. Experimental conditions as in Fig. 4. 

sample weight do not seem to have a significant effect on the decomposition 
mechanism as seen when comparing the intermediates and temperatures in 
Figs. 1 and 3. 

For comparison, the TG and DSC curves were recorded for La(NO3)3" 
6H~ O (Fig. 6). It has a crystal structure where the nitrate groups and all 

but one of the water molecules are coordinated to lanthanum [9]. Ac- 
cordingly one could expect the pentahydrate to appear'as an intermediate 
during heating but this phase and other intermediate hydrates appear only 
transiently according to the TG and DSC data. DSC curve, with an endo- 
therm at 50 ~ gives an indication that the sample melts before the dehyd- 
ration in accordance with the results of Dabkowska [10]. A comparison of 
the calculated and observed weight losses shows that the anhydrous phase 
La(NO3)3 is formed above 250 ~ and its decomposition starts at 4 0 0  ~ 
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Fig. 6 
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TG (solid line) and DTG (broken line) curves of La(NOa)3"6H20 in air. Sample weight is 30.6 
mg and the.heating rate 5 deg min -1 . The DSC curve, recorded separately with a 2.2 mg sample, 
is also depicted (dotted line). 

LaONOa appears stable, too, and its stability range extends over 100 degrees 
allowing separation. It should be noted, however, that the TG and DSC 
curves were recorded separately with different sample sizes but the tempera- 
tures for various decomposition steps coincide quite well. 
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Zusammenfassung - Mittels TG und DTA wurde die thermische Zersetzung der Pentanitratokomplexe 
yon Seltenerden untersucht. Oberhalb 600~ zersetzt sich M2 Ln(NOa)5 "nil20 (M = NH4, Ln = La, Nd, 
Pr) in Luft fiber die Zwischenstufen wasserfreies (NH,)2 Ln(NO3)s, Ln(NOa)3 und LnONO 3 zu Ln203 . 

Mit M = K und Ln = La ist das Zwischenprodukt K2La(NO3)s ~u~erst stabil und bei 800~ bildet sich 
Kl~aO2. Mit Ausnahme van Nd konnten w~hrend der Abbauprozesse sowohl in Luft als auch in Stick- 
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stoff die Nonanitratokomplexe M aLn~ (NOa)9 beobachtet werden, deren Stabilit~tsbereich jedoch fiir 
eine preparative Isolierung in Form einer einzigen Phase zu klein ist. Zum Vergleich wurden die TG- 
und DSC-Kurven yon La(NOa)a'6H~O aufgenommen, wobei sich La(NOa)a und besonders LaONOa 
als stabile Zwischenprodukte erwiesen. 

P e z ~ e  - MeTO~OU TF H ~TA HzyqeHo  T e p ~ q e e ~ o e  p a s ~ o x e H H e  

n e H T a H ~ p a T o - x o M n a e ~ c o s  p e ~ o s e M e ~ s H ~ x  e a e M e w T o s .  F.oMn~eKcM 

T~a M2Ln/N03/5"nH20 /M=NH4, Ln= La, Nd, pr/ pazaara~c~ 

B aT~oc~epe sosATxa cHaqaaa ~o 6eSBOAHHX coxe~, a zaTeM ~o 

Ln/N03/3 , Ln0N03 , a npa Te.uepaType Bm.e 600 ~ ~o EoHeqso- 

rO npo~yKTa Ln203 . B cxyqae EOMn~eKCOB C M=K H Ln= L8 o6- 

o~paay~m~cH npoMexyTOqH~ upo~yKT K2La/N03/5 qpess~qa~5o yo- 

TO~qSB H TO~bKO UpH TeMnepaType 800 ~ pas~araeTo~ ~o I~L802. 

B npo~eoce paz~oxeH~H BOeX KOMH~eKcoB B aTHoo~epe BO3~yxa Z 

a3oTa t 38 HOK~qeHHeM H@O~HMa~ 5H~O O~HapyXeHO OS~aSOBaH~e 

HOHaHZTpaTH~X KO.n~eKooB MsLn2/N03/9 , 5o odaacT~ zx yO-- 

TO~qHBOCTH 5H~a HSOTO~LKO y~Ko~ qTO He HO3BO~H~O BH~e~Tb 

~x  B KaqecTBe e~HHOTBeHHO~ ~aaH. C ~e~b~ cpaBHeHKE ~H~H 5 3 -  

MepeHH TF 5 ACK RpHBHe reEcarHApaTa TpHHKTpaTa ~aHTaHa~ uoKa- 

zaBmHe o~pazOBaH~e CTaSH~bHHX ooeAzHeHH~ 5eSBOAHOFO HHTpaT8 

~aHTaHa H La0N03 B KaqecTBe HpOMeXyTOqHHX COe~HeHHH. 
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