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The conditions of thermal decomposition of the p-aminosalicylates of Y, La and the lan- 
thanides from CO(III) to Lu have been studied. On heating, the hydrated complexes of La 
and the light lanthanides decompose to the oxides with the intermediate formation of 
Ln2[H2N-C6H3(O)COO]3. Only the complex of La decomposes to La203 through 
La2[H2N "C6H3(O)COO]3 and La202CO3. The anhydrous complexes of the heavy lanthanides 
decompose directly to the oxides, whereas the anhydrous complex of Y decomposes to Y203 
via Y2[H2N'C6H3(O)COO]3 formation. During heating, the hydrated complexes lose crystal- 
lization water and decompose simultaneously, and the endothermic effect of dehydration is 
masked by the strong exothermic effect of burning of the organic ligand. 

p-aminopsa l icy l ic  acid, which has th ree  funct ional  groups  (OH,  NH2 and 
C O O H ) ,  forms a great  number  of  complexes.  In recent  years,  several  studies 
have be e n  lhade on  the s t ructure  and the mode  of  coordinat ion  of  d -e lec t ron  
e lement  ions wi thp-aminosal icyl ie  acid [1-4]. 

Pirkes [5] found  that  the  coord ina t ion  of  neodymium(I I I )  with p-  

aminosal icyl ic  acid occurs  th rough  the carboxylic and amino groups  simul- 
taneously.  Lapi tskaya  [6] r e p o r t e d  on  the composi t ions and some proper t i e s  
of  the La - Nd  p-aminosal icylates .  We earl ier  de te rmined  the condit ions of  
p r e p a r a t i o n  of  ra re  ear th  p-aminosal icyla tes ,  and s tudied their  s t ructures  
and the m o d e  of  meta l - l igand coord ina t ion  [7]. The  ra re  ear th  p -  
aminosal icylates  were  p r e p a r e d  as complexes with general  formula  
Ln(CTHsNO3)3 .nH20 ,  where  n = 3 for  La  and Ce; n = 2 for Pr, Nd, Sm 
and Eu;  and n = 0 for  Gd  - Lu and Y. 

The  aim of  this work is to investigate the thermal  decomposi t ions  of ra re  
ea r thp-aminosa l i cy la tes  during heat ing in air a tmosphere .  
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598 BRZYSKA et al.: THERMAL DECOMPOSITION 

Experimental 

The thermal stabilities and the solid products of decomposition of thep-  
aminosalicylates of Y, La and the lanthanides [from Ce(III) to Lu] were 
studied by heating these complexes to 1273 K in air atmosphere. The mea- 
surements were made on a Q-1500 derivatograph. 

F'XO 
A 
I 

A]" 

Endo 

25 

~ 50 

:E 75 

DTG 
|HI 

473 673 873 1073 
Temperature, K 

Fig. t The TG, DTG and DTA curves of La(CTH6NO3)3.3H20 

The TG, DTG and DTA curves were recorded. Samples of 100 mg were 
heated in platinum crucibles at a heating rate of 10 deg-min -1 with sen- 
sitivities T - 100 rag, DTG - 500/~V and DTA - 500/zV. The natures of the 
solid decomposition products were calculated from the weight losses in the 
TG curves and were confirmed by recording the IR spectra. The results ob- 
tained are presented in Figs 1-4 and in Tables 1 and 2. 

Results and discussion 

When heated, the p-aminosalieylates of Y, La and the lanthanides 
decompose in various ways. The hydrated p-aminosalicylates of La(III),  

J. Thermal .Anal., 37, 1991 
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600 BRZYSKA ctal.: THERMAL DECOMPOSITION 

Ce(III), Pr(III) and Nd(III) are stable up to 363-443 K and then decompose 
in two or three steps. The complexes of Pr(III), Nd(III) and Sm(III) decom- 
pose to unstable Ln2(C7HsNO3)3, which next undergo direct d~eomposition 
to the oxides Ln203 or Pr6Oll. Thep-aminosalieylate of La(III) decomposes 
first to La2(CTHsNO3)3, and then to La203 via the intermediate formation 
of La202CO3, which is stable at 928-963 K. The trihydrated p-aminosalicy- 
late of Ce(III) and the dihydrated complex of Eu(III) are stable to 353- 
393 K and then decompose directly to the oxides CeO2 and Eu203. In the 
D T A  curves of the hydrated p-aminosalicylates of La and the light lan- 
thanides from Ce(III) to Eu(III), the endothermic effect characteristic of 
the dehydration process is not observed. In these cases, the dehydration 
reaction occurs simultaneously with the decomposition, and the endother- 
mie effect connected with the dehydration reaction is masked by the ex- 
othermie effect accompanying the burning of the organic ligand. Exo__   
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Fig. 2 The TG, DTG and DTA curves of Cc(CTHd~/O3)3" 31-120 

The anhydrous p-aminosalicylates of the heavy lanthanides (from Gd to 
Lu) are stable up to 323-343 K and then decompose directly to the oxides 
Ln203 or Tb407 over the temperature range 1018-1048 K. In the DTA cur- 

.I. Thermal Anal., 37, 1991 



BRZYSKA et al.: THERMAL DECOMPOSITION 601 

Exo 
A 
I 

AT 

I u 
Endo 

0 

25 

DTA 

DTG 

75 
473 673 873 1073 

Temperot ure, K 

Fig. 3 The TG, DTG and DTA curves of Sm(CTH6NO3)3-2H20 

yes, the precision effect connected with the decomposition of the complexes 
and the burning of the organic ligand are not observed as for the p 
aminosalicylates of the light lanthanides. The DTA curves have a plateau 
over the broad temperature range 493-1023 K. 

Table 2 Temperature range of formation of stable and unstable intermediate products of Y, La and 
lanthanidep-aminosalicylate decomposition 

Ln Ln2(CTHsOaN)3 

T ,K Calcd.,% Found% 

Y 678 42.12 38.4 

La 633 43.70 42.4 

Pr 633 41.97 42.0 

Nd 633 41.75 42.8 

Sm 663 41.34 41.2 

Ln202COa 

T, K Calcd., % Found % 

928-965 71.5 70.4 

L Thermal AnaL, 37, 1991 



602 BRZYSKA et al.: THERMAL DECOMPOSITION 

Exo 
A 
I 

AT 

I u 
Endo 

J DTA 

0 

25 

.go 

13 
~r 75 I I I I 

473 673 873 1073 
Temperature, K 

Fi D 4 The TO, DTG and DTA curves of Ho(C7H6NO3)3 

On heating, anhydrous Y(III)p-aminosalicylate forms an unstable inter- 
mediate product with a metal to ligand ratio of 2 : 3, as do the complexes of 
La(III) and the light lanthanides. The initial temperature of decomposition 
of Y(III) p-aminosalicylate (323 K) is near the decomposition temperatures 
of the heavy lanthanide p-aminosalicylates, whereas the temperature of 
Y 2 0 3  formation (938 K) is near the temperature of neodymium oxide forma- 
tion (953 K). 

The scheme of the thermal decompositions of the rare earth element p- 
aminosalicylates can be presented as follows: 

L a L 3 - 3 H 2 0  -~ La2L3  "x -~ L a 2 0 2 C O 3  -* L a 2 0 3  

L n L 3 . n H 2 0  ~ E u 2 0 3  a n d  C e O 2  

for Ln = E u  and Ce 

L n L 3 " n H 2 0 - *  Ln2L3  "x -~ L n 2 0 3  a n d  P r 6 O l l  

f o r  L n  = N d ,  S m  a n d  P r  

Z Thermal AnaL, 37, 1991 
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LnL3 --, Lu203 and Tb407 

for Ln = Gd-Lu 

Y L 3  ~ Y 2 L 3  -x "* Y 2 0 3  

L ' X ~  [ H 2 N . C 6 H 3 ( O ) C O O ]  2" 

The results obtained indicate that the anhydrous p-aminosalicylates of Y 
and the heavy lanthanides (from Gd to Lu) are less stable than the hydrated 
complexes of La(III) and the light lanthanides. 

The initial temperatures of decomposition of the lanthanide p-amino- 
salicylates (Fig. 5) decrease from Pr(III) to Gd(III), whereas these from 
Tb(III) to Lu(III) have very similar values, which suggests that the metal - 
ligand bonds in the heavy lanthanide p-aminosalicylates have similar ener- 
gies. 

"r 1200 - 
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Fig. 5 Relationship between: I - temperature of decomposition, 2 - temperature of oxide 
formation and 1/rj (Galdsraidt's valus) 

The temperatures of formation of oxides on decomposition of the rare 
earth element p-aminosalicylates increase from Ce(III) to Eu(III), while 
those from Gd(III) to Lu(III) have similar values. The thermal stabilities of 
the rare earth p-aminosalicylates are lower than those of the corresponding 

Z Thermal Anal., 37, 1991 
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salicylates [8], which is connected with the presence of the amine group on 
the benzene ring. 
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Z u s a m m e n f a s s u n g -  Es wurden die Bedingungen ffir d i e  thermische Zerse tzung der  p -  
Aminosalicylate yon Y, La und der  Lanthanoide  yon Ce(III)  bis Lu untersucht .  Beim Erhi t -  
zen zersetzen sich die hydra t ier ten  Komplexe yon La und de r  le ichteren  Lan thano ide  un te r  
Bi ldung des Zwischenproduktes  Ln2[H2NC6H3(O)COO]3 in ihre Oxide. Nur  der  Komplex 
mit  La zersetzt  sich zu La203 fiber die Zwischenstufen La2[H2NC6H3(O)COO]3 und 
La202CO3. Die wasserfreien Komplexe der  schweren Lan thano ide  zersetzen sich direkt  in 
die Oxide, w~ihrend sich der  wasserfreie Komplex yon Y fiber die Bildung von 
Y2[H2NC6H3(O)COO]3 in Y203 zersetzt.  Beim Erhi tzen verl ieren die hydrat ier ten Komplexe 
ihr  Kristallwasser und zersetzen sich gleichzeitig, der  endo the rme  Effekt  der  Dehydra ta t ion  
wird durch den starken exothermen Effekt der  Verbrennung  der  organischen Liganden 
fiberdeckt. 
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