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The conditions of thermal decomposition of the p-aminosalicylates of Y, La and the lan-
thanides from Ce(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-CsH3(O)COO]3. Only the complex of La decomposes to La203 through
Laz2{H2N - Cs¢H3(0)COO13 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 -C¢H3(0)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-aminopsalicylic acid, which has three functional groups (OH, NH2 and
COOH), forms a great number of complexes. In recent years, several studies
have been made on the structure and the mode of coordination of d-electron
element ions with p-aminosalicylic acid [1-4].

Pirkes [5] found that the coordination of neodymium(III) with p-
aminosalicylic acid occurs through the carboxylic and amino groups simul-
taneously. Lapitskaya [6] reported on the compositions and some properties
of the La-Nd p-aminosalicylates. We earlier determined the conditions of
preparation of rare earth p-aminosalicylates, and studied their structures
and the mode of metal-ligand coordination [7]. The rare earth p-
aminosalicylates were prepared as complexes with general formula
Ln(C7HgNO3)3.nH20, where n = 3 for La and Ce; n = 2 for Pr, Nd, Sm
and Eu; andn = 0 for Gd - Luand Y.

The aim of this work is to investigate the thermal decompositions of rare
earth p-aminosalicylates during heating in air atmosphere.
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Experimental

The thermal stabilities and the solid products of decomposition of the p-
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.
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Fig. 1 The TG, DTG and DTA curves of La(C7HsNO3)3-3H20
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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 mg, DTG - 500 4V and DTA - 500 #V. 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-aminosalicylates of Y, La and the lanthanides
decompose in various ways. The hydrated p-aminosalicylates of La(IlI),
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Ce(III), Pr(IIT) 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 Lnz(C7HsNO3)3, which next undergo direct decomposition
to the oxides Ln203 or PrsO11. The p-aminosalicylate of La(III) decomposes
first to La2(C7H5NO3)3, and then to Laz03 via the intermediate formation
of La202COs3, 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 CeOz and Euz03. In the
DTA curves of the hydrated p-aminosalicylates of La and the light lan-
thanides from Ce(III) to Eu(Ill), 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-
mic effect connected with the dehydration reaction is masked by the ex-
othermic effect accompanying the burning of the organic ligand.
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Fig. 2 The TG, DTG and DTA curves of Ce(C7HeNO3)3-3H20
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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 ThaO7 over the temperature range 1018-1048 K. In the DTA cur-
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Fig. 3 The TG, DTG and DTA curves of Sm(C7HeNO3)3-2H20

ves, 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
lanthanide p-aminosalicylate decomposition

Ln Ln2(C7Hs03N)3 Ln202C03

T,K Caled.,, %  Found % T,K Caled., %  Found %
Y 678 42.12 384
La 633 43.70 424 928-965 71.5 704
Pr 633 41.97 42.0
Nd 633 41.75 42.8
Sm 663 41.34 41.2
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Fig. 4 The TG, DTG and DTA curves of Ho(C7HéNO3)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(IIT) 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

Y203 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:

Lal3-3H20 - Lazl3* -» La02C03 - La03
LnL3-nH20 » Eu203 and CeO2
for Ln=Eu and Ce
LnL3-nH20 - Lnal3* - LnpO3 and PrsOi11

for Ln=Nd,Sm and Pr

L. Thermal Anal., 37, 1991
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LnL3 -» Ln203 and TbsO7
for Ln = Gd-Lu
YL3 - Y2L3* - Y203
L* - [H2N-CsH3(0)COOJ*

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(IIl) 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.
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Fig. 5 Relationship between: 1 - temperature of decomposition, 2 - temperature of oxide
formation and 1/1j (Galdsmidt’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

I 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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Zusammenfassung — Es wurden die Bedingungen fiir die thermische Zersetzung der p-
Aminosalicylate von Y, La und der Lanthanoide von Ce(IIT) bis Lu untersucht. Beim Erhit-
zen zersetzen sich die hydratierten Komplexe von La und der leichteren Lanthanoide unter
Bildung des Zwischenproduktes La2[H2NCsH3(O)COO]3 in ihre Oxide. Nur der Komplex
mit La zersetzt sich zu La203 iiber die Zwischenstufen La2[H2NCeH3(O)COO]3 und
La202C03. Die wasserfreien Komplexe der schweren Lanthanoide zersetzen sich direkt in
die Oxide, wihrend sich der wasserfreic Komplex von Y iiber die Bildung von
Y2[H2NCeH3(O)COO]3 in Y203 zersetzt. Beim Erhitzen verlieren die hydratierten Komplexe
ihr Kristallwasser und zersetzen sich gleichzeitig, der endotherme Effekt der Dehydratation
wird durch den starken exothermen Effekt der Verbrennung der organischen Liganden
iiberdeckt.
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