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Abstract

The thermal decomposition in air of mephenamates of yttrium and lanthanides from
lanthanum(III) to lutetium(III) has been studied. During heating, the hydrated complexes
Ln(C;sH,,0,N);-nH,0 (n = 3-14) lose water of crystallization in one (Y, La-Sm, Gd-Lu)
or two steps (Eu), then anhydrous (Sm, Gd, Dy, Tm, Lu) or lower hydrated (Y, La~Nd, Eu,
Tb, Ho, Er, Yb) complexes decompose directly to oxides or with intermediate formation of
very unstable oxycarbonates (La, Nd).

INTRODUCTION

n-(2,3-Xylolilo)-anthranilic acid (known as mephenamic acid or
mephacid) is a crystalline solid sparingly soluble in water. It is known as a
remedy against pain, fever and inflammation [1]. A survey of the literature
shows that recently some patents [2,3] have been published on the prepara-
tion of medicines based on mephenamic acid.

Rare earth element complexes with mephenamic acid C,;H,;O,N, were
previously unknown. In an earlier work, we presented the preparation of
yttrium and lanthanide (from lanthanum(III) to lutetium(ITI)) mephena-
mates with the molar ratio of metal to organic ligand of 2:3 and different
degrees of hydration [4], their IR and X-ray spectra and solubilities in
water.

The aim of our work was to examine the thermal decomposition of
yttrium and lanthanide mephenamate hydrates during heating in air atmo-
sphere.

EXPERIMENTAL

The thermal stabilities of yttrium and lanthanide (from lanthanum(II)
to lutetivum(III), without promethium) mephanamates with the general
formula Ln(C,sH,,0,N);-nH,0 (Table 1) were studied in air atmo-
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sphere. The TG, DTG and DTA curves were recorded. The measurements
were made with a Q-1500 derivatograph at a heating rate of 10 K min~!.
The samples of 100 mg were heated at 1273 K in platinum crucibles with
the following sensitivities: TG, 100 mg; DTG, 500 uV; DTA, 500 V. The
paper speed was 2.5 mm min~!. Al,O; was used as a standard, The
products of decomposition were confirmed by recording IR and X-ray
spectra.

RESULTS AND DISCUSSION

On the basis of analysis of the thermal curves recorded for prepared
complexes, the temperatures and solid products of decomposition were
established. The results obtained are presented in Table 1 and Figs. 1-7.
The complexes of yttrium and lanthanides heated in air atmosphere de-
compose in various ways.

The hydrated mephenamate of europium(III) is stable up 313 K, next
loses some water molecules in two steps and then decomposes directly to
Eu,0, (Fig. 1, Table 1).

The hydrated mephenamates of samarium(III), gadolinium(III), dyspro-
sium(I1I), thulium(III) and lutetium(III) (Figs. 2 and 3, Table 1) are
dehydrated in one step and then the anhydrous compounds decompose
directly to oxides on further heating.

The hydrated complexes of yttrium(III), cerinm(III), praseodymium(III)
terbium(IIT), holmium{Iil), erbium(III) and ytterbium(ill) decompose in
two steps. In the first step they lose some water molecules and then lower
hydrated complexes are decomposed directly to oxides. The hydrated
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Fig. 1. TG, DTG and DTA curves of Eu(C,sH,,0,N),-14H,0.
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Fig. 2. TG, DTG and DTA curves of Tm(C,sH,,0,N);-7H,0.

mephenamates of lanthanum(III) and neodymium(III) lose some water
molecules on heating and then decompose to oxides with intermediate
formation of unstable oxycarbonates.

The results indicate that the thermal decomposition of hydrated rare
earth element mephenamates can be presented in the following manner:

EuL; - 14H,0 - Eul.; - 13H,0 - EulL, - 4H,0 - Eu,0,

LnL;-xH,0 — LnL; — Ln,0; where Ln stands for Sm, Gd, Dy, Tm or
Lu.
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Fig. 3. TG, DTG and DTA curves of Lu(C;sH,,0,N);-4H,0.
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Fig. 4. TG, DTG and DTA curves of Y(C;sH,,0,N),-7H,0.

LnL,-xH,0 - LnL;-yH,0 - Ln,0,, CeO,, Pr,0,,, Tb,0, where
x >y and Ln stands for Y, Ho, Er or Yb.

LnL;-xH,0 - LnL,-yH,0 - Ln,0,C0O, - Ln,0; where x>y and
Ln is La or Nd.

The dehydration process is connected with an endothermic effect but the
decomposition and the combustion of organic ligand with strong exother-
mic effects. On the DTA curves the exothermic effects observed as plateaux
without a maximum indicate that for the complexes of yttrium,
lanthanum-neodymium, terbium, holmium, erbium and terbium these
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Fig. 5. TG, DTG and DTA curves of Ce(C‘5H1402N)3'12H20.
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Fig. 6. TG, DTG and DTA curves of Pr(C,sH,,0,N),-4H,0.

processes occur simultaneously but the exothermic processes dominate.
The very strong endothermic effect at 440-460 K is connected with
decomposition of intermediate very unstable products which have not been
identified. The process of combustion of the remaining organic ligand and
deflagration of residue of carbon are observed on the DTA curves as
exothermic plateaux without a maximum.

From the results obtained, it is possible to suggest that water of crystal-
lization is bonded in different ways: with anion, in the space lattice bonded
by hydrogen bonds with anion, and the water of coordination which is
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Fig. 7. TG, DTG and DTA curves of La(C,sH,,0,N);-4H,0.
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Fig. 8. Relationship between temperatures of dehydration (T,), decomposition (7;) and
oxide formation (7}) and the atomic number z of the metal.

bonded strongly with the metal ion. Only complexes of samarium(III),
gadolinium(III), dysprosium(III), thulium(III) and lutetium(III) become
anhydrous when heated. The complexes of the remaining lanthanides do
not form anhydrous compounds upon heating.

The temperatures of dehydration (7)), decomposition (7,) of the yttrium
and lanthanide mephenamates, and temperatures of oxide formation (7,)
in the lanthanide series are presented in Fig. 8.

Comparing the temperatures of commencement of complex dehydration
(T,) it is apparent that they are similar to each other (about 313 K) which
indicates that the stabilities of hydrated complexes are similar, except the
complex of neodymium(III) which is stable up to 458 K.

The decomposition of hydrated complexes begins at temperature 7, of
503-563 K, and anhydrous complexes start to decompose at 503-523 K.
The temperatures of oxide formation (T,) change irregularly with increas-
ing atomic number z of the metal (Fig. 8). The temperature of CeQO,
formation is the highest (1153 K) whereas the temperature of Pr,O,,
formation is the lowest (953 K). This is a rarely observed phenomenon,
because in most cases the temperature of CeQ, formation is the lowest.
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