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THERMAL DECOMPOSITION OF THORIUM(IV)
BENZENETRICARBOXYLATES PREPARED IN VARIOUS WAYS
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DEPARTMENT OF INORGANIC AND GENERAL CHEMISTRY,
INSTITUTE OF CHEMISTRY MARIE CURIE SKLODOWSKA UNIVERSITY,
20-031 LUBLIN, POLAND

(Received May 27, 1986)

The thermal decompositions of thorium(IV) trimesinate and trimellitate, prepared under
various conditions, have been studied. On heating benzenetricarboxylates of Th(IV) decompose
in many stages. First, the hydrated complexes lose crystallization water in one, two or four
stages, forming anhydrous comtlexes which decompose to ThO, with the intermediate
formation of ThOCO;. The dehydrations of the complexes are associated with strong
endothermic effects, and the decompositions of the anhydrous complexes are accompanied by
exothermic effects.

A search of the available literature shows that the benzenetricarboxylates of
thorium(IV) have not been studied so far. Trimesinic (benzene-1,3,5-tricarboxylic)
and trimellitic (benzene-1,2,4-tricarboxylic) acids have been used for the gravi-
metric determination of Th(I'V) in mixtures of thorium + zirconium and thorium +
hafnium [1]. Mukherji [1] studied the thermal stabilities of the prepared precipitates
up to 1273 K publishing TG curves, but he did not study their compositions. As a
continuation of our work on the thermal decompositions of thorium(IV)
carboxylates [2], we now report the thermal decompositions of the above
thorium(IV) benzenetricarboxylates, prepared under various conditions.

Experimental

Thorium(IV) trimesinates and trimellitates were prepared in double decom-
position reactions by adding an aqueous solution of the benzenetricarboxylic acid or
itsammonium salt to a solution of thorium(I'V) nitrate at 328-333 K or 368-373 K.
The precipitate formed was mixed in the mother liquor for 15 min, then filtered off,
washed with water to remove NH or NOj ions, and dried at 303 K to constant
weight. The conditions of preparation are given in Table 1.
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The precipitates formed are white; they are sparingly soluble in water.
Thorium(IV) trimesinates are crystalline solids, whereas the trimellitates are
amorphous.

The contents of carbon and hydrogen in the prepared complexes were
determined by elemental analysis, with V,0O, as oxidizing agent. The content of
thorium(I'V) was determined from the TG curves and by ignition of the complexes
to ThO, at 1273 K. The water contents were determined from the TG curves and by
isothermal heating of the samples at definite temperature. The analysis data are
presented in Table 2.

Table 2 Analytical data

Thorium(IV) Complexes Th, % C, % H, %

name formula caled. found caled. found caled. found
Trimesinate Th3(CgH;04), - 20H,0 3693 3691 2294 2290 278 2.58
Trimesinate Th;3(CyH;04),. - 10H,0 40.83 4042 2536 2541 189 1.88
Trimesinate Th;3(CoH;04), - 12H,0 3999 39.72 24.84 2520 2.08 240
Trimellitate Th(OH)(C,H;04)-4H,0 43.92 43.59 20.46 2088 229 261
Trimellitate Th;3(CsH;04), - 12H,0 39.99 39.72 2484 2523 208 242
Trimellitate Th,(OH)(C,H;04)5- 18H,0 40.27 40.07 23.45 2335 227 2.58

The results show that the thorium(IV) trimesinate prepared under various
conditions was isolated as a hydrated complex with a thorium to ligand ratio of 3 : 4,
but with various degrees of hydration. Thorium(IV) trimellitate was obtained as a
complex with a thorium to ligand ratio of 3 : 4, or as a basic complex with a thorium
to ligand ratio of 1:1 or 4:5.

The IR and X-ray spectra of these benzenetricarboxylic acids and the prepared
complexes were recorded over the range 4000-400 cm ™ !. Analysis of the IR spectra
confirmed the results of elemental analysis.

The thermal stabilities of the thorium(I'V) trimesinates and trimellitates were
studied by means of TG, DTG and DTA techniques. The measurements were made
with a Q-1500 D derivatograph at a heating rate of 10 deg-min— !, with a
sensitivity TG = 200 mg. The samples were heated in Pt crucibles in air up to
1273 K. From the thermal curves of the benzenetricarboxylates, the temperatures
and solid products of decomposition were evaluated and are presented in Tables 3
and 4. The solid products of decomposition were confirmed by recording their IR
spectra.
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Results

When these benzenetricarboxylates of thorium(IV) are heated in air, they
decompose in several steps. On heating, the complexes are stable up to 333-353 K.
In the temperature range 333-593 K, they are dehydrated to anhydrous
compounds. Thorium(IV) trimesinate, Th;(CyH;0g), - 10H,0, is dehydrated in
four steps, and Th;(CqH;04), - 12H,0 (Fig. 1) in two steps. The other complexes
are dehydrated in one step. The dehydration processes are accompanied by a strong
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Fig. | TG, DTG and DTA curves of Thy(CoH,0,), 12H,0 (1,3.5)

endothermic effects. On heating, the anhydrous benzenetricarboxylates of
thorium(IV) decompose to ThO, with the intermediate formation of ThHOCO;. The
decomposition of the anhydrous complexes begins at 753-803 K, and that of
ThOCO;, to ThO, at 853-863 K. The burning of the organic ligand is accompanied
by a strong exothermic effect. ThO, is formed at 873-923 K. The temperatures of
ThO, formation during the decompositions of these benzenetricarboxylates are
similar to those reported earlier [1, 2]. However, the precipitates obtained by
Mukherji [1] decomposed at temperatures higher than 773 K, so they were more
stable than the complexes described in this work.

This crystalline structure of ThO, formed on the decomposition of these

J. Thermal Anal. 34, 1988
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benzenetricarboxylates was studied. The debyegrams indicate that the structure
of the oxides is the same as that of ThO, obtained on the decomposition of Th(IV)
oxalate.

The obtained results suggest the following general decomposition process for
these benzenetricarboxylates:

333-593 K 673-863 K T>873 K
ThyL,-nH,0 —> "2 L Th,L, — "% , ThOCO, —— " ThO,

where n = 10, 12 or 20, and L = C4H,(COQ)3 ", or:

Th(OH)L-4H,0 343563k Th(OH)L 73853k ThOCO; 1ogr3g ThO
—_—)

_— T

Th,(OH)L; - 18H,0 Th,(OH)L,

(the water molecules are lost in one or several steps).

It is possible that the intermediate is not pure ThOCO,, but a mixture of
ThOCO, + Th(CO;), + C or ThOCO, + Th(COj3), +ThO,+C.

The results show that the thermal dccompositions of these thorium(IV)
benzenctricarboxylates are similar to those of Th(IV) isophthalate Th(IV),
terephthalate [2] and Th(C,0,), 6H,0 [3].
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Zusammenfassung — Thorium-(1V)-trimesinat und -trimellinat wurden unter verschiedenen Bedingun-
gen gefertigt und ihre thermische Zersetzung untersucht. Beim Erhitzen zersetzen sich Ben-
zyltricarboxylate von Th(IV) in mehreren Stufen. Als erstes geben die hydrierten Komplexe in ein, zwei
oder vier Schritten Kristallwasser ab. Die dehydrierten Komplexe zersetzen sich Gber das Zwischenpro-
dukt ThOCO, zu ThO,. Die Dehydrierung der Komplexe ist mit starken endothermischen Effekten
verbunden, wihrend die Zersetzung der dehydrierten Komplexe von exothermen Effekten begleitet
wird.

Pesiome — M3ydeno TepMuyeckoe pasnokeHHe COJIeH YeTbIPEXBATICHTHOI'O TOPHS C TPUME3HHOBOH ¢
TPHUMEJUIATOBON KHCJIOTAMHM, MONYYEHHBIX B pa3jHuHbIX ycinosusx. [1py uarpesannn Genzorpukap-
OOKCHIIATHI TOPHUS PA3JIAraloTCA B HECKOJIBKO cTaauil. CHavasla [HApAThl COJICH TepAIOT KPUCTALIH-
JALMOHHYIO BOJLY B OJIHY, JIBE UJIH YETBIPE CTAAMH, 1ABAs GE3BOIHBIC COJIM, PARIAIALOIINCCS 33 TEM IO
OKCHLA YCTBIPEXBAJIEHTHOTO TOpHA ¢ obOpa3oBaHMEM INpoOMexyrouHoro cocanuenns ThOCO;.
Heruaparanya cosedl COMPOBOXAAETCH CHILHBIMH HI0TEPMHYECKUMU hdexTaMu, a pasiioxkeHude
6¢3BOANBIX COJIEH — IKIOTEPMHUECKMMH 3hdeKTaMu.
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