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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 2 with the intermediate 
formation of ThOCO 3. 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-l,2,4-tricarboxylic) acids have been used for the gravi- 
metric determination of Th(IV) in mixtures of  thorium + zirconium and thorium + 
hafnium [1]. M ukherji [1] studied the thermal stabilities of  the prepared precipitates 
up to 1273 K publishing T G  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 
its ammonium salt to a solution of  thorium(IV) 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 NO 3 ions, and dried at 303 K to constant 
weight. The conditions of  preparation are given in Table 1. 

John Wiley & Sons, Limited. Chichester 
Akad~miai Kiad6, Budapest 
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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 V205 as oxidizing agent. The content of 
thorium(IV) was determined from the TG curves and by ignition of the complexes 
to T h O / a t  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 calcd, found calcd, found calcd, found 

Trimesinate Th3(C9H306)4.20H20 36.93 36.91 22.94 22.90 2 . 7 8  2.58 
Trimesinate Th3(CgH306)4-10H20 40.83 40.42 25.36 25.41 1.89 1.88 
Trimesinate Th3(CgH306),v12H20 39.99 39.72 24.84 25.20 2 .08  2.40 
Trimellitate Th(OH)(C9H306)-4H20 43.92 43.59 20.46 20.88 2.29 2.61 
Trimellitate Th3(C9H306)4-12H20 39.99 39.72 24.84 25.23 2 . 0 8  2.42 
Trimellitate Th4(OH)(C9H306)s-18HzO 40.27 40.07 23.45 23.35 2 . 2 7  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 o r  4 : 5. 

The IR and X-ray spectra of these benzenetricarboxylic acids and the prepared 
complexes were recorded over the range 4000400  cm-  1. Analysis of  the IR spectra 
confirmed the results of elemental analysis. 

The thermal stabilities of the thorium(IV) trimesinates and trimellitates were 
studied by means o f T G ,  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. 

J. Thermal Anal. 34, 1988 
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200 BRZYSKA, KARASIlqSKI: THERMAL DECOMPOSITION 

Results 

When these benzenetricarboxylates of thorium0V) 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, Th3(C9H306) 4. 10H20, is dehydrated in 
four steps, and Th3(C9H306) 4 - 12H20 (Fig. 1) in two steps. The other complexes 
are dehydrated in one step. The dehydration processes are accompanied by a strong 

0TAJ 

\ 
60 I J I 

473 673 873 1073 

Te rnpe ra t  t re ,  K 

Fig. 1 TG, DTG and DTA curves of Th3(CgH306) 4" 12H20 (1,3,5) 

endothermic effects. On heating, the anhydrous  benzenetricarboxylates of  
thorium(IV) decompose to ThO2 with the intermediate formation o fThOCO 3. Tbe 
decomposition of the anhydrous complexes begins at 753-803 K, and that of 
ThOCO 3 to ThO 2 at 853 863 K. The burning of the organic ligand is accompanied 
by a strong exothermic effect. ThO 2 is formed at 873-923 K. The temperatures of 
ThO 2 formation during the decompositions of these benzenetricarhoxylates 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 2 formed on the decomposition of these 

J. Thermal Anal. 34, 1988 
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benzenetricarboxylates was studied. The debyegrams indicate th.at the structure 

of  the oxides is the same as that o f T h O  2 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 > 8 7 3  K 
T h 3 L 4 - n H 2 0  ~ T h 3 L  4 , T h O C O  3 > T h O  2 

where n = 10, 12 or 20, and L = C 6 H 3 ( C O O )  3 , or: 

T h ( O H ) L . 4 H 2 0  343-563 K T h ( O H ) L  673-853 K T h O C O 3  T > 8 7 3  K T h O 2  

Th4(OH)L5 �9 18H20 Tha(OH)L 5 

(the water molecules are lost in one or several steps). 
It is possible that the intermediate is not pure ThOCO 3, but a mixture of  

T h O C O  3 + T h ( C O 3 )  2 + C o r  T h O C O  3 + T h ( C O 3 )  2 + T h O  2 + C .  

The results show that the thermal dccompositions of  these thorium(IV) 
benzenetricarboxylates are similar to those of  Th(IV) isophthalate Th(IV), 

terephthalate [2] and Th(CzO4)z .6H20  [3]. 
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Zusammenfassung- Thorium-(IV)-trimesinat und -trimellinat wurden unter verschiedenen Bedingun- 

gen gefertigt und ihre thermische Zersetzung untersucht. Beim Erhitzen zersetzen sich Ben- 
zyltricarboxylate yon Th(IV) in mehreren Stufen. AIs erstes geben die hydrierten Komplexe in ein, zwei 

oder vier Schritten Kristallwasser ab. Die dehydrierten Komplexe zersetzen sich fiber das Zwischenpro- 

dukt ThOCO 3 zu ThO 2. Die Dehydrierung der Komplexe ist mit starken endothermischen Effekten 
verbunden, w~ihrend die Zersetzung der dehydrierten Komplexe von exothermen Effekten begleitet 
wird. 

Pe3toMe - -  H3yqeHo TepMHqeCKOe pa3~o~enl, le co.ae.q qeTb]pexBa~eJtTHOVO 10pH~l C IpHMe3HHOBO.q H 
IpHMe21YIHTOBO,q KHCSIOTaMH, no~yqenHblX B pa33IHqHblX yC~OBH~X. FlpH llalpeaaHHH 6eH3oTpHKap- 
6OKCHJIaTbl TOpHfl pa3.nararoTca B HeCKOJ/bKO cTa~n.q. CHa'~a~qa FH,Ilpa'Fbl c021el4 'i'cp~llOl KpHcTa:~Jm- 

3axIHOHHyrO BO~.y B Oilily, ~Be U.aH qeTblpe CTaI1HH, ~,aBa~ 6e3BO./lJlble COSln, pa3~'lal alomHeca 3aTeM LIO 
OKCHLIa qeTblpeXBa3~eHTHOrO TOpH~ e o6pa3OBaHHeM HpOMe;~y'roqHotO coeLtHHeHH~ ThOCO 3. 
,~ell4LtparallH~ co~e.q coHpoBo:~s CH.JlbHblMH 3H~IOTepMHqeCKHM~4 9~3~OeKFaMH, a pa3Jlo:~eHHe 
6e3BOLIIIblX CO:le.q 9K3oTepMHqeCKHMH 3~qbeKTaMH. 

J. Thermal Anal. 34, 1988 


