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Abstract

The conditions and products of thermal decomposition of thorium(IV) complexes with gene-
ral formula Th(R-C¢H4COO)4 (Where R = 2-CHs, 3-CHj, 4-CH3), Th(OH)2(4-CH3CeH4COO)2:
H;0 and Th(OH)2(R-C¢H4COO)nH;0 (where R = 2-COO, 3-COO, n = 2; R = 4-COO,
n = 1) were studied. Anhydrous thorium(IV) complexes decompose in two steps. On heating, te-
tra(2-methylbenzoato)-thorium(IV) decomposes to yield ThO; through the intermediate ThOCO;
whereas tetra(3-methylbenzoato)thorium(IV) and tetra(4-methylbenzoato)thorium(IV) decompo-
se to ThO3 through oxocomplexes. Hydrated thorium(IV) complexes are dehydrated in one step
and then anhydrous complexes decompose to ThO,. Di [1,2-(benzene)dicarboxylatoldihydrox-
ythorium(IV) decomposes directly to ThO;, whereas the 1,3- and 1,4-isomers through the inter-
mediate thorium(IV) oxocarbonates.

Keywords: complexes, thorium(IV) complexes

Introduction

The thorium(IV) salts of methylbenzoic acids are little known. There are
only some papers on thorium(IV) complexes with 2-methylbenzoic acid [1-3].
Wendlandt [1] prepared tetra-(2-methylbenzoato)thorium(IV) and determined
its thermal stability and temperature of ThO; formation from the TG curve
Singh [2] described di(2-methylbenzoato)oxothorium(IV). A search of the
available literature showed that thorium(IV) complexes with 3-methylbenzoic
and 4-methylbenzoic acids have not been studied so far.

The salts of thorium(IV) with 1,2-benzenedicarboxylic acid with a metal to
organic ligand ratio of 1:2 have been known for many years [4—13]. Kovalenko
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and Kozachenko [5], Singh [7], Brzyska and Karasinski [13] studied the ther-
mal decomposition of bis[1,2-(benzene)dicarboxylato]thorium(IV) dihydrate.
Bilinski ez al. {9, 10] studied the system of thorium(IV) nitrate - potassium
phthalate by using turbidimetric method and stated the existence of [1,2-(ben-
zene)dicarboxylato]dihydroxothorium(IV). They studied the precipitate formed
by using IR and NMR spectroscopy. The thermal decomposition of polynuclear
thorium(IV) complexes with 1,4-(benzene)dicarboxylic acid have been studied,
too [13].

In this work we present the thermal decomposition of thorium(IV) com-
plexes with the general formula Th(R-C¢H4sCOO)s (Where R=2-CH3, 3-CHj3
and 4-CHs3), Th(OH),(4-CH3CsH4sCOO),-H,O and Th(OH),(R-CsH4COO),:
nH,0 (R=2-CO0, n=2; 3-COO0"; n=2; 4-COO0", n=1).

Experimental

The preparation of tetra(2-methylbenzoato)thorium(IV) and [1,2-(bes-
zene)dicarboxylato]dihydroxothorium(IV) dihydrate was described in a pre-
vious work [14]. Tetra (3-methylbenzoato)thorium(IV) was prepared similarly
as tetra(2-methylbenzoato)thorium(IV). Tetra(4-methylbenzoato)thorium(IV)
was prepared similarly as tetra(2-methylbenzoato)thorium(IV) [14], but to a
suspension of 4-methylbenzoic acid (6.3 g of acid + 500 ml H,O) some drops
of ammonia were added. Dihydroxodi(4-methylbenzoato)thorium(IV) monohy-
drate was prepared similarly as dibenzoatodihydroxothorium(IV) monohydrate
[15], and [1,3-(benzene)dicarboxylato]dihydroxothorium(IV) dihydrate as [1,2-
(benzene)dicarboxylato]dihydroxothorium(IV) dihydrate [14]. [1,4-(ben-
zene)dicarboxylato]dihydroxothorium(IV) monohydrate was prepared by adding
0.1 mol/l solution of thorium(IV) nitrate to a hot solution of ammonium 1,4-
(benzene)-dicarboxylate (T=343 K, pH 5.5). The precipitate formed was
heated in the mother liquor for 15 min at 353 K, then was filtered off, washed
with hot water to remove NHj ions and excess acid. The pH of the mother lig-
uor after precipitation was 5.5 and 4.6, respectively. The precipitate separated
was dried to a constant mass at 303 K.

The content of carbon and hydrogen was determined by elemental analysis
by combustion of the samples in aluminium capsule with V,Os as oxydation
catalyst. The content of thorium(IV) was determined by ignition of 0.2 g sam-
ples at 1173 K to ThO; and weighing, and from the TG curve. The content of
H>0 was determined from the TG curves and by isothermal heating of samples
at a definite temperature. On the basis of elemental analysis data the formulae
of the complexes were established (Table 1).

The IR spectra of methylbenzoic acids, benzenedicarboxylic acids and their
thorium(IV) complexes over the range 4000-400 cm™ were recorded. The
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Fig. 1 DTA and DTG curves of:a) Th(2-CH3;CsHsCQOO)a; b) Th(4-CH3;CsH4COO)g;
¢) Th(OH)2(2-COOC¢H4COO0)-2H;0; d) Th(OH)(3-COOCcH4CO0)-2H,0

analysis of the IR spectra confirms the results obtained on the basis of elemental
analysis and permits to define the way of thorium(IV) cation coordination by
methylbenzoate and benzenedicarboxylate anions. It was established that the
position of the substituent in thorium(IV) methylbenzoates does not influence
the way of coordination of thorium(IV). Analysis of the position change of the
absorption bands of asymmetric (v,COO) and symmetric (v,COO) vibrations
of the methylbenzoate group in thorium(IV) complexes compared to the posi-
tion in the IR spectra of the sodium salts suggests that the methylbenzoate anion
is a bidentate chelating ligand.

The thermal stability of thorium(IV) methylbenzoates and basic benzenedi-
carboxylates was studied over the range 293-1273 K. The TG, DTG, DTA
curves were recorded on a Q 1500 derivatograph (Paulik-Paulik-Erdey) at a
heating rate of 10 deg-min™'. 100 mg samples were heated in ceramic crucibles
in air atmosphere. The DTA and DTG curves are presented in Fig. 1, and the
TG curves in Fig. 2. The thermal data of the dehydration process are presented
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in Table 2 and those of the decomposition in Table 3. The values of the activa-
tion energy of the dehydration reaction (E,) were calculated on the basis of the
method of Pletnyev and Fotiyev [16]. The intermediates of decomposition were
determined from the TG curve and confirmed by using IR spectra. The onset
temperature of the decomposition (TBD) was determined from the TG curve by
the method described in our previous work [15].

Results and discussion

Thorium(IV) complexes with methylbenzoic acids are crystalline solids of
low symmetry and big unit cells. The basic thorium(IV) salts with benzenedi-
carboxylic acids are amorphous. All the complexes prepared are white, with the
exception of [1,4-(benzene)dicarboxylato)]-dihydroxothorium(IV) monohydrate
which is pale brown.

d

Mass loss !/,
ol .o

IIO‘I.

Temperature/K

Fig. 2 TG curves of:a) Th(2-CH3CsH4COO)4; b) Th(4-CH3CsHsCOO), ;
¢) Th(OH)2(2-COOCH4CO0)-2H;0; d) Th(OH)2(3-COOCsH4,COO0)-2H;0

On the basis of DTG, DTA and TG curves (Figs 1 and 2) and thermal data of
dehydration (Table 2) and decomposition (Table 3) it was found that the com-
plexes prepared decompose in many steps but the intermediates are very unsta-
ble and their determination is impossible.

Anhydrous tetra(2-methylbenzoato)thorium(IV) decomposes in two steps. In
the first step it decomposes to thorium(IV) oxocarbonate and carbon, and then
produces ThO, with simultaneous combustion of carbon. Tetra(3-methylben-
zoato)thorium(IV) and tetra(4-methylbenzoato)thorium(IV) decompose to yield
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ThO; also in two steps but with formation of the intermediate di(methylben-
zoato)oxothorium(IV). Dihydroxo(4-methylbenzoato)thorium(IV) monohydrate
decomposes in three steps. In the first step it loses water of crystallization form--
ing the anhydrous complex, which then decomposes to ThO, with formation of
an unidentified intermediate.

The thermal stability of the described complexes (the value of TBD) in-
creases in the order:

Th(2-CH3CsH4COO)4 < Th(4-CH3CsH4COO)4 < Th(3-CH3CsH4COO)4

Dihydroxodi(4-methylbenzoato)thorium(IV) monohydrate has similar ther-
mal stability to tetra(4-methylbenzoato)thorium(IV). [1,2-(benzene)dicarboxy-
lato]dihydroxythorium(IV) dihydrate decomposes in two steps. In the first step
it loses water of crystallization forming the anhydrous complex which then de-
composes directly to ThO,. [1,3-(benzene)dicarboxylato]dihydroxythorium(IV)-
dihydrate and [1,4-(benzene)dicarboxylato]dihydroxythorium(IV)-monohydrate
when heated are dehydrated and then the anhydrous complexes decompose to ThO»
through the intermediate ThOCO;.

The thermal stability of these compounds (TBD) increases in the order:

Th(OH)2(2-O0CCsH4C0OO0)-2H;0 < Th(OH),(4-O0CCsH4CO0)-H,0
< Th(OH),(3-O0CCsH4CO0)-2H20

whereas the temperature of ThO, formation increases in the order:

Th(OH),(2-00CCsH4C00)-2H,0 < Th(OH)»(3-00CCeH4CO0)-2H,0
< Th(OH);(4-O0CCsH,CO0)-H,0

The dehydration process for all hydrated complexes proceeds in one step at
348-553 K. According to the values of dehydration energy (Table 2) the water
of crystallization is coordinated in the outer sphere. The thermal stability de-
fined by TBD for two ranges of complexes with the same composition has
higher values for the meta then for the para isomers. For the benzenedicar-
boxylic acids the substituent is simultaneously the second centre of coordination
and it is why the interpretation of experimental data is complicated. In contrast,
for the salts of methylbenzoic acids the increase in the thermal stability con-
nected with the change of substituent position in the benzene ring from para to
meta can be caused by mesomeric and induction effects of the substituent on the
centre of reaction (carboxylate group). The combined effects of the substituents
compared to the unsubstituted compound was described numerically by Ham-
mett’s substituent constants 8. From an analysis of the values of Hammett’s con-
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stants for -CH;, -OH and -NH, groups and thermal stabilities of thorium(IV)
benzenecarboxylates with these substituents [17] it is clear that the complex
with higher thermal stability contains the substituent in such position relative to
the reaction centre for which the Hammett’s constant of the substituent has a
higher value (e.g. 3-CH3 8 =-0.07 [18], 4-CH3; 8 = -0.17 [18]). The same de-
pendence is observed for the complexes prepared:

83-cn,) > Sa-cu,)

and
TBD| Th(3-CH;C4HC00)s| > TBD| Th(4-CH;CsH.COO),|

83-om) > Bu-om)

and [17]
TBD| Th(OH),(3-OHC¢H,COO0),-3H,0| > TBD| Th(OH),(4-OHCH,COO0),-4H0|

8-Nm) > Se-nm)

and [17]

TBD| Th(OH),(3-NH,C¢H,COO0),| > TBD| Th(OH),(4-NH,C(H,CO0),:2H;0 |

The interaction of the substituent in para position on the reaction centre is
due to simultaneous induction and mesomeric effects. The substituent in the
meta position influences the electron density by an induction effect, because the
transformation of mesomeric effect is weakened (6,=08;+0.38y) [19, 20]. It is
possible to suggest that the substituent with positive value of 8; causes a change
of the electron density of the reaction centre which increases the degree of the
ionic bond Th-O and in consequence gives rise to an increase in the thermal
stability of the thorium(IV) complex. The mesomeric effect of a substituent
characterized by a negative value of 3y evokes the adverse action and causes a
decrease in the thermal stability. The weakness of the 8y effect (in meta posi-
tion) causes an increase in the thermal stability of the meta isomer compared to
the para isomer.
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Zusammenfassung — Es wurden die Bedingungen und die Produkte der thermischen Zerset-
zung von Thorium(IV)komplexen der allgemeinen Formel Th(R-C¢H4COO)4 (mit R=2-CHj3, 3-
CH3s, 4-CHs), Th(OH),(4-CH3C¢H4COO)2-H,0 und Th(OH)2(R-CsH4,COO0)2.nH2O (mit R=2-
COO, 3-COO, n=2; R=4-COO, n=1) untersucht. Wasserfreie Thoriumkomplexe zersetzen sich
in zwei Schritten. Beim Erhitzen zersetzt sich Tetra(2-methylbenzoato)thorium(IV) itiber das
Zwischenprodukt ThOCO3 in ThO;, wihrend sich Tetra(3-methylbenzoato)thorium(IV) und
Tetra(4-methylbenzoato)thorium(IV) iiber Oxokomplexe in ThO» zersetzen. Hydratierte Tho-
rium(IV)komplexe werden in einem Schritt dehydratiert, die wasserfreien Komplexe zersetzen
sich dann anschlieflend in zwei Schritten zu ThO;. Di[1,2-(benzol)dicarboxylato]}dihydroxytho-
rium(IV) zersetzt sich unmittelbar in ThO;3, die 1,3- und 1,4-Isomere dagegen iiber intermedidre
Thorium(IV)oxocarbonate.
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