
Journal of Thermal Analysis and Calorimetry, Vol. 70 (2002) 581–592

SOLID-STATE COMPOUNDS OF
4-METHOXYBENZYLIDENEPYRUVATE AND
CINNAMYLIDENEPYRUVATES WITH THORIUM (IV)
Preparation and thermal studies

*

E. Schnitzler1, C. B. Melios2 and M. Ionashiro2**

1Departamento de Química, UEPG, 84030-000, Ponta Grossa, PR, Brazil
2Instituto de Química, UNESP, Araraquara (SP), C.P. 355, 14801-970, SP, Brazil

(Received November 25, 2001; in revised form April 5, 2002)

Abstract

By close control of experimental variables affecting precipitation, solid-state compounds of the type

Th(OH)mL4–m·nH2O, where L stands for 4-methoxy-benzylidenepyruvate, cinnamylidenepyruvate

or 4-dimethylaminocinnamylidene-pyruvate; m=0 to 3 and n=0.5–3 were isolated. Chemical analy-

sis, TG, DTG, DSC and X-ray powder diffractometry have been employed to characterize and to

study the thermal behavior of these compounds in dynamic air atmosphere. In all cases, hydration

water is slowly lost between 30 and 160°C; a continuous, slow rate, mass loss is observed thereafter

and beyond 280–400°C the rate of decomposition/oxidation increased rapidly, to give ThO2 as the

final product, beginning at 412–510°C. The results associated with the hydroxo-compounds indicate

that the loss of constitution water (OH ions) and the decomposition / oxidation of the organic moi-

eties occur as simultaneous process.

Keywords: cinnamylidenepyruvates, 4-methoxybenzylidenepyruvate, thermal decomposition,
Th(IV) compounds

Introduction

Complexes of 4-methoxybenzylidenepyruvate (4-MeO–BP) with several metal ions,

including trivalent lanthanides and yttrium [1], alkaline-earth cations [2] and some

bivalent transition metals [3] have been isolated and characterized. Complexation of

cinnamylidenepyruvate (CP) itself and 4-dimethylaminocinnamylidenepyruvate

(DMCP) by several metal ions was also investigated [4–6]. The formulae of the men-

tioned ligands are shown in Scheme I.
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In all these studies, no major difficulties were faced in obtaining binary com-

plexes of general formula Mm+Lm·nH2O, where M stands for the metal ion and L for

the ligands under consideration. These complexes are very slightly soluble in aque-

ous media as well as in most organic solvents. Preliminary attempts directed towards

the preparation of the analogous Th(IV) complexes from aqueous solutions by the al-

ready described procedures [1–6] presented difficulties: only solid materials with no

definite stoichiometry were invariably obtained. It was soon depicted that the main

drawback could be ascribed to the very pronounced tendency of Th(IV) to hydrolyse,

especially for concentrations higher than 0.1 M and pH�1.5, producing several

mono- and polynuclear hydroxo-complexes [7–9] and thus competition between hy-

droxide ions and the above mentioned �-ketoacid anions for Th(IV) becomes quite

significant at the usual working pH ranges (i.e., between 3.0 and 5.5).

As a result of a deep and extensive investigation involving rigidly controlled ex-

perimental variables affecting precipitation, such as pH ranges, ligand to Th(IV) con-

centration ratios, order and speed of reagents’ additions, several hydrated compounds

of definite stoichiometries, holding the general formula Th(OH) m L 4–m·nH2O, with m
ranging from 0 to 3 and n=0.5–3, could be isolated.

The present work deals mainly with the synthesis of the aforementioned com-

pounds and their characterization via chemical analysis, TG, DTG, DSC and X-ray

powder diffractometry. The results associated with the thermal behavior of these

compounds are discussed particularly in connection with those found in previously

reported studies on Th(IV) compounds comprising carboxylate-bearing ligands.

Experimental

Distilled, deionised water was used throughout and chemicals were of analytical re-

agent grade unless indicated otherwise. The sodium salts of 4-MeO–BP, CP and

DMCP were synthesised and purified as detailed in references �10–12�, respectively.

Aqueous solutions of these ligands, whose pH(s) were adjusted to 3.50±0.10,

4.60±0.10, 5.00±0.05 and 5.25±0.05 by adding diluted nitric acid solutions, were pre-

pared by direct weighing of the corresponding salts. Solutions were 0.10, 0.10 and

0.060 M, for 4-MeO–BP, CP and DMCP, respectively. For DMCP, the mentioned

concentration corresponds to a nearly saturated solution, at 25�C. For all these solu-

tions, precipitation takes place at pH�3.3 as the corresponding protonated forms of

the �-ketocarboxylates are sparingly soluble in aqueous media. Aqueous Th(IV) ni-

trate solution (0.20 M) was prepared by direct weighing of Th(NO3)4·4H2O; its pH

was adjusted to 2.00 by adding diluted nitric acid solution.
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The solid-state compounds were prepared by adding dropwise, with continuous

stirring, the Th(IV) solution to the ligands’ solutions. In all cases, precipitation took

place immediately. Further adopted experimental conditions as well as some features

of the obtained compounds are summarised in Table 1. The precipitates were care-

fully washed by decantation with water until nitrate free. Next, they were filtered

through Whatman no. 42 paper, left to dry at room temperature (12–24 h), and then

stored in a desiccator over anhydrous calcium chloride to constant mass.

After igniting the compounds to thorium(IV) oxide and dissolving it in a hot so-

lution comprising a mixture of concentrated nitric acid and hydrogen peroxide, their

Th(IV) contents were determined by complexometric titration with standard EDTA

solution, using xylenol orange as indicator [15]. The Th(IV) contents of the com-

pounds were also estimated from their corresponding TG curves. The dehydration of

the complexes was firstly pointed out by their DTG curves and subsequently con-

firmed by the broad endothermic peaks centered at 90–140°C in the respective DSC

curves. The water contents were then determined from the corresponding mass losses

observed in the TG curves. Next, the ligands’ contents (L or L plus OH–, for the bi-

nary- or hydroxo-complexes, respectively) were also assessed from the TG curves.

The TG, DTG and DSC curves were obtained by employing a Mettler TA-4000

thermal analysis system with air flow of 150 mL min–1, heating rate of 10°C min–1 and
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Table 1 Thorium(IV) compounds of 4-methoxybenzylidenepyruvates and
cinnamylidenepyruvates. Precipitation conditionsa

pH of ligand
solution

Ligand:Th(IV)/
molar ratio

Obtained compoundb Colourc Filmd

pH

3.50 5 Th(4-MeO–BP)4�2H2O brownish-orange 2.98

3.60 6 Th(CP)4�2H2O golden-yellow 3.07

3.40 5 Th(DMCP)4�3H2O black 3.40

4.50 3 Th(OH)(4-MeO–BP)3�1.5H2O orange 2.73

4.50 4 Th(OH)(CP)3�H2O canary-yellow 2.84

4.70 3 Th(OH)(DMCP)3�2.5H2O bluish-black 2.87

5.00 3 Th(OH)2(4-MeO–BP)2�H2O yellowish-orange 2.72

5.00 3 Th(OH)2(CP)2�H2O yellow 2.71

5.00 2 Th(OH)2(DMCP)2�H2O deep-blue 2.74

5.20 3 Th(OH)3(4-MeO–BP)�0.5H2O yellow 2.69

5.20 3 Th(OH)3(CP)�0.5H2O yellow 2.69

5.30 2 Th(OH)3(DMCP)�0.5H2O blue 2.74

aAdded volume of 0.20 M Th(NO3)4 solution (pH=2.00) : 10.0 mL; 4-MeO–BP : 0.10 M; CP : 0.10 M;
DMCP : 0.060 M
bSee analytical results (Table 2)
cThe colours of very dilute ThL3+ aqueous solutions (10–5–10–6 M) are yellow (L=4-MeO–BP,
�max=410 nm, 	max=2.56�104 M–1 cm–1) [13], pale-yellow (L=CP, �max=380 nm, 	max=1.83�104 M–1 cm–1)
[14] and blue (L=DMCP, �max=620 nm, 	max=6.18�104 M–1 cm–1) [12]
dSupernatant solution, after complete precipitation



with the sample weighing about 7–8 mg. Platinum and aluminium crucibles, the latter

with a perforated cover, were used for recording the TG/DTG and DSC curves, re-

spectively. Diffraction patterns were recorded on a Siemens mod. D–500 X-ray

diffractometer, using CuK� radiation (�=1.542 Å) and settings of 40 kV and 30 mA.

Acidities of aqueous solutions were measured with a Tecnal, mod. TEC-2 pH/ion

meter equipped with a combination pH electrode (Metrohm, mod. 6.0234.100). Before

each measurement the assembly was standardized by using a NBS phthalate buffer

(pH=4.01, at 25°C).

Results and discussion

Analytical and thermoanalytical (TG) results for the prepared compounds are pre-

sented in Table 2. Comparison of the results comprised in that Table shows very good

agreement between calculated and experimental contents, thereby supporting the pro-

posed general formulae. The X-ray powder patterns showed that all the compounds

were obtained in amorphous state.

The TG and DTG curves of the compounds are shown in Figs 1–4. These curves

show mass losses between 30 and 510°C, without evidence concerning the formation

of stable, anhydrous compounds. As previously stressed, the temperatures corre-

sponding to the mass losses due to dehydration were depicted from the DTG curves.

The mass losses beginning at 30°C, observed in all the TG and DTG curves, were un-
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Table 2 Analytical and thermoanalytical (TG) results

Compounds
Th(IV)/% 
La/% Water/%

Calcd. TG EDTA Calcd. TG Calcd. TG

Th(L1)4�2H2O 21.31 21.28 21.25 75.39 75.31 3.30 3.36

Th(OH)(L1)3�1.5H2O 26.02 25.99 26.08 70.95 70.90 3.03 3.02

Th(OH)2(L1)2�H2O 33.41 33.44 33.34 64.00 63.92 2.59 2.56

Th(OH)3(L1)�0.5H2O 46.66 46.62 46.69 51.53 51.56 1.81 1.82

Th(L2)4�2H2O 21.62 21.59 21.55 75.02 75.00 3.36 3.31

Th(OH)(L2)3�H2O 26.64 26.72 26.61 71.29 71.23 2.07 2.05

Th(OH)2(L2)2�H2O 33.80 33.84 33.87 63.58 63.49 2.62 2.59

Th(OH)3(L2)�0.5H2O 47.04 46.93 46.90 51.54 51.13 1.82 1.80

Th(L3)4�3H2O 18.36 18.37 18.45 77.36 77.38 4.28 4.33

Th(OH)(L3)3�2.5H2O 22.59 22.57 22.60 77.03 77.01 4.38 4.39

Th(OH)2(L3)2�H2O 30.03 30.00 29.98 67.64 67.69 2.33 2.29

Th(OH)3(L3)�0.5H2O 41.70 41.65 41.62 56.62 56.58 1.68 1.71

a

L, ligands’ loss (L or L+OH–, for binary and hydroxo-complexes, respectively);

L1, 4-methoxy-benzylidenepyruvate; L2, cinnamylidenepyruvate;
L3, 4-dimethylaminocinnamylidenepyruvate
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Fig. 1 TG and DTG curves of the compounds: a – Th(4-MeO-BP)4�2H2O (7.187 mg);
b – Th(CP)4�2H2O (7.439 mg) and c – Th(DMCP)4�3H2O (7.658 mg)

Fig. 2 TG and DTG curves of: a – Th(OH)(4-MeO-BP)3�1.5H2O (7.643 mg);
b – Th(OH)(CP)3�H2O (7.534 mg) and c – Th(OH)(DMCP)3�2.5H2O (7.657 mg)



J. Therm. Anal. Cal., 70, 2002

586 SCHNITZLER et al.: Th(IV) COMPOUNDS

Fig. 4 TG and DTG curves of: a – Th(OH)3(4-MeO-BP)�0.5H2O (8.744 mg);
b – Th(OH)3(CP)�0.5H2O (8.041 mg) and c – Th(OH)3(DMCP)�0.5H2O
(8.737 mg)

Fig. 3 TG and DTG curves of: a – Th(OH)2(4-MeO-BP)2�H2O (7.806 mg);
b – Th(OH)2(CP)2�2H2O (6.998 mg) and c – Th(OH)2(DMCP)2�H2O (8.112 mg).



doubtedly provoked by the purge gas (air) flowing at a rate of 150 mL min–1, as al-

ready observed for other amorphous compounds [1, 5, 6, 17]. The final residue in all

cases was ThO2, as evidenced by the location and relative intensity of its X-ray dif-

fraction peaks in comparison with those provided by the ASTM files [16]. After the

last step of thermal decomposition the minimum oxide level temperatures (MOLT)

for ThO2 were observed within the 412–510°C range (Table 3).

A close similarity is observed in all TG and DTG curves, both for binary and

hydroxo-compounds. Although the TG curves suggest mass losses in one step, the

DTG curves show mass losses in several overlapping consecutive or simultaneous

steps through a rather complex pathway.

For all the binary and hydroxo-compounds, the first mass loss indicated by DTG

curves is due to dehydration. After the dehydration, the thermal decomposition of
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Table 3 Dehydration processes and MOLT values for the prepared compounds

Process Peak temperaturea/°C MOLTb for ThO2/°C

Th(4-MeO–BP)4�2H2O
�Th(4-MeO–BP)4

140 451

Th(OH)(4-MeO–BP)3�1.5H2O
�Th(OH)(4-MeO–BP)3

140 430

Th(OH)2(4-MeO–BP)2�H2O
�Th(OH)2(4-MeO–BP)2

120 420

Th(OH)3(4-MeO–BP)�0.5H2O
�Th(OH)3(4-MeO–BP)

100 412

Th(CP)4�2H2O
�Th(CP)4

90 490

Th(OH)(CP)3�H2O
�Th(OH)(CP)3

90 480

Th(OH)2(CP)2�H2O
�Th(OH)2(CP)2

100 474

Th(OH)3(CP)�0.5H2O
�Th(OH)3(CP)

90 452

Th(DMCP)4�3H2O
�Th(DMCP)4

140 510

Th(OH)(DMCP)3�2.5H2O
�Th(OH)(DMCP)3

120 502

Th(OH)2(DMCP)2�H2O
�Th(OH)2(DMCP)2

110 441

Th(OH)3(DMCP)�0.5H2O
�Th(OH)3(DMCP)

90 432

aFrom DSC curves
bMinimum oxide level temperature [18]
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Fig. 5 DSC curves of: a – Th(4-MeO-BP)4�2H2O; b – Th(CP)4�2H2O;
c – Th(DMCP)4�3H2O; d – Th(OH)(4-MeO-BP)3�1.5H2O;
e – Th(OH)(CP)3�H2O and f – Th(OH)(DMCP)3�2.5H2O

Fig. 6 DSC curves of: a – Th(OH)(4-MeO-BP)2�H2O; b – Th(OH)2(CP)2�H2O;
c – Th(OH)2(DMCP)2�H2O; d – Th(OH)3(4-MeO-BP)�0.5H2O;
e – Th(OH)3(CP)�0.5H2O and f – Th(OH)3(DMCP)�0.5H2O



these compounds begins as a slow process, followed by a fast one giving MOLT val-

ues for ThO2 which depend on the identity of each compound.

The DSC curves of the compounds are shown in Figs 5 and 6. These curves

comprise broad endothermic peaks, followed by exotherms that are all in accord with

the mass losses given in the DTG curves. The broad endothermic peaks located at

90–140°C, observed in all DSC curves, are due to the dehydration process. The

exotherms observed after the dehydration step are attributed to the thermal decompo-

sition of the anhydrous compounds, where the oxidation of the organic matter takes

place in consecutive or simultaneous steps; this is in agreement with the DTG curves.

The temperatures associated with the dehydration process, along with the MOLT val-

ues for ThO2 are displayed in Table 3.

A close similarity is also observed in the DSC curves, both for binary and

hydroxo-compounds and in agreement with the TG and DTG curves.

No endothermic peak due to the loss of constitution water from the

hydroxo-compounds is observed in the DSC curves. This is an indication that the

constitution water and the organic ligands are lost simultaneously, prevailing the heat

due to oxidation of the organic matter (exothermic reaction).

The DSC curves also show that the thermal decomposition are still being ob-

served up to 600°C, while the TG and DTG curves display temperatures that do not

exceed 510°C. This difference is undoubtedly provoked by the crucible with perfo-

rated cover used to obtain the DSC curves, while a crucible without perforated cover

is used for recording the TG and DTG curves.

A literature search comprising dated [8, 19–21] and updated [22] reviews points

out that thermal analysis investigations on Th(IV) carboxylates received scant atten-

tion, particularly concerning compounds of monocarboxylates and hydroxo-

monocarboxylates. The complex formulated as Th(DMBP)4·2H2O, where DMBP

stands for 4-dimethylaminobenzylidenepyruvate, was investigated through TG, DTG

and DSC [17]; TG and DTA were employed in the study of compounds of general

formula Th(OH)m(CH3COO)4–m·nH2O, where m is within 1 and 3 [20, 23]; only TG

curves were recorded for Th(CH3COO)4 [20] and Th(OH)m (A)4–m [18] with m rang-

ing from 0 to 3 and A represents benzoate, phenylacetate, 3-hydroxybenzoate,

2-aminobenzoate, 3-methyl-phenoxyacetate, 2,4-dichlorophenoxyacetate, cinnamate

or stearate. Differential thermal analysis results are available for Th(OHCH2COO)4

·2H2O [24], Th(OH)0.5 (2-NB)3.5 and Th(OH)2 (4-NB)2·H2O, where 2-NB and 4-NB

stand for 2-nitrobenzoate and 4-nitrobenzoate, respectively [25].

Except for the study on Th(DMBP)4·2H2O [17], the investigations highlighted

above concerning the thermal behaviour of the Th(IV) carboxylates are rather incom-

plete. Furthermore, most of these studies are quite deficient in terms of data interpre-

tation. Additionally, important experimental information such as sample mass

[20, 23–27], sample support [20, 23–25], kind of atmosphere adopted in static dy-

namic fashion [18, 20, 23–25] and heating rates [20] is missing or not clearly stated.

Thus, the results gathered in the aforementioned studies are best regarded as explor-

atory and/or preliminary ones. Nevertheless, some tentative comparisons of these re-

sults with those obtained in the present work seem possible, a) as previously stated,
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the decomposition profile of all compounds investigated in this work, as displayed by

their TG and DTG curves (Figs 1–4) shows slow mass loss beginning at 30°C; be-

yond 280–400°C, the rate of decomposition increased rapidly to give MOLT values

for ThO2 within 412–510°C. Similar decomposition profiles are followed for both hy-

drated and anhydrous compounds involving DMBP [17], 3-hydroxy-,

2-amino-benzoate and stearate [18], for which the first mass loss is observed at

50–85°C and the vigorous decomposition process begins within the 205–360°C

range; b) the anhydrous compounds involving acetate [20], benzoate [18] and

cinnamate [18] present a different behavior as these are thermally stable up to 300,

285 and 180°C, respectively; c) previously reported MOLT values for ThO2

[17, 18, 24] as well as those determined in the present work (Table 3) are in good

agreement: all are comprised in the 412–550°C range; d) the DSC curves for the

hydroxo-compounds prepared in this work (Figs 5 and 6) indicate that the loss of con-

stitution water and the organic moiety decomposition/oxidation are simultaneous

processes. A similar pattern of behaviour is suggested for Th(OH)2(4-NB)2·H2O

through its DTA data [25]. On the other hand, for the hydroxo-acetate complexes, the

TG [20] and DTA [23] data point out that the two mentioned processes can be distin-

guished, proceeding stepwise. A two-stage process is also suggested by the DTA data

associated with the compound formulated as Th(OH)0.5 (2-NB)3.5 [25]. It is worth not-

ing that the DTA plots for the hydroxo-acetate [23] and hydroxo-2-NB [25] com-

plexes are quite distinct from the DSC ones associated with the presently prepared

hydroxo-compounds (Figs 5 and 6); e) the data given in Table 1 show that different

complexes have often been obtained by changing the experimental conditions only

slightly. This kind of behaviour, observed also for many reported Th(IV) systems

[18, 20, 23, 25], stresses, once again, the uncertainty concerning the composition of

the precipitates proposed for the gravimetric determination of thorium. Mainly for

this reason, the majority of the well-established gravimetric methods available for

Th(IV) are usually completed by igniting the precipitate to ThO2 [18].

Except for the compounds isolated in this work and for the binary ones compris-

ing acetate [20], glycolate [24] and DMBP [17], no information is given concerning

the crystallinity of the remaining Th(IV) carboxylates considered herein. Moreover,

for all but some acetate complexes [20] nothing is mentioned about the compounds’

nuclearity.

It is difficult to establish the nuclearity of the presently investigated complexes.

The difficulty stems mainly from their very low solubility, both in aqueous media and

in organic solvents. So, the most common techniques employed for the detection of

polymeric species in solution, such as molecular mass determinations, equilibrium

centrifugation and measurement of light scattering power cannot be applied. On the

other hand, magnetic susceptibility measurements on solids, which proved to be very

useful in indicating bridged polymeric arrangements and/or metal–metal interactions

in paramagnetic complexes [26] are not applicable to Th(IV) compounds as all these

are diamagnetic [8]. It is known that for Th(IV) concentrations equal to or higher than

0.1 M, in aqueous nitrate media, at 25°C, within the pH values encompassed during

the precipitation step, i.e., 5.30–2.69 (Table 1), both mono- and polynuclear soluble
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Th(IV) hydroxo-complexes exist in solution. For the above mentioned pH range, the

following species, in addition to the hydrated Th(IV) ion, have been identified in la-

bile equilibrium: Th(OH)3+, Th OH2 ( )2

6�, Th OH4 ( )8

8� and Th OH6 ( )15

9� [7–9]. Even for

the hydrated basic nitrate, Th(OH)(NO3)3·4H2O, a discrete dimeric structure has been

pointed out from single crystal X-ray diffraction [7]. Moreover, most Th(IV)

carboxylates whose structural analyses have been completed on crystals exhibit poly-

meric structures [8, 20, 21].

All attempts at growing good single crystals of the presently investigated com-

pounds or at obtaining them, as polycrystalline powders were unsuccessful. Their

amorphous state, absence of definite melting points and insolubility in a wide variety

of solvents suggest that these compounds might be polymeric in nature. It is known

that high molecular mass metal coordination polymers bearing oxygen or sulphur as

donor atoms are generally hard, fiber- or film-like materials, stable at relatively ele-

vated temperatures (i.e., up to ca 400°C) [27, 28]. The presently prepared compounds

do not display these features. So, if polymeric, they should be, almost certainly, of

low nuclearity.

* * *

The authors thank FAPESP (Grant 90/2932-4) and CNPq Foundations (Brazil) for financial support

as well as to Ms Isilda M. A. Ogata for aid in the preparation of this manuscript.

References

1 L. C. S. de Oliveira, C. B. Melios, M. S. Crespi, C. A. Ribeiro and M. Ionashiro,

Thermochim. Acta, 219 (1993) 215.

2 L. C. S. de Oliveira, D. E. Rasera, J. D. S. de Oliveira, C. B. Melios and M. Ionashiro,

An. Assoc. Bras. Quím., 47 (1998) 75.

3 L. C. S. de Oliveira, D. E. Rasera, O. S. Siqueira, J. R. Matos, C. B. Melios and M. Ionashiro,

Thermochim. Acta, 275 (1996) 269.

4 E. Schnitzler, C. B. Melios and M. Ionashiro, An. Assoc. Bras. Quím., 47 (1998) 326.

5 J. D. S. de Oliveira, M. I. G. Leles, L. M. D’Assunção, C. B. Melios and M. Ionashiro,

J. Braz. Chem. Soc., 10 (1999) 209.

6 M. I. G. Leles, E. Schnitzler, M. A. S. Carvalho Filho, N. S. Fernandes, C. B. Melios and

M. Ionashiro, An. Assoc. Bras. Quím., 48 (1999) 37.

7 C. F. Baes Jr. and R. E. Mesmer, The Hydrolysis of Cations, John Wiley & Sons, New York,

1976, p. 158.

8 J. J. Katz, G. T. Seaborg and L. R. Morss (Eds), The Chemistry of the Actinide Elements,

2nd Ed., Vol. 2, Chapman & Hall, London, 1986, pp. 1367, 1454 and 1484.

9 K. A. Gschneider Jr., L. Eyring, G. R. Choppin and G. H. Lander (Eds), Handbook on the

Physics and Chemistry of Rare Earths, Vol. 18: Lanthanides/Actinides Chemistry, North

Holland, Amsterdam, 1994, p. 547.

10 M. Reimer, J. Am. Chem. Soc., 48 (1926) 2459.

11 E. Lubrzynska and I. Smedley, Biochem. J., 7 (1913) 375.

12 N. C. S. Pereira, C. B. Melios, R. N. Marques, O. S. Siqueira, M. de Moraes, M. Molina and

M. Ionashiro, J. Alloys & Compounds, 249 (1997) 94.

J. Therm. Anal. Cal., 70, 2002

SCHNITZLER et al.: Th(IV) COMPOUNDS 591



13 C. B. Melios, M. Ionashiro, H. Redigolo, M. H. Miyano and M. Molina, Eur. J. Solid State

Inorg. Chem., 28 (1991) 291.

14 O. S. Siqueira, C. B. Melios, M. Ionashiro, M. de Moraes and M. Molina, J. Alloys &

Compounds, 225 (1995) 267.

15 J. Körbl and R. Pribil, Chemist-Analyst, 45 (1956) 4.

16 ASTM - Joint Committee on Powder Diffraction Standards, The Powder Diffraction File,

Philadelphia, PA, USA, 1967.

17 D. E. Rasera, L. C. S. Oliveira, C.B. Melios and M. Ionashiro, Thermochim. Acta,

250 (1995) 151.

18 W. W. Wendlandt, Anal. Chem., 29 (1957) 800.

19 K. W. Bagnall, Lanthanide and Actinide Carboxylates, in International Review of Science,

Inorganic Chemistry, Ser. 2, Vol. 7 (K.W. Bagnall, Ed.), Butterworths, London, 1975, p. 42.

20 U. Casellato, P. A. Vigato and M. Vidali, Coord. Chem. Rev., 26 (1978) 85.

21 R. C. Mehrotra and R. Bohra, Metal Carboxylates, Academic Press, London, 1983, p. 302.

22 D. Dollimore, Anal. Chem. (Fundam. Rev.), 60 (1988) 274R; 62 (1990) 44R; 64 (1992) 147R;

66 (1994) 17R; 68 (1996) 63R; 70 (1998) 27R.

23 K. N. Kovalenko, D. V. Kazachenko and O. N. Samsonova, Russ. J. Inorg. Chem.,

8 (1963) 407.

24 D. V. Kazachenko and K. N. Kovalenko, Russ. J. Inorg. Chem., 11 (1966) 871.

25 K. N. Kovalenko and L. V. Lutsenko, Russ. J. Inorg. Chem., 12 (1967) 1582.

26 R. H. P. Francisco, J. R. Lechat, A. C. Massabni, C. B. Melios and M. Molina,

J. Coord. Chem., 10 (1980) 149.

27 K. V. Martin, J. Am. Chem. Soc., 80 (1958) 233.

28 J. E. Mark, H. R. Allcock and R. West, Inorganic Polymers, Prentice-Hall, Englewood Cliffs,

NJ, USA, 1992, p. 256.

J. Therm. Anal. Cal., 70, 2002

592 SCHNITZLER et al.: Th(IV) COMPOUNDS


