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The condit ions of thermal  decomposit ion of La, Ce(III),  Pr(III),  Nd, Sm(III),  Eu, Gd, 
Tb(I I I ) ,  Dy, Ho, Er, Tin, Yb and Lu sebaeates have been studied. When heated in air  atmos- 
phere,  the  sebacates of La and lanthanides with general formula Lnz(C10H1604)3"nH20, 
where n = 6-24, lose some crystallization water molecules in one or two steps at 323-343 K 
and  are then dehydra ted  and decomposed simultaneously to the oxides Ln203, CeO2, Pr6Oll  
and Th407. The oxides are formed over the range of temperature  783 K (CeO2) - 1073 K 
(Nd203). 

Introduction 

n-Octano-l,8-dicarboxylic acid, known as sebacic acid, is a crystalline 
solid sparingly soluble in water [1]. Sebacates of lanthanides are little 
known, but a survey of the literature does reveal some papers on these com- 
pounds. 

Sebaeates of lanthanides have been prepared as hydrated salts [2] spar- 
ingly soluble in water [3] by heating a solution of LnC13 with ammonium 
sebacate solution [2]. Whittemore and James [4] used sebaeic acid for the 
quantitative determination of yttrium [5], whereas Smith and James [5] ap- 
plied it to separate Ianthanides from thorium (IV). Brzyska and Hubicki [6] 
prepared La, Ce(III), Pr(III), Nd, Sm(III) and Y sebacates, determined 
their solubilities in water and demonstrated the separation of a mixture of 
rare earths by the fractional precipitation of their sebaeates. Azikov and 
Serebrennikov [7] prepared sebacates of La, Sm(III) and Lu and recorded 
their IR spectra. In previous work we examined the thermal decomposition 
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of yttrium sebacate [8]. The sebacates of all the rare earth elements have not 
been studied systematically. 

As a continuation of our research on the thermal decomposition of rare 
earth alkanodicarboxylates, we now report on the thermal decomposition of 
lanthanum and lanthanide sebacates during heating in static air atmosphere. 

Experimental 

Sebacates of La and lanthanides from Ce(III) to Lu (except Pro) were 
prepared by adding equivalent amounts of a 0.1 M solution of ammonium 
sebaeate (pH 5.5-6.0) to a hot solution of the rare earth chloride 
(eerium(III) was used as nitrate). The precipitate formed was heated in the 
mother liquor at 343-353 K for 0.5 hr, and was then filtered off, washed with 

water to remove C1- and NH + ions and dried at 303 K to constant weight. 
The contents of carbon and hydrogen were determined by elemental 

analysis. The rare earth content was determined by ignition of the salt to the 
oxide at 1073 K and from the TG curve. The content of water was deter- 
mined from the TG curve and by heating the prepared salt isothermally at a 
definite temperature (Table 1). 

The thermal stability and solid products of decomposition of the rare 
earth sebacates were studied. The measurements were made with a O-1500D 
derivatograph recording TG, DTG and DTA curves. Samples of 100 mg 
were heated in static air in ceramic crucibles up 1273 K at a heating rate of 
10 deg" rain -1 with sensitivities TG - 100 mg, DTG - 500 MV, DTA - 500 MV. 
The products of decomposition were calculated on the basis of the TG curve 
weight losses and were verified by recording IR spectra and diffraction pat- 
terns. 

The thermoanalytical curves of Ce(III), Pr(III), Tb(III), Dy, Ho, Tm and 
Yb sebacates heated at 473 K were additionally recorded. 

Results and discussion 

The sebacates of La and the lanthanides from Ce(III) to Lu (except Pm) 
were prepared as crystalline solids with colours characteristic of the Ln(III) 
ions. The prepared sebacates are hydrated salts with a metal to anion ratio 
of 2:3 and various degrees of hydration (Table 1). The number of crystal- 
lization water molecules ranges from 6 for samarium(III) sebacate to 24 for 
the gadolinium salt. From the thermal curves recorded for the prepared 
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salts, the temperatures and solid products of decomposition were estab- 
lished and are presented in Tables 2 and 3 and in Figs 1-4. 
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Fig. 1 TG, DTG and DTA curves of Ce2(C10H1604)3" 101-120 

When heated in air, these salts decomposed in various way. The hydrated 
La, Nd and Lu sebacates lost some crystallization water molecules in two 
steps and then lost the residual water molecules during decomposition. The 
salts of La and Nd decomposed to the oxide Ln203 with intermediate forma- 
tion of LnzOzCO3 (Table 3), whereas the Lu salt decomposed directly to 
LuzO3. 

The hydrated sebacates of Ce(III), Gd, Tb(III), Dy, Ho, Er, Tm and Yb 
decomposed in two steps. In the first step, at 333 K, they lost some crystal- 
lization water molecules and then decomposed directly to the oxides Ln203, 
CeO2 and Tb4OT. The hydrated sebacates of Pr(III), Sm(III) and Eu(III) lost 
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some water mo!ecules and then decomposed to the oxides Lnz03 and Pr60u 
with intermediate formation of Ln~OzC03. 

0 

10 

20 

30 

4D 

5O 

i 
7 0  

% 
\ 

I I I ,  I 
373 1.73 573 673 

DTG 

t 
t 
I 

I 
# 

I I . . . .  1 
773 B73 973 

T/• 
F~. 2 TG, DTG and DTA c-r,,ea of Ndz(CIoH1604)~" 12H20 

Exo 

T 
AT 

Endo 

The activation energy of the dehydration reaction, calculated according 
to the Chuchas and Jezerskaya method [9], ranged from 269 J'mo1-1 for the 
Lu salt to 532 J-tool -1 for the Dy salt (Table 2) and varied irregularly in the 
lanthanide series. 

The dehydration and simultaneous decomposition were accompanied by 
strong endothermic effects, and the combustion of the organic ligand by an 
exothermic effect. The DTA curves exhibited strong endothermic effects 
connected with a dehydration process, dehydration and simultaneous 
decomposition of the salt and decomposition of LnzO2CO3, and exothermic 
effects connected with combustion of the organic ligand. The thermoanalyti- 
cal curves of the Ce(III), Pr(III), Tb(III), Dy, Ho, Tm and Yb salts heated 
isothermally to constant weight at 473 K were also recorded (Figs 3b and 
4b). The results obtained confirmed the data obtained from the fundamental 
thermal curves. 

The thermal studies permit the suggestion that the crystallization water 
molecules are bonded in various ways. The water molecules lost at 333 K are 
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weakly bonded and are outer sphere water molecules, whereas the water 
molecules lost during decomposition are inner sphere molecules. 

The temperatures of the beginning of rare earth sebaeate decomposition 
(To), the temperatures of oxide formation (T~) and the atomic numbers Z of 
the lanthanides are presented in Fig. 5. 

4 

I Nd Tb 

8231_ Ce I !u 

t I I I i ! i t I I t 
I I t I I I 

I? i I i 
I I 

423 I 
58 60 62 64 

I , I , I , 
66 68 70 Z 

Fig. 5 Relationship between To, Tk and atomic number Z 

These temperatures change periodically in the lanthanide series with in- 
crease of the atomic number. Cerium(III) sebaeate is the most stable 
(T= 603 K), whereas samarium(III) sebacate is the least stable (T= 468 K). 

The sebaeates of La, Pr(III), Nd, Sm(III) and Eu(III) decompose to the 
oxides via Ln202CO3, whereas the sebacates of Ce(III), Gd, Tb(III), Dy, Ho, 
Er, Tin, Yb and Lu decompose to the oxides directly. The sebacates of La, 
Nd and Tb display the higest temperatures of oxide formation (1033- 
1073 K), and Ce(III) sebaeate the lowest one (783 K). The sebacates of the 
other rare earth elements decompose at 833-983 K. 
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Zusemmenfassung  ~ Bei Erhitzen in Luft wurde die thermische Zersetzung der Sebazate 
yon La, Ce(III),  Pr(III),  Nd, Sm(III), Eu, Gd, Tb(III),  Dy, Ho, Er, Tm, Yb und Lu unter- 
sucht. Die Sebazatc yon La und der Lanthanoide mit der allgemeinen Formel 
Ln2(CloH1604)3 .nH20 mit n = 6--24 verlieren Kristallwasser in ein oder zwei Schritten bei 
323-343 K und werden anschlicBend dehydratiert und gleichzeitig in die Oxide Ln203, CeO2, 
Pr6Oll und Tb407 zersetzt. Die Oxide werdcn im Temperaturbereich 783 K (CeO2) his 
1073 K (Nd203) gebildet. 
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