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The thermal decompositions of the acetates of Pr, Nd, Sm, Gd and Ho have been 
investigated using thermogravimetry and differential thermal analysis, together with 
infrared spectroscopy and X-ray diffraction. The thermal decompositions of the acetates 
of the rare earth elements exhibit several stages, depending upon both the number of 
crystal water molecules in the acetates and the rare earth element behaviour. Experi- 
ments with the benzoates and abietates of Pr, Nd, Sm, Gd and Ho indicate some 
correlations in the thermal decompositions of carboxylates of the rare earth elements. 

The preparation of transition metal compounds and mixed oxides by solid- 
state reactions requires prior information on the compositions and the thermal 
dissociation behaviours of the individual reactants and precursors. The thermal 
decompositions of a number of oxysalts of the rare earth elements, viz. carbonates 
[1 - 3  ], formates [4, 5], oxalates [6-8] ,  malonates [9], succinates [9], citrates [10], 
butyrates [11], terephthalates [12], benzoates [13], ortho-methoxybenzoates [14], 
diethylmalonates [151, adipates and sebacates [16], have been studied, but no such 
study appears to have been performed on the acetates of the rare earth elements. 
Witt and Onstott [17] studied some properties of the hydrated acetates of Pr, Nd 
and Sm, but they did not investigate the thermal decompositions of the compounds. 

The presdnt article reports a study of the thermal decompositions of the acetates 
M(CH3COO)3 " H20 (M = Pr, Nd, Sm) and M(CHaCOO)z �9 3 H20 (M = Gd, 
Ho), benzoates M(C6HsCOO)3 �9 4 H~O (M = Pr, Nd, Sin, Gd, Ho) and abietates 
M(C19H29COO) a (M -- Pr, Nd, Sm, Gd, Ho) in static air using thermogravimetry 
<TG), differential thermal analysis (DTA), IR spectroscopy and X-ray powder 
diffraction. 

Experimental 

The samples of rare earth element acetates used were Pr(CH~COO)3 �9 H20 ' 
Nd(CH3COO)3 " H20, Sm(CHaCOO)3 " H20, Gd(CHaCOO)3 �9 3 H20 and 
Ho(CH3COO)3 �9 3 H~O of pure chemical grade (Rare Metal Plant, Novosibirsk). 
Rare earth benzoates were prepared by mixing aqueous solutions of lanthanide 
nitrates and ammonium benzoate. The precipitated lanthanide benzoates were 
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filtered, washed with distilled water, recrystallized from hot distilled water and 
dried at room temperature. The compounds were white crystals with general for- 
mula M(CrH5COO)s " 4 H20. Lanthanide abietates were prepared from lanthanide 
nitrates and abietic acid in CHC1 a + Et20 (1 : 1) mixtures. The compounds were 
voluminous amorphous precipitates with general formula M(CxgH29COO)3. 

The T G  and DTA analyses were performed with a MOM derivatograph, Model  
OD-102, and a platinum crucible (7 mm dia), with calcined alumina as the reference 
material in static air. In each case 30, 100 and 200 mg powdered samples with a 
particle size less than 35 microns were taken; the heating rates were 3, 7 and 
10 deg/min for these quantities, respectively. 

Infrared spectra were obtained using a UR-20 spectrophotometer (Karl Zeiss). 
in the region 4000-400  cm -1 (in KBr discs) and a Model 345 Hitachi in the region 
8 0 0 -  200 cm-1 in CsI pellets. X-ray diffraction data were obtained with a Dron-I 
diffractometer with Fe-unfiltered radiation. The surfaces and the average sizes o f  
the product particles were examined with a Jem-5Y (Jeol electron microscope). 

Results and discussion 

TG and DTA investigations on the lanthanide acetate hydrates indicate clearly 
that the thermal decompositions of the acetates, just as those of many other lantha- 
nide carboxylates, involve a number of stages with separation of lanthanide oxy- 
carbonates as intermediates. The total number of stages depends on the quantity 
of  crystal water and the properties of the rare earth element; the heating rate is, 
sometimes also a factor which may influence the number of decomposition stages, 
because some of the stages cannot be separated in the T G  curves. 

Praseodymium acetate, Pr( Ctl~CO0) 3 �9 H20 

Table 1 

Thermogravimetric data and temperature intervals in the thermal decomposition 
of praseodymium acetate, Pr(CHaCOO)3 " H20 

Decomp. stage 

I 
II 

III 
IV 
V 

VI 
VII 

Temperature 
interval,~ 

130--180 
195--215 
280--310 
320--370 
380--445 
540-- 600 
940--960 

Mass loss, 

Theoretical Observed 

4.9 4.8 
5.4 5.4 

15.2 15.0 
33.0 33.2 
43.8 44.2 
49.4 49.6 
50.9 51.0 
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The decomposition of  praseodymium acetate may be represented as follows 

Pr(CHaCOO) a" H20 - ~ Pr(CHaCOO)a" 0.1 HzO rr _ Pr(CH3COO) a n ~  

VII ~ r .  Pr2(CHaCOO)~(COa ) IV Pr~O2(COa) v Pr2Oa2C w P r 6 O l t _ _ r r ~ u 3  

The thermogravimetric data and temperature intervals are listed in Table 1. 
derivatogram of Pr(CHaCOO)z. H20 is given in Fig. 1. 

d~ ! I! o~ 
dt t - - - - ,  r "-'~ t " "~r-~" . . . . . . .  

j ,,oo 300>0 7 
I 6 0 0 ~ -  355? [ UTA 
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Fig. 1 Thermal curves of Pr(CHaCOO) a �9 H20 (mass 100 rag, heating rate 7~ 

We should like to emphasize that the thermal decomposition process involves 
~m intermediate hydrate Pr(CHaCOO)a. 0.1 HzO. The intermediate is always 
azlearly revealed in the TG and D T G  curves and infrared spectra of the product 
quenched from 150, 160 and 170 ~ show a diffuse intense absorption band in the 
region 3500-3550 cm -1 ( v O - H ) .  It may be assumed that a small praseody- 
mium(IV) content in the starting material is the reason for the intermediate hydrate 
formation. 

Neodymium and samarium acetates, Nd(CH3COO)a �9 H.,O and 
Sm(CHaCOO)a" H~O 

The thermal decomposition behaviours of Nd(CHaCOO)a 'H~O and 
Sm(Ctt3COO) a �9 H~O are illustrated in Table 2 and Figs 2 and 3. The thermogravi- 
metric analysis curves of the acetates show that they undergo decomposition in four 
stages. The molecule of crystal water is lost in one stage; all intermediates have 
analogous compositions in the two cases. 
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Fig, 2. Thermal  curves of Nd(CH3COO)3 �9 H~O (mass 30 rag, heating rate 3~ 
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Fig. 3. Thermal curves of Sm(CH3COO)a " HzO (mass 30 rag, heating rate 3~ 
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Table 2 

Temperatures of intermediate formation and mass losses 
for the termal decompositions of Nd/CHsCOO)~ �9 H20 and Ho(CHaCOO)a " H20 

21~) 

Intermediate 

M(CH~COO)3 

MzO(COz)2 

MzO2(CO~) 

M20~ 

M 

Nd 
Sm 
Nd 
Sm 
Nd 
Sm 
Nd 
Sm 

Temperature 
of formation, ~ 

120--190 
100--170 
275--360 
305--380 
385--445 
400--455 
650--720 
620--680 

Mass loss, % 

Theor~ieal Observed 

5.4 5.4 
5.2 5.1 

37.5 37.3 
35.8 36.3 
44.0 43.6 
42.1 42.0 
53.4 53.7 
50.8 50.5 

Gadolinium acetate,  G d ( C H s C O O ) s  �9 3 H 2 0  

The thermal  decompos i t ion  of  Gd(CHaCOO)3 �9 3 H 2 0  involves six steps and 
the fol lowing decompos i t ion  pa th  is p roposed:  

Gd(CHaCOO)z  �9 3 H~O ~ Gd(CHzCOO)3 �9 H20  I~!-t 

Gd(CHaCOO)  3" 0.5 H~O nI IV v Gd(CHsCOO)a  - -  Gd20(CO, )  2 

Gd202(CO3) vi Gd203 

The data  on the thermal  decompos i t ion  are given in Table  3 and Fig. 4. 

Table 3 

Data on the thermal decomposition of Gd(CHsCOO)3 �9 3 H20 

Decomp. stage 

I 
I1 

III 
IV 
V 

VI 

Temperature 
interval, ~ 

50-- 100 
105--130 
150--170 
290--350 
365--400 
560--600 

Mass loss, 

Theoretical Observed 

9.3 9.3 
11.6 11.8 
13.9 14.0 
42.0 41.3 
47.7 48.4 
53.3 53.5 
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Fig. 4. Thermal curves of  Gd(CHaCOO)~ �9 3 H20 (mass 100 mg, heating rate 7~ 

Holrnhtrn acetate, Ho(CH3CO0)s" 3 H~O 

The thermal decomposition of holmium acetate trihydrate is a four-stage pro- 
cess, distinguished from the decomposition of gadolinium acetate trihydrate by 
the absence of an intermediate monooxycarbonate of formula Ho20(CO3)2. The 
thermogravimetric analysis data are given in Table 4 and the thermal curves of  
Ho(CH3COO) 3 �9 3 H~O in Fig. 5. 

Table 4 

Thermogravimetric data on the thermal decomposition of 
I-Io(CHaCOO)3 �9 3 H20 

Intermediate 

Ho(CH~COO)~ " 0.5 H~O 
Ho(CHaCOO)3 
Ho~O~(CO)8 
Ho203 

Temperature 
interval 

of  formation, ~ 

56--120 
130-- 160 
410--540 
650--740 

Mass loss, % 

Theoretical Observed 

11.4 11.0 
13.7 13.9 
46.7 47.2 
52.3 52.0 

.7. Thermal ,4naL 15, 1979 



SHAPLYGIN et al. : A THERMOGRAVIMETRIC STUDY OF PRASEODYMIUM(nI) 221 

o dm I " ~  DTG 

t / ioo ~ I ' , l /  7z~176 

I _.3 iL-_.___ 

V, oo 
'" /, -100~ 
Am; ~ 

20 ~ 0 C C H 3 ) 3  

, o  III-HozOz CO a 

60 TG 
Temperature ~~ 

Fig. 5. Thermal  curves of  H o ( C H 3 C O O )  3 �9 3 H20 (mass 100 mg, heating rate 7~ 

The rare earth element benzoates and abietates 

The results of the thermogravimetric investigations on praseodymium, neody- 
mium, samarium, gadolinium and holmium benzoate tetrahydrates and the an- 
hydrous abietates indicate that as the number of carbon atoms in the organic 
anion increases the thermal decomposition of the lanthanide carboxylates becomes 
simpler and the total number of decomposition stages decreases. In the thermal 
decompositions of the lanthanide benzoates, intermediate oxy-carbonates are not 
formed and the benzoates decompose into Nd, Sin, Gd, Ho sesquioxides (or into 
Pr~011 for the praseodymium compound); this is in accordance with the data in 
[13]. 

The thermogravimetric analysis curves of the lanthaide abietates, 
M(CI~H20COO)3, indicate the existence of intermediates of non-constant compo- 
sition, with general formula MzO2(CO3)x " C, where 0 < x < 1, 1 < y < 3. 
With elongation of the carbon chain R in the acid RCOOH, the temperature of 
formation of the lanthanide oxide decreases. 

On the basis of the thermogravimetric analysis data on the benzoates and abie- 
tates, the following decomposition paths are proposed: 

M(C6HsCOO)3 �9 4 H20 -~ M(C6HsCOO)3 (in the interval 90-140 ~ - M208 
(or Pr6Oll) at 480-630 ~ 

M(C19H2~COO)a -* M202(CO3)x " yC (for 0 < x < 1, 1 < y < 3 i n  the tem- 
perature interval 160-500 ~ --. MaO 3 (or Pr6Olz ) at 520-610 ~ 
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It should be noted that the DTA curves of the benzoates show an irreversible 
sharp endothermic peak (without mass loss in the TG curve) in the temperature 
region 245-270 ~ which must be associated with a phase transition of the benzo- 
ates, as tound earlier [13]. 

Fig. 6. Electron micrograph of Sm203 prepared by the thermal decomposition 
of Sm(CagHzgCOO)8 at 650 ~ (X 24 000) 

There is an important correlation between the particle size of the separating 
lanthanide sesquioxide and the number of carbon atoms in the carboxylate ion: 
the average particle size of the sesquioxide decreases as the number of carbon 
atoms in the carboxylate residue increases. For example, the average particle size 
of Sm203 as decomposition product in the thermal decompositions of samarium 
acetate, n-butyrate, benzoate and abietate was 6.0 4- 2.2; 4.8 _ 1.4; 2.1 + 0.8 
and 0.18 _+ 0.06 microns, respectively (on the basis of electron micrographs). 
Samarium sesquioxide as the thermal decomposition product of samarium abietate 
Sm(CagH~gCOO)z is shown in Fig. 6. 

From the data it may be concluded that the study of the thermal decompositions 
of Pr, Nd, Sin, Gd and Ho acetates, benzoates and abietates gives definite informa- 
tion about the compositions of the intermediates, the temperatures of stability of 
the compounds, and the formation conditions and particle sizes of the final prod- 
ucts, used to prepare other rare earth compounds by solid-state reactions. 

We should like to thank Prof. L. N. Komissarova for helpful remarks and discussions. 
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RESUMI~ - -  La d6composition thermique des ac6tates de Pr, Nd, Sm, Gd et Ho a 6t6 6tudi6e 
par  thermogravim6trie et analyse thermique diff6rentielle ainsi que par  spectroscopie infra- 
rouge et diffraction des rayons X. La d6composition thermique des ac6tates de terres rares se 
produit  en plusieurs 6tapes qui d6pendent fi la lois du nombre  de"omol6cules d 'eau de cristalli- 
sation de l 'ae6tate et du comportement  de l'616ment des terres rares consid6r6. Des exp6riences 
effectu6es avec les benzoates et abi6tates de Pr, Nd, Sin, Gd et Ho montrent  que la d6-com- 
position thermique des carboxylates d6pend des 616ments de terres rares consid6r6s. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung der Acetate von Pr, Nd, Sm, Gd und Ho 
wurde du tch  Thermogravimetrie und  Differentialthermoanalyse in Verbindung mit der 
Infrarotspektroskopie und  RSntgendiffraktionsmethode untersucht. Die thermische Zerset- 
zung der Acetate der seltenen Erden verl/iuft in mehreren Stufen, welche sowohl yon der Zahl  
der Kristallwassermolektile in den Acetaten als auch yon dem Verhaltenl der seltenen Erden 
abh/ingen. Experimenlte mit den Benzoaten und Abietaten yon Pr, Nd, Sin, Gd und Ho 
zeigen gewisse Abh/ingigkeiten yon der thermischenl Zersetzung der Carboxylate der seltenen 
Erden. 

Pe3ioMe - -  FIccJie~oBarlo Teplvm~ecroe paanoxei-me atIeTaTOB Pr, Nd, Sm, Gd r~ Ho, ~IClIOZm3y~ 
TepMorpaBn:Mexpnlo ~t ~iaqbqbepemma.lll, i~i~t TepMn~ecri~ al~a~3, COBMeCTnO e HK-cnei~TpO- 
Crolme~ ~ pe~xreHo-~IqbqbpalamOrlrmlM MeTO)~OM. Teplvmnecroe pa3~Iox~erme aI~eTaTOB pe~- 
KO3eMeHBI-ILIX 3aeMeHTOB nMeeT necKoJILrO CTa~LI~, 3aBnc~mnx rai( OT ~mcJIa rpncTammaalmoH- 
HO~ BO~BI B aHeTaTax, TaK It OT noBe)xem~a peJ~Ko3eMeYfl~Horo a3IeMeHTa. ~)KcIIepI~c/eHTBI C 6eH- 
aoaTaMn n pe3rmaTaMa Pr, Nd, Sin, Gd rI Ho yra3l~malOT ~a ReI~oTop~,Ie 3aBHCaMOCTrI Teplvm- 
�9 Iecroro pa3JiomeH~t Kap6oI~CnJIaTOB pe:xKO3eMem,m, ix 3neMeHTOB. 
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