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Abstract The thermal decomposition of Ho(III), Er(III),

Tm(III) and Yb(III) propionate monohydrates in argon was

studied by means of thermogravimetry (TG), differential

thermal analysis (DTA), IR-spectroscopy and X-ray dif-

fraction (XRD). Dehydration takes place around 90 �C. It

is followed by the decomposition of the anhydrous propi-

onates to Ln2O2CO3 (Ln = Ho, Er, Tm or Yb) with the

evolution of CO2 and 3-pentanone (C2H5COC2H5) between

300 and 400 �C. The further decomposition of Ln2O2CO3

to the respective sesquioxides Ln2O3 is characterized by an

intermediate plateau extending from approximately

500–700 �C in the TG traces. This stage corresponds to an

overall composition of Ln2O2.5(CO3)0.5 but is more prob-

ably a mixture of Ln2O2CO3 and Ln2O3. The stability of

this intermediate state decreases for the lighter rare-earth

(RE) compounds studied. Full conversion to Ln2O3 is

achieved at about 1,100 �C. The overall thermal decom-

position behaviour of the title compounds is similar to that

previously reported for Lu(C2H5CO2)3�H2O.

Keywords Rare-earth propionate � Holmium � Erbium �
Thulium � Ytterbium � Thermal decomposition � TG/DTA �
IR � X-ray powder diffraction

Introduction

The worldwide ongoing research and the development

activities aiming at producing high critical current density

superconducting tapes with the so-called coated-conductor

architecture have initiated a strong interest in chemical

solution processing of rare-earth (RE) containing com-

pounds in the form of highly textured thin films [1, 2].

Among numerous potential precursors, RE propionates

appear as promising candidates for the manufacture of the

REBa2Cu3O7 superconducting layers [3–8] as well as

some buffer layers consisting of (La,Sr)MnO3, La2Zr2O7,

Gd2Zr2O7 or Ce(Gd)O2 - d, for example [9–12]. The

achievement of high-performance-coated conductor tapes

critically depends on the quality of the various constituent

layers [13, 14] and optimisation of the processing param-

eters relies thus on a sound understanding and control of

the thermal decomposition process of the precursor

solutions.

A detailed interpretation of studies dealing with the

decomposition process of propionate-based mixtures is

rather difficult owing to the overlapping decomposition

steps taking place in the individual propionates and inter-

ferences between the decomposition products as well as

other salts like e.g. Ba-trifluoroacetate [7]. Clearly, a better

understanding of the processes at play in these complex

systems necessitates a sound knowledge of the thermal

decomposition behaviour of the individual components. In

relation with superconductor processing, detailed studies of

the conversion of Cu-propionate into CuO and of the

thermal decomposition of Ba-propionate have been pub-

lished by Kaddouri et al. [15] and by Gobert-Ranchoux and

Charbonnier [16], respectively. In contrast, only few

studies devoted to the thermal decomposition behaviour

of RE propionates have been published to date.

La(C3H5O2)3�H2O and Lu(C3H5O2)3�H2O were reported to

decompose to La2O3 and Lu2O3, respectively, via dehy-

dration and formation of an intermediate RE oxycarbonate

[17–19]. Beside these similarities in the decomposition
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path of these two RE propionates, significant differences

were observed in the TG traces during the conversion of

the anhydrous propionates into oxycarbonates. A clear two-

step process is seen in the case of La-propionate decom-

position in N2 atmosphere [17], while in Ar Lu-propionate

appears to decompose into Lu2O2CO3 in a single step [19].

The further decomposition of La-oxycarbonate (La2O2CO3

according to Kaddouri and Mazzocchia [17], La2O(CO3)2

according to Ciontea et al. [18]) into La2O3 was reported to

proceed without intermediate, whereas the TG traces

recorded on Lu-propionate samples systematically exhibit

a constant mass plateau at temperatures intermediate

between the formation of Lu2O2CO3 and its decomposi-

tion into Lu2O3 [19]. This plateau approximately corre-

sponds to an overall Lu2O2.5(CO3)0.5 stoichiometry and

appears akin to the last intermediate decomposition stage

reported by Sakharova et al. [20] for Lu(C3H5O2)�
2CO(NH2)2�H2O.

The present study was undertaken to check if the ther-

mal behaviour of Lu-propionate is a specific case or typical

for heavy RE propionates. The thermal decomposition

studies were performed under Ar, and the results can also

be used in view of understanding the process of buffer

layer manufacture in coated conductor superconducting

tapes. Studies on the influence of an oxygen containing

atmosphere, which are more relevant for the production of

superconducting layers, will be presented elsewere.

Experimental

Ho(CH3COO)3�xH2O, Er(CH3COO)3�4H2O, Tm(CH3COO)3�
xH2O and Yb(CH3COO)3�xH2O all from Alfa Aesar (99.9%

purity (metal basis)) were dissolved in propionic acid (Alfa

Aesar, 99%). After slow evaporation at room temperature

without stirring, powders were obtained and used without

further treatment for characterisation and for the thermal

decomposition studies.

The thermogravimetry (TG) and differential thermal

analysis (DTA) measurements were carried out up to

1,400 �C in a model STA 449C from Netzsch (simulta-

neous TG/DTA device) at a heating rate of 5 K min-1 in a

dynamic atmosphere consisting of argon at normal pres-

sure. The gas flow was fixed at 40 mL min-1. The cruci-

bles (6 mm diameter and 3 mm depth) were made of

alumina. Buoyancy corrections were performed using data

recorded on empty crucibles. The sample mass was of

11.5 ± 0.2 mg for all measurements. The powder was not
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Fig. 1 XRD patterns recorded

on the starting

Ln(C2H5CO2)3�H2O powders

(20 �C) and on samples heated

in the DTA/TG device at

5 K min-1 up to the indicated

temperatures and fast cooled to

room temperature. The apparent

splitting of the low angle peak

(2h & 7.5�) for Ln = Er and

Yb is an artefact due to the

saturation of the detector
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compacted. a-Al2O3 powder (48 mg) was used as

reference.

Fourier transform infra-red (FTIR) spectra of gas spe-

cies evolved during decomposition were obtained with a

Bruker Tensor 27 spectrometer coupled to the exhaust line

of the TG/DTA device by a transfer line heated to 200 �C.

The FTIR spectra were also recorded on samples heated in

the TG/DTA at a rate of 5 K min-1 and air quenched by

opening the machine (up to 700 �C) or cooled at a rate of

50 K min-1 (from above 700 �C) to examine the evolution

of the decomposition products. The X-ray diffraction

(XRD) patterns were collected on the same samples in a

STOE diffractometer using Cu Ka radiation.

Results and discussion

The XRD patterns of the powder samples after drying at

room temperature are shown in Fig. 1. They are similar to

the diffraction pattern of Lu(C2H5CO2)3�H2O [19] as well

as to that published by Nadzharyan et al. [21] for

Y(C2H5CO2)3�H2O. Furthermore, the FTIR spectra (Fig. 2)

contain the same features as those of Lu(C2H5CO2)3�H2O

[19]. As will be shown in the following, the end

decomposition products are Ho2O3, Er2O3, Tm2O3 and

Yb2O3, and the total relative weight losses are in very good

agreement with the losses expected for the conversion of

respective Ln(C2H5CO2)3�H2O to Ln2O3. For each com-

pound, measurements were replicated under the same

experimental conditions on five powder samples with

similar starting masses. The deviation in relative weight

loss does not exceed ±0.4% and the temperatures, at which

the different decomposition steps take place, are repro-

ducible within 3 �C.

The TG traces recorded on the four compounds are

plotted in Fig. 3 up to 1,200 �C along with the respective

DTG and DTA traces. The decomposition process is

characterized by three weight loss steps. The weight loss

occurring between 300 and 450 �C actually covers two

partially overlapping decomposition stages as will be

shown in the following. The first and second weight loss

steps are accompanied by sharp endothermic peaks,

whereas the remaining of the decomposition process is

characterized by a broad endothermic feature extending

over a temperature interval extending over more than

500 �C (from about 400 �C to 1,000–1,100 �C).

The first weight loss takes place between 60 and 120 �C

for all compounds. It amounts to between 4.3 ± 0.2 and
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Fig. 2 FTIR spectra of the

starting Ln(C2H5CO2)3�H2O

powders (20 �C) and of samples

heated at 5 K min-1 in the

DTA/TG device up to the

indicated temperature and fast

cooled to room temperature
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4.9 ± 0.2% of the starting sample mass depending on the

lanthanide and thus corresponds well to the loss expected

for a single water molecule per formula unit as evidenced

in Table 1. Several FTIR spectra recorded in situ on the

evolving gases during decomposition of Ho(C2H5-

CO2)3�H2O are plotted in Fig. 4 and are representative for

the other compounds, which all give rise to similar results.

The first weight loss step is accompanied by the release of

H2O, supporting the conclusions drawn on the basis of the

TG curves. In addition, the FTIR spectra recorded on

powder samples quenched at 190 �C differ from those of

the staring materials essentially by the disappearance of the

broad absorption bands around wave numbers 3,250 and

700 cm-1, which are due to H2O (Fig. 2). On the other

hand, the XRD patterns of the quenched products (Fig. 1)

reveal a crystalline character with clear differences in

comparison with that of the starting materials.

During the study of Lu(C2H5CO2)3�H2O thermal

decomposition [19], the main weight loss, occurring as in

the present compounds between 300 and 450 �C, was

found to result from two decomposition reactions:

decomposition from Lu(C2H5CO2)3 to Lu2O2CO3 and
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Fig. 3 TG, DTG and DTA

traces recorded on

Ln(C2H5CO2)3�H2O powder

samples at a heating rate of

5 K min-1 in flowing argon

Table 1 Experimental (exp.) and theoretical (calc.) weight losses for the four compounds under investigation

Decomposition stage Ho-propionate Er-propionate Tm-propionate Yb-propionate

Exp.

(%)

Calc.

(%)

Exp.

(%)

Calc.

(%)

Exp.

(%)

Calc.

(%)

Exp.

(%)

Calc.

(%)

Ln(C2H5CO2)3�H2O ? Ln(C2H5CO2)3 ? H2O: 4.9 4.5 4.5 4.5 4.3 4.4 4.5 4.4

2Ln(C2H5CO2)3 ? Ln2O2CO3 ? 2CO2: ? 3C5H10O: 47.1a 47.5 46.9a 47.3 46.6a 47.1 46.5a 46.6

Ln2O2CO3 ? (1 - x)Ln2O2CO3 ? xLn2O3 ? xCO2: – – 50.7 – 50.7 – 50.4 –

(1 - x)Ln2O2CO3 ? xLn2O3 ? Ln2O3 ? (1 - x)CO2: 53.1 53.0 52.5 52.7 52.4 52.5 52.0 52.0

The theoretical weight losses have been determined assuming Ln(C2H5CO2)3�H2O starting stoichiometries (Ln = Ho, Er, Tm or Yb respectively)
a Experimental values at 400 �C
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further decomposition of this oxycarbonate to a metastable

intermediate with overall composition equivalent to

Lu2O2.5(CO3)0.5. An approximate temperature boundary

between these two events was determined at 395 �C from

an inflexion in the DTG trace. In the case of

Ln(C2H5CO2)3�H2O (Ln = Ho, Er, Tm and Yb), the DTG

traces do not exhibit such a feature. However, an inspection

of the FTIR spectra recorded on powder samples quenched

from temperatures between 320 and 400 �C (Fig. 5)

reveals that the respective oxycarbonates have been formed

at approximately 400 �C. Specific features of propionates

like for example the CH2 deformation band of the –CH2–

CO–O group at 1,280 cm-1 and the CO3
- skeletal vibra-

tion at 900 cm-1 progressively disappear up to 400 �C,

leaving a spectrum identical with that of Lu2O2CO3�6H2O

except for the absence of H2O signature [22]. The relative

weight losses at this temperature (400 �C) are in good

agreement with the expected values for an oxycarbonate

intermediate product (Table 1). As shown in Fig. 4 for the

case of Ho(C2H5CO2)3�H2O, the gas evolved during this

first part of the decomposition step consists of 3-pentanone

and CO2 (340 �C in Fig. 4). The same gas species were
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Fig. 5 FTIR spectra of solid

decomposition products of

Ln(C2H5CO2)3�H2O powders

heated at 5 K min-1 in the

DTA/TG device up to the

indicated temperature and air

quenched to room temperature
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found to be formed at this stage during the thermal

decomposition of the Er-, Tm- and Yb-propionates. As

shown in the XRD patterns of the quenched specimens, the

samples tend to become amorphous during this process

(Fig. 1).

The formation of Ho-, Er-, Tm and Yb-oxycarbonates at

an intermediate stage has been observed during the thermal

decomposition of several compounds including acetates

[23–26], oxalates [23, 27, 28], formates [29] and malonates

[30]. The formation of the oxycarbonate compounds thus

appears as a frequent feature in the thermal decomposition

path of metallo-organic compounds based on these heavy

RE elements.

It obviously appears that the anhydrous propionates of

Ho, Er, Tm and Yb undergo a thermal decomposition

process similar to that of Lu [19]. This process, based on

the free radical mechanism proposed by Hites and Biemann

[31], involves the release of CO2, as well as C2H5CO and

C2H5 radicals that combine to form 3-pentanone

(C2H5COC2H5) resulting in an overall reaction of the fol-

lowing type:

2Ln C2H5CO2ð Þ3! 3C2H5COC2H5 þ Ln2O2CO3

þ 2CO2

This model thus accounts for the observed gas species

evolving from the samples during this decomposition stage

and the formation of the Ln2O2CO3 oxycarbonate

evidenced in the FTIR spectra of the decomposition

product.

During studies on the thermal decomposition behaviour

of Zn- and Ca-propionates, it was also observed that the

dehydrated propionates release 3-pentanone upon decom-

position to ZnO and CaCO3[32, 33]. Although this does not

appear to be a general rule since La-, Ni- and Co-propio-

nates were reported to release mostly CO2, CO or H2O

along with traces of CH3CH2COOH, CH3CH2OH or

CH3CH2CO2 [17, 34], it is worth noting that the recent

study on La-propionate thermal decomposition published

by Ciontea et al. [18] also provides evidence for the for-

mation of 3-pentanone.

The remaining part of the second weight loss step and

the third step are both accompanied by the release of CO2

(410 and 757 �C in Fig. 4). As shown in Table 1, the total

weight loss after the completion of the decomposition

process fits rather well to the values theoretically expected

for the full conversion of the studied Ln(C2H5CO2)3�H2O

compounds to their respective sesquioxides. The final for-

mation of the Ln2O3 compounds is confirmed by XRD

patterns of samples heated up to temperatures in excess of

700 �C (800 and 1,000 �C in Fig. 1). This is further sup-

ported by the FTIR spectra that present absorption bands

at 555, 559, 565 and 567 cm-1 for the Ho, Er, Tm and

Yb-based samples, respectively, in good correspondence

with the values reported by McDevitt and Baun [35].

Between the oxycarbonate and the sesquioxide stages, a

nearly constant mass plateau corresponding to a

50.4–50.7% total relative weight loss extends from about

500–700 �C in the case of the Er-, Tm- and Yb-based

samples, whereas a gentle weight loss slope is observed for

the Ho-based sample in the same temperature interval

(Fig. 6). A similar feature was observed during the thermal

decomposition of Lu-propionate [19]. Although the

decomposition of the Ho-, Er-, Tm- and Yb-oxycarbonates

formed as intermediate products during the thermal

decomposition of metallorganic compounds to oxides is

often reported to take place in a single step [26–30], in

many instances for both light and heavy REs, an additional

intermediate stage has been reported and assigned to the

formation of Ln2O2(CO3)x�C [36], Ln2O3�yCO2 [37],

Ln2O0.6(CO3)2.4 [38] or Ln2O2?x(CO3)1 - x [39]. In par-

ticular, Ln2O3�xCO2 intermediates were observed during

the thermal decomposition of mixed carbamide–propionate

salts of Ho, Er, Tm and Yb, which have the peculiarity of

proceeding via the formation of a mixture of

Ln(C3H5O2)2.8 and LnOC3H5O2 that is in turn converted

into Ln2O2CO3 [20, 40]. The lack of crystallinity of the

decomposition product in the relevant temperature interval

makes it difficult to identify the actual compound that

forms in our samples. Taking into consideration that CO2

evolves between the formation of the oxycarbonates and

the beginning of the plateau, as well as the overall weight

loss, an intermediate Ln2O2.5(CO3)0.5 formulation may be

hypothetised. However, very broad diffraction lines cor-

responding to Ln2O3 appear in the XRD patterns already in

samples quenched from 600 �C (Fig. 1) and faint absorp-

tion bands characteristic for Ln2O3 appear in the FTIR
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Fig. 6 Detail of the TG traces recorded on Ln(C2H5CO2)3�H2O,

Ln = Ho, Er, Tm and Yb
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spectra recorded on samples heated to temperatures between

500 and 700 �C at 5 K min-1 and quenched (600 �C in

Fig. 2). This suggests a coexistence of Ln2O2CO3 and Ln2O3

as previously suggested by Turcotte et al. [41] during a study

of the thermal decomposition of RE dioxymonocarbonates.

Conclusions

Upon heating in flowing argon, Ln(C2H5CO2)3�H2O

(Ln = Ho, Er, Tm and Yb) decomposes in four stages.

Around 90 �C, dehydration takes place in a single step.

Decomposition of the anhydrous propionates to Ln2O2CO3

occurs between 300 and 400 �C and is characterized by the

release of CO2 and 3-pentanone (C2H5COC2H5). The

decomposition of Ln2O2CO3 to Ln2O3 proceeds in two

steps characterized by an intermediate nearly constant mass

plateau corresponding to a Ln2O2.5(CO3)0.5 overall com-

position, which extends from 500 to 700 �C. The inter-

mediate product, which stability appears to decrease with

the atomic number of the RE, is probably a mixture of

Ln2O2CO3 and Ln2O3. The conversion of Ln(C2H5CO2)3�
H2O to Ln2O3 is complete at 1,100 �C. The thermal

decomposition behaviour of Ln(C2H5CO2)3�H2O (Ln =

Ho, Er, Tm and Yb) is similar to that previously reported

for lutetium(III) propionate hydrate and to some extent

(formation of an oxycarbonate) to that of lanthanum(III)

propionate.
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33. Skoršepa J, Godočı́kova E, Černák J. Comparison on thermal

decomposition of propionate, benzoate and their chloroderivative

salts of Zn(II). J Therm Anal Calorim. 2004;75:773–80.

34. El Baydi M, Poillerat G, Rehspringer JL, Gautier JL, Koenig JF,

Charlier P. A sol-gel route for the preparation of Co3O4 catalyst

for oxygen electrocatalysis in alkaline medium. J Solid State

Chem. 1994;109:281–8.

35. McDevitt NT, Baun WL. Infrared absorption study of metal

oxides in the low frequency region (700–240 cm-1). Spectrochim

Acta. 1964;20:799–808.

36. Dododzhanov MA, Komarov VP, Shaplygin IS. Thermal

decomposition of dysprosium, holmium, erbium and ytterbium

abietates. Zh Neorg Khim. 1986;31:640–2.

37. Nagashima K, Wakita H, Mochizuki A. The synthesis of crys-

talline rare earth carbonates. Bull Chem Soc Jpn. 1973;46:152–6.

38. Glasner A, Steinberg M. Thermal decomposition of the light rare

earth oxalates. J Inorg Nucl Chem. 1961;22:39–48.

39. Moscardini D’Assunção L, Giolito I, Ionashiro M. Thermal

decomposition of the hydrated basic carbonates of lanthanides

and yttrium. Thermochim Acta. 1989;137:319–30.

40. Sakharova YG, Bogodukhova TI, Loginov VI, Evtushenko IY.

Thermal decomposition of carbamide compounds of terbium,

dysprosium, holmium, erbium and yttrium propionates. Z Neorg

Khim. 1978;23:2953–8.

41. Turcotte RP, Sawyer JO, Eyring L. On the rare earth dioxy-

monocarbonates and their decomposition. Inorg Chem. 1969;

8:238–46.

88 J.-C. Grivel

123


	Thermal decomposition of Ln(C2H5CO2)3middotH2O (Ln = Ho, Er, Tm and Yb)
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgements
	References


