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Abstract 
Film and powder samples from a BaAc2 solution in propionic acid/MeOH were decomposed in 
different atmospheres and their thermal decomposition was characterized by means of 
thermogravimetry coupled with evolved gas analysis techniques (TG-FTIR, EGA-MS) and chemical 
and structural methods (EA, XRD, FTIR). The thermal behavior of the films was found to be different 
than the corresponding powder, in terms of volatiles, kinetics, intermediate phases and purity of 
final product. The mixed Ba-Prop-Ac salt obtained from solution decomposes to BaCO3 before 400°C 
through oxidative degradation, and above 400°C in inert atmosphere through a radical path 
releasing symmetrical ketones. Its double melting behavior is also highlighted and its decomposition 
understood by comparison with BaProp2 and BaAc2 precursors, and put into context of YBa2Cu3O7-∂ 
(YBCO) film pyrolysis.  
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1. Introduction 

 Barium propionate (Ba(CH3CH2CO2)2, BaProp2) and barium acetate (Ba(CH3CO2)2, BaAc2) find 
application in the field of ceramic film synthesis through chemical methods, along with similar short 
chain carboxylate salts of other metals. In particular, they are some of the precursors to YBa2Cu3O7-

∂ (YBCO) [1,2], a high temperature superconductor, obtained from fluorine-free (FF) [3–6] and low 
fluorine [7] chemical methods. In fact, there are different precursor solutions for the synthesis of 
YBCO, which, classified with respect to the fluorine content in the metalorganic salt [8], can either 
be FF (fluorine-free), low fluorine [7] or all fluorine (TFA, trifluoroacetate route) [9–11]. In particular, 
the latter is a well-known route which permitted to overcome [12] the problem of BaCO3 formation  
as an undesired intermediate coming from pyrolysis of FF precursors like acetates and propionates 
[3–6].  
 In fact, BaCO3 is a challenge for the epitaxial growth of YBCO due to the fact that its 
decomposition overlaps with the YBCO crystallization process, making it hard to optimize the 
growth conditions to obtain epitaxial YBCO films [3,13]. On the other hand, the TFA route presents 
two drawbacks: (i) being not environmentally friendly due to HF (hydrofluoric acid) formation, which 
in turn requires difficult furnace designs [14] and (ii) low yields, especially for thick films, due to the 
slow HF out-diffusion during BaF2 decomposition. Conversely, the acknowledgement that it is 
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possible to achieve very high growth rates with the FF route thanks to the fact that a liquid Ba-Cu-
O phase is formed from BaCO3 decomposition [5] has restored the interest in FF-YBCO as a cost-
effective chemical solution deposition route (CSD) [15] to replace the more expensive industrial 
physical methods. Nevertheless, to open up chemical methods to the industry, an optimization of 
the CSD thermal treatments (pyrolysis and growth) through the study of the thermal behavior of 
metalorganic precursors is of fundamental interest [16–20]. 
 Regarding the thermal decomposition of BaProp2, It has already been demonstrated through 
evolved gas analysis (EGA) that carboxylate salts of M(II) and M(III) tend to decompose in inert 
atmosphere releasing a symmetrical ketone as major product, following a radical path of 
decomposition [20–24]. This however has been found to be affected by the metal center redox 
behavior, and therefore it does not hold in the case of those carboxylates whose metal easily 
undergoes redox reactions, like Cu or Ag [25–27], for which the main volatile consists of the 
corresponding acid. According to [28], the salt obtained from the acetate precursor in propionic acid 
and methanol results in a mixed acetate-propionate complex. By coupling mass spectrometry to 
thermogravimetry (TG-MS) it is shown that during decomposition in air it releases CO2 in a first small 
(≈3%) mass loss, followed by 3-pentanone (m/z=57), CO2 (m/z=44) and acetone (m/z=43 and 58) to 
yield BaCO3. Previously, it was also reported that barium propionate synthesized from the 
corresponding carbonate in excess of propionic acid, decomposes in inert atmosphere in two steps 
[29] of similar mass loss, yielding 3-pentanone and traces of acetone, but no CO2, in accordance 
with the stoichiometry of the reaction mechanism. Similarly, BaAc2 was shown to decompose to 
BaCO3, passing through an intermediate barium oxalate stable until 330°C [30].  
 However, so far, the thermal decomposition of barium propionate and barium acetate has 
been studied only for samples in the form of powder and the volatiles observed only through EGA-
MS; in fact, only a few studies for FF and fluorine precursors [12,31] can be found for films [32,33]. 
What happens during the actual pyrolysis of thin films of BaProp2 or BaAc2 has never been seen yet, 
due to the limiting amount of sample used for films. Additionally, the acetate-propionate 
equilibrium of barium precursor solution has never been explored in the context of YBCO pyrolysis. 
We will show that thermal analysis of BaProp2/Ba-Prop-Ac film samples is possible to achieve, and 
that the Ba carboxylate salt formed in solution depends on the solution history; complementary 
techniques (TG-FTIR and EGA-MS) have been used to confirm decomposition reactions and volatiles. 
Solid phases have been characterized by means of Elemental Analysis (EA), X-ray diffraction (XRD) 
and Fourier Transform Infrared Spectroscopy (FTIR). We will also show that decomposition reactions 
depend on the atmosphere and sample geometry (film versus powder) [34] resulting in different 
decomposition paths, showing some similarities with YProp3 [35].   
 
2. Materials and Methods 

 
 The initial solution was obtained dissolving barium acetate (BaAc2, Sigma Aldrich) in 
propionic acid (Merck, ≥99%), kept under sonication until complete dissolution of the salt. Then 
methanol (VWR, ≥99.8%) was added in order to obtain a mixture of 1:1 in solvent composition and 
a [Ba2+]=0.5M. Film samples were obtained depositing the initial solution on LaAlO3 (LAO) substrates 
and drying them at 95°C for a few minutes. The film thickness (H) was estimated with the following 
equation: H=m/(d·A), where m is the mass of the BaCO3 film after decomposition, d is the BaCO3 
particle density, and A is the surface area of the substrate. The powder sample was obtained by 
drying the corresponding solution at 95°C. Over a few-month time, a single-crystal was formed in 
the stored solution, it was recovered and dried in low vacuum (635 mmHg) prior to analysis (see 
supp. Info). A powder obtained from an acetate-free solution (reacting BaCO3 with propionic acid) 
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was also prepared for comparison. Both powders (and to a lesser extent films, due to the drying 
stage prior to the TG analysis) showed residual propionic acid and water up to ~190°C, and after 
their complete evaporation the colorless gel becomes a white powder. Since this stage does not 
affect decomposition, for the main purposes of this work, dehydration is not discussed.  

 Initial, intermediate and final products of decomposition were characterized by means of 
FTIR, XRD and EA. Infrared spectra were obtained with a FTIR spectrometer from Bruker ALPHA, 
connected to an attenuated total reflectance module; EA was performed with a Perkin Elmer 2400 
elemental analyzer with the following detection limits: 0,20% for H; 0,72% for C. X-ray diffraction 
measurements of films and powders were run using a D8 ADVANCE diffractometer from Bruker AXS, 
producing an X-ray beam wavelength of 1.5406 Å (Cu-Kα) and with a voltage of 40 kV and a 40-mA 
current. Single-crystal XRD measurements were carried out at 50 kV and 20 mA in a three-circle 
diffractometer by Bruker (D8 QUEST ECO); the system was equipped with a PHOTON II detector 
(CPAD) and a doubly curved silicon crystal monochromator, and operated with a Mo Kα (λ= 0.71076 
Å) x-ray source.  
 The volatiles and mass loss for the thermal decomposition of films and powders were studied 
by means of TG-EGA coupled techniques. Thermogravimetry (TG) was performed with a Mettler 
Toledo thermo-balance, model TGA/DSC1 for both films on LAO and powders in 70-µl open alumina 
pans. For experiments run in O2, a gas flow of 55 ml/min was used for the reactive gas, with 15 
ml/min of protective gas (air);  for N2 atmospheres, only the protective gas was used with flows of 
70 ml/min. TG-FTIR was obtained by connecting the TGA gas outlet to a FTIR Gas Analyzer (Bruker 
ALPHA, transmission model) by means of a 40-cm steel tube heated up to 200°C. EGA-MS 
experiments were carried out in a quartz tube inserted in a low-resistance furnace and directly 
connected to an MKS Microvision Plus quadrupole mass analyzer (MS-Q), in vacuum. A rotative 
pump in series with a turbomolecular pump allowed for the achievement of the required vacuum 
(which in the sample chamber reached between 10-7and 10-6 bar of total pressure).  
 Several TG-EGA experiments were conducted varying the sample geometry (film or powder) 
and the atmosphere. Only when distinction between humid and dry atmosphere is relevant for 
discussion, it will be specified. Films were decomposed in oxygen (dry and humid, A), in nitrogen 
(dry and humid, B), and in vacuum (C). The volatiles were detected by TG-FTIR (in A-B) and EGA-MS 
(in C). The corresponding experiments for powder samples are indicated with a prime symbol as 
follows: in O2 (A’), nitrogen (B’) and vacuum (C’), and studied by means of TG-FTIR and EGA-MS (C’). 
TG-EGA experiments relative to the BaProp2 and BaAc2 precursors are reported in the Supp. Info.  
 
3. Results  

3.1 Characterization of the initial product 
 
 The elemental analysis results of the powder obtained from the BaAc2 precursor solution 
and from an acetate-free (BaCO3) precursor solution are shown in Table 1. For the latter, the values 
are in agreement with BaProp2 formation. Conversely, the product obtained from the BaAc2 solution 
shows a C and H% inferior to the theoretical value for the full replacement of acetates by 
propionates, indicating that some acetate ligands remain in the structure. In fact, the FTIR spectrum 
of the dry film in Fig.1 shows the appearance of the -CH2 propionate bands, but the small 
contribution at 930 and 648 cm-1 (C–C stretching and COO deformation [36], Fig. S2) indicates the 
presence of acetate groups; the XRD on a single crystal (shown in the Supp. Info) confirms the specie 
to be a mixed carboxylate with structure Ba7Prop8Ac6·4H2O, similar to what proposed by [28]. The 
carboxylate ligands are bound in bridging fashion to the Ba ions, in agreement with the small 
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distance between the asymmetric and symmetric stretching of the COO- bond [37–41]: ∆ν= νas(COO-

) – νs(COO-) = 120.7 cm-1.  In particular, three Ba atoms have coordination number 9 and one Ba 8; 
Fig. S1 (in supplementary) shows the unit cell where Ba(1) is surrounded by two H2O molecules and 
four carboxylate groups in bidentate bridging coordination; Ba(2) is bound to one propionate and 
one acetate group in bidentate bridging mode; Ba(3) is coordinated by two ligands in bidentate 
bridging mode and by one carboxylate in tridentate chelating bridging with Ba(4).  One might expect 
the ratio propionates/acetates to vary as a function of concentration and solvents ratio. In fact, 
decreasing [Ba2+], the acetate contribution after solution deposition is no longer distinguishable by 
FTIR; similarly, BaProp2 is favored in a solution of only propionic acid. Additionally, the powder-
diffraction obtained from the single-crystal differs slightly from the powder diffraction pattern of 
the dry film (both in Fig.1, inset), indicating different water amount or even different 
propionate/acetate ratio between the two, due to the fact that they were generated by different 
processes, crystallization versus precipitation (solution deposition), respectively. 
 The mixed carboxylate specie (labelled as “Ba-Prop-Ac”) will be the focus of the present 
work, and its decomposition will be understood in comparison with “BaProp2” (from now on 
indicating the precursor obtained from the BaCO3 solution) and “BaAc2” (referring throughout the 
paper to the commercial sample), while further details about their decomposition can be found in 
the Supp. Info. 
 
3.2 Powder decomposition 
 
 The mass evolution and the DSC curves for the thermal decomposition of Ba-Prop-Ac as a 
function of the atmosphere are reported in Fig.2a and 2b, respectively. For comparison, the 
evolution of BaProp2 and BaAc2 in humid O2 as film is reported in the same graph, while their 
thermal behavior as powder can be found in Fig S9 (Supp. Info).  
 In inert atmosphere (B’, N2), Ba-Prop-Ac as powder is stable up to 400°C. Before 400°C, only 
two small endothermic peaks are observed (Fig.2) at 230°C and 380°C, which indicate that melting 
occurred (additionally confirmed by repeating the experiment under visual observation for the low 
peak temperature). Although normally two melting peaks are interpreted as arising from two 
different phases in the sample, the same two peaks are also observed for the pure BaProp2 
(although shifted in temperature, see Fig.2). For a pure substance, this feature has been explained 
in terms of recrystallization effects [42], where the first peak is representative of continuous melting 
and recrystallization into a different solid phase with higher melting temperature, and has also been 
observed for other barium carboxylates [43]. When performing two consecutive heating ramps up 
to 280°C, at the second ramp the low-temperature melting disappears while the one at 380°C 
remains (see Supp. Info, Fig. S3c). A general shift of the XRD peaks to lower 2q is observed after 
heating to 280°C, after dehydration and the first endothermic peak have taken place (Fig. S3, S4 in 
Supplementary). Decomposition starts above 400°C: Ba-Prop-Ac decomposes following the radical 
decomposition path that is common in carboxylates [20,22–24], releasing symmetrical ketones to 
form BaCO3 (inset in Fig.1) between 450 and 500°C. Among these ketones, the main volatile is 3-
pentanone (C2H5COC2H5, Fig.3) coming from the propionate ligands and, in less extent, acetone 
(CH3COCH3), coming from the acetate part. Since there is an excess of propionate groups with 
respect to the acetate ones, the main contribution comes from the 3-pentanone. In fact, BaProp2 
follows a similar decomposition path with similar resulting volatiles in N2 (see Supp. Info, Fig.S6), 
which is represented by reaction scheme β in Fig.4. No CO2 is detected, as expected from the 
stoichiometry of reaction, indicating that no other reaction paths are competing with β. Below 
1000°C, neither BaO nor BaO2 are expected to form. In addition to the XRD results, the 
thermogravimetric analysis in Fig.2 shows the corresponding TG final mass (72.0%) to be in 
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agreement with BaCO3 formation (expected: 69.6-72.7% for BaProp2 and Ba7Prop8Ac6, respectively) 
and the elemental analysis results (EA in Table.1) confirm the presence of C in the sample, with 
complete removal of all hydrogen atoms. However, the final product is not white (as expected for 
BaCO3), but gray, suggesting that some carbon residue may be left in the sample up to 600°C. If the 
dark color were due to sub-stoichiometry of oxygen, we would expect the mass to increase upon 
further heating of the sample in oxygen. However, when the latter is re-heated in O2 up to 700°C, 
the mass slightly decreases and the final color is white (and the FTIR spectrum still confirms the 
presence of BaCO3). Therefore, the black color could be assigned to carbon residue left in the sample 
upon decomposition in inert atmosphere.  
 In oxygen (both humid and dry, A’), decomposition of powders starts earlier (around 310°C) 
and involves two steps. The first step consists of oxidative exothermic reactions (denoted as 
reaction scheme α in Fig.2 and Fig.4) and will be described in the following section. The second step 
takes place in the same temperature range as the radical mechanism previously described. Thus, 
two mechanisms compete: when the oxidative decomposition is slowed down by the slow gas 
diffusion in the powder, oxidation of the ligand is not complete so that the remaining salt continues 
decomposing following the radical path as the temperature increases. But 3-pentanone is not 
observed in a nominal atmosphere of O2 (or humid O2) suggesting that the radicals C2H5CO·/C2H5· 
do not recombine. In fact, the O2 can drive oxidation of C2H5CO· to CO2 while the alkyl groups are 
converted to ethane (C2H4) and ethylene (C2H6) (Fig.3A’ and reaction scheme γ in Fig.4). In O2 (A’ in 
Fig.2b) the DSC signal is, in fact, more exothermic than in N2 (B’ in Fig.2b). BaProp2 decomposes 
following the same path (details in Supp. Info, Fig. S7), and for this reason the contribution of the 
acetate part is not considered in Fig.4. 
 
3.3 Film decomposition  
 
Decomposition in oxidative atmosphere 
 The mixed Ba carboxylate films are stable until 200-230°C (Fig.2a), the exact temperature 
depending on film thickness (Fig.6). Then, in both humid and dry O2 (A), decomposition starts 
roughly in correspondence of the first melting peak. Independently of the fact that several sudden 
changes in the TG curve appear as the thickness increases (Fig.6) which will be discussed later on, 
decomposition in oxygen is mainly driven by oxidation, as suggested by the DSC exothermic peak 
(Fig.2b). As shown in Fig.3a and 3b, several reactions overlap as the C-C chain is oxidized first to 
acetaldehyde (CH3CHO) and CO2, and then further decomposed to methane (CH4) and CO. In dry 
and humid O2, the decomposition shows similar behavior: water does not seem to accelerate 
decomposition, contrarily to other propionates [35,44], and the volatiles do not differ from the dry 
O2 case, as no propionic acid can be detected. Even for thin films (see Fig.6), the final product 
consists of BaCO3, even in the presence of water vapor.  
 The infrared spectra of the solid residues (Fig.5) show that before yielding the final product 
BaCO3, formation of an oxalate occurs, as the COO- stretching band shifts above 1580 cm-1 [45]. It is 
not uncommon for metal carboxylates to yield intermediate oxalates, oxycarbonates and 
carbonates before decomposing to the oxide. For the barium case, formation of the oxalate follows 
from the retainment of the carbonyl groups of the salt while the latter experiences cleavage of the 
BaOC(=O)—R bond during the oxidative degradation, which is in agreement with the difficulty to 
break the BaO—C(=O)R bond to yield the oxide at such low temperatures. The oxalate is not a stable 
intermediate and, as soon as it is formed, it decomposes to BaCO3 already around 330-350°C (Fig.5). 
To confirm the presence of the oxalate, a sample quenched in humid O2 at 340°C (Supp. Info, 
Fig.S11) was decomposed in vacuum, yielding CO2 as main volatile. Although CO is expected for 
BaC2O4 decomposition to yield BaCO3, the dark color of the final product indicates the presence of 
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carbon that can be attributed to disproportion of CO to C+CO2 [46,47]. In fact, the final product is 
grayish/black already for 6-7 µm where the slow local out-diffusion of the CO enhances CO 
disproportion; only thinner films (~2 µm) are white due to the faster CO out-diffusion with respect 
to its production. After 350°C, as the BaCO3 is formed, decomposition slows down and it is not 
complete until 450°C, when the mass is stable at ~71% (Fig.6). Fig.3A shows that CO2 alone is 
detected by gas-IR above 400°C. To clarify if the mass loss at this stage is due to the oxalate 
decomposition (expected final mass for BaC2O4 formation starting from BaProp2 and Ba7Prop8Ac6: 
79.5%-83.0%, respectively) or to the acetate part (expected final mass for the removal of all 
propionates in Ba7Prop8Ac6: 81.9%), Ba-Prop-Ac TG curves can be compared with those of BaProp2 
and BaAc2 (Fig.2).  The Ba-Prop-Ac salt curve measured in O2 is closer to that of BaProp2 than to that 
of BaAc2, which decomposes ~100°C above (dotted lines in Fig.2). The BaProp2 salt exhibits the same 
volatiles as Ba7Prop8Ac6 in oxygen (humid and dry, see Fig S5), the only difference being that it 
decomposes to BaCO3 in a single mass-loss step at ~350°C during which the oxalate (BaC2O4) is still 
formed (detected by FTIR while it converts to BaCO3, Fig.S13). This suggests that the mass loss step 
above 350°C in the mixed carboxylate salt is not due to the oxalate decomposition but to the 
decomposition of the acetate part of the salt, in agreement with the higher decomposition 
temperature of BaAc2. This effect is shown in Fig.6 where, as the Ba-Prop-Ac film thickness 
increases, decomposition slows down after 350°C. The effect seems to be more important in humid 
than in dry O2, probably because O2 concentration and thus its diffusion rate through the film is 
lower in the presence of water vapor, hence oxidation is slowed down. As a further proof, Fig.S11 
shows that the same quenched sample at 340°C yields mainly m/z=43 (acetone) upon further 
decomposition, due to the remaining barium acetate, while the contribution of propionate groups 
is residual. The XRD results in Fig.1 (inset) show that the final product is the orthorhombic phase of 
BaCO3 at 500°C, as expected [48,49].  
  As introduced above, decomposition in O2 shows the presence of several sudden changes 
in the slope of the TG curve (Fig.6) with increasing film thickness.  The abrupt mass loss at 330-340°C 
is probably caused by the fast O2 diffusion through the liquid as soon as Ba-Prop-Ac melts. 
Afterwards, above 350°C, formation of BaCO3 slows down gas diffusion again. Although the second 
melting event is expected to occur at a higher temperature than those of the fast mass loss, it can 
shift due to the presence of decomposition products generated by the early reaction of O2 with the 
sample surface. In fact, this discontinuity of the TG curve at ~340°C is characteristic of both films 
and powders, showing no thermal activation changing the heating rates (Fig. 6, curve at 20°C/min).  
  
 
Decomposition in N2 atmosphere 
 When the film is decomposed in nominally humid and dry N2 (C), the behavior differs from 
the powder sample in N2 (B’) and resembles that of powders in O2 (A’):  reaction α and reactions β 
and γ take place at low and high temperature, respectively. In fact, decomposition is triggered at 
the discontinuity in the TG curve at ~330°C generated by the melting event; this first step between 
320 and 380 °C becomes more important with decreasing film thickness (Fig.S8) and, therefore, it 
can be ascribed to residual oxygen content in the nominally oxygen-free atmosphere; in fact it has 
already been shown that the thinner the film, the more prone to oxidize [35,50]. During this stage, 
CO2 is detected by TG-FTIR, along with acetaldehyde and propionic acid (Fig.S8). In fact, since O2 is 
residual, it is not enough to get full oxidation (reaction α) and partial oxidation takes place [44] 
according to: 

 Ba(C2H5CO2)2 + O2à CH3CHO + C2H5CO2H + BaCO3.   
As the BaCO3 is formed (see Fig.5B), it acts as a diffusion barrier to O2, and oxidation cannot reach 
completion. Thus, a second step at a higher temperature (between 400-470°C) occurs. Reaction 
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schemes β (favored in N2) and γ (triggered by O2) compete. Given the fact that the volatiles evolve 
during a longer period of time than in O2 atmosphere, they become more diluted and, consequently, 
their TG-IR signal is smaller; nevertheless CO2 (related to γ) could be clearly detected. The last mass 
loss between 470-530°C, which corresponds again to CO2 release, is due to decomposition of the 
acetate part (See Fig.S7 and S8). For this reason, Fig.3A’ reports the TG-FTIR analysis of powders in 
O2, since they follow a similar trend. The overall decomposition behavior of films in nominally inert 
atmosphere can be interpreted as a mix of decomposition in an oxidizing atmosphere and in inert 
atmosphere (reaction β). Note that the DSC signal in Fig.2b is always exothermic. 
 
Decomposition in vacuum 
 Since residual oxygen is extremely low in vacuum, only in these conditions CO2 is not 
detected for films (Fig.3C). The main fragments are m/z= 57, 29 (coming from 3-pentanone) along 
with C2Hx fractions of the ligand (m/z=29,28,27). A very similar behavior is observed in vacuum for 
BaProp2 (see Supp. Info, Fig.S10), for which the same volatiles are detected, including m/z=43. This 
last fragment could be CH3CO or C3H7, coming from acetone or from butane, respectively. However, 
since in this particular case no acetate groups are present, m/z=43 can be ascribed to butane 
formation, according to reaction scheme ∂ of Fig.4. This interpretation can also explain part of the 
m/z=43 coming from the Ba-Prop-Ac decomposition in vacuum (E), indicating that the main 
component in the mixed carboxylate salt is still made up of propionates, thus justifying again the 
reaction schemes of Fig.4. Interestingly, in vacuum decomposition is shifted down by almost 100°C 
with respect to the case of inert atmosphere at atmospheric pressure (dry N2, B’), although they 
both proceed through the radical path. This early decomposition is probably triggered by the barium 
carboxylate (second peak) melting, which is shifted to lower temperatures as the pressure 
decreases. 
 
 
4. Discussion 

 BaProp2 and Ba-Prop-Ac decomposition is diffusion-controlled: in an oxidizing atmosphere, 
films decompose at a temperature lower than powders due to the faster gas exchange [32,33,35], 
which helps the low-temperature decomposition mechanism triggered by oxygen. Unlike the YProp3 
case, a humid atmosphere does not clearly accelerate decomposition through the hydrolysis of the 
salt (and propionic acid release), since this reaction path would require formation of the oxide and 
not the oxalate-carbonate sequence of products. Besides that, BaProp2 thermal decomposition 
seems to follows the expected radical mechanism at high temperatures and inert atmospheres 
already found for YProp3 [35] and for those carboxylate salts where the metal center does not easily 
undergo reduction [25] . In fact, local residual oxygen depletion around the sample in the form of 
powder suppresses the oxidative reaction in a nominally inert N2 atmosphere. In contrast, films in 
this atmosphere are affected by the residual oxygen content and, as it occurs in O2, they decompose 
at a temperature lower than powders. The Ba-Prop-Ac thermogravimetric behavior in films is less 
smooth with respect to that of other metalorganic precursors [35,44] because it is disrupted by the 
melting events. O2 diffusion is accelerated in the melt, while any solid decomposition product 
(oxalate and carbonate) slows down gas diffusion. Only a study as a function of thickness has 
revealed this dependence, which could be otherwise mistaken for intermediates. 
 The presence of acetaldehyde among the volatiles of this work cannot necessarily be 
related to the presence of acetate ligands in the salt [28], since acetaldehyde was also detected 
among the gaseous products of the BaProp2 salt [29]. In fact, although the crystal consists of a mixed 
propionate-acetate complex, the thermal behavior of the solution and the powder in all 
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atmospheres tends to that of BaProp2, in terms of kinetics and volatiles, and the presence of acetate 
ligands is hard to detect from EGA alone. It is thus possible that the Prop/Ac ratio of the crystal 
(obtained from a long aging of the solution) differs slightly from that of the dry solution (used for 
film and powder decomposition). In fact, the final mass is always inferior to the expected 72.7% for 
the Ba7Prop8Ac6-BaCO3 conversion which, counting the presence of residual carbon and the 
instrumental error (especially in films due to the small amount of material), points towards a slightly 
higher Prop/Ac ratio. 
 Our results can be significant to understand FF-YBCO film pyrolysis. In particular, the 
propionate/acetate ratio in the ternary solution is also expected to depend on concentration and 
solvents ratio. The presence of other acetate salts (i.e. those of Cu and Y) in solution can further 
alter this equilibrium and, eventually, favor formation of the mixed carboxylate complex. If this 
complex is formed instead of BaProp2, decomposition of thick films in O2 would end at higher 
temperatures. Although BaCO3 constitutes a challenge for the epitaxial growth of FF-YBCO, in the 
conditions of this work and for the isolated barium precursor, no specific case was found were a 
carbonated product can be avoided in favor of a hydroxide or an oxide, not even in humid 
atmospheres.  
   
 
5. Conclusions 

 The thermal decomposition of BaProp2 was studied as a function of sample geometry (films 
and powders) and the atmosphere (inert or oxidizing). It has been found that decomposition is 
enhanced in oxidizing with respect to inert conditions, but not much in a humid atmosphere. Like 
many carboxylates, the radical mechanism with 3-pentanone formation prevails at high 
temperatures and inert conditions but, unlike other carboxylates where the oxide is formed, the 
low temperature mechanism is favored by oxidation and not by hydrolysis. Therefore, even in humid 
atmospheres, no hydroxides nor oxides are formed at 500°C. Decomposition is also diffusion-
controlled, and hence faster for thinner films and for films in general with respect to powders. This 
fact can be explained by the different gas diffusion between surface and bulk. Additionally, the 
presence of melting events affects decomposition, because gas diffusion in a liquid phase is faster 
than in a solid. For films up to a few µm decomposition is over by 500°C, but for films thicker than 
~3-6 µm, carbon residues are left on the sample. Finally, in the context of FF-YBCO pyrolysis, the 
final decomposition temperature for thick films is expected to depend on the barium species in 
solution, in particular, on the acetate to propionate ratio.  
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Figure captions 
Fig.1: Infrared spectra of the initial product obtained after solution deposition and (inset) X-ray 
diffraction patterns of the phase evolution from decomposition in O2 (A/B). Inset: (•) BaCO3 from 
ICSD 15196, PDF 45-1471; bottom, filled spectrum: powder diffraction of a Ba7Prop8Ac6·4H2O crystal 
(obtained from a crystallization process) for comparison with the powder diffraction pattern of the 
dry film (obtained from deposition/precipitation process). 

Fig.2: Thermal decomposition of Ba-Prop-Ac film and powder in different atmospheres at 5K/min: 
a) TG curves and b) corresponding DSC signal, with enlargement in inset comparing the DSC signal 
of BaProp2 and Ba-Prop-Ac in N2. Dotted lines: TG curves of the BaProp2 and BaAc2 precursors in 
humid O2 at 5K/min as film. Horizontal lines: expected mass for decomposition of Ba-Prop-Ac into 
BaC2O4 and BaCO3. 

Fig.3: a) TG-FTIR and EGA-MS results for Ba-Prop-Ac powder and film, at 5K/min. b) corresponding 
FTIR spectra of the volatiles during decomposition (at 330, 350 and 490°C for A, A’ and B’, 
respectively). 

Fig.4: Proposed decomposition reactions for BaProp2.  

Fig.5: Infrared evolution of the solid residue at different decomposition temperatures; (°) Ba-Prop-
Ac, (•) BaCO3, (▲) Barium Oxalate (BaC2O4). 

Fig.6: TG curves of Ba-Prop-Ac in humid O2, showing the effect of thickness on the decomposition 
temperature: the thicker the film, the slower the O2 diffusion. The TG curves of the films are 
compared to those of the powder samples. 
 

 
Tables 

 

Compound  
Found (Expected) 

%C                     %H 

BaProp2 (from BaCO3) 25.3 (25.42) 3.5 (3.56) 

Ba-Prop-Ac (from BaAc2) 23.1 3.4 

A film in hum. O2 (600°C) 6.3 (6.09) - 

A’ powder in hum. O2 (600°C) 6.4 (6.09) - 
 

Table 1. Elemental analysis of initial and final compounds obtained from film and powder 
decomposition; (-) values inferior to detection limits 
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