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THERMAL BEHAVIOUR OR THALLIUM(I )FATTY ACID SALTS, I 

T. MEISEL, K. SEYBOLD, Z. HALMOS, J. R6TH and CS. MI~LYKUTI 

Institute for General and Analytical Chemistry, 
Technical University of Budapest, Hungary 

(Received July 23, 1976) 

We have studied the thermal behaviours of the fatty acid (Ca--Cg, Ct~, Caa, C18 
and C18) thallium(I) salts. 

Investigating the dependence of the thermal decomposition reactions on the experi- 
mental conditions, we established that they decompose differently depending on the 
atmosphere, and on the shape and material of the sample holders. 

We also determined the heat-stal~le temperature ranges of the compounds in which 
they can be investigated without any thermal decomposition. 

The temperatures and enthalpy changes of the polymorphic and phase changes 
were measured and the corresponding entropy changes were calculated. 

We have recently reported on the thermal behaviours of the ammonium and 
sodium salts of fatty acids, paying special attention to the liquid crystalline prop- 
erties of the latter [1-3]. 

In the present paper we deal with the thallium(I) salts of the same homologous 
series, because these compounds show several similarities with the alkali metal 
salts, and also have liquid crystalline phases; in addition, the thallium salts can 
more conveniently be investigated [4] as they have relatively low transition temper- 
atures [5-7] and are easy to produce and purify. Except for the case of the 
formate [11, 12] we could find no data in the literature, concerning their thermal 
properties and thermal decompositions. 

We have produced the thallium(I) salts of the C 1 -  C9, C12, C1~, C16 and C18 
fatty acids, determined the temperatures and heats of their polymorphic and phase 
changes, and investigated the circumstances of their thermal decompositions. 
Using several experimental techniques, we have also studied their thermoelectrical 
properties. These data have already been published in part [8] and a more detailed 
report on this will be given in the second part of this paper. 

Experimental 

The thallium(I) salts were produced in our laboratory, according to the following 
reaction-scheme: 

T12CO3 + 2 R - C O O H  ~ 2R-COOT1 + HaO + CO2 
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The heterogeneous reaction was carried out in dry methanol and the resulting 
salts were recrystallized f rom an ethanol-ether mixture and washed with dry ether. 
The melting points were measured, and the thallium contents were checked by 
chemical analysis. The I R  spectra showed no acid-content in the samples. 

The measured melting points and the corresponding literature data are listed 
in Table 1. 

Table 1 

Transition temperatures of TI(I) fatty acid salts 

Transition temperatures, ~ 
Cha in -  Sol id-mesophase Mesophase-isotropic liquid length 

[4] [4] 

el  
C~ 
C3 
c~ 
C5 
CG 
C7 
Cs 
C9 
Ca2 
C14 
Clo 
C18 

181.0 
149.0 
142.8 
135.7 
138.6 
124.7 
120.0 
118.2 
119.0 

[5] This work 

101' 
131" 
195" 
186" 

175.0 182 
152.0 145 
143,0 146 
136,0 130 
130.0 137 
123,0 125 
119.0 120 
116,0 117 
118.0 112 

215.5 212.0 
229.5 224.0 
227.5 227.0 
222.5 220.0 
217.0 215.0 
197.0 197.0 
185.0 181.5 
175.5 172.0 
167.0 163.0 

[5] This work 

214 
227 
228 
221 
217 
198 
187 
177 
171 

* Solid-isotropic liquid 

The complex thermal behaviours of the salts were investigated with a Derivato- 
graph. A detailed description of the apparatus can be found in the literature [9, 10]. 

I t  is well known that  the thermal degradation of organic compounds is generally 
much more complicated than that of  inorganic compounds, and the measured 
data depend sensitively on the experimental circumstances. The shapes of  the 
curves depend primarily on the atmosphere applied in the furnace chamber, the 
heating rate and the weight of samples, and to a lesser extent on the geometry 
and material of  the sample holders. For  this reason we systematically changed the 
atmosphere, the sample weight, and the heating rate in our measurements with 
the derivatograph. We also found that the reactions are much more affected by 
the geometry and material of  the sample holders than usual, and therefore it 
seemed necessary to investigate this effect too. The weight-losses of  the sample 
holders (caused by the corrosion effect of  the residues) had to be corrected for. 
The gas-flow in the furnace chamber was designed specially to avoid sedimentation 
of the products. 

Heated A1203 was used as reference material, with air, oxygen and nitrogen 
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(deoxygenized with a BSA catalyzer) atmospheres and 1 5 - 2 0  1/h flow-rates. The 
average sample weight was about 100 rag. 

In order to investigate the effect of the sample weight, the compounds were also 
studied with a Cahn R G  electrobalance, because the Derivatograph is not suitable 
for measurements in the milligram range. The sample weights in this case were 
2 - 4  rag, the heating rate was 5 ~ and the atmosphere was purified nitrogen 
with a flow-rate of  l0 1/h. 

Calibrations (necessary because of the buoyancy) were carried out for each gas 
and flow-rate, and were applied in evaluation of the TG  curves. 

In order to detect the sofid-solid polymorphic transitions and phase changes, 
to determine their characteristic temperatures, to establish whether the transitions 
are monotropic or enantiotropic, and to measure the transition heats, we carried 
out investigations with a Mettler TA 2000 apparatus. Samples with weights in 
the mg range were placed in closed sample holders. The samples were measured 
in both heating and cooling cycles, and the apparatus was calibrated with indium 
for the quantitative measurements. 

Results and conclusions 

Investigations with the derivatoyraph 

Because of the different thermal behaviours of the compounds investigated, 
our observations will be discussed in the following grouping: 

L,A 

I I 
AT 

Y 
ks2 

L A  

Heating Cooling 

1 I I 1 
60 80 100 120 100 80 

Temperature, ~ 

Fig. l. DTA curves of thallium(I) formate, measured with a derivatograph 
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a) Evaluation of the derivatograms of thallium(I)formate 

The shape of the peak corresponding to the melting of the salt in the DTA 
curve differed from the general type. It was also unusual that the estimated melting 
heat was outstandingly high, being in the range of the heats of degradation reac- 
tions taking place in an oxygen atmosphere. Measured by quantitative DTA it was 
2.6 kcal/mole. 
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Fig. 2. Thermal  curves of  thall ium(I) formate  in air and in nitrogen 

Melting was recorded sometimes as an exothermic process, sometimes as the 
well-recognizable resultant of exothermic and endothermic peaks (Fig. 1). The DTA 
curve of the derivatograms in cooling cycles revealed two well-separated exothermic 
DTA peaks. This phenomenon was reproducible with the Mettler instrument too. 
The reason for this phenomenon is most probably that the isotropic liquid does 
not pass directly into the crystal solid on cooling, but is transformed first to a glassy 
state, which crystallizes later. 
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The exothermic melting always took place only during the first heating after 
recrystallization. In repeated heating periods the same sample always melted in 
a regular endothermic process. It is most probable that recrystallization of  the 
sample from a solvent yields an unstable structure, while crystallization from the 
melt phase is a two-step equilibrium process. 

The thermal decomposition of  thallium(I) formate depends very sensitively on 
the atmosphere in the furnace chamber (Fig. 2). In nitrogen metallic thallium is 
formed in a nearly stoichiometric ratio. This is indicated by the sharp DTA peak 
around 300 ~ characterizing the melting of the metal (the melting point of thallium 
is 303.5 ~ [13]). The decomposition in nitrogen (even if this has been thoroughly 
freed from oxygen) is exothermic, and the measured weight-loss does not reach 
the calculated 18.6 %, but varies in the range 14.0-15.5 %. This is probably due 
to the fact that in addition to the metal a small amount of T120 and relatively 
more cracked carbon was found in the residue. 

The character of  the data obtained from experiments carried out in air or oxygen 
atmospheres differed from those measured in nitrogen. The decomposition tem- 
peratures were 2 0 - 2 5  ~ lower and the weight of  the residue corresponded to the 
theoretical value for thallium(I) oxide. The thallium(I) oxide melt underwent 
a relatively intensive exothermic reaction at 300-350  ~ forming thallium(III) 
oxide. This reaction caused a weight-increase of  about 1%. 

b) Thermal properties o f  C2-  Ca fa t ty  acid thallium (I) salts 

The thermal properties of  these compounds differ from those of thallium(I) 
formate as regards their decompositions, and from those of  the higher molecular 
weight members of the homologous series because they do not exhibit meso- 
morphic properties. 

Table 2 

Decomposition temperatures of TI(I) fatty acid salts 

In inert atmo- Compounds In air, ~ sphere, ~ 

Formate 
Acetate 
Propionate 
Butyrate 
Valerate 
Caproate 
Heptanoate 
Caprylate 
Pelargonate 
Laurate 
Myristate 
Palmitate 
Stearate 

120 
180 
200 
200 
210 
250 
250 
270 
270 
210 
270 
240 
230 

140 
200 
210 
220 
260 
280 
290 
300 
300 
260 
320 
330 
320 
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The data obtained from the DTA and DTG curves measured with the Derivato- 
graph characterize the dynamic thermal stability of these compounds (Table 2). 

These salts showed uniform melting and unambiguous endothermic decomposi- 
tion in oxygen-free atmosphere. As an example we give the thermal curves of 
thallium(I) acetate in Fig. 3. 
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Fig. 3. Thermal curves of thallium(I) acetate in air and in nitrogen 

Quantitative evaluation of the TG curves of the salts established that the weight 
losses are significantly larger than the calculated values for both metal and metal 
oxide. In a more detailed investigation of this question it turned out that this 
increased weight-loss is caused by distillation of the salts in the molecular state: 
after every run solid could be found at different parts of the apparatus and could 
be identified as the starting material via its melting point and IR spectra. This 
weight-losing starts only after the melting point of the sample (illustrated in the 
DTA and DTG curves) and thus the process is distillation and not sublimation. 
This was also proved by separate atmospheric distillation experiments. 
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This phenomenon, which is quite rare among salts, can be explained by the appre- 
ciable covalency of the carboxylate-metal ion bond, and is also suggested by the 
low melting points of the compounds. The extent of distillation is strongly affected 
by the experimental conditions, as follows: 
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Fig. 4. Percentage difference of the decomposition residue from the calculated theoretical 
value for TI(I) oxide as a function of the chain-length 

1. The nature of the atmosphere is the basic determining factor. Figure 4 shows 
the weight-differences from the theoretical values for thallium oxide as a function 
of the chain-length, in both oxidizing and inert atmospheres. The molecular state 
distillation is more significant in the latter, which explains the higher differences 
from the theoretical values. 

2. Figure 4 also illustrates that the tendency to distillation depends on the molec- 
ular size too, this function exhibiting a maximum. This behaviour is due to the 
opposite trends of the dependences of the distillation on the covalency of the salt 
bond and on the molecular weight. 

3. The rate of distillation also depends on the specific surface of the sample, 
as is well illustrated by the curves measured in a crucible-type and in a plate-type 
sample holder (Fig. 5). 

4. Studying the effect of the material of the sample holders, we found that the 
decomposition products corrode platinum crucibles. Application of the inexpen- 
sive aluminium oxide crucible suggested by Porubszki et al. [14] was not success- 
ful because the metal oxide formed can diffuse through the wall of the crucible, caus- 
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ing significant weight-losses. Using a heat-resistant glass crucible, the formation 
of a small amount of yellow thallium silicate has to be taken into consideration. 

The TG curves differ after the ending of the main decomposition reaction. In an 
inert atmosphere the weight of the residue is practically constant after the decom- 
position reaction and distillation, and the residue consists of thallium(I) oxide 
and cracked carbon. The thallium(I) oxide is converted into thallium(III) oxide 
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Fig. 5. Thermal curves of thallium(I) butyrate, measured in a crucible and in a plate-type 
sample holder 

in an oxidizing atmosphere in a relatively fast exothermic reaction which is fol- 
lowed by its thermal decomposition. The process is quite complex. According to 
the literature [13], thallium(IlI) oxide is transformed into TI20.3TI203 at 360-- 
440~ this compound is stable in the interval 440-565 ~ and then loses oygen 
till 815 ~ In a pure oxygen atmosphere thallium(III) oxide is formed directly, and 
therefore only the oxygen-losing process can be observed. 
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c) Investigation of the C5-C9, C12, C1~, C1~ and Clsfatty acid thallium(I) salts 

Compared with the above-mentioned members of the homologous series, these 
salts exhibit many more DTA peaks, corresponding to polymorphic transitions 
as well as to the solid-mesophase and mesophase-isotropic liquid transitions 
(Figs 6 and 7). With the help of the DTA and DTG curves we determined the 
dynamic thermal stabilities of these compounds too. According to the results 
listed in Tables 1 and 2, it is not necessary to ensure an absolute oxygen-free 
atmosphere in investigations of the melt phase. 
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Fig. 6. Thermal curve of thallium(I) heptanoate 

The conclusions from the complex thermal investigations are as follows: 
1. The results and their evaluation helped the planning of further investigations 

of the melt phases of these salts. 
2. The results also called our attention to the fact that the thermal decomposition 

is complex (consisting of parallel and consecutive processes), and is strongly 
affected by the experimental conditions and the molecular weight. 

3. No quantitative data can be obtained for chemical anaIysis of the decompo- 
sition in this case. 
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Fig. 7. Thermal curve of  thallium(i) stearate 
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Fig. 8. Transition temperatures as a function of  the chain-length 
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Quantitative DTA measurements 

Quantitative DTA investigations were carried out for all the compounds men- 
tioned earlier with a Mettler TA 2000 apparatus. 

The transition temperatures, heats and entropies are listed in Table 3. The tran- 
sition temperatures are plotted in Fig. 8 as a function of the chain-length of the 
anion. The smooth curves represent the temperatures of the solid-mesophase and 
mesophase-isotropic liquid transitions. These tendencies are similar to those 
measured for the sodium salts [1,2]. The enthalpy and entropy changes correspond- 
ing to the solid-mesophase and mesophase-isotropic liquid transitions are plotted 
against the chain-length of the anion in Fig. 9. 
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Fig. 9. Transition enthalpies and entropies; a) mesophase-isotropic liquid, b)solid-mesophase 

According to the literature [17], more characteristic information can be obtained 
on the thermal behaviour of compounds if we investigate the sum of the entropy 
changes for all the transitions taking place from 0 K; however, the available data 
in the literature [15, 16] are usually transition entropy changes summed only from 
an arbitrary temperature, for example from 25 ~ , assuming that there are no transi- 
tions of the members of the series below this. Though our results computed on 
the same basis show similar trends to those cited above (Table 3), the assumption 
is very questionable in our view. 
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RI~SUM~ -- Etude du comportement  thermique des sels de thallium(I) d'acides gras (de C 1 h 
C9, Ca2, C14 et Cas). L'6tude de la d6composition thermique en fonction des conditions exp6- 
rimentales a permis d'6tablir que les sels 6tudi6s se d6composent diff6remment suivant l 'at- 
mosph6re utilis6e, ainsi que suivant la forme et la nature  des supports 6chantillons. D6ter- 
ruination des domaines de temp6rature off ces compos6s restent thermiquement  stables. 
Mesure des temp6ratures et des variations d 'enthalpie des transit ions de phase et des transi- 
t ions polymorphiques et calcul des variations d 'entropie  correspondantes.  

ZUSAMMENFASSUNG -- Das thermische Verhalten der Thallium(I)-Salze der Fetts/iuren mit 
C1 bis C9, C12, Cx4 und Cls wurden untersucht. Die Temperaturen und Enthalpien der einzel- 
hen polymorphen und Phasen~inderungen, sowie die thermische Stabilit/~t der Verbindungen 
wurden bestimmt. Es wurde festgestellt, dab die zu Ketonen und Gemischt-Ketonen fiihrende 
thermische Zersetzung in der Schmelzphase von Destillationsprozessen begleitet wird, welche 
yon der Molektilstruktur und yon zahlreichen Versuchsbedingungen abh/ingig sind. 

Pe3~oMe - -  HccYteAoBano TepMi~ecKoe noBe~erme conei~ ~Kr~pm, ix KHC~IOT Ta:Im~a(I) c •rlcno• 
yrJIepo~m, lX aTOMOB C1--Cg, C1~ , Cla , C16 , C18. H3Mepenst TeMnepaTypl, i nonrlMOpC~m~ix ~I qba30- 
B~,IX IlpeBpalueHm2, 3i-ITaY/t,In, n~I H TepMn~ecra~t CTa61~IJIt,HOCTl~ 3TI, IX coe~IrlHeFinl~, El~iJio ycTano- 
BJIeI-IO, XlTO npIt TeHJIOBOM pa3no~erlrtri pacnnaBa o6pa3ylOTC~ KeTOHbI leI CMeCH KeTOHOB, npn~IeM 
3TOT npollecc conpoBoxc~aeTe~t ~I'ICT/rlJIYI~LU,IOI-II-IbIMt~ npolleccaMrt, KoTopble 3aBHC~IT OT eTpoen!,I2 
MO3IeI~yJI rt HeI~OTOpMX 3KcneplAMeHTaHbHblX O~eTO~ITeJlbCTB. 
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