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ABSTRACT 

Four members of the series of anhydrous thallium(I) n-alkanoates with medium chain- 
length (n-octanoate, n-nonanoate, n-undecanoate and n-tridecanoate) have been prepared, 
purified, and studied by differential scanning calorimetry between 200 and 500 K. Their 
polymorphic and mesomorphic behaviour has also been investigated by polarization mi- 

croscopy. 
The temperatures and enthalpy changes for the phase transitions have been measured and 

the corresponding entropy changes calculated. 
Heat capacity measurements by DSC between 300 and 500 K are also reported. 

INTRODUCTION 

The thallium(I) n-alkanoates, like other series of salts with organic cations 
or anions [l], show manifold polymorphism and liquid-crystal-like mesomor- 
phism, as well as a somewhat complicated thermal behaviour. 

We have recently studied the thermophysical properties of thallium(I) 
n-hexanoate, n-heptanoate, n-decanoate, n-dodecanoate and n-tetrade- 
canoate [2-71. The complete morphology of the heat capacity curve for each 
compound, from 5 K to about 500 K, was obtained by combining data from 

* Dedicated to Prof. E.F. Westrum, Jr., in honour of his contribution to calorimetry and 
thermal analysis, and on the occasion of his 70th birthday. 
* * Author to whom correspondence should be addressed. 
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both sub-ambient adiabatic calorimetry and DSC techniques. Several solid- 
to-solid phase transitions, in addition to the fusion and clearing ones, were 
found and their temperatures, enthalpies and entropies determined. Previous 
DSC work in our laboratories dealt with the lower members of the series up 
to n-heptanoate [8]. 

In order to obtain valid information on the thermal behaviour of the 
thallium(I) n-alkanoates series from a homogeneous set of data, and to 
extend the available information to sub-ambient temperatures, we have 
undertaken a thermophysical study of the n-octanoate, n-nonanoate, n-un- 
decanoate and n-tridecanoate (hereafter T18C, T19C, TlllC and T113C, 
respectively) by DSC. 

Previous work on this series has been done by other investigators using 
polarization microscopy [9,10], DTA [ll] and DSC [12]. However, these 
studies have been limited to temperatures higher than 300 K and there are 
no heat capacity data. Moreover, it should be pointed out that most of the 
TlnC members display solid-to-solid phase transitions under 300 K. 

EXPERIMENTAL 

Sample preparation 

The studied thallium(I) n-alkanoates were prepared by reacting Tl,CO, 
(Fluka, > 99% molar purity) with the proper n-alkanoic acid (HnC, n = 8, 
9, 11, Merck, certified purity > 99%, > 98% and > 98%, and n = 13, Fluka, 
> 98%, respectively; tested at the manufacturers by GC), both reactants 
being dissolved in dry methanol. In order to avoid the formation of acid 
soaps (or molecular complexes) [1,7] by coprecipitation of the salt with the 
acid, a slight excess of thallium(I) carbonate (about 5%) was used instead of 
the more normal way of preparing metallic alkanoates which is to use acid in 
excess [13]. After refluxing for a few hours, and separating the thallium 
carbonate excess, the solvent was removed, and the recovered solid washed 
with ethyl ether. Then, the salts were purified using repeated recrystalliza- 
tion from ethanol, and vacuum dried at room temperature. Purity control 
was followed quantitatively by DSC using fractional fusion techniques [14]. 

DSC 

A Perkin-Elmer DSC-2C, connected to a Model 3600 Data Station and 
provided with the Intracooler-2 unit for sub-ambient temperatures, was used 
between 230 and 480 K. Its temperature scale for the region of interest was 
calibrated by measuring the melting points of the usual high-purity stan- 
dards: n-undecane, n-tridecane, n-pentadecane, n-octadecane, indium, tin 
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and n-octadecanoic and benzoic acids. The power scale was calibrated using 
high-purity indium (> 99.999 mol.%) as standard material. 

The purity of each compound was determined on three or four samples 
each between 3 and 6 mg, weighed to f0.002 mg with a Mettler SM-5 
microbalance, at low heating rates and high sensitivities. 

For the enthalpy transition determinations, four to six samples weighing 
5-15 mg were generally recorded at 10 K mm-‘. In the lower temperature 
regions (up to about 400 K), the samples were capsulated in solid pans. At 
higher temperatures, hermetically sealed volatile pans were used in order to 
minimize undesired decomposition effects. The estimated errors were +0.5 
K and about 2% for transition temperatures and enthalpies, respectively. 

For the heat capacity determinations, four to six samples weighing lo-20 
mg were scanned for each product in the temperature range of 300 to 500 K, 
using a heating rate of 10 K rnin- ‘. Each scan was divided into approxi- 
mately 30 K runs, overlapping each other to minimize base-line uncertain- 
ties. The estimated error of the heat capacities was about 2%. 

Polarization microscopy 

Optical observations of phase textures were made on a Galileo LN 
polarized-light microscope with a white light source and fitted with a 
Mettler FP52 + FP5 hot stage. The samples were examined sandwiched 
between microscope slides and cover-slips of Pyrex glass, previously cleaned, 
washed and both rubbed in one direction with acetone in order to avoid the 
homeotropic texture of the mesophase. In this manner it was found that 
heating to the isotropic phase followed by immediate cooling to the “neat” 
phase would produce the desired non-homeotropic condition. Pictures were 
recorded on regular film. 

RESULTS AND DISCUSSION 

DSC thermograms for TlSC, T19C, TlllC and T113C showed well-defined 
curves for each compound, in both the heating and cooling cycles. The 
purity of the four alkanoates was high enough to achieve reliable data. Table 
1 gives the molar percent purities (eutectic impurities) and the corresponding 
fusion temperatures, which are compared with those from other authors 
[9-121, who did not report any figures for the purity of their samples. 

Figures 1 and 2 show the recorded DSC thermograms for the four 
compounds studied. Figure 1 shows the lower temperature peaks for samples 
capsulated in solid pans. With the exception of the thallium(I) n-octanoate, 
which shows no hysteresis, the first and second scans present different 
patterns for the same operational conditions; this behaviour could be 
attributed to the possible occurrence of metastable forms. The behaviour 
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TABLE 1 

Purities and temperatures of fusion of the thallium(I) n-alkanoates (TlnC) 

Compound Purity = 
mol.% 

T/(K) 

This work Literature Reference 

T18C 99.79 411.0 411 
408.9 
403 

408.2 
T19C 99.73 410.9 411 

411.8 
410 
409.7 

TlllC 99.86 404.2 404 
403.6 
401.9 

T113C 99.86 397.9 398.5 

9 
10 
11 

12 
9 

10 
11 

12 
9 

10 
12 
12 

a Mean values of four DSC determinations. 

observed in the second scan was maintained during subsequent ones. Figure 
2 shows the higher temperature peaks (the fusion and clearing peaks) with 
both the heating and cooling cycles for samples capsulated in volatile pans. 
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Fig. 1. Heating thermograms (solid pans) showing the solid-to-solid transitions of thallium(I) 
rr-alkanoates (TInC). Dotted lines, first heating; continuous ones, second heating. SI-SV 
denotes the different solid phases. 
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Fig. 2. Thermograms (volatile pans) showing the fusion and clearing transitions of thallium(I) 
n-alkanoates (TlnC). M, mesophase; IL, isotropic liquid. 

A considerable undercooling effect (5-8 K at cooling rates 10 K mm-‘) was 
always observed on forming both the mesomorphic and solid I phases for 
each compound. The second heating always produced a sharper fusion peak 
(due to an improved thermal contact); however, the clearing peak was 
broader and smaller and tended to decrease in area in the second and 
subsequent heating scans (due to thermal decomposition of the sample). 

The designation of the different solid phases, mesophase and isotropic 
liquid is based on observation by polarizing microscopy, which is in agree- 
ment with that reported by previous authors [9-121. The liquid crystalline 
mesophase (non-homeotropic) of all the samples exhibited a simple fan- 
shaped texture, which is only achieved after rapid cooling from the isotropic 
liquid. If the sample was heated from the solid phase or cooled slowly from 
the isotropic liquid, spontaneous formation of the homeotropic condition 
invariably resulted. Sometimes spherulitic domains were observed in the 
homeotropic texture during the cooling runs. Mesophases were also col- 
oured, changing from low to high frequency colours with the decreasing 
temperature. 

The mesophase has been identified as a homogeneous smectic A-like or 
“neat” structure [15,16] for all the samples studied. In Fig. 3 the typical 
fan-shaped texture for the T19C and TlllC can be seen showing a decreasing 
size of the domains with the increasing number of carbons. 



Fig. 3. Simple fan texture observed under crossed polars for the smectic A-like or “neat” 
phase of (a) thallium(I) nonanoate at 439 K and (b) thallium(I) undecanoate at 437 K. 

The temperatures, enthalpies and entropies concerning all the transitions 
observed are presented in Table 2. Figure 4 summarizes the literature and 
present temperature data for comparison. While the entropy of fusion 

TABLE 2 

Thermal functions of the phase transitions of thallium n-alkanoates: T18C, T19C, TlllC and 
T113C 

Compound 

T18C 

Transition 

Solid IV-Solid III 

T (K) AH/R (K) A S/R 

268.7 20 0.07 
Solid III-Solid II 289.8 455 1.57 
Solid II-Solid I 294.3 260 0.88 
Solid I-Mesophase 411.0 682 1.66 
Mesophase-Isotropic Liquid 494.7 360 0.73 

T19C Solid V-Solid IV 259.3 125 0.48 
Solid IV-Solid III 299.8 188 0.63 
Solid III-Solid II 315.7 344 1.09 
Solid II-Solid I 332.2 834 2.51 
Solid I-Mesophase 410.9 728 1.77 
Mesophase-Isotropic Liquid 490.0 332 0.68 

TlllC Solid V-Solid IV 306.2 404 1.32 
Solid IV-Solid III 312.4 255 0.82 
Solid III-Solid II 325.6 414 1.27 
Solid II-Solid I 351.1 848 2.42 
Solid I-Mesophase 404.2 734 1.82 
Mesophase-Isotropic Liquid 477.1 277 0.58 

Tl13C Solid V-Solid IV 315.0 95 0.30 
Solid IV-Solid III 328.1 581 1.77 
Solid III-Solid II 332.6 1120 3.37 
Solid II-Solid I 370.1 349 0.94 
Solid I-Mesophase 397.9 757 1.90 
Mesophase-Isotropic Liquid 464.7 225 0.48 
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Fig. 4. Summary of the transition temperatures for the four thalium(1) n-alkanoates (TInC). 
Phase and transition designations according to the original papers: SI-SV, different solid 
phases; M, mesophase; IL, isotropic liquid. Experimental techniques: micr., microscopic 
observation; DTA, differential thermal analysis; DSC, differential scanning calorimetry. 

increases with the chain length, the corresponding value for the clearing 

transition decreases, which suggests that the stability of the mesophase is 

lower for the longer chain homologues. This effect is also observed by 
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comparing the mesophase temperature ranges with each other, defined as 
the difference between the clearing and the fusion temperatures. These 
values are 83.7, 79.1, 72.9 and 66.8 K for T18C, T19C, TlllC and T113C, 
respectively. 

TABLE 3 

Molar heat capacities of thallium(I) octanoate, nonanoate, undecanoate and tridecanoate 
(R = 8.‘3144 J mol-’ K-‘) 

T 6) 

305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 
400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 

C,/R 
T18C T19C TlllC T113C 

35.4 - 
35.3 47.3 - 
35.0 - 
34.9 - 
34.9 55.4 - 
35.0 61.9 - 
35.1 - - 
35.3 42.4 - - 

35.8 41.3 - 85.8 
36.0 41.2 89.8 
36.2 41.2 96.5 
36.4 41.5 50.9 103.8 
36.6 41.7 51.6 102.6 
36.9 42.1 51.3 - 
37.0 42.4 51.7 - 

37.3 42.6 52.0 58.8 
37.5 42.9 52.2 59.6 
37.7 43.3 52.8 61.5 
38.0 43.5 - 
38.2 44.2 - - 
38.4 - 

- - 64.4 75.0 
- - 65.0 75.1 
- - 65.5 75.3 
- 66.2 76.1 
48.4 53.4 66.9 76.4 
49.1 53.8 67.1 77.2 
49.5 54.0 67.3 78.0 
49.9 54.8 67.2 78.4 
50.3 55.1 67.8 79.0 
50.7 55.9 68.3 79.4 
51.2 57.1 68.8 79.8 
52.0 57.3 - - 
52.4 57.7 - - 
52.7 58.7 - 

53.1 59.2 
53.5 60.3 - 
54.1 - - 
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Fig. 5. Heat capacity curves for the different solid phases and mesophases of thallium(I) 
n-alkanoates (TlnC); broken vertical lines represent the transition temperatures. 

As is obviously expected, the overall entropy change associated with all 
the steps from the fully ordered crystalline state to the isotropic melt, 
increases with increasing chain length. However, this happens by means of 
an increase in the entropy change associated with the solid-to-solid phase 
transitions; effectively, the sum of ASf”,i,, + ASclearing is almost constant and 
equal to (2.40 + 0.05) R. This might suggest that the solid-to-solid transitions 
are associated with the disordering of hydrocarbon chains in the crystalline 
lattice, as a “partial melting”. X-ray diffraction studies would elucidate this 
question. 

The experimental molar heat capacities obtained for the four thallium(I) 
n-alkanoates are given in Table 3 at 5 K intervals within the temperature 
range 300-500 K. No measurements were taken at temperatures above the 
clearing point because decomposition of the samples in volatile pans begins 
near this limit, nor in the areas where phase transitions took place because 
of the lack of equilibrium inherent in the dynamic method employed. 

The heat capacity measurements are plotted against temperature in Fig. 
5; vertical lines denote transition temperatures and Roman numbers show 
the existing range of the different solid phases. These is a broad hump in the 
C’/R vs. T curve for the solid II phase of the n-tridecanoate. This has also 
been observed, always in the solid II phase, in other members of the 
thallium(I) series [3,4]. 



148 

ACKNOWLEDGEMENT 

This research was supported in part by the Comisi6n Asesora de Investi- 
gaci6n Cientifica y TCcnica of the Ministerio de Educaci6n y Ciencia of 
Spain (Grants-in-aid for Scientific Research PB850042). 

REFERENCES 

1 P. Franzosini and M. Sanesi, Thermodynamic and Transport Properties of Organic Salts, 
Pergamon Press, London, 1980. 

2 J. Boerio-Goates, F.L. Lopez de la Fuente, J.A.R. Cheda and E.F. Westrum, Jr., J. Chem. 
Thermodyn., 17 (1985) 401. 

3 S.P. Ngeyi, F.L. Lopez de la Fuente, J.A.R. Cheda, F. Femandez-Martin and E.F. 
Westrum, Jr., J. Chem. Thermodyn., 17 (1985) 409. 

4 S.P. Ngeyi, E.F. Westrum, Jr., F.L. Lopez de la Fuente, J.A.R. Cheda and F. Fernandez- 
Martin, J. Chem. Thermodyn., 19 (1987) 327. 

5 F.L. Lopez de la Fuente, E.F. Westrum, Jr., J.A.R. Cheda and F. Fernandez-Martin, J. 
Chem. Thermodyn., 19 (1987) 1261. 

6 F.L. Lopez de la Fuente, J.A.R. Cheda, F. Fernandez-Martin and E.F. Westrum, Jr., J. 
Chem. Thermodyn., 20 (1988) 1137. 

7 A.K. Labban, F.L. Lopez de la Fuente, J.A.R. Cheda, E.F. Westrum, Jr. and F. 
Fernandez-Martin, J. Chem. Thermodyn., submitted. 

8 F. Fernandez-Martin, F.L. Lopez de la Fuente and J.A.R. Cheda, Thermochim. Acta, 73 
(1984) 109. 

9 F. Baum, D. Demus and H. Sackmann, Wiss Z. Martin Luther Univ., Halle-Wittenbery, 

Math-Naturwiss., Reihe (1970) 37. 
10 G. Pelzl and H. Sackmann, Mol. Cryst. Liq. Cryst., 15 (1971) 75. 
11 T. Meisel, K. Seybold, J. Roth and Cs. Mtlykuti, J. Therm. Anal., 10 (1976) 419 
12 J. Lindau, S. Diele, H. Kruger and H.-D. Dorfler, Z. Phys. Chem. (Leipzig), 262 (1981) 

775. 
13 F. Femandez-Martin, F.L. Lopez de la Fuente, J.A.R. Cheda and E.F. Westrum, Jr., XXI 

Bienal Real Sociedad Espacola de Quimica, Santiago de Compostela (1986). 
14 E.E. Marti, Thermochim. Acta, 5 (1973) 173. 
15 G.W. Gray and J.W. Goodby, Smectic Liquid Crystals, Textures and Structure, Leonard 

Hill, Philadelphia, 1984, p. 1. 
16 D. Demus and L. Richter, Textures of Liquid Crystals, Verlag Chimie, Weinheim, 1978, p. 

19. 
17 R. Walter, Ber. Deut. Chem., 59 (1926) 963. 


