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Thermal Phase Behaviour of
Thallium (l) Branched Alkanoates—
Influence of Chain Length and
Position of Branching on the
Occurrence of the (Anhydrous) Neat
Phase

J. LINDAU, W. HILLMANN, H.-D. DORFLER and H. SACKMANN
Sektion Chemie, Martin-Luther-Universitét Halle/S, German Democratic Republic

(Received August 1, 1985)

The thermotropic phase behaviour of anhydrous thallium (I) salts of branched chain
aliphatic carboxylic acids was investigated by means of DSC and optical polarisation
microscopy. The influence of the alkyl chain length and position of branching on the
thermotropic phase behaviour was studied. The salts of a-branched acids did not show
a stable neat phase. Salts which are alkyl substituted in the § and higher positions do
however show stable neat phases. These results are compared with those found for
alkali metal alkanoates.

Keywords: neat phase, thallium alkanoates, branched chains

INTRODUCTION

We have recently described the thermal behaviour of water-free thal-
lium (I) salts of homologous aliphatic, alicyclic, and aromatic car-
boxylic acids with unbranched alkyl chains.!> Most of the salts in-
vestigated form the liquid-crystalline neat (lamellar) phase.

In this study the influence of the alkyl chain length and position
of branching on the thermotropic phase behaviour of the anhydrous
thallium (I) salts of aliphatic carboxylic compounds was investigated

259



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:22 19 February 2013

260 J. LINDAU et al.

by means of differential scanning calorimetry (DSC) and optical po-
larisation microsocopy:

C,¢H3;—CH—COOTI tallium (I)-a-n-
alkyloctadecanoates

C.Honut n=12316

C15H31‘_’ CH_CHZ_COOTI tallium (I)'B‘
| methyloctadecanoate
CH,

CH;\ thallium (I)-iso-

/CH—(CHZ),,—-COOTI alkanoates
CH, n=0123

The temperature range investigated was from 300 K to the transition
of the salts into the isotropic liquid.

EXPERIMENTAL
Methods

Optical studies of the phases were carried out on a polarising micro-
scope equipped with a hot stage. DSC measurements were made on
a Perkin-Elmer DSC-1B apparatus, using sealed aluminium pans. The
temperature scale was calibrated by use of the known phase-transition
temperatures of azobenzene, benzil, acetanilide, indium and tin. In-
dium was chosen for the calibration of the transition enthalpies. The
error of the measured transition enthalpies amounts to about +5%.
The errors in the temperature measurement are within the limits of
1°K.

Preparation

The a-ethyloctadecanoic acid, a-n-propyloctadecanoic acid, and iso-
butylacetic acid were prepared by the reaction of diethyl malonate
with the corresponding alkyl halides, saponification of the alkyl ma-
lonic esters and decarboxylation of the alkyl malonic acids.® The
transition temperatures of the synthesised acids and of the a-meth-
yloctadecanoic acid used, B-methyloctadecanoic acid, and a-n-hex-
adecyloctadecanoic acid were consistent with the previously published
data. 4367
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The commercial isobutylic, isovaleric, and isoamylacetic acids were
used without further purification.

The salts were produced by neutralisation of the carboxylic acids
in alcohol wth aqueous thallium hydroxide solution. They were
recrystallised and dried in vacuum. The thallium content of the thal-
lium-a-n-alkyloctadeanoates was checked by chemical analysis. The
deviations from the stoichiometric composition of the thallium-a-
methyloctadecanoate, a-ethyloctadecanoate, and a-n-propyloctade-
canoate samples were lower than 0.5%, the deviation for thallium-
a-n-hexadecyloctadecanoate was 2%.

RESULTS

The temperatures and enthalpies of the phase transitions are listed
in Table 1. The different solid phases following the neat phase or the
isotropic liquids at lower temperatures were numbered phase 1 and
phase 2. This should not be taken to indicate the identity of the type
of structures.

In contrast to the unbranched thallium-octadecanoate,! a-branched
alkanoates do not exhibit a neat phase. In addition to the solid-
isotropic transition in the short-chain compounds (2,3,4) in the sub-
stance 5, there was a solid-solid transition also.

All these a-branched thallium-octadecanoates showed supercool-
ing effects and a tendency to form metastable modifications (unlike
the fatty acid thallium salts'). Therefore, to obtain reproducible tran-
sition data a different procedure was necessary in each case. For
substance 2 the heating rate was 2 K/min. and for reproducible data
a 30 minutes tempering of the samples at 335K was necessary. In-
vestigations of compound 3 were carried out with 8§ K/min heating
and cooling rates. On cooling of the isotropic melt a transition to an
unstable modification was observed. Within a few minutes the un-
stable modification changed to the stable form. Heating and cooling
rates of 2 K/min were used for substance 4. The isotropic—solid tran-
sition showed a supercooling of 15°K. The enthalpies observed during
cooling agreed well with those obtained by heating. DSC traces of
subsequent heating runs were in agreement with those from samples
kept at room temperature for five days. The substance 5 was inves-
tigated with heating rates of 8 K/min. Only the first heating runs
could be employed for data evaluation.

The neat phase of the B-branched compound 6 was identified by
its fan texture. The temperature range of the neat phase is small.
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The thermotropic phase behaviour was complicated by the occurrence
of metastable modifications. The first heating run showed the three
transitions: phase 2—phase 1 (solid-solid), phase 1-neat, and neat—
isotropic. In subsequent heating and cooling runs the solid-solid tran-
sition vanished and only the phase 1-neat and neat-isotropic tran-
sitions were observed. After cooling a sample (8°K/min) from the
isotropic melt to room temperature and keeping the sample at this
temperature for 12 hours a subsequent heating run did not show the
neat phase and a transition from metastable solid to metastable isotropic
took place at 347°K. After keeping this sample at 352°K for three
hours subsequent heating and cooling runs showed the phase 1-neat
and neat-—isotropic transitions.

The phase behaviour of the thallium-isoalkanoates is shown in
Figure 1. Some of these salts had previously been studied by Walter®
using polarisation microscopy and the observed transition tempera-
tures were in good agreement.

By cooling the isotropic melt of substance 7 an unstable neat mod-
ification with a short lifetime could be observed. Substance 8 with a
branching in the B-position showed a stable neat modification over
a small temperature range. In the cases of the next members (n =

H,C
3%
" C,cu—(cuz)-n cooT
3
64
4 n=0
2 phase 2 I phase 1 Isotropic
0 T T T T T T T T T T
6
T 4 n=1
-g 24 phase 1 neat I Isotrople
2 0 T T T T T T T T T T
6
e =
g 4 n=2
24 Phase 1 neat | Isotropic
0 L T | ) ) L T L] T |
6 -
e n= 3
24 phase 1 neat | Isotropic
0 T T Y T T T T T T
300 400 sbo Tk

FIGURE 1 Transition temperatures and transition enthalpies of thallium-isoalka-
noates.



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:22 19 February 2013

264 J. LINDAU et al.

2,3), extended regions of the neat phase were observed. Because of
thermal decomposition only first heating runs were employed for data
evaluation of the neat—isotropic values. The neat modifications were
again identified by their characteristic fan textures. The textures and
the mechanical behaviour of the phases 1 and 2 indicated that they
were both crystalline solids.

DISCUSSION

Three general points emerge from the results listed in Table I.

a) None of the thallium-alkanoates which are alkyl-substituted in
the position of the second C-atom (a-branched) have a stable neat
phase. This was found for compounds with a combination of two
short hydrocarbon chains in the 2-position (7), for short/long chain
combinations (2,3,4) and a long/long chain combination (5).

b) Those thallium-alkanoates which are alkyl-substituted at the
third and higher C-atoms exhibit a stable neat phase. This is true for
compounds with two CH;-groups at the terminal branching position
(8,9,10), and for the long/short chain combination (6).

¢) When compared with n-alkanoates of the same number of C-
atoms (see Ref. 1) the B-branched compounds (6 and 8) have dis-
tinctly lower clearing temperatures and the temperature range of the
neat phase is reduced (see Figure 1).

Note the appearance of a short-lived monotropic neat phase for
the a (n = 0). Therefore in principle such compounds can form a
neat phase but it lies below the crystal-isotropic transition and can
only be reached by supercooling.

We cannot meaningfully compare solid-neat transition tempera-
tures because the structures of the solid phases of the branched al-
kanoates and the n-alkanoates are unknown.

The AH values for the neat—isotropic transition are comparable
with those for the n-alkanoates (about 3.5kJ/mol in the n C5 and n
C¢ compounds and lower values eg. 1.1 kJ/mol in the n C,3 com-
pound).

The neat phases have a layer structure. The layer thickness is less
than twice the length of the fully extended molecule but greater than
the length of one molecule. There is a head to head alignment of the
molecules in the layers. Both the headgroup region and hydrocarbon
regions are flexible in a “melting-state.”® This was also found in the
neat phases of the thallium-n-alkanoates.! It appears that a-branch-
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ing, strongly affects the interaction between headgroups and B-
branching has a smaller effect. Branching at higher positions has a
diminishing influence on the headgroup region and also the inter-
actions within the hydrocarbon region seem to be scarcely affected.

In Table II the effect of chain branching on the whole range of
neat phases known for thallium and alkali metal alkanoates is sum-
marised. The presence or absence of a neat phase is indicated by +
or —, respectively. None of the lithium soaps studied exhibit a neat
phase. However all of the potassium soaps form a stable neat phase
(including those with a-branching). For thallium and sodium soaps,
the patterns of occurrence of the neat phases were virtually identical
(the only exception being the C, compounds)—despite the marked
differences in the melting and clearing point temperatures. Only a
few observations of rubidium and caesium alkanoates have been re-
ported.
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