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Abstract- During the last decades there has been a renewed
interest in the study of salts with organic anion and /or
cation, not only as pure substances but also their mixtures
with any kind of solvents. Special attention will be given in
this report to the mixtures of organic salts with organic
acids. It is well known that the association of alkali
alkanocates ("soaps") and alkanoic acids into a crystalline
molecular complexes ("acid soaps") of a given stoichiometry
(1:1, 2:1, 3:2, etc.) generally melt incongruently. Besides
these peritectic points, a 1lyotropic mesomorphism is also
frequently found. The thallium(I) alkanoates and some acid +
salt phase diagrams have been investigated recently, showing
formation of only a 1:1 molecular complex, which melts
incongruently, and the appearance of lyotropism. On replacing
thallium(I) by lead(II), the binary phase diagram shows
completely different features. No molecular association between
the acid and the salt is found in the solid state. The complete
phase diagram resembles those of the surfactants in water. A
Krafft-like point is found, in which the solubility of the salt
increases dramatically pointing to the formation of micellar
aggregates. The presence of thermotropic mesomorphism
corresponds to lyotropism in that region of the phase diagram.

INTRODUCTION

During the last decades there has been a great interest in research on
salts with organic anion and/or cation, as it can be seen in the
valuable reviews on pure salts and mixtures like the ones published by
Franzosini and Sanesi (ref. 1 and 2), Gordon (ref. 3) and Lind (ref.
4).

One of the interests of these systems is the fact that by simple
experimental changes of the salt structure -either the structure of
organic ion and/or the size and charge of the counterion- differences
in physical propierties can be found. These allow to stablish
structure-property correlations that are of scientific interest and may
have important technological applications.

In the case of mnixtures of these salts, mainly with water, but also
with organic solvents (especially with organic acids), we are looking
at important fields since the different kind of interactions observed
by the systems are of interest in also science and industry.
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PURE ORGANIC SALTS

It is important to point out the step-melting process of the pure salts
that 1leads to the appearance of polymorphism and thermotropic
mesomorphism (plastic and 1liquid crystals). This process has been
generally found on many series of
cationic or ‘anionic organic salts
containing alkyl chains. Good examples so0f-
of this are the thallium(I) (ref. 5
and 6) and lead(I1I) (ref. 7)
n-alkanocates series. Figures 1 and 2
show schematically the thermal
behaviour of these two series of
conpounds (temperatures of transitions
vs total number of carbons). These s
series behave similarly to the alkali 400~
alkanoate ones (ref. 1), although the
polymorphic pattern is 1less rich in
the case of 1lead(II) in comparison
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with the other series (thallium(I) and TIK
alkali). In the 1lead(II) series the
temperature range of liquid crystal
existence is narrower than in the 300k
other ones and reduced to less members
of the series (it 1is only present
until the dodecanoate) . It is
noteworthy to point out that the
mesomorphism  of lead(II) salts
together with the discotic mesophase
presented by Cu(II) and Rh(II) (ref. 200
8) are in the best of our knowledge, o
the only known cases of thermotropic Fig. 1. Transition temperatures
mesomorphism occurring on divalent vs total number of carbons for
cation organic salts. the thallium(l) n-alkanoates.
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Alkali n-alkanoates are

typical surfactant molecules.

A surfactant, amphiphilic or
tensioactive, contains <
coexisting in the molecule, =
both a lyophobic group which

has little or no attraction

for the solvent, and a
lyophilic group which has a

strong attraction for the

same. When in  solution, 0, 1 = & L L =
segregation of the amphiphile ne

from the solvent leads to a Fig. 2. Transition temperatures vs total

very rich self-assembling number of carbons for the lead(II)
behaviour. n-alkanoates.

-

A great deal of work has been devoted to the study of these systens,
mainly with water (ref. 9). A typical water + surfactant phase diagram
presents a region of micellar solution above what is called the Krafft
peint, frequently at very low concentration (critical micellar
concentration) and temperature (Krafft temperature). Another typical
aspect of these phase diagrams 1is the appearance of lyotropic
mesomorphism when increasing the concentration of surfactant, usually
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in this order: hexagonal or nematic, planar or smectic and cubic,
connecting with the thermotropic mesomorphism, if existing, of the pure
surfactant. The sodium dodecylsulfate + water (ref. 10) and sodium
laurate + water (ref. 11) are examples of the most representative and
better studied systems.

The organic solvent + surfactant 320

binary phase diagrams have been much 300 ,f
less studied. only partial /!
solubility data are available (ref. 280 - Homogeneous S
12 and 13). An exception is the case 260 - anisotropic ,//
of alkali alkanoates + carboxylic 240 liquid /]
aciq, probably due to the /)
technologlcal applications of these 220 Homogeneous ;oK
systems in cosmetic and detergent 200 |- isotropic ry
industries. It was early recognized liquid Hy S/
(ref. 14-18) the association of o 897
alkali alkanoates with alkanoic % Ieof-
acids into a crystalline hydrogen € a0k
bonded molecular complexes, called
"acid soaps", with a given 120 -
stgichiometry (1:1, 2:1, 3:1, etc.) 100 -
which generally melt incongruently. 8oL -//~
In figures 3 (from ref. 14) and 4 eorﬁi::::E———
(from ref. 15), two of these typical 40 D E
salt + acid phase diagrams are ¢
presented, showing two different 20~
kinds of regions. One corresponds to 0 L | I 1 .
the one-phase regions (isotropic O 20 40 60 80 100 Mek
liquid, mesomorphic and, in one of CieHsiO¢H CisHz102Na
the cases, mixed crystals phase). Fig. 3. Phase diagram of sodium
The other type is the palmitate + palmitic acid (taken
two-separated-phase regions. The from ref. 14).
presence of thermotropic
mesomorphism in the pure salt
corresponds always to lyotropism in Neat
that region of the phase diagram. 250 i —Subneat
At this point it is interesting to WW“
mention the studies of Ekwall and 200@,’%
Mandell (ref.19) on ternary phase MG (M)
diagrams of sodium alkanoate + & 150% L Y
alkanoic acid + water systems where g
the important role the acid plays K
on the solubility of the salt in
water as the temperature increases
is clearly demonstrated.

C
Some thallium(I) n-alkanoate + Ll LS
n-alkanoic acid systems have been NaOl : 50 ! HOI
investigated (ref. 20 and 21). ‘ ' ! Mole% Hol
Their phase diagrams resemble NaOTHOI 3:! 23
greatly those of the alkali salts, Fig. 4. Phase diagram of sodium
but with the formation of only a ::‘;—":5; oleic acid (taken from

single 1:1 molecular complex.
Lyotropism is also observed near the
thermotropic lquld crystal of the pure salt. The study of the
analogous systems is in progress, but we already know that all of them
from thallium(I) propanate + propanoic acid to thallium(I)
n-tetradecanoate + n-tetradecanoic acid present the same feature with
only one molecular association (ref. 22).
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LEAD(II) ALKANOATE-ALKANOIC ACID SYSTEMS
When replacing thallium(I) by lead(II), the binary phase diagram change

into a completely different shape.
(ref. 20) and the lead(II) (ref.
acid are shown in figure 5,
differences.
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In the case of lead(II), no molecular assotiation (acid soap), neither
congruent nor incongruent melting is found in the solid state. This is
confirmed by the presence of a eutectic which is an invariant through
out the whole range of composition. This eutectic point appears at an

abnormally 1low salt molar fraction,
this being in agreement with the very
low depression of the melting point of
the acid. This 1is reflected in the
eutectic temperatures through the whole
range of composition which are very
close to the pure acid melting point,
as it can be clearly seen in figure 6,
where direct observations were done to
determine the eutectic point.

Figure 7 (a) and (b) corresponds to the

phase diagrams of lead(II)
n-tridecanoate and n-decanoate,
respectively, with the corresponding
n-alkanoic acids. The lead(II)

n-decanoate is the only member of the
lead(II) n-alkanoates series presenting
thermotropic liquid crystal phase that
corresponds in the phase diagram to the
,appearance of lyotroplsm. This part of
“the mesomorphic region is similar to
the one found in alkali and thallium
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phase diagrams. We know of only one other system reported in the
literature and corresponds to the lead(II) n-dodecanoate + n-dodecanoic
acid (ref. 23). The results corresponding to this phase diagram are in
general agreement with those that we report above, but the presence of
a eutectic point is ignored, confusing it with a regular melting point
of the pure acid, leading to a misinterpretation of the low region of

the phase diagram.

The 1lead(II) n-alkanoate + n-alkanoic acid phase diagrams resemble
those of surfactants in water in the sense that the solubility of the
salt increases dramatically above a given value of concentration. That
may indicate a Krafft-like behaviour with formation on the isotropic

liquid of micellar
aggregates. At a mole
fraction of about 1/3

-corresponding to
equimolar amounts of
chains bonded to

carboxylate and carboxylic
head groups- a change of
the slope of solubility
occurs in all the systems,
pointing to a different
kind of aggregation in the
liquid state. Although a
few systems (four) are
available to get general
conclusions, some trends
can be established. The
Krafft temperatures follow
a smooth increase with the
total number of carbon
atoms of alkyl chains. The
critical micellar
concentrations at the
Krafft point are so low in
all the cases, ranging
approximately 0.050-0.015
salt molar fraction, that
no general pattern can be
deduced.

Martin and Pink (ref 12)
on a very early work
studied the solubilities
of divalent metal
n-alkancates in organic
solvents. They reported
the formation of micelles,
by a mechanism which
consider the balance
between the solubilising
power of the hydrocarbon
chains and the attractive
forces between the dipoles
present in the head of the
surfactant. Our systenms
fit with this
interpretation, if we
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Fig. 7. Phase diagram of the Pb(II) series:
a) n-tridecanoate + n~-tridecanoic acid;
b) n-decanoate + n-decanoic acid.
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consider the acid as an organic polar solvent. The shape of the phase
diagram can be considered by itself as a strong indication of the salt
solubilitation into the acid by means of an aggregation process.
Nevertheless, other experimental techniques were used. The very low
electrical conductivity (less than 1 uS:'cm ) determined on these
systems at high temperature strongly support the absence of free ions
in the solution. On the other hand, we have also carried out viscosity
measurements on the system lead(II) n-decancate + n-decanoic acid at
60°C (figure 8). The change in the slope of the kinematic viscosity vs
composition «curve (fiqure 8(a)),

z
or the minimum in the especific . 0ot 002 003 004
relative kinematic viscosity vs com- ‘ ! ! ! T
position curve (figure 8(b)) can be {21CoHnCOL12 P +(1-2) CyHyCOZH) g
considered as another strong 332k ’
indication of micellar formation, §0.2°¢ ’

the critical micellar concentration
being represented by an arrow in

both plots.

We have also performed studies on
the solubility of both thallium(I)
and lead(II) salts in water, looking
for the possible formation of
micellar aggregates. In the case of
the thallium(I) homologous, no
micellar aggregation was observed
from pentanoate downwards in chain
length, while it was clearly
observed in the next three members
(hexanoate to octanoate, with <cMC .01
decreasing as increases the chain
length) but at relatively high
Krgfft temperatures ranging above
60C. In the Pb(II) salts family, ~le
however, it was not possible to 2

reach the corresponding critical &

micellar concentration on any ~
homologous member even at the
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boiling point of water. These facts £0.0 °C
have also been confirmed by o &5 5k o 5
experiments on electrical T om

conductivity and ~vapour pressure
osmometry (ref. 7).

Fig. 8. Viscosity measurements on
Pb(1I) n-decancate ® n-decanoic acid:
a) kinematic viscosity:

b) specific molar viscosity.
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