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THE HETEROGENEITY OF CHAIN LENGTHS,
A FACTOR IN LYOTROPIC POLYMORPHISM.

J. CHARVOLIN and B. MELY (+)
Laboratoire de Physique des Solides ’
Université Paris-Sud., 91405-0RSAY (France).

(Submitted for publication: 8th March 1978)

The paraffinic medium of the Lamellar phase of a
potassium soap 48 perturbed by introducing a soap
with a different chain Length, while the waten con-
tent of the phase is kept constant. Structural chan-
ges are observed which depend upon the concentration
and the Length of the sofute soap.

We consider the liquid crystalline phases of potassium
soap-water systems in the region of the phase diagrams whe-
re the paraffinic chains of the soap molecules are disorde-
red, i.e. at temperatures larger than 40°C. Depending upon
the water content, various phases are found which can be
described as assemblies of lamellar, cylindrical, or spne-
rical molecular aggregates (1). The sequence of structures
exhibited by the system water-potassium laurate (or C12K)
for increasing water content and, correlatively, increasing
mean area A per chain at the interface is sketched in fig.l.
The polymorphism of the structural elements is very close-
ly associated with a disordered state of the chains. Indeed
a dense packing of rigidly extended chains can only produ-
ce lamellar aggregate: and in order to fill in volumes of
more complex shapes the chains have to be disordered.

(+) Laboratoire associé au C.N.R.S
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lamellar (Lg) Cubic (Qx)
A. 3582 A~47R?

increase of water content
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FIGURE 1: The phases with disondened chains of the

lng Hp0 system displayed at increasing water content.

The Lamellan phase ly 48 a periodic stacking along

one dimension of soap and water Lamella. In the cubic

phase Q. the soap molecules aggregates in short cy-

Lindens connected 3 by 3 4n two interwoven three di-

mensional Lattices (2)(3). In the hexagonal phase H,

dnfinite soap cybinders are organized in a two dimein-

sional Lattice. The micellan phase is a random dis-
persion of soap spherical micelles in the agqueous
med.ium.

Our motivation is to understand the role played by the
disorder of the chains in the occurrence of a given structu-
re, As a first step we have used deuteron magnetic resonance
(DMR) experiments to describe that disorder (4)(5). In a
second step we study the perturbations induced when the pac-
king of the chains is modified by mixing chains of diffe-
rent lengths. In this communication we describe some struc-
tural changes which may be attributed directly to differen-
ces in chain lengths and not to other parameters such as
the average chain length or the water content as usually en-
countered,

We have studied two series of mixtures of potassium
soaps, stearate (or CigK) - myristate (or C14K) and steara-
te-caprate (or C;gK) at constant temperature (70°C) and num-
ber of water molecules per soap molecule ( n = 6.2). Under
these conditions the pure soaps are lamellar with
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A =37 A2 (6). Structures and A values of our mixtures ha-
ve been determined by X-ray diffraction following the me-

thod described in (1) (3), and the orientational disorder

of the methylenes along the chain by DMR (4) (5). The

Ci14K - C1gK mixture exhibits a lamellar phase L, with cons-
tant A for all relative concentrations. There is no X-ray
evidence for phase separation and DMR has failed to detect
any perturbation in the interfacial region. The thickness
of the mixed Cy4,K~C18K lamellae is the weighted average of
those of the pure lamella, as already emphasized (7). The
two lamellar C,,K and CigK phases appear totally miscible.
Therefore one might consider the paraffinic region as an hc-
mogeneous medium of methylenes and methyl groups. However
the behavior of the C;gK-C)8K mixture is not in agreement
with such a model: here the lamellar phase only exists in
the narrow regions of low concentration of one soap in the
other, phase separation and also new phases appear elsewhere
as summarized in the Table.

CjoK/CgK w 10 4 1 0.251 0.1 0
Optical aniso.| aniso.{ iso. anisotropic | aniso| anisd
X—razs L, L, Q one La,plus Ly Ly

A(A2) 37 136,9 | 43,4 j{other phases} 37,4 | 36,9
DMR La La is0. |superimposed La L(2
typical of ] | liquid |spectra

Results from three different experiments on several
C10K-CrgK mixtunes with 6,2 Hz0 molecules per soap

mogecule. The nelative soap concentrations are ex-

pressed as the numbers of CyoK molecules with nes-

pect to those of CygK.

We propose to analyse these results in the light of a
model of chains strongly stretched because of steric requi-
rements (8)(9), hence considering the paraffinic medium of
a pure lamellae to be heterogeneous with its methyl ends
concentrated in the central zone of the bilayer. In the ca-
se of a mixed lamellae the ends of short chains cannot be
in register with those of long ones and their abrupt en-
dings introduce defects of density around which the long

chains have to reorganize, either locally or through a
structural change. The concentration of defects, their
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position within the host lamellae with respect to its di-
sorder profile, as shown en fig. 2, are certainly important
terms.
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FIGURE 2: Onientational ordern parametern curve c¢f a

C gK-H 0 Lamellar phase, the disorden {ncreases mo-
vuzg tgwand/s the end of the chain. The avwows suggest
the positions of the ends of ¢, and ¢, chcuiws dilu-
ted 4n the C,, matrnix. The C;4 Whain o i in a mo-
ne disonden ]Légion than the C 10 one.

Table I shows three types of behavior according to the re-
lative number of short chains versus long ones and the dif-
ference of chain lengths, Thus the C14K—C]8K mixture keeps
an unaltered lamellar structure whatever the relative soap
concentrations are. This behavior seems to indicate that
the Cy4 and Cyg chain lengths are close enough so that the
disordered regions of their methyl ends overlap. The local
decrease of density associated with a short chain amongst
long ones may easily be filled by the disordering of the
latter while in the opposite case of a long chain outnum-
bered by short onesthe local increase of density may be ab-
sorbed by the surrounding disorder of the matrix of short
chains. On the other hand, in the case of the CjgK-C;gK
mixture the lamellar phase is present, as an homogeneous
phase, only in the extreme regions of the concentration
range close to the pure lamellar phases. This behavior indi-
cates that, when one chain is about twice as long as the
other, the defect of density can no longer be accomodated
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by a lamellar structure. Presumably the disordered regions
of both chains no longer overlap, in other words a short
chain introduces a hole in the paraffinic medium which is
too far from the disordered region of the long chains to
be filled in by them. Therefore as soon as the defect con-
centration is too high their total energy can alter the la-
mellar structure. A trivial alteration is the separation
of the two types of molecules, the corresponding lamellar
phases coexist in a wide central region of the concentra-
tion diagram. But at about 1 C,gK for 4 CigK, just before
the phase separation, the system adapts itself in a more
subtle way: the anisotropic lamellar phase evolves to an
isotropic homogeneous phase. This mixed isotropic phase
presents all the structural, optical and DMR characteris-
tics of a pure cubic Qpy phase. Indeed the X-ray diagram of
the C,gK-4C|oK mixture is compared, in fig. 3, with that of
a cubic phase of Cy9K(3); the similarity of small angle
patterns is evident.

0 7%.}'-. :\01 1 A(R)

[

relative intensities ‘:(" 19334415

a LC~|OK-1-__]3K

i 1 " - :
0 01 4 (R

b C-j‘
FIGURE 3: X-nay difgraction diagrams at #0°C of the
is0tnopie phase of the 4Cqg-1C1gK mixture (a), of the
cubdc phase of a CyoK sample (b).
(The camena 48 o4 tﬁa Guinden type; the nelative in-
tensities, obtained from a michodensitometer trace,
are only Aindicative).

The optical isotropy of the phase is due to its cubic symmetry
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The'liquid" behavior in the NMR results comes from the ave-
raging out of all quadrupolar interactions by the transla-
tional diffusion of the molecules throughout the three-
dimensional rod structure (10). Furthermore thig phase has
a mean area per chain at the interface (A = 43 A2) which is
larger than that of the lamellar phase of pure CyoK A=
36,5 X2) but slightly smaller than that of the cubic phase
of pure C 5K (A = 47 A2) observed at higher water content,
The occurrence of a cubic phase here is quite noteworthy
because the pure system with equivalent chain length (i.e.
CyoK since our mixture has an average length of 11.6 car-
bons) is lamellar at similar temperature and water content
(11). Both the appearance of the cubic phase and the phase
separation of two lamellar phases show that it is not cor-
rect to treat the paraffinic medium as an homogeneous li-
quid.

A more detailed interpretation of the effects of the
density defects on the structure of the phases might be at-
tempted along the following line. The defect of density as-
sociated with the short chain in the lamellar matrix of
long ones might be visualized in two dimensions as the sec-
tion of an edge dislocation by a plane normal to the dislo-
cation line. Around the defect the divergence of the chain
stretching vectors (8) is no longer null as in the pure la-
mellar phase, The chains being not fully flexible their
splay in the core of the defect might impose a curvature
of the interface to relax the stresses in the paraffinic
medium. In this respect the mixed cubic phase, if it is
looked at as the result of the transformation of a lamellar
phase under stresses in its paraffinic medium, would have
a slightly curved interface. As a matter of fact a similar
conclusion about the interface of the cubic phase might be
drawn reconsidering the sequence of "pure phases shown on
fig. 1. In this phase diagram the cubic phase is located
in between the lamellar and hexagonal phases the interfaces
of which have respectively null and finite curvatures. The-
refore the cubic phase might be thought of here as a phase
of intermediate curvature originating from stresses created
by the increase of the mean area A per polar group on the
interface. This is reminiscent of the attempt at systemati-
zation proposed by Winsor (11) who considered the evolution
of the convexity of the interface with water content,al-
though ignoring the model of the cubic phase described in

(1).



Downloaded by [Tomsk State University of Control Systems and Radio] at 04:55 23 February 2013

LYOTROPIC POLYMORPHISM 215

In conclusion we think that by mixing chains of diffe-~
rent lengths, we have brought some clues about the structu-
ral role played by the limited disordering ability of the
chains at a given temperature and their cohesion in the pa-
raffinic region of the liquid crystal, Obviously a clear
understanding of these aspects requires exhaustive investi-
gations of the phase diagrams of soap mixtures.
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