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

(+> 
J. CHARVOLIN and B. MELY 

Laboratoire de Physique des Solides , 
Universit6 Paris-Sud. 91405-ORSAY (France). 

(Submitted for publication: 8th March 1978) 

The p l ~ a d d i n i c  mediuni 06 t h e  l a m w  phme 05 a 
potadhium heap iA p e m h t b e d  by inakoducing a hoap 
u l i th  a c k i i a e n t  chain length,  wokiee t h e  w d e ~  con- 
t en t  06 t h e  phade iA k e p t  c o u t a n t .  S.t/ructuml clzan- 
gen me obhemed which depend upon t h e  cuncentmtion 
and t h e  length 06 t h e  bolLLte boap. 

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 sDne- 
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.1. 
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 coniplex shapes the cilains have to be disordered. 

(+) Laboratoire associ6 au C.N.R.S 
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210 J .  CHARVOLIN and B. MELY 

lamellar ( I+) Cubic (Qd) 
A, 35t2 A d 4 7 X 2  

-- 
increase of water content - 

hexagonal ( Ha mice Ilar 
A d  53a2 A ry 6512 

FlGURE 1 :  The p b ~  l k t h  d i n o t d a e d  chaim 06 t he  
C 2K-HzC) d y d t e m  d i h p h y e d  at incteaning wateh  content. 

one dimeraion 06 doap and wateh  LameEa .  In Xhe cubic 
phabe Qa t h e  doap m u l e c u h  aggtcegatu in dhoht cy- 
f i n d m  connected 3 b y  3 i n  XLVo i n t w o v e n  t h e e  di- 
menaionat t a t t i c e n  ( 2 )  ( 3 ) .  l n  t h e  hexagonal p h a e  Ha 
in&Lte aoap c y f i n d m  me otcganized i n  a t w o  dimefl- 
s i o n d  lattice. The miceflah phae LA a tandom d d -  
p m i o n  06 w a p  s p h d c d  mic&en i n  t h e  aqueow 
medium. 
Our motivation is to understand the role played by the 

T 1 e tam&atc p h a e  & LA a p d o d i c  6Xacking dong 

disorder of the chains in the occurrence of a given structu- 
re. A s  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 C18K) - myristate (or C14K) and steara- 
te-caprate (or CloK) at constant temperature (7OoC) 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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LYOTROPIC POLYMORPHISM 21 1 

A = 3 7  i 2  (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 
C14K - Cl8K mixture exhibits a lamellar phase La with cons- 

tant A for all relative concentrations. There is no X-ray 
evidence for phase separation and DFIR has failed to detect 
any perturbation in the interfacial region. The thickness 
of the mixed C I ~ K - C ~ ~ K  lamellae is the weighted average of 
those of the pure lamella, as already emphasized (7). The 
two lamellar C,qK and C18K phases appear 
Therefore one might consider the paraffinic region as an hc- 
mogeneous medium of methylenes and methyl groups. However 
the behavior of the CIOK-CI~K 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. 

totally miscible. 

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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212 J. CHARVOLIN and B. MELY 

position within the host lamellae with respect to its di- 
sorder profile, as shown an fig. 2, are certainly important 
terms. 

0.1 - 
0.3 - 
0.2 - 

L 
0 , -  

a CI 

$0.1 - 
a -  
? 0.05 - 
L a -  

0 

i 0.02 

2 1 6 8 10 12 16 16 I (  
Carbon number (from polar head) 

FIGURE 2 :  O?kw.,tcctional? o t d a  patameta c m v e  06 a 
C K H 0 h d a h  p h a e ,  t h e  c h o t d e t  i n c t e a u  rno- 
v.%g-tgloah& t h e  end 06 t h e  cha in .  The m o w 4  nugg& 
t h e  po~itiovlcs 06 t h e  en& 06 C chninn UU- 
t e d  in t h e  C 
t e  d i m k d e t  Lggion t h a n  t h e  C,o one. 

and C 
m a t r L i x .  The CI4 ’8ha in  e!d LA i n  a rna- 

Table I shows three types of behavior according t o  the re- 
lative number of short chains versus long ones and the dif- 
ference of chain lengths. Thus the C,4K-C18K mixture keeps 
an unaltered lamellar structure whatever the relative soap 
concentrations are. This behavior seems to indicate that 
the C14 and C1g 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 C I O K - C I ~ K  
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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LYOTROPIC POLYMORPHISM 21 3 

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,8K for 4 ClOK, 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 On phase. Indeed the X-ray diagram of 
the C K - ~ C I O K  mixture is compared, in fig. 3 ,  with that of 
a cubic phase of C12K(3); the similarity of small angle 
patterns is evident. 

18 

FlGURE 3 :  X - m y  d i6dmcL iun  diag4ama at 3 0 ° C  06 ,the 
i ~ o X 4 0 p i c  phae 06 ,the 4Clo-IClgK mixtuhe ( a ) ,  ad ,the. 
cubic  phae, 06 a CI K ample  ( b ) .  
(The. cameta 
t e n L t i e ~ ,  obtained d tom a ~ c ~ o d e ~ i A o m ~ e ~  $&ace, 
me o n l y  i n d i c d v e ) .  

06 t K e Guinlm type; t h e  4e.lative i n -  

The optical isotropyofthe phase is due to its cubicsymmetry 
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214 J. CHARVOLIN and B. MELY 

The"1iquid" behavior in the NIR 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 thi: phase has 
a mean area per chain at the interface (A = 43 A2) which is 
larger than that of the lamellar phase of pure CIOK (A = 
36,5 i2) but slightlyosmaller than that of the cubic phase 
of pure C12K (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. 
C12K 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 
8play in the core of the defect might impose a curvature 
of the interface to relax the stresses in the paraffinic 
medium, In thie respect the mixed cubic phase, if it ie 
looked at as the result of the transformation of a lamellar 
phase under etrrsser in its paraffinic medium, would have 
r e€ightly curved interface, As a matter of Pact a eiwilar 
conelurion about the interface of the cubic phase might be 
drawn reconoidering the eequence of'pure phases ekswn on 
f i g .  1. In t h i ~  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 Uinsor (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) 8 
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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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