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ABSTRACT

The system Na decyl . sulfate/water/decanol/Na sulfate,
which forms a disc nematic phase -NL at room temperature, has
been studied by differential scanning calorimetry (DSC) and by
electron microscopy (EM). DSC reteals three first order phase
transitions at OGC, 12°C and 24OC. Latent heats show that the
first transition must involve other processes besides the fusion
of water, while the last one between a'coagel CG phase and NL
may be attributed to the order-disorder transition of the
hydrocarben chains (Krafft melting). Freeze—etching replicas
have been obtained from samples initialiy in NL and CG phases.
Results obtained from NL phase sﬁow.disc structures of about

o .
2000 A. Results obtained from CG phase show large lamellar

structures and zones of transition to the disc structures.

Paper presented at the 10th International Liguid Crystal
Conference, York, U.K., 15=21 July 1984,

I. INTRODUCTION

. The system SDS (Na decyl sulfate/water/decanol/Na:
sulfate) forms at room temperature a nematlc N,

L
made_of disc micelles1’2. Evidence has'Been reported on the

Ilyomesophase
existence of positional correlations between micelles both in
this system3 and others that also form nematic lyomesoPhases4.
Also the analysis of the interactions between micelles showeds

that the systems are in flocculatlon condltlons, but thermal

_agltatlon may prevent the oecurrence of rrmaersﬂﬂe fhuxnﬂatlcn.

on the other hand  -these systems appear to behave-
in many aspects as uwsual nematics.  Recent -light scattering
results6 showed that the nematic-isotropic and the nematic-
lamellar phase changes in lyotropic liguid crystals are closely
similar to analcogous transitions.in thermotrepic.liquid crystals.
However this result does not exclude the possibility that the.
basic structural unit of nematic lyomesophases be aggregates of
micelles instead of isclated micelles.

The SDS system has e phase tramsition on cooling
from NL to a coagel CG phese at 22%. X-ray diffraction
resultsT show that this transition corresponds to the Krafft
melting of the hydrocarbon chains. Analysis of diffracted
intensities in the CG phase indicate? completely anhydrous
1emellar aggregates of extended-tilted bilayers dispersed in
water., Comparison of diffracted peak positions indicate that
only three water layers are present between micelles in NL
phase, what gives subport to the hypothesis of aggregates of
micelles in the nematic phases.

In order to have more information about the state

of aggregation of the micelles in the nematic phase, it was

Ffound interesting to investigate the system by electron
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microscopy (EM) of freeze-etching replicas-(FER}.

A study of the phase transitions of the system by
differential scanning calorimetry (DSC} was also undertaken,
since knowledge of the low temperature phases:-is essential to-
interpret FER results and may alsc help to glucidate the

characteristics of the NL phase.

IT. CONSIDERATIONS ON THE TECHNIQUES

EM studies-of membranes by FER are well stablisheds,

although results must be analysed Carefullf due to the charac-
teristics and limitations of the technique.

Studies of mesophases made of anhydrous amphiphiles
by EM have been made by conventional replica techniquesg:
studies of thermotropic mesophases by EM have also baa1per&nned10.
Studies of lvomesophases have beéen made_with the technique of
chemical fixingj1'and alsc using_FEﬁ;

Lamellar and hexagonal lyomésophases studied by EM

of FER showed12

that the quick cocoling of the systems preserve
the structure of the phase at the_initiql temperature. Both
lamellar‘and'hexagonal lqueéophases could be characterized by
EM and X-ray diffraction in a ccherent way. Studies of lamellar
phases in ternary and quaﬁernary systems have also been

133295 0 e attempt of applying this technique to

perfqrhed
the study of nematic 1yomesbphases was reported. _

" When the systems undetr study present phase transitions
on cooling, it is always queStionabie whether the structure of -
the higher temperature phase is indeed preserved. This is a
limitation inherent to the FER: technigue and therefore it is

1

.4,

essential to study the phase transitions of the system by thermal
analysis.
Use of differential thermal analysis (DTA) and DSC

is gquite common in the study16 of thermotropic liquid crystals.

‘There is a good review17 on thermal analysis of lipids, proteins

and biolegical membranes, but almost nothing can be found on

‘lyotropic liquid crystals in the literature.

ITI. EXPERIMENTAL

The samples were prepared in glass tubes of 1.5¢m
digmeter, by st&ndard procedures, with weight composition Na
decyl.sulfate-BG%, Na sulfate 5%, decanol 5% and water 54%.l

. A DSC device Shimadzu (model SC-20) with accessories
for low temperatqfe {liguid N} has been used. Samples of

13-20 mg  have been sealed in aluminium pans; the reference

_pan was. kept empty. The instrumental calibration constant

for meaéurinq the- latent heat of transition has been obtained
from the solid-liquid ﬁransition of destilated water.

Reblicas have been obtéined with a freeze etching
device'Balzers_model BAS 301. For the rapid ccoling freon 22
in ligqguid nitrogen has been used. The cooled sampie was
fractured in vacuum by a knife at liguid N temperature; etching
was obtained by sublimation of ice during 1' with a table
temperaﬁure.of -90° . The replicas were obtained by
vaporizatibh of € and Pt over the fractured surface and
posterior immersion in a solvent. The replicas were analysed

in an Electron Transmission Microscope Siemens Elmiskop 1.



IV. RESULTS AND DISCUSSION

A. DSC RESULTS

15 independent DSC runs have been obtained, the

majerity in heating curves and some in cooling curves, in the
temperature interval - 86°C to + 60°C, Figure 1 shows a
.typical heating curve result. Three:éndoergic phase transitions
appear; the transition temperatures and the latent heats
{obtained from peak areas) are showh in Tabkle 1. The quoted
errors correspond to fluctuations observed among the several
independent heating runs of various samples. The cooling process
is difficult to.be followed, since then there is no control

over the ceoling speed, but it has been possible to cobhserve
histeresis and super-cooling in thé £hrée transitions, with a
shift of up to 10%C - in thg'transition temperatures.
tfansition at 24% is

L
due only to the amphiphilic portion of the system, a value of

Admitting that the CG-N

2.2 keal/mol for the latent heat of the Krafft fusion is
obtained.

Thermal analysis of anhydrous Na soaps CHy%CHz)n-COONa
indicate17'18 three phase transitions between the crystalline
tridimensional curd phase and the liquid crystalline lamellar
neat phase; the two intermediate waxy and subrieat phases present
bidimensional c;der of the.chains; For n=10 the latent heats
of transition on heating are 2.1; 0.2; 2.0.kcal/mol. - The sum
of all'transition heats betwéeﬁ the aﬁhydrous s0lid and the
isotropic liquid is inferior to the latent heat of fusion of
the corresponding hydrocarbon. This indicates that in soaps

the chains keep a 6onsiderable degree of order in the liquid

crystalline state and even in the isotropic liquid. The interactions

~transition in 1ec1th1n membranes with n =14;16;18  are

6.

between polar heads are also résponsib].e for the Krafft temperature .
being much higher in scaps than in hydrocarbons.

Results obtained for the CG-Np - transition are -
thus in agreement with the latent heat of passage Trom bldunens:l.onal
to unldlmen510nal order in the anhydrous soap of same chaln
length, but with different polar head. On the other hand, . the
Krafft transitionh temperature is much lower than for soaps,

being of the same order as for phosphelipid/water systems.

Membrane/water systems present also three phases

transitions on cooling17, and seem rather similar to the sbs

system under study The 1atent heats for the main. order-dlsorder
19_
respectively 6.3;9.7;10.8 kcal/mocl. The analysis of thérmﬁ-:
dynamic parameters of the Krafft transition in membranes
showed?? that the mobility of carbon chains in the disordered..
state is intermediate between the states in cryst&ls and_in.
liquid n-alkanes and that it is higher for hydrated phases than
for anhydrous phases. It is accepted that mobility in liquid.
crystalline phases is much smaller. than in llquld paraffins. and
only a llttle more than in’ the gel phase.

There is' therefore reasonable agreement between the 
latent heat of CG= NL tran51tlon and. the one that could be
expected for chains of same length_in lecithins.

The. transition at 12% hasinot,yet_been;cd:relatege..
with defined structural.changes.]gxfray reésults failed to.detect.
this transition on cooling,‘prohébly‘due.to a process of super-
cooling. A special cooling system. not yetggvailablegwould,be ;
necessary to study these.lower-temperatqre.phases by - X-ray- ..
diffraction.

In-phosghplipiﬁ/wa;e; systems;with small n .values.. .
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and excess water a pre-transition at a temperature about 107C

17,21
¥

e

lower than the main transition occurs also connected to
the structure and dynamics of the amphiphile.

In SDS system the second transition occurs also at
a temperature about 12°C lower than ‘the fusion of the chains.
However, for lecithin membranes there occurs a significant
difference in broadening between the two transitions and the
pre~-transition has a latent heat smaller ‘than that of the main
transition. For SDS system, on the contrary, the second
transition has a latent heat that is more than twice that of
the CG—NL transition. It may be concluded that in SDS 'the
changes occurring in the second transition are much larger than
those that could be expected in a process of further ordering
of amphiphilic molecules. ~This transition might involve
structural changes between the water and amphiphile portions
of the system.

The transition at 0°C must be associated ' to the
fusion of the agueous portion of the system, but its latent
heat cannot be simply explained by the fusion of water. Admitting
that all the water is melting, as the sample has 53% water, one
would expect a latent heat of only 42.4 cal/g for the sample,
a value much lower than the observed 69 cal/g.

This result is opposed to that observed in

17’21, where the peak at 0% is in

phospholipid/water systems
general smaller than that expected for fusion of the water,
because the bound water does not solidify even when the sample
is cooled to -100°C. The latent heat obtained in this
transition is therefore used to get information about the

amount of water bound to the phospholipid. The peak at 0°c

appears only for phospholipid/water systems with at least 20%

weight 'in water, what corresponds to the water completely bound
{10 molecules of water per phospholipid molecule}.

The analysis of the cooling curves for lecithins
with excess water shows}7 that solidification of water occurs
in two steps, .part of water with super cooling down to - 15%%
and part‘to -50% , In the heating process the fusion peak at
0°c is much larger for samples cooled below -50°C than for
samples cooled to -30% . Therefore, besides the perfectly
bounded water, that does not solidify even at -106%¢ , there
is a more free water that solidifies at ~15°C -and - an
intermediate type that solidifes about -50% .

In SDS system a throughly analysis of the cooling
curves was not performed, due to the difficulties in controlling
the temperature on cooling. It is possible however to conclude
that there is no evidence of existence of water bound to the
amphiphile. This fact is probably connected to the presence of
salt in SDS system. It has been verified with lecithin in
presence of salt solutions that the amphiphile and the salt
seem to compete to bound the free water and the behavior of the
system .changes, becoming similar to systems with less water.

The latent heat observed in SDS system .at this 0°¢
transition indicates that this transition must involve additional
processes besides the fusion of water. -Maybe symultaneous
processes of breaking of extense lamellar regions occur, with

redistribution of amphiphilic and water portions.

B. EM RESULTS

Ten freeze etching replicas from two independent
samples have been obtained. Eight replicas have been obtained

from the sample at room temperature in the NL phase, four of



them without sublimation and four with sublimation to enhance

the contrast between

of the system. Two
in the CG phase at 207C.

These ten replicas have been systematically analysed
by transmission EM and over 100 micrographs have been obtained.

Micrographs obtained from the N, phase show clearly

L
the exigtence of two types of materials, with structures in the
form of platelets with diameter of the corder of 2000 g. Replicas
with sublimation show etching of the aqueous portion. Figures

2 and 3 shows typical results with and without sublimation
obtained from NL phase.

It is, however, very difficult to decide from the
micrographs whether a water matrix with amphiphilic structures
exists or on the contrary whether the matrix is of amphiphilic
with aguous globules. But certainly there is not homogensous
distribution of amphiphile and water in the direction of the
optical axis, since the depth of lowering is much more
than what would be expect for one water layer (< 20 X) between
lamellae.

The' structures do not have uniform size, but variations
remain within the same order of magnitude.  An estimate of the
percentual area occupied by the platelets gives the wvalue
0.350.05, which is the volume percentage of amphiphile in the
system.

In the replicas obtained from the CG phase, there
are zones that show extended lamellar regions, zones that
repeat the results obtained from the NL phase and also zones
that show the process of transition from extended lamellae to

the structure with platelets.

.10,

Figures 4 and 5 show typical results wherse
phases appear.. It is possible to observe that the circular
structures emerge from the extended lamellae and agglomerate in
the transition line between the two phases.

The repetition distance of the extended lamellae is
difficult to measure, and some micrographs have been obtained
with large amplifications, in the resolution limit of the replica
technigue. A result is shown in figure 6. It is difficult to
decide the basic unit of repetition, since frequently the break
in the lamellar structure involve more than one lamella.  The
smaller observable lamellar thickness is compatible with the
repetition distance obtained by X—ray7 in' the CG phase {31.4 g).

A doubt that subsists is the point whether the

cbserved structures correspond to the N. and (G phases or if

L
a shift in phase diagram might have occurred in the rapid
cooling process to obtain the replicas.

It is not completely excluded the possibility that
the structures seen in the replicas obtained from NL phase
correspond in reality to the CG phase, while the structures
seen in the replicas obtained from CCG phase could correspond
in reality to lower temperature phases. The fact that the
observed lamellar structures are very perfect and extense,
while X~ray results from CG phase show only three lammelar
reflections, could indicate that such shift in phase diagram
might have occurred.

In that case the structures of 2000 g could cor-
respond to the CG phase, where a separation between anhydrous
lamellar aggregates dispersed in water is expected7.

It is seen that break of the extended lamellae occur

in the transition observed by EM. Such a breack of the lamellae
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with redistribution of amphiphile and water portions could be
the prﬂcess-responsible for the extra latent heat observed in

the transition at 12%.

V. CONCLUSIONS.

Results obtaineaﬁby EM.Sf:om.,NL._phase.aie not
conclusive, particularly in what regérds_the-radial size of the
mice%les. The 2000 % structures observed may correspond to the
CcG phase. and.it-is th even excludgd the possibility that the

matrlx is made of amphlphlle w1th water globules.

On the other ‘hand 1t Ls clear that the break of the

extggded__lamellae— of the lpwer temperature ghases implies
separation of ﬁatgr and.amphiphile portiqns;alrgady in the CG
phase. . . _ -

+. Latent heats obtaihed ‘helped to correlate characteristics
of SDS system w1th tnose cf analogous systems. The-tranéition
CG—NL_corresponds essentlally to the Krafft meltlng of the
chains. . ._.Sg!_ce_ CG. phase; cq;:equnds__;q_anr_x_ydrous lamellar
aggregaﬁgs,:this_resu;ﬁs.g;yeg_furﬁhgrrsgppprp_to.the hypothesis
of agg;gggtes_of miqeiles wifh_ép;y.éqé;twé,watgr solvaﬁiqn.
shellssper;g§cglle be;ﬁg thé basic structural units of the

nematic phase. '

12,
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T (®cy © AH {cal/g)
0.4 = 0.6 69 + 2
11.7 + 0.4 6.6.% 0:6
23.8 + 0.7 C 3.2 % 0.3

TABLE 1. - Results chtained. from DSC heating curves:. transition-

temperatures T and latent heat AH:.

FIGURE

CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4.

Fig. 5

Fig. &

- DSC heating curve showing differential power (solid

line) and sample temperature (broken line).

~ Electron micrograph of replica obtained from N, phase

without etching (amplification 20000).

- Electron microgréph of replica obtained from N. phase

with etching (amplification 20000).

- Electron micrograph of replica cobtained from CG phase

* with etching (amplification 8000).

- Electron micrograph of replica obtained from CG phase

' _with etching {amplification 8000).

'~ Blectron micrograph of replica cbtained from CG phase-

with etching  (amplification 80000).
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