This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 23 February 2013, At: 04:05

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:

http://www.tandfonline.com/loi/gmcl16

On the Possible Formation of Macromicelles

in a Lyomesophase

L. Q. Amaral ® & M. R. Tavares "

? Instituto de Fisica, Universidade de S&o Paulo, C.P. 20516, S&o Paulo,
Brasil

b Escola Politécnica, Universidade de Séo Paulo, Brasil
Version of record first published: 20 Apr 2011.

To cite this article: L. Q. Amaral & M. R. Tavares (1980): On the Possible Formation of Macromicelles in a
Lyomesophase, Molecular Crystals and Liquid Crystals, 56:6, 203-208

To link to this article: http://dx.doi.org/10.1080/01406568008070491

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568008070491
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 04:05 23 February 2013

Mol. Cryst. Lig. Cryst. Vol. 56 (Letters), pp. 203-208
0140-6566/5606-0203$04.50/0

© 1980, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

ON THE POSSIBLE FORMATION OF MACROMICELLES
IN A LYOMESOPHASE

L.Q. AMARAL
Instituto de Fisica, Universidade de Sao
Paulo, C.P. 20516, Sao Paulo, Brasil

M.R. TAVARES
Escola Politecnica, Universidade de Sao
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ABSTRACT: A model of finite planar micelles
(pTatelets) surrounded by water was previous-
ly proposed for a type |l lyomesophase. In
this paper it is shown that X-ray diffraction
results for this lyomesophase are strongly
dependent on the container. Results are
consistent with the hypothesis that under the
influence of orientational forces the platelets
aggegate forming macromicelles composed of
several amphiphilic bilayers slightly swoolen.

INTRODUCTION: Lyomgsophases that orient in presence
of magnetic fields H and can be used as orientation
matrix for NMR studies have been known for more
than a decadel»2, These magnetiCﬁlly oriented lyo-
mesophases have been classified3,%4,5 as types | and
I1 depending on whether the phase director orients
parallel or perpendicular to H; the two types can
be identifyed by the *H NMR spgctrg.

We have reported recently »758 the study of a
type Il lyomesophase formed by a quaternary system
(Na decyl sulfate/decanol/Na sulfate/water), which
has the property of remaining oriented for months
after having been exposed to magnetic fields.
Small-angle X-ray diffraction patterns have been
ob tained on unoriented samples (So) and on samples
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previously subjected to the action of magnetic
fields, with the X-ray beam parallel (S,) and per-
pendicular (S,) to H. Diffractjon patterns showed
a diffuse ipner halo at 80-140 é and a sharp outer
ring at 38 §, that reduce to spots in the equator
for S,, ; no diffraction maxima were produced for
S,.
* To explain the observed diffraction patterns
a model of finite glanar micelles surrounded by
water was proposed®, These planar micelles consist
of an amphiphilic bilayer, in the form of platelets,
probably disk-shaped, that align in presence o
magnetic fields, with their plane parallel to H,
The observed results® ‘evidenced that further orien-
tational restrictions are imposed by the container,
and the platelets tend to remain in a plane that
contains H and the capillary axis. These platelets
tend to be parallel and some periodicity appears in
the direction of the phase director, perpendicular
to the plane of polar heads. 8

The results previously reported have been
obtained with samples conditioned in thin walled
glass capilliaries of 1.5 - 2.0 mm diameter (GC),
which gave a very high attenuation of the X-ray
beam. In order to study further the influence of
sample container on the orientation of this lyo-
mesophase, the experience was repeated using quartz
capillaries of 0.7 mm diameter (QC).

RESULTS AND DISCUSSION: X-ray diffraction patterns

were obtained as in the previous study8 by photo-
graphing technique using a small angle Rigaku-Denki
diffractometer with CuK, radiation (Ni filtered) in
a transmission geometry.

Figure 1 shows S, results with GC and S, re-
sults with QC. The scattering of the empty capil-
laries is negligeable. While there is a marked
difference in the results S, , S, and S, for samples
conditioned in GC®, no such difference could be
observed with QC, which gave S, and S, results
rather similar to S,. On the other hand results
are rather different with GC and QC; the relative
intensities of the broad inner halo (B) and of the
sharp outer ring (S) changed considerably, as well
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as the degree of orientation, indicating a much
more oriented sample with QC.

(a) (b)

FIGURE 1 - Small angle X-ray diffraction patterns;
capillary in vertical direction.

a) sample conditioned in glass capillary
(GC) and previously oriented in a
magnetic field H parallel to the X-
ray beam (S,); besides the diffuse
inner spot (B) the negative shows a
weak outer arc (S) centered in the
equator.

b) sample conditioned in quartz capillary
(QC) and not oriented in magnetic
field (So).

These results evidence that surface orientation
is much stronger with QC, so that no residual mag-
netic orientation could be obtained in this case.
The QC results indicate a monocrystalline structure
in one dimension, with planes parallel to the
capillary axis.

Some details of the X-ray diffraction analysis
performed with GC results8 must be revised in func-
tion of the results obtained with QC here reported.
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B had been associated with an average distance
between platelets in the direction perpendicular
to the plane of polar heads. The distance asso-
ciated gith S corresponds roughly to the calcu-
lated/»%,9 bilayer thickness and therefore to the
distance between polar heads in one platelet;
however, due to its sharpness, S has been interpreted
as a Bragg reflection, appearing only when there
is enough periodicity, which happens when the
platelets remain parallel and with constant water
separation. The analysis® in terms of a regular
lamellar model, taking into account the volume
composition of the sample, showed that one would
expect a repetition distance d ~ 100 for a bi-
layered model and d ~ 50 R for a monolayered model.

With GC, S is much weaker than B and it was
suggested® that it might correspond to a (300)
reflection from a bilayered lamellar structure;
from the analysis made this reflection was expected
to be four times stronger than the first, second
and fourth orders. The first order, besides being
weaker, would be hidden under B.

However, the QC results are hardly explained
in this basis: S is very strong in this case, while
B is weak and yet there is only one sharp peak.
This means that if S is a third order reflection,
it should be over ten times stronger than the first
and second orders, what is not to be expected in a
rather imperfect crystalline structure. This
indicates that S should better be interpreted as a
first order reflection,

If one admits that the platelets of amphiphile
are intercalated with water, 38 could correspond
to a first order reflection only if the platelets
consist of a monolayer (stiff interdigitating
paraffin chains) of about 2g R. From the volume
composition of the sample7' , this division of
amphiphile and water along the phase director would
imply that, in the plane perpendicular to the
director, the platelets would occupy 72% of the
surface, what could be reasonable. However there
are some arguments against this model. 10.11
- the chain order profiles obtained from NMR ~°

indicate that the degree of order drops for the
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last carbons, what favours a bilayer model with
rotating CH, at the middle;

- no sharp lines in the higher angle region have
been observed with a Debye-Scherrer camera, and
they should be present in the case of stiff
interdigitating paraffin chains]z;

- such a model cannot explain the observed broad
band at 80-140 R obtained with GC. One would
need to postulate a rather radical modification
in the structure in function of the container,
with transition from bilayer to monolayer;

- the outer ring is rather sharp and reduces to a
point with QC, what means that the platelets in
the water would form practically a unidimensional
monocrystal; this is hard to believe with so
much disordered water between the platelets.

If one admits that the platelets are formed
by an amphiphilic bilayer that corresponds roughly
to the observed first order reflection, it is
necessary to suppose that in some regions the
platelets aggregate forming multi-bilayers with
little water between them, and these aggregates are
intercalated with large water regions. The possi-
bility of Irreqular distribution of lamellar regions
and wgter regions was left open in the previous
study®,

Such a model could explain all the observed
results. With GC the platelets are more or less
randomly oriented; under the influence of orien-
tational forces, the platelets tend to be parallel
and start to aggregate forming macromicelles
composed of several amphiphilic bilayers sltightly
swoolen. S,, with GC shows the coexistence of some
macromicelles with many oriented platelets
separated by water. With QC the macromicelles
dominate; the S width, after correction for geo-
metrical resolution, implies periodicity for at
least 1000 A, and this would be the minimum size
of the macromicelles, The fact that only the first
order is observed may be connected with a high
Debye-Waller factor, what occurs for many thermo-
tropic liquid crystals.

This model of macromicelles can also explain
the laser diffraction results on thislyomesmﬂmse1,
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since it is possible that the macromicelles form
hyperstructures with the water.

The rather different diffraction results for
GC and QC indicate that the superstructure of this
lyomesophase, including the formation of aggregates
of platelets, is critically dependent on the
orientational forces acting upon it, may them be
originated from magnetic fields or from surface
orientation. The structure has characteristics
between the lamellar and the nematic mesophases,
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