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STUDY OF TYPE I LYOMESOPHASES BY X-RAY DIFFRACTION

A.M, Figueiredo Neto and L.Q. Amaral

Institute de Fisica, Universidade de Sao Paulo
CP 20516, Sao Paulo, CEP 05508, Brasil

ABSTRACT

Type I lyomesophase LK (K 1aureate/KCl/watef) and

CS (Cs decyl sulfate/CsNO3/water) were studied by small anglé

X~ray diffraction and polarized optical microscopy. Different

containers were used and samples studied under the influence

‘of_applied magnetic‘and electric fields. Residual magnetic

orientation, obtained in thicker LK samples, gaﬁe diffraction
results coﬁpatible with a model of finite cylinders for the :
amphiphilic micelles; only an inner band in the region of |
140 R is present in this cése. The same sample in présence'
of an electric field of 14 kv/cm presents a weak outer band
at 43 R. Surfééé orientation ih thinner saﬁpleé correspond
to thé sérenghténing of the outer band, whiéh has beeﬁ
associéted ﬁith clustering of the cylindéfé.and seggregétion.
of ﬁater...Surface effects are stroﬁger in LK than in_CS}
These results indicate that the interaction with the sﬁffade

is of electrical origin.



I. INTRODUCTION

Lyotropic liquid crystals formed by binary lipid-

2:3.4 studied by

water systemsl and multicomponent syStems
X-ray diffraction revealed several types of uni, bi and even
tridimensional structures. The most common lyomesophdses are
the neat soap (lamellar) and the middle scap (cylindrical
micelles with hexagonal order in two dimensions) .

Specific lyomesophases that orient in presence of
magnetic fields H have been known for more than a decade’§
These magnetically oriented lyomesophases have been classi-
fied7’8 as types I and II depending on whether the phase di-
rector orients parallel or perpendlcular to ﬁ. The tﬁo
types can be 1dent1fyed by the NMR spectra obtalned W1th .
sample splnnlng about an ax1s perpendlcular to H7 , sincé..
type I mesophases do not preserve thelr orlentatlon in thlS.
condition whlle type 1II do preserve it, Type I phases are
slow to respond to orlentlng forces 1n a magnetlc field whlle
type II1 phases are more mobile and orient much more rapldly
in a magnet.

Amaral et al9 10 11

R studied a type II lyomeso—.:
phase formed by a quaternary system SDSs (Na decyl sulfate/
decanol/Na sulfate/water) by small anqle X ray dlffractlon
(SAX) . The dlffractlon pattern showed a dlfuse inner halo at
80 -140 A and a sharp outer ring at 38 A From results obtain-
ed in samples with residual magnetic orientation a model ofy
finite planar 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 of magnetic fields, with their plane parallel to ﬁ,
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Further orientational restrictions are imposed by the con-

tainer and the platelets tend to remain in a plane that con-

-+
"tains H and the caplllary axis,

In analogy w1th this model and from conslderatlons
of the orlentatlon of carbon chains in magnetlc flelds,.lt
was proposed that the the type 1 lyomesophases mlght corre;
Spond to finite cyllndrlcal mlcelles surrounded by water. The
names of type I CM (cyllndrlcal mlcelles) and type II DM
(disk micelles) were proposed8 for these lyomesophases.

Thls paper presents the study of type I lyomeso-
phases formed by two ternary systems, LK (K laureate/KClﬁmﬂer)
and CDS (Cs decyl sulfate/CsNO /water}, by SAX and optical
microscopy (oM) . Unoriented samples and samples under the
1nfluence of applied magnetic and electrlc fleld were studied.

- The X-ray results for the SDS type II lyomeso-—
phasegllo'll as well as NMR results for both types12 presented
evidence of orlentatlonal effects due to the contalner walls..
Recently13 it was shown that X-ray dlffractlon results for
SDS type 11 lyomesophases are strongly dependent on the conuud
tainer; the sharper outer band at approx1mately the bllayer .
thlckness is strenghtened by surface orlentatlon, becomlng a |
real Bragg reflectlon These results have been exPlalned
with the hypothe51s that under the 1nfluence of orlentatlona1:
forces the platelets aggregate forming macromlcelles composedw
of several amphlphlllc bllayers sllghtly swoolen whlle the. “
water is segregated Since the effect of surface orlentatlon'
is so 1mportant it has also been 1nvest1gated in the study ofi
type I lyomesophases here reported by employing several types

of containers.



II. EXPERIMENTAL

The ternary lyomes0phases were prepared by the”.
NMR laboratory of the Instituto de Qu1mlca da USP accordlng
to procedures already descrlbed7 8 l; and with the follow1ng
compositions- LK (K laurate 33.6 Wts/ KCl 2.3wts/ H O 64.1 Wto)

and CDS (Cs decyl sulfate 46 .5 Wtﬁ,/CSNO 3 7 wts/H()4953wt%

3
Samples were sealed in several types of containers:
Cl - guartz capillary with 0.3mm diameter; -
cz2 - quartz_capillary with.0.7wm dlaneter;
C3 - lindemann Qlass capillary with 0.7mm diameter;
o - pyrex glass caplllary w1th me dlameter‘ h
c5 - contalner w1th very thln parallel walls of mica and |
| 0 7mm sample thlckness. | o
- Samples condltloned in caplllarles were magnetlhl
oally oriented in permanent magnets_of 14 XG and 2 KG_and
afterwards analyzed by SAX and OM. - |
X—ray dlffractlon patterns were obtained by
photographing technlque using a small angle ngaku—Denkl
dlffractometer w1th CuK radlatlon (Ni filtered) in a
transm1551on geometry w1th p01nt focus. | o
H._ y The effect of orlentatlon by an external electrlc
fleld E up to 12 KV/cm in the dlrectlon perpendlcular to the L
caplllary axis was studied employlng an 1nsulated capa01tor u
pro;ected and constructed 1n our laboratory. The deV1ce B
allows the obtention of dlffractograms with # perpendlmﬂar:
to the X—ray beam. 1In the geometry E. parallel to the X- ray.
beam only residual orlentatlonal effects are observed o |
| The samples were also analyzed by OM, uS1ng a.“'”

Wild microscope with crossed polaryzers. All results were
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obtained at room temperature.

III. RESULTS AND DISCUSSION

A) Effect of container walls

Sample LK conditioned in all containers with
0.7mm thickness (C2, C3. and C5) presented similar diffraction
patterns, shown in figure 1 (a,b,c). Two bands are present:
an inner difuse from 190 to 88 R and an outer, less difuse, -
at 43 E. Both bands presented a preferred orientation along
the horizontal equator. The degree of orientation changed-ﬂ.
slightly with-the_qontéiner, being stronger with C2 and
smaller with C5. When LK is conditioned in the thicker
capillary C4 only the inner band is observed, also with a
preferred orientation along the equator (figure 2). These .
results are analogous to those obtained for type II lyomeso-

9'}0'll’l3 and indicate that thé sample thickness is . a.

phases
critical parameter.

Sample CDS, however, presented only the inner
difuse band, with a degree of orientation along the equator
smaller than for LK, when conditioned in all containers with
0.7mm thickness (C2, C3 and C5). ‘The outer band appeared
only for CDS conditioned in the thinner capiilary cl (figurér
3) . The two bands correspond to characteristic¢ distances
approximately equal to those of LK.

These results show that orientational effects are .
‘more intense for LK than for CDS. The surface orientation
responsible for’the appearence of the outer band séems to beh
more intensé-for smaller polar heads. This would be consistent

with that has been observed for SDS type II-lyomesoPhase513,*



.6.

with the smallest polar head and the strongest surface
orientation, although it may be misleading the comparison
between types I and II for this purpose. - Suface orientation
could due to the interaction between the charged polar heads
and ions present in the container'wélls. | | .

"With the model of-finite3cylihder58 the preferred
orientation along the equator indicates that the phase direc-
tor and the cylinder axe orient parallel.to the capillary
axis. *©°

" The inner band is then associated with the average
distance betwéen cylinders in the water. The outer band
corresponds roughly to the expected diameter of thé‘chihders,
which doés not differ much from a bilayer thickness; the
calculated lenght (according to-reféréndé'l4)'6f a K laurate’
molecule is about 21 K. The existence of this band is there—
fore associated with clustering of the charged cylinders and
seggregation of water, as it was proposed also for £hef_ |
platelets in the SDS type II lyémesophaselS; Therefore, also
in the case of type I lyomesophases, the appearence of the
outer bénd would correspond to the formation of macromicelles,

in this case made’ up of packed cylinders.

B) Effect of magnetic orientation

Samples LK and CDS conditioned in capillaries of
0.,7mm (C2 énd C3) have been exposed to magnetic fields of
14 XG for severalsdays with H both: parallel and perpendicu-
lar to the capillary.axis. Observations of the capillaries .
by OM showed that the magnetic orientation wés quickly lost, -
after a few hours, so that no SAX measurements on residual.

magnetic orientation could be otained in these cases.
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- LK samples conditionned in the thicker capillary
C4, exposed to magnetic fields of 2 Kg and 14 KG for several
days, with H perpendicular to the cépillary;axis, kept
residual magnetic orientation for several days. That is
because for C4 the effect of surface orientation is not so
strong, as has been seen in the previous item. X-ray diffrac-
tion patterns in these samples with residual magnetic,o;ien--
tation have been obtained with the X-ray beam parallel (S,) -
ahd perpendicular (S,) to H. Sl-showed_onlylthe dique;z.
inner band, rather oriented along the vertical meridian,
perpendicular to the equator {(figure 4a). For S, the difuse
inner band became isotropic {(figure 4b). No difference was
observed between'samples_oriented in the weaker and stronger
magnets; more important in the degree of magnetic orientation
is the time the sample stays in the magnet.

These results are consistent with the model of
finite cylinders for the amphiphilic micelles previously
proposeda. Diffraction patterns don't give the distance
between cylinders along their axe, what means that the cylin-

o
ders are longer than 500 A, These cylindrical micelles . ...

orient with their -axe parallel to the magnetic field.

- There seems to be a strong correlation between
these micelles.  Diffraction for S, measured in consecutive
time intervals showed that the phase director changed
collectively and slowly from the direction parallel to i1 to,

the direction parallel to the capillary axis. An intermedi-

ary position is shown in figure 5.

C) Effect of electrical orientation

- LK samples conditioned in capillaries of 0.7mm
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(C2 and C3) did not evidence effects of orientation in pres-
ence of an electric field of 12 KV/cm perpendicular to the
capillary axis 'and to tHe X-ray beam; their diffraction
patterns remained similar to those obtained without &
| " LK sample conditioned in the thicker capillary
C4 stayed in an electric field of 12 KV/cm perpendicular to
the capillary axis for 16 days and afterwards was measured by
SAX with the X—ray:beam-perpenﬁicular”td='E*. ‘The diffraction
pattern (figure 6a) presented, in the position of the inner
band, many ‘radial lines. ' The diffraction pattern obtained’
with residual orientation for E parallel to the X~ray beam
(figure 6b) presented the same ‘radial- lines a very weak but -
sharp outer ring at the same position obsérved in thinner = -
samplés. In about 5 days ‘theé electrically induced orientation
was lost and the radial-lines gave place ‘to the inner difuse:
band oriented prefentially in the equator.
' It seems that the electric field transforms the
continuously'varYing*directions of the director, typical of
a continuous medium, into monocrystallites with discrete
directions of ‘the director.
- The fact that under influence of an electric field
a weak ‘outer 'ring appears seems to c¢onfirm that the inter-
acﬁion”WitH-théfc0ntainer walls, responsible fo the strengh-
tening of this outer ring, is alsoc essentially of an electri-

cal origin.

TV, CONCLUSIONS

Diffraction results for magnétiCailj“OrienEéd':

samples are consistent with the model of finite cylindrical
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micelles previously proposeds, .The existence of the outer
ring corresponding approximately to.the cylinder diameter-__'
suggests that in cerfain circunstances these cylinders are
closely packed with seggregation of water. The appearence . of
this ring in presence of electric fields and surface.orieﬁ-;_
tation suggests the latter to be of an electrical nature.

‘The formation of macromicelles made of aggregates
of amphiphilic micelles, probably with solvatation water
between them, but with segregation 6f disordered water, is
considered to be a basic mechanism for both types I and II
lyomesophases., o |

" Our results are therefore in disagreement with.
those recently reported by Charvolin et allS;'that sutudied -
lyomesophases of types I and II of Na decyl sulfate. Their
experiment, obtained with a cohventidnal Laue camera, could;-
detect only the outer band; the inner band occurs in the
small angle region which is under the direct beam in the Laue
camera. They concluded that the outer band corresponds to.
the distance between micelles homogeneously distributed in
water and therefore attributed to the bilaver thickness a
value of only 20 g, what could be possible only if the
micelles consisted of stiff interdigitating paraffin chainsl.
That this seems not to be the case has been already discussed
for type II lyomesophaseslS, and the same arguments are valid
for type I phases: chain order profiles obtained from
NMR16'17'18 do not favour this hypothesis neither does it the
existence of the inner band observed by SAX and the inexis-—
tence of sharp lines in thé higher angle region. |

Their paper15 also does not discuss the problem

of surface orientation (the capillary thickness is not even
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mentioned) neither the difficulty in obtaining-residual
magnetic orientation. Regarding type I lyomesophases, their
parallel configuration refors to residual magnetic orientation
and from our experience it is doubtful whether it can be
stated, as they do, that in this case the X-ray beam is paral-
lel to the phase director; they could have & disoriented
sample as well and due precautions to avoid this are not

mentioned.
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FIGURE CAPTIONS

Fig. 1

Fig. 2 -

Fig. 3 -

Fic; 4 -

Fig. 5 -

Fig. 6 -

SAX results for LK samples 0.7mm thick:
(a) - quartz capillary C2
(b) - lindemann glass capillary C3

(c) - parallel walls container C5 .

SAX result for LK sample conditioned in the thicker
capillary C4.
SAX result for CDS sample conditioned in the thinner
capillary Cl.

SAX results on LK samples conditioned in C4 with

residual magnetic orientation:

(a} - 5, configuration, with X-ray beam perpendicular
to H |
(b) - S5, configurattion, with X-ray beam parallel
e
to H

SAX result for LK sample conditioned in C4 while

losing the residual magnetic orientation.

SAX result for LK sample conditioned in C4;.
(a) - in presence of an electric field & perpen-
. ~dicular to the X=-ray beam |
(bj —;Wiﬁh residual orientation for £ parallel_tﬁ
the X-ray beam. A-wéak outér ring is seen in

the hégative. _
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