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STUDY OF ORIENTATIONAL EFFECTS IN A TYPE II LYOMESOPHASE

L.Q. Amaral
Institutoc de Fisica, Universidade de Sao Paulo
CP 20516, CEP. 05508, S3o Paulo, Brasil

ABSTRACT

A model’of'platelets for the structure of a type II
lyomesophase SDS (Na decyl sulfate/water/decanol/Na sulfate) was
previously proposed from small angle X-ray diffractibn (SAXY in
magnetically oriented samples; it was also shown that SAX results
are strongly dependent on the orientatioﬁél'effects due to the
surface of the container.

This paper reports orientational effects measured by .-
SAX due to different interfaces SDS-container and SDS-air as well
ags effects due to electric and magnetié fields.: The diffraction
patterh:consistsfof'ah*inner difuse band (B) at ca. 120 g' and a
sharperfouter“ring'(S)'at'BS‘R “whose‘broadeness and relative
intensities vary strongly with sample container and-degree of
orientation. A remarkable strenghthening andVSharpeningrof 5 is
observed by surface orientation and by electrical orientation.
Results ‘are consistent with the hypothesis that under the-ﬁﬁﬂu@nqe
of orientational forces the platelets aggregate forming macro-
micelles composed: of several émphiphiiic bilayers slightly swooleﬁ

while the water “is seggregated.-



I. INTRODUCTION

Lyomesophases that orient in presence of magnetic
fields E and can be used as orientation matrix for NMR studies
have been knowh for.more.than a-decade;fz." These particular
lyomesophases have been claSsified3}4'as tyées I and II depending
on the phase director orientation being parallel or perpendicular
to f?; the two types can be identifyed by the 2H NMR spectra..

We have reported previouslyB_.8 the study of a type II
lyomesophase formed by a quaﬁéfhéfyusystem (Na decyl sulfate/
decanol/ Na sulfate/water) by small angle X—ray diffraction (SBX).
Results on samples conditioned in,glass_capillaries of 2 mm diameter
have been obtained on unoriented samples (SO) and on sanples
previously subjected to the action of a magnetic field iﬁ perpen-—
dicular to the capillary axis, with the X-ray beam parallel {S,) .
and perpendiculaf.(SL) to fi. SAX results =7 show a difuse inner
halo at 380-140 E and a sharp outer ring at 38 R,.that reduce to
spots in the equator for - 8, ; no diffraction maxima were produced
for S, .

* To explain the Qbserved diffraction patterns a model -
of finite planar micelles surrounded by water was.proposed6’7.
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-, The observed -
results evidenced that further orientational restrictions were
imposed by the container, and the platelets tend to remain in-a
plane: that contains H. and the capillary axis.

It was afterwards-shown8 that SAX results for this
type II lyomesophase are étrongly dependent on the container; the
sharper outer ring at approximately the bilayer thickness is
strenghtened by surface orientation when the sample is conditioned

in guartz capillaries of 0.7 mm diameter, becoming a real Bragyg
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reflection; at the same time, no residual magnetic orientation
could be obtained in this case. These results have been explain-
ed8 with the hypothesisfthat under the influence of orientational
fofces the platelets aggregate forming macromicelles composed of
several amphiphilic bilayers slightly swoolen while the water is.
segregated. However, from that study it was not.clear whether the
important perameter was. the, sample thickness or the container
material; the nature of the surface orientation was:also obscure.
In order to-study.further the orientational:-effects in
this type 1I lyomesophase SAX measurements were now obtained in
samples conditioned in different containers and also in samples
subjected to the action of electric fields and of magnetic f£ields

of different magnitudes,.

II. EXPERIMENTAL

:hé guaternary lyomesonhase SDS was prepared by the
NMR laboratorj,of nhe .Instituto_de Quimica da USP aseorainé te
procedures already described6'? and with the following composition:
37 wt% Na decyl sulfate, 5 wt% Na sulf_;;ltle_T 53:wt%_water and 5 wn%
decanol. - | o |
Semples Were_sealed in.seyeral types_qf”connainefs:”
Cl - Pyrex glass caplllary with 2 mm dlameter. | | |

c2

Container w1th mylar parallel walls and 1. 4 mm sample

thickness.

C3 - Lindemann glass capillary with 0.7 mm diameter.

!

c4 Quartz caplllary with 0 7 mm dlameter.

Samples conditioned 1n caplllarles were magnetlcally
oriented in permanent magnets of 2 KG. and 14 KG w1th H perpen=-
dicular to the capillary'axis and'the'effect of residual magnetic

orientation was studied by SAX. The effect of orientation by an

external field E up to 12 KV/ecm in the direction perpendicular
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to the capillary axis was studied employing an insulated capacitor

projected and constructed in our laboratoryg. The device allows N

the obtention of diffractograms with E perpendicular to the X-ray
beam (S5,). In the geometry E parallel to the X-ray beam (S,)
only residual orientaﬁional effects are observed. |

X-ray diffraction patterns were obtained at rocm

temperature by photographing technique using a small angle Rigaku-

Denki diffractometer with Cuk  radiation (Ni filtered) in a
- transmission geometry, with point focus and line focus. Scme of
the results were obtained with a  Laue camera, with a 0.3 mm

collimator and 10 cm sample to film distance.

ITI. RESULTS AND DISCUSSION

{A) Effect of container walls

SAX results obtained with the four containers and
point focus are shown in figure 1 (a, b, cl d){ The degree of
orientation as well as the relative intensities of the sharper..
outer ring 8§ and the difuée innexr halc B and ﬁhe broadness of
S change.cdnSiderably with £he'sample container, more than ih
type I lyomesophasesg. The intensity of S is strongly depéndent
on sémple thickness; increésing from Ci to C4; hdwéﬁer results for
C3 and C4, with same sample thiékness; show thé'5£ron§ dependence
on thé.cbhtainer maﬁerial as well. Quaftz éapillaries C4 gave the
strongest surface orientation; S is very strong, reducing.to well
defined Bragg reflections in the equator, indicating reflecting
planes pargllel to the capillary axis. The preferred orientation
along the equatqr indicates that the platelets tend to orient
parallel to the capillary axis and perpendicular to the container
walis. Mylar parallel wails (C2) show_an intermediate degree of

surface orientation: both bands are strong, but B is isotropic
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while S is preferentially oriented in the equator.

B has been associated with the average distance
between platelets in the water, while. S corresponds roughly to
the expected bilayer_thicknesssns, ~The existence of this band has
been a.s_soc_ia_ted8 with:formation of aggregates of platelets and
seggregation of water. It Seems_therefore from our. results that
near the container surface this aggregation occurs while in the.
bulk sample the platelets.are distributed in water. . Isotropy in

the bulk occurs only for thick samples without cylindrical symmetry.

(B):Effect of magnetio orientation

The effect of residual magnetic orientation could
be observed only in samples without strong surface orientation. '
Container Cl gave results for S" and S, that yield the model

6.7 ' while for C4 no reSidual magnetic orientatlon

of piatelets
could be detecteds. A compromise between orientation due to the
container walls and to H was obtained Wlth container C3 Figurei
2 shows S". and S, results obtained With Cl and C3 for line J
focus; corre5p0nding results have also been obtained with p01nt
focus, but the photos with line_focus are.better.snitea:for. |
reproduCtion o o

| | The diffraction figure changes with the sample diamner,
for C1, 5 is very weak while for C3 both B and S are strong.
The orientation obtained in both cases 1ndicate a director perpen—
dicular to H - |

S, for Cl container oriented 1n a stronger magneti

field of 14 KG resulted in the same diffraction pattern as for a
2 KG ragnetic field' Flgure 3 shows the result for pomnt focus._
However, the time of permanence in the magnet is an 1mportant |
factor: fully oriented samples are obtained after someadays of

exposure.



(C) Effect of electriec field

The effect of orientation in presence of an electrie
field of'12“KV/cm'perpendlcular to the capillary axis has been
studied for samples conditioned in Cl and C3 capillaries. For Cl
the sample stayed for several days in the electricffield and after-
wards presented separation between the upper part and the down
part; as seen'under crossed polarizers} SAX measurements have
been performed in both parts by moving the capillary height in
relation to the X-ray beam. Figure 4(a-b) show S, results for
the two parts. The down part presented relative intensities of
B and § similar to those obtained by magnetic orientation, but
in_this case both bands are oriented along.the vertical direction,
indicating a director parallel to the capillary axis.‘ The upper:
part preqented a strenghtenlng of S, with the appearence of some
Bragg pomnts, orlentatlon was also along the vertical dlrectlon.

B spllted in radlal strlkes in the dlrectlon of the Bragg polnte,
thls type of result is analogous to results obtained also by |
effect of electrlc flelds in type I lyomesophasesg. Results for
S, 1n.presence of EI presented always a hlgher 1nten31ty than
the residual geometry S“, but both were equal.

After switching off the electric field the electrical
orlentatlon was slowly lost and the directors moved cooperatlvelv,

S0 that the usual equatorlal orlentatlon was obtalned An
1ntermedlate p051t10n obtalned after several days can be seen in
Figure 4-c.

For the thlnner C3 caplllary (Flgure 5) the effect of
the electrical field con51sted also in the strenghtenlng of S ,
that was transformed in Bragg p01nts 31m11ar to those obtained for

@C4, oriented along the equator. Thus the effect of the quartz

surface has been in a sense 51mulated by the applied'electric

field.




(D) Effect of air interface

The degree of order near the interface SDS-air was
investigated by SAX and also by Laue transmission diffraction in
samples-conditionéd'in C3. In. the Laue résult the sample showed
under crossed polaryzers a separation between upper and down parts,
probably due to regions with different orientation. Figure 6
shows Laue results obtained just at the interface upper—-down and’
in the down part, where the usual'equatorial orientation was
present. At the upper-down interface two different orientations
are observed: the second, due to the region in contact with thé--
air, was rotated towards the vertical meridian.

Figure 7 shows SAX result obtained near the SD3-air
interface, also 'with orientation aldng the vertical. These results
suggest that the separation observed in the capillary that stayed
foﬁ léng'time'in the electric ‘field is also conneétéd to the
contact with the air interface.

The orientation in:the air interface is-probably

related to transfer of water to the air.

Iv. CONCLUSIONS

- QOrientation of the SDS type II lyomesophase due to

- surface =ffects are strongly dependerit on sample thickness and: -
container material; these orientational effects correspond to
rather different diffraction results, expressed in the relative

intensities of the pbands B and S and in the broadness of 8§ .

It is not clear whether we are in presence of a phase transition'

and more systematic studies are in progress to determine whether -
the intensities change continuously as a function of sample . .
thickness.

Surface orientation compete with magnetic orientation
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and we continue this investigation to determine whether a'Fréedericks
transition occurs in this case. ‘'The magnetic orientation is very .
sensible. to the time spent in the magnet and relaxation times for .
magnetic orientation are excedingly long as compared to  thermo-
tropic nematic phases.

Results obtained in presence of electric fields indi~
cate that surface effects may be of electrical nature, both for -

type II and type I-lyomesophasesg;-~

Our results are consistent with.the hyphotesisa-that
under the influence of orientational forces the platelets aggregate
forming macromicelles composed of- several amphiphilic bilayers -
slightly swoolen while the-water is seggregated. The platelets
tend to aggregate near the interfaces péobably due to an inter-
action between the charged polar heads and ions on the container . - o
walls.. The 38)g_peak corresponds to the first order reflection
of the lamellar structures in the aggregates. This is in agree-
ment with recent results obtained in ﬁhe solid phase below lBOc,
which showlo the three first orders of a lamellar structure with-
repeat distance of 31.3 R; electron microscopy results by freeze- .
etching technique now in progress10 showed the presence of
structures of about 2000 2 and confirmed the hypoﬁﬁésis of sedgre-
gation cf water. - Differential scanning'analysis-detectedlo the
existence of three phase transitions between 0°C and room tempera-
ture, probably related .to the phenomenon of water melting and
Seggregation. |

We should also comment on the recent results obtained
by Charvolin et alll, who also.studied the SDS system, but whith.
somewhat different concentrations, corresponding to both types I
and II-lyomesophases. Their experiment, obtained only with a e

conventional Laue camara, could detect only the outer ring 5 ; the

inner band B occurs in-the small angle region which is under the
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direct beam in the Laue camera. They interpreted the 38 A peak
as the distance between micelles homogeneously distributed in

0 .
water and attributed a value of 20 A to the bilayer thickness.

That thls seems not to be the case has been already com:rf1e1'1tec>.8"9

Regardlng type II lyomesophases, 1t is not clear why they stata
that in the perpendicular_oonfigprgtion (with_I{,present and
perpendicular to the X-ray beam) they should have the X-ray beam
perpendiculer‘to-the.director of the mesophase. ‘Their results on
magnetlcally orlented samples are also dlfferent from ours since
they obtain dlffractlon maxima along the vertlcal for a geometry
equlvalent to our §, conflguratlon. It is dlfflcult to analyse
the discrepancy without knowing . the exact salt concentration and

the capillary diameter and material (both not mentioned in the

paper} .
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FIGURE CAPTIONS

Fig. 1 - SAX results obtained with four different containers
showing orientational effects due to the container:

(a) container Cl - pyrex glass capillary with 2 mm diamster.

(b) container C2 - mylar parallel walls and 1.4 mm sgample

4 thickness.

{c) container C3 - lindemann glass capillary with 0.7 mm
- diameter.

(d) container C4 - quartz capillary with 0.7 mm diameter.

Fig. 2 - SAX results on residual magnetic orientation:
‘ = C
(a) S, (H parallel to the X-ray beam) with container Cl.
{b) 8, with container C3.

{c) 8

&<

(ﬁ perpendicular to the X-ray beam) with container Cl.

(d) S, with container C3.

Fig. 3 - SAX result on residual magnetic orientation: S, with
container Cl.

Orientation in a magnetic field of 14 KG.

Fig. 4 — SAX results with electrical orientation; S, with container

(a) down part of the sample.
(b} upper part of the sample.
(c) upper part, after some days.of switching off the

electric field,

SAX results for electrical orientation with container C3:

w
i

Fig.
(a) unoriented'sample So'
(b} residual electric orientation S,.

Fig. 6 - Laue results showing the effect of 8SDS-air interface;
container C3.
{(a) interface between upper and down parts of the sample;
(b) down part of the sample.

Fig. 7 - SAX result obtained near the SDS-air interface with
container C3. '
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