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INTERMICELIAR INTERACTIONS IN TYPE I LYOTROPIC “NEMATIC" LIQUID CRYSTALS

ABSTRACT
by A.M.FIGEEIREDO NETO AND L.().AMARAL

) The. application of classical DLVO fhedrj Eo a -1.:ype I
msrmno TE FISI@, UNIVERSTDADE DE SA) PAULO lyomesophase indicates that the cylindrical amphiphilic micelles
CP: 20516, SAD PAULO, CEP 05508, BRAZIL tend to flocculate; the screening process is so efficient that

the van der Waals attractive force is higher than the coulombian
repulsive one(this later caused by the 1on1zat10n of the m:r.cellar
surface polar groups). The flocculation process forms a '
hexagonal network with lattice parameter {determined by X-ray
diffraction technique). of 49. 9g. This result can .be explained
assuming that the micelles have a bound solvata.on 'shell around
them about 8% thick. The balance between van der Waals ~
attraction and -excluded - volume ‘interaction . is responsible for
the aggregationm process. The calculated energy. of two mteract:.ng_
micelles 508 appart is about KT, indicating that at ‘the bulk of
the lyomesophase only small aggregates can exist. However ,
external agents lik: felectrlc ~-and magnetic fields or ‘wall

INTERMICELLAR INTERACTIONS IN “NEMATICS" containers, which restrict degrees of freedom of the micell_es,
favours flocculation. The contalner wall effect is descrlbed as
A.M.FIGUEIRFDD NETO a micellar anchorlng process. h ’
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I - INTRODUCTION éhape with radius of 178 and are packed in an hexagonal lattice
of parameter {49,9x0.5) g; OB was associated to the 100

Lyotropic liquid crystalline phases that spontanecusly diffraction peak of the array for aggreqates of about one

orient in presence of magnetic fields ()} have been classified by hundred micelles and IB was associated to the mean distance
NMR experiments as types I and II [1,2], depending on whether the among smaller aggregates (about three of four micellgs each) .
phase director orients respectively parallel or perpendicular to In this picture, the "nematic" type I phase could be thought as

%, Observations of its optical textures in a polarized microscope, composed by microdomains of the lyotropic conventional middlie

" which resemble nematic. ones, were used [3-5]to characterize these soap phase (H,).

méégphases as neqétics.

Amaral and co-workers [6-8] studied a type II
lyomesophase by small angle X-ray scattering, proposing a model
of. finite planar micelles, in the.form of platelets, not
homogeneousiy distributed in water, forming lammelar aggregaﬁes.

Type i 1yomeso§hases of potassium laurate/KCiﬁmﬁér
{called LK} and of cesium-decylsulﬁate/CsN03/water{cal;ed CcDs)
were studied [9] by X-ray diffraction and polarized optical
microscopy techniques, in several experimental conditions:
.samples in different sample holders ;nd submitted to electric
and magnetic fields. The results with magnetically oriented
‘samples confirm [39] the model of long cylindrical micelles
previously proposed [2.2] (1engtﬁ bigger than 5003) and also
indicate the existence of aggregates of micelles separated by
the excess water. A typical photographing diffraction result
- with sample LK in glass capillaries of 0.7 mm diameter presents
two bands [9] at the s{absolute value of the scattering vector)
position of (40R)7!, named outer band (0B}, and (100871,
named inner band (IB}, while the same samples in é mm thick
capiiléries present only IB. The analysis of these results
was made assuming non homogeneous distribution of micelles in

water. In a previous paper ﬂdl the meodel of aggregates of

micelles was quantitatively developed: the micelles have cylindrical

Recent X-ray diffraction results with sample 1K in
different températures [ll,li] show the coexistence of two
phases (type I and Ha) for temperatures between 50 and 60%.

The effect of the container walls [9] also play a

‘significant role in the formation-of the large aggregates. The

higher intensity of OB compared to IB for thinner capillaries:
qorroborate‘this faet. ‘

~ Besides tempgratﬁre and. container wall effect..
electric [9] and maqnetié [li] applied fields also favour the
formation of large aggregates.

Up to now, there was nothing about the process of
formation of such'égqregates, i.e., the kind of intérmicellar
interactions responsible for the stability of the system has
not been discussad. Specificaly for the type I LK phase, there
are cylindrical micelles of amphiphilic (Qith the ionizable
pdlar group at the surface surrounding the paraffinic region}
immersed in.an ionic bathing medium of water and salt. The
interplaﬁ between van der Waals attractive and coulombian
repulsive forces aré usually employed to describe similar
systems like colloids and biological membranes [13,14]. The
possible applicability of this approach to the lyotropes was

mentioned before [14,15], however it was not made yet.




In this éaper we discuss the intermicellar
interactions based on the balance cof van der Waals attractive
and coulombian repulsive forces between micelles, adding
considerations about the solvation water [15] (water bounded
to the micelles) for type I "nematic" liquid crystals and
present some complementary experimental résults with sample
LK to corroborate the proposed'pibture for the system

stability.

iT - INTERACTION FORCES BETWEEN CYLINDRICAL POLYELECTROLYTES

IN AN IONIC SOLUTION
II.1 - GENERAL CONSIDERATIONS

The theory of Debye—H;ckel (16] has heen
successfuly used to describe éhe thermodynamics of solutions
of strong electrolytes. The theory for the comput&tion of the
repulsive force begins with the Poisson equation, where the

volumetric charge density of the solution is introduced in

* a convenient form [1#] and, in the mean field approximation

for the computation of the force acting on an ion due to the
others, the non linear Poisson-Boltzmann (PB) eguation is

obtained. Another approximation is usually done in PB equation

" that consists in its linearization with obtainment of the well

known linearized Poisson-Boltzmann equation (LPB). [16, 17].
These approximations are totally justified at the low ion’
concentration limit [14,16-18], i.e., diluted solution. This
concentration is usually expressed in terms of the ionic
strenght (I) defined as I = % E oy zi2 where 0y is the ion

concentratibn, zi its charge in terms of the electron charge

and the summation perfformed over all the ionic

.species. The ionic strenght upper limit for the applicability

of the LPB equation is not fixed, depending on the particular
system; however, I ~ 0.1 mol dm—3‘is already considered [14]
a high value. A'compleﬁe review about £his point was made by
Olivares and McQuarris [17].

The Debye—Hackel ‘theory for the.compﬁtation of
the respuléive interaction is.lafgely used [14] in cmumition
to-the—classic&l theory of Derjaguin, Landau, Verwey- and
Overbeek (DLVO} to describe the stability ef colloidal
and biological systems. Specially for éystems whosé parficles

have cylindrical shape [14,18-21] the mathematical dificulties

"lead to the utilization of the LPB egquatiocn.

Sparnaay [21] discussed the interaction between

two cylindrical particles with an homcgeneous surface charge

density immersed in an ionic-bathing medium. The attractive
component, follewing DLVO theory, was calculated [21] by
summation of van der Waals pair interactions and the

attractive potential is left in terms of an adjustable

constant (Hamaker cdnstant).'The stability of the system

was determined by the two forces balance [21] and for high
ionic strenght the screening of the charged sqffacgs is so
efficient that the. system flocculates.

Brenner and McQuarrie [14] discussed two systems

‘0of cylindrical shaped particles (gels of tobacco mosaic virus

and the A band lattice of myosin in vertebraté striad muscle)
assumning non homogeheous charge distribution; the élecukstatic
potential at the particle surface depends on the charge
distribution on it and the charge is itself a function of
the potential. The surface chéng; density was determined

{14} applying the boundary condition in a self-consistent



‘way. This treatment has many advantages compared to the
Sparnaay one, however a limitation of it is the necessary
knowledge of the dissociation constant of the ionizable
groups at the particle surface [14] In the calculatlon of
the attractlve lnteractlon the same pa;rw1se summation
method was employed [14} however a value from the
literature for the Hamaker constant was lntroduced, with
‘the edvahoage that this ﬁalﬁe was.obtained.using Lifshitz
theof?. ) . o . e - .

. In the study of fhe.“nematio“ lvyomesophases
we edopt an intermediary eoproach. At the surface of the
micelles (eaﬁgle_LK).thefe are carboxilate groups that in
.preeence of water are io.pfinciole totally'ionizeo- the
counter icns can be totally or partlally bound at the
;mlcellar interface but there is not a defined d155001atlon
constant in this partlcular-s;tuatlon. This fact prevents
the uee of the Brenher-McQuarfie formalism in its originai
form for the computation'of the repulsion and we assume an

homogeneous charge dlstrlbutlon Ho@eVer for the

computatlon of the attractlve force, we &kmm Bmﬂnﬂr%ﬂﬂ)murle

scheme.
- Besides.this.two forces balance the stability
of coiloide which. have water affinity needs considerations
about solvation water {13} (water molecules bounded to the
colloid or to the ionic double-layers surrounding it). In
iyomesophases this point is of fundamental importance since
the micelles have bolar groups in its surface and are
surrounded by a counter ions screening cloud.

. It was recently demonstrated [22] that the
bathing medium structure (besically the solvent) is of

fundamental importance, modifying the classical approach

for the computation. of the attractive force. This fact is

particulary important when interparticle distances are

comparable to the dimensions of the solvent molecule 223.

Theoretical treatments to solvation forces have been
recently published [23], modifying the classical DLVO

approach. In this paper these new theories won't be used.
¥¥I.2 - Coulombian repulsive interaction
.The system is composed by two long parallel

cylinders with radius R and lenght L{L>>R), immersed in a

bathing medium of known ionie strenght. The distance

" between their axis is D. They are rigid and composed by a

material of dielectric conetant éi, haQe uniform density
and the surface charge is homogeneously distributed. The
bathing medium has a dielectric constant E>>ei and the
temperature is constant (T).

From the LPB equation for a siﬁgle.cylindef,

and defining % as the Debye~5creening lenght:

2 _ 81re2
eKT

wheére € is the electron charge and K the Boltzmann constant,
it is possible [14] to write an expression for the
electrostatic potential at the position T from the center
of the e¢ylinder (¥) in terms of a single unknown
coostant. For the whole eystem, by soperposition we have

in the zero order approximation [14]:
w(o)(r)=A (o){K (Kr)+§ K (kD}I_(xr) cos{ne)}
. Q o ne-—on n

R - : : 2



“where 8 is the polar angle ofa coordinate system placed at one

of the cylinders, In and Kn are the modified Bessel functions

of 15t and 2nd kind respectively and order n,

Applying the boundary condition, the discontinuity

of the normal component of the electric field at the c¢ylinders

(o}

surface, the constant Ac is obtained 1in terms of the charge

density ¢. This density can be €xpressed in terms of the
surface per ionizable group (5) and its degree of dissociation

{o)

(). So, Ao can be written:

a o) ; 4ven

o {K, (KR}~K_ («D) I, (kR) ot 3

€5k

' 'In the expression for the Gibbs free energy of
the system, only the electrostatic [24] term (in this
approximation) aepends on D. With this consideration and the

expressions 2 and 3 a straightforward calculation gives for

- the repulsive force per unit lenght of the cylinder F. (D}

es 3 ¢(o)

F. (D) = 21R S 3D 4
~ o eo. ' :
F (D) =.2mR —— f{a.b+c} P

dren.

-2
5~ I; (KR} K, (kD}{K, (kR}-K (D} I, (R)}

where a=-

b= KE(KR) + KO(KD) IO(KR)

{0}

o~ Ao I (R} KKl (D)

' This force can be well fitted [25] by a function
—kD

F,(0) = X2 ' /6
kD

where v is a force parameter. From this expression it is

possible to write down the electrostatic potential energy

of the system Vr{D).as:

Vr(D) = YT Y arfe (¥ikD ) .7

®

where erfc is the complementary error function.
I1.3 - VAN DER-WAALS ATTRACTIVE INTERACTION

For'the'domputatioh of the force and potential
.energy we follow- the scheme proposed by Brenner and McQuarrie
[14] with a pairwise summation of interactions. Tﬁe basic
enerqgy interaction-betwben'two-atoms separated by the 7

distance r is

vir} = -06 r ’ o ] '.,8
where C6 is the characteristic interaction constant. Stmming
‘over all the atoms of the two tylinders [14], we obtain the

total interaction -‘energy per unit lenght of .the cylinders

Va(D) in terms of the Hamaker constant (A):

v_©) =- o, 5 _Taintl/2)

30 m=) 5=l m! n!{@-L)! (-1}

ZGMn)
&

D 39

where T is the gamma function; and for the attractive force

per unit lenght:
i)

-2
) .10

Z z

P (B) = =
a 30wl el . m!ondfeel)!in-i)! D

II1 ~ EXPERIMENTAL

Mesophase LK was prepared_[l,i] by the NMR

Laboratory of the Instituto de Quimica da USP with the
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following composition: K laurate (34.49:0.06) wt3/RCL (2.9420,01)

wt3/H,0(62.6:0.1) wtd. ' ‘

' Samples were sealed in several containers

Cl - quartz capillary with 0.3 mm diameter;

C2 - guartz capillary with 0.5 mm diameter;

C3 - guartz capillary with 0.7 mm aiameter:

c4 - lindemann glass capillary with 0.7 mm diameter;

€5 - pirex glass capilarry with 2 mm diameter;

C6. - cylindrical container with very thin parallel walls of
niguel (or mylar) with 6. .mm diameter and sample thickness
of 0.7 and 2 mm. '

Samples - in capillary C5 were magnetically

- oriented in'pérmanent magnets of 14 kG and 2 kG and .aftervards -
analysed by small angle X-ray scattering and optical

microscopy. Residual magnetic orientation was cbserved, i.e.,

the field was not present dufing the X-ray exposure.

X-ray diffraction patterns were cbtained by
photographingitechnique using a small angle Rigaku—Denki
diffractometer with Cu K, radiation (Ni filtred} in a
transmission geomeﬁry with peint focus.

The capiliaff was always Qiaced in the wvertical
direction, witﬁ their axis_perpendiculaf to the X-ray beam,
which af ﬁhé samplé positioﬁ haana éiamefér of 0.3 mm. So,
ohly capillary Cl is embraced by the beam, while the others
-receiﬁé& the beam in their central part. Exposure times
varied between 24 to 48nﬁoursy-depending on sample thickness.
All resulﬁs were obtained at room temperature (~22°C).

Some of the results were obtained with
capillaries of chemically treated surfaces. Three types of

treatménts were performed:

. 10.

~Tl: with sulphocromic solution., The solution is introduced
in the capillaries for a pericd of 24 hours, followed
by a continous flux of destilated water {some hours}.

During the process there is a deposition of ions Cr3+,

Cnai_ ' K+_at the surface, that are removed by the
. water flux. The treatment consists in removing all the
organic material present at .the surface {(a cleaning

treatment).

T2: with NaOH. The process consist in filling the capillary
with a solution of NaOH in 10 vol% for a period of some
days. Afterwards, a flux of destilated water with 0.0G01

- mol dm-3-of NalOH passes‘throw the capillary for haurs.
The 0H groups at the élass surface are substituted by

ONa groups.

T3: with {(H;Cl,; 8iCl,. The. process consist in filling £he
capillary with the substaﬁce and shake it for some
minutes. The residual substance volatilizes very guickly.
The chemical reaction is very efficient and promote the

' location.of aﬁolar CH3 groups at the glass surface,

which becames hydrophobic.
IV - EXPERIMENTAL RESULTS

Comparing the diffraction patterns of sample LK
in capillary C5 with and without residual magnetic orientaticn,
it was obéerved a dislocation of IB pesition to.smaller:

values .of 28 for magnetically coriented samples ‘}ndicating
the formation of aggregates with aggregation nuﬁber {N)

-bigger tham 4. As discussed elsewhere [9], the field aligns
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" the micelles with their axis parallel ta it,'imposing
restrictions to the micellar degrees of freedom.

Diffraction patterns obtaingd with sample LK in
very thin capillaries Cl and C2 (Fig.l an& 2 respectively),
where fhe surface effect is intensified, are composed by
Bragg peints at OB region and weak lines (not visible at the

reproduction) with characteristic distance

of the Bragg
point one. The hexagonal lattice parameter obtamgd is {46.420.5)8.
A yisual mesure (using a Rigaku-Denki nonio)of the Bragg
points width, of.the order cf the experimental resolution
(about 0.20%) indicates [10,11] that the structures
responsible for this diffraction pattern are very large
compared to the aggregates-of N ~ 100 asscciated to 0B;

thef have about 400 aggregated micelles or more. S0, the
surface effects in thin capillaries favour the formation on bigger
aggregates of micelles. The prefered equatorial orientation
of the Bragg points at OB region indicates that the micellar
axes are oriented preferentially parallel to the capillary
axis.

. " The eqﬁatorial orientation is dué toe the
geometry of the container. Sampies in capillary C3 present
Iﬁ'and OB with equatorial orientation while in parallel
walls container C6. {with thé same sample thickness) the
bands do not present this orientation (Fig.3}. The same
phenomehum was observed in capillary C5 and container C6
with the same sample thickness. The material of the walls’
(niquel or mylar} does not influénce the diffraction
pattern.

To clarify the container wall effect in terms
of the formation of the aggregates some surface chemical

treatments were performed. Treatment Tl in capillaries C3,C4

i2,

and C5 do not modify the usual [9] diffracticn patterns,
indicating_that no organic deposit (removed with T1) coqld
be feSPonsible for the surface effect. Treatment T2. in
capilléry C5 also does not modify the usual [9] diffraction
pattern, indicating that the substitution of the hydrogen
by sodium at the gurface does not modify wéll effect.

Treatment T3 in capillaries C3, C4 and C5 (Fig.4 and 5},

.hohever, presents different patterns. With 0.7 mm thick

capillaries there are Bragyg points at oB region and,weak
lines (not visible at the reproduction)- with characteristic
distance ;%: of the Bragg point one (Fig.4}. The hexagonal
lattice paiameter obtained from these diffractions is

{48.820.6) 8; 1B is transformed in radial streaks. As

discussed elsewhere [9,11,12], part of the streaks intensity

may be due to white radiation, always present in Ni filtered

radiation, however -this conéribution is not the prinéipal.
With 2 mm thick capillary (Fi-g.S),. besides IB there are
radial streaks present and in some directionﬁ—very weak
points at OB region (they are not visible in the reproduction).
The streaks indiéétes the existence of some préferred
crientations for phase directors of the small aggrégates
(N ~ 4) and the appearence of Bragg peoints at OB region
indicates the formation of large aggregates induced by
Surface treatment. As discussed before, treatment T3
promotés the loca;icn of apolar CH; groups at the capillary
surface. The hydrophobicity of the treated surface favours
the seggrégation of free water {not directly bounded to
the micelles) from its proximity and large aggregates of
micelles can be formed. The lattice paramecter obtained for

these superaggregates (i\“‘:doﬂj,- considering the experimental
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errors, is equal to that obtained for the aggregates of about
10Q@ micelles. Probably the treated surface exciudes from its

proximity tﬁe free watér and iavbur the growing of the N -~100
aggregate: "seeds", wi?hout a,ﬁqndamental modification_of the

lattice parameter.

¥ - ANALYSIS OF MICELLAR STABILITY
(A) - REPULSIVE COULOMBIAN INTERACTION

LXK micelles are constituted by a cylindrical
hfdrpphi;ic shell and a core of hydrocarbon. In the
hydrophilic region there are polar groups CO0 K'. The
micelles are immeréed in a:bathing medium composed. by the
water, counter ions k' éf the surface polar groups ionization
and ions K+,and c1l” from the -salt. The molarities of the
components of the mesophase were calculated in an usual

3

procedure (in moles qﬁ'the.componént per dm” of the solvent),

with the composition given in.section III: for the water

_—

{55.4920.09) mol dm 3

; for the K laurate (2.3110.01)nnldh_
and for the salt (0.63:0.01) mol dm . -

- In a first approach, assuming that'all_the
surfacé polar groups and the salt are ionized, the ionic
strenght of the bathing medium (section II.1} isr
(1.7920;05) mol dm 2. The bebye screening lenght associated
to this Qalue assuming a temperature of 250¢ and the value:
78.5 for the dielectric constant of the medium [25] is
{2.2720.04) 8. This parameter informs how efficient is the
electrostatic screening of the micelles [16]: so, the counter.

ions are brought near to the surface in such & manner that

14.

‘at about 38 appart from it the micelles are totally envolved by

the ions X'. This lenght is ©of the order of thée distance
between the residual greup €00  and the k" in the mglecule
of K laurate[26]; so, the system may be thought as weakly.
charged. The hypothesis. of counter ions totally bound to
the micelles is usually assumed in the hexagonal phase[15]. .
with this very small Debye lenght, we can consider an
efféctive ionization éoefficient (¢} very small, corresponding
to a micellar system highly screened. At the linit of a + O
the ionic strenght is 0.63 mol dm—3, due to the salt. fhe
value df 1.79 mol dm_3 for the ionic strenght prevents the
utilization of the classical Debye—H&ckel theory, however,
at the inferior limit 0.63 mol dmaa, the use of the LPB
equation is not so drastic. The mathematical difficulﬁies
of an alternative [17] treatment (with the necessary
aﬁproximations} justifies this easier approach.

‘Expression 5 for the reéulsive force per unit

lenght as a function of the interaxial distance D was

computed for

@ = 0.02; 0.05; 0.1; 0.15;0.20; 1

and in Fig.6 P_nFr is plotted as a function of D. The bigger

the value of o the worst is the result in termé of the
utilization of the LPB equation.

For the computation of the potential energy
we assume expression -6 for the force to obtain the force
parameter Y and afterwards use. expression 7. In‘Table I we
present the relation between the forces calculated-by -

expressions 5 and 6 to give an idea of the approximation.
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TABLE I

E},T}aptﬂi BRI 60 70 80 9 | 100
@ =0.2 0.76 | 0.8L | 0.89 | 0.98 | 1.08 | 1.19 | 1.32
a=0.15 104 | 1.00 | 1.00) 1.00 | 0.99 | 0.93 | 0.98
« = 0.10 1.05 | 1.00 | 1.00| 1.00 | 1.00 | 0.9 | o0.99
a= 0,05 0.77 | 0.81 | 0.89} 0.93 | 1.08 | 1.19 | 1.32
o= 0,02 0.77 0.81 0.89 0.99 1.08 1.15 1.31

TABLE I: Values of the relation F,/F_, r where F_ is the exact

repulsive force obtained from LPB equation and Fra is

the approximation {c.f.expression 6}, as a function
of-the interaxial distance (D), for different‘valuES

of'the dissociation constant (o).
(B} ATTRACTIVE V.P_LN DER WAALS INTERACTION

The attractive interaction acts between the two
cylindrical hydrocarbon cores sepaiated by water. The
utilization of expressions 9 and 10 depends on finding a

' reasonable value for the Haméker constant. Gingell ang
Parsegian [?7,28] studied a system composed by two semi-
infinit layers of water separated by hydrocarbon; using
spectroscopic data and Lifshitz theory, they obtained a
range of variation of the constant A for the system
hydrocarbon—water, from 3.4 to 6.8x10_14 erg. Despite the
geometric differences of their system and the cylindrical
micelles, we hope that the coﬁstant A is principally [14]
a characteristic of the materials; so, this interval has

been used to evaluate the expressions 9 and 10. At this

‘A= 3.4_x‘10_

16.

- point we-assume that the presence of the salt does not modify

drasticaly these values of A.
The attractive force per unit lenght (expression 10)
are presented in Fig.6 for the two limit values of A as a

function of D.
(C) FORCE BALANCE

For dissociation constants (¢} greater o:.eéual
to 0.1f there are equilibrium points between the forces,
i.e., the total force vanishes. At the interval 0.1 < a < 1
the equilibrium points are placed between 50 and 58%. (for

14erg) and at . the interwval 0.15 < o < 1

léerg). Fixed the

between 45 and 518 (for A = 6.8 x 10~
Hamaker constant, for « + 0, the equilibrium distance tends
to the cyligder diameter (coiresponding to the excluded
volume interaction)., This result indicates that eguilibrium
distances greéﬁer than 608 are not to be expected in this
simplified picture of two interacting cylindefs. Modifications

in the location of the equilibrium points could be expected

in a many body interacting problem.

For a £ 0.1 there is no eguilibrium point

between the two forces; the attractive force is bigger

.‘thﬁn the repulsive one and the system flocculates} with

-seggregation of the free water unbounded to the micelles.

This floceulation condition obtained for the two micelle

systen canrreasonably be extended to. the hole system.
The value of 49.9% for the lattice parameter

[10] of the hexagonal. array can be explained coﬁsidering

the solvation water {15} bound to the micelles. The micelles
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- suxface is composed basicaly by hydrophilic groups and it is
envolved by anionic cloud of counter ions, all of them
soivated'ﬁy watexr molecules. A éolvatioh,shell appraximately
SR thick (i.e. of the order of 3'aligne&.ﬁater molécules)
per micelle gives an effeétive radius of ahout 258 and a
lattice parameter of 50%, This water melecules are directly
bounded to the micelles hydrophilic groups or to the counter
ions that makes the electrostatic screening so, this solvation
shell can be thought as a constitutive part of the micelles,
that have then a greater effective radius.

It is interesting to study therprocess'of
forméticn of the aggregates -in terms of the total engrgy of

- the two cylinders, by sommation of the expressions 7 and 9,
These results are plotted in Fig.7 for different values of
a{and:A = 3.4'x 107 erg) in units of KT (T = 298%K) per
centimeter. For a > 0.1 there are eguilibrium points at the
potential well, however Qith énergy smaller than KT. For
a < 0.1 the éttractive interaction dominates. In Fig.8 it is
plotted the total energy for o = 0.02 and the two limit
values for thé Hamaker constant. Assuming for the micelle

- lenght the value of 10°R 10,29}, at 508 of interaxial

distance the total energy of the sfstem is located‘between

0.64 KT and 1.35 KT; for o« = 0 the total energy coincides

with the attractive energy gnd is located between 0.68 KT

and 1.37 KT. This energy, very‘close to KT, could justify
the necessity of external agents {101, like fields and
surface, to favour the nucleation of the micelles in large
aggregates.

The wall effects, described qualitatively-
before, can be thought as a micellar anchoring process.

The micelles, near the surface have their axes oriented

18;

-about the capillary axis and the anchoring pxocess

restricts some of their degrees of freedom and floceunlation.
is Eavoured..The same process occurs in the parallel.wall
containers, differing only in terms of £hé preferred
orientation present. The smaller the capillary diameter is,‘
the larger the OB intensity compared to IB, untill the
formation of the aggregates of N 2 400. The modification of
the lattice parameter observed with samples in capillaries
Cl.and C2 could 5e.explained by a small change of the
soivation water shell envolving the micelles, by influence
of the coﬁtainer wall. 7

The results with surface treated capillaries

-also corroborate the picture where the seggregation of the

free water from the wall proximity favours the formation
of the large aggreyates. The lattice parameter observed
remains, within the experimeﬁtal error, the same as ih
untreated capillaries in.spite of the increase in N.

Aiso the presence of a magnetic field, which
makes the micelles stay parallel to each other, promote;
a pérticular micellar geometry that favours the flocculation

process.
VI - CONCLUSIONS

The applicatién of DLVO theory to "nematic"
type I lyomesophase.indicates that the system tends to
flocculaté due to the supériofity of van der Waals attractive
force compared to the coulombian repulsive interaction.

The lattice parameter of the hexagonal netwoark

obtained by X-ray diffraction results can be explained .




assuming -that the micelles have a solvation shell around
them about 8% thick {effective micellar radiusAabout 253).
The balance between van der Waalé attractive force and
excluded volume interaction are responsibie for the
aqgregétion process. This process is counter balanced by
thermal agitation; the energy of two flocculated micelles
508 appart is about KT (T =298%K’). Apparently at the bulk

of the mesophase there is a process where only small

aggregates can exist; the large ones are formed by external

‘agents like fields and wall containers. These agents act

to restrict degrees of freedom of the micelles favouring

the nucleation process. The container wall effect is.a

-phenomenum of micellar anchoring and the surface induced

hydrophobicity acts to exclude the free water from its

proximity favouring the nucleation.
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FIGURE CAPTIONS

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figgre i

Figure 7:

Small angle X-ray result with sample IX in. 0.3 mm -
thick quartz capillary. The capillary is in vertical
direction in the plane of the figure. -

Small angle X-ray result with sample LK in 0.5 mm
thick quartz capillary. The capillary is in vertical
direction in the plane of. the figure.

Small angle X-ray result with sample LK in a
cylindrical container with very thin parailel walls
of Niquel, with radius of 3 mm and 0.7 mm sample
thickness. The axis of the cylinder is parallel to
the beam and normal to tHe plane of the figure. ‘

Small angle X-ray result with sample LK in 0.7 mm
thick quartz capillary, treated with (H;C),SiCl,.The
capillary is in vertical direction in the plane of
the figure. )

Small angle X-ray result with saﬁple LK in 2 mm
thick'pyrex capillary, tréated with (HyC),8iCl,. The
capillary 1is in vertical direction in the plane of
the figure.

Natural logafithm of the absclute value of the
attractive force in CGS units (dashed curves) for
two values of the Hamaker constant {(A) and repulsive
force in CGS units (solid curves) for different
dissociation constants (0.02 <a< 1), as a function

‘"of the interaxial distance (D).

Total potential energy of two parallel cylindrical
micelles immersed in an ionic bathing medium as a
function of the interaxial distance (D) for different
dissociation constants (0.02 <a< 1). Hamaker constant

used A= 3.4 x.10" %% erg.

Figure §:

Total potential energy of two parallel cylindrical
micelles. immersed in an ionic bathing mediuﬁ as a
function of the interaxial distance (D), for the to
limit values of the Hamaker constant. Dissociation

constant o= 0.02.
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