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Abstract. Lyotropic quaternary mixtures of some tetradecylalkylammonium bromide surfactants were pre-
pared to examine the effect of the size of the surfactant head group on the stabilization of different lyotropic
nematic phases. The lyotropic mixtures were prepared by the addition of the tetradecylalkylammonium
bromides (TTAABr) in the mixture of NaBr/decanol (DeOH)/water. The uniaxial to biaxial nematic
phase transitions were determined via laser conoscopy. Some micellization parameters such as critical mi-
celle concentration, degree of counterion binding and micellization Gibbs energy were evaluated from the
electrical conductivity measurements of diluted binary surfactants/water solutions. The results indicate
that the head-group size of the surfactant molecules influences the amphiphilic molecular aggregate topol-
ogy. Moreover, the effective area per surfactant head group is a key parameter on stabilizing the lyotropic

biaxial nematic phase.

1 Introduction

Lyotropic nematic liquid crystals have been investigated
for several years to clarify their stabilization mechanisms.
Early studies about the orientation of the director of uni-
axial nematic phases subjected to external magnetic fields
showed that it depends on the shapes and symmetry of the
micelles [1-4]. For instance, in uniaxial discotic nematic
(Np) and calamitic nematic (N¢) phases, local directors
exhibit a preferred alignment in the perpendicular and
parallel directions, respectively, with respect to the mag-
netic field. The biaxial nematic phase, Ng, was discovered
in 1980 [5]. This phase was found to be (mainly) located
between the two uniaxial phases in experimental phase di-
agrams. The uniaxial to biaxial nematic phase transitions
were shown to be of second order [6-12], as predicted by
a Landau-type mean-field theory [13,14]. From the sym-
metry point of view, this indicates the occurrence of con-
tinuous modifications of the dimensions of the same kind
(symmetry) of micelles.

There are still in the literature controversies about
the stabilization mechanism of the lyotropic biaxial ne-
matic phase. Some authors claimed that the biaxial ne-
matic phase would be a result of the coexistence of two
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uniaxial phases [15]. On the other hand, other scientists
asserted that the biaxial nematic phase is a distinct ther-
modynamically stable phase [8-11,16-18].

More recently, Akpinar and Neto [9-11,19,20] reported
on how the choice of the surfactants, co-surfactants, elec-
trolytes and relative concentrations of the mixture con-
stituents play a significant role on the stabilization of the
different nematic phases, in particular, the biaxial one.
Depending on the lyotropic phase desired, co-surfactants
and/or electrolyte may be added into the surfactant /water
mixture. The effects of: a) the alkyl chain length of both
surfactant and alcohol molecules [9,11], and b) the specific
interactions between the ionic species, surfactant head
groups and ions of electrolytes, at the micelle surfaces [19,
20] on the stabilization of the nematic phases were investi-
gated. For instance, while the strong and weak interactions
between the surfactant head groups and electrolyte ions
give rise to the formation of Np and N¢ phases, respec-
tively, it is possible to obtain the Np phase in the case
of the intermediate level of those interactions at micelle’s
surface. Of course, these different interactions change the
curvature of the micelle’s surface causing different packing
geometry of the surfactant molecules in the micelles.

Since the basic units of both lyotropic liquid crystals
and isotropic (dilute) micellar solutions are micelles,
they have some similar properties. One of the most
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common properties is that if an electrolyte is added to
the solutions, micelles grow in both solutions by changing
the packing geometry of the surfactants [10,21-24].
Many studies reported in the literature showed that the
presence of the electrolytes in isotropic micellar solutions
changes the micelle shapes from sphere to rod or lamellae
or disk, in the case of direct micelle. This change is
followed by the packing parameter of the surfactants
in the isotropic micellar solutions. Dawin et al. [24]
reported that the packing parameter also gives useful
information about the stabilization of lyotropic phases.
They evaluated the change in the packing parameter
from isotropic to nematic phase (Tnp) to nematic to
lamellar (Txy,) phase transitions. They observed that
the packing parameter increases from Tyn; to Tnp, as
observed in isotropic micellar solutions. Consequently,
the information obtained from isotropic micellar solutions
may be applied to lyotropic nematic phases [10,25].

The change of the micelle curvature by addition of elec-
trolyte into the micellar solutions is well known. Indeed,
the effect depends onto which extent the ionic species form
ion pairs at the micelle’s surface. In other words, the inter-
actions at micelle’s surface modify their shapes by chang-
ing the packing of the surfactants.

Now, the question is how can we modify the curvature
of the micelle’s surface at constant electrolyte concentra-
tion to obtain different lyotropic nematic phases, or other
phases such as lamellar or hexagonal? An alternative way
is the modification of the surfactant head groups. To do so,
we synthesized some surfactant molecules, tetradecylalky-
lammonium bromides, providing the modification in the
size of the surfactant head group. By this way, we change
the strength of the interactions between the head groups
and the ions (counterions of the surfactants and/or ions
of electrolytes).

In this study, we aimed to see the effect of the head-
group size of the surfactants to stabilize different lyotropic
nematic phases. Thus, researchers may decide which sur-
factant should be more adequate to obtain the lyotropic
biaxial nematic phase. The experimental design of this
study is: in the first part, we examined the lyotropic liquid-
crystalline properties of mixtures with tetradecylalkylam-
monium bromides by means of laser conoscopy and polar-
izing optical microscope; in the second part, we studied the
isotropic micellar solutions of those surfactants by electri-
cal conductivity; then, we combined all results to under-
stand the role of the size of the surfactant head group on
the stabilization of the different lyotropic nematic phases.

2 Experimental

All chemicals were purchased from Sigma, Merck and
Aldrich in high purities (> 99%). Tetradecyltrimethylam-
monium bromide (TTMABr) was commercially available.
Other tetradecylalkylammonium bromides, fig. 1 (tetrade-
cyldimethylammonium bromide, TDMABr; tetradecyld-
imethylethylammonium bromide, TDMEABr; tetradecyl-
diethyl-methylammonium bromide, TDEMABr; tetrade-
cyltriethylammonium bromide, TTEABr; tetradecyltri-
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Fig. 1. Molecular structure of tetradecylalkylammoni-
um bromides: TDMABr (R1=H, Ro=R3=CHs),
TTMABr (Ri=R2=R3=CH3), TDMEABr (Ri=R.=CHs,
R3=CH2CHs), TDEMABr (R1=CHs, Ro=R3=CH;
CHg), TTEABI“ (R1:R2:R3:CHQCH3), TTPABI" (R1:

R2:R3:CHQCHQCH3) and TTBABI‘ (R1:R2:R3:CHQCH2
CH,CHs).

propylammonium bromide, TTPABr; tetradecyltributy-
lammonium bromide, TTBABr) were synthesized with
respect to their well-known synthesis procedure [26]. Ul-
trapure water was provided by Millipore Direct-Q3 UV,
which furnishes water having 18.2 M(2 - cm of resistivity at
25°C, for the preparation of isotropic micellar solutions
and lyotropic liquid-crystalline mixtures.

Lyotropic liquid-crystalline mixtures were prepared by
weighing the ingredients with a 5-digit balance (Rad-
wag AS82/220.R2) into glass test tubes, which was then
well closed with a cap and parafilm. The homogenization
of the samples was provided by applying vortex (Velp
TX4 with IR sensor) and centrifuging (Hettich EBA20)
occasionally during some hours. Polarizing optical mi-
croscopy measurements were performed by Nikon Eclipse
E200POL (Japan) microscope. A small portion of the sam-
ple was transferred into a rectangular microscope slides
(0.200mm x 2.00mm - thickness x width), followed by
closing their ends with a specific photopolymer (Meden-
tal, USA) on which UV-light was applied to prevent wa-
ter loss from the microscope slides. The microscope slides
were placed in a precise temperature control unit (Linkam
LTS120E with a temperature stability of, at least, 0.1°C).
A water circulation system (Polyscience SDO7TR with an
accuracy of £0.04 °C) provided the homogenous heat dis-
tribution in the temperature-control unit.

The laboratory frame axes were chosen as follows: the
horizontal plane consisted of two orthogonal axes 1 and
2, and axis 3 was vertical to the horizontal plane. While
the laser beam propagation direction was along axis 3, the
magnetic field was aligned along the axis 1. By this con-
figuration, three different refractive indices are defined as
ni, no and ng. Two optical birefringences are measured:
An = no—ny and dn = ng—nsg. The anisotropic part of the
optical susceptibility (£;), written in terms of the birefrin-
gences, may be assumed as the second-rank tensor order
parameter to describe the phase transitions in lyotrop-
ics [27]. The diagonal elements of this tensor (41, €42, €a3),
written in terms of the birefringences and the average in-
dex of refraction, (n):

4 0
€al = —§<”> <A”+ 2n> ;

€a2 = %(n) (An —én);

a1 = é<n> (A; + 5n) :
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Table 1. Lyotropic mixture compositions in mole % and the observed phase types of the studied tetradecylalkylammonium
bromides. The temperatures shown above the arrows are the phase transition temperatures.

TAABI' XTAABr XNaBr XDeOH Xwater Phase type
TDMABr 3.93 0.30 0.94 94.83 L, M0°C L pAT8%C
TTMABr 3.93 0.30 0.94 94.83 Ng 2267C, N 19°C, N, 202°C
TDMEABr 3.93 0.30 0.94 94.83 Ne 227°C N 1 284°C 1
TDEMABr 3.93 0.30 0.94 94.83 | Ng 229°C No 4 H, 2200 g, B807C 1 8487°C
TTEABr 3.93 0.30 0.94 94.83 Hy +1382°C
TTPABr 3.93 0.30 0.94 94.83 I
TTBABr 3.93 0.30 0.94 94.83 Phase separation

are used to calculate its symmetric invariants (o1, o2, 03):

01 = €a1 + €a2 + €a3;
2
2 2 2 .
02 = g (5a1 +Ea2 T 5a3) ’
03 = 4€a1€a2€a3~

These invariants are employed to write down the free-
energy expansion in the framework of the Landau mean-
field theory. So, the optical birefringences, which are ex-
perimentally accessible, allows us to characterize the ne-
matic phases as uniaxial or biaxial, besides precisely deter-
mine the phase-transitions temperature. Laser conoscopy
was used to measure the temperature dependence of
the birefringences of the three nematic phases. A small
amount of water-based ferrofluid (Ferrotec) was added
into the samples, as 1 ul per 1g of the mixture, to ob-
tain well-oriented nematic samples in a magnetic field
(~ 2.3kG, checked with Lakeshore 475 Model Gaussme-
ter). The samples were put between two 2.5cm of opti-
cal glasses (Helma) which were separated by 2.5mm of
O-ring (Helma), i.e. 2.5 mm thick samples were obtained.
The temperature was controlled by a Lakeshore 335 model
temperature controller (with Pt102 sensor and an accu-
racy of +0.001°C) and the heat distribution to all sys-
tem was provided by a water circulating bath (Polyscience
ADO7R with an accuracy of £0.01°C). The good align-
ment of the sample, in particular in the biaxial phase, is
essential to measure the optical birefringences. To achieve
this condition, an external magnetic field (H ) of about
2kG is applied along a fixed direction. After some min-
utes we rotate, back and forth, the sample holder with
respect to an axis perpendicular to the direction of H of
about +45° until a good alignment is achieved. This is
verified by inspecting (symmetry of the pattern and the
contrast between clear and dark regions) the conoscopic
fringe pattern. This process was shown to be very efficient
to orient the Np phase [28,29]. It was verified that this
amount of ferrofluid doping does not change the phase
transition temperatures and the phase topology [8,29].
Electrical conductivity measurements were performed
in a Mettler Toledo S470 SevenExcellence setup at 30.0 °C.

The dip-type conductivity cell was placed in a hand-made
metallic (made from Al) sample holder in which water was
circulated for providing stable temperature (circulating
bath Polyscience SDO7R). The conductivities were mea-
sured as a function of the surfactant concentration by the
successive addition of stock solutions of tetradecylalky-
lammonium bromides into the cell containing ultrapure
water. The stock solutions were added by 10 uL of mi-
cropipette (Eppendorf). To keep the water loss at the min-
imum level, the conductivity cell was closed well, except
during the addition of the stock solution. For each surfac-
tant/water binary isotropic solutions, the conductivities
were measured at ~ 50 different total surfactant concen-
trations until reaching the concentration of the surfactant
to about 2-2.5 times of the critical micelle concentrations.

3 Results and discussions

Table 1 shows the compositions of the lyotropic mixtures
of tetradecylalkylammonium bromide (TAABr) at con-
stant constituents’ concentrations by changing the surfac-
tant head groups and the observed mesophases. By this
way, we studied the effect of the size of the head groups on
obtaining the biaxial nematic phases. As expected when
the head-group size of TAABr molecules grows by the ad-
dition of ~CHs group, the surface charge density of the
head groups at the micelle’s surface and the number of
counterions bound to the micelle’s surface decrease [26].
Because the counterions not only screen the repulsions
at the micelle’s surface but also affect the micelle surface
curvature, the decrease in the counterion binding to the
micelle’s surface may cause the stabilization of different
lyotropic liquid-crystalline structures. In this study, we ob-
served the lyotropic lamellar (L), nematic (N), isotropic
(I) and hexagonal (H;) phases in the mixtures prepared
(table 1). The textures of the lyotropic phases were in-
spected by polarizing optical microscopy, fig. 2.

In the lamellar phase, the surfactant molecules are
packed in lamellae. In the case of the hexagonal phase,
there exist long rod-like molecular aggregates, arranged
in the hexagonal structure. If we compare both phases in
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Fig. 2. Textures of the tetradecylalkylammonium bromide sur-
factants observed by polarizing optical microscopy: (a) L for
TDMABr at 35.0°C, (b) N¢ for TDEMABr at 15.0°C, (c)
N¢+H; for TDEMABr at 25.0 °C and (d) Hy for TDEMABr at
55.0 °C. Magnification of objective: 10x and the sample thick-
nesses are 200 pm.

terms of the molecular-aggregates surface curvature, in the
lamellar phase the aggregates have a lower surface curva-
ture. This indicates that the repulsions between the sur-
factant head groups at the aggregates’ surface are at the
minimum level in the lamellar phase, and at the maximum
level in the hexagonal phase. Then, the area per surfac-
tant head group at the aggregates’ surface in the lamellar
phase is expected to be smaller than that in the hexagonal
phase. Blackmore and Tiddy [30] reported the mesophase
behavior of some dodecyl-, tetradecyl- and hexadecyltri-
alkylammonium bromide surfactants in water, where their
ionic head groups were trimethyl- triethyl-, and tripropy-
lammonium. They prepared and investigated the surfac-
tants/water binary mixtures to compare the relative ef-
fect of the head-group size on the mesophase structures
by “penetration optical microscope technique”. Their re-
sults are similar to those obtained in the present study,
except that we prepared quaternary mixtures of surfac-
tant/NaBr/DeOH /water. Moreover, they did not observe
any nematic region in their phase diagrams.

The birefringences (An and dn, for details about the
technique and definitions of these birefringences see [6,8])
and the uniaxial to biaxial nematic phase transitions were
determined by using the laser conoscopy. As discussed
elsewhere [6], in the case of the uniaxial nematic phases,
there is only one non-zero birefringence, and in the biax-
ial phase both birefringences are different from zero. The
results are given in fig. 3. Previous experimental studies
indicated that the higher the birefringences the bigger the
micelles [11]. There exist three nematic phases in the mix-
ture with TTMABr (fig. 3(a)). Additional -CHz in the
head group of the surfactant molecules causes, first, the
destabilization of both Np and Np phases (fig. 3(b)) and
then, the appearance of the H; phase in the biphasic re-
gion (fig. 3(c)). The laser conoscopy results are in good
agreement with the textures observed under the polariz-
ing optical microscope (fig. 2(b), (c) and (d)). Specially, if
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Fig. 3. Temperature dependence of the birefringences, An (e)
and dn (o), for mixtures with (a) TTMABr, (b) TDMEARBTr,
and (¢) TDEMABr. Np, Ng and N¢ are the lyotropic discotic
nematic, biaxial nematic and calamitic nematic phases, respec-
tively. H; is the hexagonal phase. I represent the isotropic
phase. For (a), the two-phase region Np + I between Np and I
phases was very narrow, less than 0.5 °C.

we compare the birefringence values at 10.0 °C, TTMARBr,
TEDMABr and TDEMABr have birefringences values of
~23x1073, ~2.0x 1073 and ~ 1.7 x 1073, respectively.
This indicates that, as the head-group size increases, the
micelle size gets smaller.

The authors of ref. [30] and refs. [31,32] stated that
there is a relation between the effective area per surfac-
tant head groups (as) of TAABr bromide surfactants and
the stabilization of different lyotropic structures. For in-
stance, if ag is bigger than ~ 70 A2, the hexagonal phase
is most likely to be observed in the phase diagram. How-
ever, when the value of the ag is smaller than ~ 47 A2,
the hexagonal phase is not present in the phase diagram
and just lamellar phase is stabilized. This is in good agree-
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ment with our results given in table 1. From TDMABTr to
TTPABTr, the surfactant head groups of TAABr molecules
grow, i.e. their ag values increase, and while the lamellar
phase is not further observed, the nematic and hexagonal
phases are stabilized.

In the present work, we focused our attention on the
stabilization of the different lyotropic nematic phases and
its relation with the parameter ags. Before discussing its
role, it is important to mention the mechanisms reported
in the literature to explain the stabilization of the ly-
otropic nematic phases. In early studies, researchers as-
sumed that the Np and Ng phases consisted of disc-like
(oblate ellipsoid) and cylindrical- or rod-like (prolate el-
lipsoid) micelles, respectively [15,33-36]. They also pro-
posed that the Np phase is not a thermodynamically sta-
ble phase, being a coexistence of the two uniaxial Np and
N¢ phases. However, some other researchers argued from
theoretical and strong experimental evidences that the
Np phase is a thermodynamically stable distinct phase.
Among the mechanisms stated in the literature, a model,
so-called “Intrinsically Biaxial Micelles, IBM” model [28,
29,37], seems us to be the best model to explain the stabi-
lization of the lyotropic nematic phases. According to the
IBM model, micelles present orthorhombic symmetry in
the three nematic phases. A micelle could be sketched as
a flat ellipsoid of mean axis A’, B’ and C’, where C’ corre-
sponds to the micelle bilayer thickness. Temperature and
relative concentrations of the mixture components lead to
modifications in the dimensions A" and B’ of them. When
A’ ~ B, (static) orientational fluctuations that degenerate
the axis perpendicular to the A’ x B’ are favored, and the
Np phase is stabilized. On the other hand, when A’ > B/,
(static) orientational fluctuations that degenerate the axis
parallel to the A’ dimension are favored, and the N phase
is stabilized. The Ny phase is characterized by (static) ori-
entational fluctuations of small amplitude. Different ori-
entational fluctuations are the driving mechanisms for the
stabilization of the three nematic phases. Furthermore, the
continuous change in micelle sizes along two-dimensions
(both A’ and B’) trigger the changes in the orientational
fluctuations. Of course, the micelle-surface curvatures in
the Np phases are a little different than those in the N¢
ones. This is supported by our results given in table 1. The
TDMABTr, which has the lowest ag with respect to other
studied surfactants, stabilizes the lamellar phase and, go-
ing from this surfactant to the TTEABr, the lamellar and
Np phases are destabilized, and the N¢, hexagonal and
I phases appear. It means that the micelle’s surface cur-
vatures in the Np and N¢ phases are not exactly same
but similar to the lamellar and hexagonal ones, respec-
tively, considering the ag values given in the literature.
The micelle’s surface curvature (related to as) is expected
to increase in the sequence of L., Np, N, N¢, H; and
I. Dawin et al. [24] also reported the packing parameters
(IT) of cesium perfluorooctanoate/D2O lyotropic mixture
as a function of the temperature, from nematic-isotropic
to nematic-lamellar phase boundaries. According to their
results, Il increases along the whole nematic phase re-
gion, towards the lamellar phase. Because I is inversely
proportional to as, II = Viyd/(lmax as), where Viyq and
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Fig. 4. Specific conductivity versus total TTMABr concen-
tration at 30.0 £ 0.1 °C. For other TAABr surfactants, similar
results were obtained. Solid lines are linear fits to the experi-
mental points.

Imax are the volume of the hydrophobic chain and the
maximum length of the hydrophobic chain of the surfac-
tant, respectively, as decreases from the isotropic to the
lamellar phase [24]. Thus, in our case, from the lamel-
lar phase of TDMABT to the isotropic phase of TTEABT,
passing through nematic and hexagonal phase region, Viyq
and [, are constant for TAABr molecules. The differ-
ent packing of the surfactant molecules, stabilizing differ-
ent lyotropic structures, arises from change in the size of
the head group (indeed, the change in as) of the TAABr
molecules.

Our results indicate that the effective area per surfac-
tant head group at the micelle’s surface is an important
parameter to obtain different nematic phases, especially
the N phase. However, it would be interesting to know
how: a) the ag values and b) the degree of counterion bind-
ing at the micelle’s surface change with the size of the head
groups of the TAABr molecules. Some studies in the lit-
erature stated that, since lyotropic liquid crystals and the
isotropic dilute micellar solutions consist of amphiphilic
molecular aggregates, some parameters obtained from the
latter one may be applicable to the former one [20,24].
For instance, the addition of strong electrolytes to the
mixtures gives rise to an increase in micelle dimensions
in lyotropic mixtures and isotropic micellar solutions. Be-
cause of this, micellization parameters such as critical mi-
celle concentrations (cme) and the degree of counterion
binding to the micelles, 3, of tetradecylalkylammonium
bromides, and micellization Gibbs energies as a function
of the size of the head groups at 30.0°C were measured
via electrical conductimetry technique. The cmcs of the
surfactants correspond to a change of slope observed on
the specific conductivity versus total surfactant concen-
tration curve, fig. 4. Thus, two linear behaviors are ob-
tained below and above the cmc, and the ratio of the
slope of the latter curve to the former one gives the ion-
ization degree of the counterion, «, which is related to
B as a = 1 — (. The micellization Gibbs free energies,
AnmicG, of the surfactants were evaluated by the equation,
ApmicG = (1 4+ B)RT In Xcme, [38,39], where R is the gas
constant (8.3145J - K~ -mol~™!), Xcpe is the mole frac-
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Table 2. Critical micelle concentrations (cmc) of tetradecylalkylammonium bromide surfactants at 30.0 °C. The numbers
between parentheses are from the literature.

Surfactant cme (mmolkg™") Ié] AmicG (kJ - mol™h) as (A?)
TDMABr 2.97+0.04 0.772 £ 0.002 —43.94 £0.11 -
TTMABr 3.64 £ 0.05 0.740 £ 0.003 —42.24 +0.12 (87", 75.39)
(3.61%, 3.78, (0.74°, 0.73, 0.76°, (—42.5°, —41.38,
3.84°, 3.67%) 0.77%, 0.684) —40.62¢, —42.9%)
TDMEABr 3.50 £0.02 0.721 £ 0.002 —41.96 £ 0.08 -
TDEMABr 3.39 £0.02 0.697 £ 0.002 —41.51 £ 0.06 -
TTEABr 3.28 £0.01 0.647 £ 0.002 —40.40 £ 0.03 (908, 78.4h)
(0.65°)
TTPABr 2.29 +£0.04 0.546 £ 0.004 —39.32 £0.10 (938, 81.4h)
(0.54°)
TTBABr 1.32 +0.01 0.542 + 0.005 —41.37+0.17 (97%, 84.7")
(0.54°)
& From ref. [40].
b From ref. [41].
€ From ref. [42].
9 From ref. [43].
€ From ref. [26].
! From ref. [44].
& From ref. [45].
%] From ref. [46].
) From ref. [47].
~ ° 10 lammonium bromide at 30.0°C are, within the experi-
2 41 08 | mental error, in good agreement with those from the lit-
23 o B erature [26,40-47]. The change of cmc with an increase in
E2¢ 08 | the number of carbon atoms in the head groups, i.e. an
E1l 04 | increase in the size of the head groups, indicates that the
0 ‘ ' . . cme decreases slightly from TTMABr to TTEABr and
0 5 10 15 0 5 10 15

—
[ =]
—
—
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=
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. /\
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Fig. 5. (a) Critical micelle concentrations, (b) degree of coun-
terion bindings and (c) micellization Gibbs free energies of
TAABr surfactants. n is the number of carbon atoms in the
head groups of the surfactants, where n = 2, 3,4, 5,6, 9 and 12
correspond to TDMABr, TTMABr, TDMEABr, TDEMABr,
TTEABr, TTPABr and TTBABr, respectively.

tion of the surfactant at the cmc in the absence of elec-
trolyte (or salt), and T is the absolute temperature. The
micellization Gibbs free energies are given in table 2. Our
values of the cme, f and Ap;G for tetradecyltrimethy-

strongly from TTEABr to TTBABr, fig. 5(a). In other
words, the micellization becomes more favorable as the
head groups of the surfactants grow. However, TDMABT,
where two methyl and one hydrogen are bound to the cen-
tral nitrogen atom in its head group, has lower cmc than
TTMABr. In general, for ionic surfactants, the decrease
in the cmc is the indicative of the increase in the g values
or the decrease in the « values, which favors the micelliza-
tion [42,43,45,48]. But, in the case of tetradecylalkylam-
monium bromides, the decrease in their cmc values as a
function of the head-group size, by the addition of —CHs,
group in their head groups, is a consequence of the in-
crease in the hydrophobic character of the head groups. At
the same time, while the dehydration of the head groups
at the micelle surfaces occurs, the hydrophobic interac-
tions between the neighboring head groups promote the
micelle formation. Thus, less amount of counterions are
bound to the micelle’s surface, i.e. the degree of coun-
terion binding decreases although their cmcs decrease, as
the head group of the tetradecylalkylammonium bromides
grow, fig. 5(b).

The behavior of the micellization Gibbs free energies
with the number of carbon atoms in the head groups
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of the surfactants, n, is in good agreement with the lit-
erature [26,48]. The value of the A;.G of TTBABr is
very similar to that of TDEMABr and this may be at-
tributed to the penetration of some alkyl groups in the
head group of the former one towards the deeper of the
micelle’s surface [26,49].

If the results of the isotropic micellar solutions of the
tetradecylalkylammonuium bromide surfactants are com-
pared to the lyotropic liquid-crystal results, the ag value
of the surfactants seems to be a new control parameter to
obtain different lyotropic phases, especially the Ng.

4 Conclusions

In this study, we investigated the effect of the size of the
surfactant head groups on stabilizing the different nematic
phases. To do so, we studied isotropic micellar solutions
and lyotropic liquid-crystalline mixtures of tetradecylalky-
lammonium bromide surfactants. The laser conoscopy and
polarizing optical microscopy results of the lyotropic ne-
matic phases showed that the surfactant head-group size
is one important parameter to obtain different lyotropic
nematic phases. This parameter, the effective area per sur-
factant head group (as), has to be considered when choos-
ing the suitable surfactant molecules to prepare a lyotropic
mixture stabilizing the Np phase.
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