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ABSTRACT 

 

EFFECT OF SURFACTANT ALKYL CHAIN LENGTH ON UNIAXIAL TO  

BIAXIAL CHOLESTERIC PHASE TRANSITIONS IN LYOTROPIC 

MIXTURES 

MSC THESIS 

SEDA UYANIK 

BOLU ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF 

NATURAL AND APPLIED SCIENCES 

DEPARTMENT OF CHEMISTRY 

(SUPERVISOR: ASSOC. PROF. DR. EROL AKPINAR ) 

           

BOLU, JUNE 2019 

 

          
         In the present work, some ionic surfactant-based lyotropic mixtures, exhibiting 
cholesteric phases, were prepared to investigate the effect of surfactant alkyl chain 
length on (a) uniaxial-to-biaxial phase transitions and (b) stabilization of different 
cholesteric phases. Potassium alkanoates, KCx, (potassium undecanoate, KC11, 
potassium dodecanoate, KC12, and potassium tridecanoate, KC13) were chosen as the 
surfactant molecules. The lyotropic mixtures, which were composed of KCx/potassium 
sulfate (K2SO4)/decanol (DeOH)/water/brucine, where brucine is a chiral dopant 
molecule, were studied in the frame of the present work. Partial phase diagrams were 
constructed to show how the surfactant alkyl chain affects the phase topologies in the 
phase diagrams. It was observed that while the longer the surfactant alkyl chain favors 
the formation of the larger discotic cholesteric, ChD, phase domain, the cholesteric
biaxial, ChB, and calamitic discotic, ChC, regions expense. The phase transitions from 
the uniaxial cholesteric phases to biaxial cholesteric phase were determined from 
polarising optical microscopy measurements and it was shown that the ChD-to-ChB and 
ChB-to-ChC phase transitions shifted to lower temperatures. 
 
 
 

KEYWORDS: Lyotropic cholesteric liquid crystals, uniaxial phases, biaxial phases, 
phase transitions, surfactant, potassium alkanoates, polarising optical microscopy. 
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ÖZET 

 

LİYOTROPİK KARIŞIMLARDA SÜRFAKTANT ALKİL ZİNCİRİ 

UZUNLUĞUNUN TEK EKSENLİ-ÇİFT EKSENLİ KOLESTERİK FAZ 

GEÇİŞLERİ ÜZERİNE ETKİSİ 

YÜKSEK LİSANS TEZİ 

SEDA UYANIK 

BOLU ABANT İZZET BAYSAL ÜNİVERSİTESİ 

FEN BİLİMLERİ ENSTİTÜSÜ 

KİMYA ANABİLİM DALI 

(TEZ DANIŞMANI: DOÇ. DR. EROL AKPINAR) 

BOLU, HAZİRAN - 2019 

Bu çalışmada, kolesterik faz veren bazı sürfaktant temelli karışımlar, sürfaktant 
alkil zinciri uzunluğunun (a) tek eksenli-çift eksenli faz geçişleri ve (b) farklı kolesterik 
fazların stabilizasyonu üzerine etkisinin incelenmesi için hazırlanmıştır. Potasyum 
alkanoatlar, KCx (potasyum undekanoat, KC11; potasyum dodekanoat, KC12; 
potasyum tridekanoat, KC13) sürfaktant moleküller olarak seçilmiştir. Bu çalışma 
kapsamında, kiral konuk molekül brusin içeren KCx/potasyum sülfat (K2SO4)/dekanol 
(DeOH)/su/brusin liyotropik karışımları ile çalışılmıştır. Faz diyagramlarında 
sürfaktant alkil zinciri uzunluğunun faz topolojilerini nasıl etkilediklerini göstermek 
için kısmi faz diyagramları çıkarılmıştır. Daha uzun alkil zincirinin daha geniş diskotik 
kolesterik faz (ChD) bölgesinin oluşmasını öncülendiği, kalamitik kolesterik (ChC) ve 
çift eksenli kolesterik (ChB) faz bölgelerinin ise azaldığı gözlemlenmiştir. Tek eksenli 
fazlardan çift eksenli faza geçişler polarize optik mikroskopisi ölçümlerinden 
belirlenmiştir ve ChD-ChB ile ChB-ChC faz geçişlerinin daha düşük sıcaklıklara kaydığı 
gösterilmiştir. 
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1. INTRODUCTION 

 

 

Liquid crystals were discovered for the first time in 1888 by Friedrich 

Reinitzer, an Austrian botanist and chemist (Reinitzer F., 1989). They are anisotropic 

fluids that are thermodynamically located between anisotropic solids and isotropic 

liquids. From this respect, liquid crystals can be regarded as the fourth state of matter 

presenting some degree of fluidity (like liquids) and exhibiting long-range order 

similar to solids. They owe their anisotropy to rod-shaped (rarely disc-shaped) 

molecules that have a relatively rigid, polarizable middle part and flexible end 

groups. The most basic and lean definition of liquid crystals might like, partially 

ordered systems without a rigid, long-range structure (Ranjkesh A. et al, 2019). The 

study of these materials covers a wide area: chemical structure, physical properties 

and technical applications. Because of their easy responses to externally applied 

electric, magnetic, optical and surface fields, liquid crystals are of greatest potential 

for scientific and technological applications (Singh, 2002). 

 

Description of a structure of liquid crystal would be like neither long chain 

nor short organic molecules and they tend to be elongated as well (Maier, W., Saupe, 

A. 1958). Their behaviors depend on the temperature and they show two different 

states of matter. At low temperature, they behave like a solid and at high temperature 

their coordinated structure collapse therefore anisotropic state.  

 

Considering a thermodynamic stable system, it prefers to reach a state which 

requires maximum entropy and minimum Gibbs energy (H. Kunieda, K, Shinoda, 

1978). Since the entropy is related to the extent of order or disorder in a system, the 

solid state is described with the lowest entropy and the highest order in terms of the 

molecular arrangement. The latter indicates that molecules have certain position in a 

3D dimensional structure of a crystal and molecules oriented along a certain 

direction (Figure 1.1a). Because of this, the solid state of a material represents both 

positional and directional (or orientational) orders. On the contrary, molecules are 

distributed randomly in a liquid state which means that there exist no positional and 



 
 

2 

orientational orders (Figure 1.1c). In the case of a liquid crystal state, there exist 

some degree of both orientational and positional orders, Figure 1.1b. 

 

 

                                 a                                  b                                  c 

 

Figure 1.1. Molecular arrangements of molecules in three different states of 
matter.  

 

As seen from Figure 1.1, the degree of order is different in three states of the 

matter and it decreases going from solid to isotropic state. The degree of order of a 

liquid crystal material is given by “order parameter, S” (de Gennes P. G. and Prost J. 

1993; Chandrasekhar S. 1977)  

  

            (1.1) 

 

where θ is the angle between the long molecular axis and the preferred direction of 

the alignment of the molecules, the so-called “director or optical axis, ” in a liquid 

crystal material, Figure 1.2. The order parameter can take values between zero and 

one. While S=0 for completely disordered liquid crystal system (similar to isotropic 

liquid), S=1 corresponds to the completely ordered one, like perfectly positioned 

molecules of a solid material. The change in the order parameter is given in Figure 

1.3, i.e. it decreases as the temperature is raised. Sudden change observed on the 

curve is called the transition temperature from a liquid crystal phase to the isotropic 

phase, TLI.   
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Figure 1.2. Schematic representation of the alignment of a single molecule
                     with respect to the phase director in a liquid crystal material. 

 
 

Figure 1.3. Change of order parameter of a liquid crystal material with 
temperature. 

 

Liquid crystals are mainly divided into two basic classes, being 

“thermotropic, TLC” and “lyotropic, LLC” liquid crystals. The structural units of 

TLCs and LLCs are molecules and micelles, respectively. While different TLC 

phases are obtained by changing temperature, both temperature and relative 

concentrations of the constituents of LLC mixtures cause the formation of different 

LLC phases. Of particular interest of this thesis is the LLCs, indeed lyotropic 

uniaxial and biaxial cholesteric phases, but not the TLCs. Thus, we will give some 

short information on the TLCs in the further parts.  

1.1 Thermotropic Liquid Crystals  

 

TLCs are single component systems, i.e. their molecules self-assemble to 

give ordered phases in the absence of any other component. They are important 

materials in technological applications such as liquid crystal displays (LCD) (George 

H. Heilmeier and Joel E. Goldmacher, 1968), light valves (White D.L., Feldman M., 

1970),  biosensors (Emmanuel I. Iwuoha, Malcolm R. Smyth, 2002), temperature and 

pressure sensors (G. M. Zharkova et al.,2018), etc. TLCs are formed at a certain 
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temperature range. TLC materials are in the form of solid crystals at low 

temperatures and transform into a liquid crystal structure (mesophase) at relatively 

high temperatures. For a material to exhibit mesomorphic properties, two conditions 

must be fulfilled: the molecules must be rod-shaped or disc-shaped and geometrically 

anisotropic (Palffy-Muhoray et al., 1985). The molecules of TLCs often have higher 

(lower) dipole moments at the center or near the center (at the edges) (Yu. K. 

Kornienko and A. P. Fedchuk, 1997).  

 

The interaction forces between molecules in liquid crystals are examined in 

three ways (Keesom, W.H, 1913; Debye, P., 1920; London, F., Z 1930): 

1. Dipole-dipole interactions between continuous molecule dipoles. 

2. Inductive dipole interactions; these interactions depend on the inter 

polarizations of the molecules and the permanent dipole moments. The 

forces arise from the interactions between polar-polar molecules and 

polar-nonpolar molecules. 

3. Dispersion forces, the most common type of intermolecular interaction 

forces; it is possible to regard these forces as forces between the 

instantaneous dipole moments that occur with combinations of electron 

orbits.  

 

If an isotropic liquid is converted into a TLC structure, the attractive forces 

between the dipoles cause the molecules to be arranged close to and parallel to each 

other. In this case, the share of the dipole-dipole component of the dispersion 

interaction increases (Israelachvili, J.N., 1992).  

 

Thermotropic liquid crystals are mainly divided into three types: smectics, 

nematics and cholesteric. The molecular arrangements in these phases are given in 

Figure 1.4. In a nematic TLC phase, the molecules exhibit long-range orientational 

order, but not positional one, Figure 1.4a, (Yeh and Gu, 1999). Two types of smectic 

mesophases are defined as smectic A and smectic C. In the smectic phases, there 

exist both positional and orientational order, (Yeh and Gu, 1999). In the phase 

diagrams, in general, the smectic phases are observed at lower temperatures with 

respect to the nematic ones. The main feature of the smectic phases is that the 

molecules stack into layers where orientation of molecules is responsible for the type 
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of the smectic phase (Neto and Salinas, 2005). In the smectic A phase, the 

orientations of the molecules are perpendicular to the layers, and parallel to both the 

layers normal (z) and phase director (n), Fig. 1.4b. In the smectic C phase, the 

molecules are tilted with respect to the layer normal and the director points at an 

angle to the layer normal, Fig. 1.4c. The last type of the TLC phase is a cholesteric 

phase. The molecules possess ‘chirality’ and their chiralities are transferred to the 

whole phase to form the cholesteric phase. The characteristic property of the 

cholesteric phase is that the molecules are arranged to form helical structure, Figure 

1.4d, where the local director of the molecule is twisted along a certain axis, the so-

called ‘helix axis’. The cholesteric TLC phase can be obtained either the direct use of 

a chiral molecule, which gives TLCs, or doping nematic phase with a chiral 

molecule. 

 

 

Figure 1.4. Types of thermotropic liquid crystals. 

1.2 Lyotropic Liquid Crystals: Micellization 

 

The dissolution of certain organic substances (amphiphiles or surfactants) in 

polar or non-polar solvents causes the formation of LLC systems. Unlike TLCs, LLC 

systems have mesomorphic properties not only at certain temperature ranges but also 

at a certain concentration range, i.e. temperature and concentration control the 

formation of different LLC structures (Signh, 2002; Neto and Salinas, 2005). 

 

                  

            (a)                  (b)                  (c)                                  (d) 
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LLCs are thought to be as the dispersion of their structural units ‘micelles’ in 

a solvent (mostly water). The surfactant molecules consist of two parts in terms of 

the interactions with the solvents, polar or ionic head and non-polar tail, and form the 

micelles in different shapes. Their polar heads determine the classification  of the 

surfactants as anionic, cationic, non-ionic or zwitterionic, Figure 1.5 (Zhou & Zhao, 

2009).  

                                                             

 

(a) 

                                                                

                                                                

(b) 

 

(c)           

 

                                                                 

(d) 

 

 

 
Figure 1.5. Molecular structures of (a) anionic, sodium dodecyl sulfate,  

        (b)cationic, cetyltrimethylammonium Bromide, (c) non-ionic, 
        polyoxyethylene-4-lauryl ether, and (d) zwitterionic, lecithin. 

 

At very low concentrations of the surfactants in water, there is an equilibrium 

between the surfactant monomers existing at the water/air interface and in the bulk. 

When the concentration increases, the surface of the solution is saturated by the 

surfactant molecules and then, by the further addition of the surfactants, the micelles 

are formed. The minimum concentration at which surfactant molecules aggregate to 

form the micelles is called ‘critical micelle concentration, cmc’. At or very near the 

cmc, the micelles are almost spherical in shape, Figure 1.6, and the micelle shape 

may change above the cmc, depending on the packing geometry of the surfactant 
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molecules in the micelles. Indeed, it may be said that the micelle shape is related to 

the ‘critical packing parameter’, Figure 1.7.  

 

 

 

 

 

 
Figure 1.6. The cross-section of a spherical micelle. While open-circles 

represent the surfactant heads, which are in contact with water 

molecules, the hydrophobic tails in the micelle core are shown 

by zigzag lines. 

 

 

Figure 1.7. Design of aggregation of the surfactant molecules in the micelles, 
depending on the packing parameters (J. Israelachvili, 1985) 
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In the structure of a micelle, its outer surface is composed of the hydrophilic 

parts of the amphiphilic molecules, while its inner part (micelle core) consists of 

hydrophobic parts. The formation of the micelles in such a way that no water passes 

through the interior is due to the reduction of accumulated free energy. There is a 

critical temperature, so-called “Krafft temperature”, for each amphiphile. Micelles 

cannot be present below this temperature in micellar systems. Some parameters 

affect the micelle formation. For instance, increasing the length of the alkyl chains in 

the hydrophobic portions of the amphiphiles allows the CMC to shift to lower 

concentrations (Dominguez et al., 1997; Garcia Mateos et al., 1990; Chattopadhyay 

and Erwin London, 1984; Lin et al., 1999; Salem et al., 2016). Furthermore, the 

addition of an electrolyte (salt) is favored the micelle formation, i.e. the cmc 

decreases (Hamley, 1998).  

 

The formation of micelles is a free process and the Gibbs energy of 

micellization is negative, ∆micG <0 (Zana, R., 1998). The most important 

contribution to the ∆micG is provided by T∆micS (C. Carnero Ruiz, 1999). Enthalpy 

change of the micellization, ∆micH, provides small contribution to the ∆micG. This is 

the consequences of settling the hydrophobic tails of the amphiphilic molecules into 

the micelles and contacting the hydrophilic heads with the water (Zajac, J. et al, 

1997). The formation of the micelles breaks down the structure of the water and thus 

increases the entropy of the micellar system (∆S> 0), (H. Kunieda, K, Shinoda, 

1978). 

 

If the amount of the surfactant molecules is enough, the isotropic micellar 

solutions may be turned into the different lyotropic structures of phases. In the latter 

case, the micelles get more anisometric. In the following part, information on the 

lyotropic structures is given.  

1.3 Lyotropic Systems 

 

Depending on the packing of the surfactants in the micelles, which affects the 

micelle shape and the organization of the micelles in the lyotropic mixtures, the 
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different LLC structures are formed. Lamellar, hexagonal, cubic (discontinuous and 

bicontinuous), nematic and cholesteric (or chiral nematic) phases are well-known 

LLC structures. The surfactant molecules are packed in the infinitively large bilayers 

of the lamellar LLC phase (L), Figure 1.8. In the L phase, it can be thought that the 

water molecules are sandwiched between the bilayers. The hexagonal phase (H) 

consists of infinitively long rod-shaped (cylindrical) micelles, which are organized 

into a hexagonal arrangement, Figure 1.9. Both the L and H phases are obtained in 

high concentration of the surfactant molecules. Since the former one exhibits less 

viscosity, the latter one is described by its high viscosity.  

 

 

Figure 1.8. Structure of lamellar LLC phase. 
 
 

 

Figure 1.9.  Structure of hexagonal LLC phase. 

 

In the cubic phases, the micelles are arranged into a discontinuous or 

bicontinuous arrangement. The cubic phases are more viscous if they are compared 

to the H ones. Some cubic phase structures are given in Figure 1.10 (Yiming Huang 

and Shuangying Gu, 2018). 
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Figure 1.10. (a) Reversed Micellar Cubic of Fd3m, (b) Reversed 

Bicontinuous Cubic (Im3m), (c) Reversed Bicontinuous 
Cubic (Pn3m),  (d) Reversed Bicontinuous Cubic (Ia3d). 

  

This thesis is mainly related to the lyotropic cholesteric phases. Thus, in the 

further parts, we will give detailed information on them. However, it would be better 

if we give information on the lyotropic nematic phases because the lyotropic 

cholesteric phases are often obtained from doping the lyotropic nematics with chiral 

guest molecules (dopants).     

1.3.1 Lyotropic Nematic Phases 

 

Since the discovery of first lyotropic mixture presenting nematic phase 

towards the end of the 1960s (Lawson and Flautt, 1967; Rosevear, 1968), the 

scientists paid their attentions to develop their properties.  In these early studies, the 

two types of nematic phases were identified: Type I and Type II (Kleman and 

Lavrentovich, 2006; Senyuk et.al., 2011; Serra, 2016). This classification was based 

on the orientation of the phase director (optical axis, , which represents the preferred 

alignment of the individual micelles with their local directors) in the presence of the 

external magnetic field. While the director of the Type I phase aligns parallel to the 

magnetic field direction, , that of the Type II is in the perpendicular direction to 

the  (Alcantara MR et al., 1984; Acimis M, Reeves LW, 1980). Notice that the 

micelle shapes in the Type I and Type II were assumed to be cylindrical-like and 

disc-like, respectively, Figure 1.11(Neto et al., 1985; Galerne et al., 1987). Later, the 

researchers were classified Type I and Type II phases as calamitic nematic (NC) and 

discotic nematic (ND) phases (Photinos, P. et al., 1986) 
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(a)                                                (b)   

Figure 1.11. (a) Orientations of cylindrical-like micelles in the nematic Type 
I or NC phase, whose phase director is parallel to magnetic field   
direction. (b) In the case of the nematic Type II or ND phase, 
the  local directors of the disc-like micelles are parallel to the 
phase director but perpendicular to the magnetic field direction. 
The local director of the micelles is showed by the black 
dashed-lines.  

 

From the symmetry point of view, lyotropic nematic phases are identified as 

uniaxial and biaxial. The uniaxial nematic phases are the ND and the NC phases, with 

D∞h
symmetry (Badikov et al., 2009) and only one optical axis (director, represented 

by a vector ), separately, Figure 1.11. In three dimensions, the nematic phases can 

be defined by three refractive indices. If the refractive index is parallel to the optical 

axis, nII, which is also known as the refractive index of the extraordinary ray (ne), is 

smaller than the one perpendicular to the optical axis, (refractive index of the 

ordinary ray, no), and the uniaxial nematic phase may have negative birefringences 

(∆n = ne ‒ no = nII ‒ < 0) with a uniaxial negative indicatrix, Figure 1.12a. On the 

contrary, it may also have positive birefringences, ∆n>0, where nII > , with a 

uniaxial positive indicatrix, Figure 1.12b. It is well-known in the literature that the 

ND and NC phases are described by positive and negative birefringences, respectively 

(M. Simoes et. al., 2019).     

 

 

 

 

 

 

 

         
(a)                                                       (b) 

  

Figure 1.12. Uniaxial (a) negative and (b) positive indicatrices. 
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In the case of the biaxial one, NB, there exist two optical axes with 

D2h
symmetry (Sutherland, 1996; Dimitriev et al. 2010). In addition, there are three 

orthogonal two-fold symmetry axes ( ,  and , where ) in the NB phase, 

Figure 1.16a. In the NB phase, three refractive indices are not equal to each other, n1 

≠ n2 ≠ n3, and the biaxial indicatrix is a completely asymmetric ellipsoid as in Figure 

1.13b (M. Lehmann, 2009).  

 

 

Figure 1.13. (a) Three two-fold symmetry axes of a biaxial nematic phase 
and (b) a biaxial indicatrix with n1 ≠ n2 ≠ n3. 

1.3.2 Characterization of Lyotropic Nematic Phases 

Lyotropic nematic phases are characterized by a polarizing optical 

microscope (POM). They give characteristic ‘schlieren texture’, Figure 1.14 a, 1.14c, 

1.14e and 1.14g. The nematic samples are sandwiched between two optical flat 

glasses or transferred into the flat capillaries. The latter one is mainly applied to the 

sample preparation for the POM analysis. When a nematic sample is aligned with a 

surface effect or in an external magnetic field, it gives homogeneous textures in three 

nematic phases. If the phase is ND, the homeotropic or pseudo-isotropic texture is 

observed, Figure 1.14b. If the phase is NC, the planar alignment is in question, Figure 

1.14h. The homeotropic and planar alignments are given in Figure 1.15. If the phase 

is NB, the well-aligned texture is similar to Figure 1.14d and f.  
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Figure 1.14. POM textures of lyotropic (a) ND, (c) NB (near the ND-NB phase 

transition), (e) NB (near the NB-NC phase transition), and (g) NC. 

Uniformly well-aligned textures of (b) ND, (d) NB, (f) NB, (h) 

NC. 

 

 
Figure 1.15. Homeotropic and planar alignment of the micelles in the 

nematic phases. 

1.3.3 Optical Features of Lyotropic Nematic Phases 

Liquid crystals are anisotropic materials similar to the solids. While a 

polarized light beam is passed through a lyotropic uniaxial nematic sample, two 

plane-polarized rays with two different refractive indices (n) appear. These rays are 

called ‘ordinary ray, no’ and ‘extraordinary ray, ne. Their electric vectors vibrate or 
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propagate in different directions with respect to the optical axis (director) of the 

nematic phase. The propagation direction of electric vector of the extraordinary ray is 

parallel to the director of the nematic phase, so ne is also shown as n//, i.e. ne=n//. On 

the other hand, the propagation direction of electric vector of the ordinary ray is in 

the perpendicular direction and no=n⊥. The difference between these two refractive 

indices, as we mentioned before, gives an important parameter for the optical 

anisotropy of the nematic phases, known as ‘double refraction’ or ‘optical 

anisotropy’ or ‘birefringence’, ∆n=ne‒no=n//‒n⊥. There are three possibilities for the 

value of ∆n. If it is zero, i.e. ne=no, the system is isotropic. If n//>n⊥ (n//<n⊥), the 

optical anisotropy of the sample is greater (smaller) than zero. The ND and NC phases 

exhibit positive and negative birefringence (∆n>0 and ∆n<0), respectively (de Jeu, 

W. H., 1980; Demus, D.,et al 1998). Consequently, similar to uniaxial crystals, the 

uniaxial nematic phases can be divided into two classes: positive and negative. 

Experimentally, the sign of optical anisotropy can be easily evaluated from 

conoscopic investigation of well-aligned uniaxial nematic samples, Figure 1.14b and 

1.14h, under the POM with Bertrand lens and ¼ retardation plate, Figure 1.16. 

 

 

 

 

 

 

 
Figure 1.16. (a) The conoscopic investigations of well-aligned textures of 

uniaxial nematic phases, which show characteristic cross dark 
brushes. An interference figure, i.e. cross dark brushes 
(Maltese cross), indicates a perfect alignment of the optical 
axis of a nematic phase. Interference colors of nematic phases 
for (b) ∆n>0 and (c) ∆n<0 as a ¼ λ retardation plate is inserted 
in the light path of the polarizing light microscope. Blue 
arrows represent the direction of the plate. 

 

In the case of the NB phase, there exist three different refractive indices; n1, n2 

and n3 (Figure 1.13b) with n1 ≠ n2 ≠ n3. If n3 ‒ n2 > n2 ‒ n1, ∆n > 0 and n3 ‒ n2 < n2 ‒ 

n1 indicates ∆n < 0 (M. Simões et al., 2019). Thus, the biaxial nematics are classified 
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as positive and negative biaxial ones. The positive and negative biaxial indicatrices 

are given in Figure 1.17. 
 

(a)                           (b)       

Figure 1.17. Biaxial positive indicatrix (a) and biaxial negative indicatrix (b) 
(Wahlstrom EE, 1969; Stoiber RE, Morse SA, 1994). OA: 
optical axis or director; CS: circular section; Bxa: acute 
bisectrix; Bxo: Obtuse bisectrix (Boden et.al., 1979). 

 

The sign of the biaxial nematics can be determined by conoscopic 

measurements under the POM. Unlike the uniaxial nematic phases, the isogyres 

opens and there exist two optical axes, Figure 1.18, (Galerne Y, Marcerou JP, 1983; 

Santoro PA et al., 2006; Braga WS, 2013). 

 

 

Figure 1.18. POM conoscopic images for (a) positive NB and (b) negative NB 

(Braga WS, 2013). (c) Laboratory frame axis (Santoro, 2006; 

Galerne 1983). OA represents the position of the optical axes 

and the dotted-line shows the lines in which the plane formed by 

the optical axes cut the plane of the figure (Boden et.al., 1979). 

1.3.4 Magnetic Features of Lyotropic Nematic Phases 

Liquid crystals are diamagnetic materials and they show susceptibility against 

the applied magnetic field (Boden et.al., 1981). Because the optical axes of the 

lyotropic nematic phases align differently in the magnetic field, they are also 

classified in terms of their diamagnetic susceptibilities. There are two possibilities 

for alignment of optical axes with respect to the magnetic field direction: either 
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parallel to the applied magnetic field, χ//, or in the perpendicular direction to the 

magnetic field, χ⊥. The difference between these two components of diamagnetic 

susceptibilities, χ// ‒ χ⊥, determines the diamagnetic susceptibility anisotropy, ∆χ, of 

the lyotropic nematic phases. If χ// > χ⊥, a lyotropic nematic phase has a positive 

diamagnetic susceptibility anisotropy (∆χ>0) and its optical axis or director aligns 

parallel to the direction of applied magnetic field. (Neto and Salinas, 2005). In the 

case of χ// <χ⊥, ∆χ<0 and the optical axis is perpendicular to the magnetic field 

direction (Boden et.al., 1979). If χ//=χ⊥, the diamagnetic susceptibility anisotropy is 

equal to zero and the system is isotropic.     

 

As we stated in the previous parts, the optical axes of the uniaxial ND and NC 

phases align perpendicular (∆χ<0) and parallel (∆χ>0) to the applied magnetic field, 

the ND and NC phases are labelled as ND
‒ and NC

+, respectively. Their well-aligned 

textures are seen in the Figures 1.14b and 1.14h, respectively. 

  

The biaxial nematic phases are described by the diamagnetic susceptibilities 

along three two-fold symmetry axes being χ33, χ22 and χ11. The diamagnetic 

susceptibility anisotropy of the biaxial nematics is given by: 

2
2211

33

χχ
χχ

+
−=∆                   (1.1) 

If the largest diamagnetic susceptibility is larger than the average of the 

diamagnetic susceptibilites of other axes, ∆χ>0 and the biaxial phase aligns parallel 

to the magnetic field direction (Quist, 1995; Melo Filho et al., 2003). Conversely, if 

the smallest diamagnetic susceptibility is less than the average of the diamagnetic 

susceptibilites of other axes, ∆χ<0 and the biaxial phase aligns perpendicular to the 

magnetic field direction. Consequently, two different NB phase regions with positive 

and negative diamagnetic susceptibility anisotropies, NB
+ and NB

−, respectively, are 

observed in the phase diagrams (Quist, 1995).  
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1.3.5 Lyotropic Cholesteric Phases 

In terms of micelle shapes or symmetry, lyotropic cholesteric phases, similar 

to the nematic ones, are classified as discotic cholesteric (ChD), biaxial cholesteric 

(ChB) and calamitic cholesteric (ChC) phases. They have long-range orientational 

order and a short-range translational order. D- or L-enantiomeric forms of DL-

racemic surfactants (Akpinar et al., 2001; Radley and Cattey, 1992) or doping a 

chiral guest agent into a nematic phase (Lee and Labes, 1984; Reis et al., 2013) can 

be chosen a way to prepare a mixture of the cholesteric phases. The cholesteric 

phases obtained by the former and latter ways are called ‘intrinsic’ and ‘induced’ 

cholesteric phases (Neto and Salinas, 2005). The cholesteric phases are differentiated 

from their nematic counterparts by the formation of the “helical structure” (Ferrarini 

et.al., 1999; Kuball and Türk, 1999). By the effect of the chirality of chiral molecule 

present in the mixture, an enantiomeric surfactant or a chiral dopant, the local 

director (m) of the chiralized micelle spins around a certain axis, so-called “helix 

axis”, to gain its original position or, in other words, to complete 2π-rotation, Figure 

1.19. In the case of the lyotropic cholesteric phase, the helix axis is also optical axis 

or director of the phase. The cholesteric phases are characterized two important 

physical parameters: helical pitch (P) and helical twisting power (htp). The P 

corresponds to the 2π-rotation of the local director of the micelles around the helix 

axis (Ferrarini et.al., 1999; Kuball and Türk, 1999). The P and htp are related to one 

another by   

P
-1

= (±) htp.xi                          (1.2)  

where P-1 is the reciprocal of the pitch (also known as “twist”) and xi is the mole 

fraction of the L-enantiomer or chiral guest molecule in the lyotropic mixture.  
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Figure 1.19. The orientation of the local directors (m) of the micelles along 
the helix axis which is parallel to the z-axis. The micelles are 
assumed to have an orthorhombic symmetry as proposed by the 
“Intrinsically Biaxial Micelles, IBM” model of the lyotropic 
nematic phases (Neto et al., 1985).This model was confirmed by 
several experimental studies (Y. Hendrikx  et al, 1986; A. M. 
Figueiredo Neto, 1985; Y. Galerne, 1987), considering the 
theoretical predictions (Galerne et al., 1987). 

 

Although there still exist some discussions on how the chiral molecules 

transfer their chiralities to the whole phase, some models were proposed to explain 

the chiral induction mechanisms of the lyotropic cholesteric phases. Among them, 

two important models were widely accepted (Radley and Saupe, 1978; Partyka and 

Hiltrop, 1996; Pape and Hiltrop, 1997). The first model, which is known as ‘a chiral 

dispersion interaction model’, assumes direct pairwise interactions between one 

chiral dopant present in a micelle and another one in a neighboring one. In the 

second model, so-called ‘a chiral sterical interaction model’, it is proposed that a 

non-chiral or achiral micelle of the lyotropic nematic phase is distorted to give the 

chiralized micelle and then the thermal movements and the collisions of the distorted 

or chiralized micelles lead to chirality transportation from one micelle to next micelle 

along the whole phase (Partyka and Hiltrop, 1996; Pape and Hiltrop, 1997). 

Consequently, while a macroscopic twist arises from the intermicellar interactions 

and intramicellar twist in the first and second models, respectively (Partyka and 

Hiltrop, 1996). NMR experiments showed that the second model is more acceptable 

with respect to the first one (Tracey, A.S. and Radley, K., 1984).   

 

Lyotropic cholesteric phases are characterized by polarizing optical 

microscope. In general, they give ‘fingerprint’ and ‘spaghetti-like’ textures, Figure 

1.20a. The texture in the Figure 1.21a is observed for well-aligned uniaxial ChD 

phases. In the case of the ChB phase, there exist two-optical axes and the incident 
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light moving into the ChB pattern is not parallel to the director in the dark regions as 

observed for the ChD phases, Figure 1.21b. In the ChC phases, the helix axis is 

parallel to the local director of the micelles and the helical structure is unwound by a 

magnetic field or surface effect, which leads to the disappearance of the cholesteric 

stripes, Figure 1.21c.   

 

 

(a)                                                      (b)         
 

Figure 1.20. (a) Non-aligned “fingerprint texture” and (b) well-aligned 
“spaghetti-like texture” of cholesteric phases.  

 

 

Figure 1.21. The POM textures of well-aligned (a) ChD, (b) ChB and (c) ChC 

phases, respectively.  
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2. AIM AND SCOPE OF THE STUDY 

 

 

Lyotropic nematic and cholesteric phases are widely studied in the literature 

because their structural units, so-called ‘micelles’, organize in their whole structures 

with respect to the phase director ( ) in the presence of the magnetic field. In both 

phases, there exists long-range orientational order and the micelles have finite sizes. 

However, the cholesteric ones differ from the nematic counterparts since the former 

exhibit the helical structure and the helix axis is the phase director of the cholesteric 

phase. 

 

In the phase diagrams, the ChB is located between other two uniaxial ones, 

ChD and ChC (Neto, A. M, 1985; Helene M., 1988; de Sant’Ana, 1992). The phase 

transitions between uniaxial and biaxial phases were of the subject in some studies 

reported in the literature. While the phase transitions from uniaxial to biaxial phases 

are of second order, as predicted by mean-field theory, in the case of the lyotropic 

nematic phases (Freiser MJ, 1970) however, the uniaxial ChD or ChC to the ChB 

phase transitions are of first order or continuous as were theoretically proposed 

(Brand and Pleiner, 1985) and experimentally proved (Kroin, T. et al, 1989) 

However, in those studies, the authors were concentrated on the describing the order 

of the cholesteric-to-cholesteric phase transitions, except that we showed, for the first 

time, the first order cholesteric-to-cholesteric phase transitions by studying the effect 

of alkyl chain length of long-chain alcohols on cholesteric uniaxial to cholesteric 

biaxial phase transitions (Reis D, et al, 2013) 

 

The effect of the surfactant alkyl chain length on uniaxial-to-biaxial nematic 

phase transitions via polarising optical microscopy, laser conoscopy and small-angle 

x-ray scattering was reported in the literature (Akpinar E, et al, 2017). It was proved 

that the surfactant alkyl chain length is an important parameter (a) to stabilize 

different nematic phases, (b) on the birefringences of the nematic phases and (c) on 

the uniaxial-to-biaxial phase transitions. That study showed that the longer the 

surfactant alkyl chain length gives rise to the formation of the larger ND phase 
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domain, expensing both NC and NB phase domains and shifting the uniaxial-to-

biaxial phase transition temperatures. Furthermore, the micelle shape anisotropy 

increases as a result of the increase in the surfactant alkyl chain length by the 

additional –CH2 group.  

 

To the best of our knowledge, a systematic investigation of the effect of the 

surfactant alkyl chain length on the lyotropic cholesteric uniaxial to cholesteric 

biaxial phase transitions has not been reported in the literature yet. The lyotropic 

nematic host mixtures were composed of potassium alkanoates (KCx)/potassium 

sulfate (K2SO4)/decanol (DeOH)/water and the chloesteric phases were obtained 

from these mixtures by doping with the chiral dopant molecule ‘brucine’. The results 

indicated that as the number of –CH2 groups in the alkyl chain of potassium 

alkanoates, i.e. surfactant alkyl chain length gets longer (shorter), the formation of 

the ChD phase (ChB and/or ChC phase) is more favored. In other words, the surfactant 

alkyl chain length plays an important role on the formation of different cholesteric 

phases and on the cholesteric uniaxial to cholesteric biaxial phase transitions. 
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3. MATERIALS AND METHOD 

3.1 Materials 

All chemicals (undecanoic acid, dodecanoic acid, tridecanoic acid, absolute 

ethanol, toluene, diethylether, potassium hydroxide), except surfactants, were 

purchased from Sigma, Merck, Alfa-Aesar with purities of >99%. A water-based 

ferrofluid was commercially available from Ferrotec (EMG-605). Ultrapure water 

was provided by Millipore Direct-Q3 UV (18,2 MΩ·cm of resistivity at 25 °C) for 

the preparation of lyotropic liquid crystal samples.  

 

A rotatory evaporator (Heidolph HeiVap), electronic balance (Radwag 

AS220, five digits), vortex (IKA 4 basic), centrifuge (Hettich Zentrifugen EBA 20), 

magnetic stirrer (Heidolph MR Hei-End), an ultrasonic cleaner (Isolab), a 

photopolymerizer (3M Elipar), a gaussmeter (Lakeshore 475 DSP),  a polarizing 

optical microscope (Nikon Eclipse E200POL) with a NIS-Element software and  a 

Nikon camera, microsyringes (Hamilton, 5 and 10µL), a vacuum oven (Nüve 

EV018) and a vacuum pump (Vacuubrand RZ2.5) were used. 

 

Surfactant molecules (potassium undecanoate, KC11; potassium dodecanoate, 

KC12; potassium tridecanoate, KC13) were synthesized from the neutralization of 

the undecanoic acid, dodecanoic acid and tridecanoic acid, respectively, with 

ethanolic KOH according to the well-described procedure given in the literature 

(Berejnov, et. al., 2000). The neutralization reaction was carried out at room 

temperature (~24-25°C) by controlling the pH of the reaction mixture and completed 

in 2h. While the reaction was proceeding the pH was kept at 10.80 by adding the 

10% ethanolic KOH. The removal of non-neutralized acids from the products of 

KC11, KC12, and KC13 is an important key point to obtain reproducible and reliable 

results. To do so, before recrystallization of the potassium alkanoates, they added in 

the hot toluene and filtered off under vacuum. All three potassium alkanoates were 

characterized by FT-IR (Figures 3.2-3.4) after they were recrystallized from ethanol 
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at least three times. The disappearances of bands related to carboxyl group, −COOH  

at ~1700 cm−1, and hydroxyl group, −OH at 850–960 cm−1, 1240–1300 cm−1 and 

2500–3400 cm−1, and the appearance of potassium carboxylate, −COO−K+, band at 

~1550 cm−1 confirmed that undecanoic acid, dodecanoic acid and tridecanoic acid 

were completely neutralized into KC11, KC12, and KC13, respectively. 

 

 
Figure 3.1. Scheme of the synthesis of surfactants KC11, KC12 and KC13. 
 

 
Figure 3.2. FT-IR spectrum of KC11. 

 

Figure 3.3. FT-IR spectrum of KC12. 
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Figure 3.4. FT-IR spectrum of KC13. 

3.2 Preparation of Lyotropic Liquid Crystal Samples 

Lyotropic liquid crystal samples were prepared by weighing appropriate 

amounts of the ingredients (potassium alkanoates, potassium sulfate, decanol, water 

and brucine) into the pyrex test tubes which were closed by their caps and then 

parafilm to prevent water loss. Homogeneous samples were obtained in three steps: 

(a) leaving the test tubes in a water bath of ~50-60 ºC for 5 min, (b) applying vortex 

with 3000 rpm for 5 min, and (c) centrifuging with 4500 rpm for 5 min. These three 

steps were applied occasionally until well-homogenized samples were obtained. If 

some part of undissolved potassium sulfate was seen at the bottom of the test tube, 

the ultrasonic cleaner was additionally used to provide faster dissolving of potassium 

sulfate. For the formation of well-aligned cholesteric stripes in relatively short times, 

a water-based ferrofluid was added to the samples as 1 µL ferrofluid per 2.5 g of the 

sample. The experimental studies indicated that this amount of ferrofluid doping 

does not modify the phase topology and the uniaxial-to-biaxial phase transitions (L. 

Li´ebert and A. M. Figueiredo Neto, 1984).  

3.3 Polarizing Optical Microscopy Measurements 

The ferrofluid-doped samples were transferred into the microslides of 0.2 mm 

thickness, whose ends were closed well with a specific photopolymer to prevent the 

water loss. The microslides were put in a heating/freezing stage (Linkam LTS120E), 

connected to a temperature controller (Linkam T95-PE). The temperature stability 
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was provided by a water circulating bath (Polyscience SD07R). A magnetic field of 

~0.9 kG was applied to obtain well-aligned cholesteric phases. Then, the textures of 

the cholesteric phases were characterized, and the cholesteric uniaxial-to-cholesteric 

biaxial phase transitions were determined using the polarising optical microscopy 

measurements. 
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4. RESULT AND DISCUSSION 

 

 

Table 1 and 2 show the compositions of KC11/KC12 and KC12/KC13 

lyotropic mixtures, respectively. The starting mixture s1, 

KC12/K2SO4/DeOH/water/brucine, was chosen from the literature (D Reis, et al., 

2013). The uniaxial-to-biaxial phase transitions of the sample s1 are in a good 

agreement with those given in the (D Reis, et al., 2013) within the experimental 

error. As seen from the tables, for both KC11/KC12 and KC12/KC13, some part of 

KC12 was replaced with KC11 and KC13, separately, by keeping the total surfactant 

concentration (in mole percent) constant.     

   

Table 4.1. Lyotropic mixture compositions in mole % for KC11/KC12 binary
       system. 

Sample KC11 KC12 K2SO4 DeOH H2O Brucine 

s1 0.00 3.82 0.60 1.14 94.34 0.10 

s2 0.38 3.44 0.60 1.14 94.34 0.10 

s3 0.76 3.06 0.60 1.14 94.33 0.10 

s4 1.15 2.68 0.60 1.14 94.34 0.10 

s5 1.53 2.29 0.60 1.14 94.34 0.10 

 
 

 
Table 4.2. Lyotropic mixture compositions in mole % for KC12/KC13 binary

                  system. 
 

Sample KC13 KC12 K2SO4 DeOH H2O Brucine 

s1 0.00 3.82 0.60 1.14 94.34 0.10 

s6 0.38 3.44 0.60 1.14 94.34 0.10 

s7 0.76 3.06 0.60 1.14 94.33 0.10 

s8 1.15 2.68 0.60 1.14 94.34 0.10 

s9 1.53 2.29 0.60 1.14 94.34 0.10 
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The lyotropic cholesteric samples were characterized by the polarizing optical 

microscope as a function of temperature, i.e. the textural analyses were carried out 

and the uniaxial-to-biaxial phase transitions were determined. The uniaxial-to-biaxial 

phase transitions were performed starting from the ChD phase. To do so, first the 

sample was well-aligned in the presence of the magnetic field for some hours at a 

fixed temperature. Then, by changing temperature, the phase transition temperatures 

were evaluated. In the Figure 4.1-4.9, the cholesteric textures of the samples s1-s9 

were given in details. 
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         (a)                                                              (b) 

              

         (c)                                                              (d) 

              

         (e)                                                              (f) 
 

Figure 4.1. POM textures of the sample s1: (a) 30.00°C, ChD; (b) 21.60°C, 
ChB; (c)18.50°C, ChB; (d) 16.50°C, ChB; (e) 15.00°C, ChB; (f) 
14.00°C, ChC. The sample was aligned in the magnetic field 
during 16 h to obtain well-aligned ChD phase. The sample 
thickness is 0.2 mm, and the magnification of the objective is 
10x. 
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         (a)                                                              (b) 

           

         (c)                                                              (d) 

           

         (e)                                                              (f) 
 

Figure 4.2. POM textures of the sample s2: (a) 30.00°C, ChD; (b) 22.50°C, 
ChB; (c) 21.50°C, ChB; (d) 19.50°C, ChB; (e) 18.50°C, ChB; (f) 
18.00°C, ChC. The sample was aligned in the magnetic field 
during 12 h to obtain well-aligned ChD phase. The sample 
thickness is 0.2 mm, and the magnification of the objective is 
10x. 
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         (a)                                                              (b) 

           

         (c)                                                              (d) 

             

         (e)                                                              (f) 
 

Figure 4.3. POM textures of the sample s3: (a) 30.00°C, ChD; (b) 24.10°C, 

ChB; (c) 23.71°C, ChB; (d) 22.66°C, ChB; (e) 21.66°C, ChB (at 

the ChB‒ChC transition); (f) 21.16°C, ChC. The sample was 

aligned in the magnetic field during 13 h to obtain well-aligned 

ChD phase. The sample thickness is 0.2 mm, and the 

magnification of the objective is 10x. 
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        (a)                                                              (b) 

              

                            (c)                                                         (d)    

           

         (e)                                                              (f) 
 

Figure 4.4. POM textures of the sample s4: (a) 30.00°C, ChD; (b) 25.99°C, 

ChB; (c) 25.87°C, ChB; (d) 25.62°C, ChB; (e) 24.50°C, ChC; (f) 

20.00°C, ChC. The sample was aligned in the magnetic field 

during 12 h to obtain well-aligned ChD phase. The sample 

thickness is 0.2 mm, and the magnification of the objective is 

10x. 
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 (a)                                                              (b) 

              

                             (c)                                                         (d)    

             

          (e)                                                              (f) 
 

Figure 4.5. POM textures of the sample s5: (a) 30.00°C, ChD; (b) 28.04°C, 
ChB (near the ChD‒ChB transition); (c) 27.84°C, ChB (at the 
ChB‒ChC); (d) 27.74°C, ChC; (e) 20.00°C, ChC; (f) 10.00°C, 
ChC. The sample was aligned in the magnetic field during 12 h 
to obtain  well-aligned ChD phase. The sample thickness is 0.2 
mm, and the magnification of the objective is 10x. 

 



 
 

33 

              

           (a)                                                        (b) 

              

       (c)                                                        (d) 

              

      (e)                                                        (f) 

 
Figure 4.6. POM textures of the sample s6: (a) 30.00°C, ChD; (b) 19.99°C, 

ChB (near the ChD‒ChB transition); (c) 18.00°C, ChB; (d) 
15.00°C, ChB; (e)  08.00°C, ChB (near the ChB‒ChC transition); 
(f) 07.50°C, ChC. The sample was aligned in the magnetic field 
during 10 h to obtain well-aligned ChD phase. The sample 
thickness is 0.2 mm, and the magnification of the objective is 
10x. 
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                  (a)                                                        (b) 

              

           (c)                                                        (d) 

              

       (e)                                                        (f) 

 
Figure 4.7. POM textures of the sample s7: (a) 30.00°C, ChD; (b) 19.01°C, 

ChB (near the ChD‒ChB transition); (c) 18.00°C, ChB; (d) 
13.50°C, ChB; (e) 06.00°C, two-phase region; (f) 05.50°C, 
crystalline- or gel-like phase. The sample was aligned in the 
magnetic field during 10 h to obtain well-aligned ChD phase. 
The sample thickness is 0.2 mm, and the magnification of the 
objective is 10x. 
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           (a)                                                        (b) 

              

           (c)                                                        (d) 

              

          (e)                                                        (f) 

 
Figure 4.8. POM textures of the sample s8: (a) 30.00°C, ChD; (b) 18.10°C, 

ChB (near the ChD‒ChB transition); (c) 17.20°C, ChB; (d) 
12.70°C, ChB; (e) 07.20°C, ChB (near the ChB‒two-phase 
transition); (f) 05.00°C,  two-phase region;. The sample was 
aligned in the magnetic field during 12 h to obtain well-aligned 
ChD phase. The sample thickness is 0.2 mm, and the 
magnification of the objective is 10x. 
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           (a)                                                        (b) 

           
           (c)                                                        (d) 

           
          (e)                                                        (f) 

 
Figure 4.9. POM textures of the sample s9: (a) 30.00°C, ChD; (b) 16.94°C, 

ChB (near the ChD‒ChB transition); (c) 13.50°C, ChB; (d) 
09.00°C, ChB; (e) 06.00°C,  ChB (near the ChB‒two-phase 
transition); (f) 05.50°C, two-phase region; the sample was 
aligned in the magnetic field during 13 h to obtain well-aligned 
ChD phase. The sample thickness is 0.2 mm, and the 
magnification of the objective is 10x. 

 

The phase transitions from uniaxial cholesterics to biaxial cholesteric are of 

subject to this thesis, but others not. So, we give the uniaxial to biaxial phase 

transitions in the Table 4.3 and 4.4. As seen from these tables and the polarizing 

optical microscopy textures, while we observed the ChB-ChC phase transition for the 
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KC11/KC12 mixtures, however, we could obtain only one sample (s6), which 

exhibits ChB-ChC phase transition in addition to the ChD-ChB one, for the 

KC12/KC13. The reason may be attributed to the formation of the gel-like phase at 

lower temperatures before the ChB-ChC phase transition.  

 

Table 4.3. The cholesteric to cholesteric phase transitions for KC11/KC12 
binary system. 

Sample Phase Transitions 

s1  

s2  

s3  

s4  

s5  
 

Table 4.4. The cholesteric to cholesteric phase transitions for KC12/KC13
          binary system. 

Sample Phase Transitions 

s1  

s6  

s7  

s8  

s9  
 

The transition temperatures were used to construct the partial phase diagrams 

of both systems in the Figure 4.10 and 4.11, considering the uniaxial to biaxial 

cholesteric phase transitions given in the Tables 4.3 and 4.4, respectively.  
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Figure 4.10. The partial phase diagram of the KC11/KC12 binary surfactant 

system as a function of the increase in the KC11 concentration 
in the mixtures. 2P: two-phase region. 

 

 
Figure 4.11. The partial phase diagram of the KC12/KC13 binary surfactant 

system as a function of the increase in the KC13 concentration 
in the mixtures. 2P: two-phase region. 

 

 As seen in the Figure 4.10, when the concentration of the KC11 is increased 

in the binary KC11/KC12 mixtures at the constant total surfactant concentration, i.e. 

the total number of the surfactants is constant in all the mixtures, the ChD and the 

ChB phase regions diminish and the ChC phase region gets larger. In the case of the 

KC12/KC13 mixtures, the increase in the concentration of KC13 gives rise to the 
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increase in the ChD and the ChB regions but to the decrease in the ChC region, Figure 

4.11. In the Figure 4.12, the results of the both systems are used to construct the 

complete phase diagram to show the effect of the surfactant alkyl chain length on the 

cholesteric phase regions and the uniaxial-to-biaxial phase transitions. The Figure 

4.12 clearly shows that the surfactant alkyl chain length affects the formation of 

different lyotropic cholesteric phases and the uniaxial to biaxial cholesteric phase 

transitions. As the surfactant alkyl chain length gets longer (shorter), it is most likely 

to be obtained the ChD (ChC) phase. At the intermediate level of the surfactant alkyl 

chain length, it is possible to obtain the lyotropic ChB phase and the ChB region is 

highly dependent of the surfactant alkyl chain length, Figure 4.13. From the phase 

transition temperatures point of view, the increase in the surfactant alkyl chain length 

causes shifting the ChD-ChB and ChB-ChC phase transitions towards the lower 

temperatures.  

 

 

 

Figure 4.12. Combining the phase transition temperatures of the KC11/KC12 
mixtures with those of the KC12/KC13 mixtures. The zero 
point, which is shown by a vertical dashed-line, corresponds to 
the sample s1, i.e. a single surfactant system (KC12). To the left 
from the zero point, the concentration of the KC11 (XKC11) 
increases in the mixtures of the KC11/KC12. By the same way, 
to the right from the zero point, the concentration of the KC13 
(XKC13) increases in the mixtures of the KC12/KC13. In this 
partial phase diagram, the 2P-regions observed in the Figure 
4.10 and 4.11 were ignored by starting the y-axis from 7.00°C. 
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Figure 4.13. Combining the biaxial phase region of the KC11/KC12 mixtures 

withthose of the KC12/ KC13 mixtures. The vertical dashed 

line corresponds to a single surfactant system (KC12). While 

the concentration of the KC11 increases in the mixtures of the 

KC11/KC12 from s1 to s5, the concentration of the KC13 

increases in the mixtures of the KC12/ KC13 from s1 to s6. 
 

Summarily, if the results shown in the Figure 4.12 and 4.13 are considered, 

the surfactant alkyl chain length seems as an important parameter to obtain different 

lyotropic cholesteric phases, especially the biaxial one. Similar results were obtained 

from the lyotropic nematic mixtures of some potassium alkanoates and sodium 

alkylsulfates in the (Cihan, 2018). In that study, the authors investigated the effect of 

the surfactant alkyl chain length on the stabilization of different lyotropic nematic 

phases from laser conoscopy, polarizing optical microscopy and small-angle X-ray 

scattering. Their results indicated that the increase (decrease) in the number of ‒CH2 

groups of the surfactant molecule, the lyotropic discotic nematic phase, ND (calamitic 

nematic phase, NC), is stabilized. Similar to our results, the NB is stabilized for the 

intermediate level of the number of ‒CH2 groups. Indeed, the formation of different 

nematic phases arises from the change in the “micellar shape anisotropy”. It means 

that when the increase in the surfactant alkyl chain length gives rise to the increase in 

the micellar shape anisotropy for both lyotropic nematic and cholesteric phases. 

From this respect, it may be concluded that the micellar shape anisotropy controls the 

stabilizing different lyotropic cholesteric phases.  

 
 
 



 
 

41 

 
 

5. CONCLUSIONS 
 

 

In the frame of this thesis, we studied the effect of the surfactant alkyl chain 

length on the formation or stabilization of different lyotropic cholesteric phases. The 

results indicated that the surfactant alkyl chain length plays an important role on the 

formation of lyotropic ChD, ChB and ChC phases. Because the surfactant alkyl chain 

length is correlated with the micellar shape anisotropy as proved by small-angle X-

ray scattering experiments (Neto and Salinas, 2005), i.e. the longer the surfactant 

alkyl chain the higher the micellar shape anisotropy, the ChD and/or ChB phase 

domains in the partial phase diagrams get larger as the micellar shape anisotropy 

increases. By the same way, if the micelles have smaller shape anisotropy it is highly 

possible that the ChC phase is observed.  

 

Furthermore, the increase in the micellar shape anisotropy affects the 

uniaxial-to-biaxial phase transition temperatures. As the micellar shape anisotropy, 

or the surfactant alkyl chain length, increases the uniaxial-to-biaxial phase transitions 

(ChD-ChB and ChB-ChC) shift to the lower temperatures. 

 

From these respects, this study shows, to the best of our knowledge, for the 

first time the effect of the surfactant alkyl chain length on the stabilization of 

different lyotropic cholesteric phases.     
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