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Abstract: We developed a fabrication procedure for thin glass cells containing 
lyotropic liquid crystalline materials. Liquid crystalline displays are widely used in 
everyday life but there is still a lot of space for improvements. One possibility is to use 
lyotropic liquid crystals, which are highly sensible not only to temperature and electric 
fields but also to concentration variations, thus giving them an additional parameter 

for fine-tuning. We used the DNA sequence d(G4C2) as a model lyotropic system. In 
order to study its liquid crystalline behaviour we had to develop a new procedure for 
fabricating LC cells to contain our materials, since commercially available cells were 
unsuitable. Herein we present the optimized fabrication method for such lyotropic LC 
cells.  
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1. Introduction 

 

Liquid crystals (LC) are a special type of organic substance characterized by 

having properties of both liquids and crystals simultaneously (de Gennes, 1974). 

Today, these materials play a pivotal role in modern technology, especially in the 

production of liquid crystals displays (LCDs). LCD screens are an essential part of our 

everyday life, as they are found in televisions, laptops, smartphones, digital watches, 

and various other devices.  

The fundamental principle that LCD screens rely on is the ability of liquid crystals 

to change the polarization of light. Liquid crystals are sensitive to electric fields, which 

allows us to control their structure and, consequently, the polarization of the light 

passing through them by manipulating the electric field. This capability enables the 

display of images on LCD screens (Cristaldi et al., 2009; Letunov et al., 2012; 

Lavrentovich, 2012). 

LCD screens utilize thermotropic liquid crystals, which are characterized by their 

ability to alter their structure and properties in response to temperature fluctuations. 

Temperature adjustments are used to regulate the polarization of light and consequently 

control image display on LCD screen production. Another group of liquid crystals, 

which are currently not used to produce LCD screens, are lyotropic liquid crystals. In 

addition to temperature, concentration and the solvent also play a pivotal role in 

determining the formation and preservation of lyotropic liquid crystalline phases. 

Lyotropic liquid crystals possess a unique trait wherein their arrangement and structure 

significantly influence their behaviour (de Gennes, 1974). These substances frequently 

consist of hydrophilic and hydrophobic components, leading to intriguing behaviours 

in the presence of water, resulting in the formation of various phase structures, ranging 

from lamellar to micellar arrangements. When being at low concentrations and high 

temperatures, lyotropic liquid crystals tend to form lamellar structures, whereas at 

higher concentrations and low temperatures, they adopt more intricate micellar 

structures (Fig 1). Lyotropic liquid crystals are commonly encountered in diverse 

biological systems, particularly in concentrated solutions containing peptides and DNA 

molecules  

 

 
Fig. 1. Lyotropic liquid crystals form lamellar, hexagonal, and cubic phases. 
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(Dierking & Figueiredo Neto, 2020). They also hold significant importance across 

various applications in fields such as biochemistry, pharmacy, cosmetics, and the food 

industry. Due to their capability to create specific structure in the presence of water, 

they are frequently utilized in the production of various emulsions, gels, solubilisation 

systems, and other complex systems.  

The DNA molecule has been classified as a lyotropic liquid crystalline material 

since the formation of its liquid crystal phases depends on both temperature and the 

concentration of the solution. Using optical, X-ray, and magnetic resonance methods, 

isotropic, chiral nematic, and columnar hexagonal liquid crystalline phases of long B-

DNA molecules have been discovered (Livolant & Bouligand,1986). On increasing the 

concentration of DNA solution, the isotropic solution changes to a blue LC phase and 

then to a cholesteric phase, which finally changes to a columnar hexagonal phase (Fig 

2). An even more concentrated solution forms a normal crystal. In 2007, Nakata and 

colleagues discovered nematic and columnar liquid crystal phases in short DNA 

oligomers ranging from 6 to 20 base pairs (Nakata et al., 2007). These phases are 

formed by stacking double-helical oligomers into rod-like aggregates, which then 

coalesce into liquid crystalline phases. 

To study the properties of liquid crystalline phases of DNA solutions, polarization 

optical microscopy (POM) is routinely used. This standard microscopic technique 

allows us to examine a wide range of optically anisotropic samples (Holik, 2001).  
 

 
Fig. 2. Formation of liquid crystalline phases of DNA molecules as a function of 

solution concentration. Adapted from (Rey, 2010).  

 

2. Liquid crystalline cells overview 

 

There are various commercial liquid crystalline cells available in the market 

designed for the study of liquid crystals. They serve as indispensable tools in the realm 

of research and development across various industries. These cells facilitate precise 

and controlled experiments, contributing to the enhancement of numerous 

technological processes. 
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They find applications in several sectors, such as pharmaceuticals, cosmetics, and 

the food industry. In the pharmaceutical sector, these cells are used to investigate 

structural changes in lipid membranes and other biological systems. They enable the 

examination of the impact of active substances on membranes and their influence on 

biological processes. Within the cosmetics industry, these cells are employed to 

evaluate the effects of cosmetic products on the skin and their efficacy in moisturization 

and the transportation of active ingredients. In the food industry, liquid crystal cells are 

utilized to analyse emulsions and dispersions and assess their stability for quality 

control purposes.  

There are diverse models for commercial liquid crystal cells available, each 

offering unique features. These cells vary in terms of spacer sizes, providing cell gaps 

ranging from 3 μm to 30 μm. They are designed for testing a wide range of liquid 

crystals and materials. Some are equipped with coatings, such as Indium Tin Oxide 

(ITO) conductive layer, Polyamide (PI) alignment layer, and anti-reflective coating on 

both sides. Certain models are optimized for high transmission in the visible range and 

use UV Silica glass. LC cells are designed to test liquid crystal compounds and 

materials, serving as integral components in various applications by enabling control 

over phase transitions and optical properties of liquid crystals.  

All these commercially available LC cells, however, were fabricated for the 

simpler thermotropic liquid crystals. To explore the potential of lyotropic LC phases 

for the next generation liquid crystal displays, new LC cells are required. Our study 

was dedicated to the preparation of such cells that would accommodate temperature, 

as well as concentration dependency of the lyotropic LC phases.   

 

3. Materials  

 

As a test material for lyotropic liquid crystalline phases we used the DNA 

sequence d(G4C2). These sequences have the ability to self-assemble into rodlike 

aggregates, called G-quadruplexes. Our previous study showed that their length in 

solution exceeds 80 nm, which makes them excellent candidates for LC formation 

(Potrč et al., 2021). To conduct the measurements, we used commercially available 

d(G4C2) sequences (Eurogentec; Searing, Belgium). The lyophilized material was 

dissolved in ultra pure water to a concentration of 60 mM, which is just below its LC 

phase transition. Data regarding the mass, molar mass of the sequence, and the 

concentration of the prepared solution are presented in Table 1.  

 

characteristics d(G4C2) 

sample mass 14,09 mg 

molar mass 1833,2 
g

mol
 

concentration of the solution 60 mM 

Tab. 1. Data of the mass, molar mass, and concentration of the prepared solutions from 

the sequence d(G4C2), which were used to perform POM measurements.  
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4. Methodology 

 

The aim of our study was to identify the phase transition occurring between the 

isotropic and liquid crystal phases, and to prepare a suitable liquid crystal cell capable 

of capturing the resultant structure. Initially, we attempted to conduct measurements 

using pre-made commercial cells with an 8 μm thickness (Instec, USA). However, it 

became evident that these cells were unsuitable for our purposes. Upon application, the 

sample immediately started drying at the cell’s opening, and the capillary action was 

insufficient to draw the sample toward the centre of the cell (Fig 3). While the 

formation of liquid crystalline phases could be observed at the cell’s opening the 

microscopic images proved unhelpful for further analysis.  

 

 
Fig. 3. We tested the use of ready-made cells (Instec, USA), but the sample began to 

dry immediately upon application at the cell’s opening. Image was taken 

under crossed polarizers. 

 

4.1 Preparation of liquid crystalline cells  

After that we proceeded with the preparation of our own liquid crystalline cells. 

Table 2 shows a comparison between pre-made commercial liquid crystal cells from 

the producer Instec (USA) and the LC cells we have prepared. We dedicated significant 

time to finding suitable experimental conditions for the formation and observation of 

liquid crystal phases, where a properly prepared liquid crystal cell plays a crucial role. 
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Tab. 2. A comparison between pre-made commercial liquid crystal cells (Instec, 

USA) and the liquid crystal cells we prepared. 

 

We conducted experiments with different sample volumes, thicknesses, numbers 

of spacers, open and closed cells (with or without cover glass), and glued or unglued 

cells. At the greater spacer thicknesses, the samples merely dried, resulting in 

observations under the microscope showing only a dark, desiccated edge of the droplet, 

with no initiation of liquid crystal phases (Fig 4). 

 

In instances of insufficient sample volumes and during the initial application of 

coverslips, it frequently occurred that a droplet of the sample seeped beneath the spacer 

(Fig 5). While such microscopic images did reveal the formation of puck-shaped 

structures, that were liquid crystalline, they proved impractical for subsequent analysis. 

After many experiments, it turned out that for the formation of liquid crystal phases, a 

liquid crystal cell with two 25 μm thick spacers is the most optimal approach.  

 

 
Fig. 4. For spacers with a thickness of more than 25 μm, the sample drop only dried, 

and the liquid crystalline phases did not form.  
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4.2 Measurement process  

 

In the following, we will outline the precise procedure for conducting the 

measurements after we have determined through testing which liquid crystal cell is the 

most suitable for our purposes. 

Initially, the object slides underwent cleaning in an ultrasonic bath. Subsequently, 

25 μm thick spacers were places on two sides of the slide. We pipetted 0,5 μL of sample 

from the centrifuge with the prepared solutions of the sequence G4C2 and placed it in 

the centre between the two spacers. We then covered everything with a cover glass and 

secured it with small clips on the sides where the spacers were located. The liquid 

crystal cells featured openings on two sides that allowed the sample to dry slightly, 

thereby increasing the solution’s concentration in the cell. The prepared liquid crystal 

cells are depicted in Figure 6.  

We placed the observed sample on the microscope stage and adjusted the 

appropriate lighting intensity and magnification of object. The setup for the experiment 

in polarizing optical microscopy is similar to that in regular optical microscopy, with 

the exception that the sample is positioned between the polarizer and the analyser, both 

of which can be rotated to adjust their orientation. The measurements were conducted 

with the polarizer set perpendicular to the analyser, and the transmitted light through 

the sample was observed. In this configuration, the field of view appeared completely 

dark because the analyser blocked all light that was polarized by the polarizer. 

However, regions of the sample where the direction of polarized light changed due to 

structural arrangement remained illuminated.  

The sample layer was illuminated with polarized light, and we monitored the 

gradual drying of the droplet. After several hours (approximately 5-6 hours), the 

droplet’s concentration increased to the point where liquid crystal phases started 

forming. These phases became visible as bright and colourful structures. We 

systematically conducted measurements across the entire cell. When the liquid crystal 

phases began to form, the entire cell was sealed with a two-component UHU glue to 

prevent further drying. The prepared liquid crystal cells were left undisturbed for one 

week in a dark room at room temperature (T = 24 °C) to allow for the redistribution of 

structures within the cell. 

 
Fig. 5. For sample volumes greater than 2 μl or inadequate coverslip application, the 

sample moved under the spacer. Image is taken under crossed polarizers. 
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After one week, we repeated the systematic microscopy measurements of the 

entire cell since the structures within the cell continued to evolve.  

The captured microscopic images were initially examined and compared for 

recurring structures. The maximum resolution of the resulting microscopic images was 

6000 x 4000 pixels, and they were formatted in a 3:2 aspect ratio. With the assistance 

of a literature review, we identified the liquid crystal phases and added a scale to the 

images. We determined the sizes of the resulting structures by calculating them using 

the photo’s resolution and selected magnification.  

The measurements were conducted at room temperature (T = 24 °C) using 

polarizing optical microscope Nikon Optihot 2. The samples were observed at four 

different magnifications: 5x, 10x, 20x, and 40x. A Canon EOS M200 video camera 

was mounted on the microscope, and microscopic images were captured using the 

Canon EOS Utility Software installed on a computer.  

 

5. Results and discussion 

 

A crucial aspect of our research was the development of an appropriate procedure 

for preparing liquid cells and capturing liquid crystalline phases. It became evident that 

commercial liquid crystalline cells are not suitable for studying lyotropic liquid 

crystals, despite their widespread use in the field of thermotropic liquid crystals. This 

challenge arises from the complexity of studying lyotropic liquid crystals, which are 

influenced by two parameters, temperature, and concentration. Furthermore, there are 

currently no liquid crystals cells on the market specifically designed for the 

investigation of lyotropic liquid crystals. Generally, the study of lyotropic liquid 

crystals remains in the research stages.  

 

Using our prepared liquid crystal cells, we successfully captured the liquid 

crystalline phases and classified them based on the existing literature (Table 3). We 

observed that the sequence d(G4C2) forms nematic and columnar liquid crystalline 

phases. At lower concentrations, the sequence d(G4C2) generates liquid crystalline 

phases that differ significantly from those observed in short double-stranded DNA. As 

concentration increases, we recognized a typical columnar hexagonal phase, as 

suggested in the literature (Smith et al., 2018). We demonstrated that changes in 

concentration influence the formation of liquid crystalline phases. Specifically, the 

nematic phase is initially observed, and as the sample concentration increases further, 

its transition into a columnar hexagonal liquid crystalline phase within the cell is 

noticeable (Table 3). 

 

The studied d(G4C2) sequence is distinctive in its ability to self-assemble. It can 

form extended structures known as G-quadruplex stacks when these sequences stack 

upon one another. The length of G-stacks depends on various factors, including the 

concentration of molecules, temperature, solvent and pH value, further enhancing the 

sensitivity of such a system to fine-tuning, in the production of final liquid crystalline 

structures.   
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 long B-DNA 
short DNA 

oligonucleotides 

 

d(G4C2) 

 

Nematic LC 

phase inside  

isotropic 

phase (lower 

concentration 

of DNA)  

   

 

Columnar 

hexagonal 

phase (higher 

concentration 

of DNA  

 

   

Tab. 3. Different textures of liquid crystalline phases for long B-DNA molecules, short 

DNA oligonucleotides and our model sequence d(G4C2). Microscopic images 

with crossed polarizers show a two-phase region between the isotropic and 

nematic phases and the columnar hexagonal phase. 

 

6. Conclusions  

 

Our measurements confirm the ongoing potential for extensive research in the 

field of lyotropic liquid crystals and their practical applications. We have discovered 

that commercial liquid crystal cells, commonly employed for studying thermotropic 

liquid crystals, are not suitable for the examination of lyotropic liquid crystals. To 

address this issue, we have developed a specialized cell preparation process that 

enables us to induce the phase transition of lyotropic liquid crystals, specifically 

focusing on the DNA sequence d(G4C2). This sequence forms long rodlike structures 

that are highly anisotropic and thus an excellent model systems for LC phases. With 

the fabrication procedure for thin glass cells we were able to capture the LC phases of 

the d(G4C2) sequence. 

Our findings indicate that this sequence can form a nematic liquid crystalline 

phase at lower DNA solution concentrations and transition into a columnar hexagonal 

liquid crystalline phase at higher DNA solution concentrations. 
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While lyotropic liquid crystals have not yet been employed in the production of 

LCD screens due to their sensitivity to fluctuations in concentration and temperature, 

it is reasonable to consider exploring this possibility in the future.  

The utilization of lyotropic liquid crystals in LCD displays could potentially bring 

certain advantages. These may include enhanced compatibility with biological 

materials such as DNA and proteins, making them valuable in applications where the 

incorporation of biological components is necessary. Additionally, the adaptability of 

lyotropic liquid crystals to changes in moisture levels could prove beneficial for 

applications subject to varying humidity conditions.    
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