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Introduction 

Liquid crystals are an intermediate state (3-1) (Mesophase) described as a fourth state of matter. It 

was first called “flowing crystals” and “fluid crystals.” It appears between the solid phase, in which 

the movement of molecules is restricted in the triangular lattice. Dimensions and have an integrated 

molecular organization in location and direction, and the isotropic phase in which the molecules 

move freely and is considered to have a random organization, as in Figure (1-1). Liquid crystals are 

solid, linear, rod-like, or lamellar in shape. Although liquid crystals display certain properties that 

belong to the solid and liquid states, they possess special features that do not exist in both states 

(solid and liquid). The Austrian botanist Friedrich Reinitzer (4) in 1888 was the first to notice this 

state when he studied it. For cholesterol benzoate, it was found that this substance melts at a 

temperature of (146ºC), but it does not melt completely until it reaches a temperature of (179ºC), 

and in this intermediate state the substance is opaque. 

 

In 1889, the physicist Ottolehman called them liquid crystals (5). As for (Freidel) (6) in (1922) he 

was the first to study it microscopically and called it the mesophase (mesophase), and therefore the 

materials that show this property are called liquid crystals), as he was able to distinguish three types 

of structural compositions of the liquid crystalline phases, describing The structural composition of 

each class is defined by a term and according to the prevailing regularity in the geometric shape of 

the phase in question, which is the nematic, cholesteric and smectic structure. Scheme (1-1) shows 

the general structure of molecules that exhibit a crystalline state, which is called the mesogenic unit 

(7). 
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Terminal Group: 

Its benefit is to maintain polarity within the molecule and stabilize its linearity. The difference in the 

groups or the length of the chains affects the properties of the molecule, especially the transition 

temperature between the different phases, and the presence of terminal groups (8) follows the 

following order: 

CN ˃ NO2 ˃ Cl ˃ Br ˃ CH3 ˃I ˃ F ˃ CF3 ˃H 

The terminal groups have a significant impact on thermal stability and increase the probability of 

the appearance of liquid crystalline phases. 

Aromatic Ring: It causes high polarization as a result of resonance and stabilization of hardness 

(9)(Rigidity). 

Ceneral Group: They represent intermediate bonds that work to stabilize two main properties that 

must be present, linearity and hardness. The presence of these groups enhances the rigidity of the 

molecule as a result of the presence of a high resonance state. It also works to expand the electronic 

sequence along the axis of the molecule, and the presence of these groups follows the following 

order in The possibility of the emergence of liquid crystalline phases and an increase in their 

thermal stability (10). 

-CH=CH- ˃ -N=N- ˃ -CH=N- ˃ -N=N- ˃ -C=N- ˃ -COO- 

Liquid crystals have special characteristics that distinguish them from the liquid state and the solid 

state, as molecules that possess liquid crystalline properties are described as having a cylindrical 

shape, and the ratio of the length of the particle to its average diameter is equal to: (L/d ≥4.0-6.4). 

So: L = length of the particle, d = average diameter of the particle 

There are some general structural characteristics in most organic molecules that make it possible for 

them to have a liquid crystalline character. For example, linear liquid crystals are characterized by 

the following: 

1. Linearity 

2. Polarizability  

3. Rigidity 

How liquid crystalline phases form  

Studies (12, 13) have shown that a large number of organic compounds show more than one step 

when passing from the solid state to the liquid state, and that this step is located in the range located 

between the state of high three-dimensional order (the crystalline state) and the disordered state (the 

liquid state). ). Through X-ray studies of the compounds that show these intermediate phases, it was 

found that there is a discrepancy in the geometric shape, and this is explained by the unequal 

intermolecular forces in all directions due to the elongation of the molecules and their parallel 

arrangement. From what was stated above, we can realize that the liquid crystalline phases are 
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formed by moving the order of arrangement of molecular bonds to a less regular level than in the 

crystalline state, and this occurs in two cases: 

1. The first case: adding specific volumes of suitable polar solvents to specific amounts of organic 

compounds. These solvents work to rearrange the order of bonds between molecules to a less 

regular state and give liquid crystalline phases based on the change in concentration and the 

attraction that occurs between the solute and the solvent. The crystals resulting from these are 

called the case with lyotropic liquid crystals. 

2. The second case: It involves the rearrangement of the intermolecular forces of the crystalline 

state due to the gradual increase in temperature. Accordingly, the quality of the intermediate 

phase formed depends on the amount of thermal energy necessary to change the parallel 

arrangement of the molecules within the crystalline network, as the destruction of one of the 

three dimensions of the crystalline network leads to the formation of The smectic phase is a 

two-dimensional system. When heating continues, either one of the remaining two dimensions 

is destroyed, giving a one-dimensional system (Nematic Phase), or all the intermolecular forces 

of the remaining two dimensions are destroyed simultaneously, leading to the formation of the 

liquid phase (Isotropic Phase). ), 

It is also possible to convert the solid crystalline lattice directly into the nematic phase. Liquid 

crystals resulting from a change in temperature are called thermotropic liquid crystals, as in diagram 

(1-2): 

 

The liquid crystalline state is classified into: 

1- Lyotropic liquid crystals 

This class of liquid crystals arises when specific volumes of a polar solvent such as water and 

alcohol are added to measured amounts of amphiphilic organic compounds at room temperature or 

higher temperatures. As is known, the molecular structural structure of an amphiphilic compound 

consists of an ionic head that is attracted to the polar solvent (Hydrophopic) and a paraffinic (non-

polar) tail that is repulsed by the Polar (Hydrophopic) solvent. An example of these compounds is 

the salts of fatty acids in water. Aqueous solutions of soap are lyotropic systems. Multicomponent, 

the paraffinic tails of the fatty acid salt molecules dissolved in each other are arranged to have as 

little contact as possible with water molecules, thus forming a bilayer. 

It is possible to obtain a series of non-entropic intermediate phases whose appearance is limited to 

the range between the solid state and the liquid state by increasing the concentration of the solvent. 

Then, the reversal of the system of formation of these intermediate phases occurs by gradually 

extracting the solvent, that is, the concentration of the organic compounds in the solvent and the 

nature of the attraction between them. It is the factor influencing the transition from one phase to 

another. Diagram (1-3) illustrates this case 
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 Thermotropic liquid crystals 

This type of liquid crystal depends on the temperature and the amount of change that occurs in it, so 

it is called the temperature-induced mesophase. Many scientists have contributed to the diagnosis of 

a large number of compounds with thermotropic systems, including the scientist Sakman in 1966 

and the scientist Demus. In 1973, he found that a large number of these compounds pass through 

several intermediate phases when the temperature increases from the solid state to the azeotropic 

(liquid) state, and such compounds were called multiphase. 

A - Calamictic liquid crystals  

This type of mesogen (20) has an elongated shape that is responsible for the appearance of the 

anisotropic characteristics (i.e. variation in physical characteristics) that are important in the 

molecular shape of thermotropic mesogens. In order for phased thermal fusion of the mesogen to 

occur, the underlying molecular forces must differ in physical characteristics. In an appropriate 

amount, this is the result 

Rod thermotropic liquid crystals can be classified based on their molecular organization into: 

a) Smectic Phase).  

b) Nematic Phase. 

c) Cholesrtric Phase. 

Figure (1-3) shows the arrangement of the longitudinal axes of the molecules in these phases. 

B- Discotic liquid crystals  

This type of mesogens was discovered in 1977 AD. Disc liquid crystal molecules are characterized 

by the fact that their diagonal axis is larger than the longitudinal axis. Figure (1-7) represents the 

general drawing of disc liquid crystals, when d ˃˃t, where (d) represents the diagonal axis of the 

molecule. (t) thickness molecule 

C- Bent-core Liquid Crystals (Banana)  

Banana mesogens are symbolized by the symbol b-LC. This type of liquid crystals has been 

prepared since 1930 by the scientist Vorlander (42), but the scientist Matsunaga, (43) and his group 

in 1994 AD 
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Applications of liquid crystals  

Liquid crystals (82) are currently considered a basic and important material in many industrial and 

medical applications, thanks to the presence of some important physical properties in liquid 

crystals, including electro-optic, electro-chromic, magneto-optic, and thermoelectric properties. 

(Thermo-Chromic), which can be used in wide areas, including: 

Industrial Applications 

Liquid crystals are used in display devices due to their important advantages, including their small 

size, high adaptability to rapid display changes, low power consumption, and variation in physical 

properties (83). 

The nematic phase is used, which is more sensitive to the electric field, and this property is used to 

benefit in advanced display systems because the nematic phase is one-dimensional, so it can 

respond directly to the electrical stimulus (84). 

Research has shown that chiral smectic liquid crystals have a high photoelectric response, which is 

one of the popular technologies that has a future in display media applications (85). 

One of the important industrial applications of liquid crystals is their use in smart windows, as they 

work in smart windows to control the amount of light passing through them by changing the 

response of the liquid crystals to electrical charges, as the electrical charge works to arrange the 

liquid crystals in a way that allows light to pass through and when the electrical charge disappears 

The borates return to their random position and prevent the passage of light (86). 

Medical Applications  

Most thermotropic liquid crystals show a consistent or harmonious color change with temperature, 

and this thermotropic characteristic can be used to determine the area with high temperature under 

the skin due to various diseases, most notably cancerous diseases (87). 

Most cholesteric liquid crystals are commonly used in medical thermometers due to their ability to 

be slightly sensitive to temperature, as the sensitivity of some cholesteric liquid crystalline materials 

reaches (Cº0.3), that is, their color changes with a slight change in temperature (88). 

There are vital applications for non-chirotropic liquid crystals widely in nature. It is known that 

non-chirotropic crystal phases are formed by the action of certain volumes of polar solvents on the 

binding forces of certain organic compounds. Therefore, the structure of this type of liquid crystal 

phases is closer to the surroundings of life systems, which include: DNA. (DNA), certain viruses, 

anti-asthma medications, brain tissue and blood vessels 
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