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Abstract 

This contribution is a combination of text giving information on liquid crystals and 
activities that are relatively easy to perform in the classroom. Activities follow the "light 
motif" that leads to understanding of liquid crystals display's operation. 

1. Introduction 

Liquid crystals are a fundamental part of liquid crystal displays (LCD) that are used every 
day in screens of various devices like watches, mobile phones, tablet computers and 
screens of computer screens, televisions and others. Therefore, the topic is strongly related 
to everyday life. On the other hand, liquid crystals are a field of active current academic 
and applicative research. A community of researchers counts several thousand that are 
meeting at international conferences, are associated in international societies etc. Liquid 
crystals as a field of soft matter chemistry and physics that studies materials combining 
properties of liquids and crystals, are also model materials for various phenomena related 
to physics of different dimensions than three. Translational and orientational order is 
combined in structures of liquid crystals and various complex structures appear due to this 
duality.  

The contribution is structured as follows. Five activities are presented. The Activity 1 
presents the elementary unit of a LCD and how are colours on the screen defined. Activity 
2 introduces liquid crystals to students and a new phase that appears between the liquid and 
the solid phase called the liquid crystalline phase is experimentally investigated. The 
Activity 3 investigates various properties of liquid crystals in the liquid crystalline phase 
focused on optical anisotropy on which a LCD is based. The Activity 4 demonstrates why 
liquid crystal has to have a special wound structure within a display. Instead of liquid 
crystals other easily available materials such as transparent foils or tapes are used. The 
Activity 5 gives instructions for the synthesis of a liquid crystal. This Activity enables a 
teacher without available liquid crystal to synthesize it by her/his own or to allow the 
synthesis to students. In the second case students can use their own products for activities 
that are presented within this contribution. Finally we conclude by discussion, where the 
introduction of liquid crystals could be placed in the physics curriculum. 

2. Practical activities for teaching liquid crystals 

The main constituent unit of LCD is a pixel. By defining the properties of the pixel, 
colours on the screen are determined. Let us discover, what do we call the "pixel" and how 
is it manipulated. 

Activity 1: What is a pixel? How is the colour related to the pixel? 

a) Learn, how to use a USB microscope (in case you are not familiar with it, yet).  
How to use a USB microscope? Objects are observed through the objective (Fig. 1 a). 
Their magnified picture (up to 200 times) is seen on computer screen. Objects are 
illuminated by adjustable light source provided by a circle of LED. The illumination 
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should be switched off, if an observed object is a light source. Objects are focused by focus 
adjustment. Two different magnifications are possible for any distance of the objective 
from the observed object. Find both of them. 

Observe various objects with a USB microscope, for example: a fabric of your clothes, 
your skin or hair, the line drawn by the pencil or colour pencils on the paper, printed 
coloured pictures etc. 

 

(a)       (b)   

Figure 1. (a) A typical USB microscope. The microscope is attached to the computer by 
USB connector and allows magnifications from 20 to 200 times. (b) Observation of the 
structure of computer screen is the easiest if two computers are used, one as an object of 

observation and the other one as a screen for the USB microscope. 

b) If you use your own computer, load the PPT called COLOURS.ppt, that is available as 
an additional material on your DVD, and open it. The activity is the easiest with two 
computers (Fig. 2 b), one for the USB microscope and one as an object of observation. Fill 
the first two columns in Table 1. Name the colour of the square. Quote the colours that 
compose the observed square in the magnification of the screen at that particular square. 
Table 1. Structure of colours on the screen. 

COLOUR NAME CONTAINED SCREEN COLOURS  RED GREEN BLUE 
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How do colours in the first row differ from the colours in the second? 

_________________________________________________________________________
_________________________________________________________________________ 

How does grey differ from white? 

_________________________________________________________________________
_________________________________________________________________________ 

What is the characteristic for the black parts of the screen? 

_________________________________________________________________________
_________________________________________________________________________ 

How do orange and brown differ? 

_________________________________________________________________________
_________________________________________________________________________ 

 

c) Open your PPT in an editing mode. Instructions here are in English, please, translate 
them to your language, if you use your own computer. 

• Click on one of the coloured squares. 
• Click on colour fill options like "FormatAutoshape" 
• Click "Colour" 
• Click "More colours" 
• Click "Custom" 
 

 

The box similar to the one on the left 
appears. Read the numbers under Red, 
Green and Blue for each colour on your 
first slide of ppt. 

 

 

Add the numbers for Red, Green and Blue 
to the Table 1 in activity b).  

 

 

For more information, go on slide 3, 4 or 
5. Colours on those slides are prevailingly 
red, green or blue. Find numbers that 
determine different red, green or blue 
colours.  

Figure 2. Screenshot showing a determination of colours by numerical values for 
intensities of red, green and blue parts of a pixel. 
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d) Use our experiences from activities a) to c) to construct the colour math valid for LCDs. 
Name elementary colours: ___________________________________________________ 

Name colours that consist of two elementary colours. Quote which as well. 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

How darker colours are obtained? 

_________________________________________________________________________ 

How lighter colours are obtained? 

_________________________________________________________________________ 

This "colour math" is called the additive colour math as lights having different colours 
are added. 

 

e) Let us quickly consider printer colours as well. 
Observe by USB microscope the slide 1 from the COLOURS.ppt printed under relatively 
low resolution on the paper.  

How does a structure of squares in the second row looks like? 

_________________________________________________________________________ 

Does the printed colour of a single square in the first row consist from a single colour or 
more of them? Which? 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

How does gray look like? 

_________________________________________________________________________ 

How do orange and brown look like? 

_________________________________________________________________________ 

_________________________________________________________________________ 

Can we now construct rules for printed colours? 

Name elementary printed colours: _____________________________________________ 

Name colours that consist of two elementary colours. Quote which as well. 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 
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How darker colours are obtained? 

_________________________________________________________________________ 

How lighter colours are obtained? 

_________________________________________________________________________ 

This "colour math" is called the subtractive colour math as the light is absorbed by the 
coloured paper upon reflection and some colour components are subtracted from the 
incident light. 

 

The structure of the screen 

The basic element of the LCD is a pixel. The pixel consists of three colours: red, green and 
blue. The colours on the screen are obtained by the control of brightness for each colour 
part of the pixel, as we have seen in the activity 1. Figure below shows the structure of the 
pixel. 

 
Figure 3. Structure of the pixel (adapted after Merck[1]). 

To understand the function of the pixel, students should learn 

• What is "polarized light"? 
• What are liquid crystals? 
• How they affect the light? 
• What is the structure of liquid crystals in the screen? 
• How the electric field affects this structure? 
• How all of phenomena considered above result in a brightness or a dimness of each 

colour segment in the pixel? 
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Activity 2: What are liquid crystals? 

What are properties of transparent liquids? Name a few. 

_________________________________________________________________________ 

_________________________________________________________________________ 

What are properties of transparent crystals? Name a few.  

_________________________________________________________________________ 

_________________________________________________________________________ 

What is characteristic for a phase transition?  

_________________________________________________________________________ 

_________________________________________________________________________ 

 

The characteristics of the phase transition are: the change of material properties like 
a density, refraction index, appearance in general, viscosity, elastic properties, dielectric 
properties, magnetic properties etc. Properties that do not change significantly if the 
material is cooled or heated are a hint, that the phase remains the same for a certain 
temperature range. The phase transition occurs at well-defined temperature called the 
transition temperature. Students only often oversee the fact that the phase transition occurs 
at a certain temperature only is often overseen by students. Their experience is that ice can 
be present in the relatively warm water. They lack the experience to control the 
temperature of the ice locally. 

Liquid crystals are materials that have besides the transparent liquid phase with properties 
similar to other liquids and the crystal phase with properties similar to other crystals an 
additional phase between the crystals and the liquid. 

 

a) Take the vial from the glass with the crushed ice. How does it look like? Describe. 
_________________________________________________________________________ 

Warm the vial with your hand. What happens? Describe.  

_________________________________________________________________________ 

Place the vial into the warm water. What happens? Describe. 

_________________________________________________________________________ 

Let the vial cool to the room temperature. What happens? Describe. 

_________________________________________________________________________ 

The material in the vial has three phases close to the room temperature. At 0°C is a crystal, 
that is a yellow or white powder-like material. The content of the vial is a yellow or white 
milky liquid, depending on material at room temperature and it is a transparent brown or 
colourless liquid in rather warm water. The milky liquid is the liquid crystalline phase. 
Materials that have a liquid crystalline phase between the crystal and the liquid phase are 
called "liquid crystals". Liquid crystals have special properties in a liquid crystalline phase: 
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they flow like liquids and are therefore easy to manipulate with external fields. They are 
anisotropic like crystals.  

     

      
 (a) (b) (c) 

Figure 4. Liquid crystal (a) in the crystalline phase, (b) in the liquid crystalline phase, and 
(c) in the isotropic phase. Below are cartoons presenting structure of elongated molecules 

in each of phases 
 

Activity 3: What kind of special properties do liquid crystals have? 

Liquid crystals are formed of elongated molecules. In the liquid crystalline phase the long 
molecular axes are ordered in one direction. Cartoons like in Fig. 4 are usually used to 
present the structure in the three phases: the crystalline (a), the liquid crystal (b) and the 
isotropic phase (c). Ellipsoids present elongated molecules. 

The phenomena that may be illustrated by liquid crystals in school related to special 
properties of the nematic liquid crystalline phase that is used in a display are 

- Anisotropy in general: molecules interact in different directions in a different way with 
other molecules, external fields and surroundings in general. This property is used for 
special the structure of the liquid crystal in the pixel.  

- Optical anisotropy: liquid crystals are birefringent that is, the refraction index depends on 
the polarization of light and on the direction of light propagation. This property is used to 
influence the polarization state of transmitted light.  

- Anisotropy in dielectric properties that is, elongated molecules tend to align with the 
molecular long axes parallel to the electric field. This property is used to control the 
structure of the liquid crystal within the pixel with applied voltage across the cell. The 
intensity of transmitted light through the cell depends on the structure of the liquid crystal 
within the cell and in this way the transmission is controlled. 

 30 



Mojca Čepič: Liquid crystals 

 

For full comprehension of anisotropic properties of liquid crystals let us first perform few 
activities related to the polarization of light. 

 

a) Polarizers and the linearly polarized light 
Take the polarizer (a dark plastic sheet) and observe the surroundings through it. For each 
observation slowly rotate the polarizer for 180° around the normal to the sheet. Observe 
the following: the lights and the day light, the light reflected on the tables, your colleague 
observing you through the polarizer, your computer screen. Describe your observations of: 

day light _________________________________________________________________ 

reflection from the table  ____________________________________________________ 

your colleague ____________________________________________________________ 

the computer screen ________________________________________________________ 

 

The light transmitted through the polarizer is linearly polarized, that is the electric field in 
the electromagnetic wave oscillates in one direction only. This direction is called the 
transmission direction of the polarizer. The incident light having components of electric 
field in the electro-magnetic wave perpendicular to the transmission direction is partially 
absorbed. The non-polarized light is always partially absorbed and the intensity of the 
transmitted light does not depend on orientation of the polarizer, however the direction of 
the polarization does. If incident light is linearly polarized, the intensity of the transmitted 
light depends on the orientation of the polarizer and is completely absorbed if transmission 
direction of the polarizer is perpendicular to the polarization of the incident light. In this 
way the polarization of incident light is determined.  

If the incident light is not completely absorbed for any of polarizer's orientations, the light 
can have other properties then being non-polarized. The light could be a mixture of linearly 
polarized light and the non-polarized light. Such properties has the reflected light. On the 
other hand, light could be a sum of two mutually perpendicularly polarized wave of the 
same wavelength that are phase shifted. Such light is called the elliptically polarized light 
for general phase shifts and the circularly polarized light for the phase shift ±π/2. The 
light with such properties is easily obtained if linearly polarized light is transmitted 
through a transparent anisotropic material such as an overhead transparency, adhesive tape 
or a liquid crystal. With a simple experiment using one linear polarizer only the elliptically 
polarized light cannot be distinguished from the partially polarized light and the circularly 
polarized light cannot be distinguished from the non-polarized light. Other experiments are 
needed that are not a subject of discussion here.  

Illustrations of various phenomena related to polarized light can be studied by EMANIM 
[2]. 

 

What happens if the non-polarized light passes the polarizer? 

_________________________________________________________________________ 

What happens if the linearly polarized light passes the polarizer? 
_________________________________________________________________________ 
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How could you find the plane of polarization if you know that the light is linearly 
polarized? What do you need for it?  

_________________________________________________________________________ 

Determine the direction of light polarization emitted from the computer screen. Describe 
the procedure.  

_________________________________________________________________________ 

_________________________________________________________________________ 

 

To resume: The polarizer is a plastic material that absorbs light with one component of 
electric field and does not absorb the light with a component of electric field perpendicular 
to this direction. The transmitted light is linearly polarized in one plane that is usually 
given as the transmission direction of a polarizer.  

The polarizer can be used for the analysis of the polarization state of light. If used in this 
sense, the polarizer is called the analyser. The light is linearly polarized if one orientation 
of the analyser exist for which the light is completely absorbed. The polarization plane is 
perpendicular to the transmission direction of the analyser in this case.  

 

b) Anisotropic materials between crossed polarizers 
Combine two polarizers. Cross them. Two polarisers are crossed when they appear dark. 

Insert various objects between crossed polarizers: a glass slide, a piece of transparent foil, a 
piece of tape glued on the glass, a drop of water, a glass cell with liquid crystal. Rotate 
slowly the objects (except the drop of water ;-) between crossed polarizers for 180°. 
Describe the observation: 

a glass slide 
_______________________________________________________________________ 

a transparent foil 
_______________________________________________________________________ 

a transparent adhesive tape 
_______________________________________________________________________ 

a drop of water 
_______________________________________________________________________ 

a liquid crystal cell 
_______________________________________________________________________ 

For some samples the light is transmitted through the sandwich of the material between 
crossed polarizers. Such materials are anisotropic. For anisotropic materials two 
orientations of crossed polarizers exist for which they appear dark in spite of being 
anisotropic. Find these two orientations for the foil, for the tape and for the liquid crystal. 
Mark them on the foil and on the tape and remember them for the liquid crystal. 
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The light propagating in each direction splits into two linearly polarized beams having 
mutually perpendicular direction and different, direction dependent refraction indexes in 
general.  

To show this property, material has to be thick or has to have a shape of the prism.  

 

c) Ordering liquid crystals 
To demonstrate the splitting of the light beam into two perpendicularly polarized beams 
and to determine the polarization of both beams, liquid crystal has to be ordered. Usually 
elongated molecules order in clusters with radii of several hundreds of µm having average 
long molecular axes in different directions (see Fig.5 (a)). Refractive indexes for a certain 
direction of incident light are different in different directions; therefore the light is 
reflected and refracted in different directions on domain walls between clusters giving the 
liquid crystal a milky appearance. 

(a)  

(b)  

(c)  

Figure 5. (a) The light scatters on domain walls between clusters of a liquid crystal 
oriented in different directions. (b) Planar alignment of elongated molecules in the cell. 

(c) Homeotropic alignment of molecules.  

To prevent scattering of light (Fig. 5a) and to reveal anisotropic properties of liquid 
crystals, molecules have to be ordered in the same direction and clusters have to be 
eliminated. Two typical orderings are seen in Fig.5 and are called (b) the planar ordering 
and (c) the homeotropic ordering.  

Let us first fabricate a disordered (the cell without any specific orientation of molecules 
within clusters) and the planar cell. 

Disordered cell: Take a microscope slide. Add 1 cm apart a layer or two of an adhesive 
tape as seen in Fig.6 (a). Tapes control the distance between the two slide glasses of the 
cell. Put a small drop of a liquid crystal onto the slide (Fig. 6(b)) and cover the drop with a 
cover slide (Fig.6 (c)). Insert the cell between crossed polarizers and observe the cell under 
the regular microscope usually used at biology lessons. It is better to use the mate schotch 
or similar adhesive tape to prevent the confusion of students as tapes are anisotropic as 
well. 

 33 



Dílny Heuréky 2014 / Heureka Workshops 2014 

 

Figure 6. (a) Tapes allow the control of distance between the slides. (b) A small drop of a 
liquid crystal is enough. (c) Cover slide is paced as a bridge between both layers of the tape 

on the drop of the liquid crystal. 

Describe your observations: 
_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

Planar cell: First prepare the slides. Take one new object and one new cover slide from the 
box or clean them with alcohol. Rub the clean surface with a fabric in one direction. 
Direction of rubbing determines the direction of long molecular axes as molecules align 
along micro scratches in order to increase the contact with the glass. Use the rubbed 
glasses in the same procedure as before. Take care that both rubbed surfaces are in the 
interior of the cell and that both surfaces are rubbed in the same direction. Observe the cell 
between crossed polarizers under the microscope. 

Describe your observations: 
_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

One can also heat the cell with a hairdryer. Keep the cell between crossed polarizers under 
the microscope and heat it. Observe the cell with a liquid crystal during the heating and 
during the cooling. What happens? 

Describe your observations: 
_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 
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d) Double refraction in liquid crystals 

(a)   (b)  (c)  

Figure 7. (a) The doubled text is seen through the anisotropic calcite due to double 
refraction. (b) The schematic representation of double refraction through a regular cell. As 
the cell is thin, the laser beams do not spatially separate as for thick calcite crystals. (c) For 

nonparallel slides (the prism), direction of both beams is not parallel after transmission 
allowing for space separation of beams.  

 

The phenomenon that each light beam splits into two mutually perpendicularly polarized 
beams during the propagation through an anisotropic material can be demonstrated by a 
prismatic liquid crystal cell (Fig. 7c). The cell is assembled in the same way as the planar 
liquid crystal cell in the previous activity with one difference. The spacer, the layers of 
tapes are at one side only and more layers of the tape are used (4 at least, there could be 
also 6 to 10). The glasses should be rubbed along the wedge of the prism. Leave the cell 
for few minutes that internal structure of liquid crystal stabilizes. 

Shine with the laser beam through the cell. What happens with the beam? 

_________________________________________________________________________ 

Determine the polarization of both beams. Describe the process of polarization 
determination. Draw the experimental setup.  

_________________________________________________________________________ 

_________________________________________________________________________ 

 

The long molecular axes are oriented along the rubbing direction.  

What is the orientation of the polarization plane for a beam that is refracted more with 
respect to the long molecular axes?  

_________________________________________________________________________ 

What is valid for orientation of the polarization plane for the less refracted beam?  

_________________________________________________________________________ 

 

Two phenomena shown in previous experiments demonstrate special properties of 
anisotropic materials using liquid crystals as an example. The double refraction 
demonstrates existence of two refractions indexes for two mutually perpendicularly 
polarized beams. However, the function of the display is based on transmission of light 
through an anisotropic material between crossed polarizers. 
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Activity 4: Modelling the liquid crystal display 

Transparent foils or adhesive tapes have very similar properties as liquid crystals. For 
experiments in school they are easier accessible than liquid crystals and also easier 
manipulated. However, one has to be aware of similarities and differences. 

a) Take a cell with a liquid crystal, sketch it below and mark the two orientations of 
crossed polarizers for which the cell appears dark. Repeat the same experiment with a 
transparent adhesive tape. Mark both directions on the tape. Prepare five to nine tapes in 
this way.  
Take a glass plate and glue the adhesive tape marked with the marked cross to it. Glue the 
next marked tape on the first one rotated for an angle 10° to 15°. Continue with the rest of 
the tapes so that marked directions on tapes rotate for 90° from the first to the last foil. 
Insert the stack between crossed polarizers. One of the two directions marked on the first 
and on the last foil in the stack should correspond to the transmission direction polarizers. 
Observe through this structure the red, the green and the blue light from the computer 
screen showing the last PPT slide. Have the colours similar or different brightness? 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

b) Glue another stack of tapes on the glass plate, this time let them be parallel. Insert them 
between crossed polarizers having crosses under 45° with respect to transmission 
directions. Observe the colours on the screen again. Compare the brightness of screen 
colours. 
_________________________________________________________________________ 

 

The Activity 4 determines polarizations of the two waves to which the incident light splits. 
If the incident light is polarized in the same direction (the light transmitted through the first 
polarizer) as the polarization of one of the beams, the light is transmitted without changes 
of the polarization state. It is therefore absorbed at the second (crossed) polarizer. The 
cross on the tape therefore marks these two directions of polarization. For any other 
direction of polarization of the incident light, the beam splits to two with mutually 
perpendicular polarizations and the phase shift between the two is present after 
transmission through the anisotropic material. The beam is elliptically polarized in general 
with few exceptions mentioned before. For phase shift being an odd multiple of π/2, the 
light is circularly polarized, for any multiple of π, it is linearly polarized. In Fig.8 it is easy 
to see effects of the orientation of the polarization of the incident beam given by ϕ and the 
effects of the phase shift between the two perpendicularly polarized beams given by δ. It is 
clearly seen that for general angle ϕ (the angle not equal to 0, π/4 or π/2) the light becomes 
elliptically polarized and the long axis of the ellipse is rotated. This phenomenon is 
investigated by the structure of rotated tapes. The rotation of the ellipse from the layer to 
the layer is very similar to all wavelengths of light. On the other hand, the phase difference 
or the phase shift δ between the beams is proportional to the thickness of the anisotropic 
material. As the phase difference δ=Δn·d/λ (Δn is the difference between the two refraction 
indexes for two polarizations, called also birefringence, d is the thickness of the anisotropic 
material and λ is the wavelength of the light in the vacuum) depends on the wavelength λ 
and therefore the polarization state of light as well. The second of crossed polarizers 
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absorbs light of different wavelengths differently. Such a selectivity is not appropriate for a 
display device.  

 

Figure 8. The incident beam on an anisotropic material is linearly polarized. The angle ϕ is 
formed between the linear polarization of incident beam and one of beams in an 

anisotropic material. Effects of the phase shift δ due to the transmission through an 
anisotropic material is shown. 

The model presented in the Activity 4 illustrates the reason for the helical structure of 
liquid crystals in the cell seen in Fig. 3. It is obtained by rubbing the two glasses one 
perpendicular to the other and in the same direction as transmission directions of polarizers 
glued on the glass. Both glasses of displays are covered with a very thin layer of 
conductive material and the voltage can be applied between the two glass plates as in a 
regular capacitor. Elongated molecules polarize in the electric field along the long 
molecular axes and tend to orient parallel to the electric field. If the electric field is applied, 
the structure begins to deform (like in the middle part of the pixel in Fig. 3) and molecules 
align almost completely along the electric field for high electric field (like in the right part 
of the pixel in Fig. 3). The structure of the liquid crystal on the left (red part of the pixel) 
rotates the polarization of the light polarized by the upper polarizer for 90° to the lower 
polarizer. After transmission through the liquid crystal, the light is polarized parallel to the 
transmission direction for the second polarizer, it is not absorbed and the part of the pixel 
is bright. The structure on the right (for the blue part of the pixel) does not affect the 
polarization state of light at all, as the structure is symmetric with respect to the 
polarization, and the second polarizer absorbs the light completely. The blue part of the 
pixel is therefore dark. The structure of the liquid crystal in the middle (for the green part 
of the pixel) partially affects the polarization state of the light and the light it is only 
partially absorbed. By applying different voltages to pixel's parts, the brightness is 
controlled. By inserting the numbers for colours between 0 and 255 in the RGB colour 
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determination palette one actually defines the voltage on the pixel, being 0 V for 255 and 
maximal, about few V for 0. 

Activity 5: Synthesis of the liquid crystal 

This part could be considered as an activity and the synthesis is performed by students, or 
could be taken as the recipe for the synthesis done by a teacher to prepare the material for 
the later use. The synthesis is not difficult. Students at Faculty of Education, the future 
primary school teachers were 100% successful in the synthesis in their chemistry lab.  

 

Figure 9. The synthesis of MBBA expressed in chemical formulae. 

Liquid crystal MBBA N-(4-metoxibenzylidylen)-4-butylanylin was the first liquid crystal 
exhibiting a nematic phase at a room temperature. It belongs to a group of nematic liquid 
crystals, which are the simplest liquid crystals to synthesize and is most useful for the 
teaching purposes from various aspects. Details about the synthesis given in Fig. 9 were 
published in [3], here the procedure is only shortly resumed. Synthesis is easy and it is 
successful even if students without any experiences in chemistry attend to it. The synthesis 
takes around 90 minutes. There is some spare time due to the rinsing of the liquid crystal, 
therefore it is good to combine the synthesis of a liquid crystal with other activities. The 
only problem for pre-university institutions could be a fume hood that is necessary.  

The mixture of 4-butylaniline p-anisaldehyde in the ration 1.48:1.37 is carefully heated for 
20 minutes. The reaction is checked from time to time by putting a small drop of product 
on the glass and cooling it to the room temperature. It should become cloudy after few 
seconds. It is the sign of a successful synthesis. The mixture is than cleared by toluene and 
the aqueous solution of acetic acid. The rinsing is repeated several times. Transition 
temperatures are measured in water bath. For educational experiments it is enough if the 
melting temperature is close to 20°C and the clearing temperature close to 40°C. The 
refined product is prepared to be used in experiments. 

3. Conclusions 

The contribution suggests a set of activities leading to understanding of liquid crystal 
display operation. Activities could be used to illustrate and give additional information to 
several topics in teaching physics. For example: the new liquid crystalline phase could be 
shown when teaching phase transitions and the fact that properties like cloudy appearance 
of the liquid remain the same for several degrees of temperature indicates the existence of 
a new phase. Polarizers are traditionally studied when electromagnetic waves are 
discussed, but polarizers can be used to show that light beams in anisotropic materials are 
polarized. The law of refraction is used for determination of refraction indexes of a liquid 
crystal in the wedge cell. The colour math can be discussed when teaching colour vision 
and can be illustrated by studying LCD magnification.  

Several of activities could be extended to projects involving more demanding 
measurements and observations. More about liquid crystals, experiments with liquid 
crystals appropriate for school, and experiments that illustrate phenomena characteristic for 
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liquid crystals but use other easily available materials are presented in [4] and could be 
used as a source of ideas for further work. 
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