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Liquid Crystals in Education 

The Nematic-Isotropic Transition 
Thomas M. Ciferno and Renata Marroum 
ALCOM Outreach, Liquid Crystal Institute, Kent State Universit)! Kent, Ohio 44242-000 1, USA 

e describe simple classroom experiments that can W model the nematic phase, the first order nematic- 
isotropic phase transition, and the effect external stimuli, 
such as surface treatment, have on the phase transition. 
These experiments are suitable for the high school level 
but can be easily adapted to fit the middle school math- 
ematics and science curriculum. With even more 
simplification, it can also be used to fit the elementary 
level to qualitatively demonstrate the total loss of order 
as a liquid crystal melts into a liquid. 

Experiment no. 1 - The order parameter of a two-dimensional 
system 
Ten toothpicks are used to represent a collection of LC molecules. 
The students simply drop the bundle of toothpicks from a height 
of 10cm onto a sheet of notebook paper. From such a low 
height, the toothpicks will fall on the paper with a preferred 
direction. Using the lines of the notebook paper as a convenient 
reference, the students can record the angle, a, that each 
toothpick makes with these lines. Each angle will have a value 
such that 0 O< a < 180" when measured counter clockwise. 

The students can then calculate the average angle (aaw) that 
the toothpicks make with a line. This average angle represents 
the direction of the nematic director. By subtracting each 
recorded angle from aavg, each molecule's deviation from the 
director can be found and substituted into the expressions 

(1) 
(2) 

where n represents the total number of toothpicks. Note that 
equation (1) is a special case of the three-dimensional result 5 = 
<+( 3 cos' 8 -  1)> when restricted to  two dimensions. It could 
be very advantageous for the class to combine their 
measurements for a larger sample. Students can perform 
calculations for such a collection of data using a spreadsheet 
such as Quattro Pro or Lotus 123. Results of 10 data points can 
be seen in Table 1 
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Experiment no. 2 - Simulation of the nematic-isotropic phase 
change 
One important area of research in the study of liquid crystals is the 
determination of phase transition temperatures. That is to say, 
scientists are very interested in seeing what happens to the order 
parameter of a LC sample as thermal energy is added to or 
subtracted from the system. A simulation of this experiment can be 
easily accomplished by performing the experiment described above 
for different drop heights. The difference of height, such as 
heating, represents an addition of energy to the system. Just as an 
increase in thermal energy causes increased disorder in the liquid 
crystal sample, a greater amount of gravitational potential energy 
will cause the toothpicks to  strike the paper a t  a higher velocity 
yielding a less ordered system. The results for 40 toothpicks 
dropped from heights ranging from 10cm to 60cm in 1Ocm 
increments are graphically represented in Fig. 1 .  
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Figure 1 .  Order parameter as a function of drop height. 

Experiment no. 3 - Simulation of the effect of surface treatment 
on the transition temperature of a nematic liquid crystal 
Another simple simulation can be performed in the classroom to 
demonstrate the effect that surface interactions have on the 
alignment of liquid crystal molecules. One reason for this interest is 
the fact that control of the molecular alignment at the surface is 
vital to the operation of liquid crystal displays. Once again the 
experiment is the same as that first described with the exception 
that the toothpicks are dropped between two boards which are 
2cm apart. Keeping the drop height constant, the board spacing 
can be increased and its effect on the order of the system studied. 
A plot of the results of such an experiment for 40 toothpicks can 
be seen in Fig. 2 overleaf. 

Table 1.  Determination of the order parameter 
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The above results were obtained by Thomas Ciferno and Renata 
Marroum during the 1994 Summer Teacher Intern held at the 
Liquid Crystal Institute at Kent State University. Thomas Ciferno 
is a science teacher at Bedford High School, Bedford, OH, and 
Renata Marroum is the Education Outreach project Coordinator 
for NSF Science and Technology Center for Advanced Liquid 
Crystalline Optical Materials (ALCOM), Liquid Crystal Institute, 
Kent, OH. 

figure 2. Order parameter as a function of barrier spacing 

Director of the Liquid Crystal Institute 
Kent State University 

Applications and nominations for the Director of the Glenn H. Brown Liquid Crystal Institute at Kent 

State University are solicited. The current director, William Doane, is retiring after 30 years of 

service to the University and the Institute. The Liquid Crystal Institute, which has a long history of 

performing research related to the science and technology of liquid crystals, is funded by a 

combination of State of Ohio and Federal funds at the level of $4 million/year. Approximately, 90 

faculty and students are supported by the Institute. In addition to its research mission, the Institute 

offers a doctoral program in chemical physics. The Director of the Liquid Crystal Institute also 

serves as the Director of the Advanced Liquid Crystal and Optical Materials (ALCOM) Science and 

Technology Center, a consortium of Kent, Case Western Reserve University and The University of 

Akron, which is jointly supported by the National Science Foundation and the State of Ohio. 

The successful candidate must present scientific and research qualifications which will support 

appointment to a tenured position in one of the academic departments at the University and 

sufficient administrative experience to support an appointment as the Director of the Liquid Crystal 
Institute. The Director reports to the Vice Provost and Dean for Research and Graduate Studies. 

Letters of nomination and application should be sent to: 

LCI Search Committee 
c/o Vice Provost and Dean 

Research and Graduate Studies 
Kent State University 

Kent, Ohio 44242 

Completed applications consist of a letter which expresses interest in the position and summarizes 
the candidate’s qualifications , a current cv, and threee letters of reference sent to the address 

above. 

Review of applications will begin on January 15, 1996 and will continue until the position is filled. 
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