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Synthesis of Liquid Crystal Compounds and Studies of Their Phase Transition Properties

I. Synthesis of Cholesteryl benzoate


Cholesteryl benzoate is known to exhibit cholesteric (chiral nematic) liquid crystal phase.  It can be synthesized by the reaction between cholesterol and benzoyl chloride in the presence of pyridine, which serves both as the solvent and base.

[image: image4.png]



Reagents

Benzoyl chloride

Cholesterol

Pyridine

Ethyl acetate

2-Ethoxyethanol

Caution: Benzoyl chloride is a corrosive and irritating liquid.  Pyridine possesses health hazards and has a very bad smell.  The reaction must be performed in a fume hood.

Procedure


Dissolve 3.1 g cholesterol and 1 mL benzoyl chloride in 10 mL pyridine in a 50 mL round bottom flask.  Place a condenser on the flask and reflux the solution for 30 minutes.  Cool down the solution in air and filter the crude product by suction filtration.  Wash the solid with small amount of cold pyridine followed by small amount of cold ethoxyethanol.  The product can be purified by recrystallizing the solid with ethyl acetate (25-40 mL is needed).  Collect the final product by suction filtration.

II. Synthesis of a room temperature nematic liquid crystal, p-methoxy-benzylidene p-n-butylaniline (MBBA)


This compound exhibits a relatively low melting temperature (18 °C) and has a nematic liquid crystal phase at room temperature.  This type of aromatic imines (Schiff’s bases) can be easily synthesized by the reaction between carbonyl compounds with amine derivatives.  The reactions usually require acid catalyst, but in the presence of absolute ethanol, MBBA forms rapidly on heating and yields around 90 % are obtained.  You may design other similar mesogens by varying the length of the substituted alkyl chain and study the change in their phase transition temperatures.
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Reagents

p-Methoxybenzaldehyde

p-n-Butylaniline

Ethanol

Diethyl ether

Procedure


p-Methoxybenzaldehyde (6.8 g) and p-n-butylaniline (7.5 g) are placed in a 25 mL round bottom flask fitted with a reflux condenser.  5 mL of absolute ethanol and a few boiling chips are added and the solution is refluxed for 1 hour.  The flask is then set up for distillation and the ethanol-water azeotrope is removed.  The yellow, opaque MBBA remaining in the flask is taken up to 40 mL of ether, dried over anhydrous sodium sulfate, and filtered.  The MBBA may still contain a small amount of impurities (residual ethanol, water, ether, starting materials) that serve to lower the phase transition temperature.  However, it is sufficiently pure to exhibit the characteristic properties of the nematic mesophase.  For a pure compound, one needs to vacuum distill and dry over P2O5.

III.  Characterization of liquid crystalline materials


The properties of a liquid crystal phase can be studied by observing the optical texture under a polarized optical microscope.  Please small amount of crystals on a microscope glass slide.  Cover the material with a piece of cover glass.  Place the glass slide on a heating stage and increase the temperature slowly.  Observe the changes when the sample is heated near the transition temperature.  Please note that some liquid crystals exhibit more than one type of liquid crystal phases.  The phase transition temperature(s) and the enthalpy of transition(s) can be determined accurately by a differential scanning calorimeter (DSC).

Question


The enthalpy of transition (H) from crystalline phase to nematic phase is usually greater than that from nematic phase to isotropic phase.  Why?
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Schematic diagram of a polarized optical microscope with heating stage.
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