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STUDIES ON HELICOIDAL BEHAVIOR OF CHOLESTERIC LIQUID CRYSTALS
FOR AROMA-MODIFIED CHITOSAN DERIVATIVES

By: Yusong Wu

Department of Materials Science and Engineering, Xiamen University, Xiamen, 361005
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Studies on Helicoidal Behavior of Cholesteric Liquid Crystals for

Aroma-modified Chitosan Derivatives

ABSTRACT: Designed side-chain substituents with aromatic groups (phthaloyl or benzyl etc.) were
introduced at preselected positions of the sugar rings of chitosan molecules, which resulted excellent
solubility for these derivatives in many commom organic solvents such as dimethyl sulfoxide (DMSO),
N,N-dimethylformamide (DMF), Chloroform and tetra hydrofuran (THF) etc.

One of the derivatives with a structure of N-phthaloyl chitosan (PhthCS) was used to study the
thermotropic phase transition of lyotropic liquid crystalline phases in DMSO. A distinct sol-gel transition in
addition to a liquid crystal-isotropic transition was observed by means of differential scanning calorimetry
(DSC). The formation of liquid crystalline mesophase took place prior to gelation while increasing the
polymer concentration in isotropic solution. A phase diagram on concentration vs. temperature was then
plotted for this system, which revealed that the sol-gel transition temperature (Tsorge1), as well as the
anisotropic-isotropic transition temperature (Taniso-iso), Showed significant dependent on polymer weight
fraction.

Optical techniques such as Circular dichroism (CD), optical absorption spectroscopy, and polarized
light microscopy were employed to study the critical concentration and the helicoidal twist behavior of these
modified biological macromolecule-solvent cholesteric liquid-crystalline systems. Two kinds of chiral
structure were discovered in these mesophases: twisted layer structure in the supermolecule level and
helicoidal confirmation in the molecule level. The helicoidal twist sense and the twisting power were studied
in a series of solutions with different concentration (from 1% to 65%) and in different solvents. The results
indicated that the handedness of the supermolecule structure, as well as the chiral molecule confirmation
changed from left-handed to right-handed as the polymer concentration increased for both of the
PhthCS/DMSO and PhthCS/DMF systems. The pitch of the cholesteric (P) was determined as a function of
polymer concentration for N,O-benzyl chitosan/dioxane lyotropic solutions. A larger pitch was found in a
more concentrated solution. The helicoidal twist sense was found to be different for N,O-PheCS in
chloroform, acetic ester, THF and dioxane in a concentration of 65% respectively, which indicated that the

interaction between polymer and solvent plays an important role in the formation of helicoidal structure.



A thermoplastic chitosan derivative—N,O-benzyl chitosan was prepared.

KEY WORDS: Chitin, Chitosan, N-phthaloyl chitosan, N,O-benzyl chitosan, aroma-modified chitosan,
Lyotropic liquid crystalline, Cholesteric phase, Circular dichroism (CD), Selective reflection, Handedness,

Pitch, Thermotropic phase transition, Gel-sol transition, Phase diagram, Thermoplastic
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