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RESEARCH INTERESTS

Synthesis of Phthalocyanine Compounds

Phthalocyanine (Pc) is a beautifully symmetrical 18 π-electron aromatic macrocycle, closely related to the naturally occuring porphyrins. Like the porphyrins, the Pc macrocycle can play host to over seventy different metal ions in its central cavity. Since its discovery over seventy years ago, Pc and its derivatives have been extensively used as colorants (dyes or pigments). More recently they have been employed in several 'hi-tech' applications such as the photoconducting material in laser printers and the light absorbing layer in recordable CDs. They are also used as photosensitisers in photodynamic cancer therapy, as nonlinear optical materials and as industrial catalysts. The synthesis and applications of Pc materials is a very dynamic and multidisciplinary field of research.

Phthalocyanine Liquid Crystals

Over the last few years we have synthesised many Pcs which form columnar liquid crystals. These materials are of interest for their ability to conduct electricity or light energy along the axis of the columns due to the non-covalent interactions between neighbouring Pc cores. Optical microscopy reveals the beautiful phases displayed by these molecules.

Phthalocyanine Photosensitizers

Photodynamic therapy (PDT) is an emerging cancer treatment that takes advantage of the interaction between light and a photosensitizing agent to produce reactive oxygen in cells. The mode of operation in PDT is based on visible light excitation of a tumor-localized photosensitizer. After excitation, energy is transferred from the photosensitizer (in its triplet excited state) to ground state oxygen (3O2), forming singlet oxygen (1O2). This process is the dominating initial elementary step of PDT, and it is followed by oxidation of cellular targets by 1O2; the so-called type II mechanism. The increasing popularity of this treatment method is largely due to its selectivity to destruction of tumor cells: only tissues that are simultaneously exposed to the photosensitizer and light, in the presence of oxygen, are the ones subjected to the cytotoxic reactions during PDT. Thus, under ideal circumstances only diseased tissues are eradicated, leaving the surrounding healthy cells undamaged. Since the first demonstration of the photodynamic action in 1900, great effort has been devoted towards the development of photodynamic therapy agents, which have specific light absorption and tissue distribution properties. A first-generation photosensitizer that has been accepted for clinical use is the hematophorphyrin derivative, Photofrin®. The clinical success of Photofrin® has inspired the development of new PDT photosensitizers, which could offer improvement in optical and chemical properties. Among the more promising second-generation photosensitizers that are currently being evaluated for PDT applications are the phthalocyanines (Pcs). Pc derivatives have favourable photophysical and chemical properties, which include strong absorbance at long wavelengths and chemical tunability through substituent addition on the periphery of the macrocycle or on the axial ligands. However, as with most photosensitizing agents, Pcs have poor solubility in water and tend to aggregate in aqueous solutions, which can result in loss of photochemical activity and affect their cell-penetrating properties. Investigation of the photophysical and photochemical properties of the Pcs are very useful in applications involving PDT, non-linear optics and optical limiters. To resolve this issue, nanoparticles are currently being explored as potential delivery systems for PDT photosensitizers. Nanomaterials that offer great promise in PDT applications are semiconductor quantum dots. Quantum dots (QDs) in the size range of 1-6 nm are not quite small molecules nor bulk crystals. The size of QDs gives them unique optical properties that can be precisely tuned from the UV to the infrared region by changing their size and composition. Their emission properties result from quantum-confinement effects and can be tuned to emit into the near-IR region as opposed to the visible emission of most conventional photosensitizers. Furthermore, due to their large transition dipole moment, QDs are strong absorbers, making them ideal agents for PDT applications. More importantly, the surface coating of QDs can be functionalized to make them both water soluble and biocompatible, which facilitates systemic delivery. Photosensitizers that are readily taken up by tumor cells are more efficient in tumor destruction. We have thus been involved in synthesizing functionalized photosensitizers for delivery to target cells. We have been studied photophysical and photochemical properties of the phthalocyanine compounds such as singlet oxygen quantum yields, triplet quantum yields and lifetimes, photodegredation quantum yields, fluorescence quantum yields and life times.

Synthesis of Oxime Compounds

vic-Dioximes have been abundantly used as chelating agent in coordination chemistry since the early 1900s. Due to the two oximate groups there are three geometrical isomers of the vic-dioxime that have to be considered for coordination. They are the anti- (E,E), amphi- (E,Z) and syn- (Z,Z) forms. Coordination via the N,N-chelation of the anti form (E,E) is however, the most generally encountered. This affords bis(E,E-dioximato) complexes that are square planar with transition metal cations such as nickel (II), copper (II) palladium (II) and cobalt (III), or square pyramidal and octahedral complexes when there are extra axial ligands. The stability of the planar structure is due to intramolecular O−H∙∙∙∙O hydrogen bonding between the two anti ligands.

Synthesis of Phospahazene Compounds

Cyclotriphosphazenes, (N=PR2)n,  are an important class of inorganic heterocyclic ring systems and their physical and chemical properties can be tailored by the choice of appropriate substituted (R) groups on phosphorus atoms.  They are usually prepared by nucleophilic substitution reactions of alkoxides, aryloxides, or amines on halocyclotriphosphazenes or high polymers as side groups.  The design of materials containing cyclotriphosphazenyl groups have attracted attention because of their special properties such as thermal stability, catalytic properties, electrical conductivity, liquid crystal and biomedical activity. We have been synthesized and characterized new phosphazene-phthalocyanine conjugates. 
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