DESIGN, SYNTHESIS, CHARACTERISATION OF NOVEL MAGNETIC NANOPARTICLES 
FOR BIOMEDICAL APPLICATIONS
DR NGUYEN TK THANH
Royal Society University Research Fellow, Reader

The Davy-Faraday Research Laboratory, The Royal Institution of Great Britain
Department of Physics and Astronomy, Univeristy College London.

Email: ntk.thanh@ucl.ac.uk
    ----------------------------------------------------------------------------
Magnetic nanoparticles (MNP) have been attracting great interest due to their potential applications in healthcare, such as hyperthermia treatment of solid tumours, magnetic resonance imaging (MRI), and targeted drug delivery. One of my research interests is to produce new magnetic nanomaterials, with novel properties for high-sensitivity MRI and efficient magnetic fluid hyperthermia treatment. We have developed fabrication method for novel bio-compatible MNPs using “wet chemistry”. Besides the possibility to obtain a large scale of product, chemical syntheses also permit the control of morphology and size of NPs which allow further manipulations such as bio-functionalisation. We are developing different synthetic methods using single or bimetallic precursors to fabricate MNPs with enhanced intrinsic magnetic responses of NPs. 

Current chemical synthesis produces excellent transition metal MNPs, but these are only soluble and stable in organic solvents. In water these NPs rapidly (minutes) deteriorate and lose their magnetic properties. Single transition metals (e.g., Co) or alloys (e.g., CoFe) have exceptional magnetic properties which hitherto have not been accessible to the aqueous and biological worlds. In our group, we have synthesised water-soluble Co NPs using an alkyl thioether end-functionalised poly(methacrylic acid) which has shown enhanced MRI relaxivities. 

The marco-molecule ligands (e.g., peptides, polymer) lend themselves to the design of novel surfaces and, importantly, gaining access to new composition and shapes of water soluble MNPs. The bio-molecule toolbox would allow these materials to be used in those environments. My group have successfully synthesised water-soluble CoPt using peptides. They are extremely stable in physiological conditions (for at least a few months). Antibodies could attached to these NPs for further biological studies.
In a nanoscale object, shape is an additional feature, control of which allows the physical properties of the material to be tuned so as to maximise its uses in applications. For biomedical applications, shape-variant NPs have immediate utility in biomedical immuno-electron microscopy (EM). Shapes with tunable sizes in the range 5-15 nm dramatically increase labelling options that are currently limited to 5, 10 and 15 nm spherical NPs. This means that many more protein or lipid targets can be simultaneously labelled within a single sample, allowing direct comparison of members of signalling networks or multi-subunit molecular machines. Incorporating other features such as magnetism opens the way for correlative approaches between in vivo imaging and high-resolution EM analysis. 
We have succeeded in generating monodispersed anisotropiccally shaped MNPs of different compositions in the range of 5-50 nm. The heating capacity depends on (i) the size of a chosen composition of MNPs, (ii) the composition of the MNP of the same size, and (iii) shape anisotropy. We would like to carry out systematic studies of these materials to look for the best candidates for hyperthermia cancer treatment. 
[image: image1.jpg]0. o208,
o

1OV
a..c*;‘f:n




[image: image2.jpg]



Figure 1. TEM images of 12 nm FePt nanocubes and 15 nm FePd tetragonal shape NPs .
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