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Purpose of visit
Synthesis and investigation of multimodal particles under the topic “Multi-functional silica nanoparticles for biological applications” within the framework of the European Science Foundation (ESF) that involved use of different techniques aimed at achieving suitable particle diameter, superparamagnetism and fluorescence for cell uptake and subsequent tracking. 
‘Multimodal’ particles are nanoparticles which incorporate multiple sets of characteristics such as magnetism and fluorescence.
Description of the work carried out during the visit
Producing labelled magnetite silica architectures in order to enable researchers to track their uptake and fate both in vitro and in vivo. This has been accomplished by incorporating different types of fluorescent organic dyes within the particle matrix. Achieving good superparamagnetic properties and shell encapsulation was also important. Although there were significant experimental challenges with this approach, such as the potential for leakage of the dye and toxic products from the particles’ components under biological conditions, which confounds the nanoparticle uptake data as there is also uptake of the free dye. 
The magnetic particles are of interest as magnetic manipulation of the nanoparticle location inside cells presents unique possibilities in terms of particle isolation, translocation and therapeutic solutions. Magnetic silica architectures have been developed, mainly involving a magnetite core particle with a silica shell, with two main approaches - deposition of silica on magnetite seeds in a Stöber type process and following sonochemical approach. 
Description of the main results obtained
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The synthesis of the adolescent cores was done following well known synthesis [1] in alkaline media from ferric and ferrous salts. The as synthesised magnetic particles were organised into clusters by surface stabilisation resulting in suitable size for coating and high superparamagnetic properties. The above mentioned particles could be observed on figure 1.
Fig.1 – TEM images of 10nm magnetite nanoparticles, synthesised following Massart method.
Silica Shell
Firstly particles of silica doped with dye were synthesised in order to establish control over the silica hydrolysis. The above synthesised magnetite particles were used as seeds successfully in sonochemical process and Stöber type process. The final results were particles with magnetic properties, silica shell and size suitable for cell uptake. An important issue is the surface charge since the silica particles are very stable in aqueous media. The following graph 1 show results obtained by Cary 6000 UV-NIR-VIS and Fluorolog3. The two peaks - on graph 1a (580-740nm) and on graph 1b (670-850nm) confirm the presence of dye trapped inside the particles.
Dye Doping 
Prior establishing control over the core-shell structure and size of the particles, silica labelled particles were synthesised then the silica-magnetite structures were doped with dye. The particles showed good results in fluorescence properties using dyes like FITC and RITC, but difficulties were met in using IR-820. The following data express the structures and characteristics of labelled silica and silica-magnetite particles.
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Graph 1 – Near-infrared absorption and fluorescence characterisation of silica  

particles doped with NIR dye IR-820. 
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Fig.2 – TEM images of magnetite particles coated with FITC-labelled shell of silica.
[image: image6.png]


Graph 2 – Size distribution of magnetite cores, magnetite-silica particles and the labelled core-shell structures, done using Dynamic Light Scattering.
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Graph 3 – Absorption and fluorescence characterisation of FITC 

labelled silica particles.
The results show that the relevant magnetic and fluorescent properties may be imparted to the silica architectures while there are still improvements to be made in the homogeneity and monodispersity of the samples as evidenced by the broad size distribution in DLS and presence of undesirable structures in TEM. 
Synthetic Approaches
The approaches in the chemical synthesis were the Stöber method and sonochemical process, although microemulsion process was also briefly examined. The results from the sonochemical process surpassed the other methods in terms of synthesis speed, resulting particle size and particle stabilisation.

Projected publications/articles resulting or to result from your grant

Publications/articles may be forthcoming as these particle types are applied across biological investigations – the ESF and the collaborators will be informed and noted as expected.
Comments
Special regards to Prof. Kenneth Dawson, Dr. Eugene Mahon.
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