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A green chemistry approach to fluorescence: Silica nanoparticles encapsulated dyes

Fluorescence spectroscopic applications often require the use of extrinsic fluorophores when intrinsic fluorescence of the molecule of 
interest is weak or in a spectral region that is prone to interference in the matrix. Introducing extrinsic fluorophores in the molecule of 

interest may require chemistry that utilizes reagent that is less environmentally friendly. Fluorescence intensity of a single molecular label 
can be relatively weak requiring larger amount of chemicals. All these concerns may be alleviated by encapsulating fluorophores in silica 
nanoparticles. Silica nanoparticles are biologically and environmentally friendly and can be designed for many applications. Covalently 
copolymerized dyes in silica nanoparticles are free from leaching. Even non-covalently encapsulated dyes are often virtually leached free. 
The outside of the silica nanoparticles can be designed for any labeling chemistry. The encapsulated dye can serve as a simple reporting label 
or as a sophisticated molecular probe. Due to the large number of dye molecules that can be encapsulated in a single silica nanoparticle the 
number of labels needed for detection is very small requiring minimal amount of chemicals. Silica nanoparticles synthesis is conducive 
for the introduction of covalently copolymerized fluorescent dyes by using modified TEOS reactive analogues that are widely available. 
The outside layer of the silica nanoparticle surface can serve as chemical reagent or sensor. For example we can change the hydrophobicity 
or pH sensitivity of the silica nanoparticle surface this way. This study reports how surface properties of fluorescence silica nanoparticles 
were modified by adding hydrophobic or hydrophilic molecules to achieve biocompatibility. Surface hydrophobicity controlled fluorescent 
silica nanoparticles are excellent for the detection of latent fingerprints. Surface modified silica nanoparticles can be utilized in capillary 
electro chromatography using amino acid-bonded silica nanoparticles as pseudostationary phases for chiral separations. Copolymerization 
of multiple dyes or other molecules will also be discussed.
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