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ABSTRACT 

 An experimental examination of the glass transition temperature in 

nanocomposite materials was performed as a function of nanofiller content and distance 

from the nanofiller surface.  Solution blending followed by precipitation and compression 

molding was successfully used to create nanocomposites with silica concentrations of 

two and five percent by weight and to provide adequate dispersion of the nanoparticles 

within a poly(methyl methacrylate) (PMMA) matrix.  Modification of the nanoparticle 

surfaces was completed through covalent linking of silane molecules to which fluorescent 

probes or flexible molecular spacers were covalently bound.  Results from the 

nanocomposite characterization indicate that the actual compositions of the samples were 

1.210 ± 0.569 and 5.290 ± 0.750 percent silica by weight, indicating that the chosen 

method of processing is effective but with error.  Glass transition temperatures (Tg) of the 

bulk were measured using differential scanning calorimetry (DSC) for each sample.  

Values for the nanocomposite samples were found to be higher than that of the neat 

PMMA, but the increases were irrespective of the nanofiller concentration.  This 

indicates that the error in processing the nanocomposites does not contribute significantly 

to the bulk glass transition temperatures. Fluorescence spectroscopy was used to 

determine the Tg of the local environments of probes at different distances from the 

nanoparticle/polymer interface.  Using the steady state measurements, the Tg when using 

the same fluorescent probe was found to directionally decrease with increasing distance 

from the interface as determined from the integrated intensity and the first moment of the 

emission band.  This is agreeable due to the presence of hydrogen bonding between the 

nanofiller and the matrix.  With different probes, though, a different response to the local 

environment may be recorded in the matrix which prevents a direct correlation between 

the probe distance from the interface and the Tg.  Fluorescence measurements taken 

simultaneously with the DSC thermal scan did not produce a clear trend due to potential 

sources of error involving the equipment used.  Other sources of error for both 

fluorescence spectroscopy methods involve the flexibility of the surface modifier grafted 

to the nanoparticle, which allows for potential movement of the modifier and prevents 

accurate correlations between the distance from the interface and the observed glass 

transition. 


