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FCS Technique

A laser light is focussed into a sample of interest using confocal optics. In this manner, an open,
illuminated volume element with dimensions of ~0.5—1.0 um® (confocal volume) is created. At
any point in time, the confocal volume is occupied by one or only a few fluorescent molecules. In
the absence of chemical reactions or other dynamic processes, temporal fluctuations in the
measured fluorescence intensity in the confocal volume can be attributed solely to the
translational diffusion of the fluorescent particle. Variations in the fluorescence intensity are
analysed using an autocorrelation function that assumes a three-dimensional Gaussian
distribution, G(t). For example, for a one-component system in the absence of phosphorescence!':
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where a is the limiting value of G(t) for t — oo (usually a = 1), N is the average number of
fluorescent particles diffusing in the confocal volume, tp, is the characteristic diffusion time of the
fluorescent species through the sample volume, t is the delay time, and @, and z, are the
transversal and longitudinal radius of the sample volume respectively. The values of ®, and z, can
be determined by calibration of the system with Rhodamine 110 (R110, Fluka), which has a

known diffusion coefficient of 4.4 x 107" m? ¢!, [
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The values of diffusion times for the bare TiO, nanoparticles (labelled with R6G), and for the
Ti0O, nanoparticles complexed with SRFA were determined from a best fit of the autocorrelation
function that assumed a three-dimensional Gaussian distribution, and which was given as a
[3]

weighted sum of a number i of individual G; in the presence of phosphorescence
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where A =F / (1 -F ) . F corresponds to the fraction of molecules that resided in the dark state

at any time. Diffusion coefficients (D) were subsequently calculated from measured diffusion

times using the following relationship:

D = w; /47, (A3)
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