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Abstract 
Total internal reflection fluorescence microscopy (TIRFM) 

was used to observe monolayers of fluorescein iso-

thiocyanate isomer I (FITC) on glass surfaces.  Emission 

intensity spectra of adsorbed monolayers were measured 

using 488nm excitation light source.  Emission intensity, 

spectra, and photobleaching rates are all dependent on both 

the solution pH and the hydrophobic/hydrophilic properties 

of the glass surfaces. Near pH 7 hydrophobic surfaces give 

the strongest emission with rapid photobleaching.  At pH 5.5 

the situation is very different with what seems to be a photo 

activated enhancement of emission.  The variable emission 

properties arise from the various protolytic forms of FITC 

present in solution. The results demonstrate that stable 

FITC monolayers can be easily prepared and observed.  

 

1. Introduction 
TIRFM is widely used technique to observe events in 

nanometre scale due to extraordinary z-axial resolution and 

fluorescent signal enhancement owing to selective 

fluorophore excitation in the <50-100 nm nanometre zone 

above the surface.  Thus, TIRFM facilitates the selective 

observation of surface interactions such as protein-

biomaterial interactions.  Using the 488nm excitation light 

source and NA=1.45 oil objective we can selectively detect 

fluorescence signals from a ≈ 70 nm thick excitation zone, 

thus minimising the fluorescence signal from the bulk 

solution.  However, TIRFM alignment when using no-

contrast imaging mode (e.g. for protein-surface interaction 

studies) can be very difficult and some setup aids were 

required. 

 FITC is a widely used fluorophore for protein 

labelling as well as a reagent in fluorescent antibody 

technique for identification of pathogens.
[1]

  Aqueous 

solutions of FITC are well known to contain several 

different protolytic forms (di-anionic, anionic, neutral and 

cationic) depending on the solution pH with each form 

having different emission characteristics.
[2]

  At near neutral 

pH (between ∼5 and ∼8) FITC solutions contain the neutral, 

mono-anion, and di-anion forms.
[3]

  However, the adsorption 

behaviour of these protolytic forms of FITC on various glass 

surfaces is unknown.  Here we applied TIRFM to analyse 

FITC monolayers on different glass surfaces (hydrophilic, 

hydrophobic, and untreated) because they are potentially 

useful for alignment and validation of TIRF measurements.   

 

2. Results & Discussions 
Our studies showed that it was possible to detect good 

quality and reproducible fluorescent signals from a FITC 

monolayer on untreated and hydrophobic glass surfaces.  

These monolayers could be generated with an incubation 

time of less than 60min.   

 
Figure:  (Top) Steady-state emission spectra of the FITC 
monolayers, (Middle) Integrated emission intensity from TIRFM 

images showing monolayer formation and the photobleaching 

rates, (Bottom) FITC monolayer at pH 5.5 showing intensity 

increase on light exposure.   

 

Our results show that monolayer emission properties are 

complex, and influenced by surface properties/pH.  This is 

due to the complex protolytic species present.  Further 

studies are underway to identify the specific species 

involved on each surface. 
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