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Abstract: 

 

Nile Red is a fluorescent dye used extensively in bioimaging due to its strong 
solvatochromism. The photophysics underpinning Nile Red’s fluorescence have been 
disputed for decades, with some studies claiming that the dye fluoresces from two excited 
states and/or that the main emissive state is twisted and intramolecular charge-transfer 
(ICT) in character as opposed to planar ICT (PICT). A combined experimental and 
theoretical study was used to unravel the mechanism of Nile Red’s fluorescence, 
demonstrating that the molecule is not dual fluorescent, and emission occurs from the 
Franck-Condon PICT state.1  
 
Synthetic carbohydrate-binding proteins (lectins) are used as key tools in medicine to 
monitor glucose concentrations. Prior studies of a supramolecular synthetic lectin 
comprised of two cofacial anthracene moieties show that binding glucose increases the 
lectin’s intrinsic fluorescence yield.2  Our ultrafast measurements reveal that 
intramolecular charge-transfer within these lectins governs their fluorescence behaviour. 
Glucose binding to the supramolecular structure alters the associated non-radiative rate 
and thus underpins the macromolecule’s key intrinsic functional emissive properties. 
 
Using ultrafast two-dimensional electronic spectroscopy with sub-8 fs time resolution and 
>150 nm bandwidth,3 we probed the photoinduced dynamics of a model de novo heme-
binding protein, 4D2, inspired by the cytochrome-bc1 complex important in respiring 
bacteria.4  Our experiments on the synthetic protein reveal that ultrafast Histidine-Iron 
bond cleavage is the main non-radiative decay pathway, and that studies of the well-
defined artificial protein help to resolve controversy surrounding the non-radiative 
relaxation in the counterpart natural system. 
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