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A correlation between a structure and a function is a well defined concept in biochemistry and 

it is clearly relevant also for other fields of natural sciences. However, there is a third 

component - a time domain. To determine the changing structure in real time is then of 

interest, especially on molecular level. 

This contribution represents an attempt to provide a unique overlap between the dynamics in 

1D time and the structural characterization in 3D. Such 4D characterization can then provide a 

full picture of interacting molecular systems in time and space. Our experiments are based on 

two techniques, dynamics provided by time-resolved laser spectroscopy and spatial 

distribution provided by secondary ion mass spectrometry with approximate resolutions of 

250 fs and of 0.17 nm, respectively.  

The concept is discussed on example of coumarin molecule interacting with layered alumino-

silicate surface. A molecule of coumarin C522, C14H12NO2F3, is used as a fluorophore probe 

interacting with reduced-charge montmorillonite structure providing different Li+ molar 

fractions [1].  

The time-resolved fluorescence spectroscopy determine the decay time to be 1.0 ps and 3.6 ps 

for hydrophilic and hydrophobic surfaces, corresponding to different water solvation shell, 

respectively.  

A spatial distribution by using secondary ion mass spectrometry is tested on alumino-silicate 

structure, where the distributions of Si, Al, Na, K, Mg, Fe, Mn, and Li are well resolved. The 

frozen structure of coumarin/water/ montmorillonite is determined to provide the structure 

between coumarin and water shell on the montmorillonite surface. 

Concluding, the presented experiments shed some light on the 4D characterization. 
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