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The physical and chemical properties of H-bonding in the electronic ground state have 

been investigated by diverse experimental and theoretical methods. However, H-bonding in 

the electronic excited state, which plays an important role in many photochemical reactions, 

has scarcely been investigated.
1
 The aim of the current study is to be learned more about the 

solvation and H-bonding dynamics around P=O groups in electronically excited molecules. 

Here we use diethyl ester of 7-diethylaminocoumarin-3-phosphonic acid 1 and its P-analog - 

diethyl ester of 7-(diethylamino)-2-etoxy-2-oxo-2H-1,2-oxaphosphorin-3-phosphonic acid 2, 

which allow us to study the dynamics of the P=O···H bonds. 

 

The both coumarin compounds are studied in eleven different solvents. We used the 

Kamlet-Taft method
2
 to analyze the recorded absorption and emission spectra, which provide 

information on the properties of the solvation shell of the molecular ground and excited state, 

respectively. Most interesting, the extracted data show a significant variation to earlier results
3
 

reported for coumarin compounds without phosphono groups. In them, the sensitivity of the 

fluorescence frequency on solvent polarity and H-bonding is more than twice stronger than of 

the absorption. In contrast, the data measured in 1 and 2 show that equilibration of the solvent 

shell around the excited states reduces the influence of the H-bonding on the transition 

frequency, while the effect of the solvent polarity is almost the same as in the ground state. It 

seems that the total strength of the H-bonds between solvent and dye molecule is weakened 

upon electronic excitation. The effect is almost twice stronger in 2, which gives evidence that 

an additional electron density on the phosphono group dramatically change the solvent 

response. In order to elucidate this phenomenon we performed quantum chemical simulations 

and time-resolved fluorescence spectroscopy. 
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