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Hydrogen bond is crucially important in every biochemical system where it can form both inside and between 

molecules. Its relationship with molecular structure is mutually dependent and it can greatly influence energy and charge 

transfer processes. Through those, various macroscopic properties of the system may be modified. One of the most 

common hydrogen bonds are of O-H…O type – this is also the case in β-diketone type of molecules. The simplest 

molecule of this class is acetylacetone (AcAc) and it has been studied by various theoretical and experimental methods 

for quite some time now. However, to better understand hydrogen bonding and intermolecular interactions with water, it 

is important to also analyze molecules with modified structure. The replacement atom or group can influence molecular 

dynamics due to its different size (steric effect) or alter charge distribution due to its greater or lesser electronegativity. In 

this study, the alpha hydrogen in acetylacetone was changed to a methyl group, resulting in 3-methyl-acetylacetone 

(AcAcCH3) molecule.  

Experiments were performed using infrared absorption spectroscopy combined with low-temperature matrix 

isolation. The spectra of both pure substances (AcAc, AcAcCH3, water) and their mixtures were registered. Density 

functional theory (DFT) at the B3LYP/6-311++G(3df,3dp) level was used to perform calculations in order to obtain 

optimal geometries and harmonic frequencies of the molecules and their complexes with water. 

 

  
 

Fig. 1. (a) H2O in argon [Ar] experimental, (b) AcAcCH3 + H2O in Ar (1:2:500) experimental and (c) calculated, (d) AcAc + H2O in Ar 
(1:1:500) experimental and (e) calculated spectra. The scaling coefficient for calculated spectra was 0.96. Two possible tautomers of AcAcCH3 are 

shown in (f) and (g). 
 

The evaluation of internal hydrogen bond is a little complicated as there is no observable band for stretching OH 

vibration due to proton tunneling. Theoretical results indicate a stronger bond for AcAcCH3 (O…H distance is 1.54 Å 

and the out of plane γOH vibrational band is calculated to be at 1036 cm-1) than for AcAc (O…H distance – 1.61 Å, γOH 

band at 1010 cm-1). Possible explanation for the decreased distance upon addition of a methyl group is steric effect. In 

addition, the region between 1800 cm-1 and 1600 cm-1 (the C=C and C-O stretching region) exhibits more spectral bands 

for AcAcCH3 which indicates a possibility of coexistence of at least two different tautomers.  

In the spectra of mixtures (fig. 1) we can see new bands appear upon complex formation. One of the bands, attributed 

to water’s free OH stretching vibration is observed at 3700 cm-1 not only for AcAcCH3 but for other, i.e. halogenated, 

acetylacetone derivatives as well [1]. The bound OH stretching vibration band and its shift from the monomer band is a 

good way to evaluate intermolecular hydrogen bond strength. Comparing the results for AcAc and AcAcCH3, we see that 

theory predicts no change in band positions and we can indeed assign the band at 3490 cm-1 to molecule-water associates. 

Calculations also give very similar results regarding complex formation energy (23.5 kJ/mol for AcAc-water and 23.7 

kJ/mol for AcAcCH3-water) and Hw…OAcAc distance (1.9 Å for both). Again, there are several additional spectral bands 

in the AcAcCH3 spectrum, some of which can be explained by tautomer coexistence. The band at 3430 cm-1, observed 

for both AcAc and AcAcCH3, might be a result of larger molecular complexes – ones acetylacetone forms with two water 

molecules instead of one. 
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