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Abstract. The vibrational relaxation rates (kvib) of the OH, NH and OD stretching frequencies in three typical hydrogen 

bonding liquids have been studied via mid-infrared pump-probe experiments. We find evidence for a cooperative relaxation 

mechanism in pure liquids, in which the vibrational energy is redistributed over accepting modes of more than one molecule. 

 

Vibrational energy relaxation plays an essential role in many liquid-phase chemical and physical processes. It has 

therefore been extensively investigated ever since the advent of pulsed infrared sources has made it possible to observe 

the relaxation in a time-resolved manner.
 [1-3]

 In this present work, we investigate how vibrational relaxation in pure 

liquids differs from that in diluted systems. To this purpose we have measured the vibrational relaxation rates (kvib) of 

the OH, NH, and OD stretching modes in a number of hydrogen-bonded liquids. These values have been subsequently 

compared to the kvib values of a series of isotopically diluted mixtures of the same liquids (XH: XD, X = N, O), created 

by varying the H/D ratio via a systematic increase of the deuterated analogue fraction.  

 
Fig. 1. (a.) The transient absorption decay for N-methylacetamide at a probing frequency of 3300 cm-1 for liquid NMA:NMA-d1 in the 

order of 1:4 (blue crosses), 1:6 (red squares), as well as liquid N-methylacetamide (black circles) over 3.5 ps and scaled 

accordingly. (b.) The vibrational relaxation rate kvib versus the isotopic molar fraction in N-methylacetamide (blue circles) and 
ethanol (red diamonds) when exciting the OH stretching mode, the third data set (black triangles) represents the behaviour for 

ethanol-d1 when
 exciting the OD stretching mode. 

Whereas the vibrational absorption spectrum is virtually independent of the isotopic fraction, we find that the 

relaxation rate strongly increases as the isotopic fraction increases, and reaches a maximum in the pure liquid (see Fig. 

1). From these results we conclude that in the pure liquids an additional, efficient 'cooperative' relaxation channel is 

present. A simple model in which the energy is redistributed over the accepting modes of two neighbouring molecules 

reproduces the data reasonably well; see the curves in Fig. 1(b). The fact that similar behaviour is observed for three 

different stretching modes (OH, NH, OD) in three different liquids (EtOH, MeOH, NMA) suggests that the observed 

enhanced vibrational relaxation might be a general property of pure hydrogen-bonded liquids. 
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