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 The importance of water in many chemical and biological processes has stimulated  
the intensive study of the dynamical properties of bulk liquid water. However, the role of 
water in chemical and biological processes is in most cases played by only a limited number 
of water molecules in strongly restricted environments. Here we study the properties of water 
in strong molecular confinement. The studied systems consist of inverse micelles of water and 
single water molecules (H2O and HDO) hydrogen-bonded to acetone (C3H6O). The 
vibrational dynamics of these systems are measured with nonlinear femtosecond mid-infrared 
spectroscopy1-4. The pulses used in these measurement are tunable between 3 and 4 µm, have 
a pulse duration of ~150 fs, and have a maximum energy of 20 µJ. 
We observe that the confinement of liquid water results in a lengthening of the lifetime of the 
O-H stretch vibrations: T1=0.26±0.05 ps for bulk liquid water, T1=0.35±0.05 ps for an inverse 
micelle containing ~5000 H2O molecules, T1=0.9±0.1 ps for an inverse micelle containing ~5 
H2O molecules, and T1=6.3±0.3 ps for a single H2O molecule hydrogen-bonded to acetone. 
We also find that the hydrogen-bond dynamics and orientational dynamics of confined water 
molecules are ~ 3 times slower than the corresponding dynamics of the molecules in bulk 
liquid water. This is a surprising result, because the strength of the hydrogen-bond interaction 
decreases when the number of interacting water molecules is reduced.  
In the domininant hydrogen-bonded structure formed by single H2O/HDO molecules and 
acetone, only one of the O-H/O-D groups is hydrogen bonded to the C=O group of an acetone 
molecule. This hydrogen bond breaks and reforms with a characteristic time constant of 1±0.2 
ps. These hydrogen-bond dynamics are observed to result in a transfer of vibrational energy 
between the two O-H groups of the H2O molecule. The transition state of this energy transfer 
process is identified as a hydrogen-bonded complex in which the H2O molecule forms two 
weak hydrogen bonds to two acetone molecules, and in which the vibrational excitation is 
delocalized over the molecule. The resonant vibrational energy transfer between the two O-H 
bonds of the confined water molecule is observed to be completely controlled by the 
formation and breaking of hydrogen bonds to the embedding acetone molecules. As a result, 
the resonant energy transfer between the two O-H groups of the H2O molecule is ~20 times 
slower than in bulk liquid water.  
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