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Femtosecond study of the dynamics of water 
near hydrophobes and ions 

 
We study the orientational mobility of water in the hydration shells of hydrophobic molecular groups and ions 
with terahertz time-domain spectroscopy (THz-TDS) and with polarization-resolved femtosecond mid-
infrared spectroscopy (fs-IR). In the THz-TDS studies, we measure the dielectric response in the frequency 
range 0.2 - 2 THz, which gives information on the reorientation of the dipole moment p of the water 
molecules. In the fs-IR experiments the OD stretch vibration is excited with intense 100 fs pulses at 4 �m. 
The dynamics of the anisotropy of this excitation represents the reorientation of the OD group of HDO 
molecules dissolved in H2O. For bulk HDO:H2O, the reorientation time of the OD groups is observed to be 2.5 
picoseconds. 
For hydrophobic molecular groups we observe a strong slowing down of the water dynamics with both THz-
TDS and fs-IR. The fraction of slow water molecules scales well with the size of the hydrophobic molecular 
group. These results show that both the rotation of p and that of the OD/OH groups are strongly slowed down 
in the hydrophobic hydration shell.  
For solutions containing cations that strongly interact with water, like Mg2+, we observe with THz-TDS that 
there are approximately 6 H2O molecules showing a very slow reorientation of their dipole moment p. 
Interestingly, fs-IR measurements show that Mg2+ has very little effect on the reorientation dynamics of the 
OD/OH groups. For solutions containing anions that strongly interact with water, like SO4

2-, it is the other way 
round: we observe little effect with THz-TDS, but with fs-IR we observe that the reorientation of ~6 OD/OH 
groups is slowed down to a time constant of 10 picoseconds. It follows from these results that water 
molecules in the hydration shells of ions are strongly hindered in their orientation mobility, but in a very 
anisotropic manner. If we combine a strongly hydrating cation like Mg2+ with a strongly hydrating anion like 
SO4

2-, we observe a slowing down of the rotation of both p and the OD/OH groups for a large number of 18 
H2O molecules per pair of Mg2+ and SO4

2- ions [1]. This result shows that cations and anions can have a 
strong cooperative effect on the dynamics of water that extends well beyond the first hydration shells of the 
ions.  
References: [1 K.-J. Tielrooij, N. Garcia-Araez, M. Bonn, H.J. Bakker, Science 238, 1006 (2010). 
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