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Abstract. Even-order non-linear vibrational spectroscopies are used to investigate the structure and dynamics of water at several 
different interfaces. For all interfaces, the structure of interfacial water is shown to be less heterogeneous than has been thought, but 
the dynamics reveal marked differences between different interfaces  

 
Interfacial water is of importance for a variety of disciplines including electrochemistry, (photo-) catalysis and biology. 
Water interfaces are characterized by the interruption of the bulk hydrogen bonded network, which gives interfacial 
water its unique properties (e.g. high surface tension). When a water OH group forms a hydrogen bond, the OH stretch 
frequency of this group decreases by an amount determined by the H-bond strength. As such, the frequency and 
lineshape of the O-H stretch vibration of interfacial water – determined, for example, using surface-specific Vibrational 
Sum-Frequency Generation (VSFG) Spectroscopy – provides a sensitive marker of the local environment of interfacial 
water molecules. VSFG Spectroscopy is an even-order non-linear optical process, making it intrinsically surface 
specific. 
 
We report a frequency- and femtosecond time-resolved study of water at various interfaces using VSFG. In the time-
resolved measurements, the O-H stretch vibrational lifetime of hydrogen-bonded interfacial water is determined using a 
novel, surface-specific 4th-order VSFG spectroscopy. The O-H stretch vibration of interfacial water is resonantly excited 
with an intense, 100 fs infrared pulse; the vibrational relaxation dynamics are followed with femtosecond, time-resolved 
VSFG spectroscopy. 
 
Our results reveal that interfacial water is structurally more homogeneous than previously thought1. Furthermore, 
ultrafast exchange of vibrational energy can occur between water surface and bulk water, but the occurrence of ultrafast 
resonant vibrational energy transfer depends critically on the details of the water interface2,3. Finally, we demonstrate a 
new type of two-dimensional surface spectroscopy that allows one to follow the structural evolution of interfacial 
molecular systems in real-time4.  
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Fig. 1. Time-resolved SFG data for interfacial water for excitation and probe frequencies of 3200, 3300, 3400 and 3500 cm-1 at the 
water-air interface (left) and water at the water-lipid interface (right panel). Traces are offset from 1.0 for clarity. Polarizations of 
the SFG, VIS probe, IR probe and IR pump were S, S, P and S. The solid lines are fits to the data, whereby ultrafast energy transfer 
amongst water molecules is assumed for the water-air interface, but this energy transfer is absent for the water-lipid interface. The 
lower trace in the left panel is the third-order IR+IR+VIS SFG cross correlation signal (shown for 3300 cm-1) to determine the time 
resolution of the experiment.  
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