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Abstract. It is established that, in general, liquids are structured but the extent and nature of this structure and its dependence on 
temperature are less-well understood. However, it has long been suggested that phonon-like modes arising in pseudo-crystalline 
structure are present even in the prototypical monatomic liquids. Optical Kerr effect spectroscopy (OKE) enables the measurement 
of the low-frequency spectra associated with structure and we contrast OKE measurements of structure in liquid argon, krypton and 
xenon to the nanoscale structure we can measure in the, relatively novel, room-temperature ionic liquids. 

 
Argon was one of the first liquids to be computationally simulated and in early studies evidence of coherent oscillations 
were apparent1. These observations were, to some extent, supported by neutron scattering experiments2 but more 
recently there has been little progress. Study of liquid structure in general has been driven by the examination of 
supercooled and glass-forming liquids, where, at low temperature, the structure becomes better defined and better 
resolved in the spectra. Dielectric relaxation has been the primary approach to these slowly relaxing samples but OKE is 
particularly accurate for spectra at higher frequencies, such as in the case of more normal liquids, and can provide a 
continuous spectrum up to about 30 THz3. Previous studies of monatomic liquids have not yielded the signal-to-noise 
ratio necessary for meaningful analysis. Fig. 1(a) shows OKE data for Ar, Kr, and Xe at their triple points. Analysis of 
these data reveals a damped oscillation accompanied by a broadened relaxation. This behaviour is consistent with 
motion in a relatively ordered cage structure where the final relaxation represents the diffusional breakdown of the cage. 

 
Fig. 1. (a) OKE time-domain data for Ar, Kr, and Xe. Following the initial, instantaneous, response, a damped oscillation is seen 
marked by inflection points at around 1 ps. The decay then evolves into a smooth non-exponential decay. (b) OKE frequency-domain 
data for room-temperature ionic liquid [emim][DCA] showing the low frequency sub-α mode due to nanoscale structure. 

In contrast to these simple liquids, room-temperature ionic liquids4 contain complex organic entities and are very 
strongly interacting. At the lowest frequencies in the OKE spectra (Fig. 1(b)) are seen intense modes which can, by 
comparison with dielectric spectroscopy, be identified as arising from the presence of nanoscale symmetrical clusters. 
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