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     We present a first principles theoretical study of vibrational spectral diffusion in aqueous  

solutions under normal and supercritical solutions.  The present  calculations are based on ab initio 

molecular dynamics [1] for trajectory generation and  a time series analysis using the wavelet 

method [2] for  calculations of time dependent vibrational frequencies. Population correlation 

function method [3] is also employed in order to extract time scales of various dynamical processes 

in these solutions. The dynamics of vibrational spectral diffusion is  investigated by means of 

frequency time correlation and spectral hole dynamics calculations. Results are obtained for a 

variety of aqueous systems containing ionic and molecular solutes at varying concentrations and 

also under varying thermodynamic conditions.  At room temperature, generally the dynamics is 

found to have a short time component that is attributed to dynamics intact hydrogen bonds and a 

slower longer time component that arises from breaking dynamics of hydrogen bonds and local 

structural relaxation [4]. The slow escape dynamics of solvent molecules can also influence the 

long-time dynamics depending on the concentration of the solutions. The overall dynamical 

scenario can be different for supercritical solutions or for water molecules at interfaces [5].  

Correlations of vibrational frequency changes with simple chemical reactions such as proton 

transfer processes  in aqueous systems are also investiagted. 

 

 

[1] R. Car and M. Parrinello (1985) Phys. Rev. Lett. 55, 2471-2474; Hutter et al. CPMD Program,  

See www.cpmd.org.  

[2] Vela-Arevalo and S. Wiggins (2001) Int. J. Bifur. Chaos 11, 1359-1380.  

[3] A. Chandra (2000) Phys. Rev. Lett. 85, 768-771; A. Chandra, M.E. Tuckerman and D. Marx 

(2007) Phys. Rev. Lett. 99, 145901. 

[4]  B.S. Mallik, A. Semparithi and A. Chandra (2008) J. Phys. Chem. A 112, 5104-5112; J. Chem. 

Phys. 129, 194512.  

[5] B.S. Mallik and A. Chandra (2008) J. Phys. Chem A 112, 13518-13527 


