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Van der Waals (vdW) complexes have attracted considerable theoretical and experimental attention because of the importance of vdW interactions in chemistry, physics, and molecular biology. The spectroscopy of these complexes provides very useful information for the intermolecular potential energy surface (IPES) and the dynamics of these weakly-bound molecules. Most of theoretical studies have focused on the IPES of the complexes by taking the monomer as a rigid rotor. This model is generally appropriate for the microwave spectra, which involve only the ground vibrational state of the monomer. However, it is not sufficient for predicting the infrared spectra as the transition in the intramolecular vibrational mode is involved. In particular, the shift of the band origin in the observed infrared spectra can not be correctly reproduced using the rigid monomer model.
In this talk, I will present our recent studies on the PESs and infrared spectra of vdW complexes containing a linear molecule and a rare gas atom or H2 by explicitly involving the dependence of one intramolecular vibrational coordinate which is related to the transition in the infrared spectra. The fundamental approach of our studies is to incorporate the potential-optimized discrete variable representation (PODVR) grid points in both PES and rovibrational bound states calculations without separating the inter- and intra-molecular nuclear motions. The interaction potentials were obtained at the CCSD(T) level employing a large basis set including mid-point bond functions. The shift of the band origin, transition frequencies, and line intensities in the observed infrared spectra for a number of complexes were reproduced well. 

   Based on the reliable IPES, We have also performed quantum mechanical studies of the dynamical and structural properties of small 4HeN(CO2 clusters (N 
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17) and 4HeN(N2O clusters (N 
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20) using a path integral Monte Carlo method. The structural and spectroscopic properties were obtained as a function of the cluster size. The accurate dynamic mechanism of quantum phase transition under mesoscopic dimension and the related variation of infrared bands were also explored. 
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