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A. van der Avoird

Institute of Theoretical Chemistry, University of Nijmegen, Toernooiveld, 6525 ED Nijmegen,

The Netherlands

Significant progress has recently been made in the accurate calculation of intermolec- 

ular potentials. This progress is based on the computer implementation of the 

expressions for the various interaction energy components derived by symmetry adapted 

perturbation theory (SAPT) [1], The effects of intramolecular electron correlation on 

these components are taken into account [2] through double-perturbation theory or 

SAPT combined with coupled cluster theory. Further improvement is achieved by the 

computation of high-quality long-range coefficients from correlated monomer multipole

Fig. 1. Ar-H2 interaction potential computed by SAPT (points and dashed line) and accurate 

semi-empirical calculations (solid line) for 6 = 0 °  (linear) and 90° (T-shaped).

♦Permanent address: Department of Chemistry, University of Warsaw, Warsaw, Poland.
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Fig. 2. He-HF interaction potential computed by SAPT (solid line) and accurate semi-empirical 

calculations (dashed line) for 0 = 0°, 90° and 180°, with the HF bond length r = 1.7328 bohr.

moments and (frequency dependent) polarizabilities [3]. The accuracy of the 
intermolecular potentials thus obtained is illustrated on the examples of Ar-H2 [4] and 
He-HF [5], see Figs. 1 and 2. It can be checked by exposing these potentials to the 
severe test of computing the (observed) spectra of these van der Waals molecules [6,7], 

In the second part of this talk some new results were presented for the (NH3)2 
dimer, where the calculation of the vibration-rotation-tunneling states and the 
spectroscopically observed quantities from a given intermolecular potential is a major 
computational effort in itself [8]. Various model potentials which resemble the 

incomplete and different ab initio potentials available have been investigated. 
Comparison with the spectroscopic data leads to interesting conclusions about the origin 
and the characteristics of the hydrogen bonding in this complex [9,10],

References

1. T. Cwiok, B. Jeziorski, W. Kolos, R. Moszynski and K. Szalewicz, Symmetry-adapted 

Perturbation Theory of Potential Energy Surfaces for Weakly Bound Molecular Complexes, 

J. Mol. Struct. (Theochem), Special Issue on Molecular Interactions, 1994, in press.

2. B. Jeziorski, R. Moszynski, A. Ratkiewicz, S. Rybak, K. Szalewicz and H.L. Williams, In 

E. Clemend (Ed.), SAPT: A Program for Many-Body Symmetry-Adapted Perturbation 

Theory Calculations of Intermolecular Interaction Energies, METECC-94: Medium size 

systems, Vol. B, STEF Press, Cagliari, 1993, pp. 79-129.

3. P.E.S. Wormer and H. Hettema, Many-Body Perturbation Theory of Frequency-Dependent

10



Polarizabilities and van der Waals Coefficients: Application to H20-H20  and Ar-NH3, 

J. Chem. Phys., 97(1992)5592.

4. H.L. Williams, K. Szalewicz, B. Jeziorski, R. Moszynski and S. Rybak, Symmetry-Adapted 

Perturbation Theory Calculation of the Ar-H2 Intermolecular Potential Energy Surface, 

J. Chem. Phys., 98(1993)1279.

5. R. Moszynski, P.E.S. Wormer, B. Jeziorski and A. van der Avoird, Symmetry-Adapted 

Perturbation Theory Calculation of the He-HF Intermolecular Potential Energy Surface, 

J. Chem. Phys., submitted.6. R. Moszynski, B. Jeziorski, P.E.S. Wormer and A. van der Avoird, Rovibrational Spectra 

of Ar-H2 and Ar-D2 van der Waals Complexes from an Ab Initio SAPT Potential, Chem. 

Phys. Lett., in press.

7. R. Moszynski, B. Jeziorski, A. van der Avoird and P.E.S. Wormer, Near-Infrared Spectrum 

and Rotational Predissociation Dynamics of the He-HF Complex from an Ab Initio SAPT 

Potential, J. Chem. Phys., submitted.8. J.W.I. van Bladel, A. van der Avoird, P.E.S. Wormer and R.J. Saykally, Computational 

Exploration of the Six-Dimensional Vibration-Rotation Tunneling Dynamics o f (NH3)2, 

J. Chem. Phys., 97(1992)4750.

9. E.H.T. Olthof, A. van der Avoird and P.E.S. Wormer, Is the NH3-Dimer Hydrogen 

Bonded?, J. Mol. Struct. (Theochem), Special Issue on Molecular Interactions, 1994, in 

press.
10. A. van der Avoird, E.H.T. Olthof and P.E.S. Wormer, Is the NH3-NH3 Riddle Solved?, 

Faraday Disc. Chem, Soc., Durham, April 1994.

11


