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CO dimer

Notoriously difficult system:

# Experimentally: hard to obtain reliable spectra. Highly
non-rigid, so hard to assign

# Theoretically: CO has very small dipole moment, very
high level calculation in a large basis are needed to
obtain correct long-range behavior
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# Experimentally: hard to obtain reliable spectra. Highly
non-rigid, so hard to assign

# Theoretically: CO has very small dipole moment, very
high level calculation in a large basis are needed to
obtain correct long-range behavior

Goal: to create a potential energy surface which

# can describe the dynamics of the CO dimer in a
gualitative way

# can serve as a starting point for a guantitative
description of the CO dimer
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CO dimer

Notoriously difficult system:

# Experimentally: hard to obtain reliable spectra. Highly
non-rigid, so hard to assign

# Theoretically: CO has very small dipole moment, very
high level calculation in a large basis are needed to
obtain correct long-range behavior

Goal: to create a potential energy surface which

# can describe the dynamics of the CO dimer in a
gualitative way

# can serve as a starting point for a guantitative
description of the CO dimer

Test the potential by calculation of rovibrational energy
levels
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Experiment
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Experiment
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Coordinates
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Coordinates
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Potential energy surfaces

Two surfaces:

® CCSD(T) surface
s CCSD(T) method, using MOLPRO

» aug-cc-pVTZ basis on the atoms, 3s3p2d1f basis
halfway CO-CO bond

s CO bond length fixed at 2.132 ag
s 1512 geometries
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Potential energy surfaces

Two surfaces:

® CCSD(T) surface
s CCSD(T) method, using MOLPRO

» aug-cc-pVTZ basis on the atoms, 3s3p2d1f basis
halfway CO-CO bond

s CO bond length fixed at 2.132 ag
s 1512 geometries

® DFT-SAPT surface

s combination of DFT for the monomers and SAPT for
the intermolecular interaction

s PBEOAC xc-potential
o same basis as in CCSD(T) calculations
s same points as CCSD(T) + 936 new geometries
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Rovibrational calculations (1)

Hamiltonian
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Rovibrational calculations (2)

Radial basis |n) = x,(R)/R, with x,, eigenfunctions of
reference Hamiltonian
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Thesurfaces (1)
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The surfaces (2)
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Rovibrational levels
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Wave functions
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| sotope effect: (**CO), — (**CO),
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Tuning

Energy between two wells too small for CCSD(T), too large
for DFT-SAPT =

) 7
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Tuning

Energy between two wells too small for CCSD(T), too large
for DFT-SAPT =
T
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E (cm™1)

Rotational stacks after tuning
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| sotope effect after tuning
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Comparison of wave functions
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Conclusions

Both the CCSD(T) and the DFT-SAPT surface give a
gualitatively correct description of the dynamics of
CO-CO

Equilibrium geometry of the CO dimer is a slipped
anti-parallel structure

Experimentally observed isotope shift cannot be
explained by the original potentials

Hybrid potential gives quantitative results, both for 12CO
dimer and 3CO dimer

Dynamical effects are very important, and very
sensitive to the potential
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