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Despite  its  apparent  simplicity,  the  CO dimer  has  proved to  be  one  of  the  most 
complicated  objects  in  molecular  spectroscopy  of  wan  der  Waals  complexes,  and  the 
assignment of its spectra took more than a quarter of a century. The crux of the problem is the 
existence of two structural isomers and considerable non-rigidity of the complex. During the 
last years significant progress has finally been achieved toward securing reliable experimental 
data  in  the  IR  and  millimeter-wave  regions,  thereby  establishing  for  the  first  time  an 
understanding of the rovibrational and rotational spectra of the CO dimer  1-8. There has 
also been parallel  progress in accurate  ab initio calculations of a reliable potential  energy 
surface combined with calculations of the rovibrational states of the dimer 9, 10.

The present state of research on the CO dimer is reviewed with a special emphasis on 
the millimeter-wave studies. About 600 spectral  lines in the 80-180 GHz range have been 
detected for the normal isotopologue (12C16O)2.  A simple combination difference approach 
yielded the assignment of 360 transitions and the precise location of 103 energy levels. These 
energy levels with the angular momentum J ranging from 0 to 10 and its projections on the 
intermolecular axis K = 0, 1, 2 are located at 0-19 cm1 above the zero-point level. All levels 
were  arranged  in  “stacks”,  which  correspond  to  different  intermolecular  vibrational  and 
rotational  states  of  this  weakly bound van  der  Waals  complex,  making  up  9  stacks  with 
symmetry A and 8 stacks of symmetry A.

The accompanying  rovibrational  calculations  with  the  use  of  a  recently  developed 
hybrid CCSD(T)/DFT-SAPT potential are in good agreement with experiment. Analysis of 
the calculated wave functions revealed that the observed levels belong either to the ground (A 

symmetry) state of two “isomers” located in different minima of the potential energy surface 
or to the geared bend mode of the CO dimer with overtones up to vb = 3 excited. The ground 
vibrational states of the two “isomers” found are more or less localized at the two minima in 
the potential surface, whereas all the geared bend excited states show a considerable amount 
of delocalization.
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