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values, it is possible that they also retain untreated Coriolis coupling, 
though to a much lesser extent than the computed values. The MP2 

E27,19 value of 26.4 cm 1 is in excellent agreement with the very 
precise experimental value, while the B3LYP value is an overestimate by 
6 cm 1. The Coriolis x

27 19 values show very good agreement between 
theory and experiment at the B3LYP and MP2 levels of theory, which, 
combined with the low fit value, indicates a satisfactory treatment of 
the a-axis and b-axis Coriolis coupling in the least-squares fit. 

Further evidence of an adequate treatment of the dyad by the 
Hamiltonian model is the ability to include many resonant and nominal 
interstate transitions in the data set, whose prediction is heavily 
dependent on the E27,19 value and Coriolis-coupling constants. Sharp 
a-type and b-type resonances are observed due to mixing of 27 and 19 
energy levels that are nearly degenerate, as shown in Fig. 8. A minus
superscript on the Ka value indicates that Ka Kc J 1, whereas a 
plus superscript indicates that Ka Kc J. At J 1 157, there is an 

intense a-type resonance between 27 and 19 with a Ka 2 selection 
rule. The resonant transitions are displaced from their unperturbed 
transition frequencies by about 1.5 GHz. There are additional small 
resonances in the Ka 16 series of 19 that correspond to resonances in 
different 27 series. Each of these series displays the large undulations 
due to centrifugal distortion and Coriolis coupling between these states. 
Fig. 9 shows how these resonances and undulations progress across the 
Ka series of 27. The undulations and resonances become more pro
nounced and move to progressively higher J 1 values as a function of 
Ka. While it is generally possible to obtain quartic distortion constants 
and preliminary values of the energy difference and Coriolis-coupling 
constants from the undulations, many local resonances are often 
needed to obtain precise determinations of the latter constants. The 
resonance progression plot shows that, for cyanopyrazine, most of the 
intense resonances occur after J 1 100, reiterating the importance 
of obtaining the higher-frequency data (360 500 GHz) used in this 

Table 3 
Experimentally determined parameters for the ground state and vibrationally excited states 27 and 19 of cyanopyrazine (A-reduced Hamiltonian, Ir representation).  
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