
Simulation of rovibrational absorption 

spectra for XY3 molecules

Ingredients:

• Potential energy surface

• Dipole moment surfaces

• (Rovibrational energies and wavefunctions)



Morse oscillators
Two-dimensional 

isotropic harmonic 

oscillators for doubly 

degenerate bending 

vibrations
Numerov-Cooley 

solution of  inversion 

Schrödinger 

equation for

Rigid rotor 

eigenfunctions
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Energies/wavefunctions from variational 

rotation-vibration calculations

Basis functions:

Hougen-Bunker-Johns theory:

Eckart & Sayvetz conditions

 Tnuc = expansion in the i





Vibrational basis set:
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J ≤ 18

CCSD(T)/aug-cc-pVTZ, 51816 points [2]

extrapolated to CBS+ level (3814 points,

complete basis set, relativistic effects)

[1] S. N. Yurchenko, M. Carvajal, H. Lin, J. J. Zheng, W. Thiel, and P. Jensen, J. Chem. Phys. 122, 

104317 (2005). 
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Variational rotation-vibration 

calculations for NH3

Dipole moment surfaces:

Potential energy surface:

CCSD(T)/aug-cc-pVTZ, 14400 points [1]

Frozen-core-approximation

Numerical finite-difference procedure



“Molecular Bond” representation [1] for general use

[1] S.-G. He, J. J. Zheng, S.-M. Hu, H. Lin, Y. Ding, X.-H. Wang, and Q.-S. Zhu, J. Chem. Phys.

114, 7018 (2001).

Electronically averaged dipole  

moment for NH3 expressed as

Expansion in linearized displacement coordinates (14NH3) for  

use in present calculations

All parameter values are available on request!
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Vibrational transition moments for  
14NH3 
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Absorption intensity simulation: XY3 molecules
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The 4 and 22 absorption bands of
14NH3 
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The 1 and 3 absorption bands of
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The 24
0 and 24

2 absorption bands of
14NH3 
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