
Molecules in highly excited rotational states
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H2Te Rigid Rotor Energy Levels [E(JKa,Kc)-E(JJ,0)]
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Actual H2Te Energy Levels [E(JKa,Kc)-E(JJ,0)]
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Are there similar effects for 

XH3 molecules – say PH3? 
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We investigate by variational 

rotation-vibration calculations

Basis functions:

Hougen-Bunker-Johns theory:

Eckart & Sayvetz conditions

 Tnuc = expansion in the i





Vibrational basis set:

6)(2 321  bendinv Vvvvv

J ≤ 80

cc-pwCVTZ [1]

refined by fitting to experimental 

vibrational term values [2]
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Variational rotation-vibration 

calculations for PH3

Potential energy surface:



-6

-5

-4

-3

-2

-1

0

0 10 20 30 40 50 60 70 80

Yes, there are six-fold clusters!
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Cluster = A1  A2  2E     in C3v(M)

Character table for C3v(M)

E (123),(132)     (12)*,(13)*,(23)*

A1 1                1                         1

A2 1                1                        -1

E 2               -1                         0E
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1 PCS 

= E 1 PCS 

3 PCS 

= (132)1 PCS 

4 PCS 

= (23)*1 PCS 

2 PCS 

= (123)1 PCS 

5 PCS 

= (12)*1 PCS 

6 PCS 

= (13)*1 PCS 

Cluster = A1  A2  2E     in C3v(M)



Watson-type Hamiltonian for PH3

L. Fusina, G. Di Lonardo, J. Mol. Struct. 517-518, 67 (2000)
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Rotational coordinates

xyz is molecule-fixed;     XYZ is space-fixed
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• (,,) define orientation of molecule (xyz) relative to 

laboratory (XYZ).

• (,) define orientation of Z axis relative to molecule (xyz).
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For states with m = J (and J large),

is the probability distribution 

for the orientation of the angular 

momentum relative to the molecule

i

Integration over all vibronic coordinates and 

For a rovibronic eigenstate



is the probability distribution for the orientation

of the Z axis relative to the molecule.
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“Top cluster states” for J = m = 40,

vibrational ground state of PH3
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Then invert the unitary transformation to obtain

1

1

A
 =

Primitive cluster states j PCS 

First symmetrize, e.g.

=
2

6

A


with similar expressions for the E functions....
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Simulations of absorption spectra of NH3:

MF09 in 1153 Smith Hall at 4:01 p.m.

i.e., in 34 minutes if we‘re on schedule .......


