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TOWARDS SPECTROSCOPIC ACCURACY IN VARIATIONAL
AB-INITIO CALCULATIONS.
TWO-ELECTRON MOLECULES
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The expücitly correlated functions are considered as potentially the m08t effective basis
functions in quantum computations. They were successfully employed for two electron
atomic and molecular systems. In this presentation a comparison of various variational
methods used for the ground electronic state of the hydrogen molecule is made. It is shown
that the expücitly correlated Gaussian wavefunction
K
fþ

= Li e;fþi.

where

and F12 and F denote the electron permutatioo and poiot gI'Qup symmetry operators,
allows to obtaio the oanohartree accuracy, provided tbat the ooolioear parameters ßi.
Qi4-.and AiA:are carefully optimized. Preseoted results are eveo more accurate tban those
obtaioed with the powerful Kolos-Woloiewicz fuoctioo. This demoostrates clearly tbat
the well-known bad asymptotic properties of Gaussian functioos have mucb less practical
importance than it is commooly accepted, at least as far as tbe eoergy is coocemed.
Tbe same type of wavefuoctioo bas beeo employed for some excited states of H2 as
well as ground states of HeH+ and Ht systems witb equilibrium ouclear coofigurations.
10all cases an improvemeot over the best previously published results has been achieved.
Fioally, tbe m08t receot theoretical and experimeotal values of tbe dissociatioo eoergy
and ionizatioo poteotial for tbe ground state of H2 will be presented. The theoretical
result iocludes adiabatic, oonadiabatic, relativistic, and radiative corrections.
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The potential energy function for the electronic ground state of the water molecule has been obtained by fitting rotation-vibration term values
involving J ~ 14 for 24 vibrational states of H2160 together with 25 additional vibrational term values belonging to higher excited states. The
fitting was carried out by means of an exact kinetic energy Hamiltonian.
It was found that the differences between the exact kinetic energy calculations and calculations with the MORBID program (i.e., calculations with
an approximate kinetic energy operator) depend only very slightly on the
particular parameters of the potential. This fact allowed us to make an
inexpensive fitting using the MORBID approach and still get the accuracy
obtainable with the exact kinetic energy Hamiltonian. The standard deviation for 1600 term values was 0.36 cm-1. For 220 ground state energy
levels the standard deviation was 0.03 cm-1. With the fitted potential,
calculations of term values with J ~ 35 were carried out. This showed the
exceUent predictive power of this potential. For instance the discrepancy
for the highest observed !(m = 20 level of the ground state, 20200,is only
0.001 cm-1. The discrepancy for the observed level with the highest J,
35035 was 0.1 cm-1. Because of the level of accuracy achieved in these
calculations we can for the first time demonstrate the breakdown of the
Born-Oppenheimer approximation for the water molecule. The high J(m
level calculations allow us to show that the rotational energy level structure in water is at least of a very different nature than the four-fold cluster
structures observed for H2Se and calculated for H2S, H2Se and H2Te.
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The qualitative description of quantum systems developed recently by the author
ofthe present paper and his collaborators (see [1-4] and references therein for details)
is primarily based on the analysis of corresponding clasaical symbol. Topological and
symmetry properties of classical phase space and the system of classical trajectories
defined on it are used to introduce the notion of "complexity". The simplest effective
Hamiltonian is characterized by the minimal number of stationary points compatible with the topology and symmetry requirements. The Morse-Bott theory is used
to relate the topological properties of the classical phase space to the systeme of
stationary points of the Hamiltonian function. The description and classification of
possible complications of effective Hamiltonians is done through the bifurcation (or
catastrophe theory).
Realization of the general approach on several different molecular examples will
be given. Effective rotational hamiltonians for different vibrational states, effective
vibrational hamiltonians for internal structure of highly excited vibrational polyads
end effective Rydberg Hamiltonians will be analyzed from the point of view of their
complexity. Special attention will be paid to properly take into account the continuous symmetry of the effective Hamiltonian. Simplest generic effective Rydberg
Hamiltonians under Coo, CootJI Cooh,Dooh symmetry will be qualitatively described
and their characteristic energy level patterns will be given.
1 Pavlichenkov I.M. and Zhilinskii B.I. Critical phenomena in rotational spectra.
Ann. Phys. (N.Y.) 184, 1-32 (1988).
2 Zhilinskii B.I. Qualitative analysis of vibrational polyads:
Chem.Phys. 137, 1-13 (1989).

N mode case.

3 Sadovskii D.A. and Zhilinskii B.I. Group-theoretical and topological analysis of 10calized rotation-vibration states. - Phys.Rev. A. 47,2653-2671 (1993).

4 ZhilinskiiB.I. and Brodersen S. The symmetry of the vibrational componentsin T d
molecules.
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163, 326 (1994).

84
FOURFOLD CLUSTERS OF ROVIBRATIONAL ENERGIES
IN H2Te STUDIED WITH AN AB INITIO POTENTIAL
ENERGY FUNCTION

Per Jensen-,t, Yan Lit, Gerhard Hirsch t, Robert J. Bnenkert,
Timothy J. Lee+, m.d. Igor N. Kozin'
-Physikalisch-ChemischesInstitut; Justus-Liebig-Universitåt Giessen,
Heinrich-Buff-Ring 58, D-35392 Giessen, Germany,

t FB

9

-

Theoretische

Chemie, Bergische

Universitåt

-

Gesamthochschule

Wuppertal, D-42097 Wuppertal, Germany,
+ NASA Ames Research Center, Moffett Field, California 94035, U.S.A.,

,

Applied

Pbysics Institute,

Russian

A.cademy of Science,

Uljanov

Street 46, 603600 Nizbnii Novgorod, Russia.

We report here a theoretical study of the cluster effect1 (i.e., the formation of nearly degenerate, four-member groups of rotation-vibration energy
levels at higher J and I<avalues) in the H2Te molecule.
As the initial step of the investigation, we have carried out an ab initio
calculation of the potential energy surface for the electronic ground state of
H2Te by means of the CCSD(T) method. With this potential energy surface
as input, we have then used the MORBID (~orse Oscillator Rigid Bender
Internal Dynamics) program2 to calculate the rotation-vibration energy
spectrum of H2130Teand its isotopomers for J :S 40. These calculations
reproduce the few known vibrational energies for H2Te and HDTe to within
a few cm-1. The cluster structures obtained for the vibrational ground state
and the fundamental vibrationallevels of H2Te are found to be extremely
similar to those determined previously for H2Se3. In particular, we do
not determine any significant displacement of the clusters towards lower J
values relative to H2Se. Hence the experimental observation of the cluster
states in H2Te will be at least as difficult as in H2Se, for which the cluster
effect has been experimentally verified4.
lsee 1. N. KO'ZINANDP. JENSEN,J. Mol. Spectrosc. 163, 483-509 (1994) and

references therein.

2p. JENSEN,J. Mol. Spectrosc.128,478-501 (1988).
3see 1. N. KO'ZINANDP. JENSEN,J. Mol. Spectrosc. 161. 186-207(1993) and
referencestherein.
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AND1. M. PAVLlCHENKOV,
J. Mol. Spectrosc.,158,409-422 (1993)and referencestherein.

