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Summary

Development of relativistic quantum chemistry software in the Columbus Programs continues (with collaborators).  An improved parallel version is now in testing mode with respect to its relativistic features.  A program to compute electric and magnetic transition-dipole moments is also being tested.  Applications to UO2 and CUO are being made to attempt to help settle controversies regarding their ground states.  A program for computing atomic wave functions, mainly used for developing atomic-orbital basis sets, has been improved and expanded.  It has been used to develop correlation-consistent basis sets for use with relativistic effective core potentials.

Our affiliated SciDAC research group, Walter C. Ermler, PI, University of Memphis, continues to develop relativistic effective core potentials, in which the core is large, but the outer core is treated in a simple dynamic way.  These potentials are to be installed in Columbus and NWChem.

Our international collaborators, Thomas Mueller, Juelich (Germany) Supercomputer Center, and Hans Lischka, University of Vienna, are helping us debug the new parallel version of Columbus.  We also are debugging a program to compute electric- and magnetic-dipole transition moments.  When both of these work, we will be able to address spectroscopic problems more accurately and on larger systems.  Incorporation of the core potentials will allow us to concentrate more on the valence electrons and less on the outer-core electrons.

A smaller program project, the update and improvement of the (originally) Chicago atomic self-consistent-field program has been finished with complete (Fortran 90) memory allocation, improved efficiency, and wider scope of application.  This program has been used to develop correlation-consistent basis sets for core-potential use.  These basis sets are available on our web site until PNNL can include them in their database web site.  This program has been submitted to Computer Physics Communications.

Our studies of UO2 and CUO are now involved with controversies as to their electronic ground states in Ne and Ar low-temperature matrices.  Such matrix-isolation studies by L. Andrews and his group at the University of Virginia show vibrational frequencies with very large shifts between the Ne and Ar hosts, suggesting that their electronic states change, with the Ar host atoms presumably having the largest interactions with the guest molecules.

Michael Heaven and his group at Emory University have continued to acquire electronic gas-phase spectra of UO2 and assign additional states with help from our earlier results.  They have found an electronic hot band due to a low-lying excited state.  Such states have been found previously for U(IV) systems such as uranocene.  They have also taken electronic spectra in an Ar matrix and found the ground state to be the same as in the gas phase.

The low-lying states of CUO are σ2 1Σ+0 and σ 5fφ 3Φ2.  UO2 has two more electrons and low-lying states σ2 7sσ 5fφ 3Φ2u and σ2 5fδ 5fφ 3H4g.  The UO2 case is more complicated for DFT and coupled-cluster calculations because of the two-configuration 3H4g.  Calculations by these methods without spin-orbit interaction have been made, but are not decisive.  CASPT2 calculations by Roos et al. have been also been carried out, but do not provide an explanation of the matrix vibrational spectra.  It is hoped that additional experimental and theoretical work will provide sufficient information in the next year to give accepted explanations for both molecules.

Calculations of x-ray excitations from the oxygen K shell to uranium 5g orbitals have been made and compared with spectra taken by Robert Denning and collaborators at Oxford University.  This work is being written up and will be completed soon.
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