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Background and Objectives 

In resonance eizhunced inultiphoton ioizizutioiz (REMPI) pulsed laser radiation is utilized 
to prepare a molecule in an excited state via absorption of one or more photons and to 
subsequently ionize that level before it decays. A remarkable feature of REMPI is that the very 
narrow bandwidth of laser radiation makes it possible to select a specific rotational level in the 
initial (ground) state and to prepare the excited state of interest in a single rotational level. By 
suitable choice of the excitation step, it is thus possible to selectively ionize a species of interest 
present in very minor concentrations without ionizing any other species that may be present. 
This feature makes REMPI a very powerful tool for ultrasensitive detection of trace or transient 
species. 

Although REMPI has the distinct advantage that a single rotutionul level of u molecule is 
ionized and that this can be achieved with photon energies less than typical molecular ionization 
energies, studies of single-photon ionization of jet-cooled molecules in their ground electronic 
states by coherent VUV and extreme UV(XUV) radiation can provide signiiicant insight into 
molecular ionization and are complementary to those of REMPI. 

The overall objective of our work is to carry out quantitative theoretical studies of these 
laser-driven ionization processes in molecules so as to provide both a robust desciiption of key 
spectral features of interest in applications and related experiments and needed insight into these 
spectra. A major focus of this effort is combined theoretical-experimental studies of molecular 
ion spectra which are being widely studied by the zero-kinetic-energy (ZEKE) technique. This 
ZEKE technique, which is based on pulsed-field ionization (PFI) of very high Rydberg states, 
makes it possible to obtain ion distributions with sub-wavenumber resolution and is clearly 
opening up entirely new vistas in studies of molecular ionization. 

Some highlights of our progress include: 

(i) We have extended the theoretical formulation and computational procedures used in 
these studies of molecular ionization spectra to general polyatomic systems. Our procedures 
were previously limited primarily to linear molecules and small polyatomic molecules such as 
H20. These extensions now make it possible for us to examine larger molecules such as amino 
acids, e-g. NH2 CH2COOH (glycine), DNA bases, e g ,  C4H4N2 (uracil), carcinogens, e&, 
CH3C .! , and subsurface pollutants, e.g., CC 14, which are relevant to the programmatic heeds of 
OHER. As a prototypical example, we have now almost completed studies of molecular ion 



distributions for photoionization of benzene (C&kj). This is a convenient example in view of the 
data available for comparison and of the computational requirements of the application. 

(ii) We have completed combined theoretical-experimental studies of the molecular ion 
distributions for photoionization of H2S, H2C0, and CH3 by coherent VUV radiation. These 
studies of the planar asymmetric top molecules H2S and H2CO and the symmetric top molecule 
CH3 serve to illustrate changes in the molecular ion distributions in a group of structurally 
related molecules. The agreement between our calcuIated and measured ion rotational 
distributions for all these systems is very encouraging. 

(iii) We have carried out the first calculations of the molecular ion rotational distributions 
for electronically excited states of NO'(a 3c+) and CO' (A 'n). These studies reveal 
significant differences in the ion rotational distributions from those for ionization to the ground 
state of the ions. The calculated spectra agree well with those measured recently using the ZEKE 
technique and extreme UV coherent radiation. 

(iv) We have also completed calculations of the ion rotational distributions for laser 
ionization of the small prototypical radicals OH, NH, and CH. These studies serve to identify 
key underlying behavior which is essential to the interpretation of the measured ion distributions 
for OH. 

(v) Extensions of our studies of molecular photoionization processes of interest here to 
large polyatomic molecules are computationally quite demanding. These computational 
demands arise primarily from complexities associated with the quantum mechanical equations 
which must be solved to obtain the photoelectron wavefunctions required in these studies. To 
meet these computational needs we are currently developing strategies for carrying out these 
calculations on massively parallel computers such as the Intel Paragon and Cray T3D. For these 
applications, these parallel computers, which consist of arrays of powerful microprocessors, can 
be expected to achieve performance levels about a hundred times that seen on the Cray Y-MP. 
We have extensive access to these machines. 

This effort has resulted in the following publications. 
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