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The research performed under this contract can best be sunmarized 

under several headings.

(a) Alkali-Halideg Alkali-Halide (MX^ M*X*) Exchange Reactions.

This project is being continued. A careful study of certain 

parameters obtained from alkali-halide crystals and used in the first 

surface for the KCl, NaBr were not valid. Consequently * a new method 

of determiaing these parameters from diatomic molecule data had to be 

developed. This has now been done and the revised surface is being 

compared with the original surface. The differences appear not to be 

very large^ but some say alter the details of the reactive collisions.

Using the new method it has been possible to generate surfaces 

for all of the alkali halide dimers. These appear to give good agree­

ment with the available data on dissociation energies^ equilibrium 

bond lengthss and vibrational frequencies.^ The calculations suggest 

that additional experiaients to examine more systems would be worthwhile. 

Inyg-tsion Problem.

Tlie method for phase determiriations developed previously for parti­

cle scattering has now been extended to the scattering of electroBiagnetic 
2waves. This makes possible a novel approach to a very basic probleSj 

namely tha determiaation of phases from the observed crystal intensities
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in x-ray diffraction. Some previously used formulae have been derived

and the new method is now being tested on model problems. Its poten­

tial utility looks highly promising.

(c) Quantum Mechanics of Scattering Processes.

The work on the H 5H2 system is continuing. Since we are in the 

middle of the calculation, there are no significant results to report, 

However, it, now appears that all of the problems remaining at the 

beginning of the year have been solved, so that quantum reactive cross

sections for comparison with the classical results should be calculated

during the next year. Many persons are eagerly waiting for this com­

parison, which should give the first real information concerning 
quantum effects in reactive scattering.

(d) Transition State Analysis of Classical Trajectories.

The method for comparing the transition-state theory results with

those from accurate trajectory calculations developed previously has
been applied to H+H2"̂ H2+H, H+HBr J H2+Br, and some model systems within

3the linear approximation. It has been found that the first reaction 

gives good agreement for a wide range of energies, but that the other 
reactions yield significant deviations. A detailed analysis of these 

deviations shows that they arise from two types of violations of 

transition-state theory. For some cases (e.g., H2+Br->-HBr+H) the 

transition-state population deviates from the equilibrium form, while 

for other cases (e.g., HBr+H->H2+Br), the transmission coefficient is 
significantly less than unity. These comparisons provide the first 

real quantitative test of transition-state theory, in spite of the fact
that it has been used for almost forty years. l e g a l  n o t i c e -

This report was prepared as an account of w ork 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any o f their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com ­
pleteness or usefulness o f  any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights.



_ 3-

Preliminary results for a complete three-dimensional study have

also been obtained. Again important deviations from transition-state 
4theory are found.

(e) Bifferential Cross Sections from Classical Trajectories.

A recent crossed beam study by Fite and coworkers of the D+H2 

reaction has provided the first apparently reliable measure of the 

differential cross section and filial velocity distribution for an 

example of the fundamental H+H2 exchange reaction. Their results, if 

valid, thus provide a significant increase in our knowledge and permit 
an additional check to be made of our theoretical approach to the 

problem. With center-of-mass trajectory results for D+H2 , the conver­

sion to the laboratory cross sections is being carried out. Preliminary

comparisons show that there is excellent agreement between theory and
4*experiment. However, an examination of the sensitivity of the labora­

tory results to the center-of-mass parameters has yet to be made.

(f) Other Studies.

A variety of other sttidies has been completed, written up for pub-
6-14lication, and/or published. The list of papers follows.
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