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TECHNICAL PROGRESS REPORT 
AEC GRANT AT-(11-1)2092 

For the period January 1, 1971 to December 31* 1971 
Approximate percentage of time the principle investigator has 
devoted to the project: 75#-
The amount of effort which is expected to be devoted during 
the remainder of the current term: 75$« 
Programs undertaken during the current term: 
A) Dynamics of atom molecule reactions 

1) Deuterium transfer reactions to Fluorine atoms. 
Further experiments were carried out on F+D„-*DF+D 

reaction to investigate the energy dependence of angular 
distributions of product molecules in different vibra
tional states and product vibrational states distribu
tion. The importance of the role of conservation of 
angular momentum and the possible kinematic coupling 
between reactants and products are elucidated. [See 
Publication No. 10.] 

In addition to F+Dp reaction, we have investigated 
reactions of fluorine atoms with some hydrocarbons. 
CDj, and CpDj,. DF formed in these reactions are highly 
vibrationally excited, especially those scattered to 
forward direction are found to be exclusively in fourth 
vibrational states. The formation of DF(V=if) means 
all the energy available are localized in vibrational 
excitation of DF and the other product molecules CD-, 
and CpDo have negligible internal excitations. This 
also implies that C-D bond breaks quite diabatically 
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when fluorine atom approaches toward D, and the 
bond breakage must have completed while fluorine 
atom is quite far away, leaving DF highly vib-
rationally excited. [Partial results in Pub
lication No. 11] 

2) Substitution reactions of fluorine atoms and 
unsaturated hydrocarbons: 

The study of unimolecular decomposition and the 
intramolecular energy transfers. 

Fifteen additional substitution reactions have been 
studied in this period. Reactants include olefines and 
halogenated olefines containing two to six carbons, 
as well as several aromatic hydrocarbons. Reactions 
of fluorine atoms with unsaturated hydrocarbons all 
resulted formations of long-lived complexes. The 
complexes decompose by breaking C-H, C-CEUJ C-CpHj-
or C-Ci bond and we have been able to measure the 
angular distributions of all channels mentioned above. 
Our measurement of the decomposition of complexes shows 
that the mixing of the energy among various modes of 
motion is quite efficient and the weaker bonds did 
break easier than stronger bonds as would be expected 
from statistical theory. Experimental results of 
F+CpHj., CpDj. have been analyzed [Publication No. 11.], 
and F+ChHofl-, cis-2-, tran-2-, iso-butene] will be 
finished soon. 

These experimental results did provide some new 
chemical information in addition to offer critical in-



- 3 -
vestigation of the theory of unimolecular decom
positions such as RRKM theory and phase space theory. 
These series of work will provide some insight to the 
nature of intramolecular energy transfers. 

3) Halogen atom molecule transfer reactions. 
Many halogen atom molecule reactions have been 

studied before, but none of the reactions studied 
containing, fluorine atom and iodine atom as one 
of reactants. 

We have studied two reactions ~F+C&2-C&F+C& and 
I+Fp-*IF+F, since these two reactions are two ex
tremes of trihalogen systems. It is interesting to 
note that both energy and angular distributions of 
products of these two reactions are quite different. 
In F+C£2-»C£F+Ci reaction CiF peak forward with all 
the energy in translational mode of motion. But in 
I+Fp-»IF+F reaction products scattered more in back
ward hemisphere with almost all the energy in IF 
vibrational excitation. The angular distribution of 
these reactions are in good qualitative agreement with 
what we have learned in other tri-atomic systems, 
namely, the dynamics are strongly related to stability 
and expected bonding angle of tri-atomic halogen molecules. 
But the high vibrational excitation of IF, carrying 
away more than 9°# of total energy is something un
expected. [Manuscript under preparation.] 
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Intermolecular Potentials from High Resolution Differential 
Cross Sections. 
1) Rare gas systems. 

The differential cross sections which obtained in the 
last period are fully analyzed. The intermolecular 
potentials obtained are also checked by calculating 
second virial coefficients and vibrational energy 
levels. The comparison with second virial co
efficients and vibrational energy levels of Ne?,Ar2 
indicated that the potential derived from our 
differential cross sections are very reliable. 
[Publication 7 and 9-] 

In this period, cryogenic beam sources are con
structed for the measurement of differential cross 
sections of rare gas systems containing He, since the 
shallow well depth, require the measurement at low 
collision energy. He+He, He+Ne, He+Ar, He+Kr, He+Xe, 
and Ne+Ne are all measured again at lower energies. 
These measurements will provide very accurate informa
tions on intermolecular potentials of these systems. 
High quality differential cross sections for Kr+Kr and 
Xe+Xe are also obtained. Further analysis of these 
data are now underway. 

2) Atom and Molecule systems. 
Two new systems Xe+CH^, Xe+SFg are measured. 

3) Molecule and Molecule Systems. 
The most exciting experiment in this category is 

the scattering of para-hydrogen and para-hydrogen at 
their ground states. We have been able to observe 
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symmetry oscillations in differential cross sec
tion, verifying para-hydrogen does behave like 
Bosons. Intermolecular potentials of Hp-Hp are 
under analysis, as well as recently measured Hp+0 , 
H2+N2, Hp+CHV 

The cryogenic beam source which is capable to 
produce supersonic beams at liquid Hp, N temperature 
Is the key to the improvement of these measure
ments. [Several manuscripts under preparation on 
Intermolecular Potentials.] 

Inelastic Scattering of Atoms and Molecules. 
In order to analyze the velocity of scattered atoms and 

molecules, a time-of-flight measuring device using a mini
computer is installed in our molecular beam machine. 

The device is operating marvelously. As the first ex
periments, we have measured rotational escitation of C0p 

as a function of scattering angle in the collision of Ar+C0? 
We did find that at large angle, — 9 0 in cm. system, 

the intensity of rotationally excited CO is almost as much 
as elastically scattered C0p. We also found that a large 
fraction of translational energy could be transferred to 
rotational energy resulting with a transition of multiple 
rotational quanta. The inelastic scattering will be one 
of the major, projects in the next period. 
High Energy Collisions Hot Atom Chemistry. 

We have successfully carried out the first substantially 
endothermic chemical reaction in crossed molecular beams 
method. 

By using seeded supersonic beam technique, we have 
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accelerated CH^Br in their collision with iodine atoms. 

Only two out of three possible channels, CH^Br+I-CHo+IBr 
and CHoBr+I-»CHpBr+HI are observed. Both channels are 
endothermic by as much as 25 kcal/mole. The least (~12 
kcal/mole) endothermic channel CHoBr+1-.CH^I+Br did not 
take place. The chemical selectivity for this reaction 
is similar to those exothermic reactions, but the result 
clearly indicate that it is not always necessary to have 
internal excitation for endothermic reaction to take place. 
The HI formed are not vibrationally inverted as some exo
thermic hydrogen transfer reactions usually have. [See 
publication 10.] 

The work on collisional dissociation of alkali halides 
has been published [publication No. 5]. We are in the 
process of carrying out further analysis on velocity and 
angular distribution of ions produced. 

E) Collisions of Metastable Atoms and Molecules. 
The construction of beam source for producing mono-

energetic metastable atoms and molecules has made sub
stantial progress. The construction is expected to be 
finished in a few months. This will also be one of the 
major projects in the next period. 

III. Publication List 
A) Papers in Print [continued from last progress report] 

5. Crossed Molecular Beams Study of Collision-Induced 
Dissociation of Alkali Halides, F.P. Tully, R.S. Berry, 
and Y.T. Lee, Chem. Phys. Letters 9, 80 (1971). 



6. A Multiparameter Potential for Ar+Ar from High 
Resolution Differential Cross Section Measurements, 
J.M. Parson and Y.T. Lee, Proc. Int. Symposium 
on Molecular Beams 3rd, Cannes, France, June 1971. 

7. Intermolecular Potentials from Crossed Beam 
Differential Elastic Scattering Measurements III. 
He+He, and Ne+Ne, P.E. Siska, J.M. Parson, T.P. 
Schafer, and Y.T. Lee, J. Chem. Phys. 55, 5762 (1971). 

8. A Multiparameter Potential for Kr+Kr from Low Energy 
Differential Cross Section Measurements, T.P. Schafer, 1 
P.E. Siska and Y.T. Lee, Electronic and Atomic { 
Collisions, Vllth Int. Cpnf., Abstract of Papers, Vol. 1, 
p. 5^6, ed. Branscomb, Amsterdam, Netherlands (1971). 

9. Intermolecular Potentials from Crossed Beam Differential 
Elastic Scattering Measurements IV. Ar+Ar, J.M. Parson, 
P.E. Siska, and Y.T. Lee 56, No. 5 (1972). 

10. Reactive Scattering of Atoms and Molecules: Crossed 
Molecular Beam Experiments, Y.T. Lee, Electronic and 
Atomic Collisions Vllth Int. Conf., Chapter 23, In
vited Talk and Progress Report, North Holland Publishing 
Co. (1971). 

11. Crossed Molecular Beam Study of F + CpHj,, CpDj,, J.M. 
Parson and Y.T. Lee, J. Chem. Phys. (submitted for 
publication, 1972). 

) Seminars and Conference Speeches given during contract period. 
1. Recent Progress in Crossed Molecular Beam Experiment 

Chemistry Department Seminar 
University of Chicago 
March 1971, 

2. Reactive Scattering of Atoms and Molecules; 
Crossed Molecular Beam Experiment 
Invited Talk, VII ICPEAC Conf. Amsterdam, Netherlands 
July 1971, 

3. Intermolecular Potentials of Rare Gas System 
Gordon Research Conference 
Beaver Dam, Wisconsin 
August 1971, 

4. Study of Reaction Dynamics by Crossed Molecular 
Beams Method 
Invited Talk, Vlth International Hot Atom 
Chemistry Symposium 
Brookhaven National Laboratory, New York 
September 1971, 
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5- Reactive Scatterings: Crossed Molecular Beams Experiments 

EUCHEM Conference on Elementary Chemical 
Processes 
Go'ttingen, Germany 
September 1971, 

6. Crossed Molecular Beam Study of Collision 
Dynamics 
Universita't der Freiburg 
Physikalisches Institute 
Freiburg, Germany 
October 1971, 

7« A) Crossed Molecular Beam Studies of 
Chemical Reactions 
B) Intermolecular Potentras of Rare Gas 
Systems and Collision Induced Dissociation 

3M Lecture Series 
Chemistry Department 
University of Minnesota 
Minneapolis, Minnesota 
October, 1971, 

8. Molecular Beam Chemical Kinetics 
Naval Research Laboratory 
Chemistry Division 

- Washington, D. C. 
November 1971• 
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