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ABSTRACT

The final report suimiarizes the work accomplished under the

subcontract. The overall objectives of the investigation were as

follows : The determination of molecular properties of chemical

dynamics for reactions of importance to combustion and propulsion .

Molecular beam techniques were used for the experimental part of thi s

work and were accompanied by theoretical studies in chemi cal dynamics .

The second purpose was the study of the interaction of chemical

reactions with transport processes and flows in gases in which in-

stabilities may occur.
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D. Object

Purpose of Research: The determination of molecula r propert ies
of chemical dynamics for reactions of importance to combustion and
propulsion. Molecular beam techniques were used for the experimental
part of thi s wo rk and were accompanied by theoretical studies in chern-
ical dynamics. The second purpose was the study of the interaction of
chemical reactions with transpo rt processes and flows in gases in which
instabi l i t ies  may occur.

E. Achievements

1. Transport Processes: We developed a new method of solving
the Boltzmann equation which describes transport processes in dilute
gases (47). The method is similar to a WKB-type solution and at any
stage of approximation is better than a sonine polynomial expansion.
Experimental work was completed on measurements of t1~ viscosity of
gases as a function of temperature and pressure.  The precision and
accuracy of these mea surements has not been superceded (54).

2. Theory of Chemical Dynamic s: We have made progress  in this
field along a number of lines. We developed the theory of optical po-
tentials for reactive systems (43 , 46) ; we treated reactions by distorted
wave approximations (51) ,  semiclassical anal ysis  (56) , direct interaction
and complex formation approaches (65 , 72) . The optical potential method
has proven be st where app licable for the determination of total coll i s ion
cross sections. In an analysis  of symmetry effects in chemical reactions
(67) we derived the theoretical basis of the important Woodward-Hoffmann
rules and showed their limitations.

3. Molecular Beam Research: In a number of publications (50 , 66, 73 ,
76) we measured angular distributions of both reactant s and products in a
chemically reactive system and derived from that total reaction cross
sections, probabilities of reactions, threshold conditions, such as activa-
tion energy and threshold distances necessary for reaction, and distri-
bution of exothermi city in reaction products. This work contributed to
showing that a molecular beam approach yield s valuable data not available
by othe r techniques.

4. Chemical Instabilities: Chemical Instabilities occur when non-
linear reaction mechanisms, normally achieved with auto - or cross
catalysis, are driven sufficiently far from chemical equilibrium. In
that case a number of interesting events, such as multiple stationary
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states, oscillations and formation of macroscopic spatial structures
may occur . We have made pioneering contributions in a number of
areas. We showed the existence of resonance-l ike phenomena due to
boundary or external perturbations (69, 70) ; we showed the impo rtanc e
of local autocata lysis (71) and predicted new cooperative phenomena
in a field of local sites at which autocatal ytic reactions may occur (89);
we investigated the interaction of mechanical (sound ) modes with chem-
ical reactions and showed how chemical reactions may amplif y sound
waves (75 , 79), which is of particular impo rtance in combustion; we
have predicted the occurrence of instabilities in i l luminated systems
(82, 90) and proceeded to confirm our predictions w ith experiments;
we anal yzed a variety of waves in oscillatory chemical reactions (80 ,
93 , 101); and we discussed the connection between fluctuations and
transit ions in chemical instabilities as compared to those in phase
transi t ions.  Much of this wo rk is reviewed in Ref. 114. Instabil i t ies
and osc illatory phenomena occur in f lame s and othe r combustion pro-
cesses and we believe that we have contributed to an understanding of
these phenomena.
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