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962-7199
Major Larry Davis

Department of the Air Force
Air Force Office of Scientific Research
Bolling Air Force Base, D.C. 20332

Dear Major Davis:

. As discussed in our last telephone conversation this letter contains my
final gamwet report for Air Force Contract #49620 85C0003. " (F49620-85-C~0003,
Theoretical and Experimental Studies of Molecular ics.
During the period of October !, 1984 to September 30, 1985, the work
described in the following papers was completed.

A Scattering Resonance Description of Very Low Emergy Collision Induced

Vibrational Relaxation. Stephen K. Gray and Stuart A. Rice, J. Chem. Phys.

83, 2818 (1985).
R
*d We report a study of very low energy collision induced vibrational

relaxation using an approximate resonant state formalism which relates the

inelastic cross section to the properties of metastable states. A study of

A
models.loosely based on the He + IZ(B3n +) system7reveahs°that the combined
T 0

T—— o . B u
effect of a low collision energy resonance and high initial diatomic
vibrational exci;ation can lead to a large enhancement of the vibrational
relaxation cross section. In general, both the Wigner threshold requirement,
Y ‘k'-l, where k' Jig the initial relative momentum, and the existence of
collision energy resonances can lead to increases in the very low energy
relaxation cross section. Indeed, the threshold requirement increasingly
enhances the contribution of a resonance to the cross section the closer the

resonance is to zero collision energy.. Because the density of resonances near

zero collision energy is small, and begause of the importance of the Wigner




shreshold contribution, the collisicn dynamics rear zero c¢ollision energy {:

very sensitive to the nature cf the potential energy surface,

Tine Dep--cent CARS as a Prcbe cf Ground Electronic State Intramolecular

Jinwmazsicnal t22istributien. David J. Tanncr, Stuart A, Rice and Peter M.

Wezer, J. Chen. Phys, (in press).

We cescrioe a representation of conherent anti-Stokes Raman spectrcscopy
(CERS) suitaeble to the description ¢f time dependent measurements., This
rezrasentaticn includes the standard energy frame fcrrmulation as a special
czse wnen crly CW fieids are involved. The traditional CARS CW field
fregquency matcning condition, mo=w1-w2+w3, must be generalized for non-Ci
T1z1ds; in that case it refers to the Fourier ccmponent =zt wg of the
ccnveluticn ¢f the radiation field with the wavepacket recurrences. The
influence cf resonance, both in the ground and electronically excited stzates,
on tne decay of time delayed CARS signals is discussed. As expected,
intrameclecular vibrational reaistribution on the ground state pctential
surface of a molecule causes the CARS signal to decay in time. !Model
calculations show that quantum beats in the CARS signal may be cbserved,
reflecting either a small number of coupled states (strong and regular

recurrences) or sequential coupling of states (weak and early recurrerces),

Centrel ¢f Selectivitv of Chemicel Reaction via Control cf Wave Packet

Evclution., David J. Tannor and Stuart A. Rice, J. Chem. Phys. (in press).

A time-dependent formulation of two-photon spectroscopy is employed tc
show that selectivity of reactivity can be achieved via coherent two photen
rrocesses, The problem of finding the cptimum waveform (f{.e. conerent pulse
JTorornz2) that will maximize the formaticon of a desired chemical speci=g s

mriloted 28 a problem in the czleulus of variations, and solved f:ir two




Tr2 Clzssicel Mecrenics cf visretional Predisssciation: A Mccdel Ezsscd Study
27 fnzse J-z22 Strusture and Its Influence cn Fra:méntaticn Rates, Steghen K.
irzv, Zwuart A. Rice and T.w. NoiZ2, J. Chnem. Phys. (3unmitted). Q

Tne clzzsiczl zZynzamics pertirent tC van der Waals mcleculs vicratisnal
crziizecciziicon of & T-snapel megel fer %elsz) is examinez. A fascingting »
Tn2S3F space struztur2 invelving ronlinear resgnances and stocnastic metion iz
Touni, bor olow initizl vioraticrel eweitztions &7 the I, gartner of tne vin

[N

ccmrlex the relevant part of phsse space is demirated by quasipericdie moticrn
indiczting a purely quantal mecde of decay ("dynamizal tunrnelinz"), bHut for

nizner initial vitrational excitations van der wWazls molecule predisscaiation

z a2 classiz2zlly allowed preccess. Classiczlly determined rates ¢f cdecay agrse
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