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A. Research Objectives

- Interconversions of energy between the metastable species of halogens,

* interhalogens, and oxygen [I*(:P), O-(:A, ), l,(X, A, B), IF(X, A, B)I are

important to the determination of the mechanisms for the chemical oxygen/iodine

and IF lasers and to the development of a better fundamental understanding of

electronic energy transfer. Previous research by our group in this broad area

has investigated the kinetics of the equilibrium I* + O = I + 0:(-), has

Cl- measured electronic-to-vibrational energy transfer from I* to l', and has

determined the rates of deactivation of I* by alkyl and perfluoroalky! io-

*.-' dides. During the past three years our efforts have focused on better ways to

detect Ok I), on the deactivation kinetics of !* by C1, and on the ohotodis-

sociative generation of iodine atoms.
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B. Status of the Research Effort

1. Deactivation Kinetics of I* by C12

Collisional quenching of excited iodine atoms by Cl, in a flow system has

been investigated [J. Chem. Phys. 82, 2590 (1985)]. Time-resolved emission

from photolytically generated I"(2P) has been studied in a slow flow appara-

tus. The total rate of deactivation of I* by Cl has been measured to be no

more than 8 x 10 - s cm3 molecule-' s - 1, substantially slower than previous

reports. Evidence is presented for a very fast (k 2 x 10 cm3 molecule-'

s-1) relaxation of I* by Cl atoms, which can account for both the earlier and

the present observations.

* 2. Photodissociation of ICN

CN(v=0) rotational distributions as a function of photolysis wavelength

have been probed by laser-induced fluorescence following photodissociation of

ICN prepared in very low rotational levels by expansion through a supersonic

jet [J. Phys. Chem. 88, 6658 (1984)]. In most cases, the rotational distribu-

tions can be described by a superposition of low-temperature and high-tempera- F

ture Boltzmann distributions. A semiclassical model has been used to interpret

the results. Potential surfaces are proposed which reproduce both the deconvo-

luted ICN absorption spectrum and the major features of the variation in I '

average rotational energy disposal as a function of photolysis energy. Minor

discrepancies between the theory and experiment are likely to be caused by

nonadiabatic transitions between dissociative surfaces.
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3. Multiphoton Ionization Detection of 0

Multiphoton ionization has been used to detect sensitively both 02(
3Z) and

0(!). The two-photon resonant ionization of 0,(3E) show a vibrational
t

progression (v'=0, 1, 2, 3) which can be assigned to the C 'Rg intermediate

state. Only the (2,0) band shows rotational structure, while the broad bands

corresponding to the other vibrational levels can be understood as resulting

from the dissociation by repulsive states which cross the 39 state. 0.(!A)

was detected both in a microwave discharge and as the photolysis product of 03

dissociation at 266 nm. The spectrum shows several vibrational levels for each

of two Rydberg transitions in the 260-245 nm region (single photon), as well as

near 340 rum. None of the states reached from 0.('A) has previously been

reported. Manuscripts for publication of this work are currently in prepara-

tion.

4. Photodissociation of CH31

A new photofragment spectrometer has been used to measure both the

internal energy distribution in the CHI and I/I* fragments of photodissociation

of CHJi at 266 nm. Multiphoton ionization of the CH3 group provides vibration-

al and rotational resolution, while ionization as a function of position

provides translational resolution. This work is still in progress.

3. Detection by Tunable Vacuum Ultraviolet Lasers

A vacuum ultraviolet source tunable in the 140-160 nm region has been used

to detect the CO product distributions from OCS and glyoxal dissociation as r
well as from the collision of hot hydrogen atoms with CO.
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Translation to vibration/rotation energy transfer has been investigated in

the collision H + CO. H2S is dissociated at 193 nm in an pulsed nozzle beam

containing CO. The H atoms make 1-2 collisions with the cold CO and excite it

vibrationally and rotationally. The CO products are then probed by vacuum

ultraviolet laser induced fluorescence using a tunable VUV source made by

four-wave mixing in Mg vapor. Because of the photolysis conditions for the

H.S, the initial translational energy is well-specified, and because of the

expansion, nearly all of the CO is initially in v=0, J=0. Thus, the initial

conditions are (nearly) completely specified. The final product distribution

can be completely determined by the VUV laser-induced fluorescence; vibrational

and rotational analysis is currently underway.
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