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A. Research Objectives

- Interconversions of energy between the metastable species of halogens,
interhalogens, and oxygen [I*(;P%), 0.(-4,-2), I.(X, A, B), IF(X, A, B)]sgre
impertant to the determination of the mechanisms for the chemical oxvgen/iodine
and IF lasers and to the development of a better fundamental understanding of
electronic energy transfer. Previous research by our group in this b;oad area

.-

i - -\
has investigated the kinetics of the equilibrium I* + 0. = I + 0,(-X), has

Do
£L. peasured electronic-to-vibraticnal energy transfer from I* to I}, and has
.
2 determined the rates of deactivation of I* by alkvi and perfluoroalkvl io-
SE )
« ..! dides. During the past three years our efforts have focused on better wavs to
b < - "
detect 0}\‘&), on the deactivation kinetics of I* by Cl., and on the photodis-
-~ .
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B. Status of the Research Effort

]
.
0
s 4

B

1. Deactivation Kinetics of I* by Cl,

R

Ve e

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*(zP%) 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 107!% cm? molecule™ s™°, substantially slower than previous
reports. Evidence is presented for a very fast (k = 2 x 107*° cm’® molecule™*
s”*) 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 photodissociaticn of
ICN prepared in very low rotational levels by expansion through a supersonic
jet [J. Phys. Chem. 88, 6658 (1984)]. 1In most cases, the rotational distribu-

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

ture Boltzmann distributions. A semiclassical model has been used to interpret T
the results. Potential surfaces are propesed which reproduce both the deconvo- j
luted ICN absorption spectrum and the major features of the variation in g ;j
average rotational energy disposal as a function of photolvsis energyv. Minor
discrepancies between the thecry and experiment are likely to be caused bv :;_Q

nonadiabatic transitions between dissociative surfaces. L*J
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3. Multiphoton Ionization Detection of O,
Multiphoton ionization has been used to detect sensitively both 0.(%:r) and
0.(*a). The two-photon resonant ionization of 0,(°f) show a vibrational

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

8
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 I, state. 0,(*A)

g
was detected both in a microwave discharge and as the photolysis product of O,
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 nm. None of the states reached from 0,(*aA) has previously been

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

tion.

4. Photodissociation of CH,I

A new photofragment spectrometer has been used to measure both the
internal energy distribution in the CH; and I/I* fragments of photodissociation
of CH,I at 266 nm. Multiphoton ionization of the CH, group provides vibration-
al and rotational resolution, while ionization as a function of position

rovides translational resolution. This work is still in progress.

5. Detection by Tunable Vacuum Ultraviolet Lasers
A vacuum ultraviolet scurce tunable in the 140-160 nm region has been used
to detect the CO product distributions from OCS and glvoxal dissociation as

well as from the coliisicn of hot hvdrcgen atoms with CO.
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Translation to vibration/rotation energy transfer has been investigated in
the collision H + CO. H,S 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.

C. Complete List of Publications Supported by this Grant
1. Z-N. Gu, A. T. Young, and P. L. Houston, "Deactivation of I(5 2P%) by
CF,I, CH,I, C,H;I, and CH_," Int. J. Chem. Kin. 16, 669-677 (1984).

W. J. Marinelli, N. Sivakumar, and P. L. Houston, "Photodissociation

(9]

Dynamics of Nozzle-Cooled ICN," J. Phys. Chem. B8, 6685-6692 (1984),

3. G. E. Hall, S. Arepalli, P. L. Houston, and J. R. Wiesenfeld, '"Collisional
Quenching of Excited Iodine Atoms (5p? ;P%) by Cl. in a Flow System," J.
Chem. Phys., accepted.

. G. E. Hall, W. Marinelli, Sivaram Arepalli, A. T. Young, P. L. Houston,
and J. R. Wiesenfeld, J. Photochemistryv 25, 551 (1984).

5. A. Sivaram, W. J. Marinelli, R. Ogorzalek, P. L. Housten, and J. R.
Wiesenfeld, '"Multiphoton Ionization Spectra of 0.(%I) and 0.(=3): New

Rvdberg and Valence States," in preparation.

.....

1~ 00 [ Al At Gl fad’ e t~A "K"L'I‘\'\"

£

2
o

--;
e
e
2
BN
_\J
F A
. “ p
A

i

{

1

q

\|



RN LA AR LA MRS L Al b i e 0t ek 2e s 2 DL DA A it ot S e A A e ) e g o) 3

Y

Paul L. Houston Page 5

6. R. Ogorzalek, P. L. Houston, and R. W, Field, "Spin-Orbit Coupling in the

(3dvg) Rydberg Levels of 0.," in preparation.

D. Personnel During FY 85

1. Paul L. Houston, Ph.D., 1973, Massachusetts Institute of Technology.
2. H.-P. Harri, Ph.D. 1980, University of Bern, Switzerland.

3. G. E. Hall, Ph.D., 1980, University of Toronto.

4. R. Ogorzalek, graduate student, Cornell University.

bo- |
U atr :
3 - L
.
' i
.
‘ ;
s
‘
e .
ey g T LT SRR -"s.'\'.‘b'-' e e e et SRR
T PN VRV DR T R WD P O -'L-';\'.J'LJ.A‘L-'L-".:.‘ks'¢\"1'-4\"‘._\'.'_'~'L'>';-';~[._\

O
CACA AN

o
()



Lol Pt NSO e R A A A ARA R N T A0 A0 p et EAACAAA DA A A A il el Al S A A A S Al € Gl den*Sac & a8 -«—«-.-iw"m"(

{{'f\'_ TR
Unclassified SR =T 1506 @

SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Ys REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
Unclassified
Zs. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIAUTION/AVAILABILITY OF REPORT
Approved for public release;
75 DECLASSiFICATION/DOWNGRADING SCHEDULE Distribution unlimited
4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)
AFOSR-TR- 86-0105
68. NAME OF PERFORMING ORGANIZATION b. CFFICE SYMBOL 78. NAME OF MONITORING ORGANIZATION
o . (1f applicadle)
Cornell University AFOSR/NC
&c. ADDRESS (City. State and 7Z!P Code) 7b. ADDRESS (City, State and ZIP Code)
Department of Chemistry
Ithaca, New York 14853 Bldg. 410
Bolling AFB, D. C. 20332-6448
8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
CRGANIZATION (1 applicable)
AFOSR NC F49620-83-K-0012
3c. ADDRESS (City, State and 21P Code) 10. SOURCE OF FUNDING NOS.
Bldg. 410 PROGRAM PROJECT TASK WORK UNIT
. ELEMENT NO. NO. NO. NO.
Belling AFB, D. C. 20332-6448
61102F
11. TITLE Inciude S¢::unf7 Clnanlicenonl \) /)L % I
Laser Studies of Halogens and Oxygen T ’
12. PERSONAL AUTHORIS)
Paul 1. Houston
13s. TYPE OF REPQORT 130. TIME COVERED 14. DATE OF REPORT (Yr, Mo., Day) 15. PAGE COUNT
Final rrom 11/01/84010/31/B5 1/1/86 K

16. SUPPLEMENTARY NOTATION

'(—"‘"'&’l ] H

17 COSAT!I CODES 18. SUBJECT TERAMS (Continue on reverse if necessary and identify by block number)
sl 0 GROUP 3UB. GR. Iodine Laser *Vacuum Ultraviolet.
~Energy Transfer /(
lectronic State Quenchlnw

19. ABSTRALT (Continue on reverse i necessary and identify by lili::k Mn +

Sensitive detection of OZ( -4) bv multlphoton ionization is reported.
eactivation of I* by Cl13%is found to be much slower than previouslv
he.  The pbotodlssoclatlon of ICN and CH,I have been examined. The
“ion of I* bv alkvliodides and peLfluovgal

i

=G

.
-~
1.

Ao Q.

1
a

rg o

xa kyliodides is reported.

¢

20 CiSTRIBUTION-AVAILABILITY OF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIED'UNLIMITED <3 SAME A4S RPT & DTIC USERS [

22s. NAME QF RESPONSIBLE INDIVIDUAL 22b TELEPHCNE NUMBER 22c CFFICESYMBOL
—- - . . tinciude Area Code!
Francis J. Wodarcovk 202-767-4963 XC

DO FORM 1473, 83 APR €OITION OF 1 JAN 73 1$ OBSOLETE. Lnclassiried

SECUALITY CLASSIFICAT!ON CF THIS PAGE
. PN . . « . . \ A




NSO RN K i A

At

M AN

.

- .
P Y

wogwywoggwTeLw
ANt T AN S S,

Ay




