
Unclassified
SECURI'!v CLASSIFICA'ION 0 TNIS PACE (li', Dee Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLET:NG FORM

1. REPORT NUMBER 12. GVT NNION Njj RECiPIENT'S CATALOG NUMBER

MOSR-TR- 38 . 0280
4. TTLE and ubtile)S. TYPE OF REPORT & PERIOD COVERED~Final

Energy Disposal in lectronically 
Final

Excited Halogens and Oxygen 6. PERFORMING ORG. REPCRT NUMBER

7. AUTHOR(e) S. CONTRACT OR GRANT NUMBER(s)

Paul L. Houston AFOSR-78-3513

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

Department of Chemistry AREA & WORK UNIT NUMBERS

Cornell University
Ithaca, New York 14853 ,0,31

11. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE

Air Force Office of Scientific Research / )taJ77- 3/ Oc'11
Directorate of Chemical Sciences //le 13. NUMBER OF PAGES

Bolling AFB, Building 410, Washington, D.C. 7
14. MONITORING AGENCY NAME & ADORESS(I! different from Controlling Office) 15. SECURITY CLASS. (of this report)

Unclassified

i5a. OECL ASSI FI CATION/ DOWNGRADING
SCH EDULE

16. DISTRIBUTION STATEMENT (ofhia Report)

IS. SUPPLEMENTARY NOTES

.9. KEY *OROS (Continue on r.verse side if necessary end identify by block numbe... "

Iodine Laser T
Energy Transfer

0 Singlet Oxygen V ,
Electronic State Quenching.

20 ABSTRACT (Continue on reveree side if necesa, and identifty by block nu.ber)

-Collisional quenching of electronically excited iodine atoms
by molecular oxygen bas been investigated. The primary

COP mechanism of the l*(P deactivation tis shown to be an
electronic-to-electr&li: energy transfei probess between the
iodine a.d oxygen, creating electronically excited Od2(l;/;.
.In aother e periment the total rate of deac -vation of'

O(itby 0' 'was found to be 5.0 x10 c O moec u1~"

DD I JA73 00Unclassified ,-
0 2 1 5 SECURITY CLASSIFICATION OF Toils PAGE 0

4
1hen Oae Enteed)



Unclassified . " A .
SE :f;qtr CLS$,PICATION OF THIS PAGEtWhIn Date Entered)

-E Stronic-to-vibraionaI energy transfer frown I*(5h!P1/i ) to
' 22 v 3),as been obiSerVid. Roughly 2% of the I* deactivation
result in ;2v=40) ' yargon, heli m, and Iat roo\;ejnper t reare (7.311 0.3) x sorr .
and (1.8- 0.4) x 10"se ori, respectively. These results
have important implications for the mechanism of 12 dissociation
in the chemical oxygen/iodine laser. A chain branching mechanism
consisting of the steps I* + I2 , o + i(20 vy&0), 12 (2v.40) +

- ( .&_21 +.01, and 02( + I 02 + I may be responsible for
the a ssociat ion.

QA-
' -. 1

- -- C.

I1 1¢ 1,:

Uncsified
d I ~SaCuPITY CLASSIFICATrION Of T.IS PAGE(W1'.n Dal* Entered)

. ;: --- ... .. .....

-i~~qlr II ~E% '
-



/1/

AFOSR.TR . 0 2 8 0

Energy Disposal in Electronically Excited

Halogen Atoms and Oxygen

Final Scientific Report

Total Grant Period: Nov. 1, 1977 through Oct. 31, 1982pPeriod Covered by this Report:

Nov. 1, 1981 through Oct. 31, 1982

A. Research Objectives

The chemical oxygen-iodine laser has been identified by AFWL

as a favorable system for further development. However, the

chemical dynamics of this laser are poorly understood. Inversion

between the spin-orbit levels of iodine is thought to be produced

- by the following mechanism:

02() + 02(L) 02() + 02(3Z) (1)

0 Z + 1 + 02 (3Z) + 2 1 (2)

O2(0A) + I - 02(3Z) + I* (3)

-* + 0 2 ('A) + I + 0 2 (
1E) (4)

_I2 I*I2
where I=I(PJ/2) and 1*=I( P1/2). It has been our reserach

objective during the past year to examine this mechanism in de-

tail, to measure the relevant rate constants, and to determine

the branching ratios for alternative steps in the kinetic

* scheme. Our efforts have focused primarily on steps (2) and (3)

of the proposed mechanism. The status of our investigation is

* outlined below and inATIP 4oq*Y, k44(Ail¢ e Section
[ r" ~NOTUI~q lD T[
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B. Status of the Research Effort (1981-1982)

1. The I(2P1 /2 ) + 02 = I(2P3/2) + 02 (
1A) Equilibrium

The equilibrium between excited iodine atoms and oxygen has

-been examined by monitoring the time-dependent I*[-I(2P1/2)]

concentration following creation of this species by pulsed laser

photolysis of iodine-containing precursors. A double exponential

decay is observed which reflects a fast approach to equilibrium

followed by a slower relaxation of the equilbrated mixture. Data

• obtained with the I* precursors HI and CH31 show that the rate

*constant for the reaction I* + 02 + I + 02 is insignificant com-

pared to that for the reaction I* + 02 I + 02(0A). Data ob-

tained from the precursors i-C3 F7 I, n-C 3F7 I, C2H5 I, and CF3I sug-

gest that 02 ( A) is rapidly relaxed by the precursor itself, by

" the precursor radical, or by some product formed in a reaction

" between the precursor radical and oxygen. The rate constant for

* the process I* + 02 + I + O2(14) has been found to be (8.8 ± 0.9)

" x 105 sec " I torr " 1 , while that for the process 1* + 02 + I + 02

* is (0.3 ± 1.3) x l05 sec-, torr-L.

2. Electronic-to-Vibrational Energy Transfer from 1*(5 2 P, 1 2 )

* to 12(25<v<43)

Electronic-to-vibrational energy transfer from 1*(5 2PI/2)

to 12(25<v<43) has been observed. I* was created by pulsed laser

photolysis of either I2/Ar mixtures at 475 nm or CF3 1/I 2 /Ar mix-

tures at 266 nm, while the resulting vibrational distribution of

12 was monitored by laser induced fluorescence on the 12 (B+X)

* ., -
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transition. The experimental results are consistent with an a-

symmetrically shaped nascent 12 product distribution peaked near
v-40 with half-maximum points at v-41 and v=35. Roughly 2% of

the I* deactivations result in I2 (v=40). The rate constants for

vibrational relaxation of I2(v-40) by argon, helium, and 12 at

room temperature are (7.3 ± 0.3) x i05 sec -1 Torr -1 , (1.0 ± 0.2)

.., x 106 sec - 1 Torr - 1 , and (1.8 ± 0.4) x 106 sec- 1 Torr-1, respect-

ively. These results have important implications for the mechan-

ism of 12 dissociation in the chemical oxygen/iodine laser. A

. chain branching mechanism consisting of the steps I* + I2 + I +

I(20<v<40), Iz(20<v<40) + 02(%) + 21 + 02, and O2(0A) + I + 02

+ I* may be responsible for the dissociation.
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