AD=AD32 848

UNCLASSIFIED

NAVAL RESEARCH LAB WASHINGTON p C F/6 7/4

I*= ATOM BIMOLECULAR QUENCHING BY 02» H20r H202¢ AND H2.(U)
NL

OCT 76 J R MCDONALD» J K HANCOCK
NRL=MR=3395

| I|IIII||||||I|I|II|I\IIIIlIlIIIIII!IIIlIIIIIIIIIIIIIII

w

END

DATE
FILMED

| =77




s i ol ol e b 0 0 i el Rt s ALbE

ADA (032848

I* Atom Bnmolecular Quenching by ;
02, H20, HZOZ’ and H2 ;

J. R. McDONALD AND J. K. HANCOCK

Physical Che»ibtry Branch
Chemistry Division

October 1976 6 .\_T’D,,Y‘EXD

PUr S e AT

NAVAL RESEARCH LABORATORY
Washington, D.C.

Approved for public release: distribution unlimited.




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

T. REPORT NUM'EI 2. GOVT NT'S CATALOG NUMBER
NRL Memorandum Report 3395 (14 i NRL - #((— 7S

e ] 8 HATLE (ang Subticte) BB 5 PEROD COVERE

(¢ l‘_l!p IMOLECULAR QUENCHING BY @

A gl o .

T AUTHOR(3) 3. CONTRACT OR GRANT NUMBER(s)
Donald -l K/Hmcoek ]

3. PERFORMING ORGANIZATION NAME AND ACORESS . ’lggn.Ago!-L“tzgrff"l:&%J‘lcf TASK
Naval Research Laboratory

Washington, D.C. % \ XWM

11. CONTROLLING OFFICE NAME AND ADDRESS L’; REPORT
Air Force Weapons Laboratory OcteWoNg976
Kirtland AFB, New Mexico 87117 e |3.7..unm LRI 1]
14. MONITORING AGENCY NAME & ADORESS(I( dilfe trom C: tling Oftice) 18. SECURITY CLASS. (of thie report)
UNCLASSIFIED

TSa. DEC&ASSIFICAT!O'& DOWNGRAOING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, !f different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eside I Yy and | ity by block )

Iodine atom
Quenching rates
Chemical laser

=, 5
20. \TRACT (Continue on reverse side If necessary and Identify by block number)

Iodine atom quenching rates in the presence of n-ChF-,I Hz, 02, Hzo and H202 have been
measured. Electronically excited f @) atoms were produced by laser photodissociation of
-C F’-}I at ~ 2985A using a frequency doubled flashlamp pumped dye laser. The concentration of
“Py 1/2) is directly monitored by observing 1.315 um fluorescence, using a liquid Nz cooled Ge
photovoltaic detector. Fluorescence signals were digitized and signal averaggd,?smg a Biomation

8100 - Nicolet 1074 transient recorder - signal averager combination 3 Simple biomolecular quenching4» ...«
Fa,

o 4’

(Continues)

DD ,/5%'5s 1473  eoiTion oF 1 NOV 68 1S OBSOLETE i
S/N 0102-014+6601

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

hlromete b 2 2 -
0/25 19860 el //F

Y

() PLy2))




«eLURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. Abstract i —————rrT

—— \ " / \
/n% were measured for n-CgFI{k < 2.5 X 10~16 cmm}!; (k = 0.83 X 10713 cm3/
ecule'sec); and Hy0, (k = 3.75 X 10712 cm3/molecule’sec). Both I*-Op and I*-H,0, mixtures -
exhibit strongly nonexpdnen uorescence decays. The I*-HyO, results suggest that both reactive
and collisional quenching processes are taking place. The fast process corresponds to an apparent
quenching rate of k = 4.0 X 10™ 11 ¢m3/molecule'sec. A double exponential fluorescence decay from
I*.0, mixtures suggests that two rate equations must be considered to explain our observations. The
first of these if E-E pumping mechanism I(2P; ) + 05(3Z)

53-1(21’3,2) + 0,5(14)

for which we find a rate of k, = 0.96 X 10~11 cm3/molecule'sec. The other rate most probably
represents an irreversible energy sink for I populations. Several mechanisms are investigated for this
rate k = 1.42 X 10~11 ¢cm3/molecule'sec. A major kinetic analysis is carried out based upon the
assumption that the rate corresponds to the E-VT process kyq, I(2Py/9) + 05(3Z) _k_12_ 1(%Pgp) +
09(3%) + AE = 7606 em™ 1.

ii

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




- |
i |
>
CONTENTS
0 TRODOCER. 2 el B i e 1
1.1 Chemical Laser Scheme . .. .................. 1 a
T2 Bate COnaCantS .. .. .l 0 it iaaesasiee 2 :
1.3 Proposed Resesdreh .......:...:ccciivaasnssios 3 ]
20 BEDEREMENERL . ...’ iisioeiniihase s donsesssas 4
- 2.1 Photolysds BOUTeR ......... iuibnesrominnsniss 4
E . ) 2.2 Photolysls Cell. .. .. i i ineieiioheesees 4
\i { 2,3 Signal Detection and Processing ............ 4
9 , BT O R TR e e S L S S S 5 k
2.5 Presswe Measurement ............oceeeceoeen. 5
3.0 RESULTS FOR H2’ H20, AND C3F7I .................. 1
3.1 1I%* Atom Quenching by T L 7 ‘
3.2 I* Atom Quenching by Hy oviiiiiiiiii 7 ' 3
3.3 I* Atom Quenching by HyO .................... 7 | 5
4,0 RESULTS FOR H202 QUENGHING: "o 0 on ol i oo s s 11 i
4,1 Multiphoton Processes ...........coceeeeeenn. 11
4,2 Photolysis of H202 .......................... 11
4.3 Energy Transfer and Chemistry ............... 12
4.4 Hzo2 Total Deactivation Rate ................ 12
5.0 RESULTS FOR 02 QERRRTL ARG - & s o b A R o s 5 15
5.1 o2 Dechy RIBERLBE, . . .oiiaivesnniesisvsbinns 15
5.2 Evaluation of Rate Constants ................ 16
5.3 Other Evaluations of kjp .......ccovuvinnnnn, 18
5.4 Possible Alternative Kinetic Mechanisms .., . 19
6.0 TABULATION OF RATE DATA ..........co0vvennennennn. 21
7.0 SUGGESTIONS FOR FURTHER STUDY ..........cco0vevnnne 21
O BRTRRENNEED = " 5 i s bk i 0w AU B U o e, o ok o b g 23




I* ATOM BIMOLECULAR QUENCHING BY 0,, H,0, H,0,, AND H,
1.0 INTRODUCTION

1.1 Chemical Laser Scheme

A cw iodine atom chemical laser with potential for high power appli-

cations is presently under investigation at the Air Force Weapons Labora-

tory. Several potential chemical lager schemes have been suggested and

considered. I,, which quenches the upper laser state, I(zPl/z), at near

the gas kinetic collision rate [1], renders many of these schemes untenable.

A scheme which minimizes this quenching process has been chosen by AFWL for

extensive investigation, It is based upon the following sequence:

Ca(Cl0), + 2H;0, —Ae20, (1A) + 2H,0 + CaCl, (1)
0, (18) + 0; (8) —2w0, (1) + 0, (°T) (2)
Or (V) 4 3, =idewdl +i0p (20) (3)

0, (}8) +1 (ZP,/,)‘_-f_‘é-\_ 0y () + I (*By ;) + 4E = 280 cm™* (4)

k
=4

I (®Py2) =1 (*Py/,) + hv (1.315 um) (5)

laser

Reaction (3) effectively prevents the buildup of I, molecules. The 0,(!I)

responsible for this dissociation occurs as a natural consequence of the

deactivation of 0, by self-quenching.

Pursuit of this scheme introduces further uncertainaties which it has

been necessary to consider. These include: (1) Reagent mixing problems

associated with the heterogeneous reaction; (2) The resultant need to sepa-

rate aerosols and particulates from the reaction mixture; and (3) The intro-

duction of large quantities of H,O0 and H,0, into the laser medium. The

later process requires consideration of the following rates;

2 k 2
I (*Py/2) + H0 —fT ( P3p) + Hp0t + Antrans (6)

k
I (*Pyj2) + Hy0p —Z=1 (*Py/y) + HaOpt + GE (7

Rate k; may also include collisionally induced reactive mechanisms.

Note: Manuscript submitted September 30, 1976.



1.2 Rate Constants

At the inception of this work firm values for the rates k¢ and k; were
not available. Husain and coworkers have extensively studied I (’P;/,)
energy transfer kinetics. In all studies the initial concentrations of
I* atoms are produced by flash photolysis. Detection and monitoring of

——

exéited state species are primarily based upon two techniques; (a) secondary
flash kinetic spectroscopy and vacuum u.v. plate photometry; or (b) following
transient absorption by use of resonance radiation from iodine resonance
lamps. A summary of these studies is found in a review article by Husain
and Donovan [2]. The evaluation of the fast rates by the latter technique

is more uncertain because in these experiments the monitoring of excited
state populations does not begin until several hundred microseconds after
initiation of the photolysis pulse. This restricts the dymamic range of
pressures which can be studied. Lifetimes longer than a few milliseconds
must be corrected for diffusion, radiative decay and impurities in the
diluent gases. McFarlane and coworkers [3], in 1974, began reporting

1 (’P;/z) quenching rates following laser photolysis of precursors. I atom
populations were monitored by time resolved atomic absorption. Some of these
quenching rates were reported to be a factor of twenty different from values
reported by Deakin and Husain [4]. Similar uncertainties in crucial rate
constants in the proposed chemical iodine atom laser, would render computer
modeling of this system a useless endeavour.

The essential E-E pumping step for the chemical laser,

0, () + I (*Ry/) % 0, (°D) + 1 (*Bys)

has been studied by Deakin, Husain and Wiesenfield [4]. Because of experi-
mental constraints, measurements were carried out at O and CF;I pressures
of 2-6 mtorr. These pressures are much lower than those required for the
laser device; moreover, it was necessary to carry out these measurements
over a very limited pressure range., Some concern exists over the feasibility
of extrapolating the evaluated rates to the much higher pressures required
in a practical device.

Therefore, with support from AFWL the Physical Chemistry Branch at NRL
undertook to measure the rate constants associated with the processes detailed

e ur—
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in Eq. (4), (6) and (7).

1.3 Proposed Research ,
Specifically NRL undertook to measure rate constants associated with the

following processes:
1) The pumping step K,
1 —
0; (18) +1 (*py;5) ol W 02 (°) + I (*Py/s) + 08
2) Hy0 removal of 1 (’P;/g)

2p: Z k .12 *
I (PPija) +H,0 —4—=T1"CPypy) + H,0' +8E,

3) Hy0, removal of I (zP‘/z)
k ¥
1 (2P\/z) + Hy 0, —'Z-.I (2P3/z) + H, 0, + AEtrans
Initial I (zPI/z) populations are generated by laser induced photodissociation
(At < 1 psec) of the appropriate precursor, i.e. C3F7I or CF3I, etc. The I

(szlz) concentration is monitored by direct detection of time resolved atomic
fluorescence at 1.315 Hdm.




2.0 EXPERIMENTAL

2.1 Photolysis Source
The experimental setup is shown schematically in Fig., 1. The photolysis

source is a Chromatix Model CMX-4 flashlamp pumped dye laser. After evaluating
several photolysis laser sources this setup was deemed most useful for these
experiments. The laser was operated in the frequency doubled mode near 2985&.
The system as operating here is characterized by ~0.3 mjoule pulses which are
just under 1 HMsec in length. The laser can be operated at repetition rates
from single shot to 30 Hz. For purposes of this work the laser was operated

at very low repetition rates to allow diffusion of products from the active
region prior to the next pulse. Various lenses can be employed between the
laser and the photolysis cell to control the waist and divergence of the photo-
lysis beam.

2.2 Photolysis Cell
The laser light enters the photolysis cuvette which is externally mir-

rored. The cell when properly adjusted gives rise to 10 traversals of the
excitation laser. When tightly focused the first reflecting mirror surface is
destroyed by the photolysis laser within a few shots. For typical experiments
the laser beam is columated at ~1.5 mm diameter and makes 6-10 passes through
the cell.

The scattered 29854 light and any spurious fluorescence is isolated from
the detector by use of a Corning 7-56 glass filter in combination with a dielec-
tric filter with a band pass centered at 1.315 um: These filters were suffi-
cient to reduce the empty cell background signals below the detection limit,

2.3 Signal Detection and Processing

The 1.315 um fluorescence is monitored by an intrinsic photoconductive
germuium detector cooled to 77°K. Signais, amplified by an impedencence
matched amplifier associated with the detector, are further enhanced by a PAR
model 113 amplifier in which some high frequency and low frequency rolloff
smoothing maybe carried out. Signals at this point are adequate for photo-
graphing single-shot on an oscilloscope when required. More typically, how-

ever, the fluorescence decay curve is signal averaged. The fluorescence signal
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B | is recorded by a 1000 channel Biomation model 8100 transient digitizer which
;' has a time resolution increment as small as 10 nsec/channel. This instrument
E? ‘ "pretriggers" fifty channels before the real time trigger and hence records -
; the complete rise time of the waveform. Subsequent to each laser shot the
contents of the Biomation 8100 are dumped into the memory of a Nicolet model
1074 signal averager. In this way many shots can be averaged in the memory
of the 1074, The decay curves, corrected for scattered light and baseline
drift are then available as digital signals on paper tape for curve fitting
or as analogue hard copies on a chart recorder.

It was discovered during early experiments that buildup of products during
long signal averaging even at low repetition rates leads to spurious quenching
rates which could not be tolerated. Hence, no more than sixty-four laser shots |

were averaged at low repetition rates for a single filling of the cell. Under

SER— SV

these operating conditions the decay curves were uneffected by product buildup.

a8 o sl
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X 2.4 (Chemicals

e n-C4Fy1 Commercially available C3F;I is contaminated with I,. Very slow
vacuum distillation from chloroform (-64°C) or nonane (-54°C) slush baths is
required for purification. The compound becomes recontaminated on exposure
to room light and is usually redistilled on the vacuum line immediately prior
to use. Even with these precautions most decay measurements made on "pure"

C3yF;1 are somewhat effected by I, quenching.

Hydrogen Peroxide H,0, (98% purity) from FMC Corporation was used. Storage

and handling of the peroxide allowed it to become somewhat contaminated by H,O0.
By pumping on samples of H;0,/H;0, the liquid fraction becomes enriched in H;0,.

Samples were useéd when freezing point measurements indioéted the H,0, purity > 4
95%.

Hydrogen, Oxygen, Argon These gases in "Research Grade'" purity were used
from lecture bottles from commercial suppliers.

2.5 Pressure Measurement

For all gases, except H;0,, pressure was measured by a Baratron capaci-
tance monometer employing various pressure heads. Hydrogen peroxide decompo-

sition on the pressure measuring heads was much too fast to allow their use.

T Y e
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Consequently, known pressures of H;0, were evolved from liquid samples thermo-
Calibrated volume expansions were then used

stated in various slush baths.
These operations introduced a considerable

to obtain lower H,0, pressures.
uncertainity in the H;0, measurements.

e




3.0 RESULTS FOR H;, H,0, and C3F;1I QUENCHING
The fluorescence decay curves measured in this work are of two distinct
types, clean single exponential decays and complex nonexponential decays.
Quenching by 0, and H;0 lead to decay cruves of the later type and will be

considered in later sections.

3.1 I* Atom Quenching by n-C,F;I
Figure 1 shows typical decay curves for I¥* atom fluorescence as a function

of C4F;I pressure. The decays are clearly single exponential. In Table I decay

rates are given as a function of pressure; the data is presented in a Stern
Volmer ploat in Fig. 3. This data is of limited use because the precision of

the data is not sufficient to determine the zero pressure lifetime intercept
with accuracy, The purpose of this work was to attempt to measure an upper limit
for the quenching rate for I* by C;F;I. The slope of the plot in Fig. 3 turned
out to be a function of the purity of the C;F;I sample and hence the apparent
quenching rate given here is possibly still effected by residual I,. From
measurements made on the purest samples it can be stated that the quenching

rate of I® by C3F;I is <100 sec”! /torr.

3.2 I* Atom Quenching by H, 3

In order to check the consistency of our measurements with those of other

workers made by other techniques, evaluation was made of the quenching of I*

by Hy. The data is presented in a Stern-Volmer plot in Fig. 4. The value
obtained here compares satisfactorily with other wvalues in the literature, i.e.,
0.8 x 10°*3 cm?/molecule*sec (0.85 x 10”'3? cm3/molécule*sec [5], 1.3 x 10-13

em® /molecule sec [6], and with the value 1.2 x 10~!3 cm?/molecule*sec [7] which

appeared subsequent to the beginning of this work.

3.3 I* Atom Quenching by H,0
A typical decay curve for I* fluorescence quenched by H,0 is shown in

Fig. 5. All decays involving H,0 are cleanly single exponential - indicative
of a simple quenching mechanism. The data relating to H,0 quenching is pre-

sented in Table II. Here the pressure data has been reduced for a molefrac-

tion presentation. The Stern-Volmer plot is presented in Fig. 6.
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e
The resulting quenching rate of 3.75 x 10"!? cm?/molecule®sec can be
! compared to earlier measurements of 0.94 x 107!? cm?/molecule*sec [8], 0.72 x
Ty 10-'? cmd/molecule*sec [ 6] and 2.7 x 10~'? cm?®/moleculec*sec [9].
/
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4.0 RESULTS FOR H;0, QUENCHING

A typical I* fluorescence decay curve in the presence of H,0, is presented
in Fig. 7. In all cases studied the fluorescence decay is strongly nonexpo-
nential in the presence of H;0,. In most cases, as is demonstrated in Fig. 7,
the decay can be approximated as the sum of two exponential components. In all
cases, at times immediately after the photolysis pulse, the decay is completely ]
dominated by the fast decay component, i.e.-%%— (t=0) = 5-20, Hence, experi-
ments of limited dynamic range would appear to give near single exponential

decay approximated by the fast rate measured herein. We have little faith

that a biexponential analysis such as shown in Fig, 7 is unique. Indeed, it is
likely that many decay processes are in effect giving rise to a decay composed

of the superposition of many exponential components.

PN M i

4.1 Multiphoton Processes

e

Several experiments were undertaken which, it was hoped, might simplify
the understanding of the H,0; quenching mechanism. Measurements were made
with tightly focused photolysis beams.and with diffuse unfocused beams. In a

tightly focused beam (~0.2 mm diam.) for moderate pressures of C;F,;I the initial

number density of I* atoms produced is ~2 x 10}7/cm® (~6 torr) while in an

unfocused beam, the number density of initial I¥ atoms produced is ~2.5 x 10'%/
cm? (~10 mtorr of I atoms). In the focused case, reactive mechanisms involving |
H,0, and I* could easily deplete H;0, from the active region, while in the 11

unfocused condition, I* always remains dilute compared with H,0, concentrations.

Strong differences were noted in the shape, relative intensity, and apparent

decay rates of decay curves in the focused and unfocused experiments. Since
the anticipated laser device is expected to operate at I* concentrations near
those of Bur unfocused limii, rates reported herein will be for unfocused i
measurements. It should be kept in mind, however, that much higher local !
concentrations of I* and Hy0, are likely in any practical device, and hence it §

is likely that reactive mechanisms will also have to be considered.

PR ——

4.2 Photolysis of H,0,
The relative populations of OH produced by photolysis were considered.

Since the extinction coefficient of H,0, is known as a function of wavelength

11




(i.e. generating species such as HO, and HOI, etc.) it is unlikely that

4.3 Energy Transfer and Chemistry

considered in the modeling of this system.

[10] one can determine the OH concentration produced by the laser photolysis.
In a typical experiment involving H,0, quenching of I*, ~1 x 10'** I* atoms
are produced. At the same time only ~5 x 10'° OH are produced by light absorp-
tion of H;0,. Even though OH can become involved in other chain reactions

these result to any significant extent from the initial OH produced by photolysis.
Although the study of such systems is beyond the scope of this proposal,

it should be pointed out that several reactive and energy transfer mechanisms
are possible involving H,0, and its products which may ultimately need to be

I* + H,0, —=HOI + OH (8)
- '—"' HI + HOz (9)
‘/
OH + I%* =~——e-HOI (10)
At
i
U
‘ OH + HzOz—"Hzo + H02 (11)
I* + HO; =1 + HOY (12)
HO, + H;0,~=H,0 + 0, + OH, etc. (13)
' We would like particularly to call attention to equation (12). HO, is now
firmly established as an important and reactive chemical constituent of the

atmosphere. Both E-E and E-V quenching processes involving HO, and I*

region and are potential acceptors for E-V transfer from I® {12).

4.4 H,0, Total Deactivation Rate " ,N,—-~“”"”—'“

12

are

v,
likely. The HO, A:—-X’electronic transition is nearly isoenergentic with I*
(11]. Moreover, the v, and v, + V4 HO, transitions occur in the 1.0 - 2.4 um

The Stern Volmer/gLot»shﬁwﬁ'iHVFig. 8 was made from data such as that
shown in Ififﬂ In making these evaluations an approximation was made




09°¢
8y
80°9
69°Y%
tA R J
0s°1
€L°C
Wi
82°¢
6€°T
€0°1
w’t
€°1T

[-1103 [ 298
g0l X ;_(2d)

9°7 £6°C 0L2

$9°¢ 12°¢ ) 0Lz
€€ 7S 0Le
0°¢ 19°¢ S8l
1°€ I%°C 081
SL°9 6S°1 LST
0°Ss £€6°C (ST
6°11 8°1 o1t
6°8 S0°¢ o1t
0°g 68°0 08
Lt 07’1 08
€T %L°0 129
v°6 LLeo 139
(99sn) g (3x03w)CoCH
ELISER & | UoT3IOBIJITON aanssaig

saanaxti ol - 1La%9-u uy swoyy au\-mmva 30 Suryouany

111 319vy

901
6°€8
9°6%
8-0L
(3471
°86
S €S
9°6S
S°€S
1°06
TLs
9°1L
269
(103) 1%

2anssaig




to the "apparent” fast decay process as shown in Fig. 7. This was done
because this apparent rate will dominate the decay kinetics involving H,0,
and I*, Moreover, our uncertainity in the absolute pressure of H,0, (which
was discussed in the experimental section) does not merit a more detailed
anﬁlys:ls. The measured rate constant 4.0 x 10"'! cm®/molecule*sec probably ; 5
has an uncertainity of %50%. This value may be compared to a value of 1 x 10~!! :
by Burde and McFarlane [9], in which they were able to detect only single

exponential decay from H,0, quenching.
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5.0 RESULTS FOR 0, QUENCHING .
A typical I* fluorescence decay in the presence of 0; is shown in Fig. 9.

In all cases I* fluorescence decay in the presence of O; is strongly nonex-
ponential. In essentially all conditions of pressure and relative concentrations
of I® and 0; the decay can be approximated as biexponential as shown in Fig. 9.
At short times after the photolysis pulse the decay is dominated by the fast
lifetime component. As was the case with I*-H,0; decays, for experiments
with a dynamic range of only ~10 the decay would appear to be almost entirely
that of the fast component. It was concluded that the biexponential analysis
for H;0, was probably not unique, i.e. see eq. (8)-(13). Such is not the case
for 0, quenching. The possibilities for chemical reactions such as in eq. (8)-

(13) are much fewer in this case.

S.1 0; Decay Rinetics
We have attempted to enumerate the most likely kinetic processes involved

in the 0; quenching scheme. These equations follow;

k 3
I® + 0, ===—=T + 0,® + AE = -280cm™!, (14) .
el
kys ;
I# + 0y =1 + 0, + OE = 7605cm"1, (15) |
E
klul |
I* + C3F7I ———] + C3F7I, (16)
ki
I* 4+ I el + I, (17
i
0y* + 0, —“’-3-0, + 0; + AE = 7885cm™!, (18)
0s* + CyFy1 —2Bew0, + C,F,I, (19) :
0*+1 _"n_.o, . (20)

If we accept the premise that the I* fluorescence decay in the presence of
0, is biexpomential it is possible to carry out a kinetic analysis of the quenching

15




process. As a further reasonable approximation the rates ky,, k,, and k;y may
be considered as umimportant relative to the others enumerated above. The rate
kln will also include any contributions from I* quenching by 1, present as a
residual impurity. The problem is now reduced to that of a kinetic scheme

which has been extensively studied in the literature [13-15]. It can easily
be shown that:

(PTf)" )\ = k.?_x.oz +k X+ ftk‘zxo, + KXl (21)

(T Ay = (1-HkynXy + ki Xy, (22)
where

£= kX ’[“exo, + ke.xI]. (23)

Te and Ts are the lifetimes of the fast and slow decaying fluorescence compo-
nents, respectively. Once the fluorescence decay is decomposed into the two
components as shown in Fig. 9 we can also extract another valuable quantity -
the relative fluorescence intensity of the short and long-lived components

at time t=0. This intensity ratio is denoted as S. It can then further be
shown that;

A, + 8\,

1+s © fo¥p T keoa i
A, + S)A,

1+s = (ke + k;z)xoz + klme. (25)

5.2 Evaluation of Rate Constants

Two sets of 0O, quenching data which have been reduced to be compatible
with this analysis are tabulated in Table IV. We now have sufficient data
to make an evaluation of the sum of rate constants (ke + ky2) as defined in
Eq. (25). Such a plot is shown in Fig., 10. The rate constant kym is the rate
(or sum of rates) that was evaluated in section 3.1 for I* quenching by C,3F,;1
(and residual I,). Independent evaluations of kypwere made on the particular
sample of C4F;I used for a given 0,-I* quenching run since the purity of
C3F;I subtly changed from day to day. It is possible to extract two further
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rate expressions which are valuable in this analysis. It is easily shown
that if kX << ke.xI then,

-
A, + S\
—_——C2 =
= el RS (24)
X S (A + kz)2
keke' [(S + 1)2 ] XX (26)
02
and by combining and rearranging
S Ay - M) ] 1
_ L i [(s + 1)] [(x‘ + SA;) X0, il |
! ;'
1 . ) The results of this analysis are shown in Fig. 11. The slope of the line in é
|4 Fig. 11, then, gives a value for the rate ke. From the data in Table IV and i
5 {
" the plots in Fig. 9 and Fig. 10 and from other similar data and plots we arrive |
J at a best value for the rates,
k, = 0.96 = 0.12 x 10! cm?/molecule sec., and
‘ Ky = 1.42 = 0.11 x 107! cm3/molecule sec.
;
The E-E transfer rate is reasonably consistent with that measured by other 3
workers, i.e. k = 0.93 x 107'! cm?/molecule sec. by Donnovan and Husain [8], i
k, = 2.6 x 10°'! by Deakin and Husain [6] and k, = 2.5 x 107!! cm3/molecule
- sec by Burde and McFarlane [9]. However, none of the other authors have
} detected the second energy process which serves as an overall sink for I*

atoms, One might argue that other workers have worked in an I* number density
range up to 20 times less concentrated than in this work and that they missed
the second decay component. The validity of this conjecture has yet to be

deomonstrated.

5.3 Other Evaluations of k;,
Other workers have concluded that the k;, nonresonant quenching rate is

much smaller than the number derived here. For example, Dervent and Thrush C16]

18

ta;i:

g




in an extengsive analysis of I atom-0, kinetics conclude by indirect means

that a value of ky; = 4.5 x 10°** cm®/molecile*sec is consistent with their
overall kinetic analysis. They argue that a value very much larger would be
entirely inconsistent with their data. Linevsky and Carbetta in a study of
HI-O3 kinetics in a fast flow reactor conclude after a kinetic analysis that
their observations are consistent with a value for k,, which is ~140 times
smaller than the value determined in this work. These observations would
suggest that one needs to consider alternative explanations for the irreversable

quenching mechanism.

5.4 Possible Alternative Kinetic Mechanisms
1f one assumes that the alkyliodide quenching of 0,(}4), k,m, is an impor-
tant rate and that k;, = O then eq. (24-26) can be recast into appropriate

form,

A, + SA
S0y o -

1 + S kxmxm kex°2’ (25)
Ay + SA
=2 . ke'XI = kzmxm, and (24)

LS 1

s 3 P T (26)
G+ D7 kX L
e Oz

Carrying out the appropriate analysis then gives, ke = 0.96 x 10°!! cm?/molecule
sec, as before, and kypn = 1.18 x 10"!% cm’/molecule sec. Independent evaluation
of the C,F,I - O, (}A) quenching rate has not been carried out, however, typical
quenching rates gathered from various sources for 0,('4) shown in Table V indi-
cates that it is very unlikely that k,p for C,F;I is 10? - 10° times larger
than for other species.
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TABLE V
~ 0;(*4) Quenching Rates
Quencher kyn(cm® /molecule sec) :
CF,Cl1, 4 x 10-1’ 1
CsHy 2.5 x 10738
N atoms 2,8 x 10-16 :
0 atoms <1.3 x 10-1¢ |
We have also considered other energy depletive routes such as the dimol
q reaction, the energy pooling reaction, and quenching by various radical pro-
.} ducts (i.e, CyF;, I atoms, etc.). Explanations involving any of the mecha-
E y nisms considered in this section seem less plausible than the quenching mech-

& anism explored in section 5.2. Never-the-less we are hesitant to strongly
defend the assignment of the irreversable quenching rate to the oxygen quenching

process, k;,.
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6.0 TABULATION OF RATE DATA

The values which have been measured in this work for the bimolecular
quenching rates of I (’P‘/g) by various collision partners are presented
in Table VI. Also presented are values measured by other workers for compari-

tive purposes.

7.0 SUGGESTIONS FOR FURTHER STUDIES

The observations in this work that an irreversable collisional quenching
process involving O, and I* is taking place is of fundamental importance to
the AFWL's efforts to produce a cw iodine laser. The implications are that
this process must be detrimental to the effort to produce gain on this transi-
tion. It is disconcerting that we have not been able to absolutely assign the
mechanism of this quenching process. However, no matter what the ultimate
mechanism is proven to be, the quenching.process is a harmful one to the cw I
atom chemical laser. Hopefully, by better understanding the process it will be
possible to adjust conditions such that the harmful process can be minimized.
To do so will require a more firm understanding of the mechanism responsible
for the quenching process.

Though further experiments are beyond the scope of this work we would
like to suggest experimenrs of the following type which may be helpful in
unraveling this complex process:

(1) Measurement of I* + 0, quenching rates as a function of laser power density.
Such experiments will determine the importance of processes such as I¥* + I, or
02(*8) + 0,(*A), or I* (or I) + 0,('A) all of which would be biphotonic in
experiments such as these;

(2) Measurement of 0, quenching rates as a function of total gas pressure.

Such studies will evaluate the importance of three body processes such as

I* + 0, + M = products or CyF;* + 0, + M = products, and;

(3) Measurement of 0, - I* quenching rates using other I¥* precursors such as
CH3I, CF3I or I;. Such studies will determine the importamce of the counter
radical (i.e. C4yFy*, CH3, I, etc.) in the quenching process.
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FLUORESCENCE INTENSITY

Rl

A

3 m;.;lnl.$.4...,|L*.L
0.5 1.0 15 20

TIME (m sec)
Fig. 2 — Semilog plot of I* fluorescence intensity. The plots demonstrate
that the decay is completely single exponential over more than three fluo-
rescence lifetimes. The CgFI pressure in the upper curve is 11.9 torr while
i that in the lower curve is 49.5 torr.
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Fig. 3 — Stemn-Volmer plot for I* atom quenching by n-C3F7I. The slope
corresponds to an apparent quenching rate of ~100 sec™1/torr.
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Fig. 4 — Stern-Volmer plot for I* atom quenching by H,
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Fig. 5 — Semilog plot of I* fluorescence intensity in the presence of H,O.
The decay is clearly single exponential over three lifetimes.
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Fig. 6 — Stern-Volmer plot for I* quenching by H,O
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Fig. 7 — Semilog plot of fluorescence decay of I* in the presence of Hy0,.
The points on the upper curve are experimental data points. The lower set
of data points is obtained by subtracting the exponential fit at long times
from the experimental data points.
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Fig. 8 — Stern-Volmer plot for I* quenching by HyO,. Data are evaluated from
the fast decaying component only. See text for explanation.
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Fig. 10 — Kinetic analysis for I* fluorescence quenching by O,.
The slope of the curve gives a value for k, + ky5. See the text
for an explanation.
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