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Chemical kinetic studies of rel evance to aircraft and rocket exhaust

pl ume characterization are in progress. These investigations are divided

between two topic areas: (1) hydroxyl radical - small molecule rate con-

stant measurements , and (2) kinetic and mechanistic probes of oxidant-

haloborane reactions. These topic areas are described individually below .

I. Hydroxyl Radical - Small Molecule Rate Constant Measurements

Using the technique of flash photolysis - (resonance/laser induced )

fluorescence , we are measuring absolute rate constants for Reactions (1) -

(4) over the indicated temperature intervals.

OH + H2 H~O + H (500- 1200K) (1)

OH + CH~ H20 + CH 3 (500 - 1200K) (2)

OH + CO H + CO2 (500- 1000K) (3)

OH + CH2O H2O + CHO (300- 800 K) (4)

In these experiments , a spark discharge through an inert gas produces a

radiation flash composed of wavel engths from the vacuum ultraviolet through

the visibl e spectral regions. The radiation flash is transmitted to the

reaction cel l in which H20 is photolyzed to produce H and OH species . The

post-flash temporal behavior of the OH concentration is then monitored via

resonance/laser -induced fluorescence.

A block diagram of the overall reaction kinetics system is shown in

Figure 1. The basic components of this system are: (1) a thermostated

reaction cel l centered in a vacuum housing, (2) a spark discharge flashlamp

perpendicular to one face of the cell , (3) a resonance lamp (or probe laser)

perpendicular to another face of the cell , (4) a photodetector perpendicular 1



-i

5-

~~~~~~~~~~~~~~~

—t—---—-I 
..- 

~~ - U ~4J.~~~~• o
I-I- l,o~~~.

.E
1~)

_ _ _ _

~~

i

L

~~~~~~~~~

HIf r

r i1.. 1 _ _ _ _ _ _  ~~~~~~~~~~~~

HI  I s- -
~~~.ø.—

0

L~i ~__________________ I U I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•~~ L) C.) 0)
_J ~~~Q_ 5-

- -  .--

F
• .— •r ,— 09

•1 ~~~ . Ifl.~~ 0 ~~
E .~~~ 5. .—

• .
l i i i  

.c~~LJ~~~~~ J

‘.: ~f

‘,t .ciAt 

2

L ~~~~~ . _ _  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• .• . • •. • -~~~~~~~~~~~~~~~~~~~ —“ . •



to the base of the cel l , and (5) fast photon counting el ectronics , including

a multichannel analyzer which provides up to 1 psec time resolution and

signal averaging capabilities .

To this point in time , all of the data on Reactions (1) - (4) which

we have col l ected has been obtained using resonance lamp excitation of OH

fl uorescence. We have found , not surprising ly, that as the reaction temper-

ature Is raised the OH radical detection sensitivity decreases markedl y.

Factors such as increasing nonrad lative collisional deactivation of the

A2~~ state of OH, decreasing usabl e H20 number densities and decreasing

optical transmission to and from the reaction zone contribute to this dim-

inution of detection sensitivity at higher temperatures . Sensitivity

limitations have necessitated several modifications of our initial experi-

mental configuration: (1) improved quartz lens focussing of the resonance

radiation; (2) teflon blackening of the inside of the vacuum housing so as

to minimize scattered resonance radiation; (3) improved collimation and

cooling throughout the system ; and (4) installation of counting el ectronics

linear up to pulse rates of 20 MHz . As we approach 1000K experiments , fur-

ther improvements are in the works . We plan to insta ll a quartz light pipe

between the resonance lamp and the quartz focussing l ens attached to the

reaction cell. We also plan to add a quartz focussing lens at the base of

the reaction cel l to improve the photomultip lier col l ection efficiency .

Two possibl e further changes are also receiving consideratio n: (1) re-

placement of the flowing inert gas spark discharge flashlamp by a closed

xenon flashlamp, and (2) purchase and Installation of a new Varlan photo-

multiplier tube having nearly twice the quantum efficiency at 3100A of our

present RCA 8850 photodetector.

Two other approaches to this detection sensitivity probl em are also3
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receiving attention. During this contract period , a 4-watt Lexel argon ion

laser and an assortment of mirror mounts and optical components were pur-

chased using State of Georgia funds. Intracavity doubled and extracavity

doubled cw ultraviolet dye laser systems were built and tuned to an OH

fluorescence excitation wavelength at 3082.5A . Use of such a cw laser

probe to excite OH fluorescence would be extremely advantageous since the

scattered light background so characteristic with resonance lamp excitation

could be almost totall y negated . At present , however , due to low power

densities and a high -loss doubling crystal , insufficient usabl e photon flux

has been obtai ned . Future modifications of this laser probe must therefore

involve construction of an intracavity doubl ed ring dye laser system . Prog-

ress toward this end will depend on the availability of in-house funds .

An alternative laser-based approach involves the use of our high-power

pulsed Quantel YG-481A Nd/Yag laser . Since harmonic generation efficiencies

are proportional to power densities , frequency doubling of pulsed tunable

dye laser radiation would certainly provide sufficient radiant flux to ex-

cite the needed OH fluorescence levels. Unfortunately, such a transition

from a cw detection system to a pulsed detection system greatly hinders the

obtainabl e duty cycle of the kinetic measurements . One would have to trig-

ger the firing of the exciting laser probe at various fixed times fol l owing

the initiating photolysis flash in order to generate a concentration vs.

time profile. Normalization constra i nts would thus also become much more

severe . Real i zation of this detection system , then , though tremendously

promising, is still quite some time off.

During this contract year , then , our efforts within this topic area

have been interactively time-shared between data acquisition and detection

technology Improvement. Using ou~ present resonance lamp excitation

4
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detection mode , quality rate constant measurements are accessible to tem-.

peratures of 1000K. In the following paragraphs , preliminary rate con-

stant data for Reactions (2) and (3) up to temperatures in excess of BOOK

will be discussed . Following the presentation of these results , the status

of our studies of Reactions (1) and (4) will be discussed .

Figure 2a presents a typical exampl e of our measured OH concentration

vs. time profi l es (following scattered light background subtraction) in the

absence and presence of molecular reactant. In the pseudo-fi rst order

kinetic approximation , the measured pseudo-first order decay constant , kexp~
is given by the expression

kexp = kbI [Reactant] + k’

where kbi is the bimolecular rate constant for the reaction OH + Reactant -
~

Products and k1 represents the rate of loss of OH from the viewing zone of

the photomultiplier in the absence of the subject reactant . The value of

kbj is then determined from the slope of a plot of kexp vs. [Reactant].

For the OH + CO -
~ H+C02 reaction at 511K , such a plot , typical for our

measurements , is displ ayed in Fi gure 2b.

Absolute rate constant vs. temperature data for Reaction (2) is

listed in Tabl e I and pl otted in Arrhenius form in Fi gure 3. Analogous

measurements for Reaction (3) are listed In Tabl e II and plotted in Arrhen-

ius form in Figure 4. The precision for all of these measurements is 15%

or better . These numbers should nevertheless be considered preliminary

for two reasons : (1) for the most part least squares analyses of the OH

decay rates and the kexp vs. [Reactant] plots have not yet been performed ,

and (2) at a limited number of temperatures , measurements at one or 
two5



_ _ _ _ _ _ _ _ _ _ _ _ _ _  
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_-4 —
ci,
C

U0)

— 0
E U  C

(1_ 3 as) )$

(‘4

• .
•

+ D 0)
5-

- 
. 

— ‘4-

• • 
0 D~I

~~5-
U.’

co

+ :•

= 
.. 0 •.-

~~~4-3
0 , 5 .

• .
.

• ID
—

‘.0 U 0) ’..)• 0,
• .. . —~~ Vt 4J 10

C
‘.— ~~~4_~ 5-
W 0
~~ >..>,i—
‘-I t

~~~
(
~• 0 I— o u r—

.
~~ ~~~

•

0
• .. 000

w e ,
0 5 - 5 .
c’,J

.
‘
. 0 ) 0 )

: .‘

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1•l I I ~ i i i ~~~
. •

0 0 0 0— — — I.-,

SJ.NI1OD 1VN~IS

6



r ~
Tabl e I. Bimolecular Rate Constant vs. Temperature for Reaction (2)

OH -f CH4 -
~ CH 3 + H 2O

Bimol ecular Rate Constant
Temperature (K) Kb~

(cm3 molec ’ sec ’)

298 7.45x1O ’5
374 2 .35x10 14
398 4 .59x1O ’~453 9.O3x1O ’~
511 1 .62x10 ’3
600 3.10x10 ’3
718 7.36x1O ’3
825 1.O7x1O 12

iü
_ 12_

0

0
U
0,
I’)

— 1 3

.0

0

0
—14
0 •- 

I I I I I I 1

1.0 2.0 3.0 4.0

1000/T( °K)

Figure 3
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Ta ble II. Bimolecular Rate Constant vs. Temperature for Reaction (3)

OH + C O  CO~~+ H

Bimo l ecular Rate Constant
Temperature (K) KbI (cm 3 molec sec ’)

298 1.53x1O~~511 1.76x1O~~610 1.88x10 ’~718 2.12x1O”~833 2.31x1O ’~

6 —

4—

U0)
Vt

1 O 1~~ S

1.0 2.0 3.0
1000/T (°K)

Figure 4
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more reactant concentrations are desired .

Our results for Reaction (2), OH + CH4 + H20+CH 3, are in qualitative

agreement with the flash photolysis - resonance absorption measurements of

Zeli ner and Steinert .
2 

Curvature in the Arrhenius plot Is observed , though

the degree of such curvature appears substantially less severe than that

reported in Reference 2. A closer examination of this comparison will be

presented in future reports .

Our rate constant measurements for Reaction (3), OH + CO -
~ H+C02,

are in very close agreement wi th those calculated from the analytical ex-
3

pression reconwnended in the recent review of Baulch et al . The low—tem-

perature regime activation energy for this reaction is Indeed very small

Although a substantial number of experiments have been performed on

the kinetics of Reaction (1), OH+ H2 -
~ H2O+H , we have not included those

results in this report . The precision of these rate constant measurements

has not been as good as that obtained in the studies of Reactions (2) and

(3). We feel that a number of these experiments require thorough reinves-

tigation prior to the dissemination of these results .

Kinetic studies of Reaction (4), OH + CH2O ÷ H20+CHO , are just be-

ginning in earnest. For these experiments it has proven to be necessary to

synthesize monomeric formaldehyde from paraformaldehyde . Because water is

known to catalyze the polymerization of formaldehyde , only small quantities

of this photolytic source can be tolerated . [At low temperatures , OH will

be formed in the presence of CH2O by 2650A laser photolysis of an 031H2/CH2O

m i xture. ] We ex pect, then , to have to live wi th very small signals (and

much averaging) In the higher temperature regime of this experiment where

H2O Is used as the photolytic source of OH.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~•1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •



In the next few months we expect to extend the temperature intervals

of measurement for these reactions and , in particular , address the study of

Reactions (1) and (4) in much more detail. An analogous study of the OH+

C2H6 + H2O +C 2H5 reaction is planned during the second year of the contract.

II. - Oxidant - Haloborane Studies

The achievement of an understanding of the oxidation characteristics

of halogenated boron species is essential to the estimation of the concen-

trations of boron molecular emitters present in advanced fuel rocket pl ume

exhausts . Knowl edge of the typical concentrations of emitting species is

a prerequisite to the interpretation of rocket pl ume infrared signatures .

Since very littl e is known about haloborane oxidation (and also about the

technology required for its study), we have initiated studies of relevant

molecular reactions with the aim of developing experimental techniques

permitting future investigation of the more compl ex radical reactive sys-

tems.

In the work statement for this program , we have contracted to mea-

sure absolute rate constants for Reactions (5) and (6),

02 + BF 3 ‘ Products (5)

02 + BCl 3—~ Products , (6)

using the technique of stop-fl ow time-of-flight mass spectrometry . A

schematic diagram of this technique is displ ayed in Figure 5. In this

system a thermostated reaction vessel equipped with a very small molecular

leak is positioned directly above the ion source of a time-of-flight mass

spectrometer . Reactants are admitted to the vessel and mix homogeneously

10
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and reach temperature equilibrium within a few milliseconds . Following

mixing, the reaction is occurring at the desired conditions of tempera-

ture, pressure and reactor composition. The mol ecular leak at the bottom

of the reaction cell allows a very small fraction of the cel l contents to

diffuse into the ion source of the mass spectrometer. This effluent Is

ionized , the ions are accel erated to constant energy , and the ion current

and time of arrival at the detector are measured . The entire spectrum

can be cycled every 100 ~isec . In essence, this technique allows the de-

termination of the cel l contents in real time . In a kinetic experiment ,

however, only one ion , produced upon ionization of either a reactant or

product molecule , is monitored with time . The temperature range of our

stop-flow system is 250K -.45OK. Second order reaction rate constants

between 2x10 23 cm3 molec~ sec~ and 5x1O~~
7 cm 3 molec~ sec ’ are amen-

abl e to accurate measurement within this system . Since this range of

rate coefficients corresponds to that expected for many molecule-molecule

reactions , this technique was proposed for the study of Reactions (5) and

(6) .

When stop-flow time-of-flig ht mass spectrometry experiments were

performed on Reactions (5) and (6), it was found that within experimental

error addition of one reactant to the reaction vesse l had no effect on

the rate of disappearance of the other reactant . We thus estimated that

the rate constants for these processes are ~1x1O 23 cm 3 mol ec~ sec-1 .

Having found that the rate constants for Reactions (5) and (6) are

too slow to be measured by the above technIque , we devised a time-resol ved

infrared spectroscopy study of these reactions. An optical absorption

cel l seasoned with the haloborane prior to each experiment was filled with

a few torr of the haloborane and 350 - 500 torr of oxygen . Haloborane in-

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ .



- V  

• . .

~~~

• .-.• -. • •-• .—- 

frared absorption intensities were then monitored as functions of time .

Typical results of these experiments are plotted in Figure 6. The halo-

borane decay rates are seen to be extremel y slow and , because wall loss

effects may have been contributing to the observed decays , the rate con-

stants extracted from these pseudo-first order decays must be considered

as upper limits . Our knowl edge of these rate constants thus remains

limited to the expressions k5 ~ 1x1O 30 cm 3 molec~ sec t and k6 ~ 4x10
25

cm 3 molec~ sec ’.

Having observed nearly negligibl e reactivities for the reactions

02 +BF 3/BC1 3, we decided to probe the general oxidative behavior of the

haloboranes in more detail by studying their reactions with more active

oxidizing agents . Investigations of the following reaction processes were

made :

03 + 8F3 Products (7)

03 + BC1 3 ~ Products (8)

fl 2 O + 8C1 3 Products . (9)

Again using the technique of time-resolved infrared spectroscopy , Reaction

(7) was investigated and found to be immeasurabl y slow at room temperature .

This reaction , then , was not looked at further. The study of Reaction (8),

on the other hand , proved to be very Interesting . Time-sequenced sets of

compl ete infrared s pectra of reacting O3/BC1 3/Ar mixtures were taken . The

initial BC1 3 and argon pressures were measured using a capacitance manom-

eter and the initial 03 pressure was calculated from uv absorption measure-

ments made at 313 nm. The initial reactant partial pressures were varied

by as much as factors of four In different runs . The BC1 3 and 03 decay

13



— 02 + BC1 
~ 

Products — 

“— ci, — 0 0 —

= 1.1 Torr; Pr, = 380 Torr

— SLOPE = k = 4.89x10 6 sec ’

kbi ~ 4x 10 25 cm 3/mol ec’sec

— 

I I I I I I I I 
—

60 120 180 240

— 
TIME AFTER MIXING —

(Minutes)

02 + BF 3 Products

p° = 2.3 Torr ; P0 = 460 Torr —BF 3 02

I I I I I I I
120 240 360 480

TIME AFTER M IXIN G
(Minutes)

Figure 6. Time-Resolved Infrared Spectroscopy
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rates and reaction product buildup rate (as shown in Figure 7a, a reaction

product peak not observed in the pure 03 or pure BC1 3 spectra grows with

time) are calculated from the peak intensities in the sequential infrared

spectra . Relative concentration vs. time after mixing plots for a typical

experimental run are displ ayed in Figure 7b. It is seen that the rate of

growth of the reaction product closely images the rate of decay of the

BC1 3 reactant. It is worth noting here, however, that the bimol ecular rate

constants calculated from such plots do show a slight tendency to increase

with increasing [0 3] t 0 / [8C 1 3] t .o ratios. These variations are likel y due

to the overall stoichiometry of the reaction.

Three other experimental techniques were appl ieo to the study of

Reaction (8): (1) time-resol ved uv absorption spectroscopy , (2) stop-f l ow

time-of—flight mass spectrometry , and (3) reaction end product analysis.

The results of these studies will be discussed below in turn.

A schematic diagram of the simpl e but very powerful technique of

time-resolved uv absorption spectroscopy is given in Figure 8a. Light from

a mercury lamp at 2537A was passed through an absorption cel l containing

the 03/BC1 3/Ar mixture . The transmitted intensity was monitored as a func-

tion of time by a filtered photodiode. Experiments were run with [BC1 33

in varying excesses over [03], ozone being the monitored species . Use of

this technique required considerabl e caution. Since 2537A radiation is

absorbed by ozone via the photodissociative reaction 03 
hv O(’D) +02,

the possibility existed that the atomic oxygen formed in the probe process

could contribute to the chemistry under study . By using a variety of

ozone concentrations and 2537A radiation fluxes , however, it was conclu-

sively shown that such probe-Induced processes were unimportant. Further-

more, by allowing the low concentration reactant ozone to undergo compl ete

15
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reaction and then measuring essentially no absorption of 2537A radiation ,

it was clearly demonstrated that the products of the reaction were not

absorbing the probe radiation and thereby biasing the kinetic results .

Thus the time variation of the transmitted 2537A intensity generates an

accurate time history of the ozone concentration. The experiments were

run under pseudo-first order conditions with BC1 3 in excess and , as shown

in Figure 8b, the bimolecular rate constant was obtained as the slope of

a plot of the pseudo-first order decay constant vs. the BC1 3 concentration .

A value of kbi (298K) =8.3 lx lO_ 21 cm 3 molec 1 sec t was obtained .

Reaction (8) was also studied by the previously descri bed technique

of stop-fl ow time-of— flight mass spectrometry . Small concentrations of

BC 1 3 in varying excesses of ozone were mixed in the reaction vessel and

the time variation of the BCl~ ion was fol lowed mass spectrometrically.

Typir~ I decay curves are shown in Figure 9a; a bimol ecular rate constant

of k bi =1.2x 10 20 cm 3 molec 1 sec ’ was calculated by the usual m.~.thods .

Averaging this result with that obtained using time-resolved uv absorption

spectroscopy techniques , one obtains a room temperature rate constant for

Reaction (8) of kbi = (1.O±O.3)x10-20 cm3 mo lec— 1 sec~~. It is worth noting

here that this value exceeds that obtained in the time-resolved infrared

spectroscopy experiments (see Figure 7) by about a factor of six. Though

we do not feel that we can adequately explain this discrepancy , it is

probabl e that it Is at least in part related to wall absorption of ozone

in the extended duration Infrared spectroscopy experiments .

Mass spectrometric studies of Reaction (8) were also performed by

time sequenced sweeps of the entire mass spectrum . From top to bottom ,

Figure 9b shows respectively the mass spectrum obtained for pure ozone ,

that obtained for pure BCJ 3, and that obta ined a substantial period of
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time after mixing a small concentration of BC1 3 with a large excess of

ozone. Close examination reveals that the observed product patterns

differ substantiall y from the superposition of the pure 0 3 and pure BC1 3

traces. In Tabl e III we have l isted those significant mass peaks observed

in the mixed O 3 /BC1 3 system which were found to be of only minor importance

in either pure spectrum. Species such as BO , BO 2, BC 1 O , Cl 2 and HCI have

been identi fied . Other si gnificant mass peaks remain unassigned at this

time .

Finally, an end product analysis investigation of Reaction (8) was

undertaken . Ozone and BCI 3 were mixed in a reaction vessel and allowed

to react to completion. The techniques of infrared and uv absorption

spectroscopy and expansion of condensabl e and non-condensable gases into

calibrated vol umes were utilized in the product analysis. As can be seen

in Tabl e IV, the loss of BC1 3 molecules was found to be about 2/3 that of

the gain in Cl 2 molecules : chlori ne balance seems assured through the

formation of Cl 2. Since the number of condensabl e boron oxide molecules

formed could not be measured , the boron and oxygen balances cannot be

definitively assigned . One notices , however , that the loss of ozone mole-

cules exceeds the loss of BC1 3 mol ecules , possibly by as much as a 3:2

ratio. If such stoichiometry is assumed , then the overall Reaction (8)

mechanism could be represented by reaction expressions of the type (or

linear combinations thereof) listed at the bottom of Table IV.

An abbreviated stop-fl ow time-of-flight mass spectrometry study was

also performed on Reaction (9). This reaction was found to be fast, prob-

ably heterogeneous , and produced HC1 and condensabl e boron oxides in hig h

yi eld. Indeed , the addition of pure BC1 3 to a reaction vessel which had

previously contained H20 resul ted in both the fast decay of BC1 3 and the

20 
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TABLE I I I
S IG N I FICA ~IT MASS SPECTRAL PEAKS OBSERVED IN THE
03 + BCI 3 SYSTEM WH ICH WERE FOUND TO BE OF ONLY
MINOR IMPORTANCE IN THE MASS SPECTRA OF PURE 03
AND/O R PURE BCI 3 .

MA SS NUMBER POSSIB LE ASS I GNMENT

26 BO
27 BO
29 ?
31 ?
34 ?
36 HCI
38 HO
42 802
43 BO 2

51 oR 52 ?
57 ?
62 BCI O
63 BCI O
64 BCI O
70 CI~72 Cl 2
77 ?

110 ?
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I

obv ious forma tion of IICI . In experiments in which 3d 3 an d H20 were mixed

in the gas phase , the mol ecular lea k of the reaction vessel very quickly

became clogged resulting in the termi nation of gas flow into the mass

spectrometer analyzer.

The above described studies of Reactions (5) through (9) have re-

sulted in some interesting information concerning the general oxidative

behavior of the haloboranes . Equall y important , they have provided suf-

ficient knowl edge to make possibl e studies of more pl ume-rel evant processes

such as the radical-molecule reaction

O(3P) + BF3 ~ Products . (10)

Absolute rate constant measurements for Reaction (10) wil l be undertaken

in the second year of this program . The high concentrations of the O(3P)

species found both in pl umes and in the upper atmosphere render this reac-

tion of probabl e importance to infrared signature interpretation . Further-

more , as a step toward technology development , Reaction (10) may provide

valuabl e information on future kinetic methods for studying reactions in-

volving species such as 8F2, BF , BO , B02, BOF , etc . Reac tions suc h as

those listed in the November 15 , 1977 Grumman Aerospace Corporation Corn-

pilation (Contract #F04611-77-C-0054) cannot be kineticall y defined until

clean methods of producing the subject reactant mol ecular species are

found .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FOOTNOTES AND REFERENCES

1. Replacement of the flowing nitrogen spark discharge flashlamp by a
closed xenon flashlamp is under consideration. During the hydroxyl
radical reaction experiments , a period of time elapsed within which
photon signals due entirely to flashl amp firing were detected over
time intervals of 30 msec or more. These observations were made
with the resonance lamp off and the vacuum housing empty and sealed .
Since 30 msec is often long enough to follow several l/e reactant
decay periods , we had littl e success running experiments with these
interfering conditions . Initially we postulated three possibl e ex-
planations : (1) the flash duration had become greatly extended over
its typical ~2O psec value; (2) contamination In the flashlamp line
was causing an ‘afterglow fluorescence ’ to be emi tted from the flash-
l amp; and (3) flashlamp radiation was inducing long— lived fluorescence
emission from the vacuum housing walls , interference filter , etc. None
of these explanations proved to be correct. Indeed , the more we cl ean-
ed our components the worse the probl em became . Eventuall y, in analogy
with superradiant phenomena in nitrogen gas lasers , we realized that
our nitrogen stream was so pure that we were observing ‘active nitro-
gen ’ fluorescence over the 30 msec interval followi ng the 20 psec
flashlamp firing duration . [This emission is inconveniently located
near 310-320 nm , explaining its passage through our bandpass filter.]
Addition of small traces of oxygen to the spark discharge gas stream
allows the afterglow duration to be reduced to 3-5 msec . Unfortun-
ately, oxygen addition also quenches the vacuum ultraviolet emission
intensity from the flashlamp, thereby decreasing overall signal levels.
Furthermore , because of this 3-5 msec ‘afterglow ’, it is sometimes
necessary to reject data from the first few milliseconds foll owing the
photolysis flash. Since for large values of k (increasing ly preva-
lent as kk. increases at higher temperatures) ~~~ time interval cor-res ponds ~ a good fraction of one l/e reactant decay period , consid-
erabl e extra signal averaging becomes necessary upon such data rejec-
tion. Use of a xenon flashl amp should eliminate this problem entirely.

2. R. Zeilner and W. Steinert, m t .  J. Chem . Kinet . 8, 397-409 (1976).

3. D.L. Baulch and D.D. Drysdale , Evaluated High-Ten~perature ChemicalKinetic Data, Butterworths , 1977.
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