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Quenching and self-annihilation rate constants for Hiave been determined using pulsed 248 nm photolysis

of CIN3 to generate the metastable. Previous quenching measurements that employed different sources for
NCl(a) yielded dramatically different rate constants. The present study provided quenching rate constants for
Cly, HCI, and H that are in good agreement with the discharge flow measurements of Hewettlefaly§.

Chem. A200Q 104, 539). Determination of the self-annihilation rate constant required knowledge of the
branching fraction for NCHK) formation for 248 nm photolysis of CINThis information was obtained from
time-resolved measurements of NKIformation and decay. A lower bound for the branching fraction of 0.7
was determined. Self-annihilation of N@J(was studied by using intense photolysis pulses to generate high
concentrations of NC#). Analysis of the second-order decay component yielded a rate constant af (7.0
1.5) x 10 cm3 s L This value is an order of magnitude smaller than the previous estimate (Henshaw et al.
J. Phys. Chem. A997 101, 4048).

Introduction nm photolysis was used. Instead, biexponential decays were
observed. The long-lived component of the decay was attributed
to NCl(@). Ray and Coomb&and Henshaw et dldetermined
NCl(a) removal rate constants by observing the dependence of
the long-lived decay rate on the pressure of added quenchers
or reactants. The level of agreement between the rate constants
reported by the groups using photolysis generation was good,
but several of the constants were dramatically different from

C:}?nrglrcagﬁgrum%z(:r:gg'les Izr':lns:r: th(?ft trr?élerseg:tioln!s Oogsutrr;ﬁ] the values measured in the discharge flow system. We recently
P y 9y ; Y 9 reexamined the photolysis technique, with the intention of

in this device have yet to be characterized, the laser demonstra- . .
; , L resolving the conflicts for the rate constant valties contrast
tion has stimulated new efforts to understand the kinetics of

) 8 to the work of Ray and Coomifewe were unable to find
18

NCl(2) ge_neratl_on gnd de.StrUCt'é?E. . evidence for secondary photochemical generation of &CI(

In previous kinetic studies two different experimental tech- when photolyzing CIN at 248 nm. In fact, we found that 248
niques were used to determine N&IGuenching rate constants, nm photolysis was the better sou.rce of l\ii()l(or experiments
and the results appeared to be strongly dependent on thethat relied on detection via tree-X emission band at 1.08m.
te_chmque used. Hewett et #lperformed measurements N3 Both 193 and 248 nm photolysis generate trace quantities of
discharge flow system. NGIf was g.enerayed from the reaction N,(B),1° which is readily observed viaB—A emission band at
Cl + N3 — NCl(a) + N and the intensity of the NGA—X 1.04m 217 Although the amount of NB) formed is small, it
system was monitored as a funct|_o_n of quenchmg gas dens'typoses a problem because the BFA transition moment is
and time under steady-state conditions. Alternatively, Ray and several orders of magnitude greater than the AKX transition
Coombe’ and Henshaw et dlused pulsed 193 nm photolysis moment. The ratio of NGh—X vs N, B—A emission was much
of CIN; to generate NC¥), and time-resolved fluorescence '

measurements to determine quenching rate constants. Th betier for 248 nm photolysis, making it easier to reject
8 X 4 9 - ' M8nterference from the latter. Our preliminary study of NaJI(
photolysis experiments were performed in flow cells to avoid

complications resulting from the build-up of photoproducts. quenching kineticS using 248 nm photolysis yielded rate

Ray and Coombaeported that NCH) generated by 248 nm Eoer:;;\tn;st :lp%t were in agreement with the flow tube results of
photolysis of CIN has a complex time profile. Under certain Self-annih.ilation of NCI§), represented by the general
conditions they found that the N@J signal could show rise- reaction '
fall characteristics. This behavior was attributed to secondary
generation of NCH) from chain decomposition of CENChain NCI(a) + NCI(a) — products (1)
decomposition did not appear to be of importance when 193

Interest in the possibility of using NGIf as an energy carrier
in laser systems has motivated several studies of & €t{ergy
transfer and quenching kineti¢s!! These investigations indi-
cated that an NC#) driven iodine laser was feasitflé2-14 and
provided data that was essential for the design of a prototype
device. This effort led to the recent demonstration of a

constrains the density of NG( that can be generated by

T Part of the special issue “Donald Setser Festschrift”. chemical means, and the ability of the metastable to transport
To whom correspondence should be addressed. energy in a flow system. Hence, this parameter is of critical
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photolysis of CIN to generate high concentrations of N&l( N;Cl
As their results for quenching of NG were called into ~ *He o Stgnal 100 MHz
question by the studies of Hewett et'@land Komissarov et g Digital s
al.1” we decided that a redetermination of the self-annihilation 2 el seope
rate constant was required. The self-annihilation process cannot f;;p

Mono-

be observed under pseudo first-order conditions. To extract the
rate constant from second-order decay data, the absolute

chromator Trigger

concentration of NCK) immediately after the photolysis pulse
(denoted as [NCH)]o in the following text) must be known.
Henshaw et al.used titration of NCH) by Br to estimate [NCI-
(@]o- This is a valid procedure provided that N&)I{s removed
by reaction with Bs, and that the reaction is rapid. Henshaw et
al.’s? measurements indicated that the latter condition was met
(Ker, = 1.4 x 107 cm? s71), but the rate constant reported by
Hewett et all® was an order of magnitude smaller, raising doubts
about the validity of the titration.

In the present study we have used a different approach to
determine the initial concentration of N@J( High photolysis
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Figure 1. Apparatus used to observe the fluorescence decay and
quenching of NCI§). The absorption cell shown on the left-hand side
of this diagram was used to measure the concentration of i@lkhe

laser irradiances were used to achieve conditions where 95%fow via the absorption band at 250 nm.

or more of the CIN was photodissociated. The initial concentra-
tion of NCl(a) could then be obtained from the GINoncentra-
tion, provided that the branching fraction for production of
NCI(a) was known. The possible products for single photon
dissociation at 248 nm are

CIN; + 248 nm— NCl(a'A) + N, (2a)
NCI(X’E7) + N, (2b)
NCI(b'=") + N, (2¢)

Cl+ N, (2d)

Previous studies indicate that reaction 2a is the dominant
channelt=6° The contribution from reaction 2c is relatively easy
to evaluate, as formation of N@®I( produces red emission from
the b—X band system. Comparison of tke-X and b—X
emission intensities indicates that reaction 2c accounts for
approximately 1% of the NCI formed. Quantitative studies of

to that described by Henshaw et®a\ standard drying agent
was used to remove water from the GIQI,/He mixture at the
exit of the generator. The concentration of @iXas monitored
via the absorption band at 250 nm. After the generator had been
run for a few hours, the efficiency for converting,@b CINs
was in the range of 9695%.

Figure 1 is a schematic diagram of the apparatus used to
examine the fluorescence decay kinetics of MCIA continuous
flow of the He/CINy/Cl, mixture was pumped through the 5
cm diameter glass cell. The cell was equipped with quartz
windows for the photolysis beam, broadband antireflection
coated windows for multipass absorption measurements and a
capacitance manometer for pressure measurements (MKS
390HA-00100). Typically the flow from the Ci\generator was
around 600 sccm (including buffer gas), and the pump was
throttled to give a total cell pressure in the range ef/5Torr.

CIN3 was photolyzed by 10 ns pulses from an excimer laser

reaction 2d have not been reported. Photolysis of the isovalent(l_umoniCS TE-860-4). The laser was operated at 248 nm at

species HN via the equivalent absorption band yields-N3
with a branching fraction of 4% We have briefly examined
photolysis of CIN using time-of-flight mass spectrometry to
detect the product.For 193 nm photolysis we observed a small
quantity of N;, but there was no signal for this product when
248 nm photolysis was used. On the basis of this result, and
the corresponding behavior of HNwe estimate that the
branching fraction for reaction 2d is less than 10%. As MHCI(
and NCI) are the dominant photoproducts, we needed to know
the branching fractions for these channels in order to determine
[NCI(@)]o. This information was obtained by observing transient
absorption signals for NCK) when collisions of NCI4) with
O,(X) were used to transfer population from the initially formed
NCI(a) to NCI(X).15

In the following sections we report quenching rate constant
measurements for NGl), a determination of the NGij/(NCI-
(a) + NCI(X)) branching fraction, and measurement of the rate
constant for self-annihilation of NCGIf. As noted in our
preliminary report, the quenching rate constants were in
agreement with the results of Hewett et!@&lOur self-
annihilation rate constant is an order of magnitude smaller than
the value reported by Henshaw etal.

Experimental Section

Chlorine azide was formed by passing a mixture of 5% CI
in He over the surface of moist NgNin an apparatus similar

a repetition rate of 5 Hz (unless otherwise stated). Photolysis
laser powers were measured using a Scientec power meter at
the laser output coupler. For the quenching rate constant
measurements the unfocused output from the photolysis laser
was used. At the center of the cell the photolysis beam had a
rectangular cross section with dimensions of approximately 1
x 4 cm. To generate higher concentrations of NLfor the
self-annihilation rate constant measurements, the laser beam was
focused by 1m focal length quartz lens. Burn patterns recorded
at the focus indicated that the beam cross section had been
reduced to 1x 4 mm.

Emissions resulting from ClNohotolysis were dispersed by
a 0.2 m monochromator. For detection of fluorescence with
> 700 nm, a 695 nm long-pass filter was placed between the
photolysis cell and the monochromator to block scattered laser
light and short wavelength emission signals. This filter ef-
fectively blocked the NCb—X emission, centered at 665 nm
while transmitting thea—X emission at 1.0@m. The dispersed
light exiting the monochromator was detected by a cooled
photomultiplier tube (Hamamatsu R1767, S1 photocathode). To
record emission spectra, the output from the phototube was
processed by a boxcar integrator (SRS 250). The time depen-
dence of the fluorescence signals was examined using a digital
storage oscilloscope (LeCroy ScopeStation 140, 100 MHz
bandwidth). Extensive signal averaging was used to improve
the signal-to-noise ratios.
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Figure 2. Apparatus used to observed the Ni2IX absorption bands. 1020.0 1040.0 1060.0 1080.0 1100.0 1120.0 1140.0
The detection equipment is shown in the configuration used to observe
the time dependence of the absorption signal. To record spectra the Wavelength (nm)
output from the NCD was processed by a boxcar integrator. Figure 3. Emission spectra resulting from UV photolysis of Glid

Figure 2 shows how the photolysis cell was configured for Photolysis at 248 nm..fPhotolysis at 193 nm.

observation of the NCb—X absorption lines. The photolysis
laser was not focused for the absorption measurements. For th
NClI(a)/NCI branching ratio measurements oxygen was added
to the photolysis cell to convert nascent Njlfo NCI(X) via

the reaction

eemission in the sample cell. Dispersed fluorescence spectra
confirmed that this emission originated from thre X bands of
NCI. Based on the results of previous studies, it was expected
that photolysis would also generate strong emissions from the
NCI a—X bands near 1.08m. Figure 3 shows spectra taken in
NCl(a) + O,(X) — NCI(X) + O,(a) 3 the vicinity of thea—X 0—0 band. Both photolysis wavelengths
produced an intense band at 1.0, which corresponds to
The G flow rate was controlled by a needle valve and the partial the origin band of the NB—A system. The NCh—X origin
pressure was calculated from the increase in the total cell hand was observed at 1.07#. As can be seen in Figure 3,
pressure. A CW ring dye laser (Coherent 699-29) operating in the NCla—X emission was more intense, relative to thebsind,
the 664-666 nm range was used to record transient absorption for 248 nm photolysis.
spectra. To obtain adequate sensitivity it was necessary t0 Fygrescence decay curves were recorded for th@NA
compensate for intensity fluctuations in the laser output power gmjssjon at 1.04m. These curves were multiexponential, with
using ratiometric detection. The probe Iight was split into long-lived components that decayed over a period of-2ZD
reference and sample beams. White cell mirrors were used 10,5 They reflected the kinetics of,(B) formation via secondary
obtain about 100 passes of the sample beam through théyhotochemical reactions. Slow decay of the B-A signal
absorption cell. The sample and reference beams were thermposed constraints on the conditions used to observe the decay
processed by a noise canceling detector (NCD) system (Newqf NCi(a). It was essential to use a monochromator transmission
Focus Nirvana detector, 125 kHz bandwidth). To record spectra, handwidth that was narrow enough to isolate NGIX from
further signal-to-noise improvements were achieved by using a{he N, B—A emission. As this required the use of narrow slit-
boxcar integrator to process the output from the NCD. Absolute yyigths, the light collection efficiency was very low. Photolysis
calibration of the dye laser wavelength was provided by an 5t 193 nm produced NG signals that were far weaker than
internal wavemeter and checked against EheX lines of b. the N, band. Consequently, NG decay curves obtained by
Time-resolved absorption data were recorded by signal 193 nm dissociation had poor signal-to-noise ratios. Better
averaging the output from the NCD using the digital oscil- resyits were obtained with 248 nm photolysis. Using the
loscope. With CIN in the photolysis cell, transient changes in  ynfocused output from the photolysis laser at 248 nm the NCI-
the intensity of the transmitted probe beam were noted when ) flyorescence signals were well-represented by single-
the probe laser wasot tuned to an NCI absorption line (0ff-  eyponential decay. This was unexpected, since Ray and Coombe
resonance signal). We attributed this signal to transient changes;pserved complex NGij temporal profiles following 248 nm
in the refractive index of the sample caused by local heating pnhotolysis of CIN.
and the accompanying acoustic wave. The shape and magnitude Photolysis of CIN at 248 nm proved to be the most suitable
of the signal changed when th? laser was t.uned to coincide V‘_’ithsource of NCI§) for kinetic measurements in our apparatus.
an NCl line. Hence, the transients associated with absorption—q 5y6id complications associated with N&lgelf-annihilation,
by NCI were obtained by a subtraction technique. A signal was g, enching rate constant measurements were carried out using
acquired for a preset number of photolysis pulses with the probe .., powers from the photolysis laser. Typically the energy at

laser tuned on-resonance. The probe laser was then tuned offy o canter of the cell was around 20 mJ, corresponding to an

resonance, and the signal acquired for the same number ofi . qiance of 5x 166 W cm2. The absorption cross-section

pho_tolysis pulses. The difference_betvveen these averaged signalg,, CIN; at 248 nm is 3.5< 1018 cn? (base eJ,so this power
defined the NCIX) temporal profile. should dissociate about 2% of the azide. Quenching kinetics
were characterized by recording fluorescence decay curves for
a range of quenching gas pressures. For example, Figure 4 shows
a. Wavelength- and Time-resolved Fluorescenc®hotoly- NCl(a) fluorescence decay curves recorded for a rangeof O
sis of CIN; at both 193 and 248 nm produced a strong red pressures. The quenching rate constants were obtained from a

Results
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Figure 4. Fluorescence decay curves for N&l{n the presence of
O.. The intensity of the 1.07#m a—X emission was monitored. The
four curves correspond to humber densities of 0.0, 3.4 10
7.4 x 10" and 1.5x 10% cm3.
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Figure 5. Stern—Volmer plots for quenching of NC&) by O,, Cl,,
and HCI.

TABLE 1: Comparison of Rate Constants for Removal of
NCl(a)

rate constant /1G4 cmé st

collision

partner this work ref 10 ref5 ref9
0, 560+ 40 280+60 250+ 20
Cl, 59+ 8 40+ 10 1800+ 300 2900+ 600
HCI 1.8+ 0.4 1.5+ 0.3 490+ 70
Ha <0.1 <0.1 68+ 7
N3Cl 30+ 10 57+ 4

standard SternVolmer analysis (decay rate vs quenching gas
number density plots). A composite Stefviolmer plot for
quenching by @ Cl,, and HCI is shown in Figure 5. Table 1

Komissarov et al.

(a) by H, using 193 nm of CIN. Measurements made using
the monochromator to isolate the N&+X emission showed

no influence of added Hon the long-lived component of the
fluorescence. In contrast, when the monochromator was set to
transmit the N B—A fluorescence at 1.04m, the long-lived
component of the decay was quenched byTHese experiments
were repeated using an interference filter to restrict the range
of wavelengths reaching the detector. The filter, obtained on
loan from Professor Coombe, had a transmission maximum at
1.08um and a bandwidth of 12 nm. Fluorescence decay curves
that were observed through this filter were similar to those
obtained when the monochromator was used to select the N
B—A emission, and the addition of;Hesulted in quenching of
this fluorescence.

Studies of NCIQ) self-annihilation were carried out using
relatively high powers from the photolysis laser, and focusing
of the beam. The energies delivered to the center of the cell
ranged from 5 to 45 mJ per pulse, corresponding to irradiances
of 1.3 x 10°—1.1 x 10® W cm 2 Figure 6a,b show examples
of NCl(a) fluorescence decay curves recorded at different
photolysis laser powers. All of the curves exhibited a fast spike
near zero time, which was caused by scattered light from the
photolysis laser. Figure 6a illustrates results for low to moderate
laser powers. Here it can be seen that the intensity of the
fluorescence increases as the laser power increases, as does the
initial decay rate (after the laser spike). With further increases
in laser power the signal grew at a rate that was less than linearly
dependent on the power. Eventually both the intensity and the
temporal profile of the signal became independent of laser
power. This situation is illustrated by the data in Figure 6b,
where almost identical curves are shown for three different laser
powers. We ascribe the limiting high-power behavior to
complete dissociation of the CiNvithin the region viewed by
the detection system. As noted in the Introduction, this is a
desirable situation as the concentration of NLItan be
determined, provided that the initial concentration of €ixd
the branching fraction for NC&) production are known. It
should be noted that multiphoton dissociation and ionization
processes could become increasingly more important as the laser
intensity is increased. However, the fact that the MECI(
fluorescence decay curves did not depend on the laser power
over the range from 33 to 44 mJ (cf. Figure 6b) indicates that
multiphoton processes did not influence the decay kinetics to a
measurable degree.

The 250 nm absorption measurement gives the concentration
of CIN3 entering the photolysis cell, but this is not necessarily
the initial concentration. The flow of gas through the photolysis
cell was relatively slow, requiring abblb s for complete
replenishment. Hence, measurements made at high pulse repeti-
tion rates could suffer from local depletion of GINy preceding
photolysis pulses. To test for this effect we recorded fluorescence
decay curves using pulse repetition rates in the range from 0.2
to 10 Hz. Within this range the curves were not dependent on
the repetition frequency, indicating that diffusion was fast
enough to replace the CiNbetween laser shots.

b. Transient Absorption of NCI(X). Searches for the NCI

lists the quenching rate constants determined in this study, alongb—X absorption lines near 665 nm were made using photolysis

with values from previous determinations.
In our experiments, quenching of N@)(by H, was so slow

of CINg/O,/He mixtures in the apparatus shown in Figure 2.
O, was added to increase the concentration of XCIAn

that we were unable to determine the rate constant. This example of thdo—X absorption spectrum, recorded by scanning

observation was in agreement with the results of Hewett &1 al.,
while the measurements of Ray and Cooflyielded a
quenching rate constant of (68 0.7) x 1072 cm® s To

the dye laser over the range from 15048.0 to 15051.0'¢cis
shown in Figure 7. Note that the signal-to-noise ratio of this
trace was limited by the scanning electronics that control the

investigate this discrepancy we examined the quenching of NCI- dye laser. The minimum sweep speed was not slow enough to
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Figure 6. (a) Fluorescence decay curves for Nal(sing moderate
laser powers to dissociate GINThe intensity of the 1.074m a—X Figure 8. Transient NCIK) absorption signals obtained by photolysis

emission was monitored. These curves were recorded with the gain of of CIN; in the presence of OThese traces were recorded by monitoring
the detection system held constant. The fast spike at beginning of eachthe absorption of th@P(14) line. They correspond to,@ensities of
curve is due to scattered laser light. The laser pulse energies for thesep, 8.4 x 105 and 1.9x 10 cm 2. The amplitude of the absorption
curves were 4.2, 6.6, 12, and 24 mJ. (b) Nifluorescence decay increases with increasing {D
curves recorded using high photolysis laser powers. The three curves
shown here were recorded using pulse energies of 33, 39, and 44 mJGaussian function with a line width of 0.031 ci(fwhm). This
at the center of the cell. is slightly wider than would be expected for a temperature of
300 K (predicted width of 0.026 cm).
permit extensive signal averaging. The relative positions of the  Searches were made for transitions originating from vibra-
b—X 0—0 band rotational lines were in excellent agreement with tionally excited levels of NCK), to examine the possibility that
the work of Colin and Jone®. However, we found a small  vibrationally excited products are produced (and survive multiple
systematic calibration error in the former study. Our measure- collisions with He) after photolysis of CINWe were unable
ments indicate that the line positions of Colin and J&h&tsould to detect population in the = 1 or 2 levels using 248 nm
be reduced by 0.04 cm. Although small, this correction is of  photolysis. From these measurements, and estimates of the
significance for the development of diode laser diagnostic sensitivity of the apparatus, we conclude tha80% of the
instruments. Figure 7 and similar spectra were recorded in thenascent NCK) had undergone vibrational relaxation, if a
presence of 6 Torr of buffer gas (mostly He), with a 109 nonequilibrium vibrational distribution had been created in the
delay between the photolysis pulse and the absorption measurefirst instance.
ment. Under these conditions the rotational and translational Figure 8 shows examples of time-resolved absorption traces.
energy of NClI should be in thermal equilibrium with the buffer These curves were recorded for a range of addepr&ssures.
gas. This was confirmed by the rotational line intensity Here it can be seen that the maximum concentration of X)CI(
distribution, which defined a rotational temperature of 390 increased as Owas added to the mixture. This effect suggests
20 K. The translational temperature was estimated from absorp-that collisions with @ quenched NCH) to NCI(X), thereby
tion line profiles. The line shapes were well represented by a reducing the amount of NGij lost to reactive channels. In
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keeping with this interpretation it was found that the influence influencing the [Q] = O data, the value of 0.7 should be
of added Q saturated for partial pressures above 0.2 Torr. regarded as a lower limit. Clearly, a better estimatd &rould

be obtained by using numerical integration of the rate equations
Analysis for the scheme represented by reactions 1 and ® simulate
the absorption curves. This was done udiagdk; (which had

Formation of NCI(a). As described in the Introduction, the not been determined previously) as variable parameters. The

primary products resulting from photolysis of GJit 248 nm  Pest fit was obtained fdr= 0.9 andk; = 2.5x 107 enPs™%.
are NCIG)+N, and NCIK)+N,. To establish the initial In the an_a_IyS|s presented so far we have not considered chain
concentration of NCK) formed, the branching fractioh = decomposition of CIN Ray and CoombBeobserved NCK)
INCI(a)]o/(INCI(a)]o + [NCI(X)]o) was derived from the tran- fluorescence signals that appeared to reflect chain decomposition

sient absorption data. The reactions that are of importance in® CINs when 248 nm light was used for photolysis. They
determining the NCK) time profiles are suggested that the chain is carried by the reaction

NCI(a) + CIN; — NCI(X) + CIN, (4a) NCl(a) + CIN; — NCI(a) + NCI(X) + N,(v) (8)

a. NCI(X) Kinetics and the Branching Fraction for

NCL + N (4b) In a recent study of CIpldecomposition, Jensen et'&proposed
2 8 that reaction 8 proceeds with a rate constant of 2.0 12
cm?® s7L. Clearly, the above analysis of the branching fraction

NCI(a) + Cl,— NCI, + Cl ®) would be in error if chain reactions were of importance. We
explored this possibility by including reaction 8 in our kinetic
NCI(X) + NCI(X) — N, + 2ClI (6) model. With this addition the behavior of the model was very
different from the experimental observations. Addition of O
NCI(X) + CIN; — products @) to the system was predicted to reduce the amount of XJCI(
observed, as it suppressed production from the chain reaction.
and reaction 3. The rate constats (ksa + kap), andks are A possible solution to this problem is to assume that th@)O

given in Table 1. The NCK)+NCI(X) removal rate constant  generated by reaction 3 can also dissociatesCéN\y.,
(ks = 8 x 10712 cm® s1) was measured by Clyne and

MacRober For completeness, reaction 1, the self-annihilation O,(a) + CIN;— O,(X) + NCl(a) + N, 9

of NCl(a), was included in the analysis. However, this reaction

did not contribute significantly under the conditions of the Ray and Coombeproposed a rate constant of 2x710~* cm?
absorption measurements (N&)l(fluorescence decay curves s1 for this process. When this reaction was included in the
were single exponential for these conditions). An initial estimate model it had a large impact on the rate at whichappeared to

of the branching fraction can be derived from a simplified quench NCI&). For the range of conditions used to record the
analysis of the absorption curves shown in Figure 8. The absencefluorescence decay curves shown in Figure 4, the model
of NCI(X) absorption immediately after the photolysis pulse predicted an effective fluorescence decay rate for B)Qlgat
gives the appearance that there is no prompt production of NCI-was almost independent of the, Concentration.

(X) (i.e.,f ~ 1). However, this observation could be misleading ~We made several attempts in our experiments to observe
as it ignores ro-vibrational relaxation within the ground-state Pphotoinitiated chain decomposition of GJNor gas mixtures
manifold (which matters as we were monitoring a single ro- Wwith and without Q. No evidence for chain decomposition could
vibrational state) and the finite response time of the detection be found, and kinetic models that included chain propagation
system (s rise time). First consider the curve for the system Steps were not consistent with the observed time histories for
with no added @ The growth in the NCK) signal could be ~ NCI(a) and NCI). We concluded that reactions-3 provide
attributed to ro-vibrational relaxation of the initially “hot” NCI- ~ an adequate description of the kinetics for our measurement
(X) and population transferred down from N&)(by reaction ~ conditions, and that a lower bound for the Nglpranching

4a. For the moment we assume that all of the Ci§ being fraction off > 0.7 is conservative.

removed by some other process, and there is no downward b. Self-Annihilation of NCI(a). The decay curves used to
transfer. In this rather extreme view the NX)(signal rises in examine NCI§) self-annihilation were recorded under conditions
response to ro-vibrational relaxation and decays as X)G¥ where only He, CIN, and C} were present in the cell prior to
lost through reactions 6, 7, and diffusion. The maximum in this the photolysis pulse. Hence, the removal of Nflfvas
curve is then proportional to the initial concentration of NCI- governed by reactions 1, 4a, 4b, 5, and diffusion (the loss by
(X) formed. Next, we make the assumption that a moderate diffusion was noticeable in the self-annihilation measurements
pressure of @ can overwhelm reactive loss of N@)( and as the fluorescence from a small photolysis volume was imaged).
transfer all of the excited-state population to the ground state Henshaw et &l.considered the same set of reactions in their
via reaction 3. This approximation can be validated by consider- study of self-annihilation. Integration of the rate equation for
ing the kinetics for the typical measurement conditions. The NCI(a) gives the expression
relevant concentrations are [GIN= 10%, [Cl;] = 5 x 10M,

and [@] = 6 x 105 cm3. Reactions 4a,b and 5 remove NCI- K INCI(a)]o

(a) at a rate of 33007, while O, transfers population to the [NCI(2)] = expk (K, [NCI(a)], + k) — k[NCI(a)], (10)
ground state at a rate of 34000 sFor such limiting conditions,

the maximum absorbance of the curve recorded in the presencevherek, is the sum of the first-order loss processes,

of O, is proportional to the concentration of NCI formed by

photolysis (INCI@)]o + [NCI(X)]o). With this interpretation the k. = (Kgu + Kgp)[CING] + k,[Cl,] + T (12)
data for [Q] =0 and [Q] = 1.9 x 10" cm3yield a branching

fraction off =0.7. Because collisions between N&gland CIN and Iy is the diffusion loss rate. The decay curves recorded

or Cl, may also cause some downward transfer, thereby using high photolysis laser powers were very well-represented
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irradiances the NC#) fluorescence decay curves were expo-
nential, and the decay rates yielded linear Stéronlmer plots.

In the work of Ray and CoomBeand Henshaw et al.,an
interference filter was used to isolate the N&tX) emission.
We had speculated that this filter may have transmitted radiation
from other emitting species as well as N&l(Jansen et df
argued that the 12 nm band pass of their filter would be
sufficient to eliminate interference form sNemission, but
experiments with this filter in our apparatus yielded results that
were significantly influenced by incomplete suppression of the
N> B—A emission.

Given that most of our first-order rate constants for removal
of NCl(a) differ from those of Henshaw et &lt is not surprising
to find that the self-annihilation rate constants are also in
conflict. Our value is an order of magnitude smaller. Even the
, , . . x data taken at low laser irradiances were at variance with the
0 0.0005 0001 00015 0002 00025  0.003 larger value fork;. Consider the decay curve in Figure 4 that

Time /s was recorded with no Opresent in the system. This curve is
Figure 9. Example showing the fit of eq 10 to an N@)(fluorescence consistent with a single-exponential function that decays with
decay curve recorded using high irradiance photolysis of;Cte a rate of 1900 s. For the conditions of this measurement the
inset shows the residuals for the fitted function. initial concentration of NCH) was 2x 104 cm3. If we assume
Henshaw et al.%value forks, the initial rate of decay due to
the second-order removal process alone would be 1200kis
is three-fourths of the total decay rate and would result in a
distinctly nonexponential decay curve, contrary to the observed
behavior. The present value fiaryields an initial second-order
decay rate 14073, which is compatible with the data shown in
Figure 4.

As ki and [NCI@)]o are inversely proportional, thig value
would have been underestimated if the branching fraction for
NCl(a) formation were overestimated. If we assume Henshaw
et al's value fork; the corresponding branching fraction for
NCl(a) production would be just 0.07. Such a low value is
incompatible with previous studies of Gilghotolysis that are
consistent in finding that NC#) + N> is the dominant product
channel.

The fact that we were unable to observe secondary &CI(
Sgenerated by chain decomposition of Gl puzzling. Jensen
et al!® examined this process by recording the time history of
CINj following 248 nm photolysis. They observed removal of
CIN3 by secondary reactions that lasted for about %30
Approximately 3% of the azide was initially dissociated, and it
appeared that about 12% of the azide was consumed by the
time the secondary reactions terminated. Loss of ;Ghés
Discussion attributed to reactions 4b, 7 and dissociation of £tilused by

successive collisions with ). Jensen et d8 modeled the

The NCI@) quenching rate constants from the present work CIN; removal kinetics, and proposed rate constant values of
are compared with values from previous studies in Table 1. Herek,, = 1.5 x 10712 andkg = 2.0 x 1022 cm® s~L. Their model
it can be seen that our results are much closer to the ratejncluded self-annihilation of NC&) with the rate constant from
constants obtained from flow tube experiméftisan those from the work of Henshaw et &IThe proposed values fé, andkg
studies that used CH\photolysis to generate NGI.*> The are not supported by the present study. Quenching of &)CI(
biggest discrepancy between the present study and the flow tubeyy CIN; occurred with a rate constantlef, = (3 + 1) x 1013
results is for @ This is curious, as the Oquenching rate cm?s1. The problems posed by reaction 8 were discussed above
constant was the only point of agreement between the flow tube s part of the analysis of the N&) transient absorption data.
and earlier photolysis experiments. Our measurement waswhile the data presented by Jensen éalearly show reactive
repeated several times, and the values obtained were alwaysemoval of CIN, the mechanism proposed for this process
outside the error ranges of the previous determinations. How- cannot reproduce the observed kinetics when the rate constants
ever, the factor of 2 discrepancy for, @ not as troubling as  determined in the present study are used. Our data indicate that
the orders of magnitude differences between flow tube and g different mechanism is operative, which does not generate
photolysis results that had been encountered for other quenchergletectable quantities of NG,

(cf. Table 1).

It was surprising to find large differences between the present Summary and Conclusions
248 nm photolysis results and previous measurements made
using 193 nm photolysis. Chain dissociation of liNd not Photolysis of CIN and the kinetics of NCH, X) were
appear to be a problem in our system. For low photolysis laser investigated using time-resolved emission and absorption tech-

0.004

0.003

0.002

Fluorescence Intensity

0.001

by eq 10. An example of the quality of the fit is shown in Figure
9. Becausé; cannot be obtained independently from this type
of measurement, it was determined by fitting with [N&}]6

held constant. To have the best definition of this parameter we
began by analyzing the data for whiet®5% of the CIN had
been photodissociated. We then assumed that 90% of the
products resulted from fragmentation to N€IN,, and that
80% of the NCI was NCH). This gives [NCI@)]o =
0.7[CINg]¢<0, where [CINj]t<o, is the concentration of CiiNorior

to photolysis. Fitting seven different curves recorded with laser
pulse energies in excess of 30 mJ per pulse yielded a self-
annihilation rate constant of (6% 0.7) x 1023 cnm?® s71. This
analysis was extended to include data taken under conditions
where CIN; was not completely dissociated. For these data we

section for CIN at 248 nm to determine [NGif]o. Analysis of
all of the curves recorded with moderate to high laser irradiances
yielded a self-annihilation rate constant of (ZQL.5) x 10713

cm® s~L. The error range includes a conservative estimate for
uncertainty in the NCH) branching fraction.
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