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A number of experiments have been performed in an effort to better understand the photoinitiated chain
decomposition of CIN Discharge-flow methods were used to determine the rate of energy exchange between
vibrationally excited N (a likely chain carrier) and CIN The rate constant for energy transfer fron(41)

to CIN; was found to be (2.6 1.0) x 1073 cn?® st at 300 K. This process is thought to excite thenode

in CIN3 with the release of 281 cm of excess energy. Experiments were also performed in which the
decomposition of CIi was initiated by photolysis with a pulsed KrF laser at 249 nm, with subsequent
observation of the time dependence of the densities of,@ctronically excited NCI{&), and vibrationally
excited CIN(v,). A kinetic model for the CIN decomposition was assembled based on reactions with NCI-
(a*A) and Ny(v).

Introduction Because of the weakness of the €IN, bond, CIN; can also

Although azides (RY) are well-known energetic species be dissqciated by collisions with species in low-energy gxcited
prone to explosive decomposition, the energy stored by these€lectronic states. It has been showor example, that Clblis
molecules has been used for many applications other thandissociated by collisions with £a'A,) to produce Mand NCI-
explosives. In particular, azides have recently been used as(@4)- This process occurs with a room temperature rate constant
energetic precursors for the low-temperature deposition of thin n€ar 10t cm®s™. Similarly, it has been suggestetthat CINs
films2 and as energy storage agents for the pumping of new ¢an be dissociated by collisions with NCi(g or with [*(52Pys).
laser systemdIn our laboratory, chlorine azide (Ciihas been " quenching by CIN has a rate constatit=2.0x 10~*tcm®
used as a source of electronically excited N&\jaa metastable s~ and it is thought that this process also dissociates the azide
species which can collisionally excite iodine atoms to a5~ t0 N2 and NCI(&A). In our previous workon the CIN/NCI-
state? Under appropriate circumstances, a population inversion (&A)/1* laser system, a kinetic model was assembled which
can be achieved among thé%, and 3Py, levels in this system  included CIN chain decomposition carried by(¥), NCI(&'A),
and lasing is observéat 1.315:m. The operation of the laser ~@nd I*. Although the model was largely speculative (rate
requires that the CIpinitially present be removed since it is ~constants for energy exchange betweefwNand CIN; were
an efficient quencher of excited IBy;). This removal is ~ Unknown, as was the time dependence of {JfNthe system),
thought to occur by chain decomposition processes. it gave fair agreement with the NCHa) time profile observed

It has been speculatefithat the chain decomposition of N the experiments and predicted laser threshold times within a
azides is driven by energy transfer processes involving excited factor of 2 of the observed values. o
dissociation fragments, in particular vibrationally exciteg N We have continued to explore these issues by using discharge-
The vibrational frequency in N(2331 cnt?) is near-resonant flow methods to determine the rate constant for energy tran;fer
with the v, vibration in azides, which typically is found in the ~ from Na(v) to CIN3, and by using pulsed laser photolysis
range from 2000 to 2150 cri This vibration is an asymmetric methods_to pe_rform additional measurements of the decomp_03|-
stretch along the Nchain and is well mapped onto the tion of this azide. In the latter case, measurements of the time
dissociation coordinate leading to the nitrene NR andshch ~ decay of CIN in the system were performed and vibrational
that sequential excitation by collisions with®>0) might well excitation in thev, mode of the azide was detected. Time
lead to dissociation. Benard and co-workeave speculated ~ Profiles for CINs, NCI(a'A), and CIN(v2) were measured for a
that this mechanism is responsible for the chain decomposition variety of initial conditions. The data from both the discharge-
of FN3 observed in high-temperature shock tube studies. Also, flow and laser photolysis experiments were used to assemble a
flowing streams of ) have been used to dissociate gas phase N€W kinetic model for the decomposition.
NCN; for the deposition of €N, thin films2 In the case of

CINgz, the v, frequency is 2050 cmt and excitation of this Experimental Details

vibration by collisions with N(v) is exothermic by 281 cr. Gaseous Clplwas synthesized by the passage of a stream of
Since the binding energy of CHA’) along the coordinate  Cl, diluted in He (5% CJ) and saturated with 0 over NaN
leading to NCI(&A) + No(X!Zg") has been calculatédo be suspended on glass wool. The azide generator was derived from

just 5700 cm?, sequential excitation of Ci\oy as few as three  a design developed by Schlie and co-workers and has been
collisions with N(v) might dissociate the molecule. Further, described elsewhefeThe efficiency with which Gl was
since considerable energy is released when this dissociationconverted to CIN in the reactor was greater than 90%, as
occurs, it seems quite likely that,(¢) would be regenerated to  determined by IR and UV spectra of the effluent. The principal
continue the chain. impurity present is expected to be,Cin fact, no C} was
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detected in the UV spectra and the 90% conversion figure is a The energy exchange between(N=1) and CQ is nearly
minimum determined from signal-to-noise considerations. Con- resonant (exothermic by 18 crhfor the forward process) and
tinuously flowing streams of CIpHe from this reactor were  for sufficient densities of both species full equilibration would
used in the several different experiments of this study. result. From the known valu¥sof the rate constants for the
Experiments involving measurements of the rates of energy forward and reverse reactions and the densitiesadid CQ
transfer from N(v) were performed with a 1.0 m long, 3.8 cm in the system, the equilibrium should be established within 1.0
internal diameter Pyrex discharge-flow reactor. Flows g(fN ms, comparable to the mixing time. The decay of the emission
were generated by passage ofte mixtures (typically 10% reflects the loss of energy from this equilibrium pool, largely
N,) through a water-cooled 300 mA dc discharge positioned by radiation from the excited GOA steady-state treatment of
on a sidearm of the flow reactor. After exiting the discharge the CQ(v) density yields the following expression:
zone, the flow of excited gases was passed over a Ni mesh to
remove atoms and electronically excited speidl(v) was [COL(v)]ss= kN (V)I[CON{k N, + k) (1)
detected downstream of the discharge by admitting a small flow
of CO, to the flow via a sliding injector, such that the subsequent Whereke andk_ are rate constants for the forward and reverse
energy exchange produced vibrationally excitec@@ich was energy Frar_lsfer reactlor_ls, respectively, and the rate 01_‘ spontane-
detected at an observation port downstream by its emission onCUS €missionk) for an isolated C@{vs,»=1) molecule is 417
thevs band near 4.am. This emission was chopped at 343 Hz S * (T = 2.4 ms):? Hence [CQ(2)] (and the intensity of its IR

and detected with a cooled InSb detector equipped with a narrow®Mission) should vary in proportion to {{¥)]. By using values
band interference filter centered on the £ansition. The of ke andk-. from the literaturé" and the densities of Nand

response of the detector was amplified by a lock-in amplifier €Oz from the experiments, eq 1 yields the steady-state ratio
(Stanford Research Systems) and displayed on a strip charfCO¥)J/[N2(v)] = 0.039. Because of the relatively high density
recorder. Flows of CINHe (5% CIN; as above) were admitted of N in the system, the large majority of the excitation resides

to the reactor via a second injector 10 cm downstream of the in N2(v). Since only 0.039 of the vibrational excitation resides
CO; injector. in CO; at any time, the decay of the equilibrium pool of

The flows of all gases admitted to the reactor were measuredyibration"’IIIy excited species (observed by theGPemission

with calibrated mass flow meters (Tylan and MKS). The system INtensity) will reflect the CQ(v) radiative rate k) multiplied
was pumped by a 1500 L mih mechanical pump such that by this factor. This treatment yields a decay rate of 17 he

i i I
the flow velocity for the pressures of the experiments (typically d€cay rate observed in the present experiments was20ns
near 0.7 Torr) was approximately 1250 crmt.sThe pressure good agreement Wlth this pred|cte_d re_sult. The small discrepancy
in the system was measured with a capacitance manometer. MY in fact indicate the contribution of some other loss
Laser photodissociation experiments were performed by :T;egrrltaerélsnlost::t:”?s \i/;al(l) g;eng?mc%lﬁ;%?’ f;orr ;Vh\;g?iépe of
photolysis of the CINHe mixtures with the output of a pulsed P P Y ) P y

3
KrF excimer laser at 249 nm (Questek). The photolysis cell surfaces: . . .
was a 2.54 cm diameter Pyrt(e(?( tube )equippgd wit% quartz Quenching experiments were performed by addition of«CIN

. L to the N(v) stream at a point 10 cm (8 ms) downstream of the
windows for transmission of the 249 nm laser beam and KClI s - L
windows for transmission of the IR probe beam used for CQ, injector. The CIN inlet was positioned 22.5 cm (18 ms)

detection of the CIhland for transmission of IR emissions from ggf‘gﬁiaersn UOf t(t)hg Sfbfgl'y;?]?g (&%rthlzfnﬁrf?gﬁeoﬁfgiye
the gases in the cell. IR absorption was detected omtband P e . . . X .

of CIN3 near 2050 cm! by using a source constructed from a generator) fegulteq n supstantlal regjuctlons n thg intensity of
heated wire and a detector comprised of a cooled InSb detectoﬁgf g%g.rg'ris'o:f’ Itﬂilcglgi?aggﬁnizhlrr;gsigmeﬁ(f) tflligcg t2§ies
with a narrow band interference filter centered at this frequency. ye majority e P :
Calibrations of the absorption measurement were done repeat-ConS'de”ng only the wbrgtlonal energy e_xchange between CIN
edly over the course of the experiments by comparison of IR and No(v), the rate equation for ) is given by

absorptions with densities of CiNletermined from measured dIN Jdt = —k[N CIN.J + Kk IN.IICIN 2
UV absorptions and published UV absorption cross sectidns. (Na(2)] KINCING] + k- o[NCINS@)] - (2)

Emission from vibrationally excited CiNwas observed using \yhereky andk_o are rate constants for the forward and reverse
the same detector and filter combination, but with the IR source energy transfer processes. In this case the forward process
blocked. Emission from electronically excited NClfa at 1.077 is exothermic by 281 cm. A steady-state treatment of the

#m was detected by a cooled Ge detector (North Coast Optics) ciny(y) density yields an expression analogous to eq 1 above:
equipped with a narrow band filter centered at this wavelength

and with a bandwidth (full width half-maximum) of 12 nm. [CIN,()] s = Ko[NL()I[CIN JJ/(k_o[N,] + kq) 3)

The time profiles of emission and absorption signals were

amplified and digitized with a LeCroy TR8828C signal proces- wherek, represents the rate of first-order losses of &iNby

sor. radiation and collisional quenching. Substitution of eq 3 in eq
2 yields

Results

1. Quenching of N(z) by CIN3. Vibrationally excited N
was generated using the dc discharge flow reactor describedynhere
above, with detection by the admission of £10 the flow. The

dN,(2)J/dt = aN,()][CIN 4] (4)

total density of N in the flow was typically set at 2.% 10 o= —Kg{1 — Kk _o[N,J/(K_g[N] + k))} (5)
cm~3. The density of the added G@vas near 1.0< 10" cm—3,
For the conditions of our experiments, the intensity of 4n3 Hence the density of Mv) should decay as ex@[CIN3]t), and

emission from vibrationally excited G{r3) should be propor- a plot of In[Nx(v)] (i.e., In(intensity)) vs [CIN] for a fixed time
tional to the density of vibrationally excited,{¥) in the system. t should be linear with slopet.
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Figure 1. A plot of the natural log of the intensity of emission from
CO4(v3) vs the density of CIh measured at= 0.018 s after admission
of CINs to the flow.
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Figure 1 shows the results of experiments in which the 1228416 ¢
emission intensity was measuredtat 0.018 s for various
densities of CIN. The plot is in fact linear and the slopetf
yields a valuea. = —1.63 x 10713 cm® s™1. The value of the LI18E+16 |
energy transfer rate constaky can be determined froru if L16E+16 , . ‘ .
the first-order CIN(v) quenching rateky is known. Careful ’ o 500 1000 1500 2000 2500
comparison of the frequency-integrated infrared absorption
strengths of the, andvs bands of CIN and CQ indicates that
the transition in CIN is 4.8 times stronger than that in GO
suggesting that the radiative rate of excited &N v=1) is
greater than that of C{v3,v=1) by this same factor, i.eky ~
2000 s. Using this result and the relationship betwdgand
kg (k-9 = kgexp(=281 cnT¥/KT)), a valuekg = 1.7 x 10713
cm® s~ 1is obtained. This result is in fact reasonably insensitive
to the value okg; for kg = 500 s, kg = 2.0 x 103 cm®s L,
Considering all of the uncertainties in the experiments and the
treatment of the resultég = (2.0 £ 1.0) x 107183 cm3 s7L.

2. Laser Photodissociation ExperimentsPhotodissociation
of CINz using excimer laser sources at 193 or 249 nm has been
performed a number of times in the p&sf,and it is known
that the principal photofragments are NClgand N(X1=+). MRS - w0 =00 2000 2500
Coombe and co-workefreported some dissociation to triplet
fragments NCI(R=") + Np(A3Z+,), but this channel is believed
to be mino#* and the density of ){A) metastables very small
relative to NCI(2A). More recently, Ray and Coombimves- 65E+1S |
tigated the chain decomposition of Glifter photolysis at 193 ‘
and 249 nm, and found the latter wavelength to be more efficient
at initiation of the chain. In the present experiments, 249 nm
photolysis was used once again for the photodissociation of
samples of CINYHe (5% CINs) at densities of the azide up to
1.61 x 10% cm? and incident laser fluences up to a maximum
of 13.5 mJ/crA These conditions correspond to photodissocia-
tion of a maximum of 2.7% of the CINnitially present® Time
profiles were recorded of the density of the Glparent using
the IR absorption method described above, in addition to time
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profiles of IR emissions from NCI{a) and vibrationally excited S8E+15 .
CIN3(v2) for many different combinations of initial CHN ) 500 1000 1500 2000 2500
densities and incident laser fluences. Typical data are presented Time (microseconds)

in Figures 2, 4, and 6. Figure 2. Time profiles of the densities of CH=0) for four initial
Figure 2 shows time profiles of the change in the £iiEnsity CIN densities photolyzed at 249 nm: (a) [Glbl= 1.61 x 10%, (b)

recorded by IR absorption, for initial densities ranging from [CINgJo = 1.29 x 10, (c) [CINsJo = 9.66 x 10°, (d) [CIN]o = 6.44
6.44 x 10'°to 1.61x 10'°cm™3 at a fixed fluence of 13.5mJ/ 1015 cm3. Corresponding time profiles computed from the kinetic
cn?. The CIN; density declines over a period of 5@8 after model are shown as solid lines.
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“ s Figure 4. Time profile of emission from NCI{@) from 249 nm
CIN; Density (10 ecm™) photolysis of CIN, for an initial CINs density of 6.44x 10 cm3.
Figure 3. Plots of the change in the density of Gt 500us after Also shown is a plot of the natural log of the emission intensity vs

the laser pulse (i.e., [Cljb — [CIN3]s00 4s) Vs the initial density of time, with thin Iines_indicating the _slop_es at short and long times after
CIN;, for photolysis at 249 nm and 2.7% initial dissociation. Experi- € laser pulse (units of the logarithmic scale are shown on the right
mental data are shown by the solid linm){(#), (a), (®) correspond aX|_s). _The time profile computed from the model is shown as a thick
to values computed from the kinetic model far= 3.0 x 1072 2.5 solid line.

x 10712, 2.0 x 107%2 and 1.5x 1072 cm® s7%, respectively. 20000

the photolysis pulse and the overall loss of the azide reaches 18000

more than four times that from the initial photodissociation 16000
(2.7%), suggesting the operation of a chain. The removal of
the CIN; from the system is incomplete, with the IR absorbance -~ 4
reaching a minimum and then increasing again beyond 1 ms in =
each case. The proportion of the Gllemoved by the chain
was observed to increase with the initial density of the azide
(hence the initial density of photofragments). Figure 3 shows a
plot of the change in the density of Gt a fixed time after
the laser pulse (50@s) vs the initial density of CI} for a
fluence of 13.5 mJ/ci For the data shown, the proportion of
CIN3 removed varies from 6.2% for the lowest initial density 4000 ¢
to 11.2% for the highest initial density.

Figure 4 shows a typical time profile of the density of NCI-
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6000

(a'A) observed via its emission at 1.08n. Such data were °
obtained for a range of initial Cli\densities and laser fluences. ’ 1 e w0 we o o0
The data shown are for an initial CiMlensity of 6.44x 105 Laser Fluence (arb. units)

cm~3 and a fluence of 13.5 mJ/@iThe time profile exhibits a Figure 5. Plots of the experimental decay rate of the fast component
very rapid decline over 20@s followed by a much more slowly ~ of the NCI(&A) time decay vs the fluence of the photolysis laser, for
decaying, lower intensity “tail” extending beyond 2 ms. The four differentinitial densities of CIN (#) [CINaJo= 1.29x 10!cm,

. 4 P : () [CINg]o = 9.66 x 10 cm™3; (M) [CIN3]o = 6.44 x 10 cm3;
rise time of the initial intense peak corresponds to the time (®), [CINsJo = 3.22 x 10 cm3. The lines shown are least-squares

constant of the Ge detector used in the experimentgs13ill fits to the data.
of the NCI(&A) time profiles observed in the experiments were
well fitted by a sum of two exponential decays (intensity’; some regeneration of NCIa) at higher fluences. For the lower

exp(—Ait) + Ay exp(—12t)). Figure 4 also shows a plot of In- initial CIN3 densities, the NCI{&\) decay exhibits virtually no
(intensity) vs time, with lines indicating the two distinct linear dependence on laser fluence, suggesting that under these
components. Plots of the exponential decay rate of the initial circumstances processes which regenerate NE)(@mply do
intense component vs laser fluence for four different initial £IN  not compete with pseudo-first-order quenching.

densities are shown in Figure 5. Note that for the higher density ~ Figure 6 shows the time profile of emission from vibrationally
data, the decays beconséower with increasing fluence. For  excited CIN(v2), observed via its IR emission near 4, for

the conditions of the experiments, increasing fluence correspondsa CIN; density of 1.61x 10%m=3 and a fluence of 13.5 mJ/
to increasing initial densities of the photofragments N&\ja cn?. Also shown is absorption data indicating loss of ground
and N(v) with a nearly constant density of CiNThis result state CIN for these same conditions. The two time profiles are
suggests that the initial NCKA) decay is not dominated by clearly related, the initial growth in Ci{,) tracking the decay
second-order processes among the photofragments (for whichin CIN3. The CINs(»2) emission was observed to extend well
the rate would increase with increasing fluence), but rather by beyond 2 ms after the photolysis pulse. It exhibits oscillatory
pseudo-first-order interactions with GJNand that interactions  behavior after an initial rise over about 28, and indeed the
between the photofragments and gIMitigate this decay by  oscillations appear to be evident in the ground-state ;CIN
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TABLE 1: Kinetic Model for the CIN 3 Chain

initiation
CIN; + hv — NCI(atA) + Na(»)
propagation
NCI(alA) + CINs — NCI(X3E") + NCI(a'A) + Na(v) k;=2.0x 10 2cmis L
— NCI(X32) + CINs(v=1) ke=1.5x 10 2cmPs
Nz(V) + CIN; — C|N3(Z/:l) + N> ko= 2.0 x 108 cmis?
N2(Vv) + CIN3(z=1) — CIN3(v = 2) + N kio=2.0x 108 cmPs
Na(v) + CIN3(v=2) — NCI(alA) + Na(v) + N2 ki1=2.0x 108 cmPs?
termination
NCI(a!A) + NCI(a!A) — Na(v) + 2Cl kio=8.0x 10 2cnP st
NCl(atA) — NCI(X32") kis = 500 'L
CIN3(v=1) — CIN3(v=0) ks = 500 st
CIN3(v=2) — CIN3(v=1) kis = 2000 s*

that the following reactions occur:

NCI(a'A) + CIN;— NCI(X®27) + NCI(a'A) + N,(v)
k,=2.0x 10 2cm’s™ (7)

— NCI(X*27) + CIN4(v=1)
ke=1.5x 10 “cm’s* (8)

Process 7 is analogous to the reaction betweery @id Q-
(a'Ag), and process 8 iE—V energy exchange. The values of
k; and kg were determined from the present data as described
below.

Chain propagation by )v) would involve vibrational excita-
tion of the CIN; in sequential collisions with this species, with
the third such collision resulting in dissociation:

CIN; Emission
CIN; Absorption

4; 500 1000 1500 2000
Time (microseconds)
Figure 6. (a) Time profile of IR emission from vibrationally excited ~ N,(v) + CIN;— N, + CIN,(v=1)
CIN3(v,) for 249 nm photolysis of [CINo = 1.61 x 10 cm™3. (b) 13 3 1
The corresponding time profile of the density of G(N= 0) from IR kg=2x 10 “cm’s * (9)

absorbance. (c) Time profile of Ci¥,,v=1) computed from the kinetic
model. Units on the vertical axis are arbitrary. N,(v) + CINg(v=1) — N, + CINy(v=2)

ko=2x 10 ®cm’s™t (10)

absorption as well (Figure 2). This remarkable phenomenon was
reproducible under a variety of density and fluence conditions. Ny(v) + CIN3(v=2) = N, + NCI(@'A) + Ny(v)

3. Kinetic Model. Our objective was to assemble the simplest ki, =2x 10 Bem’s?t (12)
possible kinetic model consistent with the major features of the
data, based on known rate constants and reasonable assumptio
about processes for which rate constants are unknown. A
summary of the model is presented in Table 1. We assume that
initiation of the chain begins with photolysis of GJb produce
both NCI(dA) and vibrationally excited N

ftdere we assume the barrier height reported by Benard and co-
workers’ The rate constants assigned to processes 9, 10, and
11 are given by the value obtained from the present data as
described above. Since the density of ground-staténNhe
system is very much smaller than that of GINve have
neglected the endothermic reverse of reaction 9.
1 Chain termination steps include those processes that remove
CINg + (249 nm)—NCI(aA) + N(t)  (6)  Ncygaia), No(w), CINg(v=1) or CINg(z=2) from the system.
) ] ) _ The best known such process is the N&\(&'self-annihilation”

The generation of Mv) in this process seems reasonable in | action:
light of the large amount of energy released beyond that required
for the production of NCI(&\) and the difference in bond  NCI(aA) + NCI(a'A) — N,(v) + 2Cl
lengths between Nand the terminal NN bond in the azidé® 10 3 1

The chain can be propagated by either of the two photofrag- k;,=8.0x10 “cm’s ~ (12)
ments. By analogy with the reactionsf CIN3 with Ox(a'Ag) _
and I*(5Py,), reaction of the azide with NCIfA) is expected where the rate constant is that rgported by Bgnard and
to be much faster than vibrational energy exchange betweenCO-Workers’ We have also included in the model first-order
CIN; and N(v). Indeed, the initial decline of the CIN processes that remove the chain carriers, as follows:
absorbance (Figure 2) tracks the initial decay of the N@l(a
emission signal (Figures 4 and 5), supporting the idea that the
NCI(a'A)/CIN; interaction dominates the chemistry of the

NCl@@A) — NCI(XZ")  k,;=500s"  (13)

system immediately after the photolysis pulse. We note also CINy(v=1) = CIN4(v=0)  k,,=500s" (14)
that the initial rise of the CI&(v=1) emission signal (Figure 6)
tracks the initial decays of NCA) and CINy(v=0), suggesting CINg(v=2) — CINg(v=1)  k;5= 2000 st (15)

that its production involves an electronic-to-vibrational energy
transfer process among these two species. Hence, we postulat&hese processes are intended to reflect losses by radiation, wall
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guenching, and pseudo-first-order quenching by collisions with higher vibrational levels. The model reproduces the fast initial
species present in the reaction mixture. The valuds pénd decay of the NCI(&\) density (Figure 4), but it clearly does
kis reflect IR radiation from excited CIN At the densities of not reproduce the intensity of the slow component of the decay.
the pulsed experiments, considerable radiation trapping is The model predicts a significant Ci{4=1) density (Figure 6)
expected for thesr = 1 — » = 0 transition in this molecule.  with a time profile that agrees very well with the initial rise of
This phenomenon is well-known for GOandki4 was deter- the emission signal observed in the experiments. The experi-
mined by multiplying the reportéiradiation-trapped rate for ~ mental signal exhibits the onset of oscillations with an abrupt
CO, by the factor of 4.8 noted above. The flow reactor decay beginning at about 20, though, and this behavior is
experiments described above indicate thatZNquenching is not reproduced by the model.

very slow, even on Pyrex walls. Hence, mechanisms for loss

of N2(v) have not been included in the model. The valué;ef Discussion

is an estimate reflecting slow loss of NCifg by collisions )
with walls or impurities%resent y The data described above show that the rate constant for
o ) . quenching of M(v) by CIN3 has a magnitud& = (2 £ 1) x
K Trle ;z;te cor(;stlantsdlndmatgdtaboy € ;0; reac:,[tr:ons ! an(: 3 ?relcrm cmi s 1at 300 K. This value, together with the observation
ey to the model and were determined from the present dala. ¢ o migsion from vibrationally excited CH@»), strongly

Bzcatgse {eactlon ?f NC;P(AE) v;/\;\tlh CINs is (Tg?h f?ster;hgn suggests that the quenching process involves near-resonant
vibrational energy transfer between(®) an Ns, the chain vibration-to-vibration energy transfer. Sharma and Bfhave

][nechanlsms t%am?lfjhby t_ft1_e|s<|a two fsgerz;eti are steparatt_a dd mt UM escribed such energy transfer processes in terms of the coupling
rom one another. The initial loss of C4 € System eviden of transitions in the colliding species by long-range inter-

in Figure 2 is domi_nated by_ the relatively fast Processes molecular forces. For nearly resonant energy exchange<(
involving NCI(a'A). Since reaction 7 does not result in loss of 20 cnT?), the energy transfer rate constants are predicted to

NCI(a'A) from the system, the initial losses of both NCifa vary with the magnitudes of the transition dipole moments in

and CIN must correspond to reaction 8. The rate conskant the colliding molecules. For greater energy gaps, experiments
can thus be inferred from the observed exponential decay rateS, e shown the rate constants to vary as exp(kT). Since

of the rapid decay component of the NCifg emission for o energy gap for reaction 9 is 281 chand that for CQ(x)
different initial CIN; densities in the limit of zero laser fluence energy transfer to Nis just 18 cn1?, the rate constants for the

(i.e., in the limit where no secondary reactions occur), Figure processes might be expected to be related by a factor
5. The zero fluence intercepts of the four data sets shown all exp(—281 cnrY/kT) = 0.26 at room temperature. In fadt/

i i 12 12
indicate rate constants between 1420 and 1.49x 10- ke = 0.34, in reasonable agreement with this result. The

cm’® % In the model, we have s&g = 1.5 x 1072 cm?® s, difference suggests some contributionkipofrom the greater
The total loss of CINfrom the system in the first few hundred  transition moment in Cljlrelative to CQ.
microseconds after the laser pulse is determined by both  From the data and the kinetic model, the overall rate constant
processes 7 and 8. With the valuelgfset, The magnitude of  for the reaction of NCI(\) with CIN; is found to be 3.5x
k7 can be determined by fitting the kinetic model to the data 10-12 cn 572, with the channel that actually results in loss of
shown in Figure 2 (the overall loss of GIN The coupled NCI(alA) (reaction 8) having a branching fraction of (43
differential rate equations corresponding to reactionsy'were 10)%. Schlie and co-workethave reported a rate constdat
numerically integrated using a RungKutta routine with =5.7 x 10" 13 cn? s~ for the removal of NCI(&A) in collisions
adaptive step size control. The densities of £INCI(a'A), N- with CIN3, based on the results of experiments in which the
(), CINg(v=1), CIN3(v=2), Cl, and NCI(X=") were computed  NCI(alA) decay was measured after 193 nm photolysis of:CIN
at a minimum of 500 intervals over a total time of 3 ms. Initial Similar results have been reported by Heaven e‘ltgand by
conditions (the densities of CBNNCI(a'A), and N(v)) were Coombe and van Bentheth.From Figure 5, though, it is
chosen according to actual GJNlensities and incident laser  apparent that the observed decays can vary substantially with
fluences employed in the experiments. Since the laser outputjaser fluence, with the decays becoming longer at higher
irradiated the full volume of the reaction vessel in the eXperi- fluences. |ndeed' from the data in Figure 5, the apparent value
ments, the initial densities were assumed to be spatially uniform. of kg for [CIN3] = 1.6 x 10 and the highest laser fluence
Figure 3 (the plot of the density of CiNost during the first used in the present experiments is %6L0-13 cm? s71, very
500us vs the initial azide density) also indicates the modeled near that reported by Schlie and co-work&rsor greater
results. The best fit to the experimental data is obtainedfor  fluences, the apparent rate constant may be still smaller; Coombe
= 2.0 x 10 12cm® s™1. Modeled results are also shown far and Van Benthef report a rate constant of 1.25 10713 cm?
=15x 107" 25x 107%% and 3.0x 10 *?cnPs ! to indicate s~ from experiments in which 14% of the Cihitially present
the sensitivity of this result. was photodissociated at 193 nm. Extrapolation to zero fluence
The results of calculations with the complete model are shown is needed to remove the effect of regeneration of N@l[dy
with the corresponding experimental data in Figures 2, 4, and the chain.
6. The agreement between the data and the results of the model In the model, we have indicated that quenching of N&\ja
is reasonable. The magnitude of the overall reduction of the by collisions with CIN; proceeds by aiE—V energy exchange
CIN3 density (Figure 2) is reproduced well by the model, as is in which the azide is vibrationally excited. We note also, though,
the time dependence of the GIMensity at short times after  that flow reactor studies performed by Clyne and MacRd&bert
the laser pulset (< 750us). Significant disagreement is evident have shown that NCI reacts with Qb produce NGJ, with a
at longer times, though, particularly for the lowest €IN similar rate constant. An analogous reaction between NCI and
densities. It is apparent that the chain carried by N@lja CIN3 would produce NGl and Ns. We have indicated the
removes an amount of Cf\several times that removed by the products of the NCI(&\) self-annihilation (reaction 12) to be
initial photodissociation, and it would seem that the increase in molecular nitrogen and Cl atoms. While the rate constant for
the CINs absorbance observed at longer timesl( ms) this process is knowhijts products are not. If Cl atoms are in
corresponds to repopulation of Gj(¥=0) by radiation from fact produced, they can react with GIdd generate Gland Ns.
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This reaction has been studied with discharge-flow mass Conclusions
spectrometry methodd,and its rate constant is reported to be . .
3.5 x 10722 cm3 s! at 300 K. N radicals generated by this The rate 1csonstar1tlfor quenching o) by CINsis ks = (2
process (or by NCI(*&\) 4+ CIN3) can reac® with Cl atoms to + 1.) x %(T C”.‘g s at 300 K. This value is in keeping \.N'th
produce additional NCIa), enhancing the rate of the chain & v_|br_at|on-to-V|prat|(_)n energy _transfer Process, and indeed
carried by the nitrene. Also, thesMadicals would themselves ~ €Mission from vibrationally excited CHY,) is observed. A

G : : latively simple model for the chain decomposition of €IN
be removed by a self-annihilation process which would likely relat
generate Nv); the rate constant of this process is knéiio carried by photofragments NCKa) and N(v) produces

be 2.0 x 1012 cm?® s™1. These second-order processes are computed N_CI(bA) and CIN; time profiles in reasonable
expected to have a minimal effect on the rate of loss ofsCIN agreement with experiment. Th‘? model appears to _u_nderestlm_ate
for low initial densities of chain carriers, as in the present the rate of the chain in the regime of higher densities of chain

experiments. Although they may well be important at higher carriers.

fluences, we have chosen not to include them in the current

mechanism since the density of Cl atoms actually present in . : L

the system is unknown, and may be small. Air Force Office of Scientific Research under grant number
Heaven and co-worketshave recently reported experiments F49620-97-0036. We are very grate_ful to Professo_r M. C.

in which both NCI(@A) and NCI(E=") were observed after H(_aaven and_ cofworkers at Emory University fo_r sharl_ng data

249 nm photolysis of CIyl These authors indicate that the NCI- prior to publication, and for numerous helpful discussions.

(atA) emission signals observed in their experiments suffer from
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