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Determination of the Rate Constant for the Radical-Radical Reaction NCO(II) +
CH3(X?A7"") at 293 K and an Estimate of Possible Product Channels
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Receied: September 6, 2005

The rate constant for the reaction of the cyanato radical, NCIDJXwith the methyl radical, CE{X?A2"),

has been measured to be (2:11.3(—0.80)) x 1071° cm?® molecule® s, where the uncertainty includes

both random and systematic errors at the 68% confidence level. The measurements were conducted over a
pressure range of 2:81.3 Torr of CH, and at a temperature of 298 2 K. The radicals were generated by

the 248-nm photolysis of CINCO in a large excess of;CHhe subsequent rapid reaction,£ICH,, generated

the CH; radical. The rate constant for the &l CH,4 reaction was measured to be (920.2) x 10 cm?®
molecule* s™1, where the uncertainty is the scatter of one standard deviation in the data. The progress of the
reaction was followed by time-resolved infrared absorption spectroscopy on single rovibrational transitions
from the ground vibrational level. Multiple species were detected in these experiments, including N¢;O, CH
HCI, C,Hg, HCN, HNC, NH, and HNCO. Temporal concentration profiles of the observed species were
simulated using a kinetic model, and rate constants were determined by minimizing the sum of the squares
of the residuals between experimental observations and model calculations. Both HCN and HNC seem to be
minor products €0.3% each) of the NCG- CHj; reaction. The peak concentrations of NH and HNCO were
small, accounting forx1% of the initial NCO concentration; however, their temporal profiles could not be

fit by the model kinetics. The observed,H; temporal profile always peaked at significantly higher
concentrations than the model predictions, and several reaction models were constructed to help explain these
observations. The most likely product channel seems to be the recombination channels, prodysi6@®CH

and CHOCN.

I. Introduction factors have been used; however, with the use of sophisticated
. Lo . . . theoretical techniques, the direct participation of excited PESs
Radicat-radical interactions are a unique class of chemical . ) .

can be examine@iTwenty years ago, Smitttompared experi-

reactions that have important roles in many practical chemical C .
. . ; mental recombination rate constant measurements to theoretical
problems such as combustion and atmospheric chemistry. The

interaction of two species with unpaired electron spins leads to predictions for se\{eral simple radleaigd|(;§l reacnon; a‘.”d
multiple spin manifolds and, if at least one of the species concluded that excited PESs made a significant contribution to

possesses electronic angular momentum, multiple electronicmzr;%%?;?%“g: PJSCSZSOI?)@%?n—{Cgls(zeFS).)l?eaalgig?]ntirvv?/raksfrom
manifolds as well. The anti-pairing of electron spin can lead to ) . U ' .
bond formation without an activation barrier, so that recombina- SUQQESt?d that mtgrsys?em Cross'[‘g (ISC) \1Nas the reaction
tion into a bound potential energy well corresponding to a mechanism, producing triplet NCIEX™) + CO(X'Z) products,

chemical bond between the two radical fragments is at least "ather than recombination, forming singlet CINCOX).
one possible product channel. Another possibility is dispropor-  The NCO(XII) radical is an important combustion interme-
tionation of the two radicals, forming bimolecular products. diate® It is a major species that is involved in the production
Initially, the system possesses the energy of the newly forming ©f NOx compounds from two distinct combustion sources: the
bond and can have sufficient energy to be above potential energyPrompt or Fenimore mechanism and fuel-fixed nitrogen com-
barriers on the global potential energy surface (PES) that canPounds.
lead to channels forming multiple products. Thus, radical The NCO radical also has an important role in the RaRgNO
radical reactions can have the unique feature of multiple productand NQOUT processes to remove N@ollutants from flue
channels. It is a significant theoretical challenge to predict the gases. These treatments rely on the addition of cyanic acid
radicat-radical rate constants for the recombination process ((HONC)) or urea ((NH).CO), respectively,to the gas stream
accurately, because there is no obvious transition state alongand the subsequent generation of NCO to remove NO. Despite
the reaction coordinate. these important roles that NCO has in combustion, there is
The influence of multiple PESs on radieakdical reactions sparse information available about its chemistry, especially its
has always been an important issue in the description of radical chemistry and kinetics with other transient species.
radical reaction3 Generally, only simple electronic degeneracy  Another important radical in combustion chemistry is the

CH3(X?A,") radical® The combustion chemistry of hydrocar-
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radical forms a building block leading to highex € mpounds the transmitted UV radiation. This optic also deflected a small
through self-recombination, forming ;8¢ and subsequent fraction of the photolysis laser beam out of the reaction chamber
radical addition reactions. and onto a power meter, allowing the attenuation of the
Radical-radical reactions pose an experimental challéhge, photolysis laser to be measured. The distance between these
because, generally, the temporal dependence of the concentratwo optical elements defined the base optical path length of
tions of two transient species must be followed. At the same 139 cm. The optical path length was varied but was usually
time, the determination of product channel branching ratios 16.2 m. The reaction chamber could be pumped out by a
requires that the concentrations of the products be measureddiffusion pump to a pressure of 5 1076 Torr and had a leak

In the current work, all these features of radieeddical rate of~5 x 104 Torr/min.
reactions were applied to a study of the reaction The method of generating a constant flow of CINCO and
determining the concentration of CINCO has been descfibed.
k .
NCO(XZH) +CH3(X2A2")—1>products Q) The Ar and CH gases were supplied by AGA and were

99.9995% and 99.99% pure, respectively. The gas flows were
monitored by calibrated mass flowmeters. The flow rate o, CH
varied between 300 sccm and 500 sccm, depending on the total
pressure in the reaction chamber. The repetition rate of the
photolysis laser was varied between 1 Hz and 3 Hz and was
chosen so that a fresh sample of gas was irradiated on each
laser pulse. The fluence of the photolysis laser at the input

The rate constant for reaction & was measured, and possible
products of the reaction were explored. The 248-nm photolysis
of CINCO and the rapid reaction of Cl atoms with a large excess
of CH,4 created the initial NCO and GHtadical concentrations.
Time-resolved infrared absorption spectroscopy was used to

monitor the temporal concentration profiles of both NCO and window of the reaction chamber was in the range 6f25

i i i i 11
CHs, as well as six other SPecies. As In previous V\R).Hk’ fnJ/cn"F. The attenuation of the photolysis laser through the
rate constants were determined by constructing a chemical mode

apparatus was always15% and generally<10%.

describing the system and varying the appropriate rate constants Continuous-wave infrared laser radiation was generated by

until the sum of squares of the residuals between the calculated, single-mode Burleigh model 20 color-center laser. This laser
and experimental temporal concentration profiles was mini-

mized provides narrow line width~41 MHz) radiation and is com-

The formation of GHg was monitored in the experiment, so pletely tunable from 2.65m to 3.38xm, allowing for the

. . - detection of a variety of species. Each species excgpt @as
that thg loss of Cl;iracycals from self rgactlon could be dlrectly detected by isolated rovibrational transitions from the ground
taken into account in the model simulations. The reaction

mechanism used to determirig from analyzing the NCO vibrational level. The largest source of noise in the experiments

temporal concentration profiles was not sufficient to explain V&S amplitude fluctuations of the infrared laser, and various
all trﬁ)e experimental obser;vations As a result. the com Ietg datastrategies for reducing these fluctuations have been deséribed.
P ’ ’ b Temporal absorption profiles of a probed species were

set was analyz_ed using four other rea_ctlon models with slightly ecorded and signal-averaged, using a LeCroy Model 9410
alternate reaction sequences. The influence of these altered, _. . 2 . .
reaction models on the determinationlafwill be discussed digital oscilloscope. The initial probe laser intensity) (was
. . recorded using a boxcar that was triggered prior to the photolysis
Two isomers, CENCO and CHOCN, can be formed in - oI . s
: . ST laser. Thermal lensing and refractive index changes in the optical
reaction 1 by direct recombination into bound adducts on a . . L
e . elements exposed to the excimer laser resulted in oscillations
(X1A") electronic PESs. These molecules are also found as - . . )
otential minima on the global &Hs—N—O PES, for which superimposed on the absorption signal. These unwanted oscil-
P oA 2 9 s ’ . lations were removed by recording a background profile with
CoH3(X?A'") + NO(X°IT) and CH + NCO are energetic : .
the probe laser tuned to a region of zero absorption and

asymptotes. There has been considerable int@résin the b ing th lecti led b
C,Hs ++ NO system, because of its importance in reburn chem- subtracting the two traces. Data collection was controlled by a
2173 : laboratory computer.

istry. The connections of the NC® CHj; energetic asymptote
to the global G—H3;—N—0O PES will be discussed.

A comparison ofk; with theoretical predictions for the
magnitude of the recombination rate constants forming A. Concentration Determination: NCO, CHs, HCI, HCN,
CH3NCO and CHOCN will be made. The theoretical rate con- HNC, NH, and HNCO. Except for GHg, all the species
stants were based on Troe’s approximate statistical treatnent detected in the present work were monitored on single or near-
to estimate radicatradical high-pressure rate constarisc(). degenerate transitions (NCO) involving isolated rovibrational
The direct recombination into the bound adducts on the singlet transitions originating from the ground vibrational level. At
ground-state cannot explain the observed data, and the participathermal equilibrium, if the frequencyv) is tuned to the
tion of excited electronic states seems necessary. maximum of an isolated absorption feature for species X, the

absorbanceAx(v)) is related to the concentration of X, [X], by

Ill. Results

Il. Experimental Section

The experimental apparatus has been described reééntly, A (v)=In @ =X M[X] (E1)
so only a brief description is given here. The stainless steel x [(v) pk

reaction chamber contained an inner Teflon box with dimensions

of 100 cmx 100 cmx 5 cm. Two side chambers housed White wherelg(v) andI(v) are the initial and transmitted probe laser
cell optics, so that the infrared probe laser radiation could be intensity atv, respectively,l is the optical path length, and
multipassed through the volume of gas irradiated by the o} (v) is the peak absorption coefficient for the absorption
photolysis laser. The 248-nm photolysis and the probe laser featurel’ The peak absorption coefficient is related to the length

beams were overlapped using an ultraviolet-infrared {WR) strength of the probed transition:— i, S;, by
dichroic mirror that was placed at Brewster’s angle on the optical
is of the Whi .AZ I I B ' I
axis of the White ce nS plate, also at Brewster’s angle, Oi)(k(v) = S,0) (E2)

was placed in front of the opposite White cell mirror to absorb
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TABLE 1: Spectroscopic Transitions and oy for the Species 25 . . .
Detected in This Work ; s @)
2.04 % J
upper level wavelength Opk ~ 3
lecul —(0... m? molecule’® i 1 . R v,
molecule 0..) (um) (cm? moleculet)  reference 15 : \\/ ]
NCO  (101) Pes(12.5) 3.165073 (3.220.26)x 10°1° 5 ] : :
NCO  (101) Py(12.5) 3.165073 (3.13 0.12)x 1071° this work = 104 .
CHs  v3PP(3,3) 3.196369 (3.5 0.46)x 10718 18 T
HCl  »=1R¥(4) 3.357090 (2.02-0.02)x 1077 19 -
CHs  v7'Qo 3.348160 (9.23 0.41)x 10718 this work 0.5+ : 1
CoHs  v7PQs3 3.359333 (6.71 0.37)x 1078 this work 1 ; o
HCN  (001) P(8) 3.042058 (3.980.15)x 1017 20 00t N
HNC  (100) R(10) 2.714005 (1.180.05)x 10716 21 22 — T
NH v=1Ry(3) 3.1098216 (3.8%0.38) x 1017 23,24 3.34810 3.34815 3.34820 3.34825 3.34830
HNCO v1 Ry(16) 2.816516 (5.2 0.05)x 10728 25 Wavelength (microns)
aError estimate from the average scatter of all the measurements 105
(see section 1II.B). Calculated & = 4.0 Torr.? Calculated using a
theoretical estimate of the HNC (100) transition dipole moment. The 7y 1004
error estimate comes from experimental measurements (see ref 22). 3
¢ Error estimate of 10% from difference in theoretically calculated S 954
transition moment (ref 24), and the experimental determination (ref E
23). The experimental error estimate would be 26%; however, there is 5 o904
good agreement between theory and experiment. s:
) . ) . % 854
wherego(v) is the peak of the normalized line shape function. 8
At low pressuresgo(v) is related to the inverse of the Doppler ° 80 L —
width. 0 2 4 6 8 10
Except for a short induction period, for NCQGHz,'® HCI,® P (Tom
HCN,20 HNC 2122NH,23.24 and HNCO?® equations E1 and E2 o

. . Figure 1. (a) Typical absorption scan over theHg v7 'Qo sub-branch
apply and known line strengths or measured peak absorptiongpectral region; the experimental conditions weg, = 3.219 Torr
coefficients can be used to calculate the concentrations of theseandPc,;, = 0.0509 Torr at a temperature 5= 293 K. (b). Summary
species, independent of pressure. Table 1 gives the mostof the experimental measurements for the maximum absorption
commonly used transitions ang(v) for the species detected  coefficient as a function oPc,. (In panel b, the numbers given in
in the present experiments. parentheses are the number of determinations atfhgtvalue. The

. S error bars are one standard deviatichl§) in the scatter in the

B. Concentration Determination: CzHe. The GHg mol- measurements. The solid squam) (symb(:))l is an estimate of the
ecule was detected using §evera| spectral features of he H maximum absorption coefficient from Figure 1 of ref 26 at a total
stretching fundamental vibrational band 2990 cntt. A pressure 0P, = 0.190 Torr andl = 296 K.)
unique feature of the; transition is the presence of extremely
sharp Q sub-branches that result from the overlap of all the J decrease iy (v) with increasing pressure seems to be real and
transitions in each of th&, to PQ, sub-bands. The formation  indicates the subtle effects pressure broadening can have on
of these large absorption features provides a sensitive meanghese transitions. The square points in Figures 1b and 2b are
for detecting a relatively large polyatomic molecule by infrared calculated absorption coefficients, using data from several
absorption spectroscopy. These spectral features are furthefigures from the work of Pine and StoA€The value ofopk(v)
complicated by torsional tunneling and-AA, splittings, making for both transitions at a pressure of 4.0 Torr is given in
a simple spectral simulation difficu#f. Thus, it was decided to ~ Table 1.
determine the maximum absorption coefficient for several of ~C. Reaction Mechanism.The detail reaction mechanism
these Q sub-bands features experimentally, under the conditionglescribing the reactions considered in the N&TH; reaction
of the experiment. schemé’=3% is given in Table 2, and the enthalpies® of

The measurements were performed in the reaction chamberformation AH 20) for the species in the reaction mechanism
with the White cell optics removed and a single pass of the are summarized in Table 3. The five most important chemical
infrared laser radiation. Th&), and PQs; sub-branches were reactions in the system are reactions 1, 2, 3, 7, and 11.
selected for investigation, because their detailed structure has The kinetic equations describing the reaction mechanism were
been analyzeé The measurements were performed aHg integrated using a fourth-order Rungiéutta procedur to give
pressuresRc,1,) in the range of 0.0060.051 Torr, with the temporal concentration profiles of each species. The least-
remaining gas being CHlas in the rate constant determination squares minimization procedure for the determination of opti-
experiments. Thus, any gas-specific pressure broadening effectsnized rate constants has been descrfbato included in the
were directly included in the measurements. Under these optimization procedure was an estimate of the 68% confidence
conditions, the absorbance varied fror0.3 to 2.5. limits on the determined rate constant.

The gas mixtures were either composed in large storage bulbs To visualize how well a particular computer-generated
and allowed to mix for several days before use or prepared concentration profile fit the experiment,d related function,
directly in a flow cell arrangement. Within the scatter of the Xl%l(x)1 was defined as

data, the determination of"® was independent of the method
of sample preparation. _ (1 — [X]MY[x] By

A typical scan over the &1 v7 'Qg sub-branch is shown in Xﬁ:(x) = (E3)
Figure 1la. The results of the measurements fordf&’) for = Nots

the most prominent absorption feature in Figure 1la are shown
in Figure 1b, as a function of CHpressure. Figure 2 shows wherei is the data point number for tinte Ny the total num-
similar results for théQs; sub-branch. For both transitions, the ber of data points, [){1°d is the calculated concentration and
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1.8 r T T than the experimental profile. The appropriate situation can be
1.6 1 y 1 determined from the average deviation for the profile.
1.4 4 /‘ . @ In the present experiment, the only source of HCI was reaction
1.2 I 1 2 and the only significant loss of Cl atoms was reaction 3. Thus,
104 S 1 the HCI concentration profile can be used to determine the initial
> 081 a\/ . 1 radical concentration and provide a new measuremen} st
5 064 AN 4 1 The initial NCO, equal to the Cl concentration, was varied until
041 ~ \,-"V 5 ] the maximum in the calculated HCI concentration agreed with

o \,\_’ the observed value to withig:0.5%. This provided the initial
g'g I radicals concentrations for subsequent rate constant optimization.
- L S AL AU The initial absorbance of NCO was determined by extrapolating

335920 3.35925 335930 335935 3.35940 the first 50us of the NCO absorbance profile backtte= 0.
8.0~ \Wavelength (microns) Polyatomic collision partners such as Cate more efficient at
vibrationally relaxing NCO than inert gases such as arf§éh,
so that any induction period due to vibrational relaxation will
be shorter in Chithan in argon. Equation E1 can be used to
calculateo °, using the known path length. The new mea-
surement obh® was determined to be (3.1 0.12) x 10719
cn?/molecule and is included in Table 1.

The only rate constant in the basic reaction mechanism
outlined in Table 2 that has not been previously measured is
reaction 1. In preliminary investigations of the appropriate
reactions to include in the basic reaction mechanism, reaction
12 (CH; + CINCO) was considered; however, no evidence was
P.,, (Torr) observed to indicate that this reaction was important. It was

CH4 . . . A
Figure 2. (a) Typical absorption scan over theHg v PQs sub-branch included in the final mechanism, for completeness.

~N
(3}
1

x 10" (cm? molecules™)
~
o
1

o
max

spectral region; the experimental conditions wBgg, = 6.159 Torr ~ D. Diffusional Loss. Diffusion is an important loss process
andPc,, = 0.0478 Torr. (b) Summary of the experimental measure- in the reaction scheme, particularly for NCO and (il long
ments for the maximum absorption coefficient as a functioP@f,. times. The first-order rate constant for diffusional loss for species

(In panel b, the numbers given in parentheses are the number ofx %iﬂ, diffusing in species B is the product of a binary
determinations at thaPcn, value. The error bars are one standard diffusion constantPxs, and a geometrical factor describing the

deviation @10) in the scatter in the measurements. The solid square b d dit fh . t Th lculated
(m) symbol is an estimate of the maximum absorption coefficient from oundary conaitions ot the experiment. flgs were calculate

Figure 2 of ref 26 at a total pressure B, = 0.210 Torr and a  Using the method developed by Fuller et'&t? based on

temperature of 296 K.) specially derived atomic diffusion volumes (given in units
of cm?) and is given by

[X]®® is the observed concentration, respectively, of X at

point i. The square root of(X) was used to calculate the 0.760r" "
: N Dyg(cn/s) = (E4)

average fraction between the calculated and experimental
e i PV )+ (Lo

profiles, [X]mod/[X]exp- If the average fraction is zero the
overlap is perfect, and if the average fraction is 1 or 0.25, the
calculated profile is, on average, a factor of 2 greater or smaller whereT is the temperature (in KelvinR the pressure (in Torr),

TABLE 2: Summary of the Reactions and Rate Constants Used To Model the NC&- CH; System for 293 K@

number reactants products k (cm® molecule'ls1)b reference(s)
la NCO+CHjz — CH;NCO optimized see text
1b — HCN + H,CO optimized
1c — HNC + H,CO optimized
1d — CH3N(XA,") + CO fixed see text
2 Cl+ CH, — CH; + HCI (9.7£0.1)x 1074 27,28
3 Cl+ NCO — NCI(X3Z") + CO (6.9+ 3.8) x 1071 5
4 Cl+ CINCO — NCO + Cl; (24+1.6)x 10713 5
5 Cl+ CHs — CHCI 20x 10°% 29
6 Cl+ CHs — CzHs + HCI (5.5+0.2) x 10711 30
7 NCO+ NCO — N+ 2CO (5.0+ 2.0) x 10712 31
8 NCO+ CH, — CHs; + HNCO 2.0x 10716 32
9 NCO+ CyHe — C;Hs + HNCO (2.0£0.4)x 1074 33
10 NCO+ CH3NCO — CH; + N, +2CO fixed see text
11 CH; + CH;, [CH4] CzHs (5.0+£0.2)x 1071 34
11 CH; + CH;s — C:He optimized see text
12 CH+ CINCO — CHsCl + NCO 1.0x 10716 fixed
13 CH; + CHsNCO — C;He+ NCO optimized see text
14 NCI+ NCI — Clz + N2 (8.1+£1.8)x 10712 35
15 CHN + CH3N — CoHe + N2 optimized see text
16 X kfjiﬁ X Eqg. E5 see text

@ Reactions in italics were included in separate model scenarios, to probe the observation that reaction 11 alone could not explain the excess
[C2.H¢] observed? All rate constants are given as effective second-order rate constants.
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TABLE 3: Summary of the AH{(X) of the Species in the L
NCO + CHj; Reaction Models 20 |
species AH?O(X) (kJ/mol) reference s INCol,,

NCO(X2IT) 128+0.8 36 {1 o [CHJ,,
CI(?P,) 119.624 0.008 37 INCO],,
CH3(X2A2”) 150.0+ 0.3 37 : = = [CH}),
NH(X32") 359.5+ 0.3 38 L SOl ]
NCI(X32") 325+ 5 39 4 —-=INCil,,
CoH5(X2A™) 132+ 2.4 40 g
CH, —66.63+ 0.3 37 3
CINCO 53 + 30° this work 3
HCl —91.992+ 0.006 41 < 10 §
CoHe —68.4+ 0.3 42 £
HCN 132+ 4 42 3;3
HNC 193+ 4 42 -
HNCO —115.54+ 0.8 36 fad
CH3;NCO —78 4+ 300 this work X 05 -
CcO —113.81+0.17 37 =
H,CO —104.9+ 0.5 37
CHsClI —73.94+ 0.7 42
CHaN(X3A,") 368 43

aThis work. DFT-B3LYP/6-31%+G** calculations with ZPE 0.0 7

corrections using an empirical factor of 0.92 for the vibrational

frequencies® Estimate of uncertainty. T T T T T T T 1
0.000 0.001 0.002 0.003 0.004 0.005

and u the molar reqluced mass bgt\_/veen X and B. kg t (seconds)
values were determined by normalizing calculaieg values . . . ) )

. | Figure 3. Typical experimental temporal concentration profiles for
to the experimentally measured value @Ef The ki values (O) NCO and [0) CH; are compared to the predictions of the basic
for HCI, CHg, HCN, and HNC were determined experimentally, reaction model summarized in Table 2. The optimum valuk, afas
and the agreement between the calculated and experimentatietermined using the NCO profile, and was determined to be41.7
values oﬂ<§-ﬁ for CoHg, HCN, and HNC was-10%, similar to 0.4) x 107%° cm® molecule® s™1. For clarity, the experimental data
the Scatterlin the measurements. points are shown for every 10th data point. Calculated concentra-

e Using e Basic Reacton Hechanism To Determine 17 PRMs e tlso loteG"ONCO 3 Ot ()l an
k. Figures 3-5 show the species concentration temporal profiles = 3 77 andPcneo = 0.011 Torr at 293 1 K.
for an experiment conducted at a partial pressure of Gdn,)
of 3.78 Torr. In each figure, the points are the experimental of the discrepancy between the model predictions and experi-
determination of the indicated species concentration, and thement for the CH profiles could be resolved using a correspond-
lines, straight and dashed, are simulations, using the basic kinetidngly smaller o3;®. As indicated in Table 105" is the
mechanism presented in Table 2. The reactions in the basicabsorption coefficient with the largest uncertainty; however,
mechanism are listed in normal type in Table 2 and are identified scaling the experimental profile to match the model predictions
as reactions 1a, 1b, 1c, 2, 3,4, 5,6, 7, 8,9, 11, 12, and 14, plusgenerally resulted in poorer agreement in the decaying portions
the diffusion of each species. The reactions given in italics were of the CH; profiles.
added to the basic mechanism in several different scenarios that Figure 4a shows the production of HCI from reaction 2. The
will be discussed in section IlI.F. model prediction for the HCI profile, using the average of two
Figure 3 shows the agreement between the model predictionsrecent literature recommendatidh&® for k,—(9.7 & 0.1) x
and the experimental NCO and gEbncentration profiles. As 1074 cm® molecule’? s1 at 293 K—is shown by the long
is evident from the figure, for the NCO species, the agreement dashed line. The solid line in the figure is the determination of
between the model calculations and experiment is excellent. A an optimized value fok,. The results of these measurements
summary of the experimental conditions and results for the are summarized in Table 4. The valuekgfwas determined to
determination ofk; is given in Table 4. Using the basic be (9.2 4 0.2) x 10 cm® molecule! s!, where the
mechanism, the average valuekafwas determined to be (2.1  uncertainty is+1o. There is good agreement between the
+ 0.4) x 1071° cm® molecule’® s1, where the scatter is one  measured and accepted valuggfindicating there was no other
standard deviation from the meait10). The measurements  significant secondary source of HCI.
were performed at a temperature of 283 K. The determi- Figure 4b shows the production oflds in the same
nation of k; using the basic mechanism is also shown as a experiment. The only source of;,8s is the recombination of
function of the initial NCO concentration ([NCg)]in Figure CHs radicals (reaction 11). The negative population excursion
6a. The error bars in the figure are the 68% confidence level in over the first 100us indicates that a significant population
the goodness of fit. inversion occurred between the ground stateigryd 1. Another
The long dashed line in Figure 3 gives the model prediction feature of Figure 4b is the underprediction for the formation of
for the CH; profile. The agreement between the model predic- C,Hg using the established rate constant fqg.34 Similar
tions and experiment is not as good for £Bs for NCO. behavior was observed for all the experimental runs. The average
Although both the model and experimental £ptofiles reach value for the ratio of the maximum values for Jlg]ex/
their maximum at similar times, the model predicts a maximum [C;Hg]mog Was 1.38+ 0.14.
CHs concentration that is 25% greater than the experiment. There are several possibilities that could explain this dis-
Similar behavior was observed for all the experimental runs. crepancy. The first is the uncertainty in the absorption coefficient
For all the experiments, the average value of the peak]iG measurements for L. The results for this measurement are
[CH3]modeiwas 0.87+ 0.07, where the uncertainty #slo. Part summarized in Figures 1b and 2b. The mean experimental
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Figure 4. (a) HCI experimental concentration profile obtained in the
same experiment as that shown in Figure 3; the experimental points Figure 5. (a) The experimental profiles foiVj NH, (O) HCN, and
(O) are shown every 10th data point; the solid liré (s the calculated (O) HNC, obtained in the same experimental run as Figure 3. As
HCI concentration profile using an optimized determinatiohofind discussed in the text, NH is believed to be from?D) + CH,. The
it was determined to be (9& 1.6) x 1074 cm® molecule* s7%; the solid line ) is the optimum value ok, = (8.6 &+ 1.4) x 10~ cm?
dashed line{ — —) slightly above the solid line is the HCI concentra- molecule® s71, and the dashed line (- - -) is the optimum valuekgf
tion profile using the evaluatekh in Table 2. (b) GHs experimental = (5.0 + 0.5) x 1073 cm® molecule® s71, both obtained using the
concentration profile; the experimental data poidts§re shown every basic reaction mechanism in Table 2. The data points are shown every
10th data point, and the solid line-§ is the prediction of the s 10th point. (b) Experimental profile for\) HNCO; the solid line )
concentration profile using the recombination rate constant recom- is the calculation of the HNCO concentration profile kgradjusted to
mended by Slagle et &.for ki.. At the pressure of the experiment, be 2.0x 107 cm® molecule® s™. Again, the data points are shown
the value ofk;1, as a second-order rate constant, was>¢ 2011 cm?® every 10th point.
molecule s7X. Note the population inversion indicated by the negative
population transient at the beginning of theHg profile.

t (seconds)

also manually scanned throughout the 33086 um region.

No transitions could be observed that were not due to either
scatter in the @Hg absorption coefficient measurements was ground or excited vibrations of CHThe third and most likely
approximately +4%; thus, experimental uncertainty cannot possibility is that GHg was being produced in a reaction that
explain the underprediction of thelds concentration. A second  was not taken into account in the basic mechanism. This
possibility is an underlying absorption signal from a product of prompted an investigation into the possibility that other reactions
reaction 1, either CEINCO and/or CHOCN, or an unknown should be added to the basic reaction mechanism, and this will
stable species produced in the system. Indeed, bogNCB*° be discussed in section III.F.

and CHOCN?? have known G-H stretching absorptions in the Figure 5a shows the experimental temporal concentration
vy C—H stretching spectral region of,8s. There are no high-  profiles for HCN, HNC, and NH. Although the signal-to-noise
resolution spectra available for vibrational transitions of these ratio for all three species is good after signal averaging, there
CH3NCO isomers; however, at low resolution, there are is some uncertainty in tuning the probe laser to the peak of
prominent Q branch features centered at 3.391 and 3:869 these transitions, because of small single-shot absorption signals.
respectively. No attempts were made to detect these Q branchAs is evident from Figure 5a, the experimental appearances of
fea