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Rate constants and products for cross-radical reactions of vinilsj@nd ethyl (GHs) radicals have been
determined aT = 298 K and a total pressure (predominately helium) of 93.3 kPa (700 Taty &d GHs

were produced simultaneously through the 193-nm excimer laser photolysis of dilute mixtuptkOOT:H;
(EVK)/He. This is the first report of direct rate determination for th#1€+ C,Hs reaction and using the
photolysis of EVK as a precursor for producing a nearly 1:1 ratiobfsCC,Hs. Time-resolved UV absorption
spectroscopy and gas chromatographic/mass spectroscopic (GC/MS) product analysis methods were employed
for kinetics and product studies. Major reaction products consisteebotane, 1,3-butadiene, and 1-butene
which are formed, respectively, through the combination reactionbts € C,Hs — n-butane (1c), gHs +

C,Hs; — 1,3-butadiene (2c,) and:Bs + C,H; — 1-butene (3c). Minor products, ethane, ethylene, and acetylene,
result from disproportionation reactions. Analysis of the temporal absorptions at 230 and 235 nm through
kinetic modeling of the reaction system resulted in an overall rate constky=d.6 x 10~ ' cm® molecule™

s 1 for the GHs + C,H3 cross-radical reaction. A detailed error analysis with estimates of both random error
and systematic errors for each parameter in the model was performed; the resulting combined uncertainty on
the rate constarks is £1.9 x 107* cn?® molecular?! s™%. Using previously published rate constants for the
combination reactions 1c and 2c [2010 ~**and 9.3x 10 ' cm?® molecule® s7%, respectively], and relative

yields of the combination products the rate constant for the cross-combination rdagtiGaHs; + C,Hs]
calculated to be (6.5 1) x 10 cm® molecule* s 2.

I. Introduction cm® molecule® s71 for the combination channel and a branching
ratio of kygdkig = 7.9

The reaction @Hs + C,H3 has previously been studied in
our laboratory using a number of methods and radical
precursor$ 10 The first direct and absolute kinetic measurement
of vinyl self-reaction employed vacuuatJV flash photolysis

Knowledge of the termination rates together with the yield
and nature of the termination products for reactions of hydro-
carbon radicals are of great importance in understanding and
modeling of hydrocarbon combustibi¥ as well as planetary

i iorfs6 - 4 . . ; ' ;
atmospheric reactiorfs® The role of small unsaturated hydro in conjunction with vacuumUV absorption detection of vinyl

carbon radicals are particularly significant. Despite their sus- 5 qjea15 and GC product analysis. In later studies excimer laser

pected ir_nportance, little is know_n about t_he kinetics and reaction photolysis-UV kinetic absorption spectroscopy and GC/MS
mechanism of unsaturated radicals. It is also known that both product analysis methods were used to determine the rate

vinyl and ethyl radicals are observed in hydrocarbon combustion ., «tant and product channels for the viny!l self-reactibn
and photochemical processes. The self-reactions of ethyl and '
vinyl radicals have, directly and indirectly, been studied in a

M .
number of laboratories:1° Nonetheless, no experimentally C;H; + C;H; — C,Hg (1,3-butadiene) (2¢)
determined rate coefficient for ethylinyl cross-radical reaction
has previously been reported. Thus one of the objectives of this C,H; + C,H, M C,H, +C,H, (2d)

paper is to measure the rate constant for the bimolecular reaction

of vinyl apd ethyl radicgls. In adgitior), the contribution of the  1pase studies established an overall rate constakt of (12

combination (c) and disproportionation (d) channels for the | 5y, 1911 ¢ molecule s* at ambient temperature and

vinyl—ethyl cross-radical reaction will be determined. the pressure range of about 683 kPa. In addition, the product
Baulch et al’ have critically reviewed the published data on yield determinations indicated that the combination channel 2¢

the self-reaction of ethyl radicals and recommended a high- producing 1,3-butadiene is the dominant channel at pressures

pressure rate constant valuelef = (1.9 £ 0.3) x 107+ higher than about 6.6 kPa with relative rategkyg = 3.089
In a later study, Thorn et &f.employing a flow discharge
C,Hs + C,Hs M CHyo (1c) and direct mass spectroscopic detection of vinyl radicals
determined, at a nominal pressure of 0.13 kPaBrd298 K,
C,Hs + Csz_M’ C,H, + C,Hq (1d) a total rate constant of (14 6) x 10! cm® molecule® s™*

for vinyl self-reaction, which is in good agreement with the
total rate constant value (2 2) x 10~ cm® molecule’l s71
* Corresponding author. E-mail: askar.fahr@nist.gov. determined in our laboratory at higher pressures. But under the
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experimental conditions of Thorn et al., the major products are 193-nm photolysis of dilute mixtures of diethyl ketone{z-
reported to be ethylene and acetylene rather than 1,3-butadieneCOGHs) and divinyl ketone (@HsCOGHs3) in He. The
i.e., no combination products were observed. Thus high pres-photolysis samples consisted of a small amount of the radical
sures are required to measure contributions of both combinationprecursor, typically in the range of about—{63) x 10w
and disproportionation reactions. molecule cm?3, in an excess amount of He (93 kPa). The
Here we report the rate constants and products of thevinyl photolyzed sample was admitted to an evacuated injection loop
ethyl cross-radical reactions, determined at relatively high and directly injected onto two separate;@}-coated capillary
pressures (93.3 kPa or 700 Torr) and at a temperature of 298columns (HP-19095P) by admitting the carrier gas into the
K. Excimer laser photolysis, UV-kinetic absorption spectros- collection loop. Temperature programming of the oven was
copy, and quantitative GC/MS product analysis have been usedrequired to separate the products. The retention times and
for these studies. We also report on the photolysis of ethylvinyl response of the FID and MS were calibrated by injection of
ketone (EVK) as a simultaneous source for producing ethyl and standard samples with concentrations similar to those produced
vinyl radicals. Our preliminary results on the pressure depen- from the laser photolysis. The uncertainty of our quantitative
dence of the product channels and rate coefficients for phg C ~ GC analysis, determined from repetitive measurements of known
and GHs mixed radical system suggest very complex and samples, is typically 15% or less for,€Cs hydrocarbons.
interesting behavior. The complexity is the result of the large Radical precursor molecules were obtained commercially, at the
exoergicity for the combination process and the competition of highest purity available (99.5%) and were used after successive

collisional quenching with unimolecular decomposition and
isomerization. The detailed results of the pressure effectblg C
and GH3 mixed radical reactions will be reported soon.

Il. Experimental Procedures

Ethyl and vinyl radicals were produced by the 193-nm
photolysis of EVK. Time-resolved UV absorptions of both ethyl
and vinyl radicals were monitored and used for kinetic
determinations. The final products of the ethyinyl mixed

radical reactions were identified and quantified through gas-

freeze-pump—thaw cycles. Ultrahigh purity He (99.999%) was
used for sample preparations and as carrier gas for GC/MS.

IIl. Results and Discussion

Production of C;Hs and C;H3 Radicals. Ethyl and vinyl
radicals were produced from the 193-nm photolysis of dilute
mixtures of EVK in He. Although there are no previously
reported studies on the photolysis of EVK, it appeared to be a
worthwhile choice since the primary decomposition channel for
small ketones is €C rupture. For example, the 193-nm

chromatographic and mass-spectroscopic (GC/MS) analysis ofphotolysis of methylvinyl ketone (C}£OGHs), diethyl ketone

the reaction products.

(C;HsCOGHs), and acetone have been used, in our and a

A summary of our methods is presented here. More detailed number of other laboratories, as photolytic sources of methyl,
descriptions of the procedures can be found in previous vinyl, and ethyl radical§-1%12"14 |n the present studies the

publications from our laboratoAg The output radiation of an
excimer laser is expanded uniformly by a cylindrical lens and
fills the reaction cell side-on through a Suprésflat window
over the cell lengthl(= 10 cm). For optical determinations, a

formation of ethyl and vinyl radicals from the193-nm photolysis
of EVK are confirmed through product analysis determinations
and also direct optical detection.

Product Analysis. The reaction mixtures following photolysis

monitoring light from a 75-W xenon arc lamp is rendered nearly of the radical precursor in He were analyzed employing an on-
parallel using a condenser and two long-focal-length lenses. Anline gas chromatograph coupled to a flame ionization detector
interposed fast electromechanical shutter, normally closed, isand a quadrupole mass spectrometer. The nature and yields of
located between the xenon lamp and the reaction cell. Thethe final reaction products, at a total pressure of about 93.3 kPa
shutter is electronically opened shortly before the photolysis (700 Torr) and at ambient temperature, were determined. The
laser pulse and closed at a preset time following the photolysis major final reaction products consisted ofbutane, 1,3-
event. Thus photolysis by the monitoring light is minimized. butadiene, and 1-butene (products of combination reactions) and
The monitoring light traverses the cell four times, is deflected ethane, ethylene, and acetylene (products of disproportionation
by a prism, and then focused on the slit of a monochromator. reactions). A major photolytic product, CO, is not detectable
The signal from the photomultiplier is fed into a multi-time base by FID method, and the corresponding MSD peak overlapped
waveform digitizer through a differential comparator. The with a background air peak thus could not be quantified. No
transient signal is recorded by the digitizer and then transferred oxygenated hydrocarbon products were detected suggesting that
to a computer for storage and signal averaging. A self-enclosedthe 193-nm photolysis of EVK primarily produces CO and ethyl
gas circulating pump was used to flow the gas mixture through and vinyl radicals.
the reaction cell so that the cell contents were replaced between Two isomers of GHsg (1-butene and 2-butene), with a relative
the photolysis pulses of 0.5-Hz repetition rate. A total system yield of [2-butene]/[1-butenel= 0.04, were identified. In
volume of about 2000 times that of the active photolysis volume addition to 1,3-butadiene, a small quantity of 1,2-butadiene was
was used. Because of the significant product dilution, secondaryalso detected ([1,2-butadiene]/[1,3-butadier€]0.05); also,
reactions due to product photolysis is unimportant. The effect several G, Cs, and G hydrocarbon products were identified.
of photodissociation energy on the kinetics was examined by The yield of these later products appear to increase when the
varying the excimer laser output energies between about 200total reaction pressure was decreased. The preliminary results
and 70 mJ (as monitored at the source). on the pressure dependence of the product channels folthe C
Identification and quantification of final reaction products and GH3; mixed radicals system suggest very complex mecha-
were performed using an on-line HB90 gas chromatograph  nistic behavior involving reactions of the chemically activated
equipped with a flame ionization detector (FID), and a-HP combination adducts. The pressure dependence of the C
5973 mass-selective detector (MSB)In most experiments  products is an indicator of sequential reaction of the energetic
ethyl and vinyl radicals were simultaneously produced from the combination adduct. Similarly, significant pressure effects on
193-nm photolysis of EVK. Ethyl and vinyl radicals were also product channels of the reaction € C;Hs have been recently
produced, in a limited number of test experiments, from the reported by Fahr et & Thorn et al'® and Stoliarov et al*
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TABLE 1: Experimental Conditions and Yields of the [CoH 341 = [CoHiom — [CoH1g — [CoH g =
Major Final Products (1013 molecule cn13) Following the
193-nm Photolysis of Mixtures of EVK in He at T = 298 K [CoHJiorar — [C4H10l/8-[C4Hl/3.0 (3)
and a Total Pressure of 93.3 KPa
laser [CoHelz42 = [CoHol 302 = [CoHel ot — [CoHel 19 =
[EVK]2 energy [CoHs]? [CoHa]? [CoHel? [CaHgl? [CaHg)? [CaHid? [CoHeliota — [C4H1l/8 (4)

6.5x 10°° ~200 1.31 254 0.89 277 372 362 . . o o
8.0x 10 ~130 0.82 208 0.78 214 280 275 Thus the ratios of disproportionation/combination channels for

6.5x 10* ~70 054 1.0 046 1.13 140 1.28 ethyl—vinyl cross-radical reactions can be determined from the

aConcentration unit in molecule crh ? ArF laser pulse energy (mJ)
as monitored at the source. k3d1/k3c= [CZH4]3dl/2[C4H8] =
CH — [C,Hl/8-[C,H]/3.0}/2[C,Hg] (5
The pressure dependent studies of thel<and GHs mixed- HCHalioar = [CaH1ol/8ACHe/3.03/2[C Mg (5)
:ﬁglcrzglsi lrga\tl:vt;lcl)rgse z?;epgl:trézn;g/ élg progress in our laboratory andy,  /k, = [C,H]s4/[C,Hgl =
Table 1 lists a number of experimental conditions and the {[CoHel ot — [C4H1l/B}[C,Hg] (6)

e e o s ot vy shoud e ot ha h vluesaho andhosc derve
P YSIS: from eqgs 5 and 6 are expected to have large uncertainties due

Based on the previous studies of the self-reactions of ethyl to the propagation of measurement uncertainties on various

irr?dégil'sdn%i—i'gn+wci:t2rljSIth?e\sl:Jng r(z)afdlt(r:]aels, r%l?(’a:t %:;f arr;%luct parameters affecting the ratios. Estimates of the ratio of the
) P P combination/disproportionation channels derived from egs 5 and

analysis, for the mixed £15 and GHs reactions, the following suggest the disproportionation channels, at conditiofs=of
reaction sequences at high-pressure conditions are expected UPOK: 2 1pa andT = 298 K. are about 10% to 20% of the

the 193-nm photolysis of EVK: combination channel.

193 nm Kinetic Absorption Spectroscopy at 230 and 235 nm.
CHsCOCH; —— CHs + CH; + CO Time-resolved absorption spectroscopy of the mixed ethyl and
vinyl radical reaction system was performed by monitoring
C,Hs + C,Hs M C,Hyo (1c) absorptions at wavelengths of 230 and 235 nm. Analysis of the

time-resolved absorption data requires knowledge of the absorp-
M tion characteristics of the transient radical species and the stable
C,H; + C,H;— C,H, + C,Hq (1d) reaction products and their absorption cross sections at the
monitoring wavelength(s). The UV absorption spectrum and
cross sections for vinyl radicals, in the spectral range 0f225
238 nm, have previously been determined in our laborafory.
The vinyl UV absorption exhibits a relatively broad feature with
C,H, + CzHa_M’ C,H,+ CH, (2d) cross sections ofic,n, = 5.3 x 1071 cn? molecule® at 230
nm andoc,n, = 3.1 x 10 cn? molecule® at 235 nmté
M Ethyl radicals also have a broad absorption feature between
C,Hg + C,H; — C4Hg (1-butene) (3c)  about 200-260 nm"18 due to a number of transitions; some
structures develop further into the UV. Absorption cross sections

C,H, + C,H, > C,H, (1,3-butadiene) (2c)

L for ethyl radicals in the spectral range 26060 nm have been
CoHs + CoHy = GoH, + CH, (3d1) reported by Munk et &’ At the monitoring wavelengths of

" this study, the cross sections asgn, = 1.7 x 10718 cn?
C,Hs + C,H;— C,Hy + C,H, (3d2) molecule’ at 230 nm andic,, = 2.5 x 10718 cn? molecule’®

at 235 nm.

Each of the final disproportionation products, ethane, ethylene Among the reaction products, only 1,3-butadiene has a
and acetylene, are formed through multichannel reactions. Tosignificant absorption at the monitoring wavelengths of this
assess the relative rates of the combination and disproportion-study?® All other final reaction products have appreciable
ation channels for the 4815 + C,H3 reaction, it is necessary to  absorptions at considerably shorter wavelengfi® confirm
determine the contribution of each reaction channel to the the absorption characteristics of the reaction products, known
production of the final disproportionation products. samples of the expected products of the mixed ethiiyl

The contribution of the disproportionation channels involving radical reactions (excluding 1,3-butadiene) with concentrations
self-reactions of ethyl radicals and vinyl radicals (channels 1d similar to those expected in experiments were introduced into
and 2d), on the formation of ethane, ethylene and acetylene,the reaction cell. The monitoring light intensity was monitored
can be determined from the known ratios of the combination/ before and after the introduction of the sample. No detectable

disproportionation for these reactiohs? variations of the monitoring light level were observed.
The temporal UV absorption traces, following the 193-nm
[CHgl14= [CoH 1= [C,H, /8 1) photolysis of EVK samples, were averaged and recorded at the
selected monitoring wavelengths. Figure 1 displays one such
[CH)oq= [CoH,],g = [C,HI/3.0 2 trace obtained at 235 nm. No variations of the monitoring light
intensity were detected when the cell containing only He was
The contribution of the cross-radical reactiopHg + C,H3 irradiated by ArF laser pulses. Thus the observed signal is a

on the formation of ethane, ethylene, and acetylene can beresult of the photolysis and not of optical or electrical interfer-
assessed as follows: ences.
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Figure 1. Time-resolved absorption trace at 235 nm after the 193-nm
photolysis of a mixture of 1.3 10 molecule cr of C;HsCOGH3
in 93 kPa He. The trace is an average of 1000 sweeps.

Time (sec.)

Figure 2. Time-resolved absorbance at 235 nm determined experi-
mentally (circles) and from fitting (solid line) using modeling parameters
in Table 2 and with derived values &f = (9.5 4 0.4) x 10 ~** cnm?®

TABLE 2: Rate Constants Used in the Analysis of the molecule® s7, [C;Hs] = (10.5+ 0.5) x 10" molecule cm? and

Time-Resolved Absorption Data [CoHg] = (11.1+ 0.4) x 10" molecule cm?®.
reaction arameter ref . . L . .
P - The time-resolved absorption data cannot distinguish various
22:5 jr gZES: gr?_'ducts tl ::29231110011 ((];Ii);gg)) ; o product channels which lead to nonabsorbing products such as
Cobl+ Cobla— CoHy+ CoHy kag—3.1x 1011 (fixed) 8.9 those for the reactions8s + C;Hs and GHs + CoHs. Thus,
CzHs 4+ CoHs— products ks = adjusted the overallk; rate constantiq = kic + kig) was used as a fixed

[C2Hs]° and [GH3]° adjusted parameter and the overdd rate constantkg = ks + ksq) was
evaluated through the modeling and fitting procedures.

The trace in Figure 1 shows an instant absorption rise due to  The Acufit kinetic simulation program is specifically designed
nascent vinyl and ethyl radicals produced from the EVK for analysis of time-resolved absorption data; it uses the
photolysis. The contribution of each radical to this absorption experimental data file, the model information generated by
is proportional to its corresponding absorption cross section and Acuchem and user selected values for input parameters. Known
concentration. The second absorption component is a decay tgparameters are held at their input values. An iterative procedure
a nonzero baseline which is a composite absorption due to lossis used to adjust the values of parameter(s) of interest until the
of vinyl and ethyl radicals and the absorption rise due to “pest” fit of the experimental data to the assumed model is
formation of the 1,3-butadiene product. The third absorption achieved. The initial ethyl and vinyl radical concentrations is
component at long observation times (the “absorption tail”) is calculated from the BeeiLambert law by using the absorbance
primarily due to the product 1,3-butadiene. The absorbance atimmediately following the photolysis event, the known absorp-
any timeA, can be related, by the Beetambert law (eq 7),to  tion cross sections for the ethyl and vinyl radicals and the optical
concentrations of the absorbing specigsabsorption cross  path length of the absorption cell. However, the values for the

sectiono;, and the absorption path lengtls initial radical concentrations along with the value were
determined from the fitting procedures. In this way the relative
A = 2n0oi(l 49 (7) and absolute values for the initial radical concentrations were

allowed to vary until best fit was obtained. The quality of the

Data Analysis. Kinetic modeling and simulation were used fit and adequacy of the mechanism was assessed using the chi
for analysis of the time-resolved absorption data and deriving square ¢?) statistic??> The Acufit iterative least-squares pro-
the overall rate constant for thelds + C,Hs reaction. Acuchem cedure, through the? minimization, returns the value of the
and Acufit packages of modeling and analysis progfafis? searched parameters, their error estimatesygnehlue for the
were used here. fit. The error estimates of the searched parameter(s) depend on

The reaction sequences-3 were modeled at high-pressure the signal/noise ratio of the experimental trace and the number
conditions. A listing of the reactions and rate constants is of the searched parameters.

provided in Table 2. The following absorption coefficients ( Table 3 lists the experimental conditions and the values for
10718 cn? molecule ) were fixed in the modeling calculation:  the measured parameters from such fits of the modeled signals
At 230 nm: o, = 5.3 ocn, = 1.7, ando13-cHg = to different time-resolved absorption signals.at 230 nm and
11.01° A = 235 nm.
At 235 nm: ocp, = 3.1 ocn = 2.5, andors-cH, = These results suggest an overall rate constant of abowt 9.6
3.7 10 cm?® molecule® s for the GHs + C,H3 cross-radical

TABLE 3: The Overall Rate Constant, ks, for the Co,Hs + C,H3z Reaction and the Initial Radical Concentrations Derived from
the Modeling of Time-Resolved Absorption Data

EVK/He, laser energy, monitoring4, ks, 1011 [CoHs]o,° 103 [CoHg)o, 1013 % dissociation
molecule cm¥/kPa mJ nm cm® moleculels™? molecule cm?® molecule cm?®
13 x 10'%/93 ~70 230 9.3+ 0.3 11.1+0.3 10.5+ 0.3 ~0.9
6.5 x 10'9/93 ~130 230 10.1 0.3 10.1+£ 0.2 9.6+ 0.3 ~1.4
13 x 10%/93 ~75 235 10.9+- 0.4 16.2+ 0.4 15.4+ 0.4 ~1.2
6.5 x 10'9/93 ~200 235 8.0+ 0.6 12.3+ 0.3 10.9£ 0.3 ~1.9
8.0 x 10%%/93 ~140 235 9.5+ 04 11.20.4 10.5+£ 0.5 ~1.3

a ArF excimer laser energy as read at the souté&ror estimates derived from modeling fits.
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TABLE 4: Biases on Measuredks Due to Uncertainties of the Known Parameters Used in Analysis of Absorption Data

parameter: Kic + Kig Koc Kod OCHs OCHs OC4Hs measureds bias onks
central value: 2. 9.3 3.1 3. 2.5 3.7 9.6+ 0.8 0.0
+0.3 9.1 0.5
3 -0.3 9.8 0.2
+1.5 10.6 1.0
4 -15 8.4 1.2
+0.5 9.0 0.6
5 -0.5 10.0 0.4
+0.7 10.6 1.0
6 -0.7 8.5 11
+0.1 10.1 0.5
7 -0.1 8.9 0.7
+0.2 10.2 0.6
8 -0.2 8.7 0.9

aThe units arer x 10 cm? molecule andk x 10 cm?® molecule! s71. P Rate constant value and error from refFrom ref 8.9 From ref 16.
eFrom ref 17.f From ref 19.9 Measurement (random) error.

: : . TABLE 5: Product Yields Derived from Modeling of the
reaction. The results of the analysis, within the measurementc2H5 and C,Hs Mixed Radical System for Various ks

uncertainties, agree with a one-to-one production of ethyl and y/3jyes and by Using the Rate Parameters Listed in Table®
vinyl radicals through the 193-nm photolysis of EVK. The ; ; ; ; ; .
calculated initial radical concentrations relative to the radical ks [CH® [CoHa® [CHP [CaHel® [CaHa [Cathidl

precursor concentrations at various experimental conditions 2.0 % 1011 2.2 6.3 1.6 2.7 10 3.2
suggest a photodissociation efficiency of about 1% to 2% g'gi ig“ i'g g'g é'g g; gi g%
depending upon the photolysis energy. 80x 101 11 55 0.6 57 a1 32

As unknown parameters are extracted from a relatively
complex, multicomponent reaction scheme, it is essential to
quantify a realistic uncertainty for the derived parameter(s). In
general, both systematic (inaccurate value for known param-
eter(s) or faulty calibration) and random (unpredictable varia- s contrinution of the biases from each fixed parameter is taken
tions in the measurement) errors must be included. Systematic g o average of the upper and lower biases determined at the
errors are often calleBiasesin the measureme#it:?3 In the uncertainty limits of each known parameter.
present work we have assessed the contribution of uncertainties The vector addition (eq 8) assumes that the errors in the fixed

of each known parameter used in the modeling of the ethyl arameters are not correlated. Since values of known parameters
vinyl reaction system toward the combined uncertainty of the p . . ; . P
are obtained from independent experiments, they are thus

measured; rate constant. . : -
Table 4 lists the parameters used in the data analvsis (ﬁrstuncorrelated errorwise and they are as likely to have a positive
P y as a negative error associated with them.

row), their central values (second row) and corresponding error
) ( ) b g Therefore, the overall rate constant value for the ethyl and

limits (rows 3-8). By using the central values for known . . . . . ;
parameters a rate constant valugot= 9.6 x 101 has been vinyl cross-radical reaction, with a combined uncertainty as
: derived from these measurements can best be presented as:

determined from analysis of an absorption trace obtained at 235"~ 1 -
nm. The random error for determinikg derived by the analysis ks = (9.6 i 1.9) x 107 crf molecule S i
program, is+0.4 (listed in the second row). The random error _ Evaluation of the Combination Rate Constantksc Using

primarily is due to the level of signal/inoise on the data and Comparative Methods. In mixed radical systems, the major
also depend on the number of measured parameters. product yields and the known rate coefficients can be used to

In developing rows 38 of Table 4, the known parameters determine an unknown rqdic—aﬂadigal rate coefficie_nt. Here,
are fixed either at their best known (central) values, as given through use of the kinetic modeling and comparison of the
on the second row of the Table 4, or at the upper or lower limits experimental _product yields with the numerical S|mulat_|ons_,, we
of values as dictated by the corresponding uncertainties. If a "ave determined thég. rate constant for the combination
cell is blank the central value for that parameter is employed. €action GHs + CoHs = C4Hg. The reaction sequences-2
Theks value is then derived for the corresponding set of known Weré modeled, at high-pressure conditions, using known rate
parameters. All rows involve the analysis of the same absorption C0€fficients for the self-reactions of ethyl radicals and vinyl
trace obtained at 235 nm. The biaseskanlisted in the last ~ radicals as given in Table 2. The kinetic modeling was
column of Table 4, are the difference of thevalues when the ~ Performed using the Acuché?numerical integration routine.
central and noncentral values for known parameters are used.'”'t'al_ r_ad|cal concentrations similar to t_hose of the e_xpenmenta_l

The results of the error analysis suggest that biases are conditions were used. The. product yleIQS determined experi-
largest (-10%) whenkzc and e, are fixed at “noncentral” mentally were compared with thimodelmg results 1fi)r arange
values. Variations of other parameters, within their correspond- ©f Kse vallue_sl between 1x 107 and 9.6 x 107! cn¥
ing uncertainties, each result in about a 5% biaskgualue. molecule™ s™% The tcﬁalkg value k o KE°1+ ksg) was kept
The combined uncertainty on the measukgdvalue can be constant at 9.6« 1071 cm® mo!eculer s, and a ratio Of.
estimated through the vector addition of the biases (systematicked/Kss2 = 2 was used. Table 5 lists the product concentrations

a[CoHs]® = [CoH3]® = 1.2 x 10 molecule cm?, k; = 9.6 cn¥
molecule? s, and kspi/kspz = 2. P Concentrations in units of 1®
molecule cm?.

errors) and the random err&r. 22 derived when [GHg]® = [CoH3]® = 1.2 x 10* molecule cm?
was used.
62k3= (0.35f + (L.1F + (0.5¢ + (L.0f + (0.55} + The best agreement between the yield of the products

determined experimentally and through the modeling was
(0.87 + (0.4F = (1.9 (8) achieved whetks. = 6.5 x 1071 cm® molecule! s™1. A 20%
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