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The reaction between the hydrogen atom and the ethidd)Gadical is predicted by photochemical modeling

to be the most important loss process fgHgradicals in the atmospheres of Jupiter and Saturn. This reaction

is also one of the major sources for the methyl radicals in these atmospheres. These two simplest hydrocarbon
radicals are the initial species for the synthesis of larger hydrocarbons. Previous measurements of the rate
constant for the H- C;Hs (1) reaction varied by a factor of 5 at room temperature, and some studies showed

a dependence upon temperature while others showed no such dependence. In addition, the previous studies
were at higher temperatures and generally higher pressures than that needed for use in planetary atmospheric
models. The rate constant for the reactiontHC,Hs has been measured directlyTat= 150, 202, and 295

K and atP = 1.0 Torr He for all temperatures, and additionallyPat= 0.5 and 2.0 Torr He af = 202 K.

The measurements were performed in a dischafggt flow system. The decay of thelds radical in the

presence of excess hydrogen was monitored by low-energy electron impact mass spectrometry under pseudo-
first-order conditions. H atoms and.lds radicals were generated rapidly and simultaneously by the reaction

of fluorine atoms with H and GHs, respectively. The total rate constant was found to be temperature and
pressure independent. The measured total rate constants at each temperaty(@35e<) = (1.06 + 0.25)

x 10710, k;(202 K) = (1.054 0.23) x 1071° andk; (150 K) = (0.94 4 0.21) x 1071, all in units of cn?
molecule® s™1. The total rate constant derived from all the combined measuremdats=i§1.07 & 0.18) x

100 cm?® molecule® s™X. At room-temperature our results are about a factor of 2 higher than the recommended
rate constant and a factor of 3 lower than the most recently published study.

Introduction 298 K, AH®,gg are

The ethyl radical, gHs, is predicted by photochemical _ o _ _ 1
modeling to be one of the most abundaatr@dical species in H+ CoHg = CHy + CHy - AH5,= —44 kI mol™  (13)
the atmospheres of Jupitend Satur?: The H+ C,Hs reaction . .
is the most important loss process foHs and a major source H+ CHs+ M —CHg+ M AH%05= —419 kJ mol 1b
of CHz in these atmospheres along with the production from (1b)
CHj, photolysis (either directly to Cgor indirectly vial!CHy).4
The column abundances of Gldn Saturn and Neptune were
observed by the Infrared Space Observatory Satellite #SO) . . o .
to be lower than those predicted by atmospheric photochemicalMOSt of the available rate data for this reaction is derived from

models!2 A suggested source for this discrepancy was the rate indirect _experiments and/or fif[ting o a cor_n_plex chemica_l
coefficient for the CH self-recombination reaction. However, mechanisni.2* The consensus is that the addition/decomposi-

our previous study of the GHt CHs reaction afT = 155 K tion channel (reaction 1a) dominates under the conditions of

showed that this reaction is not fast enough to completely solve most of the experiments. A good evaluation f_or reactions 1a_,
the CHs overproduction problem in the photochemical models 1b, ano_l 1c and their preferred rate constants is summarized in
o ; ; the review by Baulch et d@f The recommended value for the
of Neptlun'e apd SatumThergfqre, it is logical to examine a1 rate constant ik, = 6.0 x 10~ cm® molecule s atT
uncertgmtles in the rate coefficient for the-HC,Hs reaction = 298 K. In what appears to be the first direct (although not
as an important source of GH absolute) measurement, Kurylo eff@mployed flash photoly-
The thermodynamically accessible channels for the 8:Hs sis—resonance fluorescence to derive the védue 6.0 x 1011
reaction and the corresponding enthalpies of reactioh =t cm® molecule? st at T = 298 K andP = 50 Torr He.
In one of the two most recent studies, Pratt and Wéau
* Corresponding author: E-mail: Regina.Cody@nasa.gov. Tel: 301- 1984 performed discharge-flow experiments with final product
28?-3782. FAX: 301-286-1683. analysis via gas chromatography Rt= 2—10 Torr Ar and
%’2&%‘5%133235?“6 Flight Center. temperatures down tof = 230 K, which is the lowest
y of America. . . . .
sAlso at Department of Natural Sciences, Coppin State College, t€mperature at which this reaction has been studied. They
Baltimore, Maryland 21216. derived a slightly positive temperature-dependent rate coefficient
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H+ CHs— CH,+H, AH°=—285kimol’ (ic)
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for reaction 1akya = 8.0 x 10"t exp(—127/T) cm® molecule!
s1, based on the following series of reactions initiated by the
reaction of atomic hydrogen with ethylene:

H+CH,+M—CH;+M
H+ C,H;— CH; + CH;
CH;+CH;+ M — CHg+ M
CH;+CH;+M—CH,,+ M
CH;+ CH;+M—C;Hg+ M
H+CH;+M—CH,+ M
Pratt and Wood“ performed a complex multiparameter fitting
procedure for the formation of four products, which used rate
constants for the reactions GH CHs, C;Hs + CoHs, and CH
+ CzHs, and a temperature-independent rate coefficient for the

H + C,H,4 reactiont® Their sensitivity analysis showed that the
derived rate constant for the H C,Hs reaction is highly

dependent on the assumed rate constants for those reaction

In the second recent study, Sillesen etbah 1993 used pulse

radiolysis experiments in which the reaction sequence was again

initiated by the reaction of H with £1,4; the temporal profile

of CH; was monitored directly via IR absorption. They
determined that the addition/stabilization channel (reaction 1b)
is slightly faster than the reaction llayki, = 1.3 atP = 75
Torr H, and T = 298 K. However, their total rate constant
and that for the addition/decomposition chankglare about
five times and two times higher, respectively, than the values
recommended in the literatute.As they also performed
parameter fitting of the complex mechanism given above, their

results could also be highly dependent on assumed model

parameters. For instance, they used rate constants for th
reactions H+ CHs, CHz + CHs, and GHs + CHs, which are

not supported by the Baulch et al. recommendati6riBhis
could affect the fitting analysis of the GHignal.

In our laboratory we have previously measured the direct,
absolute rate constant for the-NCyHs reaction and its reaction
channels al = 298 K7 We have now measured the total rate
constant for the reaction H- C;Hs as a first step toward
providing more appropriate data for thedHC,Hs reaction for

models of the atmospheres of Jupiter and Saturn. The motivation

for this study is that the available d&t& is mostly indirect

and not isolated from secondary chemistry. This work represents
S

the first measurement of the rate constant at low temperature

down to 150 K and low pressures between 0.5 and 2.0 Torr.
These conditions are relevant to the photochemical models of

Jupitet and Saturri.

Experimental Section

All experiments were performed in a Pyrex flow tubel00
cm long and 2.8 cm in diametéiThe inner surface of the tube
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on opposite sides of the injector through which thgGiHe/
He mixture is injected into the flow tube perpendicularly to the
direction of the main gas flow. The position of the movable
injector could be changed between a distance of 2 and 44 cm
from the sampling pinhole to the mass spectrometer. This system
has been described in detail previousl.

The flow tube was used at room temperature or cool€f to
= 200 K by circulating ethanol from a cooled reservoir through
a jacket which surrounded the flow tube from 0 to 60 cm. In
the experiments down td = 150 K, a controlled flow of
gaseous nitrogen was circulated through a copper coil immersed
in liquid nitrogen3 The temperature was continuously monitored
using a thermocouple in the flow tube locateddatz 28 cm
from the sampling pinhole to the mass spectrometer. The
temperature profile of the flow tube was measured using another
thermocouple in a movable probe to show that there is not a
temperature gradient in the regidn= 2 to 50 cm afl = 202
Kandd = 4 to 44 cm afT = 150 K. In the experiments at
= 295 K, the temperature measured in the flow tube was
controlled by room temperature and the variation was about
2 K. While the experiments dt= 202 K were well controlled

?AT = + 0.5 K), those afl = 150 K showed a larger variation,

AT =+ 4 K.

Helium carrier gas was flowed at rates between 560 and 1800
sccm into the reaction flow tube through ports upstream in the
flow tube. All gas flows were measured and controlled by mass
flow controllers (MKS Instruments). The linear flow velocity
ranged from 2310 to 2510 cnvsfor the kinetic experiments

at nominal pressures of 0.5, 1.0, and 2.0 Torr. The pressure
showed a very small variatiod\P = + 0.02 Torr) when the
injector was moved to measure theHg signal at different
positions (reaction times) in the flow tube. The plug flow
assumption was made in the calculation of the linear flow
velocity. The flow velocity is calculated from the gas constant,

E‘temperature, cross-sectional area of the flow tube, total gas flow,

and total pressure.

Fluorine atoms were produced at the upstream end of the
flow tube in a side arm by passing molecular(6% diluted in
He) through a microwave discharge%0 W, 2450 MHz). The
discharge region consisted of a 3/8-in. ceramic tube coupled
via Teflon Swagelok connectors to a glass discharge arm. About
40-50% of the K was dissociated in the discharge. The
potential effect of residualfon the GHs radical consumption
was considered in the analysis of the kinetic data. The
concentration of F atoms used to generate H atoms ahlg C
radicals was determined by measuring the consumptionof ClI
in the fast titration reaction

F+ Cl,—FCI+ClI (2)
wherek, = 6.0 x 10711 cm?® molecule! s71 independent of
temperaturé? The initial F atom concentration was determined
by measuring the decrease in the €gnal fn/z = 70) when
the microwave discharge was initiated. The dilute/I@é

was lined with Teflon FEP, which gave an effective diameter mixture (~5%) was admitted to the flow tube via the moveable
of 2.0 cm. The flow tube was coupled via a two-stage stainless injector. Separate experiments showed that [F] was constant
steel collision-free sampling system to a quadrupole massalong the flow tube frond = 2 to 44 cm. Nevertheless, the
spectrometer (Extrel, Inc.) that was operated at low electron position of the injector was usually close to the middle of the
energy in order to minimize fragmentation. An off-axis chan- decay range for the s reactant. Because £has been
neltron multiplier (Galileo Electro Optics Corp.) was used to observedto condense in the flow tube at temperatures lower
detect the ions. The molecular reactants ahd GHg were than~180 K, the initial F atom concentrations in the experi-
premixed in a mixing bulb and then introduced into the flow ments afl = 150 K were determined by performing the titration
tube via a Pyrex movable injector. To minimize the mixing time atT = 180 K. The description of this procedure and a discussion
of the injected reactants with the main gas flow, the end of the of the validity of the approach have been given previodsly.
injector is sealed. At the end there are two rectangular orifices The F atom concentration is given bi]§ = [Cl2]disch,off —
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[Cl]disch,on= AClzsignal x [Clo]disch ot WhereAClosignal is the
fractional decrease in the &ignal, Gisch,oft — Stiisch,on/ tisch,off
Under our experimental conditions, a€bncentration greater
than 2x 10" molecule cm? is needed to ensure that reaction
2 went to completion with the injector at the usual position.
When the CJ concentration is less thanx2 103 molecule cnm?,

Pimentel et al.

and GHs were complete (95%) within 0-41.2 ms (3 cm
from the injector tip) in most experiments. At= 150 K the
formation of H and GHs were complete within about 2 ms-b
cm) due to the lower rate constants for reactions 4 and 5 at that
temperature.

C;Hs radicals were detected sz = 29 following low-energy

the F atoms are undertitrated and the correction eq 3 is used:electron ionization to minimize any contribution to theHg

[F] Ocorrected= [F]O x (1 + ekz[C|z]d/V) (3)
whered (cm) is the distance of the movable probe from the
sampling pinhole, [G] is the Cb concentration and v (cnT9)

is the flow velocity. We found that the [F] correction was in
the range of £10% at low [F] &1—4 x 10%2 atoms cm?)
where the [CJ] needed for titration is less than 2 1013
molecule cm?®. This condition ensures that the exponential part
of eq 3 is much less than 1. The correction equation showed

signal from dissociative ionization of;8, which was present

in large excess over #8s radicals. The observed,Bs signal

was corrected to yield the net signal by subtracting the
background signal measured with the microwave discharge off;
the background signal includes both the instrument background
and a small contribution from the dissociative ionization of
C.Hs. An optimum ionization energy was sought to achieve
maximum net signal to background (S/B) while still retaining
an appreciable signal level. The optimum ionization energy was
found to be 11.0 eV. Under these conditions, the lower limit

excellent agreement with the F atom concentration measuredcC,Hs concentration of~1 x 10" molecule cm?3 was detected

when the titration was performed at the position to ensure
completion of reaction 2.

At the tip of the movable injector H atoms andHg radicals
were produced rapidly and simultaneously via the reactions

H,+F—H+HF 4)

and
(5)

where ks = (1.2 £ 0.1) x 10710 exp(—470 &+ 28/T) cm®
molecule® s1 (ref 20) and a value foks is derived below
from the data in ref 21. pHand GHg were in large excess over
F, with the ratio [H + CyHel/[F2] = 92:1 to 9:1. [H] and
[C2Hg] were adjusted to produce the desireddf,Hs]o ratios,
R, as shown in the expression

R— [H]o _ Ky x [Halo
[CHslg ks x [CHlg

Maricq and Szenté measureds relative toky in the temperature
rangeT = 210-363 K. Since reactions 4 and 5 compete for
reaction with F in our experiments, their relative rate constant
results and their temperature range are ideal for this calculation.
However, they did not report values for the ratio of rate
constants, but rather values fkybased on a chosen value for
ks. From their reported valuks = 7.1 x 10710 exp(—347/T)

and their reference value, = 1.7 x 10710 exp(—~550/T) we
derived the expressidky ks = 4.2 exp(203T), where the units

of k; are cn¥ molecule’® s71. The values for [H] and [GHs]o
were calculated from the measurdeJ and the ratioR from

eq 6 as given by

C,Hg + F— C,Hg + HF

(6)

Hlo=1Flo* (757 ™)
and
[CHdo = [Flo— Hl, ®)

Although not needed in eqs-@8, we can derive an Arrhenius
expression folks from the ratioks/ks using an absolute value
for k429 We use the direct result of Stevens et?8k, = 1.2 x
10710 exp(—470/T) cm® molecule® s71, to obtainks = 5.0 x
10710 exp(—=267M) cm® molecule’ s™L. Using these rate
constant values, we can calculate the formation time for H and
C,Hs in our experiments. Neglecting mixing, formation of H

with S/B = 2. Mass scans were initially recorded for the region
m/z = 27—31, and GHs signals were taken as the integrated
area of them/z = 29 peak.

Helium (99.9995%, Air Products) was passed through a trap
containing a molecular sieve before entering the flow system
or before use in the preparation of mixtures. The molecular sieve
was periodically heated to about 22C under vacuum. £
(99.9%, Cryogenic Rare Gases, 5% in He) and($9.999%,

Air Products UHP) were used as provided without further
purification. Ch (VLSI 4.8 grade, Air Products) and .86
(99.9%, Air Products) were subjected to several freguenp—
thaw cycles at liquid nitrogen temperature to remove impurities.

Results

The reaction of H atoms with 815 radicals has been studied
atT = 150, 202, and 295 K and = 1.0 Torr He. AtT = 202
K, some experiments were carried oufat 0.5 and 2.0 Torr
He. The decay of the ethyl radical was measured by observing
the net signal (observed signalbackground signal) atVz =
29 as a function of the distance) from the tip of the movable
injector to the sampling pinhole. From the known linear velocity
(v) andd, the reaction timet] is determined:

time (t) = distance (d)/velocity (v) (9)
Pseudo-first-order conditions were used with the hydrogen
atoms in excess over ethyl radicals: 3JH]o/[C2Hs]o < 5.7,
as shown in Table 1. This lower than usual ratio is acceptable
since the most likely complicating secondary reaction, thtésC
self-reaction, is considerably slowérthan reaction 1. The
correctness of this premise is confirmed by numerical simulation
of the reaction system as described in the next section. Under
these conditions, the decay of the ethyl radical is given by
IN[CoHg]; = —kyps (d/2) + IN[CoHg], (10)
where [GHs] is proportional to the mass spectrometer signal
andkgpsis the measured pseudo-first-order rate constant. A plot
of In(net signal) vs reaction time should yield a straight line
with slope equal tdkops Plots of the decay of £1s in the
presence of three different concentrations of H atom§ at
202 K and P= 1.0 Torr He are shown in Figure 1. Least-squares
analysis of these and similar plots yielded the rate constants
kobs TO account for axial diffusiof? of the ethyl radical and its
reaction with the remaining molecular fluorine from the
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TABLE 1: Summary of Experimental Results for the 150 K. Radial diffusion correctiod® were also made at all
Reaction H + C;Hs at T = 295, 202, and 150 K temperatures but were significart%%) only atT = 295 K.
/102 molecule cm? The rate constant for the reaction,Hg + F, has been

measuretf relative to that for GHs + O, + M at T = 298 K

TIK H] mean C,H Folren? H]o/[CoH oSt g
[ [CHdo TP [MIofICHel0 _Keor/s andP = 1—15 Torr CQ. The ratiok(C,Hs + F»)/k(C:Hs + O»

295 11723 8_'277 i';g i‘los} 2278 + M)is est_imgted to be about 3.3,. in_depender_n of pressure over
278 0.77 261 411 607 the range indicated. However, this is a very indirect measure-
4.41 0.96 3.58 5.10 853 ment based on heterogeneous initiation of the reaction and the
4.50 1.28 3.60 4.01 598 measurement of a very small temperature rise. It is limitef to
5.70 123 4.50 5.12 845 = 298 K and is complicated by being relative to a reaction
(75'32 ;'82 g'gg i'(l)g 1%38 whose rate constant under some conditions depends on both
' ’ ' ' the pressure and the identity of the bath gas M. We therefore
202 8-982{ 00-2217 01§%0 433510 322172 prefer an estimated value based on a trend analysis in the
1.99 0.67 1.95 3.50 404 react!ons of CH and GHs with F, and Ch. The relevant
247 0.63 1.71 4.33 514 reactions CH+ F»,24 CoHs + Clp,2% and CH + Cl»2° have all
2.8 0.73 2.57 4.35 554 been measured as a function of temperature in direct experi-
2.86 0.66 2.60 4.81 743 ments. Assuming the relationship
2.95 0.68 2.03 4.84 547
3.68 1.23 3.47 3.49 658 k(C,Hs + F,) = k(CH; + F,) x
3.87 0.89 3.08 4.84 748
4.24 1.36 2.94 3.62 572 K(C,Hs + CL)/k(CH; + Cl,) (12)
459 1.28 3.54 4.08 659
5.2Z 121 4.98 4.81 862 and using the data from the literat#f&2>we obtain the values
5.31 1.76 3.44 3.52 817 for k(CoHs + Fo):
6.38 1.52 4.78 4.84 878
6.59 2.11 5.01 3.53 874 CHe+F,—~ CHF +F (13)
150 1.00 0.27 0.92 4.24 282
151 0.45 124 3.89 333 kis=1.4x 10 " cm’ molecule™ s at 295 K
1.59 0.39 1.24 4.57 308
O SO o 1 ks = 1.2x 10 " cm® molecule™ s™* at 202 K
P 1oz oS 2o O ki3=1.1x 10 " cm® molecule™ s " at 150 K

ap = 1 Torr He, except where noted [Fj].em is the remaining Based on the quoted uncertainties K€Hs + F2)? (

. . X > o 3 2)** (average
moltsculir fluorine when the microwave discharge is‘dd= 2.0 Torr of +£15%) and those fok(CHs + Cl,)25 andk(CoHs + Cl;)5
He.9P = 0.5 Torr He. . . .

(£20%), the uncertainty in the calculated values given above
8 for ki3 can be estimated by adding the individual uncertainties
in quadrature. Thus the square root of the sum of the squares

of the three individual values yields an uncertainty of about
b3 +30% fork;s. However, theky3[F2] correction to oukossin eq
11 is small, being about 4% on average.

Because of the depletion of H atoms caused by reaction with
C,Hs, calculated H atom concentrations, fiHivere corrected
to yield [H]meanusing the expression

In(net C,H; Signal)
» o

N
)

[Hlmean= [Hlo — [C;H:ly/2 (14)
0 T T y This stoichiometric correction was14%. The H atoms may
0 3 N 6/ ’ 12 also react with the remaining molecular fluorine from the
ime /ms

microwave discharge. However, the rate coefficient for this
signal (arbitrary units) vs time (ms) in the presence of three excess reaction is about 75 times low#rat room temperature .(and
concentrations of hydrogen atoms: fids= 0.82 x 1012 (Q); [H]mean even lower at lower temperatures) than the-HC;Hs reaction

= 2.98 x 1022 (#); and [Hjwean= 6.66 x 1012 molecule cm? (O) at studied here. The bimolecular rate const&ntis then related

Figure 1. Typical first-order semilogarithmic decay plots obH

T =202 K. t0 keorr @and [Hneanthrough the expression
microwave discharge, two correctionskgswere made to give Keor= Ki[H] meant Ku (15)
Keorr:
wherek,, is the first-order rate constant for heterogeneous loss
Koorr = Kops (1 + D kopdv?) — ki [F] (11) of C;Hs on the wall, but could also include other first-order
loss processes except for reaction with H atoms. Table 1
whereD is the diffusion coefficient of gHs in He andk;s is summarizes the results that comprise variations of several
the rate coefficient of the reaction obs with the remaining reaction parameters and conditions. Variation ofo[f].Hs]o
molecular fluorine from the microwave dischargp. was from 3.1 to 5.7 and variation of [HEanand [GHs]o by a factor

estimated to be 667 ¢chs ! at T = 295 K using the method of  of 9—10 had no effect on the reaction kinetics within experi-
Lewis et al?22a A T32 dependence was assumed to estiniate  mental uncertainty.

at T = 202 and 150 K. The axial diffusion correction was Figure 2 shows a plot dfcorr VS [H]meanfor the data aP =
4—11% atT = 295 K, 1-4% atT = 202 K, and 3% atT = 0.5, 1.0, and 2.0 Torr He antli = 202 K. The absence of a
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The uncertainties of the rate coefficients were statistically
derived from the kinetic data. As shown in Figure 1;Hg
decays consisted of-@8 points, and each point was calculated
by averaging 34 C,Hs signal measurements. The standard
deviation of the GHs signal measurements was not considered
in determining the measured pseudo-first-order rate constant
(keorn) in the least-squares analysis. The statistical errors in the
measuredcor (20, Akeor) presented in Table 1 are relatively
small. They did not affect the results when these statistical errors
were included in a weighted least-squares analysis to determine
ki andky. [H]meanhad an uncertainty of abott5%, which was
controlled by the uncertainty in []In addition to these errors,
the experimental procedure allowed for systematic errors that
added an additionat10% uncertainty to the rate constants
measured in this study. The rate constdatat T = 295, 202,
and 150 K, with their total uncertainties, are presented in Table
2. The temperature independent rate constant derived from all
the data, with its total uncertainty, l§ = (1.07 £+ 0.18) x
10719 cm?® molecule’® s71.

Discussion

We begin our discussion of the H C,Hs reaction with the
results of the numerical simulation of this reaction system. Two
numerical simulations of the reaction systenTat 202 K and
P = 1.0 Torr were performed using Gear’'s metfoh check
the premise that the simple graphical method (equation 15)
determined a valid rate constat The initial concentrations
in molecule cm? used in these two simulations were as
follows: (1) [Hz] = 1.40 x 10, [CoHg] = 2.55x 10%, [F;] =

Figure 3. Summary plot of corrected pseudo-first-order rate constant 1.85 x 10'2, and [F]= 3.97 x 10'% and (2) [H] = 1.38 x
keor VS the mean hydrogen atom concentration at different temperatures104, [C,He] = 2.51 x 10'2 [F5] = 4.44 x 10'2 and [F]=

and pressured (= 295 K andP = 1 Torr @); T= 202 K andP = 0.5
Torr (a); T=202 K andP = 1.0 Torr 0); T= 202 K andP = 2.0
Torr (@); T= 150 K andP = 1.0 Torr (x)).

pressure dependence kinin the range covered is indicated by

8.89 x 10'2 These conditions are the most challenging in terms
of potential for secondary chemistry; therefore, complications
for other conditions should be even less significant. We chose
the low [F] (and [R]) condition (1) to quantify how much of

the fact that all the data lie on the same line. The bimolecular the GHs decay is related to the wall loss. The high [F] (and
rate constant is determined from the slope of the line in Figure [F2]) C_Oﬂdltlon (2_) was chosen to show that_pOSSI_ble secondary
2 using least-squares analysis. Similar plots were prepared usingshemistry (reactions £1s + F and GHs + F) is not important.

the data afT = 295 and 150 K. The results fd¢ at each
temperature ark; (295 K) = (1.06+ 0.15) x 107,19k;(202 K)
= (1.05+ 0.13) x 10~,1° andky(150 K) = (0.94 + 0.11) x

To compare the graphical method with the numerical simulation,
the GHs net signals were converted to absolute concentrations
of CoHs by multiplication with a scaling factor. The latter was

1071 cm?® molecule! s71, where the quoted uncertainty is calculated from [GHs]o derived from eq 8 and the intercept
statistical (2) only and is at the 95% confidence level. As the (signal att = 0) of the decay curves, similar to the ones shown
rate coefficienk; does not appear to be temperature dependent, in Figure 1. The reaction mechanism and the rate constants used
the least-squares analysis was performed for the complete datdn the numerical simulation are presented in Table 3. The rate
set. Figure 3 shows a plot o VS [H]mean for all the data constant for the reaction,8s + C,Hs is known to be essentially
tabulated in Table 1. The least-squares analysis shows the rat@ressure and temperature independent in the range of our
constant for the entire data set is indistinguishable from those experiments, wittk = 2.0 x 107** cm® molecule? s7* (ref
calculated separately for each temperature. Thus, the temperatur82) or 2.8x 107! cm® molecule s™* (ref 33). Shafir et af?

independent rate constakf = (1.07 & 0.08) x 10710 cm?
molecule’! s71, and thek, is (2214 34) s'1, where the quoted

uncertainty is statistical (g only and is at the 95% confidence
level. Thisk, for C;Hs is larger than the one previously observed

in our laboratoryk,, = (80 & 90) s'%, in the presence of Nor
a study of the N+ C;Hs reaction!” It may be noted that the

pointed out potential complications in the experiments of
Atkinson and Hudgen® which may possibly explain the
difference. We employed both values in the simulation. Since
the reaction @Hs + F has not been studied previously, we used
as an estimate the rate constant for the related reactidg €

Cl (ref 34) measured at = 218-297 K, i.e.,k(C;Hs + F) =

hydrocarbon radical wall-losses may vary depending on many 1.8 x 1071% cm® molecule® st at T = 202 K.,

factors such as the condition of the wall and the presence of

According to our numerical simulation and depending on [H],

reagents. A good example is the methyl radical wall-loss reaction 1 accounted for about 535% of the loss of gHs

measured in our flow-tube studies. It was very snrall0 s,

while the GHs wall-loss contributed about 2840%. The GHs

and independent of temperature and pressure in the reactiorself-reaction was negligible, contributing less than 1.7% or 2%,

CHjz + CH3;32” however, it was higher in studies of H CH3
(25 s1H28 and N + CH; (67-109 s! depending on
temperature?-3° Therefore, the wall-loss variability of hydro-

carbon radicals is expected but not completely understbod.

depending on the value used for thgHg self-reaction rate
constant. This shows that the result is not sensitive to the value
used fork(C,Hs + CyHs).3233Most of the secondary chemistry
contribution was due to the,8s + F, reaction along the decay
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TABLE 2: Comparison of the Rate Coefficients Measured for the H+ C,Hs Reaction at Different Temperatures and Pressures

moleculet s

reaction
channel kicm? k (298 K)/cn? TIK P/Torr (M) @ technique ref
total 6.0x 1071 298 50 (He) FP-RF [7]

la 1.8x 10 0 exp(—438/T) 4.1x 1071 303-603 1.2-2 (Hy) DF-GC [8]

la 8.3x 1071 298 2-600 (He) MSP-RA [9]

1la 6.2x 1071 503-753 8-16 (Ar) DF-GC [10]

1c 2.8x10°12 503-753 8-16 (Ar) DF-GC [10]

la 1.1x 10 0 exp(-112) 7.6x 101 321-521 8 (He) DF-MSFP [11]

1la 7.1x 1071 295 6-15 (He) DF-MSFP [12]
Total 1.6x 10710 963 10-248 (GHe) P-GC [13}

1a 8.0x 10 'l exp(~127/) 5.2x 1071 230-568 2-10 (Ar) DF-GC [14]
Total 2.91x 10710 298 75 (H) PR-IR [15]

la 1.25x 10710 298 75 (H) PR-IR [15]

Total 6.0x 10711 300—-2000 - Review 161
Total (1.064 0.25) x 10 10¢ 295 1 (He) DF-MS this work
Total (1.054 0.23) x 10-10¢ 202 0.5-2 (He) DF-MS this work
Total (0.944-0.21) x 10 10¢ 150 1 (He) DF-MS this work

aM is the bath gas? FP—-RF: flash photolysis-resonance fluorescence;

DF-GC: discharge flow-gas chromatograpmyRMSRercury sensitized

photolysis-resonance absorption; DF-MSFP: discharge flow-mass spectrometry final products; P-GC: pyrolysis-gas chromatogrighy; PR
pulse radiolysis-infrared absorption; DF-MS: discharge flow-mass spectrorhBigjative measurement to the rate conskéidt+ C,He). ¢ Extensive

literature review where the major process is recommended to be the

TABLE 3: Chemical Mechanism and Rate Constants Used
in the Numerical Simulations of the GHs Decays atT = 202
K

chemical reaction k (202 K)/cn? molecule! s ref
F+H,—H+HF 1.12x 101 20
F+ C,Hg — C,Hs + HF 1.34x 10710 21
H + C;Hs — products 1.1x 10710 this work
C,Hs + CoHs — products 2.0x 107112 32
CzHs + CoHs — products 2.8< 10°11b 33
CoHs + F, — CoHsF + F 1.2x 101tc 24, 25
F 4 CHs— CoHg + HF 1.8x 10°10d 34
H+F,—F+HF 25x 1013 26
C;Hs — products 221 this work

aRate constant af = 295 K; noT dependence expected at lower
temperatures® Rate constant af = 300, 400 K; noT dependence
expected at lower temperaturéfate constant estimated by trend
analysis; see text.Rate constant for the analogousHz + Cl reaction.
e Units are s*.

(<6%) and the @Hs + F reaction in the early stages 8 ms)

of the GHs decay <4%). As the second contribution was
limited in time and very small over the totablds loss, the result

is not sensitive to the estimated value of theHE + F rate
constant used. The three secondary reactionbl{G CyHs,
C,Hs + F,, and GHs + F) contributed less than 10% to the
observed @Hs decay. It is important to note that the inclusion
of the GHs + F, reaction in the model will decrease the
estimated rate constant about 6%, while the inclusion of the H
+ F, reactior#® will increase the estimated rate constant about

4%. Thus, the presence of these two secondary reactions ha

little effect on the measurement of the rate constant for the H
+ C,Hs reaction.

The rate constant determined here for the atoadical
reaction H+ C;Hs (1) is very fast, as expecte#dl; = 1.0 x
10719 cm® moleculel st at T = 295 K andP = 1.0 Torr He.

It is as fast as that for N- Co;Hs measured in our laboratoty,
which is 1.1 x 10719 ¢m® molecule® s1 at the same

reactibnolal. uncertainty is @ statistical plus 10% systematic.

In Table 2 we summarize the previous as well as the present
measurements of; that have been made over a range of
pressures and temperatures and with a variety of experimental
techniques. Our results fdg are only in moderate to poor
agreement with previous studies or reviews, being in general
either about a factor of 2 highe®21416or 3 lower!® The
relative measurement &f at T = 900-963 K by Pacey and
Wimalasen# needs to be considered separately. We combined
their result with the value from Baulch et ®l.for the rate
constant for their reference reactidt! + C,Hg) = 1.4 x 10712
cm® molecule® s71 at the same temperature, to obtain the result
ki = 1.6 x 10710 cm® molecule! st at T = 900-963 K. If
the rate constant for the H C,Hs reaction is temperature
independent up to about & 900 K, then their result is about
50% higher than the rate constant found in our work. We do
note that the value of the rate constant for the addition/
decomposition channel from the direct and most recent study
by Sillesen et al*® kj, = 1.25 x 10719 cm® molecule® s™* at
T =298 K andP = 75 Torr H,, is coincidentally in agreement
with our value for the total rate constamt, = 1.03 x 10710
cm® molecule st at T = 295 K andP = 1.0 Torr He. This
could support the hypothesis that channel 1a is the major channel
for the H+ C,Hs reaction.

Summary and Conclusions

The title rate constant has been measured at low temperatures,
T =150, 202, and 295 K, and low pressurBss 0.5, 1.0, and

.0 Torr He, using the discharge-flow kinetic technique with
ow-energy electron impact mass spectrometry. With [H] in
excess over [gHs], we monitored the decay of s atm/z =
29. The results of this study show the primary reaction was
essentially isolated from secondary reactions. Our results suggest
a negligible temperature and pressure dependence over the
ranges studied. The absolute rate constants for the reaction H
+ CoHs are k(295 K) = (1.06 £+ 0.25) x 107,10 k(202 K) =
(1.054 0.23) x 107,1%andk(150 K) = (0.944- 0.21) x 10710

temperature and pressure. The rate constant is also found to bem? molecule? s . The temperature independent rate constant

temperature and pressure independents 1.0 x 10719 cm?
molecule! s71 at T = 150-295 K andP = 0.5-2.0 Torr He.
This is about one-half the value of the rate constant faiPP(
+ C,Hs measured by Slagle et &.which is 2.2x 10710 ¢cn?®

derived from all the data ik = (1.07 £ 0.18) x 10710 cm?
molecule! s%
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